207
M/ — b

DO EEER R ZEOKST OHERS -
b et el NI = DA ) Il g =5 o 3 i

"R #*

H N
Xt¥ic
H1E  DIEIRERRAZEOEEKMNT OHERE
B2 A—F—F-:-TFunNtvlFqs - EFN
553 ARG R
AW FT— 2RI K D HEE
P

T C & I

SR 12 + 13 - 14 4R H ARSARHRB AR A B B AR IE T O rTREMEE 7 0 ORESE)
BAR— RN LU THhBHIRIE 2 ERRB LT, 8 AOWIRE NS5 Z oAz, AEOKTER
EMITBERZSHT D Z LIT X0 REOER AR EFMT 2 ET NV OBELHIE LD TH
3V, M F—&1Z () HARMEEESRE Z—LvitshizbozHnTing?,

RO TIIENN O A ZHEBIC X > TEBEESNTE Y. ZONRITFIITD 2 0idA v
BZ—%v MZEoTABRENRTHELDLLE N, TORMNITIMET TS Z L1, YHSLEORFEHE
OREEREREL, 20T X0 FPEHRET 2R T & Ei2id, AEPFTOBBICH>TnD L
HESNDTHA 9, BIHTHBEIZAEEOMBARICEES T, HEOBEBRPLT VX T EE
L TEY., BRI BN X > TZORMEITE DR > TnDd, TRHFRICIZEOMAHEIC
BI2b00iFh, EEZL CHAKIZERETIOLAEND LEDPNS, ZokMfITELED
WRERT I VRV I TEE, ZOTU XU EEATIERNERD OIZBIFEN LT
Hb. TNOLEROHITIIEIEOMEBSILE L THE L T2 HEERBHRNDLRICAEENITHS S
2. ZNUN O RALTERONIEL L 72 5 DB OER S AT 2 L1122 b,

ARRIFEEFRIZE R O T NS OHRERY b D TH D, IEIIFHRITHTHY. TNV

1) HEFEIPFIRIXLRAFIER GUEEER) ZHFEREH & L. HET GREEER) . STREB (BIRgEER) |
FhigreRE GREEZER) . EFk (F) . BEZFEHE GFRLUKR) . EHMET GEER) oFK (Vo zxB
) BIOEHIZLHfTIhTND,

2) (BR) BAMARERERE S & — X VRO [BHRENTT -2 X—2] Z2REL TN, 22
Rl LTI L LIP3 RETH B,
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IHRZ—=RMLEEPYTHD, LEBRSTETASHTO—HEMNE/ — b LTELDEER
Lo TNW5, AV Ea—X - TUMTy bEZOFEFHHL TVEZETRIBWNWI ENRLVE,
THRBIEN T2,

9 1EiCIERFZER % & LTch S EH ERIRAZE O IR T 7 — X 2L T 5, 5 2 fi Tl
MENDF—F— K 7Tant ) F 4L EFARLONTIRRTNS, § 3 fi CIZEI SR —IH
oREn5, HERRMAEICET L7 —ZITET - Kl 12001 THEEINLELOTHD, FHIHT
X5 — 2 2 —BIE L CTREOEILEZER L TWD, I TE L] THROMEDOFER LT,

B8 DOAEBRERIREROEFEMATO#RS

R SNTBEHREAN T T -2 RX—R L0 EOoNFT—&2iE, ®atE L, ZHK%E, =L, &
Kifg b, BAKSE, HEEKSE, B, TAEKSE, BB BB, FhKE BIUK
REUKEDEFE 12 HiT DWW T, 1987 402 5 1998 42 E TOEHFMEAMN T TH Do BFEOE IFIFFED
BRBRICAZEENLOOERMAL TS, R1IFENERLEDDOTHS,

F 1 HEBRG 12 ORI
4 FOosie b LK =L Bk H AR FI%E K 5

1987 AAA AA AA AA AA AA-
1988 AAA AA AA AA AA AA-
1989 AAA AA AA AA AA AA-
1990 AAA AAA AAA AAA AA AA-
1991 AAA AAA AAA AAA AA AA-
1992 AAA AAA AAA AAA AA AA-
1993 AAA AAA AAA AAA AA AA-
1994 AAA AAA AAA AAA AA AA-
1995 AAA AAA AAA AAA AA AA-
1996 AAA AAA AAA AAA AA AA-
1997 AAA AAA AAA AAA AA AA-
1998 AAA AA+ AA AA+ AA A+

