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The Data Analysis and Simulation of the Interannual Variation of
Quasi-Stationary Planetary Wave in the Northern Hemisphere
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Abstract Recent study indicates that the stratospheric and tropospheric circulations are not isolated, and are dy-
namically linked in fact. There is evidence that the troposphere-stratosphere coupling interaction is closely associated
with the quasi-stationary planetary wave activity. However, the study of the variation of quasi-stationary planetary
wave activity is absent now. The interannual variation of quasi-stationary planetary wave in the Northern Hemi-
sphere winter is analyzed by using NCEP/NCAR reanalysis data and simulated with the CCSR/NIES AGCM Ver.
5. 6. Based on the former study, time series of the first EOF component of EP flux divergence (T1) is defined as the
interannual variation index. Data reanalysis result shows that the planetary wave propagates more equatorward in
the troposphere and lower stratosphere with the positive T1, thus, there is a dipole of anomalous EP flux divergence
in the midlatitudes of the troposphere. While the upward and poleward wave refraction into the polar waveguide is
reduced with the positive T1, and there is anomalous divergence in high latitudes. It suggests interaction between
meridional propagation and upward propagation through the polar wave guide of quasi-stationary planetary wave.
Detailed analysis shows that the dipole pattern of EP flux divergence anomalies in mid-latitude troposphere comes

basically from wavenumber 3, and wavenumber 2 mainly contributes to positive anomalies of the dipole pattern.
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Compared with wavenumber 2 and wavenumber 3, wavenumber 1 almost does not impact the pattern in the tropo-
sphere. However, the anomalous EP flux divergence through polar wave guide in high latitudes is mainly attributed
to wavenumber 1 and wavenumber 2. Especially in stratosphere, wavenumber 1 and wavenumber 2 have similar con-
tribution to the anomalous EP flux divergence, and display positive correlation with T1. However, the anomalous
propagation of wavenumber 1 and wavenumber 2 displays different correlation with T1. With the positive T1, wave-
number 1 propagates more poleward and its upward propagation is obviously reduced., while wavenumber 2 more
propagates to middle and low latitudes. The regression and correlation analysis shows that the anomalies of zonal
mean zonal wind display an equivalent barotropic dipole pattern, which extends from the troposphere to the strato-
sphere, and the zonal mean temperature anomalies pattern also displays similar structure. The regression of geopo-
tential height on T1 displays the south-north oscillation between the arctic region and middle latitudes. All these a-
nomalies patterns with T1 resemble to the Arctic Oscillation (AQO) anomalies. especially the correlation coefficient of
T1 and winter AO index is 0. 87, which is by far exceeding the 99% significance level. The results suggest that the
interannual variation of quasi-stationary planetary wave is closely associated with the Arctic Oscillation. Simulation
by AGCM shows that the interannual variation of quasi-stationary planetary wave, the corresponding patterns of
zonal mean zonal wind, zonal mean temperature and geopotential heights, and the Arctic Oscillation in the Northern
winter are all well simulated by the AGCM in the troposphere. Simulation result also shows that there is close corre-
lation between the interannual variation of quasi-stationary planetary wave and the Arctic Oscillation in the tropo-
sphere. But in the stratosphere the simulation is not successful, and there is an obvious discrepancy between the re-

analysis and the model.
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Fig. 1 (a) Time series of the first EOF component of EP flux divergence (T1, normalized) together with the linear trend; (b) troposphere

interannual oscillation index!J (units: m* s7! « d~1); (c) the first EOF component of EP flux divergence
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Fig. 7 (a) The simulated winter AO index; (b) the simulated first EOF component of sea level pressure (units: hPa)
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Fig. 8 Regression and correlation maps of the simulated (a, ¢, e) and observed (b, d, f) geopotential height (units; gpm) on the winter AO
index: (a), (b) 1000 hPa; (¢), (d) 500 hPa; (e), (f) 50 hPa. The dark and light shadings indicate the correlation is significant above 99 %

and 95% level, respectively
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