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Validation Comparison of Credit Rating Models
Using Box-Cox Transformation

Chong Sun Hongl) - Jeong Min Choi2)

Abstract

Current credit evaluation models based on financial data make use of
smoothing estimated default ratios which are transformed from each
financial variable. In this work, some problems of the credit evaluation
models developed by financial experts are discussed and we propose
improved credit evaluation models based on the stepwise variable selection
method and Box-Cox transformed data whose distribution is much skewed
to the right. After comparing goodness—of-fit tests of these models, the
validation of the credit evaluation models using statistical methods such
as the stepwise variable selection method and Box-Cox transformation
function is explained.

Keywords: Box-Cox transformation; Credit rating model; Performance;
Power transformation; Smoothing; Stepwise variable selection; Validation.

1. A&
FEEAe] Fa c;j%o]wm A2 P iaAlisk)E AAs] FEeta e o}UW A
At 79& gHsorsttt. &3 A A8 2= A(credit risk)E T FAl U
Q1

$t 4183 7} credit assessment)E 23 AggA2as Basn 9o 7)1 S9 xﬂ—r
D oH A Ass T oR Hristel 1 Ay mEl A FFY AlESH(credit
rating) S HoJ3lE RFE ALHIIEF(credit rating model, credit evaluation
model) el g} sttt dWrAor FET|HdA V|FAE WFoE AMEStE AlEHULE
P AR 7|NkE ﬁ*‘z—ﬁéﬂ—‘?—dﬂr A7 ARy e At o golvh (AL
A= 2004).
AFARE o] &3

M 10

>

FRARG e Adgugel A7 el B4 EE P45

1) Correspondence Author, Professor, Department of Statistics, Sungkyunkwan University,
110-745, KOREA. E-mail : cshong@skku.ac.kr

2) Researcher, Research Institute of Applied Statistics, Sungkyunkwan University, Seoul
110-745 Korea.



790 Chong Sun Hong - Jeong Min Choi

N

N

M ooff
i il ok
ﬁﬂﬁm

TAsE A5E o] &5t xq*ﬁ‘rﬂoi*ﬁ H7tAke] FHA
AES FEste AbEste Zo] Fipolth weba A A7 <t
71959 AFARE EY E74]qu TS Faste fFogk Ao
= E8ETTE AANToEZHN
]3337}1?—33015}
REE PR
HE oLy ZH—E,’AX}E(fmanmal data) &
s dxd WEs FoluA HE

=

Emﬁémﬂ
|2 o

ﬁ
o,
r-
i
i
mlo
£
ofo |
_?(_',
—1u:

o
0%
S,
>
I
o
T
2
M
Y
rSL'

%’—4 XLXH L o
Hand<} Henle (1997) =
o ATt HAFH
A3l A FuH&
(smoothing) 3} 7l @5&&
wofe] HMiLrlEnte] v =
TANE HAFARE A9t AFAELTS AFE ALHVTEEH oste] A3
o AFHEsE HEe A WEAI] = Loess WHS Zo| AFESt=d B AFoAs=
Box-Cox7} #|¢tet 3¢ ¥ 3(power transformation)S &3k Yeo9 Johnson(2000)2]
MEZE FYHAsH(E =5 A= Box-Cox WHEo|gla 3t} o] &3t WS A<tk
st 2 AYE v Awstaxk sk on EE /}l%%ﬂEﬁJ Tvb_]“n‘ e
(performance)& ‘#irxFo]’ (D), ‘B3 T 8]& 50%°] thdt $Feo] +2H L' (1-PH),
‘A x4’ (Concordant), ‘FRILZH-~1x=H'(K-S), ‘accuracy ratio’(AR), ‘area under
receiver operating characteristic (AUROC) 59 A2 AF&35te] b, 2 A
o A At HFPe] AnE AvHWA v Frisioh(BFE 2004, YF7 2005,
Engelmann®} = ¢] 2003, Joseph 2005, Stein 2005, Thomas®} I €] 2004 5 =)
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Bomge P4e 08 2n 28 AE B v gels ANe AeRry
AL AW 3d A AA Asan it AgHtRde] BARE A4
g Foll, ztztel A 5 Box-Covl e P N SRk
a3 waE AYAas Aedstede Aes s way wadt dwAl

IS s B ) o ]1 A AeAE Wy ol g8 dEItEe] Ry A

Hy A A T8 1] WHFES Agdt 48 s V)& AFES W

T WHEstE WH I Box-Cox WHEHS A&k AF-A5 Zhztel diste] FA 4

3l H (stepwise variable selection method)S 9]

