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Abstract

The analysis of long-term observations in Abastumani (41.75° N, 42.82° E) revealed
differences in the seasonal variations of Galactic Cosmic Rays (GCRs) flux and geomagnetic
activities at cloudless days and cloudless nights. Particularly, in summer, the inter-annual
distributions of the planetary geomagnetic Ap index and Sudden Storm Commencement (SSC)
exhibited minima for cloudless days and maxima for cloudless nights, where GCR flux showed deep
minimum. This feature in the case of SSC was demonstrated for the first time. The long-term trends
of Ap index during summer time also revealed various meanings for cloudless day and night. These
results can be regarded as the effect of cosmic factors on cloud covering in Abastumani, which in
turn may have an influence on climatic variations.

1. Introduction

During the last decade the problem of impact of cosmic factors on cloud cover and its consequences
on global climate has become of an increasing interest [1]. The solar wind, as well as Galactic
Cosmic Rays (GCR) flux, modulated by it, effect the structure of the atmosphere. GCRs are the
main source of ionization in the troposphere and lower stratosphere and they can initiate cloud
condensation nuclei (CCN) [2, 3]. Geomagnetic storms also affect atmospheric structure and

GCR flux [4]. Thus, there should be the interconnection between solar activity, GCR flux and
geomagnetic disturbances.

The active processes on the Sun, like energetic proton events, coronal mass ejections
(CME), solar flares, etc., are followed by decrease of GCR flux in the heliosphere [5, 6]. Since the
active processes happen more often during solar maximum, then in minimum phase, the
variations of the GCR flux are in antiphase with the 11-year solar cycle: it’s decrease is greater
during solar maximum, then during minimum phase [7].

According to Svensmark and Friis-Christensen [2], the lower level cloud covering
correlates with the 11-year cycle of GCR flux and can cause variations of the ion numbers
produced by it, which in turn affect the changes in the amount of CCN [8]. The cloud covering
process is also connected to the temperature and seasonal changes of the atmosphere, in general.

82



Various seasonal atmospheric conditions can also influence differently the variations of
the CCN produced by GCR. Therefore, there is a possibility that the inter-annual changes
impact the cloud covering. At the same time, geomagnetic disturbances accompany active
processes on the Sun and modulate GCR flux, which may be reflected on the cloud covering
processes.

The goal of this paper is to reveal possible influence of cosmic factors on the cloud
covering, considering inter-annual and long-term variations of GCR flux, solar activitiy,
geomagnetic Ap index and Sudden Storm Commencement and their relationships, at cloudless
days and cloudless nights in Abastumani.

2. Inter-annual variations of the planetary geomagnetic Ap index, SSC, GCR and solar radio Fio
fluxes at cloudless days and nights in Abastumani

To reveal the influence of cosmic factors on cloud covering we consider the inter-annual
variations of planetary geomagnetic Ap index, Sudden Storm Commencement (SSC), GCR flux
and solar radio flux Fizat cloudless days and nigths in Abastumani.

Fig.1 demonstrates mean seasonal values of Ap index for moderate geomagnetic
disturbances (Ap<49), as well as corresponding normalized GCR flux and solar radio Fio7 flux in
Abastumani during 1957-1993, for cloudless days (white circles) and nights (black circles). GCR

values X (at days with Ap<49) are normalized to their mean X - X,=(X - X)/X.

Fig.1a demonstrates that, for cloudless nights, in addition to the Ap's well-known semi-
annual variations with greatest values in spring and fall [9], it also reveals maximum in summer.
This indicates the influence of cosmic factors on cloud covering. For the same cloudless nights
GCR flux drops in summer as well. This decrease can cause reduction of ionization in the lower
atmosphere and, consequently, the decrease of the amount of cloud formation nuclei, which in
turn results in more cloudless nights.

The reduction of GCR flux in Summer is even more evident for strong geomagnetic
disturbances (Ap>50), which is often accompanied by Forbush decrease of GCR [6, 10]. The
GCR effect on cloud covering appears even stronger since solar radio flux changes (at Ap<49) in
summer for cloudless nights are insignificant.
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Fig. 1. The inter-annual distributions of seasonal mean values of the following quantities at the planetary
geomagnetic Ap<49: (top panel) Ap index; (middle panel) the normalized GCR flux observed by Thilisi
neutron monitor during 1964-1993 and (bottom panel) solar radio flux Fy,7. Dashed lines are for all day-night
periods, dash-dotted lines and white circles — for cloudless days, and solid lines and dark circles — for
cloudless nights at Abastumani in 1957-1993.

We considered the inter-annual distributions of monthly mean values of relative
monthly numbers of Sudden Storm Commencement (SSC) and normalized GCR flux observed
by Thbilisi neutron monitor during 1964-1993, for all, cloudless days and cloudless nights (Fig.2).
Relative monthly numbers of SSC (characteristic frequency of SSC occurence) is a ratio of
number of days (nights) with SSC to number of days (nights), for every month, summed during
1957-1993. Similar to above case, for cloudless nights, the sharp maximum of SSC in June is
accompanied by the deep minimum of GCR flux.

The observed different sensitivity of cloud covering to the cosmic factors during day and
night should affect the radiation balance on the Earth's surface and possibly the climate. To
reveal the influence of cosmic factors on climate change we will consider the long-term trends
of geomagnetic index for cloudless days and nights in the next chapter.
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Fig. 2. The inter-annual distributions of monthly mean values of the following quantities: (top panel) relative
monthly numbers of Sudden Storm Commencement; (bottom panel) the normalized GCR flux observed by
Thilisi neutron monitor during 1964-1993. Dashed lines are for all day-night periods, dash-dotted lines and
white circles — for cloudless days, and solid lines and dark circles — for cloudless nights at Abastumani in
1957-1993.

