
Table 1. Emission inventories used in this study
	Source Category
	Database
	Temporal Variability
	References

	Anthropogenic
	CEDS v2017-05-18
	1980-2014 monthly data
	Hosely et al. (2018)

	
	SSP2-4.5
	2015-2017 monthly data
	Gidden et al. (2018)

	Biomass Burning
	BB4MIP
	1980-2014 monthly data
	van Marle et al. (2017)

	
	SSP2-4.5
	2015-2017 monthly data
	Gidden et al. (2018)

	Wetlands
	WetChart v1.0
	Climatological monthly mean (with seasonal variability) for 1980-2017
	Bloom et al. (2017)

	Ocean
	MOZART
	Climatological monthly mean (with seasonal variability) for 1980-2017
	Brasseur et al. (1998)

	Near-shore 
	TransCom-CH4
	Climatological annual mean (no seasonal variability) for 1980-2017
	Lambert and Schmidt (1993), Patra et al. (2011)

	Termites
	NASA-GISS
	Climatological annual mean (no seasonal variability) for 1980-2017
	Fung et al. (1991)

	Mud volcanoes
	TransCom-CH4
	Climatological annual mean (no seasonal variability) for 1980-2017
	Etiope and Milkov (2004), Patra et al. (2011)



Table 2. List of simulations conducted using GFDL-AM4 to explore trends and variability in methane 
	Simulations
	Description

	S0Aopt
	Standard AM4 configuration, but with optimized anthropogenic emissions 

	S0Wopt
	Standard AM4 configuration, but with optimized wetland emissions 

	S1Wopt
	AM4 configuration with low OH levels (LNOx emissions scaled by a factor of 0.5), and optimized wetland emissions

	S2Wopt
	AM4 configuration with high OH levels (LNOx emissions scaled by a factor of 2), and optimized wetland emissions





Table 3 Global methane budget (Tg CH4 yr-1) during the period of 1980-2017
	Period of time
	1980-1989
	1990-1999
	2000-2009
	2003-2012
	1999-2006
	2007-2017

	Sources
	
	
	
	
	
	

	Natural sources
	203
	203
	203
	203
	203
	203

	
	203 [150-267]a
	182 [167-197]a
	218 [179-273]a
	231 [194-296]c
	
	

	
	355 [244-466]b
	336 [230-465]b
	347 [238-484]b
	384 [257-524]d
	
	

	
	
	
	234 [194-292]c
	
	
	

	
	
	
	382 [255-519]d
	
	
	

	Natural wetlands
	166
	166
	166
	166
	166
	166

	
	167 [115-231]a
	150 [144-160]a
	175 [142-208]a
	167 [127-202]c
	
	

	
	225 [183-266]b
	206 [169-265]b
	217 [177-284]b
	185 [153-227]d
	
	

	
	
	
	166 [125-204]c
	
	
	

	
	
	
	183 [151-222]d
	
	
	

	Other natural sources
	37
	37
	37
	37
	37
	37

	Oceans
	9.5
	9.5
	9.5
	9.5
	9.5
	9.5

	
	
	
	18 [2-40]b
	
	
	

	
	
	
	14 [5-25]d
	
	
	

	Termites
	20
	20
	20
	20
	20
	20

	Mud volcanoes
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5

	Anthropogenic sources
	289
	311
	340
	358
	328
	377

	
	348 [305-383]a
	372 [290-453]a
	335 [273-409]a
	328 [259-370]c
	
	

	
	308 [292-323]b
	313 [281-347]b
	331 [304-368]b
	352 [340-360]d
	
	

	
	
	
	319 [255-357]c
	
	
	

	
	
	
	338 [329-342]d
	
	
	

	Agriculture and waste
	159
	172
	185
	191
	181
	200

	
	208 [187-220]a
	239 [180-301]a
	209 [180-241]a
	188 [115-243]c
	
	

	
	185 [172-197]b
	188 [177-196]b
	200 [187-224]b
	195 [178-206]d
	
	

	
	
	
	183 [112-241]c
	
	
	

	
	
	
	190 [174-201]d
	
	
	

	Biomass burning
	13
	18
	15
	15
	15
	14

	
	
	
	18 [15-20]d
	18 [15-21]d
	
	

	Fossil fuels
	104
	107
	127
	139
	120
	150

	
	94 [75-108]a
	95 [84-107]a
	96 [77-123]a
	105 [77-133]c
	
	

	
	89 [89-89]b
	84 [66-96]b
	96 [85-105]b
	121 [114-133]d
	
	

	
	
