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PREFACE

The symposium “Solar Activity Forcing of the Middle
Atmosphere" held on 3-8 April 1982 in the Castle of Liblice,
Czechoslovakia was organized by the 1AGA Working Group 11.D
"External Forcing of the Middle Atmosphere" (co-chairmen J.
tastovicka and R.F. Donnelly) and by the Geophysical Institute of
the Czechoslovak Academy of Sciences (director frof. V. Bucha,
past Vice-president of [AGA), and co-organized by the ICMUA/IAMAP

Working Group on Solar-Teirrestrial Relations. R.F. Donnellyv, J.
Lastovicka (convenors), A, Ebel (ICMUA/ 1AMAP) and J. Taubenheim
(1AGA) were members of the Programme Committee. The Organizing
Committee was chaired by J. Lastovicka. The Symposium was

sponsored by IAGA and co-sponsored by the MAP Steering Commitee
and by ICMUA/IAMAP.,

80 scientists from 12 countries and 4 accompanving persons
took part in the symposium. All facilities, including
accommodation and board. were provided at the Castle.

19 invited, 26 contributed and 7 poster parers were presented

at the symposium. The symposium consited of 8 blocks: 1.
"Related"” papers. &. Influence of Quasi-Biennial Oscillation. 3.
Influence of solar electromagnetic radiation wvariabilitv. 4.,

Solar wind and high energv particle influence. 5. Circulation. 6.
Atmospheric electricity. 7. Lower ionosphere. B. "Solar" posters.

"Related” papers. Donnelly showed that for solar cvecle 21,
the maximum of the soft X-ray and ultraviolet solar flux, of the
He I 1083 nm equivalent width and the net line-of-sight magnetic
flux magnitude was attained in the second half of 1981, in R it
was attained in late 1979. F10.7 displaved both peaks and the
total solar irradiance appeared to declinme since early 1979.
Short-term variations of solar W flux are verv well measured and
fairly well modelled. The observed W changes during a part of
solar cycles 21-22 represent about 30% of the observed variations
of the total solar irradiance (London et al.). Bucha demonstrated
the effects of geomagnetic activitvy on troposheric processes by
implications to meteorological processes in Europe. Schuurmans
presented some earlier results on proton flare influence on
meteorolougical processes and their interpretation in the light of
new findings in the Sun—atmosphere relationships.

A group of papers treated the role of Quasi-Biennial
Oscillation (@BO) which seems to be of vital impor tance

faor long-term effects of solar activity on the atmosphere.
Chanin used an extended set of data and demonstrated the ogpposite
correlation of stratospheric (but not mesospheric)
parameters with the solar cvcle for west and east phases of (BO.
This conclusion was confirmed by the analysis of rocket
temperature profiles from Thumba. Volgograd and Molodezhnava
(Mohana kumar) and by the analysis of rocket and 10nospheric
observations by Taubernheim and Entzians who also showed a direct
solar—-cycle control above 55 km (mesosphere). Kidiarova and Fomina
demostrated combined solar cvcle and QBO effects on the
propagation of planetary wave energy. The 3-D model results of
Dameris and Ebel show significant daifferences of the dynamical
response of the middle atmosphere to weak external (solar) forcing
for west and east phases of QBO. Tinslev pointed out the role of
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galactic cosmic rays as carriers of solar variability to the lower
ionosphere and intraoduced the QBO influence into this mechanism.
Mohanakumar demonstrated the interrelated role of the solar cycle
and B0 in the weather in South India.

Solar UV-flux variability and the middle atmosphere. This was
the largest block (14 papers). A systematic depletion of ozone
related to 27-day UV-variation is detected near 70 km, which is
attributed to Lyman-alpha photodissociation of water vapour and to
unexpectedly strong temperature/UV response (Keating). Chandra
claims that the solar induced perturbations in temperature between
2-70 mb are too weak to be detected against the background
dvnamical temperature variations. Hood summarized some current
work on measurement and interpretation of stratospheric ozone and
temperature responses to observed short—-term solar ultraviolet

variations - there is clear correlative evidence of such a
response at tropical latitudes where planetary wave amplitudes are
relatively sesmall. Danilin and Kouznetsov obtained from a 1-D

photochemical model the maximum O response to solar forcing at the
equator 1n summer. Krivolu¥sky obtained theoretically the solar
induced wave corresponding to a selected Rossby-Haurwitz mode
(s=1, n=-3) and found strong evidence for the solar origin of the
27 dav wave in the 30-mb level height. Krivolutsky and Loshkova
found invariance of phase of the 27-day wave with height.
Kidivarova found a systematic difference between temporal
variations of total ozone in spring in the 20th and 2ist solar
cycles. Chakrabarty et al. deduced ND concentrations in the
mesosphere near the equator to be higher by a factor of about S in
solar maximum compared with solar minimum based on electron
density measurements at Thumba. Prasad et al. demonstrated total
ozone influence on solar UV-B ground-based measurements.

The prorposed physical mechanisms of solar induced variations
1n the middle atmosphere are often controversial in their phvsical
consequences, which is among other things due to the complexity
and non-linearity of the atmospheric response to comparatively
weak solar activity forcing (Ebel). Zadorozhny et al. presented
results of 1-D photochemical model studies of atmospheric response
to solar forcing for clean versus anthropogenically polluted
atmosphere. Atmospheric effects of the solar cvcle in the UV-flux
and particle precipitation were treated by Dyominov with the use
of a 2-D model.

Solar wind and corpuscular effects in the middle atmosphere
were reviewed by LasStovicka, who e.g. presented a morphological
model of the occurrence of the IMF sector boundary effects in the
middle atmosphere. He considers the role of highly relativistic
electrons to be the most important recent finding and the
geomagnetic storm to be the most important disturbing factor of
solar wind origin. Model computations by Jackman et al. indicate
fairly 9ood agreement with ozone data for the solar proton
event-induced ozone depletion caused by NO species connected with
the August 1972 events. Kudela claims thatv the main components of
corpuscular radiation contributing to the energy deposition in the
middle atmosphere are cosmic rav nuclei (galactic and solar) and
bi1gh energy electrons, mainly of magnetosphe ric origin. The model
calculations by Sosin and Skryabin yield an ozone content increase
near BO km about 3 davs after an intense electron precipitation
event, which coincides with observations. A new improved model of




cosmic ray - middle atmosphere interaction was pre sented by
Vellinov and Mateev. Mateev et al. presented some model results on
the penetration of MHD-waves detected 1in ionospheric cusps 1nto
the middle atmosphere.

Circulation. The best detected effects of solar activity 1n
winds at heights of about B80-100 km are those of geomagnetic
storms (short-term) and of solar cvcle (long—term), as shown by
Kazimirovsky. OBaidukov et al. observed interrelated solar and
meteorological control of lower thermospheric winds near Irkutsk
(Eastern Siberia).

The effects of solar activity on atmospheric electricity were
reviewed by Reiter including historical development of this prob-
lem. Tyutin and Zadarozhny found a distinct dependence of the
height profile of the electric field in the mesosphere at hiagh
latitudes on the magnitude of geomagnetic disturbance. Zhuang and
Lu demonstrated the influence of the solar cvcle, solar flares and
the IMF sector gtructure on the occurrence freauency of
thuderstorms and, thus, on atmoseheric electricity in the Bei jing
area and the Northeast regian.

A review of the effects of solar activity on the lower iono-
sphere was given by Danilov. He claims the direct positive influ-
ence of solar activity to be at least partly compensated by the
indirect one through the effect of solar activity on the middle
atmosphere as a whole. Satori found that the ionospheric effect of
a Forbush-decrease of galactic cosmic rays could cause a decrease
of electron densitv peaking near 70-72 km. The lower ionospheric
plasma appears to be markedly controlled by the structure of IMF
at high, auroral and sub-auroral latitudes (Bremer), the effect
being less important in middle latitudes. Shirochkov presented a
survey of the current knowledge of the PCA effects at polar
latitudes. A considerable part of the 27-dav oscillations in radio

wave absorption in the lower ionosphere seems to be of
meteorological (= neutral atmosphere) origin after Pancheva and
Lastovicka. De la Morena et al. state that if the solar

Lyman—-alpha flux wvariabaility 1s very well developed, then 1t
dominates in the lower ionospheric variability; if 1t is developed
rather poorly, the lower ionospheric variability 1is dominated bv
variations of meteorological origin.

Morozova proved the parameters of the statistical model of
the SID occurrence to be dependent on the phase of the solar
cycle. Kifivsky presented several delaved effects of solar proton
qflares (starting a few hours after the flare occurrence), which
were interpreted in terms of an enhanced flux of particles of
subcosmic range. Murzaeva suggested a method of diagnostics of
colar flare X-ray flux by means of multifrequency ground—-based VLF
measurements. On the basis of ionospheric data, Boska and
Pancheva found the equatorward boundary of the auroral zone to
have been shifted to geomagnetic latitudes below SO°N during and

just after the extremely severe geomagnetic storm of February
1986. Zelenkova et al. calculated from riometric absorption the
integral flux of precipitating electrons (E > 40 keV) and electron

density profiles. Eliseev et al. observed disturbances of
night-time high~latitude VLF propagation interpreted as a
consequence of the influence of magnetospheric convection electric
field on electron density in the lower ionosphere.

Extended abstracts (or abstracts) of all of the papers
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(except for "“solar" posters) appear in this issue of Handbook for
MAP. The authors themselves are responsible for scientific level,
language quality and mostly for technical level of camera-ready
manuscripts published in this issue.

The successful symposium provided a relatively complex
overview of the effects of solar activity influences on the middle
atmosphere. Lively discussions of individual papers as well as
many discussions outside of the meeting hall helped improve
international collaboration.
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PART 1
SOLAR UV VARIABILITY

Richard F. Donnelly

NOAA Air Resources Laboratory, Boulder, Colorado, U.S.A.

UV TRIAD

A new era in research of the temporal variations of solar UV radiation
started on Nov. 7, 1978, with nearly daily measurements of the relative tem-
poral variations of the solar UV flux in the 160 - 400 nm wavelength range by
the Solar Backscatter Ultraviolet (SBUV) instrument on the NIMBUS7 satellite
(HEATH, 1980). Similar SBUV/2 monitors have been operating on NOAA9 since
April 1985 (DONNELLY, 1988b) and on NOAAll since Nov. 1988, and are scheduled
to fly on several more future NOAA satellites. The SBUV measurements form one
part of a triad that is providing a major improvement in our understanding of
solar UV flux variations.

The second part of the triad is the independent measurement of the solar
UV flux in the 115 - 305 nm range from the SME satellite starting in October
1981 (ROTTMAN et al., 1982), which is still operating. A similar instrument is
scheduled to fly on the UARS satellite in late 1991 as well as a SUSIM instru-
ment (VANHOOSIER et al., 1981), These instruments are optimized for solar
observations and include in-flight calibrations and reference components that
are not routinely exposed to the space environment and solar UV radiation in
order to detect instrument drift in the components used to make the daily
measurements.

The triad”s third part involves modeling the full-disk UV flux from spa-
tially resolved measurements of solar activity (LEAN et al., 1982). This com-
plements the corroborating measurements by providing a better physical under-
standing of why the UV variations have their observed temporal and wavelength
dependences. Currently, quite crude scaled data of plage areas, brightness and
location are used while an evolution toward more quantitative spatially-scanned
data in the Ca K line from ground-based observatories is in progress.

UV instruments flown in space usually have problems with Instrumentation
drifts. Besides in-flight calibrations, rarely exposed reference components,
occasional heating of some optical components to drive off surface contaminants
and stowing of optical components when not in use, two other approaches to
determine long-term variations are being used, namely: (1) relative photometry
to increase long-term relative precision, like the Mg I1 core-to-wing ratio
(HEATH and SCHLESINGER, 1986) and (2) shuttle-flight measurements of the solar
UV spectral irradiance with excellent absolute flux accuracy using both SUSIM
and also Simon”s UV section of the European Spacelab instrument (LABS et al.,
1987). These latter measurements are sometimes referred to as re-calibration
measurements for the satellite monitors; or the satellite measurements may be
viewed as providing the short-term (days, weeks) and intermediate-term (months)
relative variations in the vicinity of these shuttle flight measurements to aid
the interpretation of the long-term (years, solar cycle) changes.

SOLAR CYCLE VARTATIONS

Figure 1 shows several long-term trends during solar cycle 21. The mea-
surements of the total solar irradiance (S) show daily data where the narrow
lines extending 0.1 to 0.2% below the longer—-term treud are dips caused by
sunspot darkening and the long-term decline is interpreted as a decrese in
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white-light facula brightening. The measurements suggest that the long-term
maximum occurs either in early 1979 or before the measurements started. Either
way, S peaks distinctly before the cycle maxima for the other three curves.
Schatten’s model for S(t) places the maximum for S almost two years earlier
than that for the sunspot number (R). His model stresses the importance of the
high contrast for white-light faculae at large solar central angles (60 - 90%)
and such low contrast at small central angles (0 - 30°) that it is difficult to
observe or detect faculae near the center of the disk. Schatten”s model in-
cludes polar faculae, which have high central angles, contributing a peak
effect after solar minimum, during the fast rise and early peak of his S(t)
model. Also, the butterfly diagram of solar activity shows that regions tend
to emerge at higher solar latitudes early in the cycle (30°) and progress
toward the solar equator at the end of the cycle; so the contrasts of facula
tend to be higher early in the cycle because thelir solar central angles are
higher on average during their apparent passage across the solar disk. Con-
versely, sunspots have their maximum darkening as seen at Earth when they are
at small solar central angles. Thus the solar cycle dependence of the active
latitudes coupled with the white light contrasts for facula brightening and
sunspot darkening and foreshortening of areas as a function of central angle
cause the peak of the solar cycle dependence of S to occur earlier than for
chromospheric and photospheric UV fluxes. Considering that the UV fluxes are
not a negligible portion of S(t), and that the UV flux peaks later in the
cycle, future revised models for S(t) will probably not peak quite as early as
the dashed curve in Figure 1. Nevertheless, S appears to have a dull saw tooth
appearance with a fast rise, early blunt peak and long slow decay with numerous
narrow cracks caused by sunspot darkening.

The sunspot number R peaks in late 1979, about two years earlier than the
UV flux; however R is strongly dominated by the number of groups of sunspots.
The number of sunspots, excluding the number of groups, peaks about two years
later than R and has a flatter peak (WILSON et al., 1987), which is more like
the Mg 11 UV data in Figure 1. The chromospheric and upper photospheric UV
flux variations caused by active regions are only weakly influenced by dark
sunspots, filaments, etc., and are dominated by bright plages, plage remnants
and numerous small active network features (LEAN et al., 1982). The solar
central angle dependence of these features, combining contrast and foreshorten-
ing, has a fairly flat peak at small central angles or at the center of the sun
viewed at Earth, dropping to about 40% near 60° and near zero at the limb
(90°). This makes the solar UV flux at Earth slightly less sensitive to the
high latitude regions at the start of a new cycle but fairly insensitive to the
latitudes of the regions throughout the rest of the cycle. Note that the shape
of the solar cycle curve for the UV Mg II ratio is fairly flat in 1985 and
1986.

The soft X-ray flux has a much higher peak in late 1981 than its level in
late 1979 than do the UV fluxes observed by NIMBUS7 in the 170 - 300 nm_range.
This implies the net emission measure of hot cornal plasma at T >3 x 10° %K is
significantly higher in late 1981, which implies higher emission of the coronal
Fe XV line at 284 A and Fe XVI line at 335 A in late 1981 than in late 1979.
RYBANSKI et al. (1988) showed that the Fe XIV green line coronal index also has
a much higher long-term peak in late 1981 than in late 1979. Although AE-E
measurements of the Fe XV and XVI EUV lines in 1977-1980 were closely corre-
lated with the Ottawa 10.7 cm flux (F10) during the early rise of solar cycle
21, these soft X-ray and green line results imply the AE-E measurements signi-
ficantly missed the solar cycle peak fluxes for EUV coronal lines. F10, which
will be shown below to have a solar cycle shape like that for the chromospheric
Mg 11 data, does not have a solar cycle shape like that for the coronal soft X-
ray flux and green line; therefore, F10 does not represent well the temporal



shape of solar cycle variations of coronal emissions. In Figure 1, note the
low flat levels at solar cycle minimum for the soft X-rays in 1975, 1976, 1985
and 1986, i. e. the hot coronal emission (T > 3x10° K) drops to negligible low
levels for about two years at the solar cycle minimum.

The main purpose of Figure 1 is to illustrate that the solar cycle shape
of solar fluxes and activity indices varies from an early peak Iin S(t) to much
later peaks in the UV flux and soft X-rays. Secondly, the ratio of the maximum
flux to minimum is about 0.1% for S(t), 7% for the UV Mg II core-to-wing ratio
to more than 85x"s for the 1 - 8 A soft X-rays for annually smoothed data.

Figure 2 shows daily values of F10 (the best of the currently available
ground-based daily measures of solar activity), Lyman alpha flux (the best
measure of solar activity in the top of the chromosphere and base of the
transition region from the SME satellite) and the combined Mg II core~to-wing
ratio from the NIMBUS7 and NOAA9 satellites for solar cycle 21 and the rise of
cycle 22 (used here as being representative of the temporal shape of the UV
flux variations in the 175 - 285 nm range, HEATH and SCHLESINGER, 1986;
DONNELLY, 1988b). Notice the very flat background (excluding the occasional
solar-rotational spike) in 1985 and 1986 in F10, a quite flat background but
with a little more curvature in the Mg 11 UV data (with more numerous short-
term spikes), and the even greater long-term curvature in the Lyman alpha data.
So we see minor differences in the long-term variations or shape of the solar
cycle among these three data sets. R(Mgllc/w) reached 60% higher in Jan. 1989
(not shown) than the highest values shown in mid 1988 relative to the solar
minimum values in Sept. 1986, which is already as high as being just below the
annual average for the peak of solar cycle 21. So we expect solar cycle 22 to
have as strong or stronger UV and EUV emission as in cycle 21,

INTERMEDIATE-TERM VARIATIONS

Intermediate-term variations last from about 4 to 11 months and may be
considered to be of two types. An example of the first type can be seen in all
three data sets in Figure 2, peaking in early 1984 and lasting about 1l months.
Other such variations are evident in 1982 and 1983. They are also present in
1978 - 1981, but one may want to smooth out the solar rotational variations to
see them more clearly. Neglecting the short-term variations, notice how simi~
lar in temporal shape the intermediate-term variations are in these three data
sets and how their amplitude relative to the solar cycle minimum-to-maximum
amplitude is about the same. Notice that these intermedite-term variations are
very weak or absent in F10 and quite weak Iin the Mg II UV data in 1985 and 1986
during solar cycle minimum but fairly strong throughout 1978 through mid 1984,
These variations are related to increases and decreases in the number of active
regions where the regions are widely distributed in solar longitude so that the
average per rotation varies.

Figure 3 shows short-term solar rotational variations and a mixture of the
two types of Intermediate variations. The second type of intermediate varia-
tion involves a modulation of the solar-rotational amplitudes over a four to
nine month interval. For example, after the tick marked May 30, there is a
small rotational peak (at the time of a dip in S from sunspot darkening)
followed by two giant ones and then three medium solar rotational peaks. That
train of peaks spaced fairly evenly in time is then followed by new peaks at a
different phase in the solar rotation. Note that the glant peak in July is
partly so large because the amplitude of the rotational minima has been de-
creasing for several rotations. The two types of intermediate-term variations
involve the same physical process of the emergence and evolution of groups of
active regions; they are analogous to mathematically separating the longitudi-
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Figure 2. Solar cycle 21 and the rise of cycle 22 for F10, H Lyman
alpha, and R(Mgllc/w), first from NIMBUS7 and then from NOAA9
after Oct. 1986.
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Figure 3. The NIMBUS7 Mg I1I core-to-wing ratio normalized to the
monthly average of Sept. 1986 at the solar cycle minimum.

nal distribution of activity into a rotational average value and the deviations
from the average. Sometimes two of the second type appear to form one of the
first type as follows. For example, an episode of major activity emerged in
August 1979. As the amplitudes of the rotational peaks rose and then decayed,
the amplitude of the rotational minima steadily rose. Another episode of major
activity then emerged in November 1979. While its rotational peaks rose and
then decayed, the rotational minima also rapidly decreased in amplitude. See
Figure 2. There is a tendency to think that rapid flux changes are only
related with the emergence of new activity and the influence of plage remnants
leads to slower decreases in flux. However, quite large decreases in flux do
occur from one rotation to the next probably due to a rapid decrease in the
rate of emergence of activity.

One difference in the two types of intermediate term variations is that
for the second type, the amplitude modulation of the solar rotational varia-
tions caused by a major group of active regions, F10 rises more rapidly, peaks
earlier and decays faster than for the UV fluxes (DONNELLY et al., 1983). For
example, just above the dividing line between NIMBUS7 and NOAA9 data in Figure
2, one sees an isolated peak in F10 but several small subsequent solar rota-—
tional variations in Mg Il and Lyman alpha. In 1985 and 1986, there are fewer
solar-rotational peaks in F10 than in the UV data. Conversely, there is good
agreement for F10, Lyman alpha and Mg II in the size and shape of the first
type of intermediate-term variation relative to the solar-cycle amplitude.

So far, research of the atmospheric effects of solar UV variations has
concentrated on the short-term variations because they were the first data
available, the consequent effects in ozone and temperature could be clearly
identified in stratospheric measurements, and interesting complications between
the early model results and the observed effects were discovered. Analysis of
these intermediate-term variations will likely be the next area of active
regsearch, although CHANDRA (1989) has shown it will be difficult to identify
their stratospheric effects. Note that their durations vary significantly from
one to another in Figure 2, i. e. they are not a simple periodicity.

SHORT-TERM VARIATIONS

Solar UV fluxes vary over days to weeks due to the evolution of active
regions and the strong modulation caused by the combination of solar rotation
and the strong decrease in UV flux emission with increasing solar central angle
for the location of the region as viewed from Earth. The solar rotation
modulation causes the time series in Figure 3 to be full of narrow peaks. The




fact that no two of these peaks are of equal amplitude or are identical in
relative shape 1s a consequence of the combined effects of the temporal evolu-
tion of several active regions. Note that the amplitude of these short-term
variations are quite large, frequently about as large as half the smoothed
solar cycle increase. See Figure 2. The amplitude of the giant solar-rota-
tional variation in the center of Figure 3 is more than 80% of the smoothed
solar cycle amplitude. Figure 3 shows weak 13-day periodicity (two peaks per
rotation) mixed with 27-day periodicity in March and April 1982, and in Dec.
1982 and Jan. 1983, which is a common occurrence in UV fluxes.

The short-term variations differ significantly in F10 relative to those in
the UV flux, e. g. the lack of 13-day periodicity in F10, the faster rise,
earlier peak and quicker decay in F10 of episodes of 27-day solar rotational
variations caused by major groups of active regions (DONNELLY et al., 1983), a
larger half-maximum width of the 27-day solar rotational variations for F10,
and the larger amplitude of the short-term variations relative to the smoothed
solar cycle amplitude in F10 (DONNELLY, 1987). Some authors refer to a good
agreement between F10 and UV fluxes while others emphasize the disagreements;
the former are usually refering to comparisons of long-term variations and the
latter to short-term variations.

Mg I1 CORE-TO-WING RATIO

The short-term variations of the solar UV flux within the 175 - 285 nm
range have been shown to be highly uniform in temporal shape, although the
percentage amplitude varies with wavelength (HEATH and SCHLESINGER, 1986;
DONNELLY, 1988b). This uniformity is interpreted to be caused by the solar
central angle dependence of active region emission and the strength of one
region relative to another as a function of time being uniform over this
wavelength range because the source regions are essentially the same. This
uniformity does not extend to all wavelengths, which is drastically evident in
Figure 1. But within this limited wavelength range, the uniformity of souce
regions and emission and absorption mechanisms suggests that the intermediate
and long-term variations also have uniform temporal shapes, which is the as-
sumption used when applying the Mg II core-to-wing ratio to estimate the long-
term variations of the UV flux within the 175 - 285 nm range. Indeed, in the
cases of F10 and Lyman alpha, where large and small differences, respectively,
are known to occur for short-term variations with respect to the UV flux within
the 175 - 285 nm range, the long- and intermediate-term variations for both Fl0
and Lyman alpha are fairly similar to those of the Mg II line in Figure 2.

GROUND-BASED MEASURES OF SOLAR ACTIVITY

The correlation coefficient for the NIMBUS7 or NOAA9 Mg II core-to-wing
ratio with respect to the Ca K 1A index is about 0.98. It appears to be the
best ground-based measure for estimating solar UV fluxes. Unfortunately, it is
not available daily. The He I 10830 A data is probably not as closely related
to the UV flux variations, but it is available almost daily and will be useful
for occasionally estimating UV fluxes missing in the satellite measurements.
F10 is ugseful for estimating the short-term variations of coronal EUV fluxes.
For chromospheric EUV fluxes and chromospheric and upper photospheric UV
fluxes, F10 is helpful for long-term and intermediate-term variations, but not
for short-term variations. Figure 1 show that sunspot numbers are not very
useful for estimating UV flux variations. The calcium plage index is helpful
only for short-term variations; it fails for intermediate- and long-term varia-
tions because of numerous small bright features not included in the scaled data
that are important for the UV flux. Digitized raster-scans of the sgolar disk
in the Ca-K line should overcome the shortcomings in the older plage index.
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CONCLUSIONS

Twenty years ago, we knew the general spectral shape of solar UV fluxes but not
much about their temporal variations. Today, several satellites provide daily
solar UV measurements and better instruments will scon be flown. (It is amaz-
ing there are no monitoring measurements of the solar EUV flux below 115 nm!)
Short-term varliations are very well measured and fairly well modelled. Inter-
mediate-term variations are the next active area for intercomparing different
satellite measurements, modeling the UV fluxes and researching their strato-
spheric effects.
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Abstract

Continuous Measurements of the Solar UV have been made by an instrument
on the Solar Mesosphere Explorer (SME) since October 1981. The results for
the wavelength interval 200-300 nm show an irradiance decrease to a minimum in
early 1987 and a subsequent increase to mid-April 1989. The observed UV changes
during part of solar cycles 21-22 represent approximately 35 percent (during the
decreasing phase) and 25 percent (during the increasing phase) of the observed
variations of the solar constant for the same time period as the SME measurements.

Solar irradiance received by the earth-atmosphere system and its latitude distribution
represents the ultimate driving force for the ocean/atmosphere circulation and long-term
climate of the system. How the system generally responds to the imposed external driving
force is reasonably well known. However, many of the details of this response are not as
well understood. They originate, from complex spatial interactions and multiprocess non—
linear feedbacks, both positive and negative (see, for instance HANSEN et al., 1984). Some
theories of solar induced climate variations are based, in part, on whether perturbations of
the solar irradiance are effective primarily at the earth’s surface (sea surface) (e.g., REID
and GAGE, 1988) or in the middle atmosphere (e.g., RAMANATHAN, 1982).

Many models of climate variability involve changes of the total solar irradiance, the
solar constant, without regard to the wavelength dependence of such changes. The atmo-
spheric penetration of solar radiation, however, is a significant function of wavelength. It
is, therefore, important to determine the spectral distribution of the different contributions
to observed solar constant variations. As far as we know, measurements of the time varia-
tions of these contributions are currently available only for UV wavelengths. If the recent
suggestion (KUHN et al., 1988) of latitude-dependent solar surface temperature variations
contribute significantly to the observed solar constant changes, it should be possible to ver-
ify this contribution by monitoring the solar irradiance spectral distribution in the visible
and near-infrared. Although solar irradiance below 300 nm represents only 1.1 percent of
the solar constant, time variations of its relative energy are significantly larger than those
of the solar constant (see, for instance, LONDON et al., 1984).

Estimates of the solar constant and its temporal changes have been made using ground-
based, balloon, rocket, and satellite measurements (e.g., FROHLICH, 1977). The most
consistent set of time monitored measurements made so far are the results of satellite obser-
vations from two different cavity radiometer type experiments: the Earth Radiation Budget
(ERB) Nimbus-7 (e.g., HICKEY et al., 1988) and the Active Cavity Radiometer Irradiance
Monitor, Solar Maximum Mission (ACRIM I SMM) (e.g., WILLSON et al., 1986; WILL-
SON and HUDSON, 1988) programs. Each instrument is capable of observing the total
solar irradiance over a spectral range that extends from the short UV to the far IR. The
ERB Nimbus-7 measurements started in November 1978, the ACRIM I SMM measurements
started in February 1980. Both programs continue to function as of 1 March 1989. For the
time period 1980-1987 they each reported approximately 300 mean daily measurements per
year. Although there is an average 0.2 percent difference in reported solar constant values,
the data from the two systems track each other quite well over the long period of overlapped
observations. When the data were subjected to an 81-day smoothing filter, the correlation
between the two observation sets was +0.93 for the period Jan 1980-May 1986, largely as a
result of the consistent downward trend shown by the two data sets. For the early period of
solar cycle 22, (Jun 1986-Oct 1987) the correlation fell to +0.71. For the daily means, the
correlations were +0.79 and +0.22 for the two periods respectively. The 81-day smoothed
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data sets are shown for the period Jan 1980-May 1988 in Fig. 1. Additional ACRIM I
data to mid-1988 (WILLSON and HUDSON, 1988), not shown in Fig. 1, also indicate a
continued sharp increase in solar constant values starting in early 1987.

Measurements of the time variations of solar UV irradiance have been recently reviewed
by (LEAN, 1987). The most relevant observations available for estimating the contribution
of long period UV irradiance variations to those of the solar constant are observations derived
from the UVS Solar Mesosphere Explorer (SME) instrument. These SME measurements
cover the wavelength interval 120-300 nm. The observations started in October 1981 and
were terminated in mid-April 1989. Details of the SME experiment, including relative
accuracies at different wavelengths are discussed in ROTTMAN, 1987 and references therein.
An estimate of UV (175400 nm) variations (HEATH and SCHLESSINGER, 1984) is also
derived from measurements from the Solar Backscatter Ultraviolet (SBUV) instrument on
Nimbus-7.

The observed day-to-day solar constant measurements are quite noisy, and we, there-
fore, used an 81-day running mean as a filter for both the SME and ERB Nimbus-7 data
sets covering the time interval 1 Jan 1982 to 30 Apr 88, the coincident period for which
data from both programs are available.

The 81-day smoothed time variations of the SME total solar irradiance for the spectral
interval 200-300 nm and the ERB Nimbus-7 solar constant values for the 6—1 /3 year period
are shown in Fig. 2. The UV values show an average decrease from Jan 1982 to a minimum in
mid-March 1987. During this period there is an indicated oscillation with an average period
of about 230 days and decreasing amplitude up to the time of minimum. This oscillation
is found at almost all of the 5 nm subintervals contributing to the total SME curve given
in Fig. 2. with very good coherence in phase. The ERB Nimbus-7 solar constant data
show long-term decreasing values up to early 1986, some increase to mid-1987 and then
a pronounced rise in the solar constant values consistent with the UV increase. There is,
however, only a loosely corresponding shorter period oscillation analogous to that seen with
the solar UV data.

Slopa of Trend Lina for SMX UV Solar Izradiance( *10(-4) W/m*2 yr ):

Wavelangth Slopa Slope
{om) (a) (&)
200-205 -4.9 10.9
205-210 -9.2 13.1
210-215 -10.7 31.2
215-220 -16.6 32.s
220-225 -37.5 26.3
225-230 -17.9 46.8
230-235 -29.0 24.7
235-240 -25.1 64.5
240-245 -33.9 29.2
245-250 -16.8 30.3
250-255 -17.8 3s.5
255-260 -36.0 36.7
260-265 -32.5 26.4
265-270 -60.5 76.8
270-275 6.0 117.5
275-280 -52.1 434.3
280-285 -38.¢ 42.1
285-290 -41.6 117.7
290-295 -101.3 76.8
293-300 -38.6 105.3 {(a) 1 Jan 1982 - 30 May 198§
{b) 1 Jan 1987 - 30 Apr 1988
200-300 -609.1 1406.8
ZRA (5C) -1797.0 6189.0
acrn (SC) -1957.7 $31.5

The UV and solar constant data sets were divided into two intervals covering the joint
descending and ascending period of the observed irradiance values in each set. SME observed
data were averaged over 5 nm intervals. The computegl slope for each 5 nm interval fqr the
two different period as well as the total spectral variation (200-300 nm) and the associated
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Fig. 1. Solar constant observations, 81—day running means, from the
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ERB change for each period are given in Table 1. For the negative phase of solar cycle 21
the UV decrease is about —0.06 Wm~2yr~!. The observed solar constant decrease is about
0.180 Wm™?yr~! (ERB) or 0.196 Wm~2?yr~! (ACRIM) giving an average UV contribution
to the solar constant change during this period of about 32 percent. For the relatively
short period shown for the increasing phase of cycle 22, the values are 0.14 Wm~2?yr-! and
0.62 Wm~?yr~! (ERB), giving a percent contribution of the UV irradiance to the observed
solar constant increase of about 22.7 percent. As can be seen from the results shown in
Table 1, most of the large contributions are contained in the wavelength region 265-300 nm,
although, for reasons unknown to us at present, there is a small increase in the spectral
interval 270-275 nm. Most of the UV energy beyond 265 nm is absorbed in the lower and
middle stratosphere (20-40 km) (see, for instance, BRASSEUR AND SOLOMON, 1986).
Thus, we see that a significant portion (~25-35 percent) of the observed solar constant
variation is absorbed at levels above the troposphere where there may be important effects
on the time varied radiation budget. These effects need to be included in models of solar
influences on climate variations.
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INTRODUCTION

HARRY VAN LOON and JEFFERY C. ROGERS (1978) have investi-
gated the wellknown tendency for winter temperatures to be low
over northern Europe when they are high over Greenland and the
Canadian Arctic, and conversely (Fig. 1).Well-defined pressure
anomalies over most of the Northern Hemisphere are associated
with this reqional seesaw in temperature, and these pressure
anomalies are so distributed that the pressure in the region of
the Icelandic low is negatively correlated with the pressure
over the North Pacific Ocean and over the area south of 50°N in
the North Atlantic Ocean, Mediterranean and Middle East, but po-
sitively correlated with the pressure over the Rocky Mountains.
Since 1840 the seesaw, as defined by temperatures in Scandinavia
and Creenland, occurred in more than 40% of the winter months
and the occurrences are seemingly not randomly distributed in
time as one anomaly pattern would be more frequent than the oth-
er for several decades. For this reason the circulation anomali-
es in the seesaw come to play an important part in deciding the
level of reqional mean temperatures in winter and thus in deci-
ding the long-term temperature trends. These regional temperatu-
re trends are then closely associated with changes in frequency
of atmospheric circulation types, and it is therefore unikely
(VAN LOON, ROGERS, 1978 ) that the trends are caused directly by
changes in insolation or in atmospheric constituents and aero-
sols.

