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Abstract

Credit risk, as the most important and oldest financial risk in the
financial market, is particularly important to predict and control. In recent
years, influenced by internal and external factors, credit risk issues of
listed companies in China have become increasingly serious and have
attracted significant attention. By studying internationally popular credit
risk assessment methods, we attempt to find models and evaluation
systems suitable for credit risk management of listed companies in China.
This not only helps improve the level of credit risk management in China
but also holds important theoretical and practical significance for the
healthy and stable development of China's financial market.

This paper first elaborates on credit risk, credit risk measurement
models, their development and evolution, relevant theoretical foundations,
and conducts a comprehensive comparative analysis of credit risk
measurement models, considering the applicability of the KMV model in
China. Secondly, it introduces the establishment foundation and theory of
the KMV model, and addresses the weak applicability of estimating
equity value volatility and determining default point coefficient methods
in the traditional KMV model in China. It applies the EGARCH model
and Genetic Algorithm (GA) to re-determine equity value volatility and

default point coefficients, thus constructing a more accurate



RN R = VA7 FF EGARCH-GA-KMV A2 i3 [ _E i A 745 FH XU 70

EGARCH-GA-KMV model. In terms of empirical research, 40 high-risk
group (ST companies) and low-risk group (non-ST companies) are
selected as research samples for comparison. The results demonstrate that
the reconstructed model can effectively distinguish between high and
low-risk groups, with the default distance of the high-risk group (ST
companies) significantly smaller than the low-risk group (non-ST
companies). It is verified that the reconstructed model can better reflect
the differences in credit risk levels compared to the traditional KMV
model. Therefore, the improved model after reconstruction has a good
effect on measuring default risk of listed companies in China and is
suitable for the specific national conditions of China. Finally, some
prospects for future credit risk prediction of listed companies in China are

proposed.

Keywords: Credit risk; KMV model; Genetic algorithm; EGARCH

model; Default distance
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[ 4 R T A I RR A AR, RS2 [ K BATATALBUR S5 2 5 T IR, Skt )L
FRIB L AW, SRS AR A, R E LT A RE A
DK 2 75 ) TR, 2014 4F “11 BB A 349, 2021 4F “fE KM 287
Ff. 2023 FETACARNITEE “ED 7 BAEE. MRE ETHARTE,
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ARAAE L R B A BT AT ReE.

Hik, MNEZRZEM FRE, 2014 FESFBE R o (s A R #E sk a
T (2014-2020 4F)) MR “HNE”, ZNEG BN MEBNR, MZERT
PP R, WA T B TR I B IR S A AT 55 S A ST B AR FH XIS J L 1
2022 ARG A O IR EER 56 3 i 4 £ AR M5 F L], AR IR 5
T, EWLFHAE T AR B REMER; 2023 FEREANRBITR
AT [l G Rl RS E 4075 2022) 512 A I HETE 7 0 A A 46 Rl RIS 1t L ) 2 182

1



VL )2 N 2 B2 A8 FF EGARCH-GA-KMV A2 i3 [ _E i A 745 FH XU 70

TR AR TS | B ML AN RE g 1, B 1k R GebE G mi U A= o DL A L,
e 15 AR R B KT, B 1551 2R G 4 iR A2 18] 5K 4 Rl ARGt 5 ) o 2
1155 .

gr BT, W R T AN B4 DA K A B A5 A XU e 7tk = 3850 T A W LETH I
15 FH DRSS XIS 8 R RE AN o, LTI 522 TR FH XU 8 A 2 B . 7R
TSN, A RTINS g A w5 P XU, R i (i PR 1912 ) 2 AN 5 T W
FIR R WEH . SR SR LRGN R R . fril, A3
TEFE 5 52 [H N AMIE 5 SCIRAORIF 70 J i, &5 4 R [ & T 3 SEBR A R o, 4ot
KMV BERGHEAT & A 5 ol FExt Sk 5 19 KMV BB e A FH PR dE AT 51
UEST AT, 793R ek Ja A A7 of 38 ] 1 7l 24 w1475 XS T R i 2 THT A 28 5
IS N R
1.1.2REX

ARSI S LA R T SO S SUP 0 A 4%

HWEX: Hi—, KFFEEST, &g mminie g, mligmn e
R RE, X KMV SR AT SO A4, nasons BT 2 m)E R T, AR T
AT A . S sRAR E M S PR AL T SRR DY R A R

%, ETREEEY KMV BERSHEHESGE, 8d M-WU S5 E
G KMV LU & =, AT KMV BRI IZ DL K, e 3k
[ 155 FH USSP 44 R

MR B, BREMMT, T FHE R A AEm 2, A
PR E VA AEAR BB L2, M5 B R S R AR IR, IR T A
WELARR, R AR B R

FIR, BA AR BTJT  , HERR B I Al _E T A F 15 R, A BT
S B LA R Al A5 45 XU (1 T i ), HEBh i S 1045 B R 2l 4 . R
B TR LU TRpA & .

