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Abstract

Financing for small and medium-sized enterprises is a major challenge in reality. Supply chain fi-
nance provides new ways to alleviate this problem, but risk issues cannot be ignored. Currently,
the quantitative identification system for supply chain finance risks in China is not yet perfect, and
commercial banks find it difficult to accurately assess risks. This paper, grounded in the current
state of China’s automotive industry and informed by supply chain finance theory, selects the fi-
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nancial information of nine representative enterprises from 2022, including core manufacturers,
component suppliers, and dealers. Through the modification of the classical KMV model, the paper
aims to make its parameters more applicable to the Chinese market. Subsequently, the financial da-
ta of these nine enterprises are incorporated into the model to calculate the default distances and
probabilities of core manufacturers, component suppliers, and dealers. The research findings indi-
cate that the modified KMV model can effectively measure the credit risks of individual financing
enterprises in China, providing strong support for commercial banks in risk identification and fa-
cilitating the healthy development of supply chain finance. This study not only enriches the theory
of supply chain financial risk management but also provides valuable references for practical ap-
plications.
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1. 518

21 g ], BN R RN R SR T E N DL ARAT R, E VR AT LB IZ e R Y
Wi . ZJ5, FHFREEREITEATIRAR RN, SN sEeRfERE 2D 7 2B BL B KR
WARATHIN AN IR WS ARINS 5SS ERNZ T,

TR, ARRATT I Z I R ER AT R B E ARSI . S —Jr i, (N
e AR A S ALk 4 T8 R B IRE L BRI B A D R I SCER v 1 RS 1 R b A b AT e
PRI, 372 T8 A T 3 2% A5 W08 55 800 X AH S Al R AT XS 2 0 A 44T MV P i R A Fe 70 B,

KMV BB Dy — P At Tk 20 KU ) T8, DRI AN BB F 4R it 7 — M S o AN A 215
FHRU P 705 o AR SCIEI T AR GEAT AL AR E =28 U5 Al 2022 4810 25 it 5 I S 80, fE 3R
[ 2730 KMV BB B TE R FEA 5 prife ik 2022 4FIE 298 5 .

2. XahsEd
2.1. ERMFRIR

5077 B AL, o 2 0 R 4 ik (0 B R P e SR AR T 2 TS5 A5 RIS A% S B2 T
. AESZ[1] (2002)F2H T “RdE A" M, FREWRE SR, KiE I\ v Gg— el DUg R
RN R R 1) RS = RS B e IR ZE IR ZR[2] (2007) 75T 7 [ P (46 B B 4 ) S B G2 A
TS VEARER DT T R E G Rl 55 1 = PR A 20 TP GR Rl B . A7 57 L4 R 55 AN SISO R mh o5, I
BT T IR BB SR LB BT RERE[3] (2009)45 A 1 s 73 i Al Logistic [B1A744 84 A RS PPANY
PRI A 5 IR A5 Y ) R AE R R . XS [4] (2011)ia e R BB E ST 1 15 F XU e B, SR 7T
&5 SR A U M L R M — ok A A P XSS A% e A R 3 R A PR 2R

BEAh, AT B PR T3 261, [ 9 223506 KMV RS EAT T 1 58 548 1E - ¥ IEBURTK AE 4R [5] (2008)
5T GARCH RIS AU A I BN, 1ZAR R E AL Se I KMV B8 B 3E F o [ . 5K X [6] (2013)
X KMV B S HIATAS I, SEUESE AR I S KA £t R0 E D 0.75 B, KMV A58 BE 588 1 1
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i B AL B ZMER . FRIT[7] (2010)81F T KMV BEALJEAT 1 B~ M (B3 K R . BB I 3h % DL J
L)AL, ARIEP IR T 2 5K A B BV S BAE S E S AR ATIGAE, STUFAE R R KMV AL}
Fp 38 P MR 0 s . 05 KRR TR (8] (2022) I v 3 T ANk I N 582 MEEAS, FIHMEIE J5
) KMV RS AT KRG B B, B U 45 R WS IE G 1) KMV SRSB4 T B “ariEte” , nldk—b4g
T 5| RGBS PP AS 0 T Aff 1

