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A WE7) 3 2R B <3} 715 GAsn. WEEe] 4u
AZ 4] Aol A AT &L 71E0R FYREAS A3t
AEY NEAE Agekm AEE BSE Fool B W5E Al
Stk o] R A5F Mo 23 FHEENS AN, HEHoz E

@ Z,= AR telM REA R E53) # X, = AR el

WEAER, pe WEARS] B, o= /WEAFEY] A2

N

(FE 2) BEEI[2t & XEQ| J|=EHZHSummary statistics of indicators for the

sample period)

(&91: %)

g EEEA Z|CHZ Z|Agk
BISXZ|X|=H|& 12.63 1.89 20.66 8.6
BIS7|=At=H|& 9.05 2.09 17.28 4.3
Ch=X[Rl2H & 6.24 2.07 15.76 3.01
EoIEsE 0.39 3.25 8.78 -14.52
HetrsdElE 111.58 12.03 168.32 75.9
Qs RSUHIE 110.19 22.95 310.98 86.01
ROA 0.78 0.49 3.41 -0.52
ROE 12.58 7.07 43.96 -9.96
TAHlE 89.89 6.17 112.35 76.19
0| ROz 2.59 0.70 4.51 0.06
ST AL 0.59 0.30 2.20 0.16
AT IS FALE|IE 6.38 3.66 23.29 0.82
1FolstoAH|E 1.53 0.76 4.84 0.36

F: wele MAER B4,

Note: Values are in percent.
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Soltt, v
= 2] g

=
, ., nHAR 2 A digele kA HE

7t = a2

Al n FLM=E & F UeH, ol WEHES 2 A" =547
(eigenvalue) M-S0l 7-&3sl= 539 E (eigenvector) S0t} (£ 3)~
(F 6y B2 HAL =37 93] Y ATHAS AR B4L

=
& AdEs st

(E 3) AI=2XNAEM 822 X|FHAE(The average score of indicators for estimating

credit adequacy)

H 1 F0l H 2 F0I H 3 F0l

Hsee sdeioenvalus| T0%ey | oo | (000629
SSTINEIE | (s | oose | (00900

Diea |BENEIE | 0 | oowe) | 0oose
SOVRZIE | (051 | (oot | (00520

F1 ZF FaRldA A E:HPE 7}?2] AFe] 3ol 1, T 259 M= 57670, 23 e
EEeak, *** p<0.01, **: p<0.05, *: p<O0.1.

Note: In each component, the sum of weight is equal to one. The number of
observations is 576. Standard errors are in parentheses. ***: p<0.01, **

p<0.05, *: p<0.1.

(E 4) 73N B2 X|Z™E(The average score of indicators for estimating

liquidity)
TREED A 2 =201 A 3 =20l
] . 1.472" 0.808™ 0.720"
=sto| BAF : : :
7keel =tieigenvalue)| (4 ggq) (0.0446) (0.0391)
] 0.6107 ~0.037 20,7917
I_ = [=} . . .
iciEaiE (0.0452) (0.286) (0.0372)
X EHE 0.556"*" 0.731** 0.39
Jimx | HERECHIE (0.0549) (0.146) (0.263)
0.564" 0.6817" 0.467"
kel S A = N " .
ImRSdlE (0.0537) (0.171) (0.246)
F 2t FaRloA AFHAE 7S AFY ol 1, #FF AR Jg= 5767, T U=

EFOA},

: p<0.01, **

: p<0.05, *:

p<0.1.

Note: In each component, the sum of weight is equal to one. The number of

observations is 576. Standard errors are in parentheses.
p<0.05, *:

p<0.1.