1.2 ERSMCIRERE

1.2.1 ERRKEEEHR
{5 RS SRR B 532, AR IR . £ R, BIERZI R, A4



VL )2 N 2 B2 A8 FF EGARCH-GA-KMV A2 i3 [ _E i A 745 FH XU 70

5155 N AR REAL ] B £ 3 BUTTRUN AR 7 G BE B Al R IR R o NN [R] 26K
RS P RS (1) B2 B ERAT E AR TR R C 442 INE AN RS, [EAME
FI AR R A AL T- [, H AT R AE RS B & 772380k 5 EAMIE AL = AE
FH RS P et SR 22 T IE b, [ P 228 3 B A 65 [ AME FH XU P 2 V9 4
B E LB BT QIFT. N Rk, ASCEE AL, FE0E R
ARy N = o HE TR TG 45 RO R A XU
EALE AR,

ST, XRRERATE, Bk, RIINGAR. &RFEEN
TR LAGIR A | 1 58 AT B g J v, 383 20 U B o) 15 B DRSS AR A7 /N0 T A
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1964 FEELLASFE PR 79 KAT (79 FKIRIN AT 79 FRBAT]) 43 HiIxE B
R AR A i U 2H, AR ki 30 AN EE LI S5 SR AR it 78, F 70 485 JRAIE B,
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T A S RS FRE, A R A M S i g R RS BR gE R —8L B
RIS H: REFFOCE (202D BHITET Z EARE R &RV ARTT
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S e
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JRU: 2H e %o o 75 I 52 A e DA /2 o BRI, Ohlson (19800 B X 7EMF 7t A48
Logistic [AIJF#E 7Y 5341 105 ZXA1 2058 XA w2 UK AR FC A FE A EESE 7 4F 8] (R £l
I FH N AL 5 ARG M 5 3 T R TS FH XURG HE A 26 TE B 96%, AT 58
W7 2B MERRE; Zavgren (1985) M A 70 Hr sk A &, 4k
24 F Logistic [51 YA REAL 53 b7 [FIRE R4 AR [5] (0 Fo000 kA 26 s 2R AR R FF 446 (2018)
BET R % T5T A0 R A b A A PR A S IR AR 25 T i 8 B D 2 H R AR AR R
4k LA Logistic [B] SR AN 22 ) 5 AL ) I I Re 70, e 43t Logistic [H1Y
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TR A B AR R A A B 77, AT Logistic [R5 i A 44 . Probit
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b b, R BUARET HAh XS R 7, KMV AR RS R RO B 4F; M.Roger Stein

(2000) TELCAFNT KMV £, ROA. Z-score {5 [ RS F-fiti B 24 3 47 %6} Ll i
iE, BJE1FH KMV AR b e = Y ;- Credit Metrics B84 (1997)
VU 2515 FH VPR 2 A0 PSS G0l 2R 1530 K VAR ARSI 40 52 45 FH R 22
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AR AR A ST R WRAT RAL RGO WE NS KE, EH% (2016) A
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gr ERTR, A B B ik SIS R R A B AR, A5 R XU
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NG R RR R TR BRI B TR SN S, 5 2R Q=F, JUIAR ARk
TRBBL RASKAETY, k2, Q<F HAKLE. AL H
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3B 24 PSS A R A 2 T I — AR BT A SR T R, HE T T 90% ¥ [R] 26 43
A8, WHRZAIED] KMV ARG Rt nME F XU BAT il R IR D8R o
Jackson %5 (2013) 5l KMV FAL, B—HERIFN Z PPor 58 00 73 2 ]
BB LIE O, 45 R K], AHECT HAR PR AL, KMV AR5 & . [FFE,
Zhao % (2016) WiEH] 7 KMV AU RT DUSE o i #ERR IR 45 B XU, ZE 0
FHUT S R A AFAE R AT I T PRI, KMV SRR ARG (i = 48 47,
LIRS UE B 249 BE B ERAN R U 0 S A G R o W RRIg AT AR A (2014) £EH8)
REAT Ml b T A w14 A RUSR B0 R 72 R R I KMV BARLRf S B R IX 4 B o Bk
A (2022) BT KMV BRI S 77 BUR 5 553 20 KU, B 7045 B /R R E b
77 BUR 51 %% AR BE AR SR B W TE 22 A Va Bl , {EL@ MBS )36 78 5K B ik 3l 8ok HL
KMV 58 B By i B AR . BT AT (2013) 384 10 XL RATAE
NBEFEREAR, FFEAEHRARN KMV BLAL, PR KMV 815 H i 24 16 25 A0
B 5PN 2 R L, RIIWE IF L, JLF—5.
MR F4E (2023) [FEIFFEGIE T HEES R, A IERT TR BEE LR A 7] 155 1E 24
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ERREE AL T AR, HEFREBATER T REMAA .

