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[Abstract]

AWFFETIE, BAROIZLDy iy CRBUAIRTREZR 7 774 — [~ 7 m B R B IO EDOE AU MEAE
FAE AT BT LD RAT A AT DB RS, REOBIEMHS0]DIEFD, T CHEBEBNT 22N T
XN T o —(EnE frailty EAHTD)DFEEEL, ZNHEBE LG AU RS BT 4%
T T 7ANVNORAELRLT SGEAETRE) ERTET VERETD.

BRARVIDIL, T BIF ) BIOE T I ORARELZRTET LDO/TA—2—IX, 95%DH
BKYETHAICAE B THALOR BAGT-. FTIMF 77 A HIRI(2013 45 1 H 1 H~2022
3 H 31 A)IZHOWTHIRIERBEORE BaELNT-.

FIERARVIRE T ) THAHLEILHONT, OE&TOT77r4—, @~ I/rER DI, @~r/n
FR+HEEDEHARVNDORED I, @~ 7uBK+Hrailty DA, TH LR IINLDHET MIZON
T, /T A—H—DOHEEAE T L OWFR 28 1 D58 2% 375 Kolmogorov-Smirnov & i€ & S L 7=
R, BCO77rE— (7 v/, WEDFEHA X b O frailty) IZKVERINDET MT
ZOWHAE @A BN RO, FRIC, IEDE AN IO frailty 1LEb1Z, TV
DIRTA=2—DREEEICRE L KITTEEZOLND.

WIZ, #5145 -GDP HRICRESINDMERAP A2V ) OEBERNZRDI-D, BEOE AUk
DB+ frailty | S5 VA7V EDREBEMEICHONT, DLV —Lb Ay FET LD, HEEOREFA
NUND A railty | LE A7V DL — MO LR, 2)A 7 IV ARE BB LD, ERHA2
IVORERRBEFRZ av & 52 A 2B T A A EDOE AR MO B+ railty | | T EEOH
I, BLO)MEHI ANV T 2ER(GDP- R G EH) KRBT LV CRLEGAICRIT%
%5y Dk #(level) < fE & (slope)| & I ZEDE A XU hD B4 railty | E ORI ITD, 710 Vv —D
B CORRMEDFIEDOF I, O 3 mObIRGEE{ T8

FF DICOWTIE, #REAZ-GDP LLRDOL Y — LD LB EDIE AU RO frailty | D%
NEFELEA-S T AR LIz, WIZ U220V T, [GDP OKUER Sy | TH GAZREDMEZ Ry | T#R 5
{5 -GDP RO KR Gy AHZ Ry 1R E DA AR OB railty 1T R EAY RIE T
SRDSRSINTC, BethlZ AN DWTIE, [GDP Dk #ER Sy ) T GAE B Z Sy ) #8515 - GDP 7k
Ry AHE R 122N, BREOE AR OB Hrailty | 7L 0 P — D EE TO R R
2Ny dh e
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ME AR =7 U4 | EVINTONT, T T HNVMER, T 74/ IR K (Loss Given Default, LGD),
HR%IEHEZEZE L LGD BXOME VaR(Value at Risk) %0 (E VA7 B&2F 5. 2007 4£(C
BIEALLT= YT 7 T4 LRIESC, 2008 4F 9 A DV —~1 T I% — XOREHEE TR ITIE R L=/ m— ]
IVIRA - R AR B T DRI A £ 4, @R O A &AL ROZEN R4 HANITEAS
NTeN—EVITIE, SRR L TH CEARDE - B0t E L s KRBT AL 23 T RE& 72
LIBME7ZRE R DFEA LG ANy 7 7 —) FE2FGHEIT D, ZTH U728 LV B D Rl B o0 1% & Bk
RIERAR=IT7 AV DY AT BEOFE N T v A KIETHEBITRENEEZLND.

LInLnss, SRR O B OB AL RITRF SRR IR ELL SN, ZOKELLTE
BICHERF T 22 ITR S Clden. Bl X mKIE KRG EIC sV TL, B CBEAREZ &L KT
ICHEFFCE D20, SREEITEE IV AT E DI ENATREL /0D, — T, RRB BRI,
BHEHE DT 74 /VNEFECT 7 4/VNHE RS EA L, SRR DY R -T2y b LS B AR
HROK TEEU T, BECH A THEIHGOE A G/ mElSns. ZofER, RROLEN
FJOBIESNAMEANCH DA I A2, F2, N—E VNI TEASNIZIAY T2y b T TR
Tyhe a7k, JetERNEAS AT TR R T AR OV A - T2y KL, FERELTH
CEAREDMME T THMREMND DD, ZDTD BRERIIC LT, MBI LR AR F L7 A v
TR SYRY -T2y hOE A LV ERE I D525 0 IRILER>T0D., —J7, AR,
BRI G DNE AV A 2 W 3 DBE D EHEL e D86 E LT, FHIR R KA A S TR
Jb— <+« 171 (Through-the-Cycle, TTCO#{13 | 28 HL T\ 5. ZHUT S—EB VMR IT kA
DB ZFHEWA DL D ThH D 4

LRIk, SRR S — BV I~ DOXHED T80, RATHERINC L AKAT, 5] il D~
K=, HAROZL Yy Mg GFHE TSRS REOE AVAZOEE), §70bb, ERPA7 LWk 5
{5 -GDP LRI EIND, BRI IDE RIS BEOIER M/ O U R) 1 2B E X 75 AR —b
T A VA DYATEEEATIOMENDHEEZ D,

AAFTEIY, EReEBEX TG A -7+ UAE B 5L L C, Yamanaka et al.(2012)<° Azizpour
et al.(2018) C/RSHIVZBREET VAIREL, T CEL AR/ 774 — [~ /B R B IO EDF
AR b3 AE AR R AT BN S LD FAT IRFE AT DB TS, EOBIEMHEDIDIED, T CEEE
BT 2N TEINWT 774 — (% frailty AT D) DFEEAGEL, ZNHEBE LG HA~
VIDOFELRL TG AEBE)ERTET NV CATIETNVIEVI) ZRETD. FIoET MY, AR
DIV BRI D UG Y A2V ) OEBER OFLA 2555,

