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Analyses of Records of Credit Rating Transition with Mutually
Exciting Rating-change Intensity Model

Hidetoshi Nakagawa*
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Abstract. This paper presents a new modeling of occurrence intensities for several types
of event with multivariate affine jump processes. We actually try the maximum likelihood
estimation for a specific model that classifies enterprises into three categories with some
historical record of downgrades and upgrades for the Japanese enterprises, so that we can
examine whether some self-exciting effects and mutually exciting effects of downgrades or
upgrades are observed among the three categories.
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AMEOEHIE, BRITT T4V« Vv VTEREAWVTERO 2 A TOA Y b RE
WERETUEL, FNER—F 73 FORNEEA N XLODWICHT 3 5E%R
RETBHTLTHS.

HBATBZETIVORKOFFHIE, XA TDARY MREBEN, ThERZATDA
NV MREBERZITHELBERRZATOANY MREBEICE HER RIFITREENED
ANSNTVWARTHS. VRN, /XY MREEBREICHOMER (self-exciting)
ERERZD T L, HEFH (mutually exciting) OBELEO ANSNTVWBETIVE
WS T lILED. TOXIERETIVORMIZITRS L, Hawkes [6] HELD EIFTWAHE
TEFEL D sEFE (mutually exciting point process) DILFREE X 3 T & & TE%*!. Errais

*1 Hawkes [6] REHDIBESICOVWTHEIEERZRL, HEFAMESNVICE > T, #RESOX S &R



184 H A i Ea &amoCiE Vol. 20, No. 3, 2010

etal. [4] E by XY VOREND, R—bTFVADTT+)V FEEETIVADT 7 4
Vo BRED Vv v TBRLZDICHRICDVTH LTV S.

iz, SEEATZEETTIVCIEIT Y VEETHEISNAILEENTEN TV
DT, BEATDANY PEEBETRERICOWTHENGREL ARV FREICEST
BREMICEEN Y Y VT RHEOREEZDT EIIRD,. TOTLIF, Fiedics
VELCEHTEIHREBEOMEEREETAHTENTERVEVSITFAY Y MNEH D, F
D—AHT, ANV IRERREARNY MRS 2D v Y TEDHEDORINZT— I {FE K
BREOY VTN - T2 LR LEBEONMLERHZERICERIRT S LNTE, &
TEDRENHEBINAZICEE NI FRNDS.

TT 4 Dy TBEEEETTIVET A RBRRICHT ARAHEICDONTIE, Az
izpour and Giesecke [1] 35 X U Bowsher [2] Ti U 5TV %. Azizpour and Giesecke [1]
&, BHICOEZ2KEHETEOT 74V FBET—2 (ARFSICEROT 74V D
HIB7r—A888) ZHVT, 1 RTOHEILDNWTT T4V - Vv Y TEEBIUT
T4V Vx VTHEBETERMEENET 7 )V FREETIVICHT 2 RAHEICHET
B MIciT o TWVA. AR THROHA TV ARIHEERESOT AT 72K
IKBEICLTWA. Fiz, Bowsher 2] &, BHET—2EZHWVWA T EERHRICLT, K
FEOHHTHICB I 0G| EHFEZEDL SR 2O FOHEERICEELT
5. Bowsher [2] (&, Hawkes [6] D EA LTHE(EAEBEET T VB X UTZOIETT
WCH T 2REHEEDOHEAZEZ D L EBIC, FEFREEBRBREORLHERICD
WTIE, ZOMEDPRIERENTHEREWVERBRTNS.

MAT, BRICOT T 4> « Vv VBRI X ZBEETIVE L DMABROEM(T 1
FHEICE LTI, Duffieetal [3], Ermaisetal [4]IC &> T—RMAEENSEZ LN T
%. TN H5lE Runge-Kutta 1745 £ DOH MO AR OBUEREDORIHA TRITT A AT
5. L7zh o 7T, Nakagawa [8] TIREESNTWABIILF - XuvFL—R-Ta5ry
vaynEIE, A THER—FT 3 UANORFEDEMNEE ANV FOFEFEBITK
FLTRESKIETYVNT ¢ 7 OEREFHEICISHT 52 2 EHBEFIC RS,

