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Abstract: We study possible relationships between seasonal distributions of the visually observed cloudless
days (CD) and cloudless nights (CN) at Abastumani Astrophysical Observatory (41.75N, 42.82E; Georgia) and
the galactic cosmic ray (GCR) intensity in 1957-1993. The annual variations of monthly numbers of CD and
CN have been observed, with maximum in August for CD and in September for CN. During geomagnetic
disturbances it is also observed the growth of number of CD in September and March (equinoctial months), and
for CN, together with September, in June, April and February. We assume that this phenomenon indicates an
influence of cosmic factors on cloudiness, as well as the existence of semiannual and possibly shorter-periodicity
variations. This cosmic factor can be the manifestation of different rates of the GCR flux variations in CD and
CN periods. The influence of GCR flux on ionization of lower atmosphere and variations of density of cloud
condensation nuclei, also can be connected to the annual and seasonal changes of temperature at Earth surface
of this region. To comprehend behaviors of the annual and semi-annual variations of the GCR intensity and their
possible relationships with the seasonal distributions of CD and CN we compose and numerically solve two
dimensional (2-D) time dependent transport equation including all important processes in the heliosphere. An
analysis of experimentally observed and theoretically obtained results have been carried out.
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1 Introduction
A relationship of changes of the cloudless days (CD) and
cloudless nights (CN) numbers with the GCR intensity
variations is studied for the first time based on the u-
nique observation data in the Abastumani Astrophysical
Observatory (Georgia) during 1957-1993. So, at the be-
ginning we consider the behavior of the average GCR in-
tensity in yearly period based on neutron monitors da-
ta. Then we compare results with similar changes of CD
and CN for the same period. The inter-annual changes
of atmospheric processes, including cloud covering in the
lower atmosphere, can possibly be related to the season-
al changes of absorption of solar electromagnetic radi-
ation energy by the Earth’s surface, which depend on
geometry of solar-terrestrial position in the heliosphere.
During Earth’s rotation around the Sun, the interplane-
tary and geomagnetic field geometry and, as a result,
the influence of the solar corpuscular radiation on the
events on the magnetosphere-ionosphere-atmosphere cou-
pling change [1]. To generate geomagnetic disturbances by
solar wind, the interplanetary magnetic field and geomag-
netic field configuration are effective at equinox months
(March/April and September/October) [1]. The large num-
ber of geomagnetic disturbances at equinoxes and smal-
l number around solstice months gives semi-annual vari-
ability of frequency of appearance of the phenomena char-

acteristic for magnetosphere-ionosphere-atmosphere cou-
pling processes [2]. Solar wind disturbances cause changes
not only in geomagnetic field , but modulate GCR flux, as
well. These in turn can cause variations of ions produced
by GCR and hence the density of cloud condensation nu-
clei. Thus, there is a possible coupling between changes in
GCR flux and cloud formation processes [3, 4].

High mean day-night temperature in the lower atmo-
sphere and the Earth’s surface can be favorable for cloud-
less days and nights. When a difference between day- and
night-time temperatures is comparatively large, then cloud
formation conditions are favorable, including the influence
of cosmic factors, like the GCR flux. Also, seasonal pecu-
liarities of temperature changes from day to night for giv-
en region of the lower atmosphere also can influence the
annual and semi-annual effect of GCR ionization on cloud
covering processes.

Increase of the cloud-condensation nuclei density pro-
duced by GCRs flux enhancement, where the water va-
por is near saturation, should stimulate the cloud forma-
tion processes and grow the cloudiness [5]. Decrease of
GCRs flux in similar conditions should be favorable for
cloudless days and nights. In the lower atmosphere where
the clouds mostly form the temperature and humidity vari-
ations are different for day and night. Because of this, the
processes initiating cloud formation by GCR may be dif-
ferent during day and night. Together with seasonal as well
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Fig. 1: Inter-annual distribution of total monthly numbers
of cloudless days in Abastumani Astrophysical Observato-
ry in 1957-1993 at different geomagnetic disturbances: for
Ap≥ 7 (blue), Ap≥ 12 (red), Ap≥ 20 (green) and Ap≥ 30
(violet). Yellow line corresponds to all cloudless days.

as day-night variations of atmospheric condition, it is pos-
sible day-night and seasonal changes influence of cosmic
factors on cloud covering.

