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ABSTRACT 

CH4 is a powerful greenhouse gas. It is present in the atmosphere in very low concentrations. 

Nevertheless, it is the third most important greenhouse gas after water vapour and carbon dioxide 

(CO2). Water vapour is present in variable amounts. CO2 contributes about 50% to the enhanced 

greenhouse effect, CH4 about 15-20% and nitrous oxide (N2O) about 6%. Methane (CH4) is a 

hydrocarbon and the primary component of natural gas. Methane is also a potent and abundant 

greenhouse gas (GHG), which makes it a significant contributor to climate change, especially in the 

near term (i.e., 10–15 years). Methane is emitted during the production and transport of coal, natural 

gas, and oil. Emissions also result from livestock and other agricultural practices and from the decay 

of organic waste in municipal solid waste landfills and certain wastewater treatment systems. Methane 

is the second most abundant GHG after carbon dioxide (CO2), accounting for 14 percent of global 

emissions. Though methane is emitted into the atmosphere in smaller quantities than CO2, its global 

warming potential (i.e., the ability of the gas to trap heat in the atmosphere) is 25 times greater. As a 

result, methane emissions currently contribute more than one-third of today’s anthropogenic warming 

In this study an integrated assessment is performed of the contribution of methane to climate change 

especially from agricultural fields and the options for methane control. The main aim of the study was 

to analyze future trends in global methane emissions, the associated climate change, and the costs of 

emission control in terms of agricultural surface methane emissions.  
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Introduction 

Methane is an important Greenhouse gas. The lifetime of CH
4 

in the atmosphere is about 12 years 

and thus a magnitude shorter than the lifetime of CO2 (50-200 years depending on the sources). 

CH
4 

is broken down in the atmosphere by the hydroxyl (OH) radical, which is the most important 

atmospheric cleansing agent. CH
4 

is converted by OH into carbon dioxide (CO2) and water.  

The global warming potential (GWP) compares the direct climate forcing of different greenhouse 

gases relative to that of CO2. The GWP combines the capacity of a gas to absorb infrared radiation, 

its lifetime in the atmosphere, and the length of time over which the effect on the earth’s climate 

needs to be quantified (the time horizon). In the case of CH
4 

it is also adjusted to take account of 

indirect effects via the enhancement of tropospheric ozone, stratospheric water vapour and 

production of CO2
 
resulting from its destruction in the atmosphere. CH

4 
has a GWP of 72 over a 

20-year time horizon, a GWP of 25 over a 100-year time horizon and a GWP of 7.6 over a 500-

year time horizon (IPCC, 2007). So, the largest warming effect takes place within 20 years. As 

CH
4 

has an effective climate forcing lifetime in the atmosphere of only 12 years it pays off to try 

and reduce methane emissions.  

Since the late seventies CH
4 

in the atmosphere has been measured. Measurements revealed rising 

concentrations between 1983 and 2000 from 1630 to 1750 ppb (parts per billion) and then a 

levelling off towards a steady state at 1750 ppb between 2000 and 2006 but now taking off again 

with growth from 1750 to 1780 ppb since 2006. Concentrations are higher in the northern 

hemisphere (Bousquet et al., 2006 ; Rigby et al., 2008; Dlugokencky et al., 2012; Bruhwiler et al., 

2010).  

Sources of Methane 

There are many different sources of CH4. Most natural emissions are from anaerobic 

decomposition of organic carbon in wetlands, with poorly known smaller contributions from the 
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ocean, termites, wild animals, wildfires, and geological sources (Reay et al., 2010). The most 

important human sources are energy production and use, landfills, waste and wastewater, and 

livestock production including animal manure. CH4 from wet rice production is important because 

the wetland rice area has increased relatively fast since 1950. CH4 is mainly produced under 

anaerobic conditions (Stams and Plugge, 2010). Keppler et al, (2006) stated that CH4 may also be 

produced under aerobic conditions by living terrestrial vegetation. This finding, however, is 

challenged by Dueck et al. (2007) who could not find any aerobic CH4 from plants. Rice et al. 