RESULTS

Changes in winter temperature (Nov. Dec. Jan. Feb. ) in Oslo
have a similar character as in Prague. Fig. 2 shows a comparison
of changes in geomagnetic activity (C indices) with winter tem-
peratures at several sites, Prague and Oslo which are positively
correlated, and Jakobshavn and Walla-walla which are negatively
correlated. Very expressive is the positive correlation between
the geomagnetic activity and temperature in Prague (c.c.0.63) .
This seems to be in favour with the fact that the increased cor-
puscular ( geomagnetic ) activity is connected with the prevailing
zonal type of atmospheric circulation (r.h.s. of Fig., 2 bottom)
leading to the warming in Prague and Oslo. On the other hand at
the time of low corpuscular activity the meridional type prevai-
ls (r.h.s. of Fig. 2 top) and causes the cooling in Prague and
Oslo due to the prevailing flow from the North during low geo-
magnetic activity at these sites, while Jakobshavn and Walla -
Walla are at the same time under the influence of warm air from
the south along the western side of mighty high pressure areas.

This relation can be seen also in Fig. 3 showing that below
normal temperatures in Prague (10 cases) occurred at the time of
low geomagnetic activity and above norral temperatures (10 cases
correspond to high geomagnetic activity.
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Sormebody can object why at the time of extremely low geo-
magnetic activity (1965-66) the winter in Prague was not so se-
vere. This seems to be connected with a different type of atmo-
spheric «circulation as described earlier (BUCHA, 1988 /.

The cross-correlation of daily changes K_ and T in Prague
showed the time lag of 27 days between the inBrease resp. decre-
ase in geomagnetic activity and increase resp. decrease of tem-
perature in Prague to be the most frequent in the period 1932 -
1985 (BUCHA, HEJDA, 1988 ). In this way these connections as gi-
ven in Figs. 1,2,3 seem to confirm the effect of corpuscular
radiation on the intensification of processes in the auroral
oval and on the increase of temperature leading to the occurren-
ce of zonal type of circulation.

One possibility how to explain the peculiar behaviour of
the atmospheric circulation is the intensification of processes
which take place along the auroral oval at the time of enhanced
corpuscular (geomagnetic ) activity characterized by the pene-
tration of energetic particles and bremsstrahlung as far as the
lower stratosphere (EUCHA,1986 ) resulting in the sudden forma-
tion of cirrus clouds, in direct increases of temperature and
pressure even in the troposphere, and causing the zonalization
of atmospheric flow to increase {BUCHA 1984,1988). According to
other mechanisms (HINES, 1974 ) stratospheric and mesospheric
winds play a dominant role in determining the "refractive index"
for planetary waves (e.g., see CHARNEY and DRAZIN, 1961; MATSUNO
1970; and SCHOEBERL and GELLER, 1976 ) which will, in turn, de-
termine the transmission-reflection properties of these waves.
Thus, changes in the middle atmosphere flow due to corpuscular
radiation rmight lead to changes in the tropospheric amplitudes
and phases of planetary waves that propagate to this level. The
energetics of these changes are such that relatively small
amounts of energy may give rise to significant effects in the
upper atmosphere where the density is low, and these upper at-
mosphere effects merely act to modulate the effect of fixed
energy sources in the troposphere. According to BATES (1977 )the
amplitude and phase of the tropospheric planetary waves as well
as the resulting meridional heat flux were found to vary signi-
ficantly when the tropospheric forcing remained fixed but the
stratospheric wind and/or static stability fields were altered.

The three rain dissipation mechanisms operative in the
stratosphere and mesosphere are radiative damping acting through
carbon dioxide and ozone, mechanical dissipation which is pre-
sumecd to act through the turbulent mixing that results from the
"breaking" of waves and tides, and the possible absorption of
wave momentunm at critical levels.

GELLER and ALPERT s modeling study indicated (1980 ) that if
solar disturbance effects lead to changes in the mean zonal
middle stratospheric flow of 20 %, then changes in the strengths
of the high-latitude quasi-stationary troughs and ridges amount-
ing to 20% of the observed range of variability may occur. They
believe that they have demonstrated the viability of the HINES
(1974) mechanisms for solar effects on the troposphere and have
given an idea of the magnitudes of the effects to be anticipated
if the stratospheric mean zonal winds vary with solar cycle be-
low an altitude of 35 km.

Furthermore, GELLER and ALPERT s results indicate (1980)
that the tropospheric planetary wave response to solar-induced
changes in the zonal mean state of the stratosphere occur regio-
nally, that is to say, they may be much more evident at some lo-
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ngitudes and latitudes than at other locations where they ray be
absent altogether.

It is known that the zonal flow steadily prevails in the
southern hemisphere, while periods with zonal or meridional flow
alternativaly occur in the northern hemisphere as a result of
the corpuscular radiation effect (BUCHA,1988) . The orographic
effect due to continents and oceans seems to influence the flow
to such degree that we should consider the meridional flow with
atmospheric blocking (rig. 2, r.h.s. top) to be basic in the
middle latitudes of the northern hemisphere and not the zonal
flow as was presented till now. During several winter periods,
when the geomagnetic activity was low, e.q. 1962-65, 1976-80,the
meridional circulation together with expresive blocking high
pressure areas prevailed in the northern hemisphere with cold
winters in Europe and North America. On the other hand, at the
time of high geomagnetic activity, e.g. 1959, 1960, 1974, 13875,
1982,1983 the zonal flow with a high index cycle persisted prac-
tically during the whole winter period. This again seems to con-
firm our conclusions that the processes in the auroral oval due
to the corpuscular radiation lead to the zonalization of atmo-
spheric circulation ( BUCHA, 1983) .

Changes in carbon dioxide concentration are believed to be
one of the mair factors which influenced and influence the tem-
perature fluctuations on the globe; high concentration of CO
was at the time of interglacials and low CO, during glacials|
But it is of course also possible that the golar activity influ-
enced global temperature which could cause changes in the CO2
concentration.

CONCLUSION

There is no doubt that the antropogenic effect, especially
during the past 40 years, plays an important role. Our task,howe-
ver, is to distinguish between antropogenic effect in the atmo-
sphere due to human activities and natural climatic fluctuations
influencing biological systems. As can be seen in Fig. 4, the
increase in global temperature during the past 100 years is in
{elatively good coincidence @ith the increase in geomagnetic

corpuscular) activity. That s why we can conclude that it could
have been the increase in temperature on the northern hemisphere,
due to the processes occurring in the auroral oval under enhanced
corpuscular radiation (RUCHA, 1988 ) which led to an increased at-
mospheric concentration of CO, in the past. EBoth processes, i.e.
antropogenic and solar activigy effects, should be therefore in-
tensively studied due to their important role for elucidating the
past and present global change mainly in temperature, climate and
biological systems.
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THE TROPOSPHERIC RESPONSE PATTERN TO
SOLAR ACTIVITY FORCING

C.J.E. Schuurmans

Royal Netherlands Meteorological Institute
De Bilt, The Netherlands

INTRODUCTION

Twenty years ago (SCHUURMANS and OORT, 1969) the northern
hemispheric response pattern of the height of the 500 mb level to
strong solar flares was published. Although comparisons were
possible for 1limited areas (see later on), full hemispheric
comparisons for independent data have never been made. Recently,
however, VAN LOON and LABITZKE (1988) published the results of an
association between the 1ll-year solar cycle, the QBO and the
northern hemisphere 700 mb height. Surprisingly, their Figure
12b, presenting lines of equal correlation between the 700 mb
height and the 10.7 cm solar clux, for easterly QBO winter
months, shows a pattern which is very similar to the one we found
for the change of the 500 mb level after strong solar flares.

0f course, pattern similarity alone does not prove anything.
According to studies on atmospheric teleconnections and low
frequency fluctuations.

Such patterns do seem to be quite common and do not need an
external cause for their excitation. Furthermore, VAN LOON and
LABITZKE's result describes a possible long-term variation, while
the effect of solar flares is essentially a short term reaction.

Notwithstanding this critizism it is tempting to speculate on the
possibility that solar flares sometimes are the initial cause of
an atmospheric disturbance, which cumulative effect may give rise
to a correlation at the ll-year timescale.

HORIZONTAL PATTERN

The response pattern of the 500 mb level to solar flares referred
to above is shown in Fig. 1. Like Fig. 2 and 3 it is reprinted
form SCHUURMANS and OORT, 1969. Fig. 1 does show positive
anomalies in the latitude belt 40-70 °N, with maxima over Europe,
Eastern Asia-Western Pacific and Californian area, and negative
anomalies over the polar regions, much like the pattern of
positive correlations between the 700 mb height field and the
10.7 cm solar flux for easterly QBO, shown by VAN LOON and
LABITZKE (1988). Why it is the east phase of QBO which correlates
best with our flare results, remains a problem. The 81 flare
cases are from the IGY-period (June 1957 till December 1959). It
may be possible that during most of this period the QBO was in
its east phase (which according to preliminary data available
seems to be true). Comparison with results of other studies,
however, shows that the reaction pattern at 500 mb after solar
flares, above Europe always seems to be of positive sign. Here I
refer to the pioneering studies of DUELL and DUELL (1948) and of
the Czechoslowakian VALNICEK (1953), which for the area limited
to the Eastern Atlantic and Europe, -a positive height change of
the 500 mb level observed as an average response to some 50
flares, occurring during 1936-41 and 1949-50, respectively.




Subsamples of the 81 flares used in our case, invariably showed a
nearly the same reaction pattern, even for a subdivision of flare
cases in winter and summer (SCHUURMANS, 1979).

VERTICAL PROFILE

The vertical profile of positive height changes after solar
flares shows a maximum at about 300 mb (Fig. 2). In areas of
negative height changes at 500 mb the vertical variations were
found to be neqgligible. For this reason further study of the
solar flare impact was concentrated upon the areas of positive
height change. The warming of the troposphere, which could be
expected from the observed height rises of constant pressure
levels (on the basis of the assumption of hydrostatic
equilibrium) was verified on the basis of observed temperature
changes after solar flares. As clearly indicated in Fig. 3
tropospheric warming with a maximum at 500 mb does take place,
along with a pronounced cooling of the lower stratosphere.
Statistically this cooling is more strongly signficant than the
warming of the troposphere.

DEVELOPMENT IN TIME

The changes discussed above occur within 24 hours after a flare.
In fact 24-hour time changes were studied, always taking the
difference between the first observation after a flare and the
aerological observation 24 hours earlier. So on average the
reaction pattern refers to a time-lag which is even less than 12
hours! In order to see the development of the effect in time
several individual cases were studied. In Fig. 4 an example of
this is given. The immediate response is clearly indicated as
well as its continuation for at least 36 hours. The 24-hour
temperature change at the first observation after the flare is
also given. Note the nearly tenfold larger effect as for the
sample average presented in Fig. 3. It should be pointed out that
+he flare case of June 1, 1960, to which Fig. 4 refers is not
included in the IGY-sample of 81 flare cases.

MECHANISM

In search for an explanation of the observed reaction profile
after solar flares I have tried a model consisting of a vertical
circulation system (Fig. 5) forced from above. Following my
computations (SCHUURMANS, 1969) some source of diabatic cooling
in the lower stratosphere, causing horizontal convergence of air
and consequently downward motions in the troposphere, may explain
the observed (adiabatic) warming of the troposphere. The
mechanism causing the diabatic cooling source, however, remained
obscure. The very short time lag between the flare and the
observed response is certainly not in favor of an electromagnetic
radiation process. Rather, some at present still unknown process,
involving energetic solar particle radiation has to be explored.

CONCLUDING REMARKS

Reporting of just old results is certainly not elegant. Reasons
to reconsider the possible relevance of solar flare response
studies are stated in the introduction. The discovery of the
apparently decisive role of the QBO in establishing the
atmospheric response pattern to solar forcing may throw new light
on some of the earlier published relations. Re-analysis of old
data in some cases may be advisable.

23



24

The purpose of this paper was to show that data on solar flares
and their effects on the earth’s atmosphere might be a promising
candidate for this.
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Fig. 1. Mean height change of the 500 mb level after solar flare
outbursts. The map gives isolines of the mean change in
24 hours after 81 flares, divided by the standard error
of the mean.
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Fig. 2. Mean 24-hr height change of pressure levels after solar
flares at Ship B (56°30‘'N, 51°W).
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Fig. 3. The same as Fig. 2 for temperature changes.
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A REVIEW OF THE 11-YEAR SOLAR CYCLE, THE QBO, AND THE ATMOSPHERE RELATIONSHIP
M.L. Chanin
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1. Introduction

The papers published by LABITZKE (1987) and by LABITZKE and VAN LOON (1988,
hereafter referred to as Lvl) indicated that the separation of Winter stratospheric data
according to the phase of the Quasi-Biennial Oscillation (Q.B.O.) led to a largely improved
relationship with the 11-year solar cycle. Since then, this possible relationship has been
studied and extended from the surface to the lower thermosphere and its extension to other
seasons is in progress. This workshop provides an opportunity to review the state of the
problem and to attempt to give a general view of the experimentally observed responses of the
atmosphere to solar aclivity, when considering the phases of the Q.B.O. After a brief recall of
the relationship firstly discovered in the winter stratosphere, its extension downwards,
upwards and to the other seasons will be successively reviewed.

2. The winter stratosphere and high troposphere

The separation of the stratospheric data according to the phase of the QBO (defined at 40-

50 mb) during winter (January and February) first introduced by LABITZKE (1987) for the

North Pole and by LVL for the Northern Hemisphere, was at the start of a regained interest in

the lield of solar terrestrial relationship. It is assumed that the reader is familiar with these

now two famous papers, in which was pointed out for the first time a high correlation with
solar activity in the low atmosphere (correlation coefficient above 0.8 at 30 mb at the North

Pole. However the major results are briefly recalled :

- The data set (consisting on monthly mean temperature and geopotential height) starts in 1953
and cover then three complete solar cycles for the Northern Hemisphere. There is no way 1o
characlerize the QBO phase beyond that year, and therefore no direct way to extend the
period of study in the past; but it is worth mentionning that data from the two recent
winters are in agreement with the above mentionned association. They are used to update
figure 1 of LvL and presented in the Figure 1 of this paper (from LABITZKE private
communication).

- The signs of the correfation with solar activity are found to be opposite between the polar
region and the mid and low latitudes and between the westerly and easterly phases of the
QBO. This last point explains why the effect had been masked when considering the whole
data set without separating the data according to the phase of the QBO.

- The atmospheric response at the different atmospheric levels from 500 to 30 mb, though
variable in shape, have a pattern very similar with quasi-stationary planetary waves.

- While the first papers only dealt with the Northern Hemisphere, it was shown recently,
(LABITZKE and VAN LOON 1989a), that the same high level of positive correlation is found
for the South pole, but only for the easterly phase of the QBO. Recent results from the
Southern high latitude rocket station of Molodezhnaya (69°S 46°E) seem to indicate that the
correlation become negative in the high stratosphere for both phases of the QBO
(MOHANAKUMAR, 1989). This is confirmed by the study of KIDIYAROVA and FOMINA
(1989).

3. The surface and low troposphere

Using the same approach, VAN LOON and LABITZKE (1988) extended the correlation down
to the surface, with significant correlation for sea level pressure and surface air temperature
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(R ~ 0.6) which were proved to be statistically meaningful (figure 2). The correlation pattern
at 700 mb was found to be similar 10 the teleconnection pattern and this was interpreted as a
sign that the observed effect was related to atmospheric internal dynamics. The suggestion that
the solar cycle modulates the weather, attracted, as expected, some scepticism even though it
was submitted successfully to the adequate statistical tests; but several other results of solar
related dependences have been obtained on storm tracks (TINSLEY 1988) and tropical sea
surface temperature (BARNETT 1989) which may bring more confidence in this result and help
to understand the mechanism involved.

4. Extension to the upper atmosphere

Using two regions which according to LvL presented an opposite behaviour at 30 mb :
Heyss Island (81°N, 58°E) and 2 close-by sites in France (44°N, 6°E and 45°N, 2°E)), a study
of the solar dependence of the temperature was performed first up to 80 km (LABITZKE and
CHANIN 1989) and later up to the lower thermosphere (CHANIN et al. 1989). It showed that the
response of the upper atmosphere, even though already present when using the whole data, was
amplified by sorting out the data set according to the QBO. It also put into a new light some
already published results indicating a negative solar dependence in a region of the atmosphere
which was though to be positively related with solar activity. The alternance of positively and
negatively correlated regions extending from ground level to 150 km, with vertical structures
of the order of 40 km, as seen on figure 3, strongly suggest an influence of planetary waves
generated at the surface or in the low troposphere and modulated by the QBO. In the region
above 50 km we interpret the observed resulls as a superposition of a direct radiative effect
due to the UV absorption and a dynamically induced effect related to the pattern observed at
lower levels.

5. Extension to ofher seasons

Because of the filtering of upward propagating planetary waves by stratospheric winds,
it is expected that the dynamically induced contribution will maximize in winter, while the
radiative contribution should present a maximum in summer (~ 70 km). Then the relative
importance of both contributions should vary with the seasons and one could expect the
response of the stratosphere to solar activity to be weaker in summer than in winter. On the
other hand in the mesosphere a positive response is expected for all seasons: it has been
observed from a number of sites with a solar dependence of much larger amplitude than
predicted from radiative models (see review in CHANIN et al. 1987).

The results of LABITZKE and VAN LOON (1989b) in the Northern summer stratosphere indicate

that it was not necessary to group the data according to the QBO to obtain a statistically
significant response to solar activity : this response was found to be positive at 30 mb for all
the north hemisphere and mostly significant in a belt between 20 and 45 N. Recent results
pointed out that a significant negative response is found in the height range 30-50 km and that
the correlation with solar flux is amplified for some sites if separating the data according to
the QBO. This is observed in summer and autumn at the French lidar station (44°N, 6°E) for
easterly QBO (KECKHUT and CHANIN 1989) and during summer in THUMBA (8°N, 77°E) for
westerly QBO as reported by MOHANAKUMAR (1989) in this workshop. On the other hand the
QBO do not seem to play any role in this altitude range at the site of Molodezhnaya (69°S,
46°E) where the correlation is strongly negative for both phases of the QBO and at Volgograd
(49°N, 44°E) where it is below significance for both phases during summer.

The common feature in all of these results is that the responses to solar activity at some
levels within the altitude ranges 20-40 km and 60-80 km are found to be of opposite signs at
all sites and independently of the season: i.e negative in the stratosphere and positive in the
mesosphere. The allitude of the reversal of sign, the importance in the role of QBO and the
amplitude of the solar dependence are anyhow variable from onesite to another.




6. Discussion

Before the LABITZKE (1987) paper, the solar influence on atmospheric parameters was
searched for by averaging data either globally or on zonal mean, by using all available years
independently of the QBO, and in some case by restricting the data set to summer periods to
avoid the high winter variability. The experimental results could be summarized as follows :

- no conclusive result in the troposphere

- a small amplitude effect (1 to 2 K) around 40 km for a solar cycle

- a positive relationship with up to 10 K amplitude around 70 km

a well documented positive dependence in the high thermosphere which was thought to start

around 120 km, as included in the empirical models.

On the other hand, the radiative photochemical models, taking into account the effect of a
change in UV flux and its consequences on the ozone distribution and the radiative budget,
predicted changes for a solar cycle of +2 to +2.5 K at the most with a maximum effect at
70-75 km (GARCIA et al. 1984, BRASSEUR et al. 1987). Results from one-dimensional
radiative transfer model indicates an even smaller effect (0.8 K at 50 km). Such changes are
difficult to differenciate from trends of other origins. However the predictions of the models
were known to disagree with the data which in the mesosphere led to an amplitude around S to
10 K.

The fact 1o look at data locally, their separation according to QBO, and furthermore the
selection of winter data where the effect was found o be stronger, brought a completely new
set of results which could be summarized as follows :

- in winter periods, strong correlations with solar activity of opposite signs for easterly and
westerly QBO and from pole to mid and low latitude in the region below 30 km and down to
the surface

. a reversal of the sign of the correlation between part of the stratosphere and the
mesosphere, with the influence of the QBO decreasing with altitude

- a planetary-wave type structure both horizontally and vertically in the atmospheric response
to solar activity

- in all the height range the amplitudes of the solar dependence much larger than any model
prediction by at least one order of magnitude.

7. Conclusion

The existing models are not adequate rightnow to represent the solar influence as they
only take into account the change in UV flux, but before being able to take into account the large
scale dynamics in a coupled radiative-photochemical model, one needs to understand the
mechanism able to explain the forcing from the lower atmosphere or the surface which could be
induced by a change in solar activity. Some of the possible mechanisms are described in this
issue (EBEL, 1989).
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SEASONAL VARIATION OF THE 11 YEAR SOLAR CYCLE EFFECT ON THE MIDDLE
ATMOSPHERE; ROLE OF THE QUASI BIENNIAL OSCILLATION

P. Keckhut and M.L. Chanin

Service d'Aéronomie du C.N.R.S.
BP 3
91370 Verri¢res-le-Buisson CEDEX-FRANCE

1.Introduction

Before the introduction of the Quasi Biennial Oscillation (Q.B.0.) in the
study of the solar-atmosphere relationship by LABITZKE (1987) and LABITZKE
and VAN LOON (1988), the only region of the atmosphere where an effect of a
change in solar activity was generally admitted was the mesosphere. The
response of the mesosphere, in phase with the solar activity, was found to be
about one order of magnitude above model expectancy (around 10 to 20
Kelvin). It was observed independently of the season and maximized around
70 km (Chanin et al. 1987). On the other hand, from the same study, it was
shown that the response of the stratosphere of opposite sign, clearly seen
during winter and autumn, was at the threshold of detection in spring and
summer. In the stratosphere, it was shown later that the separation of the
data taking into account the sign of the Q.B.O. amplifies the negative
correlation of the stratospheric temperature with solar activity in winter; it
then becomes more significantly negative for the East phase of the Q.B.O.
than when the data are all mixed (Labitzke and Chanin 1988). The studies of
the seasonal response of the atmosphere to solar effect is crucial to
understand the possible mechanism responsable of such a solar activity-
Q.B.O. relationship, knowing that the global dynamic circulation is quite
different according to the seasons. The purpose of this paper is to inquire if
such separation of the data according to the phase of the Q.B.O. has any
impact on the solar response of the middle atmosphere for seasons other
than winter.

2. Description of the data set

The data used for this study are the temperature profiles obtained from
the Rayleigh lidar which has been in operation at the Observatory of Haute-
Provence (O.H.P. FRANCE, 44°N-6°E) for the period 1975-1988 and at
Biscarrosse (44°N-1°E) for the period 1986-1988. The method has been
already described in several publications (Chanin and Hauchecorne 1984)
but it is worth noticing that the performances in term of range and accuracy
have been largely improved since 1984. The height range reached from both
stations is nowadays 90 km instead of 75 km before 1984, However the
stratospheric data were disturbed in the post El Chichon period (from April
1982 to February 1984) in the height range 30-34 km and even up to 38 km at
the time immediately after the eruption; therefore, for this analysis, the data
corresponding to the altitudes where aerosols were present were eliminated
from the data set. The downward extension from 30 km to ground level is
obtained by using the data from the two near-by radio sonde stations. The
quantity which is considered here is the temperature deviation of each
monthly averaged value from the corresponding mean value calculated for
the whole period of 1979 to 1988. The 10.7 cm radio solar flux is used as the
solar activity index. Even it is not the best solar parameter, the other ones
(i.e. the UV flux around 205 nm) are not available during the whole period
and the 10.7 cm radio solar flux has been shown to be reasonnably well
correlated with the solar UV flux, when looking for long term variation
(LONDON et al. 1984).
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The data were grouped according to the sign of the Q.B.0. from the
classification of LABITZKE and VAN LOON (1988), and in 4 periods of 3 months
cach: December-January-February (DIJF) for Winter, March-April-May
(MAM) for Spring, June-July-August (JJA) for Summer, and September-
October-November (SON) for Autumn. The number of temperature monthly
means used in this study was 112 using a total number of 799 profiles.

3.5casonal variation

The response of the atmosphere to change in solar activity is given for
different seasons in Figure 1 for the Westward phase of the Q.B.O. and in
Figure 2 for the Eastward phase. As expected, the atmosphere responds
positively in the mesosphere in all cases even though with different
amplitudes. The largest amplitudes between the minimum and maximum of
the solar activity are observed in Winter and Summer for both Q.B.O. signs, as
already shown when the data were not sorted out according to Q.B.O. (Chanin
et al. 1987).

In the stratospere, the Spring and Winter correlations are identical and

negative for Q.B.O. West, whereas Summer and Autumn correlations are
positive; for the Q.B.O. East, the Spring is the only season where the response
is positive. The amplitudes around 40 km of the negative dependence for
Q.B.O. East are decreasing from Winter to Autumn and Summer but are larger
in general than Q.B.O. West.The only periods for which the correlation
coefficient is significant above the 95% confidence level in the stratosphere
are the Autumn and Winter for Q.B.O. East (Figures 3 and 4) and the Spring
for Q.B.O. West (Figure 5) and the larger correlation coefficient is found in
Autumn for Q.B.O. East: 0.78. The more noticeable feature is the opposite
behaviour of the Spring responses for the two different signs of the Q.B.O.,
which should be related to the way the atmosphere recovers after the final
warning. The response of the stratosphere may then be partly smoothed out
when all the data are used independently of the Q.B.O..
At that point it is worth comparing these results with the ones obtained in
summertime by LABITZKE and VAN LOON (1989 b). They conclude from the
analysis performed at 30 mb that it was not necessary to sort out the data to
obtain a positive statistically significant response to solar activity. This is not
in contradiction with the results of Figures 1 and 2 where the response for
both Q.B.O. responses are shown to be positive at 24 km (30 mb). However
figures 6 and 7 indicate that a more significantly positive value is observed
at this altitude for Q.B.O. West than for Q.B.O. East. There is therefore an
indication that the behaviour in the stratosphere is sensitive to the sign of
the Q.B.O., even though differently for each season, and the regular
alternance of positive and negative responses as a function of altitude seen
during winter is not always observed for the other seasons,

4. Mecan annual dependence

As the signs of the solar dependency are not systematically opposite
for the East and West phases of the Q.B.O. one can wonder what is the
response of the atmospheric temperature to solar activity when all the
seasons are considered and all the years are taken into account
independently of the sign of the Q.B.O.. The answer is given in Figures 8 and
9 in terms of correlafion coefficient and solar dependence. The correlation
coefficient in the stratosphere varies from +0.25 to -0.25 from 20 to 40 km, to
reach +0.6 in the mesosphere. These values are much lower than the ones
mentionned before, but due to the large quantity of data, they are above the
95% confidence level. The amplitude of the response for minimum to
maximum arc about +2 K at 20 km, -4 K at 40 km, and +10 K at 65 km. This
value are not ncgligeable compared to the temperature trends observed for a



decade, which are close to -0.5 K at 20 km and -2 K at 40 km. Theses results
obtained at a specific site is not expected to be valid on a global mean if, as
shown by LABITZKE and VAN LOON, the response to solar activity follows a
regional pattern. However it is an indication that the data have to be used
carefully when looking at long term trend unless the data set covers several
solar cycles and allows a separation of both solar and long term effect. It is
yet to be seen if a solar cycle response exists on a global mean, in the upper
stratosphere and mesosphere: the long series of data available for such a
study are mainly provided by the existing rocket stations, which are known
not to be uniformely spread, even in the North hemisphere, and we feel that
those data cannot be used safely to estimate global temperature trends.

5.Conclusion

A more complete study of the response of the whole middle atmosphere
to changes in solar activity is needed to get a global view of the solar
influence on the stratosphere, and to conclude about the role of the Q.B.O..
From this study, it seems that significant negative or positive responses of
the stratosphere are Q.B.O. dependent, while the systematic positive response
of the mesosphere is only slightly amplified for Q.B.O. East. The role of the
Q.B.0. in summer and autumn periods is puzzling as the filtering role of the
stratospheric winds, existing in Winter and slightly less in Spring, is less
likely to be of any importance during the rest of the years. A result which
could be important for stratospheric trend study is the indication that a
significative influence of the 11 year solar cycle is scen, at least at some
specific sites, which, as it is likely due to dynamics, have not be expected
from the models.
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Figure 1: Seasonal amplitude of the solar temperature dependence over
Southern France expressed in Kelvin and in Kelvin by unit of solar flux
given for the Westward phase of the Q.B.O..
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Figure 3: Correlation coefficient between Autumn temperature variations
and the 10.7 cm solar flux for the East phase of the Q.B.O.. The vertical lines
indicate the 95% confidence level.
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Figure 4: Same as Figure 3 given for Winter and for the East phase of the
QB.O.
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INFLUENCE OF SOLAR ACTIVITY ON MIDDLE ATMOSPHERE ASSOCIATED
WITH PHASES OF EQUATORIAL QUASI-BIENNIAL OSCILLATION

K. Mohanakumar

School of Marine Sciences
Cochin University of Science and Technology
Cochin 682 016, India

Earlier studies on the influence of solar activity variations within
a ll-year solar cycle on temperature changes in the middle atmosphere revealed
that while the temperature in the mesosphere showed strong response to changes
in solar -activity, the stratosphere remained almost unaffected (MOHANAKUMAR,
1985; 1987; 1988). Recent studies (LABITZKE, 1987; LABITZKE and VAN LOON, 1988;
TABITZKE and CHANIN, 1988) showed that when the temperature data were grouped
into east or west phase of the equatorial quasi-biennial oscillation (QBO) in
stratospheric zonal wind, significant relationships of temperature in the
lower stratosphere and troposphere could be obtained with 10.7 cm solar radio
flux. Positive correlations in high latitude regions and negative correlations
in mid-latitude and tropical regions were obtained during winter when the QBO
was in its west phase. During the east phase, converse relationships were
indicated. These interesting results inspired the present study on the response
of solar activity in ll-year cycle on the temperature structure of the middle
atmosphere in the two phases of equatorial QBO of zonal wind at 50 mb, in
tropics, mid-latitude and antarctic regions

Soviet M-100 rocketsonde-derived temperature data collected from
Thumba (8°N, 77°E) in tropics, Volgograd (49°N, 44°E) in mid-latitude and
Molodezhnaya (69°S, 46°E) in antarctic for a l4-year period from 1971 to 1984
were used for the present study. The temperature data at every 5 km interval
from 15 to 80 km altitude region were selected for the above three stations.
The winter—time temperature was obtained by averaging the data during January
and February, and the summer-time temperature by averaging data during July
and August for the two Northern Hemispheric stations, whereas, for the antar-
ctic station, the months representing these two seasons are just reverse.
These were then grouped according to the periods of easterly and westerly
phases of QBO at 50 mb. 10.7 cm solar radio flux was taken as the solar acti-
vity parameter for the corresponding periods.

The linear correlation coefficients computed for every 5 km levels
between the solar radio flux and temperatures at the three stations are shown
in Fig.l. Scattergrams of solar radio flux and temperatures for few selected
levels in the stratosphere are also given in the figure to highlight the effect
of solar activity on temperature in the two phases of QBO.

During both the seasons, the temperatures in the tropical stratosphere
show strong negative correlation with solar radio flux during the westerly
phases of QBO and positive or weak negative correlation during the easterly
phases. Below 20 km, over tropics, strong positive correlations are obtained
during both the seasons and the two phases of QBO. The scattergrams at 30 and
40 km altitude over Thumba indicate that the temperature changes during the
westerly phases of QBO are consistently out-of-phase with the changes in solar
activity, while during the easterly phase, the variations are inconsistent.
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In mid-latitude and antarctic regions, the lower stratospheric temper-
atures in summer show positive correlation during the easterly phases and
negative correlation during the westerly phases of QBO. During winter, on the
other hand, lower stratospheric temperature register positive correlation
during the westerly phases and negative correlation during the easterly phases.
Changes in the slope of the regression line in the scatter diagrams further
indicates the lower stratospheric circulation pattern modulates the solar
induced changes in the stratospheric thermal structure.

The response of mesospheric temperature to the solar activity is not at
all altered by the variations in equatorial stratospheric zonal winds. During
both the phases of QBO, the temperatures in mesosphere indicate a direct assoc-
iation to the solar activity at all the three stations. The altitude of maximum
response to solar variations is found to be a function of season. The thermal
response to solar variations attains its peak value in lower mesosphere (55-60
km) during winter and in middle mcsosphere (65-70 km) during summer. The summer-
Lime temperature in mesosphere shows a better relation with the solar activity
than during winter, irrespective of the change in phases of QBO.

Middle atmospheric temperature departures from the long period (14 year)
mean, computed for January and July at every 5 km intervals, over the three
stations are illustrated in Fig.2. The vertical arrows in the lower part of
Fig.2 depict the periods of quasi-biennial west wind maximum. Periods of high
and low solar activity are indicated on the upper part of the Fig.2.

