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The temperature of charged particles coming from the Sun ranges from several hundred
thousands to several millions °C, in extreme cases. Theoretical possibilities of the hydrody-
namic air mass seizing by charged particles, 7. e. solar wind, are discussed in this paper. On one
hand, they are characterized by extremely high temperatures, on the other, by the compres-
sion of cold air at an approximate altitude of 90 km towards the top of the cloud of the cy-
clone, they influence the phenomenon of extremely low temperatures. By using the
Mann-Whitney U test we have tried to determine the potential link between certain indicators
of solar activity and resulting disturbances in the atmosphere. Analysed data refer to global
daily values for the 2004-2010 period. Our results confirm the possibility of coupling be-
tween the charged particles and the vortex air mass movements, based on which a more de-
tailed study of the appearance of a tornado near Sombor on May 12t, 2010, was carried out.
It has also been proven that there are grounds for a causality between the sudden arrival of the
solar wind charged particles, . e. protons, and the appearance of a tornado. Based on the pre-
sented approach, elements for an entirely novel prediction model are given.
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INTRODUCTION

Sombor is located in the northwestern part of
Serbia, near the border with Hungary and Croatia. Ac-
cording to available data, amateur footage shot on
May 12, 2010, is actually the only video footage of a
tornado ever recorded in these regions. At the time, the
media reported that in a minute and a half, a tornado or
“twister” formed near the Gradina farm, carried away
a trailer with hives, a caravan, pulled out several con-
crete poles, tore trees and caused damage in adjacent
fields under sugar beet and wheat (fig. 1).

Only photographs of the tornado that occurred on
June 6™, 2008, in the vicinity of Indjija (Serbia) exist,
while there is no evidence of any other previous event
of the kind, apart from eyewitness testimonies [2].
Bearing in mind that this is an extremely rare occur-
rence in Serbia, the hypothesis linking the processes on
the Sun, 7. e. its charged particles, with the whirling mo-
tions of air masses on Earth, has enticed a lot of atten-
tion, including the assumption that tornadoes mightbe a
result of this presumed Sun-Earth relation.

* Corresponding author; e-mail: m.radovanovic@gi.sanu.ac.rs

Figure 1. Amateur image of a tornado near Sombor on
May 12,2010 [1]

The idea of a dominant influence of the pro-
cesses on the Sun (including cosmic rays) on the cli-
mate and meteorological processes in Earth’s atmo-
sphere is not new [3-8]. Figure 2 shows a strong
relationship between the magnetic indicia based on
modules of geomagnetic fields, refering to the
interdependance of solar radiation and global mean
temperature. Therefore, many authors have pointed
out the necessity of improving methods for the investi-
gation of Sun-Earth dependancies, not just when it co-
mes to forecasting models related to air temperature.
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Figure 2. 20™ century time evolution over eleven-year
running averages of magnetic indices based on moduli of
the geomagnetic field at the Eskdalemuir and Sitka
observatories (ESK and SIT), compared to the solar
irradiance, S(7), and global mean temperature, 7' globe [9]

Based on available data and applying the com-
plex linear regression for the period 1891-2004, the
authors [10] have tested the connection between solar
activity and atmospheric circulation. The values for
the adjusted R? were calculated from 0.572-0.825. In
the case of the atmospheric disturbances in the lower
troposphere above Torino (Italy), arguments have also
been given for establishing a connection between solar
wind (SW) protons and cyclonic air mass movements
[11]. In contrast, opinions that the genesis of tornadoes
is yet to be adequately explained, remain [12, 13]. The
marginally significant tendency towards cyclonic
types being more frequent under moderate solar activ-
ity cannot be explained in terms of changes in the
modes of atmospheric circulation variability, the rea-
son behind this remaining unclear [14].