U EARNFTROEY). OH CEADEBLOBEOLEREL CORIKH CEARLROF| & 1T (R KAT E 8 @S Tierl RBX
O Tierl LD FANEER, £ 4 4.5%, 6.0%I251% 11F), @EBIHNIGEYN T 581 TICxt - DR EME L HED E A [FREMED SL oY
HHRLCR), BEMELENSFRIDE AN, QU SLy PEMl 5L Ly U EEOE N, QI ILRFC, AN ARHZEYHR LAY AT
/R BEARNY T 7 —EFEIHSLT, ®AR R T AR & AL,

2 aL Y BT (R AR ) &),

3 Kb e A A IVREAHE, R ORI REIRDIEBE OB ORFIRI TIEL, BEHORKEBORBEMRL QRESND.ZD

728, BROREISCT, BNEOT 74V MERELEBIIED(ZDT-80, SOHEGHEH I GSNBTIREORDEIZEH LT

— BV VORI DD, — T, AR DRE R OIS TFIETHDRA L b A2« # A L(Point-in-Time, PITE {11, EHH DEITD

PEORINZERL TRESNS. PIT #4613, BRORBEIISC TEBERAMA DL 2GR X B LB i TR, w5

O SR T CUERE ) £ 72 2) SIS B 5.

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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BARBNIE, £, BEHASUINEE BT 48 T -7 74V NG R A 7V ORBEFEARELTZD
2T, ZERARVIDORELLTSGEERE)ERTET NVEWE, ZONTA—F—EHETD. K
2, BT NVERT DT 775 —(~/uBE R, frailty, #EOE AR ROEE) OB D OEND
\2XD, BT VOB OZERIIRI T DMGEEETT 0. £, BRIV AVVOEBBEREZLHEL-0, i
FEDE AR DB railty | SAE A A7V EDOBIEMEICONWT, DY — b A, FET LD,
NEEDE AR DB+ railty | 15 VA7 DL — MM O HER, 2E AV A7 Va5
HHE(GDP BB AR IBZE T T L CR UG A ITBIT 5% 5o Dk #E(level) - 51X (slope)]
LB EDE AR IO EHrailty (IEOB T, 7L Py —DEW TORREMEOFEEDOHE, BX
O A7 VAIRE RIS LD, (R AVVOMRERIZ av s 52 55 128105 EDE
AR ROR B railty ITKIT TR, O 3 mODIRGEATT729.

AARDZL Y MNGICBITDERY ANV EZrmTHIELT, BARSITHART HF G5 -GDP 3|
ERIFHIENTED . #5145 -GDP ERIX, FITONARTIESMEERF AR HMEE - FRHE AT
(22 R R O G 5HEL GDP TERUZZEE CERIND.

11X, #8515 -GDP LROHEB (LK. xHREIRH1997 4 12 A ~2016 4F 6 H), BLUWEAS
AR EEE R 2 —R&ED P AR TIRITEEMA DS, ¥ T IFHEOHERS G, x4
ff:1998 4 4 H~2012 4 12 H)ZRLIzb DO ThHDH. F-KHOMBENTIE K% B 2R L TEY,
H AT AE T 5K 8 AFEE DS Composite Index fEA 3 WL EiZH7-0E#H L T R L7-1
MEERT DG ebb, 515 -GDP R EH LTI A% B 1T/ 2 375).

(M 1) #5415 - GDP HROHERB (LK) IS Z O TR R&DOHERB (1K)

#515 - GoPHLE

1603 [\ ? BT
10

1502
s

1.408

GHAD BT THE R ARBRERE ), PRI E R 75 (1) Bloomberg
FREOR G AEL, SREREOR GEFITIZE - EOKETHRE 35— T, GDP [Ia5#)
FICED BT D7), ZRBMERY A7V DOEBERELR>TWDHEEZDND. ZDT2wD, Rk
(2o T, BRI AN ZME L AR — 7+ VADE MY A& A i+ 5 3N TH5. +
7=, k& T BN TOL B IR A B L FE — B TOD LD BTN .
HLEED, BAROZL DG REDOE R A7 L, ARSI E AU RS BT 48T

5 BRI AT ALAR—MNITABRLTWS, Z2BEEOHRIUTNHARTHERVAIVOERBIZZFRKTHS.

6 X 1 OMEENT I CGERZIRIEIE, 4 4, 1997 4E545 4 DU 14-1998 4E55 3 DU 7 U7 @& fGAKHE, 2001 4555 1 P4 -41-2002
ARG 1 DU 0y IS TV BREERE, 2008 4528 2 DU H-2009 4255 1 WU U —~< s Tay ZRE, 2011 AR5 1 DUEH-[E4EES 2 1Y
M4 H AR E S AR L T,



77 AN TREET B2 LN CEDEBZ BN

2. FEATHISE

WIZ, WEOT 74V, RFEEEO~ /ORI frailty ZET VDT 77 4—ELTC, T 74
RO (default clustering) K OFBAAE R — 7 4 UA ORI HERS e SR O HEE 25 A 72 AT
AR T 2.

%" Koopman et al.(2009)(%, Standard & Poor’s (2L A&AHHERS T — X B L UM RO T
THNIERRIEDE, v/ nER(GDP v R—F T TA AL T L HE) LIS AT HER L O B MEARGEL
FEAT O T FL, KR T 1L T 740 b R EGEET 01X L (latent factor), T7e
b frailty THY, v/ B R P E LI RIETREIIRERN THLED HHTHERZ R LUTZ.

723 Koopman et al.(2009) T, #AHHERDIRIE (823D AT DVREE DR AHIIHERS T 25 E)
BB AN —RIBEE CTE T EEHIT, frailty (3 AR(DIEFRIZHE D EE L7z,

KIZ Duffie et al.(2009)1%, SRR ZERKE ELEEOT 74NV NRAREET VAHEL, ~
2 e R (B HE AL - K (I [E10 2 <> Moody’s (2L i £ D7 7 /L b3 A& Gol G211 ] 1974 4 ~2004
EYEOBLIAIRER T 772 — 12Nz, EBIEEMOT 7 4/ FORGAEEIZIRO B KIFT LB 2D
NAHBLAIA ATHEZR common dynamic latent 77274 —, 3725 frailty DAFAED A BEIZ- DU THRGE
L.