2.2. ESMRTEIR

P77 5 N BE G R B S A T 2] 40 4EAX, BB R B A AR T Ok . 40 40 4EAKE 90
AR, P EH LM R E TR 7 . 1997 45, KMV A A fR$E BSM AR H KMV B S, 75
77 5 WA 7S 5 OB RS . Hartley [9] (1997) 32 HE Tl ik e =0 5 L B B L % R S5 A N EE R, fhds
o, SR BER RS S5 R R RS R T L AT G R, SRR YE T 5 B R iR
EIEHCRIE, TR S FEN S SR BT R, AEMIEA EARH T Logistic [m1)AESE SRS HER)
P 7 . Matthew A Irina [10] (2002)2& T3 ET58 iAok 3 B IMA 45 504k, 1ESE T KMV B8R T
b Al AT FH RS W A 25 . Hofmann [11] (2005) AT 78 A2 T 0L ie . ARFE A4 S 4 4> Rl A7 1%
BHE B B, G HEERRL, BT T R sE %25 3k . Duffie D, Saita L,
Wang K [12] (2006)iz Ff KMV 8RR #EE 7R PP 7 1SR T A b 145 FH RS o 45 SR BoR, KMV 1Y g
LB T AN A5 45 00 A A5 P RS, A w45 BB AT FH 45 2 A Ml 1) i 2 8 2 e B G v
Aberdeen [13] (2007) MERAT 55 G AATLAL ) A B0 B B B S idEAT TR 9, b U (4 S B < R RO A% o FE T
B R A BB R B8 SR B I 5 AR (R R s B, X HE R B S5 AT TRk, BRI T LR EE B2 54
HIECAS, JEAh, 120 Ak A5 BT 6 SR IR AR 2 il UL AE P AR 1) e 3T B - Agrawal [14] (2013)
TR KMV B0 G R b 2 7] 45 ST I & . 45 AR B, BB 0 TR 2 =145 F XU
5 By S B XSy R0 3 o

3. BXEESMRSE
3.1. KMV B fEy AR

e

KMV A5 F 1997 476 MM #1185 Black-Scholes-Merton g 3Rl 27 7 KMV AL, BT
THE KM B LR . EZEA T, A "] Ay — PR dE RCGUIRL, iR BBk RO N & i
Bz, T BRI T Al 5, A F AR AR B . KMV B8 1A 345 T4 10 2 Tml K
A —77, MAEER A M 7 3 7 B 30T P9 R0 S SN TR IF 0 A LTS, AR A5k A b 1 i 2
BN E AL, THEA AR RBUNE R BEE, 4AREE UETE DUAEE £ 5
B JE T AR A R A I L FE B . IR PE K, U AR A R 2R RN o o XU MR U
EE/EREES, i KMV B R 2 —

3.2. M KMV REHEIE

3.2.1. MELA R (DP)REIE

A R B P A EAR T 51 55 B TR BB, A TS R PRI 29 KUK « KMV 2 B3 o 5 [ 4 i
M7 3400 5 B4l Al 4000 Ak Bk i g s A 8 BEAT I AL, 15 T L 2 (DP) TR T Ik
/I

DP = Jiizhfifit +0.50 x K1k,

YT op [ R 526 B SR TT AR £ 25, KMV BB A 156 T 20 5 T IR 58 40dE
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THEESRT. ME. £5[15] (2016)LA 41 X b1 ST Awll 41 ZK4E ST ARIAFEAR, ®iE 7 KMV
PRI JRURG BRIV 3E A P . Tk [RI[16] (2019)iit i SAZ OoliE i . TN . 24y ILiT 16
FANHPELREE, WUE T KA RECH 0.75, Wi LI, KMV BERITE i [E £ fliis + iiE H
PERE R, DR, ASCRAREL st EAN:

DP = shfifit +0.75 x KA.

3.2.2. XtiELEEES(DD)RIEIE

KMV 8 R B 2 BE B, A B2 R Al ARk 3 P B 5 i3 2 55 (DP) Z (B A X BE S . 7E£S LK)
KMV BRI, (R ES H SR, wT el — PR B pUE M. Rin, $ T EAE LD
80 A TFHIEE T BN MAZHIEN A R, HEMAERE KMV BRI AT FE 0 BB S 8E. ik, &
SR I 29 B B AE AR A MLAT FH VAN I8 AR[17] [18].