AR TSR E T 5EETANY ML, BRPEORITEERN (RBREEDEER
BENZEDh5) ORTEETHS. BHNEETTIVEWVS &, EREENDZRANLDH
BHIATICHERE 9 2MERZMEICT AT LH—REVTHS. LHL, KAETEET BT
F1 BEU THBET] bW BRAEBEOAAZTZREICT 32 BEMICIE, BARDE
TS EELENSEBERAR—FT7FVARICB TS KRTT) £/2iE TRLET) AX
Y EOFED, BOENBIXCHEFRNZEERZEL TV AHE S D, LWVIHER
EZB. TOEKT, Wbp3 by T VRSN EEA XY FOEFIMEEIER LT
WHEEAS.

S, FH - RA BV REZ2BMEMTEE T 2 RARRFTES LVWIRBES ATV,
2 VAVEBEEE, BRTTOANIVEBEANYMLREETNEOT, FRXTR THBTF 2 TRE
J1 KDEICED BiFBT ity 3.
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erZL, MOk T—2OEEE, T & TELET) Lislic, 2 ToRENEE
ENFTORMBPTEENELEo720, FIROMBERITICE > TRAZRHICEE L
DEVIANYFEERIEND. ZDX3EARY FORDOFONAIIZIRORMIZH B
», AHRTEEERNCH 3B ADEEBELFDIETNEE Lz LHAEBENBE DL
g, TZoftl) ARV MEeRATTEICT S,

AT, ETMRUICERTT 74« VYV BRERTEA DN AHEEFREGET
TIVOERMLZEZ 5.

R, HFTHEATS 199854 A 1 BHA S 2009 £ 9 A 27 HE TORAMREERY >~
Z— (R&D 1K &2 HAPEDORTHEBMNOLEFET —XCDWTHBEZSZ, 1V
FPREFFREANY ML TRAE N2 A 5D OBEDHEDORY|E < — 7 {1 & HiBE
DT T—RERIZURBONRT A—2EEREBLCETVOEEEREDHE
IKDWTEIET 5.

BEENEDHICH 2> T, 2fE% Bloomberg D¥FESFHICH D E, Financial, Group A
(Communications, Consumer-Cyclical, Industrial, Technology) , Group B (Basic Materials,
Consumer-Non-cyclical, Energy, Utilities) &\ 5 3 DDA FIVICEDELT, B TFIFe
B EFZENENDFZEICDONT, EBH DAY MafEiiEZ R 572910 3 Kyt E(E
AT Hawkes ET IV TR AT IV ICDWTOFREBER S Z, Azizpour and Giesecke [1]
@ zero factor ETIVICH T 2RAHEDAEZSEICLTNRTIA—ZHEB LI UERE
119

T Hic, HAEEAE Hawkes 7 I)VDHLER E LT, Bowsher [2] M EIEL T\ % E-
HawkesE E7/VERIUL, 774 « Vv Y TBROIMA Z BRI HIA A TR
RIEF)IVIZDWT, Azizpour and Giesecke [1] DFERIGH L T/T A— 2 DRIHER
BB,

FEHENEER TR, BRETIVOT—Z\DHESEN T2 TH B EEFEAEWVD, L
HDEIBT—EDHICE T, Group A AT TV IKBNTHSHEERVEEERZER
HBRTEHNTES. £z, HEEAMICE L T Financial 17 3V ICEBT 28 MHEEA
N FOFEED, Group A 17 TV OENTEEOREMEICERATELVEZERZEATY
5T EERETBERMPEBSNS. Financial 77 3V 05 Group A “DFEIL, fEHE
ETIVICBVTERDLNS.
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KREILRE T, HEMEAT Hawkes ©7)V (72721, JEREOHHEARICHLE) ZEAER
TR OHDETIVE LTS D, TOETIIHEEERE Hawkes ETIVEEENS—
BENET T4 « Vv TERERVIHEEREOA RN N REBEETTIVEZEALT
B<.

