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This paper evaluates the (out-of-sample) prediction performance of
bankruptcy prediction models using Korean firms. Based on the source of
information, we classify these models into accounting-based, market-based,
and hazard categories. Note that hazard models are based on both accounting
and market information. We consider five bankruptcy prediction models in
this study; two accounting-based models, one market-based model, and two
versions of a hazard model. One of the accounting-based models employs
multivariate discriminant analysis (MDA), and the other employs logit analysis.
The example of the first accounting-based model is the Altman (1968) Z-score
model, and that of the second is the Ohlson (1980) O-score model. Most
studies in the Korean literature use the accounting variables and coefficient
estimates that Altman (1968) and Ohlson (1980) use for U.S. firms to predict
bankruptcy, which may result in bias and inaccuracy because accounting
variables may have different economic implications in different countries.
Accordingly, in this study, we select new accounting variables that better fit
Korean firms with respect to discriminant power and goodness-of-fit, and
re-estimate the coefficients.
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For the market-based model, we use the KMV default-to-distance (DD) model. DD indicates the
distance from the mean of the firm’s current asset value to its default point. The greater the DD,
the smaller the probability of default. For the hazard model, we use the bankruptcy prediction model
developed by Campbell, Hilscher, and Szilagyi (2008) (CHS), which uses both market and
accounting information and has become popular in the finance literature. It has also been shown
empirically that the CHS model is effective in predicting bankruptcy for firms in a variety of
countries. We consider two versions of this hazard model. The first is one that adopts the same
variables as those selected for U.S. firms in the CHS model and re-estimates them using Korean data.
The second is a modified version of the CHS model. The variables are newly selected for Korean
firms, and the coefficients are then re-estimated using data on these firms. The modification involves
the addition of effective variables and exclusion of irrelevant variables based on empirical analyses.

We estimate the five foregoing bankruptcy prediction models using data on all Korean firms in
the seven years (in-sample period say, 2001 ~2007) prior to the one-year forecasting period
(out-of-sample period say, 2008). By rolling over year by year, we repeat the in-sample estimation
using the seven-year data prior to the one-year out-of-sample period. The sample period is 2001 to
2013. Thus, we obtain forecasting results from the five models for six years (i.e., 2008, 2009, 2010,
2011, 2012, and 2013). We then evaluate their bankruptcy prediction performance.

Three methods are used to evaluate the models’ prediction accuracy for Korean firms: the hit ratio,
receiver operating characteristic (ROC) curve, and information content test. The hit ratio is
calculated as the ratio of the number of bankrupt firms in the portfolio to the number of all bankrupt
firms in each forecasting year. Portfolios are formed by assigning all firms into one of ten decile
portfolios based on the seven-year in-sample estimation results of each model. The hit ratio and
ROC curve are traditional comparison methods that classify firms dichotomously (bankrupt or not).
The information content test, in contrast, assesses whether different models convey information
on actual bankruptcy.

Of the five models evaluated, the hazard model modified for Korean firms performs best in
predicting actual bankruptcies in the out-of-sample period with respect to all three
bankruptcy prediction performance measures. The unmodified hazard model performs
second best, and the DD model worst. There is little difference in prediction performance between
the two accounting-based models, i.e., that using logit analysis and that using multivariate
discriminant analysis, although their performance varies depending on the performance
evaluation method used.

This paper contributes to the literature in the following ways. First, by modifying the
accounting and market variables used in the CHS model for Korean firms and re-estimating
the model, we present a new hazard model that better fits Korean firms and outperforms other
models in bankruptey prediction accuracy. To the best of our knowledge, this is the first study
to evaluate the performance of bankruptcy prediction models using Korean data. Second, this
study is also the first in the Korean literature to include data over a period encompassing the
2008 global financial crisis. As there were many bankruptcies during that period, its inclusion
enhances the reliability of our results. We suggest that our modified hazard model be used in
future studies in both academia and industry.

Keywords Bankruptcy Prediction Model, Accounting-Based Model, Market-Based Model,
Hazard Model, Out-of-Sample Prediction Power
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2013 1,614 40(2.48) 27(1.67)
= 643 478
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9)ch. $HA Campbell ot al, (2009 LU E 36748e] HEo) 277k A4 5t
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(FFOTA), WiENS]HE(SLTA) o[t} 8) WhH 2AlEA o] o] 8% W4+ FAKMAYHlE
(TLTA), FAMES] 2I¢HInTA), =0l E(NITA), FEHE(CASHTA), A5s5FAdRlE
(FFOTA), &89 27 (nSLTA) o[t 9)

2%

ct

_ Altman(1968)2] Z-H4-2 52 LI,
F. Altman et al (1995)9] K-F4E &L log
fERS 2|(2006)= DFAMIBTEE, ©0|AUE,
2%t (B2 nDollM HMAGIRALCY,

L} Ohlson(1980) O-E42&L (1S,
250(9 tf B2 Hlg, 2 o1& Axp |

==

el

S AHIEE Nam et al (2008)1f Nam(2013)E Zf15i0 77
THEEMS 0|80t EXR] BE0IS2HE2 Tt 22 A
0