3.2.3. BRPUNEE RN ZERIEIE
GARCH AR )2 N H T RAUNME R s R H R ik —, BRI Eip 5 q MEsiin R
O'tz =0 +iaigt2—i + iﬁjatz—i 1)
i=1 j=1
X RERETY, 2 EAASE RN p 5 g L E, THEL R MG A 3R E SLBRE
A& IE J5 ) GARCH (1,1)#54h.

2 2 2
oy =y + e + Bioy )

Ik PRI 9% 5 MI[19] (2013) e B b ifg AR YINIE 77 137 19 300 — H I SEAE NFEAS, it — P 304F T GARCH
(1, 1) P 7 R B 2 T 3 i FH

4, IEE D
4.1 BEEMSSHEE

411 FREF =
S IAERLEE[20] (2015) BT FE, ASCHUEHN 2022 4F AT 2 A7 [ — 4 1 HIA7 3R F N T R A 2%,
ZHE N 1.50%

4.1.2. REUNE

Table 1. The calculation result of the equity value of the selected enterprise
= 1 Pkt M EITTESER

NGBS ARG A B (T IR) B CT) ERHE (T3 7T)

RER 600104 1,168,300 20.43 23,868,369

KR 601633 923,571 50.12 46,289,378

K254 000625 992,200 14.51 14,396,822

i 28 600660 261,000 42.56 11,108,160

Hk T 603358 43,904 21.92 962,375

LT Az IS 601966 147,700 33.86 5,001,122

HESEBN 71 000338 872,700 17.52 15,289,704
KHEF 600327 88,500 6.10 539,850

S IIRE 600686 71,700 6.35 455,295

i
;é
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ASCHEEL T TR ARG R . N BE DL R A i 2Rk i BT A B E AR R, R
JE AR PSRV, 8 DL R AR E AR R A B OIR RIS R a4 BN KR ER K%
KA BRI WA RS . IR RHE . BRI RIS ) SR 7 T MR B T K AR 7 s
IR T . ARYE KMV R IZ H TR, ASSCEEL 1 i Ak 2022 4= 1 B 2RI A AR B A 2022 45 12 H
31 HIEBEAR. et fEd, BB 2022 £ 12 A5 10 ANMFELH Pt . T
BMERTEE, ACSH T EEREH0EZ:, RGN S5 ALERA 1, TEERE 1R,

4.2. IWHEBRPUNMERERIZE

4.2.1. Jarque-Bera #11&

Jarque-Bera 56 8 i 3 A RE A K 1 0 B A O P RAS SO AE ABU 2 IR IERS 3 A . RIS A SRR
T 0, NIERBIREA B A RMIES 734 . BLEIREEHR 9fl, 2022 4F 1 H 1 H % 2022 4F 12 H 31 H3LisE
B 241 MEEAKHE . 5 H) Eviews BAFTF A B ThAe, w74 FVRAER] 2022 B H i 2y E,
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Figure 1. Time series chart of daily stock returns of SAIC Group in 2022
1. BR&MA 2022 F iR B g AT FE
50
Series: SQ
Sample 1/04/2022 12/30/2022
40 - — Observations 241
Mean -0.001501
30+ Median -0.001291
T Maximum 0.054816
Minimum -0.062816
20 4 Std. Dev. 0.016082
Skewness -0.028592
Kurtosis 4.960481
10
Jarque-Bera 38.62785
o | L [ W Probability 0.000000L!

— — ;
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Figure 2. JB test value of SAIC Group’s daily stock return in 2022
2. bEIREEH 2022 FRRFEHWE R B 10IE{E
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g, T

e AR 2022 B H U e Ik IR 20 A, FATHEAT T Jarque-Bera £l . A a4 R ILIA 2,
BRI 2022 AR BSE H Y2 ¥ Jarque-Bera £ 568y 38.62785. H1 T i%{H K T a = 0.05 I )l 54 5.99,
BAEL R, B FRAR ] 2022 4 1 I 5 H G 22 A IR IEZS 731

B, BATRAMFER 200 A 8 Kbk AT 7K, KIRLs Rk 2 Jrr.

