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(E 3) Moddd F=ol ALY
dAes ZAAE A 2A R 715,
He ok A4 [2e | ¥4 | 344 |8=g
HE=A 5,962 20 5,982 11%| 0.23%
HAao 1,110 g 1,118 2% 0.72%
2003 s A0 1,119 2 1,121 2%]| 0.18%
MU A H 3,241 3,245 6% 0.12%
A A 11,432 34 11,466 229%| 0.30%
H=o 6,237 78 6,315 12%| 1.24%
HdA 1,291 17 1,308 3%| 1.30%
2004 A0 1,197 4 1,201 2%| 0.33%
}c|H|¢?=1 3771 10 3,781 79| 0.269%
AH 12,496 109 12,605 24%| 0.86%
H=d 6,643 60 6,708 13%| 0.89%
HEH 1,371 23 1,394 3%| 1.65%
2005 CAOH 1,289 1,291 295 0.15%
Jclﬂlﬁ?ﬂ* 4109 15 4124 8% 0.36%
A A 13,417 100 13,517 26%| 0.74%
HE=H 7,006 40 7,046 149 0.57%
HAaH 1,508 27 1,535 395 1.769%
2006 CADH 1,410 2 1,412 3% 0.14%
kIHIﬁ?J 4461 10 4471 9%| 0.22%
A A 14,385 79 14,464 28%| 0.55%
HE=H 25853 198 26,051 S0%| 0.76%
2003 Haod 5,280 75 5,355 10%| 1.40%
~ cAOH 5,015 10 5,025 10%| 0.20%
2006 MH| A 15,582 39 15,621 30%| 0.25%
=stAH| 51,730 322 52,052 100% | 0.62%
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Pus o7t Z7Ve Wk sA e FHL a8 e ¥ exp(By+ By + Bty + - + Bry)
m AA8 12 FHste FE ol 48 24 (3)
<4 (logistic function)et F231, » = g, + Bz &t
Fe W FEAse gk 4 (1) 2o 2484 webr] 2 =g 7154 (cut-off point) & 3 3ko]
W o] gk o’ AP (FR)o] BT FER Y gupAe , s> oWl BER BREIL p <
2% oW POz EHT Ak
By = 22 o L) 3.4.2 A% g 42 T 259 AR
23 A5 (logistic regressmn) ojgt @A F 21321] B:é OO fj; ?ii ’;%%Ep ?Oﬂjﬁaﬁ —j
Aol Fe A Eoues BYEeg o) o G0 EEE HE Aol Pairs® AT, 3
APAZ 2R G4 o] Lahel —r7b5‘P =27 (A TN x EF-{D AF) wF Pairs 7t
o 2R T4 5,9 5ol tstel WP Lo At o] F o 22 Jﬂr@_% A Concordant,
o2 Haos MaAZ 2 otk 24 39 7] Discordant, Tied9| #< A&t €t 3 WA
YUk Bly) s SHES IuSnR. Bly) —p, 2 E € 7 Pairs oA % p3t BF p 32 wlwsto]
on ol e Mae et Nyt ($%Fp) EF p) 450 & FJgdth V) F wix)
2 7} Pairs oA % p BF p 32 wlwsto]
" (+%F p = BF p) 4% 0.5 & FA98} vpA%
(3= =2 = At @ om 7t pairs A S 53 BY 5 @S Vs
o ($%F p ( BF p) 45 1 & Fodt} o]
2 (2)9 e Was 23 WP (logistic A,
transformation)©]gta F2t}. 2] (2)d|4 A Concordant(%) = 191 pairs N4 /% pairs
9 p,/(1-p,)E 22(0dds)Ve @A}, E% N
o] F7F F N o)<l ASoe 2A 3R] 7} Discordant(%) = 0% pairs N4 /% pairs
Sttt o] ASolE 2 =4, + B, + Bory + - + e
B2 uramm 22 s A (3)F o] 24 Tied(%) = 0.59 pairs 714 /3 pairs 714
gt} o #ES A= At
10) &2 & #HE ouE zlet) oF 5ol 23X 279A & "o] e BS o2 027} 4z B o2 FEo| 4ulge
%]U]O]Tﬂr. old & p = 4/(1+4) = 0. 801 "o} 3, 0.8/(1-0.8) = 40|t}
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MellA F3llA]= A137F AUROC (area under ROC) wol met W SEFH SAUE Yd=Hdt 7t
olty, F AXE ol&dte] By WEH S AT AHFatn CAPFAI ROCHFHE o] &dt] 2P
T UAT, 2ol BAKCR fofet WEE S Z2E wEE S ojuA ST 5 oleA AnEat
cAlE #dE  gln oj2d 4 S Bas] 9 CAPZAF 3 FHAA & T57H %40
3l Kolmogorov-Smirnov(K-S) EA &S AL&3k WA AA Y F RER 23 381 "Rrr|g
o wpeb # AFelA A By widE rt & BER J359 SE'S Hwsh, ROCTAAL
W& AUROC, AR, K-S SAIZoltt. ofd| dis) A7N9E FER 5% FES RG9S F
B} ApAe] Au 2 d3e §E' vugozy Wiy 43t
7}4\011;]_.15)16)
3.5.1 CAP, ROC, AR, AUROC" TAA WL Aura (ad 3)9 A3 el
W CAPFAAA X&E AA 719 & FE2 d%
BR7NEE B2 sae, TIPS U¥e 59 E© 7ol AA e HlFolH Y A U4
2 s Roo] NHEHQL, BE VY] BYY T 0 F FER d3H 7199 HFolth ailelA ofu

