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Objective

Interested not only on assessing the risk of
large losses (and possibly default) of

financial institution
but on the impact that such an event
would have on the
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Methodology: Three Relevant Principles

Readily implementable in terms of data needs.

Reliable in the sense of being robust under
data-restricted environments.

Economically interpretable, so it can be used as an
input to policy discussions.



lll. Banking Stability Measures



Banking Stability Measures: Introduction

Fortunes of banks move in tandem

Indirect Links
Systemic shocks Lending to common sectors
Proprietary Trades

Direct Links
Inter-Bank Deposit Markets
Syndicated Loans

Contagion through
Idiosyncratic Shocks

Reflected in movements in banks’ individual measures of distress.
Thus, proper estimation of IS of key importance

(Goodhart, Sunirand, Tsomocos, 2004)



Banking Stability Measures:
Key Contributions

Can be constructed from alternative market-based
measures of distress of individual banks, which are
available publicly.

Account for the Distress Dependence (DD) amongst
banks in the system.

Embed changes in DD at different points in the economic
cycle; hence, useful to quantify empirically observed
Increases in dependencies at periods of distress.

Flexible to incorporate other FI's.



Banking Stability Measures:
Key Contributions

Set of tools to analyze (define) banking stability from
different, yet, complementary perspectives:

Common distress in the banks in a system.
Distress between specific banks.

Distress in the system caused by a specific
bank; I.e., “cascade effects”.



Banking Stability Measures: Modeling Steps

Step 1:
View the as a of banks.

PoD of Bank X ‘

PoD of Bank Y

‘ e Step 4:

Estimate BSMD

Step 2: Step 3:
Estimate individual Recover the BSMD
Banks’ PoDs CIMDO-density

Source: Goodhart and Segoviano (2008)



CIMDO-density

The CIMDO density 1z recovered by minimizing the functional
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CIMDO-Copula (Segoviano, 2008 forthcoming)

Maintains the benefits of copula modeling (vs correlation).
Readily implementable with available data.
Avoids copula choice problem.

Allows for changing dependence as empirical PoDs change,
consistent with economic cycle.

Outperforms commonly used parametric copula functions under
the PIT criterion.



ll. Banking Stability Measures



Banking Stability Measures: Common Distress

1. Joint Probability of Distress (JPoD): P (X NY N R)
1 ]’ ; p(x, y.7r)dxaydr = JPoD

2. Banking Stability Index (BSI)

Expected number of banks in distress given that at least one became distressed
Measure of conditional expectation of distress probability (Huang 1992)




Stability Measures: Distress between banks

1. Distress Dependence Matrix (DiDe)

X Y R
X 1 PX'Y) | P(XIR)
Y P(Y/X) 1 P(Y/R)
R P(RIX) | P(RIY) 1




Stability Measures:
Distress in the system caused by a bank

Probability that at least one becomes distressed conditional on a
specific bank becoming distressed (PAO)

Measure of “cascade” effects in the system.

Source: Goodhart and Segoviano (2008)



lll. Banking Stability Measures:
Empirical Analysis



Modeling Individual Banks’ PoDs

Structural Approach

: L * Choice and calibration of distribution of stock
*  Economically intuitive

. Explicit definition of default (asset) prices challenging

* Relies on stock prices and balance sheet liability ’ V_er_y sensitive to VOIat'“tY yalues _
. . * Difficult to separate volatility of equity
information

market from volatility of a particular firm
»  Off balance sheet items?

CDS Spreads

* Not subject to modeling distribution of asset
prices, volatilities of stock prices and balance
sheet liability information.

» Available only for few large banks
Subject to market volatility and liquidity

OOM Prices
*  Not subject to distribution calibrations, modeling *  Availability of OOM option prices at different strike
of volatilities, recovery rates, delivery options prices

«  Plain vanilla options might be available for *  Model calibrations
smaller banks



Modeling Individual Banks’ PoDs

MajnsrUS BHCs:Miarginal Probability pf Defanitand MEMY 's 1-vear Expecied I efanit
Fregqoenry [EDF), Novem ber 2002-0O ctober I00E
[In percent]

M argina]l Probabilityof Defaslt

------ CITIGROUPF
BANK OF AMERIC A
JFMORGAN

IR TR} IR IRRS TRRE TR BT

EDF

------ CITIHROUP
HAMK OF AM ERICA
—— P OAHAN

INN2 2EE3 F1 1L IEES ZENE IERT

Ionmn: Mondy " EM Y and anthery calcnlations.



