

	
	

	









	




	







	









		

		
		

	
	




	
	


	
	



	
	


	
	
	
	
	
	
		
			
			
		

		
		
	

	

	



	
	
	
	

	







	















	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
						

						
				

				
			

		


		
			
				
				




	
	
		
	

	
	
		
		
	

	
	

	
	
	
	The Heat-Kernel Most-Likely-Path Approximation

	
    
        
            
            







    
    










    
    
    
    











			
                    International Journal of Theoretical and Applied Finance, Vol. 15, No. 1, 1250001, 2012
 
        

    
	

	
	
		
		
			19 Pages
		
		

		Posted: 23 Aug 2010
		
			Last revised: 22 Jun 2014
		
		
	

	
		
			
			




	See all articles by Jim GatheralJim Gatheral
CUNY Baruch College
Tai-Ho Wang
Baruch College, CUNY


		

	
	
	
	
	



	
	
	
	
		
	
	
		
			Date Written: September 22, 2011

		
	

	
	
		
		
	

	
	
		
	
	
		Abstract

		In this article, we derive a new most-likely-path (MLP) approximation for implied volatility in terms of local volatility, based on time-integration of the lowest order term in the heat-kernel expansion. This new approximation formula turns out to be a natural extension of the well-known formula of Berestycki, Busca and Florent.  Various other MLP approximations have been suggested in the literature involving different choices of most-likely-path; our work fixes a natural definition of the most-likely-path. We confirm the improved performance of our new approximation relative to existing approximations in an explicit computation using a realistic S&P500 local volatility function. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: implied volatility, local volatility, approximation, heat-kernel expansion

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	






	
		Suggested Citation:
		Suggested Citation
	

	
		
			Gatheral,  Jim and Wang,  Tai-Ho, The Heat-Kernel Most-Likely-Path Approximation (September 22, 2011). International Journal of Theoretical and Applied Finance, Vol. 15, No. 1, 1250001, 2012,  Available at SSRN: https://ssrn.com/abstract=1663318
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Jim Gatheral (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				CUNY Baruch College  ( email )

			

			
			
				
				
				
					Department of Mathematics
One Bernard Baruch Way
New York, NY  10010
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tai-Ho Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Baruch College, CUNY  ( email )

			

			
			
				
				
				
					1 Bernard Baruch Way
New York, NY  10010
United States
+1-646-312-4130 (Phone)

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research youâ€™d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				    1,271

			

		
		
		
			Abstract Views

			    4,949

		

		
		 
		
			Rank

			   29,937

		

		
	


	
		
            
            	        2 Citations
		

	

	
		
			
				        9 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					


				


				
					
					

















    
        
            Recommended Papers

            	
                        
                        

                        
                        
                        Asymptotics of Implied Volatility in Local Volatility Models

                        
                            By
                                
                                
                                    
                                    Jim Gatheral, 
                                    
                                
                                    
                                    Elton P. Hsu, ...
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        Option Pricing with Quadratic Volatility: A Revisit

                        
                            By
                                
                                
                                    
                                    Leif B. G. Andersen
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        The Pricing of Derivatives on Assets with Quadratic Volatility

                        
                            By
                                
                                
                                    
                                    Christian ZÃ¼hlsdorff
                                    
                                
                            

                        
                        
                    


                    
                        	
                            
                            

                            
                            
                            Extended Libor Market Models with Affine and Quadratic Volatility

                            
                                By
                                    
                                    
                                        
                                        Christian ZÃ¼hlsdorff
                                        
                                    
                                

                            

                            
                            
                        
	
                            
                            

                            
                            
                            The Exact Smile of some Local Stochastic Volatility Models

                            
                                By
                                    
                                    
                                        
                                        Matthew Lorig
                                        
                                    
                                

                            

                            
                            
                        



            
            
                 
            
        

    

				

			

		


		
				
					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 Â© 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-l200 in   0.095 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	