During both summer and winter, consistent and marked cooling is observed
in mesosphere in association with the period of low solar activity. The maximum
cooling is observed when the solar activity attains its minimum. Maximum cooling
occurs slightly early in winter than in summer. As the solar activity increases
from minimum to maximum, the temperatures in mesosphere steadily increases and
produces consistent heating. Inwinter, the hcating occurs early during solar
maximum in the upper mesosphere, whereas, in summer it occurs slightly later
during solar maximum in the middle mesosphere. The rate of heating decreases as
the solar activity gradually subsides and the mesosphere hecomes cooler after

1982,

The heating/cooling regimes in mesosphere, produced during the active/
weak phases of solar activity, are transported downwards to the stratosphere.
The downward transport of the heating/cooling regimes is slow during winter,
whereas, there is a rapid downward spreading observed during summer. The temp-
erature changes in middle stratosphere are found to have an inverse relation
with those in mesosphere. The middle and lower stratosphere register cooling
during snlar maximum and heating during solar minimum in both summer and winter
seasons at all the three stations. The rate of heating/cooling observed in
stratospheric layers are comparatively lower in magnitude than the mesosphere.
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SOLAR ACTIVITY INFLUENCE ON CLIMATIC VARIATIONS
OF STRATOSPHERE AND MESOSPHERE IN MID-LATITUDES

J. Taubenheim, G. Entzian and G. von Cossart

Heinrich Hertz Institute of Atmosphere Research
and Geomagnetism, Academy of Sciences of the GDR,
Berlin, DDR-1199

The direct modulation of temperature of the mid-latitude
mesosphere by the solar-cycle EUV variation, which leads to
greater heat input at higher solar activity, is well
established. In an earlier paper (von COSSART and TAUBENHEIM,
1987) we have analyzed more than 500 rocket-measured
temperature profiles in the height range 20-80 km over
Volgograd (latitude 49 N), covering almost two solar cycles
from 1963 through 1983. Averaging over all seasons and times
of day, we Ffound a maximum response of temperature to the
solar cycle near the altitude level of 65 km, with an
amplitude of about 6 K between low (solar 10.7 cm radio flux
F < 100) and high (F > 160) solar activity. With decreasing
height in the middle atmosphere, this response falls to zero
near 50 km. In an independent, somewhat different evaluation
of the same Volgograd rocket data, MOHANAKUMAR (1887) found
the same height dependence, but a slightly larger solar-cycle
amplitude of 17 K near 65 km. These results have been
excellently corroborated by temperature profiles derived by
CHANIN et al. (1987) from air density data measured with the
Rayvleigh Lidar at Haute Provence (latitude 44 N), which again
indicate & maximum solar-cycle response near B85 km altitude,
but with still larger amplitudes up to about 25 K for winter,
and 10 K for spring months.

At heights below 50 km, in the stratosphere, temperatures seem
to be negatively correlated with the phase of the solar cycle.
The amplitude of this variation is small, statistically not
significant in the rocket data (von COSSART and TAUBENHEIN,
1887), but marginally significant with a few K in the Lidar
data (CHANIN et al., 1987). Presumably this anti-phase
variation of mid-latitude stratosphere temperatures, if it is
real, must be produced by the dynamics of middle atmosphere
circulation: It is well known that in medium and high
latitudes there is an anticorrelation between mesopause and
stratopause temperatures, not only in the seasonal variation
but also in variations on shorter time scales, e.g.,
stratospheric warmings (cf. TAUBENHEIM, 1883). It seems not
unreasonable to assume that such dynamical compensation
mechanism could function on the longer time scale of an 11-yr
variation as well.

Middle atmosphere temperature modulation by the solar cycle is
independently confirmed by the variation of reflection heights

of low-frequency radio waves in the lower 1ionosphere, which
are regularly monitored over about 30 years at our Observatory
of Atmosphere Research at Kuehlungsborn (geographic

coordinates 52 N, 12 E). As explained elsewhere in detail
(TAUBENHEIM and Von COSSART 1887), these reflection heights
depend on the geometric altitude of a certain isobaric surface
(near 80 k), and on the solar ionizing Lyman-alphe radiation
flux. Knowing the solar-cyvcle variation of Lyman-alpha (e.g.,
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ROTTMAN 1988) we <can calculate how much the measured
reflection heights would be lowered with the transition from
solar minimum to maximum, if the vertical baric structure of
the neutral atmosphere would remain unchanged. This expected
reflection height variation is shown in the first line of the
Table below, while the second line gives the observed height
change (Von COSSART 1884), which obviously is markedly
smaller. This discrepancy between expected and observed height
change must be explained by an uplifting of the isobaric level
from solar minimum to maximum, caused by the temperature rise
in the mesosphere. By integrating the solar-cycle temperature
changes over the height region of the middle atmosphere, and
assuming that the lower boundary (tropopause) has no solar
cycle variation, we can estimate the magnitude of this
uplifting. It 1is given in the last two lines of the table,
for the Lidar-derived and for the rocket-measured temperature
variations, respectively. Comparison of these figures with
those in the third line of the table suggests that the real
amplitude of the solar-cycle temperature variation in the
mesosphere is underestimated when using the rocket data, but
probably overestimated with the Lidar data.

Table 1: Solar minimum-to-maximum change of radio wave
reflection heights (in km) in the mid-latitude lower

ionosphere

""""""""""""""""""""" winter  summer
Calculated from Lyman-
alpha variation only - 1.8 - 1.5

Observed - 0.8 - 1.0

Difference (interpreted as
isobaric level uplifting) + 1.0 + 0.5

Estimated from Lidar data + 1.3 + 0.85

Estimated from rocket data + 0.35 + 0.25

Correlations between solar cycle and stratospheric winter
temperatures in dependence on the QB0O, as found by LABITZKE
(1987) and discussed by LABITZKE and Van LOON (1988) seem to
represent quite another kind of interaction between solar
activity and middle atmosphere, rather than the direct EUV-
induced modulation. This can be seen from fig. 1, where we
have plotted the minimum geometric altitudes (in decameters)
of the 30 hPa isobaric surface over the Northern Hemisphere in
January/February, i.e., the height of the center of the winter
polar vortex, yersus the Zurich sunspot numbers (R). The data
base is the same as used by LABITZKE (Daily maps of the 30 hPa
surface, issued by the Institute of Meteorology of the Free
University, Berlin-West). Each winter in the period 1961 to
1987 1is representd by a symbol ‘E’ or ‘W', indicating the
phase of the quasi-biennial oscillation (QBO). These
symbols, however, have been put in parenthesis in those cases
when a major stratospheric warming occurred in January or




February, leading to enhanced mean temperature of this 2-month
interval.
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The symbols °‘E’ and "W  without parenthesis are in general
accordance with the earlier findings of HOLTON and TAN
(1980), that the winter polar vortex is stronger (the vortex
center is deeper) during a ‘W' phase than during an "E° phase
of the @BO. Obviously, the symbols without parenthesis do not
show any significant dependence on solar activity, neither for
‘E° nor for ‘W  phase, while those in parenthesis genersally
lie above them, as to be expected in the case of major warming
of the stratosphere. From the distribution of symbols with
parenthesis in fig. 1, the following relations between major
stratospheric warming, QBO, and sunspot numbers become
immediately apparent: As pointed out by LABITZKE (1982)
already several years ago, the probability of occurrence of
major midwinter stratospheric warmings is higher in "E-phase”’
than in ‘W-phase’ winters. This rule, however, holds true only
for low and medium solar activity. Higher solar activity seems

to ‘suppress’ the proneness of E-phase winters to major
warmings. On the other hand, higher solar activity seems to
‘unlock’ some destabilizing mechanism, which allows

stratospheric warmings to evolve during W-phase winters where
they are “forbidden’ at low solar activity. Clearly there is a
threshold of solar asctivity where the occurrence of major
warmings switches over from E-phase preference to W-phase
preference. Fig. 2 shows the curve of yearly mean Zurich
sunspot numbers since 1950, and in the bottonm strip, the
occurrence of major stratospheric warmings indicated by full
and open rectangles for W and E phase winters, respectively.
The above-mentioned threshold may be placed near a sunspot
number of R = 90, represented by the horizontal line.

45



46

©
1
~
A

50 \\\ \ / \ / \

Q80 0 Major stratwarm
w 1 ] ? [ ] ] ]
E}F%aso v [} ] [ ¢ 0 ] 0 o

AR B ¢ AJNLANEL S S I R S B S ENNL N B N SO (NSNLENRS SN A I BN AN A S NS IR R Sum R RS S En

850 55 60 65 70 75 80 85
Fig. 2

In conclusion we should 1like to state that it seems not
appropriate to discuss solar forcing of the winter
mid-latitude stratosphere in terms of regression or
correlation of temperature with solar sactivity indices.
Rather, it might be more helpful to think of a solar activity-
dependent “locking’” and ‘unlocking” of trigger mechanisms for
polar vortex breakdowns.
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THE PLANETARY WAVES DYNAMICS AND INTERANNUAL COURSE OF METEOROLO-
GICAL PARAMETERS OF THE HIGH LATITUDE STRATOSPHERE AND MESOSPHERE
OF THE NORTHERN AND SOUTHERN HEMISPHERES DURING THE 20th AND 2lst
SOLAR CYCLES AND DIFFERENT PHASES OF GBO

V.56. Kidivarovas, N.N. Fomina

CAD, 141700 Dolgoprudny, USSR

The part of energy of the planetary waves which enters the
stratosphere depends on conditions of planetary wave generation
and propagation through the tropopause, and the part of planetary
wave energy which enters the mesosphere depends on conditions of
planetary wave propagation through the stratopause. In this report
an attempt is made to estimate connmections between extratropical
middle atmosphere temperature long-—term variations and portions of
energy of planetary waves which enter the mesosphere and strato-
sphere during winter seasons in Northern and Southern Hemispheres.
Interannual variations of temperatures at the 30 km and 70 km
levels are investigated for the central winter months of the
period 1970-1984. This period includes the descending branch of
the 20th solar cvcle and the whole 2lst cvcle. Calculations are
made on the basis of measurements at Heiss Island and Moloudezhna-
va.

Figure 1 shows interannual temperature courses at heights of
30 km and 70 km over Heiss Island and Molodezhnavya for the central
winter months (Jaruary and July respectively) during the 19711986
period. It can be seen that interannual variations of the meso-
spheric and stratospheric temperatures are out-of-phase. The long-
—term variations of temperatures with perieds of about 10 vyears
are more visible in the mesosphere. In the northern hemisphere
these oscillations are superimposed by oscillations with shorter
periods, which may be connected with interannual variations 1n
intensities of stratospheric warmings.

Monthly mean temperatures at 70 km level for central winter
months over Molodezhnayva and Heiss Island for west (W) and east
(E) phases of QBO for 1970-1976, 1977-1986 and 1970-1986 periods
are shown 1n the Table:

1970-1976 1977-1986 1970-1986

W E W E 1] E
Heiss Isl. 199 190 216 209 207 202
Molodezhnava 209 210 2285 213 219 212

It can be seen that the east phase of (GBO is followed by lower
mesospheric temperatures.
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THE QBO AND WEAK EXTERNAL FORCING BY SOLAR ACTIVITY:
A THREE DIMENSIONAL MODEL STUDY

M. Dameris and A. Ebel

Institute for Geophysics and Meteorology
University of Cologne
Albertus-Magnus-Platz
D - 5000 Cologne 41, F.R.G.

Introduction

The goal of this study is a better understanding of the physical mechanisms leading to
significant correlations between oscillations in the lower and middle stratosphere and so-
lar variability associated with the sun’s rotation. A global 3-d mechanistic model of the
middle atmosphere is employed to investigate the effects of minor artificially induced per-
turbations. The aim is to explore the physical mechanisms of the dynamical response
especially of the stratosphere to weak external forcing as it may result from UV flux chan-
ges due to solar rotation. First results of numerical experiments dealing about the external
forcing of the middle atmosphere by solar activity were presented in a paper by Dameris et
al. (1986). Different numerical studies regarding the excitation and propagation of weak
perturbations have been continued since then (Dameris, 1987; Ebel et al., 1988).

Description of experiments, Results

The model calculations presented in this paper are made to investigate the influence of
the quasi-biennal oscillation (QBO) on the dynamical response of the middle atmosphere
to weak perturbations by employing different initial wind fields which represent the west
and east phase of the QBO. The initial wind fields used for this study are shown in figure
1: They are characterized by realistic, relatively strong vertical gradients in the tropics
between 10 and 40 km height. The conditions at middle to high latitudes are the same for
both cases (solstice conditions, north winter, south summer). The global 3-d numerical
model taken for this study is the same as described in detail by Dameris et al. (1986)
(fully nonlinear, primitive dynamical equations in flux form). Based on the experiments
done in the past the external forcing function and the lower boundary conditions are cho-
sen as follows: A weak standing temperature oscillation (zonal wave number 1) centred
at 43 km height, 2.5°N is assumed with & maximum amplitude of 1.5 K. The amplitude
decreases linearly to half its value in a distance of + 5.4 km and + 20°. A period of 13.6
days is employed. Stationary waves of geopotential height have been excited at the lower
boundary (10 km). Their characteristics are: Zonal wave number one and two, maximum
amplitudes of 100 gpm and 30 gpm, respectively, centred at 60°N (winter), decrease of
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amplitudes to zero at 30°N and 80°N. Transient zonal waves are simulated at the lower
boundary assuming the latitudinal structure of free westward travelling modes. The follo-
wing modes were used: (1,4), 16-day wave (max. amplitude 50 gpm}); (1,3), 10-day wave
(20 gpm): (1.2), 5-day wave (2 gpm).

In the following results of the two model experiments are presented which differ only by
the definition of the initial wind fields representing the west and the east phase of the
QBO. The external forcing and also the lower boundary conditions are the same for both
experiments. For a better presentation of the effects of the weak external forcing, control
runs without external forcing were also made for otherwise identical conditions. Here only
the differences between the experiments with weak external forcing and the respective
control run are shown.

Figure 2 shows the horizontal structure of temperature perturbations at 26 km height due
to the periodic temperature forcing for both cases (QBO-west, QBO-east) for model day
80, where the differences between the two calculations are most obvious: For the west case
two regions of significant response to the assumed temperature perturbation are observed,
one in the equatorial region (0.4 K) and the other at high latitudes of the winter hemis-
phere (0.5 K). The results for the east case indicate significantly stronger amplitudes of
the temperature perturbation at high latitudes of the winter hemisphere up to 2.5 K. A
similar result is found for the perturbation of the geopotential height field (not shown).
For model day 80 maximum amplitudes of 6 gpm are found for the west case instead of
30 gpm for the east case. also observed at high latitudes of the winter hemisphere.

An important tool to analyse the model results and to get an indication why the model
reacts in such a way is given by the Eliassen Palm (EP) flux diagnostics. The results shown
in figure 3 indicate that there is little or no transport of wave energy across the critical
wind line (u=0) into regions where the mean wind is easterly. At model day 76 (here also
differences with respect to control run) the meridional cross section of the EP-vector for
the west case indicates relatively strong activity at the tropics lower than 30 km height in
comparison to the results of the east case. This effect is probably caused by the westerly
winds in this region: The wave energy can directly penetrate from the region of main
forcing (43 km, 2.5°N) to lower levels. At middle to high latitudes of the stratosphere the
EP-vectors (transport of wave energy) are significantly enhanced for the east case. Most

of the perturbation energy is bend into the region of westerly winds (winter hemisphere).

Conclusion

The model results show significant differences of the dynamical response of the middle
atmosphere to weak external forcing by assuming different initial conditions representing
the west and the east phase of the QBO. If the QBO has its easterly phase, solar indu-

ced perturbations, which are generated near the equatorial stratopause, lead to stronger
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variations in the middle and lower stratosphere than during the west phase of the QBO.

Up to now no statistical analysis is available for a comparison with our model results.
Statistical analyses which were made in the past, for example by Ebel et al. (1986) must
be repeated, but now with regard to the different QBO phases, to get indications if the

real atmosphere reacts similar.
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Figure 1: Initial stage of the mean zonal wind field used for the numerical experiments,
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Abstract. The suggestion that galactic cosmic rays (GCR) as modulated by the solar
wind are the camiers of the component of solar variability that affects weather and
climate has been discussed in the literature for 30 years, and there is now a considerable
body of evidence that supports it. Variations of GCR occur with the 11 year solar cycle,
matching the time scale of recent results for atmospheric variations, as modulated by the
quasibiennial oscillation of equatorial stratospheric winds (the QBO). Variations in GCR
occur on the time scale of centuries with a well defined peak in the coldest decade of
the "little ice age”. New evidence is presented on the meteorological responses to GCR
variations on the time scale of a few days. These responses include changes in the
vertical temperature profile in the troposphere and lower stratosphere in the two days
following solar flare related high speed plasma streams and associated GCR decreases,
and in decreases in Vorticity Area Index (VAI) following Forbush decreases of GCR. The
occurrence of corelations of GCR and meteorological responses on all three time scales
strengthens the hypothesis of GCR as camiers of solar variabilty to the lower
atmosphere.

Both short and long term tropospheric responses are understandable as changes in the
intensity of cyclonic storms initiated by mechanisms involving cloud microphysical and
cloud electrification processes, due to changes in local ion production from changes in
GCR fluxes and other high energy particles in the MeV to low GeV range. The nature
of these mechanisms remains undetermined. The height distribution of the tropospheric
response and the amount of energy involved and the rapidity of the time response
suggest the release of latent heat could be involved. Changes in cloud albedo and
absorptivity to infrared radiation are also plausible. Both the release of latent heat and
changes in radiative transfer can account for the observed changes in vertical
temperature profile, leading to changes in the intensity of cyclonic disturbances that are
associated with changes in vorticity area index. Theorstical considerations link such
changes to the observed latitudinal movement of the jet stream.

Possible stratospheric wind (particularly QBO) effects on the transport of HNO, and
other constituents incorporated in cluster ions and possible condensation and freéezing
nuclei are considered as relevant to the long term variations. This is an abridged
version of the full paper that is being published elswhere.

RESPONSE OF TROPOSPHERIC TEMPERATURE PROFILE TO
HIGH SPEED PLASMA STREAMS

The atmospheric response to short term solar wind changes near the earth has been
examined using the data source of Lindblad and Lundstedt (1981, 1983). From their list
of High Speed Plasma Streams (HSPS), defined by an increase in solar wind speed
between consecutive days of at least 80 km s, a set of stronger events has been
selected defined by dV = (Vi - V) > 200 km s’', where V_ is the maximum speed of
the interplanetary plasma stream in the vicinity of the ear{ﬂ, and V. is the smallest
speed on the first day. Over the period Jan. 1966 through Feb. 1978 there were 55 such
HSPS associated with solar flares, and 196 HSPS not associated with flares. The non-
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flare streams were mostly associated with coronal holes and were considerably more
frequent on the declining phase of the solar cycle, in agreement with the well known
preponderance of recurrent magnetic storms during this period. The distinction between
the flare and non-flare related HSPS corresponds approximately to the distinction made
by Burlaga et al. (1984) between transient shock associated flows and corotating streams.
(Nevertheless shock associated flows can sometimes result from coronal mass ejections
not associated with flares.) HSPS in general are associated with gradients in the solar
wind velocity transverse to the 'garden hose’ direction of the large scale magnetic field,
whereas the flare related events also include strong gradients along the garden hose
direction. A number of temrestrial effects are associated with HSPS events, including
magnetic storm related X ray emissions; thermal, chemical and dynamical perturbations of
the thermosphere, and penetration of fluctuating large scale electric and magnetic fields
to the surface. For many of the flare related events there is in addition the reduction
of the flux of GCR that penetrate to varying depths through the atmosphere (Forbush
decreases), and for some the precipitation of particles in the MeV to GeV range at high
latitudes. These effects of solar wind disturbances have been described for example by
Akasofu and Chapman (1972, particularly ch. 7) and more recent reviews are those in the
series of US National Reports to the IUGG. Thus there are a number of possible short
term carriers of solar variability to the atmosphere, and a detailed analysis is required to
identify at least one that has the appropriate time varations to cause the observed
tropospheric responses.

It should be stressed 1that the rather extreme HSPS events selected according to the
criterion dV > 200 km s ' are relatively rare, only 4 or 5 of the flare related events per
year on average, with a maximum occumence (around solar maximum) of 10 per year.
We study these as diagnostics; if short term but rare GCR changes unambiguously affect
the troposphere then 11 year and longer term GCR changes may do so also. Of the 196
non flare events, 55 were selected to form a comparison set, with each as far as possible
a match by being about the same dV and near to the time of a flare event. In Fig 1
from the top panel down we compare superposed epoch analyses of solar wind velocity
(V) in the vicinity of the earth; solar wind magnetic field strength (B); GCR flux at
the surface; and tropopause pressure, using the first day of increase of solar wind
velocity as the key day (day 0). For the flare related events (solid curve) B increased
by about 4nT on average, relative to the previous level of 5-6nT. The peak effect is on
day 0. For the non flare events there is an increase over several days preceding day O,
and a drop of 3-4nT afterwards. The third panel shows that the average Forbush
decrease in the GCR neutron count rate at Dourbes, Belgium was about 1% for the flare
related events. The peak effect is on day +2, and the percentage effect at 5-20 km
altitude would have been several times larger (Pomerantz and Duggal, 1974), since the
main GCR flux at these heights is at lower energies that are more strongly affected by
the interplanetary magnetic field than the higher energy flux that reaches the surface.
In the case of the non-flare related events, the GCR change is smaller and of a different
shape. This might be considered strange in view of the closeness of the V varations,
and some similarities of the B varations in the two data sets. However, as noted
earlier, a very important variation in V and B for modulating GCR fluxes is in the
gradient along the garden hose direction, associated with shocks and produced by coronal
mass ejections mainly associated with solar flares, that are not easily separable from
transverse gradients in measurements by spacecraft near the earth. Another difference is
that for corotating streams the magnetic field strength increases a day or two before it
does for shock associated flows, relative to the increase in solar wind velocity (Burlaga
et al., 1984).

The bottom panel shows the response to the HSPS in tropopause pressure measured by
radiosondes above Berlin, from the data series Meteorologische Abhandlungen. There is
about a 20 mb increase in tropopause pressure on day +2 that is more than two standard
deviations above the mean. The response to the non flare-related HSPS is less than one
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standadd deviation. The changes associated with flare related HSPS have not been found
for lower speed streams than those selected here. The tropopause response also reveals
itself as a change in the vertical temperature profile, and Figure 2 shows the average
temperature change for the flare associated events computed as a function of height,
obtained by subtracting the profile for day -1 from that of day +2. The response is in
the form of a heating by 2-3°% C near the tropopause height (~12 km), and a cooling by
about the same amount near 5 km, resulting in a decrease in tropopause height of about
0.7 km, that is equivalent to a pressure increase of about 20 mb. These tropopause
height and temperature changes have been confirmed by direct examination of the
measured parameters.

RESPONSE OF VAI TO FORBUSH DECREASES

In view of the tropospheric responses in Figs 1 and 2 being associated with Forbush

decreases, it was decided to use specifically the days of onset of Forbush decreases as
key days in a superposed epoch analysis of northem hemisphere VAI responses. A table
of Forbush decreases greater than 3% observed by the Mt. Washington neutron monitor
was used (NGDC 1985). The energy of the particles monitored lies primarily in the range
1-10 GeV. Actually, a more appropriate GCR flux to use in comparison with VAl
variations would be that of about a factor of ten lower in energy, which is the main
source of ionization and a source of chemical species in the lower stratosphere and
troposphere. The neutron monitor data is used as a proxy for this lower energy GCR
flux, which is supplemented at times by particles in the same energy range energised in
the sun, the solar wind, and the magnetosphere.
The results of the superposed epoch analysis for 72 events from Nov. 1955 through April
1962, and for 106 events from May 1963 through Feb. 1982 are shown in Figs 3 and 4.
The averaged variation of GCR observed with the Climax neutron monitor is shown for
the same events. The VAI responses are further separated according to whether the
events occurred in the winter months (Nov.-March} or the remainder of the year (April-
Oct.), and according to whether they occurred in the QBO W or E phases. The results
show that there is in general a reduction in the VAI associated with the reduction in
GCR for both the 1955-62 and 1963-82 periods, and that this is deeper in the winter than
in the non-winter, and that it is present for both QBO phases. A further subdivision of
the winter data into E and W QBO phases (not shown) also resulted in the VAI reduction
appearing about equally strongly in each phase. These events were not selected for
steady solar wind or absence of sector boundaries or other Forbush decreases preceding
or following the event within the epoch used in the analysis, as has been the case in
previous VAl analyses, and some of the 'noise’ in the VAl may be due to this.

PLAUSIBILITY OF GCR AS CARRIERS OF SOLAR VARIABILITY TO THE
LOWER ATMOSPHERE

There are GCR variations that match the meterological and climate responses three
different time scales. On the century time scale the decad& of the 1890'5, in the coldest
part of the "little ice age” coincided with a peak in the "“C and "~Be production from
GCR; the latter was 70% above levels before and after, from concentrations measured in
Greenland ice cores (Attolini, et al.; 1988). There is an 11 year variation by about 50%
in the GCR produced ionization at upper troposphere/lower stratosphere heights and an
11 year variation by a factor of about 10 in its day to day varability (Pomerantz and
Duggal, 1974). The time variations of GCR and meterological variables in Figs. 1 to 4
show that GCR have appropriate time variations to be carriers of the short term (day to
day) solar variability to the lower atmosphere. It is recognized that the presence of a
correlation does not demonstrate by itself a physical connection. However the energetic
particle hypothesis (low energy GCR and other particles of similar energy from the sun,
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interplanetary medium, and magnetosphere) seems the most promising one in terms of
analyses made to date, and so we will continue to explore it.

The changes in height profile of Fig 2 occurred in the range 2-15 km, maximizing (in
terms of energy involved) near 5§ km or 500 mb. This is near where the greatest VAI
response to sector boundary changes was found by Wilcox (1974) and not far from the
700mb level where Stolov and Shapiro (1974) found that large negative (cyclonic) centers
developed in the 4 days following geomagnetic storms. This is the height range where in
regions of uplift, associated especially with wintertime cyclonic disturbances, there is
latent heat release occurring from conversion of water vapor to liquid and liquid to solid.
Pauley and Smith (1988) showed that latent heat release exerted important direct and
indirect influences on the development of a synoptic scale wave system containing an
extratropical cyclong, particularly below 500mb, with latent heat release producing
heating of up to 15°C per day. In the same regions changes in the production of cirrus
clouds would affect albedo to visible radiation and absormptivity to infrared.  Thus
changes in cloud microphysical processes associated with varations in GCR ionization
could significantly affect the air temperature and dynamics of a cyclone. Only very
small amounts of energy are required to initiate changes in these processes, if changes in
condensation nuclei or ice nuclei are involved. If electric fields are invoived in the
cloud microphysics, then this is the height region where the conductivity is lowest and
where only a small amount of energy in the form of a change in ion production has the
greatest effect on the conductivity and electric field. The dominant source of ions in
the troposphere and lower stratosphere above 1 to 2 km altitude is GCR.

An hypothesis linking the solar wind and cosmic ray changes on both short and long
time scales to tropospheric and lower stratospheric changes is that: (a) an increase
(decrease) in cosmic ray ion production in this region is reflected in changes in cloud
microphysical and cloud electrification processes; so that (b) where there is supercocled
liquid water or condensing vapor or evaporating droplets in regions such as cyclonic
eddies in the jet stream, there is an increase (decrease) in the release of latent heat
associated with the changes of state of water, and changes in cloud albedo and infrared
absomptivity; that (c) affect the vertical temperature gradient; that in turn (d) increases
(decreases) the intensity of the cyclonic eddies and thus increases (decreases) the
vorticity area index. It is likely that: (e) there will be associated changes in wave
activity that generate a divergence in the momentum flux in the general circulation; that
(f) thereby produce Ilatitudinal shifts in the mean latitude of the jet stream and in
averages of storm track latitudes.

For Forbush decreases, a decrease in latent heat release in storms would occur with
the above scenario, and this matches the observed reduction in temperature near 5 km as
shown in Fig. 2.  While changes in latent heat release would generally be associated
with individual storms, this is not necessarily the case for changes in cloud albedo and
absorbtivity. If these changes occur over a large region, say poleward of the jet stream,
they could produce a change in temperature profile in that region that would affect the
pressure gradient across the jet stream leading to a change in the average intensity or
frequency of cyclonic eddies. There is an increase in the number of low pressure areas
crossing 60° W meridian between latitudes 40° and 50° N, for the QBO W phase for
minimum solar activity (Labitzke and van Loon, 1988), and this frequency change is
associated with a downstream shift in the latitude of the jet stream and storm tracks in
the eastem N Atlantic (Brown and John, 1979; Tinsley, 1988). This frequency change
may be produced by a localised latent heat release in the storms, or by a distributed
effect due to cloud and radiative changes over a large area, and in either case the
association with the jet stream latitude shift can be understood theoretically if the
increased frequency of lows at solar minimum (that corresponds to about one every 2-3
days, as compared to about one every 4-6 days at solar maximum) leads to a greater
divergence of momentum flux, by greater generation of waves, including gravity waves,
that propagate out of the region. As discussed, for example by Hoskins (1983, p 190-3),
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this will lead to a downstream poleward movement of the jet stream and storm tracks, in
accordance with the observations. Also Pauley and Smith (1988) found that the effect of
releases of latent heat in their simulated cyclonic disturbances was to intensify the storm
and cause the downwind storm track to shift poleward. Both decreases in VAl associated
with Forbush decreases, of which more occur at solar maximum, or VAl decreases
associated with the lower general level of GCR flux at solar maximum, could account for
the more equatorward storm tracks at that time.

In the stratosphere 27 day and longer term variations have been found that can be
partially explained in terms of changes in the flux of solar ultraviolet radiation as the
carrier (Keating et al., 1987; Brasseur et al, 1987). The energy involved in the
stratospheric response is very small compared to that in the tropospheric response, and it
is difficult to see how effects could propagate downwards and be amplified rapidly
enough to account for tropospheric changes in the time scale of the HSPS and FD
responses. On the contrary, it appears more likely that wave energy from tropospheric
responses propagates upwards and towards the poles, and accounts for some of the
unexplained stratospheric temperature variations.

This work has been supported by the Atmospheric Sciences Division of NSF.
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The possibility that solar variations associated with the 31-year
solar cycle may be the cause of the changes in tropospheric weather and
climate has been the subject to scientific investigation for several decades
(KING, 19753 PITTOCK, 1978). In the light of recent studies (MOHANAKUMAR,
1885; 1987; VON COSSART, 19853 CHANIN et. al, 1987), it has been established
that mesospberic temperature is strongly influenced by the solar activity.
Recently (LABITZKE, 1987; LABITZKE and VAN LOON, 1988), it has been shown
that marked signals of the 11-year solar cycle emergence into the strataosphere
and troposphere when the atmospheric data are stratified according to east
or west phase of equatorial quasi-biennial oscillation (QBD) of zonal wind
in the lower stratosphere. These findinys give a revival of interest on
studies about the sun-weather relationship.

Meteorologists are greatly concerned with the changes in tropospheric
phenomena. In the present study, an attempt has been made to find sclar
activity related changes in tropospheric weather, by the modulation of the
QB0 of zonal wind at S50 wb, Rainfall and surface temperature data fur a
period of about three solar cycles, 1953 to 1988, from various stations in
Indian subcontinent have been utilised in this study. The study is further
extended to find a possible teleconnection between the temperature changes
in middle atmospheric levels and surface temperature when the data are
stratified according to east or west phase of the QB0. The temperature data
have been averaged for January and February to represent the winter-time
temperature and for July and August to represent the summer-time temperature.
Since the southuest monsoon is the major rainfall season for many parts of
Indian subcontinent, the total rainfall recorded during June to September,
represents the rainfall data. 10.7 cm solar radic flux is chasen as the
solar activity parameter.

Equatorial quasi-biennial oscillation of zonal wind (ANDREWS et.al,
1987) at 50 mb in July during the years 1953 to 1988 is shown in Fig.t.
The long period average rainfall for India during the monsoon season,
June 1 to September 30, is about 85 cm, The amount of rainfall is generally
classified as deficient (D): less than 10%, normal (N): + 10% and excess
(E): more than 10%, from the average rainfall and is indicated in Fig.1.
High and low solar activity periods, indicated when the solar radio flux
for the four months exceeds 600 and is less than 500 respectively are shown
in the upper part of Fig.l.

It is evident from Fig.1 that excess rainfall over India is mainly
associated with the westerly phases of QB0 and when the solar activity is
low, Out of 13 excess rainfall recorded during the last 36 years, 10 occurred
when QB0 was in its westerly phase, Another interesting aspect is that
all the above 10 occurrences are reported when the solar activity is low.
Only in three cases, excess rainfall is associated with the easterly phase
of QBO and this occurred when the solar activity is high. These three excess
rainfalls are found prior to 1971 after which no excess rainfall is observed
in this phase.
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Rainfall is found to be deficient when the QB0 was in its easterly
phase and the easterly wind speed is less than 10 ms . Out of 9 deficient
rainfalls recorded, 8 were found to have occurred in the easterly phase and,
generally, when the solar activity is low. Only once, deficient rainfall
is reported dqﬁing the westerly phase which occurred when the westerly wind
was weak (5 ms ') and solar activity was normal.

Normal rainfall is also freguent during the westerly phase of QBO,
Out of 14 occurrences, @ were reported in the westerly phase, of which B
cases occurred when solar activity was high. When the solar activity is
low and QB0 is in 1its easterly phase with strong wind speed (above
20 ms '), the occurrence of normal rainfall is almost certain. There were
4 such cases in which normal rainfall was observed, This type of phenomena
occurs once in every 11-year solar cycle.

These results indicate that solar activity exerts some influence
on the rainfall pattern through the mcdulations in  the phases of the
equatorial stratospheric zonal wind.

Correlation studies between solar activity and surface temperature
during winter and summer, after separating the data into easterly and westerly
phases of QBO, in three near-equatorial stations, have been carried out and
the results are listed in Table 1. The correlation in the westerly phases
of QB0 is found to be positive and marginally significant, whereas it is
negative and statistically insignificant in the easterly pbase. During
summer, negative and marginally significant correlations are obtained in
the westerly phase while positive but insignificant correlations are obtained
in the easterly phase except at Calicut. Uhen the data for both the phases
are combined, no correlation exists between solar activity and surface
temperature,

The study is further extended to find the relationship between
temperature at variogus levels in the middle atmosphere and surface temperature
over Trivandrum (8°N), where the meteorological rocket launching station,
Thumba is situated. Correlation coefficients were computed between surface
temperature and the temperatures at every 5 km levels between 25 and 75 km
over Thumba, after separating the data according to the two phases of QB0
and also averaging for summer and winter seasons. The computed correlation
coefficients plotted against height are shown in Fig. 2. The significance
of the correlation coefficients is tested with Students t-test and is
indicated in Fig. 2.

In winter, in the westerly phases of QBO, the middle atmospheric
temperature shows a better association with the surface temperature. Below
30 km, the correlation is found to be opposite in the two phases of uB0.
The correlation values during the westerly phase rapidly decrease with height
in the stratosphere and become strongly negative at 40 km. The surface
temperature, thus has an out-of-phase variation with the temperature at
40 km altitude. The correlation coefficients increase with height and become
positive and highly significant between 60 and 70 km altitude., The middle
mesospheric temperature shows a direct relation to the surface temperature
in the westerly phase. The correlation decreases towards the upper
mesosphere. The correlation profiles in the easterly phase also show similar
variations in the middle atmosphere, but never become statistically
significant.