Table 1. Mann-Whitney U test score’

MATERIALS AND METHODS

Daily data on solar activity pertaining to the
2004-2010 period were used in this paper [15], as
well as data on geomagnetic activity presented in the
aa index [16] and daily data on hurricanes around
the globe for the investigated period [17]. By daily
graphic checks of the distribution of variables by
which solar activity is represented, we have found
that there is no normal distribution at any of them.
Therefore, the Mann-Whitney U test [18] was used
to test the significance of the differences in the val-
ues of variables in days when there were no atmo-
spheric disturbances (such as hurricanes, tropical
cyclones, tropical storms), as well as those days
when there were no signs of such disturbances. Ac-
cess to the data analysis is the same as in the previ-
ous research [2], with a difference that, this time, a
somewhat longer period is analysed, along with the
changes in the geomagnetic activity, as presented in
the aa index. It also has to be noted that, as for the
2004-2007 period, there is a statistically significant
difference between the solar activity represented by
variables of 1 MeV protons, 0.6 MeV electrons and
2 MeV electrons in days when there is a disturbance
of the atmosphere and those in which such distur-
bances have not been registered.

Results obtained for the 2004-2010 period dif-
fer. It turned out that at variables of 1 MeV protons,
100 MeV protons and the aa index, a statistically sig-
nificant difference at p = 0.05 and 0.6 MeV electrons at
p=0.1 exists between the days with a specific disorder
of the atmosphere and those in which these disorders
were not noted (tabs. 1-3).

Rank sum 1| Rank sum 2 U Y4 p-level Z p-level Valid N | Valid N
1 MeV proton 2309572 806684.0 | 575144.0 | 2.638568 | 0.008326 | 2.638827 | 0.008320 | 1816 680
10 MeV proton 2242668 873588.5 | 592831.5 | —1.53516 | 0.124745 | —1.54504 | 0.122336 1816 680
100 MeV proton | 2222163 894093.5 | 572326.5 | —2.81433 | 0.004888 | —2.81786 | 0.004835 | 1816 680
0.6 MeV electron| 2295086 821170.5 | 589630.5 | 1.734851 | 0.082768 | 1.734937 | 0.082753 1816 680
2 MeV electron 2271202 845054.0 | 613514.0 | 0.244917 | 0.806521 | 0.244923 | 0.806516 1816 680
aa index 2303557 810203.0 | 578663.0 | 2.398971 | 0.016442 | 2.399030 | 0.016439 | 1815 680

'Statistically significant results at p = 0.05, that is, p = 0.1 are bolded

Table 2. Median, minimum, and maximum values, variances, and standard deviations of the indices of solar and
geomagnetic activities in days without atmospheric disturbances

Median Minimum Maximum Variance Standard deviation
1 MeV proton 9.000000E+05 55000 1.100000E+09 2.117541E+15 4.601674E+07
10 MeV proton 1.700000E+04 11000 1.100000E+08 2.385777E+13 4.884441E+06
100 MeV proton 3.800000E+03 2000 6.100000E+06 2.340604E+10 1.529903E+05
0.6 MeV electron 1.000000E+10 10000000 1.800000E+11 4.889271E+20 2.211170E+10
2 MeV electron 2.100000E+07 32000 9.300000E+09 1.770131E+17 4.207293E+08
aa index 1.190000E+01 2 1.826000E+02 2.427256E+0.2 1.557965E+01
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Table 3. Median, minimum, and maximum values, variances, and standard deviations of the indices of solar and
geomagnetic activities in days when there are no disturbances of the atmosphere

Median Minimum Maximum Variance Standard deviation
1 MeV proton 7.700000E+05 110000 6.700000E+08 7.426713E+14 2.725200E+07
10 Mev proton 1.700000E+04 10000 2.200000E+07 8.165046E+11 9.036064E+05
100 MeV proton 3.900000E+03 1800 5.800000E+04 8.052540E+06 2.837700E+03
0.6 MeV electron 9.550000E+09 19000000 1.400000E+11 4.514014E+20 2.124621E+10
2 MeV electron 1.900000E+07 33000 5.400000E+09 1.841019E+17 4.290710E+08
aa index 1.035000E+01 2 1.183000E+02 1.755708E+02 1.325031E+01

Meteorological and astrophysical analysis of
atmospheric disturbances in Europe and the
Balkans for the investigated period

According to the heliocentric hypothesis on the
influence of SW on the hydrodynamic seizing of air
masses, before sudden disturbances occur in the atmo-
sphere, a coronary hole and/or energy region [19-21]
must position itself at geoeffective position on the Sun.

