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In this research, with data set provided by Joint Credit Information Center (JCIC), we discuss the
robustness in calibration of probability of default and circumstances when proceeding calibration of
probability of default — with Normal test and Traffic lights tests, which provided by the working paper No.
14 of Basel Committee on Banking Supervision. Banks do not hope that even when their forecasted default
probabilities are high enough, but still being rejected by the regulator, in that case banks have to raise their
capital charge. On the other hand, the regulator is unwilling to see an insufficient forecasted default
probability passes the test, since if a great deal of defaults happen with insufficient capital support, banks
will suffer huge loss and which might cause systematic risk.

Our numerical results show that when asset correlation increases, the chance of a correct forecasted
default probabilities rejected by regulator decreases, and the probabilities of making a wrong decision (i.e.,
pass an insufficient forecasted default probability) increases. The result of this research provides those
banks using internal ratings based approach and the regulator better understanding for the calibration of

forecasted default probabilities when managing risk.
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22%% BCBS (2004) » H{EFTAAEIGEIF
A ER) = KX (three pillars) : G (KA

ARELK (minimum capital requirements)

I

1. B

/

HE My

EVE BLER1T (Bank for International

Settlement) 2 EEFEMERITEHIZ B & (Basel
Committee on Banking Supervision ° fifj#i
BCBS) /* 1988 4 7 H # i R1T & At E
(The Basel Capital Accord ° fi§ifi Basel I) °
Him E B R B E A E 28 (capital adequacy
ratio) 73 R I S i) & 7 R RH G0 125 Jm B
P& - iG] EEAE R ENFE 8% o
(HEEZ SRl BRI L ~ T4V SRl o
PRos s R - JRAT RS2/ Ebs C A Basel
I WRHE » (NI ZE R RIT R R B a2
2004 - 6 HIEAMATEEHE A E (The
New Basel Capital Accord ° fi##i Basel II) °

M A2 7 (supervisory review process) FlITfi
Bk 13 (market discipline) °

Basel 11 {E25—HEREH - FRFF ERR
MR R B - PR BB ER A S
(Foundation Internal Ratings Based Approach)
Z AT o MKGE KB 2 (probability of
default » f&ifH PD) ~ iBHJHHIKZR (loss given
default) ~ FEFIIREFHEH (exposure at default) Bl
T gEHARE] (remaining maturity) 5 JE\FE FEA2EE T
HIEGTIREA » Hih PD ZHERITHINER
AR R A AN At RS A 2 B P R AR R
(I TEHEEZ (K Basel 11 2R AKETE



Do i R A OHE FE Y OER BF SE kY SR AT
(Advanced Based
Approach) » ] JHE— 5 ik JHI HAth B FiS A 5
AHEEAR o HIPMRHNERETSEE (N am s
W EREFEEIE BSOS RS N AR R 1) 2 8R1T >
FRAT ELRE HE R RH S ZE B85S (validation) A%ER
TTNEREFSE SR o 1 Bmas AR AT % R it £
oy ks 8y o — R at o AL Rl )
(discriminatory power) > BHRFF /T AU LE [
A FEREGHIEET) ¢ 5 —EB 0 g
FIBEAS A UE (calibration) » AR 2L ERAT K A5
PR AT B TEHBE K IBEZS (forecasted
default probability) 7& &5 & o [KIHLAF /Y
8 731] 0 B AR B AR A MEAE A FH LB 7 B
H i 22 A S E S S EHER B R v
HIER T HEATERES ©

PR BB AT S R T - H&E ARG
P2 w (R ERAT Py Ak B A TEE 38 R B 2R ) e R
AN = fd B FEEGE R B AR s - 3R T
T EE ARG Rt o W AFERITHY
B s A B FEEE R R AR AR
TFERAT P 31 4@ 19 & SIS JE 325 AT 480 U 25 5
IR AR IR RS » A E RS A
R BN~ SRlEE) SHRGE SR 0 RAT
W58 2 Fm ZU A g > BEHIE g e - &=
IR EIEA o R AR P9 58 37 55 R /e PR
oy B B FEEIEE A B 28 12 75 A2 4005 25 IR BT
JE ) B 2R 2 SR 1T B G P PR R R 0 119 AR
R o B RIBEES IR ME LR FE N AEET ks
R J7E 0 RIS &R PR ERAT A 5
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) TEHI G R PR 2R 2 5 e S 25 B E 1Y E Y
BRZAR o AN SORIH B B0 A <5 Rl & 18U
/> (Joint Credit Information Center * fifjff
L) BIERIZAE EFBER - £55T BCBS
(2005) 2 working paper FTHEHEHEFIEER
FEHEFTE + Normal test Bil Traffic lights test
FEAFIRITEDC T » Hog € 05 R Al {5 A2
HESHE

