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The Data Analysis and Numerical Simulation of the Climatology of
Quasi-Stationary Planetary Waves 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, especially in winter. There is evidence showing that the troposphere-stratosphere coupling
interaction is closely associated with the quasi-stationary planetary wave activity. For the study of the variation of
quasi-stationary planetary wave activity, it is necessary to find out the basic characters of the quasi-stationary plane-
tary wave distribution. But in recent years, the research on the distribution of planetary wave in winter and sum-
mer, especially the study based on the observation data and simulation by using AGCM, is very absent. So in this
paper, the climatology of quasi-stationary planetary wave in the Northern Hemisphere is analyzed by using NCEP/
NCAR reanalysis data and the simulation with the CCSR/NIES AGCM Ver. 5. 6. By expanding geopotential height
into their zonal Fourier harmonics, their zonal mean values and wave amplitudes and phases are gotten at any wave-

numbers. Here the sum of zonal wavenumber 1 to wavenumber 3 is used to represent quasi-stationary planetary
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wave activity. The Eliassen-Palm flux (EP flux) is used as a diagnostic tool, which is a measure of the wave activity
propagation. The reanalysis data indicate the planetary wave propagates along two waveguides in winter. One
branch bends equatorward in the upper troposphere, the other turns to the high latitudes and propagates upward into
the stratosphere along the polar waveguide. The wavenumber 1 and wavenumber 2 can propagate upward into the
stratosphere, so the maximum of amplitude appears in the mid-upper stratosphere of high latitudes, and the second-
ary maximum appears in the upper troposphere of mid-low latitudes. But the wavenumber 3 is restricted in the trop-
osphere, so the amplitude maximum appears in the upper troposphere of middle latitudes, and the secondary maxi-
mum is in the upper subtropical troposphere. In summer, there is no polar waveguide because of the easterlies in
stratosphere. Hence, the planetary wave activity is confined in the troposphere and weaker than its in winter. The
propagations of wavenumbers 1, 2 and 3 are similar, and all of them display the propagation from the middle lati-
tudes to tropics in the upper troposphere. The amplitude maximums of wavenumber 1 and wavenumber 2 both ap-
pear about tropopause of mid-low latitudes, the secondary maximums appear in the upper troposphere of mid-high
latitudes. On the contrary, the amplitude maximum of wavenumber 3 is located in the upper troposphere of mid-high
latitudes, the secondary maximum is located about the tropopause of mid-low latitudes. The climatological zonal-
mean flow is well simulated by the AGCM. And the simulations also shows that the quasi-stationary planetary wave
in the Northern Hemisphere winter propagates along two waveguides as the reanalysis data indicated, with the
wavenumbers 1 and 2 propagating upward into the stratosphere and the wavenumber 3 confined in the troposphere.
The strength of wave propagation is somewhat different from the reanalysis with a little stronger in the troposphere
and smaller in the stratosphere. In summer, the simulations are very similar with the reanalysis results. The data a-
nalysis and numerical simulation of the climatology of quasi-stationary planetary waves in the Northern Hemisphere
show that planetary wave activities have obvious effect on the stratosphere-troposphere interaction in winter, howev-

er the influence is very feeble in summer.
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Fig. 1

The climatological zonal-mean zonal wind (m) and temperature (K) in Jan in the Northern Hemisphere during the 40 years: (a)

Wind in NCEP reanalysis; (b) wind in the model; (¢) temperature in NCEP reanalysis; (d) temperature in the model
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