gi b, KMV BORUFEAS FH XU 5 07 45 2 E A 4 E EFoA e, HAEE
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1.2.3 KW =B EEFIR AR

KMV R S TE SR T 25 5 F E W SEBR B LA T AT, 3 KMV A5
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ARERERRE, HTHENE AR BEAE KMV B Rk, WX KMV 8 IE
PARRb & KE, WEFA: Zhang & Shi (2016) K FREEOUALFIE A ALIR MG 5]
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UM 28 T KMV B8, B.J Christensen (2012) ERF 5% % ¥ 5 GARCH
BB #5455 O HEAL B, IR 2 I, i 515 45012 1E 5 AR A BUR B4
J.C Duan (2017) #2HHIMBRBERIEIE KMV BARLEZ S50, RS S
R ARSI AR SRl b, A5 FH 85 P a4 J 080 e 91 B R R B TR B IR 4 15
Hon] DU AP RIS I & 208 W 55 (20143 BB H i A F/E MR FEA,
BN R GARCH(1,1) BADKHEAT AL TS OB AU (B 30 %, &
JE TR, MRS L, SR E B A E B s S A 1
X b, I B AR (2021) BAARRIEE, AT A B T i
FRRCSE, Fir A GARCH J7 A48 5 R 18 B I R oo A7 AE BRI IR, T (1 X PR,
SRS EU R A LR IR WHIREHEAIAS (2018) i IR AL i3
IHBIE, (BLEE A RS s = BEAR SE Rl b, 2B o L, R B B8R
% DD MIEZIMA EDF KEETVEAFAT . FAESE (2022) WERHIHTHIT7%0%
ATAEIE,  BINBRER I RS B2 7= i F R IR -1 B KMV B85, 555 E B % 7 ik
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y: = Bx; + & (3-20)

m S
of = W+Zal-stz_i +29jatz_j (3-21)
i=1 =1

GARCH (m, &) B, w NI, m s 735K ARCH T & B
HH GARCH T J5 B8, Hbw >0, a; =0, 6,20, 0 <X, a; + 5., 6; <
1.

N T AN GARCH BLA Kb B3 4wl 8] 5 51 1 2 P (0 8RF , B GARCH 584
A AARE I SR ST 2 AL 2 AR A6 3 2 1) HH I AR SRR (AR RRALSE ) A B AR e
M7 AL (321 FTE REEYRT 0. 1991 4E, Nelson #2Hi ) EGARCH ##
A ($8%0 GARCH B8 Fu v IE A7 55 7™ X I s 3 A AEX R VERE I, A 25 e
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9(e) = age +ylle] — Elel] (3-22)
b afly R, e Mle| — Eleg 550 B2 BT A7 1S, L

HES A, Bl E[g(e)]=0, g(e) WIFAEXFRME R AN & H -
(a+v)ee — YE|el, e, 2 0

£) = 3-23
9(e) {((X—Y)ft_YE|5t|»€t<0 ( )
B3 EGARCH (m, s) PSR
a; = o4& (3-24)
m S
ino? =@y + ) [y 4y, (leecs| = Eleees D] + ) Bitnoiy  (3-25)
j=1 i=1

A (3-25) KIIFRIRGFAMTT 2RI E, RYALAT BN S22 R R, a
FRAZ R 2 0 B et 22 1 IE SRS S R AN F 52, e = O IE SARBh X
PN ZEFEM AR E T