ANRH—EBAISI B _EEX
Rk [ > PR T 3 ) A 2 g YR 7 3 FH B S
WA - B = E R IREGET C WA U EHIEE
Bt~ g2 7B Bt 5T F2 R o 2 DY & HI S
I RR AR R UE 735 B O R BR AT 5 SR
HEITE T o M EBER R AR R UE ST
TR PR PRET » B 1% 20 1o 55 £ A4 dm B 2t
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2. X ERCIEE

BCBS (2005) $2{ft 1 PUFHE R A HE
#7774 + Binomial test, Chi-square test,
Normal test #[I Traffic lights test > H M1
Binomial test F[I Chi-square test 3 F A 15 #E A
$Fs—1 > 1M Normal test Bl Traffic lights
test HIJ5E A F2 A 4B W 805 2 1) - BCBS
(2005) 15 BH Normal test [ Traffic lights
test FURHZE R A L ol SCRRAASE SRR -

Tasche (2003) #& HiFI| FH AN [F] & 5% B HR
AR HE FHIAE R AR o TS 3% 5 W e B
Z50.95 1 0.999 - wfIMEdE C,,, 1 C, 1X

low

VSt X4 % BCBS (2004) “International Convergence of Capital Measurement and Capital Standards: A Revised

Framework.”
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e EN L LN ST A DL
£ 0.95 B 0.999 ° EBEAERIBAS VA Ee%

B C,,, W o (R AR T R B A R R

(1 DR IR L TR GE A B AR B Ak o o
1R A ER AR R C,, /N2
Crign * TEWR R AN G ) 1 24 B P S8 ) %
ARG FHE] - HERAZIAEMET AT 8252 1
HEEIAY o TALKE Il 2 5 AR A R B 2 K
Chign RFHTIRDL » BEUR U ASE R AR Bl 7H
WIE KB ZR 9 22 0 Cad K > 3 E AT
HEERIERZ R H NS HETE

Blochwitz et al. (2004) & T7EAN R A HH
K HE ~ & FE FH RE 1R BB IRE 1S AH R R B
(FHESRZEPRHEBRM ) T - SHERHE
AR HE 57 Normal test B Traffic lights
test HYFZEE » HAFSRRE R « (1) (EFHE
B 7 FH BR AR B B IS L AE BR AR BB B O -
KERST 15 Normal test FEAE & %114 7 il
ERIBEAS I BEAS G EL Traffic lights test f%
/I RO EHRATECE R /7% © (2) EAE
THHBER RS L E R A ERHRBL T » Traffic
lights test BE TE i 1B HH FEIHIE KB 2R 2 A
JEHTRE J1EL Normal test 41 » [Kl [t @ ¥ B 3
PERRAEAH IR )71 -

Blochwitz et al. (2005) $&H %81 5& &
FH R A% BB IS [ AH BR AR 241 Traffic lights
test {E1EIE » MEERETANE] & ZE AHBR (R e
Traffic lights test {& 1F15F Y25 FE S 5R 5% 4
AR E - BHEEMHBREES - %
K 5 % AR MR A IF B i e 3% e R AR S BB
AR o EEL T A AR SR AN 1 0
A% s 5 Traffic lights test B 1F LAY E
TSGR

A S BRI E R B AR R UE T H
Normal test B Traffic lights test ¥l 0
1Y) < (S 555 E R T E KRR AR R UE Y
HEEWIEIt - JIEEETETZ B Blochwitz et al.
(2004) FAIFIIE ST » I SUE R ZRAHE 7%
Normal test Bil Traffic lights test @& E J15%
B H 15 EE R AT BEG BB BA A (55
Normal test B Traffic lights test if » | fif#&
A FHRR RS R 8 e LT E R R -