lo
il
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Hu
oo 4

Sb I
gﬂ

<
58
n

2= N
REO0|YE, SYOIAUE, MNY7I-ERAHIE, 221 0jEY
(BARY), log(DHEARITE), FEOIAE, T21 MNE7-E2AY
FAdlE, 220 DFAMEEES 01&5IUrt. !
ZIEME 0|8 HEHY RFE0EEEER US
Sl 2EAEtlE, RStEe G SAE0
G034, 2|1 20(AUS7IEE 0185IACt o714
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2 B JIEAR0N REOS0] 2SI MAR g ! ° xie
S48 7|Zoz ATY, 72, YWY, 2904, 954, 355, 121 YO PRAYCL EX Y=
e 2 A7 FII2 Z58 Has0(nt
S MFH 8 Hay EX
O|Xtt|&/oH=oH INSL H=5H1998)
PSTNI=TESNAS, EQTA S5, eHeEH2014)
EX N EINI TLTA Ohlson(1980)
=8HIE/58H INTL B, &A43L 227|, S4&:(2008)
PR/ EINS) BWTA 2S5l kdaH2014)
RS/ ESAA CLTA Zmijewski(1984)
RELR LA CLTL ZIME, ZEQ, 01ZAH2010)
A XA co| NEGBE Ohlson(1980)
e N TLEQ HEZP, QrATH2014)
2 AL =X} INTWO Ohlson(1980)
SQESEX/ SRR CLCA Ohlson(1980)
e NN CATA BFES, OHdOH2014)
B[N /EINESS FATA =R, 0214, 2SA4(2000)
OISR/ O URHS TRTP i, dgst AsF(2011)
INPSZAPRIES=b METL Altman(1968)
REXMY RS CACL Zmijewski(1984)
a5 log(OHZCH) nSL PNE=
log(ZXIAY InTA Altman et al.(1977)
PNAVN Ry EQGR ZIMEl 2((2010)
EXNBIIE TAGR A
o DEINSIE FAGR etS 2|(2006)
ce WEUSIIE SLGR Al
@0|2U57te NIGR Ohlson(1980)
RERMSIE CLGR e 2](2000)
0|AUAZ/ B A RETA Altman(1968)
20|Ql/EXpAE NITA Ohlson(1980)
#=0|Ql/of=H NISL =XHS 2|(2000)
FHES0|2/E2R FUIL Ohlson(1980)
2y MIZ&=0(el/0|xtH|& EBTIN 2E8t 5435)(1999)
MIA420|2/0| XK= EBIN Altman et al.(1977)
MITE=0 /S XAk EBTA Altman(1968)
20lelE9| FEmx| STDNITA  Al=2(2006)
X2 zHAolelE EBEQ Hiel 2|(2008)
k=T EIN A CAINTA Campbell et al.(2008)
RN SIZAIKIAYE XA CASHTA  Nam et al.(2009)
SR/ S XA WCTA Altman(1968)
FAHBRY B FFOTA  Zhgel 2l(2010)
s3ss HeITERYERA FFOTL Al
A F R/ A= FFOEQ IR 2|(2008)
O st/ S xpA SLTA Altrman(1968)
log DIt/ Z XA (nSLTA Altman et al.[1995]
23y oSt/ oj URHS SLTP AE0 £435](1999)
[jESSLTPN SLEQ S5, eHeEH2014)
OHESM/ KA SLFA HAS 2|(2006)
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A1 THHRREEAS: Altman(1968)0] AXFE Fed|SEFQl Z-Hr o] o]&

ot} o] W AAHre] Adto] Ry |iut It 7 2 AolE A= Al

e

AFBEIEE, 2 Aol Altman(1968)2] WHIS: o}g31o] 237171 2001 145 20074
19271 Az Az AL MDA B ol 4 ()3} o] AXISHGLE10) g
Ohlson(1980)-2 Altman(1968) 2] o] FEH|(sample selection bias)E oF7|3tcial
A, B AT EHEOE A 915} TR n—samplo)©] BE 7]¢4S

RO TRARAS AXIFH Wu et al.(2010)9] WS olaloich

MDA=—39—6.6 « TLTA+0.39 « InTA+0.53 + RETA+4.75 « FFOTA &
+0.9 « SLTA
Thero] (Gt 3)2 TEEAHE o817 7152 Bl Altman(1968)9] Z- 41,

Altman et al.(1995) 9] K—H1d, S 2](2006)2] L} & A-olM AlAsk=

MDA H& 9| ol 53g 7g3E (in—sample)of|A] H]agt 235 yepdich, MDA ©o]

PGS RE/IY0R TN AAVIGS BAIA0R BoE oET ulae 217}

(# 3) HERMREES FHI|IUW R=0SH H]
2 EE 2 A0 MO HEENTHMOA)T J|Z0 (RN HEENTHO NHHAS 0|8F SHEE
(in—sample)ljQ] E=0|=2 H| W Z2NE 2B ELCH Altman(1968)2] Z—score 28, Altman et al (1995)2] K—score
2, TJ2/0 s 2/(20060)= HEEA0 0|EE HEY REX0SZHOZE KtMet 4E2 (RS 1>Oﬂ X1 [StALCE,
2 HY RS2 MiS 27 M2Z @FE o dolth, FH7(7H2 2001H 12 EE 2007H 12200}
BT ErY P L1Y B4 CEET
=2
=y 73.02 26.98
MDA 39.12
TAL 12.14 87.86
Altman(1968) =i 61.9 38.1 4917
Z-score 2% PSS 11.07 88.93 ’
Altman et al.[1995) =i 62.96 37.04 48.87
K-score 23 PSP 11.83 88.17 ’
=1 63.19 36.81
xS Q| .
Hets 2|(2006) Ty 987 90.18 46.63

10) Z-Score = 1.2 « WCTAH.4 * RETA +3.3 * NITA+0.6 * METL+1.0 * SLTA, 0{7|Af WCTAS SFXI2H|S, RETAS SE0[QIS,
NITAS 0[S, METLE A|R7I-Z2AH|S, SLTAS EXIAS|KE0|C} K=Score = —17.941.5 *InTA+3.0 *INSLTA
+14.8 *RETAH.5 *METL, 0{7|M InTAE &XHAIO| 277f InSLTAE T1EAU5E| 0| 217 RETAE SEO0|2E, METLE

A7 -2 XHE0]|ct
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73.02%2} 87.86%0|t). wWElA A1E L F(type I error)@}t A|22 2 F(type II error)=
217k 26.98%%} 12.14%2 VEFHTHID A1 @79t Al2% 279 T3l @782 MDA7}
39.12%% 7P A0l thao & s 2(2006)8] HE, K-y, 12|al Z-Fak o)

£O 2 UERT) o] Aifs BHEAS o83t S F MDA KFo] 7|Ee| RYSH

FAEEAA o et TEES THAL e HolEth

=
B AT A SARA o ofdle] 4 (29 2 BARBEA ol He

mi}Y

WHLOGITE AAIakch,

Pr(Y, =1X,) = — % (2)

A71A Y= 719 19 Fmofio] High Huaolil X, = REASEYE S8 A4gH
gl & A7 S 7IdE deR ARE sAsE ol 8std 47kt
(20019 145E 200749 129) 9] 2AEA A 4] (3)3 o] A

LOGIT =2.38+4.89 « TLTA—0.39 « InTA—0.15 « RETA—2.74 « CASHTA (3)

—3.32 « FFOTA —0.83 « InSLTA

offf (Gt 4)+= & AtollA] 7GRt AR 2ALRASE A9} Ohlson(1980) 3 415
(2006) 9] ZALEA o] AREE S|AMPE] FAHANE HojF=al Qleh12) FPAE 2,
LOGIT, Ohlson(1980), 183l A5 (2006)2] A2 HE H4Eo] u$ So5k Aog
Uehdt, o5 39| AMd(goodness of fit)= Bluslr] 98| 4447 A5(pseudo
adjusted R—squared)E AHXEH, LOGIT 23o] 0.3502.2 Ohlson(1980)2] 0.308%}
A1524(2008)] 0,2634T} 2 A0 Uelgth, el LOGIT wo] 7]2e] majnr}

TR R AgHo] T et HYoltal & o Sl

1) MiE 2F(type | error= AH| 2=7(0H 2N A7 Q2 M 2Ftype I error)= &
E 0|55 4RE Ysith