M _ETHAT DL Y, GARCH 5 8LE5F ARCH BRI HES ™, BEWS S AER L&
AN Z RS L, (B2 GARCH AU EE R B ZEE A, [RIIN A E AEAERLAT RN,
2 VLR B P IR 28 R 1 “ g ” BLgrh, GARCH R EIR I IR “ 2
e LR, (HR2 “NER” IGIEARM AR (fdRE, DRI 1 S0 9 i fi ik Bt
AT SR 2 B RHAE, A SCi% ] EGARCH BLALSR X KMV A2 Hh AL
AW S R op HATIBIE

3.EGARCH B Z 4 Ik

1 H§ EGARCH HE AU % KMV B AN 8 I8 3l % 0 IS IE 250 A LR L
AR,

(1) BAmTALER . X 1A A a0 1) B3 7 WAL 2 28 BB 055

(2) “PRAVEARTER . X RIS 8] 7 S A8 S AT P RaMEAR AR, AT SR SR A AR A
B FEAT R, [R] IN < Rb I 18] Fp ) AR & 4508 2 11 e 75 PP A1 225K, B BA BAH DG

(3) G FFAFIIEBAL.

(4) ARCH %A% . EGARCH A& GARCH A )i, GARCH
T B FEE T T B A S TR 7 51 AR B A7 AE ARCH ZU8, ik, %37 EGARCH BLALfH)
HI$ 217 /E ARCH RUR

(5) %57 EGARCH #5284 () 25 AR sh 2R . 6, S5 PR ) 0053 A1 R £ . ARCH
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JiF1 EGARCH B LB 2t e, 2 T AFFEALAT RO A, dJa b S AR B AT 2
B, R0 B AR R TR AEAE ARCH 208, AR 1 R PRI

(6) TR o I8 I BLAL T 73 A1 A SR AL E I B o o
3.2.2 ETBEEFEZERN KW ZRESHEIE

7E KMV B8, 352 55 DPT 2 1H A 20 8E 59 i 20, T Jtill it £
RS HEZ R UL oG E, ANid KMV Y i 58 (35 20 53 DPT 2 2R R4 36 [ 17
B LB ELRPGER, B KMV B 5 E 1B 4 moA — g id H T3E b
N BIRIRZ FHAEMBALAEXA B2 5, AHGRRH 75 281k 1 2 1 240 mi i
A G 5 A S £ 5 10 R R 7 VE AR SR 1 R B AE — 58 I R B A 2
AR R BRI 45 1, BE L EIEIR A A, AT R A 2 SRR
T 3B 2 5 DPT LI G A AT 3 47053 X038 1) SR 3

1. 1] B &

AR 55 — A OCERIR B Al B A 2 R I 21, WAL S A A S A
(NI L Sy N YA R G N i e R 2 SR S G R T " B Uil e RS )
KMV #5835 2 f 8 T (1 2 A< AR DLIR I BT A W E AR S, it k15 1)
W b7 A R SR A R AR AR A ME S BB 2 S W R R AL

HEIRE AT B, RIERSME, 2 A RRELL W E S B g s
6T I ZZ T RO i JL R BE Ao 4T b ST CRRpRALED), WPt 49T b
“EST”, RONEAARTRE, BHEL RS B, B AT ST AI*ST”
EH AN ST RAF, UfEEMRAEAR; EFEER Elian e ChHHE ST 3
N, RIS L AR AR, MRS FEA . AR AR 32988 DD kA%
B, M SRR, HZEEES DD BUE L MER B AR S, HZEEE DD &
K, MEELREMREN. Bt L, Y ENAFAKEAEERKFEEST 0H,
EWARALEL, MSEBAEE/NT 0, BT 7 A RE O 4 4 R g 57k
HARIEREES), HBAEBTER RN, T, HELAER DD K TEE%T 0
(LT AR AW L 2% (Low-Risk) BT A, £ DD /M 0 [ i A
FIWTh H I (High-Risk) EHiAR. W4, SHFEBREARIE S BT
G Fofr 4 T

FIWr 1. ST RAFPHFIW N L K EHAHE,
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FilT 2. ST KA FHFIWT N H K i an];