Table 2. JB inspection values and conclusions of the remaining 8 enterprises
2. E& 8 ReW B BIESLIL

AT B ARG JB Test g
KR 002594 127.9951 A SRR
KRR 601633 19.63079 4 J5 AR 5
TR 600660 30.45222 TR R
LR 603358 77.07532 TR A R B
BXF A il 601966 26.15874 T4 SR AR
HELEF) ) 000338 37.72256 TR A SR AR
KART7 600327 140.9158 TR A SR A
&R E 600686 18.55896 4 J5 AR 5

4.2.2. FRM4QE
FEHEATING (8] 7 51 o3 M1 2 i 7 S E 7 21 R e Bk, AR ADF Al DA EIRSER] 2022 4 )R H
Weat 2 ], BN 2022 E 1K) ADF A5 (5 w4l 3 s

t-Statistic Prob.*

Auagmented Dickey-Fuller test statistic -17.28960 0.0000
Test critical values: 1% level -3.457515

5% level -2.873390

10% level -2.573160

Figure 3. ADF test value of SAIC Group’s daily stock return in 2022
B 3. E5EEH 2022 FRREHWEE ADF IE

Table 3. Absolute values and conclusions of ADF for the remaining 8 companies
# 3 H& 8RB ADF extE SR

ALIEZ JB AR ADF #55%HH P& &
K254 000625 16.16497 0.0000 AR
KR 4= 601633 15.78572 0.0000 iR
R I3 600660 14.92504 0.0000 FHIPE
B R 603385 13.22164 0.0000 FHPE
232 ] 601966 15.90886 0.0000 iR
HESEBN T 000338 32.20820 0.0000 751 A
KERTT 600327 16.43784 0.0000 IR
SHRE 600686 15.95987 0.0000 AR

i
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R DA LR Ie 45 5, BiRAER] 2022 I ZE H W a5 2 1) ADF 4aX {84 17.28960, ADF 44X} H I K
T 5% EE/KTF RIGFE R4, Hp R 0. Frbk, wRLAKN EIREER] 2022 1% 22 H il 2i K 551
FRa, DUHER TR HA 9 KA LE1T ADF KK, ko6 45 B L 4% 3.

4.2.3. BHEXEE
DL EVREERI NG, WG ECN242 ~15, R4 mIE 4 Fis FIRAER] 2022 42 H Bk 25 i
AR < R BUE 5 AR 5 BB AR R B B 2R, IS 48 YRR 2022 = 2 H IR0 2 R AT

EAMK KR
Autocorrelation Partial Correlation AC PAC Q-Stat Prob
C i 1-0.111 -0.111 2.9642 0.085
i i 2 -0.035 -0.048 3.2624 0.196
o o 3 -0.001 -0.011 3.2628 0.353
o 1 4 -0.084 -0.088 4.9603 0.291
o 1 5 0.005 -0.016 4.9656 0.420
Il I 6 0.096 0.089 7.2107 0.302
o o 7 -0.004 0.016 7.2149 0.407
' N | 8 0.123 0.129 10.930 0.206
o H 9 0.017 0.052 11.005 0.275
) I 10 0.019 0.057 11.096 0.350
i i 11 0.024 0.044 11.240 0.423
i Y 12 0.022 0.049 11.364 0.498
i N 13 -0.052 -0.038 12.036 0.525
i TN 14 -0.034 -0.064 12.330 0.580
o7 I 15 0.073 0.053 13.685 0.550

Figure 4. Autocorrelation test value of daily stock returns of SAIC Group in 2022
4. ERE&EH 2022 FREBWHEEAHEXKEE

[FIZE, X HAR 8 Sk 2022 (R BEEE H U o R BEAT I 30, SR R DI 9 ZK 4k 2022 S-S
HiC i AR H AR R R

4.2.4. BRPUNEEENEITHER

HRHEXT 9 FK Ak 2022 4 2 H S R FE A0 AR HE R R MR SG, AT/ A58 AT U 9
FK il 2022 IR H I 7R, BNTEE BAHDE. IRARSEE R I, K 9 K b miflf)
i 22 U 2 363 (B 7 AR A A, BT Ry = C + o ForP C AR p WINES SR IHR 227 81, Xt 34T ARCH
RS, K ah Rl 5 Frs.