Correlation profiles during the summer season show somewhat opposite
behaviour to that during winter season. Positive correlations in stratosphere
and negative correlations in mesosphere are obtained. Upto 35 km height,
the correlation in the two phases are opposite in nature. Positive and
marginally significant correlations are seen at 30 and 35 km heights, in
the westerly phases of 0BO, Correlations are not found to be significant
at higher levels in summer season.
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Fige 3 shows the scattergrams of solar radio flux temperature at
60 km and temperature at 40 km with surface temperature when the QB0 is its

westerly phase during winter, For the period 1971 to 1985, the 10.7 cm
solar radio flux has a positive correlation of 0.524 with surface temperature,
and the regression line has a positive slope. This indicates that the
surface temperature in the westerly phases increases with the solar activity.
The surface temperature also shows a positive association with the temperature
at B0 km,as evident from the strong positive gradient and high correlation
(0.810). On the other hand, the surface temperature indicates an inverse
relation with the temperature at 40 km altitude. Thus, the winter-time
surface temperature in the uwesterly phases of QB0 increases as the
stratospheric temperature at 40 km decreases.

The results obtained from the study between surface temperature and
temperatures in the middle atmosphere reveal that the middle mesaspheric
temperature has a direct, and the upper stratospheric temperature has an
inverse association with the surface temperature when the QB0 is in its
westerly phase and during winter. These results suggest that changes in
temperature in mesosphere or stratosphere, for example, due to stratospheric
warming or mesospheric cooling, may be reflected in surface temperature.
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The response of mesospheric ozone and temperature to short-term
solar ultraviolet variations related to the 27-day rotation of the
Sun has been recently detected from analysis of satellite measure-
ments. A systematic depletion of ozone is detected near 70 km,
which is attributed to (1) solar Lvman alpha photodissociation of
water vapor with subsequent catalvtic destruction of D by HO
and (2) temperature feedback effects resulting from the unexpec§
tedly strong temperature/UV response near 70 km. The nature of
latitudinal and semiannual variations in the ozone/UV and tempera-
ture/UV response have now been isolated. Observed variations are
compared to theoretical models.
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INTRODUCTION

Recent studies of solar UV related changes of ozone and temperature have
considerably improved our understanding of the solar UV and ozone relationship
in the middle atmosphere on time scales of a solar rotation. These studies
have shown that during periods of high solar activity, ozone in the upper
stratosphere has a measurable response to changes in the solar UV flux in
accordance with theoretical predictions. For example, both model predictions
and observations suggest that stratospheric response to solar UV perturbations
should be maximum at about 2 mb. At this level, the ozone mixing ratio and
temperature increase by about 0.4 percent and 0.1 K respectively for 1 percent
increase in solar flux in the spectral range of 205 nm (CHANDRA, 1986, BRAS-
SEUR et al., 1987; KEATING et al., 1987; HOOD, 1987 and the references the-
rein). These are relatively weak perturbations compared to dynamical perturba-
tions since the variability in 205 nm over a solar rotation is generally very
small (about 1-4 percent) even during periods of high solar activity. The
solar induced changes in the stratosphere are often masked by dynamical
oscillations with periods between 3-7 weeks (CHANDRA, 1986).

The problem of measuring solar response of the stratospheric ozone and
temperature on time scales of a solar cycle is even more difficult. In the
altitude range of 2 mb the model based calculations, based on plausible
scenarios of solar UV variation, suggest a change of less than 4 percent in
ozone mixing ratio and 1-2 K in temperature. In the case of total ozone, the
predicted change is less than 1 percent (GARCIA et al., 1984; CHANDRA, 1985;
BRASSEUR et al., 1987). Since ozone and temperature data for such studies are
limited to 1 or 2 solar cycles, the solar UV related changes over a solar
cycle cannot be uniquely separated from inter-annual variabilities and instru-
ment drifts which are often present in data sets extending over a few years.
Thus definitive evidence for solar UV and ozone relationship must still come
from studying their relations over shorter periods.

In 1971, it was suggested by the author that the periods in solar acti-
vity are not limited to 27 days and 11 years but may have additional compo-
nents in the range of 4-6 months which may influence the seasonal characteris-
tics of the atmospheric parameters (CHANDRA, 1972). It has now become apparent
that such periods in solar activity do indeed exist and are intrinsic periods
of the Sun (LEAN and BRUECKNER, 1989 and the references therein). LEAN and
BRUECKNER (1989) have shown that the solar activity, as inferred from the
sunspot blocking function, the 10.7 cm solar radio flux(F10.7), and the
sunspot number show a strong periodicity at about 155 days or 5 months. Their
studies do not indicate the relative importance of this period with respect to
the 27 day period. However, a recent study by HOEGY and WOLFF (1989) suggest
that the amplitude of the 5 month period is comparable to the 27 day period in
the F10.7 cm data and about 30-40% smaller in the solar Lyman a data obtained
from the Solar Mesospheric Explorer. These authors have also reported the
existence of a 7 month solar period inferred from the photoelectron current
measured by the Langmuir probe on the Pioneer Venus orbiter over the time
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period from 1979 to 1987. It is, therefore, of interest to know if the
atmospheric parameters respond to changes in solar UV flux at periods other
than 27 days and if so, what are their relative sensitivities.

The purpose of this paper is to study the relative response of the middle
atmosphere to solar forcing at 155 and 27 day periods as indicated from the
spectral analyses of a number of solar indices. As discussed in LEAN and
BRUECKNER (1989), the range of the 155 day period varies from 152 days to 160
days depending upon the time interval of data used in the spectral analysis.
For convenience, this period will be referred to as a 5 month solar period.

DATA SOURCE AND ANALYSIS

The data used for this study consist of daily values of ozone mixing
ratio at 2 mb obtained from the Nimbus-7 SBUV instrument and the daily values
of total ozone obtained from the Nimbus 7 TOMS experiment. In addition,
temperature data at a number of pressure levels, derived from the NMC ana-
lyses( GELMAN et al., 1986), are used as indicators of thermal and dynamical
conditions in the middle atmosphere. Both the ozone and temperature data are
obtained from the NSSDC (National Space Science Data Center, Greenbelt, Md,
20771) and are zonally averaged in the latitude interval of 10 degrees from
-80S to +80 N. Many of the characteristics of these data sets have been
extensively discussed in the literature (eg., CHANDRA, 1986, HOOD 1987, and
the references therein). The time interval used for this study covers the
period of about 6 years from January 1, 1979 to October 1984 and mostly
corresponds to periods of high solar activity. The data after 1984 were not
included because they correspond to periods of low solar activity and tend to
increase the contribution of dynamical signals at the expense of solar sig-
nals.

As an index of solar UV flux, we have used the daily values of F10.7, the
solar decimeter flux measured at Ottawa, Canada. The 10.7cm index is consid-
ered to be one of the best solar indices available for studying the long term
characteristics of solar UV flux in the spectral range of 160-400 nm (HEATH
and SCHLESINGER, 1986). However, we will discuss some of the implications of
using this index as compared to directly measured solar UV flux at 205 nm
(F205), also measured from the Nimbus 7 SBUV spectrometer.

For each latitude zone, the most apparent characteristics of ozone and
temperature time series are annual and semiannual components which are peri-
odic and generally independent of solar activity. In the case of Fl0.7, the
most apparent feature is the 11 year cycle which is modulated by periods
varying from 13 days (one half solar rotation) to several months. For studying
the atmospheric response to solar variability on time scales of less than six
months, it is useful to remove the longer term periods which may dominate the
spectral characteristics of these time series. The most expedient way to
remove periods greater than six months is to subtract a 180 day running
average from each of the time series. This was found to be adequate for solar
indices such as F10.7 and F205 which do not have strong seasonal components.
For ozone and temperature time series, subtracting a 180 day running average
did not substantially reduce the annual component particularly at middle and
high latitudes. The contributions of annual, semiannual and long term trends
from ozone and temperature time series were, therefore, first removed using a
regression model consisting of annual, semiannual and linear terms. The
resulting time series were then treated the same way as F10.7 and F205, i.e.,
from each of the time series a 180 day running average was subtracted to
emphasize periods less than six months.

SPECTRAL CHARACTERISTICS OF SOLAR DATA
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Figure 1. The power spectra of F10.7 and F205 (top panel, solid and dotted
lines) and the spectra of their coherency (middle panel) and phase(lower
panel). The power spectra are expressed as a percentage of total power for
each time series. The horizontal dotted line in the upper panel corresponds
to 95 % confidence level (CL) for the spectral estimate of the first series
(F10.7). In the middle panel it corresponds to 95 % CL for the coherency
spectrum. The spectral bandwidth is indicated by a bar in the upper panel. The
figure also lists a number of useful parameters: These are: lag (days), length
of the series (days), correlation coefficient of the two series, total
power(power) of the first(X1l) and the second(X2) series (in arbitrary units)
and bandwidth( cycles/day).
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The spectral characteristics of F205 and F10.7 for periods less than six
months are shown in Figure 1 (upper panel) in the form of the power spectra of
the two series covering the time interval from January 79 to June 1982. Shown
in this Figure are also the spectra of coherency squared and phase (middle and
lower panels) of the two time series. The calculations are based on algorithms
described in JENKINS and WATTS (1968) using a Tukey Hanning spectral window of
240 days and lag of the same interval. This results in a bandwidth of .006
cycles/day. Both the spectra are normalized to their respective total powers
for visual comparison of the relative powers of significant periods.

Figure 1 clearly shows two major peaks at 28 and 160 days (5 months)
respectively. In addition, it shows an intermediate peak at 53 days which is
probably a harmonic of the 5 month period (LEAN and BRUECKNER, 1989). These
periods are also present in F205. However, their relative powers are very
different in F205. For example, in F10.7 the powers in the 5 month and 27 day
periods are of equal magnitude. In F205, the 5 month period contains half the
power of the 27 day period. The 53 day period is barely significant in F205
and the 13 day period is significant in F205, but not in F10.7. 1In spite of
these differences, the two time series are almost in phase (bottom panel) and
show significant coherency at all periods between 27 days and 5 months.

The differences in the spectral characteristics of F205 and F10.7 time
series with respect to the 27 and 13.5 day periods have been extensively
discussed in the literature and are attributed to the differences in the
spatial and temporal characteristics of the active regions which give rise to
these emissions (DONNELLY et al., 1983). The origin of the 160 day period is
not well understood. It is believed to be associated with those regions of the
Sun where magnetic field is concentrated in small areas such as sunspots (LEAN
and BRUECKNER, 1989 and the references therein). HOEGY and WOLFF (1989)
attribute this period and other longer periods to long lived flux enhancements
caused by nonlinear interactions of global oscillation modes in the sun’s
convective envelope and radiative interior.

SPECTRAL CHARACTERISTICS OF OZONE AND TEMPERATURE

The spectral analyses of the 2 mb ozone mixing ratio and F10.7 or F205
show a measurable response in ozone to changes in solar flux at 27 days at
tropical and mid latitudes but not at high latitudes. The 2 mb ozone also
shows a strong signal at about 4 months which from the time series analysis
can be attributed to winter time planetary wave disturbances. However, this
period has no coherency with the 5 month period in F10.7 or F205. The solar
response in ozone at 27 days is significantly increased when dynamical signals
are minimized by averaging over a latitude band of 140°. This, however, does
not improve the response at 5 months. Figure 2 shows the spectral character-
istics of ozone mixing ratio at 2 mb with respect to F10.7 (upper panel),
their coherency (middle panel) and phase (lower panel). The two time series
cover the time interval from January 1979 to 1984. The data after 1984 were
excluded because they correspond to very low solar activity and increase the
relative contribution of dynamical signals at the expense of solar signals. In
addition, ozone time series are averaged over i40° to minimize the interfer-
ence from dynamical signals. As seen in Figures 2, the normalized power
spectrum of F10.7 shows strong peaks at 5 months and 27 days as in Figure 1.
The relative magnitudes of these peaks are not changed by including an addi-
tional two and half years of data after June 1982. The power spectrum of ozone
mixing ratio shows a strong peak at 4 months with considerable overlapping of
power with 5 month period of F10.7. In comparison, the 27 day peak is only
slightly above the 95% confidence limit. Notwithstanding these differences, the
coherency spectrum of the two time series shows a significant peak at 27 days
with almost no phase lag. The value of coherency squared at 4 or 5 month
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periods are close to zero. A similar analysis of temperature at 2 mb shows a
strong peak at 4 months as in 2 mb ozone. It, however, does not show signifi-
cant coherency at 27 days or any other period indicating that temperature
variances are mostly dynamical in origin and the solar signal, if any, is at a
noise level.

The 4 month period seen in ozone and temperature data is a manifestation
of increased planetary wave activity during the fall and spring epoches in
both the hemispheres and is quasi-periodic in nature. Therefore, unlike the
annual and semiannual cycles associated with the seasonal changes, this perioed
cannot be filtered from a given time series by harmonic analysis. It manifests
itself in the same way as shorter periods in the range of 3-7 weeks, i.e., it
is global in extent and independent of solar activity. Its phase varies with
latitude such that oscillations at high and tropical latitudes are 180 out of
phase (CHANDRA, 1985 &1986). Figure 3 compares the power spectra of 2 mb
temperature at 60°N and the equator and the spectra of their coherency and
phase. It shows a strong period at about 4 months in both the time series and
relatively broad periods in the spectral range of 3 to 7 weeks. These periods,
though statistically significant, are considerably weaker than the 4 month
period. The coherency and phase spectra of 2 mb temperature at 60°N and the
equator in Figure 3 strongly suggest the dynamical nature of oscillations
between 3-20 weeks. All periods in this range show significant coherency and
are 180 out of phase with respect to high and low latitude oscillations which
are characteristics of dynamical oscillations.

A similar inference about the dynamical nature of the 4 month period can
be made by comparing the power spectra of total ozone and ozone mixing ratio
and temperature at different pressure levels and latitudes. All these spectra
indicate the dominance of a 4 month period unrelated to solar activity. They
also show significant coherency between ozone and temperature at all frequen-
cies between 27 days and 4 months both in the upper and the lower strato-
spheres. Their phase spectra, however, show an in phase relation in the lower
stratosphere and an out of phase relation in the upper stratosphere. This
phase change reflects a transition from a dynamical control to photochemical
control of ozone from the lower to the upper stratosphere as discussed in
CHANDRA (1986). The absence of a 5 month solar signal in the ozone data
indicates that it is relatively weaker than the 27 day signal and is masked by
a strong interference from a dynamical signal of comparable period unrelated
to solar activity. Its relative weakness with respect to the 27 day component
is consistent with the fact that the solar spectrum in the UV range is also
weaker at this frequency compared to the 27 day component as indicated in
Figure 1.

CONCLUDING REMARKS

In this paper, we have studied the response of the stratospheric ozone
and temperature at time scales of solar periodicities at 27 days and 5 months.
The study which was based on six years of data from 1979 to 1984, covered the
most active period during solar cycle 21. The spectral and cross spectral
analyses of these data showed a significant solar respomse in ozone mixing
ratio at 2 mb at 27 days with a phase lag of less than a day. No such response
was observed at the 5 month period. The temperature between 2 and 70 mb did
not show significant response to solar forcing at either 27 days or at 5
months. These results are consistent with the earlier conclusions of the
author (CHANDRA, 1985 and 1986) that the solar induced perturbations in
temperature are too weak to be detected against the background dynamical
disturbances which are several times larger and independent of solar activity.
The lack of solar UV response in ozone at 5 months may also be attributed to
the dominance of a 4 month period in ozone and temperature data whose phase
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and amplitude, like other dynamical perturbations, are latitude dependent.
This, coupled with the possibility that the UV component of the 5 month period
may be weaker than the corresponding 27 day component, makes the detection of
a solar response in atmospheric data much more difficult.
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The purpose of this paper is to present a summau;y of some current work on mea-
surement and interpretation of stratospheric ozone and temperature responses to observed
short-term solar ultraviolet variations. Although some studies have yielded provisional
evidence for a nearly in-phase ozone-solar cycle relationship, they extend at most over
only one or two eleven-year cycles so the statistical significance of the correlations is not
large. Similarly, the relatively short lengths of individual satellite data sets combined with
the problem of estimating the effect of changes in instrument sensitivity (drift) during the
observing period have complicated attempts to infer long-term or solar cycle ozone trends.
The solar rotation and active region development time scale provides an alternate time scale
for which detailed studies of middle atmospheric ozone and temperature responses to solar
ultraviolet variability are currently possible using available satellite data sets. At tropical
latitudes where planetary wave amplitudes are relatively small, clear correlative evidence
for the existence of middle atmospheric ozone and temperature responses to short-term
solar ultraviolet variations has been obtained in recent years [GILLE et al., 1984; HEATH
and SCHLESINGER, 1985; HOOD, 1984; 1986; KEATING et al., 1985; 1987; CHAN-
DRA, 1986; ECKMAN, 1986; AIKIN and SMITH, 1986; HOOD and CANTRELL, 1988].
These measurements will ultimately allow improved empirical and theoretical calculations
of longer-term solar induced ozone and temperature variations at low and middle latitudes.

The satellite remote sensing measurements that are utilized here consist of the Nimbus
7 solar backscattered ultraviolet (SBUV) daily zonal mean profiles and stratosphere and
mesosphere sounder (SAMS) gridded retrieved temperature data available from the U.S.
National Space Science Data Center. In order to characterize variations in solar spectral
irradiance at wavelengths where photodissociation of molecular oxygen is important, the
flux at 205 nm as measured with the SBUV instrument is chosen to be consistent with
earlier studies. The flux at this wavelength has been found from analyses of SBUV solar
flux data to be representative of short-term variations throughout the 170-260 nm range
that is of importance for ozone photochemistry [DONNELLY et al., 1987].

Figure 1 compares the 205 nm solar irradiance time series with zonally averaged SBUV
ozone mixing ratios and SAMS temperatures for the equator at 1.5 mbar (approximately
45 km altitude). This altitude is chosen because it is intermediate between the locations
of the ozone response maximum (about 40 km) and the temperature response maximum
(about 50 km). A low latitude is selected because of the increasing seasonal and planetary
wave amplitudes with increasing latitude which increase the difficulty of detecting changes
caused by solar ultraviolet variations. Day-to-day variations and short gaps between daily
zonal mean temperature, ozone, and solar ultraviolet time series were minimized using a
7-day running mean and linear interpolation algorithm.

The 205 nm flux time series is characterized by a broad maximum corresponding to
the solar activity maximum of 1980-1981 and short-term variations associated with active




region development and solar rotation. The originally measured 205 nm flux data set also
contains a long-term trend ascribable to instrument drift. We have therefore employed the
Mg II core ratio of HEATH and SCHLESINGER (1986) to represent changes in the 205
nm flux on time scales greater than 35 days. The resulting scaled 205 nm flux time series
(normalized to a value of 10.22 W cm™> as measured on November 7, 1978) decreases by
approximately 6% between solar maximum in 1980-1981 and late 1984. For comparison,
the Solar Mesosphere Explorer satellite has measured a change in monthly mean 200-205
nm flux of approximately 5.5% between early 1982 and early 1985 although instrument
error sources are still being evaluated (G. ROTTMAN, private communication).

The 1.5 mbar equatorial SAMS temperature time series (bottom panel) is charac-
terized by semiannual and annual components with superposed shorter-term fluctuations.
Because of the strong temperature dependences of the reaction rates that determine the
ozone concentration, these semiannual and annual temperature variations produce nega-
tively correlated ozone variations as shown in the center panel. This characteristic em-
phasizes the need to consider simultaneous temperature measurements when interpreting
ozone temporal behavior at altitudes and latitudes where photochemical equilibrium is a
reasonable first approximation. Finally, it should be noted that small interannual trends
present in both the SBUV and SAMS measurements could be due in part to instrument
drift and are not necessarily real.

From the amplitudes of seasonal ozone and temperature variations as well as the
possibility of instrument related long-term drifts, it is clear from Figure 1 that detection
of solar ultraviolet induced ozone or temperature responses on seasonal and longer time
scales from the currently available Nimbus 7 data sets would be very difficult. On the
other hand, as can be seen in the top panel, 27-day 205 nm flux variations are as large as
6-7% (peak-to-peak) and are therefore comparable to the probable change in the monthly-
mean flux over a solar cycle. Consequently, most recent efforts to detect and characterize
middle atmospheric ozone and temperature responses to solar ultraviolet variations have
concentrated on the solar rotation time scale.

In order to isolate temporal variations on time scales comparable to the solar rota-
tion period, all time series may be detrended by subtracting the 35-day running mean in
each case. In order to allow a direct visual comparison of the resulting short-term 205
nm flux deviations with the ozone and temperature deviations, Figure 2 superposes the
UV time series onto the atmospheric time series. Positive correlations between equatorial
1.5 mbar ozone variations on this time scale and solar 205 nm flux variations are evident;
this is particularly true during intervals of relatively strong and continuous 27-day solar
UV variations such as those occurring in October 1979-February 1980, May-August 1980,
and June-August 1982. It is apparent from the lower panel of Figure 2 that 1.5 mbar
temperature deviations are not positively correlated with UV deviations at zero lag. How-
ever, a tendency for temperature maxima to occur after UV maxima by 5-10 days can be
discerned visually in some time intervals, particularly October 1979-February 1980 and
June-August 1982.

In order to derive the average low-latitude ozone or temperature response sensitivity to
observed changes in the 205 nm solar flux, cross-correlation and linear regression methods
have been applied. This sensitivity is defined as the percent change in either ozone mixing
ratio or temperature for a 1% change in the 205 nm flux. Also determined is the phase
lag in days of either ozone or temperature relative to the 205 nm flux. In order to test the
reproducibility of the previous results of HOOD [1986], HOOD and CANTRELL (1988)
analyzed separately the two independent time intervals ‘A’ and ‘B’ of Figure 2. Figures 3
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Figure 1. Comparison between the SBUV 205 nm solar flux (adjusted for long-term trends
using the Mg II core ratio of HEATH and SCHLESINGER, 1986) and zonal mean equa-
torial ozone mixing ratio and temperature at the 1.5 mbar level.
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(from HOOD and CANTRELL, 1988).




and 4 summarize their results. The ozone response is seen to reach a maximum of about
0.5% near the 2 mbar level for a 1% change in the 205 nm flux. Actual peak-to-peak ozone
mixing ratio changes were as large as 3% corresponding to maximum 205 nm flux changes of
6-7% on the 27-day time scale. The temperature response maximizes near the stratopause
and amounts to 0.06% (about 0.17 K) for a 1% change in the 205 nm flux. Actual peak-to-
peak temperature changes were as large as 1 K. Formal error limits for each time interval
represent standard deviations from the mean of separate estimates for the five 10° latitude
zones between 25°S and 25°N. As shown in Figure 3, ozone response amplitudes and
phase lags derived in these separate analyses are generally in agreement. Formal error
limits overlap in all cases except for the response amplitude at 2 mbar which is somewhat
larger during interval ‘B’ than during interval ‘A’. As shown in Figure 4, temperature
response amplitudes and phase lags are also in approximate agreement although formal
error limits are significantly larger for the response amplitudes. Temperature phase lags
below 2 mbar also appear to be somewhat larger during interval ‘B’ than during interval
‘A’. These response measurements agree well with an independent analysis by KEATING
et al. (1987) of the same 4-year time interval.

The ozone response measurements of Figure 3 are compared to two simulations of
the expected response calculated using radiative-photochemical models. The solid lines
show the response amplitude and phase lag calculated by BRASSEUR et al. (1987) using
a one-dimensional time dependent radiative photochemical code. This simulation is in
qualitative agreement with the measurements but the amplitude of the calculated ozone
response is noticeably less than the observed response above about 5 mbar. It has been
suggested that a part of the difference between the model result and the observed ozone
response is due to the use of diurnally averaged photodissociation rates in the model calcu-
lations. HOOD and DOUGLASS (1989) have reported calculations using a parameterized
perturbation-order radiative photochemical model but using a variable solar zenith range
in the photodissociation calculations that is more appropriate for comparison with the
SBUV measurements. The resulting ozone response amplitude and phase lag are shown in
Figure 3 as dashed lines. The increased photodissociation rate changes result in a higher
amplitude for the ozone response that is more nearly in agreement with the observed
amplitude at levels below about 3 mbar.

As noted earlier, the monthly mean solar 205 nm flux (scaled using the Mg II core
ratio) decreases by approximately 6% between solar maximum in 1980-1981 and late 1984
(Figure 1). Adopting this flux variation, the same radiative photochemical code used to
produce the dashed line model of Figure 3 for the 27-day time scale may be applied in
order to estimate the expected solar cycle variation of czone mixing ratio at levels between
3 and 10 mbar and at equatorial latitudes. Results show predicted mean ozone mixing
ratio decreases of 2.0% at 3 mbar, 2.3% at 4.5 mbar, and 0.8% at 10 mbar for the interval
between solar maximum in 1980 and solar minimum in 1985. Such decreases would be
small in comparison to seasonal variations and would be difficult to detect relative to other
natural sources of variability such as the El Chichon volcanic eruption. The net change in
the ozone column at low latitudes resulting directly from these upper stratospheric mixing
ratio decreases would be less than 1%.

Although radiative-photochemical models can yield an approximate agreement with
the observed ozone responses and phase lags below 3 mbar, it is unlikely that the large
discrepancy between observed and theoretically calculated temperature phase lags (Figure
6) can be simulated by such models. As previously argued by HOOD (1986; 1987) and by
BRASSEUR et al. (1987), the shortfall of the calculated temperature phase lags results
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Figure 3. SBUV ozone response amplitudes (sensitivities) and phase lags determined by
linear regression for the indicated time intervals. Error bars are standard deviations from
the mean for separate regression estimates for five 10° latitude bands centered on the
equator. Also shown for comparison are two theoretical profiles (see the text). (after
HOOD and DOUGLASS, 1989)
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from the fact that Newtonian cooling lifetimes in the upper stratosphere are relatively
short (e.g. about 5 days near 1.5 mbar; SCHOEBERL and STROBEL, 1978). Conse-
quently, calculated temperature phase lags for 27-day solar ultraviolet forcing are no more
than 3-4 days when only radiative heating is considered. It therefore appears that more
than a one-dimensional model that considers only photochemistry and radiative heating
is needed to provide a complete description of the observed responses. At a minimum, a
two-dimensional model with coupled dynamics may be required.
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GASES OF THE MIDDLE ATMOSPHERE AND SHORT-TERM SOLAR RADIATION
VARIATIONS

DANILIN M.Yu., KOUZNETSOV G.I.
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Now there is no good agreement between theoretioal and experi-
mental data of ozone (03) response to 27(13)-day solar ultraviolet
irradiance variations (SUVIV)(Brasseur et al,1987;Hood,1987,1988
a,b;Keating et al1,1987). But a few daye duration SUVIV
(acoompinied ,for example,solar flares (SF)) has not been studied
yet. Bo the main purpose of .our research is to investigate
amplitudinal,duirnal,seasonal,latitudinal and phase parameters of
ogone and other trace gases of atmosphere to suoch short-term
SUVIV.

Pirst,our method for revealing 03 response to BUVIV,caused by
fast flare proocesses is disoribed(Danilin et al,1987).We us BY
as an indicator of solar aotivity(Gibson,1973). 3B(N) and 2B(N) SP
with time interval of more than 6 days between them were ochosen
from (S8olar-Geophysioal Data,1971-1984). Given such SF we selected
ogone profiles O3 (The Ozone Data for the World,1971-1984)
(simul taneously ;ith W and P10.7 data for the same day) in time
interval of +2 days from SF oocurence. Ozone response & 4 wan
defined as 0..-B

€ 3i V3i

0
where 03 -month-averaged ozone 31

oonocentration at i-level(i=9 (height z>42km), 8(37.5km<z<42.6km),
7(32.7km<z<37.5km), 6(28.2km<z<32.7km),T0-total ozone). In this
way we analysed 1939 individual measurements for Jan.1971 -
Bept.1984 (msee Pig.1). It is important to mstress statistiocally
represantative ogzone profile response (1-1.8%) and TO response
time delay deep into the atmosphers.

We used one-dimensional radiative-photochemical model for study
trace gas responses to 27(13)-day SUVIV (Danilin,1989). This solar
irradiance perturbations were taken in sinusoidal form with
speciral profile O8(A) aooordi.nﬁ to (Hood et al,1988a;Fig.1b) and
8(205nm)=2.57%. The value of 3(A) was deoreased by faotor of 0.9
for 13-day S8SUVIV. Temperature response for 27-day BSUVIV was
adopted aocoording to (Brasseur et a1,1987;Fig.3,line 1).

Por 27(13)-day SUVIV j-th gas photodissooiation rate at height
z takes form (2):

'100%| ( 1 )

2xt
JJ(z'x)=z I,(A)x(1+B(A)xsin 57-(1-57)‘03(M'q)j(l)"t(luz.x)dl (2)

here IO(A)-—the solar flux at the top of the atmosphere,
0;(A)-oross-seotion of j-th moleoula,
qaj (A)-quantum yield,

T(A,2,))-atmosphere transmission funotion.
Ozone response was defined both in therms of “"mensitivity" (i.e.
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%03/1% at A=205nm) and in per oent deviation from undisturbed
concentration. It was established that duirnal modulation of 03
response was very important. Aotually lines 1 and 2 in Frig.2a
ocorrespond to ozone responses at model midday and 24 hour-averaged
value for the day of 27-day SUVIV sinusoid maximum acoordingly.
Line 3 in Pig.2a shows the half-period averaged ozone response.
Comparisons of our results with "Nimbus-7" data (Keating et
al,1987) demonstrate closer agreement in the upper
stratosphere, than similar results (Brasseur et al,1987;Hood et al,
1988b). TheBe disorepances are due to different duirnal
photodisBociation rates model disoriptions. Phase ocharaoteristios
of ozone response are shown in Fig.2b for the mentioned soenario.

Fig.3 illustrates ozone responses at equator at 1.5 mbar (a)by
(Hood, 1987 )and by our model results (b) at 44km (24 hour-averaged)
to real profile 1205 during November-December 1979. Good agreement
between lines a) and b) oconfirms oorrectness of our theoretiocal
caloulations.

Studying seasonal and latitudinal dependenoe of 03 response we
used the Bame temperature response dependence by(Chandra,1986). It
was established that 03 response became maximum at equator in sum-
mer and minimum - in winter polar and midlatitude regions.

Responses of HNO3,0H,NO2 and H to 27-day SUVIV for model midday
(equator,June) are shown in Pig.4. Strong HNO3 oontent deorease
(especially in the mesosphere) was caused by inorease of both HNO3
photodissociation rates and HNO3+0H -->NO3+H20 reaotion rate. NO2
and OH responses were experimentally undetectable due to small
values of their sensitivities.

We think that the development of more acourate sateliite
devices and oonsideration of dynamioal regime ohange during
27(13)-day SUVIV and other geophysical effeots (that mask styding
effeots)should constitute the main directions of further researoch.
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ATMOSPHERIC PLANETARY WAVES INDUCED BY SOLAR ROTATION
A.A. Krivolutsky

Central Aerological Observatory, The USSR State Committee for
Hydrometeorology, 123376 Moscow, USSR

It is known that there are variations in the atmospheric
processes with a period close to that of the rotation of the Sun
( 27 davs). The variations are discovered in tropospheric proces-
ses (WASSERFAL, 193%5), rainfalls (ROSENBERG, 1974), geopotential
(KING et al., 1977) and in stratosphere (EBEL and BATZ, 1977;
EBEL, 1981; KRIVOLUTSKY, 198235 KRIVOLUTSKY et al., 1987).

The main theoretical problem is the identification of the
physical process by which these heterogeneous scolar and meteorolo-
gical phenomena are connected. VOLLAND (1979) using the astronomi-
cal observations faound a 27-day harmonic of the solar constant
with amplitude of about 0.1% and considering the process of heat
transfer from surface of the Earth due to its periodic heating as
a forcing effect and using methods accepted in the theory of tides
obtained that the induced wave corresponding to a selected Rossby-
-Haurwitz mode (2,-6) should have an amplitude of almost an order
of magnituder smaller than that obtained by King. IVANDVSKY and
KRIVOLUTSKY (1979) proposed that the periodic heating of the ozone
lavyer by the short wave radiation would be the reason of
excitation the 27-day oscillations. It was also assumed that
excitement takes place in condition of resonance with an excited
mode (1,-35) corresponding to the conditions present in the
stratospheric circulations. Now we shall discuss the possibility
of the resonant excitation and make the presentation of the data
analysis results which support this idea.

THE STRUCTURE OF RESONANCE WAVES

Linear tidal theory may be used to study the generation and
the structure of the planetary waves generated by a heat ozone
source. With the boundary conditions that the vertical wind should
disappear at the ground and that the radiation condition 1is at
infinite, it is found (IVANOVSKY and KRIVOLUTSKY, 1979) that for
isothermal atmosphere the height structure becomes:

A
/DHS(Z) —~ (_.(X../)/(a.(KI_B_;;/)é //X
R (2) s’ (Kz‘K')'(Ka— )'%:“)'Poo

oo

X eKaf%—,f (f)cff ()
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where ¥ = C_/C_, K = 1/7, = (1/46 - p=1/y .x H/KHZ, nS -
equivalent gep hy ¢’ = o + ag, a - index of zonal cxrcuTatlon, a =
= u/a cos®, u - zonal wind, a - radius of the £arth, o - the fre-

quency of 27-day rotation, P (2) = P_ _exp(-Z2/H).
It is known that near Oh® = yH the atmospheric waveguide beha-
ves like a resonance cavity, so near this region:

S . -2
— S
LYY = - 2h,
’ 20 >F
where f = o/20, 2 - the angular frequency of the Earth’s rotation.
We can use the expression for eigenfrequencies (DIIKY, 1969):

S 252s
S, = &S — 402‘(228 : (2)

dh.

s (r-S)Ch+S)ChH) , (h-sri)(rest)h?
B” T (2r-D@h+1) he (21'1+/)(2n+?>)(n+Da

n(h+i) +

where:

Using the expression (2) we find a value:
S
2522
E)F7n _ Z?c: S
°f T 23 B
n
So that one can rewrite the expression (1) in the form:

(K, 2)/H

A° L) yH N e

Je aé%s' Bs 8! (-85+i3, /A ff g”(fﬂf(s)

where v, is eddy viscosity coefficent, H = yH/p-1. For example,
the ampliltude of the resonant wave (o % an) near the surface is:

f_,,iﬁ(z;wa/H.p_.Ea Ty
Po(o)’~ Bhs P S
a-f 00 O
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The @27-day variability of the UV radiation (HEATH, 19733
ROTTMAN, 1983) and the existence of "“"ozone waves" - global longx—
tudinal inhomogeneity - helps to calculate the value of pS /P (2)
corresponding to ozone heating function:

Q (2,F, M) =Z Ixc;oéx\’?os' e 5%

300hm< )\ < 360 hwm

where 1 - solar irradiance, o, - crossection _of absorption,
@© . . 5 A

n - concentration of ozone, Z - zenit angle, ® - function of

Hough. With using the values of variability such as:

Alxw/lxw % 0.005 (0.3%)

AM /M % 0.1 (10%)
3 3

and:

vz o leo"cm/ca

we get the estimation of the 27-day wave amplitude:

pl /P % 0.005 (5 mb)
-5 oo
We have used n = -5 and s = 1 because these values of wave-
-numbers give the eigenperiod near 27 days. The value of the wave
disturbance according to our estimation and the expression (3)
is near to 100 gpm or more if the resonance conditions exist (on
30 mb).