(2010) made a new discovery in this respect. According to them part of the missing source of CH4 

can be allocated to tropical wetlands where trees standing in water are trapping CH4 

Observations from space have been used to reduce the uncertainty in the CH4 sources and to 

estimate changing emissions from natural wetlands under changing climate (Bergamaschi et al. 

2007 and 2009). Since 2003 the Scanning Imaging Absorption Spectrometer for Atmospheric 

Chartography (SCIAMACHY) instrument on the Envisat satellite has provided global atmospheric 

methane column measurements over land (Frankenberg et al., 2006). Satellite data of Greenhouse 

Gases Observing SATillite (GOSAT), also provides columnar CH4 along with monthly CH4 

surface flux data. Bloom et al. (2010) used this information to show a clear correlation between 

CH4 from satellite data, surface temperature and water table, and to estimate global methane 

emissions from temperate northern latitude wetlands between 2003 and 2007. Methane from 

wetlands seemed to be reduced between 1980 and 2006 because of drought periods in tropical and 

arctic wetlands. Next to reductions in anthropogenic sources this could explain the temporary 

stabilization of CH4 concentrations in the atmosphere (Christensen, 2010).  

Estimating methods for methane 

Model-based scenarios indicate that the enhanced greenhouse effect can increase the globally 

averaged surface temperature by 1.4 - 5.8 oC over the period 1990 to 2100 (IPCC, 2007). High-

latitude regions are expected to warm more strongly than the tropics, which could increase the 

natural CH4 emissions from tundra regions and the Arctic shelves. Warming may lead to a melting 

of permafrost and hydrates and may expand the wetland cover of tundra. This melting may increase 
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CH4 production and emissions. Such a positive feedback additionally increases the warming. CH4 

thus plays a major role in the future build-up of atmospheric greenhouse gas concentrations but its 

behaviour is difficult to predict. Recent observational studies now shed light on how these natural 

sources are changing in the changing climate. Shakova et al. (2010) for example show increasing 

out gassing of methane from hydrates beneath the Arctic shelf with about 10 Tg CH4 per year from 

measurements between 2003 and 2008. Petrescu (2009) from detailed measurements of CH4 from 

northern wetlands and using different models concluded that the average annual flux over the 

period 2001-2006 was estimated to be 78-157 Tg per year. The estimate was 78 Tg per year using 

the IPCC methods and the peatlands map from the FAO soil map of the world, 157 Tg per year 

following the Kaplan (2002) approach, and 89 Tg per year using the model from Prigent et al. 

(2007). 4 to the atmosphere, much like rice plants. A critical review of CH4 from vegetation is 

given by McLeod and Keppler (2010). 

Methane in Atmosphere 

Methane is present in the atmosphere in tiny amounts (Table1), but it is the most abundant reactive 

hydrocarbon in the atmosphere. The globally averaged atmospheric surface abundance in 2010 

was 1780 ppbv, corresponding to a total burden in the atmosphere of about 4850 Tg methane. The 

uncertainty in the burden is small (+5%) because the spatial and temporal distributions of 

tropospheric and stratospheric methane have been determined by extensive high-precision 

measurements and the tropospheric variability is relatively small (IPCC, 2007). The other terms in 

the budget are more uncertain. The reaction with hydroxyl (OH) radicals is the main sink term for 

methane in the troposphere. The lifetime of the hydroxyl radical (OH) is so small that measuring 

the OH concentration is done indirectly through the measurements of methyl chloroform (Krol and 

Lelieveld, 2003). The reaction speed of methane with OH is poorly known. 

Methane concentration in the atmosphere is 1780 ppbv. It has been growing although the growth 

rate has been variable between zero and 17 ppbv per year. The annual growth rate of methane in 
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the atmosphere has increased from about 5 ppbv per year in 1940 to 17 ppbv per year in 1980. 

