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Plan of the presentation:

1) Overview of credit risk measurement: the NBCA and
the business cycle
2) A forward-looking model for capital requirements

3) Application to US data



The New Basel Capital Accord

Three Pillars:
Pillar 1: minimum capital requirements;
Pillar 2: supervisory review of the capital adequacy;

Pillar 3: market discipline.

Pillar 1 for credit risk: increased risk-sengitivity

A) Standardised Approach

B) Internal Rating Based (IRB) Approach

® internal estimation of risk components (mainly PD)



Time dimension of credit risk
Dependence on the general economic conditions through

systematic risk factors:

Default and migration rates dependent on the state of the
business cycle:
Evidence: e.g. Wilson (1997), Nickell et al. (2000),

Carey (2002), Bangia et al. (2002)

In particular:

Bangia et al. (2002): recession and expansion regimesin

transition matrices



Business cycle and credit risk models:
Where?

A) Rating Systems:
- Rating Assignment
- Rating Quantification (Probability of Default -PD-)
B) Loss Given Default (LGD)
C) Exposure at Default (EAD)
D) Correlations
Review: Allen and Saunders (2003)

Focusing on (A):

Rating Assignment:

» Point in time —pit- (absolute risk)

» Through the cycle —ttc- (relative risk — ordinal ranking-)
Rating Quantification:

» Unconditional (constant) PDs

» Time-varying / cycle dependent PDs



Rating systemsin current practice

» Rating Agencies:
through the cycle ratings,

PDs estimates = long-run averages of default rates

» Banks: typically point in time logic (ratings based on
accounting or market data)

Crouhy et al. (2001) : ttc for lending, pit for capital

The NBCA requires:
- through the cycle ratings;
- PDs estimated as long-run averages,

® neutralization of the business cycle effects
® time dimension of risk neglected in capital requirement

® business cycle accounted for under pillar 2 (stress test)



Procyclicality

Def. Amplification of the business cycle due to the risk-
sensitivity of capital requirements

® reduction in the capital ratio during recession

RC

5 3 8%
A wA

RC = regulatory capital;

d WA = risk-weighted activities.

Including the time dimension of risk:

® economic conditions over the credit horizon (typically

one-year)



Two views of the business cycle:

1) business cycle too irregular to be predicted ® current

conditions as the best forecast for future conditions

2) business cycle —at |east partly- predictable ®

appropriate forecast over the credit horizon

Severity of the procyclicality depending on (1) or (2):

Objective of the proposed model:
- 1nclusion business cycle effects,
- smoothing procyclicality by introducing forecasts.

® ttc ratings + time-varying forward-looking PDs



Models for business cycle dependent PDs estimation

» Specific macroeconomic variables (e.g. GDP),
continuous values
® CreditPortfolioView (Wilson (1997)):

PDs estimation: logit regression model (infinite possible

values); macroeconomic variables forecast through AR

» Business cycle as discrete variable, typically two values
(expansion and recession)
® Bangiaet al. (2002):
PDs estimation: averages over periods of expansion and
recession (two possible values) within the Hamilton’s

regime switching model



Why a discrete binomial model?

- Evidence of good representativeness of the discrete
states of the business cycle (e.g. Bangiaet al. (2002))

- Econometric models for prediction of the buisness cycle
states more accurate and stable than the ones for prediction
of specific macroeconomic variables

- From aregulatory point of view: the binary
representation induce less variability than the continuous

one



The proposed model

Underlying HP: ratings assigned through the cycle

A.1 One-period model: period length equal to the credit

horizonk, kI N .
A.2 Business cycle state Sbhinomial:

_1E P(E)
iR P(R)
P(E), P(R) probability of expansion/recession over the
horizon, P(E)=1-P(R)
A.3 P(R) time-varying and predictable: given information

., the recession probability over [t,t+K]
R(S. =R) = P(S. =RI1,) = f(b'%)
where:
S+« = business cycle state over [t,t+k];

% = vector of explanatory variables for the business cycle

regime, X1 R";
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A.4 Default rate DR gochastic variable with state-
dependent distribution:

(DR|g) <) (OB if S=E
“1f.(DR) if S=R

Conditional and unconditional default rate distribution

® ex-ante mixture distribution:

f(DR) = P(E) f. (DR) + P(R) f;(DR)
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By defining the conditional default probabilities as:
PD. =E(DR|E) PD,=E(DR|R)
the ex-ante (unconditional) default probability is:

PD = E(DR) = ¢PRf (DR)dDR = P(E)" PD. + P(R)" PDy

® anaogousto NBCA if P(E), P(R) long-run sample
proportion

® but P(E), P(R) forward-looking over the credit horizon:

DR, = default rate over [t, t+K]
R (E)=P(S. =E[L), Riu(R) =P(S. =R
f.(DR.y) = R, (BE) fe(DR) + B, (R) fr(DR)

PDt = Et(DR+k) = I:¥+k(E), I:)DE + I:¥+k(R), PDR

“An obligor’s unconditional default probability, also known as its
PD or expected default frequency, is the probability of default
before some horizon given all information currently observable.
The conditional default probability is the PD we would assign the
obligor if we also knew what the realized value of the systematic
risk factors at the horizon would be.” , Gordy (2002).
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The credit horizon

NBCA (and credit risk modelsin general): k = one year

Business cycle chronology ® months/quarters
By dividing [t,t+K] in n sub-periods of lenght k/n:

if [t ,t] expansion

1E .
= _ 1 =1...,n

3 : R if [t ,,t] recession

U ¢
t =t+1 — .
' N 1=0,...,n
k = 12 months; n = 4.

St St St Sta

® Forecast over each quarters

® Alternatively, proxy consistent with procyclicality target:

forecast of S,
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Applicationsto US data

1. Identification of the expansion and recession regimesin
the default rates and estimation of regimes PDs (PD: and
PD;) for each rating class,

2. Business cycle forecast: estimation of the recession
probabilities;

3. Calculation of the time-varying PDs and the associate
capital requirements through the NBCA formulafor the IRB

approach.
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1.Conditional PDs

Bangia et al. (2002): S& P database for US obligors ®

according to NBER chronology, identification of expansion

and recession regimes in quarterly transition matrices

US Expansion quarterly transition matrix

AAA  AA A BBB BB B CCC D

AAA
AA
A
BBB
BB

B
CCC
D

0.98210.01660.00110.00020.00020.00000.00000.0000
0.00150.98080.01610.00120.0001 0.00030.00010.0000
0.00020.00530.98060.01210.00110.00060.00000.0000
0.00010.00070.01470.96940.01250.00220.00020.0002
0.00010.00030.00190.01930.95310.02250.00160.0012
0.00000.00020.00070.00100.01700.95910.01310.0088
0.00050.00000.00190.00230.00470.03570.87320.0817

0 0 0 0 0 0 0 1

Source: Bangia et a (2002)

US Recession quarterly transition matrix

AAA  AA A BBB BB B CCC D

AAA
AA
A
BBB
BB

B
CCC
D

0.97990.01760.00250.00000.00000.00000.00000.0000
0.00180.96890.02790.00050.00090.00000.00000.0000
0.00020.00880.96440.02590.00070.00000.00000.0000
0.00040.00040.01110.96310.02330.00070.00000.0011
0.00000.00060.00060.01390.94980.02720.00420.0036
0.00000.00060.00060.00110.00720.95020.02720.0177
0.00000.00000.00000.00000.00000.01200.85600.1320

0 0 0 0 0 0 0 1

Source: Bangiaet al (2002)
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Hp : default process time-homogeneous Markov chain over

expansion and recession sub-periods

® yearly conditional PDs (PD: and PDy)
2.Business cycle forecast

Estimation of the regimes probabilities
- Financial variables as explanatory variables: interest rates
term spread, equity prices [Estrellaand Mishkin (1998)]

- Probit Mode!:
R(S. =RIl,)=P(R, =) =F(b'X)

i1 if [t;,t,] recession

*T10 if[t,t,] expansion

X, = explanatory var iables
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Explanatory variables considered:

1) Term spread.:

10 years Treasury bond rate — 3 months Treasury bill rate
2) Equity:

S& P stock index

Estimation sample: 1951-1970
Forecast sample: 1971-2002

SICP term spread only

Quarterly Recession Probability Forecast
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3. Capital requirements

Portfolio: exposures to ratings BBB, BB, B, CCC

proportional to the S& P database average ratings distribution

IRB Foundation Approach (April 2003)

LGD =45% M=2,5

Capital Requirements (CR)
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Further Research

- Model validation: evaluation of the model both from a
micro- and macro-economic point of view:

® portfolio composition of the individual bank under either
constant or time-varying forward-looking capital

requirements,

® macroeconomic conseguences, dependent on the relation
between capital requirement, lending and output.

- Dataset: analysis of default and business cycle data for

countries other than US (Italy, European business cycle)
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