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The Study on the Development of the Financial
Sector Early Warning System*

Euihwan Park' Dong Heon Kim? Kyun Kim?

Abstract This study tries to build the financial early warning system (EWS) of
the individual financial sector such as banks, securities and savings-loans banks
by applying the non-parametric signal approach and to establish a new composite
EWS. The empirical results show that the financial sector’s EWSs appeared to
identify the financial sector’s crisis timely and the new composite EWS seemed
to be very similar with the existing EWS. This study suggests that the finan-
cial sector EWS is useful for conducting the microprudential policy based on
the financial sector’s characteristics and relating to the implementation of the
macroprudential policy for financial stability.
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AAZBA = 2008d =22 S591718 ALWA ¢ =4t 371
£ st olol =A1E2t & (IMF), A 24238 (BIS), u|= A1
| &= (FED), +HFY2 (ECB) ¥ AlA| Zk=19] 8 Fd2dE2 &
7|2 7Y F8AI2H o] B (resilience)S 0|1l ggAtelE9 MF
$37] 916 thFt AXNA A A eT-S sk o HAEskel). ol H gt
=9 oA F5F S APl & 2&5ta FgAtel 29 XA =
S gt Fcko] a9t =A| 2 FZbg o whet g8 77 B A A H (early
warning system: EWS) @ 245t =-8-0 74 |4~ (financial condition index: FCI)
T = &8 £2EH A A4 (financial stress index: FSI)of| o3 ¥4 o] 1 2 [ Q)
1 2k2 Zoped 9l A4YRe ARG 2/ 4R R U Aol A
2 A Fe E A2 AR5k )5 2|5 Aol WZskT Yk
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Y
oX clo HN ot
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=
sis) F 2 T8 22 1718 Aol ASE o == AH A NA I8
AR =0 B =58 S5 24 Soll His A EE EeA7I= AR
(leading indicator) 24 o] HZ of JABGE 27| EA LT O] 29
= ol A A H-S= T = AT (F8A 72 2012). ’id o 581334
T (B geLEdA ) diFAHAMNAN 58720l A7l nlAle
aNE dFA R YHshs AR B g w 2EHL AEE S
A E2A LF0| TP 4 (coincidence index)2tal T 4= ot (52 - HIH
& 2013). T 58S B o A= SY2F H 8= o
It AA ARG AT TSt el 55 4
A T she B8 A" Y] AlLEA StEAe £45] skl n
N T 7Hse T8H71S B AR 2 Ay eE =

—

I~

[e]
=
X188 2] (Financial early warning indicator) 2] 7}jgFo]c}.

def 271 FHE P2 1994-95F HAS 91719} 1997 FobAoF =559l

715 ALHA FASTAE AtoloflA Aol AL H AN o]F F597]E
=35}17] 95t theFst Hh 2 0] W g Qict. Kaminsky, Lizondo and Reinhart

(1998, o] KLR)= =-§91717F @A st7] Aeof ¥4 Q0 AL Hol+=
AXN FgHeES AL o] E Tl 2 871E S5t HEE 27
74X 2§ (non-parametric early warning system) %'H22 7HH5} ¢ttt Berg
and Pattillo (1999)+= =2 Zl(logit)o|Lt Z 2 H] (probit)S 1 &3F H42 27|
7dH 1Y (parametric EWS)2 ©]-8-6lo] KLR 259 Ad/d2 BF7s3iH.
Beckmann et al. (2006)-& 42 Z7|AH Ry | B4 X7 AHRESES
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Hl H7IsH 23}, 42 1o g 11 2t} Blanchard et al.
(2010)2 Q19tH G117} oA 2] 53t A& ofehs dYgot=t T8 9T
SHA| B8l 27| A H o §-85F2] S XA} ©. ] Gourinchas and Obstfeld
(2011)&= 197395 2011E712] A =3} WS A=t F-8-917] AHlE 24
st AL F8%17] d&ol 7Fg 485 F A x2E FWA-ES57HET AH=sl
o] A1 AArgolatal &3t Rose and Spiegel (2012)-2 2008 224 2
71 ASl 7MY 783 A B FAAE] R efal 527461 Frankel and
Saravelos (2012)+= 2008-2009 =2 F-§217] Atel|of]l it A oA 2]2ts
o1, AdekE, A8 571, AEGDP A&, /5 A/GDP 5] 3§52
71 sttt 7HE A= guret A eEolehs A2 HolF1 Qlrh. Comelli
(2013, 2014)= 7HE = = 0] 18k9]7] AtgloflA] EEY (in-sample)ot HE&
9] (out-of-sample) o] 52| T A 42 HP I} H| 42 By o] f-844S
H w3 A, 252 ngo] o o ghe HolFa glot]]