Growth rates dropped abruptly to almost zero in 1992 and 1993. In 1995, global methane growth 

rates recovered back to about 7 ppbv per year. Later the growth rate rose again to 15 ppbv per year 

in 1998 and was reduced to almost zero in 2000 to 2006. Methane concentrations are on the 

increase again since 2007 with 7.5 ppb per year. The slowing down of the atmospheric growth rate 

during the eighties and nineties is attributed to a diminishing of anthropogenic sources and an 

increase in the atmospheric OH sink. The reduction of methane sources over the last decades is 

likely for coal, oil and gas because of the economic recession and improved leakage control. The 

recent increase is attributed to increasing wetland sources. 

Table1: Atmospheric components and its concentration 
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Methane Emissions from Rice Fields 

Methane is formed in the growing season in paddy soils during flooding by methanogenic bacteria. 

Methane escapes through bubbling and diffusion but also through the rice stems. Therefore rice 

variety and soil type is important. Draining of the fields stops methane formation because of 

aeration. Methane formation is reduced in the presence of sulphate and gypsum. Therefore, 

methane emissions from rice are dependent on the period that the paddies are flooded, the climate, 

the soil type, the management and the type, amount and application method of fertilisers. Minami 

(1994) reports that emissions increase in all fields with rice straw application. Calculations of the 

world methane emissions from rice have shown different outcomes because of a lack of data 

concerning the area under irrigated, rainfed, deep-water and upland rice. The rainfed and irrigated 

rice fields have significant emissions. The other types less so. The IRRI (1988) has information on 

the area of wetland rice. About 80 million ha harvested wetland rice are a potential source of 

methane. Based on this information and experimental results, Neue et al. (1990) assumed average 

emissions of 200-500 mg/m2 during an average growing season of 130 days. They estimated a 

global emission of only 25-60 Tg/yr compared to 40-160 Tg/yr as estimated by Matthews and 

Fung in 1987. Sass (1994) in a review of measurement studies concluded a smaller methane 

emission of 25-54 Tg/yr from a total rice area of 147.5 million ha. Sass concluded that China is 

the most important region with 13-17 Tg from 32.2 million ha. Olivier et al. (1996), based on a 

single IPCC default emission factor of 45.5 g methane per m 

2 per growing season of 130 days (0.350 g per day), estimated a total of 60 Tg/yr with the largest 

share of 25 Tg in India and 20 Tg in China. Denier van der Gon (1996) described more factors that 

influence emissions like salinity, alkalinity, organic matter content, drainage situation and methane 

transport. Integration of emission measurements over a whole growing season has lowered the 

estimates of methane from rice from about 80 Tg/yr to about 40 Tg/yr (Denier van der Gon, 1996; 

Sass et al., 1999; Denier van der Gon, 2000; Van Bodegom, 2000). The total emission estimate is 

rather low compared to the IPCC estimate of 54 Tg methane per year (Denman et al., 2007). Conen 

(2010) estimated methane from rice between 25 and 50 Tg per year. 
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Global Methane Budget by various authors 

In Table 2 the methane budget studies by different authors are mentioned. All emissions are at the 

scale of Tg CH4/yr. it clearly represents the uncertainty in the estimations. Most of the approaches 

carried out by authors is top-down as compared to bottom-up. The main reason for the variance in 

estimations is extrapolating from sparse point data to a large are level. The estimate of methane 

emission from agriculture in this thesis is 118 Tg for 2000. This is much lower than earlier 

estimates of 180 Tg by Fung and others in 1991 and lower than the estimate of Bergamaschi (2007) 

of 153 Tg. This is related to a much lower estimate of methane from rice by Bergamaschi in 2007 

of 50 Tg instead of 100 Tg by Fung. Ruminants with 85 Tg and animal waste with 25 Tg are 

slightly lower than earlier estimates. 
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Table 2: Methane emissions from rice fields accounted by various authors (Rice emissions are in 

unit of Tg CH4/yr). 

 

Methane estimates by nation and EDGAR 

Estimating methane was provide by IPPC at different tier level, these estimates are compared with 

the estimates from EDGAR (Emissions Database for Global Atmospheric Research) and 

conclusions were drawn. The differences between the national estimates and EDGAR are a 

consequence of the rather weak international databases on rice area and the aggregated methane 

emission factors used in EDGAR. It is recommended to develop a database of rice area based on 
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a climate database with information on growing period and soil moisture. Information on major 

soil types, using remotely sensed information and soil maps could be used for further detail. 