Heteroskedasticity Test: ARCH

F-statistic 16.25625 Prob. F(1,237) 0.0001
Obs*R-squared 15.34116 Prob. Chi-Square(1) 0.0001

Figure 5. ARCH test value of the selected enterprise
[ 5. Frikdedliy ARCH 1361E

i 25 2% 2 7 51) ARCH 56 (1) p {E/NT 5%, 77E ARCH 28, 9 /2 837 GRACH BB % k. &
3L GARCH (1,112, 1§ RIMSEb 1145 R 6 Fios.
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Variance Equation

C 1.74E-05 1.14E-05 1.522410 0.1279
RESID(-1)"2 0.121202 0.051318 2.361755 0.0182
GARCH(-1) 0.813590 0.075208 10.81781 0.0000

R-squared 0.012084 Mean dependent var -0.001559
Adjusted R-squared 0.007933 S.D. dependent var 0.016090
S.E. of regression 0.016026 Akaike info criterion -5.497857
Sum squared resid 0.061125 Schwarz criterion -5.425344
Log likelihood 664.7429 Hannan-Quinn criter. -5.468640
Durbin-Watson stat 2.005632

Figure 6. Parameter estimation results of GARCH model
[ 6. GARCH #REIS ¥ kit 4AR

A #57 GRACH (1,115 57 = 0.0000174 +0.1212022, +0.81359007 , , 573 i £ 5K 2% 1
a+ f<1(0.121202+0.813590 =0.934792) . KW 77 Z HE al ll A LV, =C/(1-a-4) , i H G H
V, =0.00026684 , K 2022 FILAH 242 M5 H, BAUMEREBIZE AV, x 242 = 25.41% , LUAHE ) 5%
THEH AR 8 KA B E RS Z, THE RN 4 k.

Table 4. Calculation results of equity value volatility for the remaining 8 companies
4 HR 8 REWRIINMERHEHTHEER

AR EFR &N T AU E B B
KZRE 000625 48.64%
KRR 601633 61.31%
R I 600660 33.57%
B R 603385 44.23%
®ypkehin 601966 13.79%
HESEEN 7] 000338 31.69%
KART7 600327 38.83%
SR 600686 62.40%

4.3, BARTEER

MR S IR L R (DP)THSE A DP = Jiahfifit + 0.75 x KWIFft, THEAGH 9 Kk
ML R THES RN 5 B,

Table 5. Calculation results of default points for selected enterprises
5 A WFEASIHESR

NCIEY /iS =4S Hshi (A T) KB T) 4 R (F7T)
R 600104 6561291.16 1,949,940 8023746.16
KIWRE 601633 138610.97 1404608.36 1192067.24
KZRE 000625 7994865.37 315109.77 8231197.70
AR % 3 600660 1736037.37 2177920.07 3369477.42
HIERHL 603358 269509.18 288830.30 486131.91
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i3k
BiEe iR 601966 1495563.15 1813416.17 1631569.03
HESEE) 7T 000338 11974269.54 18955543.57 26190927.22
RKARTT 600327 111551.36 129632.91 83663.52
SHIRE 600686 0198.48 117602.39 138400.27

4.4, HEmESWAIEAES

A SCHEEL 1 RVRA S RS B, B T =1, #EH AT, K SR8l AU E Equity, BEBUMME B
& Equity Theta, 115 Debt, LK FIZE r 5 Matlab 2437 58, )5 HIFH fsolve B EMS it T
B R AR THEA S 9 KL EEE I 6 Fin.

