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Introduction

One of the m ain concerns of regulators is having a proper

assessm ent of the solvency of the Financial System .

It is im portant to have an adequate picture of the level of risk of the

Financial System  as a whole, where risk is concentrated, and the

individual banks’ contribution to overall risk.

This represents a technically form idable problem  for several

reasons:

 Inform ation

 Credit risk m ethodologies:

   No accepted paradigm

   Num erical techniques w ith heavy com putational requirem ents

 How to draw the picture?



Existing Credit Risk M ethodologies

Big inform ation requirem ents.

Substantial com putational effort to obtain loss distribution.

 No explicit relation betw een credit risk and

• Capital adequacy

• Concentration

• Single obligor lim its



I.  I.  IntroductionIntroduction

II.II. CyRCE m odelCyRCE m odel

III.III. System ic Credit Risk analysisSystem ic Credit Risk analysis

Index



CyRCE: Properties

CyRCE is a default Credit Risk M ethodology which avoids
the use of com putationally dem anding num erical m ethods,
by assum ing that the loan portfolio loss distribution can be
characterized by its m ean and its variance:

Closed form  expression for Value at Risk (VaR)

Explicit param etrization of all relevant credit risk elem ents.

Credit risk related Capital Adequacy can be established in
term s of:

Default rates.

A m easure of concentration and/or

Single obligor lim its.



The m odel is “built up” from  a very
sim ple case where all loans have
i.i.d default probabilities, and
extended to a general situation
where default probabilities of loans
can differ, be correlated and the
portfolio can be segm ented
arbitrarily to detect risky
concentration segm ents.

CyRCE: Capital Adequacy and Credit Risk



Let fi be the i
th loan am ount in the portfolio; i = 1,2,....,N

Define “N” binary i.i.d random  variables:

CyRCE: A sim ple M odel
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CyRCE: Value at Risk

Assum e for the m om ent that the loss distribution can be
approxim ated by the Norm al distribution, so that, the value
at risk with confidence level αααα is:
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CyRCE: Capital Adequacy

CAPITALIZATIO N RATIO :

Value of Loan Portfolio

Economic Capital
=ψ

VaRαααα
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 Capital ≥≥≥≥

Capital adequacy requires:
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F = [  f1   f2  ⋅⋅⋅    fN  ]
T loan portfolio vector

w here a m easure of concentration em erges naturally:



CyRCE: Concentration Lim it

The VaR expression establishes a lim it on
concentration through H(F):
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From  which single obligor lim its can be obtained.



CyRCE: Single Obligor Lim its and Concentration

Kδδδδ

K

θ = δ ψ = δ θ = δ ψ = δ θ = δ ψ = δ θ = δ ψ = δ (Capitalization Ratio)

is the capitalization ratio.
V
K=ψ

fi ≤ δ K =
i=1,… ,N

V
V
Kδ × = δ ψ V =θ V

So, “single obligor lim its” can be set on Capital or on total
portfolio value as long as:



CyRCE: Single Obligor Lim its and Concentration

ψ

H(F) ≤ θ

Then, it follows that:
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HHI Property I:



The tradeoff for lending the m axim um  loan to a single
debtor, is at the expense of credit to all other debtors,
w hich tends to zero as N increases.
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This graph shows how fast decreases the am ount of other
loans under the hypothesis of a m axim um  loan w hen N
increases.

CyRCE:The concentration index

HHI Property 2: H(F) ≤≤≤≤ θθθθ ⇒⇒⇒⇒ θθθθ ≤≤≤≤ M axim um  loan ≤≤≤≤ √θ√θ√θ√θV



CyRCE: Sim ple M odel continued

Loan portfolio value
at risk through: “ zαααα”

Loan portfolio
concentration: “H( F )”

Capital Adequacy:
“ψψψψ ”

Single loan default
probabilities: “p”

FH)p1(pzp −+≥ αψ ( )

is attractive because:

Single Obligor Lim its

It relates

The expression



Obligor Amount Obligor Amount
A1 4,728           A14 5,042           
A2 7,728           A15 15,411         
A3 5,528           A16 1,933           
A4 5,848           A17 2,317           
A5 3,138           A18 2,411           
A6 3,204           A19 2,598           
A7 4,831           A20 358              
A8 4,912           A21 1,090           
A9 5,435           A22 2,652           
A10 5,320           A23 4,929           
A11 5,765           A24 6,467           
A12 20,239         A25 6,480           
A13 1,800           Total 130,164       

CyRCE: Exam ple

The average default probability for
the 25 loans is 10.89% .
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Assum ing Norm ality and a 5% , confidence level, Capital adequacy
requires:

O r:

. %62696.11089.0 ====)))).(((( 06610.(((( ))))10890 (((( ))))1089.01 −−−−++++≥≥≥≥ψψψψ



CyRCE: Exam ple (continued)

Capitalization ratio:

Suppose K = 35,000, then:

26.9%
164,130

000,35
===

V

Kψψψψ ≥≥≥≥ 26.6%  required 

¿Is the portfolio too concentrated?

¿W hat’s the largest possible loan?
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CyRCE: A General M odel

• All loans have different default probabilities: p1 , ..., pN .