Based on fig. 3, it can be seen that on the day when
the tornado occurred near Sombor, coronary hole
CHA403 existed on the Sun and that the irradiation of its
charged particles was directed towards the Earth. Ac-
cording to the results of the previous research [23, 24],
the seizing of air masses by SW occurs in two basic
ways. The first pertains to the re-connection, i. e. pene-
tration of the charged particles above the polar areas.
The process takes place under the condition that the re-
sultant SW interplanetary magnetic field vector and the
geomagnetic field merge. In the second scenario, the
SW penetrates into the lower parts of the troposphere
over the areas of the geomagnetic anomaly, that is,
above the area where the force of the geomagnetic field
is the weakest [25]. Regardless of the kind of penetra-
tion, satellites will register a sudden rise of SW velocity
and, hence, the sudden influx of kinetic energy.

STAR coronal hole and act
image base: SOHOMDI cc

00 UTC on May 12, 2010

%ure 3. Position of coronary holes on the Sun on May
, 2010 [22]

As can be seen from fig. 4, in the early morning
hours of the 12" of May, there was a sudden increase in
SW speed, reaching at certain moments over 500 km/s.
The values of the flow of protons and electrons before
the tornado are given in tab. 4.

Apart from the values for protons, the values for
electrons are also given in the previous table. Bearing in
mind the assumption made in previous papers [28, 29]
that protons are closely related to low, and electrons to
high air pressure, tab. 4 also shows how the values for
electrons, in both energy ranges, decreased up to the
day when the tornado occurred in Serbia. In contrast,
the flow of protons in the range >1 MeV increased con-
tinually from the 8-11"" May when the highest average
daily value was recorded. At other indices for protons,
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Figure 4. Speed of the SW a day before the tornado and on
the day when the tornado struck the vicinity of Sombor
[26]; the broken vertical line shows the approximate
moment of the occurrence of the tornado

Table 4. The number of protons and electrons of certain
energy ranges several days before and after the appearance
of the tornado near Sombor [27]

Date

Protons
[em2d'sr ']

Electrons
[em*d 'sr "]

>] MeV

>10 MeV|

>100 MeV

0.6 MeV]

>2 MeV

2010.05.08

1.7E+05

1.8E+04

7.5E+03

4.1E+09

4.1E+08

2010.05.09

2.2E+05

1.9E+04

8.0E+03

5.3E+09

5.6E+08

2010.05.10

5.6E+05

2.0E+04

8.3E+03

4.5E+09

5.4E+08

2010.05.11

5.9E+05

2.0E+04

8.2E+03

2.5E+09

2.1E+08

2010.05.12

3.9E+05

2.0E+04

8.0E+03

1.6E+09

1.0E+08

2010.08.13

5.3E+05

2.0E+04

8.6E+03

1.9E+09

1.6E+08




M. M. Radovanovié, et al.: The Connection between Solar Wind Charged ...
Nuclear Technology & Radiation Protection: Year 2013, Vol. 28, No. 1, pp. 52-59 55

Radial speed [kms ] Density [cm ]

Temperature [K]

15
May 11, 2010 [day]

Figure 5. SW parameters characterised by a sudden rise
in particle density, radial velocity and temperature, a
day before the occurrence of the tornado in the vicinity of
Sombor [30]

the sudden rises were not recorded in the investigated
period.

