

	
	

	









	




	







	









		

		
		

	
	




	
	


	
	



	
	


	
	
	
	
	
	
		
			
			
		

		
		
	

	

	



	
	
	
	

	







	















	Skip to main content












	

	

	
	

	

	
	












			

			





			






	




	


	
	





	








	

	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	

	
	
		
		
		
	


















	
		
	

	

	
		
	

	







	
		
		
		

		
		
		
		
			
				
				









	
	    












    
    






    
    







    




    






    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    






    
        
    


    
            
            
                
            
            
                
        Add Paper to My Library
        
        

    















	














	
	    







 



	




	







	




































    



			

			
				
				
				
				
				
						
				
				
				
					
						Share:
							
	
	
	


					

					
				
				
				




				
				

    
        
        
        
            

		
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
		

		
            

		
		
		
			
		
			
		
			
		
			
				
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		

		
            

            
        

        
    

    


    




				
				
					

					
					Permalink

						Using these links will ensure access to this page indefinitely

						
							
							Copy URL
						

						
							
								
								Copy DOI
								

							

						
				

				
			

		


		
			
				
				




	
	
		
	

	
	
		
		
	

	
	

	
	
	
	Credit Growth, the Yield Curve and Financial Crisis Prediction: Evidence from a Machine Learning Approach

	
    
        
            
            







    
    










    
    
    
    











			
                    Bank of England Working Paper No. 848, January 2020
 
        

    
	

	
	
		
		
			65 Pages
		
		

		Posted: 17 Jan 2020
		
		
		
	

	
		
			
			




	See all articles by Kristina BluwsteinKristina Bluwstein
Bank of England
Marcus Buckmann
Bank of England
Andreas Joseph
Bank of England
Miao Kang
Bank of England
Sujit Kapadia
Bank of England; European Central Bank (ECB)
Özgür Simsek
University of Bath


		

	
	
	
	
	


	
	
		
			[image: Multiple version icon]There are 2 versions of this paper
		
	


	
		
		

		
			
				

				
					

					
						
							
						

						
							
								
									Credit Growth, the Yield Curve and Financial Crisis Prediction: Evidence from a Machine Learning Approach
									

								
							
							
							
								ECB Working Paper No. 2021/2614
							

							
							
								
									Number of pages: 65
								
								
									Posted: 23 Nov 2021
								
								
							

							
						

						
							
							Downloads
							  864
							
						

					

					
					

					
						
							
						

						
							
								
									Credit Growth, the Yield Curve and Financial Crisis Prediction: Evidence from a Machine Learning Approach

								
							
							
							
								Bank of England Working Paper No. 848, January 2020
							

							
							
								
									Number of pages: 65
								
								
									Posted: 17 Jan 2020
								
								
							

							
							
								
								You are currently viewing this paper
							

							
						

						
							
							Downloads
							  515
							
						

					

					
				

			

		

	

	


	
	
	
	
		
		
	
	
		
			Date Written: January 10, 2020

		
	

	
	
		
		
	

	
	
		
	
	
		Abstract

		We develop early warning models for financial crisis prediction using machine learning techniques on macrofinancial data for 17 countries over 1870–2016. Machine learning models mostly outperform logistic regression in out-of-sample predictions and forecasting. We identify economic drivers of our machine learning models using a novel framework based on Shapley values, uncovering non-linear relationships between the predictors and crisis risk. Throughout, the most important predictors are credit growth and the slope of the yield curve, both domestically and globally. A flat or inverted yield curve is of most concern when nominal interest rates are low and credit growth is high.
 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: machine learning, financial crisis, financial stability, credit growth, yield curve, Shapley values, out-of-sample prediction

	
	

	
    

    
	

	
	
		JEL Classification: C40, C53, E44, F30, G01

	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Bluwstein,  Kristina and Buckmann,  Marcus and Joseph,  Andreas and Kang,  Miao and Kapadia,  Sujit and Kapadia,  Sujit and Simsek,  Özgür, Credit Growth, the Yield Curve and Financial Crisis Prediction: Evidence from a Machine Learning Approach (January 10, 2020). Bank of England Working Paper No. 848, January 2020,  Available at SSRN: https://ssrn.com/abstract=3520659 or http://dx.doi.org/10.2139/ssrn.3520659 
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Kristina Bluwstein (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Bank of England  ( email )

