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[Abstract]

AWFFETIE, HAROIZLDy Ny CRUAIRTREZR 7 772 — [~ 7 n B R B IO E DS AU MR AE
FRERE AT BIIC LD TATIRAS AT D B S, RSEOBIEEMFH0IOE), T CEBEBIMIIT 2L T
XN T 72— (frailty) DFAEEZAEL, ZNDEBE LIS AARU IS LT 4 T ORAELLT
SCRAERE)ERTET VERETD.

ERARUIDYE, T# B T T OEREREELRTET NONRTA—=2—F, AP T
M998 4 4 H 1 H~2022 4 12 A 31 ATV T 95%H B /K ETHAHICHE THHEORE R
B FETUNMTH I AHIMEQOIS AT A 1 H~2023 46 A 30 H)TIE, [# EIF 0%s4E
JEERTET ND/IRTA=H—DI 95% [ B/KETHEHIIA B ThHHEDR RAVRENT-.

WIS, BEHANUVENTE T THHHEITHONWT, OETOT777F— (7B, wEDERAA
NUNDEEE frailty O 3 0), @< /nBR DAL, @+ /rBRE+HBEDEAAXUINDOEEDS,, O~
snBif+Hrailty DA, TR SN DEETMTHONT, NTA—F—DHEEMBLOMRHZE FH% DO
BREEIC R T B A FERER T Y U AT ANE R LR R, £ CO7774—IC LDk s T
TINIZ OB A EIZE WA BB ALNT-. F12, BEOEHAVIOEELB IO frailty 13EHIC
EBT NORTA=Z—DOHEEMIC RE B Z KT T EEZOND.

Wi, TV A7V ORIFZE TR TR 515 -GDP HR 1 L42) | OE B ER A EL720, EED
1ERARIOEE A railty | 7L O A7V EDORBIEPEIZOWNWT, DL V=D AT ET LD,
[E DG AR PO B+ railty | #8515 -GDP LLRDOL P — LHEB D LR, 2) A2 7 VAR RS
¥]i2kD, 515 -GDP LEOHERERICT avrE 52551085 EDEFEHARU O
Hrailty \ZRIFTREOFE, BIO 3) #4515 -GDP A T 5% (GDP- #5554 ki
ZEET N TRLEGAICBIT D% 5y [k #E(evel) - 1 X (slope)] & [ 22 D15 F A X b 4
+Hrailty | EORNCRITD, 7L Pv—DEETORREMEDFAEDEE, O 3 HDRFEE,T/-7-.

FT DITONT, #5145 -GDP HREGREDE AN IO B railty | 1352 DL ¥ — A HEB O
AR LTz, RIZ 2220 T, [GDP D/KHER Sy | TR GAS B Z ST ) #8515 - GDP e
KRSy AEZ 5y 1 1E I EDE A XU RO R B railty | IZEWIPICREE KT T R RSN,
BAZIZ NN, [GDP DK #ER Sy ) T GAZBEDMEZ Sy ) #8515 - GDP DK HERR Sy -k
S NTHONWT, TREDE AN IO+ railty | L 7L 0Py — D E MR TOREMEN Bbhr-.



1. IICWIC

FATHEOBRERIL, N—EBLHHIO T T, BBRETHERIAZOHLR— 7 4+UA4(LL T
ME AR =7 4UA | EVINTHONT, T T HNVMER, 7 74/ R K (Loss Given Default, LGD),
HR%IEHEZEZE L LGD BXOME VaR(Value at Risk) %0 (E VA7 B&2F 5. 2007 4£(C
BETEALLT=Y 7 7 T4 LRESC, 2008 45 9 H DV—~> « 7 TP — X O HE & B E R U R 17
LRl R B fEREICBIT DRI RIS £ 2, SRR O H CEAR RO EHHER 2 B IS ASHZ
N—E LTI, SREBIICKIL TH OB ARDE - BOBES RRZIBHNCE A LS ATiEE 72518
IR B ARDIES LB ARy 7 7—)FEEFET 5. TOUTBT LB 4 Rl B O % = BRI 15
MAAR—=F 7+ VA DV R BEOE T at AT RFTHEITREZNEEZ LN,

LInLanss, SRR B OB AL RITRF SRR ICREEL SN, ZOKELLTE
BUNCHERF T D ZLIEAR S TlE2wn. BT RKIER M GHRENIC IV TIE, B CEARLEZ &K
IZHERF CE D720, AT E IV R WD ENAIREL 72D, — T, FRL B CREDIZIZ,
BHEHE DT 74V MEFECT 7 4V NHE RS EA L, SRR DY R -T2y b LS B AR
RO TEEBUT, BECEANKT2BEHEDE AL GRS is. ZORE, RROEEHHR
JOIEESNAMANCHD BRI TVD2, £, N—B LI CIRY TRy T IR vh-7 1
TINEASNT LR, e AT TR AR T 5 B OV A - T2y KL, fESLE
LTCHOEARRERPMETTEHEM NS, TR E > T, AT LA 2R L
TR FIEICEE DY R - Ty MO E B EZ IV BEREZ 5252V RILER>TD. —T7, #fTi
B, BEEXROE YA E M HEEDOEUEL 22 DM L L C, B e R KA A S
72N 2L —«H « 31 7 )L (Through-the-Cycle, TTC)#{13 | 28 AL T\ 5, Ziud S—E/VINIZEIT
DFEATOE 2 ITHEMS HH D Th 5.4

LU EICEY, AT S — BV I ~D G070, BTSRRI DR A, &8 B4~/ ng
K=, HARDIZL Oy i (FE TGS RIEOE RV A OER), $732bb, 7L Yy A7 (i
#4515 -GDP HgIcFRIND, SRERICIDE AU GEDOILR M/ NDO o R) | 2B E X 7215 H
RN—RT7 4+ VA DIVATEBREATIOMERDDHEE 25,

AAFTEIY, ERREBNEX TG AR — N7+ UAE B 5L L C, Yamanaka et al.(2012)<° Azizpour
et al.(2018) C/RSNIZIREET VAPLIRL, T CEINAI e/ T 774 —[~/rEK B I ONEEDE
AR OB EDOB FERIZIB T HAMRED]DIE), 1l CEZEENITLZENTE LW T 77
Z—(Z%k frailty EAHTD)DFEEREL, TNbEBELIERHARVIORAELLT SR

FERARIIKROEY. ODH CEAROEBIOROUWFEREL TORIKEH CEARLROF| & EIF (KT 8% Tierl R BL
O Tierl LD FANEER, £ 4 4.5%, 6.0%I251X 11F), @EBIHNIEEN T 281 TICx - DR EME L HED E A [FREME D SL oY
HHR(LCR), BREMELENSFRIDE AN, QU SLy PEMET DL Ly UHEEOE N, QI ILRFC, AN ARHIEYHR LAY AT
/R BEARNY T 7 —EFEIHSLT, ®AR R T AR & AL,

Tt 7Y HT 4 G R AT HEIE R F) L.