1.5

1.5

[ B3

Modeling Individual Banks’ PoDs

Majnsr UK Banke: Marginal Probability pf D efanitand MEMY 5 1-year Expected I efanit
Fregqoenry [EDF) Hovember 2002-October 200K
Mo nercentl

N M arginal Probability of D sfasit

------ BARCLAYS
HESBC
HEOS

T00T e IFM INEE IR E TRT

.t EDF

e HARGLAYH

HHBLC
— @O B

IEN2 IEE3 Z2EEA ZEES 2EEE IERT

Innren: MundyhYy EM Y asd anthers " calcnlatinny.



Modeling Individual Banks’ PoDs
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Modeling Individual Banks’ PoDs

Chose CDS-PoDs; however,
CDS might exaggerate a firm’s “fundamental risk” when:

. Lack of liquidity in the particular CDS market.

. General risk aversion in the financial system (also affecting the other two
approaches).

These factors can become self-fulfilling if they affect market’s perception
and willingness to fund a firm

. CDS might overshoot at times but do not generally stay wrong for long.
. CDS anticipate rating changes.
. Magnitude might be unrealistic but direction a good distress signal.

PoDs are exogenous; thus possibility to implement model wit
any chosen measure



Application 1:
Examination of Relative Changes of Stability
over time



Perspective 1: Common Distress

Banking Stability Index: January 2007- October 2008
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Perspective 1: Common Distress
Joint Probability of Distress: January 2007- October 2008
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Perspective 1: Common Distress

Distress Dependence embedded in JPoD
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Perspective 2: Distress Between Banks

Distress Dependence Matrix: July 1, 2007- September 12, 2008

July 1, 2007 Citi BAC IPM Wacho  WAMU G35 LEH MER MS AIG ave?:;
Cifigroup 1.00 0.14 011 0.11 0.08 0.09 0.08 0.09 0.09 0.08 0.19
Bank of America 012 1.00 027 027 0.11 011 010 0.12 012 0.15 024
JPMorgan 013 0.42 1.00 0351 0.13 019 016 0.19 0.18 0.17 0.29
Wachovia 012 33 024 1.00 0.11 012 010 0.12 012 0.14 0.24
Washington Mutual 016 0.28 021 023 1.00 012 012 0.16 0.13 0.15 0.26
Goldman Sachs 017 0.23 028 021 0.11 1.00 031 0.28 031 0.17 0.31
L ehman 0322 0.32 032 026 0.15 043 1.00 0.33 033 020 0.36
Memrill Lynch 019 0.32 033 025 0.17 033 031 1.00 031 020 034
MMorgan Stanley 019 0.31 028 024 0.14 033 028 0.30 1.00 0.16 0.33
AlG 0.07 0.14 0.10 0.10 0.05 0.07 0.06 0.07 0.06 1.00 )
Column average 024 0.33 031 030 021 028 025 0.27 026 024 027
.. N Fow
September 12, 2008 Citi BAC IPM Wacho  WAMU G35 MER MS average
Cifigroup 1.00 0.20 019 0.14 0.07 017 0.14 016 0.23
Bank of America 014 1.00 031 0.18 0.05 016 0.13 0135 0.23
JPMorgan 013 0.29 1.00 0.16 0.03 019 0.14 0.16 0.23
Wachovia 034 0.60 0353 1.00 0.17 036 0.31 034 0.42
Washington Mutual 093 0.97 003 094 1.00 091 0.92 001 0.93
Goldman Sachs 013 0.19 024 0.13 0.06 1.00 0.20 027 0.25
L ehman 047 0.33 0358 043 023 073 0.39 062
Memrill Lynch 032 0.41 047 030 0.16 053 1.00 048 ]
MMorgan Stanley 021 0.28 029 0.19 0.09 040 0.27 1.00 0.31
AlG 050 0.66 0350 053 0.29 054 0.49 047 i3
Column average 042 0.51 0352 0.40 0.22 050 0.42 046




Perspective 3: Distress in the System Caused by a Bank

Probability that at least one bank becomes distressed given that
Lehman/AlG become distressed (September 12)
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Application 2:
Examination of Cross-Region Effects
between Banking Groups



Common Distress

JPoD Scandinavian banks with and without exposure to Baltics
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3.0

Perspective 1: Common Distress
Joint Probability of Distress: January 2007- October 2008
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Perspective 2: Distress Between Banks

