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                    Abstract 

To investigate the impact of increasing horizontal resolution on a simulated model climate, we conducted an experiment using the Japan Meteorological Agency (JMA) operational global atmosphere model (JMA-GSM0103). The models with four different horizontal resolutions ranging from T42 to T213 have been integrated over three years with prescribed climate sea surface temperature in the experiment. The distributions of 3-year averaged seasonal mean fields are basically similar among the models with different resolution, although there are some monotonic and systematic differences with increasing resolution. However, the climatology of synoptic scale phenomena is well represented in higher resolution models. The position and amount of precipitation in Baiu front (or “Mei-yu”) at higher resolution models agree well with observations. The start time of northward propagation of heavy precipitation over the Bay of Bengal, which is associated with Indian monsoon development, is also well simulated in higher resolution models. The number of tropical cyclones increases monotonically with resolutions. The simulated tropical cyclones become more realistic with increasing resolution.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1. [image: ]


Fig. 2. [image: ]


Fig. 3. [image: ]


Fig. 4. [image: ]


Fig. 5. [image: ]


Fig. 6. [image: ]


Fig. 7. [image: ]


Fig. 8a–e. [image: ]


Fig. 9. [image: ]


Fig. 10. [image: ]


Fig. 11a–d. [image: ]


Fig. 12. [image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Fine resolution simulations of the effect of climate change on tropical cyclones in the South Pacific
                                        
                                    

                                    
                                        Article
                                        
                                         10 February 2015
                                    

                                

                                Kevin Walsh

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The resolution sensitivity of the South Asian monsoon and Indo-Pacific in a global 0.35° AGCM
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 May 2015
                                    

                                

                                Stephanie J. Johnson, Richard C. Levine, … Jane Strachan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Monsoonal precipitation over Peninsular Malaysia in the CMIP6 HighResMIP experiments: the role of model resolution
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 November 2021
                                    

                                

                                Ju Liang, Mou Leong Tan, … James M. Haywood

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bengtsson L, Botzet M, Esch M (1995) Hurricane-type vortices in a general circulation model. Tellus 47A: 175–196

                    Google Scholar 
                

	Bengtsson L, Botzet M, Esch M (1996) Will greenhouse gas-induced warming over the next 50 years lead to higher frequency and greater intensity of hurricanes? Tellus 48A: 57–73

                    Google Scholar 
                

	Boyle JS (1993) Sensitivity of dynamical quantities to horizontal resolution for a climate simulation using the ECMWF (cycle33) model. J Clim 6: 796–815
Article 
    
                    Google Scholar 
                

	Brankovic C, Gregory D (2001) Impact of horizontal resolution on seasonal integrations. Clim Dyn 18: 123–143
Article 
    
                    Google Scholar 
                

	Broccoli AJ, Manabe S (1990) Can existing climate models be used to study anthropogenic changes in tropical cyclone climate? Geophys Res Lett 17: 1917–1920

                    Google Scholar 
                

	Gibson JK, Kallberg P, Uppala S, Nomura A, Hernandez A, Serrano E (1997) ERA description. ECMWF Re-Analysis project Report Series 1, ECMWF, Reading, UK

	Gray WM (1979) Hurricanes their formation, structure and likely role in the tropical circulation. In: Shaw DB (ed) Meteorology over the tropical oceans. R Meteorol Soc pp 155–218

	Huffman GJ, Adler RF, Arkin P, Chang A, Ferraro R, Gruber A, Janowiak J, McNab A, Rudolf B, Schneider U (1997) The Global Precipitation Climatology Project (GPCP) combined precipitation data set. Bull Am Meteorol Soc 78: 5–20
Article 
    
                    Google Scholar 
                

	JMA (2002) Outline of operational numerical weather prediction at Japan Meteorological Agency. Numerical Weather Prediction Division/Japan Meteorological Agency. pp 157

	Krishnamurti TN, Subrahmanyam D (1982) The 30–50 day mode at 850 mb during MONEX, J Atmos Sci 39: 2088–2095

                    Google Scholar 
                

	Reynolds RW, Smith TM (1994) Improved global sea surface temperature analysis using optimum interpolation. J Clim 7: 920–948
Article 
    
                    Google Scholar 
                

	Sperber KR, Hameed S, Potter GL, Boyle JS (1994) Simulation of the northern summer monsoon in the ECMWF model: sensitivity of horizontal resolution. Mon Weather Rev 122: 2461–2481
Article 
    
                    Google Scholar 
                

	Stratton RA (1999) A high resolution AMIP integration using the Hadley Centre model HadAM2b. Clim Dyn 15: 9–28
Article 
    
                    Google Scholar 
                

	Sugi M, Noda A, Sato N (2002) Influence of the Global Warming on Tropical Cyclone Climatology: An Experiment with the JMA Global Model. J Meteorol Soc Japan 80: 249–272

                    Google Scholar 
                

	Tibaldi S, Palmer TN, Brankovic C, Cubasch U (1990) Extended range predictions with ECMWF models: influence of horizontal resolution on systematic error and forecast skill. Q J R Meteorol Soc 116: 835–866
Article 
    
                    Google Scholar 
                

	Tsutsui J, Kasahara A (1996) Simulated tropical cyclones using the National Center for Atmospheric Research community climate model. J Geophys Res 101(D10): 15,013–15,032
Article 
    
                    Google Scholar 
                

	Williamson DL, Kiehl JT, Hack JJ (1995) Climate sensitivity of the NCAR Community Climate Model (CCM2) to horizontal resolution. Clim Dyn 11: 377–397
Article 
    
                    Google Scholar 
                

	Xie P, Arkin PA (1997) Global precipitation: a 17-year monthly analysis based on gauge observations, satellite estimates, and numerical model outputs. Bull Am Meteorol Soc 78: 2539–2558
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements 

We thank Dr Takano for discussions and valuable suggestions. GrADS was used for the drawings. Thanks are also extended to the anonymous reviewers whose valuable comments and suggestions greatly improved the manuscript.


Author information
Author notes	C. Kobayashi
Present address: Climate Prediction Division, Japan Meteorological Agency, 1-3-4 ote-machi chiyoda-ku, Tokyo, Japan 100-8122


Authors and Affiliations
	Climate Research Department, Meteorological Research Institute, Japan Meteorological Agency, 1-1 Nagamine Tsukuba-shi, Ibaraki-ken, Japan 305-0052
C. Kobayashi & M. Sugi


Authors	C. KobayashiView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. SugiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                C. Kobayashi.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Kobayashi, C., Sugi, M. Impact of horizontal resolution on the simulation of the Asian summer monsoon and tropical cyclones in the JMA global model.
                    Climate Dynamics 23, 165–176 (2004). https://doi.org/10.1007/s00382-004-0427-8
Download citation
	Received: 25 July 2003

	Accepted: 08 March 2004

	Published: 29 May 2004

	Issue Date: August 2004

	DOI: https://doi.org/10.1007/s00382-004-0427-8


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
	Tropical Cyclone
	Horizontal Resolution
	Japan Meteorological Agency
	High Resolution Model
	Tropical Cyclone Frequency








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					23.20.235.102
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    