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Abstract:  Understanding the distribution of methane source and sink regions is important to quantitatively 

assess the observed changes in atmospheric concentrations and climate change. The Greenhouse Gases 

Observing Satellite-1 (GOSAT-1), is the world’s first Earth observation satellite dedicated to greenhouse gas 

monitoring which measures the densities of carbon dioxide and methane from 56,000 locations on the Earth's 

atmosphere. In this regard, GOSAT-1 data from 2010 to 2018 has been analyzed to understand the methane 

spatiotemporal variability, seasonality and source and sink regions of methane concentration. During the 2010 

to 2015 period, growth in atmospheric methane is attributed mostly to an increase in emissions from India, 

China and areas with large tropical wetlands. Maximum surface flux emits from India (4.756 Tg/y) and China 

(6.898 Tg/ y). Compared to other regions, China and India have a high source of methane. The hydroxyl 

radical is the main contributor to the methane’s sink (troposphere OH). In India, CH4 concentration is 

maximum in September, and the minimum is in February/March. The tropical wetland or agricultural or 

combination of both of the rising global methane 2008 in words. The study helped in understanding the 

methane spatiotemporal characteristics, source and sink regions of methane, and budgeting the methane 

concentrations. 
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Introduction  

               Atmospheric methane is the second most important Green House Gas after carbon dioxide (CO2) in 

the atmosphere. The methane concentrations have increased by more than doubled since preindustrial times, 

predominantly due to agriculture and fossil fuel use (IPCC, 2013). Changes in methane concentrations can 

have significant implications for global warming. Methane in the global radiative forcing of the atmosphere 

is 0.97 WM^-2 (IPCC, 2013). Methane is emitted from natural and anthropogenic sources. Major 

anthropogenic emission includes petroleum and natural gas, coal mining, waste (landfill and wastewater), 

livestock and rice cultivation. The lifetime of atmospheric methane is 9.1± 0.9years (Prather et al., 2012). The 
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main source of methane is human activities with the agricultural, anthropogenic through entire fermentation 

of livestock (17%), rice (7%) from the formers, coal mining (7%), gas and oil (12%), waste management 

(11%), natural source of methane includes termites (4%), wetlands (34%), ocean and hydrates (3%), and 

biomass burning (4%) (Chen and prinn (2006), Fung et al (1991), Kirschki et al (2013)). The major natural 

source is wetlands. Methane major role in the troposphere as a sink for chlorine atoms and a source of water 

vapour in the stratosphere (Solomon et al., 2010).  

            Soil bacterial sink of surface methane and in troposphere methane Oxidation with OH, surface 

methane sinks in atmospheric so it impacts on atmospheric composition (Lelieveld, 2012). Source of methane 

in hydrogen and troposphere ozone precursors such as CO and formaldehyde (Montzaka et all.2011). On the 

sink, the side identified OH radicals with the largest uncertainty -4±14% from 2006 to 2007 (Montake et al 

2011) small drop of ~1 % /year in atmospheric methane. Nearly 90% of global CH4 sink because of oxidation 

by hydroxyl radical OH, Methanotrophic bacteria in soils (~4%), in the stratosphere with chlorine and atom 

oxygen radical (~3%) and sea salt-chlorine radicals (~3%) near marine boundary layer(Stafanie et al,2013). 

The tropical wetland or agricultural or a combination of both are causes of the rising global methane from 

2008 onwards (bousquest et al 2006). Quantification of methane emissions is required for climate change 

mitigation plans, but the currently available inventories are highly uncertain (Saunois et al., 2020). 

          The present work is carried out to identify the local source and sink regions for atmospheric CH4 from 

GOSAT, GEOS-Chem model and, in-situ observations. Harmonic analysis of these datasets has been carried 

out to understand the seasonal, annual and, semi-annual variability in comparison with in-situ observations.  