Distress Dependence Matrices, July 2007 and September 2008 1/

July 1, 2007 Citi BAC JPA Wache WAMU G= ILEH MER ME AIG ax:f: BARC HEBC TBS Z5FR LB a‘jon
Citigroup 1.00 ol4 0ll 011 008 o 0.08 [Tk 0.0% (X 01% | Citigoup 007 Qo7 008 008 007 Qo7
Bank of Amarica 012 100 [y 037 011 o1l 0.10 011 0.12 Q15 02 Bank of Amaricz 008 o7 0.0e 006 0.10 008
IPhlogzan 0.15 042 100 031 0.13 als 0.16 olg 0.18 Q17 039 | Phlors=n 0.10 [T 013 [T ] 014 Qlo
Wachoria 012 033 (i) 1.00 011 ol 0.10 011 012 ol4 02 Wachoviz 007 [T 007 005 008 o7
Wazhinzton Mzl 018 028 [hei} 03 1.00 a1 0.12 0ls 013 Q15 036 | Washingion Mozl oos 008 0.0% 006 [l Q08
Groldmzn Sachs 017 035 038 021 011 100 031 018 031 Q17 031 GoldmanSachs 0.13 01l 0.15 011 018 o4
Lehman [, 031 032 036 0.15 043 1.00 035 033 [ .4 035 | Lehman 014 012 0.15 ol4 013 Q15
Merrill Lynch 019 [HE . 033 035 017 033 031 1.00 031 [ 1] 034 | MemillLynch 0.15 015 019 015 031 Q17
Morgzn Stanley 01z 03 028 024 014 035 0218 030 1.00 Qls 033 MormnSenky 014 012 014 0112 018 ol4
AIG 007 ol4 Q10 010 0205 o7 0.06 00T 0.06 100 017 AIG 0205 [L14] 007 (L) 006 [1L11]
Coiumn avenge 0314 35 031 030 031 028 035 037 036 024 037 Column aerage 0.10 oo 011 L] 013 011
Citi BAC JPA Wacho WAMU G2 IEH MER ME AIG R:-'m BARC HSBC LES C5FB LB _Rm
V= ] L~ =
Barckys 004 005 (L) [ 002 (1) 0.03 [ [ (L) 004 | Barclays 1.00 018 W 011 013 03
HEBC 004 L) L] 02 002 L] 0.02 003 0.03 L) 003 HEEBC 016 100 0.13 L] 011 Q30
UBE 004 005 1L+ [LHE] 002 (1) 0.03 [ 0.03 (1) 004 | UBE 017 LR E] 1.00 021 0.15 033
CEFB 0205 008 (L o 0203 L 0.05 008 0.05 (L 005 CEFB 01z 015 036 1.00 031 038
Deutsche Bank 0205 e o8 (1] 0203 oor 006 0T 006 (14 008 | DeutscheBank 017 016 012 olg 1.00 033
Coiumn avenge 0.05 006 ] 004 .03 o5 .04 0.05 .04 o5 004 Column erage 034 032 038 031 031 [
. . - - - - Row ~ o - n Row
September 12, 2008 Citi BAC PN Wacho WAMU GE IEH MER ME AIG J— BARC HEEBC B2 CEFB LB —
Citigroup 100 020 [N ol4 007 Q17 0.13 ol4 0.16 01l 03 Citigroup 0.15 Q17 017 015 016 Qls
Bank of America 014 100 [ET 018 0205 0l 0.10 013 0.15 o1l 03 Bank of America 012 013 0.13 011 015 013
JPMorzzan 0.13 L) 100 016 0.05 ale 0.11 ol4 0.16 o 0 TPMorgzn 011 Qld 0.1 011 015 012
Wachoria 034 050 55 1.00 017 [HEH] 037 031 034 (2] 042 Wachovi 027 L] 037 035 031 L)
Washington Mutz] 053 0oT (R [ 100 [ 0.ER 0o (L %] 0o3 Wazhingion Motz 0BT %] 0.B& 0E3 (1R 1% 1]
Goldmzn Sachs 0.15 olg i) 013 006 L0 0.18 020 027 o1l 025 GoldnanSachs 014 LR E] 0.15 015 019 ol
Lahmzn 047 053 058 043 015 i 100 059 0.52 Q37 056 | Lehman 03g 037 040 042 051 o042
Merrill Lynch 032 041 047 030 016 53 037 1.00 04E (W] 043 Merrill Lynch 031 EE] 35 035 039 033
Moggzn Stanley 011 028 .1 olg 009 040 0.3 037 100 014 031 MormnSenky 018 018 0.18 [ERE: 033 alo
AIG 050 056 o 053 030 o4 043 048 047 Loo 055 AIG ] ] 053 048 0.53 52
Coiumn avenge 041 051 053 040 013 050 037 041 045 03 041 Column aerage 030 030 033 031 D35 033
Citi BAC JPA Wache WAMU G= IEH MER ME AIG — BARC HEBC TES C5FB LB ——
e pE — Sefams
Barcky: 0.10 011 Qlo 008 004 Qlo 007 [ Lee] 0.0% Qo7 008 Barclay: 1.00 036 03 030 028 045
HEBC 006 006 (L [ELE] 002 [T 004 005 0.05 (L) 005 HEEC 030 100 016 016 017 2
UBs 0.11 011 01l 007 004 a1l 0.07 010 009 (L o0e | UBS 032 Q30 1.00 047 034 @
CEFB 007 007 o7 0.05 0203 Qo7 0.05 007 0.06 (L3 006 | CSFB 030 02D 031 1.00 016 Q40
Deunkche Bank 008 .08 L] 0.05 0203 amw 0.06 007 0.07 (L 005 | Deutsche Bank 0.18 [ 1e-4] 011 034 1.00 035
Coiumn avenage 0.08 [T 008 006 0.03 oo 0.06 0.7 0.07 Q06 0T Column merage 038 041 040 HEE] 041 £ ; 9

