Member of the Helmholtz Association

An analysis of the global atmospheric methane budget
under different climates

Abhijit Basu

#))0LICH

FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Institute for Energy and Climate Research (IEK)
Troposphere (IEK-8)

An analysis of the global atmospheric methane
budget under different climates

Abhijit Basu

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 168

ISSN 1866-1793 ISBN 978-3-89336-859-4



Table of Contents

ADSTFACE cuneeieniiniiiiinnicnicsieseissnssatssssssissstssstssssissssssstsssssssssssssesssosssssassssssesassss i
Zusammenfassung ii
1. INErOAUCTION .cueeennereirierineiutiieicnicnessatississicssnessnsssssseesssssassssssssssessssssssansne 1
1.1 Methane and its 10le 0N CHMALE .....c..cceeiririiriiiiiiiriececeeecceesee e 1
1.2 Present methane concentration and itS hiStOTY .........ccoecveeieeiiierienieeie e 1
1.3 The global MEthane CYCIE........cciiiriiriiiieieieeieee ettt ene 3
1.4 Methane modeling: Aim 0f the StUAY .......cccevieieiiirieieeeecee e 4
2. Methane sources and sinks 6
2.1 Literature survey: Modeling of methane SOUICES ..........cevieieviiriiieieieeeeeeeee e 6
2.2 Isotopic composition Of MEhANE ...........ccveiiierieiiecieee e 9
2.3 MELHANE SOUICES .....veeeitenienieiietest ettt ettt sttt ettt ebe bt et ebe st se e ebeebenaenens 11
2.3.1 NALULAL SOUICES ...c.veuvenieiieiietirieieieet ettt ettt sttt ettt eae e 11
2.3.2 ANtNIOPOZEINIC SOUICES ....vevventeeienienieniieieetesteeitetesteeseetesseeneensesseeneensessesseensessesseenses 12
2.4 MEthane SINKS ......c.ceieiriiriiieiieieniet ettt ettt ettt ettt eae e 15
3. Methane emission from wetlands .18
3.1 Wetlands: Definition and characteriStiCs...........coeveirirenenieireniiieeeeseeecec e 18
3.2 Methanogenesis and methane emiSSIONS ...........eceveerveriirieneriieienieeeeiesie e 22
3.3 Global wetlands and methane emissions estimates (literature Survey) ........c.ccocceveeeenene 24
3.4 Model parameterisation of wetland methane emission ...........cceccvevieecieecieeniieneesieeene 26
3.4.1 Parameterisation of Wetland area ............ccooceeceeriiinienienenieeeeeeee e 26
3.4.2 Parameterisation of methane emiSSioN ...........cceoveiririenieieiieneee e 34
343U RESUILS ..ttt et 37
3.5 COMNCIUSION. ...ttt ettt ettt ettt sttt ebe e enee 41
4. Present day methane simulation .........ecoeivceecnensenisencseecsenssencseecsecnsenssene 43
4.1Methane Sources and SINKS .........ccevirieieirireierie ettt 43
4.1.1 Sources for ECHAM SIMUIAtioN ........ccoeireriirieieiniineieeiceteseece e 43
4.1.2 Sinks for present day SIMUIALION .....cc.evvivieriiriiiieiereeieeeeee e 46
4.2 Model description for methane simulation............oceecverieriiierieneeieieseeeeee e 47
4.3 MOAE] TESULLS ...ttt ettt ettt et e st bt ente st 48



4.3.1 Present day methane diStribULION ..........cceevevieriieierieniieieiecie et 48
4.3.2 Comparison between model output and methane surface observations.................... 50
4.4. The sensitivity analysis of model with changes in source strengths ............cccceeevveneenee. 58
4.5 CONCIUSION ... eniiiiititet ettt ettt ettt eb e n e 60
5. Methane trend at present... 62
5.1 SIMUILALION SETUP...eeviiuieitieiieiietietesteeeete et et e ste et etesteeeaebeebeesaenseeseessensesseessensesseensenseas 63
5.2 RESUILS -ttt ettt sttt a e enes 67
5.2.1 Simulations with different model St UPS .......ccevveriirieririeienieeieeeee e 71
5.3 COMNCIUSION. ...ttt ettt ettt a ettt ettt beaene 72
6. Methane at past climate: LGM, Pre-industrial 74
6.1 Methane budget during LGM: Role of sources and Sinks..........ccoeceevverienenieneneecieniennnn 74
6.1.1 Modeling of LGM Wetlands ..........cc.everieriirinieieiiiiieiesieeeee st 76
6.1.2 Modeling methane emissions from LGM wetlands ...........cccooeveviieneninceneninneen. 79
6.1.3 Methane sources for LGM ......ccooiiiiiiiiiiiiieiiiieee et 81
6.1.4 Methane sinks fOr LGM ......cc.ooiiiiiiiriiieiiiieieic ettt 82
6.1.5 Model Simulation for LGM methane.............cccoceeiieieiiiinineeeceeeeee e 83
6.2 Methane budget during pre-industrial (PT).........ccoocveiiiieiienieieeeeeeee e 85
6.2.1 Transition of methane from LGM t0 Pl .......cccccooiiiiniiieiiiiicieeeeeeee e 85
6.2.2 Atmospheric methane in PI: In perspective to present day ..........occeeeeeeverieneeceennennenn 86
6.2.3 Methane sources in pre-industrial €poCh........cccovieviiiiiierienieieieeeeeeee 87
6.2.4 Methane SINKS.......cccoiieiiiiiniiieiicnt ettt ettt ettt ene e 88
6.2.5 Results from PI ECHAM model simulation............ccccovereenenenienienenieienenceenne 89
6.2.6 CONCIUSION...c..eeuietitieieite ettt ettt st ettt et e e beebtestesbesaeente b 90
7. Summary and conclusion 91
Bibliography..... 95
Acknowledgments............cocueereessenssencsuccsenssenssnncsnecnns 109
0 T 1 T R 110
Lebenslauf 111



Energie & Umwelt / Energy & Environment

Band / Volume 168 0 J[JL|CH

ISBN 978-3-89336-859-4 FORSCHUNGSZENTRUM