 

2. DATA AND METHODS 

2.1 GOSAT 

        GOSAT was launched on 23rd January2009 by the Japanese Aerospace Exploration Agency (JAXA). It 

operates in the SWIR (shortwave infrared) at 0.76, 1.6, 2.0 micrometre sensitivity to the near 

surface(Buchwitz et al., 2015,Kuze et al., 2016). GOSAT has two types of instruments, TANSO-FTS and 

TANSO-CIA.  TANSO-FTS(thermal and near infrared sensor for carbon observation- Fourier transform 

spectrometer) ha four bands, one is thermal IR channel from 5.5 to 14.3 micrometre remain three are spectral 

channels with 0.27/cm ,resolution at 0.76,1.6,2.0 micrometre (Kuze et al., 2009).In this study CH4 

concentration near surface layer monthly using for period of 2010 and 2018  with 2.50 x 2.50  Spatial resolution 

form JAXA . The GOSAT L3 product available monthly average of 2009 to 2018 for Methane over a 2 x2.5 

grid in HDF5. 

Harmonic analysis of Gosat methane is show variability of different regions.The respective time series are 

fitted with annual and semi-annual harmonics through the LSP as in the following: 

dCH4(t)=A₀+∑ 𝐴𝑖 +𝑐𝑜𝑠 𝑐𝑜𝑠 (𝑤𝑖𝑡 + ∅𝑖) 2
𝑖=1 +   
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where A0 is the stationary component of the time series that represents mean climatology of dCH4; (A1, A2) 

and (∅1, ∅2) terms respectively denote the amplitude and phase angle of annual and semi-annual harmonics; 

and  is the perturbation/residual term. These annual and semi-annual harmonics together constitute the 

seasonal cycle and the residual is considered as the non-seasonal variability of the time-series composed of 

the intra-seasonal and the inter-annual variability. 

3. RESULTS AND DISCUSSION 

    The global distribution of methane observed from GOSAT satellite based CH4 simulation for the period of 

January 2010 to  December 2018 for monthly scale  .The GOSAT and model CH4 show similar seasonal over 

the year and annual variation not apparent ,CH4 max observed in Sep and low concentration around June 

.Strong Seasonal variability of GOSAT based CH4 is observed during the study period as shown in Figure 

xx. In all seasons max concentration is observed in SEP-NOV (post monsoon) and low concentration observed 

in (pre-monsoon) MAR-MAY. The observed seasonal cycles are well in agreements to the earlier reports by 

various studies carried out. Large latitudinal variations are seen across the seasons with high concentrations 

along the equatorial regions and high variations are also observed in the regional scale. The observed pattern 

could be associated with large scale melting of ice and the release of sequestered CH4. 

 

3.1 HARMONIC ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 shows us upper panel is mean Climatology, lower  is  Annual and  middle is  Semi-annual amplitudes  of 

Harmonic analysis of methane for GOSAT observation  methane  for the period of 2010-2018. 

 

               Harmonic analysis of GOSAT Atmospheric CH4 Concentration based CH4 Concentration is shown 

in Figure 1. High concentration of methane is observed along the equatorial region, East China,India. 

Moderate values are observed in Australia, South America, South Tropical Africa ,South Tropical Oceanic 

regions. Large values of Annual amplitudes are observed over Indian landmass and Arabian sea, China and 
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oceans along the equatorial region .Whereas  Europe, North America, North Tropical Africa, Australia show 

moderate annual amplitude values. High values of Semi annual amplitude of CH4 are exhibited over the 

Indian region, China and oceans along the equatorial region. 

       The major source of the oil and gas is Europe countries and North America .Major source of atmospheric 

methane in India is wetland rice fields(IRRI:2009).In India and south china  region  has high rice 

cultivation  .In the World the large number of cattle's are available in India ,the total agricultural CH4 

emissions nearly ~30% source from Livestock (sirohi and michaelowa,2007).the more livestock emission 

observe in India ,Europe , south china and South America and moderate values are observed in Africa and 

North America. Coal mining the major emission source countries are  China ,India and North America. Waste 

soil and Rice cultivation has more in India and South China. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  show us Seasonal variation of  GOSAT observation of methane 
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Figure 3 shows the annual climatology mean of atmospheric CH4  of GOSAT observation 

 

         Figure 3 shows us the annual mean climatology of atmospheric surface CH4 over the Indian region . 

