
SUPPLEMENTARY APPENDIX



Table A1. Descriptive statistics of key features in model

	Independent Features (X)
	Min
	Max
	Median
	Mean
	Std. Dev.

	Outstanding balance (in £)
	0.00
	[bookmark: _GoBack]   30,798.96 
	        893.96 
	     1,797.85 
	     2,286.50 

	Utilisation rate (in %)
	0.00%
	100.00%
	17.92%
	33.27%
	34.97%

	Unemployed in the last 12 months
	0.000
	1.000
	0.000
	0.003
	0.052

	Months with credit provider
	12
	225
	76
	87.557
	56.429

	Employment status
	1.000
	7.000
	1.000
	1.855
	1.862

	Balance in arrears
	0.000
	1.000
	0.000
	0.019
	0.138

	Gross income at NUTS 1 (index = 100)
	80.300
	140.200
	94.900
	99.419
	16.669

	Housing Index at NUTS 1 (change, %)
	-5.400
	8.800
	2.100
	1.976
	1.034

	Unemployment rate at NUTS 1 (in %)
	3.100
	9.000
	4.800
	4.969
	1.066

	
[Data obtained from European Data Warehouse]: Outstanding balance denotes the amount (in £) the credit holder owes the bank at the statement date; utilisation rate (%) is the ratio of outstanding balance to credit limit and captures the leverage of the credit holder; unemployment in the last 12 months is coded as a binary variable; months with credit provider captures the active history of the credit holder with the  bank; Employment status is nominal in nature and is split into dummy categories - it covers the following options: Employed (1) Protected life-time employment (civil/government servant) [not used] (2) Unemployed (3) Part-employed (4) Student (6) Pensioner (7);  Balance in arrears is a dummy variable showing whether the credit card holder has been in arrears.  

[Data obtained from ONS]: Gross income at NUTS 1 shows the Regional gross disposable household income (GDHI) at current basic prices (indexed to 100); Housing Index at NUTS 1 shows the changes in average housing prices; Unemployment rate at NUTS 1 shows the % of unemployment at the regional level, respectively.





Table A2. Statistics of default rates per NUTS 1 region and Cluster

	NUTS 1
	Mean Default (%)
	Max Default (%)
	Mean Default (Z-score)
	Max Default (Z-score)
	Cluster (k=5)
	Mean Default within Cluster (%)
	Max Default within Cluster (%)
	Mean Default within Cluster (Z-score)
	Max Defaul within Cluster (Z-score)

	UKC (North East England)
	2.23%
	4.50%
	1.18
	1.20
	1
	1.63%
	3.13%
	-0.42
	-0.23

	UKF (East Midlands)
	1.46%
	2.48%
	-0.86
	-0.92
	
	
	
	
	

	UKH (East of England)
	1.43%
	2.81%
	-0.95
	-0.57
	
	
	
	
	

	UKJ (South East England)
	1.39%
	2.74%
	-1.05
	-0.64
	
	
	
	
	

	UKN (Northern Ireland)
	2.68%
	5.74%
	2.38
	2.49
	2
	2.68%
	5.74%
	2.38
	2.49

	UKD (North West England)
	1.80%
	3.52%
	0.04
	0.17
	3
	1.69%
	3.20%
	-0.26
	-0.16

	UKE (Yorkshire and the Humber)
	1.68%
	3.32%
	-0.28
	-0.04
	
	
	
	
	

	UKG (West Midlands England)
	1.61%
	3.02%
	-0.47
	-0.35
	
	
	
	
	

	UKL (Wales)
	1.66%
	2.96%
	-0.33
	-0.42
	
	
	
	
	

	UKK (South West England)
	1.57%
	2.44%
	-0.58
	-0.96
	4
	1.75%
	2.67%
	-0.09
	-0.72

	UKM (Scotland)
	1.94%
	2.90%
	0.41
	-0.48
	
	
	
	
	

	UKI (London)
	1.98%
	3.86%
	0.51
	0.53
	5
	1.98%
	3.86%
	0.51
	0.53


 
The above table provides summary statistics of the dataset per NUTS 1 region as to their average and max default rates (in % or Z-scores), as well as their summaries within the clustering solution of the baseline model (k=5).


Table A3. Sample distribution

	NUTS-1
	In sample (% of total)
	2011 Census (% of total)
	Difference

	UKC (North East England)
	3.04
	4.12
	1.08

	UKD (North West England)
	10.39
	10.95
	0.55

	UKE (Yorkshire and the Humber)
	6.68
	8.20
	1.52

	UKF (East Midlands England)
	7.26
	7.46
	0.19

	UKG (West Midlands England)
	7.31
	8.87
	1.55

	UKH (East of England)
	12.94
	9.07
	-3.86

	UKI (London)
	9.20
	13.91
	4.71

	UKJ (South East England)
	16.24
	13.40
	-2.84

	UKK (South West England)
	10.00
	8.21
	-1.79

	UKL (Wales)
	5.92
	4.75
	-1.16

	UKM (Scotland)
	8.32
	8.25
	-0.08

	UKN (Northern Ireland)
	2.69
	2.81
	0.12



The above table shows the relative frequency of the observations for each NUTS 1 region within the sample (column ‘In sample’), the respective frequency of the regional population within the UK according to the 2011 Census (column ‘2011 Census’) and the deviation of the sample from the census relative frequency.


Figure A1. Alternative clustering solutions

[image: ]

	Solution
	AUROC
	KS
	SENS
	SPEC
	OCA
	ACA

	k=7
	3.15
	7.25
	3.62
	2.74
	3.15
	3.18

	k=6
	2.49
	5.71
	2.27
	2.74
	2.49
	2.50

	k=4
	1.42
	3.26
	0.87
	2.00
	1.42
	1.43

	k=3
	0.22
	0.51
	0.37
	0.84
	0.22
	0.61




The above figure (and accompanying table for clarity) depicts the average classification benefits (across all NUTS 1 regions) of the prediction of a clustering solution (using the three social traits) different from the baseline solution (k=5) versus the classification in the overall population. Metrics shown are the Kolmogorov-Smirnov distance (KS), Area Under the Curve (AUROC), Overall Classification Accuracy (OC), Average Classification Accuracy (ACA), Specificity (SPEC) and Sensitivity (SENS). For more details on the performance metrics, see Section 2.2.3. Results concern the best-performing (BOOST) algorithm.
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Classification benefits for different solutions of the k-means algorithm
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