12) Ohison(1980)2 ASH(2006)0f A1 AL B2t HEE2 (BF DOIM HMASIUCE

il £eoigoz

AR AHRE ol§3 RrolEuge] B7h 4T - 639



0]

(2 4) 232Y 3 24

2 He 2 A7 Hetst 2RNEMDH(LOGT) 7|29 HEEN 2XNEANRHO| MHHLAE 0|88 &7
Z1tE 20{EC Ohlson(1980)1t Al&53(2005)2 HHEA0 0|2E EY EX0S2FoR 2t HYH40
HHE (BEZ )0l MAIZRACH FH7(2He 2001F 12 2E 20073 12E0]Ct,
LOGIT Ohlson(1980) AMZ2(2005)

EHX +-u F¥3x t-# FH -3
CONSTANT 238 [1.59] -0.78 [-0.49] -3.0077[-13.77]
INSL 4407 [2.62]
TLTA 4.89""110.85] 6.63"" 9.86]
BWTA 349 [6.00]
NEGBE -0.16 [-0.23]
INTWO -0.45 [-1.38]
BM
CLCA 0617 [2.24]
(nTA -0.39"'[-4.54] -0.33""[-3.86]
NIGRWTH -0.28 [-1.53]
RETA -0.78"[-2.73]
NITA -0.15 [-0.33] -0.16 [-0.28] -2.26""[-4.00]
std_NITA 087" [-2.39]
CASHTA =274 1-2.17] -4.607"[-3.18]
WCTA 3737 14.78] 22377 4.64]
FFOTA -3.327'-3.72]
FUTL -0.86""[-4.32]
FFOTL 21,067 [-3.43]
(nSLTA -0.83"[-5.57]
Obs. 1,499 1485 1,485
Pseudo Adj R* 0.350 0.308 0.263

**p € 0.01, **p (0,05, *p (0.1,

2. NE2Y-DD 2

Merton(1974)2 7| 99| FA1712]7}F 71 Go] Hft Aike: 712AMEe =, Hh7|of| /4ekel

DS YO S M Leka SIGIE Black-Scholes SAVARYRFS

F219] 7Ex]9) Ao A8shd ofle] A (4} 4] (5)9] ulAE B4 gk 4= Qi
Vi =V,N(d,) —e ""XN(d,) (4)

1%
op= 72)]\7(611)0/1 (5)

%

In —A)+(rf+o.5ai)T

o714 4, , = d =0, VT, Vs A AR V, =
o T
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Z1AEAD ) A7, 1 FOIROIARE, X HAle] Suizl, N(- )& ERH A
BE, o, ALY MEA, 0,k A WEY el TR WA g sigtelt),
Merton(1974)°] 2J5Ha 71919] FEL w7 71@01 ABof &
A7 (71 919) 7H) Bt 2 ) g, ot 4] (6)9) DD mge
X7k FE A (default point) O 5E] %Laﬁ drh} Wold Qe
=%t upebd DD BYL go] 48 7199 B WAbs o] gashs AL

oJujsp] uhe] LEWS ZAT 4 g AE FEP 5 ok

6)

01714 pi= 71942 7]th4=el e theRdit), @ik Vassalou and Xing(2004)¥}t Bharath
and Shumway(2008)-2 Fa1sto] Zike] APIZIR|(V )€} Ap4ke] W57 (0 )2 WHEZ8ATR
(iterative method) &8 F7%3}o] DDERS AL o] Wil 7]&9] dA--eat ofy e}
Moody's KMVAL 5 A7 Alelelk] 71 de] -gul= il es gl Zae4(2006),
A, 712011 SOl o8 sl 719e] FrdSrgoge o g5 glrk

DDge AXFsE7] 918l 1A 19 §¢1e] G F71elE8R 249 WE/d(o )& okl

o] k2 o}g3te] AMBAEA (0 ,) 9] 27 |gkinitial value)sr HSIACE o AT (0 )=
A (@e] tigsto] Ak} APSZIA|(V,), WA=l Eimplied log return), A4 WE/3(a,),
T2aL AESTHEO] 71k ()& A o2 Altsgl), oo 3 ARe] A7
(V)7F 94 29110 e gro e 3 ujzhz] BH: A9l 7]ee] MagR
TR (r,) CD 919 72, FAHe] HH7HX) = 7440, 5 X Hl-7A), 12ja
WZ|7HA] 27 IZHD)- 1d o= Akt

th2e] (3 5= FHEEIA ALE DD 7|2EAFS Uehdth DLI(default
likelihood indicator)i= Vassalou and Xing(2004)0] DDZES Aol oJ5t R rdle
(N(-DD)) & #1gksto] A4t gholck, Gi 5) 9] AE AR, Fer|dn F447199]
DDZES- 72} 0,199} 2,170) 31 DLI= Z+2) 0,463} 0,16 0.2 LeRdt) DD malo] sl AR
DLI= Fe7| 3t} 3717t Bl 2 2jol5 Holi= Zlo= Ueldrt (Gt 5E duHd

AR NPARE ol§3t FrEelERYe] 7k AT - 641



AA719404 DLIS et 1,712 H5-2529] gl 00 js) §-202 v 7lmels 21
A2 positive skew) 9] HES Ho|w let. Z DD mgo] skl WA B

71dEe] REsigo] WS AL ghe Mol O Uehtth

(E 5) 227t H2|(Default to Distance; DD) 28 =X Zu}

= He PE4MB(iterative method)22 FHE DDO| MEZY 7| ZE5AE S EHEC DLI= DDEE
HH2mol 52 st ZHN(-DD)E LIEtHCE 7|72 2001 1€ 2H 2007'E 12€0|Ct,

YAy  EEHI H= 2z
(Average]  (Std dev] (Skewness)  Min. 0.25 0.5 0.75  Max.
B 2.13 2.01 0.60 -4.18 0.77 1.98 3.31 16.58
|7 |2
DLI 0.17 0.26 1.71 0.00 0.00 0.02 0.22 1.00
0.19 1.42 0.21 -3.36 -0.78 0.24 1.08 4.64
BT
DLI 0.46 0.34 0.16 0.00 0.14 0.41 0.78 1.00
DD 2.17 2.00 0.61 -4.18 0.82 2.01 3.33 16.58
A7
DLI 0.16 0.26 1.77 0.00 0.00 0.02 0.20 1.00

3. HINERS - CHS 281} HAZARD 28§

A =g (hazard model)> S|AY R} A RS Fololo] L g oSl Hgos
Rz 9RIAE7ER| ] AIZRS T1ESic), Shumway(2001) 7} oKl =R go] th7 |72 A1m e
(multi—period logit model) ¥} YX|Sh= A2 FHIG7] W&ol 7]&2] A= tha2] 4]