3 Kb e A A IVREAHE, R ORI REIRDIEBE OEEDORFIRI TIEL, BEMORKEBORBEMRL QRESND.ZD
728, BROREISCT, BNEBEOT 74V MERELEBIXEDH(ZDT7-80, SbOHEGHH I GSNEBEIREORDEIZEH LT
—EV VORI DD, — T, BATHEBIDRE R DI FIE THDRA L b A2« # 4 L(Point-in-Time, PID}E A1, EHH DEITD
PO ZERL CTRESNS. PIT #4AHE, BRAORBEIISC TEBERAMA DL 2GR X B LB i TR, B
O SR T CUERE U £ 72 2) B EA BD.

2017 4E 12 A ICAR SN ANA—B VM ORHEHAN T, SEHKS A 2RI LB B S<S Y A7 « oA NOBEER
FOVBERENEZ L Lotz ZORD, AFRICBITBEHA Ry hOREA LT S@MMETORE LT )ERBTS
ETME, N—EBAMOEFICASER Y A7 EHFED 1 DEETTEHDEBEZ 5.
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)R TET NV LCATIET N IEV) ZRET L. T ML, BAROIL Uy NIRRT
[TV ATV | DBV ER ORI AR5,

BRI, 7, ERARURNE L4 THEIL Oy A7V ORBEERERELTZD X T,
K x DERAARVIORELSCT SCEERE) 2R TET VEME, TONRITA—Z—%HETD. K
2, BT NERR ST 778 —(~ 70K, BEDEFAARIORE frailty) DS HE DEFEN
ZXD, BT VOGBS D2 T HMAECEE R E) 217700, o, LUy A7V OB 2
WEHDLT-D, HEOERAR OB railty | L7V Ty M A7 L EOBIEMEIZOWT, DLy —
L ZA T BT LD, TREDERAR OB+ railty | 7L Uy AL DL — LB O H
W, 27Ty ANV R T HEFR(GDP BLUOGEFD)ZIRRELER T L TR LG AICRIT
%45 ik oy Uk #e(level) - fH = (slope) ] & T 25 DAE A XU bD Z B4 frailty | EDO T, 7L Vv —DE
R CORREMEDFEDOH L, BIO A SVASERBEICLD, 7Ly A7 VORI 2
V% G2 125 EITB T 5 N EDOE AR MO BHrailty [|IZ RIE T8, O 3 mbRGEEZTT7R
9.

AKRDIL VY GBI 7LDy A7 DFIEL T, BARSITHAERT 50515 -GDP )
EHRIFHIENTED . #5145 -GDP LLEIL, FfTHAARTLIESMERFFHIRB T3 - Fit STk
T2 R4 SHSOAFHES GDP TRULZEEEL TERSNS.

11, 1998 4F 4 H K05 2024 4 3 A KIZHEITH, #5415 -GDP LEOHERB (LK, 1), &
FOBASHARA G R 2 —R&DDPARTHRITIRIEATOOD, & TIFHEEOHBREX, A
RZRLTcbDTHD. Fio, P OMEENTIEIN S KB 12X L TRY, THENAART D5 E)
#8545 % Composite Index DfEAY 3 HALL EIZH7-0HEE L C FEL-HR CEEXT LG5
GDP 8 ER-LCOD IS TR AU IR I FH ).

(X 1) #8545 -GDP RO (KD B L UHE T R &D DOHER (X))

170 + — 5 {5 GDPL ® [Lale
0
160 * 3
£l
150 ¢ L
15
130 |
f\'\ \M/ ‘“ lJ ‘ k\
120 ¢ . \ |
T |
ﬂllu‘lr m hu‘iiJnLuinuM

(HFTD) HARET TR RBRFERT ), PRI T R A5 (HiFT) Bloomberg

laali \l.l_ﬁ:J

SRS O 55T, FRROBMZBRL UIF—EDKUETHR 55— T, GDP 13mK#m
WZEWELT D720, 2N HADIL DY A7V OB ER L > TWDHEEZ BND. D=0,

5 B AT ALAR—NMITABRL TS, RBEEOHFREITHARTIIL UM A7V OEZRDIFZFEETHS.

6 [X 1 OFEHNT ALY GRHRILIBIIE, 45 %, 1997 4F55 4 DU -H1-1998 4E45 3 DU 7 7 il 9 /G RERE, 2001 4E45 1 DU -1-2002
ARG 1 DU 0 MNT ULV BREERE, 2008 AEEF 2 DU #-2009 4228 1 DUEH U —< o e Tay ZIE, 2011 4F55 1 DU - [E4EES 2 U
P4 H AR E SR L T,



SRRERICE ST, ZL VAN EBR U AR — 7 VA OfE YA &% F 452 L3k
LV, 72, B RPN OB RN B S B I FIE — L COAZ S R CENA.

UL EEXY, BAROZLY NG RIED IV A7 L, BATBEEINC LG AU BT - #
TINCTRIBT2ZEMTEDLEEZEZOND.T

2. FEATHISE

WIZ, WEOT 74V, RFEEEO~ /BRI frailty ZET VDT 7/ 4—ELTC, T 74
RO (default clustering) K OFBAAE AR — 7 4 VA ORI HERS e S O HEE 23 A1 72 AT
AR T 2.

%" Koopman et al.(2009)(%, Standard & Poor’s (2L A&AHHERS T — X B L O RO T
TANNERRIESE, v /nER(GDP v R —Y 7T A AL T L E) LI AT HER & O B PEARRREL,
FEAT O FL, KR P 1L T 740 b R EEET 01X EEL £ (latent factor), T7d
b frailty THY, 7B R PEAE LI RIETREIIRERN THLED HHTHER AR LTZ.

