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Global Methane Budget

Long term trends Inter-annual variability

Annual Global Increase of CHy4
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Methane Sources and Sinks
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Stratospheric Dynamical Processes

Brewer-Dobson Circulation
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Stratospheric Dynamical Processes

Quasi Biennial Oscillation(QBO)
alternating west and east wind(period=28 months)
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Strong Concentration Gradient in the Stratosphere

Satellite observed methane gradient in the stratosphere
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Challenges for Models to Accurately Capture Strong Gradient

Model - Observations
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Challenges for Models to Accurately Capture Strong Gradient

Methane emissions inferred from satellite inversion (Tg a')

Latitude Band Onginal Corrected Corrected mean Corrected Corrpc;ted
SCO SCl  SC2  SC3 SC4 SD - Original
60N-90N 18.9 286 343 263 24 28.3 3.8 9.4
30N-60N 137.1 1514 196.6 1583  160.8 166.8 17.6 29.7
0-30N 225.1 2113 191.6 210.6 204.2 204.4 7.9 -20.7
30S-0 123.7 1146 1105 1272 127.6 120 7.6 -3.7
60S-30S 18.4 202 444 196 19.5 25.9 10.7 7.5
Global 523.1 526 5774 5421 536.1 545.4 19.4 22.3

*

P. Zhang et al., in review



What is the Impact of Stratosphere-Troposphere Exchange?

Annual growth rates of the surface CH,
Aged CH,-depleted influx
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Impact of STE on ozone, N,O, and CO,

STE accounts for 16% variability of STE dominates the growth rate 1AV of N,O STE contributes negligible for
tropospheric ozone (Neu et al., 2014) Not accounting for it leads to 5-10% errors in surface CO, variability (Prather,
annual emission inversion (Ray et al., 2020) 2022)
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Growth rate anomalies of tropospheric CH,

Growth Rate (% a~1)
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Quantification of F

1) W*-derived 2) N,O-scaled 3) Fixed-budget simulation

Transformed Eulerian mean vertical velocity
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Minor contribution globally
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More Important at High Latitudes
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A minor contributor globally but can be substantial at high latitudes



Important for Interpreting Surface Observations in Polar Regions
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1. The inter-annual variability of the CH, flux between the stratosphere and the
troposphere is ~2.0 Tg a1, about 20% of global observed surface CH, growth rate

variability.

2. High-latitudes experience a larger STE-induced surface variability, which is ~80% in

the Antarctic and ~40% in the Arctic.



MAMRENERY: FREXNEIKEHRW R RER

575 GMI annual cycle i 5% LMDz5 annual cycle 0.8
l e \H #2us §H ‘ — N seres SH (d) .
EREMRCOEFRE
83200 g3200¢f° {__
gam.s gsms ﬁﬁﬁi&/]\ (10% ) :_.:f
319.0 319.0 ;
os | e (Prather, 2022) S
JFMAMUJJASONDU JFMAMUJJASONDJ
month month
%G UCI annual cycle ) 4510 NQOAA annual cycle b O3FT T T T T T R e e
e NH #2220 SH| | e NH #us0s SH Measurements SH mean surface growth rate anomalies g
3205 1 3208 02 E
=y | 2 0 —i RN
| AREREMBOEHE AN 1-SER AR E
Q3195 | oSk, %} ______________ '\;: g \ .
z 319.0 319.0 R B -:,; : E W El\] NZOﬂFﬁﬁ1Ei-I_iﬂ|:i}ﬁ1%§ (5'10%)
M KM 1 AsoNbd T EMAMA ) ASOND. 05! E (Ray et al., 2020)
month month o ; LN L B B B L L L L ; 7
0.2 £~ WACCM Global mean surface growth rate anomalie: 5_5
= N,OFYNH-SHIE E F PR a0 R IR/ G EE60%-70%
NH N,O Z75 ML FERZ I REES s °Hf 3
. "o E Lickley et al., 2021
(Ruiz et al., 2020) E Cice ( 4 ’ )
0129; 1 l 1 1 1 1 I 1 1 I ‘ 1 | | ‘ 1 1 1 ;20
ear
0.04 ¢) mqa 548, 15 (a) 1012 2010 2015 2020 (b) L1012 2010 2015 2020
0.02 T T 8 2
J,l - 1 - <l i - -
b [l N0 3514 F LSRR F
-0.06| a) crz 46S, 52E b) tdf 54S, 68W d) psa 658, 64W 3
ol fln ! 1] RETERERAX
§ T - I 17 |
(Nevison et al., 2011)
-0.06| e) cya 66S, 110E f) maa 68S, 63E g) syo 69S, 40E h) hba 76S, 26W 150 . . 55 L . . P I
1234567891011121 234567 89101112123 4567 8 91011121 23 456 7 8 9101112 2005 2010 2015 2020 9™ 2005 2010 2015 2020 10

Month Month Month Month



	Evaluation of the stratospheric contribution to the inter-annual variabilities of tropospheric CH4 growth rates�
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17