1 8&H 7MY S AStetar 7zt 2o /A NE vlu AdESTH. vpx9oe R 5
MG 7RG ko] AES vt

MEAAY, WENE, WaaY aea HELPAY 34
oF Sol T = LA Aud AgHARGe g thstel AP,

A ARsd 9 AEAE BAd AL ATRY At AL bsd dsd A
RE ol gahzdl, 1949 20069744 €17 719 % WE e 1,000 o) el thrle

of B3 A=W E 42687 (A mmbp%zlmﬁwlﬂ%ﬂﬁ%ﬂ%%2i2$ﬂ$
H &S W2 st FHA "33 dAo A= By year method & 7+ % (Size),
ot A (Leverage), $F4 A (Retained Earning), 14352 (Debt Coverage), A
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[ 21] HF Aee o] AFRG T daeb 274 HHLoess)
HF 5 W Estimate ChiV—VSaég are| P %
e 72094 | 4205131 | <.0001
A4 07051 | 61315 |0.0133
L EShe! -11910 | 57442 | 0.0165 ARAEAZE | BB
IT 05629 | 41977 [ 0.0405
(FAZA-o ol 5) D 1.4035
T A& A 01967 | 225573 | <0001 1-PH 09722
(Leverage)[ ™ Se1 /A1 48 | 01155 | 201821 | <.0001 K-S 0.6676
sa | SCFRAAFIE | 00768 | 85625 | 0.0034 AR 0.7819
BT |7 golololAn gul&| 00906 | 64049 |0.0114 AUROC 0.3909
57 Go1FE5gu & | 00581 | 43810 | 0.0363 Concordant | 08830
2% | FeRA/ME | 00960 | 135367 | 0.0002

HE 2A2E 3|ARYY AATE FodFT 5%NA EF fFosttts S
21] 9% 23 AjolA motd 4 Q) HF AEHIIEY ERAAYE A
1-PH, AR, AUROC, 8] 3 Concordant EAHELS w$¢- & ¢S
of oJ&stE Do K-S BAFES #= Fos & e dHeda o
o =Fo] Ertx Fddd 5=

o 1 (2
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e AEANRYE ATAAGEES] ARE FH 2 ¥R Loess B S
o] g3ate] o FHE=EE WSt BYPS detgvh. 2dox A3 By year
method’ el ¢J& Loess S A& oE A AFHTF 550 Asdddx &7
o 183 S go]l FAlge mel AR Edo] difdn o)A AR 1
ek 5A4E kA e 18270 W Zzbel] diste] 5071 3 FEES HERS
of s FA4F dF F% = dSFFEERE WFor Aurt Z2Ea Qe AFg AR
o] EAE xddts ARl Ark I HL FHE o] AAAlsteE NEO1Y) ¥ #®
of theiM®= ek 22 Wk A4S v FPeoksts BT oR By A S
Aol A F-=shr

[5 31] HAFEF HAgs 670 W 270 W %

Percentage

100

a0

=

70 4

=

&0 4

an A

30 4

204

1o

& 730‘.5555513 14602, 811323 21904, 216934 29205, 622645 36507, 028306 43808, 433968 51109, 839629 5841 ;Zd

3650, 7028306 10952, 108492 18253,514163 25554, EIE;E}E g/x},:”x?f;ms. 325476 40157, 731137 47459, 136798 54760,54246
A9 B/AN AR

E;rcen(age

B0

=

50

45 4

40 -

35 4

30

25 4

0 DDD4553333D 383093D3§ o ?QZTTIE 1 l‘lEl;;ZdEEL151 96‘4’21 5?1 BH?I;;W 84512755‘51 53321554;;1 2233.2D3365D9] %251 Z;DEE;.Z?QDQADZSzzl 595BHHB;.aadﬂ239573392583935;33D5539D53535341 83742;?5287 o

) ’ ) (2E=M ) )
fr & A/ E Y

E AFRGA AuE 6] SYNSE MEF P YU ARUEE
e 2 4 gel dEs e (% 210 498 610 WF F 2ns [
31]el E#strh EE7F iAol HEE s FoluA g dAme] FHE
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S WA Y8 BoxeF Cox(1964)7F Atk 39 W3k (power transformation) %
S A83 A7tk Box-Cox WL WFghe] el digtedwt 2859 Ur,
Yeo®}t Johnson(2000)°] A7/HE M ZF I3 (new power transformation)e S

5 X33 Aol diste] thE WHIARSE nHsta 53], & 58 2E A5y A
3 Qs zZte AR e dwrHolu AR ggste] 5 (-, - ) = U
3} 7t}
{(z+1)*=1}/x (=0, A=0),
log(z+1) (=0, A=0),
)\7 - _
v 2) —{(—z+1)> " =1}/(2-)) (<0, Xx=2),
—log(—z+1) (<0, \=2)