Dulffie et al.(2009)DEF /L Cix, EBIEEDT 74V NREAEFRE % LLF A~ —R\BERIZ, frailty (%
Ornstein-Uhlenbeck(OU)IBEE I 2 DR ELT-. ZHOHDIREIZTESE, T 74 /VRRERED
KRR A e RICT DT A—F— Dy Mg LIEIZEOHEEL, E5 2 3L5@m S8R AT Re7s
7772 —(frailty) DRER S OHER 36 OGO F% 54 OHEEZA T8 o72.8

F7- Yamanaka et al.(2012)1%, R&I 1252 B AMBEDR T EF T —XTHESE, HARBFEERD
FEHANCRE LT T T 74V eRTREET VERRLUE. 2BET VI3 H Y (self-
exciting) IR FE(ZHEV, D> DIRFEIKTF T 20 D EE LTS,

R A5y b (random thinning)lZ&Y, H ARG EIRDIE A~ D3 AR FE A Bl AR —b
T H VA DG AR IEAETREIZEIN Y T2 2 T, EBIAR—F7+VAD(EH VaR HDOVRY E&aHEE
L.

LI, RFIECIRETHIEHARVINRAEMREETT VEEETIHRICSE L LT Azizpour et
al.(2018) T, Moody’s 2L 51 E DT 74V NEAEGHE #1970 42~2010 4F), ~ /K IBIO
frailty ® 3 DD7 77X —|ZCRERE RIROT 74V NEEET VEREEL, KEREIZBTLT 7

T HAREITRART DR EEHITT, AL B 53N TORWERICH T2 5803 E T TRY, ThbEHT17
NWERERTHEHZTHHEZZOLNDLN, R TIIBE LR, T LIGEELE DR 120 HEOEFEOE RO A LB 21T
IO E T — 2 U AR HEEET — 2 B ERF O ARHRERD 1,000 5 ML EOEFETHER)IZE DL, 2000 4F 4 A 2L
R A BIFEMH0TR 900 fHIZ 5. U—~vr - LayZRi&iIZRB UV THAY 1,100 L RERB(ITRNIEND, HAE AT
LR O HENEBENLL TQNDBLDEZ LD, TDT, RFFRIZBITAERVI AN OTOOT —ZTidiESang
BZHNBD. FARMIETIE, 15 AV A7V Ol S OHEE X T2> TR0,

8 EIAAYIZ1E EM(Expectation-Maximization) algorithm % &AL, frailty (/ST A—X — kB L OhEHEE 357280, frailty O
7 v+ s32% Markov Chain Monte Carlo @ Gibbs Sampler (2 CAEK T 2.

9 AH LT F—RRKFED Giesecke 5N BT D M T H T 7 7a—F |G VAT ET VORAEE LT D, b T H T T Ta—
F T, R—bT7 VA %MK HEBIEEE OEHVAZ OFEE OEETEE, R—hT7 VAN TT 74X RBNDFEA T
LOMNIIERT .



#+/VER (default clustering) DR, FELT frailty &5 74 /L O {5#E(default contagion)iZ®
HEEHONILE. 7eBREIL, EREATHIZREICEITD frailty ORTEC~/nE R OEEELFLD
7z

RBEENMDLIRY, AAROILY Y HGERICBITHERVAZOLBEHHTLIEE B, 1
B CEBI AR 7 7 7 24— %, TS TR E T 772 —(frailty) & & L T-AE A~ R ¥
AREET VARBLUIFATIRIZINE TITFELRWEE 2D, FIEMY A7V OZEEE frailty
LDOREMEZRRE S DAL, BREBIC LD E AR Ny 77— Bl ~ DX ISR AT Iy 7 - Y AT DEHHI
FIEFEA~OERNCORDBD RN D HEE 2 D L0, Flltte AT 5L 8bis.

3. BRANVINREREET L

AT, Koopman et al.(2009), Yamanaka et al.(2012)3 1" Azizpour et al.(2018)10 CHE/RE
IR T VAPRIRL, Bl ATRE/R Y 774 — (= /e B2 R il E O ARV N EBLRI AR /R 7 72
Z—(frailty)Z ZE LI, ARV IOIRAERELFRTET NVART.

FPEHAARIDRAEREET LONBICOWTIAT D, 74— a &0 SR 22
MZzQ,F, (F),P) [(F): 52274V h—ar], 0<Ti < Ti: %{F ) A7 mlmfe s 45T o
N MORAREL). FIBHT AN =22 (G) oD F TOFGREZN, = Tnat Lric, A
ENNCRT D {FIMERR L T2 L, N - [ AL dsSIZRFi~ A F o = &7 5.

%72, R&I 7 Bloomberg Z#ilU CTAXRTHRITHRKBMHOLEELEZMEHAUNMLi=1 (L
F),i=2 BT, i=3 (FT74AP])IERML, T BT TP 17 74002720, BBB #4
% [T 74V PIRREE T D) | OB E ARV IRAET LDMEERTET VEEZ D, Fio, AT
BOTERAARIE ST AT OZE T 113, BARDZL Dy i 2R OE AyRE 15 FAIGEIE A
A7 V)OI THHEARET S.

VL EDORHRICESE, EHARVIEAEDBEQDZ RO TET.

A = exp(ag + By @y Xiee) + bV, + 8 ey exp (—xe(t = T) ) €(RE) (1)

Fx OEZUTILLTO@EY L3 5.
Xt~/ BRI R Ee e 7 7o 2 —)"
Yo frailty (B [ REZR 7 77 2 —)"

dyi =zi(ct =Y )dt + [YidW,, zc>0, 2zc>1
t t t t

Tnswe exp (—k(t = T ) €(RL): iBED(E A MR BB TR 7 7 24— )14

10 ARFZEDEIE 725 filtered intensity DFFR F1EIZ DUV T, Azizpour et al.(2018)® working paper B0/ X—2 a2 Thd
Azizpour et al.(2012)(ZFEMNZFER SN TWD. Fi2, ABFFEOBERHHIIZ- DOV T, Giesecke and Schwenkler (2018)& 2B L7-.

n HRENE, T~ oa g/ ) TESEOBFESE) O 2 TR TH L.

