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Introduction. Large-scale wave disturbances in the atmosphere contribute to 

the energy transfer between different atmospheric layers and play significant role 

in the formation of the general circulation of the middle and upper atmosphere [1]. 

According to Haynes et al. [2], wave disturbances in the upper mesosphere and 

thermosphere are the most prominent driving force affecting the extratropical 

circulation. Due to the rapid development of computer technology and the 

improvement of numerical models of the atmospheric general circulation, interest 

in a more accurate study of the dynamical and thermal effects produced by wave 

motions, in particular, by planetary waves (PW) at different atmospheric layers is 

constantly increasing.  

The incoming solar radiation and heating depend on the solar activity (SA), 

which undergoes cyclic changes with a period of about ~ 11 years [3]. Changes in 

the SA can affect the temperature and circulation, changing the conditions for the 

propagation and reflection of PW in the upper atmosphere [4, 5]. In order to 

investigate the effect of SA changes on the global circulation and characteristics of 

SPW, the numerical experiments with MUAM model [6, 7] were performed. The 

MUAM solves the standard set of hydrostatic equations in spherical coordinates, 

the horizontal grid has 36 nodes in latitude and 64 nodes in longitude. The vertical 

grid has 56 levels covering the heights from the Earth's surface to of about 300 km. 

At the lower boundary, the amplitudes of the SPW are set in the model 

according to geopotential height distributions in the lower atmosphere taken from 

the JRA-55 (Japanese 55-year Reanalysis) database [8] for January averaged over 

the years 2005—2014. The radiative block of the MUAM takes into account the 

dependence of solar radiation on the SA. The main indicator of SA is the solar 

radio flux at the wavelength of 10.7 cm (F10.7). The F10.7 flux changes during the 

11-year solar activity cycle. Our analysis of F10.7 observations during the last six 

solar cycles (Royal Observatory of Belgium, 2013) leads to values of F10.7 = 70, 

130, 220 sfu (1 sfu = 10—22 W/(m2Hz)), which are taken here to characterize the 

low, medium and high SA levels, respectively. The main purpose of this study is to 

consider effects of SA changes occurring in the thermosphere only (see above). 

Therefore, different F10.7 values in the radiation and thermospheric blocks of the 

MUAM were set only at altitudes above 100 km. 
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To take into account the effects of ionospheric charged particles on the neutral 

gas motion, ionospheric conductivities with their latitudinal, longitudinal and 

temporal variability [9] are taken into account in the MUAM. 

Figure 1a, 1b and 1c show, respectively, the altitude-latitudinal distributions of 

the zonal-mean wind, temperature and meridional temperature gradient averaged 

over January-February and 12 model runs for high and low SA along with 

differences between them. At the altitudes higher than 160—180 km, the zonal 

wind is significantly stronger (up to 50%) at a high SA. Between 140 and 180 km 

in the Southern Hemisphere the zonal wind is stronger under the high SA (see 

positive wind differences in the right panel of Fig. 1a), which is connected with 

corresponding positive differences of the meridional temperature gradient in the 

right panel of Fig. 1c. At altitudes below 100 km, there are minor differences in 

zonal wind in the right panel of Fig. 1a. This shows that modifications of 

thermospheric parameters caused by SA change at altitudes above 100 km can 

influence the global circulation at the middle atmosphere heights. 
 

 
 

FIGURE 1. High-latitude distributions of averaged over January-February and 

12 model runs the zonal-mean zonal wind in m/s (a), temperature in K (b) and meridional 

temperature gradient in K/deg (c) for the high (left) and low (center) SA along with and 

differences between the corresponding values (right). Dashed contours correspond to zero 

values. 

 

Altitude-latitude distributions of the amplitudes of SPW1-SPW4, having zonal 

wavenumbers m = 1—4, their refractivity index and EP-fluxes are shown in 

Figs. 2a — 4a, respectively. The amplitudes are calculated using the longitude-time 

Fourier transform with the least squares fitting of the geopotential heights averaged 

over January-February and two 12-member ensembles. Left and right panels of 

figure 3  reflect distributions of mean-zonal quasi-geostrophic complex refractivity 

index (RI) sqared and vertical component of the Eliassen-Palm flux (EP-flux) vector, 
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respectively. An upward direction of EP-flux vector relates to the northward wave 

heat flux, while downward EP-flux relates to the southward wave heat flux. The 

divergence of the EP-flux shows the net drag of the zonal-mean flow by PWs. 
 

