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Abstract The MLS (Microwave Limb Sounder) satellite observations of carbon monoxide (CO) mixing ratios from
2005 to 2014 have been analyzed to study the inter-annual variation of carbon monoxide (CO) in the tropical stratosphere.
The results show that the quasi-biennial oscillation (QBO) in the tropical stratospheric CO mixing ratios has a phase
change at 30 hPa. The results from a chemistry—climate model show that the CO QBO is primarily resulted from
combined effects of dynamical and chemical processes associated with CO, while the dynamical process is mainly
associated with the transport of CO by the QBO-induced meridional circulation. The combined eftects of dynamical and
chemical processes lead to a reverse of the CO vertical gradient in the tropical stratosphere at 30 hPa. Consequently, the

CO QBO exhibits a phase change around this level. The model results also show that the chemical processes associated

W EA 2015-12-16; MEHHEER 2016-05-17

TEBEIN  TAERE, 2, 1990 A, Fd, RGP RS HHT5T. E-mail: wangchx13@lzu.edu.cn

BIEE MCFF, E-mail: wstian@lzu.edu.cn

BEBIE R AREHEREE T 41575038, 41175042, [HZRA M EERER ST 41225018

Funded by National Natural Science Foundation of China (Grants 41575038, 41175042), National Science Fund for Distinguished Young Scholars of China
(Grant 41225018)



X A B % 41 3%

276 Chinese Journal of Atmospheric Sciences

Vol. 41

with CO not only have a weakening effect on the amplitude of the CO QBO, but also lead to a QBO phase difference by 3

months between zonal wind QBO and CO QBO at 10-30 hPa.

Keywords Stratosphere, Carbon monoxide (CO), Quasi-biennial oscillation (QBO), The Whole Atmosphere Community

Climate Model (WACCM), Phase change
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Fig. 1 (a) Time—height cross section of the deseasonalized zonal mean MLS (Microwave Limb Sounder) CO anomalies[units: ppb (X 10™°), filled colour] and
ERA-Interim zonal wind anomalies (isolines) averaged over the latitude band 10°N-10°S from 2005 to 2014; (b) time—height cross section of the
deseasonalized zonal mean WACCM (the Whole Atmosphere Community Climate Model) CO anomalies (units: ppb, filled colour) and ERA-Interim zonal
wind anomalies(isolines) averaged over the latitude band 10°N—10°S from 1984 to 2007. (a, b) isoline interval is 10 ms™'; the solid (dashed) isolines correspond
to westerly (easterly) anomalies, and the thick solid lines represent zero isolines of zonal wind. (c, d) Frequency power spectra of the zonal mean CO anomalies

shown in (a) and (b), respectively, units: 10~ ppb? months
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Fig. 2 Profiles of the amplitudes (units: ppb) of the QBO signals
(corresponding to 22-30 months) in the tropical MLS (solid line) and
modeled (dotted line) zonal mean CO anomalies averaged over the latitude

band 10°N—-10°S
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Fig. 3 Composites of (a) 0, /0t » () ~@ s 8 (1) /62, (¢) ~0 won (1) /3y , (€) 0 won (1) fo2 () 7<F>62m /ay . and (d) Term4 BD [the sum of

the first four terms of equation (1) right-hand side] of equation (1) for zonal mean CO anomalies averaged over the latitude band 10°N—-10°S derived from the

model outputs in run RO. Month 0 corresponds to the time of westerly-to-easterly transition of the zonal wind at 30 hPa
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