(M 7t 2R S SfHERG R ofgstal et 19)

1

P, (Y, =1)= ;
R 1+exp(—a—Bx;_,)

o7} Y, = 7191 19 A1 HO Fmo ol chak o], x,, & t-17]of 7115 ]
G n|A APWSEe] WE|(vector)olth,
Campbell et al, (2008)& 1|3 7]910] RS Hyshs MA(x, )2 ARA I

o]} E(NIMTAAVG), AIAFAB]E(TLMTA), 23}9E(EXRETAVG), A7t

13) XHMI3H LIS Shumway(2001)2] pp, 104-1060] M= E0f QUct
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H|&(RSIZE), 71573 (SIGMA), AFH]&(CASHMTA), AJA7H-757H]&(MB),
18] 31 22744 (PRICE) S A A15HTh 14) Campbell et al, (2008)-8- Shumway(2001)2]
Ry st HeE o85Gl A4 7 ARl 23 FARE ALY
Al 712 (market value of equity)?} 2| 2] A 714 (book value of liabilities)S
AE APFE A Hmarket total asset) ©= thA|stTE ESE 422 /4d 1} I (NIMTAAVG,
EXRETAVG)El W4 o4 107129] /55 A2 Agusz ol gstel 74 A5
T30 &4}l HMeKdynamic change)E Z2s}alA} sl

& Aol A= Campbell et al.(2008)°] A|AJRE Frecf SR 2] dgisE T2 =
71900l 483101 ok} Al (B3 & WEe|ZmY(CHSS AT 1) B FH5p]
98l F=4717Ee] 2001 197E 20079 124704 7|3F 59t =79 188719 471
86,00370] U ARES olgSdT). HEslde AR B HFHS Fol7] 9l

Herh upst o] ApEE 83 Wu et al, (2010)9] WL o]-85}3ic}

ol

CHS®=—3.38—0.93 « NIMTAAVG+1.55 « TLMTA (8
—3.85 « EXRETAVG—0.06 « RSIZE+1.91 « SIGMA

—3.13 « CASHMTA—0.004 « MB—0.71 « PRICE

g 2 AollAs CHS® 2] = 719el| gt FEdEH s e R =Y

(HAZARD)& AIStc. ]S 913} Awwis: 4 A] cheat 2
AR B S(FFOMIA) T} APJAHALEH£(SLMIA) o] HAZARD 29| Mgiss

“a—u

filo
H
v
QL
ot
5
poud
3

H|w3)] B, CHS® B&o gAY (growth), B25Z(cash flow), 12|31 F5A(activity)
W] SPIME TRIek i A0 Uehdel, olo] 2 G o] e 4 pAEe
HE X3po R W1yol S v|uste] A FHIE(FFOTA) I A4S H-E&(SLTA) &

.

X

Az S0 o, o5 WS HAZARD REof 3718 wj= Campbell et

14) Campbell et al (2008)2] H=0f Chtt MHEE (2= 2)0f XAlSIRALC

15) Campbell et al (2008)0| O|= 7|¥S iAoz KMAlst BEE0=2EL Cj20t 2t
CHS = —9.16 —20.26 * NIMTAAVG +1.42 + TLMTA —713 - EXRETAVG —0.045 * RSIZE +1.41 + SIGMA —2.13 - CASHMTA +
0.075 - MB —0.058 - PRICE

16) Moody'sE U & 0|40 I1EUEIIE EE XESII20A 25/2 B=8 S7ioh| 20| 488XEE B4
SICt =XotiCHFalkenstein, 2000), 2 12| AZZMOIME SHGHIER BE0E0| R2oHK| 42 A= LIEK

AR AFYEE o183 FEASHTFY F} A - 643



al. (2009)7 FUsA BE A4 FES AREAALCE oA AR S
(FFOMTA) 7} APRIAFSI A &(SLMTA) & idstol 88319, ofd) (E 6)0) 24 ans
], HAZARD 20] APAAYSIALS(SLMTA) 7 A3 5 S &(FFOMTA}E 1% Yol
oS gofat Aoz Vehge,

o

(# 6) IMERY =F Zt
= HE Campbell et al(2008)0] 0|2 7|9S jdo2 MEsEH MEHAZ Jf2 2| 7|2o| M85t CHS”
2Yu I 7ol Melel=E 2ol MYH~E S HAZARD ¥ FHZAME HO &L, FH712
20014 122 F 20074 12€0]|C},
CHS® HAZARD
VARIABLES o o

FHx % FHx -
CONSTANT 3387 [-3.22] -3.837 [-3.62]
NIMTAAVG 093" [-2.58]
NIMTA 158" [-4.10]
TLMTA 1557 [ 4.92] 2077 [ 6.41]
EXRETAVG 385" [-3.71] 2117 [-2.00]
RSIZE -0.06 [-0.82] 003 [-0.3¢]
SIGMA 1917 [ 7.72] 1377 [ 5.09]
CASHMTA 3147 [-2.27) -S54 [-1.14]
InPRC 0717 [-8.80] 055" [-6.64]
MB -0.00 [-0.50]
SLMTA 045" [-2.95]
FFOMTA 3707 [-4.99]
Obs. 86,191 86,191
Pseudo Adj R? 0.151 0.179

***p €001, *p (005 *p (0.1

=4, HAZARD Eol|r= APggdolofEe] ol 1071E 7Hag=t#] dial el A2
& AR ARSI Campbell et al. (2008)0] 715HHAE AR o83t
ol g9 Heo] SRRt AR Ay wiEelv. ST i Are] ASEA
Aol e AFPoIdES IR AR 7ol o] Mol B AA Rt
AR, HAZARD BGolA= AP7H571R&MB)& oA AlLlsiict. (GE 6)<]
4 ANE BHl, ARTART e SAM SR folohA] tt, ESE Campbell et al,
(2008)°] W=t 7|9 tdoZ ARt P (A5 12)3 vulsto] Ago] Fo7} Wit

it
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sl

LERd7] mhzol) BgolA Alefsigint. ok 22 e arefsie] AT o= A
4% HAZARD RFE 2 (9)9+ Zh17

gz

HAZARD= —3.83—1.58 « NIMTA+2.07 « TLMTA—2.11 « EXRETAVG 9)
—0.02 « RSIZE+1.36 « SIGMA—1.51 « CASHMTA
—0.52 « PRICE—0.45 « SLMTA—3.70 « FFOMTA

