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ABSTRACT. Possible solar (including solar wind) varisbilities influenc-
ing the Earth’s middle atmosphere (h & 10-100 km) are summarized. Some new
results presented at the 5th Scientific Assembly of IAGA (Prague, August
1985), which concern solar UV variability and periodic as well as sporadic
event forcing of the middle atmosphere, are reported and discussed.

OTKJIMK CPEIHII ATMOC®EPHN 3EMIM HA PASHHE IIPCABJEHNA COJHEUHON AKTVBHOCTH.
OnucuUBawTCH BOSMOXHHE WSMEHUMBOCTM COJHEUHOH axkTuBHOCTHM (BKIDUAH COJHEUHHNR
BeTep), BAMANIUE Ha cpelHp® arMocdepy Semau (h A 10-100 rm). llpuBonarcs
HEKOTOpHE HOBHE pe3yJbTaTH, NosBUBIMecs Ha 5-0if Hayunoit accamGaeu MATA
(Ilpara, asrycr 1985), KoTOpHe KacawTcs Bapuauuil COJIHEUHOTO YJAbTpPaduoseToBOro
UBJIYUYEHUS U NEPUOLNUECKNX U CIOpPaIUUYeCKUX BoszelicTBuit Ha cpelupd atMocdepy.

REAKCE STHEDNT ATMOSFERY ZzEME NA RBzZNE PROJEVY SLUNEGNT AKTIVITY.
Jsou shrnuty moZné zm&ny slunedni aktivity (v¥etn® slune&niho v&tru),
ovlivnujfc{ stPfedni atmosféru Zem® (h & 10-100 km). Uv&dZj{ se n&které nové
vysledky, pfednesené na 5., Védeckém shroméd?déni IAGA (Praha, srpen 1985),
které se tykajf variability slune&niho ultrafialového zdieni a periodickych
i sporadickfch vlivd "na st¥edni atmosféru.

1. INTRODUCTION
The Earth’s middle atmosphere (about 10-100 km above surface) is
influenced by many factors of external origin., Some of them come from below.

These factors include atmospheric waves of tropospheric origin, mainly
internal gravity waves (periods approximetely between 10 minutes and a few
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hours), tides and planetary waves (periods of several days), volcanic erupt-
ions contaminating the middle atmosphere with dust particles, aerosols and
various minor constituents, and man-made pollution. Perheps the best known
man-made pollutant is freon with its possible negative effect on the ozone
layer, which prevents the dangerous part of the solar ultraviolet spectrum
in reaching the Earth’s surface.

Another group of factors (or agents) enters the middle atmosphere from
above. These factors are directly or indirectly of solar origin. There are
two basic types of solar forcing of the middle atmosphere:

1. Periodic variations, like the ll-year solar cycle, 27-day and 13.5-day
variations caused by solar rotation, and some other periodicities.
Physically, this represents the variability of solar ultraviolet forcing
of the middle atmosphere.

2. Sporadic or quasi-sporadic forcing by events like solar flares (SIDs in
the lower ionosphere), geomagnetic storms, variability of galactic cosmic
ray flux (e.g. Forbush decreases), relativistic electron precipitation
and solar cosmic ray events, variability of the interplanetary magnetic
field (IMF) magnitude or components, IMF sector boundary crossings, solar
wind speed variability, high speed streams in solar wind, interaction
regions - mainly solar wind phenomena associated with high-energy particle
precipitation.

The purpose of this paper is to show and discuss some new results
presented at the 5th Scientific Assembly of IAGA (Prague, August 1985),
which concern the variability of the solar ultraviolet flux of interest
for the middle atmosphere, influences of solar ultraviolet variability on
the middle atmosphere, and effects of some solar wind phenomena on the
middle atmosphere. The papers referred to below were presented in sessions
8.1 "UV Radiances, Cross Sections, Photochemical Modelling", 8.2 "Solar-ter-
restrial Forcing of the Middle Atmosphere" and 11.10 "Downward Penetration
of Solar Activity Effects into the Middle Atmosphere”.

2, VARIABILITY OF SOLAR ULTRAVIOLET RADIATION

The 160-410 nm solar UV flux measured by Nimbus-7 exhibits solar
rotation variations (27 and 13.5 day periods), increases and decreases on
a time scale of months, and a solar cycle variation on the time scale of
years. Photospheric emissions contain much more of the 13.5-day component
than chromospheric emissions. 27-dey and 13.5-day amplitudes display
considerably different long-term variations (Heath, 1985).