3. FAgeaRat

3.1 itseE R

B O B Ry B =B 2y 2 R B
MR AT AR ~ AMHIEAFHBEITA
FFIAE A ¥R IE A BT A F] o A SRR
M E RS B ERIE AT AR - WA
& 1997 £ 2004 FF 0 IAZ P E R 1998
F2005 B 2B FEBE R o 1 5 HER
ARAREHE T - T B I 2 R (1 B J
B B A R e YR R AT o I —
oo AL o R ERIE AT AFZT
Aoy AR BRI 11 (A 2
I s T 1L AR EE SRR AR R B AR i E Y 2
B > BT LIAR ST LU I S0 8 R s
FHERS SRAVE RS LU » 25 8 SERRAS I8 H B 2
AT 2HE 1 o

TR IE AT AR - B
D EREFEE SRS HA o7 55 9 (HE R4 » 3155
| BERRE FFIRGEHRE - AXHE
B & 7 ERIE AR IT AR KT 2
A8 F 8 B B E KB B o E FARASE
TN
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K2 3R 3 I RAE I IR AT &
AIEE AT » BAFF R EELARAER

O BZR o WGP EFEERT —FERARER » Hl
Bl 2 215 P ° BT R
BEAERIBRZR L, R o
0.18, I T 1
—— BN,
B
0.15 o HAh
—  HAfthRsE
- DR
012! Fﬁ%&nu%
" MR
& ¥
% 0.09- ) o ?%% i
0.06 |
003 - = 2
{98 1999 2000 2001 2002 2003 2004 2005
R
B 1 BEFIRDENIHER
1 EEIRIEARBITABREDEEERLMRET
SRR EE 1997 1998 1999 2000 2001 2002 2003 2004
RIRIEP 90864 88809 88269 89743 86382 87870 94576 104465
FE 1998 1999 2000 2001 2002 2003 2004 2005
ERVE SN 3681 4097 3676 5960 4280 2986 2383 3325
FEEKEE 87183 84712 84593 83783 82102 84884 92193 | 101140
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x*2 BEEIRIFLRBITRATZHFTURPENEER

= %EE 1998 1999 2000 2001 2002 2003 2004 2005 | HRLE(E | 1=

1 - - - - 0.00% | 0.00% | 0.12% | 0.14% | 0.07% | 0.08%

2 - - 0.14% - 0.47% | 027% | 0.24% | 0.17% | 0.26% | 0.13%

3 0.35% | 0.55% | 0.40% | 0.66% | 0.67% | 0.65% | 0.54% | 0.49% | 0.54% | 0.12%

4 0.68% | 0.77% | 0.76% 1.22% 1.49% 1.41% 1.14% 1.05% 1.07% | 0.31%

5 1.42% 1.67% 1.43% 1.86% | 2.32% | 2.22% | 2.03% | 2.13% 1.89% | 0.35%

6 217% | 2.73% | 237% | 3.55% | 4.62% | 3.80% | 3.51% | 4.07% | 3.35% | 0.85%

7 344% | 4.57% | 438% | 691% | 7.25% | 6.89% | 6.28% | 694% | 5.83% | 1.47%

8 6.63% | 8.35% | 8.31% | 12.25% | 10.65% | 10.30% | 10.68% | 11.35% | 9.82% | 1.87%

9 13.23% | 17.23% | 16.60% | 23.67% | 20.84% | 20.54% | 18.85% | 20.13% | 18.89% | 3.18%

K3 BEXIFTFURTEOMER
FE s

s 1998 1999 2000 2001 2002 2003 2004 2005 | HALEfE | =EEE
1 - - - - 0.00% 0.00% 0.00% 0.00% 0.00% | 0.00%

