Modelling the Interaction of Portfolio Performance

with the Economic Cycle and its application
Backtesting, Stress Testing, Long Run Probabilities of Default ——

and Downturn LGDs
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Use of long run Probabilities of Default and the interaction )
of these with economic cycle stress testing* informa
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W [...] exposures with similar default risk be allocated to the same rating grade
[...] default rate expected to be incurred in that grade over the long run [...]

m [...] not all rating approaches seek to measure risk in the same way [...]: Point
in Time (PiT) versus Through The Cycle (TTC)

B [...] in practice [...] we have [...] "hybrids"[...]. The resulting challenge for a firm
is [...]therefore to identify where its rating systems are on this spectrum, as this
is necessary for both:

m Validation purposes - in particular comparing observed defaults against
those that should have been expected [...].

m Stress-testing purposes - estimating the ratings migration likely to occur
in a given stress testing scenario.

*Source: FSA - “Use of long run Probabilities of Default, counter-cyclical scaling factors, and the interaction of these with economic
cycle stress testing”
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Is it likely that economic condition influence unsecured
retail Portfolio PDs ?

Reasons for over-indebtedness in Germany

reasons for potential correlation with
over-indebtedness economic conditions

unemployment 30% ++
low income 20% ++
extensive consumption 15% +
separtion and divorce 15% 0
failed self-employed business 10% +
others 10% 0

Source: Bundesministerium tur Familie, Senioren, Frauen und Jugend; ,Uberschuldung privater Haushalte”

B As some 75 % of the reasons for over-indebtedness are potentially correlated
with the economic conditions, a statistic analysis may add additional value for
portfolio management and gives hope that results are significant.



Project approach
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Data time series

Generate a PD time series
which is free of any other
influences except the
economic conditions as a
basis for stress testing.

Take bank internal
portfolio PD and discuss
known effects. Benchmark
against pool data and
discuss potential
deviations.

Document process and
iteration to ensure
reliability of PD time
series.

Characteristic
generation

Use economic key
indicators and generate
predictive characteristics
for 25 years. Ensure data
integrity.

Economic key indicators are
available for all European
countries. Several derived
characteristics were
generated. External data
can be used.

All economic key indicators
are described with reference
to the sources used. Derived
characteristics are
explained. The expected
interaction with the portfolio
PD is provided.

Factor analysis

model development

Analyse all relevant
characteristics and check
for plausibility and
significance. Build a multi
factor model.

Use bank internal portfolio
PDs and benchmark results
against pool data. If time
series of bank’s internal data
is short use best pool to
extend data time series.

Document single factor
analysis and comment
results. Provide reasoning for
benchmark portfolio and
ensure the pool is accepted
by regulators.
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Individual model
deployment

Use adverse economic
setting and calculate Stress
Test Scenarios. Find scalar
for TTC PD, calibrate PD
model to integrate
economic condition...

Use adverse economic
setting and calculate Stress
Test Scenarios. Find scalar
for TTC PD, calibrate PD
model to integrate
economic conditiona « «

Document all relevant steps
and results in accordance
with regulatory standards.



Zan
GIGO: Understanding data is key, again... informa

arvato services

informa challenges the following areas:

B New Acquisition and Distribution Channels

As a portfolio comprises of several products which have different risks, a change of the
portfolio structure due to new acquisitions would have an effect on the development of the
portfolio PD.

m Changes in Risk Management and Credit Policy

Changes in the appetite for risk of a bank and changes of standard procedures have an
effect on the development of the portfolio PD.

B Debt Sales, Portfolio Acquisitions and Collection Management

All back-end procedures such as intensive collection treatment or changes in the portfolio
have an effect on the development of the portfolio PD.

Benchmarking a bank’s portfolio PD development with pooled data or individual
portfolios adds tremendous value to our analysis.



Generating a PD time series for Germany (iiPD)
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B # Neueintrage in der Auskunfteidatenbank p.M.
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Calculating the percentage change

2006 2007

B # Neueintrdge in der Auskunfteidatenbank p.M.

B The data time series (iiPD) starts in January 1994 and reaches until December
2008 (14 years). Therefore percentage changes can be calculated for 13 years.
Analysis also have been carried out on semi annual and quarterly basis.
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Kraftiges

Wachstum, aber Kraftlose Konjunkturelle
Gespaltene Starkeres geringer Erholungim  Erholung auf Konjunktur
Gesamtwirtsch  Wachstum bei Verteilungs- Schatten schmaler gewinnt an
aftliche Bilanz ~ stabilen Preisen  spjelraum hoher Risiken Basis Kraft und Breite

+ 15%

in der Auskunfteidatenbank

Veranderung der Eintragungen

- 15%

Hoheres Rickkehr zum  Konjunktureller Im Zeichen von Fortgesetzte Solider Aufschwung,
Wachstum bei ~ Wachstumspfad Rickschlag bei Stagnation und Konjunkturerholung steigender
differenzierter hohen Risiken Umbruch unter schwierigen Beschéftigungsgrad
Gesamtlage Bedingungen
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B The following “classic” indicators are used to describe the economic conditions:
m GDP
m Price and cost indices
m Labour cost index
® Interest rate
m Unemployment rate
m Consumer price index
m etc.

B |n addition to this raw data, several characteristics are derived in order to
generate more predictive information. Furthermore, different time lags such as
6, 12, 18 or 24 months are used and their influences are analysed.