BEAMICIE, T4 M REBEETNVEERLT S7HIC Emais et al. [4] WEA LT
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TI4Y Dy THEEREROBEET VDT A T TR > TERERITS. Lh Lk
M5, Azizpour and Giesecke [1] DFF T, 1 RjTT7 7 4 ¥ « ¥+ V THEBERE DT 7 3 )V

FNEEBEETIVICDOWT, 77V VEE TR ENEZHEENZWVWETIV (zero factor
model) &LEENRT, HEE (S&P500 REHEF) ZEALZHESE (one factor model) I
WENDHIORONGDh I EHEREINTVE T LR, ILEEEZSDIGEICIEILE
B ORENLPEAENCZZEAEER LT, MHEZEDTBRTOT T4V - V¥V
TEEOETANY M REBERERET 5.

(QF,P) ZreffsERER L L, (F) ZE@YR 74V L—Yaved 3. £9, $3
meNIZHLT, O(=r) <7 <7h <--- (i=1,--- ,m) & (F)-FEEZRBRE (SLFZID
B £93. 1%, ZATiDANY D EkEBCRET STV X LERREFERY
%. iz, N}, \N' ZZNTNRBE (1) herw, -+ o (T hken WCATRET ZEHECERR LT 5.

TTTi#jDLEWR [N, N, =0as. THEHLRETS. BT 3IC, LA CHERIC,
BRBZEATDARY PRERICE SAVEDEEZ B,

Fie, L, L' 7 (F)-EEEMY vV TBET, ZOVY VY TEARZThTH
NL-- NP EHEBELTWAEDET S, BEMICE, &ilcDWT, LIS ES RO
HEM 0, BRAWT

TEBRTNBMY Y Y TWRET S, LEL, 1L & Fy-ARTHE LTS,
BNZEEEFLTR, FIREZAT 1% BT EREL, 5l Bk EEOE T T
BODBTIFRE LI RET LT L, L @RTFARY b (24T 1) ic551F 56
At ETORTIEORMNERTLOLEALNS. ARETIE, KRETERDES%
F— R DRI . & o ICBOTREBICRELEZA T i DAY MEEEET DL
LTHRS T 2icis 5.

Kic, HEMABOANY MRERETFLOERICES.
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!
M = N -f Ads
0

EREBRLI M D (F)-SNVFUr—cixb b, A% N T 2586 LS.
AARTIE, BEULDEZAT i ANV FEHOREICK > TEHEBEZEZZIT S (self-

exciting) 727 T# <, A T i LIHNDARNY FEEN S & EER 2T % (mutually exciting)

WRZRFET AT LOAIREICEZ KD, BEATOARNY FREBEDOETIVLEITS.

B REL, AMICAVETF—2IEERTLABRBTER VY, AREICERDZA TOARY FHEH
ENBT—ARPBRTE R,
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ZDk®H, de NZFEE LT, BEEZRET H2REEENI MVELTX, =
i, X)) VS d-RTHEREBREEZS. X, BROXIET T4« VvV TiER
IS ERET 5.

@2.1) dX, = (Ko(®) + Ki()X)dt + ) EldZl, X, eR?
i=1

712U, Ko(f) e R? & Ki(f) € R™ IHEEMZBETH D, E = diag(e!, .-, &) 13 d-X
THATHIT, FOMNAEESY & 1&, IRXTDj=1,---,d, i=1,--- ,mIHLTIHED
R THBLTE. T, Z ETOEAELT L BBVEN &5 d-Ji~y b e
95.

T Hawkes [6] THD EWF 5N TV AHEEFRE O FEFE (mutually exciting point
processes) & FEIEN 2 ZXITAIBRRIC DV TOEERRO—ftL L RAT T eNTE 5.

COREEBBAY MUV X, &> T, 24T i DAY bREBED, b AHENLHE
BA(D eRBEUTA() eRI ZAWVT,

A= Ko + MO - X,

DEITX, DT T4 VEBRTEEINDEDLTS (x-yid2DDXT bbx & y DA
BEERT). L, X HEALED XD ICEYEFNEGZEZ 5.

CDEIET T4V - Vx VTBRICKZETIVEOREEBRICE LD THEL. &
T, BEATODARNY FgEE, A ANV MHRELURITIIRR L & BICHEEMICE
5. R, ASHDARVE, FIZEEZAT iDANY MW RETB L, 24T jD
ARY FREBER, ¢RIy TTRTLICKES. RIS, & =0TbNE, 2147
JDANY NREBEIX, ZAT i DAY NREOEERZI RN LICED,

Fi, ANVIREBELLTT 74 Iy TROET IV EEZ HOERBE,
Duffie et al. [3] *® Errais et al. [4] DT 7 4 > » ¥ v ¥ THEEE T IVIC DOV T DFERD
SHEINB LT, ANV MREFBICK > TRACZTHRES TV INT 1 7 OFH
M, EVFALA s YR al— 3 VIKEDBEL T Runge-Kutta D K 5 ICKEDAS)
TBEFRFETARTHEINETHS.