2 — - 0.00% — 4.17% 0.58% 0.67% 0.00% 1.08% | 1.74%

3 0.00%| 0.00% | 2.50% 0.99% 1.81% 1.15% 1.08% 0.29% 0.98% | 0.88%

4 1.09%| 2.15% | 0.78% | 0.00% | 2.20% 2.02% 0.61% 1.43% 1.29% | 0.81%

5 1.02%| 2.05% | 2.59% 1.82% 3.68% 2.24% 1.47% 1.26% 2.02% | 0.85%

6 2.29%| 3.03% | 2.43% 3.40% | 4.75% 3.62% 2.71% 2.95% 3.15% | 0.79%

7 3.74%| 4.83% 3.93% 6.29% 7.44% 6.57% 5.11% 5.02% 5.37% | 1.30%

8 4.92%| 6.28% 6.24% | 11.50% | 10.32% 9.92% 9.70% 9.26% 8.52% | 2.37%

9 10.76% | 15.83% | 14.55% | 24.76% | 21.26% | 19.73% | 20.83% | 16.86% | 18.07% | 4.43%
3.2 ek ERIPEAR AN & e = AHIE - I I He AP 3
321 AR o A HY R PR 55 S5 A T i B0 ) FELEI S K %
e e AR ERRS EEERIBRAS o B THEHERY

W EREF 5 R AR R IRAT AU Z A5 P
OPERIL S NN R TS SIS = S
PSR 25 S5 A FIT £k 5L 1Y) I S A B 2

B

AR R &

Ko TMERIBEAERL

ERIEAR - ARIRIT AT
B A AN RS LA =5 o 8 A =R 3 A IR A 4R
AR HE R R A AT /Y

i

LA



TE 7 15 AP P 508 57 <5 5 A 1 LTI 3 ) 1
ARFE S [ B E R BRER -

BCBS (2005) f2{t 1 PUFHEF R HE
7774 © Binomial test, Chi-square test,
Normal test Il Traffic lights test ° FH/>
Binomial test & 22 /& M5 E B — 5 1 B —IKE
[l - HLTHMGE R PR ZS R & %) ¢ Chi-
square test 7& FH 2 A 78 25 (3R 5 0 B — e A
B A AR THHGEA B AR R 2 4
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Il Normal test Eil Traffic lights test HIl/2F5HA
HIRERE 71 > FCUE B —EP SR AE AN [R] AR Y
THHER IS S R4 > 3R 4 B PUREALUE T5
I Z ELECRE T o R FRAMBR O R N EREE
BT A REAE AR YA B A OmES T
T S 575 3 B — 4 155 TR I E R B2 5 4 ke
Tl > DRI AS SCRF (5 FH ) 58 # B 2R A0 YE 5 3%
£% Normal test il Traffic lights test ©

R4 ENERETSALLR

BETSE RAEFEHE PRAEHREN
Binomial test B—F —HA
Chi-square test SEREE —HA
Normal test B—%E ZHA
Traffic lights test E—%E 2 HA

Normal test Bil Traffic lights test Jiz (R}
#% (null hypotheses) H, Fll ¥f 37 fi& %

(alternative hypotheses) H, £ :

H, : BFiEWt=1,..,T, PD,< PDD
H, : ¥FiEW t=1,...,T, PD,> PD®

B 7 FEERIREEMERIREINEL > PD, B3
5 ¢ IR B EEREE - PDD B ¢
HRAR (0 A FEIEGE A BRZS  FHS Normal test
Bl Traffic lights test f8i € /7L MIEE T2 B
L PR AR SR 0 R IS TR R B S A3 A3 XE -
/D SO TR PR E K R AR R 8 W] DA B =2

1 > Kt H, 3% %€ R3S A IACHE IARY - 78
HER AR N B EEAREER - TIE H,
PIHEE S« A AE— (AR - FEIHIE R
PRz S B EERIRER -

Normal test £% Blochwitz et al. (2004) &
> #5512 BCBS (2005) © Bk AETIEA
ERIREAR d RAEIIIRERR SR - H H AR
B - HAREMGET &5 -

.
(d, - PD;")
; @)
Tt

A t=1,...,T » PD,= PD" [§ » fR§5H



SHMEREE | 37| %6EIF BSSBZH

JARFRE P (central limit theorem) 1 E AT
= HEAIRMER TR - K& BE KER o
IRF > FEARIES -

=l >7Z, 3)

Hip 7, B EENY 1-o 5

=1 1=l

] L i 3_l L " (F) i
f—\/r—[Z(d,—PD, ) T[Z(d, PD! ))]
4

IR H, FF - R H R SaE iRRURSR TR
150 FH A TERHIGES RO B 2/ NS B B SR R 2 -
TRENTEME KBS ANEY) - Rz > Fow
W R 45 PR RS THIHE R B AR B A 2
M o 3% THIIGE K b 2 12 AT DLW R1T B2 32
Y e