X1, Xy, X, ZE X E(random sample)©] 3L, (A, X;),....,o(\, X, )oll €3] w3
HEES Aosit), Hed AZgSS o] o BAto] o2 AFEIRE HAFE F
AeS FASL old FA FolA RarteEdSE e Bk

ln(6’|z) =—£log(27r) — Elog(JZ) - L‘EW()\,%) —u]2 (3.1)
2 2 20'21‘:1
+(A*1)qun( Dog(lz,|+1),
i=1
@ﬂﬁezumﬁr7wﬂa@mwﬂﬂA%-ﬂ@ﬂﬂ-%zAm-,wﬂs-amﬂaﬂﬁ

A= z) /et )=S0 z)—a\)}/nE At A9 HolsEE

AZMLE) A= 1,0, -, - Ix) Mg}o}w T 2% 9= (N ah), oo (V)=

@DA S 2 EFSE AosA .

[3 31] FF Ad¥d 29 d3e 274 3 (Box-Cox)

HEFE HE Estimate Chi%aég are| P~ 43
P 82645 | 3364945 | <.0001
a444 0.0182 0.0060 | 0.9381
A= “15017 | 78512 | 00051 ARAEAT | 2agd
IT 0.6676 63396 | 00118
e Y R T D 1.3304
b 4] A 00013 | 09401 | 03322 TP 09601
(Leverage) a1 = A1 4w 04360 | 107.8408 | <.0001 K-S 0.6327
3 ECFUALTHE | 0.0000 01050 | 0.7459 AR 07433
dEeH | Aadolelel At dE & [ 0.0000 0.0000 | 09993 AUROC 0R719
G54 FhE A& ~0.0053 | 23002 | 0.1294 Concordant | 08570
F54 T A/ = 8.2355 38.7006 | <.0001
g3 7rRge] M A= Z AFAREE SFEEEE HEst] AYuisR
AbEsted], 2 AFolAeE =7t A YAFEE Yeo®t Johnson(2000)2] M2 &
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4.2 Box-Cox W33 Ao 3t ALF712y

2 Box-Cox WHE ol &3] WEAZ 13709 AFHFE @A wyde 3y
S ol gdte] BYS AAsy I ALHIRINHEEM)e Al BHFAAE [%
42191 APtk o7l Ael® 35 ARt 4140042 M AR FYe
EE fFoFES sle=0.2 sls=0.22 =H43A ). Box-Cox WS A 83 HFHIY o=
kg Ao BeEE ‘mAAN/AYTHFe} BFajdssHo] dEE (A=A /cp)/(F
|18 /cpiavg) ¢, FAAo THEE ‘FREAHF|YEAS FEA #AHEE ‘§F
B Adu A 2gln g5 #EE (f5 A /cp)/ (WS Y cpiave) HE R E
5709 AEWEIE AAHAT 8/ HETE F 5/ WEFRAA AEgdrE A
o] Exolt},
[ 41] AE 2P0 23l /A I (Loess)
HETE W Estimate ChiYJSa(;l[?lare p-%
et 63134 | 4620566 | <.0001
244 S05911 | 48038 | 00284
REE S1.0296 | 4385 | 00362 = oo
IT 0.5732 42489 | 0.0393 HE BAZ | ERAA
53 gﬁf@gﬁvé) 01378 | 319778 | <0001 D 14081
e | < 1-PH 09727
FC/FNAYZI & | 0.0801 96142 | 00019 o 0673
S5 | 9 esAae | 00901 | 143306 | 00002 :
ot | CEAFA cpi-o] o] A 0.7843
HER o) o Fepiave)/(S 8| 01660 | 157424 | <0001 AUROC 0.8921
(Leverage) 22 eph)
__re/ent Concordant 0.8860
ol |lZZolo)/ol A& 00812 | 102922 | 0.0013
[ 42] AH 23 239 /43I Box-Cox)
HETE W Estimate Chi\—VSa(iﬂ are| PR
gt 2.7935 37853 | 0.0617
249 ~0.0223 0.0076 | 0.9303
RS ~0.9502 35626 | 0.0501 oo
IT 0.7485 73190 | oooes AR ¥A® | ER4H
A | s | 05730 16944 | 0.1930 D 1.3399

(Leverage)

vl | FEEA o)/ LEH 0.9658
adraa | (H80 b ety | 08539 | 410015 | <0001 K-S 06150
F94 | FAEAFIdE| -0.0481 14.4302 | 0.0001 AR 0.7748
54 | AT ] 00679 23607 | 0.1244 AUROC 0.8374
%L%_Aé (‘Pl‘fj; iH /CDI)/ 7.4488 29 4653 <0001 COHCOI‘dHI’IZ‘ 0.8790

(v = Y /cpiavg)