Source: Anthoes caloubtions
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Application 3:
Foreign Banks and Sovereigns:
Banking Systems with Cross-Border Institutions



Banking Systems with Cross-Border Institutions

Foreign Bank and Sovereign Risks
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Perspective 2: Foreign Banks and Sovereigns

7/12007 EEVA AN (o yil $COTIA HSBC  Row Averass MEXICO COLOMBIA BRAFIL CHIE  Row Average
BBVA 100 0.54 0.17 012 0.38 044 EBVA 013 0.08 008 023 013
§ ANTANDER. 0.57 1.00 0.15 0.13 0.37 044 § ANTANDER. 014 0.08 009 024 0.14
T 0.18 0.16 1.00 02 0.18 034 fsiyil 014 0.05 008 015 0.10
$COTIA 0.23 0.23 0.36 1.00 0.23 0.41 SCOTIA 22 0.10 013 023 017
HEEC 0.36 0.33 0.15 012 1.00 0.39 HEEC 012 0.07 007 019 011
Colum Averaze 047 0.45 0.37 0.32 0.43 0.41 (S g p— 015 007 009 021
EEVA g AN faiyif SCOTIA HSBC  Row Averase MEXICO COLOMBIA BRAZL CHILE  Row Average
MEXICO 0.30 0.41 0.40 0.35 0.38 @ MEXICO 100 018 032 057 0352
COLOMBIA 0.54 0.54 0.33 0.38 0.51 . COLOMEBLA 043 1.00 034 059 05
BRAZTL 0.52 0.56 0.47 044 0.48 0.49 BRAZIT 048 031 100 060 067
CHILE 0.25 0.26 0.16 0.14 0.23 021 CHILE 021 0.00 012 100 0.36
Colum dvergss 043 044 0.34 0.33 0.40 0,39 C gl Avergze 0.58 0.40 045 071 0.53
916/2008 EEVA AN o $COTIA HSBC  Row Averaze MEXICO COLOMEIA BRAZLL CHILE  Row Averags
BBVA 100 0.79 042 0.38 0.60 0.66 EBVA 047 039 042 061 047
3§ ANTANDER. 0.77 1.00 0.38 0.36 0.66 0.64 § ANTANDER. 046 038 042 062 047
T 0.75 0.73 1.00 0.68 0.75 0.78 feyil 073 053 053 0.75 066
SCOTIA 0.79 0.79 0.50 1.00 0.80 0.84 SCOTIA 080 0.63 071 082 0.74
EEC 0.54 0.53 0.33 0.30 1.00 0.54 HEEC 036 0.29 030 041 034
Colurrrr Avsrazs 077 0.77 0.59 .54 0.78 062 C clrrrrs Averazs @ 044 050 @ @
EEVA g AN (s yil SCOTIA HSBC  Row Average MEXICO COLOMBIA BRAZL CHIE  Row Averaze
MEXICO 0.61 0.62 @ 049 0.60 QD MEXICO 100 046 064 0.76 07
COLOMBIA 0.66 0.67 " 0.51 0.64 s COLOMEBLA 051 1.00 057 0.72 072
BRAZIL 0.61 0.63 0.52 0.50 0.57 0.57 BRAZIL 072 049 100 0.72 0.73
CHLE 2 Z 0.24 22 0.30 0,30} CHILE 034 024 028 1.00 047
Colwnmn Average 0.45 043 0.53 i1,50 CalumAverage 056 53 052 0.50 0.66

Rovree: Avthors' caleubbons
Thesa nuatrices present the probability of distress of the banld'soversign in the row, condibional on the banls'soversien in the column