RESULTS OF DATA ANALYSIS

Now we shall make the presentation of some improvements for
the existence of the resonant mechanism.

Figure 2 borrowed from KRIVOLUTSKY et al. (1987) presents
evolution of amplitudes of the 27-day harmonic in series of H and
W (solar spots number). It could be seen that the curves for
and W are rather well synchronised and periods exist when tge
amplitudes of the oscillations with the period close to 27 davys
are significant (more than 100 gpm).

Figure 3 showes the evolution of the phase difference in
27-day oscillations of and W. The relative invariance of the
difference should testify to the coherency of the solar and atmo-
spheric oscillations of this period. 1t could be seen that the
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curves for H and W are rather well synchronised when the ampli-
tudes are significant.

Figure 4 allows to see the longitudinal behaviour of the
phase for the period when the amplitude is large. It is clear that
the wave is westward with the wave-number s = 1.

CONCLUSIONS

Theoretical calculations with the use of the tidal theory
reveal the possibility of resonance in the atmospheric system to
the 27-day oscillations (mode n = -5, s - 1) with amplitude of the
wave more than 100 gpm on 30 mb surface due to the absorption in
Huggins bands which changes by about 1% and to the existence of
longitudinal inhomogeneity of total ozone. The data analysis
reveals such waves in the atmospheric processes and the
correlation with the solar activity.
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RESONANT ROSSBY WAVES AND SOLAR ACTIVITY
A.A. Krivolutsky, 0.A. Loshkova

Central Aerological Observatory, The USSR GState Committee for
Hydrometeorology, 123376 Moscow, USSR

Large—-scale transient waves are essential part of atmospheric
dynamics. Some of these waves (like 27-davy waves, KRIVOLUTSKY,
1982; EBEL, 1981; KING, 1977) would have a solar nature. In this
parer we want to investigate the contribution of the 27-dav
planetary waves to a total long-period spectrum of the atmospheric
processes during one solar cvycle.

DIIKY (1969) showed that the eigenfrequencies of Rossby waves

are
208
o0 = as —
n nin+1) + (4a0f/gn%) x BS
n n
where aS = En/Ts, TS - periods of the waves, a — zonal circulation
index, a - radius o? the Earth,s (n,s) — wavenumbers, 2 - frequency

of the Earth’s rotation, hn - equivalent depth and

s _ (n—s)(n+s)(n+1) . (n—s+1)(n+s+1) ne

N (Br=1)(En+1) NS (@n+1)(2n+3) (n+1)°

IVANOVSKY and KRIVOLUTSKY (1979) proposed that the 27-dav
wave has a resonant nature (h°> % yH). We shall try to investigate
the real atmospheric processes. The method of two-dimensional wave
analysis which we can use is described by KRIVOLUTSKY (1981). In
this method of analvysis a two-dimensional meteorclogical field is
writen in the form

Y= > [RE s ot vshay))
7 5=0

+ S:’ Gos (3, t+ P, )- Cos CSM}

where As— longi tude, wn = 2mn/T, T - time scale, s - zonal wave

number, R ,S - amplitudes of transient and standing waves. The

sign of ths Rs determines the direction of the wave propagation.
Using the ?ollowing trigonometrical identicals

Teer Cos (WSpt £ 8)) Sin (Wt tmA)dtd)
Cos (wnt —5)) Cos (Wnt +mA)dtdr (- 5
Sin (cOnt-5X\) Sin (Wnt+mM)dtd)

(@




o Cos (Wnt+5\) Cos (S, T+ml)

-
5 J {Cos ( Wnt +s))Cos (Wrt-mX) Y\
o © Sin (Wpt-s)\)Sin (Sht-mh)

(7T, s=m
- o, §¥m

w2 can the ne:ct stem

@ /[ Y(,z/\)(‘os(u) £45))dtd)=

!

- Rf cosz(gj) + 51 Cos (19,5)
\F = 7TT ff Y('f'k) Sin (LJ 't"‘S)\)J‘ttD\—

PA
-:-_-R Sm(? ) SnSm(Pn)
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So we can find the amplitudes of transient waves

/RS/ / Co,:;/,sn,s M(%ns‘f/ns) (k//"s ns\2
2/ PR

m

/53] 2hi:
s WS S
9'? = Q’Zij ( T ) P 2Cf<?é

Figure 1, shows the results of two-dimensional analysis for
the period 1971-1981. The main result is that the periods of
large~scale transient waves are close to the resonant situation
(h % H). The amplitudes of the waves attain the value of about
100 gpm. Figure 2 shows the vertical structure of the 27-day wave
and the role of the wave motions with s = 1,2,3. It could be
seen that there is a dominant scale in transient stratospheric

waves (s = 1),
So we may conclude that the resonant nature of the 27~day
wave is not unicum. There are long-periods waves ( S5S0-day wave)

in stratosphere which belong to the resonant waves, too. It is a
very interesting fact for the solar activity—-weather problem.
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ON THE RELATIONSHIP BETWEEN THE PHASES OF 27-DAY TOTAL OZONE AND
SOLAR ACTIVITY INDICES IN DIFFERENT LATITUDINAL ZONES

I.N. Ivanova, A.A. Krivolutsky; V.N. Kuznetsova

Central Aerological Observatory, The USSR State Committee for
Hydrometeorology, 123376 Moscow, USSR

The purpose of this paper is to analyse the dynamics of
27-day total ozone variations during an ll-vear solar activity
cycle at high and low latitudes. .

The stations Churchill (S8°45°Nj} 94°04°’W), Goose-Bay (53°
19°N} &0°25’W); and Kodaikanal (10°14°'N3 77°28'E) were selected
for this analysis, firstly, because of the longest observation
rows at these stations, covering the period from 1968 through 1985
and, secondly, due to the fact that, according to earlier sample
calculations; the amplitudes of 27-day total ozone variations at
high—-latitude stations are the largest.

The calculations were made using a specially worked out
program permitting, besides the determination of the amplitudes
and phases, the observation of the coherence of phases in any time
interval. To characterize solar activity, solar radio-flux at 10.7
cm was used, which according to KEATING (1978) and HEATH et al.
(1971) correlated well with both the radiation at A = 210 nm and
the global ozone variations.

The results of the calculation of total ozone PpPhases
difference and those of the index F » as well as the amplitudes
of the 27-day variations of these parameters are presented in Fi-
gures 1 and 2, respectively. As can be seen in Figure 1, in the
periods of maximum solar activity (1968/1972 and 1978-1982), the
difference between the phases varies within 5 to 6 days, while in
the vears of the minima it appears to have a negative value of 6
to 7 davys (which corresponds to the total ozone maximum occurrence
in about 20 days after the F, maximum). At Goose—-Bay a somewhat
lesser mean difference of éRéZes in the vyears of maximum solar
activity is connected with the sharp change of the phase
difference in 1981, and particularly in 1969, which needs an extra
detailed analysis. As can be seen in Figure 1 (c,d), the above
regularities in total ozone behaviour are not observed in summer,
which results also in the unchanged amplitudes of 27-day total
ozone variations (Figure 2) during the transition from the minimum
to the maximum of solar activity.

In winter, both at the Churchill and Goose-Bay stations we
observe the g9rowth of the amplitudes of 27-day total ozone
variations in the vears of active Sun, which are most pronounced
in the ascending branch of li-year solar cycle. The latitudinal
change of the phases of 27-day total ozone variations in winter is
shown in Figure 3 (a and b)), where the 27-day variations are
determined for S-month rows of daily ozone values, separately for
the winters (November through March) of 1975-1976 and 1980-1981.
The shaded bands in each of the figures show the phase of the
27-day variation of F s which coincides well with the actual
occurrence of the maxima’ in Novembers 1975 and 1980, respectively.
As can be seen from Figure 3b, at mid latitudes the maximum of
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27-day total ozone variations immediately follows the FIO 7
maximum gradually spreading towards high and low latitudes. :

In the vears of minimum solar activity one fails to observe a
similar relationship.

The spectral analysis of total ozone data and index F for
each of the vears has shown that from vear to vear change not ‘only
the amplitudes of the variations observed, but also do the
periods. Thus, every & vyears a sharp increase occures of the
period of FlO variations up to 30 davs, with the following
decrease down'Zo 24-25 days. However, total ozone does not show
such a periodicity. At Kodaikanal the occurrence of total ozone
variations with nearly a 27-day period has an episodic character.
Thus, the investigation conducted indicates the necessity of a
more detailed analysis of the phenomena considered above.
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TOTAL OZONE TIME VARIATIONS DURING THE SPRING REVERSALS IN THE
HIGH LATITUDINAL STRATOSPHERE OF THE NORTHERN HEMISPHERE DURING
THE 20th AND 21lst SOLAR CYCLES

V.6. Kidivarova

Central Aerological Observatory, 141700 Dolgoprudny, USSR

The principal features of the thermodynamic regime of the
stratosphere are governed by the development of the winter strato-
spheric low and the Aleutian and Atlantic heights. These are fed
by the influx of the eddy energy transported into the stratosphere
by the planetary waves. The intensity and variability of planetary
waves and vortices associated with the waves determine the
conditions of low-to-high latitudes ozone transport in the winter
hemisphere. Note that the ozone distributions are zonally inhomo-
genaeous.

Figure 1 shows the March 1984 and 1985 course of total ozone
(TO) for the stations of Leningrad (Voeikovo, &60°N 30°E) and
Markova (&0°N 170°E) and data of spring reversals (D) in Julian
dates. Time variations of TO are out of phase at these stations.
Voeikovo lies within the area affected by the stratospheric polar
cyclonic vortex which blocks the inflow of ozone from low latitu-
des. Markovo lies within the area affected by the Aleutian high,
which usually centres in temperate or subtropical latitudes; the
circulation within this vortex stimulates latitudinal exchange.
These two thermobaric systems form, as a rule, planestary waves
with zonal wave number n = 1. Connections between TO and planetary
waves variations are shown in Figure 2. Figure 2 presents the day-
~to-day course of TO as observed at Voeikovo during February-March
1985, besides the amplitudes of the planetary waves at 30 hPa 60°N
are given. Variations of TO are practically in counterphase with
planetary wave amplitude variations (KIDIAROVA and TARASENKO,
19873 KIDIAROVA and SCHERBA, 1986).

The planetary wave dynamics is affected by solar activity
variations during solar cycles. The 20th solar cycle maximum was
accompanied by decreases of stratospheric planetary wave amplitu-
des, the 21st cycle was accompanied by increases of amplitudes.

Tab. 1. January mean total ozone values for maxima of the 20th
and 2ist solar cycle (1968 and 1979, respectively).

Station 1968 1979
Churchill 459 364
Resolute 483 325

Lervick 403 322
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Tab. 2. Juli1an dates of spring reversals (D) and TO in Marches
tor the eastern (E) and western (W) phases of OBO during
the 20th and 2lst solar cvcles.

cvcle 20 cvcle 21
WBO phase E W E W
Julian date 88 98 7 89
T0
Churchill 468 455 468 466
Velikovo 419 412 416 411
Mar kovo 474 432 472 452
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THE VERTICAL OZ0ONE DISTRIBUTION DURING MAXIMUM AND MINIMUM SOLAR
ACTIVITY

G.A. Kokin, N.I. Brezgin, [.N. [vanova, V.N. Kuznetsova.
E.M. Larin, V.V. Sazonovs A.F. Chizhov. O.V. Shtirkov

Central Aerolegical Observatory. The USSR State Committe for
Hydrometeorology, 123276 Moscow,s USSR

To study the latitude variation of ozorne vertical distri-
bution the complex experiment was carried out 1n February-Julyv
19685 between 40°N - 70°S at the Pacific and the Indian Oceans. The
great bulk uf their data network were taken bv the optical rocket
ozonometers at the Southern hemisphere.

The results were compared with reference models (KEATING and
YOUNG, 1985 containing the most extensive set of ozone
observations from VS satellites between 1978 and 1982. To analvyse
lati1tude-season ozone variability at fixed altitude levels the
experimental ozone concentration data were confirmed with model
equatorial data by the eguation:

N (¢) — N (0%
m
Ke () =
N (0%
m
where N - ozone concentration at a fixed altitude level, ¢ - lati-
tude, e - index for experimental data. m - index for reference

model data.
To compare the experimental data with reference model data.
analogous model values Km (¢2) were calculated by the equation:

)y - (0°)
Nm(p Nm

N (0°
m

)

The results of calculation (Figure 1) indicated a good
agreement between experimental and reference model data of
relative latitude-season variations of ozone concentration.
Maximum variability is observed at SO km 1n the equator (o~ 20%)
and not exceeded 13% in the other regions at all altitude levels.

The latitude gradient agreement between K _ and K 1is good in
April-June, g?peciallv at latitudes 50°5-70°5,%where ﬁ. is equal
to 0.014 deg at all altitude levels. The minimum difference bet-
ween K and K is located at 40 km in 0°-40°S, and K_(p) = 0,005
deg it is 5 region of equilibrium state). €

Similar experiments were carried out in different regions.
The geographical location nof first measurements during 1965 were
at 47°S, 52°S and 98¢ along 78°W (KRUEGER, 1973) and of second
measurements during 1979 were along &6°30°N  at 55°-88°E (BREZGIN
et al., 1984). To compare the measurements 1n 1965 with 1979,
correlation value K’ (g) has been used:
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This value represents the relative declination of experimental
data N_ (¢ (IVANOVA and KOKIN, 1986) from reference model data
N () ?KEATING and YOUNG, 1983) at the same latitude ¢. Figure 2a
sPows the value K ' (p) at 950°-60"S in 1965 and 1985. The tvpe of
declination 15 1n @ 9ood agreement in both cases: this declination
has a negative value above 40-45 km and has a pPositive value below
thi1s altitude level.

The declination of experimental data from reference model
data in 1985 at equatorial reqion is such as at middle latitudes,
but 1n 1979 the value K'(g) siyn 1s changed. It must be noted a
minimum solar activity 1n 1965 and 1985, but maximum solar activai-—-
ty 11 1979, So the increase of ozone concentration can be explai-
ned by 1ncrease of solar activity. This conclusion is confirmed by
[VANOVA and KOKIN (1986).
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VARIATION OF D-REGION NITRIC-OXIDE DENSITY WITH SOLAR
ACTIVITY AND SEASON AT THE DIP EQUATOR
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D. K. Chakrabartyl, S. V. Pakhc:mov2 and G. Beig‘l

1 Physical Research Laboratory, Ahmedabad 380 009, India

2 Central Aerological Observatory, USSR State Committee for Hydromete-
orology & Control of Natural Environment, SU-123376, Moscow, USSR.

To study the solar control on electron-density(N ) in the equatorial
D-region, a program was initiated with Soviet collaboration in 1979. Total
31 rockets were launched during the high solar activity period, 1979-80 and
47 rockets during the low solar activity period, 1984-86 from Thumba(8°N) to
measure the N_ profiles. Analysis of the data shows that the average values
of Ne for theehigh solar activity period are higher by a factor of about 2-3
compared to the low solar activity values. It has been found that a single
nitric oxide density, [NO],profile cannot reproduce all the observed N profi-
les. An attempt has been made to reproduce theoretically the observed N pro-
files by introducing variation in [NO] for the different solar activity pgriods
and seasons.,

INTRODUCTION

To study the solar activity variation in electron density at the equato-
rial region an Indo-Soviet collaborative program was initiated in 1979. Under
this program total 47 rockets of type M-100 were launched during the low solar
activity period(1984-86) and 31 during high solar activity period(1979-80)
from Thumba (8.5°N, 76.8°E), India to measure the electron density of the D-re-
gion. All the observations were made for solar zenith angle (%) = 70-80°,
To measure N a d.c. probe method was used for all the above flights. This
avoided any vgariability due to the different measuring techniques. The details
of the technique can be obtained from SINELNIKOV et al (1980). Using these
profiles, firstly the empirical models of N for low solar activity (LSA) and
high solar activity(HSA) periods have been"made.  An attempt has been made
to reproduce them theoretically. Analysis was also done for different months
and seasons. To reproduce all the observed profiles it has been found that
the nitric oxide density has to be varied both with solar activity and season.

ELECTRON DENSITY MODELS

All the profiles obtained during LSA period(1984-86) and HSA period
(1979-80) have been averaged separately. Averaged profiles thus obtained for
LSA and HSA periods are plotted in Figure 1, These electron density data were
averaged in block of 5 km for the whole altitude range from 65-90 km. The
values of standard error in mean have been calculated. These are shown at
some altitudes(profile 1 and 2). For the sake of comparison, the N_ profiles
obtained by MECHTLY et al(1972) from a mid latitude station for low and high
solar activity conditions (%= 60°) are also shown (profiles 3 and 4). Profile
5 was obtained by Langmir probe experiment carried out from Thumba, India
for LSA- period(SUBBARAYA et al., 1983). It is clear from Figuare 1 that the
averaged values of N_ for the HSA period are higher by a factor of about 2
compared to the LSA values. The present HSA values are in agreement with the
values of MECHILY et al.(1972) below 75 km, but above this altitude the present
values are higher. The N_ values (LSA) of SUBBARAYA et al(1983) agree well
with the present LSA values® below about 75 km.

Figure 2 show the electron density profiles obtained for the month of
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April during LSA and HSA periods. It is interesting to note here that like
in Figure 1, N values in April do not show any significant variation. A plot
of Ne values for a fixed height does not show any systematic variation. It
indicates that the factors other that solar zenith angle also control the
electron density.

RESULTS AND DISCUSSIONS

A theoretical attempt has been made to reproduce the observed average
electron density profiles of Figure 1 by introducing the variation in nitric
oxide density for different solar activity periods and seasons. It has been
found that a single nitric oxide density profile can not reproduce the observed
N profiles of Figure 1. The nitric oxide density profiles which reproduce
the observed N profiles are shown in Figure 3( profiles 1 and 2). In this
figure, two meisurements of [NO] at Thumba, one at HSA condition (TORKAR et
al, 1985) and other at LSA condition (TOHMATSU and IWAGAMI, 1976) are shown
(profile 3 and 4 respectively). The mid latitude profiles of BAKER et al
(1977) and MEIRA (1971) are also shown in the same figure. It is clear from
this figure that the nitric oxide density values (profile 2) needed to repro-
duce the high solar activity profile of N_ are higher by a factor of about
5 compared to the low solar activity valués (profile 1). It is also to be
noticed that, in general, the present [NO] values are higher compared to the
observed profiles obtained from the same location. The derived [NO] values
for LSA are greater than the measured values(profile 3) by a factor of about
ten. The present HSA values of [NO] are greater than the measured HSA values
of TORKAR et al(1985) by a factor of about five. One can also see from this
figure that the present values are much higher compared to the mid latitude
values of profiles 5 and 6.

It appears from Figure 2 and 3 that besides solar activity variation
there could be a seasonal variation of [NO] also. To study these aspects,
N data were analyzed for different seasons(winter, summer, autumn, and spring)
fSr both LSA and HSA conditions. The nitric oxide density profiles required
to reproduce these electron density profiles have been derived. These are
shown in Figure 4 for LSA and HSA conditions. Lower scale represents the LSA
values of [NO] whereas the upper scale represents the HSA values of nitric
oxide density. From Figure 4, the following interesting points emerge:-(1)
[NO] values show a seasonal variation during both LSA and HSA conditions. (2)
for LSA period, [NO] values are minimun in winter and maximm in spring and
autumn seasons. The spring value of [NO] at 75 km are higher compared to win-
ter value by a factor of four. (3) For HSA period, trend of nitric oxide varia-
tion is almost in opposite phase compared to LSA period below about 77 km.
The [NO] value for winter season is higher by a factor of three at 75 km compa-
red to spring value of [NO]. Above 78 km, however, the spring values of [NO]
became slightly higher compared to winter and summer values. (4) Both summer
and winter values of [NO] show a minimum around 80 km for HSA period. Whereas
the autumn and spring values show a constant value of [NO] above about 75 km.
It should be mentioned here that the autumn values are based on one month obse-
rvations only. (5) The LSA values of [NO] show a broad minimum ranging from
75 to 80 km for winter. It is also clear that the minimum in winter season
is at 75 km which shifts to 80 km for spring season.

CONCLUSION
Analysis of electron density data obtained by 78 rocket experiments car-
ried out at Thumba, India during the period 1979-86 have been done. In conclu-

sion following points are made:-

(1) The average value of Ne for HSA is found to be higher by a factor
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of 2-3 compared to the LSA values. When data were analyzed for
a particular month (April), the Ne variation with solar activity
was found to be insignificant.

(2) The above variation in N_ has been attributed to the variation in
nitric oxide density. £ theoretical analysis shows that the HSA
value of [NO] is higher by a factor of about five compared to LSA
value.

(3) To reproduce the Ne values of different seasons, a seasonal varia-
tion in [NO] density is needed.
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DIURNAL AND TEMPORAL VARIATION OF UV-FLUX AND ITS
DEPENDENCE ON STRATOSPHERIC OZONE
Bs Se. N. Prasad, H, B, Gayathri and B, Narasimhamurthy
Department of Studies in Physics, University of Mysore
Manasagangotri, Mysore-=570 006, I!'DIA,
ABSTRACT

As part of Indian Middle Atmospheric Trogramme, clobal UV-B
flux is measured reqularly at Mysore (12°7, 76°2Z), The results
of a preliminary anzlysis on the variation of UV.B flux with
atmosnheric ozone for the reriod Arril-liay 1987 arec nresented in
this paper.

EXPERIMENTAL SETUP

The UV-B Photometer radiometer 1s designed to measure tle
global (sum of direct and diffuse radiations) UV-B flux at four
wavelengths 280, 290, 300 and 310 nm. The photometer system was
designed and fabricated at the National Physical Laboratory, New
Delhi, The system is made up of three units:

1, Radiometer unit consisting of an intecrating
sphere, filter wheel and photomultiplier (FM)
tube,

2. A hich voltage power supply to provide highly
regulated 0-1200 VDC for operating the PM tube,

3. Data logger with vrinter for recording the
output signal from the PM tube,

The system was calibrated usino the UVespectroradiometer model 742
of Optronics Laboratories, USA to convert the vhotometer outnut (mV)

into absolute flux (W/bmz/nm). Photometer filters were found to
have the maximum transmigssion at 283, 295, 303 and 319 nm,

RESULTS

The results reported here are based on the analysis of the
UV-B data collected at Mysore during the months Apr il-May 1987,
Clear sky conditions generally prevail during this period of the
vear., ~igure 1 shows a typical diurnal variation of global UV-flux
at 280 and 300 nm, The ground reaching UV-flux is maximum at
local noon (aprrox, 1220 hrs IST), The noon sola zenith distance
reaches overhead position on 23 April and changes to about 11° on
12 June, TFive day running average of the noon UV-flux shows a
trend which follows closely the solar altitude and exhibits a
periodic behaviour (Fig, 2). Power spectral analysis of this noon
UV-B shows a periodicity of 12 days. Similar pericdicity seen in
the trace gas mixing ratios durinc MAP/GLO3US 1983 camnaign has
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been interpreted in terms of horizontal and vertical transport of
trace gases (OFFEZRMAI et al. 1987).

Ozone values (DU) are measured recularly at Kodailkanal
(10°17, °Z) by the India Meteorolooy Department from Dobson
snectrophotometer. Fiqure 3 shows the temooral variations of
ozone and UV-B flux at 290 nm at X =60 Similar trend is seen
with the ozone and UV=£flux at other times of the day. An
examination of Fig.3 shows the well known trend in UV-B flux
decrease with increase in stratospheric ozone. It is observed
that a 3 vercent increcse in ozone results in a 35 percent
decrease in the UV-B flux (global) measured zt Mysore, This is
much larger than the values computed theoretically (DAVE and
[~LEZRM, 1976). Similar results have been found in the UV-B flux
measurements at Delhi (SRIVASTAVA et al, 1934).

Table 1 ¢ives the UV-B flux for Anril 15 and May 15 at
different solar zenith ancles,

Table 1: UV-B flux (w/cmz/hm)

Solar zcnith ancle

Anm  Date noon 20° 40° 60°

g0 ADril 15 3,4(-10) 2.7(=10) 1.65(=10) 0,7(=10)
May 15 2.3(=10) 2,15(=10) 1,2(=10) 0,52(=10)

290 April 15 1,9(-10) 9.,8(-9) 5.2 (=9) 2.4(=9)
May 15 9.2 (=9) 842 (=9) 4.5 (=9) 1,85 (=9)
Anril 15 5.8(=7) S(=7) 2.5(=7) 1.1(=7)

300 1oy 15 £.6(=7) 3.9(=7) 2.0(=7) 0.84(=7)
Aoril 15 5.6(=6) 4,3(=6) 2.2(=6) 1.0(=6)

310 pay 15 4,7(-6) 4(-€) 2,05 (=6) 0.88(=6)

=10

Read 1(-10) = 1x10
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Physical mechanisms of solar activity effects

in the middle atmosphere

A. Ebel,
Institute for Geophysics and Meteorology
University of Cologne, D-5000 Cologne 41, FRG

A great variety of physical mechanisms of possibly solar-induced variations in the
middle atmosphere has been discussed in the literature during the last decades. The
views which have been put forward are often controversial in their physical conse-
quences. The reason may be the complexity and non-linearity of the atmospheric
response to comparatively weak [orcing resulting from solar activity. Therefore
this review will focus on aspects which seem to indicate non-linear processes in the
development of solar-induced variations. Results from observations and numerical
simulations will be discussed.
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NUMERICAL SIMULATION OF THE MIDDLE ATMOSFHERE CHEMICAL
COMFPOSITION AND TEMFERATURE UNDER CHANGING SOLAR
CONDITIONS

A.M.Zadorozhny, 1.6G.Dyominov, G.A.Tuchkov
NMovosibirsk State University, USSR

There are given results of the numerical experiments on
modelling the influence of solar activity on chemical
composition and temperature of the middle atmosphere. The
consideration is made for peculiarities of solar activity
impact under different values of antropogenic pollution of
the atmosphere with chlorofluorocarbons and other stuff.
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AN INFLUENCE OF SOLAR ACTIVITY ON LATITUDINAL DISTRIBUTION
OF ATMOSFPHERIC OZDNE AND TEMPERATURE IN 2-D RADIATIVE-
PHOTOCHEMICAL MODEL

I.5.Dyominov
Novosibirsk State University, USSR

On the base of the two-dimensional radiative-photochemical
model of the ozone layer at heights @-46@ km in the Northern
Hemisphere there are revealed and analyzed in detail the
characteristic features of the season—-altitude-latitude
variations of ozone and temperature due to changes of the
solar flux during the 1l-year cycle, electron and proton
precipitations.
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SOLLAR WIND AND HIGH ENERGY PARTICLE EFFECTS IN THE MIDDLE
ATMOSPHERE

Jan Laftovicka

Geophysical Institute, Czechosl. Acad. Sci., Bocni II, 141 31
Prague 4, Czechoslovakia

INTRODUCTION

The solar wind is very variable. There are many different
solar wind and high-energy particle phenomena (often mutually
related) and their variability, which may affect the Earth and
its middle atmosphere: variability of vg,; variability of the
interplanetary magnetic field (IMF) B and of its components By
(radial), By (azimuthal), B, (north-south) - southward turning
of B, appears to be very geoactive; crossing the IMF sector
boundary (current sheet in interplanetary space); modulation of
galactic cosmic rays by solar wind and its IMF (especially
Forbush decreases); relativistic electron events (REP); solar
cosmic ray bursts (mainly protons with energies 100 kev - 10
GeV); highly relativistic electron events; high speed streams
and shock fronts; interaction regions in solar wind; etc. The
mechanisms of their effects often overlap each other.

Disturbances caused by solar wind and high energy particles
have high preference to winter higher latitudes since most of
the energy is focused into the auroral oval and its wvicinity
(higher latitudes) and because of the lack of solar UV energy
(winter).

GEOMAGNETIC ACTIVITY EFFECTS

The high speed streams, shock fronts and changes in solar
wind parameters (vg,, B) enhance geomagnetic activity and
generate magnetospheric substorms or geomagnetic storms
depending on the magnitude of the solar wind energy input.

The penetration (= precipitation) of energetic particles
appears to be the main factor responsible for the middle
atmosphere response to geomagnetic storms. These particles
consist almost exclusively of electrons (E > 20 keV) at middle
latitudes. A local middle atmospheric reponse may be affected by
transport from high latitudes.

The energy of the penetrating high-energy particles is lost
under impact (collisions) or by X-ray bremsstrahlung production.
The bremsstrahlung deposits energy at lower levels in the middle
atmosphere than the impact does.

The lower ionosphere responds very dramatically to
geomagnetic storms. The energy of the penetrating particles is
lost, however, not only through ionization, but also through
excitation, heating and dissociation processes. They result in
effects of various intensities in the neutral middle atmosphere.

Excitation processes result in airglow. Auroral optical
phenomena depend very much on the geomagnetic activity, of
course. SHEFOV (1973) and RAPOPORT and SHEFOV (19764) found an
aftereffect of the geomagnetic storm to exist in the wmid- and
low-latitude OH emission (night, h ~s 90 km). The effect in
midlatitudes begins a few days after the geomagnetic storm and
may last as long as 3-4 weeks. It is an effect of transport from
the auroral zone, not of local particle precipitation
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(especially at low latitudes).

Any energy deposition reflects itself 1in temperature.
Therefore, a response of the middle atmosphere temperature to
geomagnetic activity is expected to exist. The results of the
"Sun—-Atmosphere 1969, 1971, 1976" experiments performed at
Volgograd and the Heiss Island, of some soundings at the Wallops
Island and of some other experiments (KOKIN and MIKHNEVICH,
1974; BUTKO et al., 1974; IVANOVA et al., 1981; RAMAKRISHNA and
HEATH, 1977; TULINOV et al., 1973) show that the strongest
influence of geomagnetic activity on temperature is observed at
high latitudes and make it possible to suggest the following
scheme of geomagnetic activity {storms) influence on
temperature:

- lower thermosphere and upper mesosphere - heating;

- middle mesosphere (70 km) - opposite variation, cooling;

- lower mesosphere (60 km) - moderate heating;

- upper stratosphere - positive but not much significant
correlation.

Figure 1 shows the opposite ctourse of temperature and
geomagnetic activity-related corpuscular flux as measured in
October 1971 over Volgograd (BUTKO et al., 1976). Results of the
same rocket flights for 60 km provide a positive correlation of
temperature with geomagnetic activity-related corpuscular flux.

The geomagnetic activity also affects both boundaries of
the middle atmosphere, the turbopause and the tropopause.
ZIMMERMANN et al. (1982) found a strong correlation of A; with
deviations of the turbopause height ht from the mean diurnal
variation (but not with hy itself). BROWN and GRAVELLE (1985)
reported a significant increase of the tropopause temperature
and a decrease of the tropopause height two days after a flare-
associated high speed stream incidence on the Earth, but not
after recurrent streams.

Winds in the middle atmosphere are expected to respond to

geomagnetic activity. Since this topic is treated in more
detail by KAZIMIROVSKY (198%9), we only mention the existence of
an apparent difference between North American (weaker effect)

and European (stronger effect) results (LASTOVICKA, 198B8a).

Turbulence is another important dynamical parameter in the
middle atmosphere. 1t is not possible to determine whether or
not there is a direct relation between the energy input during
geomagnetic disturbances and the turbulent state of the high
latitude mesosphere (THRANE et al., 1985).

Geomagnetic activity influences the chemical composition of
the middle atmosphere, particularly that of minor constituents.

The most important minor constituents are O3z (heat balance) and
NO (ionization of the lower ionosphere).
Energetic particles are able to produce NO through

dissociative recombination of N2 and reaction: N + Oz = NO + O.
Due to the quasi-continuous particle penetration in the auroral
zone as a result of magnetospheric substorm activity, the NO
concentration in the auroral lower thermosphere is 2-3 times
higher than 1in midlatitudes, and decreases towards low
latitudes. The NO concentration at higher latitudes is organized
according to geomagnetic rather than geographic coordinates.
Similar trends also exist in mesospheric nitric oxide. All these
characteristics are confirmed by rocket and satellite
observations (e.g. references summarized by RUSCH and CLANCY
(1987) and LASTOVICKA (1988a).

Figure 2 gives an example of latitudinal dependence of NO
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Fig. 1. The opposite course of corpuscular flux (1 - full line
- electrons/cm“s) and temperature (2 - dashed line - absolute
temperature) on 6-9 October 1971 (BUTKO et al., 1974).
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Fig. 2. Three NO-profiles averaged over 5° of latitude (GERARD
and NOEL, 1986).
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concentration in the lower thermosphere based on AE-D
measurements. The NO concentration at 70°S is systematically
higher than that at 40°N and the NO concentration at equator is
again considerably lower.

Some results indicate an increase o©of NO concentration
during post-storm events in middle latitudes, (MARCZ, 1983;
SINGER et al., 19B7). SINGER et al. (1987) suggest that the
excess midlatitude NO is created dominantly in situ by local
particle bombardment and not by transport.