			

			
			
				
				
				
					Threadneedle Street
London, EC2R 8AH
United Kingdom

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Marcus Buckmann

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Bank of England  ( email )

			

			
			
				
				
				
					Threadneedle Street
London, EC2R 8AH
United Kingdom

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Andreas Joseph

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Bank of England  ( email )

			

			
			
				
				
				
					Threadneedle Street
London, EC2R 8AH
United Kingdom

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Miao Kang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Bank of England  ( email )

			

			
			
				
				
				
					Threadneedle Street
London, EC2R 8AH
United Kingdom

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sujit Kapadia

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Bank of England  ( email )

			

			
			
				
				
				
					Threadneedle Street
London, EC2R 8AH
United Kingdom
020-7601-5507 (Phone)

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					[image: European Central Bank (ECB)]
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				European Central Bank (ECB)  ( email )

			

			
			
				
				
				
					Sonnemannstrasse 22
Frankfurt am Main, 60314
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Özgür Simsek

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Bath  ( email )

			

			
			
				
				
				
					Claverton Down
Bath, BA2 7AY
United Kingdom

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research you’d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				      515

			

		
		
		
			Abstract Views

			    1,883

		

		
		 
		
			Rank

			   26,589

		

		
	


	
		
            
            	       30 Citations
		

	

	
		
			
				      116 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					

    
        
            Related eJournals

        	
                    Banking & Insurance eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Banking & Insurance eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,781

                                    

                                    
                                        PAPERS

                                           31,804

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        René M. Stulz at Ohio State University (OSU) - Department of Finance

                                    

                                
                            

                        

                    

                
	
                    Financial Crises eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Financial Crises eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,713

                                    

                                    
                                        PAPERS

                                            7,271

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        René M. Stulz at Ohio State University (OSU) - Department of Finance

                                    

                                
                            

                        

                    

                


            

            
                
                

                	
                    Macroeconomics: Monetary & Fiscal Policies eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Macroeconomics: Monetary & Fiscal Policies eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,563

                                    

                                    
                                        PAPERS

                                           18,575

                                    

                                

                                
                            

                        

                    

                
	
                    Bank of England Research Paper Series

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Bank of England Research Paper Series

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              674

                                    

                                    
                                        PAPERS

                                            1,617

                                    

                                

                                
                            

                        

                    

                
	
                    Econometric Modeling: Capital Markets - Forecasting eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Econometric Modeling: Capital Markets - Forecasting eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              617

                                    

                                    
                                        PAPERS

                                            2,357

                                    

                                

                                
                            

                        

                    

                
	
                    Econometric Modeling: International Financial Markets - Volatility & Financial Crises eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Econometric Modeling: International Financial Markets - Volatility & Financial Crises eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              602

                                    

                                    
                                        PAPERS

                                            4,554

                                    

                                

                                
                            

                        

                    

                
	
                    Monetary Economics: Central Banks - Policies & Impacts eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Monetary Economics: Central Banks - Policies & Impacts eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              513

                                    

                                    
                                        PAPERS

                                            5,782

                                    

                                

                                
                            

                        

                    

                
	
                    Monetary Economics: International Financial Flows, Financial Crises, Regulation & Supervision eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Monetary Economics: International Financial Flows, Financial Crises, Regulation & Supervision eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              499

                                    

                                    
                                        PAPERS

                                            7,072

                                    

                                

                                
                            

                        

                    

                
	
                    International Political Economy: Investment & Finance eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                International Political Economy: Investment & Finance eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               72

                                    

                                    
                                        PAPERS

                                           12,142

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	


	
	
	






		
		














	
		
			
				
                    

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit a Paper
                    
                        
                    
                
            

        
    
        
    
					Section 508 Text Only Pages
				

			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.125 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