723% Koopman et al.(2009) T, #AHHERDIRIE (823D AT DVREE DR AHIHERS T 25 E)
Z B AP —RIBRE TE T EEHIT, frailty (3 AR(DIEFRIZHE D EE L7z,

KIZ Duffie et al.(2009)1%, AR ZERKE ELEEOT 74NV IRAREET VAHEL, ~
27 e K] CK ERR A 25 - K EE A [F10 28)<° Moody's (28518 =D T 7 4 /L MNEAE G RH[E:1974 4~
2004 F)EOBIAIRE/RRT 774 —1ZNZ, [HBIEEMOT 74V OKGAEIE IR OB KT T &
Z 2 HAHBIHIAS ATREZ: common dynamic latent 77274 —, 3725 frailty DFFEDA HEZOU
TIRFEL7Z.

Dulffie et al.(2009)DET /L CIiZ, HBIEZEDT 74 /V AR I B N —RiBEEIZ, frailty (%
Ornstein - Uhlenbeck(OU)IEFRIZH 4 DL E LT, THODIEIZITEDE, T 74NV IEAETRE D
KA R KIZT /T A= — DO AH D Z R LIEICIOHEEL, @543 @m > #H R
A[RE7e 7 7 72 —(frailty) DR RINOHER 36 L OGS DR 34 OHEEEAT /2 o728

F7- Yamanaka et al.(2012)1%, R&I 1252 H AMBEDR T EF T —XZHESE, B ARBF SR
FEHANCRUE LT T T 74V eRTREET VERRLUE. 2BET VI3 H Y (self-
exciting) IR (ZHEV, D DIRFEIKAF T 20 D EE LTS,

R A5y V. (random thinning)lZ&Y, H ARG ERDIE A~ D3 AR FE A Bl AR —b
T H VA DG AR IEAETREIZEIN Y T2 2 T, @BIAR—F7+VADIEH VaR HDOVRY & AHEE
L.

T HARERAITRART DR EGEFITT, AL B 53N TR WERIZH T2 581 E T TRY, ThbsLYyhih

AVNVERER T HELZ THHEZZLNDN, KL TIEBELAR, Tz B LS GO EOE RO REEB 217728k
SR LY — T NAR T HEET —2 B REROAMEREE) 1,000 7 M LL EOEETHBICESE, 2000 45 4 A LI A [

BIEMGEITR 1,200 R R 5. V—vr - Tay itk o A BEFEEED K& B ER0nIEnh, SEEEFEICRHT 2eRERE O
HBRENAEDPELTWELDEBE 2 HND. D12, RIFRIZEITDIL VY M AIN G OT-0 DT —ZZITlS e\ eBE 2 Hhb.
FIARMIETIE, ZL Py AZ VOIS OHEE I T2 > TU7eu,

BRAYI121E EM(Expectation-Maximization) algorithm # L, frailty /37 A—X —k B I OhEHEE 95720, frailty DY
7 v+ s32% Markov Chain Monte Carlo ¢ Gibbs Sampler (2 CAEK T 2.

AL T F—RREED Giesecke Bid% % kT DV —F I —T BPRESH M T H T - T Fa—F 125 VAT ET L OHEAE
&ETD b T T Ta—F T, R+ UAEAE T D BIEEE OE VA OREEZOEETESE, R—h7+UANT
T 7AWV RUNRWNDFEAET HOMNIE BT 5.
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MBI, R TIRETHEHANUMEAEREET VAR T HERICS B L LT Azizpour et
al.(2018)TlE, Moody’s (2L D18 EDT 74V RFERE RIS #1970 4-~2010 42), ~ 7R EKIBLO
frailty @ 3 DD7 7 72— TOKRERGE RIRDT 74V NREEET VAL, KEMREIZKITLT 7
/L ER (default clustering) DIERZS, FELT frailty &5 74/ b {5#E(default contagion)iZ®
DIREMBNILIZ. IR RIS, FRFEATMRICTRESNIEET NDOT 774 —Th% frailty Dl
o~/ ERKOFESEZELDT.

IRBEENADIRY, BAROIL Uy NEGERIZBITAERVAYOE#EHH T2 BRI, fi
B CEBI AR 7 7 72— %, TS TR E T 772 —(frailty) & & L 75 A~ R ¥
BT T VERBLUI T RIIINETIFELRWEE XD, F7V Yy A7 VDA E L
frailty &OBIHMEAFRGET DAY, BREEIICLDE AR 77— Bl ~DOXHERCV AT IV <A
7 DOFHTIESE~OBE AN D72 N B A REMERH D END, R FRIEHHEEF 5L bns.

3. BRAXVINRAREET L

AT, Koopman et al.(2009), Yamanaka et al.(2012)3 X8 Azizpour et al.(2018)10 CHE/RE
NIZREET VEILEREL, Bl Rele T 772 — (7B K] il EOE AN B /[ Hele 7 77
Z—(frailty) & BB LT, EHANIORAEMRELLTET VAR,

FPEAARIDRAEREET LONBICOWTIAT S, 74— a &0 SR 22
MZEWQF, (F),P) [(F):52E2T7 VR —Tar], 0< T <Ti: 2{F ) a7 mimfE s 45T 4
v NIDFAEREL]D. FEBIT AV =23 (G) oD F CTOFEGERFEEN, = sy Lipicyy MEN
(X D FIMIEEIR &35 &, N — [ A dsIZRFTT~ AT o=l 75,

%72, R&I 23 Bloomberg %480 TAR T HRITHIEAOE R ZMEHAXUMNi=1 (B E),i=
2 BN ERML, T BT T OB/ ERASVIRRETIMELZRTETNEEXD. £
72, ABFFEICBWTE AU R AT A OLTE 1%, BADIZL Uy NGOG AikE-5
FIAEO L P A7 DO THA LR E T 5.

LU EORHRICESE, ERAASVIRAEDOMBEALZ KA TRT.

Ai = exp(a(i, + Z‘,le a,i{ Xk,t) +Y + SiRt (1)
Bx DEBIILLTO®EY &7 5.

X~ 7 BRI R T e 7o 4 —)"
. d .
exp (af, + Z aj, Xk_t)
k=1

10 ARFZEDRE 725 filtered intensity D FFH FHEIZ DU T, Azizpour et al.(2018)? working paper B0/ N—2a2CThd
Azizpour et al.(2012)(ZFEMNZ RSN TWD. Fi2, ABFFEOBERHHIZ- DOV T, Giesecke and Schwenkler (2018)& 2R L7-.

nEBERE, [~oa K ) T EEOBFEES) O 2 FRETHS.