S SRS TARMKE Bk HEhK 58 CE O IN $ ¢

1987 A+ A+ AA- AA A+ AA-
1988 A+ A+ AA- AA A+ AA-
1989 A+ A+ AA- AA A+ AA-
1990 AA- AA- AA- AA AA- AA
1991 AA- AA- AA- AA AA- AA
1992 AA- AA- AA- AA AA- AA
1993 AA- AA- AA- AA AA- AA
1994 AA- AA- AA- AA AA- AA
1995 AA- AA- AA- AA AA- AA
1996 AA- AA- AA- AA AA- AA
1997 AA- AA- AA- AA AA- AA
1998 AA- AA- A+ AA AA- AA
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&2 BUEAMS NI BERBN TS X0 7
4 Hoadi L LK IRl ok H AR S H B K 5

1987 6 3 3 3 3 2
1988 6 3 3 3 3 2
1989 6 3 3 3 3 2
1990 6 6 6 6 3 2
1991 6 6 6 6 3 2
1992 6 6 6 6 3 2
1993 6 6 6 6 3 2
1994 6 6 6 6 3 2
1995 6 6 6 6 3 2
1996 6 6 6 6 3 2
1997 6 6 6 6 3 2
1998 6 4 3 4 3 1
GE SRS TARMKE ATk RPN WS RO
1987 1 1 2 3 1 2
1988 1 1 2 3 1 2
1989 1 1 2 3 1 2
1990 2 2 2 3 2 3
1991 2 2 2 3 2 3
1992 2 2 2 3 2 3
1993 2 2 2 3 2 3
1994 2 2 2 3 2 3
1995 2 2 2 3 2 3
1996 2 2 2 3 2 3
1997 2 2 2 3 2 3
1998 2 2 1 3 2 3

o
/ N |

4
W O REAR
. A SHEL

—X—fikiBE

1T H—TN—TD7F 0 THY

ZOWMNITEREDOAAM 6 L L, BREDA+Z 1 & L TEHEERL TS U F L 7 Liebon
x£2ThH5D,
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3 WEIN—TO50F IHER

M LIE— N —T 40T X B TH D, il 1% 12 FRRE T > 7 O 6 2 Lk
FTnWB, ZEKSKE, LB I OMERELIZE HIT 1987 E D 1989 4EE TS5 7 3 ThHo e
A, 1990 FE XV T2 % 61T BIF. 1997 FFE TENEHERE U 7otk 1998 4R IC &2 K 5 & kK HE i
Fo 74l ZHiERFIT VT 3IEBLTHS,

B2 N—T AT T o F Vv T B ER LI DO TH S, BAKKIZ 1248/MZ v 7
3STAETH D, HEKKIZ 1987 NS 197 HEETT L7 2 THDIM, 198 FITR>TT 7 1



HT D bBAEEBRBRAEOKMN O : =& —F - T Y T BT AN 211

IZEH TN D, BLllK S & TFARENK S ITRIT 1987 4EH2 5 1989 4EE TT > 7 1 Th o 7o h3 1990 4E1T
SL 021 kR, ZFOH 1998 EE T2 BHEFEI L T3,

B3 IXE=IN—T Ao TT X v T B ER LI DO TH S, HEPKKIX 1245/ Z v 7
3EMEFFL TV, RRFUKEIL 1987 405 1989 4£E T2 7 2 THoTehd, 1990 425> 7 3
I ERY, 2% 1998 E THERE L T D, HFKKIZ 1987 &E 5 1997 FETT 7 2 ThoTe
D3, 1998 4EIT 22 o T v 7 1IT¥ED. B KT 1987 £ 5 1989 4EETT > 7 1 Th - 7228, 1990
LT 7 21T E3Y . 1998 4E T 2 ZAfERE LiE 1T T 5,

UED X5 BERBMTZ R VOEFHRED LS BRERIZEVBIER I SN TN O 2R
FET 5 Z EBNAMEOH TS B, RETTIXZOBRALIZTHAINEETFT L EHHEL T3S,

E2E A—H—FK-FONREYF4 - EFL

Greene (1997, Chapter 19, p.872) 12 discrete choice models il & LT 5 &= HIFTNn5B, Z0D
11X number of patents TH 5, 0,1,2,... L5 % H DT, countdata EIFIXND, T T TIEHET
HRIZEERD S, D 2 1% labor force participation T 5, No 725 045, yes 725 128, ZL T
ZNUNDOREIZERHIUL 2, 372 ENRELTHENTWYP L, £D 31 opinions of a certain type of legisla-
tion TH 5. 0238, 1 BN, 2838 HH LDV, 3BER 435 KR T,
TNEZ X7 THY, B0 L TOENEMEITIERF (ordering) ZRTI LiT/b, ZD 41 the
occupational field chosen by an individual T& %, 02358, 12586, 2 3fi#EL. 3 BBUAR. 7
DX oo TniUE, THITE /255048 (category) T&H Y. ranking TH count TRV, D
5 I% consumer choice among alternative shopping areas TH 5, ZHUI—HZD 4 LR L THEHE
TNWEETEPOEND D S,

