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htroduction

> One of the main concems of regulators is having a proper

assessm entofthe solvency ofthe FnancialSystem .

» is in portant to have an adequate picture of the levelofrisk of the
Financial System as a whole, where risk is concentrated, and the

mdividualbanks’contribution to overallrisk.

> This represents a technically form idable problem r several

reasons:

" hfom ation

* Creditrisk m ethodobgies:
= No accepted paradigm

= Num ericaltechniques w ith heavy com putationalrequirem ents

" How to draw the pkture?



Existing CreditR isk M ethodobgies

> Big nfomm ation requirem ents.

> Substantialcom putationaleffortto obtain bss distrbution.

> No explicitrelation betw een creditrisk and

eCapialadequacy
eConcentration

eSingl oblgor lim its
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CyRCE : Properties

CyRCE is a default Credit Risk M ethodobgy which avoids
the use of com putatibnally dem anding num ericalm ethods,
by assum ing that the ban porthhlio bss distribution can be
characterized by its m ean and its varance:

> Cbsed om expressin forvValie atRisk (VaR)

» Explicitparam etrization ofallrelevantcreditrisk elem ents.

Credit risk related CapitalAdequacy can be established i
tem s of:

DefAultrates.
A m easure ofconcentration and br

Single oblgor lim its.



CyRCE:CapialAdequacy and CreditR isk

The m odelis “builtup” from a very
sin ple case where all bans have
1id default probabilites, and
extended to a general siation
w here default probabilites of bans
can differ, be correlhated and the
portiolo can be segm ented
arb itrarily to detect risky
concentration segm ents.



CyRCE:A sinple Model

Let fbe the # Joan am ountin the porthlio; i= 1,2,....N
Define “"N” bmary iid random variables:

¥ = f; with probability p
P 0 wih probability I1-p

The m ean and standard deviation ofthe mwtalporthlio bss
are:

N
u=pv  o=.pd-pYf’
=i

fi

~
1
M=



CyRCE:Value atRisk

Assum e for the m om ent that the bss distribution can be
approxin ated by the Nom aldistrbution, so that, the value
atrisk w ith confidence levelQ is:

N
VaR, = pV z p(]—p)z,]f
=

04

EXPECTED LOSS UNEXPECTED LOSS
U z,0



CyRCE :CapialAdequacy

CAPTTALTZATDN RATD : wo_ Economic Capital
Value of Loan Portfolio

Capimladequacy requires:

L
Cog. 2 VaR, WP > ptz, p(1=p)H(F)

where am easure ofconcentration em erges naturally:

N
2 f_Z HerfindahlH irschm an
oy : concentration mdex
H(F)=

N

Zf,

=

=[f, f, -~ fy F ban portfolo vector



CyRCE:Concentration Li it

The VaR expression establishes a 1m iton
concentration through H ):

2

2.

H(F)=——S=< =p)

3] -
27

N

N

~

From whih single oblgorlm its can be obtamed.



CyRCE:Singl OblgorLm its and Concentration

0K
I

K W/ = is the capitalization ratio.
7

f< 5K=5§><V= Swv=0V
1. N

1=

So,“singl oblgor lm its” can be seton Capialoron total
portfolio value as ong as:

0 = 0 v = 0 (Capitalization Ratio)



CyRCE:Singl OblgorLm its and Concentration

HHIProperty L

Then, itfolbws that:

fiSQV i=1,. N
o< W-p) » v

zap(1- p)

The.condition.is




CyRCE {The concentration mdex

HHIProperty 2:H F)< 0 = 0 <M axin um ban < VOV

The tradeoff orlending them axim um ban t a single
debtor, is atthe expense ofcreditto allotherdebtors,
which tends t zero as N increases.

This graph show s how fastdecreases the am ountofother
bans under the hypothesis ofamaximum banwhen N
ncreases.



CyRCE:Sm pl Modelcontnued

The expression y > P T Zoy \/p(]_p)H(F)

is attractive because:

Loan portiblio value

atrisk through: ™ z "

CapialAdequacy:
“l// ” S:ing]e Ob]:'gorL:'m its
Single ban defaulk Loan portilo

probab ilities : “p” concentration: “H (F )’



CyRCE:Example

The average defaulprobabilty for

the 25 bans is 10.89% .