12 FHE GDP iRR, SLTEAERER, M3(w 31— ), HIHEH(TOPIX)DULEHE, TOPIX K77 (VT +—, AAREMEA—
NWRAT LY R0 4E49)-1 F4), fHEA—LVRATLoR(AAA #-BBB #£)%.




Y;: frailty (BLHIR ATREZ R 724 —)"
dY, = zi(c' = Y)dt + o'\ [V, dW,, z,c>0, 2zc>1

R, - WEDIE AN RO ATRE 7 72 5 —)14
8 ¥r,<cexp(—Kki(t—To)) Uy Uy HHIEERSO AR (5120

~VRBER DT 75—, ML BN ER) L7 77 2 — DAl G AR L DR TV [H]
JFCk, RE GDP REHR(T7:4), AAA FALERIEY, BEEEMIEZ(TOPIX)DINLEE, HAE
EDOA— NIRRT Ly RQA0 ) - 1548, tHHEDOA—LRAT Ly R(AAA & - BBB #%), HAREIE 3
# AF|EIV B L TOPIX R 774V 7T 4 —DZALFED TR AZ R L7\ H k. 52 GDP iR
FHRITA wIAHiR).

WIZ frailty 1%, Azizpour et al.(2018)1Z{ik\ >, H.Caal)F 4444 9% Cox-Ingersoll-Ross HFE(ZHE
IODEIUELT. FTe, TREDERARCIORE | 2R T REAHEL T, MRASH I RE LYY —
FNAFERT D, BERFOBABEREED 1,000 ML ETho-BEOABREZRINLT.

2 1%, HEPE LYY —FnNAETLHROMER EAEE)BLOAEREG, HA:m M)
DEHRBTHDH. ZHLD, X 1 OFE%EIEH(2001 4£55 1 VU-H1~2002 4255 1 MU-H#, 2008 £
52 P ~2009 4E55 1 DU HZ I3 2EDBIFEE S BN CWA Z e 7 CHNLAD.

(2 2) ERPEE () B IOV EEPER OREREECE) (1998 4F 4 H-2023 £ 6 H)
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(P AR LYY —F

13 Duffie et al.(2009)1Z, frailty 23H LEIFEEFEFS OU BRRICHEI LI EL T 5. OU i@ Tl frailty 2VEEE72 D ATRENED D
BEESEZ, ABFZE T frailty % Cox-Ingersoll-Ross(CIR)E T /ML 5 LT, 7235, Azizpour et al.(2018) T, CIR &
T INDINGA—=E—THDHRTTAVT 4 —Ho DA HED/T A—F —HEEMEIZIE TR BIIMD TIINZEDIRIN TN,

U GBEDFERA N2 h DT Hawkes BRRIZIEV, & 2 REOE M) OO BT 2 LIRET D, £721 HITHE
BAEDOAFHA X2 S BFEFFICEA LESRAICBWT Y, DA WICMNIZ A L2 o & R
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PLEXY, RGBT AERAC I AERETT VL, [~7a%E K ) Hrailty ] [#8EDE A
RUNDE | D 3 77X —THERINDLDETD.

WIZ, [FHARU IR ET L D/RTA—=Z—DOHREE FIEIZ DWW T 5.
(DRUTEESS T RO LERIBL, (0) & e RICT 2/ 3T A—=F— % g IR KOHEE T 5.

Lr(g) X E*[l/zrlgr]' E[Zrlg‘r] =1 2

HEE T RENRTGA—FZ—DEYNI, 0 = (ay,ay, b, 2,¢,8,k) TH D [(ag, ap):~7 2K,
(b, z,¢): frailty, (8,k): BEDEHA MDA,

@RI BE 1, RadonNikodym #4312 LA
o =Zi=exp (— f; log(A;)dNs + [, (1 = A,)ds)
TEREND, R"TA—F =% LIS A OP (AL PR D T TOMFHELRS.
T IILDT — 2 IBINED % Ix, frailty 28 A TURVY, 20728, Azizpour et al.(2012) D

Proposition 4.1 ([Z-3%, B 7 4L b — a2 otb 4257 4L F— & D (filtered
intensity) h (2T BH[(3)=]15.

he = E(A:|9) = E*(A:/Z:|G) /E"(1/2:19), a.s. 3)
28, heDEERRIBIILUUTOEY TH 5.

i _ Ealitern (oo Yans+ ff1-2t)as)icr)
- ]E’é(exp(fotlog(/lé_)st+f0t(1—/1§)ds)|gt) ’

a.s. 4)

Azizpour et al.(2018)IZ7EVY, (K% FREOG)RICTHEA T 5.

E*(u(A)/Z|Ge) = exp(t)IE*(u(;{t)(p(TNt: t) l’[ﬁil /17',;¢(Tn—p Tn)lgt) (5)
=77 L,

I, = u(A)exp (fot log(A_) dNS)

d(m,n) = d(m,n)exp(— f;[e“(l"(s) + 8%, <sexp(—k(s —T,)) U,]ds)

15 1, D H% ¥ (posterior mean) TH ¥, Bl 7 4 /L k L— 3 > ~DF ¥ (optional projection) & 72 5.
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4l - = 0-5l(n-m) z(1+e—z(n—m)) l(1+e—l(n—m))
O (m,m) = Iq(1/YmYn)71_e_l(n_m) | 1e705-D) (g 2n-m) e(ym+yn) T T
, - 47 - e—0.5z(n—-m) Z(l_e—z(n—m))

Iq(\/ YmYn) 1—e—z(n-m)
l=+z2+2b Ig: EIE~yRL B

LPEBIEL () DT A—Z—ZHeE TR, WA EZATROTT AV A —FEDFREER AR LTl & FE
WREGT V3T AR AT, R PEEERT Y R IIEO DR S5,

WIZ, TH EF I T T T IOKETNVDNRT A—=2—ZO0 T, Q&TOT 7 7 ¥ —(v/aEH,
frailty, & EDEHAARVIOEE), @~ 7 v BK DI, @~/aBER LR ED(EHAXU O FE,
BLO@~70d Kl frailty TSNS 4 XF —2 DT IVERE L, F 22OV THEEHEERED
HEE 3 L ORI Z 33 2 A TEREZITV, 95% K ETHEFIIA BMEARET 2.