LRDOSHED I bDOH DA T a5 ET N TROLHEMRDLOIZ0L 1D 2MHZEL DL DT, logit
(@¥y b)) FFNVL probit (FREY N EFARRNTH D, MIFZRY AT 1 v 754kl
AL, BEFEHRAMEHN TS, EHLL0EFARLEELW0AMICONTIL, Greene (1997,
Chapter19, p.875) IZLL R0t 5,

The question of which distribution to use is a natural one. The logistic distribution is similar
to the normal except in the tails, which are considerably heavier. (It more closely resembles a t-
distribution with seven degrees of freedom.) Therefore, for intermediate values of B’x (say,
between 1.2 and +1.2), the two distributions tend to give similar probabilities. The logistic dis-
tribution tends to give larger probabilities to y = 0 when B’x is extremely small (and smaller

probabilities to y = 0 when B ’x is very large) than the normal distribution.
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LA LEIASHTELL Mo TH KREREFRNEL TS, TN (1989, p.428) 1%, &
TRT 4 v I oA & BRIER A OROELEZFEICT 2O TRIFTNTHEENP /R ONDFERITK
TR BFNTZ U AT 4 v I OHBRBE PR L TH S, LT,

AHRDONRTHDNED T X2 7 HHiR O discrete choice models D% D 3 1Z7%4 35 Z &iX
HEECTH D, T ordered data DIFNT-OWTEEMIZ Greene (1997, Chapter 19, pp.926-930) B &
U McKelvey & Zavoina (1975) &I fzu,

F—H—K:TanEVF 1 - TEFLOEEIFUTOBY TH 5D,

Y =R x4y

Y; =0 if Yi*SHO
Lif po<Yi <y
2 py <Y <p,

Jif pupy <Y, i=1,2,..,n (2-1)

Yi 3B S 72 (unobserved) IEBEETH V. . BHISNDDIXY, THD.B’ = By, Ba, Bsy----BK)
FRAMDONRT A =% - X7 My, % IZHHEBRZ M TH D, w i ZBEHTHY. E (W) =0H»D
E @) =0 Thd. BAEHOSANPERSHTHIIA—F—K 7y b - £V (ordered
probitmodel) &7V, v A5 1 v 7 (logistic) #HTHNIEA—F—FK-vTvy h--EF)L
(ordered logit model) & 7253, IEMMEOBAITITHENE 1 IZFEE S, Lizds - TREBETE MR
WD Z LILD, ok 1IZEE T 2B EIZ OV TIX Greene (1998, Chapter 23, p497) TR
DFLERD D, BRETHD ¢ 1 FAPETII y &> TWND,

The variance of g; is assumed to be one since as long as Y, , f’, and g are unobserved, no

scaling of the underlying model can be deduced from the observed data.

Y RAT A v 7 OBEDEERPEHIND, TOFEIT 0. EERZEITH 181 THD.
(i=0,1,2,....,]-1) BHEOHNRLRDIRAMDNAG A =2 THD, (2-1) OEFNVIERHEEZ AT
.oy i=0,1,2,...,]-1) OHF OO LDl identify SRV, DT p, % 01 normalize LT3,

HEEITIZHE: (maximum likelihood) ¥EAMER &5, R EREIZ AN SN D HERIZLLTO
Xo5iThb, ZZTORREAMMERTH S,

Prob(Y;=0) = ®(-p’ x)
Prob(Y;=1) = ®(u—p’ x) - D(P’ %))
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Prob(Y; = 2) = @ (B’ x) - @ (w—PB’ x3)

Prob(Y;=]) =1-®(u_ B’ %) (2-2)

ZLTIRNTOMENIEL 2D L5 ICROFF BT OEND,

O<py<pp<....<pyy (2-3)

BAHEE R A RO D7 N3 ) AL DFP (Davidon/Fletcher/Powell) T %, #IfEIZT —%
BN XV B/ 2 EP— LN 2 |IETHE 2 515, RAEHZEOMEIZ OV TIX Greene (1997,
Chapter 4) 23FEL WY,

HERERRITAE A OB E 2 B 58 %3 5 b D)% marginal effects Tdh 5. SRR OZEAL 23
RIZGZZHBIRO LS ITRS N5,

0 Prob (Yi=j) /6 X;= [f(},l]_l—B ’ Xi) - f(HJ—B ’Xi)] ﬁ (2—4)

TZT () IIRERERZEERED D WIEEe P XT 14 v 7 EERETH D, T D marginal
effects DEFHE 0 LR BM, RFLER X I —BHOBEITIZR R AR AETH S, Greene
(1997, Chapter 19, p930) 1ZELF D & 5 iz XT3,

Note that the marginal effects sum to zero; this follows the requirement that the probabilities
add to 1. This approach is not appropriate for evaluating the effect of a dummy variable. We can
analyze a dummy variable by comparing the probabilities that result when the variable takes its

two different values with those that occur with the other variables held at their sample means.