3. Long-term trends of the planetary geomagnetic Ap index for cloudless days and nights

Like solar activity, the number of geomagnetic disturbances and thus planetary geomagnetic Ap
index undergo changes with 11-year, secular and possibly other long-term periods, typical for
solar variabilities. The considered dataset covers three 11-year solar cycles [11]. In Abastumani,
the monthly and seasonal long-term trends (during 1957-93) in the red line of nightglow
intensity were determined [12]. For this period the annual mean values of Ap index experience a
minor positive trend. Almost the same values are obtained for cloudless days and nights. On
Fig.3 the trend values of Ap for cloudless days, nights and all day-nights at moderate
geomagnetic disturbances (Ap<49) are demonstrated.
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Fig. 3. Long-term variations of the mean annual planetary geomagnetic Ap index with Ap<49 for all day-
nights (dashed lines and triangles), cloudless days (left fig., white circles), cloudless nights (right fig., dark
circles) and their linear long-term trends during 1957-1993.

However, for seasonal mean Ap the trends are significantly different in case of cloudless
nights. In the table, Ap seasonal trends (year™) and errors in 95% confidence are presented for all
day-nights, cloudless days and cloudless nights.

All Ap Cloudless days Ap Cloudless nights Ap

trend +95% c.i. trend +95% c.i. trend +95% c.i.
Feb-Mar-Apr 0.092 0.017 0.136 0.036 0.178 0.065
May-Jun-Jul 0.009 0.014 0.008 0.023 -0.104 0.044
Aug-Sep-Oct 0.056 0.016 0.058 0.024 0.091 0.038
Nov-Dec-Jan 0.070 0.015 0.034 0.033 0.072 0.056

For cloudless days and nights these trend values are significantly different in summer
(May-Jun-Jul): 0.008+0.023 and -0.104+0.044, respectively, with statistically significant negative
number for nights. This negative trend for cloudless nights indicates the decrease of number of
magnetically disturbed cloudless nights and thus the reduction of loss of infrared radiation
emitted by the Earth's surface. This phenomenon may indicate the impact of cosmic factors on
climate change.

4. Conclusion

We obtained different inter-annual variations of planetary geomagnetic Ap index
(Ap<49) and Sudden Storm Commencement at cloudless days and nights in Abastumani. For
cloudless nights, mean seasonal Ap and SSC are the greatest in summer, while it is the smallest
for cloudless days. In the case of SSC, this feature is demonstrated for the first time in the
present paper. So, the effect for weak and moderate geomagnetic disturbances (Ap<49) and
strong ones are similar. The GCR flux decrease is also the greatest in summer.

We obtained that for summer season, the long-term trend of Ap for cloudless nights is
significantly different from the one for cloudless days.
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The obtained different seasonal sensitivity of cloud covering process to geomagnetic
activity and GCR flux changes indicates the impact of cosmic factor on radiation balance on the
Earth's surface. This fact, as well as different long-term trends of geomagnetic disturbances for
cloudless days and nights, also point on possible cosmic factor influences on climatic variations.
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CB3b N0TOKA rAJIAKTHYECKUX KOCMUYECKHX JIyueil 1 TeOMArHUTHOM
AKTHBHOCTH € 00/1a4YHOCTBHI0 B A0DaCTyMaHH

Maiis Toaya u I'ogepazu Aunedynuaze

Abactymanckas Actpoduszudeckas OOcepBaTopust
l'ocymapcrBenHbiii YHuBepcurer Minu

Pesrome

AHanu3 TNPOJNODKUTENBHBIX HAOMOACHWH B AOacTyMaHM BBISIBMJI Pas3iHuusl CE30HHBIX
BapHaIiil MOTOKa rajakTudeckux kocmuueckux jyderd (GCR) m reoMarHUTHON aKTUBHOCTH JUIS
SCHBIX JHEBHBIX U HOYHBIX BPEMEH CYTOK. B UacTHOCTH, B JIeTHee BpeMsi, TOI0BbIE pacipeaeeHHs
TUTAHETAPHOTO TEOMAarHUTHOTO MHJIeKca AP 1 BHe3armHoro Havaita Oypu (SSC) nMmeeT MUHUMAIBHOE
3Ha4YeHHE BO BPEMsI SICHBIX JHEH M MaKCHMaJIbHOE BO BpeMs HOuel. B To jke Bpems, B cilydae sICHBIX
Houed, morok GCR wumeer rinybokuii wmumHEMyM. J[lns SSC 3ta  0coOeHHOCTH OblIa
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IPOJEMOHCTpUpOBaHa BrepBble. IIpogomkurensHple TpeHAbl AP HHIEKCA TaKXKE BbIIBUIM
pasInYHbIC 3HAYCHMSI B JIETHEE BpeMsl JUIsl ACHBIX AHEH W Houell. [lomyueHHble pe3yabTaThl MOTYT
OBITH TPOSIBIICHUEM BIMSHUS KOCMHUYECKHX (PAKTOpOB Ha 00IaYHOCTH B AOacTymaHu, KOTOpoe, B
CBOIO 0Y€pe/b, MOKET UMETh BO3/ICHCTBHE HA KIIMMAaTUYECKHE N3MEHEHMSL.
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