
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Bulletin of Mathematical Biology

	
                        Article

A Process-Based Mathematical Model on Methane Production with Emission Indices for Control


                    	Original Article
	
                            Published: 22 April 2006
                        


                    	
                            Volume 68, pages 1293–1314, (2006)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Bulletin of Mathematical Biology
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	A. Chakraborty1 & 
	D. K. Bhattacharaya2 


                        
    

                        
                            	
            
                
            168 Accesses

        
	
            
                
            4 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
In this paper, a process-based mathematical model is developed for the production of methane through biodegradation. It is a three-dimensional model given by ordinary differential equations. The results of the analysis of the model are interpreted through three emission indices, which are introduced for the first time. The estimation of either one or all of them can interpret the feasibility of the equilibrium and the long-term emission tendency of methane. The vulnerability of the methane production process with respect to soil temperature effects in methanogenic phase has been discussed and a feasible condition within a specified temperature range has defined for the nonvulnerability of the methane production process and also it has shown that under the same condition, zero-emission process of methane will be nonvulnerable with respect to the soil temperature effects in methanogenic phase. Lastly, condition for zero emission of methane is also obtained and it is interpreted through the emission indices.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Methodologies for Measuring Microbial Methane Production and Emission from Soils—A Review
                                        
                                    

                                    
                                        Article
                                        
                                         01 January 2021
                                    

                                

                                M. V. Glagolev, O. R. Kotsyurbenko, … I. E. Terentieva

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Model-empirical Calculation of Methane and Carbon Dioxide Fluxes from Peatbog Soil
                                        
                                    

                                    
                                        Article
                                        
                                         01 October 2022
                                    

                                

                                A. V. Zinchenko, V. I. Privalov, … N. N. Paramonova

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Methane Content and Emission in the Typical Tundra and the Southern Tundra of the Western Russian Arctic
                                        
                                    

                                    
                                        Article
                                        
                                         01 July 2022
                                    

                                

                                A. A. Vasiliev, V. P. Melnikov, … A. S. Savvichev

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	AGU—American Geophysical Union, 2002. Control Of Methane Emission Would Reduce Both Global Warming and Pollution, Researchers Find. News Oct.9.http://www.agu.org/sci_soc/prrl/prrl023.html.

	Balch, W.E., Fox, G.E., Magrum, L.J., Woese, C.R., Wolfe, R.S., 1979. Methanogenesis: Reevaluation of a unique biological group. Microbiol. Rev. 43, 260–296.

                    Google Scholar 
                

	Berthouex, P.M., Brown, L.C., 1994. Statistics for Environmental Engineers. Lewis, Boca Raton, FL.

                    Google Scholar 
                

	Chakraborty, A., Bhattacharaya, D.K., 2005. A process based model on methane emission with its oxidation process from rice fields and corresponding control indices, J. Environ. Model. Assess (in revision).

	Cheng, K.S., Hsu, S.B., Lin, S.S., 1981. Some results on global stability of a predator–prey systems. J. Math. Biol. 12, 115–126.
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Dlugokencky, E.J., Masarie, K.A., Lang, P.M., Tans, P.P., 1998. Continuing decline in the growth rate of the atmospheric methane burden. Nature 393 (6684), 447–450.

                    Google Scholar 
                

	Down To Earth, 1995. A Lot of Gas Produced From Paddy Fields. Science and Technology Editorial Report, February 28, India.

	Endo, G., Noike, T., Matsumoto, J., 1983. Effect of temperature and pH on acidogenic phase in anaerobic digestion. Proc. Jpn. Soc. Civil Eng. 330, 49–57.

                    Google Scholar 
                

	EPA, 1999. Inventory of Greenhouse Gas Emissions and Sinks 1990–1997. Office of Policy, Planning and Evaluation, U.S. Environmental Protection Agency, Washington, DC, http://www.epa.gov/globalwarming/inventory/index.html.

	Fox, G.E., Magrum, L.J., Balch, W.E., Wolfe, R.S., Woese, C.R., 1977. Classification of methaogenic bacteria by 16s ribosomal RNA characterization. Proc. Natl. Acad. Sci. U.S.A. 74, 4537–4541.
Article 
    
                    Google Scholar 
                

	Goh, B.S., 1977. Global stability in many species systems. Emerg. Nat. III, 135–143.

	Goh, B.S., 1980. Management and Analysis of Biological populations. Elsevier Scientific, New York.

                    Google Scholar 
                

	Huang, Y., Sass, R.L., Fisher, F.M., 1998. A semi-empirical model of methane emission from flooded rice paddy soils. Global Change Biol. 4(3), 247–268.
Article 
    
                    Google Scholar 
                

	IPCC—Intergovernmental Panel On Climate Change, 1996. XII. Summary for policymakers. In: Houghton, J.T., Meira- Filho, L.G., Chancellor, B.A., Kattenberg, A., Maskell, K. (Eds.), Climate Change 1995: The Scientific Basis of Climate Change. Cambridge University Press, Cambridge, UK, 572 pp.

	Keisuke, H., Tastsuya, N., Matsumoto, J., 1985. Mathematical Modeling of The Anaerobic Digestion Process: Mathematical Models in Biological Waste Water Treatment: Develpments in Environmental Modeling, vol. 7. Elesevier, New York, pp. 583–634.