Another important constituent is ozone. BEKDRYUKOV et al.
(1976) studied the response of total ozone to geomagnetic storms
(Kp 2 4, 1960-70). They found a deep narrow depression in the
total ozone 1in the auroral zone 1 day after the onset of a
geomagnetic storm. A considerably weaker but still detectable
effect was observed for subauroral zone stations. BEKORYUKOV et
al. (1976) +try to explain the observed effects in terms of
redistribution of stratospheric baric fields. On the other hand,
DUHAU and FAVETTO (198%9) found a positive correlation between
the total ozone concetration observed at the Antarctic Syowa
station (1969-83) and the geomagnetic index Ap.

Figure 3 shows our results of investigation of
stratospheric ozone response to isolated and major geomagnetic
storms (1979-1983). We use the SBUV Nimbus 7 ozone data at 5 and
10 hPa levels and at 40°*, S50* and &0°N. Even if we use a

"tolerant" criterion of statistical significance - the
difference between extreme data points is statistically
significant at the 0.05 confidence level - we obtained no

statistically significant results for isolated storms and for
major storms, 40°N 5 and 10 hPa, 60°N 10 hPa. All "statistically

significant" results are given in Figure 4. The maximum is
ocbserved on the +B day, minimum on the -5 day (-4 at 10 HhPa).
However, in general, we do not observe any well-pronounced

effect of geomagnetic storms in the stratospheric ozone.
HIGH-ENERGY PARTICLES

We deal here with 3 types of events: variability of
galactic cosmic rays, solar proton events (= solar cosmic rays =
solar particle events) and relativistic electron precipitation
events. They represent the high-energy part of the spectrum of
energetic particles influencing the middle atmosphere. Their
effects in the middle atmosphere were reviewed by THORNE (1980).

Galactic cosmic rays are responsible for the ionization of
the lowest part of the lower ionosphere and of the stratosphere.
They also affect the chemical composition of the middle
atmosphere belonging among others to sonurces of odd nitrogen in
the lower stratosphere (THORNE, 1980). The strongest effect in
the galactic cosmic ray flux is its Forbush decrease. Some
Forbush decrease effects in the mesosphere are treated by SATORI
(1989).

The solar proton events (SPE) cause the polar cap
absorption (PCA) events in the lower ionosphere, they produce
odd nitrogen and odd bydrogen at high latitudes and,
consequently, they cause some increase of the nitric oxide
concentration above about 50 km and the well-known ozone
depletion. The SPE effects in the middle atmosphere are treated
in more detail by JACKMAN et al. (198%9).

The relativistic electron precipitation (REP) events occur
in auroral and subauroral latitudes. Their duration is typically




1-3 h. REP events are associated with magnetospheric substorms.
They contribute to the effects of geomagnetic activity in the
auroral and subauroral lower ionosphere. The REP events are
considered to be the dominant in situ source of nitric oxide 1in
subaurcral latitudes in the mesosphere, being important also 1n
the upper stratosphere (THORNE, 1980).

HIGHLY RELATIVISTIC ELECTRONS

BAKER et al. (1987) found an important role of highly
relativistic electrons (2-15 MeV) in the middle atmosphere at L-
shells about 3-B. Such electrons are largely absent near solar
cycle maximum, while they are prominent during the approach to
solar minimum. They closely parallel the presence of high-speed
solar wind streams (electrons occur on their declining edges),
which result from solar coronal hole structures during the
approach to solar minimum. Typical rise time of events is 2-3
days with similar decay time (BAKER et al., 1987).

The energy deposition profile of these electrons is shown
in Figure 4. The upper part of the "electron” curve represents
impact energy deposition, the lower part the bremsstrahlung
effect. The highly relativistic electrons dominate during the
peak of electron precipitation event between 40-80 (35-835) km
with a maximum energy deposition rate between S50-60 km.

The highly relativistic electrons produce odd nitrogen and
odd hydrogen. CALLIS et al. (1988) found the production of high
levels of odd nitrogen Jjust above the stratosphere and a
significant wintertime transport of this odd nitrogen to the
stratosphere. This increase of odd nitrogen is expected to
decrease ozone concentration. Thus highly relativistic electrons
can significantly influence the strato-mesospheric chemistry.

SHELDON (1988) suggested the following chain of phenomena,
which leads to the influence of highly relativistic electrons on
Antarctic ozone hole formation: enhanced ionization bremstrah-—
tung) in the stratosphere stimulates droplet formation 1in
supersaturated air - formation of polar stratospheric clouds —
low stratospheric temperature and ozone depletion.

EFFECTS OF INTERPLANETARY MAGNETIC FIELD

another factor of solar origin is the interplanetary
magnetic field (IMF). There are several possible effects of IMF:
those of its components B;, By and B,, and those of the crossing
of the IMF sector boundary. The effects of the changes of IMF
components in the lower ionosphere (and probably in the neutral
middle atmosphere, if there are any) are essentially a response
to the IMF-generated changes in geomagnetic activity. The
csituation is not so simple, however, when the IMF sector
boundary crossing (SBC) effects are considered.

There are two basic types of responses to the IMF SBC,
called geomagnetic and tropospheric, both of which are observed
in the lower ionosphere. They differ in morphology as well as
mechanism (LAéTDVICKA, 1979, 1988a).

There are several factors, which make the geocactivity of
IMF SBCs variable:

a) The considerable seasonal variability of the ionospheric and
atmospheric responses to IMF SBCs.

b) The dependence of the amplitude of effects on the degree of
disturbance before the IMF SBC.
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Fig. 4. Energy deposition rate profiles for highly relativistic
electrons (full line - peak of an event), galactic cosmic
rays and solar EUV radiation (BAKER et al., 1987).
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c) A different effect of "pro-" and “anti-" sectors, which 1is
important for the geomagnetic type effect.
d) Crossings of proton sector boundaries (the boundaries

followed by enhanced streams of low-energy solar protons)
evoke considerably stronger effects than crossings of non-
proton sector boundaries.

The IMF SBC could influence the ozone concentration. The
contradiction between the results of various authors concerning
the IMF SBC effect in the total ozone (LAQTOVI&KA, 1988b) was
shown to be rather apparent by BREMER and LASTOVIEKA (1989) who
found for midlatitude European stations the existence of a
statistically significant effect only for proton sector
boundaries while the effect of common sector boundaries was
quite negligible (Figure 3).

With the use of winter data (December 1979 - December 1982)
on the ozone mass mixing ratio between 40°-60°N form the SBUV
experiment onboard Nimbus-7, it was found that there was no IMF
SBC effect at 0.4, 1, 3 and 10 hPa levels (LAéTDVIéKA, 1988b;
La8tovifka and GILL, 1988).

Data on temperature, wind speed and direction, and height
of 7 isobaric levels between 1000-10 hPa (10, 30, 50, 100, 300,
500, 1000 or 950 hPa) above Berlin were analysed for winters
1964-73 by LASTOVICKA (1988c). Figure & shows for wind speed all
the curves, where the difference between mean maximum and mean
minimum data points is statistically significant at the 0.1
level (very tolerant criterion). There is no effect in the lower
stratosphere (50 and 100 hPa) and only a questionable effect in
the middle stratosphere. Similar results were obtained for other
parameters.

The observed IMF SBC effects are small. They are in no way
a dominant channel of solar activity influence, but they are not
negligible in some altitudinal regions.

We may outline the following pattern of the IMF SBC
effects in winter at middle latitudes at heights of about 0-100
km (LASTOVIEKA, 1988b):

Lower ionosphere - two different effects, the day—-time effect
of the tropospheric type (quietening) and the night-time
effect of the geomagnetic type (disturbance).

lLower mesosphere - no effect in ozone.
Upper stratosphere — no effect in ozone.
Middle stratosphere - no effect in ozone, wind direction and

temperature; questionable (if any) effect in isobaric
heights and wind speed.

Lower stratosphere - no effect in VAI, isobaric heights,
temperature, wind speed and direction.

Troposphere - relatively well-developed effect in VAI and an
effect in wind direction, both of the tropospheric type;
questionable (if any) effects in isobaric heights,
temperature and wind speed.

ENERGY BUDGET

Probably the best attempt to study the energy budget of the
middle atmosphere at high latitudes was made in the Energy
Budget Campaign (EBC) in Northern Europe in autumn 1980.

Table 1 shows the energy budget at 90 km for two salvoes of
the EBC - salvo C (quiet conditions) and salvo A2 (fairly strong
geomagnetic disturbance). Even though all the figures given in
Table 1 are very rough estimates, there is no doubt that during
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salvo C the atmosphere at 90 km was strongly out of balance due
to the peculiar turbulent structure of that day (OFFERMANN,
1985). As to the role of energetic particles in the energy
budget, Table 1 shows that it increases with increasing magnetic
activity, but dynamical, photochemical and radiative mechanisms
together appear to play a more important role than the particle
energy deposition. Nevertheless, the variability and uncertainty
of various energy sources/sinks at high latitudes is high and
the question of the role of energetic particle and geomagnetic
activity influence in the high-latitude middle atmosphere has
not been definitely solved yet.

Table 1
Energy budget at 90 km (heating and cooling per one day) for two
salvoes of the Energy Budget Campaign after OFFERMANN (1985).

Energy source/sink salvo C salvo A2
(quiet) {disturbed)

Particle precipitation £ 1K € 2.5 K
Solar irradiation 5 K S K
IR cooling (15 um) 4 K - 7.5 K
Wave dissipation < 1K 1 K
Atomic oxygen recombination 16 K S K
Turbulent cooling 0 K -10 K
Sum + 19 K - 4 K
BE CAREFUL

Solar wind and high energy particle effects in the middle
atmosphere are not usually dominant effects and may be often
overlapped and masked by other effects. One must be very careful
in selecting input data for studying statistical relations
between various factors. It is necessary either to eliminate
other influences, or to compensate for them, or to take their
effects into account when the results are interpreted. The above
presented factors, which make the geocactivity of the IMF sector
boundaries variable, may serve as an example.

Some corelations or effects may be considerably modulated
by quite unexpected factors, as e.g. the phase of the quasi-
biennial oscillation, or the role of planetary waves in the
middle atmosphere response to periodic solar UV forcing. Similar
factors may influence also the middle atmosphere response to
solar wind and high energy particle flux variability.

CONCLUSION

The solar wind variability and high-energy particle effects
in the neutral middle atmosphere are not much known. These
factors are important in the high-latitude upper mesosphere-
lower thermosphere energy budget. They influence temperature,
composition (minor constituents - nitric oxide, ozone),
circulation {wind system) and airglow. The vertical and
latitudinal structures of such effects, mechanisms of downward
penetration of energy and questions of energy abundance (trigger
mechanisms?) are largely to be solved.

The most important recent finding seems to be the discovery
of the role of highly relativistic electrons in the middle
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atmosphere at L = 3 - 8 (BAKER et al., 1987).

The solar wind and high-energy particle flux variability
appear to form a part of the chain of possible Sun-weather
(climate) relationships. The importance of such studies in the
nineties is emphasized by their role in big international
programmes STEP and IGBP - Global Change.
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INTRODUCTION

Solar particle events (SPEs) have been investigated since the late 1960's
for possible effects on the middle atmosphere. Solar protons from SPEs produce
jonizations, dissociations, dissociative ionizations, and excitations in the
middle atmosphere. Either directly or through a photochemical sequence both HO,
(H, OH, HO,) and NO, (N, NO, NO,) are produced as well, These HO, and NO,
constituents are important because they can lead to the destruction of ozone.
Most of these investigations have been primarily focused on the effects of SPEs
on ozone, however, a few have been related to the effects of SPEs on odd nitrogen
(N, NO, NO,, NO;, N,05, HNO;, HO,NO,, and C1ONO,) constituents.

The SPEs are good tests for model validation because the large
perturbations to the atmosphere assoclated with SPEs are confined to high
latitudes, last only for days to months, and are easily distinguished in
satellite data. This allows the comparison of measurements with a wide variety
of models, ranging from simple point models to two-dimensional models.

Ozone depletions have been observed during and after nine separate SPEs
over the past two solar cycles (HEATH et al. 1977; MCPETERS et al. 1981; THOMAS
et al. 1983; SOLOMON et al. 1983; MCPETERS and JACKMAN, 1985). SPEs have also
been observed to increase NO during one SPE (MCPETERS, 1986).

The production of HO, and NO, and their subsequent effects on ozone can
also be computed using energy deposition and photochemical models. We discuss
the effects of SPE-produced NO, species on the odd nitrogen (NO,) abundance of
the middle atmosphere as well as the SPE-produced long-term effects on ozone.
The influence of HO, species on ozone has been discussed in other papers (e.g.,
SOLOMON et al. 1981: JACKMAN and MCPETERS, 1985) and will not be repeated here.

ODD NITROGEN (NO,) VARIANCE DUE TO SPEs
The production of NO, species by SPEs has been predicted since the mid
1970's (CRUTZEN et al. 1975). Recently, a satellite measurement (MCPETERS,
1986) was made of the NO increase after a major SPE (July 1982). This measured

NO increase was in good agreement with our predicted NO increase, computed
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assuming 1.25 nitrogen (N) atoms produced per ion pair (PORTER et al. 1976).
The agreement between the predicted and measured NO increase has given us
confidence in the reliability of the computations for NO, species’ increase
caused by SPEs.

A dataset of proton fluxes has become available from Thomas Armstrong and
colleagues (University of Kansas) which allows for a daily computation of ion
pair production and, subsequently, NO, production due to SPEs. The proton fluxes
are given in integral form for energies greater than 10 MeV, 30 MeV, and 60 MeV.
The data are available for the time period 1963 through 1985. We have used those
data in a manner similar to that discussed in JACKMAN and MEADE (1988) and
compute a daily ion pair production over the 23 year time period in a form
suitable for inclusion in our model.

The ion pair production computed with the use of the daily average proton
flux data of T. Armstrong compares favorably with the ion pair production
computed using the hourly average proton flux data found in the Solar Geophysical
Data publication for most SPEs. However for the August 1972 SPE, the ratio of
the hourly computed ion pair production to the daily computed ion pair production
ranges from about 3.7 in the stratosphere to near 1.0 in the mesosphere. We have
normalized the daily to the hourly computed ion pair production for this one SPE
only for two reasons: 1) the hourly computed ion pair production is believed to
be more accurate than the daily computed ion pair production and 2) the August
1972 SPE is the most important SPE in the last two solar cycles for its effects
on the middle atmosphere.

The ion pair production was input into our two-dimensional photochemical
model (DOUGLASS et al. 1989) whose vertical range has been extended to be from
the ground to about 90 km with about a 2 km grid spacing and from -85°S to 85°N
with a 10° grid spacing. It was assumed that 1.25 N atoms are produced per ion
pair in this model computation. The SPE production of N atoms was only input
at geomagnetic latitudes above 60° (see JACKMAN and MEADE, 1988, for an
explanation).

The two-dimensional model was run to an annual equilibrium condition in
which the seasonal values of constituents repeat yearly. The model was then run
for 23 years from 1963 through 1985 and investigated for changes. For all model
runs in this investigation the ultraviolet flux was not allowed to vary with the
solar cycle.

Figure la illustrates the variability of NO, at 1.7 mb (44 km) and 75°N
over the 23 year peried. Note that NO, can vary dramatically after an SPE,
especially after the August 1972 SPE, but the NO, values generally return to
their ambient levels 2 to 6 months after the event. The NO, seems to be affected
only by those SPEs which have an ion pair production over about 100 ion pairs
(cm™® sec™!). This is not a strict rule as the time of year and, therefore, the
ambient NO;, amount help determine the magnitude of the NO, change at a certain
level (see JACKMAN and MEADE 1988 for further discussion). Some downflux of NO,
from the SPE’s mesospheric production of NO, is also associated with the SPEs and
is important during certain seasons (late fall, winter, and early spring). This
downflux can also influence the amount of NO, in the upper stratosphere.

Figure la, as well as our analysis of NO, at other altitudes and latitudes,
indicate that the NO, produced by SPEs over solar cycle time periods does not
build up, but can be important at high latitudes on seasonal time-scales. This
result is not surprizing given the small fraction of the annual odd nitrogen
budget that was computed by JACKMAN et al. (1980) to result from SPEs. The
majority of the annual production of odd nitrogen is a result of nitrous oxide
oxidation and was recently computed (JACKMAN et al. 1987) to be 2.7 X 10%* NO
molecules per year. The largest production of NO molecules from SPEs was in the
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year 1972 at the level of 6.4 X 10 NO molecules per year, only 24% of the
nitrous oxide source. The production of NO molecules from SPEs in other major
SPE-active years 1s typically half or less than that computed for 1972.

LONG-TERM OZONE VARIANCE DUE TO SPEs

Figure 1b illustrates the variability of ozone at 1.7 mb (44 km) and 75°N
over the 23 year period. The ozone decreases are directly correlated with the
NO, increases presented in Figure la.

The percentage change in modeled ozone as a result of the August 1972 SPE
is given in Figure 2 at two latitudes. The latitudes in the Northern Hemisphere
(N.H) at 75°N (Figure 2a) and 55°N (Figure 2b) indicate a larger ozone depletion
at 75°N than at 55°N. Other latitudes investigated from our model results show
a similar behavior with the larger ozone depletions being associated with the
higher latitudes. This behavior was also observed in the BUV ozone data (JACKMAN
and MCPETERS, 1987). The magnitude of the depletion observed in the BUV dataset
was similar to that predicted by the model computation. For example, about a
15-25% maximum ozone depletion was observed between 70° and 80°N and about a 5-
15% maximum ozone depletion was observed between 50° and 60°N.

Our model results at 55°S (not shown) indicates over a 20% ozone depletion,
but the model at 55°N indicates a 5-10% depletion in the time period 20 to 60
days after the SPE, implying a large hemispheric difference in the level of ozone
depletion. MAEDA and HEATH (1980/81) showed that the S.H. did experience a
larger ozone loss than did the N.H. SPE-produced NO, in winter has a far greater
effect on ambient NO, amounts and, therefore, on ozone levels than does SPE-
produced NO, in summer (see JACKMAN and MEADE, 1988, for more discussion on SPE
effects on NO, amounts).

DISCUSSION AND CONCLUSIONS

Model computations indicate fairly good agreement with ozone data for the
SPE-induced ozone depletion caused by NO, species connected with the August 1972
SPE. Future studies should include a more detailed intercomparison of the ozone
behavior with altitude, latitude, and time. It would also be useful to compare
these detailed studies with another large SPE, perhaps one that occurs during
the current solar active period. Since NO, constituents are responsible for over
70% of the ozone loss in the stratosphere (JACKMAN et al. 1986), it is useful
to validate the NO, photochemistry which is used in atmospheric models to predict
ozone amounts.

Our model computations indicate that NO, will not be substantially changed
over a solar cycle by SPEs. The changes are mainly at high latitudes and are
on time scales of several months, after which the NO, drifts back to its ambient
levels.
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Figure 1. (a) Model predicted NO, percentage change at 1.7 mb (44 km) and 75°N.
(b) Model predicted ozone percentage change at 1.7 mb (44 km) and 75°N.
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Figure 2. Model predicted ozone percentage change as a function of day of year
in 1972 for (a) 75°N and (b) 55°N. The ozone change is a result of the August
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ENERGY DEPOSITION OF CORPUSCULAR RADIATION IN THE MIDDLE
ATMOSPHERE

K. Kudela

Inst. Exp. Physics, Slovak Acad. Sci., Ko#ice, Czechoslovakia

INTRODUCTION

Main components of corpuscular radiation contributing to
energy deposition (ED in eV cm "s ) in the atmosphere (10-100
km) are cosmic ray nuclei (CR - galactic and solar) and high

energy electrons (HEE), mainly of magnetospheric origin.
COSMIC RAY INTERACTION IN ATMOSPHERE

Two types of interactions with nuclei of air constituents are
important: inelastic nuclear interactions and Coulomb collisions.
Figure 1 shows the energy losses dE/dx, range h (in height scale)
and probability of imnelastic nuclear interaction for proton in air
(nuclear data from JANNI, 1982).

Nuclear interactions lead to the decrease of initial CR flux
due to fragmentation of nuclei and to the creation of "new"
corpuscular particles and electromagnetic radiation. Above 30 km
(~ 1 qg cm 2) less than 0.2 % protons, 5 % He and 20% of Fe nuclei
had their first nuclear interaction. This fraction increases with
decrease of h, and below ~ 50 km nuclear interactions must be
included for ED calculations.

Relations between the parent CR nuclei and their secondary
products, which again undergo nuclear interactions, coulomb
collisions and decay, are complicated. In DATTA et al. (1987) it
is recognized that gamma rays constitute the resultant component
from different decay channels. From the knowledge of »-ray profile
and absorption coefficient of y-rays in atmosphere, the ion
production rate (PR = ED/35(eV)) was predicted which for middle
latitude gave good agreement with direct PR measurement below 20
km. Figure 2 illustrates profile of PR down to 10 km. For low
latitudes the main sources of PR variability are atmospheric
density variations (e.g. seasonal).

The coulomb collisions of CR nuclei in atmosphere lead to
direct ionization. The mean relative ionization energy loss,
dE/dx, is given by Bethe-Bloch formula (BBF). VELINOV et al.
(1974) used BBF for PR computations of CR above 50 km where
coulomb collisions are dominant. Figure 3 shows profiles of PR.
Due ta 2% dependence in dE/dx, heavy CR nuclei contribute
significantly to the total PR by ionization: CR protons being B86%
of CR population give 30%Z of PR while nuclei Z 26 (only 1.15% of
CR) give 51.5%~ of total production. For estimation of PR by
CR Figure 1 may be used.

Three main factors control the ED of CR (not assuming
meteorological variations): geomagnetic filter, modulation effects
of CR in heliosphere and solar CR impact.

First of them leads to the latitudinal (A ) variations of ED
profiles. In real magnetic field, according to trajectory calcu-
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lation, the approximation R = 16.237 L7299  ( being Mcllwan's

parameter and Rc— rigidity of particle (R = p/le), gives realis-
tic estimate of vertical effective cut-off rigidity (SHEA et al.,
1987). This approach does not include fine structure of forbidden
and allowed trajectories around R_ and non-vertical directions. R
X . . - c .

is changing during geomagnetic storms. The approach to this prob=
lem is in (FLUCKIGER et al., 1986). The simplified estimates for
Dst = 200 nT give for km = 55° variation in PR &q/q > 50% and for
AT "= 40° &q/q = 20-25 %.

Modulation of CR in solar cycle is the cause of ED variations
by CR at higher latitudes. Charge state*?f anomalous CR oxygen (up
to 30 MeV/n) is now established to be O (McDONALD et al., 1988);
BISWAS et al., 1988), thus its rigidity is rather high. At ﬁ:¥44'
the PR at h 2 50 km may be affected by this CR component " being
strongly dependent on solar-cycle phase. These ions can be
stripped by residual atmosphere and become stably trapped (BLAKE,
1988).

Variety of solar flare particle energy spectra, composition,
angular distribution and temporal profile near the Earth may lead
to changes in ED of CR at higher latitudes, which could be
significant for 40-90 km.

HIGH ENERGY ELECTRON DEPOSITION

For electrons both angular scattering and energy losses
should be included in calculation of ED in atmosphere (WALT,
1968). Scattering on orbital electrons is small in comparison with
that on the nucleus, however interactions with orbital electrons
are important for energy losses. The angular diffusion leads to
large straggling of penetration depth reached by individual
electrons. Calculation of electron ED is possible only by
numerical methods. For estimation Figure 4 show dependence of
stopping-power (both collision - ionization Scol, and radiative
Srad) and range for electronse h (taken from BERGER and SELTZER,
1983). The concept of range for electron is different from that of
protons and it can be used only for rough estimates. The relative
fraction of radiative losses increases with energy (bremsstrahlung
- BS). BS photons deposite the energy by photoeffect and Compton
scattering. For spectra adexp(—E/a), the altitude profile of ED
in atmosphere is on Figure 35 (taken from BERGER et al.,1974). ED
by monoenergetic electrons was examined in (REES, 1963) giving
estimate that only E g-SO keV are important below 100 km.

BS of electrons, treated theoretically in (WALT et al.,
19793 SELTZER and BERGER, 1974), is used for remote sensing of
electron precipitation from satellites (IMHOF, 1981, IMHOF et al.,
1982a, IMHOF et al, 1982b), local measurements of balloons (MATT-
HAEUS et al., 1988) and rockets (SHELDON et al., 1988).

VAMPOLA and GORNEY (1983) used spectra of locally precipita-
ting electrons 36-317 keV to calculate ED profiles. Power—-law
approximation in spectra yields in two maxima: the main at 70-90
km, where ED is comparable with ED by solar Ha on day side while
on night side the ionization by electrons is dominating, and
secondary peak ~40 km due to BS. During meagnetospheric substorms
the electron precipitation pattern is drastically changing both
temporally and in local time (e.g. GOTSELYUK et al., 1986; GOTSE-
LYUK et al., 1988). Glaobal distribution of electrons E > 30 keV at




137

low altitudes revealed connection of additional precipitation
zones with man-made activity (GRIGORYAN et al., 1981). Detailed
global distribution of HEE was studied on OHZORA satellite (NAGATA
et al., 1987).

Measurements with good energy resolution showed the "finer
structure” of electron precipitation. Preferentially on the night
side, electrons with hard spectra (a = 500 keV) precipitate in
narrow range of L near plasmapause contributing thus significantly
to ED at 70-90 km (IMHOF et al.,1986). Electron spectra in inner
belt (L = 1.2 - 2.0) exhibit strong peaks at 50-500 keV (DATLOWE
et al., 1985). Thus profile of ED in middle atmosphere, especially
in south atlantic anomaly (SAA), could have complicated form.

Narrow peaks in precipitating electron spectra 68-1120 keV
within drift-loss cone produced by VLF transmitters in inner 2zone
are reported in (IMHOF, 1981b). Similar conclusion in 36-317 keV
at outer edge of inner zone is in (VAMPOLA, 1983). Later study
(VAMPOLA and ADAMS, 1988) revealed importance of VLF transmitters
for HEE precipitation in inner zone, in the slot and outer zone.
Theoretical approach assuming gyroresonant pitch-angle scattering
of electrons with waves both near equator as well as at low
altitudes is well developed now (INAN, 1987; NEUBERT et al.,
1987). An attempt to measure stimulated precipitation of HEE by
powerful LF wave emitted from satellite is one of the objectives
for Aktivny satellite-subsatellite experiment (SCHEVCHENKO, 1988;
TRiska et al, 1988). Resonance conditions of measured electrons
(20-600 keV) give for f = 10 kHz the possible precipitation at
L < 3 within the drift loss cone near the bounce loss cone
boundary (KUDELA, 198%9).

Trapped electrons at geostationary orbit up to E > 10 MeV are
present and their intensity is associated with solar cycle
activity (BAKER et al., 1986). While auroral electron precipitat-
ion is located in narrow interval (around Xm = 70°) and may cause
ED increase above 100 km, very HEE can deposite energy at lower
heights and in broad latitude range. BAKER et al. (1987) found
significant enhancement of PR at 40-80 km, well above both CR and
extreme UV ED. This electron population could be important in
coupling SW-magnetosphere variability to the middle atmosphere.
Compilation of PR in middle atmosphere by different measurements
is presented on Figure 6.

In SAA electrons even with higher energies (E > 100 MeV),
apparently not connected with above population, have significant
flux (GUSEV et al., 1983) and can conttribute to PR below 40 km.
Radiative losses are important for them, too. Penetration of
electrons from interplanetary space to high latitudes was studied
by McDIARMID et al., (1975) and such HEE were used as a sounding
tool for magnetospheric boundary changes and their connection with
IMF and SW parameters (KUZNETSOV et al, 1987; KUINETSOV et al,
1988). Their latitudinal extent is in some cases down to Am = 62°
and their flux (10> cm s 'ster™ for €E > 30 keV) could contri-
bute to enhanced PR at 90 km. ®

SUMMARY
Galactic CR depending on solar-cycle phase and latitude are

dominant source of ED by corpuscular radiation below 50-60 km.
Below 20 km secondaries must be assumed. More accurate treatment
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need assuming of individual HE solar flare particles, cut-off
rigidities in geomagnetic field and their changes during magneto-
spheric disturbances.

Electrons E > 30 keV of magnetospheric origin penetrating to
atmosphere contribute to PR below 100 km especially on night side.
High temporal variability, local-time dependence and complicated
energy spectra lead to complicated structure of electron ED rate.
Electrons of MeV energy found at geostationary orbit, pronouncing
relation to solar and geomagnetic activity, cause maximum ED at
40-60 km.

Monitoring the global distribution of ED by corpuscular
radiation in middle atmosphere need continuing low altitude
satellite measurements of both HEE and X-ray BS from atmosphere
as well as measurements of energy spectra and charge composition
of HE solar flare particles.
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A CHANGE OF MESOSPHERIC OZONE CONTENT
UNDER ELECTRON PRECIPITATION INFLUENCE

L. I. Sosin and N. G. Skryabin

Institute of Cosmophysical Research and Aeronomy
Lenin Avenue 31, 677891 Yakutsk, USSR

The simulation model of a change of O, O, and O3 oxygen component content at the
heights 50 - 140 km under electron precipitation influence is presented here. Parameters of the air
mass vertical transfer are introduced into the model. Calculation results showed that after the
intense precipitation in ~ 3 days the ozone content increased at heights ~ 80 km. These results agree
with the experimentally found effects of the content change under precipitation conditions.

Introduction

The experiments during solar proton events (HEATH, 1977; LIPPER, 1985; THOMAS,
1983) show a decrease of ozone content at the flare initial phase. A further behaviour of ozone
concentration in the stratosphere and mesosphere differ from each other. For example, a total
ozone number at height ~ 37 km after the August 1972 proton flare (HEATH et al., 1977) did not
recover for several weeks. In the mesosphere the ozone concentration recovery up to its initial
values occurred within a short time and then the further growth of [O3] in some events was
observed. During the solar proton events in July and September 1974 (LIPPER et al., 1985) at 80
km the difference between the proton flux maximum and the ozone density minimum is ~ 36 hours
and the maximum ozone content is observed in 4 - 6 days after the flare maximum. For the first
time, a possibility of ozone concentration increase at heights between 70 and 85 km was
theoretically predicted by CRUTZEN (1980) by an example of the solar flare in August 1972. The
ozone content increase after the intensive precipitation of high energy electrons on March 23, 1974
(SKRYABIN et al., 1977) is shown. In this case the electron precipitation with average energy
250 keV occurred as three splashes each of them lasted 15 - 30 min. At this time at 120 - 200 km
height there was a transfer intensification downwards of atmospheric masses. A maximum of
ozone content increase in the atmosphere column occurred 1 - 3 days after the precipitations and it
was ~ 7 - 9% of the initial value of [O3] (SKRYABIN et al., 1977).

Calculation Method

To find a "pure” contribution of precipitating electrons into the mesospheric ozone content,
the polar night conditions are considered, i.e., the time when the short wave radiation of the Sun is
absent. It is interesting to determine a maximum increase of ozone content in the mesosphere
under the influence of precipitating electrons.

It is known that under precipitation conditions in the mesosphere O atoms are generated.
Thus, it is shown (SOCHNEYV, 1977) that their formation velocity is determined by the total
velocity of ionoformation q(t) and by concentration of the atmosphere components at given height
(H):
3,22 [Nz] +4[0,] + 1.12 (0]
115 [N21+1.5[0,)+0.58 (0]

The electron flux with the exponential energy spectrum is considered here:

$(E)Y =A(t)-exp(-E/20), (2)

Q(t) ql(t). (1)




143

where A(t) is a coefficient which takes into account a temporal change of precipitating electron flux

magnitude and reaches 109 in maximum, t is time in seconds. It is natural that such huge fluxes
cannot exist for a long time but they can occur repeatedly within a day. As a result, such
precipitation splashes in the auroral zone can last in total several tens of minutes. Let us assume

that
Alt)= B t-exp(-t%/c), (3)

where B and C are constants being 5.5¢106 and 180000, respectively. At these values A(t) reaches

its maximum value (109 cm~2 s~1 keV-1) in 5 min. The average precipitation time in this case will
be ~ 6 min.

Atomic oxygen disappears in general in the following reactions (McEWAN and
PHILLIPS, 1975; CHAMBERLAIN, 1978):

AL 70 6
0+0+M —0,+M, k,=356-10 -—%—-exp(-1 ).cmb/sq (&)

T
‘ . . - 510 . b (5)
Q0 +0,+M — O3+ M, Ky= 1,110 -eXP——f—,Lm/S,
-11 2150 3
O‘}'Ob"—’ZOa, KS': 1,‘10 '@XP(— *?)QCH’L/S‘ (6)

here M is any third particle, Ky, K, K3 are velocity constants of the appropriate reactions.

The reactions (4-6) take place in the atmosphere continuously. Hence, there are the
recovery processes of [0], {O5] and [O3] which are taken to be constant at the given height and

they are equal to the change velocity of these air components obtained from (4-6) under quiet
conditions. These velocities are denoted by D(0), D(O5) and D(O3).

The equations describing the distribution of oxygen components with the account of the
transfer processes are as follows (SOSIN, 1985):

9[s0] _ 2
St -t +D(0) -2k, [0V M- x, [0][0,)[M] - k510][04) +

9 d[a0] /D+K 4T D K .
R A A LU

3[a0,] a(t) ]
5t = D(02) - ——+2x5101005) + 1,101 [M1- ; [0110, 1M +

d { a0l DK 4T D K
N




Q{AOS]
ot

= D(04) + ¥, (0110,1[Mm] - k5l01l05]+

3 9la0s] (D+K dT D K
+ 3z {(DJ:—K\) 57 +( = -d_z + H—0~3+ —‘:‘—av+ U)[AOS}}q (2)

here [AQ], [AO,] and [AO3] are increments of O, O, and O3 concentrations with respect to their
initial contents before the precipitation, T is the temperature by an absolute scale in winter
(KASTING, 1981), Hp, Hpp, Hps, and H,,, are the homogeneous atmosphere heights for O, O,,
O3 and for the component with the average molecular mass, respectively. To find the average
molecular mass the atmosphere was considered to consist of Np, O;, O3 and O molecules. The

concentration values at heights > 80 km are taken according to (KASTING, 1981). At heights <
80 km the night concentrations of Nj, Oy and O3 were used on(McEWAN and PHILLIPS, 1975)
and of O on (HUNT, 1973). The transfer coefficients D, K, and V were taken from
CHAMBERLAIN (1978); LETTAN (1951); McEWAN and PHILLIPS (1975). The calculations
were carried out by the method of probabilistic transitions (SKRYABIN, 1985) for the transfer
parameters 0.5 K; 0.5D; 0.5 Vand2K,2D, 2 V.