12 U8 GDP B, §L T 3EARERER, HMEH(TOPIX: H R IR DAL, HRINTEERT 7V 7 1, HAREE 10
ERIEY, HEHIE R RPIEGA— A RAT LR, tfiA—/L K271 v R(AAA #-BBB #), M3(=t— Ay 2)%,

13 Duffie et al.(2009)1Z, frailty 23H LEIFMEZEEFS OU @BRRICHEI LI EL T D, OU i@ Tl frailty 2VEEE72 D ATRENEN D
MERNEZ, AHFIE T frailty % Cox-Ingersoll-Ross(CIR)E T /WIZHHLL I AL LTZ. 728, Azizpour et al.(2018)TlZ, CIR &
T INDING A= —"THDHRTTAVT 4o DA BN 3T A— 2 —HE E I FAE T BT TUNSNZ LRSS TS,

U AR EDOFERAA N2 b ORET Hawkes BRIV, B 5 EEDOE A OEBOMBEIBT 5 LIET S, £/21 HIZH
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OR) = YN nb, 0 RATHKRATO A R B

~IREROT 77—, AL EHR B HER) LT 77 7 — DAl AR B L DR T Y 6]
ik, 328 GDP R EH(F7:4), M3(wr—Ahy 7, t#fl), HEEHEMFEE(TOPIX)DI4R = (H
), HEDA—V 2T Ly R(AAA #-BBB #%, HY)FBLOIEREIMERRR G B o 5 Mg iR L
2. RBIFMEVEFRIFIC OV T, BEERG R 5L, Amihud(2012)IZ9EW L F oK CH
5.

( (Hg-Lq) )
1wp (Hg-Lq)/2
2

d=1% HtL)/2 Hyt # d BB OGEHE, Ly d B BORMHE, Vi kis

Fo, NEEDERANUIORE | 2K T REEEELL T, R&I BWART DHATIRIEAT OL EHHD
BREZ . 2B, (BRAARVINEAREET N DTG A—E—DERLRERbE BREL T, Rl
AR E T — AR I NARTHAEREE 1,000 7ML EOZEEREEEL R EOE A RO
B 2R TREEROBEME L.

21%, RN AERTHEEEFERE O A IR (D)L, Bai(199DICIVRESN =T L — R A
MR SR EFFEEEOL U — L 0E () THhD. Zibdy, K 1 0mK%iEH(2001 45
1 P31 ~2002 455 1 TU-H, 2008 4255 2 TU-H1~2009 55 1 SIS 3 R O BIEM D
B Qa2 E, BLOWRINITESE 2B EBEL RB T DL U — LD b AL CTIRAZ LN TE
5.

(X 2) EMPEMBOHERBRGE) B L O A EH DL Y —245E(45) (2000 45 4 A 1 H-2012 4612 A 31 H)

BEER (FET-42/77)
1400 1,400
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%00 e i
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S

600 [

-200

<+ -300

B B L LA o e o e B B
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‘ — Residual — Actual — Fitted ‘

PLEXY, KRBT HIERAAIRERETT VA B RER Y 774 — ) [frailty | [ ED
EHARVRDOEE | D 3 STHERSNAL DL ET 5.

BAEDERA R FBFERFICEA LI2BEICB N T, ZIUHITAWITHSIZHAE LT b 0 & 7T
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WIZ, [FHARU AR ET L D/RTA—=E—DOHREE FIEIZ DWW T 5.
(DRUTEESS T RO LERIBL, (0) & e RICT 2/ 3T A—=F— % i AR KOHEE T 5.

Lr(e) X E*[l/zrlgr]' E[Zrlg‘r] =1 (2)

HWET RENTA=Z—DEYNT, 0 = (ag, ax, b, 2,¢,8,K) T D [(ag, ax) 71 HEA,
(b, z,¢): frailty, (8,k): EBEDEHA MDA,

(2RI ITBE 1%, Radon-Nikodym #5512 12 I #2546
7, =exp (— f; log(A;)dNs + [, (1 = A,)ds)

dap

TEFRIND, RTA—H—0% 5L LIZHEDOP (URT P NLHER)D R COMFHEE /D,

T NOT — A IBPED %G Fr, frailty Z 5 ATV, D72, Azizpour et al.(2012) @
Proposition 4.1 ([Z3%, B 7 4L b — a2 5etb 4257 4L F— & DR (filtered
intensity) h (2 BH[(3)=]15.

he = E(A|9) = E*(A:/Z:|G)/E"(1/2:19), a.s. 3)
728, filtered intensity h, O BARH)Z2TEIZLL T O#E YD ThH 5.

 _ Ealtexp(Jf tog (2t )ans+ {(1-4)ds)1ge)

= : ‘ . 4
]E’é(exp(fotlog(/lé_)st+f0t(1_,1§)dS)lgt) , a.S ( )

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 /1T7;¢(Tn—p Tn)lgt) (5)
=771,

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

d(m,n) = ®(m,n)exp (— f; [ea(l'xs) + 8 X,y exp (—Ki(s - T,ﬂ)) f’(R,ﬂ)] ds)

4l - e~0.51(n—-m) 2(1+e—Z(—-M)) (14— ln-m)
@ _ Iq(JYmYn)l_ee_lw . le—o.s(l—z)(l_e—z(n—m)) . (Yim+Yn) (1_e—Z(n—m) ) (1_e—l(n—m) )]
(m: Tl) - 4z - e—0.5z(n-m) Z(l_e—z(n—m)) e

1g(VYm¥n) ==y
1 =vz2+2b Ig: EIEE~YRLVEEK

15 1, D H% T (posterior mean) TH ¥, Bl 7 4 /L k L— 3 > ~DF ¥ (optional projection) & 72 5.
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KERBL(O)DNTA—Z— % HeER, R L2 TRoICT AN A= EDIRE AL T
Kolmogorov-Smirnov f&EZTTVY, TRER DMEHER T L ABERRICIED B D ERERR T 5.1

WIS, T LTI T T I T T 74 VM OB REET VDT A —=F —IZHONT, OQ&TDT7 77
% —(~vragR, frailty, EOEHAXUIORE), @~ 7 n BER DL, @~vrrEREiEEOEH
ARV IOEE BIO@~7aEK L frailty O 4 /X2 —2 OFT /IR LT, EHERZEOHTER X
OEFAF|Z%F 9 5 Kolmogorov-Smirnov #E%X 45 i | T T 1 T 7 74V R OKIREET /LIZ
KL TITVY, 95%KIETHEIHIA BMHEARETD. 728, LEO~@DET VO BKRZRIZITLL T D
WY THD.