Rk p<0.01‘ sk
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20| HZ

(& 5) X|FE"EHAE(The average score of indicators for estimating

TS T
earnings)
H 1 FEe0l | M 2 =0 | X 3 F01 | A 4 F0I
) . 2.573%* | 0.965*** | 0.334*** | 0.128***
=sto| HAH

Zredel Sthleigenvalue) | “(yu50) | (0.0567) | (0.0196) | (0.00752)
ROA 0.538™* | -0.427*** | 0.249*** | 0.683***
(0.0192) | (0.0267) | (0.0341) | (0.0139)
ROE 0.572** | -0.255"** | 0.302*** | -0.719***
X EHE (0.0136) | (0.0288) | (0.0331) | (0.0145)
7R P 0.534*** | 0.207*** | -0.819"** | 0.00737
TEE (0.0165) | (0.0377) | (0.0121) | (0.0349)
NEp——— 0.315™* | 0.842*** | 0.419*** | 0.127***
== = (0.0352) (0.0204) (0.0324) (0.0231)

F: 7} FaQlol AEFAE A4EA g Fol 1, B2 Az ASE 5767, B5 U
EEeak, 7 p<0.01, **: p<0.05, *: p<O0.1.
Note: In each component, the sum of weight is equal to one. The number of
observations is 576. Standard errors are in parentheses. ***: p<0.01, **:
p<0.05, *: p<0.1.

(E 6) ARIAXM 22 X|ZTA™(The average score of indicators for estimating
asset quality)

TREED A 2 =201 A 3 =20l
] . 2.769""" 0.178""" 0.0531%**

xsto| HAb . : :
7t&die] =tieigenvalue) (0.163) (0.0105) (0.00312)
0.590""" 20,144 20,795

xblAEIO Al_IH [=} . . .
ZREFHOEIE | () 0a08) (0.0266) (0.00581)
xNEHY  ededz 0.567""" 0.775""" 0.280"""
JEx| | JERAGAIE | (0.00891) (0.0111) (0.0253)
] 0.576""" 0.615" 0.539"""

TAMO0|S5F0{AIH |

~rolstoidlalE (0.00764) (0.0186) (0.0202)

1 72F FalldA AFHAE 7R AlFe 3ol 1, & Axme] Jiee 5767, 23 e
XFoAl, i p<0.01, **: p<0.05, *: p<0.1.
Note: In each component, the sum of weight is equal to one. The number of
observations is 576. Standard errors are in parentheses. ***: p<0.01, **:
p<0.05, *: p<0.1.
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A 7SR E ARt (G 12 FEd VA R E % AT 24
AE HolFr
(E 7) 524 ™A (The average score of each sector)
H 129! A 229! H 329! H 429!
] . 1.405*** | 1.245** | 0.855*** | 0.494***
=5to| HAH - : : :
7kewiel =tieigenvalue) | ) 1781) | (0.0679) | (0.0496) | (0.0289)
XA 0.211 0.674** | 0.587*** | 0.396***
=ee (0.238) (0.0988) (0.0819) (0.0535)
oo 0.286 -0.566"** | 0.726*** | -0.265***
Homy mee (0.204) (0.128) (0.0697) | (0.0608)
71| oin 0.662*** -0.319 -0.286™** | 0.614***
e (0.115) (0.232) (0.0800) | (0.0360)
XhAZARIA 0.660*** 0.351 -0.215*** | -0.629***
(0.125) (0.230) (0.0820) | (0.0336)

%1 7} F el

HXFoAl, M p<0.01, **: p<0.05, *: p<O0.1.
Note: In each component, the sum of weight is equal to one. The number of
observations is 576. Standard errors are in parentheses. ***: p<0.01, **:

p<0.05, *: p<0.1.