Filr 3. 4E ST KA RHHIMIN L 2K BT A

FilT 4: 9E ST KA A HHIKN H 2K BT A,

FEFIWTL AR, W 2 BR 3 0 H U003 T S T o, T 1R 4 DR R
W IR R B4 HIWT 1 PR 4 I b, I SR F /NI 2 1 DPT
(1) R EUE 2 4 R A AR

XPiE2) i DPT AT HEFT0E, WEN:

DPT = aSTD + BLTD (3-26)

HrhaBsr o 7%, STD NG, LTD NKIH . X T8 —4H (a,
B> ANELEEE DD A FE Bt R AR e, A E AR R,

2 HEZR

ARAE ) RV )38 R, 2R A SR FHHE SR )8 T GA-KMV Y
THRAESE . BIRFEAEIR SHON N, FEAREE - AR R, W ST 2RA19E
ST ~EIEE AN N2, FEDFHWE ST, BREHWr 2 & m, HWr 3 4

Byn, BN 1B 4 HBUOMER ARG -T), (G-5) B, s

v G
B R B AL T RAR(1 — ) B IR 24 £ DPT B TE
SRAPHEALANE 3.4 s . 3.4 o, I MIUARIORPEA SR ST 3R ST 2110
e, HURRT N R E, nb29Bs DD R FE#E ST 0 WRHE A L
Kb E], FNRH KRR S R R B b A B R R
bt 9 HH R M TR R — (RN B 22 X, A8 SR AL A 1
ORALRRBE, ARAEHENIRFR, R IA BB [0 Lk A PR AR 200 FORIER 1E3%
.
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3. 2. 3 EGARCH-GA-KMV =&+ E it 1E

SO KMV AR ERAE Gt KMV AR RUE T SRR — 5, #OR0E 4 iU 1
WrE By BB B I Fop . 016 Dy ERESAIZ 1, 55 AH S andidi T 5
B T UHMEV, M B BB B oy, SRR ARIEEZ) 53 DPT 5 S 2085 % DD,
{E 1 d N R R B 2w S S, 4 KMV R 5L AR Be LS 3 Bt
A Lbrtgil, UIRE LA w28l A, 207 H EGARCH 7 A1
WAL AL (GA) X KMV A S HIRABU B3N op SL3EZ) 5 DPT. AAf
R KMV AL THSAEZR B ] 3.5 Fos

Hl A4S, WL Rk
T R HL
A\ 4
H Ui o 2, EGARCH #5744 DPT = aSTD + BLTD
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1l g % J| J il B8
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HLIFEE DD
76 AU
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3.3 ABEIhG
REEENF TN ERNET KMV B, EIEHEIGHA. iR
W HESHUER AXHERSE, 4 H KMV Y IO (R i 8 3 e it 4
T B EHE IR R . IR, AT B3 51 R 3l 2 A 8 31 3 e R (1 R e
Jf 16 EGARCH 82 IE AN B i %, I ua DI ER b o FR R, $HREE — 58 2.2.3
{38 A 2 Bl AR R KMV AR R g 22 BLE R £ 1 DPT 2 1E K
B RB AR . fn, RS KMV FI3E T EGARCH AU Rigf% 24 50
FEGER KMV BRSO R
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4 FT EGARCH-GA-KMV #=HE!H) /A B{E A MESCIED i
4.1 HEREDNMSHELE

4.1.1 BEAIER

ARCHHEHRIET RESSET S CSMAR 4 &, AEAIEEHIIX (A 2018 4F 1
H 1 HZ 2022 4 12 H 31 HEES: S F80E, B2 % Bl A R a4 R .
A SO FEARBIE R 0 ST 2K B AR AAE ST 28 i A 5] 244 i MRS 4L A1 X
B 2H, e RS L R Rk A R Bl AT IR T AR B AR ey “ST” B “*ST” 1 |k
WAF, KA IEFEE R B AR A SCREIEEUX ) A ES: =4 &% P
FRCN “ST” B “*ST” BRI K4 .