BNEBEOBET—ZICHEAT 34NV M REBEETIVOERZELRTNL, BHE
FANY FOREBEETFIVELTT 74 Y » VvV TR OEREREZEIRT 5450
BUHE LV, BNEEARY FOREBEETNVELTT 74>« Vv VTHIZH
W3 T EDOFRYMRITOVTIX, 4Hi0ET—2ZHWaHHIZE CTRETT 2.

el = 0 THNE, BA7 i BEDHTHEN TRV L 2EKT 5.

*5 BIZ 1, Nakagawa [8] &, HEDKRTIFARY FRRET BT LICERDOENRA A THXIDNET
WF « By FL—R - Fasrsyaye&f3=sLIv b - FUNRTF A TRREL, 774V I
VTEBEEETIVIC X BEHMEEER L TWV5.
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3. FT—RENSA—ZHERE
31 F—AOEBELMIICOWVT

AMECTHEFREEETTIVONRT A—2#EFEICH ST — X, Bloomberg O
RATC O~ R SEE L I RERRE Y Z— R&D D 1998 4 A 1 A S 2009
9 A 27 HE TOHABPEDOETERNMN (RREHOERENEE) OXEICHETLE
DTH5. FEDRIEEORNEET—2ZHAVTHEEZTI LI T LiE, KEICS
z21E, LEDED (H5VIRIEENE) EANTEEL, ZORTHEEORTICHT 25
W RAZESZABRETICE>TLEIAIEERLHS. LM LAaNs, BB, &Y
FEOZUKICOVTLRTIE D ERMULLRLONE KT E>TETHED, RULEVIRE
DORRFTHEBEOBRNEED, H2EEZEOERNOEZELTETVSEEXTERL
YEZD. iz, AR TR, HRCBI2EATHEOTEVI X E, SERETS
ETIVBEUNRTA—2HEFEOBEMAFGENZHAET A LICEREEZEBVTNS. £0D
kT, SEFIA LU R&I OBNEFERBET — 2IRETTNVEFEIT 272007
W LTRTHREZEDHZEDEEZS.

BB UBET— 21X, BT, ANV MNREFAH, EEHROKRN, ZEAMOB,
EENERELTEENTWVS. LML, SEOAHTIE, AV FREFAH, #%ET
ZREDETHEI 2—, AV IOEHE KT, LS, Zoft) ZHcEFBEL, &
THRDOZFRRANWETHEE OB RIE DA,

Fie, MRORHEBFERTFICANZLAT VT « B2 Z—REKT */*+/*- DFLBR
WORE, THEAEEFRORMNDELS T ENRDENIE DT EIST A— 2 HEEH
DY T IVELTRALTVS. TEAFRIEFFHORMNTEN “NR” E>TWVW3E
DONTF—RICBDENETRLN, TOEREALHLHEDEE L ZIEEOFHRITIC
HELTWEEEZLGNEH, Thbid T £/zid TRET) OV EEKH|
LT MZoftly o4y bELTHES TLIZT B,

RIC, EFDFITDOWTIE Bloomberg DL OEFEAL, BRI RD3IDDOAHTIY
ICENET 3.

e Financial — &3 (RS OERENICNTIETITLET)

e Group A (Communications—@&{S, Consumer-Cyclical—H& (EXERA) , Indus-
trial—8 T2, Technology—7 7 /0¥ —) | RXEHOEEEZZIIRLTEI &t
72—

e Group B (Basic Materials—#FE&#, Consumer-Non-cyclical —{H& GERXIER

Y ZOMARYEDSE, EEERBRAMNNR Lo T3 E00HICIE, MBERMORNIMEL TR
BROTAENEELREC A>Ty — AP ANETEENTWE LEXILGNZDT, ASAHDIEAR
BERLLTHR/RITLEEZAENS.
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), Energy—IT x)LF—, Utilities—NEEHE) | BEXEHOFEN/NEZ 54t
W