[ 42]5 [# 41]9 vused, dAE AargdREdeydn)e 2 44 A%
e Loess W3S o] &3 dAY A wgo EAZ gryy o e g z2hAq
2 Aol wig- A7) wEo] AP ABRPMe A fAksitka & 5 gl
o A S o] 83 AERINE S8 RPRERY [HvE 2o A
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3 23 glow], Box-Cox M ARARE wgor WA HeWe o3t
T AWRIME] Aot AL HE AN BRFL WAZE Loess A
HThE Box-Cox W#E ol §3 We] mabgolehn & 4 vk

43597 A5 Ui F ALEHINEE v

Box-Cox WM& ol&dl WA AFuss SAR Wy @A bsdey
S o]&3}e] %Lﬂ ol a3 YL Holy] 9ate] 1995 HE 20043 7kA ¢ 10
T AFAR WG R Yol 199593 19999 7bA o] A m (A 1574 F
120) ¢} 2000»1%1 2004 A7k A o] AR (A 2527 K 47)E nlg o w 41483 424
oM 3 HF ALH R Hgsle] ARE wad,

1995\ 75 1999371+ ¢ =¥
199555 1999744 o] A F- AR E 4147 42404 A2 AFRPY M} A%
el H-gsto] 73 AaE [ 4.3]4 [3F 4.4]° e AT

Ay

L

[0}

[ 43] ABEJ O Aot 74 7 Loess, 199571999)

HETE e Estimate ChiV—VSacllg are | D%
P 02033 | 02440 | 0.6213
A49 08615 | 7.0263 | 0.0080
Au] 2 ~1.0553 19328 | 0.1644 b=
IT 0.4387 LAl oz 28 5A% eRA%
wa | GREFNen | o6 | 100023 | 00016 D 2.3258
PAR R = = — 1-PH 0.9421
FCOFHAYFE | 08594 | 97562 | 0.0018 o TR
54 e | 04971 | 109427 | 0.0009 e ol
o} A A (H- iﬁ%ﬁ]/cpi* o] 0—11 .
58 el F/epiave)/ (| 0.1663 162975 | <.0001 AUROC 0.8959
(Leverage) B
- -X} /cpi) Concordant 0.8910
ol |mEFolol/ol A& 04635 | 53776 | 0.0204
[E 44] AE2dm 2yl 74 3 (Box—Cox, 199571999)
HEZE HE Estimate Chi‘—VSa(i?lare p-%
53 2.2184 0.9864 [ 0.3206
244 ~0.37% 15302 | 0.2161
REES 11815 | 24469 | 01173
IT 0.6441 25197 | 0.1124
BEFA
(Lgf;fge) AR 24621 | 1180 | oo o0 SAF FER
z D 2.3032
-l (ZPi*ﬂ]/cpl)/ _

*OP%% g (381 8/cpiavg) 1.1397 23.8587 <.0001 1-PH 0.9555
S04 Adalsyg | 00435 | 36368 | 00565 ]Z; g-gggf
FEA BEad | oo | owe0  [07016  AUROC 0.80%5

(8-S /cpi) _ Concordant 0.8910
sy | (FEIACV 95m7a | 23654 | <0001
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2 2000 o] 9] Loess W3 R RARIM)e A [# 43l HAAdx=]
Loess¥H3 g (AHRE [)o Axel [F 41138 vlustd oA /e #HA A =
AA F FFA-PH, K-S) FAZF] o & #& Holal vwA v F/(D, AR,
AUROC, Concordant)®] B4 %2 20004 o] d2] Edo|A ¢ £ ZAIAE HAU.
18] 3L Box-Cox ®3 RP(NHRFM) A#AQ [% 4415 [E 4219 vushd, A
BEPY 19 F FTFHA-PH, K-S) TAlZFe] o & g Holx ywA U F/FD,
AR, AUROC, Concordant) EA4 %2 2000 olxde] mgo] ¢ £ AFE HlT]
ok 1995 FE 1999744 5 d kel A FAEE vtgo =z -3k [ 4.3]19 [3E 44]5
HluslBH, 2E A4 SAHF gholA vlszs 435 Bdr),

adBER 1097 Hugk AR50 olyete AEHtRYE S JEsted & el
om, S EHsty HAZL Loess HIAWHE o] 837Ky vy HIbo] 7hok
a1 AR EAS £43%4 & Box-Cox WIS EdA A&H/REHAHRE
< st Ax £ Wyolgta ksl

ot oL £2

20003 2-E 2004371 A 9] =Y
o2 2000 5E 20043741 9] AFAEZS Loess$t Box-Cox ¥W3kale] -3k
ANEF7EY S sl ARE [® 4519 [ 4610 A skt

2000 ©o]& 5zte] AFAZE wlgroZ e [F 45|19 [F 46]S vlwE|wd,
QoFel s Fre] njgo] A8 "WoXmR [ 4117 [& 42]9 A} FTFH o
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