Traffic lights test % Tasche (2003) #lI
Blochwitz et al. (2004) Fif&H » #i5| =
BCBS (2005) ° 43 N,,....N, BAE = 1,....T
HIFAE FES > R ERE ST B D,
v Dy oo BRER T BARR A 38 K B 25 & IR ST
(independent) BEHESEE H 132{5 F 2 584
INEBIENT - EFER B

D,-N, PD"

R = ,
‘\/Nr PD:F’ ([ —PD:FJ)

t=1,...T (5)

R EGER - & N ARKEE » HEFTH =
1,...,T » PD,=PD® » R Z/ECTALIEHRE
RETIC o 7 ZWLGT KNS (mapping function)
C(R) B :

2, R, <CD"(qx)

v, ®(q,)<R <®(q,+q,)
C{Rr): 14 4 ]

o, ©°' E. (6)
, (9, +4q,)SR <P (q,+q,+4q,)

r, ®'(q, +q,+9,)<R,

Horr @) AURAEAER RE /il 2 B FE 77 Bd
BB S > g, RRRRIEFEERIBRES ~ ¢,
RIS ARIREAR ~ ¢, RBRE R A
e g, BALIEFEAENIHEZS o Blochwitz et al.
(2004) H g,=0.5 ~ ¢q,=03 ~ q,=0.15 fe ¢q,
= 0.05 » AL HAHFRIRIERE  iZa% R
AR A E R BR AR NS TEIEE R B AR HIRS 7
Fk A > H FR ALK AU RAR A JE R B 25 5 K
FATERERIBEAS - [ 2 f i B pr B B AR A
HIMEES ZBifR -

RIS BE BE #IE

FRALEHUM R BAREMER

2 BREVEREMRAERVIEREIR




5 R, ARSI # C(R) H > HII
TSR] T HARORESR - "EF 4, ~ 4, ~ 4, ~ 4,
P WIE SN AR I T B OFE T S0 - A [ o
B wLfE R B FRH ¢ =1,...,T » PD, =
PDPFHENF > A=(4,,4,,4,,4,) BA%IH
S0 > HBRER RS -

P[,j = (ag,a}‘,aa, . )]

T

:mf}g 9, 4,9, (7
TEWUE R E RV HABU VR 9 1 - E FkEMAT
=V

V =10004, +1004, +104, + 4,  (8)
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FIAS ERETE vV = 2100 » (R FRHEHAEL
= A2 = HARRE SR WA e e R — {8 2
P& o (FREZ /KYE o T > EABIES ¢

V<v, 9)

Hepy, BiE PSS v) = o EKI v © 35
5 R HEHARS R — AR > Traffic lights test
Z P(V< v) o Bl1E JEEE /K MERS 0.05 1FF > HH
5 AR v, HUES 120 ©

EAERE H, I - R RS IR R
7 P 168 FH B PO E RO B 2R/ NS RERS E 2 5
FIREZS > [ FEHE A B 200 R EY) - R
Z 0 FRNIZAE R S 3 PR R TEIHIE £ HE 2R
EANEHY ©

5 Traffic lights test 2 V HYZEREHESK

v P <v) % P <v)

3 0.00013 1002 0.12875
12 0.00125 1011 0.15125
21 0.00463 1020 0.18500
30 0.00800 1101 0.23000
102 0.01025 1110 0.36500
111 0.02375 1200 0.50000
120 0.04400 2001 0.53750
201 0.05750 2010 0.65000
210 0.09800 2100 0.87500
300 0.12500 3000 1.00000

2 V=2100 » BFEHH=2+1+0+0=3 ©

49
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3.2.2 MELfEETE

Blochwitz et al. (2004) FI| ] Gordy
(2003) B [K] 58 (one-factor model) {E#%
o R EEA RGN ARASE K B2
TEiE - B A ER R 20 « BT 1213
FE - 2 i A P e L e i 2s
(standardized asset return) X, , {#5 FBH—%
#L A (systematic factor) S, B {[& 5l K]+
(specific factor) g, , %8 » H X, A LIRSS -

=\i-pe,+psS, a0

Hrh s Bl g B REIRIRERESSE W ARKE
HEUERIRE ) @E » H oS Bl e HAHIEAL > p 5%
& A FHBATREL (asset correlation) ° 5#5%(5 7
*ﬁ%?ﬁﬂﬁ BRI AR P E y, , SR
7 > EFGERFETEKE Y, 5
I, X, . <y,
& ={0, i (

