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Objectives

The context: Internal stress test

Two main objectives:

Is there a specific link between probability of default and the evolution of 
macroeconomic variables? 

Could we use this link to anticipate the future risk level and therefore, improve 
bank’s risk management? 

To reach our aims: 

Development of a statistical approach based on time series analysis: the Error 
Correction Model (ECM)

Objectives1
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Limits and data available (1/2)

Some limits of this approach:

The depth of historical data 

The representativeness of the business cycle 

The bank management in credit approval policy

The homogeneity of risk data

Macroeconomic database :
30 key quarterly macroeconomic variables provided by INSEE1 from 1993 through 2010.

• Unemployment rate
• GDP,…

Others variables specific to the portfolios analyzed
• Number of new car’s registration
• Consumer hard goods

Internal risk data :
Historical default rate (PD) of two retail banking portfolios:

• Revolving credit
• Repayment loan

Methodology2

(1) : Institut National de la Statistique et des Etudes Economiques
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Default observation periodCohort’s construction

1 month 12 months

01/01/1999 31/01/2000

The quarterly probability of default is a average of 3 monthly PD
• A one year delay to determine the PD (PDQ1 2010 is observed on Q1 2011)
• For the 2011-2012 stress test the historical PD’s data is available until Q4 2009

The PD “point in time” is used rather than the PD “Through the Cycle”

Limits and data available (2/2)
Methodology2

01/02/1999 28/02/2000

31/01/1999

28/02/1999

01/03/1999
31/03/ 2001

31/03/1999

PD Q1 1999

PD 01/1999

PD 02/1999

PD 03/1999
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Error Correction Model (ECM) (1/3)

Principle:
ECM are based on the assumption that the PD and macroeconomic factors 

exhibit an equilibrium relationship that determines both short- and long-run 
behaviour.

• The long run relationship is positing between a dependant variable (PD) and independent 
variables with lag structure to be empirically determined
• The short run relationship, influenced by the deviation from the long run relationship, measures 
the adjustments between the variables

The default rate is modeled by a logistic function:

is a macroeconomic index which is assumed to be related to the macroeconomic factors, 
according to the ECM specification

2 Methodology
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Error Correction Model (ECM) (2/3)

Stationarity test of all variables (macroeconomic and PD)
• Dickey Fuller (Augmented), Phillips Perron, KPSS, ERS 
• Selection of macroeconomic variables which are integrated of the same order as PD 
Setting a priori sign for each macroeconomic factor’s coefficient with respect to 
economic theory
• 30 key macroeconomics variables 

Estimation of the cointegrating vectors by regressing PD on macroeconomic factors
• By OLS or GLS (in case of residual autocorrelation)
Cointegration test: residual based test
• 2 step method by Engle and Granger
• Phillips Ouliaris test

Selection of the long run relationship: 
• Statistical criterion
• Economic consistency

Estimation of the short run relationship:

• the error term of long run relationship
• the stationary macroeconomic variables.
• the macroeconomic variables which are integrated as PD’s order
Has to be both negative and statistically significant

Preliminary step

Long run 
relationship

Short run 
relationship

2 Methodology
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Error Correction Model (ECM) (3/3)

For more convenience, the ECM is transformed from 2 to 1 
equation

For instance:

Some validation tools:
Adjusted  Root means Square Error
Adjusted pseudo R²
Backtesting out of time

2 Methodology
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Repayment loan(1/2)

3 models proposed:

3 Results

(1) : included in growth rate 
(2) : included in first difference of growth rate
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Backtesting out of time

Repayment loan(2/2)
3 Results
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Revolving Credit (1/2)

3 Models proposed: (1) : included in growth rate 
(2) : included in first difference of growth rate

3 Results
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Backtesting out of time

Revolving credit(2/2)
3 Results
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Stress test

2 Scenarios designed by the EBA (2011 stress test):
Baseline scenario: based on the average of the forecasts by the consensus of 

macro forecasters 
Adverse scenario : based on a macro crisis scenario

(1) : included in growth rate 
(2) : included in level

4 Application to stress test
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Repayment loan

Results under the stress scenario

4 Application to stress test
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Results under the stress scenario

Revolving credit
4 Application to stress test
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Conclusion
5

Quite satisfactory results:
A model for performing macroeconomic stress test
The goodness of fit on the historical data
The impacts measured:

• A slight increase or decrease under the baseline scenario
• A sharp rise under the adverse scenario

Forthcoming:
Define additional tools to improve the choice of the best model 

• Quantitative or qualitative?
• Building of “global index”

Data enhancement

Conclusion
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QUESTIONS?

Contact: steeve.assouan@credit-agricole-sa.fr