CHS® ®31} HAZARD 2&2] 2& A3 (goodness of fit)e Blwal7| ¢al ol (&
60 AnE AHRH, A4 A G (pseudo adjusted R*)7F ZZF 0,1513F 0,179%
UHERRtT), wheba] 2 Qo] S o)Al HAZARD 29| Ry #gi4o] CHS® majnrt

o $<sieha 2 4 gk

2 Ao EHHREF S Aol AR} HES o835l w2l LEor AEd

A
At ZAFE2001A5E 200704 S4E BAGAEHER ASH Zfitted value) )
F HojZe) IR MDA BT} DD BgL F37to] A&4% 1e]31 LOGIT 2,

wo] JEghe HE7]9lo] HESIHo] AA|QRrt 2 Ao tekn A4 at £
o2 19 VollA] uj$- FOIEE Mol S Holaw giek, o] Auk= - Ao] ATl EE]
REr|ut AA71S 4 FREATH: g Hole

G 7o) Y B EAUAREER 45T 7o) AASE HelzTh B ATl

AU o] Aoldt Wyle = FAE] o] Aed w4 =fl(rank)E 7IEC R

17) HAZARD @30 TAfHAo] CifEt XIAIEH M2 (22 2) OTaI%C

AN YRS ol§Ft FEAZRYS) Bk AT - 645



AXbE Amjojak AaA|4x(Spearman correlation coefficient)& AL o] 2iE
MDA X337} LOGIT 23 2] AJatAlp= —0,982 &+ o] v & AutAl
e 2 AR Yeyth o] Avks F By ATt - AR H) 71QIgE Aew
TtElch o2& CHSK R &3} MDA, LOGIT 181l DD & Q] AlAl4~= —0.66, 0.67,
Z18)al —0,63 0.7 HISRE 0] ghE Holal §lrk o] A= CHSK HEo] 3]A4H e}
AR B 2561 wiZe] SARY H AR} FARE RS e Ao s
TR}, WAt O 2 HAZARD R& ¥t DD 23] AoAle= —0.56 0% CHSK =3}
DD 13 9] AAIG=et fARE 48 Z5=t}, W HAZARD X33 MDA %% 4 LOGIT
3 o] AAlSE 7kt —0,81, 0812 CHSKSF MDA %3 2 LOGIT X3 2] —0.66, 0,67

BT} 2 S ZHer} o] ATM= HAZARD Wo| CHSK wo] ¥1s)x] Fal= T4

(B 7) 2o|5280 £3ys NuA4
=2 O Y AE BEANUY BE0ES2EOR FHI(Z W MEE litted value)2 BRES 7Y, HAI|Y,
FrI|ge=z 16t EHELE Ii'd B 0] A&t 7t AL|0{2HSpearman)t I|0{&(Pearson) N ASE
LIEFUC}, 12 MDA 281 DD B&S 2X7f0| X242, 121 LOGT B&, CHS® &, HAZARD B &2
ZH0| 242 B 0| e AS LIEHHCH 7|7t 2001 1252 E] 20074 1280][Ct, ***= 1% 29
4+F2 Liedct
g A g7 o
2roszy by R HaIg 2278 t-d4%

MDA 113 1.19 -1.88 14.68"

LOGIT -2.50 -2.54 -0.31 -15.38™

DD 2.13 2.17 0.19 16.78"

CHS" -7.01 -7.06 -4.99 -20.01"

HAZARD -7.13 -7.19 -4.80 -21.94™
g B: d#As

N [Eyiey MDA LOGIT DD CHsSK HAZARD
Spearman correlation coefficients

MDA 1.00

LOGIT -0.98 1.00

DD 0.51 -0.49 1.00

CHS® -0.66 0.67 -0.63 1.00

HAZARD -0.81 0.81 -0.56 0.90 1.00

Pearson correlation coefficients

MDA 1.00

LOGIT -0.99 1.00

DD 0.49 -0.48 1.00

CHS" -0.68 0.69 -0.64 1.00

HAZARD -0.80 0.81 -0.56 0.91 1.00
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A Ages vl FHEE sl Q7| wheell SAIRF Y 5 & Al 32 A= A=
E 4k AEEE 3 F7)(magnitude) & 7|02 ZAE T oj AFA|4(Pearson

HojaEal Qi

il

correlation coefficients) = A o]t AlA 42l uf¢- SARSH 21
ool Al AaE HYH, FEASEY e o] Aol et diSe o]§H
AEL| o] fARE A WS AUTAE Z2H= o2 LET

V. 9&HEE(out—of —sample) AFHEA A}

1. BEMZE(hit-ratio) 7}

FeASE (hit-ratio)> Freo|ERagdo] AA| 7199 Fieg duht Hels] dSsislerts
Holqe Ritolt), & dRolie REAFES ANt ffslo] ol&327 1711 2008 A€
2013 7|17+ & wjd A A=) ARE o]gste] 2t HES A7 (year—by—year
rolling—over estimation)3}¢] ofl&3EE(out—of—sample) ] X5 7149 R3S =45kl
FLEQfo] & o2 1(HE9IFe] 7Fd & Aas) FE 10(-=9Ido] 7P & AEs
78] AEEET 05 S5l 2t 2EET Q9] HEAFES o 4] (10)1} Zo] HA
7| das ] o EET QoA AR 7| eE o8l 8 4= Stk f13lo
& ZEEYQO| REAFEo] 45 Feflgo] w2 7Yl Fr=rt Wt A&

ofnlsly] whito] o] elZelo] S4irka & 4 girk

[T

%100 (10)

B A F 5 (hit—ratio) =

o GE 89 g A= 2008d5E 2013 717t v 2 7 AES] AARE o851
7+ B &L rolling—over estimation =8 545l AXISE BHeA2ES HolZr)h #A|
of| 271712008 ~2013d) 1} 27]19] FEo=7|7H2008¥~2010¢, 2011¥1~2013) 5<F

e 2} ZEZED Q9] Faggregate) 7| P T2 71X &< F FET|UFE Uie

AR} AFYEE o187 FEASEYY] B7F A - 647



Zrolch, A ol &3E717H2008~2013) Eote] ATE AHEH, FE9lslo] 7 2o
15=9] 77104 HAZARD Q] 2580 75 70%= 71 431 71 tha-O 2 CHS (73.94%),
MDA(62.32%), LOGIT(58.80%), Z12]iL DD(47.17%) 2& 02 UEpgt), FEgiFo]
0 FEZTOE 1429249 B 14:9~349]2 TAF|E HAZARD Bgo] 714 =0