@ A‘; = exp(ao + 2g=1 ay Xk,t) + bYti + 62,15,% exp (—K(t - T,ﬁ)) {’(R,il)
@ 2 =exp(ag+ Xi-1 ar Xir)
©) A‘; = exp(ao + Zﬁzl ay Xk,t) + 6ZnSNt exp (—K(t - T,ﬁ)) {’(R,il)

® 2= exp(ao + Yoy ak Xk,t) + bY{

FRERREICLY, frailty RCIBEDERAANUOFBELEETHHEALEE L LRNEALICE
JHET NOBMB N ERGET 5. £, TUNTT T LEIRIQ018 42 1 A 1 H~2022 4 3 H 31
ANZDWT ERRAREET .

R, BT INDONTG A= —HEIZH T —#1% Bloomberg LIVEEGL, T — XD xS Hi kX
2000 -4 H 1 BH» 5 2012 4F 12 A 31 HELTZ., FBITIRSMH AR T — 213, R& BDAKRTLHHA
FENEEOFRITIRME OETBIE T — 2L LT

4. HEERER
AREETI, A CRLIEFIEICE SO T RoTe T VD 8T A— 2 —HEE RS 2 R4
9, EHARVIIDOET NV O/RTA=F—HEEFERITIRE DR 1 Di@vEio7-.

6 CExA, = fot hds DATESGEO RIS LT HEE, FHEGREEN, [0, Ap)ITHERHEPR I OT AV — v a (G )ITON T,
FEHER T & 72D (ef. Azizpour et al.(2012) Proposition 4.2).

17 R&I LIS O 1% [Moody’s, Standard & Poor’s, H A HFZEATICR)ZE]Y B ARBZEDORITIRIE A2 AEL TWDE, R&L
1252 A R EOIITERIATE D b Z\ 2D, RO T —2E U THRAL.
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(E 1) ERAASURIOET IV 8T A— 2 —HE T

BRI HETE(E a, (EH0 a; (GDPRLKRE) a, (M3) a; (TOPIX) aq (RHE as (FEFRENPEFRR)
A=W 27Uk
-1.421 0.063] -0.051 0.031 -0.023 -0.043
®wLEF
(0.503) (0.022), (0.024) (0.004), (0.009) (0.021)
1.698 0.219 0.011 0.021 0.014 0.027
3 I ST g T T RLcTTnyory DTSRRI NArE| P
(0.602) (0.036)| (0.005) (0.007), (0.003) (0.009)
0.911 0.102 0.001 0.0076 0.002) 0.023
i o 1 S T E T e e e e LT e e E e PR Ty L P P T e PP Er PE Ol EOTCE T CreP e EPeP P ERr P
(0.436) (0.002)| (0.000) (0.001), (0.000) (0.015)
ERARUE HEEE b z c 5 V3
IRSA—B— 0.152] 2.925) 0.002) -0.013 0.034
wET
1RAERE (0.074) (1.369) (0.001) (0.009) (0.020)
INSA—B— 0.213] 4.006 0.005 0.014] 0.060)
®BF
i (0.089) (1.823)| (0.002) (0.007), (0.030)
IRSA—H— 0.099) 2.063] 0.0004 0.008| 0.021
FIHILE
1B (0.071) (1.007)| (0.0003) (0.005), (0.015),

X~/ AT T IAREEWIEICED, AIC /N2 Dl AR E LTz, FAHEA— /LR AT L o R I, AAA ¥45{& - BBB fHED
FHIA— N RAT Ly R DL ELT=.

#£ 1 30, & L T TP OB GAIC W T~27a3 K | Ifrailty | BIONNHEEDEH AU
DEA BT DT A= — (3, 95% DA B AKE TR EHIICH B THHEDM A5G-, -8
HIFRET7 77 24— DHBHFEE GDP ERIE, T FF T T 740k O TOREHAAUMT

DUNT, 95% DA BIKETHEHIIC
I T DH 5L REWEHEE SN,

2B, # 1 O TFITT 74V OBEHARCMIBITL R EDE A ID

B ChHoTRITZ, o~ IrnBE KT 78—, T

BB | DINTA

— & — (B0 (TN, TS PE R 2 AR E L TN T A= —ZHEE LT RITER 2 O
WOTHD. N EEMEOREEOL G LS DL, RROEHAA U IORRE | DO/RTA—F—
HETEMEORE EE LM _EL72(FR 2 OFERERSY).

(3 2) NAEDEHAVIDER | 2T NVDI/ISTA—H—L LI DOHEEHE R0 T - 741 k)
ERAAUL #EE 20 (XD a1 (GOPHEE) 2 (M3) 2 (TOPIX) a @R ermem
B ’ ' ’ : 1-LRTVb) | -
INGA—R— 1.896 0.245 0.015 0.041 0.016 0.031
7S N 1000 i 600 v O s NN
ZERE (0.747) (0.097), (0.007) (0.018) (0.004) (0.013)
INSGA—R— 1.204 0.157 0.002 0.0092 0.003 0.027
R L T T T R T T B B
ZERE (0.578) (0.009), (0.000) (0.004) (0.001), (0.014)
ERAAUE #EE b z c s Ve
INGA—H— 0.225] 3.987 0.007] 0.018 0.090
#E
ZERE (0.090) (1.906), (0.002) (0.006) (0.020);
INGA—E— 0.103] 2.157 0.001 0.010 0.043
FI4IE
R (0.061) (1.023) (0.0004) (0.002) (0.022)

# 3 1%, EHARVIDRE T THLILEAICHOWT, OETHT7IE—, O~ I/nBEROHL, @~
IaBERHBEDERARNDORED T, @~ K +Hrailty D, D% % TR SN DETF L
\ZOWNWT, T A=H—DHEEE I L O Kolmogorov-Smirnov € D A R L CWVD., Ziucks



L, T~ oK lfrailty] NEBEDERA X FOEE] OLETOT77I7Z—%ETTT VI,
Kolmogorov-Smirnov fEDFER, FeIHIAEMENEKbREWEEZLND. F2FH GDP lEH
X, O&ThO7774—, @~/uBEROL, BLOO~ 7 n EN+EEDER AR OEED I,

THERENABET MICBWCHA N OEWI 7782 —E 55, BXONREDE AU RO %
Hrailty | 1%, 777X —L L COFLGEREO RN RINT-.