	
	101 [77-126]c
	
	
	

	
	
	
	112 [107-126]d
	
	
	

	Other anthropogenic sources
	14
	14
	13
	13
	12
	13

	Ee,f
	47 [23-79]
	60 [36-94]
	52 [29-85]
	44 [21-79]
	57 [34-93]
	40 [17-73]

	Sinksf
	
	
	
	
	
	

	Total chemical loss
	486 [462-519]
	540 [516-573]
	577 [553-610]
	584 [560-617]
	570 [546-603]
	592 [568-625]

	
	490 [450-533]a
	525 [491-554]a
	518 [510-538]a
	515c
	
	

	
	539 [411-671]b
	571 [521-621]b
	604 [483-738]b
	
	
	

	
	
	
	514c
	
	
	

	OH loss
	442 [419-476]
	486 [462-519]
	526 [502-559]
	534 [510-567]
	519 [495-552]
	542 [519-576]

	
	468 [382-567]b
	479 [457-501]b
	528 [454-617]b
	
	
	

	O1D loss
	38
	47
	43
	43
	44
	42

	
	46 [16-67]b
	67 [51-83]b
	51 [16-84]b
	
	
	

	Cl loss
	5
	7
	7
	7
	8
	7

	
	25 [13-37]b
	25 [13-37]b
	25 [13-37]b
	
	
	

	Soils
	13
	14
	14
	14
	14
	14

	
	21 [10-27]a
	27 [27-27]a
	32 [26-42]a
	33 [28-38]c
	
	

	
	28 [9-47]b
	28 [9-47]b
	28 [9-47]b
	
	
	

	
	
	
	32 [27-38]c
	
	
	

	Totalsf
	
	
	
	
	
	

	Sum of sources
	539 [515-571]
	574 [549-608]
	595 [572-628]
	605 [582-640]
	589 [565-625]
	620 [597-653]

	
	551 [500-592]a
	554 [529-596]a
	548 [526-569]a
	558 [540-568]c
	
	

	
	663 [536-789]b
	649 [511-812]b
	678 [542-852]b
	736 [596-884]d
	
	

	
	
	
	552 [535-566]c
	
	
	

	
	
	
	719 [583-861]d
	
	
	

	Sum of sinks
	499 [475-532]
	554 [530-586]
	591 [567-624]
	598 [574-632]
	584 [560-617]
	606 [582-639]

	
	511 [460-559]a
	542 [518-579]a
	540 [514-560]a
	548c
	
	

	
	539 [420-718]b
	596 [530-668]b
	632 [592-785]b
	
	
	

	
	
	
	546c
	
	
	

	Imbalance
	40 [39-40]
	20 [19-22]
	4 [4-5]
	7 [8-8]
	5 [5-8]
	14 [15-14]

	
	30 [16-40]a
	12 [7-17]a
	8 [-4-19]a
	10c
	
	

	
	
	
	6c
	
	
	

	Atmospheric growth
	36
	19
	4.8
	7.4
	3.5
	16.6-17.2

	
	34a
	17a,g
	6a,g
	10.0 [9.4-10.6]c,g
	1.91.6g
	18.91.7g

	
	32g
	
	6.0 [4.9-6.6]c
	
	
	