Especially rice on peat soils emit much methane. An example of rice expansion on peat is the 

“Transmigrate” project of Indonesia, where large numbers of people from Java were encouraged 

to migrate to newly developed agricultural areas in other islands, mostly on peat soils. It is 

recommended to review the methane emission factors used by countries for each soil type and rice 

variety and make a more detailed emissions factor database. Criteria for good practice could be 

developed for incorporation of emission factors from measurement programs into this database. It 

is recommended to develop a database on fertilizer and organic application in the different rice 

areas. 

Methane Mitigation options -Rice Cultivation 

Methane emissions from wetland rice have increased since the 1950s, with increasing cultivation 

area. Reduction strategies must be found that do not interfere with yields. Denier van der Gon 

(2000) has suggested some strategies. These options must be further explored. Intermittent 

draining is suggested, but this can only be applied in area with abundant water.  

Intermittent draining and other cultivation practices (nutrient application and soil management) is 

found to be an alternative to mitigate methane emission form rice cultivations. Methane is formed 

during the growing season in the flooded soils of rice fields. Present knowledge indicates that 

various cultivation practices could potentially achieve significant reductions. These include 

cultivar selection, water management, and nutrient application and soil management. Potentially a 

reduction of 30 per cent in CH4 emissions from typical rice regions can be achieved with low costs. 

In other regions, a 5 per cent reduction may be possible by 2025. 

A reduction in CH4 emissions from rice fields is relatively easy to achieve. Costs for CH4 reduction 

in wetland rice are only $5 per ton CH4 for intermittent draining and other cultivation practices, 

based on information from Byfield et al. (1997). Methane reduction from natural wetlands is not 

practised, although reclaiming wetlands is a feasible but expensive measure, only to be used to 
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increase agricultural lands. Natural drainage of wetlands also risks enhancement of CO2 losses 

from these systems. No significant net emission reductions from this latter strategy are expected, 

therefore. 

Conflict of Interest 

Authors declare no conflict of interest 

Reference: 

1. Bergamaschi, P., C. Frankenberg, J.F. Meirink, M. Krol, F. Dentener, T. Wagner, U. 

Platt, J.O. Kaplan, S. Korner, M. Heimann, E.J. Dlugokencky, A. Goede, 2007: Satellite 

cartography of atmospheric methane from SCIAMACHY on board ENVISAT: 2 

Evaluation based on inverse model simulations. Journal Geophysical Research, 112: 

D02304  

2. Bergamaschi, P., C. Frankenberg, J.F. Meirink, M. Krol, M.G. Villani, S. Houweling, F. 

Dentener, E.J. Dlugokencky, J.B. Miller, L.V. Gatti, A. Engel, I. Levin, 2009: Inverse 

modeling of global and regional CH4 emissions using SCIAMACHY satellite retrievals. 

Journal Geophysical Research, 114, D22301. 

3. Bergamaschi, P., M. Krol, F. Dentener, A. Vermeulen, F. Meinhardt, R. Graul, M. 

Ramonet, W. Peters, E.J. Dlugokencky, 2005: Inverse modelling of national and 

European CH4 emissions using the atmospheric zoom model TM5, Atmos. Chem. Phys., 

5: 2431-2460.  

4. Bloom, A.A., P.L. Palmer, A. Fraser, D. Reay, C. Frankenberg, 2010: Large-scale 

controls of methanogenesis inferred from methane and gravity spaceborne data. Science 

327: 322-325. 

