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Abstract: Solar activity, galactic cosmic ray behavior, changes of global climate and its future dynamic are
discussed. It is predicted that in the next decades we will have the low level of solar activity with maximum of
sunspot number of Rz < 70. It will cause an increase of cosmic ray fluxes during this time. We suggest future
climate cooling instead of warming. This cooling process was started at the beginning of this century. Physical
mechanism explaining this phenomenon is considered.
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1 Introduction
The questions concerning the time changes of solar activ-
ity, cosmic ray fluxes and global climate changes are dis-
cussed. It is shown that from the beginning of the new cen-
tury and during the next ∼ 50-th years the solar activity
will have low values (maximum sunspot numbers Rz are ≤
(60 - 70)). The cosmic ray fluxes recorded at the Earth de-
pend on solar activity and the cosmic ray fluxes are expect-
ed to be high in the nearest future.

From the analysis of experimental data on solar activi-
ty (SA), cosmic ray fluxes (CRs) and global temperature
changes of air surface layer (∆T ) follows that the relation-
ship of ∆T with SA or CRs is very weak and SA or CR
flux changes cannot be responsible for the climate warm-
ing process.

The new mechanism was put forward to explain the cli-
mate changes. Cosmic dust of zodiacal cloud located in the
interplanetary space between the Sun and Mar’s orbit falls
into the Earth’s atmosphere. The transparency of the atmo-
sphere, cloud production rate and global cloud coverage
are defined by dust concentration. These characteristics of
the atmosphere determine the total solar energy flux at the
Earth’s surface which in turn is responsible for the climate.
The dust concentration in the zodiacal cloud depends on
the comet number crossing the solar system. The analysis
of experimental data on the global air surface temperature
changes ∆T shows that the global warming process has to
be replaced with the global cooling one. From the begin-
ning of this century the values of ∆T do not show any in-
crease.

2 Solar activity in past, present, and nearest
future

In Fig. 1 the time dependence of solar activity (sunspot
number Rz) as a function of time is shown for the past 1000
years [1]. One can see that during this period several long-
term intervals of low solar activity, so-called grand minima,
occurred [2, 3]. The names of these intervals, their starts
and ends are given in Table 1.

The causes of the appearance of such long-term solar
activity minima are unknown. In [4] the relationship of the
appearance of grand minima with the distance r between
center mass of the solar system and the center of the Sun

Fig. 1: Sunspot numbers Rz averaged per year as a function
of time [1]. The blue letters show grand minima of solar
activity: O - Oort’s minimum, W - Wolf’s minimum, S
- Spörer’s minimum. M - Maunder’s minimum, and D -
Dalton’s one [2, 3]

was obtained (see Fig. 2). The grand minima are observed
when r has maximum values.

Minimum Oort Wolf Spörer Maunder Dalton
name

Start - end, 1010- 1280- 1460- 1620- 1790-
years 1050 1350 1540 1720 1835

Table 1: The grand minima of solar activity observed dur-
ing the past 1000 years [2, 3].

There are 5 grand minimum intervals and the only
Oort’s minimum brakes this relationship. But this mini-
mum occurred ∼1000 years ago and our knowledge on so-
lar activity related to this period are very sparse. From Fig.
2 it is seen that at present we have a new grand minimum
of solar activity and it will continue during next several
decades [4]. Next solar activity grand minimum is expect-
ed in the second half of the 22-nd century.

We suggest that the current long-term minimum will
be like to Dalton’s one (1790 - 1835). For this case our
prognosis of future solar activity up to ∼ 2045 is given in
Fig. 3. The low solar activity is predicted for the next ∼35
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Fig. 2: The calculated distances r between the center of
mass of the solar system and the center of the Sun as a
function of time. Horizontal bars in the upper part of this
Figure show the grand minima of solar activity and their
duration (length of bar). Horizontal blue line separates
time intervals with the maximum values of r.

Fig. 3: Time dependence of annual averages of sunspot
number Rz from 1990 up to now (red points and curve are
experimental data) and predicted values Rz for the current
24-th solar cycle, next 25-th, and 26-th ones (blue points
and curve) [4]. The prognosis was made 4 years ago [5,6].

years. The monthly averages of Rz will fluctuate around the
predicted values of sunspot numbers.

3 Cosmic ray fluxes
In the heliosphere the cosmic ray fluxes depend on solar
activity level (sunspot number Rz). There is a tight relation
between cosmic ray flux and sunspot number Rz with the
high correlation coefficient k ≈ 0.9 [7]. As during next
∼ 35 years we expect the low solar activity the cosmic
ray fluxes will be higher in comparison with the fluxes
recorded in 19-th - 23-rd solar cycles.