(3 3) ETNABNDOTGA=Z—HEEMUT AU KT

@ 2775— @:<rnER ®g;,”rfh};§;f; @:<HOER + frailty
ag (EH) -1.698 (0.602) -1.013 (0.147) -1.223 (0.489) -1.200 (0.361)
a; :GDPREER -0.219 (0.053) -0.157 (0.043) -0.108 (0.029) -0.093 (0.028)
a, M3 =TR—Rbkvo 0.011 (0.005)
az :TOPIX -0.021 (0.007) -0.009 (0.004) -0.013 (0.006) -0.010 (0.004)
as HEA—ILERTLYK 0.014 (0.003) 0.006 (0.002) 0.004 (0.001) 0.003 (0.000)
a (INSEREIAIRIE 0.027 (0.009)
b 0.213 (0.089) 0.127 (0.045)
z 4.006 (1.823) 3.421(1.512)
. 0.005 (0.002) 0.003 (0.001)
5 0.014 (0.005) - 0.012 (0.006)
% 0.060 (0.012) - 0.047 (0.023)
AIC -1,588.46 -944 .44 -1,282.22 -1,195.48
Kolmogorov — Smirnov Test 0.000 0.007 0.002 0.005
| o S | 795A23| 473.22| 642.11 { 593A74|

K 41T, R3LFEKIZ, FHAANCIRE T I TOHLEEITONT, v /rEREG i F~v—
JET KL T, Ov/nBER+HEEDEAARUIORED T, @~ rnE K Hrailty D7, B
VOETDTZ 7 7 4 —THRENDET VE, H2EETT/VE L TLERBIEERITRo7oHE
ReRT.

(G 9 FET NMEOLEHRE IS AU 4% T

RUFT—IETIL TYUOER TYUOER TYUNERA THOER + frailty
TN (RYRER + .
REETFIL ) BEDEAIRUL) (ZHOER + frailty ) (27795—) (&£779%4—)
REHETE 321.78 301.22 330.62 275.28
BHE 3 2 5 2
plE 0.002 0.004] 0.000] 0.056|

# 4 1, frailty 3L EF A ERBETF VLU TRE R ELZITRT-HA10E, WIhbikah
HICH B THOLZED RSN,

PLEIZEY, R&I ICED HARBEDKMEREIRET —2%2HWET NDORTA—Z—HEEH,
Kolmogorov-Smirnov fRERBIOEE LR ED KA REHEXDHE, BARADIL Uy MNTHIZEBWT
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frailty DFTEDNVRIBINDHEE 2 HD.18 F2, frailty 28 o2 TO 7 7/ X4 —I KOS =TT
WE, BAROIZL VRGO EEE AV A7V OEENZ L BHBA TEL AR HHEE X B
5. FRCHEEDOE AR IO Elfrailty | 1E, E ARV IOREDOLLTIEUHT 5777
H—L U CREHAIA BMEEZA 5503, Azizpour et al.(2018) C/RENT-FEREBEEHITHHEEZD

nas.

3L, LRORREBEEZ, BN TR AEREDOHBEZRLIZLO ThHD., AWF5E
RRTDERARUIMEAEREETT /UL, & T HEROHEB AR TWDEZZOND. BT
AT TOVEIRI(2018 42 1 A 1 H~2022 4 3 A 31 ANCOWTHIARRDIRGEET T2 572723,
ERRUFIFFEORE R AVRENTZ.

3) KPR TP RATREOHR (200044 A 1 H-2012 412 A 31 H)

— T

16
——— TR

Y I, BT RAEREET LONTA—F—HEEEICHEDE, HUiLET LV OMFHE (%
ENHRBEHLT92C, T=27a3iK | frailty ) @ EOE AR RO | D4 % 12OV T, 2000 4>
5 2012 FFETOMICBIT DK 7 77X — OO A IR Z R LT,

4 Z#RAHMRY, FXEIBINZIBWTHREDE AN IORE ) I L O  frailty | O ALY &
5728, ZIHNBARD LDy MG DE A7V OB O 582 JAF L TWDH AT
BEPERHDEARESND. 7212 LZDOREEOHEEIZHT-> L, FITHEBUMRAEE E 35,

) KBTI RABEORR MR (200044 H 1 A-20124 12 A 31 A)
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K OREDE AN ORE | ORERRILIE, tho 7 772 —Z i U TR I m VK ETHER L T,
I AR (f): 2001 4F, 2008 4E)ICIEBEE /MBI Z R LTS,

B Tk L 1B IO T 740 M OBEEBIRERBRORERDGON.
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5. ERYVAINVOEBIER
ARETIE, FERAVAZVOEBBERORZRAD. £, EREITHRICOVTEN T 5.

¥7° Amato and Furfine(2004)13, FSIGER(E VR AW A7) LR AT DL T &> B D A fE
ZRFEL7=. IZ Koopman et al. (2009)!%, common latent factor(frailty): GDP & REDM D
M HARGFEMEZRGELT=. £72 Koopman et al.(2011D)1%, E&RIE KB IO RS LIEHICEBITS
frailty DZBNEK DT T NMALEIT/R-T.

FEHVAINVOEKREIEEE 257774 —1% GDP EFETHL LM T OB T
FNZNEBZHND.