eh0] 7%, 19973 2]9te]7] o] F 7| K of thet ikt A+
o] o]FojF om 1999 A FEAE 7} AHEHA 27 HAR] 7T o
F71 FXE Qo dhdet - 2F3E (1998)2 KLR 132 o]-8-5to] ghar 7]
HHEEYPE T 1997 ]2 7]E oS0ttt 2 (2001) 1997
3 2391719 ¢, AT H TR ol 7]6het v 4 o] 4 g H ok
Fo S HojFEa vhQl (2011)2 2008 917 AT TH v 42 1Y
= ©]-835t] oS0l 7 e HoFal ik HrQf (2015)2 h=2] 74,
AT HTH B RFE P 24 B4R o] A SAJ-E v A9 23}, H]
B5Rgo] d&eo] msn ol vjal Autdog FE e HolFzu gt
HEE AT Y (2012)2 A3 F§ X7|HHEYo] g¥ct= T BAA
S-S S| §rgstal 1A Eohr] el 71802 AASSS vt
Hebsto] 589171 AS5EE =Y & e 2713 R o] /HA ek At
Shal Qlct.

Je o] A9, 7)1 HE o] gt ot AEo] HYEof
O 2O A= AA FEAIAR AU
E4& deste] g5FEE =
Z7173 By o] it A= &5 Aotk 28 HA
A39] g4 Wk
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'Comelli (2013, 2014)t= W ddjojet R4S FH O F9] 27| HHRHP] tig AFH
AFEL 2 RO 2 9k

o] 2717 R R gt 1 9] AFERE Mg - FAT (1999), A 9] (2003),
175 (2005), BHISH (2013), FF-§ AT 2012) 5-& FZ e}y vt
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Aets & o, 5572 X7 EEF L E o] & 7oz oF o £
71BHRY O 52 ST v 1&d 2L v SHA mie w8t
A=t & 4 Sl

2 AT A2 o= gy A LT 2HS gL, Qehe] e 23 917
€ 5 38977 AFRH ol 5T 4 e w271 B EHEd S At
Stal Uo7t 29, S8, B, AS2q S e e 2 582714 EEd S
MEste] gAY 84 o Heof 83 S 5827 E 2R

2 723w ek

o 2 gt 2t 2ol M
2o FFEINABASE 2N 3FAAE F
=25 0|2 FPY STEI|AHBGASE SEFTh npH|uko 47
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2. 27|ZREY YUE U ZR|FRAL
2.1. R7|BE2HH0O| 9|9

1980 ) o] F 82| AH-F-3ke}t A2 o] AAA Q] o], 1Al A2 ¢
3t o= Qlsto] AIAA o= 22 F-§917]7F S5kt o2 gh &5-917]
L A3 o g 2 H]8-g % st=d], Caprio and Klingebiel (1996)°] ©]5}H
Z§917] A GDP2] oF 10%7} g A -§ vlg0 2 ALEFTHT ol
] 91 © ™, Hoggarth et al. (2002)+= 235 9] 7] 2] H]-&©0] GDP2] ¢F 12-15% %2
F2F5FI . Reinhart and Rogoff (2009a)+= 28971 & A Y 27152 28
917] 01% WA 0 & 35%2] VA e} 55%9] Z7Vokel, 1%2] AdE
%74, 9%9] GDP 345 ARst98-< Bt