5. Bousquet P., P. Ciais, J.B. Miller, E.J. Dlugokencky, D.A. Hanglustaine, C. Prigent, G.R. 

van der Werf, P. Peylin, E.G. Brunke, C. Carouge, R.L. Langenfelds, J. Lathiere, F. Papa, 

M. Ramonet, M. Schmidt, L.P. Steele, S.C. Tyler, J. White, 2006: Contribution of 



www.iABCD.org        

        International Association of Biologicals and computational Digest  
iABCD|Vol 6|Issue 1|June 2021|85-99| 

 

------------------------------------------------------------------------------------------------------------------------------------------  

  

 95                                                                 
  

 

Thakur and Solanki., 2021 

anthropogenic and natural sources to atmospheric methane variability. Nature 443: 439-

443 

6. Bruhwiler, L.M. and E.J. Dlugokencky, 2009: Recent trends in the atmospheric methane 

burden. Proceedings Fifth International Non-CO
2 

Greenhouse Gases Conference. 

Wageningen 30 June – 3 July 2009 

7. Byfield, S., I.T. Marlowe, N. Barker, A. Lamb, P. Howes and M.J. Wenborn, 1997: 

Methane from other anthropogenic sources. A report for the IEA Greenhouse Gas R&D 

Programme. Report PH2/9. AEA Technology. Culham, Oxford  

8. Callan S.J. and J. Christensen, Torben R., 2010: Wetlands. In Dave Reay, Pete Smith and 

Andre van Amstel, 2010: Methane and Climate Change. Earthscan London and 

Washington DC pp27-41. 

9. Contribution of Working Group III to the Fourth Assessment Report of the IPCC. 

Cambridge University Press 

10. Denier van der Gon, H.A.C., 1996: Methane emission from wetland rice fields. Ph.D. 

Thesis. Agricultural University Wageningen 

11. Denier van der Gon, H.A.C., 2000: Changes in methane emission from rice fields from 

1960 to 1990s. 1. Impacts of modern rice technology. Global Biogeochemical Cycles 14 

12. Dlugokencky E. J., S. Houweling, L. Bruhwiler, K.A. Masarie, P. M. Lang, J.B. Miller, 

and P.P Tans, 2003: Atmospheric methane levels off: Temporary pause or a new steady-

state?, Geophys. Res. Lett., 30(19), doi:10.1029/2003GL018126  

13. Dlugokencky, E., K. Masarie, P. Lang and P. Tans, 1998: Continuing decline in the 

growth rate of the atmospheric methane burden. Nature 393, 447-450  

14. Dlugokencky, E.J., B.P. Walter, K.A. Masarie, P.M. Lang, and E.S. Kasischke, 2001: 

Measurements of an anomalous global methane increase during 1998, Geophys. Res. 

Lett., 28(3), 499-502  

15. Dlugokencky, E.J., E.G. Nisbet, R. Fisher and D. Lowry, 2011: Global atmospheric 

methane: budget, changes and dangers. Phil. Trans. R. Soc. A 369, 2058-2072. 



www.iABCD.org        

        International Association of Biologicals and computational Digest  
iABCD|Vol 6|Issue 1|June 2021|85-99| 

 

------------------------------------------------------------------------------------------------------------------------------------------  

  

 96                                                                 
  

 

Thakur and Solanki., 2021 

16. Dlugokencky, E.J., L. Bruhwiler, J.W.C. White, L.K. Emmons, P.C. Novelli, S.A. 

Montzka, K.A. Masarie, P.M. Lang, A.M. Crotwell, J.B. Miller, L.V. Gatti, 2009: 

Observational constraints on recent increases in the atmospheric CH4 burden. Geophys. 

Res. Lett. 36, L18803, doi:10.1029/2009GL039780  

17. Dueck, T.A., R. de Visser, H. Poorter, S. Persijn, A. Gorissen, W. de Visser, A. 

Schapendonk, J. Verhagen, J. Snel, F.J.M. Harren, A.K.Y. Ngai, F. Verstappen, H. 