	Knightes, C.D., Peters, C.A., 2000. Statistical analysis of nonlinear parameter estimation for Monod biodegradation kinetics using bivariate data. Biotechnol. Bioeng. 69, 160–170.
Article 
    
                    Google Scholar 
                

	Kropff, M.J., Matthews, R.B., VanLaar, H.H., TenBerge, H.F.M., 1995. The rice model ORYZAI and its testing. In: Matthews, R.B., Kropff, M.J., Bachelet, D., VanLaar, H.H. (Eds.), Modeling the Impact of Climate Change on Rice-Production in Asia. CAB International, Oxon, UK, pp. 27–50.

	Lawrence, A.W., McCarty, P.L., 1969. Kinetics of methane fermentation in anaerobic treatement. J. Water Pollut. Control Fed. 41, R1–R17.

                    Google Scholar 
                

	Matthews, R.B., Wassmann, R., Arah, J., 2000. Using a crop/soil simulation model and GIS techniques to assess methane emission from rice fields in Asia. 1. Model development. Nutr. Cycling Agro-Ecosyst. 58, 141–159.
Article 
    
                    Google Scholar 
                

	Nagase, M., Matsuo, T., 1982. Interactions between amino acid degrading bacteria and methanogenic bacteria in anaerobic digestion. Biotechnol. Bioeng. 24, 2227–2239.
Article 
    
                    Google Scholar 
                

	Nagumo, N., 1942. Uber die Lage der Integrakurven gewonlicher Differantialgleichungen. Proc. Phys. Math. Soc. Jpn. 24, 551.

                    Google Scholar 
                

	Neue, H.U., Boonjwat, J., 1993. Methane emission from rice fields. Bioscience 43(7), 466–475.
Article 
    
                    Google Scholar 
                

	Neue, H.U., Roger, P.A., 1993. Rice agriculture factors controlling emissions. In: Khalil, M.A.K. (Ed.), Atmospheric Methane: Sources, Sinks, and Role in Global Change, NATO ASI Series. Springer-Verlag, Berlin, pp. 254–298.

	Olszyk, D.M., Centeno, H.G.S., Ziska, L.H., Kern, J.S., Matthews, R.B., 1999. Global climate change, rice productivity and methane emissions: Comparison of Simulated and experimental results. Agric. For. Meteorol. 97, 87–101.
Article 
    
                    Google Scholar 
                

	O'Rourke, J.T., 1968. Kinetics of anaerobic treatment at reduced temperatures. Thesis presented to Stanford University in partial fulfillment of the requirement for the degree of Doctor of Philosophy: Cited by Lawrence A. W. 1971. Application of process kinetics to design of anaerobic processes. Adv. Chem. Ser. 105, 163–189.

	Perko, L., 1991.: Differential Equations and Dynamical Systems. Springer-Verlag, New York.
MATH 
    
                    Google Scholar 
                

	Siebelt, M.L., Toerien, D.F., 1969. The proteolytic bacteria present in the anaerobic digestion of raw sewage sludge. Water Res. 3, 241–250.
Article 
    
                    Google Scholar 
                

	Speece, R.E., McCarty, P.L., 1962. Nutrient requirement and biological solids accumulation in anaerobic digestion. Proc. First Int. Conf. Water Pollut. Res. 2, 305–322.

                    Google Scholar 
                

	Stein, V.B., Hettiaratchi, J.P.A., Achari, G., 2001. Numerical models for biological oxidation and migration of methane in soils. Pract. Periodical Hazard. Toxic Radioactive Waste Manage. 5(4), 225–234.
Article 
    
                    Google Scholar 
                

	Toerien, D.F., Hattingh, W.H.J., 1969. Anaerobic digestion-I. The microbiology of anaerobic digestion. Water Res. 3, 385–416.

                    Google Scholar 
                

	Wackett, L., Jian Ma, 2000. Methanogenesis Pathway Map, University of Minnesota, USA, http://umbbd:ahc.umn.edu/C1cyc/C1cyc_map.html.

	Wang, B., 1995. Effects of Rice Cultivars on Dial and Seasonal Methane Emission, PhD thesis, University of the Philippines, Los Banos, Philippines, 130 pp.

	Yuexin, L., 1996. Modeling the Emissions of Nitrous Oxide (N2O) and Methane (CH4) From the Terrestrial Biosphere to the Atmosphere, PhD thesis, Department Of Earth, Atmospheric and Planetary Sciences, MIT, Cambridge, MA.

	Zeikus, J.G., 1977. The biology of methanogenic bacteria. Bacteriol. Rev. 41, 514–541.

                    Google Scholar 
                

	Zoetmeyer, R.J., Arnoldy, P., Cohen, A., Boelhouwer, C., 1982. Influence of temperature on the anaerobic acidification of glucose in a mixed culture forming part of a two-stage digestion process. Water Res. 16, 313–321.
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	4145 Batchelor Hall, Center for Conservation Biology, University of California, Riverside, USA
A. Chakraborty

	Department of Pure Mathematics, University of Calcutta, 35 Ballygange Circular Road, Kolkata 19, West Bengal, India
D. K. Bhattacharaya


Authors	A. ChakrabortyView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. K. BhattacharayaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                A. Chakraborty.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Chakraborty, A., Bhattacharaya, D.K. A Process-Based Mathematical Model on Methane Production with Emission Indices for Control.
                    Bull. Math. Biol. 68, 1293–1314 (2006). https://doi.org/10.1007/s11538-006-9076-x
Download citation
	Received: 10 August 2005

	Accepted: 18 January 2006

	Published: 22 April 2006

	Issue Date: August 2006

	DOI: https://doi.org/10.1007/s11538-006-9076-x


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
	Stability
	Basin of attraction
	Methanogenesis
	Nonvulnerability
	Monod type-2 kinetics
	Liapunov function








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.234.213.197
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    