31 649~1049 TEZ Q9 BrH2Fo Hi olFo] AFo g Wl
AR F=7p A B9l AlNE 25 (type I error)E Qu|eteh, FARAL 2 o A
ANF 7= FAAE] A4S YEid 7] dlwel A ve= Ao] vigalsit), qhef
FAAZE RSy wel FArider bestal AR EY % Fevt
AT BAAE 2S4S 7] dleelth FEflRe] We xEET R
Ho 250 HAZARD E30o] 1.76%=2 74 211 o209 & LOGIT(2.82%), MDA
(3.51%), CHS (4 57%), 718]3l DD(12.45%) & «2 & YEytth 2719 Fiq=
71Zk(sub—periods) | A= HA| o] &717+e] Aakel FARRE AyE YR Q)

(F 89 3ld B= 2001¥XE 2007d7IA] 770 de] =A7]7k] A& (in—sample) S
o]l g3}to] 7} B A% 7o 2 2008 E] 2018 W7IA] HE =7 ]7Hout—of —sample) 2]
Her=so vepdic) uebs o] dik= ujg AQ] 792} &) non—rolling—over esti—
mation®]| gt Aot} o] AufS AwHH, Fr9elo] 7FY =2 19| IollA HAZARD
2ol AZE0] 74 30%=2 7V} =11 1 theo g CHSK(72,89%), LOGIT(58.80%), MDA
(58.45%), “12]1L DD(42.64%) 23 =C& Ut o] Aite o/dth® year—by—year
rolling—over] oJsf £t ApHry RLEdgas AF Wort 1 Aol vju|siil
B o] FiolEe 9 A9 ARSIl Qlrt the HollA AvlE thE EErpel
ROC ATt YRAZF B3 7oA HIsgt AE ARtk 18) o] o571t

AHAEO] 275 o]k driete, 200195 E 200771 7S o]8dte] 4

i
filo
o

l‘—.~'

AE 2 9 39 o577t A8 A9 HEoSEolA & Alo|7t UA| e ARE
S = Q)88 ujstrtal & 4 Ut} ulEha] B =58 year—by—year rolling—over?||
O3t 7} o] (i 3H~(E N} T2 FAHXE w2 HIIsHA] ot

18) ROC =415 0[&8h B7IHH N 2ASHS 0183 E7IE0lM Non—Rolling-over estimation0ff 28t FFZHnt= 245
213t 230 7tefs| ATHEIAC
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(# 8) REOZEY R=XMFE(%) Bt Zat

AN Bzo|lE2 8o A4S oid MEH(year—by—year roling—over estimation)sto] ZtAst H=X
EFHCE, o7 | RERSEE B0|57|7HE0 ol FREZ 20 M LMo F7( 5 HH| 27 &

Lie gfolch RE9lg mEZR|2s 2E 7Y 24 2ol FHE S ot (Beg

MEQNEE 10EZ=AE0| 71 W2 MEQIIX 10749 ZEEZ2|22 YEC 1id B 2001H 2 E 2007E7HA|

79 MH=E 0|85t BMUNZEEY A+E TS S0l(non-rolling—over estimation) £E=0|Z7|7H2

= S LIEtHCE

oot
=)
N
0zl
Al
rlo

of'd A: Using Rolling-over Estimation

P

MDA LOGIT DD CHSX HAZARD
ZEERR

HTo|E7(2k 2008 ~ 20131
1 62.32 58.80 4717 73.94 75.70
2 21.83 22.54 16.98 11.62 13.38
3 5.99 7.75 1434 5.63 5.28
4 3.17 4.23 5.28 2.82 2.11
5 3.17 3.87 3.77 1.41 1.76
6~10 3.51 2.82 12.45 4.57 1.76

2o|E7(2k 20084 ~ 20103
1 59.28 56.89 48.08 75.45 76.65
2 23.95 22.16 17.95 11.38 14.37
3 6.59 8.38 14.74 5.39 3.59
4 419 5.39 5.77 1.80 1.80
5 2.99 3.59 4.49 1.80 1.80
6~10 3.00 3.60 8.96 4.20 1.80

2o o|E7(2k 200113 ~ 20134
1 66.67 61.54 45.87 71.79 74.36
2 18.80 23.08 15.60 11.97 11.97
3 5.13 6.84 13.76 5.98 7.69
4 1.71 2.56 4.59 4.27 2.56
5 3.42 4.27 2.75 0.85 1.71
6~10 4.26 1.70 17.43 5.12 1.70

ofd B: Using Non-Rolling-over Estimation

FE0E7(7k 2008 ~ 2013

1 58.45 58.80 42.64 72.89 74.30
2 19.37 16.95 19.25 11.62 12.68
3 8.45 9.15 15.09 5.28 5.63
4 5.63 5.99 6.42 3.52 3.52
5 3.52 3.17 4.15 2.46 1.76
6~10 4.58 6.33 12.46 4.22 2.10

2. ROC(The Receiver Operating Characteristic) &M T7}

ROC(Receiver Operating Characteristic) =A41-2 23 H7Kmodel evaluation)?] tjFEZ12]

v o 2 HeAZzgsl 7o 9= type 11 error) S FAlof| 1esk= FrppHolt} 19) theo)

ARG NPHRE ol§3 RrelZnYo] Bk AT - 649



(" 2)+= ROC JA19] ofA|= Zefszof X552 A2F 7 (type 1T erron)E, Y&
HrAzgo el 200 of7]A AL HEy|QoR o223t BE 7|Qof|A] AlR] Hs}
YT 7P oVER] Zfolt. 5 Al L5771 091 Aol F=AFEC] 19] A ez
FEHE Hol= FAlolr. R, Ce HEAFED AT LF7t e 79l Fdsinz
FEAEEo] gl 95 ittt ROC FAdo] Aol 77k&5 HF Q] Fo&2o] ¢
o] hizol (1" 2= A, B, 18]Al CelR REdSEo] 9451 218 vepdict

oo HES ROC FA 0 R vludt w40 ezt fAkl vlwslr] gE 397t
Qltt, o] EAIE 3iA3s17] 93l Sobehart and Keenan(2001)2 HE|7} 4-AFSH ROC
AL s 7|20 8 ROC 24 0|3t WA (the area under the ROC curve, ©]3}
AUROC)E AA8IGITE (IF 2)oflA] shdelo] kgt 241 A9 AUROC: 10]aL
Zgo] gli= 41 €9 AUROCE 0.52 AUROC7} 248 o ¢4:3F mgo|a}t &
+ A

(28 2) ROC I2HZ OflA|

1p—=
g A
=
= 075
pS| B
X
3
=
=
05
£ h\
= C
ol
Z 025
=
0

0 01 02 03 04 05 06 07 08 09 1

QEEHE £= M2T F

19) ROC =M1} ot CHEXQI Reimyt giHo 2 CAP 240 QICt CAP(Cumulative Accuracy Profiles) 242 AR(accuracy
ratio)s 0|28 RS HIISICt Engelmann, Hayden, and Tasche(2003)0f| M2 AR = 2 (AUROC—0.5)2
AUROC(Area Under the ROC curve)?t Sst AutE E0{F7| 20| £ HF0| M= ROC 2MBE HIAIGISCE,

