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                    Abstract
This study proposes a method to infer the parameters of the constant elasticity of variance (CEV) model from the market values of stock after the extension from the asset process of the Merton model in the structural credit risk model to that of the CEV model. The state space model is used, which consists of an asset process (system equation) and the call option pricing a stock value (observation equation), for the inference. However, it is usually difficult to apply the Markov chain Monte Carlo (MCMC) method to estimate the parameters of the CEV model because the observation equation of the state space model has no analytical formula. Our method solves this parameter estimation problem by applying the MCMC combined with a finite difference method of partial differential equations, where the stock value obtained as a CEV option price is numerically solved. This study estimates the parameters from the real stock values of the US financial institutions as an empirical analysis. Furthermore, we analyze the default probability and measure the credit risk of bank portfolios.
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Appendix A: Derivation of SDEs
Appendix A: Derivation of SDEs
The SDE followed by the asset value under the risk-neutral probability Q and the stock value can be written from the state space model of the Merton model as follows:
$$\begin{aligned} \left\{ \begin{aligned}&dA_t=rA_tdt+\sigma A_tdW_t^Q \\&S_t=S(t,A_t) \end{aligned}, \right. \end{aligned}$$

                    (A.1)
                

where \(S(\bullet )\) is the price formula of call option using the BS model. Applying Ito’s formula to (A.1), we obtain as follows:
$$\begin{aligned} \begin{aligned}&dS_t=\left\{ \frac{\partial S}{\partial t}(t,A_t)dt+rA_t\frac{\partial S}{\partial A}(t,A_t) +\frac{1}{2}\sigma ^2A_t^2\frac{\partial ^2 S}{\partial A^2}(t,A_t) \right\} dt+\sigma A_t\frac{\partial S}{\partial A}(t,A_t)dW_t^Q \\&\quad =rS_tdt+Z_tS_tdW_t^Q, \end{aligned} \end{aligned}$$

                    (A.2)
                

where the coefficient of drift term can be written as \(rS_t\) from no arbitrage condition, and that of diffusion term is denoted by \(Z_tS_t=\sigma A_t\partial S(t,A_t)/\partial A\) in the second equal sign. On the other hand, when the coefficient of drift term in the SDE followed by the stock value under the real probability P is denoted by \(f_tS_t\), the market price of risk is described as follows:
$$\begin{aligned} \psi _t=\frac{\mu -r}{\sigma }=\frac{f_t-r}{Z_t}=\phi \end{aligned}$$

                    (A.3)
                

Therefore, substituting (A.3) for (A.1) and (A.2) using \(dW_t^Q=dW_t^P+\psi _tdt\), we obtain as follows:
$$\begin{aligned} \left\{ \begin{aligned}&dA_t=(r+\sigma \phi )A_tdt+\sigma A_tdW_t^P \\&dS_t=(r+Z_t\phi )S_tdt+Z_tS_tdW_t^P \end{aligned}. \right. \end{aligned}$$



Rights and permissions
Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
       



Cite this article
Kato, K., Nakamura, N. PDE-Based Bayesian Inference of CEV Dynamics for Credit Risk in Stock Prices.
                    Asia-Pac Financ Markets  (2023). https://doi.org/10.1007/s10690-023-09420-z
Download citation
	Accepted: 25 July 2023

	Published: 25 August 2023

	DOI: https://doi.org/10.1007/s10690-023-09420-z


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	PDE-based Bayesian inference
	Finite difference method
	Credit risk
	Stock
	CEV model
	Hamiltonian Monte Carlo








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.231.243.76
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    