B Complementary indicators are available which do not belong to the “classic”
ones mentioned above to add additional value to the analysis.
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Single factor regression analysis

® Out of all characteristics (K) which are available for our analysis the most
predictive ones have to be identified.

B Due to our expertise potential correlations are taken into account and we aim
to determine sets of 2 < K < 5 characteristics for the final model build.

B We check if the expected correlation matches the analytical observed
correlation. If this is not the case we exclude the economic indicator from
further analyses.

B The expected strength of a single factor is analysed in the context of a bank’s
risk management system. Example: Institutions with a conservative approach to
calculate affordability measures will observe a weaker impact of some
characteristics such as consumer price index.



Regression Summary. without 2005: R2=0 ,9602; F(4,7)=42,280 o~/
p<0,00005 Stdf. der Schatzung: ,01313 informa
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Prognose - Beobachtungswerte

Abhangige Variable: Anderung Portfolio PD
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1st Application: Backtesting

Entwicklung auf Daten aus
2004 - 2007
Erwartete PD Aufschwung

Einsatz und Erwartungen
fur 2008
Erwartete PD Abschwung

Z2 |
informa

arvato services

Beobachtung fir 2008

Beobachtete PD Abschwung

Rating Klasse| Exp PiT PD % Portfolio | Exp PiT PD % Portfolio Obs PIiT PD % Portfolio
1 0,50% 10% 0,50% 5% 0,63% 5%
2 1,00% 30% 1,00% 20% 1,25% 20%
3 2,00% 30% 2,00% 20% 2,50% 20%
4 4,00% 20% 4,00% 35% 5,00% 35%
5 8,00% 10% 8,00% 20% 10,00% 20%
Portfolio PD 2,55% 3,63% 4,53%

v

Estimate the Deviation
with sys model

B Common reaction: A deviation is observed and therefore the calibration is re-
aligned with a new ct. BUT this may occur again next year. Instead of re-
aligning every year the sys risk should be integrated in the calibration of the

model.
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Considerable improvement of the prediction quality informa
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Observed Portfolio PD 3,3% 2, 7% 3,4% 3,6% 3,8% 3,4%
Expected Portfolio PD 3,0% 3,2% 3,1% 3,1% 4,3% 3,0%
Observed Deviation in % 14,9% 10,9%
Expected Portfolio PD with Macro-Model 3,2% 2,9% 3,6% 3,7% 3,7% 3,6%
Observed Deviation in % 8,2% 5,9% 0,2% 5,0%
20%
15% - . .
’ N Considering the macro
10% economic development,
50 significantly reduces the
o deviation between
0
| v | oobs  s00sd |ads | eXxpected and observed

206 2062 2603
-5%
-10% -

-15% - v

-20%

Portfolio PDs.
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2nd Application: Through the Cycle PD informa
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6,0%
+ On the basis of the historic state of Macro model determines the
+ the economy one can derive the interaction between the state of 0
o corresponding Portfolio PD. the economy and Portfolio PD. | 5,0%
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—=— State of the Economy —e— Derived Portfolio PD

B On the basis of the “macro model” one can derive corresponding portfolio PDs
for a complete economic cycle. By this means one is able to calculate “Long Run
Probabilities of Default” and “Through the Cycle PD” on portfolio level.
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B For all retail exposures* the correlation with the economic factor is
determined as follows:

Correlation (R) = 0.03 x (1 - EXP(-35 x PD)) / (1 - EXP(-35)) + 0.16 x [I] -
(1 - EXP(-35 x PD))/(1 - EXP(-35))]

B The formula assigns higher correlation to low PD grades as the portion of
unexpected loss in these grades is significantly higher.

B In accordance with that approach, one can use the formula to distribute the
effect of the economic environment on the Portfolio PD (quantified on
portfolio level as demonstrated before) on each rating grade.

*not Residential mortgage exposures and not Qualifying revolving retail exposures
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PD in %

3rd Application: Downturn LGDs
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2000 2001 2002 2003 2004
Jahr

Periods in which observed
historical default rates have been
elevated for a portfolio of
exposures serve as an indicator
for downturn LGDs.
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2000 1,1 65

2001 2,0 75

2002 2,6 82

2003 1,8 70

2004 1,7 65

Simple Average 71,4
Weighted average 73,0
Downturn factor 1,1

Calculate the weighted average
and put it into relation with the
worst case to derive the downturn
factor. Then, calibrate the LGD
model with the downturn factor.
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(@) [...] periods of negative GDP growth [...]. Identification of adverse - )
dependencies, if any, between default rates and recovery rates* informa
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B A stationary comparison of average recovery rates with recovery rates observed
during appropriate downturn periods identified according to (a).

90% 1 —— 100%

80% 1 80%

70% + 60%
60% | + 40%
50% | I I I I + 20%
40% - . . S 0%

PD Score Range
I Observed LGD —¢— cum % of Portfolio

LGD
cum. % portfolio

< 600

600 -< 610
610 -< 620
620 -< 630
630 -< 640
640 -< 650
650 -< 660
660 -< 670
670 -< 680
680 -< 690
690 -< 700
700 -< 710
710 < 720
720 -< 730
730 -< 740
740 -< 750
750 -< 760
760 -< 770

770 -< 780
>= 780

*Source: Basel Committee on Banking Supervision: Guidance on Paragraph 468 of the Framework Document, July 2005
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4th Application: Stress Testing

Qualitative Scenario
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Applying the sys model
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Defining a
Quantitative Scenario

Stressed
Portfolio PD
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non sys

SYS
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Thank you for your attention!
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