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Zusammenfassung 
Der Einfluss des 11-jährigen Sonnenfleckenzyklusses auf die mittlere Atmosphäre wurde mit 
COMMA-LIM (Cologne Model of the Middle Atmosphere – Leipzig Institute for 
Meteorology), einem 3-D mechanistischen Zirkulationsmodell, untersucht. Um dies zu 
erreichen, wurden in der Strahlungsflussberechnung die prozentual verschieden stark 
ausfallenden Änderungen des solaren Flusses, die aus früheren Untersuchungen zur 
Verfügung standen, in den relevanten Banden einbezogen. Zusätzlich wurden neue 
Ozondatensätze eingesetzt; der erste verbindet Daten von GOME (Global Ozone Monitoring 
Experiment) mit der Berliner Ozonklimatologie, der zweite Datensatz wurde vom Chemie-
Transport Modell SUNY-SPB (State University New York – St. Petersburg) erstellt. 
Die Temperaturdifferenzen zwischen einem solaren Maximum und einem solaren Minimum 
betragen in der Stratopause 1,5 bis 3 Kelvin. Oberhalb von 100 km steigt die Differenz steil 
an, hervorgerufen durch die starke Variation der Absorption durch molekularen Sauerstoff in 
der Thermosphäre. Die Veränderungen in der Temperaturverteilung verursachen ein 
Ansteigen des mittleren ostwärts gerichteten Zonalwindes in der Wintermesosphäre und ein 
Ansteigen des mittleren westwärts gerichteten Zonalwindes im Bereich der sommerlichen 
Mesosphäre der mittleren Breiten. Es wird untersucht, inwieweit der durch den solaren Zyklus 
bedingte Anstieg des Windes durch die Ausbreitung planetarer Wellen beeinflusst wird.  
 
Abstract 
The influence of the 11-year solar cycle on the zonal mean circulation was investigated with 
COMMA-LIM (Cologne Model of the Middle Atmosphere – Leipzig Institute for 
Meteorology), a 3-D mechanistical model. The solar impact was simulated via changes in 
solar absorption taking into account percentage contributions for different bands. 
Additionally, new data sets for ozone were used, one combining the Berlin climatology with 
new ozon data from GOME (Global Ozone Monitoring Experiment) and another produced by 
the chemical- transport model SUNY-SPB (State University New York – St. Petersburg). 
Temperature differences between solar maximum and solar minimum conditions achieve up 
to 3 Kelvin in the stratosphere. Above 100 km the difference increases highly, caused by the 
strong variation of absorption by molecular and atomic oxygen. Changes in temperature 
distribution generate an increase of the mean westerly zonal wind in the winter mesosphere as 
well as an increase in the mean easterly zonal wind in the summer mesosphere in 
midlatitudes. It was investigated how strong the propagation of planetary waves is able to 
increase in the mean zonal wind during the solar cycle. 
 
1. Model description 
COMMA-LIM 2.0 is a 3-dimensional global mechanistical model of the atmosphere 
extending from the ground up to ~ 135 km in logarithmic pressure coordinates, divided in 48 
layers. The horizontal resolution accounts for 5.625° degrees in longitude and 5° in latitude. 
The primitive equations in flux form on a sphere describe the dynamics under hydrostatic 
assumption. An enclosing radiation routine characterises absorption and emission processes 
for the important gases of the middle atmosphere. Energy conversions through turbulent 
mixing, ion drag and molecular heat conduction are included. At the lower boundary different 
planetary waves (Rossby-, Rossby-gravity- and Kelvin waves) can be included by appropriate 



Hough-functions – eigenfunctions of the solution of the Laplace tidal equation. Investigations 
on the forcing and propagation of the planetary waves allows to determine properties of the 
middle atmosphere as well as interactions between zonal mean flow and waves or between 
different waves. For a more detailed description the reader is referred to Lange (2001) and 
Fröhlich et al. (2003). 
 
2. Simulation of the 11-year solar cycle 
The variation of total solar irradiance over 11 years is strongly dependent on the wavelengths 
with a dramatic increase towards shorter wavelengths. The total variation of the solar constant 
accounts only for 0,1% but to this variation the solar UV (ultraviolett) radiation below 300 nm 
contributes up to 14%. However, the participation of UV radiation to solar radiation is less 
then 1% (Fligge et al., 2001). This UV-radiation is totally absorbed in the middle atmosphere 
by molecular and atomic oxygen and ozone. To calculate the heating rates in the model the 
absorption was increased or decreased in the corresponding bands using data from UARS 

SOLSTICE (Upper Atmosphere Research Satellite - Solar Stellar Irradiance Comparison 
Experiment) derived by Rottman (1999), see also Figure 1 and Table 1. The 
increased/decreased radiation leads to a ~2% variation in ozone production (e.g. Haigh, 
1994). This has to be taken into account while using the ozone data, because there is no 
chemical routine included in COMMA-LIM. The ozone data set for these simulations was 
obtained by combining the existent Berlin-climatology (Fortuin and Langematz, 1994) with 
new GOME (Global Ozone Monitoring Experiment) data provided by the DLR (only the year 
2001 is included) and adapted to COMMA-LIM grid points by I. Fedulina. 