(BGERAEER « WIHRIFFSFHIAE = - BEA IR
BB EIBEA PD, ~ PG ¥ I ZEH
BAREL p o L AT1SE] -

PD,=P(X,,<7,)
=®(7,)

(12)

Hrp ©(C) B R RESECZ SRIE T
B o BLE EE RIS IR IR R R AP
D) ° MM (12) ZNAT4] -

Z8 (unconditional P

=®'(PD,) (13)
BN N, B = 1. T WS
Frfasy - HEERAE P &R 55

Dy,....D, = RIS ¢ FE TG B AS #1024
d 5

d, =— (14)

TEBISREIRAMIA 1 S, T > T HEE 51
HIBEA (conditional PD) £ :

P(Y,,=1]8)=P(X,;£715,)
=PW1-pe, +p S <¥18S,)

e <7APS, J_S]
T

:q{m' (PD,)—J;S,J

I=p

(15)

B H T FHREFER » BHERE
A N, o 5ot AR B DL — 1
BEtsst i S, 2KFTR o S, /NIRRT F A
- RARREEE D RL - M S, Rk B
ABNTARMER RE A - FAEEEFEZA T
BRI EAEEA SR BRI Z BLE

SpaeeisSy
C BHEES ¢ RO ERIBR AR

J (16)

W2

@' (PD,)-\p 5,
pms,)=¢[
Ji-p



Hrh pD, 5 EE I IEEEERRE
A p BEEFHRRREL o

DB WARERIEER D, IRME —IEH Sy
A > 2808 N, H p(S) :

D, ~ Binomial (N,, p,(S,)) (17)

& ¢ PR A BN IESFS d = D,/ N, °
3.3 et

A ERR LB R B IHE T B A E
ae i A BAGBETE - LR B O &
FEEEST T A1 EREERET
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FIFEZSHUES 1998 28 2002 FEHIER
ASERIBEARI T IIHL o [FIREA SR
H3F L AH Rz PRI R 2 FH o8 4
FVEREIIR » PREHE A5 vl i M i
FEABHFEATH T E A2 (B
FTEE A L -

: FIJF Blochwitz et al. (2004) Z {5
% PRETE A [FIR & 2 AHBA (R B
T BHEREAUE T B Normal
test flI Traffic lights test FRZ%2E » K
FRATAIEZ FEEEBA/E ] Normal test
F Traffic lights test IKf > JFEEZHFE
HIZRIA -

FRE2

FRE1 : FIJA] Normal test F[1 Traffic lights test
TR T - gy 4 BB BRI RER O
TE S R R O N SR EESE R A
AR AR T A s g . A1 ARSE PR BRAS R
PP o HPABRET DN ERETSE R 7% 6 f13% 7 B IEIAE IR A RS T/ A Bl
WA AR AP B THIHEA AR - =R R IFEF A Normal test B Traffic
HHEA/JUERNRELER - S E lights test f&EHY P-value ° HHRHERAFRIELN
JE B 2RI 2 S 1) R BB RH S FREET /A FIRVEFSE 1 BLEFSE 2 /F 2002 FEAT »
> SRS IR UE RS - [R5 HUE SR ARG HEBER - REEFE 1
HETEIGE KBS 2R HURS B LR B A E EIERSE 2 NHEITARE » RAEHLL “ -7
RIBSZR I8 THERIBEESUE oo BT R o fEREE KUEST RIS 0.05
PABES =4 > BFM A5 2003 4F £ Ei10.01 T » P-value/[Mi20.05 B 0.01 HI| 5351l
2005 4% o 4 = 2003 G0 FEHIE LI Bl #x IR o
‘6 MEFRIFARSBITATZAFZIEE P-value
e BE 2 3 4 5 6 7 8 9
Normal 0.5263 | 0.2973 | 0.0108* | 0.0082%*| 0.0180% | 0.0000%* | 0.3178
Traffic lights - - 0.5375 | 0.2300 0.0046** | 0.0103* | 0.0013**| 0.0013**| 0.2300
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R7 EBRXI[AFZIERE P-value

FE
. 1 2 3 5 6 7 8 9
35
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