7B, EFEO~@ODET VO EBRRIZIZLL FOEBY THD.

O A =exp(ag+Xi-1ax Xpe) + Y + R,
@ 2; = exp(ao + Xi=y ax Xie)

® A =exp(ag+Xi_1ax Xpe)+ SR,

@ A} = exp(ag + Xi—; ax X)) + Yy

FRERIEICLY, frailty P EOEAARVIORBLEEBTHLA LB R LRV LT
FHET VOB ERGET 5. TUNT 77V HIRE(2018 421 A 1 H~2023 426 H 30 H)IZD
WTH [RIBRICRRREAAT729.

728, BT NONTA—=Z—HEEIZHW T —#1% Bloomberg JOEUF L7, FRITHRKAZEET
— 2%, R&I NAFKT D HARENBEORI TR OE T IBET —2ELT-17

4. HEERER
AREETI, A CRLIEFIEICE SO T RoTe T LD/ 8T A— 2 —HEE il 52 R4
F9, EHAARVIIDOET NORTA—Z—HEEFERIT WEDE 1 Di@vtiaoT-.

6 CEA, = fot hds DATESGEOWRIR LT HEE, FHEGREEN, TR EPRBIOT AV —va (G ICDOWTURIERT Y ik
L7272 (cf. Azizpour et al.(2018) Appendix B).

17 R&I LIS O A% [Moody’s, Standard & Poor’s, H A HFZEATICR)ZE]Y B ARBZEDORITIRIE A2 AEL TV, R&L
1252 A R EOFITERIATE D b 2\ 2, RO T —2E LU THRAL.
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GE 1) ERARVIIET LD NG A—2—HEEfE T

ay ay as

i HEHR 2 (EH) o (GOPRER) | 2 (Awie) (ToPIXYS—2) | (JoB10Y - JoBTY) | (Anats -Beste) | > OB
wry [ -1.421 0.063 -0.051 0.031 -0.023 0.043 0015
e (0.503) (0.022) (0.024) (0.004) (0.009) (0.021) (0.008)
I s -1.698 -0.219 0.011 -0.021 0.014 -0.027 0.031
mem (0.602) (0.036) (0.005) (0.007) (0.005) (0.009) (0.009)
fRRAE HERR (TOP\X;;-H‘FM— ) z ¢ ‘ ° X
wry [ 0.085 2.925 0.002 0175 0,013 0.034
e (0.032) (1.369) (0.001) (0.087) (0.008) (0.020)
I -0.047 4.006 0.005 0215 0.014 0.060
e (0.016) (1.823) (0.002) (0.092) (0.007) (0.030)

KR BRI, ATy T TAREERDECEY, AIC DMR/he/ bl aEaLT.

# 1 X, T L TP 10K 5B/ T~7a g )] | Mfrailty | B L OGEEOE AR
DN T DT A=2—IF, 5% DA BEARUETHARREANA B THLLORM RS, F8]
WIRTEE7 772 — D56 FE GDP fEHRIE, T LT T TP 102 TOREHARUMIDNT, 95%
DHBARETH AR ThoTo oz, ho~IaBER T 778 — LWL, T MR 5%
HEES REWEHEES .

* 2 1%, BAASRUVIRIE T I THLIEAIZOWT, OETHOT7I74—, @~ I/nZE KOOI, @
~ O ERKHEEDOE AR NORED I, @~ /aEK+Hrailty DI, DK% THEEINDET
JUZDWNT, NIA=Z—DOHEEE B LOE G R E R T Y 50T AN OFE R ERL T, Zi
Ikpd, =7 v R Irailty) DEEOEHA XY FORE] O TOT7 I —%ETET IV
I, BAEREICESESHEHNA BN RLEVEOR ENELN-. £-EE GDPRERIE, O
BCOTyrH—, Q=B RDOH, BLUOO~ 7 v BERHEEDEHANIORED AL, THEE
SINDHEET MIBW RN OEmWT 772 —ThoHm, F-lEEDOERHAXU IO EAfrailty |
%, FHENEWT 772 —DOABEDE THL HBRINTC.

(F 2) EFTNBIONRTGA=E—HEMEAT AU R T

E?H::,Zfi;é%’ﬁgty @:3YnER %;;f?;;%é@ @:390ER + frailty
a0: B 1,698 (0.602) -1.013 (0.147) -1.223 (0.489) -1.200 (0.361)
a,. GDPREE -0.219 (0.036) -0.157 (0.043) -0.108 (0.029) ~0.093 (0.028)
2, AAAREA—ILE 0.011 (0.005) 0.007 (0.002) 0.009 (0.005) 0.008 (0.003)
a; TOPIXUS—> -0.021 (0.007) -0.018 (0.010), -0.017 (0.008) -0.016 (0.007)
a;. JGB1OY - JGB1YR TLwE 0.014 (0.005) 0015 (0.007) 0.013 (0.006) 0.012 (0.005)
as: ABARS - BBBAE R TLwE ~0.027 (0.009) -0.020 (0.008) -0.021 (0.007) ~0.019 (0.006)
a: JGB 3MA—JLE ~0.031 (0.009) ~0.029 (0.014) -0.027 (0.013) -0.025 (0.011)
a7 TOPIXIRSTA1)7 4 — -0.047 (0.016) -0.035 (0.012), -0.032(0.015) -0.029 (0.015)
z 4,006 (1.823) - - 3421 (1.512)
c 0.005 (0.002) - - 0.003 (0.001)
o 0.215 (0.092) - - 0.103 (0.081)
5 0.014 (0.007) - 0.012 (0.006) -
K 0.060 (0.030) - 0.047 (0.023) -
AIC -52.04 -38.65 -42.22 -40.78
EEERE 0.000 0.007 0.002 0.005
Lo ] 43.02| 30.14 36.75 34.23




# 3 1%, # 2 LERRITIERAVIR T T THHEBITHOWT, ~/nERE G F~v—7
T UK LT, O~7nERHBEDEFAUMOEBED L, @~/ K +railty D&, B
QOQETHT7 7 7 X —THRINDET NVE, FAMNBEETLVE L TEERREEZIT T RE
R

