






























































References 

Acharya V, Bharath S, Srinivasan A (2007) Does industry-wide distress affect defaulted firms? 
Evidence from creditor recoveries, Journal of Financial Economics, Vol. 85, No. 3, pp 787–821. 
Altman E, Brady B, Resti A, Sironi A. (2005a) The Link between Default and Recovery Rates: 
Theory, Empirical Evidence, and Implications, Journal of Business, Vol. 78, No. 6, 2005, pp 2203–
2228. 
Altman E, Brady B, Resti A, Sironi A (2005b) The PD/LGD link: Empirical evidence from the bond 
market, In: Altman E, Resti A, Sironi A (eds) Recovery risk. Riskbooks, London, pp 217–233. 
Asarnow E, Edwards D (1995) Measuring loss on default bank loans: A 24-year study, Journal of 
Commercial Lending, Vol. 77, pp 11–23. 
Bastos J A (2010) Forecasting bank loans loss-given-default, Journal of Banking and Finance, Vol. 
34, No. 10, pp 2510–2517. 
Bellotti T, Crook J (2012) Loss given default models incorporating macroeconomic variables for 
credit cards, International Journal of Forecasting, Vol. 28, pp 171–182. 
Bruche M, González-Aguado C (2010) Recovery rates, default probabilities, and the credit cycle, 
Journal of Banking and Finance, Vol. 34, No. 4, pp 754–764. 
Calabrese R, Zenga M (2010) Bank loan recovery rates: Measuring and nonparametric density 
estimation, Journal of Banking and Finance, Vol. 34, pp 903–911. 
Calabrese, R (2012) Predicting bank loan recovery rates with a mixed continuous-discrete model, 
Applied Stochastic Models in Business and Industry. 
Caselli S, Gatti S, Querci F (2007) The Sensitivity of the Loss Given Default Rate to Systematic Risk: 
New Empirical Evidence, Journal of Financial Services Research, Vol. 34, pp 1–34. 
Chalupka R, Kopecsni, J (2009) Modeling Bank Loan LGD of Corporate and SME Segments: A 
Case Study, Czech Journal of Economics and Finance, Vol. 59, No. 4, pp 360–382. 
Dermine J, Neto de Carvalho C (2006) Bank loan losses-given-default: A case study, Journal of 
Banking and Finance, Vol. 30, No. 4, pp 1219–1243. 
Düllmann K, Trapp M (2004) Systematic risk in recovery rates—an empirical analysis of US 
corporate credit exposures, Deutsche Bundesbank Discussion Paper, Issue 2. 
Emery K, Cantor R, Arner R (2004) Recovery rates on North American syndicated bank loans, 
1989–2003, Moody’s special comment. 

Figlewski S, Frydman H, Liang W (2012) Modeling the effect of macroeconomic factors on 
corporate default and credit rating transitions. International Review of Economics & Finance Vol. 21, 
No. 1, pp 87–105. 

Friedman J, Tibshirani R, Hastie T (2010) Regularization paths for generalized linear models via 
coordinate descent, Journal of Statistical Software, Vol. 33, No. 1, pp 1–22. 
Frye J (2000) Depressing recoveries, Federal Reserve Bank of Chicago Working Paper, Emerging 
Issues Series, 1–17 October. 
Frye J (2005) The effects of systematic credit risk: A false sense of security, In: Altman E, Resti A, 
Sironi A (eds) Recovery risk. Riskbooks, London, pp 187–200. 

ECB Working Paper 2037, March 2017 31



Grigorian D A, Manole V (2006) Determinants of Commercial Bank Performance in Transition: An 
Application of Data Envelopment Analysis, Comparative Economic Studies, Vol. 48, No. 3, pp 497–
522. 

Grippa P, Iannotti S, Leandri F (2005) Recovery rates in the banking: stylised facts emerging from 
Italian experience, In: Altman E, Resti A, Sironi A (eds) Recovery risk, Riskbooks, London. 
Grunert J, Weber M (2009) Recovery rate of commercial lending: Empirical evidence for German 
companies, Journal of Banking and Finance, Vol. 33, pp 505–513. 
Han C H, Jang Y (2013) Effects of debt collection practices on loss given default, Journal of Banking 
and Finance, Vol. 37, pp 21–31. 

Hastie T J. Tibshirani R J (1990). Generalized Additive Models. Chapman & Hall/CRC. 