FERAE 7R Alge] gel 1, #F AR Mee 57671, 25 e

(£ 8) #2Y XZ=2| 715X FHZ1(The estimated weights of indicators in a

sector)
(29 %)
= =R
AEXEM 11.60
(BISXIZ|XI2H| &) 33.45
(BISZ|2XI=H[2) 34.37
(EHEXPT|KH2H|2) 32.18
sy 15.72
(eb7|cHEs|2) 35.26
(Hlstrsdtle) 32.14
(2lstrsatlg) 32.60
| 36.39
(ROA) 27.46
(ROE) 29.20
(FXH|&) 27.26
AlEIZ=0| X0}l 16.08
AHAFAMA 36.28
(TIE54ojAlH|E) 34.05
EAAH T IS0 AH|R) 32.72
(1HolstofAlH|E) 33.24

T Hoh 2 A= 8AA AlRvRs. dele HAE.
results are available upon request. The values are in

Note: Details about the
percent.
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F2olM AFGR 7HsAE Folste AR wRIZRR (R T A
1 F81d| sigahs 7IsAE A6t 7Rl AlFel 2 1A%t 7+
Fol 191 A oMBR 7} 7l AES 7R e viro] 3ol
lo] HA & v 27& TR =S AT FEE VA R ARt

(& 8)2 ol2d gl 8] F4€ 7t HFA3E vehdrt. (&
8)ellx] Bz whe Zo] H-2 THSA|oA gt AP FEol =
& &S AHE %ﬂ]%ﬂ‘gi AREA A e el W HEe

AstaLl givks A& & F stk ol oled HES Agste Ao

A2 S

A AA o] Wstel 2R 3 AHaA S B3 FEEAEe] A
il

o

NN

]

Lo

K

(E 9) BV & SEidE 2 REY "ES9| J|=SH 2 (Summary statistics of
the combined score and scores in each sector)

(9 %)
gx EFEHER} Z|CHzk gk
EgReES 50.84 6.49 66.43 29.21
o NEMEY REEA 49.19 12.67 89.70 22.30
é 7 F2EE 48.22 7.19 73.90 28.73
g oM REEH 53.47 9.81 79.13 19.48
B AMAXN FEEA 49.91 10.19 64.61 9.41

T Hoh 2 A= 8AA AlFvRs. Dele HAE.
Note: Details about the results are available upon request. The values are in
percent.

<Pd TP eRTH AEE A 23 W A AL
(" DI ek (Td Dol & 5 ARl 23 A9 S84 Btak
© FrEbElZh BAE 200346lE Rl 200493 ddle Bad
Ach. e 22d F¢9707F Baelr] 4A91 200745 97 AF
°1 2009 1871717 F23] stgslgon, o]fd= Ay siehe v

S #4112 Rolw gk
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(E 10) AGAE) S372F HX|(Threshold values of combined scores in the
bank examination)

BER|S| FEETA| EXAE BE a5
2.5 92.41
1.5 81.76
0.5 62.25
-0.5 37.75
-1.5 18.24
-2.5 7.59

Ag: A2 ALt
Source: Author’s calculation.

dE Bo], (F 10)d- BE AFEY FFH9 HsxHX7F 1.5
RE AEFAEY S Hd 2 FEEH] 1.59 ZAAEH X F5ie
81.76°] ©t}. (F 1009 UAXES 7 1

AY sETE AP 5 Utk

AN
lo
fu
ol
2
f

(B 11) BYaE Sa72 LAHXIE 0188 S2 F0i(Levels according to the
threshold values)
FEHEY = $EY T e AL S5

92.41 olat 1
81.76 ~92.41 2
62.25 ~81.76 3
37.75 ~62.25 4
18.24 ~ 37.75 5
7.59 ~18.24 6

7.59 ojat 7

A5 A2 ALt
Source: Author’s calculation.
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254 =337 714 vige] 23 Aol 84 9P = AR o
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i=1,2,...,16,t=1,2,...,32 (4)

A71A, e EAWEY 167 &S Uehia ¢
7<= Yeidlietl, 38713120039 ~20114) &<t 36719 &

17} 90A
7 20039 % ¥71E9] AHusgios 20049% i 7] FEEHS o
2 ..., 20109 % #7159 dyusgtez 201149 e 7] £33
AL dSsteg 19 iee 32700tk vy, = 23 9] ¢ AR (E7D Y F
g doln X, ¢ AH(E7]) e Algazde A AZY = CID, 9
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A% FEAS=(EMPI), KOSPI W54, 23] CDS AXgs, #dgAax
= AdEEV|HY] GDP A4S, Q3Efd IAE 59 EFX9 =