Perspective 2: Foreign Banks and Sovereigns

Distress Dependence Matrix: Eastern Europe

7/1/2007 INTESA UNICREDITO ERSTE SOCIETE CITI Row Average BULGARIA  CROATIA  HUNGARY SLOVAKIA Row Average
INTESA 1.00 0.37 0.20 0.29 0.12 0.40 INTESA 0.06 0.12 0.15 0.09 0.11
UNICREDITO 0.49 1.00 0.25 0.40 0.16 0.46 UNICREDITO 0.07 0.15 0.18 0.10 0.13
ERSTE 0.31 0.30 1.00 0.32 0.14 0.41 ERSTE 0.09 0.16 0.22 0.09 0.14
SOCIETE 0.30 0.32 0.21 1.00 0.13 0.39 SOCIETE 0.07 0.10 0.13 0.09 0.10
CITI 0.19 0.19 0.14 0.20 1.00 0.34 CITI 0.05 0.09 0.12 0.09 0.09
Column Average 0.46 0.43 0.36 0.44 0.31 0.40 Column Average 0.07 0.12 0.16 0.09 0.1%
INTESA UNICREDITO ERSTE SOCIETE CITI Row Average BULGARIA  CROATIA  HUNGARY SLOVAKIA Row Average
BULGARIA 0.10 0.09 0.10 0.11 0.06 0.09 BULGARIA 1.00 0.15 0.09 0.11 0.34
CROATIA 0.22 0.20 0.18 0.18 0.11 0.18 CROATIA 0.17 1.00 0.15 0.13 0.36
HUNGARY 0.36 0.32 0.33 0.29 0.18 0.30 HUNGARY 0.12 0.19 1.00 0.15 0.37
SLOVAKIA 0.07 0.06 0.04 0.06 0.04 0.06 SLOVAKIA 0.05 0.05 0.05 1.00 0.29
Column Average 0.19 0.17 0.16 0.16 0.10 0.16 Column Average 0.34 0.35 0.32 0.35 0.34
9/16/2008 INTESA UNICREDITO ERSTE SOCIETE CITI Row Average BULGARIA  CROATIA  HUNGARY SLOVAKIA Row Average
INTESA 1.00 0.52 0.40 0.53 0.25 0.54 INTESA 0.17 0.26 0.35 0.30 0.27
UNICREDITO 0.66 1.00 0.48 0.64 0.31 0.62 UNICREDITO 0.21 0.32 0.41 0.34 0.32
ERSTE 0.52 0.49 1.00 0.55 0.28 0.57 ERSTE 0.22 0.32 0.43 0.30 0.32
SOCIETE 0.46 0.44 0.37 1.00 0.23 0.50 SOCIETE 0.17 0.22 0.28 0.27 0.24
CITI 0.52 0.51 0.45 0.55 1.00 0.61 CITI 0.24 0.33 0.41 0.38 0.34
INTESA UNICREDITO ERSTE SOCIETE CITI Row Average BULGARIA  CROATIA  HUNGARY SLOVAKIA Row Average
BULGARIA 0.34 0.32 0.33 0.37 0.22 0.32 BULGARIA 1.00 0.39 0.30 0.39 0.52
CROATIA 0.47 0.44 0.44 0.45 0.28 0.42 CROATIA 0.36 1.00 0.38 0.38 0.53
HUNGARY 0.45 0.42 0.43 0.43 0.26 0.40 HUNGARY 0.20 0.28 1.00 0.31 0.45
SLOVAKIA 0.13 0.12 0.10 0.14 0.08 0.12 SLOVAKIA 0.09 0.10 0.11 1.00 0.32
Column Average 0.35 0.32 0.33 0.35 0.21 0.31 Column Average 0.41 0.44 0.45 0.52 0.45

Source: Authors' calculations
These matrices present the probability of distress of the bank/sovereign in the row, conditional on the bank/sovereign in the column.