(a& 3) CAP JM1t ROC

14) 4FA, 2005, 47 25t 434 A4S HE N

15) CAPFAE 200249 ©]% Moody's KMWW A H oz e -‘ﬁr}i @ﬂéE 2l RiskCalC™e] W™
% ol% dg] d#fxon], ROC FAL 93 Fof FolA A= sjdd A

Wgolth

16) CAPJ‘ﬁ?_ “How much of an entire portfolio would a model have to exclude to avoid a specific percentage of
defaulters? g A& that @S Ho] FA ROCZAE “What percentage of non-defaulters would a model have to
exclude a specific percentage of defaulters?’dl| W3t @< Ho] Ft}. Roger M. Stein (2002), Benchmarking Default
Prediction Models, Moody's KMV ZZ%.
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(E b) iz 2RE7EA FHH0
SRSt w3 W 7}A EFeA | WaldEAH p-value
Intercept 2.8668 1.6644 2.9666 0.0850
FRO10 L R E‘%H]%m 0.3432 0.0462 55.143 ¢ 0.0001
Ha)&
FRO11 &7z | SEHSdEH S -0.1061 0.0429 6.1200 0.0134
FR030 ER! AW ER & & 0.00004 0.0000 5.6308 0.0171
FR042 dF95E | dFsEUEAEHE 0.0124 0.0032 14.910 0.0001
FRO46 94 Fol A & -0.0138 0.0063 4.7516 0.0293
FRO65 A FHEo| | FA A & 0.0204 0.0049 16.899 ( 0.0001
FRO76 S A7 AR & -0.0288 0.0058 24.298 ( 0.0001
FRO80 g54 AEF A& -0.0159 0.0059 7.1260 0.0076
FR090 A A FEr -0.0169 0.0036 21.809 ¢ 0.0001
FR092 454 FHA A& -1.4934 0.2303 42.037 ( 0.0001
FR095 A FAEFAEE -0.0561 0.0089 39.837 ( 0.0001
FR096 g54 FAEE A& 1.4723 0.2607 31.893 ¢ 0.0001
FR097 94 FAEO Y E 0.0401 0.0102 15.555 ( 0.0001
FR106 574 AF A & -0.0353 0.0079 19.809 ( 0.0001
dummy1 ] b B! 1.4034 0.4006 12.275 0.0005
dummy?2 44 44 2.4088 0.4684 26.464 ( 0.0001
In(asset) TE FAE -0.3836 0.0911 17.736 ( 0.0001
(F o)°ll o 23 7 AAFHEES o] &3t 2, 1914 Bl foide] slga s 4 gl
o Z}7] 3 @ Z(odds) & UHERNAH. o} (& 6)dlA FE=&Ed e G vA e
(£ 6)9 F44%E B, 72t igso] FugdEd WEAQ Wees FeHStEAn &, SFA43A
)2 A 9GS gote 4= 9tk = Odds &, FAEIAE A oo ARG A4Y
= FEgE/(1-Fed5)0 B2 A5 F=dE 4 Hupoltt, g H]& ) FAH] &0l 3 o) St
4738 Hlgolth, et (& 6)9 7 s ste AS FESENHLEEY HES F 1.4
Oddse alBHGF7F 199 71 o F=gEu% 7t ole B RrgEo] 10%eHd
FEEY] HlEol B W Frtste e e SH G AR &) 1% S7tete A5 FedE
Odds7h 15th 2o A& vlg FEgE0 4.44% S7Vd< gty v FEAS A&
Aagtte oulE Yehfia, 1o¥ #ggloe © Oddse 0.2259] #t2 Zet. ol F5FA3A
& Yehlin, 150 39 A4d 88T F2d o] 1% s7kte AF FEgdENE 4S5 vl&o
gEo] 7kt 9ulE Yehdth T8 2lE 7 0.225M2 A4S YeRd, A fRo
o] 1+ ¥&stal JoH BAA FoAo] gle Aol HEAL &, T &S S T e
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(E 6) Z XFd|E WSl thet 2=(odds) FEX|