Y RE Pge ARoR St BUHEA 2 AES cre spr,

rid

=

N
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ls_spr,, CID,, EMPIL, KOSPI vol,, CDS spr,, funding_ spr;,
GDP_dec_rate,, reserve_dec_rate,= ZAITIT} n, = AZHR], 2=
 F8971 A1 A A=(20079) € 1?:71 olF 1, o]xolH 0olH.
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£ Uehs @uE nige s 4
Yg olgdtel T Avke (&

12)3 2t 35 niger 2|3t oS FY4L ofgel 2

Yii+q = 41.81+0.370y, , +0.128 cre_spr, — 0.0466 [s_spr,
—0.162 CID, — 0.0488 EMPI, — 0.0429 KOSPI vol,
+0.126 C'DS_spr, — 0.0360 funding_spr,
—0.0811GDP_dec_rate, +0.0248 reserve_dec_rate,
—3.311m,.
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ARNE e ola} B Zuge wethe A 244 932 72

(E 12) HI=28 FHA(Estimation results from the forecast model)

Mz [Egzi}]

8 AIR(27)) SEEH [8.’35251
AlZHHO) _[303517163**
Az [8:;:‘?;?*

He|azes [85247666]

cID Eg:(l?gsl

QAR Ql2ix|S(EMPI) [_8(?;(?3
KOSPI HEA o

2% CDS Amz= [8_'5?51
oAz e [_(5)00230639]
GDP ZAg(FMASE7|ch|) _[%.(())821613*]**
oo Zag [8Z8§L71§]
At 3783131

F: #2512, R-squared: 0.452, 35 e AlF F929 5%k, ***: p<0.01,
**: p<0.05, *: p<0.1.
Note: The number of observations is 512 and R-squared is 0.452. Standard
errors are in parentheses. ***: p<0.01, **: p<0.05, *: p<0.1.
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[=]

(a8l 2) dA 28 "y SEEAEC| o|SX|QF AlEX|(Comparison between the
trend of forecasted scores and the trend of scores from data)

60

50

40

30

20

10

0
200403 200506 200609 200712 200903 201006 201109 201206 201303 201309

T ML dEXE TS ASAE eIt XFodE #717F BA1E o Y&
= F3EA (10089H) ol th,
Note: The forecast values are in red and real values are in blue dotted line.
Quarters are on X-axis and scores (perfect score is 100) are on Y-axis.

FHE SR 5H e AFH FAZ B B g 2§
1 R-squared gke] 0.452%1 Aoz Yeld=dl AAddge] obd 2154
e BAllE BEYS ke mae] dwgo] AYF Ao ddd

[¢]
ok 3 SR dSge dubkgoz U533 2 Root Mean
Squared Error(RMSE) % RMS% 245 Es Hrlaict,

B 1 16 T o
RMSE 16—T1;t;( =Y ) (4)
1 & ! Yit 1t*
RMS % <3} \/— d(—= )? x100 (5)
16T == Yi

T REAI A9 32(200449 127158 20119 4871744,
RE 9] 717 A$ 8(20124 138715 201349 4871744)
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= Aoz AdEY. AAAEAA
A REZT Ut widE 3
U dAEA= AAIE AlRe] B To2 o33 ESrE S Este b

A7} S

d AHEDe &3 FIHA, AlZEE], CID, 93A1F R4
(EMPI), KOSPI ¥%4, AdAzZg = Q3lHfil 71488 o= A9
FE AR E2rge] FAAIE (K 14)3 2o} oo wE o= 3

448 oklsh ac 2

Yit+4 = 29.42+0.340y, , —0.0777 CID, — 0.00939 EMPI,
+0.00321 KOSPI vol, —0.0233 funding_spr,
+0.018 reserve_dec_rate, — 1.066mn,.