DEDESHEEATIVICDELIZER, SREMTORTITIZLE T 1,011 #,
Financial /773U 4263 £, Group A A7 T VA 562 ff, GroupB ZF IV M 186 £ T
H5. —FH, WEEMFOK EFIZLE T 488 £+, Financial 773U A% 155 #, Group A
ATTUN 2214, GroupB ATFTUN 1124 TH 3.

ok, REEZEGREICHESEZHELNH 7280, LUTOLS RUERITS. HER
AR OBELEG TE/E (BEBERAT) HUEFIEV A MLTY, 1998 4 4
A1HZ:t=0&{REL, 1999 ELEIZ 4 ARVIOERBN 1=1,2,--- LAEBEICE
b, ThLANE, FEC LI/ Z0EEOEFEHOR ZZ DEEORIE EFEICK-
TEZAHBLE 1/250 8F) & U GEGRMICHIGE R, TOLIHFHBTZC L
T, o leT—RICBVTIE, BRUIOETFIE Group A T1998 44 A 6 H (¢ = 0.0121),
RAIDOKE EFIE GroupB T 1998 £ 5 H29 H (1= 0.1579) & LRI NB. T, R
ELUTRIRRFE 2009 FE9 A 27 A T =11.486 £RENB T Licko 1.

Fig. 1 3RITHRRMOZEEOHROHREZ, KT, KL, ZofM (BER - ¥ I
DT, ARTERLIZLDTHS. CORZERSZE, 199845 A5 1999 F 8 AL B
ETOHEL, 2002 FOF¥HIZD IR TINEZ L E>TWVBRT e ohb. —A,
2006 FELIREE, BB ETHEOSHENNCE E>TETWVAS.
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Fig. 1. Trajectory of monthly numbers of downgrades, upgrades, redemption and issues
announced by R&I during April 1998 to September 2009.

T IFEEATHS 200959 A 198 (L) KANMITETIPERINTVEA, FHETHRLT
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F/cFig. 2 B5X U Fig. 313, ThENAT IYFNCA RO TIFHEE KT ETH
HOEBZRLIEDTHS.
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Fig. 2. Trajectory of monthly numbers of category-by-category downgrades announced
by R&I during April 1998 to September 2009.

40

~ Financial
—  Group A
= Group B

30

20

Number per month

1998
2010

Fig. 3. Trajectory of monthly numbers of category-by-category upgrades announced by
R&I during April 1998 to September 2009.
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Table 1. The relation between the number of days before non-business days and the num-
ber of observations for each type event.

non-business days —1day -2day -3day -4day -5day | total
Financial:Down 0 104 47 47 51 14 263
Group A:Down 1 278 85 92 64 42 562
Group B:Down 0 84 17 42 28 15 186
Financial:Up 0 37 32 38 22 26 155
Group A:Up 0 58 40 58 31 34 221
Group B:Up 0 26 17 30 20 19 112

T EHFHRENSE.

THIL, FOMARNY PO BERICHETAEDIE, 3 HE 9 AICBNWT LW MERE
nr.

ETIVIEBE LI, TOXIBNATAERRKBEDIABRNENE LNEWD, HRTDA
ANV FDOZETIREL, BX - ARREOHMETRIZLZDEANV DI FARZY VYT
EEBETENIIVOT, SHCBVTIRAHRITHSD, FEDRHICY > TWhixw
MHEIHRFFCRICLAENT LICT 5.

fict, BTF/REFORT ORI EIZ, FORATRANMIGEENhTVWERES
EOWMNDH (2R T AAA BREEDMA %, AA+ BEEIMT % LW 5F) ICBKET
BLEXLZONERTHS. FOEKRTIE, BNDHERIEEOBFKLEVIFNTY,
F—2E2F LLAETALENDSS. L L, SEREANY N OREEEIIRT DR
LI TH B LRIREL T, aFEfToTW\ T LicT 3.