WEOKA T 2H S L&, RHERITH I —ERE WS REEIEEn L s, RIFEICE
WTIEEHT — X IZZ OFEOERE A4 T, %O marginal effects Z3kH B Z L1725,

F—=F—=F - TanNEY T 1 - ETNTET —ZPRRBRIERZL D LBH D, ZD—DP
right censored EFHIENAH DT, Y, 03] THH LBHMIENTHTS, KixjTldial, At d
iTHELVIRMDZ & TH D ERMITF—FTZOX S RRMPBET D08 5 2IEHSAT
RO, EEOBILL TV D REICOWTH DEEL LR TR SN TLE-BE, Todk
MR Z V1E25 &b s, FEEREE TIXfEERIBETH L TE 5, FEHMIX Greene (1998, p500)
EHBEINTZV,

A — (heteroscedasticity) ~DOXHLIZLBOMNED LIS TIIARHARTH 5, AWFFET
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WEHHZ2r— 2L LT Varlyl =w2 LW 2 A TREZBND, b 5 —DD% — AL multiplicative
heteroscedasticity C. Var[u] = [exp(y’ z)]1? WS X A4 TDHDTH B, X7 b)by DRILNBLTH
WX LEOKRMD T A =X BF I ICHROMN G L7225,

WO ITIIZE TIIRAE—H LIBOLBOMERIN OMNR LD, ZNUHMEITZOFET
DEERMBITHEIN. WITEEMNCEMT D Z ENEE L, EENERNIKMN T ELELRTS
BHRGRRD L EZXDOPHRENP L TH D, R ULEEEMMETEZENE T T — 2 En3d i
iy, HEBICHESELDZZ LD 2D, TORDEELMMEET, EEOBNEETNVE
EDOBRECIEET D HEPEZ bz, TS stratification TH5, ZOERBILIZEY (wy,y....
W) B EEBITERDN, BIZOVWTIIEEILBETH B,

BEOKMNITHH T, BIEMTFTT —2BBRMI NN LRI Y HEIGE, sample
selection & WO RIEMNE L B, EF AT (2-1) 121 T Greene (1998, p509) DLLT DFREMSMAEE
L%,

di" =0’ ¢+,
u;, vi~ N[0, 0,1, 1, pl,
d; = 1ifd;," > 0 and 0 otherwise,
[Y;, x,] is observed iff d; = 1. (2-5)

IZTETuy b - EFABREHEND, TO XS REEBRZERA T THE LR D 2NT
THTH 5,

BBIC RN T — & 23 5D random effect model iZfilil TE <. RS ITDOF— 2 X —
RIFIASRN T —ZRRTHESND DT, EBRICHET S 01X

Y =B Xy + uy
Yy =0 if Yi'<po
Lif po<Yi' <y
2 if py <Yy <
Jif wy<Yy,i=1,2,...,n. t=1,2,...,T. (2-6)

2%, TTTIRAEEZIIFELRL TS, FUVEFLHMREAND L (2-6) OF—RIZ

Yit* =B ’ Xj+ Uy + & (2—7)
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LI T LWTE, g T group specific term & FEIEN., ZD4041X N[0, 6%] TH D, TDOHEHDOR
BH—RE ORI & HEEIZ oUW TIX Greene (1998, Chapter 21, Section 4, 6) IZEEMIZ23iBH D 5,

EIH SRR

1. XXV T—E20O7H: FAEY L - ETL

F— IR 1240 REMITORbOTH S, Bl S Wit BEBITIRERRAZE DS
MIFZo 27T 606 1 FTORBETRENTWS, TNEELETIERE LTHAS EES
XD . EHEEAN X2). BEFMEREER X3). FSUAEEAR X4, BE/ Al X5 . &
T (X6). ERRILAGRREL HEZEH X7). BXORIGEEN GRS X8) B, S5tk
EBOEERZDTDICIIHAOR I —BEEZMEM L I, L TFOPHMNHEE TIET— & D771 — |k
FEL THWRWA, SRITEN 2T 7L — 22V TERT LI PETH D, HEEITELHENS
NIRBEBOMEIZLL T O X 5 et SNz, ZhIF#aFY 7 b LIMDEP (Ver.7.0) O#lfic k%
HDOTH D,