aValues are based on Kirschke et al. (2013) top-down approach.
bValues are based on Kirschke et al. (2013) bottom-up approach.
cValues are based on Saunois et al. (2016) top-down approach.
dValues are based on Saunois et al. (2016) bottom-up approach.
eE is calculated based on the methodology of Ghosh et al. (2015).
fThe ranges are based on the low OH (S1Wopt) and high OH cases (S2Wopt) and the decadal mean values shown in the table are based on the default OH (S0Wopt).
gThe observed atmospheric growth rates (Tg yr-1) are estimated based on a few MBL sites (Dlugokencky et al., 2018), which are not the same as the Imbalance Row (based on the entire globe)
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Figure 1. Time series of methane emissions from the initial methane inventories for the period of 1980-2017. The emissions for major sectors are shown on the left y axis, including agriculture sector, energy production sector, waste sector, biomass burning sector, wetland sector, ocean and near-shore fluxes, termites, mud volcanoes, and other sources (i.e., industrial processes, surface transportation, international shipping, residential, commercial, and others). The tTotal methane emissions from the initial emission inventories (black line) are shown on the right y axis.
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Figure 2. Model bias (a) and correlation coefficient (b) of simulated climatological mean surface methane concentrations against NOAA GMD observations for the 1983-2017 time period. GMD sites with at least 20-year observations are selected for model climatological evaluation. In Fig.2a, each red square or blue cross represents model mean bias by S0Aopt or S0Wopt at the corresponding GMD site. Root-mean-square-error (RMSE) is shown for all the GMD sites in Fig.2a. In Fig.2b, each red square or blue cross represents is the correlation of coefficient for climatological seasonal variability by S0Aopt or S0Wopt at the corresponding GMD site. Spatial correlation (R) is shown for all the GMD sites in Fig.2b.
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Figure 3. Comparison of vertical distribution of methane from S0Aopt and S0Wopt simulations with measurements from individual HIPPO campaigns. Months of campaign are given at the top left of the individual plots. 
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Figure 4. Comparison of GFDL-AM4 simulated methane trends with NOAA-GMD surface observations. Dashed lines represents are the smoothed trends (i.e., 12-month running mean) from deseasonalized data. A meridional curve (Tans et al., 1989) was fitted through NOAA-GMD site observations to get the latitudinal distribution of methane. The fast Fourier transform and low-pass filters (Thoning et al., 1989) are applied to the monthly means to approximate the long-term trend. 	Comment by Ed Dlugokencky: I thought you were using our curve fitting routines, which are not 12-month running means.
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Figure 5. Comparisons of GFDL-AM4 simulated methane growth rates with NOAA-GMD surface observations.
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Figure 6. Comparisons of column-averaged methane concentrations with SCIAMACHY (left_ and GOSAT (right) satellite retrievals. 
[image: ]
Figure 7. Time series of global methane burden (black line, left Y axis), methane sources (red line, right Y axis), and methane sinks (blue line, right Y axis) by S0Wopt.


[image: ]
Figure 8. Time series of global tropospheric OH anomalies with respect to 1998-2007. Results of Montzka et al. (2011) are shown in dark purple (with the mean interannual variability of OH as 2.3% for the period of 1998-2007). Results of Rigby et al. (2017) derived from NOAA observations are shown in light blue (with the mean interannual variability of OH as 2.3% for the period of 1998-2007 and 2.6% for the period of 1980-2014), and derived from AGAGE observations are shown in dark blue (with the mean interannual variability of OH as 3.0% for the period of 1998-2007 and 3.1% for the period of 1980-2014). Results from Turner et al. (2017) are shown in green (with the mean interannual variability of OH as 2.0% for the period of 1998-2007 and 2.5% for the period of 1980-2014). OH anomalies in this work are shown in red (with the mean interannual variability of OH as 2.2% for the period of 1998-2007 and 4.1% for the period of 1980-2014).  	Comment by Ed Dlugokencky: I wonder if T&R deserve mention in a figure. I see Naus and Nicely  (along with all 3-D CTM calculation of OH) as superseding these studies. Also, changes in OH to explain the increase since 2007 are not consistent with 



[image: ]
Figure 9. Absolute difference in surface CH4 predictions between S0Aopt and S0Wopt for the periods of 1980-1989, 1990-1999, 2000-2006, and 2007-2017.
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Figure 10. Absolute difference in total annual methane emissions between S0Aopt and S0Wopt for the periods of 1980-1989, 1990-1999, 2000-2006, and 2007-2017.
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Figure 11. Spatial distribution of surface methane growth (ppb/yr) by S0Aopt (upper panel) and S0Wopt (lower panel) for the periods of 1980-1989, 1990-1999, 2000-2006, and 2007-2017.
	S0Aopt
	S0Wopt
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[bookmark: _GoBack]Figure 12. Global deseasonalized methane trends for source tagged tracers (left y axis) and total methane (TOT, right y axis). The source tagged tracers include tracer for agriculture sector (AGR), energy sector, (ENE), waste sector (WST), biomass burning sector (BMB), other anthropogenic sectors (OAT), wetland sector (WET), and other natural sectors (ONA). The gray dashed line represents total methane trend from NOAA-GMD observations. The trends (i.e., linear growth rates, ppb yr-1) for the periods of 1983-1998,1999-2006, and 2007-2017 are shown below the figure. The correlation coefficient (i.e., R) for TOT is compared to observations, and for other source tagged tracers, is compared to total methane for the three periods. 
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Figure 13. Time series of global tropospheric OH levels (left Y axis, dash line) and methane OH loss (right Y axis, solid line) from S0Wopt (purple), S1Wopt (blue), and S2Wopt (brown) in the upper panel and time series of methane tropospheric lifetime from S0Wopt (purple), S1Wopt (blue), and S2Wopt (brown) in the lower panel.
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