4,728 +7,728° +...+6,480°

1ZIE
(F) 130,164"

=0.0661

___Total | 130.164

A ssum ing Nom ality and a 5% ,confidence level, Capialadequacy
requires:

v 20.1089+ 1.96\/(0.1089) (1—0.1089)(0.0661)=26 .6 %

Or:
K 2(26.6 % )(130,164)= $34,603



CyRCE:Exam ple (contnued)

Suppose K = 35,000, then:

K 35,000 o o ,
Capimlizaton mto: V¥ = = = 26.9% = 26.6% required
Vv 130164

¢ s the portfhlio o concentrated?
w-p)*  (0.2689 —0.1089 )
zop(1—p)  (1.96) (0.1089 )0.8911)

H(F) = 0.0661< = 0.0687

¢W hat's the argestpossble ban?

f*=1(/0.0687 )130,164)= $34,108

¢W ould there be single obligor Iim itcom pliance?

£ <0.0687 X130 ,164 = $8,942
l



CyRCE:A GenermlModel

Allbans have differentdefaultprobabilibes: p; , ....py -

The m ean and standard deviation of the portfolio Ioss per
bban are:

,UZ-:pl-fl- Gl:\/pl(]_pl)-fl t=1,..N

. Allportfolio bsses can be correlated to each other though
a covariance m atrix.

— DefaukCovariance betw een _
Gi,j an iand ban j GZG] pi,j

p; ;s defaultcorrelaton betw een ban iand ban j



CyRCE:Value atRisk

Approxin ating by the Nom aldistribbution, the value atrisk
w ith confidence leveld is:

VaR, Eplf-l-z 26 +).0.0.p,

[7 ]

EXPECTED LOSS VARIANCE COVARIANCE

Using m atrix notation:

VaR,= n'F +z\JF'MF " =700

M : covariance
matrix
EXPECTED LOSS

UNEXPECTED LOSS



CyRCE:CapialAdequacy

CapialAdequacy relation is now :

T T
n K F MF
4 F F
W eghted average defaul FTMF HH
probability ofthe ban R( F, M) —

_ Herflrld' SR1-H frschm an index
portihlo P

Rayleygh’s quotient

Sum m arizes the variance-
covariance effectfor
portfblio Iosses



CyRCE:Snglk oblgor lm its and Concentration

Under the generalm odel, the concentration bound is:

W=p+z, R(F,M)H(F)

$

(v-p)°
22 R(F, M)

H(F) <

W eghted average defaulprobability of ] 2

4 Tizaton Rat —
[Caplta]:lzatlon ato the ban portfolio

Confidence Level? X Variance-Covariance effect



CyRCE:Example

| Rating | A | B | c | D | E|F| c |
“Woan (4| 165 500 5,00 70] 10.00] 15.00] s000]

|_obligor | Amount | | obligor | Amount

H{F)=6.61%

p =1089%  R(F,M )=0.401

|___Total | 130,164

A ssum Ing Nom ality and a 5% confidence level, Capimladequacy
requires:

W >0.1089+1.96 (0.401)(0.0661) =42.78%

Or:
K > (42.78%)(130,164) = $55,685



CyRCE:Exam ple (contnued)

Suppose K = 60,000, then

Capimlization ratio: VY = K = 60,000 = 4610% = 42.78% required
Vv 130,164

¢ s the portfhlio oo concentrated?

-p)° 4610 —0.1089)’
2(!// p)° _ (046 00 089) 0,080
2o R(CF, M)  (1.96) (0.401)

H(F) = 0.0661 <

¢W hat's the single oblgor lim it?

f* =(0.0805) (130,164)= $10,482



CyRCE:Portfolio Segm entation

The ban portiolio can be partibtioned aritrarily In segm ents
such that:

e Each group has iis own defaulprobabilibes.

e The covariancem atrix M lmnclides two kinds ofcovariation:

- Hosncrate:am ong defuls w thn the sam e segm ent.

- Extta-gwup:am ong defauls ofdifferent segm ents.

Pi,
Pl,zr> =




CyRCE:Value atRisk

The value atrisk w ith confidence levelo foreach segm ent jis:

VaR= 7'F, +z\F'R F

EXPECTED LOSS UNEXPECTED LOSS

n,is the vectorofdefaultprobabilities of segm ent j

F,is the vectorofthe am ounts ofthe bbans In segm entj

R, is them atrix of the dibsincratic covariances in segm ent jand
the defaultcovariances betw een the bans ofsegm entjw ith
the bans ofother segm ents.



CyRCE :Value atRisk (contnued)

Them atrix R ;has the ©Ibw ing structure:

0 - Cp; - 0
Ri=[Cy; M; Cin
0 Cu. 0

M 5= M atrix ofthe dibshcratic covariances forthe bans ;n
segm entjj.