Bouwmeester, L.A.C.J. Voesenek, A. van der Werf, 2007: No evidence for substantial 

aerobic methane emission by terrestrial plants: a 13C labelling approach. New 

Phytologist doi:10.1111/j1469-8137.2007.02103.x 

18. Frankenberg, C., J.F. Meirink, M. Van Weele, U. Platt, T. Wagner, 2005: Assessing 

methane emissions from global space-borne observations. Science, 308: 1010-1014  

19. Frankenberg, C., J.F. Meirink, P. Bergamaschi, A.P.H. Goede, M. Heimann, S. Korner, 

U. Platt, M. Van Weele, T. Wagner, 2006: Satellite chartography of atmospheric methane 

from SCIAMACHY on board ENVISAT: Analysis of the years 2003 and 2004. Journal 

of Geophysical Research Vol 111 D07303, doi:10.1029/2005JD006235 

20. IPCC, 2007: Climate Change 2007. Mitigation of Climate Change.  

21. IRRI, 1988. IRRI towards 2000 and beyond. International Rice Institute, Los Banos, 

Philippines. 

22. Kaplan, J.O., 2002: Wetlands at the last glacial maximum. Distribution and methane 

emissions. Geophys. Res. Lett. 29, 10.1029 

23. Keppler, Frank, John T.G. Hamilton, Marc Brass, Thomas Rockmann, 2006: Methane 

emissions from terrestrial plants under aerobic conditions. Nature 439: 187-191 

doi:10.1038/nature04420 

24. Krol, M.C., S. Houweling, B. Bregman, M. van den Broek, A. Segers, P. van Veldhoven, 

W. Peters, F. Dentener, P. Bergamaschi, 2005: The two-way nested global chemistry-

trnasport zoom model TM5: Algorithm and applications. Atmos. Chem. Phys. 5: 417-

432. 



www.iABCD.org        

        International Association of Biologicals and computational Digest  
iABCD|Vol 6|Issue 1|June 2021|85-99| 

 

------------------------------------------------------------------------------------------------------------------------------------------  

  

 97                                                                 
  

 

Thakur and Solanki., 2021 

25. Krol, M.S. and H. van der Woerd, 1994: Simplified calculation of the atmospheric 

concentration of greenhouse gases and other constituents for evaluation of climate 

scenarios. Water, Air and Soil Pollution 76, 259-281  

26. McLeod, Andy and Frank Keppler, 2010: Vegetation and methane. In Dave Reay, Pete 

Smith and André van Amstel: Methane and Climate Change. Pp 74-96. Earthscan, 

London and Washington DC. 

27. Minami, K., 1994: Methane from rice production. Fertilizer Research 37: 167-179 

28. Neue, H.U. and Sass, R., 1998: The budget of methane from rice fields. IGACtivities 

Newsletter 12. Cambridge, MA, USA. 

29. Neue, H.U., Becker-Heidmann, P. and Scharpenseel, H.W., 1990. Organic matter 

dynamics, soil properties, and cultural practices in rice lands and their relationships to 

methane production. In: A.F. Bouwman (Editor), Soils and the Greenhouse effect. John 

Wiley & Sons, Chichester, pp. 457-466. 

30. Neue, H.U., R. Wassmann, H. Kludze, W. Bujun, R. Lantin, 1997: Factors and processes 

controlling methane emissions from rice fields. Nutrient Cycling in Agroecosystems 49: 

111-117. 

31. Olivier, J.G.J. and J.J.M. Berdowski, 2001: Global emission sources and sinks. In: J. 

Berdowski, R. Guicherit, B.J. Heij: The Climate System. Balkema Publishers  

32. Olivier, J.G.J., 2002: On the quality of global emission inventories. Approaches, 

Methodologies, Input Data and Uncertainties. PhD Thesis. Utrecht University. The 

Netherlands 

33. Olivier, J.G.J., A.F. Bouwman, C.W.M. van der Maas, J.J.M. Berdowski, C. Veldt, J.P.J. 

Bloos, A.J.H. Visschedijk, P.Y.J. Zandveld and J.L. Haverlag, 1996: Description of 

EDGAR 2.0: A set of global emission inventories of greenhouse gases and ozone-

depleting substances for all anthropogenic and most natural sources on a per country 

basis and on a 1 x 1 degree grid. TNO/RIVM report 771060-002. Bilthoven, the 

Netherlands  



www.iABCD.org        

        International Association of Biologicals and computational Digest  
iABCD|Vol 6|Issue 1|June 2021|85-99| 