Jokivuolle E, Virén, M (2013), Cyclical default and recovery in stress testing loan losses, Journal of 
Financial Stability, Vol. 9, No. 1, pp 139–149.  
Pesola J (2007) Financial fragility, macroeconomic shocks and banks loan losses: Evidence from 
Europe, Bank of Finland Research Discussion Papers No. 15.  
Qi M, Zhao X (2011) Comparison of modeling methods for Loss Given Default, Journal of Banking 
and Finance, Vol. 35, pp 2842–2855. 
Tibshirani R (1996) Regression shrinkage and selection via the Lasso, Journal of the Royal Statistical 
Society, Vol. 58, pp 267–288. 
Van der Kooij A (2007) Prediction accuracy and stability of regression with optimal scaling 
transformations, Technical report, Dept. Data Theory, Leiden Univ. 
Witzany J, Rychnovský M, Charamza P (2010) Survival Analysis in LGD Modeling, Working 
Papers IES 2010/02, Charles University Prague, Faculty of Social Sciences, Institute of Economic 
Studies. 
Zhang J, Lyn C T (2012) Comparisons of linear regression and survival analysis using single and 
mixture distributions approaches in modelling LGD, International Journal of Forecasting, Vol. 28, Iss. 
1, January–March 2012,  pp 204–215. 
Zhou H, Hastie T (2005) Regularization and variable selection via the elastic net, Journal of the 
Royal Statistical Society, vol. 67, pp 301–320. 

ECB Working Paper 2037, March 2017 32



Appendix 
Table A1: Consumer credit in the Czech Republic and selected EU 
countries 

Consumer credit to GDP ratio (%)
CZ EU25 EA12 SK PL DE AT BG FR GR ES

2004 2.3 7.1 6.5 2.7 4.7 7.9 10.3 6.5 7.9 9.0 7.1
2008 5.2 7.3 7.3 3.5 8.4 7.2 9.8 16.6 8.7 13.5 10.4
2013 6.1 6.8 6.7 7.4 9.3 7.1 8.0 16.4 8.1 17.6 6.7

Average consumer annual credit growth (%)
CZ EU25 EA12 SK PL DE AT BG FR GR ES

2004–2014 16.8 1.4 1.7 15.6 13.8 0.1 0.5 19.2 1.4 9.8 1.9
2004–2008 30.6 4.5 5.3 12.0 22.1 -0.2 4.6 38.9 4.0 18.6 13.3
2009–2013 3.1 -1.7 -2.0 19.2 5.5 0.3 -3.6 -0.5 -1.3 1.0 -9.5

Note: Average growth rates computed from EUR-denominated values of the outstanding credit at the end of the particular year.

Source: ECB, Eurostat
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Table A2: Correlation plot of macroeconomic variables and LGD, whole sample 2003q1-
2010q2

Defaulted 
loans 

growth         
(y-o-y)

Default rate                                                         
(3 months)

ΔDefault 
rate                      

(3 months)

NPL ratio Cons. 
loans 

growth             
(y-o-y)

Unempl. 
rate

ΔUnempl. 
rate

Total 
empl.

Real 
wage 

growth              
(y-o-y)

Real 
GDP 

growth              
(y-o-y)

Defaulted loans growth (y-o-y) 1
Default rate (3 months) 0.51 1
ΔDefault rate (3 months) 0.04 -0.30 1
NPL ratio 0.51 0.51 -0.35 1
Retail loans growth (y-o-y) -0.52 -0.07 -0.35 -0.44 1
Unemployment rate 0.40 0.79 -0.60 0.63 -0.03 1
ΔUnemployment rate 0.24 0.34 0.48 -0.07 -0.35 0.09 1
Total employment -0.59 -0.66 0.17 -0.70 0.61 -0.75 -0.44 1
Real wage growth (y-o-y) -0.46 -0.24 -0.42 -0.21 0.51 0.03 -0.66 0.36 1
Real GDP growth (y-o-y) -0.34 -0.12 -0.68 0.03 0.67 0.13 -0.83 0.44 0.68 1
ΔReal GDP growth (y-o-y) 0.25 0.32 -0.30 0.42 -0.22 0.51 -0.30 -0.45 0.16 0.20
Real consumption growth (y-o-y) -0.57 -0.32 -0.50 -0.37 0.78 -0.14 -0.59 0.61 0.72 0.79
Real investment growth (y-o-y) -0.27 -0.26 -0.53 0.18 0.36 -0.04 -0.85 0.39 0.67 0.84
Real Pribor3m 0.02 0.23 0.09 0.14 -0.40 0.27 0.28 -0.49 0.18 -0.42
Rate on retail loans 0.44 0.92 -0.34 0.70 -0.20 0.81 0.24 -0.74 -0.24 -0.10
Retail rate spread 0.45 0.88 -0.42 0.77 -0.20 0.88 0.18 -0.78 -0.16 -0.03
CPI(y-o-y) -0.25 -0.33 0.22 -0.45 0.39 -0.67 -0.25 0.74 -0.10 0.23
Property price index (y-o-y) -0.54 -0.73 0.06 -0.49 0.43 -0.70 -0.59 0.84 0.58 0.51
Stock market index (PX-50) (y-o-y) 0.23 0.56 -0.58 0.15 0.31 0.70 -0.32 -0.19 0.51 0.52
Real ind. production growth  (y-o-y) 0.33 0.18 -0.37 0.31 -0.03 0.51 -0.42 -0.28 0.30 0.37