2 Experimental Data
Figure 1 shows that the biggest number of cloudless days
is in August and during magnetically relatively disturbed
conditions (Ap ≥ 7) shifts to September, where there is a
maximal number of magnetically disturbed day-nights [1].
In the figure the increase of number of magnetically dis-
turbed cloudless days is observed, both in September and
March, pointing to semi-annual variations modulating the
annual variations of cloudless days, which indicates the
influence of cosmic factors on cloud covering. This phe-
nomenon is enforced by the fact that maximal number of
cloudless nights is in September (Figure 2) and at geomag-
netically comparatively quiet periods (Ap < 40) is again in
August, like for cloudless days. We note that in the region
maximal day-night temperature at the surface is mostly ob-
served in August and, as was mentioned, the number of
cloudless day-nights is more expectable. During magneti-
cally disturbed conditions, such annual distribution is mod-
ulated by semi-annual variations which can be caused by
the influence of cosmic factors in the cloud covering. We
assume that one of the cosmic factors, influencing on cloud
covering processes, can be considered the inter-annual vari-
ations of GCRs flux at cloudless days and nights.

3 Model of the GCR intensity variation
We model the variation of the GCR using the Parker’s time-
dependent transport equation [7]:

∂N
∂τ

= ∇ · (KS
i j ·∇N)− (vd +U) ·∇N +

1
3

∂
∂R

(NR)∇U (1)

Where N and R are omnidirectional distribution function
and rigidity of GCR particles, respectively; τ - time, U so-
lar wind velocity, vd is the drift velocity. We set up the di-
mensionless density f = N

N0
, time t = τ · τ0 and distance

r = ρ
ρ0

; where N0 is density in the Local Interstellar Medi-
um (LISM) accepted as N0 = 4πI0 , where the intensity
I0 in the LISM [8, 9] has the form: I0 = 21.1T−2.8/(1+

Fig. 2: Inter-annual distribution of total monthly number-
s of cloudless nights in Abastumani Astrophysical Obser-
vatory in 1957-1993 at different geomagnetic disturbances:
for Ap < 12 (blue), Ap < 20 (red), Ap < 30 (green) and
Ap < 40 (violet). Yellow line corresponds to all cloudless
nights.

5.85T−1.22+1.18T−2.54); T is kinetic energy in GeV (T =√
R2 +0.9382 − 0.938 for the rigidities to which neutron

monitors are sensitive); ρ and ρ0 are the radial distance
and size of the modulation region; τ0 is the characteristic
time corresponding to the changes in heliosphere for the
certain class of GCR variation. For the annual variation we
accept that τ0 is equal to duration of one year. A size of the
modulation region ρ0 = 100AU and the upwind-downwind
asymmetry of the heliosphere is not taken into account, as
far ρ0 is significantly greater (more than 10 times) than the
larmor radius of GCR particles to which neutron monitors
respond. We assumed that during one year the solar wind
speed various around 400 km/s with an annual wave, hav-
ing second harmonics with maxima in March and Septem-
ber (Fig. 3). This assumption can be justified because of
the CD and CN annual and semi annual changes are well
correlated with Ap index on the one hand, and on the other,
the later is in good correlation with the solar wind velocity,
e.g. [10, 11].

The equation (1) for the dimensionless variables f, R
and t in the 2-D spherical coordinate system can be written:

A0
∂ f
∂ t

= A1
∂ 2 f
∂ r2 +A2

∂ 2 f
∂θ 2 +A3

∂ 2 f
∂ r∂θ

+A4
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+
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∂ f
∂θ

+A6 f +A7
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(2)

where A0 =
ρ2

0
τ0KII

and the coefficients A1,A2, ...,A7 are func-
tions of the spherical coordinates (r,θ) , rigidity R of the
GCR particles and the time t. The anisotropic diffusion ten-
sor of GCR Ki j = K(S)

i j +K(A)
i j consists of the symmetric

K(S)
i j and K(A)

i j antisymmetric parts. We implement a drift

velocity of GCR particles in a model as [12], ⟨vd,i⟩=
∂K(A)

i j
∂x j

.
This expression is equivalent to the standard formula for
⟨vd⟩ [13]. The interplanetary magnetic field (IMF) vector
B is written, as [14, 15]:

B = (1−2H(θ −θ
′
))(Brer) (3)

where H is the Heaviside step function changing the sign
of the global magnetic field in each hemisphere and θ ′

cor-
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Fig. 3: The assumed in the models I harmonic and I+II
harmonic of annual solar wind variation.