Figure 1: Ratio of the solar spectrum from the ‘maximum’ period divided by the the
spectrum for the minimum period. The uncertainity is on the order of ± 2%. The scale at 
the right appies to ratio at longer wavelengths that have been amplified by a factor of 10
(taken from Rottman,1999). 

Alongside with a climatological simulation, representing July conditions under inclusion of 
the stationary planetary wave with zonal wavenumber 1, forcing of travelling planetary waves 
with zonal wavenumber 1 and a period of 16 days (16DW – 16-day wave) and period of ~5.5 
days (5DW – 5-day wave) was performed. 



 

Absorption bands Range of wavelength Applied variation 

EUV (Extreme Ultra Violett) < 120 nm ± 0.2 

Ly-α  121.6 nm ± 0.3 

SRC (Schumann-Runge-
Continuum)  125-152 nm  ± 0.13 

SRC  152-175 nm  ± 0.08 

SRB (Schumann-Runge-
Band) 175-205 nm ± 0.04 

Herzberg 205-245 nm ± 0.03 

Hartley 200-300 nm ± 0.02 

Table 1: Applied variations on the several absorption bands. Values are taken from Figure 1. 
 
3. Results 
At first the temperature and wind fields are considered without wave forcing. Figure 2 shows 
a latitude-height cross section of a monthly and zonal mean of temperature for July during 
solar maximum at top panel whereas in top of Figure 3 the mean zonal wind under the same 
conditions is displayed. The main characteristics of wind in the middle atmosphere are the 
easterly and westerly jets in the stratosphere and mesosphere referring to summer and winter 
conditions, respectively and the wind reversal in mesopause lower thermosphere region. In 
July the sun heats the northern hemisphere and the main contribution to the warm northpolar 
stratopause is caused by solar absorption of ozone, whereas the cold northpolar mesopause 
region originates from adiabatic cooling of upwelling air. Upward motion is caused by 
breaking gravity waves altering the zonal mean wind through momentum deposition and 
driving in this way a meridional circulation which in turn leads to upwelling at the summer 
mesopause and downwelling at the winter mesopause. There the air is heated adiabatically 
and causes a temperature maximum in the upper polar mesophere. Differences between solar 
maximum and solar minimum conditions are plotted in the panels below. 
Considering the bottom panel of Figure 2 variations begin with the level of sufficient 
absorption of solar flux due to ozone at around 40 km. Slightly above the temperature 
maximum in the northern stratopause/lower mesosphere region a difference of ~3 Kelvin can 
be seen which results not only from different absorption rates but depends also on the total 
amount of ozone in the middle atmosphere. The maximum in the winter mesopause region 
between 70 and 90 km steems from several processes, mainly adiabatic heating, heating due 
to breaking gravity waves and heating due to molecular friction are stronger during solar 
maximum. The cooling terms as the infrared radiation are also enhanced for maximum 
conditions but still dominated by the former processes. In the thermosphere the variances 
increases largely because of the existence of EUV-radiation absorbing molecules such as 
molecular  and atomic oxygen. The differences for the middle atmosphere are slightly higher 
but still in a good agreement with satellite measurements (e.g. Chandra et al., 1996). 
Regarding the zonal mean zonal wind and its variation during a solar cycle in the bottom 
panel of Figure 3 there exists a positive difference of >5 m/s in the midlatitude winter 
mesosphere at 70 km and weaker negative difference of around 2 m/s in the midlatitude 
summer mesosphere at the same height. This means an intensification of both jets during 



Figure 2: Monthly means of zonal mean temperature in July under solar maximum
conditions and the differences between solar maximum and solar minimum below. 

stronger solar flux conditions. Higher in thermospheric levels variations in EUV-bands lead 
also to wind changes. However, comparison of absolute values in the wind field is not so easy 
because the results differ widely in both observation and modelling. Other model simulations 
deliver statements ranging from ±3m/s to ±13 m/s (e. g. Arnold und Robinson, 1998 or 
Kodera et al., 2003). Also former calculations with COMMA-LIM – but using another ozone 
data set – gave weaker wind variations (Fröhlich and Jacobi, 2003). One explanation is the 
contribution of travelling planetary waves which are not always included in models. During 
their vertical propagation these waves interact nonlinearly with the background flow and 
reallocate energy and momentum in the middle atmosphere. Another reason is possible to be 
the ozone distribution itself. It is the most important absorber in the stratosphere and 



Figure 3: Monthly mean zonal mean zonal wind for July under solar maximum conditions
and the differences between solar maximum and solar minimum below. 