050 k1.5 Ki=0
1.6 DLk 2.5 A = 1
2.6 Bk 3.5 K = 2
3.6 LI 4.5 K = 3
46 L1 65 RKi=4

BRBATTIES L7 5 BEE LR T, TD5L 0 5% 4ITERL, S22 6% 528§
% &, #itY 7 N LIMDEP i% empty cell 28 H &hiz & U THEE 2 RFT LRV,

BONT (2-6) DEFNVEMERL, BHEERSMEZRAL T, 70X REER L RVRDEA
7t —&—K-7abEy b - BFAEME L. TR/ 2 REHEESER SN, ZoHEEE
WHME L U TR EBEHERIZA Y, 40 [H0 iterations THEEIL T Lz, K SN Log likelihood
function DfEIZ -71. 89009, EEIHZBR < TRTOREMBE v TH 5 & 5 il %221 7= Restricted
log likelihood 1% -191. 6870 TH V. #7 1 2 Feialf (HE 8) 1% 239.5938 T. P f#id 0. 0000000
(UBHAIZLY) &b, TNED 1%kETIRERGUIRNEINS, X3 IFHEHERTH S,

X5 & X7 OREDPIHEE TRV, ld X6 BoREnb 00 FEEIZ 7 Th 5. HRe ik
ARt BEEHEEE. BIORRLSEEFTOMRITT v 7 &2 LR SE 5 HIERL. —JFE
MEEA. BENIE 8L ORIERFEEOMININICS > 7 2R NS HA18H D L
BRINTNDS,

wiZw (=1,2,3) OHEERERBK 4IRS TS,
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®3 FA—F—F:-Trby bEFN (FUFLRRRL) HERHKR

Variable Coefficient Standard Error b/St.Er. PlIZI>z] Mean of X
Constant -6.876946523 10.382178 -.662 5077
X1 63.85631082 29.490142 2.165 .0304 .49000903E-01
X2 -.9321505280 78578343 -1.186 .2355 1.7044878
X3 6.161072040 1.5611793 3.946 .0001 1.3903516
X4 379.8858008 141.70358 2.681 .0073 .10130764E-01
X5 2.042364541 10.431367 196 .8448 1.1018160
X6 -15.33285621 11.869618 -1.292 1964 .33553958E-01
X7 -6.031664187 21.587097 -.279 7799 .62467083E-01
X8 -878.7673143 330.65550 -2.658 .0079 .37353472E-02

R4 EHRART A —ZHEERER

Variable Coefficient Standard Error b/St.Er. P[1ZI>Z]
Threshold parameters for index

Mu(1) 3.229889925 52825374 6.114 .0000
Mu(2) 6.708986235 1.1487659 5.840 .0000
Mu(3) 6.937498931 1.1510949 6.027 .0000

Ll EX YEGRE XS A — & (threshold parameters) IZOWTCHEMICHENSZNWT EBNHEA SN
Tz.

feV T3 5 1 marginal effects % Y; DERNTR L T3, REIX 2-4) icfloTn3,

£47 Z L 12 marginal effects Z&3FTHUE 1 L7220, ZOZ LIFHEROKREN 1 THD Z Lickt
JIRL TS, LALZRSRSE LORRITIFME TERVERD S, C4) Kv<—YF - AT7=2h
LIIMEEOEAGERTOIDOTH D, 2N 1.0 ZBA DI LIIARKRD Y X 20O TH LM, (2-4)
VWS RESICZOMITHEE SN (RTA—& + XJ ML) ORZXIITKET S, TOHE%E
EHR LTS 5 i THRML 7z,

& 6 IR T OB S 7z (actual) EBELDOED 4G L. maximum probability 2 £ predict
SINFEBI L O TH 5,

HERFER P S BEHINTFU (predict) SNDEE L. EBRICBN S NIEROM OB D72
NWZ ERSNB,

BENT T2 X LwhH (random effect) ZANTZT v E Y b« EFAGIBEM S N, TV
@2=7) IZRB W TR A 2 AIE L CTEM L 72208 T 5. Group specific 72518 2ERIZANT
N5, OLS OHEEFER Z MM & U CHRAEHEEIZA Y, random effect 72 L OHEEZ L (D
faAE (1D & L), £0% random effect DHEEIZA 725, 100 [\ (77 + v b TOHRKE)
O iterations T b YLK B3I abnormal exit L 7z, 3K 5 7z log likelihood function D i -54. 58579,
random effect 2372\ & W 5 #il#1 2D 1F 7= restricted log likelihood 1% —71. 89009 TH V. A 2 FehHk
= (HHE 1) 1% 34.60860 T. P ik 0.0000000 (PUEHAIZLY) THoTk,
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®5 =—YFN - -AT7=F b