Perspective 2: Foreign Banks and Sovereigns

Distress Dependence Matrix: Asia

7/1/2007 HSBC  STDCHA  CITI DEUT BNP DBS JPMOR Row Korea  Malaysia  Thailand  China  Philippines Indonesia Row
Average Average
HSBC 1.00 0.28 0.09 0.17 0.28 0.07 0.06 0.28 HSBC 0.05 0.04 0.03 0.05 0.01 0.02 0.03
STDCHA 0.21 1.00 0.06 0.13 0.23 0.05 0.05 0.25 STDCHA 0.05 0.05 0.03 0.04 0.02 0.02 0.03
CITI 0.10 0.09 1.00 0.13 0.12 0.03 0.23 0.24 CITI 0.03 0.03 0.02 0.03 0.01 0.01 0.02
DEUT 0.24 0.24 0.15 1.00 0.39 0.06 0.12 0.32 DEUT 0.05 0.06 0.04 0.05 0.02 0.02 0.04
BNP 0.21 0.22 0.08 0.21 1.00 0.05 0.06 0.26 BNP 0.04 0.04 0.03 0.04 0.01 0.01 0.03
DBS 0.07 0.07 0.03 0.05 0.08 1.00 0.02 0.19 DBS 0.14 0.13 0.07 0.05 0.03 0.05 0.08
JPMOR 0.11 0.11 0.39 0.16 0.14 0.04 1.00 0.28 JPMOR 0.04 0.04 0.03 0.05 0.01 0.02 0.03
Column Average 0.28 0.29 0.26 0.26 0.32 0.19 0.22 0.26 Column Average 0.06 0.05 0.04 0.04 0.02 0.02 0.04
Row . . . S . Row
HSBC STDCHA CITI DEUT BNP DBS JPMOR Korea Malaysia Thailand China Philippines  Indonesia
Average Average
Korea 0.08 0.11 0.04 0.06 0.08 0.21 0.03 0.08 Korea 1.00 0.19 0.10 0.13 0.06 0.07 0.26
Malaysia 0.05 0.09 0.04 0.06 0.09 0.18 0.03 0.08 Malaysia 0.18 1.00 0.09 0.11 0.06 0.07 0.25
Thailand 0.11 0.15 0.07 0.09 0.13 0.23 0.06 0.12 Thailand 0.23 0.22 1.00 0.12 0.06 0.10 0.29
China 0.06 0.06 0.03 0.04 0.05 0.06 0.03 0.05 China 0.09 0.08 0.04 1.00 0.03 0.03 0.21
Philippines 0.15 0.23 0.11 0.18 0.20 0.27 0.08 0.17 Philippines 0.39 0.42 0.18 0.23 1.00 0.19 0.40
Indonesia 0.18 0.23 0.12 0.13 0.17 0.45 0.09 s Indonesia 0.44 0.49 0.29 0.25 0.19 1.00 0.44
‘ Column Average 0.11 0.15 0.07 0.09 0.12 0.23 0.05 % Column Average 0.39 0.40 0.28 0.31 0.23 0.24 0.31
Row . - . . - Row
9/16/2008 HSBC STDCHA CITI DEUT BNP DBS JPMOR Korea Malaysia Thailand China Philippines  Indonesia
Average Average
HSBC 1.00 0.61 0.29 0.47 0.62 0.30 0.30 0.51 HSBC 0.29 0.27 0.25 0.31 0.16 0.18 0.24
STDCHA 0.54 1.00 0.25 0.42 0.57 0.27 0.26 0.47 STDCHA 0.29 0.28 0.25 0.28 0.17 0.18 0.24
CITI 0.67 0.65 1.00 0.69 0.70 0.40 0.80 0.70 CITI 0.40 0.42 0.37 0.44 0.27 0.29 0.37
DEUT 0.61 0.62 0.39 1.00 0.74 0.33 0.42 0.59 DEUT 0.32 0.34 0.28 0.33 0.21 0.21 0.28
BNP 0.52 0.55 0.25 0.48 1.00 0.26 0.27 0.48 BNP 0.25 0.26 0.22 0.26 0.15 0.16 0.22
DBS 0.49 0.51 0.29 0.41 0.51 1.00 0.29 0.50 DBS 0.60 0.59 0.49 0.46 0.32 0.41 0.48
JPMOR 0.51 0.51 0.59 0.55 0.55 0.30 1.00 0.57 JPMOR 0.29 0.31 0.27 0.34 0.19 0.21 0.27
Column Average 0.51 0.44 0.41 0.41 0.38 0.32 0.32 0.40 Column Average 0.35 0.35 0.31 0.35 0.21 0.23 0.30
Row . - . T . Row
HSBC STDCHA CITI DEUT BNP DBS JPMOR Korea Malaysia Thailand China Philippines  Indonesia
Average Average
Korea 0.41 0.46 0.25 0.35 0.42 0.52 0.25 0.38 Korea 1.00 0.55 0.46 0.50 0.33 0.37 0.53
Malaysia 0.35 0.42 0.24 0.35 0.41 0.47 0.24 0.35 Malaysia 0.51 1.00 0.42 0.46 0.32 0.36 0.51
Thailand 0.33 0.38 0.21 0.29 0.35 0.40 0.21 0.31 Thailand 0.43 0.42 1.00 0.34 0.23 0.30 0.45
China 0.21 0.22 0.13 0.18 0.21 0.20 0.14 0.18 China 0.25 0.24 0.18 1.00 0.14 0.15 0.33
Philippines 0.38 0.46 0.28 0.38 0.42 0.46 0.26 0.38 Philippines 0.55 0.58 0.41 0.46 1.00 0.40 0.57
Indonesia 0.45 0.51 0.31 0.39 0.46 0.61 0.30 B3 Indonesia 0.64 0.67 0.55 0.53 0.42 1.00 0.64
Column Average 0.36 0.41 0.24 0.32 0.38 0.44 0.23 0.34 Column Average 0.56 0.58 0.50 0.55 0.41 0.43 0.50

Source: Authors' calculations
These matrices present the probability of distress of the bank/sovereign in the row, conditional on the bank/sovereign in the column.