1990 of] = HA] H 9] Tequila crisis®} 19973 FotAof 28971+ 917]
o] Q1= ¥ts]| i AR of] ’FA|SEAL A} Sh= ShAE 0] A& SEAIZH o17]
o] 2008'd Al AlE-§¢171+= ol 27t stA-=9] ThAlol A=A J &= st em,
F91719] QLA A WAS 919 AA 230] o] hA] g S
Al A= sl

3Reinhart and Rogoff (2009b)= 691712 Qelv} A2 thEx2te §)7] o|doll= &

A EAol MR o 2 IEHhs A& X5k Qltk of& ] 53 - o]vHE(2014) & =]
Q12k9) 7] et 23 917] o] Aol A-§F T iAo 7B KT 5-& LD 7He ol A&
AFI QIth 2 A= ol AP AT E R o= S| 2J8H9]7|2F 233 9]7] o]l e

% 9 FEAA SHS WIS FFL/ I U R TR TS R Ak




40 e E 27| Bl ¥t A+

olzlgt Aol wfel 3G 9171 S BAekT 2| HAAH 73S 915 A
=4 %} 22 2ol 0] a4 R (factor model), Q1-5A]5 7 2, H
SIPA E 3 (Bayesian model averaging) -5 T}FSh HFHH o] A A &) 11 Qlct.
otk o1 4 Sy S5 o) sl oHE o
L85 Q= RYP 2 A7 2A(logit) == T2 H(probit) XS &85
o] A& (binary) A8 X 4= & (parametric early warning system)} 41 5 21
(signal approach)-& €83+ H| X 4= H & (non-parametric early warning system)
_(_)_E :rL =] o]— /\ o] q—

1_'_| S
%%ﬁ 7] 041;‘011 030} 7HB:U‘_]°“Z]M'%E ¥R A5t o8
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SlAEAR tha, FEH Begle ol-8sto] 917] S 717t whet 971
552 o] =5}= HFA] o]t} Bussiere and Fratzscher (2006) & Comelli (2014)
o] h2R 22 27140 2L o83 2ol 4w & ck

] ) A7 ebot (%]_%“ Ee w271 0 (7IAD B L(AH71ADS gha

zh= 0] FEA] 2] 9]7] H4= (forward-looking crisis variable), ¥, & T3} Z+o]
A elgit,

1 Wk 7RS4, =1, k=12, .., 24
E:{ 1A%, Cran= 0

0 23 YL A

AL (DY onl= o] F71E 9= 7HEE A5, vl= 2470 oJdi
91717} HATSPE ¥,9] gHS 1o] BT 18X S 49 00] Feke oujolct.
AZRAGNAE 9717 BT AR o) kY 7 o 3hE 12 5, 1
99] 71712 002 EA|TITE olnf $1717} HAR=AE BestelE 91714
Z=(crisis index: CD)E A o]5fjoF S}+=1, Eichengreen et al. (1995), Kaminsky
et al. (1998)5 1} Zo] YAR|LFE o] &5F A& A o] 7bH 1} Kaminsky and
Reinhart (1999)5-7} Zro] @l o] 2718 2ot AL 9]7] 2 Aol uhH
o] It

A A A T5H717 TS FE

]
=

2 ol g3fo] neE A H 917857} 10]

probt,=1)o] A Ao H FE917]% 28 FEolehL o}7l o] GBS F§
917 2ol §-88 AN B FE BREX)S) BHAZ el o33
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Prob(Y,) =F(BX;) = —— 2)
A (2)0ll A vl FAA 9171 4:1’ o]
#E Aoz AoEn, §17] BgsEe
o101 0% 100l T8 7o BTG B 258 5 A oo 2
ARGe 97]e] AP S Ak 422 A Astel %
2 Aof) Bgoko] 2§917] o= 27

o] ZAgtct.

a8y Mgl AAl FAE F=A A AR E F=4] F&5
]ﬂﬁfﬁ-wﬁ—é-%4%ﬂ%%ﬂ%2§@%ﬂﬁﬁﬁi A7 H

*ﬂ]L&ﬂﬂ%q %%iiﬂLTJ%Jﬁﬁﬂ*ﬂﬂﬂ

474]01] P AEE AT = O]"/} EF A= O THEFTI7 T AT AR
ol Algte] lem, A7t thad wf 7§ E 4] 9EA| 2] 7] o] & (marginal
contribution)& A 35}A| A A|5te] F2] Bol= A o] ZAstth.