(&% 3) BT VMDA HLRE (E AU A% T

NUFI—UETIL <OOER TOOER <TYOER <YOER + frailty
reves - m;iﬁ” 4%: - <HOER + frailty 27755— 27755~
REHEE 13.22 8.18 25.76 17.58

BHEE 2 3 5 2
plE 0.002 0.004 0.000 0.056

# 3 K, frailty BT ET VERBET NVEL CREBREELT -T2 HEITIE, WT bt
HICH B THLT LN RS,

VL EIZEY, R&I (25D AARMBEOAERIBIET — 2% AW -ET L ORT2A—2—HEEHE,
BEREBLOLERREDEBREEZDE, BAROIZL Yy NHHFHIZENT frailty OIFED /R
BENHEEZLND S Ez, frailty 28 Te 2 TOT 772 — IO EN-ZET /MVIE, AARDIL
UG OEEE LY BSHIATELAREMERDHH LB 200D, FHZLREDEHAX MO L
MMrailty | 1%, [ AV ROREDLT IEHT57 774 — U T BEMEZ A 72581,
Azizpour et al.(2018) C/RENT-AERLIELEH THHEEZ 2 BIND.

RO REEEEA T, T BT ER LTI AETRET | B KOS RIS et ™IS AE TR | D
FHEBZMN 3 BILOK 4 1TRLIZ. BETDHEHANCIEEBEET VL, A7 VHIRICE
WTTRS B TR T I OHERB 2R 2 TV D EBE R BND. BT UM 7 7 L i
(2O, 4% TR AR DOHEE A E T IO Z LT R D HN5(2014 LK.

(1% 3) ¥ LTk RSB OHR (1998 42 4 H~2023 46 A)

45
a0 — R

a5 i ------ A RERE (BT

B Tk L 1B IO T 740 b OBEAEBIRERBRORRDGON.

10



(12 4) ¥ TSR TR AEREOHR (1998 454 H~2023 46 A)

TR
"""" EBRAS-REME BT

§§§§§§§ﬁ*ﬁﬁa%%gEEﬁEégéﬁg%égﬁﬁgéﬁﬁ%g@ﬁ;aﬁ;ég EEH

FIH 5 1L, HE TR AEREET VLONRTA—Z—HEEIZIE DX, Yt T LV OMRHE(F%
ENEHE L2 T, T=7uBE R | MHrailty | B EOE FAARU OB | DO 2 [ ZOUT, 1998 47
52012 FEETOMITBIT D47 774 —OREALD A kB2~ X 5 2 AAMRY, FA%iIEHIC
BWTHEEDE AR IO B O frailty | O E< 725728, ZUHN HARDOZL Uy
%miﬁ IBITHIL VYN A TN OB DD DB KIEL TOD AT réb%ékﬁﬁéﬂé. 7z
ELEDEBEOHETE \CHIZ-> T, BRI E 5.

(X 5) #& T RAEE ORI HER (1998 4£~2012 4F)

100%

o Bfeilty B2 0ZHE ®BEEOERA <>

0%
1963180520002001200220032004200520062007200820008201020112012

5. JVVYMAINDOEBHER

KBTI, 7LV MNAZVOEBBEROMRGEZRAS. £, EREITHRIZOVTEN T 2.

Amato and Furfine(2004)(%, Ht&fGER(E Y RAV A2 V) L&A DZE T LD BE MO A4 B A FGiE
L7=. %&IZ Koopman et al. (2009)(%, common latent factor(frailty): GDP =& M DOAR A K
TFMEERFELT-. 72 Koopman et al.(2011)1%, SR KHIBIORAELBHICE TS frailty O
BEROET MLEATR T

IV ATNDEENIRE L 5257 774 —13 GDP KERThLLA T TV
ITHFEN 2N EE 2 BIS.
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KRETHE, BARODIL YN BIT LIV M AI N %K T [R5 -GDP e 1T 8% K
ETATREMER B D EE 2 H5ND LR EDE AR RO E B +Hrailty | #8515 - GDP LR OB
[ZOWNWT, DT —L A, v FET LD NEEDE AR D B+ railty | #8515 - GDP e
DL — B DL, 2545 - GDP b2 T 22 FR (GDP, #5-15) &M D AR REZE | £
TIOTRILIZGAITB T 5% 55 Uk #(evel) - fHE (slope)l & [ EDE AU MO B+ frailty |
EDMNCHITHI Lo Py —DERTORRNE  OFEDOFE, BIO 317 IV AGEBEICLD,
Ly NP AT VO ER IS ay ke 52 158 I BT D EEOE AU OB+ railty | O
BALDOHER, D 3 D DIRGEET T2,

F£3° Hamilton(199D)IZHES%, 2 REEDL PV — AL —4 10 BKIERY], Lo—4a 20 BKH
BENZAE T 2. LT ORI SE R ERIBE R AR T HIEITRY, NIA—F—DHEEEITIR.

Yi=+¢uVii+die, Si=1 C¥—2n1)
Yi= o+ PVl +aer, Si=2 (LY —12)

6 1%, NEEDERHAR IO EHrailty | (T# T DA E, AARICBITLZZ7L Dy A1
THA#EGE-GDP LR | DKLV — 20O~ TGS : 1998 44 A 1 H -2012 4 12 H
31 H). FFK 413, KLU L AT BT NONRTA—F—HeEME T .

(B16) LY—nDHER TBEOREHA O R B railty (f T1) (5), #4515+GDP sk (4)

Regime 1

MM MR R
4 " M | { g | :
N BT T -
& A S ACERR 1 I S W
LU T BRI Lk 2 BRI LU—n T BRI LU h 2 SRR

(F 4) "TA—F—HEME REDRE A O E+Hrailty | (B FF) (1), #545-GDP =k (T, KkH)
Get M :1998 £ 4 A 1 H~2012 4 12 A 31 H)

1$54=4- Ly-A4 fEE | RERR e plE
9t ARMALY-41) 3648 0.955 381 0000
97 ASHALY—A) 0647 007t 9080 0000
(2 ERBELY-L) | 0 0124 7219 0.000
92 ATHRRILY-LY) 0076 003 1204 0229
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15554~ V-4 HRE | BERE e plE
P EREA(LY-A1) 0039 0014 214 0.0
I ERIA(LY-LI) 0967 0011 92,076 0000
P EREE(LY-LD) 0447 0.33 1330 0184
92 ERER(LY-LD) 0892 0.250 210 0.0

