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Authors Journal Data Competitive methods Measures Best method

Hurlin et al. (2018)

European Journal of 

Operational 

Research

defaulted customers in 

Brazil

fractional response regression, regression tree, 

random forest, gradient boosting, artificial neural 

network, support vector regression

MSE, MAE random forest

Kaposty et al.(2020)
International Journal 

of Forecasting

defaulted corporate 

leases in

Germany

linear regression, tobit, regression tree, random

forest, neural network, 
MSE, MAE, R2 random forest

Yao et al. (2017)

European Journal of 

Operational 

Research

defaulted credit cards 

in United Kingdom

linear regression, support vector regression, two-

stage models, random forest
RMSE, MAE, R2 support vector

regression

Loterman et al. 

(2012)

International Journal 

of Forecasting

Defaulted personal, 

mortgage and 

corporate loans

(location: unknown)

linear regression, beta-regression, regresstion

tree, support vector regression, neural network, 

…

RMSE, MAE, R2

support vector

regression / neural

network

Tobback et al. (2014)

Journal of the 

Operational 

Research Society

Defaulted loans of

home equity and 

corporates in United 

States

Linear regression, box-cox tranfromation, 

regression tree, support vector regression

Spearman‘s ρ, 

RMSE, MAE, R2 regression tree

Min et al. (2020) Mathematics
Defaulted loans of

SMEs in United States

regression models, decision tree, mixture

regression models, neural network, …
MSE

mixture regression 

models

Bellotti et. al (2021)

International 

Journal of 

Forecasting

Defaulted loans in 

Europe

Linear regression, regression splines, k-

nearst neighbors, neural networks, vector

regression, various tree-based methods, …

RMSE, MAE Gradient boosting
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S ituation

▪ Mixed views on how well various LGD estimation methods perform. 

▪ S tudies look at different countries in which the  loan portfolios are  located. 
(see , e .g., Bastos (2010))

▪ National differences in bankruptcy law or the  characteristics of borrowing companies .

(see  Grunert and Weber (2009))

▪ Differences in LGD characteristics across geographic regions. 
(see Grippa et al. (2005) and Querci (2005)) 

Contribution

▪ LGD distributions seem to differ between regions and countries.

▪ Which characteristics of an LGD distribution are responsible for the different performance results?

▪ Identification of the distributional features relevant to the quality of LGD estimation methods.

▪ Determination of the methods that have the highest estimation accuracy for the relevant distribution types.
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Question

Idea 

Situation

Motivation

Variety of methods for LGD estimation 
(regression and machine learning) .

Which method should be used for LGD 
estimation? Which is best?

Comparison of estimation methods for a 
large class of LGD distributions.
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Data processing

5,70%

3,00%

2,56%

0,69%

1,95%

Time Cures EAD < €500 Abormal LGDs Incomplete Obs.

▪ Dataset of resolved defaulted loans by SMEs from 
16 European countries.

▪ Raw dataset comprises 38,166 defaulted loans.

• Filter rules:
(Gürtler and Hibbeln (2013), European Bank Authority (2016), Krüger and 
Rösch (2017) and Betz et al. (2018))

1) Data from 2000 to 2016 
2) No cures
3) No loans with EAD < €500
4) No loans with abnormal high or low LGD 

(smaller -100%, higher than 200%)
5) No incomplete observations

▪ Dataset of 32,851 loans remains.

LGD = 1 −
σF+ − σC−

EAD
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Descriptive statistics
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Plausibility check

▪ Guarantees or securities reduces LGDs.

▪ Non-senior and short-term loans lead to higher 
LGDs.

▪ Loans from the “finance, insurance, real estate” 
sector have the lowest LGDs.
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Estimation methods

20 different methods, categorized as either traditional or 
advanced methods.

▪ Linear regression as reference method

▪ Different variable selection techniques

▪ Tree-based methods

▪ Boosting methods

▪ Advanced methods (e.g., neural network, SVR)
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Clustering and LGD distribution analysis

Aims

1) Identification of country-specific types of LGD 
distributions from 16 European countries.

2) Application of cluster analysis to identify relevant types 
of distributions.

