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Remote Sensing and Model-Based Methane Emission 

Estimation from Paddy Rice Field over Bangladesh
Md Rahedul Islam and Wataru Takeuchi
Institute of Industrial Science, University of Tokyo, Japan

Abstract: Agriculture is estimatedto beoneof the largestsourcesof GHG emissionsin Bangladesh,estimatedat 78 Tera-gram(Tg) carbondi-oxide(CO2)-eq. in

2016, to which rice cultivation contributesapproximately30% of total GHG (CO2-eq.) emittedfrom agriculture (FAOSTAT,2018). Ricepaddyis a well-known

sourceof methaneemission,whichacceleratedtheclimatechangeimpacts. Bangladeshasa climatevulnerablecountry,thereis potentialto reduceGHG emissions

from agriculture. To reducegreenhousegasemissionfrom rice cultivation,itôsvery importantto properemissionestimationfrom rice paddyfield. In this study,we

usedremotesensingderivedseasonalrice and irrigated rice areamapwith countryadjustedIPCC (IPCC, 2006) modelfor methaneemissionestimationfrom rice

paddyfield overBangladeshfrom 2001to 2018. Thereare a numbersof uncertaintiesto estimatemethaneemissionfrom rice paddy. In this studyweusedremote

sensing-basedrice and irrigated rice area mapand IPCC modelfor methaneestimationfrom rice paddyfield in Bangladesh. Theresult showsthat the irrigated

Boro rice is the highestmethaneemissionseason(218.4 kg CH4 ha-1) and rainfed Amonrice is the lowestmethaneemissionseason(55 kg CH4 ha-1 ). Annually,

Boro rice seasonis the highestmethaneemissionseason(1029.44 Gg) followedby Amon(780.91 Gg) and Aus (111.05 Gg ) rice growing seasonin 2018. The

methaneemissionfrom rice paddyfield increasedfrom 1384.97 Gg in 2001 to 1941.21 Gg in 2018. Wecompareour result with relevantstudyand foundgood

agreement.

Figure 1: ResearchFlowchart

The highest seasonalCH4 emitted from irrigated Boro (218.4 kg ha-1), and lowest from rainfed Amon rice ( 55.0 kg ha-1). The annual methaneemitted from Boro,

Aus and Amon rice are 1029.44 Gg, 780.91Gg and 110.05 Gg respectively. The Annual methane emissionwas 1384.97 Gg in 2001 and 1941.21 Gg in 2018. The

methane emissionfrom rice paddy field in Bangladeshgradually increasing over the time . The annual methane emissionincreasedfrom 1384.97 Gg in 2001 to

1921.46 Gg in 2018. The rice growing seasonspecificemissionfactor associatedwith the different irrigation application usedmethaneemissionestimation could be a

more reliable tools for emissionestimation. In future, we will try to investigatedAWD irrigation application-basedmethaneemissionestimation.

Figure 2: (a) Methaneemissionfrom seasonaland annualtotal rice paddyfield of Bangladesh,2001 to 2018; (b)

Seasonalmethaneemissionratefrom irrigated,supplementaryirrigatedandrainfedricepaddyfield (in kg ha-1)
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╒╗╡░╬▄= ×i,j,k (EFi,j,k× t i,j,k×A i,j,k×10-6)                 (1)

CH4 Rice = Annual Methane emission from rice paddy field, Gg CH4 yr-1

EFi,j,k = Daily Emission factors under i,j,k conditions, kg CH4 ha-1yr-1

t i,j,k = Cultivation period for i, j, and k conditions, days

A i,j,k = Annual Rice cultivated area under i, j and k conditions, yr

i,j and k= Represent different ecosystems, water regimes, type and amount oforganic 

amendments, and other condition under which CH4 emissionsfrom rice may vary.

╔╕░= ╔╕╬ × S╕◌ × S╕▬ × S╕▫ × SF s , r (2)

╔╕░= Adjusted daily emission factor for cultivated rice area

╔╕╬ = Baseline emission factor without organic amendment (IPCC default value,)1.30 kgCH4h-1d-1

S╕◌ = Scaling factor for different water regime (Irrigated =1, Supplementary irrigated =0.70, rainfed 

= 0.28)

S╕▬= Scaling factor for preseason water regime before cultivation period ( default value = 1)

S╕▫= Scaling factor for organic amendment (Boro = 1.40, Aus= 1.31, and Amon= 1.26)

SFs , r = Scaling factor for Soil type, rice cultivar etc. (Not considered in this study)

SFo= [1 + {(ROAi RSĬCFOAi R S) + (ROAi FM ĬCFOAi FM )}] 0 . 5 9               (3)

ROAi RS    = Application rate of rice straw (Bor o= 0.70, Aus/Amon = 0.40)

ROAi FM = Application rate of Farm manure (0.60)

CFOAi R S = C o n v e rs i o n  f a c t o r f o r  o rg an i c  a me n d me n t  ( R i c e  

S t r a w )=1

CFOAi FM = Conversion factor for incorporated shortly before cultivation = 0.14

Equation1, 2 and3 arebasedon IPCC,

2006 guideline. The parametersvalue

are adjusted based on the rice

cultivation characteristics of

Bangladesh. The seasonal emission

rate is usedfor; Boro, Aus and Amon

seasonmethaneemissionestimation

Figure 4: (a) ComparisonourRS-IPCCbasedseasonalemissionratewith CH4MOD2.5,

DayCent, MODEVAL andfield levelCH4 flux data.

(b) Comparisonof ourRS-IPCCbasedannualmethaneemissionfrom rice

paddyfield with FAOSTAT,EDGAR3.2, CIAT andPIK inventoryestimation;

Figure 3: Annual methaneemissiondistributionfrom rice paddyfield of Bangladesh; (a) 2001, (b) 2002, (c) 2003, (d)

2004, (e) 2005, (f) 2006, (g) 2007, (h) 2008, (i) 2009, (j) 2010, (k) 2011, (l) 2012, (m) 2013, (n) 2014, (o) 2015, (p) 2016,

(q) 2017and(r) 2018.
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Objective: The main objective of this study to estimate methane emission from rice paddy field with remote sensing-based seasonal rice and irrigated rice 

area map and regional adjusted IPCC model over Bangladesh from 2001 to 2018.
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�ƒ The maximum seasonal emission factor in Irrigated Boro rice is 218.4 kg CH4 ha-1 and 

minimum in rainfed Aus season 195.6 kg CH4 ha-1.

�ƒ The Annual Boro season estimated methane emission increased 797.49 Gg to 1029.44

Gg from 2001 to 2018 and followed by Amon (481.21 to781.91 Gg) and Aus season 

(106.26 to111.05 Gg)
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�ƒ The Methane emission distribution showed that the central north part of the country is 

highest emission region and the central-southern part of the country is the lowest emitted 

region due to the rice cropping patten change single to double and triple rice and 

irrigation mode.  
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�‡ The seasonal methane emission 
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agreement.

�‡ In our study we separately 

estimated Boro, Aus and Amon 

season emission factor with 

Irrigated, Supplementary 

Irrigated and Rainfed rice.

�‡ The Annual estimated methane 

emission increased with the 

time.

�‡ Our result slightly under-

estimated from EDGAR3.2 

emission inventory and PIK 

estimation; and over-estimated 

from FAOSTAT and CIAT 

inventory estimation.    
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