ERERY, TREDEHAR O EHrailty | OL Y — LR L 505 - GDP lLROL U — L H#ER
LB THHZED RSN, F M EDFE AR MO B +Hrailty | 5L O 515 - GDP H
RIZBIT DLV — 4 23R IR D /3T A—H— 22T 95% A /K HE T E TIERNED
FERDIRINT(F 4). T, &2 ICRREIBHOREE R QO WIS FIET 282K L
THEY, TOBFEFSLERNZOW UL EICHRFEEZ 5,

WIZ, #8515 -GDP HROMKEFE ThHHIGDP R G548 (WP bRl [ 515 -GDP t
R, M EO(EAAXU IO B+ railty | OF BN KT T IOV TREET 5 G5 11 : 1998
4 H1H~20124 12 A 31 H). BEMIZIE, £9°1) IGDP) G548 R 515 -GDP b3 |0
B R2IZOWNWT, 2 IROFL U REHTHBIEAT T ARAEZE M€ T /L (linear Gaussian state space
model) D, i IRTEIZBIT D7k #E(evel) | B I ONE X (slope) ] D 2 /iR ( 7L 19, 2) 5%
YIS EDAE AR DB+ railty | O 2B KIE T B Z AL UL A B L0 E BRI
BT 5L, KRS - HBEDERARU MO B+ frailty | BICHBITH7 L0 Vv —OEKTOR R
P:(Granger causality) DIFIED A DI EZITRD.

(0 7) TGDPI #5548 #8515 - GDP L3 | OBk BB 30T D45 By OHER

() GDPOCkH#fE)

N e‘r't'v\ 20 r\ ?f ;»‘1‘ g-
5 Fq_ —JP o "\ .. - o % g i r\
g ! Seg g \ il ) f\'\/\,j / A
"‘ RV T4 [ 1]
] H : y ( { /
N h A g- \/ \ /
1 AN : [
e y f‘ 3 L‘ \ J
2 g e g {
U

MLER O OMUTIFRI, Bt T HHERIBIZ I 2K R Sy, AOERGNTTHHLRIEIC BT DHE RS OHEBZ T,

1 LHEDOE AR DR railty | ~O P RYW 2 EE REET 5729, HEHHRZEEOER Th 5 Fffi(seasona) sy~

AU

SIRIATD o Tz,
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(b) & 5-E ARG %)

160 1885 BT 1ATS  ISE0 1885 1890
L L L L L N L
&

3
<
s S

o0

5

aot

[ w0 EY £ Y P

Index

KA RO ORUTIFRSN, ML IR LIRBIC I T DR MER Sy, AROERORITFRLIRIEIZ BT 2HE My OB 27T

(©) #4515 GDP t%

&0

N %

M f
S

L)
v Ry

0 0 b £ a0 50

KR OOBUTIFRI, BRI FIRLRIEICIS T DR IER S,

0 &0

\\
E_
é\/\/\x d J\/\/\/

@ a0

AVl \W

Time

FR O FEHBGNE TR LRI I T DX Ry OHERB & 77T,

7 XY, TGDP| G550 T8 515 - GDP HeaR )13, S IBHIZRBWTHEE A | ORI K

SV R CHEL TUVNVA.

wiz, TGDP I 5A5%8) #8545 « GDP 3R | DO 2 12O\, [FRA | TAKHER Sy ) [EZ RSy ) D

B RIIKILTray sz 52 158 1280 N EOE AU OB railty | 1IZ MK IET

VAR BB KORREEL72(X] 8 38 LN 9).20

(X 8) GDP B LU HAREEN [ £ DIE AR bR Birailty |12 K& X9 58

(a) GDP —T@EDENAN OB+ frailty |

Orthogonal Impulse Response from adp

g -

. e
- —
2
|-

&
.

L
8 9 10

95 % Bootstrap CI, 100 runs

(b)

Orthogonal Impulse Response from o

downgrade
/

95 % Bootstrap Cl, 100 runs

B
A

AN

HBEEFE — TBEOERA OB +Hrailty |

20 FRAIFS KOS B DSEFBFRICIE O RPN B L, 7L P — R - A 2 VR ISEBBOHEE &1 TR o 7

14



(4 8 #¢%) GDP LU GAZ 43 N = OAF FHA U b 8 +Hrailty | (2 R E 9 5%

(a) GDP —T@EDE AR OE B+ railty |

Orthogonal Impulse Response from gdp_level

(LBe KUERSy, T B HEMS))

(b)

Grthogonal Impulse Respanse from t_level

BHAEHE — NREDEHANU IO E B railty |

3 - o
i 2
g - = e
g -
-
. 7
B8 = o = = = b - -
g» et §
= 7 = i S
o 1 2 3 “ 5 & 7 a 9 10 o 1 2 3 4 5 6 7 a e 10
95 % Bootatrap C1. 100 runs 65 % Boatstrap Ci, 100 runs
T Ortnogenal imputse Respense from 1_siope
g2 PR
§ &
Ch! -
s - e ey e & | s
S, - i N
i ) T T T T T T T T T T T

% ootsiap CI, 100nuns

10 B ETO TR AedHIT, 95%DIEHUKHEZ R .

(1% 9)

o 1 2 a a4 s & 7 =8 8 10

95 % Bootstrap Cl. 100 runs

512 - GDP RN LREDE A M OF B+ railty | 12 KIE 38

(L1 JFGRE, P RYERSy, A EEASY)

Ortagonal e Respons o tgdp

Ottogona e Resporss fm el

1% BoustapCl, 100runs

954%BoosiapC, 100

10 ML ETO TR, ZeIoTii, 95% DS MK HEZ R

8 BLUVNX 9 &b, TGDP D/KHAERST ]
AT I B EDE FA~ o § %8

15

R G BADMEZ RS |
+Hrailty |12 &IE T

Orthogosl Inpuls Response o tadp_sope

95°% Bootstap C, 100 uns

HEITRMIC R SLRESNS.

[ 515 - GDP HeRDKHER Sy - i



¥7-, GDP R 515%8) #8515 -GDP 3 DJF RS F L O Ay (KR 4y 1 36 JONMEE AL
7 DINS LR EDOE AR IO E B railty | 1[ZkT 5, HDWEEDE AR IO E 24 frailty | 13
225 GDP T 5544 T8 545 -GDP b3 | O IR A3 KO A5y OKHE RS 36 L OMBZ oI xf
T5, TP —OEMRTORREMEDFEDOHF EIZOWTREEITRoT-. £ 5 IIZOMETHS.