Variable Y=0 Y=1 Y=2 Y=3 Y=4
ONE .0000 4306 .3888 -.2598 0.4404
X1 .0000 -3.9983 -3.6103 2.4124 6.1962
X2 .0000 .0584 .0527 -.0352 9241
X3 .0000 -.3858 -.3483 .2328 1.5013
X4 -.0003 -23.7862 -21.4778 14.3518 31.9125
X5 .0000 -1279 -.1155 0772 1.1662
X6 .0000 .9601 .8669 -.5793 -.2476
X7 .0000 3777 .3410 -.2279 .5092
X8 .0006 55.0233 49.6833 -33.1992 -70.5080

&6 JEBME OLLER

Predicted
Actual 0 1 2 3 4 Total
0 0 11 0 0 0 11
1 6 45 1 0 0 52
2 0 2 39 0 2 43
3 0 0 0 2 2
4 0 0 0 31 36
Total 6 58 45 0 35 144

2. B2y bh-ETIL

BHEERDHORD Y ICFE e DR T 4 v 7 AL EETAT, HHEOHEREIZ T 0
Ey M EFNVOBELFTCTH S, OLS HEEMZHIIME & U THREBEREEIZA Y, 44 [Fl0 iteration
TULHR L 7z, R H 417z log likelihood function Dl -72.68873. § N TOREMRE 1 &1 5 {ilf) %2
DU} 7z restricted log likelihood iZ -191. 6870 TH V. H A 2 FEffistm (HHE 8) 1% 237.9966 T. P
fifi1% 0. 0000000 (PUFETLAIZE D) &/ed, Th LD 1%KkHE TRERIUIRN SN S,

KTIHERRTH S, Ty b - EFVOHERR LR T S LARROND Z LITHE
BB NRH D, Marginal effecs TENL BVNDOENELCTWERZRTAHLS, £81Fuayy b -
ETNOMRTH D,

FNTT U EL A7 MeANnTca Yy b - BEFNABRRBLONTPRER S RERT L.
HEERE R B S ieh oz, BURIX status messages TdH 5,

Maximum iterations reached. Exit iterations with status = 1. Abnormal exit from iterations. If
current results are shown check convergence values shown below. This may not be a solution
value (especially if initial iterations stopped).

Gradient value: Tolerance = .1000D - 05, current value = .1342D - 02

Function chg.: Tolerance =.0000D + 00, current value = .4381D - 05
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Parameters chg: Tolerance = .0000D + 00, current value = .1073D - 04
Smallest abs. parameter change from start value = .9596D - 01

Models - estimated variance matrix of estimates is singular

BRARITAZES I =B 11 lE I L7270 % HEE L 7208 estimated variance matrix of estimates
is singular THEETERDP -T2, TNIZOWTITISBROBRETH 5,

KT A—F—F-aVy  NETN (GUEL-AT7=7 MEL) HEERR

Variable Coefficient Standard Error b/St.Er. PlIZI>z] Mean of X
Index function for probability
Constant -13.96447327 18.343519 -.761 4465
X1 105.5799375 51.299136 2.058 .0396 .49000903E-01
X2 -1.760333591 1.2367233 -1.423 1546 1.7044878
X3 10.93353914 2.7012527 4.048 .0001 1.3903516
X4 670.9017477 245.72686 2.730 .0063 .10130764E-01
X5 5.732382144 18.396091 312 .7553 1.1018160
X6 -27.46585775 20.481580 -1.341 1799 .33553958E-01
X7 -11.93862207 38.588402 -.309 7570 .62467083E-01
X8 -1538.189657 604.89838 -2.543 .0110 .37353472E-02
Threshold parameters for index
Mu(1) 5.767584190 .96783626 5.959 .0000
Mu(2) 11.77925650 2.0253724 5.816 .0000
Mu(3) 12.17248366 2.0356068 5.980 .0000

x®8 ==V N -AT7=0 ]

Variable Y=0 Y-=1 Y=2 Y=3 Y-=4
ONE .0015 4591 .3856 -.2503 4041
X1 -.0117 -3.4709 -2.9155 1.8923 5.5058
X2 .0002 0579 .0486 -.0316 .9249
X3 -.0012 -.3594 -.3019 .1960 1.4665
X4 -.0742 -22.0557 -18.5267 12.0247 29.6319
X5 -.0006 -.1885 -.1583 1027 1.2447
X6 .0030 .9029 7585 -.4923 -.1716
X7 .0013 3925 3297 -.2140 4905
X8 1701 50.5676 42.4765 -27.5694 -64.6448