The ratio of amplitudes of the ll-year variation to the 27- or 13.5-day
variations for chromospheric EUV emissions agrees with ground-based mea-
surements of the solar infrared He I absorption line at 1083 nm, but is
larger than this ratio for F10.7, R and Ca-plages. Fe 28.4 and 33.5 nm
coronal lines agree fairly well with F10.7 in episodes (time scale of several
months) and solar rotation variations. The 13.5-day periodicity is weak for
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coronal EUV lines, considerably stronger for chromospheric lines H Lyman-

-beta, 58.4 and 30.4 nm (helium), and for 0.1-1 nm X-rays (here ~180° out

of phase), and again considerably stronger for the photospheric line of

205 nm. The 13.5-day periodicity is not simply a second harmonic of the

27-day periodicity, because some episodes of activity are dominated by the

13.5-day periodicity with very weak 27-day periodicity, while other episodes

are dominated by the 27-day periodicity with weak 13.5~day periods(Dennelly ¢# al.,
Solar Mesospheric Explorer (SME) measurements of H Lymen-alpha 19350,

(121.,6 nm) flux yielded the relation: ‘

Foo = 1.7 x 1010 + 4,45 x 208 Fy ) o + 5.55 x 10% £, o (photons/en’s)

where §i0.7 is yearly (365 day) m;an value, This relétion agrees well with

that based on 0S0-~5 data. There is good agreement between average values of

Foc and Fy 4, but rather poor relation between individual values. The solar

cycle is more smoothed in Lyman-alpha than in F10.7 . F, decreases from about

3.7 x 10'! photons/cn’s at the beginning of 1982 to 2.4-2.5 x 10! in 1985

(Rottman, 1985).

3. SOLAR ULTRAVIOLET VARIABILITY AND THE MIDDLE ATMOSPHERE

The principal "heater" of the stratosphere is ozone. Gille et al. (1985)
found only very weak 13.5-day and 27-day variations in ozone at low latitudes
in phase with the solar 205 nm flux C503/4205 nm = 0.25-0.5 between 5-0.2 hPa).
Chandra (1985) discovered a fairly good correlation of the solar 205 nm flux ond
stratospheric ozone, but very poor correlation with stratospheric temperature.
Hood, (1985) found the largeat response of daily ozone values to the 205 nm
flux variability (1% in 205 nm - 0.5% in 03) at the 3 hPa level. Keating and
Brasseur (1985), correcting for stratospheric temperature effects, reported
very high correlations (> 0.8) between detrended ozone and 205 nm radiation,
They found the maximum of the solar cycle effect in ozone between 0.2-10 hPa
at 5 hPa, about 3-4.5%; total ozone yields only 2%. Heath et al. (1985)
compared the effect of solar activity and E1 Chichon volcanic eruption on
stratospheric ozone and found solar effect to be dominant between 0.7-3 hPa,
whereas the 5-30 hPa region was dominated by E1 Chichon eruption.

Many papers have been devoted to the examination of possible influence of
solar activity on stratospheric ozone. Considerable progress in this field is
expected in the next years because of further analysis of SME data and due to
new satellite experiments to be launched in the near future.

Rocket data from Volgograd (von Cossart and Taubenheim, 1985) exhibit an
"in-phase" solar cycle variation of temperature. This variation is seen only
above 55 km, Its amplitude in the mesosphere is 6 K,

4, EFFECTS OF SOME SOLAR WIND PHENOMENA

The ionization of the lower ionosphere at higher latitudes depends on
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the flux of precipitating energetic particles. Bremer (1985) demonstrated the
dependence of this particle pfecipitation on regular changes of the geoactive
north-south component of the IMF (in terms of seasonal and diurnal variations)
by means of ground-based geomagnetic and ionospheric measurements at high and
middle latitudes.

Ladtovidka (1985) reported the existence of two different types of
effects of the IMF sector boundary crossing in the ionosphere and atmosphere.
He presented the first rough morphological "scenario® of the altitudinal and
latitudinal dependences of these effects and showed several factors respon-
sible for variable geoactivity of individual IMF sector boundary crossings.

The tropopause temperature above Berlin was found to be enhanced by 0.5-
-0.6 K on the day of the IMF sector boundary crossing. The effect of flare-
-associated high-speed plasma streams on the tropopause temperature and height
was stronger than that of IMF sector boundaries, while corotating high-speed
streams were followed by no detectable effect (Brown and Gravelle, 1985).

High speed plasma streams can screen the Earth from galactic cosmic
rays. This process may decrease the ionization in the lower ionosphere.
Bencze and Sétori (1985) found the resulting decrease of atmospheric radio
noise at 5 kHz with the use of experimental data from the Panskd Ves
Observatory, Czechoslovakia. They found evidently stronger effects for
flare-associated streams than for corotating streams,

The high-latitude heat source (geomagnetic storme’, magnetospheric sub-
storms - particle precipitation, Joule heating from electric curren;a) inten-
sifies solar driven meridional circulation in the summer hemisphere and acts
against it in the winter hemisphere. There is a certain selar cycle variation
of prevailing and semidiurnal tidal wind in the mesosphere and lower thermo-
sphere, which is stronger at higher latitudes (probably caused by solar cycle
variation of sporadic geomagnetic activity). Individual geomagnetic storms af-
fect the wind system in the upper mesopause region (Kazimirovsky, 1985).
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