As shown in fig. 5, a sudden increase in the den-
sity, velocity, and temperature of particles on May 11,

2010, is evident. SW particles are moving through the
atmosphere in the form of jet streams. After the open-
ing of jet streams, the particles of corpuscular radia-
tion penetrate the free atmosphere with a certain quan-
tity of moving. Proton particles seize the cold air
masses at higher altitudes and direct them towards the
ground by the force of their dynamic pressure. It can,
hence, be concluded that if the particles of corpuscular
radiation have a small mass (electrons), the quantity of
moving is, likewise, small. Generally, it has to be noted
that the opening of jet streams in the upper layers of the
atmosphere, outside the equatorial belt, occurs at air
temperatures of approximately —40 °C to—65 °C [31].
Extremely low temperatures were recorded dur-
ing hurricane Wilma (October 19, 2005) over a sur-
face of 700 mb in the zone of the clouds. GOES-12
10.7 um IR images revealed cloud top brightness tem-
peratures as cold as—87 °C[33]. In the case of the trop-
ical storm 07W Molava (305 nautical miles
north-northeast of Manila, Philippines) that occurred
on July 16th 2009, the temperature at the top of the
cloud was —92.4 °C [34]. Considering that such low
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Figure 6. Radar image of cloudiness during the occurrence of the tornado near Sombor [32]
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Figure 7. Mean tropospheric wind speed (knt) shows a strong top-to-down movement of air masses coming from the
direction of northwest Africa towards the southern Mediterranean, a day before the appearance of the tornado in the
vicinity of Sombor [35]. The white line shows the axis of the movement of air masses of highest velocities

values can only be found at the upper border of the me-
sosphere in the environment of the Earth, the explana-
tion for the possible seizing of air masses by the SW up
to the cloud of the cyclone poses a pressing question.

It may, thus, be concluded that the fall in temper-
ature in regions of low atmospheric pressure is a con-
sequence of the descending advection of cold air
masses under the impact of the dynamic pressure of
proton particles of the corpuscular radiation of the
Sun, that is, the front wave of the particles.

Having examined the position of the isolines
from the previous figure depicting the movement of
high winds, (up to 100 knt), from the southwest to the
northeast, one can predict that there is a strong possi-
bility that, the next day, a disruption of air masses over
the Balkan Peninsula is to be expected as well. Ac-
cording to tab. 4, maximum flow rates of protons >1
MeV were recorded on the same day the recording was
made, that is, one day before the appearance of the
Sombor tornado. As for the flow of protons >100
MeV, maximum values were measured two days be-

fore the studied case. The report by [36] shows that
stratospheric mean-flow variations induce circula-
tions that penetrate into the lower troposphere. To in-
vestigate these results in more detail, [37] we have
used GPH data on 16 pressure levels covering both
hemispheres, so as to establish if the proposed correla-
tion exists in both the terrestrial stratosphere and its
troposphere. Results have shown a statistical E-GPH
connection extending from the lower stratosphere all
the way down to the surface.

In a moderate latitude, SW always penectrates the
Earth’s atmosphere at an angle Oy, which is the angle
that the speed (v) forms with the vector of magnetic in-
duction B. We can separate the speed into two compo-
nents: the first, vcosfqy, pertaining to the direction of
the magnetic field, and the second one, vsinfgy;, being
perpendicular to the direction of the magnetic field.
Then, the result will be that the trajectory of the SW
(which is the trajectory of SW particles) is in the form
of a spiral (helix), where the momentary diameter of
the cylinder around which the SW is spiraling equals
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o mvsin O gy )
qB
while the step of the SW trajectory is
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However, when a cloud of SW particles moves
through the atmosphere, speed v is gradually reduced
(meaning: its particles undergo a slowdown) and, con-
sequently, the radius, 7, becomes smaller. This could be
the explanation for the fact that the trajectory of the
SW, its speed growing ever lower, does not take the
shape of a cylinder, but rather of a funnel, with the SW
winding itself around this funnel, with its wider turned
towards the Sun.

The speed of the spinning motion of air masses is
calculated from the relation that describes the time
needed for a particle to make a full circle

_2nr  2mm

t -

v 4B (€)