Discussion

In Figure 1 the simulation results of [AO], [AO;] and [AO3] at various times after the
electron precipitation in a form of 6-min splash are presented. From the figure it is seen that when
the transfer parameters increase causing the intensification of the air mass displacement

downwards, the [AO] decreases and the [AO3] increases. In Figure 2 the changes of [AO] and
[AO;] in the atmosphere column are presented. With the change of transfer parameters by 0.5,

once and twice the maximum values of [AQ3] are 201015, 5¢1015, and 91015 cm~2, respectively.
It equals the change of ozone content from a quiet level by 0.3, 0.76, and 1.4%. For 30-min
precipitation they will be 1.5, 3.8, and 7%. And the higher is the arrival velocity of the air masses

into the lower layer, the earlier is reached the content maximum of [AO3]. As is seen, such
changes of ozone content by the order of magnitude correspond to the experimentally obtained
effects (SKRYABIN et al., 1977).
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Figure 1 Distributions of [AO], [AO,] and [AO3]
on heights at various times:
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total content of ozone in the
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72 model.

a) Coefficients of the turbulent (K), molecular
(D) diffusions and the velocity of the averaged
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CHAMBERLAIN, 1978; LETTAN, 1951;
McEWAN and PHILLIPS, 1975);.
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ABSTRACT

A new improved model for cosmic rays — middle atmosphere
interaction is developed. The ionizatiaon q(h)-profile dependence
on penetrating high energy particles composition (protons,
alpha-particles and heavier nuclei) and energy spectra (solar
activity modulation included) are investigated. A computer
program, realizing the Gaussian algorithm for solving of
multidimensional integrals is created. The corresponding electron
density profiles N(h) at solar minimum and maximum are obtained,
too.

INTRODUCTION

The galactic cosmic rays (GCR) +flux is an important
factor for the middle and low atmosphere ionization under day and
night conditions. GCR form the independent CR- or C-layer at
height from 5@ to 8@ km in the ionosphere, thus forming its base,
(VELLINOV et al., 1974). Here - at S50-60 km height a region
characterized with anocmalously high field values up to -4%f-6 V/m
(APSEN et al., 1988; KOCHEEV et al., 1976, MAYNARD et al., 1981)
is registrated via rocket measurements of the atmospheric electric
field Ep-profiles. Thus, GCR ionization proves important for the
clarification of a number of problems concerning the middle
atmosphere electrodynamics and middle atmosphere - ionosphere
interactiaon. For that purpose, a new model for the GCR - middle
atmosphere interaction will be developed that will contribute to
the further precision and generalization of previous results
(VELLINOV et al., 1974).

GCR IONIZATION IN THE MIDDLE ATﬂpQﬁHERE
The electron production rate (cm?s.)) at height h (km) for

the particles type 1 is
/o + a0

q.‘(h)=—:"07' S” = L(E h 9) dB) in6 46 dy LE (1)

H =0 i
where(l=35 eV " is the energy necessary for one electron-ion pair

formation, (dE/dh) - the particles ionization losses, D(E) - their
differential spectra,tf— the azimuth, §- the angle towards the
vertical. As GCR penetrate isotropically from the upper
hemisphere $rom 4 follows:

g(h)=

ED“(AE h,6) [£E “ sind 6 dE (2

where E.is the energy (GeV/nucl) corresponding to the geomagnetic
threshold R(GV), A® takes into account that at a qxven altitude
the particles can penetrate from spatial angle (Q 92°+ A8) that is
greater than the upper hemisphere angle - (@, 90°). For A8 there
is the followxng equatlnn (VELLI§ 1968) :

AB=99°-arc cos 2R h+H) /(‘f; +h) 3
where R, =6371 km is the Earth radius. In the interval 30-100 km
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8 changes from 6 to 10°.
For dE/dh we are gaoing ta use the dependency
(DOBROTIN, 1964; VELLINOV et al., 1974, p.202)

4 dE 2 MV, J," cem® E=10" =06 Gey region 1 (&)
f J.LL 137 Me V. g_" Cem?* E= O.C+’63 GLV region 2 (5)

where is the atmosphere density in g.cm's, In fact the

particle energy fall law in region 1 (0,6-1@ GeV) is

-3 ~_2
E(h)=E - 2.1@ hKhZI Ch{@,h) (6)

where h= S {h)dh is the depth (g/cmr&), Z is the particle charge,
and Ch(8,h) Chapman function taking into account the spherical
form of the atmosphere. During particles penetration in the
middle atmosphere their energy decreases while their ionization
losses in the region 1 remain constant; in the region 2 they rise
drastically according to (3): That effect was not taken into
consideration in the previous investigations. After deducting
{(4,5) in (2) the total egquation for the electron production rate

is received:
q(h)=q1(h)+q&(h) (7)

where a4 from the region 1 practically coincides with the
previous calculations (VELLINOV,1968;. The ionization in the
region 2 will be added to qg4

‘L.O»): 1.sx1o‘f(k) 1.37 §°-= XD(E)F- 3/"{,_(9)5119 Lo e+ @

0?9, .
N/2+a
+D(09)| [,(8) sin0 Lo
9,
-3 /
WO ean)
172 E,- 06 1as

~
= +
ha Ch(8 k) Z/A 2107 Ch(0,k)Z%/A
In fact, the function fL(B) normalizes the particles
integral spectra in the regions 1 and 2. A 1is the particles
atomic weight. The angle 8, ls determxned with the help of
equation (10), when the proportion Y (91,h)-h(h) is fulfilled.

COMPUTER REALIZATION OF THE MODEL AND ANALYSIS OF THE
RESULTS

The theoretical model thus presented is realized with the
help of a computer. The Gaussian method is applied for the
solution of multidimensional integrals (PRESS et al., 1987).1It is
characterized by high precision for the smooth integrant
functions, that are well approximated with polinoms. That method
is machine run-time efficient — it uses only 10 function values in

the integral interval.
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Having in mind, that Z/A=1 for the protons and about a,5
for the heavier nuclei, as well as the actual GCR composition
(DORMAN, 1963) q. (h) were calculated for all groups of nuclei:
protons (Z=1), alpha-particles (I=2), light (Z=3+5), middle
(I1=6<9), heavy (Z=10+21) and very heavy (Z2>22). In consequence
the ionizations of the separate groups were summed up and the
total ionization g(h) was received.

The calculations were conducted for two GCR spectra — in
maximum and minimum solar activity, i.e. the 11l-year GCR
modulatiion from the solar wind is considered {(DORMAN,1963). That
modulation is expressed in the reverse solar activity changes and
the GCR flux. A part of the results from the program model
realization are presented on the Table: q(h) in the upper (8@ km)
and lower (S8 km) part of the C-lavyer. The results from the
previous calculations are given in brackets (VELLINOV et al.,
1974). Hence, the contribution of q to the total g can be
cansiderable. From the Table it is seen also that at geomagnetic
latitudes aover S5 ° gqt(h) is growing during the solar minimum
period two times, compared to the sclar maximum. At middle
latitudes the ti-year variation is still considerable, while at
low and equatorial latitudes the variation is weak.

C-LAYER ELECTRON DENSITY DURING MAXIMUM AMD MINIMUM SOLAR

ACTIVITY -3
The equilibrium electron density (cm *) is obtained from

equation i(k) 1

(k- L(W)(1+ 1)

where } =N"/N is the negative ions-electrons ratio and é; is the
effective recambination coeficient. Having in mind the l;_values
from MITRA (198&6)the C-layer electron density was calculated for
typical day conditions for middle (41°) and high (55°) geomagnetic
latitudes during solar minimum and maximum. The results are given
on the Figure and are mean valued in relation to season dependency
due to the unsufficient representativeness of the L, seasonal
variations. But, it can be said definitely, that in the C-layer
(and below it) maximum in winter N is 30-4Q% greater than in
summer. Over 80 km the season variation changes its sign.

CONCLUSION
The present work consideres new aspects of the C-layer

which together with the total GCR ionization in the middle and low
atmosphere is af major importance for the glabal
atmospheric-electric circuit in the system of the
solar~-terrestrial relationships and biorelationships.

The results abtained so far are not final and are an
object of further specification. For example under significant @&
the particles pass greater quantity of substance connected with
the drastic growth of the Ch function. In that case an object of
cansideration are naot only the electromagnetic interactions of GCR
(4,5) but the nuclear as well. And those secondary cosmic rays
will prabably increase still more the obtained herewith electron
praduction rates.

Under high solar activity the importance of the solar
cosmic rays in ionization will grow, and hence - in the
conductivity, currents, the electric fields and energetic
processes in the middle atmosphere (VELLINOV and MATEEV, 1989).
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C—-lLayer Electron Production Rate q.cdﬂ 3 Table

HIGH LATTITUDES - ABOVE 55',R=1.5 Gv

h,kmll SOLAR MINIMUM II SOLAR MAXIMUM
SUMMER  WINTER SUMMER  WINTER

8a 7.5 187 3.7 1077 4 1877 21077
(s 1@-* 2.5 107 2.6 1877 1.3 1@ Ju

sa 4.8 106~' 2.8 10~ 2.5 10~ 1.3 10~
2.5 18°' 1.5 10" 1.3 107" 7 187" 3

L1

HIDDLE LATITUDES 41° R=5 GV

s0 3.6 1877 1.8 10°° 2.7.107% 1.5.187°
£z.4 12~ % 1.2 18°° 1.8.107° 183 ]

o 2.3 18°"' 1.3 10~ 1.7.10°" 18~

l (1.2 18" 7 10 - 9.12-"' s.s.18”'3
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50 L tatd \
10°

10" 10% 10" 10"

N cm~?

b
C~layer electron density profiles for middle (41 ) and high ( 35 )
latitudes during maximum and minimum solar activity.
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ABSTRACT
In connection with the recently detected quasiperiodical
magnetic disturbances in the ionospheric cusp, the penetration of

compressional surface MHD-waves through the middle atmosphere is
modelled numerically. For the CIRA-72 model the respective energy
density flux of the disturbances in the middle atmosphere is
determined. On the basis of the developed model certain
conclusions are reached about the height distribution of the
structures (energy losses, currents, etc.) initiated by intensive
magnetic cusp disturbances.

Some of the most intensive small—-scale magnetic
disturbances (55MD) recorded in the winter cusp are systematically
investigated by SAFLEKOS et al. (1978). Intense small-scale

magnetic disturbances and associated variations in the electric
field have been recorded at height h=850 km on board the

Intercaosmos Bulgaria 1300 satellite (ARSHINKOV et al., 1985,
NENQOVSEK I et al., 1987). The periodicity and the specific
polarization state in some cases suggest that those disturbances
have wavelike pattern. A model of compressional surface MHD-waves
ducting in the cusp to the ionosphere has been proposed (NENOVSKI

and MOMCHILOV, 1987).
However ,the ionosphere and middle atmosphere conductivity

cannot be considered infinite. The distribution of the SSMD
energy transferred to the lower atmosphere layers is controlled by
the conductivity variations and if reaching Earth surface -— by

induced telluric currents. The purpose of the present work is to
demonstrate a quantitative picture of the surface MHD waves energy
distribution in height within the 1low ionosphere and middle
atmosphere.
In determining energy losses magnitude <fw, evaluation of
SSMD electric field components and current density in height is
needed. The problem has been discussed in regard to the
geamagnetic pulsations by HUGHES and SOUTHWOOD, (1974) and POOLE et

al. (19881 . Those components and the losses SN are determined
numerically by the Maxwell equations and the Ohm’'s law. We

introduce the Pedersen /%p /, Hall /0, /and the direct 7165, 7
conductivities as a function of height. The parameters,
determining the conductivity, collision frequencies, etc.
components are density, mean molecular weight and temperature.
CIRA-Cospar 1972 International Reference Atmosphere data is used
for neutral atmosphere. Electron density profiles N{z) under
night winter conditions and high solar activity are taken from
rocket measurements /BELROSE (1972, HARRIS and TOMATSU, (1972)/at
high latitudes.

As in the ionosphere cusp the precipitating particles
energy is lower than 1-2 KeV, their ionizing i1nfluence under 300
km is ignored. On the opposite - we have considered the galactic
cosmic ray ionizing effect, considerable in middle atmosphere
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using the results obtained by VELLINOV and MATEEV (1989). The
galactiC cosmic rays effect on ionization is dominating in the
region under 88 km. At 60-B0 km height they form separate
electron concentration layer /CR- or C-layer/ and positive and
negative 1on concentrations at 8-6@ km with a maximum at about 20
km height. Herewith, ion densities from ARNOLD and KRANKOVSKY
(1977) are used that correspond to the earlier ROSE and WIDDLE
(1972) and later BRASSEUR and SOLOMON (1984) and BALACHANDRA SWAMI
and SETTY (1984) results.

For the N(z)-profiles calculation /7@-9@ km/ except
galactic cosmic rays we have included the effect of the scattered
H, Lyman—alpha radiation /POTEMRA and ZMUDA, 1972/ and the casmic
X—rays /GX333+25, SCO-XR-1, etc./, /MITRA and RAMANAMYRTY (1972)/.
The electron density profiles Neg/h/, the positive ions N+/h/, the
negative ions N-/h/ are given in Table 1.

The spatial and temporal variations of localized
MHD-disturbancies, type . .

FlKe, Z)explin X - twl)

are initiated at the upper ionosphere border. We are
investigating the penetration of separate Fourier disturbance
companents f(kx,z) in the low ionosphere and the middle

atmosphere, concsidered as horizontally homogenious, i.e. the
medium is vertically stratificated.

We are investigating the variations in the electric field
Df the separate Fourier components in height /NENOVSKI and MATEEV,
1982/. According to the HUGHES AND SOUTHWOOD /1976/ model we are
giving the initial values at z=0 /Earth surface/. Supposing that
the Earth crust is an ideal conducter the boundary conditions for
the transversal electric field components are E‘,E .=@ the
vertical magnetic field  component b,=@. The electric field
vertical component /E,=18 .V/m/ and the magnetic field transversal
component /by=3.1@ *67. The Maxwell equations, including the Ohm
law are integrated with adaptive step and boundary values at z=@.

The method applied is Runge -Kutta with precision of
fourth order. The choice of integration step is made considering
the pre-condition for step error. That is valid for each value

agbtained for the unknown function. With the experimentally
verified factor we obtain further precision compensating the
truncation errar /PRESS et al., 1987/. The sensitivity towards

identical sign error accumulation due to drastic step reduction is
considered. Due to the adaptivity a definite precision is reached
with computational work economy. Thus, efficiencyofalgorithm
run—time is optimized. The higher algorithm order from 4 to 5 is
reached on account of the greater number of calculations of the
right part of the system of ordinary differential equations
(factor 1.375). The efficiency of the applied method is proved in
practice /PRESS et al., 1987/. The results from the numerical
analysis are shown on Figures 1 and 2. The electric and magnetic
field variations in the @—-10@ km interval are shown on Figure 1,2
and the losses distribution - on Figure 3. That figures
demonstrate the middle atmosphere influence on the MHD-disturbance
long-wave harmonics transition: kx=1ﬁﬂﬂ:.km; ky=0. Figures show
that the Earth magnetic disturbance b, reduces about S5 orders in
magnitude towards the value at 18@ km height. It is
characteristic that while on the Earth the b, component is @, at
12@ km height it is one order in magnitude greater than by,. The
electric field is characterized basically by two of its components
- E, and Ez. E, reaches 8,1 V/m at 100 km height, while the Ez
component is dr-astically reduced /by three orders at about 28 km
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height/.
The losses / SN/ from the transition of long-wave MHD
disturbances us due, as it can be supposed, to the Pedersen
conductivity. That losses prove comparatively high in the middle
atmosphere upper region, i.e. - the mesosphere D-region. At
about 7@ km height the losses are only 207 smaller than in the
maximum at 10@ km height. Under 70 km the losses reduce
drastically. At laower altitudes the MHD-disturbances propagation
is not connected with the presence of considerable energy losses.
Here the role of the losses caused by the presencevelectric field
longitudinal component is greater. These results refer to a
definite case and consequently are of preliminary character.

The basic conclusion is that the process of
MHD-disturbances energy dissipation is not localized only in the
E-layer. Under some conditions the middle atmosphere - mesosphere
and the D-region participate actively in that process.

Table 1
iHeight Density Number
E, km electrons positive ions negative ionﬁ
1 0@ 3 10; 3 10; -
99 2 107 2 107, -,
80 6 10 17, 4 10%
70 2.5 12° L 4.5 10
&5 - 3 10 3 10°*
| &0 - 3 10° 3 10?
55 - 5 12° s 10° .
se - 7.5 10% 7.5 1@
as - 1.2 103 1.2 107
40 - 1.8 i@ 1.8 107
35 - 2.5 107 2.5 183
z0 - 3 10? 3 187
25 - s 10> s 107
i 2o - s 1083 s 107
15 - 3 1e3 3 1@8° .
1@ - 2.1 1af 2.1 1@
5 - 1.5 10 1.5 107
) H - 1 10° 1 1@°
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LOWER THERMOSPHERE (80-100 km) DYNAMICS RESPONSE
TO SOLAR AND GEOMAGNETIC ACTIVITY
(Overview)

E.S.Kazimirovsky

Siberian Institute of Terrestrial Magnetism, Jono-
sphere end Radio Propagation, 664033, Post Box 4,
Irkutsk, USSR

ABSTRACT: The variations of solar and geomagnetic activity
may affect the thermosphere circulation via plasme heating and
electric fields, especially at high latitudes. The possibility
exists that the cnergy involved in auroral and magnetic storms
can produce significant changes of mesosphere and lower thermo-
sphere wind systems. A study of global radar measurements of
winds at 80-100 km region has revealed the short-term effects
(correlation between wind field and geomagnetic storms) and
long-term variations over a solar cycle. It seems likely that
the correlation results from a modification of planetary waves
and tides propagated from below, thus altering the dynamical
regime of the thermosphere. Sometimes the long-term behavior
points rather to a climatic variation with the internal atmos-
pheric caugce then to a direct solar control.

The variations of sclaer and geomaegnetic activity may affect
the thermosphere circulation vie plasma heating and electric
fields, ecpecially at high latitudes. The 80-100 km layer, oc-
curing at the lower thermosphere, ic a transition layer between
an upper ionized region where motions are strongly influenced
by electromagnetic processes and o lower neutral region where
motions are controlled primarily by dynamics resulting from
internal atmospheric causes. It is importent to determine the
maximum depth in the atmosphere to which the direct and indi-
rect cffects of solar and geomagnetic activity and variability
penetrate. There are two main classes of processes to be con-
gidered: those associated with the variability of solar irra-
diance in various wavelength bands and those associated with
the corpusculaer radiation of the Sun.

The c¢ffects generated by solar wind variability and high-
energy particles are well developed and fairly well under-
stood in the lower ionosphere, whereas they are not much known
and understood in the lower-lying layers and the neutral middle
atmosphere.

The search for a coupling of solar and geomagnetic activity
changes with middle atmosphere and lower thermosphere dynamics
has been the subject of investigations for decades. Short-
duration effects (correlation with geomagnetic storms, current
intensity variations in the auroral electrojet, etc.) and
long~term variations over a solar cycle were extensively inves-
tigated. There are some theoretical and numerical models of
the lower thermosphere dynamics responsSe +to solar and geomag-
netic activity. Nevertheless the results still remain rather
ambiguous and controversial.

A zonally averaged chemical-dynamical model of the thermosphe-
re (ROBLE and XKASTING, 1984) was used to examine the effect of
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high-latitude particle and Joule heating on the lowcr thermo-
sphere neutral composition, tempcrature and winds at solstice
for solar minimum conditions. It was found that high-latitude
heat gsources drive mean circulation celle that reinferce the
solar-driven circulation in thie summer hoemigphere urd oppose
this circulation in the winter hemisphere.

Using a three-dimencicnal, time-dcpcndent global modcel the
respoase of the lower therwospherce to an isolated subsiorn was
simulated (FULLER-RCWELL and KIEL&S, 19€4). It was found thet in
the lower thermosphere (~12C km) a long-lived vortex phenome-
non is generated. Initially two cppositely rotating vortices
are gencrated by the effccts of ion drag during the period of
enhanced high-latitude energy input centred on the polar cap/
auroral oval boundury, one at dusk and the other at dawn. After
the end of substorm the dawn cyclonic vortex dissipates rapidly
while the dusk anti-cyclonic vortex appears virtually self-
sustaining and survives many hours after the substorm input has
ceased.

Possible effects of solar variability on the middle atmos-
phere have been discussed (COLE, 1984; GARCIA et al., 1984) -
solar variability in emission in the UV and EUV, variability
of cosmic rays and auroral ionization rates, solar proton
events, corpuscular heating in auroras, Joule heating by auro-
ral electrojet, auroral NO production end gravity wave emission
by the auroral electrojet.

GARCIA et al. (1984) examined the global response of the mid-
dle atmosphere (16-116km) to the solar variability between the
maximum and minimum of the 11-year cycle of solar ectivity. In
the upper mesosphere and lower thermosphere a temperature in-
crease was found to occur, but for the most part this increase
did not bring about any large changes in the zonal winds becau-
se the temperature increases are nearly uniform in latitude and
do not affect the horizontal temperature gradient.

As for the experimental evidence, a solar-cycle dependence of
IF drift wind (90-100 km) was for the first time found by
SPRENGER and SCHMINDER (1969). For the years 1957-68 they ob-
tained, for the winter period, a positive correlation of the
prevailing wind with solar activity (represented by the 10.7 cm
radio emission of the Sun) whereas the amplitude of the semi-
diurnal tidal wind showed a negative correlation. This result
was emphasized in the COSPAR International Reference Atmosphere
1972 (CIRA 72). It was confirmed by meteor radar wind measure-
ments (PORTNYAGIN et al., 1977; BABAJANOV et al., 1977). Fur-
ther, GREGORY et al. (1980, 1981, 1983) on the basis of an ana-
lysis of partial reflection wind data, 60-110 ki, have infer-
red the 11-year cycle response of scasonal zonal flow which
varies with altitude. Saskatoon deta heve becn rcvicwed to de-
termine whether a solar cycle modulatiorn exists in ther. It has
been found that all circulation regimes in the mesosphere und
lower thermosphere, i.e., both summer and winter, above cad
below ~ 95 km, show such a modulation, and that is as large as,
if not larger than the effect at Kuhlungsborn, which was des-
cribed as "congiderable". Let us remember thet much of data
used in the CIRA-T2 model for latitudes about 50°N were obtai-
ned during & solar minimum. Prevailing winds at Sasketoon in-
crease from solar minimum to solar maximum by factors of up to
2-4. A comparison of trends in mean winds over Canada with
thoge over Centrel Europe and Bast Siberia with the difference
of about 20° geomagnetic latitude reveals that the effect of
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gsolar and geomagnetic activity is stronger for higher geomagne-
tic latitudes.

The data collected from experimental ground-based remote measu-
rements of 80-110 km winds were analyzed in terms of seasonal and
long-term solar cycle behavior (DARTT et al., 1983). The annual
variations depend on solar activity rather weakly, but the occur-
ence of stronger westerlies (at 90 km during winter) in solar
maximum than those in solar minimum years was confirmed with in-
dependent data at 50°N and 35°S. In addition, it appears that
zonal winds are more southerly in spring and early summer in
golar meximum years than in solar minimum years in the northern
hemisphere. There are enough discrepancies between experimental
data and theoretical models, though the stronger winter wester-
lies and summer easterlies during solar maximum are predicted
by theory.

An analysis of long term meteor radar wind measurements for
three midlatitude stations (D'YACHENKO et al., 1986) shows the
significant solar cycle oscillations with periods of not only
the 11 years but also the 22 year cycles. The variations of the
prevailing winds with 22 year period are approximately in phase
or antiphase with the 22 year solar activity cycle depending
on the season. The variations with 22 year period dominate for
variations of zonal prevailing wind velocities during the cold
periods and meridional winds in asutumn months. Meridional pre-
vailing winds in November-Pebruary vary mainly with the 11-
year cycle. In other months of the year the amplitudes of the
22 and 11 year velocity variations of prevailing winds are com-
mensurable. For amplitudes of a semidiurnal tide the oscilla-
tions with the 22-year period prevail for all seasons. The
authors noted that solar activity dependence of zonal and meri-
dional component amplitudes of semi-diurnel tide are quite
gsimilar, whereas the character of corresponding dependences
of zonal and meridional prevailing wind is different.

It may be noted that the results concerning a solar dependen-
ce of wind parameters below 100 km are controversial to date.
The above-mentioned positive correlation of prevailing wind
with solar activity (SPRENGER and SCHMINDER, 1969) mey be chan-
ged by a negeative correlation with an indication of a new chan-
ge after 1983 (GREISIGER et al., 1987). The negative correla-
tion with solar activity of the semi-diurnal tidal wind in
winter remained unchanged (as late as 1984) and proved also
to be the same in summer and for annuel averages. Neverthe-
less the authors concluded that long-term behaviour points
rather to a climatic variation with an internal atmospheric
cause than to a direct solar control. This conclusion was made
on the basis of continuous wind observations in the upper meso-
pause region over more than twenty years.

ZIMMERMAN and MURPHY (1977) plotted yearly averaged occurence
rates of turbulence and turbulent diffusivity summed over the
altitude region 70 to 90 km and compared them with solar acti-
vity indices. These data suggest a correlation with a two
year time lag. ZIMMERMAN comments that it is fairly apparent
that this occurence is wave induced and that one should look
into the lower atmosphere for the source mechanism of these
waves to understand more properly the solar relationship.

In addition to solar cycle variations short-term response of
lower thermosphere dynamics to geomagnetic storm or current
intensity variations in the auroral electrojet were inferred.
Several mechanisms through which a short-term response may
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develop are provided by ion-neutral frictional coupling. The ion-
drag momentum and Joule heat sources may either directly drive
motions of the neutral gas or launch atmospheric waves that pro-
pagate to lower latitudes. At high latitudes particle precipita-
tion and magnetospheric convection may influence the internal
atmospheric waves upward propagation from the lower atmosphere
and thereby affect the mesosphere. As altitude increases from
the mesosphere to the thermosphere, at some point the additional
influence of auroral processes is superposed on this complex
collection of interacting waves and turbulent motions. Hence the
geomagnetic activity affects both boundaries of the middle atmo-
sphere - the turbopause (upper) and the tropopause (lower).

In order to investigate the response of neutral winds at the
lower thermosphere to variations in magnetospheric forcing, it
is necessary to have observational techniques with reasonably
continuous measurement caepability at this altitude.

There are some recent experimental results. The geomagnetic
control of ionospheric D-region dynamics was revealed and con-
firmed on the basis of continuous LF drift measurements (1978~
1983) over East Siberia (KAZIMIROVSKY et al., 1986; VERGASOVA,
1988a, 1988b). The monthly mean parameters of the wind system
are different for quiet (Kp é—3§ and disturbed (Kp > 3) condi-
tions. There is an increase in stability of the meridional wind
with increasing level of geomagnetic activity. On the basis of
31 events the influence of geomagnetic storms on the winds was
congidered, and it became spparent that the variation of zonal
end meridional winds during geomagnetically disturbed nights
differs from those for undisturbed nights before and after the
storm. Calculations made by the superposed epoch method for weak
(Ap 4 50), moderate (50 £ Ap < 100) and strong (Ap > 100) storms
show that the zonal wind during weak and strong storms decreases
but increases for moderate storms. The meridional wind increases
during weak and strong storms, while after the storm there is a
reverse of meridional wind. We did not find conclusive evidence
for geomagnetic effects on semi-diurnal tides, except for a
decrease of tidal phase during disturbed nights.

We may compare our results with recent findings of other in-
vestigators. SCHMINDER and KURSCHNER (1978, 1982) found the in-
fluence of geomagnetic storms on the measured wind in the Cen-
tral Europe upper mesopause region deduced from jonoapheric
drift measurements. But they interpreted the disturbances of
the wind field as an effect of increasing in the reflection le-
vel, so that the measurements during a geomagnetic storm relate
to a different altitude with different wind conditions. Never-
theless we may note the increased zonal wind veriability inclu-
ding possible reversals. LASTOVICKA and SVORODA (1987) found
some correlation (~ =0.4) of 5-day medians of Collm mean
winds and z Kp for winter.

At Saskatoon (subauroral zone) MANSON and MEEK (1986) observed
small but significant cross correlations between gsemidiurnal
tidal amplitudes from 90 to 105 km &nd the Ap index. Tidal amp-
1itudes remained reduced from time lags of zero to about 5 days
following the interval of increased Ap. Reduced diurnal tidal
amplitudes were also found in the lower E-region, at 105 km.

It mey be noted that small increases in eastward and equator-
ward mean winds (incoherent scatter, Millstone Hill) as well
as reduced semidiurnal tidal amplitudes at 105 km during geo-
magnetically disturbed conditions were reported by WAND (1983)
gome years ago.
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Some of these effects might be explained by geomagnetic-acti-
vity induced changes in lower thermosphere temperature and den-
gity, which alter the dissipation of the upward propagating ti-
des. MAZANDIER and BERNARD (1985) also found the effect of geo-
magnetic storm on the meridional circuletion and semidiurnal ti-
de, especially the phase of tide at 90-180 km, revealed by inco-
herent scatter measurements at midlatitude station Saint-Santin.

The amplitude of gravity waves was found to be positively cor-
related with intervals of increased Ap near zero time lag at
heights from 90-105 km (MANSON and MEEK, 1986). Rocket measu-
rements of turbulent transport in the lower ionosphere collected
by ANDREASSEN et al. (1983) confirm the increase of turbulence
for high geomagnetic activity. But the vertical turbulent diffu-
givity in the lower thermosphere above 110 km deduced from
ionospheric sporadic E parameters by BENCZE (1983) decreases
during geomagnetic storm. This would mean that the height of
the turbopause increases. ZIMMERMAN et al. (1982) found a strong
correlation of Ap with deviations of the turbopause height from
mean diurnal veriation (but not with the height itself). THRANE
et al. (1985) found that it is not possible to determine whether
or not a direct relation exists between the energy input during
geomagnetic disturbances and the turbulent state of the high-
latitude mesosphere.

Extensive investigations have been made at auroral zone obser-
vatories Poker Flat (MST-radar) by BALSLEY et al. (1980, 1982,
1983), JOHNSON et al. (1984), JOHNSON and LUHMAN (1985a, 1985b,
1988) and Chatanika by JOHNSON et al. (1987). The results were
controversial. Initially it was found that zonal winds in the
80-90 km altitude region were enhanced toward the west while
intensified electrojet currents flowed overhead. It appeared
that the enhancement in the zonal wind amounts to some tens of
meters per seoond and the wind field variations may lag behind
the electrojet variations by between 2 and 4 hours (BALSLEY et
al., 1980, 1982, 1983). The incoherent scatter measurements
would show enheanced eastward winds above 100 km on disturbed
day, as well as reduced semidiurnal and increased diurnal tidal
amplitudes (JOHNSON et al., 1987). These results are not in
conflict with those of MANSON and MEEK (1986) gsince a lower el-
titude range has been addressed in this study. But recently
(JOHNSON and LUHMAN, 1988) it was shown that the presence of
like frequencies in the available geomagnetic ectivity indices
and in the neutral wind data makes the detection of any small
neutral wind response to changes in the level of activity ex-
tremely difficult. Examination of all Poker Flat and Chatanika
results suggested the conclusion that the 90 to 100 km altitude
region constitutes the altitude range in which the effects of
magnetospheric forcing begin to be detectable observationally
in horizontal neutral winds at high to midlatitudes. Below this
altitude significant and consistent responses are not evident.
In order to alter the neutral dynamics at lower altitudes dras-
tically more energetic inputs are required.

LASTOVICKA (1988) proposed that the apparent difference bet-
ween North American (weaker effect) and EBuropean (stronger ef-
fect) results may be partly explained by the use of winter or
late sautumn date in Burope versus summer data in North America
(Poker Flat and Chatanika) and by the fact that particularly
strong events (e.g. geomagnetic storms - mainly studied in Eu-
rope) but not short-term weaker fluctuations (mainly studied
in North America) can affect wind fields. Sometimes the longi-
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tudinal effect (KAZIMIROVSKY et al., 1988) may be significant.

It should be noted in conclusion that the solar and geomagne-
tic activity variations are important but not dominant in the
upper mesosphere-lower thermosphere circulation (wind system).
Incorrect application of statistical methods to experimental
data gets may lead to artifacts and misunderstanding.

At present we can only speculate about a suitable physical
process. The lack of reasonably reliable mechanisms is & pro-
blem of vital importance. It may be a common reason for varia-
tions of the wind regime at the lower thermosphere and magne-
tic activity - the dissipation of energy from external sources
at high latitudes and its trensfer equatorward. A change in the
wind system may exert an influence on the density and structure
of the middle atmosphere and on conditions of internal waves
propagation from below. Hence the variability may be changed.
It is quite possible too that the change in the 80-100 km wind
system associated with geomagnetic activity variations is cau-
sed by enhanced electron concentrations in the ionospheric
D-region. Also, magnetic activity induced by disturbances in
the wind field of the neutral atmosphere should not be ruled
out as & possibility.

The most difficult problem which will limit our progress is
thet of understanding the cumulative interaction of small- and
large-scale dynamics occuring within the lower atmosphere, the
coupling between the thermosphere and lower atmosphere from
below. Of course, these studies are needed, in order to deter-
mine whether all the highly veariable middle atmospheric dyna-
mical processes can influence processes within our lower atmo-
sphere and thus affect our immediate environment.

There is a need to organize an effective monitoring system
that would be reasonably intensive and extensive. What is desi-~
red from future research is a qualitative assessment of all
the significant couplings, trigger mechanisms and feedback
processes. Many problems are largely to be solved.
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ABSTRACT: Lower thermospheric (90-120 km) wind date has been
acquired by ground-based spaced-receiver method (HF, LF) near
Irkutsk (52°N, 104°E). There is interrelated solar and meteoro-
logical control of lower thermosphere dynamics. Some features
of solar control effects on the wind parameters are discussed.