A1 5 -8 (signal extraction method)-2 &-8917] A&l 83 71 &
FOU FEA7E Y Ul 2A4E 54t dAAXHE dolMe A+
S8 {22 QISR 415 OIS 9 Aolufel 717 IS 3

© o] NEE AN A4k, 9717 HAEH obe A4S ARAEE <l
Aol Ad e FRAG0) 484 B vlmsA W gl =
ﬂﬂA*W%#ﬂﬂﬂiﬁéJﬂi@éiﬂﬂﬂﬂi— JH35Fe] oS

S7b B9 9 2/ ARA R BE7FsE] Tro] Zpssth

1 X >X*
St = _ (3)

Z s X7 AAXKHE HolAE $17] B d s 235t
5,21 FE2 10] 111, 0] Fofl A vlefe] 47717k o] o] F4-91717} 2yt 7
§ Si= 43S (good signal) 2 -7-5F11 917]7F WA oF] okt AR =
(bad signal) 2 256t}
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1735 2ol ot

AL A0l sl 5ete vastel 91719 A9l et Aue
A gste, Mo 7He5717} o 3
of T3 pEuse] 24ATE 5
G2 Q7o) 2% B8-S AN S QT FoluT AR st o4
814] gke AFIEE 417 olsl7t s te] B o] A4 o] St ks
47 o] ZA T

T AERS] BAA Sl Aol ofelen, Aol AARX")

7ol Higt Fefet ol2e] EASHA] edot Ao o] AT & e A7t

ZAR AT -T2 s Wl tigh /Al AR o] 7] wizofl of
2] 78] g5 FAlf ol-&ste] 5] of ke Tho] EARITh ERY
9171 1%1011 L#ﬂ EAGE JARE Za}sl=R] 9] of Hojut 248 237
Tzl B2 HRE *E’% 7Fs/del ek &, $17]olde] 4% dAAE
o] "olA= Aat AR o ZH sk HolA= Aol 2T Aol 7t &
AstARE, AT HIHL ol2|gt FRE FAFO RN Hg7L Zh= JHE F

5] Z-gohA] & H:— 737+ A sh= Aol

Q9] F 7Hx] 'HH 28 v w St o} 9] A8+ 5 Demirguc-Kunt and De-
tragiache (2005)+= ZA R Fo| ¢ Lslctal H7sH WA, Kaminsky et al.
(1998)& Al HILHo| ¢ oFs sttt F45HY T} Davis and Karim (2008)
S AA =7HE9] siddolE EA A= 23R Yo o ot Htd, Ao
T2 NE=7E] 2713 HA| Ao | A gdstrtal B7Lskal Qlrt. Comelli
(2013)= A =/d=9] F-897] A5l et AdFEAoA BeRgol o
© 9510k Brhek B, Comelli (2014)= 2 A R8T T2 18 o] of =4
= ANH O 2 G o Ze BE O 719} 917]¢] Heolo] waHe
HoFa1 Qi

—_

olo} o] 7| £ AT A ol 5 HHEE ] S YA et BHs AFE Ao
A AHgSHe BT} o 52 B ol wet AR ChE AVHE BelFa glo]
A9 B7H of el e Agtolch. oLt R o] o 22L ulagt kel
oF 2015)9] APAT W, P 27| BRY FEHY D
¥l 2 15w o] o AAe HEE0R TR ebA th kol

o=
Me Aol diste Ztefs] At +, o8 &85t = 581719
et 27| A8 AESL 8722 27| EASE EEstalA ottt

=
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221 EAES =8 gr}

F891710] Thek 4157824 2 Kaminsky etal. (1998)°]] oJs] el o]
9el7] @ L9719 27| ARBYoR de) FEHol EoR 2y
9] Qo = BF¢H2001, 2011, 2013, 2015), 7174 4~(2005) 5-of 2]} &85l
Eolt o] SAe ABA T AHT YANE How A8t H,
olelgt 2157} §17]0]Hel WHE ET 24-917] WA o] Fash ARt Hrks