ST 2 F T /A WAL 35 M UE M 2 ek A B0 2 T I 3B 7T AR 1) BTl A =], AHAS
THARIER AT, BAB RS FRE, e S m AR R4, EE2 R
AFIHCAEIR KA, SR 5 43 BT EOE L 8E RS DD, ¥4 5 KMV BALTH R
MR KMV AR AR LR . X F ST 2R B ARIAEE ST R EH AR AR
UMY

(1) ¥ AR ETAF, HRFRTE B KEE H K —F EHrAHE;

(2) ST 2% Ei A A ECXAE ST 28 BT A AT R — 8 AR AT, 4Tl
PR IR (B RETHATIE A RIS R ) $AT;

(3) ST 2K LI/ A ECxF AR ST 28 E T & ¥ P2 AR K AR I 5

(4) BT REATE R ] X 8] P9 35035 ] R4 R B K e A, IR
Gy NESE o
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K41 EEPIREAR
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002427  *ST Juk 600608 STk} 002154 ¥ 600962  [FEEHE
002501  *ST FJJi 600666  *ST Hiff# 002199  ARAHHT 601579 =&

002513  *ST #i 600725  *ST =4k 002274 ST 603218 HHKMH
002569 STk 600781 ST 4H{= 002472  WHALZ) 603811  WEZG
002692  ST#fE 600877 ST HLAE 002576  @#iA3h/) 603878  HiAEs
002766  *ST %&3F 601113  STHE4h 002702 k&M 603936  HEHT

FORERIR: BUBHERE . [E 3R

4.1.2 BHIE

108 3.1.2 BT E, EGARCH-GA-KMV #2 (J5 fRiFR St B KMV AR 7D
PRAES KMV B8 —F, B SHE ST IME Ev BAUMEN 3%, .
BTSN EY, . BMERE SR G MR T, TXEAZ v, fifii D, &
215 DPT. E2)055 DD. Rtt, AF#fE AT E By i85 3R T B
BRIz vy i D MISHUE, HAWSHAE 4.2 FHTIES T .

L. AL AN E E

LG KMV BB A, RS INME B 5 T IR EE M AR & R 8 1
Tt . B B MBS B SOE 2 G FEA T A7 AR TE AN AR RUm A, DA itk A iR
B AR RN ME E X4 RATRm, LU SCHT#i 2 AL %
WA E R LU UFE 7 anAR I CABERH , AR S P 545 RS B T I AR v 55
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R A AnARAIN AT R, A SCRT S48 R a8 3 T e 1 52
.HIRT
JAMR T g, ACRERN 18, it FEBL s v Z R,
M T 2EH 0.25,
4. To AR 2 ¢
ASCAE T RS A 2 v Oy — W h i E U a3, a0 3R 4.2 s

# 4.2 TR

A TEREA A (23 HD
2018 2.6
2019 2.5
2020 2.6
2021 2.3
2022 1.8

VORIt [E 550
4.2 SCUESTHT
4.2.1 ET EGARCH BRI E R BRI U0 F i =2

PRI AT ST HT » AT IR FE T 3.2.1 1 EGARCH BEAY (1) #2155 Ff EGARCH(m »
SYBAUE IE RAME P BN H o, o m A s 7375109 ARCH TR GARCH T ¢ .
K9 EGARCH #5528 & - [ s 45040 o AR SR AT T3, BT LA 7€ [X E) A9 2016 4 1
H1HZE 2022412 7 30 HAEA A 7] H IR 3, R AL AR B2 A8 H EGARCH(m
SYBRLTRM 2018 4E 1 H 1 HZE 2022 4F 12 A 30 HEEARA RIS Riish =, &5
R AN A, R RBUNME BB %

1P A A B

G, AW EGARCH BAVR BT, BN EUR 1 57 7 2258 ml Y i i
P PRIIRZE T8, W BUE A PR, AT Ja g oot ISR 26 5 41 (o Bl 6 57
Hlo X ELI*ST Jhbl BEZEARES 0004100 A, EEUFEAXIAIA 2016 451 A 1
H% 2018 4E 12 A 31 H, TIMIX A 2018 4, EAAN AL s RBIEL K.
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.08

.04

.00

-.04

-.08

N

I I Il v Il 1l v I I Il v
2016 2017 2018

B 4.1 *ST LA Holieas R B

-.12

K 4.1 AT PRI A — ROk, TR, WETE ERTRUE
i R B SEEE 0 BNk, WaliEE LR, hAgEFs, BIERT.
HR, HULEA*ST ML (000410) 7E 2016 5= 24 K 2018 4F - E P ah K.