CONCLUDING REMARKS

According to current literature, it can be con-
cluded that the achievements in the field of prognostic
simulations are, after all, limited. In results previously
mentioned [13], conclusions are made on the impossi-
bility of determining the date when and where torna-
does are going to occur, not only smaller in size, as is
the case with the tornado near Sombor. This view is
outlined in relation to medium and long-term predic-
tions. Also, clear assertions are presented concerning
the impossibility of perceiving, i. e. understanding tor-
nado occurrences in terms of decades-long periods. In
this regard, there are claims that the occurrence of tor-
nadoes in the studied twenty-year time series cannot
be attributed to the anthropogenic influence on climate
changes [38]. Some scientists are of the opinion that
the physical mechanism of the solar activity effect on
weather events on Earth remains unclear [39]. It is as-
sumed that a significant part in the transfer of solar
variability to the lower part of the atmosphere can be
performed by charged particles of solar and galactic
origin, mainly protons, with energies from ~100 MeV
to several GeV. There are indications that an interac-
tive link occurs if there is an adequately focused guid-
ance of jets of energy towards the ground [40].
Namely, the possibility that the vortex motion in the
lower layers of the troposphere will depend on the
manner of dissipation of energy through the magneto-
sphere and atmosphere, taking into account the angle
of incidence of the basic SW jet.

The results of our study indicate possible direc-
tions of future research, with the expectation that this
will provide a novel basis for understanding the gene-
sis of tornadoes. In favor of this hypothesis are the data

obtained by the Mann-Whitney U test for the
2004-2007 period, as well as those pertaining to
2004-2010. The differences observed indicate the ne-
cessity of distinguishing the activity of the Sun at the
end of one cycle and the beginning of a new one. Such
studies could most likely yield a better understanding
not only of cyclogenesis, but a classification of atmo-
spheric circulation, as well [41].

The influence of the high temperature of charged
particles, not only on atmospheric processes, represents
a particular challenge for different aspects of the geo-
graphical environment [42]. In that sense, special mod-
els, requiring interdisciplinary projects, are needed.
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MNOBE3AHOCT UBMEDLY BUCOKOEHEPTETCKHUX YECTHULA
CYHYEBOI BETPA M TOPHAJA - AHAJIU3A CIYYAJA

TemnepaType BHCOKOCHEPreTCKHX UecTHIa Koje mocneBajy ca CyHia Kpehy ce y omcery of
HEKOJINKO CTOTHHA 10 HEKOJINKO MIJIMOHA CTENEeHN Iensujyca. Y OBOM pafy pa3MaTpaHa je TeOpHjcKa
MOTYhHOCT XHIPOAMHAMPYKOT 3axBaTama Ba3fylmIHMX Maca cyH4ueBMM BeTpoM (CB), opnOCHO
BUCOKOoeHepreTcknM decrtuniama CB. Ha jeHoj cTpaHm, oBe yecTHlle KapaKTepHIly eKCTPEMHO BHCOKE
TeMIiepaType, a Ha Apyroj, OHe U3a31Bajy KOMIPECHjy BeoMa XJIafHOT Ba3[lyxa ca BUcHHe o oko 90 km ka
BPXY IIUKJIOHA. YTIOTpe6oM MaH-BuTtHujeBor Y TecTa, MOKyIIaIu CMO /la AETEKTYjeMO MOBE3aHOCT u3Mehy
ofpebeHnx mokasaresba CyHIeBe aKTUBHOCTH 1 TopeMehaja y atMocepn (kopuirheHn JHeBHY TOANH Ha
rno6anHoM HuBOY 3a mepuop 2004-2010). Ho6ujenn pesynratu motBphyjy MoryhHOCT Be3e m3meby
BuCOKoeHepreTckux decturia CB u BpTIOXHOr KpeTama Ba3AyIIHHX Maca, 300r dera je ypabena
JleTajbHUja aHajdW3a Ciaydaja mojaBe TopHama (TpomGe) kom ComGopa 12. mapra 2010. rogure. OBoM
aHaJIM30M MOKa3aHO je jia MOCTOjH OCHOBAHOCT yBepera fa M3HEHAJHH NPWINB BHCOKOEHEPreTCKUX
yectuna (IpOTOHA) CYHUYEBOT BeTpa MOXKe M3a3BaTy 110jaBy TOpHaja. Ha ocHOBY nmpukasaHor, aTH Cy 1
€JIEMEHTH 3a U3Pajy MPOTrHOCTHYKOT MOJIEA.

Kmwyune peuu: Cynuye, sucokoeHepzeiticke yeciiuye, iilopraoo, Comb6op