3) Building of country-specific subsamples for the 
respective distribution clusters.

4) Comparison of the LGD methods to identify the method 
with the highest accuracy for each subsample.

For each country, we aggregate the LGDs of all defaulted loans
based on the LGD quantiles in a range from 1% to 100% with a 
stepwise increase of 1%.
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Cluster 1
Czech Republic, Denmark, Lithuania, Norway, 
Poland, Romania

Symmetric bimodal distribution.

Cluster 2
Germany, Ireland, Sweden, United Kingdom

Asymmetric (positively skewed) bimodal
distribution.

Cluster 3
Estonia, France, Latvia, Neterlands, Switzerland, 
Finnland

(Positively skewed) unimodal distribution.
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Note. Values are paired t statistics and U statistics, 
respectively. †, *, **, and *** imply significance at 
the 10%, 5%, 1%, and 0.1% levels.
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Model comparison procedure

Cluster - Data

Training Testing

Model
calibration

Out-of-sample
evaluation

▪ Procedure is performed for each of the three cluster 
subsamples.

▪ Different split ratios.
▪ (60/40), (70/30), (80/20), (90/10)

▪ Different out-of-sample/time criteria.
▪ MSE, MAE, R2

▪ Mean of each criteria calculated over all sample splits  
denotes the final estimation accuracy.

▪ Intensive Hyperparametertuning by five-fold-cross-
validation. 1 2 3 4 5

Train Train Train TrainTest
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MSE)
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Out-of-sample/time results (MAE)
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Out-of-sample/time results (R2)
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Significance test (MSE)

▪ Paired t-test to exclude the possibility that superiority 
may have occurred by chance.

▪ Cluster 1-3: 

the differences in mean MSE between best and next best 
methods are negative at the 5% significance level.

 n  neappen       

 a  e        ropean  re  t port o  os  a re t test  or  ompar  sons o mean 
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Note. Values are paired t statistics where a negative value means the mean
MSE (that is, the MSEs of all splits are considered) for the method on the
vertical axis is worse than that for the method on the horizontal axis, and vice
versa. †, *, **, and *** imply significance at the 10%, 5%, 1%, and 0.1% levels.
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Robustness checks

Four modifications of the estimation approach:

1) extend the methods by including additional firm-
specific explanatory variables (e.g., total assets).

2) change the clustering procedure by clustering the 
LGD distributions based on a loan-specific variable.

3) apply a logarithmic transformation to the positively 
skewed unimodally distributed LGDs. 

4) use non-European credit portfolios that are 
characterized by the same three types of LGD 
distributions.

The best methods remain the same for 
the three distribution types.
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Conclusion

▪ The literature reveals mixed results on how well LGD estimation methods perform.

▪ We compare various LGD estimation methods for a large class of LGD distributions. 

▪ The cluster analysis leads to three types of distributions, which differ in their modality. 

▪ The estimation accuracies of 20 different methods are tested based on their out-of-sample performance.

▪ Random forest implies the highest estimation accuracy for (nearly) symmetric bimodal LGD distribution.

▪ Gradient boosting shows best performance for  asymmetric (positively skewed) bimodal LGD distribution.

▪ Finite mixture model is best for (positively skewed) unimodal distribution.
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Robustness check: Inclusion firm-specific variables
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Robustness check: Clustering based on collaterals
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Robustness check: Clustering based on collaterals
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Robustness check: Logarithmic transformation C3
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Robustness check: Non-European credit portfolio
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Robustness check: Non-European credit portfolio
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Random Forest vs. Boosting

𝐿𝐺𝐷
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Random Forest Gradient Boosting
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Random Forest vs. Boosting

𝐿𝐺𝐷

𝐷𝑒𝑛𝑠𝑖𝑡𝑦

Random Forest Gradient Boosting
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Random Forest vs. Boosting

𝐿𝐺𝐷

𝐷𝑒𝑛𝑠𝑖𝑡𝑦

Random Forest Gradient Boosting
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Random Forest vs. Boosting

𝐿𝐺𝐷

𝐷𝑒𝑛𝑠𝑖𝑡𝑦

Random Forest Gradient Boosting




