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Abstract  This article tries to apply catastrophe theoryhe tesearch of unexpected credit risk of
the supply chain. Considering the occurrence cheriatics of unexpected credit events and with the
combination of features of the supply chain itsélfhuilds a model of unexpected credit risk. Amnd i
conducts simulation analysis for both the impactioéxpected credit events and the size of it, which
provides a good approach for analyzing unexpecteditcrisk of the supply chain. So that it lies a
foundation for extended studies in the future.
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1 Introduction

Supply chain management is a new management coandphanagement philosophy of modern
enterprises. People see the demand and supply mkstwicom the production to circulation process,
involving suppliers, manufacturers, transportafiooviders, wholesalers, retailers and final consgme
as an indivisible organic whole called supply chatith different core competitiveness, cooperative
enterprises of the supply chain network can realim best configuration of resources and core
competencies. Consequently, they can respond gquittkl market changes. They reduce costs
effectively, improve customer satisfaction and loyand enhance the overall performance of the
supply chain.

Supply chain, as a composition of independeunsiress organizations, competition and
cooperation are the basic rules of its operatiomop@ration addresses the sources of profit while
competition solves the distribution of profits. Hewer, as every cooperative enterprise is an
independent entity of economic interests and hamded rationality, inevitably there is a certain
amount of credit risk in the process of profit disfitions. With addition of layers and member
enterprises, the structure of supply chain becam@® and more complicated which increases the risk
of supply chain. As for risks of the supply chatine industry and academia give a high degree of
attention. Many scholars analyze risk factors frdifferent levels and perspectives. For example, in
terms of structure, they think the risk of supphaim can be divided into four main categories: $upp
risk, demand risk, process risk, network risk. Frtre perspective of relations of inner member
enterprises, there are also risks, as behaviaeagerative enterprises in the chain are usuaflyhefr
common goal. The relation risk mainly includes trtisk, moral risk and member locked risk. From
aspect of resource flow, supply chain risk can ib@dd into packets: logistics risk, the risk ofpdal
flow, information flow and knowledge flow. Some stdrs also believe that supply chain risk
management includes demand risk, the risk of in&tion resources, economic volatility, profit risk
and contractual risk management.

In summary, there are many factors affecting supplgin credit risk such as morality, economy,
system, culture and some other unexpected factmtsa on. Unexpected factors can also be divided
into internal and external factors. The internattdas are related to changes of inner member



enterprises and allocation of resources etc.Thermeat factors could affect the whole supply chain
even the whole society such as a sudden changleire¢onomic environment (sub-loan crisis,
etc.).Comparing with internal factors, external téms affect the supply chain indirectly
and macroscopic. However, the occurrence of unesgefactors is often sudden, leaping and
non-continuous. It's difficult to make accurate ¢lictions but it can lead to mutations of supplyinha
credit. Based on the discussions above, considehagoccurrence characteristics of sudden credit
events and combing features of the supply chagif jthis article attempts to build its credit risiodel

to lay a foundation for further researches.

2 Model Building
2.1 Model assumption

For supply chain members, especially the core menbe impact that emergencies have on
them will certainly affect the overall credit. Bwhether one unexpected incident has an impacten th
chain credit? what impact, how to measure thesz®sf? We need a reasonable model to reflect these
characteristics well and to solve these probleraghik end, make the following assumptions:

(1) Assume that the impact that sudden events bawbe supply chain is continuous and can be
indicated by step function.

(2) The number of unexpected credit incidents oli#isson distribution.
The number of unexpected credit events is a randimable. In different time periods, the numbers of
occurrence is of no causal link and are indepenofeeach other. They are random variables all stibje
to the same distribution. Assume that the numbarnafkpected credit events occurs in a small time
period t.The probability of occurring once is prapmal to time t and occurring twice or more is
extremely small which can be ignored. These prigeerre identical with the counting process of
Poisson process. So the assumption that the nuofiherexpected credit events is subject to Poisson
distribution is reasonable.