BRitbz Ab, SET] DABEAT SR ARG, SR ARG SRR Hy s AR AE ST AR,
FFHNATRR, BB H, : AEERAIAR, P A1 PR 45 a3k 4.3, 7] Klp <0.05,
B JF R, PPl TAs, AT RABAT N — e WREER A AR, 75 2R i
ATHRAE

R 43 ST RHLBAR PRI R

T Gitiit X
Augmented Dickey-Fuller test statistic -25.95247 0.0000
Test critical values: 1% level -3.970957
5% level -3.416123
10% level -3.130350
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TRy N
2. 4R St
160
Series: RATE
140 sample 1/04/2016 12/28/2018
120 Observations 715
100 Mean -0.001517
20 Median -0.001200
Maximum 0.100500
60 Minimum -0.100000
40 Std. Dev. 0.028459
Skewness -0.159853
20 Kurtosis 5.612672
00 10 0.05 0.00 0.05 0.10 larque-Bera  206.4046
e e : : : Probability ~ 0.000000

Bl 4.2 *ST TEHLIEBR ST

R4 1986 4 Bollerslev #2 H 5% X, GARCH 5 B 2 58 U 3 A7 [ 24447
SR, it EGARCH AN H % ke Lo I 4.2 ATRAEH, WA
Skewness J9-0.159853<0, M1 WIWi 73 22 F 41 7 4, WS Kurtosis 4 5.612672>3,
VEHIGRR H 7 F R0, (R IR IS 3 3R PP FUAEAE “RIGNER” L%, AIRMIER S
A, R RIS AT

3. EAH S A AR5

e, FHTFRRZ G, AMEERM R EGARCH B ESLIHTIE,
GRAEAE EAH G, AT DASE Sl MR AE R v, BB XPART HIkE ARMA
TR BR P FUAH R o *ST PLHUR B0 28 %5 41 A S AR OGHE I 4.4
P

R 4.4 *ST ILHLHMHAUR B HRIR

B AC PAC Q-Stat Prob
1 0.033 0.033 0.7614 0.383
2 0.062 0.061 3.4765 0.176
3 0.009 0.005 3.5288 0.317
4 0.038 0.034 4.5434 0.337
5 -0.02 -0.024 4.8381 0.436
6 -0.041 -0.045 6.0457 0.418
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B 4.4 ST WHLEMRAMR B HERRKRR

(1A AC PAC Q-Stat Prob
7 -0.036 -0.032 6.9796 0.431
8 -0.063 -0.057 9.7979 0.279
9 0.024 0.034 10.199 0.335
10 -0.091 -0.084 16.131 0.096
11 0.062 0.067 18.856 0.064
12 0.042 0.049 20.094 0.065
13 0.026 0.01 20.58 0.082

Nk 4.4 fzn, Horh AC A1 PAC 73 B4R H ARSI AT B A SGHE, Q-Stat Al
Prob 8% Q St &M P {H, XF AC M PAC M5, ML T 1 AMCIERLE
w, FE, Q Guit &AL PAEIKT 0.05, FrLUTHITE 5% /K R E A
FE B AR

4. ARCH 25 W A 56

FEAS IG5 6 Bl 25 R P B4 & EGARCH BRI ST 461 2 J7, I8 75 B g T 1y
E7 R, B HIBE G ENZES ARCH N . XHAEF Eviews #HHFE K
ARCH-LM F5 38 %t 548 77 #3254 ARCH RNt 3, 7 nlii 54 1, 2, 4, 6B
Rt . Wik 4.4 Frow, wTLLE R P EEI/NT 0.05, 4L HEH) ARCH (N, A]
PLiEAT % 37 EGARCH 7,

R 4.5 *ST LWL ARCH MRS

B 5 F-statistic Prob. Chi-Square(1) Prob. F(1,697)
1 11.13003 0.0009 0.0009
2 25.51956 0.0000 0.0000
4 13.18347 0.0000 0.0000

6 8.601900 0.0000 0.0000
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5.5 37 EGARCH #7

£ EGARCH #% 1, 5E% 4 EGARCH(m, s)F%, o m &y ARCH Tiffr
¥, s N GARCH T4, FULfE#EST EGARCH #7275 B4 W b A fr e At
B4, IR, J& T EGARCH AR UAFAEATAT SR T, 38 75 EEMAAEXS R
B8 (o), MK r<m.o JRIESE T A RELARAL . 7E Eviews P00 o i
VB, WECEM FE—B— BRI, ARCH 5 J5 B 80 GARCH T3 5 - #osk B
— AR, e e Dy 0 MARERAEAE AR AR, Sy 1 AR AEXS R AL
o 5B B E I 25 R R 4.6 Fios.