Fig. 4: The expected annual wave of the GCR intensity for
particles with rigidity R = 10GV for assumed I harmonic
of solar wind and I+II harmonic of solar wind for maxi-
mum and minimum conditions of solar activity.

responds to the heliolatitudinal position of the heliospher-
ic neutral sheet (HNS), er is the unite vector directed a-
long the component Br of the IMF of the two dimension-
al Parker field [16]. Parker’s spiral heliospheric magnetic
field is implemented through the angle ψ = Arctan−Bφ

Br
=

Arctan Ωrsinθ
U in anisotropic diffusion tensor of GCR parti-

cles (ψ is the angle between magnetic field lines and radi-
al direction in the equatorial plane) and ratios β = K⊥

KII
and

β1 =
Kd
KII

of the perpendicular K⊥ and drift Kd diffusion co-
efficients to the parallel KII diffusion coefficient:

β =
1

1+(ωτ)2 (4)

β1 =
ωτ

1+(ωτ)2 (5)

where ωτ = 300BλcR−1, B is the magnitude of the IMF
is implemented in model as series of in situ measurements
equals 5.5∗10−5 Gauss in minimum epoch and 8.5∗10−5

Gauss in maximum epoch of solar activity (SA); λ linearly
depends on the rigidity R of GCR particles and c is the
speed of light. So, for the cosmic ray particles of rigidity
R > 10GV the perpendicular K⊥ and drift Kd diffusion

coefficients are proportional to the parallel KII diffusion
coefficient. The billiard ball diffusion is not generally the
best approximation [17]-[20] but it works well at high
rigidities to which neutron monitor and muon telescopes
are respond, R > 10−15GV [21, 22]. A parallel diffusion
coefficient used in modeling is expressed, as:

KII = K0K(r)K(R,α) (6)

where K0 = 1.9∗1019cm2/s, K(r) = 1+0.5r/r0; K(R,α)
contributes to the changes of the parallel diffusion coeffi-
cient KII due to dependence on the GCR particles rigidity
R. We assume that α = 0.7 in minimum and α = 1.2 in
maximum of solar activity. Drift effect due to gradient and
curvature of the regular IMF is implemented in the mod-
el by means of the ratio β1 of the drift Kd diffusion coeffi-
cients to the parallel KII diffusion coefficient. The equation
(2) was transformed to the algebraic system of equations
using the implicit finite difference scheme, and then solved
by the Gauss-Seidel iteration method using the boundary
conditions

f |r=100AU = 1 (7)
∂ f
∂ r

|r=0 = 0 (8)

∂ f
∂θ

|θ=0 =
∂ f
∂θ

|θ=π = 0 (9)

and the initial condition with respect rigidity f |R=100GV =
1 and with respect the time f (r,θ ,Rk, t)|t=0 = f (r,θ ,Rk).
The solutions for each layer of rigidity R
(R = 100,90,80, ...,10GV ) for the stationary case are con-
sidered as an initial conditions for the nonstationary case
for the given rigidity R and at time t = 0 [23]. Results
of the numerical solution of the equation (2) for rigidity
R = 10GV are presented in figure 4. It is seen from figure
3 and figure 4 that changes of solar wind velocity in range
∼ 350 − 500km/s cause changes in the GCR intensity,
about 0.3%, which should not provide enough changes of
the level of aerosols responsible for cloudiness-cloudless
state of the Earth’s atmosphere. In spite, Ap index is in
a good correlation with solar wind velocity, to take solar
wind velocity as an important proxy is not sufficient in
models of cosmic ray propagation. Modeling with inclu-
sion besides of the solar wind velocity, IMF and tilt angles
of the heliospheric neutral sheet, is in active progress.

4 Conclusions
1. The inter-annual distribution of cloudless days and

nights in Abastumani Astrophysical Observatory re-
veals both annual and semi-annual variations for
various levels of geomagnetic disturbances. For the
annual cycle, the number of cloudless days is the
biggest in August, which may be expectable, since
in this month the mean day-night surface tempera-
ture in the region is maximal. In geomagnetically
disturbed conditions (Ap ≥ 7), having semi-annual
character, the increase of number of cloudless days
at equinoxes possibly cause the shift of maximal
number of cloudless nights from August to Septem-
ber. This phenomenon and the fact that number of
cloudless nights are the biggest in September and for
less geomagnetic disturbances (Ap < 40) shifts back
to August, point to the influence of cosmic factors
on cloud covering processes.
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2. The GCRs flux change is considered as one of the
possible cosmic factors, which reveals annual varia-
tions for cloudless nights, with the greatest decrease
in June, where, for magnetically disturbed condition-
s, the maximal frequency of cloudless nights is ob-
served.

3. The modeling results indicate that the changes of so-
lar wind velocity in range ∼ 350−500km/s , being
in a good correlation with Ap index, cause ∼ 0.3%
changes of the annual GCR intensity variation. This
variation cannot provide enough changes of the lev-
el of aerosols responsible for cloudiness-cloudless s-
tate of the Earth’s atmosphere. Further investigation-
s concerning modeling including besides of the so-
lar wind velocity, interplanetary magnetic field and
tilt angles of the heliospheric neutral sheet, are nec-
essary.
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