ΔReal 
GDP 

growth          
(y-o-y)

Real cons. 
growth             
(y-o-y)

Real inv. 
growth                    
(y-o-y)

Real 
Pribor3m

Rate on 
retail 
loans

Retail 
rate 

spread

CPI                  
(y-o-y)

Prop. pr. 
Index                 

(y-o-y)

Stock 
market 
index            

(PX-50)                
(y-o-y)

Real ind. 
prod. 

growth  
(y-o-y)

Defaulted loans growth (y-o-y)
Default rate (3 months)
ΔDefault rate (3 months)
NPL ratio
Retail loans growth (y-o-y)
Unemployment rate
ΔUnemployment rate
Total employment
Real wage growth (y-o-y)
Real GDP growth (y-o-y)
ΔReal GDP growth (y-o-y) 1.00
Real consumption growth (y-o-y) -0.20 1.00
Real investment growth (y-o-y) 0.06 0.69 1
Real Pribor3m 0.23 -0.26 -0.28 1
Rate on retail loans 0.34 -0.33 -0.14 0.31 1
Retail rate spread 0.39 -0.29 -0.06 0.32 0.98 1
CPI(y-o-y) -0.36 0.29 0.20 -0.70 -0.43 -0.54 1
Property price index (y-o-y) -0.32 0.64 0.64 -0.37 -0.74 -0.73 0.57 1
Stock market index (PX-50) (y-o-y) 0.63 0.21 0.33 0.24 0.36 0.42 -0.34 -0.12 1
Real ind. production growth  (y-o-y) 0.48 0.03 0.46 -0.03 0.23 0.33 -0.38 -0.06 0.54 1
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Figure A1: Beta coefficients from regressions of average LGD on individual lagged values of 
macroeconomic variables (2003q1–2010q2) 

Table A3: Logit estimates, credit cards, 2003q1-2010q2

Explanatory variable logit LDG
Coefficient SE Coefficient SE Coefficient SE

Client- specific factors
Exposure at default 0.074 0.163 0.125 0.163 0.11 0.161
Relationship with bank -0.003 0.008 -0.014* 0.009 -0.01 0.008
Age    0.838** 0.369 0.749** 0.368 0.623* 0.349
Children -0.261 0.191 0.296 0.220
Phone  -0.039 0.222 0.345 0.234 0.355 0.233
Macroeconomic variables, current values
Real Investment Growth (y-o-y)   -0.014 0.047
Total employment (in thds) 2.33 2.734
Property prices (y-o-y) 6.393* 3.619
Default rate   -0.866 0.843
Retail loan growth (y-o-y) -8.335 5.636
Macroeconomic variables, lagged and lead values
Real Pribor3m (t-1) 0.147 0.161
Real Pribor3m (t-2) 0.188 0.151
Total employment (in thds) (t-8) 1.515** 0.75
Property prices (y-o-y) (t-6) 6.249*** 1.163
Constant -1.894 2.125 -238.201 231.413 -134.564** 61.819
Alpha 0.8 0.9 0.9
Observations 2784 2784 2784
Adjusted R-squared 0.003 0.023 0.025
AIC 17484.893 17438.26 17424.22
Note: *, **, *** stand for 10 %, 5 %, and 1 % significance levels respectively. Robust standard errors reported.
The values of Alpha stand for the elastic net weighting parameter with lowest residual mean-squared error.

Client specific All variables, no lags All variables, lags included
(1) (2) (3)

-0.1

0.1

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

3M default rate

-0.5

0.0

0.5

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Defaulted loans growth (y-o-y)

0.00

1.00

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Δ3M default rate

-0.1

0.0
t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

NPL on retail loans

ECB Working Paper 2037, March 2017 35



-1.0

-0.5

0.0

0.5

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Retail loans growth (y-o-y)

-0.2

0.0

0.2

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Unemployment rate 

-0.5

0.0

0.5

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

ΔUnemployment rate

-10.0

0.0

10.0

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Total employment

-2.0

0.0

2.0

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Property price index (y-o-y)

-0.2

0.0

0.2

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real wage growth (y-o-y)

-0.1

0.0

0.1

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real GDP growth (y-o-y)

-0.2

0.0

0.2

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

ΔReal GDP growth (y-o-y)

-10.0

0.0

10.0

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real ind. production growth (y-o-y)

-0.1

0.0

0.1

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real consumption growth (y-o-y)

-0.1

0.0

0.1

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real investment growth (y-o-y)

-0.2

0.0

0.2

t t-1 t-2 t-3 t-4 t-5 t-6 t-7 t-8

Real Pribor3m 

ECB Working Paper 2037, March 2017 36



Note: Solid lines represent correlations significant at the 5 % level. For selected variables a shorter sample 
starting up to 2005q1was used, see also Note in Table 5). 
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