The higher concentration observed in eastern costal regions.GOSAT based Surface fluxes  of methane  high  

emission fluxes over  India ,China ,  South tropical Africa  and moderate fluxes over  Europe , North America 

and South America (Figure 2).The table describes the surface fluxes of CH4 across different regions, with 

values along India (4.756 Tg y-1) and China (6.898 Tg y-1). Annual & Semi annual amplitudes of the surface 

fluxes show similar patterns of variability with small differences in the amplitude values across India, China 

and Central Africa.  

                              Table1: show us flux emission from different regions(Tg/y) 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region Total integral 

of FLUX in 

Tg/y 

Mean value Tg/y 

Indian  4.756 0.6280 

 

China  6.898 0.5980 

Europe 2.527 0.3983 

Africa 4.106 0.2454 

North 

America 

4.341 0.2933 

South Africa 

 

 

3.592 0.3119 
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                        In the Fig 4 shows us  comparison of  the GOSAT CH4 with the in situ CH4.The Correlation 

Coefficient of determination between GOSAT- in situ and in situ is 0.8375 respectively. The satellite based 

CH4 showed reasonable agreement with the in situ data. Due to the limitation of openly available in situ based 

CH4 data, we had to restrict the comparison with only one location. We would further improve the model 

inputs and the simulated CH4 would be compared with more no of insitu data sets in our future studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Figure 4 shows us a comparison between in situ and GOSAT 

 

4 Discussion: 

                    In this study , we have attempted to atmospheric CH4 over the Global . This is a preliminary 

study to understand the seasonal variability of CH4 based on satellite (GOSAT) observation .Harmonic 

analysis of the data shows that there is a significant semi-annual and annual variability of CH4. The seasonal 

variability is maximum in Sep-Nov period. Such behavior is exhibited due to the maximum contributions 

from the wetland emissions and rice cultivations. We have observed large emissions in the Asian regions of 

India and China because of the rice cultivation and high number of wetland regions present in these areas. 

This study is carried out based on the limited availability of input emission data and the analysis of the 

simulated output. We would like to extend this study to analyses the source/sink patterns in regional context 

with improved emission inventory.     

 

References 

1. Bousquet, P., P. Ciais, J.B. Miller, E.J. Dlugokencky,  D.A.  Hauglustaine, C. Prigent, G.R. Van der Werf, 

 P. Peylin, E.G. Brunke, C. Carouge, R.L. Langenfelds, J Lathière, F. Papa, M. Ramonet, M.  Schmidt, L.P. 

Steele,  S.C.  Tyler, and J. White,  2006: ontribution of  anthropogenic and natural sources to 

atmospheric methane  variability.Nature, 443, 439-443, doi:10.1038/nature05132. 

 

2. Bergamaschi, P., et al. (2009), Inverse modeling of global and  regional CH 4emissions using SCIAMACHY satellite 

retrievals, J. Geophys. Res., 114,D22301, doi:10.1029/2009JD012287 

 

3. IPCC. Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report of 

the Intergovernmental Panel on Climate Change (eds Houghton, J. T. et al.) (Cambridge Univ. Press, Cambridge and New 

York, 2001).  

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2023 IJCRT | Volume 11, Issue 9 September 2023 | ISSN: 2320-2882 

IJCRT2309186 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b542 
 

 

4. Buchwitz, M., Reuter, M., Schneising, O., Noël, S., Gier, B.,  Bovensmann, H., Burrows, J. P., Boesch, H., Anand, J., 

 Parker, R. J., Somkuti, P., Detmers, R. G., Hasekamp, O. P.,  Aben, I., Butz, A., Kuze, A., Suto, H., Yoshida, 

Y., Crisp, D.,  and O'Dell, C.: Computation and analysis of atmospheric  carbon dioxide annual mean growth 

rates from satellite   observations during 2003–2016, Atmos. Chem. Phys., 18,  17355–17370, 

https://doi.org/10.5194/acp-18-17355-2018,  2018. 