(F 5) LT y—DRREM

from to plE from to plE
GDP = frailty 0.264 frailty = GDP 0.664
GDP _lebel = frailty 0.024 frailty = GDP _lebel 0.666
GDP_slope = frailty 0.134 frailty = GDP_slope 0.651
TL = frailty 0.345 frailty = TL 0.228
TL lebel = frailty 0.349 frailty = TL lebel 0.217
TL_slope = frailty 0.006 frailty = TL_slope 0.130
TLGDP = frailty 0.176 frailty = TL GDP 0.599
TLGDP_lebel = frailty 0.009 frailty = TLGDP_lebel 0.990
TLGDP_slope = frailty 0.001 frailty = TLGDP_slope 0.423

# 5 X0, GDP DI KUERL Sy 105 B EDIE AU D B +Hrailty | 126U T, 95%A B/KUHEIZT
TV —DERTORRMERHHES 2 BN, o, [REGEFEOEEMY I #5145 -GDP tLFED
IKHERL Sy AE X B 57 1 frailty (23 LT, 99%H BEKHEIZ T Lo Py — D EKR CTORRMERHHEE
265, TR LEEDOE AAU IOE B railty | )5 GDP) [ 5548 [# 515 -GDP g |04
JFESRANB LI OB RATITH LTI, 7L P —DE R TORRNEI IR T oT.

6. RBLOESHEDORE

AWFFRTIE, EHARUNEE L B NI ORERELERTET NEARET D ETNDOT 772 —%
(7oK | Mrailty | B EOEAARIDOEE |0 3 SLLiz. EHAAVIDIE, T B T TR
DRAERELERTET VONRTA=Z—DHEEMIL, AT T A HIBIZBWT 95% A B KHETHG
MICH B TCHHEDRE R RENTZ., — T, TURNE T 7V HBICB L, T B o348
ERTETNDONRTA=Z—DF 95%F BAKETHFINH B Lol £, [~rrEA | [ frailty
NEEDEHARVIDEE | DR T 778 —2 R TEHLET VOBEITE, BAROZL Uy MiSGOE M
VA7 DEENE Y B TELATREM R HHEEZ X OND. RIZ, LY—L Ay TET LY, i
EDOE AR IO E B+ railty | SFR 545 - GDP WO BLEMEORGEZ R AT AER, [ EOE A~
VDB railty | S50 545 - GDP HeROL Y — 2O IT R A E M AR L. EIZ, [GDPJ 5
{588 #2515 - GDP bR 2 IRREZERE T L CR UG EICBIT D O —ERIZ DWW T, frailty 7L
YO —DEWTORRMEDNDHHEE ZHND.

SHOEEL T, (DEKILRM - B RZ IR ORI ST 5T VOF IEDORKGE, (2)FITIR
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AT O LT HECORE TP 8oHES L O BAMEN S HEE 2 531D Composite Index DEFNIZ L
9, B FRER T 77 2 —=0 frailty O FEMAGRIES OB 2MEE, BIOG)IEL T AR IEZE ]+
T LD, ERARVEDORADLLTEDORSETHI, O 3 5852817 5.

MIZoWTE, T REAIER - REIBOEHSZHEE T O0NERHD. 2070, Bai(199ND1285
T — IR A M E RIS EE SR ERPEHE OV ¥ — 2B L [FERD 715128 D Composite Index D
LU — B EIEATO, MR A HEE LT (K 10)2

(X 10) R EMHOL Y —055E|(/£)E Composite Index DL ¥ — L55E ()
(2000 £ 4 H 1 H-2012 4% 12 A 31 H)

1,400

L 1,200
- 1,000
L 800 154 L 90

L 600 10 L 8o

L 5 A L70
“ 0 | | A
o\ ] VLV
\Y " \IV v
-10 4
00‘01‘02‘03‘04‘05‘06‘07‘08‘09‘10‘11‘12 -1500‘01‘02‘03‘04‘05‘06‘07‘08‘09‘10‘11‘12
— Residual —— Actual — Fitted —— Residual —— Actual —— F\tted‘

10 &0, AZEBIRE LRSI QR 71 27~ 97 JR 1R ClE, Composite Index 73 FI5(E5) 3 A
MIZHDEHEESND., TDTD, BEFPEMEEZ EEOE ARV IR | ORBEK LT LA
1%, Composite Index DEZE LD BHEM: A F X 72 i KPR - R % B O 2 HEE T
DHENTATREL DL EZ N5, (QBLUGICIHONTYH, SH%AMKRAICHIEL TV EET 5.

2R TP L GDP I OWTH RIS T L— 7 R A v MEZEURIC L D LV — A8 AR08, MiERR R 2 7RI
HET LI ENTERmolz.
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(BE) FREATIIRICHIT S frailty ORI KO~/ i LR O/ T A—5—

EaEi frailty 855 RITEIEGT— 42 VU OEFEH(ST A -2 —) OB HI DR

KEMIKEERRE , S&P500 INAFE , KEFA—ILFR KERK (SMBAZKR )OBTEBBLUT

Delloye et al. (2006) SIS 4 Poor
s Gamma AHISHOME L andPoors 130k 3R -104), FFL—k GrAR) THIbE

GDPBR%E , KEFA—ILFRTLUF (1410 5), Bt
O—UEEEmE  M2REE, (VJLE  FFL—F , XE

Koopman et al. (2009 i g KELL (S S .

oopman et al. (2009) AR(D 87 andPoors iy itis (BBHDRTLUE | S&PS00 IR Sapso0 5 | NELK (RRMMBIERC HOMfER
FAUTA

Duffie et al. (2009) Ornstein-Uhlenbeck  (OU)i@% |Moody's KEEHER 37A® )L—b+ |, S&P500 IzEE KREDE (SBMEEAERC ) OTIHILMOER
GDPAEE MTREEMEE  S&P500 UL , SEPS00 £

Asizpour et al. (2012) Cox-Ingersoll-Ross(CIR) 82 [Moody's TAUTS KRERMER AR Lt REROIER ymow @mumsR )OFIALIORR

TLvk (110 5), kER 0FEMHAEY |, #HE—LF
RTLYE  (LF-10 §), #E (AAAK) FIEY
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