(3) Assume that the impact on the supply chaimis@gative exponential decay over time.

2.2Model
Assume that the counting process of numbers okpewed credit events occurring in time
interval (0, t) is{N(t),t =0}, which obeys Poisson process df. The probability that it happens

unexpected credit events k times in time inter@ak) can be expressed as> 0,k = 1,2,---

Ak
R (0.) = P{N(0,t) =k} =%e " t>0k=12
This is a Poisson distribution ofit and the only parameter need to identify is corstdn
( A >0 ). The practical significance ofl is the number of events occurring in an averagietione

and A can be estimated.
Compound Poisson distribution:the number of unetqueevents occurring in time interval (0O, t)
is N(t) ;the impact that the i emergency has on supplyncbedit is Y, ,i = 12,--- Y,,i = 12,---
are a team of independent and identically distaburandom variables and independent with
{N(t),t 20} too.
N(t)

Order: X(t) = ZY,
i1

Then random proces§ X (t),t =0} is compound Poisson process,which refers to thedmpf
credit emergencies occurring in time interval J(rt the supply chain credit.
Based on experience,sudden events have an effébe@upply chain and the affection should be

sustained.So it can be described by the step fumcti



O!
HY =
L(T=t)
N (t) obeys Poisson distribution ofl .The impacts of credit emergencies on corporateitcre
areY; ,which are independent and identically distributéth each other. The extent of the impact is to

a negative exponential decay over time.Wher 1,the impact isY,;at the moment oft it is

Yoe_m ,0 > 0.The impacts can be added, then the impact obtla¢time T is:

N(t)
£y =2 Ve ™
i=1

In which S is the occurring time of the i credit emergency.ailthe impact on the credit system

of enterprises exceeds a certain limit, the cretditus of enterprises will no longer maintain therent
level and will become another one.Assume it happegdit events k times just then.

So, the following model can be built to describe tmpact of unexpected events on the supply
chain credit:

N(t)
@) =HIE(1)=H] Y Ve
i=1

Consider the expectation of the impact that unetgeeevents occurring in a time interval have on
credit risk:

Regard t as the time interval for enterprises tintam its current credit level under the influence
of unexpected events (without other factors comsieThen:

Ep(tIN(D =n} = E{HT 3 Ye "N @) = 1)

0
N(t)
T zYie—a(t—S)

i=1

N(t) = N}

0
= Z E(Y[N(t) = i} E{e™ ¥ |N(t) =1}
0

B3 E{e”™ N(t) =r}

i=1

For Poisson random proce§hl(t),t 20} ,when N ('t )=n ,the conditional probability

distribution functions ofSl, S ,-~-,Sn are the same as n order statistics in [0,t] thatisdependent
with each other and uniformly distributed.

Order U, , U, ;--, U asindependent and uniformly distributed randonmetées in
[0.1] ,then:

> E N =1} = EY %N =1} = B3 e}
BN AU — ”axﬁzﬂ ot _
—E{;e }—njoe t at(e 1)

So: (& (tIN(t) = N} :a—”t(l—e-"‘)EY



E(& (tIN(t) = N} :%(1—@"‘)5(

E(E(t) = E{E{& (LN} J%(l—e"”)

AEY -
In which E{&(t}= 5 (1-e™) is the expectation of the impact that unexpectezhts

occurring in time interval t have on enterprisedite

3 Supply Chain Risk Simulation
Consider the simplest supply chain, only includguppliers, manufacturers and marketers.
Conduct simulation analysis for it. Assume that tredue from which the credit status of

enterprises begin to change are followed by 30070¢b simplify the calculation,makeé =1,
t=1.

(1)Determine and quantify the target variables toyseal E{¢ ( t };

(2)Determine the key random variabld: A ;

(3)Determine the possibility distribution of the ykgandom variable: compound Poisson
distribution.