®O JEBE O

Predicted
Actual 0 1 2 3 4 Total
0 0 11 0 0 0 11
1 6 45 1 0 0 52
2 0 2 39 0 2 43
3 0 0 0 0 2 2
4 0 0 5 0 31 36
Total 6 58 45 0 35 144
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R=UFN AT 27 MBERTGA—RMEMORESICELAEIND T EhD, X11I210 %, X4 &
X812 100 Z I T X11, X44 B I U X88 &1 5 Wik R ZAF v HEE 2 FHi L7c. AHiTITmREZRL
¥FLIMDEP 77 7'y h2ZDOEFEHNTND,

BT (2-6) DETNANEMEAL, BEBEERSHERAL T, 70 X LR EER L R0ER S EAR
M7t —&—K-7abEy b - EFAVEHE L. TR/ 2 FEHEENERM SN, ZOHEHE
WHEE & U ClRERERIZA Y. 29 [0 iterations THEEIK T Lz, Kk b7z Log likelihood
function DfEIZ -71. 89009, EHIHZR K T NTOREBBAE R TH 2D &\ 5 fil#Z D)7z Restricted
log likelihood 1% -191. 6870 TH V. I 1 2 FekiitE (HHE 8) 1% 239.5938 T. P fii 0. 0000000
(MELEAICEY) L72%, TEV 1%KETRERBIZENSNDS, LTFIHERERTH D, 22
BINOBHIIFEIHODDEF L TH D, B SNICEBOBRBHEEMMBZEIL L TV SA0IT, 4
RIEVBLTANTESHOBRLFE L TH D, KEL—UF N - A 727 MR- TNE, Lk
LEDENIERINICEBORICE EE o TS HITHBRI NV,

HNTF Y X L5805 (random effect) ZANTZT B E Y b« EFASBEBS iz, $HI3HT
1F 100 [l (777 /b b TOHRKRED) O iterations T b A 31T abnormal exit L 7243, 4113 estimated
variance matrix of estimates is singular 12 & © #E23&d o Tz SRR > TN B,

Ordered Probit Model

Maximum Likelihood Estimates

Dependent variable Y
Weighting variable ONE
Number of observations 144
Iterations completed 29
Log likelihood function -71.89009
Restricted log likelihood -191.6870
Chi-squared 239.5938
Degrees of freedom 8
Significance level .0000000

Cell frequencies for outcomes
Y CountFreq Y CountFreq Y CountFreq
0 11.076 1 52 .361 2 43 .298
3 2.013 4 36.250
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Variable Coefficient Standard Error b/St.Er. PlIZI>z] Mean of X
Index function for probability
Constant —-6.876944580 10.382178 -.662 5077
X11 6.385630798 2.9490143 2.165 .0304 .49000903
X2 -.9321505328 78578340 -1.186 .2355 1.7044878
X3 6.161072254 1.5611793 3.946 .0001 1.3903516
X44 3.798858745 1.4170357 2.681 .0073 1.0130764
X5 2.042362717 10.431367 196 .8448 1.1018160
X6 -15.33285988 11.869618 -1.292 1964 .33553958E-01
X7 -6.031666643 21.587097 -.279 7799 .62467083E-01
X88 -8.787673810 3.3065550 -2.658 .0079 37353472
Threshold parameters for index
Mu(1) 3.229890038 52825375 6.114 .0000
Mu(2) 6.708986670 1.1487660 5.840 .0000
Mu(3) 6.937499382 1.1510949 6.027 .0000

Marginal Effects for OrdProbt

Variable Y=0 Y=1 Y=2 Y=3 Y=4
ONE .0000 4306 .3888 -.2598 4404
X11 .0000 -.3998 -.3610 2412 1.5196
X2 .0000 0584 .0527 -.0352 9241
X3 .0000 -.3858 -.3483 .2328 1.5013
X44 .0000 -.2379 -.2148 1435 1.3092
X5 .0000 -.1279 -.1155 0772 1.1662
X6 .0000 9601 .8669 -.5793 -.2476
X7 .0000 3777 .3410 -.2279 .5092
X88 .0000 .5502 4968 -.3320 .2850

Frequencies of actual & predicted outcomes
Predicted outcome has maximum probability.