32 HEETIVONKE

K, 1) ARDKIICEAL—RAEHEFAREOBEETTIVOREAT, BTE
ANV MREBEETTINVEEERMCERLLTS. mBDANY M 2L TREZBE, K
EEERAY FVORTL d=m LT, X, = (XL, . X" ZFNEHEERA TDARY
FgEICED (Thrbb AU =X (=1,--,m) £%53) LREL, EBICRDKS LT
T4 Iy 7R FHEERAE Hawkes ©7)V) I LIRET 5.

dx; gl
(3.1 [ ;]: ;]dﬁ,
axy

g_—m,i
S MAKCLERTLE, BEHAOPTRAE | HEIC Y2 BN —FL A3 T LICER

k(e - X1

m

dt+Z

i=1

k(™ - X
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1L, &, ictem (=1, ,m) BRUHEHE X} 32 THEEDRFA—2TH
5. BD)RDE, 2T jOARY MREBER, Rt TEATiDANY MPIREL
&, FILEFOv v TTED, ARV MIRELEFNE J LWV IKEIC ¥ THRE
BAY— RICEICDOVWTHENICERYT 2 LRI 3 LN TE 3.

e, X 3 j=1,--- ,micNLT

. . i . - 1 i m .. -
(3.2) X =c+ e"‘”(Xé -+ f g (=9 Zf”’dL’s
0 i=1

ERTTENTES. COREADDS LMFEADY Yy v TRIFRFEINZ ETHIE, Z0
D735 A— 2 DIFEFIFID SEEDKER 1> 01CBVT, X/ > min(c/, X)) >0 THB T
EMBZICHNSB.

TTTERBANY MREETIVIE, Azizpour and Giesecke [1] D zero factor EFIVIC
LUTWBD, TTHIVREWVWIEH—ZALTDAXRY bTIiEEL, EROARY N EEE
KEZTVWBRMNERS. iz, WREERDZZATDAXRY b ERFIDARNY FDF
DREEREEZ B2, DARNICHET BT A—28%L{#k%. E5IZ, Azizpour and
Giesecke [1] T3 X) = ¢/ ZRELTWVWAA, TITRET, MHE X LEWTE J %
BIRZICHEEST BT ic Liz®.

HEROY » 7IVERIEARD, ERREOARXH [0,7] TRENS LT 5. £z, X
RLTHIENEEZA T mBERETHRLE, ZATTLIRANY MREER ERESE
DEEF—%, $7bB, &) = UF ikt i letm £ Y= 71 EHBROY
VIWERGET TN TEZHRTEAUT—ZMVFIHTZREDE LT, T A—2EHE
TEHEREZEZD. COLE, LRE2AT i ORBREFBEERT Vv ERE LT
bhaTLicEFELTHEL.

TTT, O = (X, (N icrem) G = 1, m) BHETNENRT A—2D L
T5.

Nakagawa [8] ® Appendix D& 5, th@ EHRATF—22ANLTESNS X DX
AzRTEDLTEH L, LEBBIIROKSIICERT LN TES.

m

T S T
(3.3) L(({®) o1, ml(F, 7)) 1—[ exp( f log(Xf’_@)dﬁﬁ - f X ds).
i1 0 0

TDTEMND, FjICDODVT @ BFRLICRELT BT L TROENBZ T LD S.
Eiz, XEUCERE €(0/|(%, 7)) := log L(OV|(%, 7)) DEA(LRIEZ,

T PPy ] e T ~
f log(X2®)aN] - f X%4gs.
0 0

DEALEEICRET 5 LHTH 5.

* X} =c/ DL ¥, Hawkes [6] DHE(FRBREZOLDITES.
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EhiC, B RZAVS L, 24T jARY M BBRAHEOREE, UTOEN
BBOERLIEEE LTEABZ T LNTES.

N | m |
D logle! + (XS~ )+ 31N e )
= =1 g

m

L X ity 1 o~ J(T-#y
- - — e K - Js1 ~i1 _ K (T-T
3.4) T — (1 —e™") 7 E & kél m(l-e +),

K/

i=1

T A—ZDRIHE, RtAHY 7727 RO optim BEEIC &> T, 34K
TEBINBBERAT S LW EERITo /. FIHAER, SEEIRNC S A—2(E
ZEELEVED, 12Oy FZAEL TEELL, & jICDOWTENER (3.4) B
RARLESGEOHEMEZIRD HT.