20) 7|29 A7z ROC ZMO| XF51t Y&EE Qéiﬂ\%ﬁ —specificity) 1t B2tz (sensitivity) 2 H7|SHCh J2iLt 2 d7=
QZEHIE0| MpE 2Ft LY HrMEEN SYUS 022 ol LHEn LTES Lol MilE 27t RrMEER
H7[5HCt,
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CRe0] (T 8 FAIEA 57 BAThRAe) ROC 41 Lehiith ROC T4
AR 02 A8 3] 22hE Rl eut-off value) 0.2 AR BE 799
A% Rt HEAZES ARSI] T8 4 Qlrk (E8) WY A% HEAZRS ARSHE
797 year-by-year rolling-overo]] ©Jg F4HE ol §3le] 272t 52k 2} ]
AUROCZEE: ARSI, (E 9)9] i A= 2} 151] AUROCGES: Lhehla 9=, HAZARD
o] AUROCY} 0,930 714 331 th8-2 & CHS¥(0,912), MDA(0,911), LOGIT(0,908),
1231 DD(0,831) 1 0= Upehgeh s Bl B REe] AUROC Xolh SRR

RONAAZ HE51] 912 7RIS S HolZeh o AE Rl HAZARD B
thE RE BYSuct BAH0R olsk diZele] St 20R ekt g mE
AL DD BPuct olSo] FAROR FosPl 943t SO btk uhe,

CHS®, MDA, LOGIT 2§9| Hza|Zele BAxoa Gojgt 2jo]S Ho|z] ofc} 21)

(12 3) EEoZ289 ROC ZM =Xz}

1.00
0.75
2
=
% 0.50
c
o)
(]
0.25 4
0.00 A
T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity
ROC Curve (Area)
——— MDA (0.9105) — - — LOGIT (0.9079)
—— — DD (0.8311) — ==~ 'CHS (0.9124)
Hazard (0.9300)
21) Non—rolling—over0f| 2I$t FHEHOZ FHEE(20015~2007FH) M FHE 2SO 2 0| SHE(2008H~2013H) Xx|2|
HE|E3S ROC 2R g;@ Z1} HAZARD 20| 718 24511 CF2O2 CHS® LOGIT, MDA, 12|11 DD 23
.

=
2 =20 E=2 2usix| §eAC

rir

@=O=2 LEIRCE 0] XiMeh Zik=

AR AHHRE ol§3 RrolEuge] Wik 47 - 651



(E 9) HZ|Z2 89| AUROC EAZ

E HE 2008EEE] 2013EIA| DHE S E01S7]2H2008E~2013) % ZIM 771 U2 0| Xt2E 02510 2MhA

BooE289| A4S tfE MHEH(year—by—year rolling—over estimation)3tod 248t ROC =M & HEE

LIEHHCH 7| ZSAZ2 EM04 201522 ROCHM 0|5t X (Area Under ROC: AUROC)S LtEFHLE

(AUROC,— A UROQ) of
(87+5))

ofa] AAEIRICE O{7|M AUROC AUROC/= ABHADRE iot jof AUROCO|T, 85,8 §)= 23 io o)

AUROCS| HZQXl(standard error)Z 22} LIEHHLCE of S RS2 79 £X7|7Hin-sample)2 20014
124~2007d 12”0|C},

FH0IMIZ(x?) gh2 2 AUROCZIS| XH0IE ABot7| /gt SAZ0IH, 0f 22 x* =

e A 7| ZEAZ

HEroszy FHX EZi} 95% Azt
MDA 0.911 0.009 0.893 0.928
LOGIT 0.908 0.008 0.892 0.924
DD 0.831 0.014 0.804 0.858
CHS" 0.912 0.010 0.893 0.932
HAZARD 0.930 0.008 0.915 0.945

e B: XEAZ

BiE2d HAZARD MDA LOGIT DD

MDA 717"

LOGIT 9.1 0.4

DD 69.7" 3617 3147

CHS" 106" 0.1 0.2 548"
1% RFARE, 5% RANE, M 1% ROUPE,

3. MEZAZH(Information Content Test) H7}

o] FEAFTET ROC J4l2 Ae4] F7por 7|e vy A7I9e=
o] B (dichotomy)d}o] H7|SHC} Hillegeist et al,(2004)2 7]&9] o|H iz Hrie}l Te]
A AAPEARES A& A2 (continuous decision choice)g 317] Wizl A=
Yo R HEdEngS Frslo tal i3l ofef & Aelie EAHVI Rl
A= A 5 AA 71 REeke] PAE sidRAsh] flsl offle] 4 (1)9] Bt
2AHF S o8I

expla, +3X;,) 1

- 1+exp(at+ﬁXw) - 1+exp(—a,—BX,,) (1)

Pi.t(Yi,t+1 =1)

A7V Y = 719 7k 1 5 A Rzt 91 oR W 0, o= 71K = (baseline
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hazard) B, X; = AYHo] ffdo|n ZF RiedSuyolx AEH gk 719 i8] 7I7E
2] P2 ARSIl f= FAAIoIT wiEbA 2 Fo SR gollx Ak gho] AA
TR RIRIAP a5 49 SR el & = qlok 5] 34kl frfsiA|
W B L FEAERYS AAREARTS AIESHA] SRkl & 4 itk 7RSI =
vl AA A A ™ 2 7ol 353 e® Jafs A o Alui Hske 29l
(covariate)©|t}, ¥ 5L Bharath and Shumway(2008), Campbell et al, (2008)1} 7|
RS BEE Az Aelsiich
TRl (& 10) 4] (1) 2] FAZAIE el 9id Aojld 2y (1) ~=2F (5)= 2424
7 Rz Sugo)r Aed Feddahs Ay 8319 tHunivariate analysis).
o] A4S K, 7t REoERy o § P BF 1% ol FAACR folsith
FEO REdSEE vlusty| 918 328 Al5(pseudo adjusted R°)Z AHHEH,
HAZARD ®&o] 03762 714 231 71 the.o & CHS¥(0.353), LOGIT(0.226), MDA
(0.220), 123l DD(0,163) X3 &=O& UEsiT 29
2y (0)~EF (15)= 42 7 MY FrdSEgolA thad s Az ARSSH
73Q-o|th(bivariate analysis), 28 (6)-2 3423 MDA X33} LOGIT X&-S 3§t
A58 8% AS7F LOGIT Rt 3231 23 (3)1} §-4K0.226 — 0,230)3F 2102
Uebget, of AT SAR SAREE TP R FERe] ol x
e A G AL Holzeh BY (V3 29 O A4ESl DD By
SA R MDA ®Y H= LOGIT XYoll 1 ghe 23t 492 s Adrsrt
S5k wE @9 23 2HALT} DD RHelA AEE et ZHE 93 (Rc vl
A $7H0.163 — 0.263)7F Z1& HolEt), o] Aik= AP EeL SAYE = FeoSo
4% Bl WAYS e 12y bivariate 2] 2 (N 23 (8)9] 424
Aa= L CHS® ®i= HAZARD BYofA A= ZHES JEA 0 2 S univariate 2
(4) B BY (9)EH 22 Zo= YERith