Table 6. Calculation results of default distance for selected enterprises
% 6. FEELIEEITHER

AR EFR &N T HAEE
R AEH 600104 3.94
KR E 000625 2.06
Kl 601633 1.63
AR IR 600660 2.98
kR 603385 2.26
2302 4] 601966 7.25
HESEEN ST 000338 3.16
KERTT 600327 2.58
SR 600686 1.60

5. it 5#iN
5.1. &ip

1) MULERTHRER AW, 9 KAk, ZOmGEr. FMaanm . (8w i r S s
Ty 2.54, 3.91 A12.09, EREAHNEES, T AFOEN L XSS ), 28 I IS 2 AR K
—RE A, O WSRO, AR AR AE O T2 R . VAR B 1 1 AR T AR
IO ER G, ASGERBRE LRI 5 aR T, sl BRI 5t bt [ S
2 RSt TAZ ORGSR RS, X S TR RARAT

2) XL 2020 SEHIWT TS, 2022 SEAZOHE RS LM RIS L YK, T BN ALK
BLAE /) o AR B [ 2 o AR b Al i) 20 MRS RO BIE U 3R, Al 36 T X T ¥ 42 0 T ) DXL A 4
FIBER A2 A (RS X T 0 e 4 7 ) U A e S BE[21] . A SCES R %A FL 45 RATF . 2022 4 i1 7
W BEIZFESZFH . JFAS R A i LIS AT SE AR AR BN i BT BT R R T 7, Benilidi
MRS B SN ER MIUA FIRE R NI . Hk, PERIGE M R R i ez, HE
SEIE R O H WL S, i B AR AT 2022 M S AR D> 32.45%,  BE AL S5SNI 9.3%, iR
izt ks> 54.08%, FETTHET A SIAT 5N, BAMRE . SR FMIFEFNR, 2022
T IR R KRR, 2022 SR3E T AT L IS AR TR IR R, AR B BT ¥ 0 i Kot 2022

S
Al
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FREVREZRIA NI BB E 5.2 TIONRT, 2022 fFREZRMAATIH A 4.92 5, HilpH
PRI G358 12 B (A L 7 (XU fiE

5.2. @i

1) BV GURT, MRS SRS E . BRI AN ERRIFORUL, (N T, AR R
46 2 BTG 00, 50— (T R0 15 5 T2 A A2 S0 AT ) 4 SR (R BRI o
U, SRAT 2 LR ST £ G0 B VAT B, T TLIBRI + A LAl R
DRI SR SRR, X6 G 5T 50 19 BE R I, BRAT 120 B M 5 5 i
5 Al AR 03 PR 7 100 il ARSI, PRI S B B8 il O SR L, JRARA T RE I XU«

2) A RIS T30 SR B (0L B 0 o Rl 5 ATl B R ) A I 3 SR
MBI ST, SERELRAMEE, FERIBER. L YamEN0aibl. SHHR, FlTeT
AR “ARTIN” BB, 2R BER M DA BT 5% U8 G AT A R R, R e 22 R i
BRI R, IR T BB AT 27 IR, REA I ATF I B

3) W AT KR UM O R BB R o EARIAT I AR R B T B, (RN TSl
6 ) il USRS 0 RS R Wb, DAL 28 3 T K B B S, PR i)
ISR VAT, 52 S B (e A B I XU A R K
6. &5

AR B AR 3 E P AEAT M A B e R A AT A7 AE R RS EAT I S5 0, IS KMV A
THEAAW T RIVGR, AU B SEH TASREHE . MW, BED 75 T 0 745 R
PR, RIAL T R EEA% O B AR 34 M) 32 7o i 200 B B AL T LI e 4 SR A B T I R o, s T
FURI R, X2 2022 SEITEATN B AT 51 R I T 380 T i R o

Hik, ASCWAFEE —ERRIES AL, Il B & (65 e bn ik 2 BRI R AT WA 5, (EAT)
FAAEXE UL R E MEAR IR, A S SEBER S L, B DIEAT R T R E 25 b B
R, R ER ol AR AT A A L, DORIS O HER TH AR, X0 ) =5 B R AT
FOHHE— P S A

B RSO EREAT AN G R R R Rt ST it T A RIS %, RAREEARIRA
JERIWT AT, ARRIRAT— 5 Re s BT SN =-F AT B R AR o

SE 3K
[ SRHRBL RIS AT AL I BB G5 A RSB LD [ 0030 3], BFRe: R K32 %, 2020:
7-13.

[21 EMRZE, Ve, TR SRl /N k@ BT T[], k4R, 2007(2): 14-16.
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