mesosphere and even very small different distributions are perhaps able to influence the wind 
field in a stronger way than the temperature field. To proove the first assumption additional 
simulations with forced planetary waves were carried out. Figure 4 shows the differences in 
zonal mean zonal wind and temperature for a July run including the 16DW. It is hardly 
possible to recongise distinctions comparing with the bottom panels of Figs.2 and 3. The 
maximum values remain the same, only the patterns are a little bit different. It seems that the 
‘winter’ difference is broader for the calculation with the 16DW. This picture is confirmed by 
plotting the amplitudes of the 16DW in temperature and zonal wind and their different 
behaviour during a solar cycle in Figures 5 and 6. One observes the 16DW as well 
pronounced in the winter middle atmosphere and damped amplitudes in the middle latitudes 



of the summer hemisphere (again the climatological bahviour at top). Strongest temperature 
differences in the amplitude of the 16DW (Fig.5) account for ±0.3 K. They are located 
southward and northward of the winter jet core between 60 and 80 km. This represents a 
~10% change in the maximum amplitude. However, the structure located at the same place 
like the wind variance looks multipolar which indicates a simple shift of wave amplitude 
during the 11-year solar cycle. The largest values of differences in the zonal wind amplitude 
of the 16DW (Fig.6) reach ±0.5 m/s. They are located at around 50°S between 60-80 km. This 
corresponds approximately to the center of maximum differences in the mean flow and 
suggests that due to a vertical shift of the winter jet the wave can propagate better below the 
winter jet core during solar minimum but underlies better conditions above the jet during solar 
maximum. 

Figure 4:. Differences as in Fig. 2 and 3 but including the forcing of the 16DW. 

The 5DW, shown in Figs. 7 and 8, is able to propagate into the summer hemisphere, in the 
temperature field (Fig. 7, top panel) and has its maximum in zonal wind above the equator  



Figure 5: Amplitude field of temperature of 16DW under solar maximum conditions at top and
differences between solar maximum and minimum below.  

(Fig. 8, top panel). Looking at the amplitude in temperature and their change during a solar 
cycle it turned out that differences are of 2 orders of magnitude smaller than the absolute 
values. However, the 5DW behaviour in the temperature field shows better propagation 
conditions in the mid- to high-latitude winter mesosphere for solar maximum but the summer 
mesosphere is entered more easily during solar minimum. Regarding the zonal wind field it 
can bee seen that the 5DW propagates better upwards during solar minimum. The absolute 
variations at mesospheric heights above the equator (bottom panel of Fig. 8) gave ~0,1 m/s 
which is approximately a 5-10% change in amplitude. 
Nevertheless, all in all the planetary waves as they are observed in COMMA-LIM are not 
responsible for large variances in the zonal wind field. Here it has to be taken into account 
that all calculations were done without including the quasi-biennual oscillation (QBO) which 



Figure 6: Amplitude field of zonal wind of 16DW at top under solar maximum conditions and
differences between solar maximum and minimum below. 

may enhance the effect of changes in the mean circulation and subsequent the propagation 
conditions of planetary waves (e. g. Labitzke, 2001).The second assumption, i.e. that different 
data sets for ozone cause the big differences in modelling results for the wind field was 
proved by using another ozone data set from 1989 and 1986 representing solar maximum and 
minimum conditions as in former calculations. The data record was obtained from the 
chemical-transport model SUNY-SPB (State University New York – Sanct Petersburg) which 
assimilated ozone data from the SAGE II satellite (Smyshlaev and Geller, 2001). 
Considering Fig.9 it turns out that changes in zonal wind account only for 2-3 m/s in the 
winter mesosphere and around 0.5 m/s in the summer mesosphere whereas the GOME data 
delivered 5 m/s difference in the winter jet (bottom panel of Fig. 9 compared with bottom 
panels of Figs. 2 and 3). The shortwave heating during solar maximum gave 1.5 – 2 K higher 



Figure 7: Amplitude fields of temperature of 5DW under solar maximum conditions at
top and differences between solar maximum and minimum below. 

Figure 7: Amplitude fields of temperature of 5DW under solar maximum conditions at
top and differences between solar maximum and minimum below. 

temperatures compared to solar minimum (top panel of Fig. 9). Comparison of variance in the 
SPBU-ozone (not shown here) between solar max- and minimum revealed an ~1.2-1.5% 
change whereas the GOME data were wighted with ±2%. This difference taken together with 
a slightly varying distribution of absolute ozone in the middle atmosphere seems to be 
responsible for significant changes particularly in the wind field. These results suggests 
strongly to take more care on the ozone distribution when comparing different model results.  
 
4.Conclusions 
The simulation of the 11-year solar cycle with COMMA-LIM showed temperature variances 
around 2 and up to 3 K in stratopause/mesospheric regions. This result is consistent with 
observations. Regarding the wind changes due to solar cycle the maximum values lie within 
the range of the literature results. To find an explanation for the big variances in different 



Figure 8: Amplitude fields of zonal wind of 5DW at top under solar maximum conditions and 
differences between solar maximum and minimum below 

models COMMA-LIM was additionally forced with two planetary waves during the solar 
cycle. No significant change in the background flow due to propagation of travelling 
planetary waves was found. However, it could be shown that the inclusion of various ozone 
data sets is particularly responsible for exciting stronger or weaker jets during a solar cycle 
and this may explain also the huge differences in model calculations or even in observations. 
This has to be taken into account for future comparisons. 
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Figure 9: Differences as Fig. 4 but calculated with an alternative data set for ozone distribution. 
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