22) 7|XM&lIMEH|ZE Hillegeist et al (2004)2 ET HEZ O MA|7|HohH| EE2M H|Z, Nam et al (2009)2 =X HE 9|

SEHESHE 0|85IR0h 2 d7e 0] HaE2 20| Zakls f+FZYAee S7150| ot BA0] HolS 2ok

MIISHEL,

Non-rolling—over0|| 25t 2HEHO 2 ZHHE(2001E~20073)0M FHE 2502 oS HE(2008:~2013H) FX|2]

Bo|E3S YEHESHOR ISt Z1h HAZARD 289 2K ZANAILI} 03672 71 31 202 CHS'(0.340),
0.1

LOGIT (0.201), MDA(0,194), 12|71 DD(0,163) 23 402 LIEttCt

23

ARG NPHRE ol§3 FrElERYe] 7k AT - 653



7]
|,[‘|, ***' **' aﬂd *

[
=
el

=
t

9| A+E oA TiFH(year—by—year
A A =
o/ LT =
A
HA

23

=
=

ch P o
r

(2 10) BE0f
712H2008~2013

=
=

2008 E 2013E7IX| ofd 20

| —
yu—
rolling—over estimation)8t & 2AMAE 0

2 2o mE A
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ofd A: Univariate Analysis

Model 5

Model 4

Model 3

Model 2

Model 1

<+
I
To
B

P

3.20

[14.1]

ok

Sk

wrk

Hor

3.51
[14.5]

-2.28
[-31.4]

-2.09
[-28.0]

-3.25

[-48.1]

Constant

S

-0.50
[-22.7]

MDA

ek

0.72
[22.2]

LOGIT

Hor

-0.75
[-17.4]

DD

1147
[25.4]

CHS®

.

1.10
[25.7]

HAZARD

8,830

8,830

9,325

9,800

9,800

Obs.

0.226 0.163 0.353 0.376

0.220

Pseudo Adj R?
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9)9} 23 (10)2 CHS" ® &7} MDA 3§ T LOGIT HEolA] A&H 3k 233t
B9R WE § 0] folelit o] 0] S A ons maRk 3k B (o
v A A(0.353 — 0.373)8}55c) ¥FH 28 (11)3 23 (12)= HAZARD 233+ MDA
W3 Bi= LOGIT HgollA AEH gk 23R 4= 1y (92 =g (10Xt 47827472
Z71%(0.376 — 0.378)0] 1]u]gk A0 Ltehgit). o] ATR= HAZARD ®go] CHS® mago]
Hs} oS0 a3t SAYRE ©f Zskal Q7] wizol UYehd Aew setEr)
2% (13)7} ¥& (14)= DD &7} CHS® 23 = HAZARD W&ol AEE ghe Zalst
%2 DD wRel 5 FAgto] o ol folalA @ 49 AYARE ons” 1Y Ei
HAZARD 8ol AMEl Zhihe Talohs e ()9} 19 (5)9] 499} A9] xjo7} gl
Ao 2 yeptt o] Aik= CHS® ¥} HAZARD F&o] DD B0l Zhal gli= Hiro=
HRE 7o) TIBIH= AL oulgiria & 2= 9Jr} ujx|uo g wH (15)= HAZARD
253} CHS® HFol|A] AEE gH5o] 3E bivariate 2302 HAZARD HEollA AEE
S Zobsls 2y (5)9F vlws W 8 AGAG7E 4% F7F5H=(0.376 — 0.382)

A0 ehdtt, o] Aik= HAZARD 27} CHS"® B9 Hirol S mrt FHHE ke 2s

ool AMAZY AE AoshA, ol A7NEE T B7PIES] AuAY HAZARD
wEo] Hizdzeo] 74 925)a1 theo 2 CHSY, LOGIT, MDA, 18)31 DD X& &0
Sse|Zelo] 7 Urhideh gt o Byl SRS} AR RS 22t ERIShe
2ge e 240 2P A9 FEdSTo] Z7l5k 02 e, o] Fu:
s|A R} AR R} REelSel] AT BekAQl WYL RolEth ShAg o] £ 71

A0S g maol Y AHERYo] Y By A% F AYSH: ARt o He

o

REolE 3NE AFT 4 ek Aw HolEm gk

V. 2]

2 A 7120 SlidTtet D] 0] ¥ (information source)gr 7|02 B4R Y
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AR, Al A ERF e SRSl BA YRR O] RdEEls A& out—
of —sample) o] Blas}Gint, HE7F gheld FIEE sl A2 HAEAT 2AE S
olgsto] 71&2] A PR} o &2 o] Lgt AR M-S AT Ao R
7| &AL Aol 7P wo] Z8H AL Yl WHEZY A (iterative method)& -85}
F=72|(Distance to Default; DD)X &S 4353t AR} ARG R E T35}
HizoZo] o] §5l= A ERFS vl=t 7|YS oR e BE] Al AR E
ol-gsto] AFgel] L&t ESE o] A= HU 7ol Ajdetes AT EE
A= S AASIGATE, whebA] B Ate] BA RS FPHEA(MDA) I A5
(LOGIT)of| o3t 3]A|ME, ARl DD 23, vl 719 tdo® AAHE HaE =]
71900l 2 A88) AlG=5 At sl =R F(CHsY), 1Ejal g 719de] AgeteS
HEe 577 M= SA =R (HAZARD) 9] 570tk

olAfe] BATiAF &8 B A5 hit—ratio), ROC(Receiver Operating Characteristic)
A ol gt WrpgH, 1E|a EAt RGN AEE gt 25 AR 7R e
HAE g3t HE S (information content test) O&2 F71E|QIch HE H7P
oA dBEA S 71doll AeteE 7189 BES A3 R sl EmFo] 71
HEdEgo] =2 o Yeiylth wehi] 2 A9 2 SIA=RFS A 7199
Hrogngor AQtstarzt it
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7343t “2013¢ EjogART-S ojE A = A 217}1?,” Issue Briefing, Vol, 2013—G—01,
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X, SEEEAT Alsd AS (1999), pp.
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