VI. Financial Stability Assessment
Framework



Financial Stability Framework

(Athanastopolou, Ciu, Goodhart, Segoviano Tsomocos, 2008)
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Conclusions

Provide a set of quantitative measures of financial stability

1. They can be constructed from very limited data (market indicators)

2. Embed distress dependence (DD) among banks (and FI’s when extended)
3. Changes in DD consistent with the economic cycle

A Allow us to analyze stability from different angles

5. This set of metrics will allow us to complement our research in FS



lll. Macroeconomic Stress Testing



Expected and Unexpected Losses
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Macroeconomic Stress Test Procedure

Step 1

Shocked

- (CoPoD)

Step 2

Shocked

(CIMDO)

Step 4




Macroeconomic Scenarios

Scenario 1:Boom-bust in real estate prices and
credit

Scenario 2: Foreign shock due to a correction of
U.S. imbalances

Scenario 3: Boom-bust in real estate prices and
credit plus increase in European interest rates



Macroeconomic Scenarios: Magnitudes

Variable | Baseline Scenario 1 Scenario 2 Scenario 3

2006 | 2007 2008 2006 2007 2008 2006 2007 2008 2006 2007 2008
GDP % yly 24 2.2 2.2 -1.8 -5 -6.8 -1.4 -3.2 -4.1 -2.4 -6.7 -9.2
Unemployment* 5.1 5 5 0.5 2.2 3.8 0.6 2 3.2
Private consumption % y/y 2.5 2.2 2.2 -2.8 -6.9 -9.1 04 -0.5 -1.2 -3.5 -8.8 -11.7
House price % yly 7 3 3 -7.2 -17.8 -27 -0.6 -2.9 -5.5 z15.6 -29.8 -41.9
Business investment % y/y 5.9 4 4 -5.7 -126  -17.1 -1.8 -4.9 -1.7 -8 -19.5 -26.5
Exports % yly 4.6 55 55 -2.4 34 31 -5.9 -8.3 -8.6 -3.3 -3.8 -3.1
Manufacturing output % y/y 35 3.2 3.2 -3.5 -9.7  -129 -3.6 -7.9 -9.9 -4.6 -13 -17.5
Consumer price % yly 21 19 1.9 -0.1 -0.4 -0.8 -2 -3.1 -4 0.2 0 -04
Hourly wage % yly 3.7 3.8 3.8 -0.1 -0.9 -2.7 -0.3 -1.5 -3.2 -0.1 -1.1 -35
Oil price $/barrel 56.4 56.4 56.4 0 0 0 0 0 0 30 30 30
DKK/USD 638 638 638 0 0 0 -29 -29 -29 0 0 0
Bond yield % points 3.9 3.9 3.9 0 0 0 0 0 0 25 2.5 25
Discount rate % points 2.2 2.2 2.2 0 0 0 0 0 0 25 2.5 25
Share price % yly 8 5 5 -0.7 -6.5 -115 -1.9 -96 -14.6 -23.7 -31.6 -30.8
Loans to private sector % y/y 8 5 5 -1,5 -7,0 -14.2 0 -1 -2.7 -1.8 -9.5 -19.

* Percent of labour force national definition



PoDs Forecast

CREOVGDP | HOUP GDP UNEM | AVGR | MTGR | FXxDU | R’
SECTOR Sign |Lag |Sign |Lag |Sign |Lag |Sign [Lag |Sign |Lag |Sign [Lag {Sign [Lag

Public sector + 3|+ ]2 + |2 0| 083
Agriculture + 5 [+ 4 3 31081
Fisheries + 5 1+ 4 + (21 +]1 0.78
Manufacturing + 41+ |1 1 + {0 2 b 0.74
Building + 5 q-,+(0,5 31068
Trade + 4 0 3 + 10 01072
Transport 1 0 0 + {0 0.69
Finance & insurance 0 | +1]3 + 10 0.73
Business Services + 6 0 3 0.74
Households + 4 0 + 1P+ ] 1 2 | 071




PoDs Forecast: Manufacturing

OLS p-value CoPoD
C 3.2163 0.00 3.2164
CREOVGDP(-4) 0.9010 0.00 0.9001
HOUPL(-1) 0.5215 0.02 0.5189
GDP(-1) -1.8838 0.00 -1.8884
AVGR(-0) 0.9701 0.02 0.9712
FXDU(-2) -0.3140 0.06 -0.3398
R-squared 0.8425
Adjusted R-squared 0.7441

Sample: 1991-2005

Newey-West HAC Standard Errors & Covariance (lag truncation=2)