 

5. Butz, A., Guerlet, S., Hasekamp, O., Schepers, D., Galli, A.,  Aben, I., Frankenberg, C., Hartmann, J.-M., Tran, H., 

Kuze,  A., Keppel-Aleks, G., Toon, G., Wunch,  D., Wennberg, P., Deutscher, N., Griffith, D.,  Macatangay, 

R., Messerschmidt,  J., Notholt, J., and Warneke, T.: Toward accurate CO2 and  CH4  observations from 

GOSAT, Geophys. Res. Lett., 38,  L14812, https://doi.org/10.1029/2011GL047888, 2011.  

 

 

6. .Butz, A., O. P. Hasekamp, C. Frankenberg, J. Vidot, and I.  Aben (2010),CH 4 retrievals from space‐based solar 

backscatter measurements: Perfor-mance evaluation against simulated aerosol and cirrus loaded scenes,  J. Geophys. 

Res., 115, D24302, doi:10.1029/2010JD014514. 

 

7. Kuze, A., Suto, H., Shiomi, K., Kawakami, S., Tanaka, M., Ueda, Y., Deguchi, A., Yoshida, J., Yamamoto, Y., Kataoka, 

 F., Taylor, T. E., and Buijs, H. L.: Update on GOSAT TANSO-FTS performance, operations, and data products 

 after more than 6 years in space, Atmos. Meas. Tech., 9,  2445–2461, https://doi.org/10.5194/amt-9-2445-

2016, 2016. 

 

8. Montzka, S. A., Krol, M., Dlugokencky, E., Hall, B., Joeckel, P.,        & Lelieveld, J. (2011). Small interannual 

variability of   global  atmospheric hydroxyl. Science, 331, 67–69. http://doi.org/10.1126/science.1197640 

 

9. Morino, I., et al. (2011), Preliminary validation of column‐averaged volume mixing ratios of carbon dioxide and 

 methane retrieved  from GOSAT short‐wavelength infrared spectra, Atmos. Meas. Tech., 4(6), 1061–

1076, doi:10.5194/amt-4-1061-2011. 

 

10. Rigby, M., et al. (2008), Renewed growth of atmospheric methane, Geophys.Res. Lett., 35, L22805, 

 doi:10.1029/2008GL036037. 

 

11. Turner, A. J., Frankenberg, C., Wennberg, P. O., & Jacob, D. J. (2017). Ambiguity in the causes for decadal trends in 

atmospheric methane and hydroxyl. Proceedings of the National Academy of Sciences of the United States of 

America, 44,  201616020. http://doi.org/10.1142/ 3171 

 

 

12. van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., et al. (2011). The representative 

concentration pathways: An overview. Climatic Change, 109, 5–31. http://doi.org/10.1007/s10584-011-0148-z  

 

13. Voulgarakis, A., Naik, V., Lamarque, J. F.,  Shindell, D. T., Young, P. J., Prather, M. J., et al.  (2013). Analysis of 

present day and future OH and methane lifetime in the ACCMIP simulations.  Atmospheric Chemistry and Physics, 

13(5),    

 

14. Wang, J. S. et al. A 3-D model analysis of theslowdown and  interannual variability in the methane growth rate from 

1988  to 1997. Glob. Biogeochem. Cycles 18, 3011, doi:10.1029/2003GB002180 (2004).2563–2587. 

http://doi.org/10.5194/acp-13-2563-  2013. 

 

15. IPCC (Intergovernmental Panel on Climate Change). 2013. Climate change 2013: The physical science basis. Working 

Group I contribution to the IPCC Fifth Assessment Report. Cambridge, UniteKingdom:Cambr University 

Press. www.ipcc.ch/report/ar5/wg1EXITEXIT EPA WEBSITE. 

http://www.ijcrt.org/
https://doi.org/10.1029/2011GL047888
http://doi.org/10.1126/science.1197640
https://www.ipcc.ch/report/ar5/wg1