Simulation analysis:

Use the candom of matlab software('Poisson',1,40nhd@ke 100 random numbers with Poisson
distribution.Use round(rand(1,100)) to make 100dman numbers of 0 or 1 which means whether the
step function has an effect on the supply chaimditEnter data into the model and calculate 300

expectation numbersA for simulation analysis.
Tablel Simulation Results Output

Time | A | H Al A2 A3 |flag[Time | A | H Al A2 A3 |flag
1 1 0 | 25.1878 66.3741| 49.9876| 0O 51 1] 0 29.830?13 68.4893| 46.3716| 0O
2 0 1| 27.3247 68.8506| 54.4201| O 52 0| O 34.033é 72.9668| 47.2172
3 0 0 | 25.1806 67.1197| 54.7187| O 53 1| 0| 27.518968.5192| 47.3532| 0O
4 2 0 | 29.4219 65.9469| 48.7458| 0O 54 1| 0| 29.448 66.064 45.85010
5 1 0 | 29.7428 67.9808| 49.6419| 0O 55 2| 0| 28.385267.0971| 45.7062
6 1 0 | 28.4783 65.0578| 46.8838| 0O 56 1| 1| 29.765769.6594| 46.0549| 0
7 1| 0| 27.099 69.55| 49.12930 57 1| 1| 27.247268.0104| 48.4108| 0O
8 0| 0| 27.3452 68.3953| 52.2327| 0 58 2| 1| 34.817772.2695| 54.739| 1
9 1| 0| 25.494| 67.443 53.23150 59 0| 0] 30.211%72.1396| 46.2389| 0O
10 0| 1| 27.2972 69.697| 52.606| O 60 1 1 34.86488.8303| 49.4507| O
11 1| 0| 31.784370.3232| 49.8041| O 61 2| 0] 27.962767.4917| 49.9399| 0O
12 1| 0| 33.313372.1809| 45.2684| 0 62 1| 1| 25.777666.1923| 48.3207| O
13 3 0| 31.407574.1331| 46.1816| O 63 2| 0| 26.9234 66.188 | 49.9444 0O
14 0 1| 31.1519 71.9727| 47.2059| O 64 1| 1| 28.116967.1197| 48.2737| 0O
15 2 0 | 33.5556 68.0674| 49.0808| 0 65 1| 0| 25.614166.2617| 49.2334| 0
16 0 0| 33.1229 74.0932| 47.5103| O 66 0| O| 26.075766.7723| 53.9221| O
17 1 0| 32.953] 69.431247.4108| O 67 2| 0| 27.675269.3839| 45.4142| O
18 3 0 | 33.3022 68.6556| 45.0288| 0 68 0| 1| 25.9301 67.478 | 54.5686 0O
19 1| 1| 29.237867.9539| 45.7257| 0 69 1)1 25.507$ 68.2637| 49.7914| 0O