Expected Losses After Shock

EL
Buffer/RWA CAR
1.8088% 10.20%
EXPECTED LOSSES

SCENARIO1 SCENARIO2 SCENARIO3
2006 1.4054% 1.3074% 1.3044%
2007 1.6064% 1.6032% 2.0001%
2008 2.3018% 1.7034% 3.0072%



CAR After Shock

EL
Buffer/RWA CAR
1.8088% 10.20%

Unexpected Losses Group 1

— SC3
— SC2
SC1

Losses

CAR After Shock
Scenariol Scenario2 Scenario3
2008 9.06 9.46 8.98
2009 7.91 8.23 7.02

2010 6.64 711 4.68
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CIMDO-density

The CIMDO density 1z recovered by minimizing the functional

L_p q /blnp z,y)dzdy - [/p(z y]inqﬁxw; Hzdy
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¢, (u,v)=

CIMDO-copula

p.:-.-r_.:y: = gl{z.y) exp {— [‘l +'u|-- (\m\, ) + Qli:;'x.x, ') }
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Default Dependence

Some studies have used stock returns to calibrate
Gaussian and T-copulas to estimate dependence of
multivariate densities.

Drawbacks if objective is to model

* Does not include an explicit threshold beyond which
decreases in stock returns are considered “default”.

e Correlation enters as a parameter in these densities
Measure of dependence in the center of the distribution,

Usually estimated across time; when we focus on static-spatial
dependence at one point in time.



F(Zx'y)

CIMDO-copula: Robustness

plr,y) = plx)-plufx)

empraicorzy P ¥) = ply) - plx/y)

Figure 3-1: Empirical CDF Zx/v: CIMDO, N5td, NCon Figure 3-2: Empirical CDF Zy: CIMDO, N5td. NCon



Default Dependence: Correlation

Why not correlation?

Adequate measure of dependence for
spherical and elliptical distributions;
e.g. multivariate normal distributions

Data might be highly dependent
while correlation is zero

Correlation is not invariant under
non-linear transformations

Measure of dependence in
the center of the distribution.
Gives little weight to tail events
when evaluated empirically

Financial assets not represented
by distributions of this class

Heavy tailed distributions might
not even have finite variances

Independence implies zero correlation

but not the opposite

p(T(X).T(Y))= p(X.7)




Default Dependence: Copula Functions

Copula functions?

Describe linear and non-linear dependence of any type of distribution

Invariant under non-linear
transformations

Bivariate density provides
three sets of information

Sterilization of information of
marginals.

By transforming them into uniform
distributions

u=F(x),v=H(y)

Copula functions are multivariate
distributions whose marginals are
uniform on the interval [0,1]

Same copula function:
Percentage returns or
logarithmic returns

Information of Asset X
Information of Asset Y

Hence left only with

o[ F (). H(y)]= g|x.y]
L fx]hly]

If variables are independent
Copula equals one




Using VIX to construct Adjusted-CDS spreads

CDS Spreads and Market-wide Developments

1 CDS Not Explained by VIX Index B CDS Explained by VIX Index

1.00
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0.40
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0.00 1 1 1 1 1 1 1 1 1 |
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Source: Authors' calculations.



Stress Testing with Loan Portfolio Information

Step 1

Step 5

Step 4




Portfolio Credit Risk: CIMDO-density

The CIMDO density 1z recovered by minimizing the functional

Lip.q / p ln o[z, y)dzdy - f p(z,y) in’_q_[ :c,y)li:ca'y
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CIMDO-copula
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Information Requirements:
Empirical Implementation

150

1583

Observation

= [:lqnq///' Cross-sector

so—_CoPoD-PoDy#!  CoPoD-PoD,2 ..  CoPoD-PoDyl /‘
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Increased Market-wide Volatility

Figure 1. Market-wide developments
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Part Il. Findings



Banking Stability Measures: Common Distress

1. Joint Probability of Distress (JPoD): P (X NY N R)

[ [ [ P, 3.7) cbvdyer = JPoD

2. Banking Stability Index (BSI)

Expected number of banks in distress given that at least one became distressed
Measure of conditional expectation of distress probability (Huang 1992)

P(Xzx))+P[F2xj)

B5l=
l—F[.’i.' o S o




Information Restrictions

Through-time restrictions: Short time series of PoDs

» Inefficient (large variances) estimators, due to small samples.

Point-in-time restrictions: Estimation of
portfolio effects/default dependence
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The CoPoD (Segoviano, 2006a)

Through time restrictions.

 Produce robust estimators (vs. OLS regressions) in the
presence of short time series of PoD’s under the MSE.

 Framework to select significant oeconomic explanatory
variables of Distress. Based on theory and empirical evidence
(Goodhart, Hofmann and Segoviano, 2004).



The CIMDO (Segoviano, 2006b)

Point in time restrictions.

 Allows to infer portfolio multivariate densities

Information.
 Generates under the PIT criterion
(vs. most commonly used parametric densities for risk
modeling).
e Embeds consistent

with economic cycle.
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