Predicted
Actual 0 1 2 3 4 Total
0 0 11 0 0 0 11
1 6 45 1 0 0 52
2 0 2 39 0 2 43
3 0 0 0 0 2 2
4 0 0 5 0 31 36
Total 6 58 45 0 35 144

RIZU P 2T 4 v 7 iERAL T, SUELMREZERBLANVAE—F—F - aYy b - EFN
EHE LT, £35/0 2 RIEHEEPE S, ZOWHEMEOLIEE UTREEREEIZAY, 320
O iterations THEEASE T L7z, K STz Log likelihood function D% —72. 68873, EEIEH &k <
TRTORBNREr THD &I HIHI%Z D)7 Restricted log likelihood 1% -191. 6870 TH V., A
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2 ‘iR (HHBE 8) 1% 237.9966 T. P EIZ 0.0000000 (PUEEFAIIZLD) &b, ThXV 1%
BUIEHIND, UFIIHEERRTH D, ZBINOEMHEITHE IHODOLFELTH
%, o7 iteration DEIFUIIEL > TND, B INIEROBEHEEMPBEL L TH DT, LA
BRLITRTESHOMBLFALTHD, KEL~—VF VA T7z7 MIBEAR-THSE, LIL

IKHE T AR

ZOENIEMINTEROHRTH S, LU FMIHEERRTH D,

HNWTTUEL ATl N ANTa Yy b - BT AREAR LM estimated variance matrix
of estimates is singular & 72 > TR AEEHESRER T L. HEEFHRIEONRP T, BEX I —

BREANTZETNVOHENR FRETHLZLOHIMLLETH D,

Ordered Probit Model

Maximum Likelihood Estimates

Dependent variable Y
Weighting variable ONE
Number of observations 144
Iterations completed 32
Log likelihood function -72.68873
Restricted log likelihood -191.6870
Chi-squared 237.9966
Degrees of freedom 8
Significance level .0000000

Cell frequencies for outcomes

Y CountFreq Y CountFreq Y CountFreq

0 11.076 1 52.361 2 43 .298
3 2.013 4 36.250
Logistic Probability Model
Variable Coefficient Standard Error b/St.Er. PlIZI>z] Mean of X
Index function for probability
Constant -13.96447429 18.343519 -.761 4465
X11 10.55799286 5.1299136 2.058 .0396 .49000903
X2 -1.760333447 1.2367233 -1.423 1546 1.7044878
X3 10.93353939 2.7012527 4.048 .0001 1.3903516
X44 6.709017272 2.4572685 2.730 .0063 1.0130764
X5 5.732384056 18.396091 312 .7553 1.1018160
X6 -27.46586342 20.481580 -1.341 1799 .33553958E-01
X7 -11.93863694 38.588402 -.309 7570 .62467083E-01
X88 -15.38189680 6.0489838 -2.543 .0110 37353472
Threshold parameters for index
Mu(1) 5.767584185 96783627 5.959 .0000
Mu(2) 11.77925641 2.0253724 5.816 .0000
Mu(3) 12.17248354 2.0356068 5.980 .0000
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Marginal Effects for OrdLogit

Variable Y=0 Y=1 Y=2 Y=3
ONE .0015 4591 .3856 -.2503 4041
X11 -.0012 -.3471 -.2916 1892 1.4507
X2 .0002 .0579 .0486 -.0316 .9249
X3 -.0012 -.3594 -.3019 .1960 1.4665
X44 -.0007 -.2206 -.1853 1202 1.2864
X5 -.0006 -.1885 -.1583 1027 1.2447
X6 .0030 .9029 7585 -.4923 -1721
X7 .0013 .3925 .3297 -.2140 4905
X88 .0017 .5057 4248 -.2757 .3435
Frequencies of actual & predicted outcomes
Predicted outcome has maximum probability.
Predicted
Actual 0 1 2 3 4 Total

0 0 11 0 0 0 11

1 6 45 1 0 0 52

2 0 2 39 0 2 43

3 0 0 0 0 2 2

4 0 0 5 0 31 36

Total 6 58 45 0 35 144

X))

DREEERREEOMBBA T 2RO D ERNE ST E D12t 12807 — X AL T4 —
H—R--TaNEVFs - ETNVOHEPER SN, BUHOEHOREI
marginal effects KD 5N T, BHOBIBHERIZE 2 2B 2T H T LR TE L, EREM

DHEIRELEZTa Y § - EFADIEH

RS OBLERD D LIS,

S5 & LR (random effect) ZHEREH TR L EEFNMITMERMEEREZ L2 SR o Tz,
F X I —EEEMINL T fixed effect EF N TIRHEEEREH/D I ENTERPoT, ZTNHITD

WTIXAHOBETH 5,
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Ordered-probability Model Analyses of the Ranking Data of
the Japanese Non-life Insurance Firms

Hiroshi MIYASHITA

ABSTRACT

The ranking data based on the bond ratings of the twelve Japanese non-life insurance firms were
analyzed using an ordered-probability model. Both a probit model and a logit model were employed,
which yielded interesting results. Several explanatory variables measuring the financial conditions
of the firms are quite significant statistically, which shows that it is possible to forecast the

performance of the firms using these financial variables.