WeEss H W Odds 95% Wald 21273t
FRO10 gy —E;%j]j]%:“ 1.409 1.287 1.543
FA &
FRO11 v g2 FEH S & 0.899 0.827 0.978
FRO30 A Y| A8 & 1.000 1.000 1.000
FR0O42 dAF8E A BEAEH & 1.012 1.006 1.019
FRO46 oA ddold At & 0.986 0.974 0.999
FRO65 A FHEo| T FA ] & 1.021 1.011 1.031
FRO76 A A7 AHEH] & 0.972 0.961 0.983
FRO80 454 ALa3 & 0.984 0.973 0.996
FRO90 Fg4 AYEEE 0.983 0.976 0.990
FR092 54 FHASA & 0.225 0.143 0.353
FR095 k! FAEEALE 0.945 0.929 0.962
FR096 54 FAEIAE 4.359 2.615 7.266
FRO97 F94 FA ko9& 1.041 1.020 1.062
FR106 54 a2 & 0.965 0.950 0.980
dummy1 ] Az 4.069 1.856 8.921
dummy?2 ] A4 11.132 4.445 27.880
In(asset) TE AL 0.681 0.570 0.815
Hadte Hoe, A4A493 A grle Odds (E 7) ciHizk 2Xzyo| ERMerel o558 X2
= 2 ghs Bef 3 540l R 2 Concordant(%) 82.3
A Gae vHS HolFo 2V Discordant (%) 12.3
(& 7)& oilE 2429 ERASEY o5 Tied (%) 5.4
< Yehll= A 29 FH Aot} (£ )Y A7E Pairs 5,026,910
B WA wH0R BEAE JBY BRE Ve AR 70.0
82.3%°19, 12.3%%€ #3549 e Azl g AUROCH) 85.0
ot 23] widESs yeh= AUROCE 85.0%.
AR#E 70.0% 5 Ho 758 o] AEd] =2 (£ 59 A%E o|&atd FrdS& g =24
&85 Ad 2PYS HoFEn e thea 2] 99

21) FALAALS] Oddst 4.3592 FAEIAL] 199 3712 ) =910l
A2 HEHE YRE fARISE] 98 90| wsle] Uehd Astz Bt
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y = 2.8668 +0.3432 FR010 — 0.1061 FRO11 4.3 SR EHES 0|23 SE3I°t ¥ s
+0.000041 FR030 +0.0124 FR0A2 — 0.0138 FRO46
+0.0204 FR065 — 0.0288 FRO76 — 0.0159 FROSO

—0.0169 FRO90 — 1.4934 FR092 — 0.0561 FR095 A 2ARY AAAL AL ¥ 93
+1.4723 FR096 +0.0401 FR097 — 0.0353 F/R105 . . o B
+1.4034dummyl + 2.4098dummy?2 FE710] sl FHE 2ATFE o] &3t o
- 08sln (assct) FEGES T3 2 Wl gt AAEEE o)
o aFoz PR ol F 24 18 43 719
o 52 o] 83 JHTEE0 13
8 RARTE ClEe AUTERES TR sg g4 vEARE ogeel 289 $99
[o] = o] Al © CEy = —=

T 5 A A0RRH RHE S ™ a0 gen vEes Pl (E 8 ek

2| 228k ; = Q3 Ak v

(e exponential function) & VA AX g (2 e @ o) anE e 2ol

L L rloy o =r}:
T T gel S 5% TR FEASA2005)94 ANk 7
) = L) 1 21802 WRER /1R AVAN'E B2
trewl) el Art? ol mew g 1042 T BT
(% 8) FY&E ENETE 0/83t0] 7 YT eE0 ME SET= S5 FLE
FHC 52 17 B = 2 By
AFEHE(%) co | meng | 2aes % e A9 19 $E
From To 75719 8714 reg
0.0000 0.0001 1 1,665 3.20% - 1,665 0.00%
0.0001 0.0100 2 5,839 11.22% - 5,839 0.00%
0.0100 0.1000 3 10,144 19.49% 6 10,138 0.06%
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71 sHEX(HE, %) FHRL(ME, %) AU
5 K Bl & K A 5 K AA ROC
- 1,665 1,665 0.00 3.22 3.20 | 100.00 | 100.00 | 100.00 0.00
- 5,839 5,839 0.00 | 11.29 | 11.22 | 100.00 | 96.78 | 96.80 0.00
6 10,138 10,144 1.86 | 19.60 | 19,49 | 100.00 | 85.49 | 85.58 0.45
20 11,589 11,609 6.21 | 22.40 | 22.30 98.14 | 65.90 | 66.10 2.81
9,843 9,883 12.42 | 19.03 | 18.99 91.93 | 4349 | 43.79 8.20
62 7,479 7,541 19.25 | 14.46 | 14.49 79.50 | 2447 | 24.81 | 15.94
151 4.595 4,746 46.89 8.88 9.12 60.25 10.01 10.32 | 44.28
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35 521 556 10.87 1.01 1.07 13.35 1.13 1.20 | 10.80
9 8 61 69 2.48 0.12 0.13 2.48 0.12 0.13 2.48
_ AUROC=84.97%
1
A | 322 | 51,370 52,052 100 100 100 AR=69 95%
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=3 REE7T THEEHE(%) FATEHE (%) K-S
T = K A TEg = K e K