L, RETIVECBI 2BRAHEEDTERERZEZ ZHMELEFEIS M EEVD
T*12, R @ optim D7 b7 b THEE NS Hesse {15 DFTH DR RS DFEF
ReiRRERE L R L TR L.

iz, HELIZETIVOT—Z\DOEEER, Azizpour and Giesecke [1] HNEA L TV
% Kolmogorov-Smirnov #5E ¥ & U' Prahl OEZE U THETT 5.

PELOEAEREICBVTE, 21 TDANY NRERA () ORFIEERHEE S
NiiaE V ZRAVT .

/ii = f ‘ ;lﬁ'ds
0

LT B L, {ﬁi} MVEZUE Poisson JBIED YV ¥ v T L R 2 10EZFHT 5. /2
L, ABR TR COBNER, 7—2ORMIE (& 25 TRESMEZIEILTELGND
EAEREIC K 58U ETERH I 5.

ZTUT, A~ A Yy, WRSIANRTH Y, B8 OEBOWAS LS T L
ZIRERFALB/EL, THEHETNZVHEEIC, ETIVHBEEGL TS LDERL
T5.

Kolmogorov-Smirnov #%E !, R T ks.test(***,"pexp", rate=1) (***|cid, k&
TEBUI (A - AL ey RIIDAY MVEIEE) BRHEL, 5% ZEEKELRS

*10 optim(initial_values, obj_fun, method = "L-BFGS-B", lower = numeric(m),

control=list(fnscale=-1), hessian=TRUE)
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Fie, HEERTCDOWTIE, & OHEELIZERZEDREMFZD S, Financial #1573V
D TFH Group A A7 IV O TFICX U T—A R HHEBREOEERRIEFL T
BTEHAREENS., LALEND, FoOMICITENEEERAMKIIZED k.

—%, ¥2f@h T JVURIOKREFITOWTIE, 2 OHEE L FEEEEZOMFED 5, Group
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Table 2. The maximum likelihood estimates of the parameters of (3.2) for downgrades
of each category. The standard errors, which are given by the square roots of diagonal
elements of the inverse of Hessian matrix that is numerically computed, are given in paren-
theses.

Financial X, s c! gl £l gLl
19.11 4.08 3.18 1.51 0.00 0.00
(13.35) | (6.33) | (1.10) | (1.26) | (0.24) | (1.21)
Group A X2 'S c? £ £~ &>
42.09 3.26 3.17 1.17 1.00 0.82
(18.67) | (0.97) | (1.80) | (032) | (0.43) | (0.86)
Group B Xg IS ¢ & £ &
24.47 4.34 1.01 0.38 0.44 1.22
19.12) | (1.71) | (0.86) | (0.25) | (0.39) | (0.66)

Table 3. The maximum likelihood estimates of the parameters of (3.2) for upgrades of
each category (using only the samples after March, 2001). The standard errors, which are
given by the square roots of diagonal elements of the inverse of Hessian matrix that is
numerically computed, are given in parentheses.

Financial X K! c! (Fixed) | &1 £ &l
2.52 3.60 0.001 0.17 1.35 0.00
(4.18) | (1.15) ) (0.58) | (0.56) | (0.84)

Group A X; K | ¢ (Fixed) | &*! £22 &3
19.63 3.43 0.001 2.53 1.34 0.00
1039) | .12y | o | 087 | ©.70) | (1.08)

Group B X K | ¢ (Fixed) | & 82 &3
4.56 2.44 0.001 0.84 0.33 0.22
@42) | 09| ¢ | (054 | 047 | 0.79)
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7z, Fig. 41d, Table2 BX U Table3 DT A— 2 #EEE L UBET— 2% 3.1) &
IKRALTHRSNS, EEATIVRIORTIFEXUREFICONTOERIRIRE S X
ZHLUTWA. i<, Financial 38X U Group A DFRE/SAMSIE, /185 A— X HEE(ED
ERZB U THFI N2 80EES SCHBEEREORER 5 2 BEHEC L ERT
BZTEeMNTES. i, Fig. 2 BXU Fig. 3 TRENKEAROEEIR T LT
DB LB L THLEANZREDISANELNTVWA T LARRTX 3,
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8 4 8 -
T e Financial = Financial
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I
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1
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Fig. 4. The estimated paths (obtained after April 2001) of the downgrade intensity (Left)
and the upgrade intensity (Right) for the three categories obtained by substituting the esti-
mates in Table 2 and the observation into (3.2).