The region 90-120 km is a part of the middle atmosphere. The
response of wind regime of that region to solar and geomagne-
tic activity wes revealed by numerous authors (KAZIMIROVSKY,
1985; LASTOVICKA, 1987). Our deta of LF D1 wind measurements
from 1375 to 1985 at D region of the ionosphere (frequency 200
kHz) and HF D1 wind measurements from 1972 to 1976 at E-region
(vertical sounding, 2.2 MHz) gave the possibility for further
investigations.

Statistical analysis of data for D-region (78 months) ello-
wed us to conclude that there is a distinct relationship bet-
ween monthly averaged prevailing winds (zonsl and meridional)
and solar activity. But we did not find such relationships for
tidal components. The variations of zonal ( V,, ) and meridio~
nal ( b@, ) prevailing winds mey be approximated in the follo-
wing way:

Va2, F)= 171 + 3.9 sin (T4 /6) - T.3cos (TM/6) +

+ 4.4 Sen (TA/3) + 5.Tcos ( Th [3) + 5.4 Fq0,7/100, ms™;
[/03(14;]’)= 5¢4 = 1.8 sScn (T4 [/6) + 3.0cos ( ZAf6) - (1)
= 1.6 5in (TA/3) 4 3.Tcos (LA /3) + 4,774 /100, ms™",

Here 4 is month number (for instance, January has number 1),
710.7 - index of solar activity, the flux of solar radio-
emission (10-22Wm=2Hz~1). This approximation is velid for

60 < 7ﬁo. < 240. As shown in Fig. 1, the correlation bet-
ween prevazling winds and solar activity is rather positive.
This result is in agreement with some recently published pa-
pers (ZHOVTY, 1984; KAZIMIROVSKY, 1985).

Some years ago we investigated the seasonal variations of
the absolute differences between geomagnetically quiet and
disturbed conditions for the parameters of D-region winds
(KAZIMIROVSKY et al., 1986). Now we have done the same for E-
region winds during 1972-1976. The solar activity decreased
from Fq19, 7 = 100-150 for 1972 to .7&0.7 =~ T0-80 for 1976.

Data og%ained during periods with K, <'3 were classed as
quiet conditions, and those for K, > 3 as disturbed conditions.

The seasonally averaged diurnal veriations of wind velocity
were approximated thus:

V() = Vi + & Vi cos [ZR(¢-1,,)], (2)
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k =x,y; +,, - the phase of n -harmonics for the k -component
of velocity. For each season we calculated the averaged diffe-
rences:

'3 o
AVok = /Vok - VORI,
Ve =1 Vi = Vi | (3)

between quiet ( ¢ ) and disturbed ( & ) conditions.

In most cases aVex &nd aV.x increase with solar activity
decreasing; therefore the stability of wind system increeses
with increasing solar activity. We know that the thermospheric
neutral density correlates positively with solar activity. Pos-
sibly, this process affects the circulation and the influence
of geomagnetic activity diminishes. At present we can only spe-
culate about the suiteble physical mechanism. But the lack of
the definitive conclusions stresses the necessity of continua-
tion of experimental researches of ionospheric motions.
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INTRODUCTION

This paper is restricted on processes in the troposphere and the lower strato-
sphere (higher atmosph. see MATSUHITA, 1983). General aspects of global atmus-
pheric electricity are summarized in Chapter III of NCR (1986), VOLLAND (1984)
has outlined the overall problems of atmospheric electrodynamics, and ROBLE
and HAYS (1982) published a summary of solar effects on the global circuit.
The solar variability and its atmospheric effects (overview by DONELLY et al,
1987) and the solar-planetary relationships {(survey by JAMES et al. 1983) are
s0 extremely complex that only particular results and selected papers of
direct relevance or historical importance can be compiled in this article.

A LOOK BACK AT THE HISTORY

BAUER (1925) first suggested a correlation between the electric field (E) re-
corded from 1902-1922 at 5 stations and the sun spot number., Also GISH and
SHERMAN (1936) reported on solar effects in atmospheric electric data. Howe-
ver, ISRAEL (1961/1973) stated that solar influences on atmospheric electric-
ity are unlikely. Of course, sunspot numbers are not the best for such an in-
vestigation and long term observations also raise problems. Hence Reiter used
solar flares (SF) as well defined short term solar events, He showed that
after flares E and the air earth current (I) increase significantly by 20-
0% (REITER 1960, 1964/85, 1963, 1971) when they are recorded on mountain
peaks during fair weather and above the mixing layer. These findings have been
confirmed by COBB (1967) and SARTOR (1969). Then MARKSON (1971) considered in
great detail solar and other extraterrestrial influences on atmospheric elect-
ricity and thunderstorms by including also Forbush decreases (FD) in the
galactic cosmic rays (GCR) and the sector structure boundary passages (SBP) of
the solar magnetic field (based on WILCOX 1965 et al,,1968), MUHLEISEN (1974)
executed an extensive work by applying radiosondes in order to study the long
term variation of the electric ionospheric potential (EIP) which was shown to
be correlated directly with the relative sunspot number 1963 - 1970,

In conclusion the following viewpoints particularly appeared as to be regard-
eded in further investigations (of course, some more could be drawn):

a) For relevant studies the use of short term events being well defined by
time and intensity and which are clearly linked with the solar activity seem
to be most useful: e.g, SF, SBP of the interplanetary magnetic field, solar
proton events, behavior of the solar wind and of the corona hole the im-~
portance of which has been recognized recently,

b) When studying short term events it is important to consider the respective
phase of the solar cycle at the same time which can strongly modify the feat-
ure of the result (see REITER 1979),

¢) For investigating solar-atmospheric electrical relations the parameters
should be recorded or measured exclusively during fair weather conditions and
above the mixing layer either on high mountain tops (REITER, COBB, see ahove)
or at very remote islands or polar regions, or by airplane (MARKSON 13876), by
balloons (MUHLEISEN 1974, OGAWA et al. 1967, 1969) and other carriers.

SEVERE CRITIQUE

Critique has been claimed concerning the seriousness of sun-atmosphere inves-
tigations, And since atmospheric electricity cannot be separated from the be-
havior of specific parameters of aeronomy and meteorology all of those have
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been lumped together by this concern (e.g. see SHAPIRO 1979 who doubts the
work of MARKSON 1971 and of WILCOX et al. 1974, 1976 on the SBP-vorticity in-
dex relation). A harsh refusal has been published by GREEN (1973) concerning
misconceptions and misinterpretations in the investigations of sun-weather
relationships. His reproach has been rather often repeated: lack of physical
mechanisms connected with an overvalue of pure statistical associations., Ano-
ther serious critique has been compiled recently in an extended article hy
TAYLOR (1986) who reviewed also some work in atmospheric electricity, He main-
ly points out the controversy and the lack in the work based on SBP and the
suggestions of a link between cosmic ray induced changes in the stratospheric
jonization rate and thunderstorm activity (MARKSON 1978a, LETHBRIDGE 1981).
However, Taylor accepts the results on connections between FD (therefore also
SF) and the behavior of atmospheric electrical parameters as well as trigger
of stratospheric intrusions (REITER 1977b,1979), He points out that -if suc-
cessively isolated and explained- external forcing of short term variations in
the dynamics of the lower atmosphere would be of major accomplishment,

Another review of results of sun-atmosphere investigations has been given by
EDDY (1983) which is still worth mentioning also today: no equivocal connec-—
tion between solar variations and meteorological processes has yet been estab-
lished. It must be made clear that studies of solar perturbations and their
influences on the lower atmosphere are undeniably a proper part of atmospheric
physics in general. Eddy concludes with three general recommendations the im-
portance of which is still unchanged: (a shortened version)

a) The question of possible solar influence on special atmospheric phenomena
must be treated within the general framework of solar-terrestrial physics and
atmospheric science, Facts of adjoining disciplines must be fully regarded.,

b) More effort should be devoted to the development of physical models and
mechanisms.

¢) The data base on which all the studies rest should be expanded and streng-
thned. This needs apart of an enhanced and improved monitoring of all import-
ant parameters describing the solar activity also measurements of solar-indu-
ced perturbations in the upper, middle and lower atmosphere, Electric and mag-
netic fields and their changes by the incidence of solar particles should be
included.

Here, obviously, the overall criticism turns over in valuable recommendations
which should be accepted and applied without reserve,

SOME OF THE RECENT INVESTIGATIONS OF IMPORTANCE

HOLZWORTH and MOZER (1979) found a direct evidence of solar flare modification
of stratospheric electric fields. FISCHER and MUHLEISEN (1980) reanalyzed
their data on the EIP and found an influence of the SBP. TAKAGI et al. (1984)
also found an effect of SBP (only for -/+) on the fair weather electric field
on the earth's surface. He furthermore discussed the influence of cosmic ray
variations on the EIP, the currents from thunderstorms and on 1. However, he
erroneously explained the SF effect by enhanced solar protons and attributed
the variation of the GCR to the solar activity in general, It is a matter of
fact that the SF effect is mainly based on the FD in the GCR and that energe-
tic solar protons which reach the lower atmosphere are extremely rare and do
normally not appear in connection with a flare except of very rare cases, Also
OLSON (1983) tried to interpret the solar influence on the atmospheric elect-
rical parameters. MEYEROTT et al. (1983) analyzed long term measurements (10
years) of the EIP but found no correlation with variations of the GCR intensi-
ty. However, the EIP seems to be better correlated with the stratospheric
aerosol burden caused by volcanic eruptions (REITER 1986 et al., OLSEN 1983).
This again is a hint showing that long term investigations are not a reasona-
ble basis for solar-terrestrial studies.

Here some remarks on suggestions by MARKSON (1974, 1978b, 1981, 1983) are re-
quired. He claimed that a direct influence of solar events on the current bet-
ween the ionosphere and the earths surface exists., Those, so MARKSON argues,
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liberate cosmic rays which reduce also the columnar resistance above each
thunderstorm. By this way the upward electric current of positive charges
being accumulated on top of the thundercloud by the charge separation proces-
ses is enhanced and the generators put more charge onto the ionosphere, How-
ever, only in very rare cases (f.e, see the event in August 1972) solar pro-
tons have such a high energy that they can penetrate down to the lower strato-
sphere. After SF normally the FD occurs and the ionization rate in the lower
stratosphere and upper troposphere drops. But this is the inverse effect com-
pared with MARKSON's model. Finally it may be pointed out that some competent
reviews on solar-terrestrial relationships have been published recently: ROBLE
and HAYS (1982), NEWELL (1984), and ROBLE and TZUR (1986). These reviewers ag-
ree with the claim of solar effects on E and I and on stratospheric intrusions
published by the author.

THEORETICAL CALCULATIONS AND MODELING

A new era appeared with the theoretical treatment of atmospheric electrical
data. ROBLE and HAYS (1979), TZUR et al. (1983), TZUR and ROBLF (1985), ROBLE
(1985) and ROBLE and TZUR (1986) were successful in a mathematical modeling of
the global atmospheric electric circuit and they could show that their results
are in concordance with experimental results by REITER, COBB, and others.
MAKINO and OGAWA (1983, 1984) also calculated the pattern of the global circu-
it based on assumptions of the global thunderstorm distribution, They confirm-
ed the effect of solar flares on E and I (found by REITER 1960, 1964 and COBB
1967) quantitatively by incorporating the influence of the FD in 57.5°N on the
stratospheric ionization rate (Fig.1d).

RESULTS RECENTLY OBTAINED

Fig.1 shows the departures of E and I from the mean fair weather values (in %)
some days before, during and after SF events. Fig.la recalls the finding by
COBB (1967). Figs.lb, lc show the result by Reiter as it appears when a new
series of data (1977-1981) is added to the former (REITER 1971) of 1967-1971.
There is no doubt that this extension over now 2 solar cycles (No.20, 21) suf-
ficiently confirms the previous results. The departures of E and I from the
mean fair weather values during solar quiet are more than 3¢ and consequently
significant. Fig.ld shows the theoretical result by MAKINO and 0GAWA (1984)
for 3 km altitude ( =Zugspitze station). They calculated the departures of E
and 1 after SF based on the FD in the GCR for 57.5°N as expected in the mean,
MAKINO and OGAWA state: these results are consistent with the features of
Reiter's observation. By this way the recommendations b) and c) by EDDY (1983)
are realized: the amount of data was increased and the primary result could
be confirmed. A reasonable physical mechanism has been established by inde-
pendent investigators.,

Although the applicability of SBP in solar-terrestrial investigations has yet
not been finally accepted, the results of two independent studies based on SBP
dates (by SVALGAARD 1976) are shown in Fig.2a. In the case of a passage of the
typ -/+, E and I measured on Zugspitze Peak in 3 km a.s.l., significantly de-
part (REITER 1976, 1977a) from the fair weather mean by +15 to +20% showing a
maximum in the +2 day. In the same figure the E and I values are overlaid by
the daily mean concentration of the isotope Be7 (halflife time 53 days) in the
air at the same station., Be7 is constantly produced in the lower stratosphere
in 20-27 km by nuclear reaction of cosmic rays with air molecules and its con-
centration in the upper troposphere is normally rather low. However, by each
intrusions of stratospheric air tLhrough the tropopause near a folding, Be7
significantly increases also in 3 km altitude and indicates an intrusion con-
fidently (REITER et al, 1971, REITER 1977b, 1979). Fig.2a consequently shows
that the increase in E and I after SBP is coupled with an enhancement of stra-
tospheric intrusions. Fig. 2b confirms that this is significantly linked with
the solar activity: at the same time when the FD is initiated (drop in the
neutron density, upper panel of 2b) the concentrations of Be7 strongly increa-
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ses (the weak drop of the GCR intensity during a FD has no direct influence on
the Be7 generation). This coupling of E,I effects with stratospheric dynamics
is in accordance with recommendation a) by EDDY (1983). The trigger by solar
events of dynamic processes in the lower stratosphere also appears by consid-
ering the day by day variations of the stratospheric 0, pattern, Fig.3 shows
one example (for more see REITER 1983). From March 10 to March 19 (Fig. 3b) a
FD lasted and during the same sequence the initially normal and rather smoo-
thed stratospheric 0, profile became totally scattered (3a): a complex overlay
of stratospheric and tropospheric air strata above the tropopause occurred
(for more details see REITER 1983),

Using the values of 480 O, radiosonde flights during 37 sequences with 8 ~ 30
day by day ascents along the solar cycle No, 21 and the 35 cases of well es-
tablished FD, the scatter (62) of the stratospheric 0, values before, during
and after the FD has been calculated (Fig, 4a). From the -2 day to the key day
the value of scatter increases significantly and then it consistently drops.
The increase of the 0, scatter on the key day amounts more then 2 times of its
standard deviation (sigma in Fig. 4a).

By using the same key days, also a significant (compare sigma values) change
in the tropopause height on and after the FD is shown (4b): it drops in the
average by 40 hPa, Also these results confirm the importance of the GCR for
solar-terrestrial studies of the stratospheric dynamics in accordance with
TAYLOR (1986). In this case the GCR may have the character of an indicator of
important short term solar events. Here also the work of NEUBAUER (1983)
should be mentioned. He demonstrated solar impacts on dynamic processes in the
lower stratosphere which corroborate the findings shown in Figs. 3 and 4.

Last but not least a recent result of recordings (E, I, air conductivity, all
meteorological parameters) executed at a new private mountain station in 1780
m a.s.l. should be mentioned (Fig. 5). During an exceptional and long lasting
fine weather period in January 1989 three strong and one heavy solar flares
(imp.3b) occurred during which the station was constantly above the mixing
layer, Fig. 5b shows the behavior of the 10 cm flux, of the GCR intensity and
the flare calendar. A FD occurred on 16 January and the 10 cm flux showed a
peak at the same day. A magnetic storm was reported for January 20, From
January 17 to 18, E and I increased remarkably and remained until 21 January
by 30 - 70 % higher than the fair weather mean. This is a single event being
consistent with the results obtained statistically and demonstrated in Fig.l.
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DAYS OF MARCH 1980

a) Daily stratospheric O, and temperature (T) profiles obtained by radiosonde

during a sequence of 7 days.

b) mean daily neutron densities from March 7 until March 21, 1980. A strong
Forbush decrease was reported from March 10 to March 19.
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by day radiosonde ascents superimposed before, on, and after key days with a
significant Forbush decrease, Sigma is the standard deviation of the scatter

value,

b) Departure of the tropopause height expressed in hPa, data based on the same
radiosonde ascents and key days as in a),
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MEASUREMENTS OF MESOSPHERIC ELECTRIC FIELD UNDER VARIQUS
GEDMAGNETIC CONDITIONS

A.A.Tyutin, A.M.Zadorozhny
Novosibirsk State University, USSR

The results of measurements of electric field strength in
the mesosphere are given for high and middle latitudes.
At high latitudes, there is observed a distinct dependence
of the height profile of electric field on the geomagnetic
disturbance level.
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RELATIONSHIP BETWEEN SOLAR ACTIVITIES AND THUNDERSTORM ACTIVITIES
IN THE BEIJING AREA AND THE NORTHEAST REGION OF CHINA

Hong C. Zhuang and Xi C. Lu

Institute of Space Physics, Academia Sinica
P. O. Box 8701, Beijing, China

ABSTRACT

An analysis of the relationship between the IMF section boundary crossing, solar flares, the
sunspot eleven-year cycle variation and the thunderstorm index is given, using the superposition
epoch method, for data from more than 13,000 thunderstorms from 10 meteorological stations in
the Beijing area and the Northeast region during 1957 to 1978. The results show that for some
years a correlation exists between the thunderstorm index and the positive IMF section boundary
crossing. The thunderstorm index increases obviously within three days near the crossing and on
the seventh day after the crossing. The influence of the crossing on thunderstorms is stronger in
the first half year than the latter half year. For different classes of solar flares, the influences are
not equally obvious. The solar flares which appeared on the west side, especially in the western
region (from 0° to 30°) have the most obvious influence. There is no discernible correlation

between the thunderstorm index and the sunspot eleven-year cycle.
INTRODUCTION

As early as AD 187 there was a written record of the correlation between solar activities and
meteorology in an ancient Chinese book: " there is a black color as large as a melon within the
Sun. When the Sun becomes black, the water on the ground will be flooding. " It indicates a
correlation between the peak of the sunspot and floods. Recently there is a number of statistical
data analyses in China on floods and droughts, precipitation, characteristics of rains, water flow of
rivers and water levels of rivers and lakes and so on, which reveal certain correlations with solar
activities. As usually realized, annual precipitation is, to a certain extent, linked with thunderstorm
activities. Thunderstorms are phenomena of atmospheric electricity. In order to understand the
physical mechanism of the correlation between solar activities and meteorological phenomena such
as precipitation, several ways have been proposed through which the effects of solar activities can
transport into the lower atmosphere and give some impact upon meteorological phenomena.
Atmospheric electricity is one of the most possible ways. The possible picture seems like this.
Solar activities may influence the environment of atmospheric electricity. Atmospheric electrical
properties may influence the formation of thunderstorms, and then influence the annual
precipitation and other related meteorological phenomena.

In China we have systematic collections of thunderstorm data for the whole country covering
more than a million square km over the last 20 years. These data are very unique for analyzing the
correlation with solar activities. The work shown here was done in 1986, based on data of 10
basic meteorological stations in Beijing and the Northeast regions. These areas are not the most
frequent thunderstorm regions, but there were still about 13,000 thunderstorms during the 19
years from 1957 to 1978.

CALCULATION

The superposition epoch analysis is used to analyze the correlation between the Interplanetary
Magnetic Field (IMF) section boundary crossing, solar flares and the index of thunderstorms. The
definition of the index of thunderstorm T is: T = (f-f ) /s, where f is the number of thunders per
day; T is the average value of f of the same epoch days included in the superposition analysis; s is
the standard mean deviation of the fluctuation of f for each epoch day.

During the analysis, different classes of data were divided according to different situations,
such as: for different years, i.e., the first half year (from April to June), the latter half year (from
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July to October), and the whole year; for different solar activity levels, i.e., high activity years
(57-59, 68-70), low activity years (63-65, 57-77), ascending years (65-67) and descending years
(59-63, 70-75), for different polarities of the section boundary, i.e., positive boundary (the
direction of IMF being away from the Sun turns toward the Sun), and negative boundary (IMF
toward the Sun turns away from the Sun); for different locations of solar flares on the solar disk,
i.e., six regions as E1 (0° - 30° east of the central meridian of the solar disk), E2 (30° - 60° east),
E3 (60° - 90° east), W1 (0° -30° west of the central meridian of the solar disk), W2 (30° - 60° west),
and W3 (60° - 90° west); for different durations of the solar flares, i.e., shorter than 1.5 hours and
longer than 1.5 hours; for different brightness of the solar flare, i.e., bright flare and non-bright
flare, and so on.

RESULTS

(A) IMF Section Boundary Crossing

For whole year data, about one third of the thunderstorm index shows a discernible
correlation with the boundary crossing, being much more obvious for positive boundary than
negative boundary.

Figure 1 shows some examples of the superposition epoch which shows the correlation
between the index of thunderstorm frequency and the positive boundary crossing of interplanetary
magnetic field sections. The upper two panels are Northeast data from 4 stations in 1968 and
1976. N is the number of total cases. Dotted lines are confidence level of 1%. Figure 2 is for
negative boundary crossing. The lower two panels are the Northeast region. The upper three
panels are the Beijing region.

(B) Solar Flares

Figure 3 shows an example of the superposition epoch curve of the thunderstorm index with
respect to solar flares. The key days are solar flare burst days. For all cases of the east region
solar flare, both the northeast region and the Beijing region the correlation exists only for a bright
flare whose duration t is less than 1.5 hours and appears in the east region 2 of the solar disk. For
the west region solar flare, region W1 is the most obvious region in which the solar flare will
seemingly influence thunderstorm frequency.

CONCLUDING REMARKS

Having conducted all the superposition analyses for the different classes of data, we will
summarize our impression about the correlation between thunderstorms and solar activity,
including the IMF boundary crossing as follows:

1. The influence of magnetic boundary crossings on thunderstorm frequency is rather weak.
Only a few years' data show an increase of thunderstorm frequency within 3 days or 7 days after
the positive boundary crossing. Almost no influence after a negative crossing.

2. The influence of solar flares on thunderstorms is rather obvious. The thunderstorm
frequency experiences a discernible enhancement after the flare burst, especially for the flare which
appears in the west and especially in region W1 of the solar disk.

3. Statistics for the first half and the latter half year data show that the influence of the latter
half year solar flare is stronger than the first half year flare.

4. The correlation between sunspot number and thunderstorm frequency is not discernible.

5. The results of the correlation statistics for different cases are different; for the Northeast
and Beijing regions are also different. The results from our data are not identical with other
authors. These facts show that the influence of solar activities on thunderstorms may be affected
by local meteorological conditions.
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GENERAL OVERVIEW OF rHi SOLAR ACLIVILY EFFuCIS
ON THE LOWER IONOSFHERE

A.D.Danilov

Institute of Applied Geophysics,
Glebovskaya, 20-b, lioscow, I07258, USSR

Abstract

Solar activity influences the ionospheric D - region. [lhat
influence manifests both in the form of various solar induced
disturbances and in the form of the D - region dependence on
solar activity parameters (UV-flux, interplanetary magnetic
field, solar wind ets) in quiet conditions. Relation between
solar activity and meteorological control of the D region beha-
viour is considered in detail and examples of strong variations
of aeronomical parameters due to solar or wetsorolugical events
are given,

The question of solar activity (SA) influence on the iono-
spheri¢ D-region is not as simple as it might look at the first
approach. The matter is, that D~region as well as the whole
ionosphere occurs as a result of the ionization process in the
terrestrial neutral atmosphere which in its turn is completely
controlled by the sun. Thus, considering solar activity influ-
ence on the D-region one has to distinguish direct effects,
when this influence comes through variations of ionizing agents
(electromagnetic, or corpuscular), and indirect ones, when solar
activity alters the state of neutral medium, which leads to
corresponding changes in the state of the ionized component,

'he direct effects are more obvious and easy to understand.
'hey come from the fact that the electron concentration a7
which we consider as the most important characteristic of the
D-region is defined (in quazi-equilibrium conditions) by

q= [Q.]‘O(eff (I)
q veing the ionization rate and ol . - effective recombination

coefficient., All the direct effects of SA on tahe D-region are
contained in q even though.e(eff may vary and be dependent on

SA through indirect effects.

lhus, it is worth briefly considering the ionization sour-
ces in the D-region and discussing their variations with SA.
It is well known that most part of the D-region ionigzation is
due to solar Layman-o emission interacting with nitric oxide mo-
lecules. Layman is considered as a stable enough emission. Its
variations during the whole solar cycle lie Dbetween 3-I011 and

6-IOII photons cm_2 s -1 (SIMON, I982). According to review
(NUSINOV, Iy87) various authors accept for Le - variations from
winimum to maximum SA values of 30-I00%. Lhese variations are
much smaller, than uncertainities (and probably - variations)of
NO-concentrations at the D-region heights. ishus, one should not
expect well pronounced variations of the D-region behaviour

with 5S4 due to Ly-« variations. lhe other sources of ihe D-region
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ionization are i-rays (A€ 5.0 nm), galactic cosmic rays and
solar emission with A = I02,7~III.8 nm (the latuer ionizing
only excited O, (4Aa ) molecules). Variations of I02.7-I1I.8

nm emission do not essentially exceed that of Ly-o (see lable
I) so we hardly have here a source of strong D-region varia-
tions during SA-sycle. Variations of the galactic cosmic rays
with solar activity are well known. Ionization rate q due te
cosmic rays in the D-region during solar minimum is nearly
twice that during solar maximum.
fable I
amnplitude of waximum to minimum SA (il/m, variations of
various ionization sources

Source Ly-o 102.7-1il.8nm A-rays Cosmic rays
M/m L.%5=-2 2=2.5 5=-10 0.0
Ref, (NUSINOV,I987) (HINI{BRMGGER, (BANKS and (BRASSEUR

I981) KOCKARES, and SOLO-
1974) MON, I984)

lhe most changeable ionizing agent in the D-region is
{-rays. Variations of its intensity during solar cycle depends
on wavelength and generally are strong enough. Ihe values of
L-ray flux for A = g.I - 3.I nm and levels of 34 (ver¥ quigt,

uiet, moderate, high) accorging to BANKS and KQGKARTS (I9?
re 7.5 Iog, 1.5 105, 3,0 207 ana 4.5 1%7 cm~1g E. s

Flg. I shows g - values in the D-region due to various
ionization sources and their possible variations from minumum
SA(m) to maximum SA(M)., It is seen that even during high SA
the imput of X-rays in the ionization rate q is small in the
most part of the D-regilon. That means that we should hardly
expect regular changes of the D-region lonization rate during
54 cycle suronger than variations of Ly-el intensity.

Looking at formula (I) we see that the latter means that
we should expect /q/ variations with the amplivude of I.IS-I.4
if there is a gquadratic recombination law (el is constant
at fixed neight) an? of I.3=2 if there is a liggar law (o £r
vary nearly as /e/""). e

In fact that is what we see in due experimental data ~-
regular varistions of the D-region electron concentration in
the solar cycle are rather weak and much less, than that due
to various disturbances. Lo illustrate that, we use the figure
showing [e/ variation with solar zenith angle X for summer
conditions (DANILOV et al., I982) and mark at each point the
value of Fp, 0 - flux for the day of the experiment (see Fig.c).

As one can see from bthat Figure there seems to be no pronounced
dependence on FIO 9 = all the experimental points lie on the

same curve representing /e/ - dependence on X .

<uite different picture we have for various events, mani-
festing oA. There we have very strong variations of ionization
rate q with consequent changes of all tne D-region parameters.
fable 2 shows variations of g due to x-rays ionization during
solar flares of various intensity (prominent, strong, moderate)
according to MILRA (IO74).
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Table 2.

Ionization rates in the D-region due to solar flares
according to MILRA (I974)

q cm~2 g-1

h, km

Prominent Strong Moderate
60 2.I0% 1.5 I.2 [0°t
65 6.I0% 4 4.10°1
20 I.5 I0° I.2 1ot I
95 5 10° 4 1ot 3.5
80 1.5 107 102 ol
85 3 107 2.5 I0° 2.5 10t

Fig.? presents variations of g-values during SPE events (SWIDIR,
I979). Comparing both sets of q with Fig.I one can see, that
the ionization rates due to X-rays and energetic particles in
disturbed conditions are several magnitude higher than in quiet
conditions. It is worth emphasizing that during very strong SPE
or rRiP (relative electron precipitation) events strong ioniza-
tion may btake place even at ailtitudes much lower than normal
D-region down to 30-40 km (see BRASSKUR and SOLOMON, I984). An
example of that also give curves 5-7 in Fig.3.

Strong variations of g in the D-region should inevitably
lead to essential changes not only of /e/ but of the whole re-
combination cycle as well, including °(eff’ rate of clustered

ions formation B, ion compesition parameter £ , negative ions
parameter A and so on. For SPL events we have data on the
effective recombination coefficient which show that there in
fact is a variation (decrease of &k ) during the events. Fig.4
(DANILOV and SIMONOV, I98I) show v8ifies of ol _,, for summer

(I972) and winter (IY69) SPE-events. %g is well geen that °(eff
in disturbed conditions E’A‘g]a IO% cm=?) is much lower 3
osgecially for winter SPZ) than for quiet conditions ((e7<£ IO
=)

cm . Theory of the ionization cycle in the upper D-region
(DANILOV, I986) gives a clear explanation to that fact - the
decrease ofe(ef£ ig due to decrease of the ion composition

parameter 1t = [Elus;4N0+, 0%7. That effect has been measu-
red for I969 SPE - event’(NARCISTI, I972).

Table 3
Values of the ion composition parameter £t for gquiet winter
conditions and for November, 1909 SPB

Day Night

80 km 85 km 80 km 85 km
winter -I I -I
(average) 2.0 5-I0 2-1I0 » I0
SPE-I969 9.10"° 1.9.10~% I.6-107%  5.9.107%

n
The f£*- parametef/{ts own turn decreases because of the
reducing of the effectiveness of clustered ion formation B. In
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the SPE conditions ;hg priwary ipnf produced by the process of
ionization became O instead of wO% in quite conditions and

that leads to substatution of B (No') by B(0}), the latter at

fixed neight being lower, than the former.

In the lower part of the D-region where there }s a satura-
tion of clustered ions (f£%>> I0) and variations of f£%¥ ~ parameter
does not influence«deff, the latter during disturbances of SPhE-

type still changes, but due to decrease of the negative ion
parameter A , because

Aorr = (I v A ) (Maied;) ()

whereti* and cli - averaged constants of dissotiative recom-
bination and wmutual recombination process correspondingly.
rrincipally the same picture should take place during
sudden ionospheric disturbances SID, following solar flares.
During SID we observe strong enchancement of /e/ and reducing
of oLeff (LITRA I974) but there is no ion composition measure-

ments to check the effects of f* decrease.

weaker, but nevertheless much pronounced changes of the
D-region parameters do take place during other events, produ-
ced by the energetic particle fluxes (aAuroral Absorption AA,
REP). In all those cases we have increase in the electron
concentration due to enhanced g-values and decreasedcieff.

Une more comment should be made concerning Fig.4 .There is
a well promnounced difference between °‘eff - values for summer

and winter SPm. This difference reflects cthe fact that there is
a strong seasonal variation of ekeff (see DANILOV and SIMONOV,

T981) due to seasonal variations of the ion composition, produced
Dy meteorological processes (DANILUV, [98¢). lhat wmeans that
effect of solar event (for example SPi) is modulated by the meteo-
rological influence. In our particular case that means that the
same SPA-proton fluxes (the same q) produce much stronger
disturbances of the electron concentration in winter tnan in
summer,

Summarising the above sald one may state that there are
two types of influence on the ilonospheric D-region - direct
solar and weseorological. If we compare tne magnetude of the

effects due to A and meteorological control we wll find (see
lable 4) that regular variations of che meteorological origin
are much stronger tnan that due to SA. For spontaneous distur-
bances the picture is quite opposite - the amplitudes of varia-
tions for the principal parameters are higher for SA-produced
events,

Above we have already mentioned the effect of °(eff

decrease during Sru-events. l'hat decrease strongly depends

on the season, and tnat is a good example of the meteorolo-
gical control filtering the effects of SiA. In fact it happens
rather often, because the reaction of the D-region to the ex-
ternal disturbance (in the form of A-rays or corpuscules)
aevends upon the internal state of the D-region (ion composi-
tion, A ~ ratio, effective reconbination coefficient), aever-
mined mainly by tae neutral atmosphere and so coutrolled by
tne meveorological processes.
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Table 4
Amplitudes of SA and meteoroclogical effects
in the upper D-region

(el L orr e
‘Regular
SA < 50% < 50% < 50%
Seasonal 2 2-3 5-10
5 ‘Spontaneous > 3
SPE >‘|O2 =10 10°=10
WA x 10 3-4 =~ 30

A good example of that state-
ment provides Fig.5 (DANILOV et al., I983), demonstrating
seasonal variation of the sudden phase anomaly (SPA) effects
in VLF. Ffig.5 shows that the reaction of the D-region on solar
flares is different for summer and winter, which manifests the
meteorological control of the pure effect of SA.

Phere is the other side of the medal. Having some ways to
influence the middle atmosphere dynamics and/or thermodynamics
by SA without direct effect on the D-region we have indirect
SA influence on the latter through the alteration of the meteo-
rological situation. Lhe most obvious example is variation of
solar UV-emission in I20~200 nm interval. lhis emission is not
able to change g-values in the D-region, but influences the
Oa dissotiation and so By the formation of the ozone should

alter dynamical picture in che whole middle atmosphere. fhe
latter, as we understand now, is strictly connected with many
aspects of structure and photochemistry (including conditions
for propagation of internal gravity ways) and so will influence
the D-region through minor constituents, temperature dependence
of reaction rates, turbulence ets. lhat is what we call indirect
influence of SA on the lower ionosphere.

'hat kind of influence is probably the one which provides
observed connection of the D-region behaviour with such mani-
festations of SA as soliar wind (see LASIOVICKA I988) and geo-
magnetic activity. If we put aside events with strong enough
electron precepitation we will find that there is no correla-
tion with peomagnetic acbivity and no or racher weak correla-
tion with solar activity (LASIOVICKA and SKOBODA, I9Y37). Lhe
lacter means that ( since we cannot imagine negative 1lnfluen-
ce of SA on the D-region) the direct positive effect of SA is
compensated by the indirect one through SA influence on the
middle atmosphere as a whole.
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