<E 1> 413 9 91719 A

W 712 ool 7] T4 W 7|3F ool 7' EAYSHA] e
A% iy A B
AlS H]EHAY C D
A PEAE XS
Bz ® Ale &
C: W7]Zt o]ufio] 7A
D : W77k ofufef] 7K

¢
g
Wz
£
HZ
2

7iE W40 AT 9 917] 7 WA= §19] <E 1>¢f Fol 4712 A2

BAE 4 Q1, AT 3HE, ARAS g+ 12831 F-2-41 5 H]-S(noise-to-

signal ratioy ] 7|20] w2} A ERRe] § 84S B 4 olck HA 2 BHE
271 7

2 ANA+C)R ATEIR, A S ZHW) Wl A7} b e W4 24
5 3}80] koA 17150 §-85 Weetn & 4 ik AT FES
B/(B+D)Z AMH ], ASAE SEo] H24E 917] o Zo] §8514] L

B0l et
o14F9] = 7115 FFH A 0] H-&-41 58] & (noise-to-signal ratio) 1] ©]
+ (A FEAAS FE)E JodH. - AoHee AT 1HT
2 3 Zotlok 27| ARAERA B4 7Hsstnta & 4 et
ol A At SEgHe ALtetr] SJelA YA} AT P A F
=, AT A HA & A -G DR AR E B2 7| F= 4
o}slo] 2-4-9]7] UhAl 124 A o 2 HA5H= A o] om}zqo]r,}E] A= A

SGoldstein et al. (2000)01] 4;}111 2]7] x];4 ME—TLZ}—S} %HE& P2 75 /ﬂ

o] 1:]—
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o,

H ol et A+

N

N NsS FUEA AT BB S5 AT A ol A,
Kaminsky et al. (1998) T ] =2 XA ] AR = ZF BRSO -4l
i‘ﬂ]—g— 2] A5} A + Zro] =t} Kaminsky et al. (1998)0] w2 7

T K &2 H—r%l(percentﬂe)f’—} L #9732 A2 AAstol(K > L), [(K
AT L B e L B GoAEE A A

rlI

S-ATH8L FoiL, 0|2 A £ WSS UE F VY 4L A
Hle2 zlstE 80 3he AR = AE T o E ol EHs M2
O] JAAE F3t= -7, K7F900] L Lo] 7091 7%, ¢] 2] W of] whet o A=
FHE 2077} S, 212k0] 218 AAAE shol S AT §L AN T
o] T F=-AlT HleS 7P AA o] = g NEH 0 2T dAA =
A7 sh= Zlolth.
222 FAAF =2 L 7| R 2R &5

FE7IE 360 7 BRo| B o2 2gsiol AR, AAAE
£ FHdeR Ne FHR|ARAGE TAslo] 9718 ol ZShe o)
aeoldt & 4 Ak ASHTHO HH T st vk /iEd a5 -85
FA5E AT S Aok G, F-83 A EAEE A 8ato] o] 4]
@l whet FEAFE =5 4 AU

R v Sjt

S HEEAE S A7 QANE Yol A5z AL 19 gL
723, 187 Som 08 Zrh oy YRS 5A 2 G- T go]
F2 A E o9 [ A 77ko] AA AL FHAL] AA DL
2 4 Sleh SUAF) AN BHL AATe DA B EY
HH o g2 HAECH & 25240 K B94713 L H_c]q_/,\_%]}o o]g]i/gxé
Sto(K > L), [(K 29154k - L 29]53)/(K-L)] #t= L E¢17atoll A58 A
% HotHA -4l Hles ot o|FA =EH 7“3-”i Hl& 5 7H
2k -4 vlge A5t TS5 ghe dAx = ARt

FTAA 7 DA S Wl 2 5ol == 9171 2 e o=
o] A (5)%F Zo] == 4 QU= ©] 10} ZUR FES 5ol FEAT
o =8-S HU1e 4~k ?ltt (Kaminsky et al. (1998)).