Here we have used the data on cosmic ray fluxes in
the atmosphere obtained in the Lebedev Physical institute
of the Russian Academy of Sciences. The regular mea-
surements of cosmic ray fluxes in the Earths atmosphere
were started in the middle of 1957 and are continued up
to now. These measurements are performed at the north-
ern polar latitude (Murmansk region, geomagnetic cutoff
rigidity Rc = 0.6 GV), the southern polar latitude (Mirny
station in the Antarctica, Rc = 0.04 GV), and the middle
latitude (Moscow region, Rc = 2.4 GV). The data were ob-

Fig. 4: Time dependence of monthly averages of maximum
cosmic ray fluxes in the atmosphere Nm. The measure-
ments were made at the northern polar latitude (Rc = 0.6
GV, green curve), at the southern polar latitude (Rc = 0.04
GV, Antarctica, blue curve) and at the middle latitude (Rc
= 2.4 GV, Moscow region, red curve). The dashed straight
lines mark cosmic ray levels recorded in 1965.

tained at the altitudes from the ground level up to (30-35)
km. To the present ∼ 86000 radiozonds for measuring cos-
mic rays were launched. We have the unique long-term set
of homogeneous data about time and spatial characteristic-
s of cosmic ray fluxes at the different altitudes in the atmo-
sphere for the period of more than 55 years [8, 9, 10].

In Fig. 4 the time dependences of monthly averaged cos-
mic ray fluxes in the atmosphere of the polar and middle
latitudes in so-called Pfotzer’s maximum Nm are shown.
These values are observed at the altitudes (19-25) km in the
polar atmosphere and (17-21) km in the atmosphere of the
middle latitudes. One can see that the time dependences of
Nm(t) show alternating sequences of peak and flat curves
of Nm(t). Such behavior reflects 22-year solar magnetic cy-
cle in cosmic ray time dependence. The solar magnetic cy-
cle includes negative and positive phases: in the negative
phases solar magnetic field lines come out from the solar
southern polar cap and come into the solar northern polar
cap; in the positive phases the polarity is turned vice versa.
Now we are in the period of the solar polar magnetic field
inversion.

In the negative phases of the 22-year solar magnetic cy-
cles (in our case these periods are 1959-1968, 1982-1988,
and 2002 - 2012) the peaked dependences of Nm(t) were
observed. In the positive phases (1972-1980, 1992-1999)
these dependences have more or less flat forms. The differ-
ent forms of time dependences of cosmic ray fluxes in neg-
ative and positive phases are defined by different direction-
s of the drift of cosmic ray fluxes in the heliosphere.

At the end of 2008 and in 2009 in the atmosphere of po-
lar and middle latitudes the highest cosmic ray fluxes were
recorded during the whole history of their monitoring (∼
60 years) [10]. In this period the very low solar activity
(sunspot number Rz was near zero) and the very weak in-
terplanetary magnetic field strength B were observed [11].
If in the previous solar cycle minima (1976, 1986, 1996)
the values B were ∼ 5 nT, from the end of 2008 till the be-
ginning of 2010 they were equal to ∼ 3.5 nT [11]. From
these facts it follows that the low sunspot number Rz and
the weak interplanetary magnetic field strength B are the
main factors responsible for the appearance of high cosmic
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Fig. 5: Time dependence of annual averages of the global
changes of surface air temperature ∆T (red points and
curve) [12] and 5 yearly smoothed values ∆T (blue curve).
The solid green straight line shows the increase of global
temperature expected according to many climatic models.

ray fluxes in 2008-2009. In 2009 in the polar atmosphere
the values Nm increased by ∼ 15% in comparison with Nm
observed in 1965. At the ground level the polar neutron
monitors gave the increase of ∼ 3%.

In the 24-th solar cycle we have low solar activity (low
values of Rz) and according to our prognosis (see Fig. 3)
the low values of Rz is expected to be during the next 2
solar cycles. Thus, the cosmic ray fluxes are expected to be
higher in comparison with ones recorded in the previous
solar cycles.

4 Main Cause (Causes) of the Global
Warming Process

During the past ∼ 100 years process of global warming
was observed. One of its main characteristics is the in-
crease of global temperature of the surface air layer. Here
we consider the values ∆T (t) = T (t)−Tav where Tav is the
surface air temperature averaged over globe for the period
of 1901 - 2000, the values T (t) are the current global aver-
aged temperature.

The experimental data on ∆T (t) are shown in Fig. 5
[12]. During the past ∼ 130 years the value ∆T increased
at ∼ 0.8oC, which indicates the global climate warming.

There are two points of view explaining the cause of this
effect.