 
 

FIGURE 2. Amplitudes of the geopotential height variations (in g.p.m.) caused by 
SPW1-SPW4 (a—d, respectively) under the high SA(left), low (center) SA, and their 
differences (right) for January-February, averaged over 12-members ensembles. Dashed 
contours correspond to zero values. 

 

 
 

FIGURE 3. The same as Fig. 2, but for the SPW refractivity index squared (left panel) 
and for the vertical component of the EP-flux vector in 10-2 m3/s2 (right panel). 



209 

Conclusion. Using a thermospheric version of the mechanistic MUAM model, 

the ensemble of 12 pairs of simulations of general circulation and amplitudes of the 

SPW with the zonal wavenumbers m = 1—4 were performed at high and low SA 

levels for January-February at altitudes from the Earth's surface to 300 km. The SA 

changes are taken into account in calculations of solar heating and ionospheric 

conductivity at thermospheric heights above 100 km only. The influence of 

thermospheric SA effects on SPW characteristics in the atmosphere is studied. 

Numerical experiments have shown that changes in the thermal and dynamical 

regimes in the thermosphere with a changing SA can significantly affect the SPW 

propagation and reflection in the atmosphere. At altitudes above 140 km, SPW 

amplitudes are generally larger under the high SA than those under the low SA. 

This can be explained by significant SA influences on meridional temperature 

gradients lead to the changes in the vertical profiles of the zonal wind, and the 

SPW propagation conditions. In the thermosphere, the relative differences in SPW1 

amplitudes between high and low SA can be up to 30%. For SPW2, the differences 

in SPW2 amplitudes can reach 50%, and those for the SPW3 and SPW4 could be 

more than 50%. Values of the refractive index squared in the thermosphere is 

generally smaller and respective SPW waveguides are narrower at high SA. At 

altitudes above 70—80 km, SPWs can propagate along waveguides not only in the 

Northern, but also in the Southern Hemisphere, where the SPW amplitudes in the 

thermosphere are larger under the low SA level. 

The SA effects at altitudes above 100 km can produce statistically significant 

changes in the mean zonal wind up to 3 m/s in the mid-latitude Northern 

Hemisphere at altitudes 30—100 km. They can be associated with corresponding 

differences in SPW amplitudes, refractive index and EP-fluxes. This give 

evidences that changes in thermospheric characteristics caused by changing SA can 

make differences in SPW propagation and reflection conditions, and, thus, 

influence the circulation and wave characteristics in the middle atmosphere. 

However, the statistical confidence of differences in SPW characteristics between 

the high and low SA is smaller than 95 % at altitudes below 100 km. More 

statistically reliable simulations are required, which could involve not only 

thermospheric influence, but also effects of changes in solar irradiance and cosmic 

rays intensity on the thermal regime and dynamics of the middle atmosphere. 
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Introduction. In the experiments at the HAARP heating facility near Gakona, 

Alaska (62.4º N, 145.15ºW) for HF ionosphere pumping at a frequency f0 near 4th 

electron cyclotron harmonic 4fce it was found an excitation of descending layers of 

additional ionization [1].This had been confirmed by three independent diagnostic 

methods: measurements of the Stimulated Electromagnetic Emission (SEE) from 

the HF-pumped volume of the ionosphere, registration of ionospherically reflected 

short diagnostic pulses, and observation of enhanced plasma line radar echoes by 

the radar MUIR located at HAARP. Particularly, the new SEE spectral feature, the 

dynamic Broad Upshifted Maximum (BUMD) had been discovered. The BUMD is 

believed to be generated in the “fresh” newly created plasma. In the same 

experiment we have obtained new data on properties of the “traditional” SEE 

spectral features, such as “ponderomotive” and “thermal” Narrow Continua (NCp 

and NCt), Downshifted Maximum (DM) and “stationary” Broad Upshifted 

Maximum (BUMS), generated in the background ionospheric plasma, see [2] and 
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