ARETIE, AAROILIYNHBICBITDE R A7 2K T TGS -GDP R I8 A IET
AREMED DD EE 2 DLD B EDE AA R O B+ frailty | &5 VA2 /L EOEEMEIZOUNT, 1)
LY AT T LD B EDE AR b E B+ railty | L5 VA7V DL ¥ — LHEB D
Loz, 21 YAV ERERL T 523 (GDP, #5-15) 2B Y ARREZEMI €T L CRBELIS AT
BIFD% Sy Uk #E(evel) - fH = (slope)] & T8 EDIE AU D B frailty | EOM T, 7LV —
DEHTORBIEDOGFEDOHEE, BLO A UL ASEBBICES, RV AL OERELICY
av 7 &5 2 2 G A B ITB REDE AN O E B frailty | OZ(LORERS, D 3 SBIRGEEAT
729.

9" Hamilton(1994)(2:5%, 2 IREEDL YV — A (LT —4 10 BRI, Lo—a 2 B&%
BENZAE T 2. LT ORI SE R ERIBE R AT DILITRY, NTA—F—DHEEEITIR.

Y/ = ¢+ duVis+die, Se=1 C¥—u1)
Y. =i+ ¢nYii+ e, Si=2 (LV—L2)

5 1%, frailty(l# FiF 0% E, BRICBIAERY A2 VR B 2005515 -GDP
R OL YV — L0 EBEZ T (RS 1998 454 A 1 H -20124 12 A 31 H). £ 4%, %
LY I A T BTN DT A— A — Rl AT

(" 5) Lo—rnHiR LREDEMANL D EEHrailty ) (T (), BE41Z-GDP H=k ()

(200044 H 1 A~20124 12 A 31 A)
0 e
; | o I M
1 I IR —

Regime 1

I

| ' = ™

ER \ ‘ \ k ‘ ‘

N L‘H A 1] S OUUUR I S 0 0 N1 | L W
Lo—a 1 BRI LY—A 2 BR%IR () Lo—a 1 BREERH L YU—A 2 BR%IE ()
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(F 5) NTA—F—HEEMS REDEHAID
(2000 4£ 4 A 1 H~2012 412 H 31 H)

B
B

+Hrailty | (k& F1F) (£6), M52

-GDP L ()

i3 BEEz i o ETE ekt tE ofE
0y B5liX 108 0 8602 0.000 0y B5HR 0093 0.048 1948 0.051
9a E5fix 086 0063 206 0003 by S5 098 00| 2468 0.000
b, | BRME soe| 156  amel 00w 0, | ESHX 07| 00| 3m9| 002
0y SRR 0214 0287|4748 0455 [ VN 0937 0017|5500 0.000

HAEFETHOEHERZE 0.9052(L Y — A4 1), 2.0759(L 2 — 14 2) MIEFEHORE (R 7£:0.0175(L Y — 4 1), 0.0051(L ¥ — 4 2)

EReicdy, HEEOREAAR IO A railty | £ 545 -GDP ROV U — LDOHEZ I L@ ~T-
BIZHHZENRENT. LoLedin, aEDOEHANY OB Hrailty | IZBITHL Y —2A 205
SR IBHN D RT A= — B LU 545 - GDP LRIZBITHL U—24 1GEERKRIB) D/ T A—2—|2>
W 95% A B KHEIC TREGHICA B CIERWEDRERIVRENTZ(FR 5). T, & ITRK %I
DEFHZE R TR W AFET D2 L2 B R L TRBY, TOH FLER IOV I FE ICHFEE
2.

WIZ, #8515 -GDP HEORKEFR THHIGDP) G55 (W3 b k255 fi) [#2 545 -GDP k.
RN NBEDIE AU SO B+ railty | OZFEN M IE T B OV THRGEET 2 G481 : 2000 4
4 41 H~2012 4 12 A 31 H). BEfRm9Icix, £7°, 1) IGDPJ G55 T# 545 -GDP 3 o
B 2IZOWNWT, 2 RO REHTHRIEAT T ARREZZ M T /L (linear Gaussian state space
model)D, FF{IREBIZ 51T DK HE(leveD) I8 LM X (slope) D 2 A2 (B 6)L 19, 2) AR5y A3
[ £ DIE AR RO B+ railty ) OZE TN RIT TR EE AL 7 OV ARE BT I E A 3
HEBIT, 3Ky NBEDE AR OB +Hrailty | HIZHBIT 7L 0 Vv — DO E R TOR R
(Granger causality) DIFEDH EDR EE1T720.

(X 6) TGDPI# 5558 #8505 - GDP L8 O LR IBIZI51T D45 il oy DHER

(a) GDPGeH%fis)

& P g
N SN P 8 r
T g- /\q ] N \
N e N | 5 I / If
R 8 4 g \ | /'V '\/J\// f { \\
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" ,‘e Yo { V
() “l :,'”k‘ \ {
. ? e 8 \ {
u

T T T T - o) T T
2 % o E 60 [] 1 2 E 40 E

MLER O OMUTIFRI, Bt T HHERIBIZ 2K R Sy, AIOERGNTTHHLRIEIC BT DHE RS OHBZ T,

19 LHEDE AR O railty | ~O P RYW 2 EE REET 5729, HEHHREEOER Th 5 Fffi(seasona) sy~
SIRIATD o Tz,
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FR O FEHLGNE IR LRI I T DX Ry OHERB &7,

AR IBINZ W TS RS O LB 5 R E

wIZ, TGDPJ i G548 T 545 « GDP 3R D4 % (2o T, THGRSI | K HERR Sy ) MEE sy 1 D

K 2K L Cravl a5 2 2581285l EOE AU RO Bt frailty | 12 &IET

VAR BB KORREEL72(X 7 38 LN 8).20

B
A

(B4 7) GDP LU BAZEM il O A b B +Hrailty | I RIF 32 (FR5)

(a) GDP —T@EDENAN OB+ railty |

Orthogonal Impulse Response from adp

& -
= e
5 —
&
g .- |
H
P

L
8 9 10

95 % Bootstrap CI, 100 runs

(b)

©Orthagonal Impulse Response from 1

downgrade

95 % Bootstrap Cl, 100 runs
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HBEERE — TBEOERA OB+ railty |
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(B4 7 #%¢%) GDP 3 LU G403 N EOAF A~ b i +Hrailty | (2 R F 9 5%
(LBe KUERSy, T B HEMS))