The m ean and standard deviation of the portfolio loss per
loan are:

2. All portfolio losses can be correlated to each other though
a covariance m atrix.

ρi , j: default correlation between loan i and loan j

= σiσj  ρi,j
Default Covariance between

loan i and loan j
σi,j =

µi = pi fi i = 1,...,Nσi =   pi (1- pi  ) fi



CyRCE: Value at Risk
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Approxim ating by the Norm al distribution, the value at risk
w ith confidence level αααα is:

Using m atrix notation:

M: covariance
matrix

ππππT = [ p1  ... pN ]T

EXPECTED LOSS VARIANCE CO VARIANCE



CyRCE: Capital Adequacy

Capital Adequacy relation is now :
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Under the general m odel,  the concentration bound is:

CyRCE: Single obligor lim its and Concentration
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CyRCE: Exam ple

Assum ing Norm ality and a 5%  confidence level, Capital adequacy
requires:

O r:

Rating A B C D E F G
Mean (%) 1.65 3.00 5.00 7.50 10.00 15.00 30.00

Stand. Dev.(%) 12.74 17.06 21.79 26.34 30.00 35.71 45.83
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(42.78%) $55,685=≥≥≥≥K (130,164)

Obligor Amount Obligor Amount
A1 4,728           A14 5,042           
A2 7,728           A15 15,411         
A3 5,528           A16 1,933           
A4 5,848           A17 2,317           
A5 3,138           A18 2,411           
A6 3,204           A19 2,598           
A7 4,831           A20 358              
A8 4,912           A21 1,090           
A9 5,435           A22 2,652           
A10 5,320           A23 4,929           
A11 5,765           A24 6,467           
A12 20,239         A25 6,480           
A13 1,800           Total 130,164       



CyRCE: Exam ple (continued)

Suppose K = 60,000, then

Capitalization ratio: 46.10%
164,130

000,60
===

V

Kψψψψ   ≥≥≥≥ 42.78%  required 

¿Is the portfolio too concentrated?

¿W hat’s the single obligor lim it?
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CyRCE: Portfolio Segm entation

The loan portfolio can be partitioned arbitrarily in segm ents
such that:

ρρρρ1,3ρρρρ1,2

–  Extra-group: am ong defaults of different segm ents.

ρρρρ1

• The covariance m atrix M includes tw o kinds of covariation:

– Idiosincratic: am ong defaults within the sam e segm ent.

p1

p2

p3

•  Each group has its ow n default probabilities.



CyRCE: Value at Risk

The value at risk with confidence level αααα for each segm ent j is:

+= z FRFT
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j j j

ππππj is the vector of default probabilities of segm ent j

Rj is the m atrix of the idiosincratic covariances in segm ent j and
the default covariances betw een the loans of segm ent j w ith
the loans of other segm ents.

Fj is the vector of the am ounts of the loans in segm ent j

EXPECTED LO SS UNEXPECTED LO SS



CyRCE: Value at Risk (continued)
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The m atrix Rj has the follow ing structure:

M j = M atrix of the idiosincratic covariances for the loans in
segm ent j.

Cj,i = M atrix of default covariances betw een the loans of
segm ent j w ith the loans of segm ent i.



CyRCE: Capital Adequacy

After a bit of algebra, the Capital Adequacy relation per
segm ent is:
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CyRCE: Single obligor lim its and Concentration

The concentration bound per segm ent is:

R( F , M  )
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Num erical com parison to CreditRisk+

For illustration purposes, an arbitrary sam ple of 1,320 loans was picked from
SENICREB and VaR was calculated follow ing both CreditRisk+ m ethodology
and CyRCE m ethodology, using a Norm al and a Gam m a distribution.
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Distribution of the loan portfolio by m ajor banks:
SYSTEM

November 2001
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Loan Portfolio Segm entation
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Distribution of the loan portfolio by Econom ic
Activity: SYSTEM

November 2001
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 Non-rated loans: 304,911 MP (84%)
  Rated loans*:       59,238 MP (16%)

* Rated by Standard & Poor’s, M oody’s y Fitch
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Default Probability, Concentration Index and
Rayleigh’s Q uotient: SYSTEM
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W eighted average default probability by
Econom ic Activity
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Risk, Default Probability, Concentration Index and
Rayliegh’s quotient: SYSTEM

  VaR/Econom ic capital

27%

35%

26%
29%

34%
32%

30% 31% 31%
33% 34%

25% 26%
27%

31%

0

10,000

20,000

30,000

40,000

50,000

MDP

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

VaR 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

p 1.6% 1.6% 1.5% 1.2% 1.3% 1.3% 1.2% 1.2% 1.2% 1.2% 1.5% 1.3% 1.2% 1.3% 1.4%

IHH 1.2% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.7% 0.8% 0.7% 0.7% 0.7% 0.7% 0.7% 0.8%

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

1.6

2.5
1.8

2.2
2.9 2.9 2.8 3.0 2.6

3.9
4.0

1.9 2.1 2.4 2.6

Rayleighs quotient

V
a
R p

, IH
H



Contribution to System  Risk by Institution:
Novem ber 2001

  VaR99/EC   VaR99 acum ulate   VaR99/EC average: 30.6%
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Default Probability, Concentration Index and
Rayleigh’s Q uotient: Novem ber 2001

  VaR99/EC  Average p: 1.38%  Default probability
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 Average IHH : 0.81%  Concentration index
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  Rayleighs quotient  Average R: 2.6%

0.46

0.56

0.84

0.65

0.23

0.07 0.08 0.080.08

0.22
0.17

0.00 0.02 0.01
0.04

0.01
0.01

0.01 0.01 0.01 0.01 0.00
0.00

0.00 0.00 0.00 0.00
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

B
1

B
2

B
3

B
4 B
5

B
6

B
7

B
8

B
9

B
10

B
11

B
12

B
13 B
14

B
15 B
16

B
17

B
18

B
19 B
20

B
21 B
22 B
23

B
24

B
25

B
26 B
27

B
28



Contribution to System  Risk by Econom ic
Activity: Novem ber 2001

  VaR99 acum ulate  VaR99/SYSTEM  VaR
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Capital adequacy : (EC – VaR)/Loan portfolio ≥≥≥≥ 0
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