I.ﬂ

rsh filo }01

I; < I, <Ijo]a h 57k ool 9171 & 7|17+
<l <Ii?l & 7|7F

P(Ct7[+h |I[ < I[ < 1/) - (5)
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Olw] e ATTIEF S717H WAL, s FRAS 12T (1,1) = 5
0] 7742 1FEhIT) 4] (5)2 Bolo] EEG 2 AR 8HES ThA] 7} 4]
qidste] 1, 7 A HelA 1717} e 2 A% S8 o] 3hel 3 4

olete 7ol it

oA e NS HIYE Fosto] FH27HRASE £E817] 9
oI FEAIE Geldok ek T 381 S0 ME 7
Zﬂ = 417421997 1193} 2] H B 2o A7 mb4h-2 417 7E 2008 H 94 =

-,47]9,] YA © 2 AEsttt Reinhart and Rogoff (2011)-2 1997d 3}
20091 $2I1424S] 49715 ERelo, B e ) 917

£ Aostd B (2011, 2013)% 919] F AHS 891719 Aoz
Bolspgonz, & aolAs Agerel et 3891719 g 19974
1195} 2008 9Y =2 A o]strt.

NEATHG o AR G4 29SSl HEL 10059 1902
§ 20149 128747 5 240709 Y 42 AHEshAck 917] wage] AE
7} (signaling horizon)-2 A A Let B E 5 J18oloj247f L =2 A 5HA
oh. AR Aite Sl6) WEEAS9] 2ol =25 1718 7He ol =25

A5 HeS 2, 95 B9/ 75 H%IJ Aol & 200 = e 4= 75 &
Aakel dE5He = Holo] H-AoHES LA ATE= 4Z dAX=
4.

ojot A2 HES &8t F
S ol gsto] =l 28171l th
At

F2NABASE EEstgon, 245
SEGESE PR ECEE T

231 JNEARE T TRV BEAF =&

Reinhart and Rogoff(2009b)+= ‘o] all t} =2 CH(This time is different)’ =}
L 47 B0z 3890719 213t Aol AHglo] 9171 ol el AT
welo] vl g 2aolsith 5 - oleE (014)0] 2R FE9l7)e 2
§ALoZ0] 27} 2EALT 9] Hole} St TAS o A9
boltol| A Fff F-g-917]0l thate] AHERSE T AL TR/ Y HAFE H o]ttt
1%t 27 A BAS2] A58 gl 915 20081 F§-917]0f tiet BEQ| =L —?—7}5
AASHA=, B2 F AR o 582 FOEA|RE SR 7| A B A7t 917] o] Aol &
sto] F89171 LS gl T ATLEY A58 Ueh= 2 0 & waEgih P‘:ﬂ
A& P7tof gt _“i"/} AR 82 Ed - Aot - BHe]2h2015) Farstr] Higtet.

E
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A3 HAS FREsH Hohal AstH F-59]719] duta d/fof oo
ASkal QIth E ALk Reinhart and Rogoff (2009b), 7154 - o]9H£(2014)
of wet 249171 WA flelo] e BEO 2 e A5} 9% AL
Rejsto] 9171 ol ol QT YA ATS o ATo} ol A wT
g oleh it

HERS0] A 58-S &lst] floiA =& dSol 8 EHsE |
2] A A sjoF sttt Borio and Lowe(2002a, 2002b), Frankel and Saravelos (2012)
¢} Babecky et al.(2014)52 58971 5ol & 4 24t 714 9] S84
73 % 6}9 0. ¥, Borio and Drehmann(2009)2} Drehmann and Tsatsaronis (2014)
T2 A8l F87IE dSot=d &4 HadSs SEorth I
O] Aol A5 - o9 (2014)0] = A8 H FEH Aol 559171
o Zof &8 4= St o2 2] Hr ¢ (2011, 2013) 2 S8+ (2012)9]]
w2 = 9] F3F U A A of| Tk Aot t o] HE O] Tt I FE
710l dlEol f-83 Ha2 AR AT tebA 2 A4 = - ¢ A4
TEFH L ASHo] FRIE UL, oA dE 2 R 7T 7Hse A5E (1)
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