BEEREILDVWTLMNATEL. HER, 32 HiTARRNTWVWEAETH .
Kolmogorov-Smirnov ¥ 7E Z & FF DIFSICEA Uz FE 81X, Financial(p & 0.3866),
Group A(p f& 0.0011), Group B(p {& 0.0558) & k& oz, £, B ETDEFEEIIX,
Financial(p & 0.3777), Group A(p f# 0.2233), Group B(p f& 0.8769) &4 o7, & FIFD
BED Group A A7 3V LINE, REERED 5% BEKETEH INERNT 2Icik3.

—7%, Prahl ORE T, B TFFDHFEICIE, Financial(0.337 ¢ (0.345,0.388)), Group
A(0.328 ¢ (0.354,0.380)), Group B(0.309 ¢ (0.347,0.387)) L 750, & FIFOEAICIE,
Financial(0.353 € (0.339,0.392)), Group A(0.344 ¢ (0.349,0.385)), Group B(0.359 €
(0.339,0.392)) £ 7% b, ¥ LT DIFE D Financial 773V, Group B H7TVU TWIF
BB NIZVD, ZOMOBFETRIRERFNVENEINDZC LICES.

mMEOHERZEDES &, K EFDIFED Financial 173V, Group B A7 IV TIdHE
REOICETIWAT—RICEELTWELEZLNSDY, BLEFDBEED GroupB A7
VICX g 2HEMEEHEREZRSBED, Group B A7 dV iy L THEERR Hawkes
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Table 4. The maximum likelihood estimates of the parameters of exponential-form model
for both downgrades and upgrades of each category (using only the samples after March,
2001). The optimization method is “BFGS” in optim function of R. The super-indices 1,2
and 3 correspond to downgrade of Financial, Group A and Group B, respectively. The
super-indices 4,5 and 6 do upgrade of Financial, Group A and Group B, respectively. The
standard errors are given in parentheses.

Fin. Xé = cl Kl fl'l §I,2 §l.3 §1,4 §I,5 é-l,ﬁ
Down. 2410 6.460 0.093 0.036 -0.099 | —-0.101 | -0.269 0.230
(0368) | (1.991) | (0.027) | (0.046) | (0.084) | (0.109) | (0.150) | (0.134)
Gr.A Xg — CT KZ 52.1 62,2 §2.3 §2,4 52,5 §2,6
Down 3.895 0.218 0.028 -0.013 | -0.013 | -0.120 0.025 0.086
0.233) | (0.674) | (0.010) | (0.026) | (0.048) | (0.046) | (0.036) | (0.084)
Gr.B Xé - C3 K3 §3,l 53.2 63,3 §3,4 §3,5 §3,6
Down 1.831 4.104 -0.014 0.111 -0.037 | -0.056 | —-0.051 | —-0.069
(0.495) | (1.778) | (0.026) | (0.044) | (0.061) | (0.112) | (0.113) | (0.171)

Fin. Xa =c* & §4,l §4,T §4,3 §4,4 §4,5 54,6

Up 1.576 2.205 -0.052 0.043 -0.105 | -0.013 0.065 0.025
(0.703) | (1.514) | (0.031) | (0.046) | (0.070) | (0.046) | (0.041) | (0.070)

Gr.A Xg = C5 KS §5,l §5,2 §5,3 §5,47 §5,5 4_-5,6

Up 2.949 2.997 -0.059 | -0.009 | -0.025 0.083 -0.020 0.022

(0.306) | (1.510) | (0.025) | (0.044) | (0.054) | (0.030) | (0.033) | (0.054)
Gr.B Xg =cP g £01 £572 el &8 £ f“

Up 2.725 2.550 —-0.005 | -0.020 | -0.287 0.015 0.061 -0.089
(0.499) | (0.881) | (0.020) | (0.044) | (0.137) | (0.045) | (0.041) | (0.078)

e DoOWn-Fin = Up-Fin
—— Down-A — Up-A
Down-B
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Fig. 5. The estimated paths A} = exp(X}) (obtained after April 2001) for exponential-
form model of the downgrade intensity (Left) and the upgrade intensity (Right) for the
three categories obtained by substituting the estimates in Table 4 and the observation into
3.2).
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