20 | 1| 1| 28.743969.2929| 45.188| 0| 70| 4| (0 27.85389.5393|45.9943| 0
21 | 0| 1| 27.840168.8153/51.8616] O | 71 | 1| 1| 25.946 66.100349.4513| O
22 | 1| 0| 27.286765.2133|47.6857| 0 | 72 | 2| 0| 29.335¢668.4769| 48.6506| O
23 | 1| 0| 26.437966.8987|49.1477| 0 | 73 | 2| 0| 28.932267.6008| 47.3768| O
24 | 1| 1| 29.9166 66.9987|48.2454| 0 | 74 | 0| 1| 33.375¢71.7345| 45.1367| O
25 | 2| 1| 25,9954 69.137| 548627 1 | 75| O| 1| 31.805] 72.585| 46.448 O
26 | 1| 0| 29.287%69.5483|47.9659| 0 | 76 | 1| O| 29.101468.7835| 48.4407| O
27 | 0| 0| 27.607668.7237| 54.3628| 0 | 77 | 1| 0| 28.055868.7825| 48.5427| 0
28 | 0| O | 28.715865.7071| 54.6675 O | 78 | O | O| 30.096372.8103| 45.7482| 0
29 | 2| 0| 28.154565.4447|48.3423] 0 | 79 | O | O| 30.4194 73.474 | 45.4418 O
30 | O 1| 26.691266.5018/51.0339] 0 | 80 | 2| O| 34.874 68.132346.8036| O
31 | 2| 0| 29.256768.8711| 46.6053] O | 81 | 3| O| 28.328469.2608| 49.7444| 0O
32 | 1| 0| 28.2045%67.8542| 479825 0 | 82 | 0| 1| 27.016869.0092| 54.4986| O
33 | 0| 1| 33.575274.9843|45.3251] 0 | 83 | 0| O| 25.49| 66.638652.252| O
34 | 2| 0| 34.280968.7677| 47.6026] O | 84 | 1| O| 26.489767.8424| 47.0284| 0O
35 | 0| O 31.407%72.5773| 48841 | 0| 85| 1| (O 28.112766.528 | 49.4983 O
36 | O] 1| 33.655371.6534|/48.0185 0 | 86 | 0| O| 26.325268.7161| 53.8129| O
37 | O] 1| 30.6888 72.15 | 46.4746 O | 87 | 1| 0| 25.229569.9512| 48.4124| O
38 | 3| O 29.1836 69.459| 47.2072 O | 88 | 0| O| 27.285967.3386| 51.4248| 0
39 | 2| 1| 28.693| 68.355246.2168| 0 | 89 | 0| 1| 27.299% 68.603 | 53.3661 O
40 | 0| O | 32.941| 74.438745.0226] O | 90 | 1| 1| 28.444%65.2688| 47.3214| O
41 | 2| 0| 29.152] 69.120946.2693| O | 91 | 0| 1| 33.256774.1814|48.7231| O
42 | 0| 1| 28.606168.1981|50.3603| 0 | 92 | 0| 0| 31.156273.6569| 49.5567| O
43 | 0| 1| 29.008969.0561|52.0336| 0 | 93 | 0| 0| 32.017%71.8002| 45.8087| O
44 | 2| 0| 29.0246 69.994| 46.3347 0 | 94 | 0| 1| 30.610172.2711| 47.0764| O
45 | 1| 1| 28.365868.4179|48.6686] 0 | 95 | 0| 1| 31.342271.9319| 45.2595| 0O
46 | 1| 1| 25.598366.5019|49.0548| 0 | 96 | O | 1| 31.289273.8778| 49.6949| 0
47 | 1| 0| 27.644566.8737|46.4227| 0 | 97 | 1| 1| 29.658867.6714| 47.0768| O
48 | 1| 1| 27.980267.2847|48.7837| 0 | 98 | 0| 0| 30.761272.1514| 48.5745| 0
49 | 1| 0| 29.103867.8048| 47.0852| O | 99 | 0| 1| 31.74| 73.468845.8613| O
50 | 4| 1| 25.155468.5629|49.8589| O | 100| 1| O| 30.6088369.7261| 49.0451| O

According to the data from the table, when thereucg 100 sudden events, the credit status of
supply chain changes 2 times().Moreover, the sfzehange which refers to the credit losses,can be
calculated.Therefore,this model can well prediet ¢thedit risk and its losses and has a high pedctic
value.

4 Conclusion

(1) The paper begins from the randomness of emeiggnConsidering the characteristics
of credit risk of supply chain itself, it uses Paaia distribution function and step function to ddsx
the risk model of supply chain and do test analyss$ matches the actual.

(2) Applying the step function to the model careefively identify a variety of unexpected events
and analyze if they have an impact on credit of ghpply chain. This evaluation method is more



scientific than existing ones and has more practiaiae.

(3) With this model to study the credit risk of gplypchain, we can conduct simulation analysis
and effectively predict the size of the risk. Mediile;, seek solutions in order to reduce the loghat
greatest extent.
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