 

------------------------------------------------------------------------------------------------------------------------------------------  

  

 98                                                                 
  

 

Thakur and Solanki., 2021 

34. Olivier, J.G.J., A.F. Bouwman, J.J.M. Berdowski, C. Veldt, J.P.J. Bloos, A.J.H. 

Visschedijk, C.W.M. van der Maas, P.Y.J. Zandveld, 1999: Sectoral emission inventories 

of greenhouse gases for 1990 on a per country basis as well as on 1 x 1 degree. 

Environmental Science & Policy 2: 241-263  

35. Olivier, J.G.J., J.A. van Aardenne, F.J. Dentener, V. Pagliari, L.N. Ganzeveld, J.A.H.W. 

Peters, 2005: Recent trends in global greenhouse gas emissions: regional trends 1970-

2000 and spatial distribution of key sources in 2000. Environmental Sciences 2, 2-3: 81-

101 

36. Petrescu, A.M.R., 2009: Northern wetlands and their role in a changing climate. 

Modelling methane emissions in relation to hydrological processes. PhD thesis Vrije 

universiteit Amsterdam, the Netherlands. 

37. Prigent, C., E. Matthews, F. Aires, W.B. Rossow, 2001: Remote sensing of global 

wetland dynamics with with multiple satellite datasets. Geophys. Res. Lett. 28, 24: 4631-

4634. 

38. Reay, D., C.N. Hewitt, K. Smith, J. Grace, 2007: Greenhouse Gas Sinks, CABI, 

Wallingford, UK.  

39. Reay, D., P. Smith and A. van Amstel eds. 2010: Methane and Climate Change. 

Earthscan, London and Washington DC. 

40. Rice, Andrew L., Christopher L. Butenhoff, Martha J. Shearer, Doaa Teama, Todd N. 

Rosensteil, M. Aslam K. Khalil, 2010: Emissions of anaerobically produced methane by 

trees. Geophys. Res. Lett. 37 L03807. 

41. Rigby, M., R.G. Prinn, P.J. Fraser, P.G. Simmonds, R.L. Langenfelds, J. Huang, D.M. 

Cunnold, L.P. Steele, P.B. Krummel, R.F. Weiss, S. O’Doherty, P.K. Salameh, H.J. 

Wang, C.M. Harth, J. Muhle, L.W. Porter, 2008: Renewed growth of atmospheric 

methane. Geophysical Research letters, Vol. 35, L22805, doi:10.1029/2008GL036037, 

2008 



www.iABCD.org        

        International Association of Biologicals and computational Digest  
iABCD|Vol 6|Issue 1|June 2021|85-99| 

 

------------------------------------------------------------------------------------------------------------------------------------------  

  

 99                                                                 
  

 

Thakur and Solanki., 2021 

42. Sass, R., 1994: Short summary chapter for methane. In: Minami, K., Arvin Mosier and 

Ronald Sass (eds): Global Emissions and Controls from Rice Fields. NIAES Series 2. 

Tokio, Japan  

43. Sass, R., 1999: Methane from rice agriculture. Background report for IPCC expert 

meeting on good practice in inventory preparation for agricultural sources of methane and 

nitrous oxide. Wageningen, the Netherlands 24-26 February, 1999 

44. Shakova, Natalia, Igor Semiletov, Anatoly Salyuk, Vladimir Yusupov, Denis Kosmach, 

Orjan Gustafsson, 2010: Extensive methane venting to the atmosphere from sediments of 

the East Siberian Arctic shelf, Science 327, 1246-1250. 

45. Stams, A.J.M. and Caroline M Plugge, 2010: The microbiology of methanogenesis. In 

Dave Reay, Pete Smith and André van Amstel, Methane and Climate Change. Pp. 14-26. 

Earthscan. London, Washington DC. 

46. Van Bodegom, P.M., 2000: Methane emissions from rice paddies; experiments and 

modelling. PhD Thesis. Wageningen University 

 