The first one is based on the antropogenic factors, and
the second point of view is based on the natural ones. The
human activity increases the concentration of greenhouse
gases in the atmosphere, such as CO2, NH4, water vapor
and others. If these gases are responsible for the warming
process the future growth of the global temperature up to
several degrees to the end of the 21-st century is predict-
ed. However, from the beginning of the 21-st century the
smoothed values of ∆T presented in Fig. 5 show the de-
crease or stable ∆T . It is difficult to explain this effect by
the human influence on the climate system. Also, it is diffi-
cult to explain the global warming process by solar activity
and cosmic ray flux changes because there are very weak
relationships between ∆T and changes Rz or Nm [4].

Several years ago we suggested that cosmic dust falling

on the top of the atmosphere from the interplanetary dust
cloud could be the cause of global climate changes [13].
Our Earth orbits around the Sun inside of the zodiacal
dust cloud. This cloud extends from Sun to Mars’s orbit.
The comets coming to the solar system produce this dust.
The dust arrives at the Earth’s atmosphere forming con-
densation centers of water vapor on which water droplets
are grown. Every day a huge amount of cosmic dust from
4 × 102 to 104 tons precipitates on the top of the atmo-
sphere. The variations of dust concentration in the zodia-
cal cloud will change the total mass of cosmic dust in the
atmosphere, and it will change its transparency and glob-
al cloud coverage. About 60% of the globe is covered by
clouds which reflect ∼ 30% solar irradiance coming to the
Earth. Finally, the changes of zodiacal dust concentration
will change the Earth’s climate.

It is known that in the events of powerful strato-volcano
eruptions a huge amount of dust are ejected at the strato-
spheric altitudes (∼ 15 km and higher). This dust spread-
s over the whole globe. As a result in (1-2) years we have
observed the decrease of the ∆T values [13].

The comets are the main sources of cosmic dust in the
solar system. The motion of comets is controlled by plan-
ets. There are periodicities in the motion of planets and
combination of planets. These periodicities have to mani-
fest in the variations of cosmic dust concentration in zodia-
cal cloud and in the climate changes. The spectral analysis
of the temperature changes ∆T shows the presence of sev-
eral significant spectral lines with large amplitudes. In Ta-
ble 2 these periodicities and the periods of conjunctions of
several planets during their motion around the Sun are list-
ed. The comparison of periodicities obtained in the temper-
ature changes ∆T and the periods of conjunctions of sev-
eral planets during their motion around the Sun shows the
coincidence of the periods (the discrepancies are less than
8%).

Amplitude of Period of Planet Period,
∆T , deg. ∆T , year conjunctions year

0.355 197.4 V - E - J - S 195.0
0.198 66.6 M - V - E - J 68.0
0.082 34.0 M - V - E - S 32.2
0.084 21.8 V - E - J 22.1

Table 2: Main periodicities found in the monthly average
data of ∆T and the periods of conjunctions of several plan-
ets during their motion around the Sun (M - Mercury, V -
Venus, E -Earth, J - Jupiter, S - Saturn).

We have used these periodicities (the first left column
of Table 2) to describe the time dependence of the temper-
ature changes ∆T and to make the prediction of their be-
havior up to ∼ 2050 (see Fig. 6 where red curve is experi-
mental data and blue curve is calculation). We forecast the
decrease of values ∆T to zero to ∼ 2050 (see Fig. 6).

We notice the values ∆T began to decrease from the
beginning of 21-st century. The blue curve in Fig. 6 shows
the tendency to the decrease of values ∆T . It means that
the global warming process was finished and the period of
global cooling was started [13, 14].
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Fig. 6: Time dependence of monthly averages of the glob-
al changes of surface air temperature ∆T (red curve, exper-
imental data) [12] and calculated values ∆T and their fore-
cast up to 2050 (blue curve) [13, 14].

5 Conclusions
In this paper the solar activity in the current 24-th solar cy-
cle is discussed and the forecast of its development during
next ∼ 35 years is given. It is shown that the new long-term
minimum of solar activity like Dalton’s one in the past has
started. It is expected that maximum value of annual aver-
ages of sunspot number Rz in the current solar cycle will
be in the limits of (50-70). The solar activity of the subse-
quent solar cycles will be low also.

In 2009 the highest cosmic ray flux was measured for
the ∼60-year interval of cosmic ray monitoring. The low
solar activity and the weak interplanetary magnetic field
strength were responsible for the appearance of high cos-
mic ray fluxes at the Earths orbit. In the context of the
prognosis of low solar activity in the next decades the high
galactic cosmic ray fluxes are expected to be in the helio-
sphere.

We expect that from the beginning of the 21-st century
up to the middle of it a cooling process in climate change
will take place. In Fig. 7 the annual values of ∆T versus
time are given for the period (1980 - 2013). It is seen that
from beginning of the 21-st century the increase ∆T was
stopped [4].
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