1 - 1,665 1,665 0.00% 0.00 3.22 0.00 3.22 3.22
2 - 5,839 5,839 | 0.00% 0.00 11.29 0.00 14.51 14.51
3 6 10,138 | 10,144 | 0.06% 1.86 19.60 1.86 34.10 32.24
4 20 11,589 | 11,609 | 0.17% 6.21 22.40 8.07 56.51 48.43
5 40 9,843 9,883 0.40% 12.42 19.03 20.50 75.53 55.04
6 62 7,479 7,541 0.82% 19.25 14.46 39.75 89.99 50.24
7 151 4.595 4,746 3.18% 46.89 8.88 86.65 98.87 12.23
8 35 521 556 6.29% 10.87 1.01 97.52 99.88 2.37
9 8 61 69 11.59% 2.48 0.12 100.00 | 100.00 0.00

A 322 51,370 | 52,052 | 0.62% | 100.00 | 100.00
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Concordant (%) 86.6
Discordant(%) 10.4
Tied(%) 3.0
Pairs 5,026,910
AR(%) 76.2
AUROC(%) 88.1
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olth, dukd o7 AH 2ol BT 3137 w8
55 Ry wdyge TEol dAxy
WElE BMAnE obg Aol Yeled, ole
Zgo] AAGH oz st < Yehdt} A
gdd EAZz0 (X 13)S gz g
Zpol & HolFth Zan|ga) Alzge] wdee] 4
Aoz st 4G Arjage] Higol
ol 53] AMddFe W o] thE 2o H]
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£ 61.4%% o] AYHor we &
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AR#E F 64%0 A T4%, K-S SA F2 <F 49%
A 62%9 BEXE 7HA 4T =& S B
£t} 200497 200592 200332 200613l H] B ATE AA7IGES tdor o]Foiz M3
3 0% =& Wiy E yepied ol AAE & A9 gy Leyge] 9 AN AA =
(£ 12) 2ol oy wg=d FM A1(2003H~2006H)
ANA = 2003 2004 2005 2006 A A
AR 65.04% 74.22% 72.91% 63.61% 70.0%
K-S 53.39% 62.21% 56.18% 48.54% 55.04%
(F 13) Z¥o| ¢TY HH EAM At
T Az A4 zang A 2 A A
AR 72.8% 52.5% 71.6% 54.1% 70.0%
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Corporate Bankruptcy Prediction Using Financial Ratios:

Focused on the Korean Manufacturing Companies
Audited by External Auditors®

Jong Won Park™ - Sung Man Ahn***

Abstract

After the 1997 Asian financial crisis South Korea experienced a serious financial hardship.
Immediate economic effects of this crisis were felt in all areas of the Korean business world,
and many companies were filed for bankruptcy. The main purpose of this study is to develop a
bankruptcy prediction model and to examine the power and accuracy ratio of the model using
the data of Korean companies. We use all manufacturing companies audited by external auditors
as sample firms during the period from 2003 to 2007 and use the transaction information of the
current bank account from the KFTCI(Korea Financial Telecommunications & Clearings Institute)
to identify the right time for bankruptcy. Multi-variate Logistic Regression was used to form a
prediction model with 117 financial ratios. The major findings of this study are as follows.
First, we obtained 17 financial ratios from the stepwise selection method of logistic model and
used these ratios in our bankruptcy prediction model based on multi-variate analysis as key
input variables. The estimation results show that the concordant ratio which represents the
discriminant power of the model is 82%. Second, The predictive power of the bankruptcy prediction
model, AUROC is 85% and Kolmogorov-Smirnov statistics is 55.04%. These results mean that
the model developed in this study can be used as the bankruptcy prediction model for external-

audit-companies in the Korean markets.

Key words: Bankruptcy Prediction, Companies Audited by External Auditors, Financial Ratio,
Multi-variate Logistic Regression, AUROC, Kolmogorov-Smirnov(K-S) Statistic.
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