C,;=Matrix ofdefaultcovariances betw een the bbans of
segm entjw ith the bans ofsegm enti



CyRCE :CapialAdequacy

Afterabitofalgebra, the CapialAdequacy relation per
segm entis:

T T
v, > 3T 4 o, | RO, M) H(F)+2 & 23> 30
: i £ 7 2
I/J J#i IG'
W eghtad average HH ]3
defaultprobability of Rayleyghs quotient
the bans in segm entj for segm ent j Adjistm ent for
P

J Cormelation



CyRCE:Singlk oblgor lim its and Concentration

The concentration bound persegm entis:

Wi-n)° ) F?'Cj,iFi

H(F']) S 2 o 4, o
2 ROE,My)  j#i 17 R(F, M)

Adjustm entfor

Bound Correlation



Num ericalcom parison to CrediR isk+

For illustration purposes, an arilrary sample 0£1,320 bans was picked from
SENXTREB and VaR was cakulhted lowing both CrediR isk+ m ethodobgy
and CYRCE m ethodobgy,using a Nom aland a Gamm a distrbbution.

\

Distribution VaR95 VaR97.5 VaR99 VaR99.5
CreditRisk+ 1606 1790 2030 2190
Gamma 1467 1618 1807 1942
Normal 1405 1509 1630 1712

— CR+— Gamma— Normal

T T T T T

750 1000 1250 1500 1750 2000 2250 2500 2750 3000
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D istribution ofthe ban portiolo by m aprbanks:
SYSTEM

SYSTEM = 364,150 MP

November 2001

35,221
20,054 10% 98,357
27%

6%
25,952 ‘
7.1% A —

28,089
7.7%

30,683

8% 32,570 93,224

9% 26%

B B1 B B2 B3
B4 B5 B B6

B7 B Others
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Loan Portfolio Segm entation

AGR/LIVESTOCK *® Agrculure
e Lvestock, Forestry, Fishihg & Hunting

o bk xXtractive
NDUSTRY
e F'ood
CONSTRUCTDN  °Textk

oW ood/Paper
COMMERCE 8 FrRrivER |
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¢ O ther hdustres
e Fnancuml
SERVIES

e ProfesspnalTechnialPersonal
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e Socrml& Communal
¢ G woup by five differentates

WOHANE®Nn Ny ROZ0NH

RATED LOANS
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Total Loan Portfolio: 364,150 MP
59,238 MP (16%)

B Non-rated loans: 304,911 MP (84%)

B Rated loans*:
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D istrbution ofthe Joan portiolio by Econom ic

Activity: SYSTEM
November 2001

*Rated by Standard & Poor's,M oody'’s y Fich
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DefaulProbabiliy,Concentration lhdex and

Raylegh’s Quotient: SYSTEM

2.0%- .
1.8% 1
1.6%- i
1.4% |

T 12% —

g 1.0%

0.8% T
0.6% +
0.4% T
02%
3838888888888 ¢c5:5355555555355
§332585358833888838535883%

— Default Probability (p)
— Rayleigh’s quotient (R(F, M))

4.0
3.5
3.0
2.5 =~
20w
1.5
1.0
0.5
0.0

Concentration index (IHH)



W eighted average defaulprobability by
Econom ic Activity
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Risk,DefaultProbability, Concentration hdex and
Rayliegh’s quotient: SYSTEM

VaR

27%,

~ Rayleighs quotient

35%

34%

32%

30%

31%

31%

== VaR Econom ic capial
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50,000~ 16
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10,000 I
0‘
Mar-00 Jun-00 Sep-00 Dec-00 Jan-01| Feb-01] Mar-01| Apr-01/May-01 Jun-01 Jul-01|Ago-01 Sep-01| Oct-01/ Nov-01
mm\/aR 31,744 | 38,938/32,283 35,828 41,344 40,230 38,183 {40,032 |41,029 | 44,305 [45,519|33,279|34,477 | 36,965 | 41,584
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Contrbution to System Risk by Ihstihution:
Novem ber2001

Bl varo9kc <= VaR99 acum ulate == VaR99/EC average:30.6%
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DefaulProbabiliy,Concentration lhdex and
Rayleigh’s Quotient: Novem ber 2001

BEN varoskc = Defaultprobability Average p:138%
¥~ Concentration index Average HH :0.81%
= Rayleighs quotient ~= Average R :2 6%
LA
o 0.84 17.5%
% .00
W, 0.65 14.4%

14.0%

0.4%

\ 2 %"r

N ‘ . ‘}’ Fodle 09D

=== e NP

%
@
B,
el
oo
200%,
18

(2

e ;*?myffm?:?a;;s ; i i
mEpHEEES 3B ] I I R R S R e %ﬁ&wmﬁmﬁ




Contribution to System Risk by Econom ic
Actwvity:Novem ber2001

WP var99LYSTEM VaR

= VaR99 acum ulate
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