(a) GDP —T#@EDE AR OB+ railty | (b) ¥EAE4 — NREDERANIOE B railty |

‘Orthogonal Impulse Response from gdp_level Orthogonal Impulse Response from t_level

3 2 -
| m.
g - o=
o -
-
_ ol
= E]
g 7 e —m - o & 7 -~
e g .
- B o e
o 1 2 3 4 5 [ 7 a8 a9 10 o 1 2 3 a4 5 6 7 a o 10
95 % Bootstrap CI, 100 runs 95 % Bootstrap CI, 100 runs
e o Orthogonal Impulse Response from ti_siope
g2 PR
¥ £,
4 -
gagl T e a | s
; ~ p B £ A
ik T T T T T T ° T T T T T T T T T T T
L) 1 2 3 ‘ 5 6 T 8 B 10 o 1 2 a a4 5 6 7 a8 @ 10
96 % Boolsrap CI, 100 runs. 95 % Bootstrap Cl. 100 runs

10 B ETO TR e MHIT, 95% D EHUK HEZ R .

(X1 8) #5540 GDP HZEBLAEDE AR MO B railty 1 RIX T HE
(e JFCRA, I KAERL Y, A AHZAY)

‘Ornogonal Impuise Response from tgdp ‘Onthogona Ipuse Response from tdp_evel Orthogonal Impulse Re from tigdp_s
ogonel Inpule Response o gd._slope

5% BanstapCl, 100 954%BoosiapC, 100 95°% Bootstap G, 100 uns

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

7T BLO 8 &b, TGDP Ok ) | T GEFADME Xy | TH#8 515 - GDP FesR DK HERL Sy « i
R 1IN E DG AR D BB+ railty 1 Z MIE T EIT R R S EBESHS.
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¥7-, [GDPJ iR G544 #8545 - GDP L3 DJFRFF KO sy OK MR 43 36 K OMEZ Rl 47) 7
B EDE HAXY FO B railty 12T 5, HHWHBEDEH AN MO +Hrailty | 1305
[GDP| I G558 #8515 - GDP Hea | D& R 5146 LU il oy OK HERK 43 36 L OMEE S omi st 375,
TV T —DERTORRMEDFEDFEIZOWTREETTRo72. K 6 1ZTDFRE R THD.

(FE 6) 7Ly —DKR RN

from to it from to pfE
GDP = ERARUN + frailty 0.264 ERAAAUL +frailty = GDP 0.664
GDP (/KERLS) > " 0.024 " =  GDPUKERMA) 0.666
GDP(1EZ %) > " 0.134 " =  GDP(EZHS) 0.651

3 ERAAUL +frailty 0.345 ERARUN +frailty = #5548 0.228
3 " 0.349 " = BEEHECKERS) 0217
> " 0.006 " > BEEHEIEERS) 0.130
= ERARUN +railty 0.176 ERARUN +frailty = {A5{5-GDPHLE 0599
3 " 0.009 " = {55 GDPHLE KEMKS) 0.990
3 " 0.001 " > {55 GDPHE(E2/H %) 0423

# 6 10, GDP O /KYER S5 NEEDE AU DB+ railty | 125 LT, 5%H E/KHEIC T L
VPR —DERTORPMENRSDEZ 2D, T, HRGEFEOEENRS ) R G -GDP Dk HE
iy AEERL Y 10D frailty IZXLTC, 1% A BAKEZTT LD —DEKRTORRMERHHEE 2D
N5, BIHBEDEAARV IO B railty | 2°5GDPJ [ 51548 ) [# 545 - GDP g 0K %
FIBLOFTXLTE, 7Py — DR TOREME IR TE A oTz.

6. FERBLOSHOBE

AKIFZETIE, BHAVRE BT 8 T T 74V NORAEBELZETETAEZERTL.ET LD
Ty —%k <8 K | frailty | HEEDERAARUIOEE |0 3 Lz, EHAVEDYS, T B
FIHE T 1 2R HBET VO TA—=Z—DOHEEEIT 95% A EAKYE THETHIA B THLEDK R
RENTZ. Fiz, [~rogR | Mfrailty | B EDE AR IDEE | DR T 774 — 22 TETET LD
LA, AAROZL Yy RNTSHOE YA OB L RSB TELAREM R HHEE 2 DA, Fiz,
LU= D AT T IUCLY, frailty S5V A2V GREAS-GDP L3O B M ORI A i A T h
F, frailty LERY A7V OL Y —AOHRBITIZZFROMAZ R Lz, B2, [GDPIIR5E%)
515 -GDP R ZRIEZMET NV TRULEHAICBIDEI DI ONT, frailty 712 Vv—
DERTOR RN DHDEE 2 HND.

ABOFEEL T, (DFEEILKRM - R B IB O I B8 5T L OA EDORGE, (21T
F&AHT R BT RSO BT RO L OB BN HH L 2 D Composite Index DA EIZfF:
BT RE R 7 7 2 —=0 frailty ORI IRDEEICEI T DMGE, BIOB)IEN T AR AEZE £
TIMZED, ERARVIORAEDOLRLTEORE T, O 3 SEZFTF5.

WIZHNTE, FTREIER - RRZIBORE S A HEE T U ERDS. DT, M 2 TRLET
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L — IR A M R LS BPE DL 2 — BB FRED H1E12LY Composite Index @
LU BBIEAT, MRS HEE LT ( 9

(X 9) EmpEMEDOL Y —255EI(7£)E Composite Index DL — 45 E|(F7)
(2000 £ 4 H 1 H-2012 4% 12 A 31 H)
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— Residual —— Actual — Fitted —— Residual —— Actual F\tted‘

9 X0, AZEBIRE A N QRN 81 27~ R i ClE, Composite Index 23 F ¥ (- 5) 358 )
IZHDEHEESND. TDT2h, EBIPEMSE B EDOE AR IORE | OREAKETHHAITIE,
Composite Index DOREEZ L gL D BEHEVEZ IS E 2 /- RRIERY - R IBY O S 2T 528
WATREL/R DL EZ BN, (QBLVGICTHOWTY, S%MKGHICEEL TV LT 5.

2R TIPS L GDP I OWTH RIS T L—27 R A v MEZEURIC L D LV — A8 AR08, MiERR R A 7RI
HET LI ENTERmolz.
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