R 4.6 BLHEEERN

(1,1,1D -4.532372  -4.493363  -4.517293 3 i A2
(2,1,2) -4.535610  -4.483598  -4.515504 3 i ENTE
(6,1,1) -4.576341  -4.504824  -4.548696 e nE e

Hrft AIC. SC. HQ M @A A4 RIERIFRE, 72 FRit (5 Sk
Jit BLZZAEI . HQ (5 S HEN, HAEBUNEGT . @i 5% 4.6 XFEE, 25 ARCH Tt
¥R GARCH T/ 8053 Sl 6 BR 1 B, HAZFEAER BRGNS, i, Frblix ik
P2 P EGARCH(6, 1)VBEAL 5 PR3 7 FEER 6107 2 5 FE AT A Al
EAFAEAEXSRRN, B & O T4

5 AT PRSI EGARCH ARG 5, EGARCH B 7. 2 J5 WA
£ ARCH X%, ARCH NARIw T, srnlii G 1, 2, 4, 6 ks,

R 4.7 EHJ5 ARCH N

B 5 F-statistic Prob. Chi-Square(1) Prob. F(1,697)
1 0.522133 0.4702 0.4695
2 0.350188 0.7047 0.7037
4 0.504813 0.7322 0.7306

6 0.650397 0.6898 0.6875
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nk 4.7 PR, @25, PAEKT 0.05, UHHAFIE ARCH M. [FlH
BERTER G, FRZETANALTE A ARG, 8 Eviews 34T H ARG Q K40 K I
TG 36 MR ARG, AR T .

6. AL B I B ZE T

R TP IR S 19 B R SR e ) H g Eh F, ICH EEh R K IHIE,
B JE T LLZAFE S PRAE 5 KA, $% IR 3.1.2 AU B 8h % 07 vk T A4S 2*ST
AL 2018 SEAEE BB I BN Z o = 0.409608739.

HE EORUERAE, IUERT S @A S B e e R A Ak RS, ST
80 oK bli A mEESE 5 MEEHUE, HJ5193]2E T EGARCH 54 (1 AN (B I 5)
B o AR BEBUNE W B 2 B 1R 25 B R 56T s B g AT A2 IR T i), BRI
FEAB TE SR RE by, 575 S0 R AR AR IS ) BEAT AN T (R U . AB 1R 5 (R BN (B I 5
K 4.8 P, BEFERZ, Bt HEIR 2018 FEREAAS IE 5 BN B 5 5)
R

£ 4.8 FEAREIE 2018 EET EGARCH A B AU Bk sh &

WA Bikoy  UERARR BlEey  UERAFR Bibey  UERAR Bl

*STPLHL  0.409609 ST H%  0.319801  FFHE 0434321 ZAKKAE  0.568047
*ST HAL 0436629 ST KA 0.470589 & HEKM 0314112 RUEIEY: 0448463
*ST XIE  0.442626  *ST fAFAH 0.353818 &gkl 0247079 FEFGHAT  0.333752
*ST PR 0481158 ST EJL 0369539 Jaididil  0.487819  #MEGAET  0.439935
*ST UM 0.523909 ST 117K 038442 HiJjkF 0419922 7KEEEET  0.425461
*ST H76E 0.572887  STHEE 0450302 PUJI[SEE: 0.345471  ifERE 4 0.379131
*STILIE 03846 STHE{L 0450696 1LA¥EIE 0408277 W SHAr 0481604
*ST {4k 0.440285  *ST Fgfk  0.321704 ZEARIEHR 0496430 S RFHE 0345033
ST Fidk  0.3403  *STWE 0430655 4&F&Z5Mk  0.284193 /I Kfk  0.483944
*ST H#AZ 0.210559 ST %78 0.408902 “2JH#W 0368558  WHMEF  0.425206
ST %% 0221522  STAPWL  0.347438 ity 0424910 ZEKE  0.365222
ST /4 0.40297 ST EE3E  0.250228 KIEHEOE 0451644  BEIAZGL  0.322650
*STHNE 0411622 STk 0324524 fEHEMRAr 0427093 EWEGET  0.283282
ST 4%  0.423964 ST HZ 0393127 =AFHE  0.540332  JTEKA 0422145
*ST JLK 0.538215  STY'RE 0349986  #h& 0299345 REHHE  0.488957
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