o] A= & AH(E7])e] FFEH 9 AlIEnle Age odded
55 7Rtk Al2aElA glam 9 AAAA B WS F KOSPI WA
7 gt fol TFAES AL CID, A 4
Zyze] Aol Ag7t A3z ()9 ¥5E 7RIt CIDE 99%
AZ g, AYAZY=E 95% AlFEFor] Aydo] folsit}.
KOSPI ®&43 gt fase] Afde A
(+)e] &35 Holed ol 64
FHFl AFH U 2P| FEo] PHEHWA 23] 23 AGl
THA TS /e ez .

d QE9)7] o]F Fu ﬂi} i%m*ol <78t
GHEHE Fefshs | A
Hi=3

24) F54e oJal @ A NS AT Lael FAA, AxHA a3 D AX
AA B W A =R e (4 AR A ede] FREAL o
23} Aol
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(E 14) &4 oIE28 FHA(Estimated Results from a concise model)

A=
Hyus o
B (EERA
B AEE) SHE oo
e 0427
-0.0777°**
cb 0.0101)
SIBAIE QRIS (EMPI) o oa0s)
KOSPI #H=A [%-%?f;%}
i ©0119
AEEme asE 0.0271
s 39.42°*"
ALLSS)
- (2.114)

#=41 512, R-squared: 0.403, Z3 W= AF X9 FF2e4, ***: p<0.01,
**: p<0.05, *: p<0.1.
Note: The number of observations is 512 and R-squared is 0.403. Standard
errors are in parentheses. ***: p<0.01, **: p<0.05, *: p<0.1.

MEA AH e 52 E 9 R-squared #2 (G 14)<1A49} Zo] 0.403
o2x REPo] diggo] At oz dAddn F BP9 oA An

© (F 159 £t} (£ 15)9 xkiA] 235 B (F 13)9 A3Er
RMSES} RMS% QAtgkel 27 T ZAN, dSRge] o53o] vluz
Gl el g d SR e TRt tig S ET 52 9
713 el thgk ol S o] T ol T3 o] RIS A E F2 dSHHE

e F = Aew Hn

(E 15) 5424 0|=2x M0 (Error analysis from a concise model)
(9] T A, %)

RMSE RMS% 2%t
(B9l ZBTA) (Et2l: %)
E2712HIn Sample) 4.53 9.78
& 2 7[ZHOut of Sample) 4.27 9.33
F: Ut 994 2 SMER B4 0o A A4S BES 3R
Note: The unit of RMSE is the average score and the unit of RMS% error is in

percent.
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Improving the Quality of Early Warning
Exercise on Vulnerabilities of Banks

Jane Yoo*

Abstract

In this study, we introduce a statistical methodology to improve
the early warning power of the examination on the vulnerabilities
of banks. In examining vulnerability, our econometric model is
designed to reflect not only key factors in a balance sheet but also
changes in the environment of a financial market to measure
systematic changes in vulnerability. Furthermore, the model
enables us to forecast the vulnerability of banks in both short and
long term and improves its early warning power. We use 16
banking data from the first quarter of 2003 to the last quarter of
2011 because banking data during this period identify the
condition of a financial market and a banking system. Based on
the data, we execute out of sample forecasting for eight quarters
from 2012 to 2013. In estimating the health condition of a bank,
we first use a factor analysis to generate a sector's score and then
generate the combined score from normalized sector scores.
Furthermore, we use fixed effects model on the scores and macro
variables that are related to a systematic risk to a banking system
in setting a forecasting model. As a result, the combined score
based on our statistical model effectively warns us risky periods
early. The model has low mean-squared errors in forecasting
vulnerability of each bank. This study, thus shows that it is
important to use an appropriate statistical model and macro
variables that can reflect a systematic risk in examining
vulnerability of a bank.

KRF Classification : B030602, B140107, C030500
Key Words : vulnerability of a bank, factor analysis, early
warning exercise, fixed effect model

* Assistant Professor of Financial Engineering in the School of Business,
Ajou University, e-mail: janeyoo@ajou.ac.kr





