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The paper represents an attempt to establish whether the specific processes on the Sun had
preceded the sudden weather condition changes in Torino for a selected time period by using
the method of analogy. The analysis represents a test on the heliocentric approach, . ¢., case
analysis which is selected arbitrarily. The results of Mann-Whitney U test on the global level
are the basis of the approach to the analysis. In case when 100 MeV protons are observed, the
significant difference exists only between the day before the origin of the disturbance and the
second day after the origin. At protons in the energy range of 10 MeV, the significant differ-
ence exists between the second and the first day before the origin of the disturbance, the day in
which it came to the disturbance of the atmosphere, as well as the day after that. Observing
1 MeV protons, the significant difference exists between the second day before the origin of
the disturbance in the atmosphere and the next three days (the day before the origin, the day

of the origin, and the day after the origin of the disturbance).
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INTRODUCTION

Many authors researched the connection be-
tween the solar activity and atmospheric disturbances
on the global level [1-3] by applying appropriate sta-
tistical procedures. Mann-Whitney U test has been
used in this analysis [3]. Based on daily data on the so-
lar activity and cyclones on the whole planet, the re-
sults of the test on the global level in the period of
2004-2007 showed that the heliocentric approach
could be justifiable. There is a statistically significant
difference in the variables representing the solar activ-
ity, 1 MeV —protons, 0.6 MeV —electrons, and 2 MeV
— electrons, i. e., the solar activity presented by these
variables is considerably higher in days when there is a
disturbance of the atmosphere in relation to days in
which such disturbances are not registered.

The paper represents an attempt to establish the
justification of the heliocentric hypothesis about the
solar wind (SW) impact on the development of atmo-
spheric conditions for an arbitrary case on the basis of
astrophysical parameters (charged particles-protons
and electrons). A zero hypothesis is that the mentioned
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impact must have reflected on an arbitrarily chosen ex-
ample.

The analysis includes selected weather condi-
tions in Torino (the Piedmont Region, Italy) for Febru-
ary 10t to 26 2005. The selection of weather condi-
tions has not been tied to any limitations. The only
condition was the existence of the relevant measures
of representative astrophysical and meteorological pa-
rameters for the selected location in the observed time
period.

The geographical position of the location chosen
for the weather condition analysis in the observed pe-
riod is given in fig. 1.

MATERIALS AND METHODS

Many papers were published in the last years in-
dicating the connection between the Sun and weather
conditions/climate from different aspects [4-8, as well
as many others]. Corbyn [9] stated that “traditional
forecasts can only go up ten days ahead for any mean-
ingful forecast whereas the solar weather technique
can give a detailed forecasts of the extreme weather
many months ahead.” Studying storms in Britain,
Wheeler [10] relied on general aspects of the proce-
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Figure 1. The geographical position of the location
chosen for the weather condition analysis (the Piedmont
region)

dure Corbyn had used. Those aspects are based on the
variations in the Sun’s behaviour, its magnetic field,
coronal eruptions, and the fluctuating character of the
SW. Radovanovi¢ et al. [11], Stevancevié ef al. [12],
and Radovanovi¢ [13] also pointed that by working
out the heliocentric hypothesis, the long-term fore-
casts could be done with a special review on the possi-
bility of practical application.

The significance of reconnection has been em-
phasized by some authors as the process of connecting
the interplanetary magnetic field with geomagnetic
field under the conditions of the negative resultant
vector of the interplanetary magnetic field. Working
out the heliocentric hypothesis about the hydrody-
namic air mass spreading by the SW, Radovanovi¢ et
al. [14] emphasized the reconnection as one of the
most important factors in the weather condition devel-
opment.

Regarding the previous results in the field on this
problem, an attempt is made in this paper to perceive
whether the changes in the flux of the energy from the
Sun had preceded the sudden changes of weather con-
ditions in Torino in the observed period arbitrarily se-
lected from the 10" to 26! of February, 2005.

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

The initial step in establishing the causality be-
tween the processes on the Sun and the disturbances in
the atmosphere is to determine the position of coronal
holes and/or energy regions. If they are in geo-effec-

tive position immediately before the occurrence of a
disturbance, a certain linkage can be assumed in the
sequence of events. The emission of energy from the
geo-effective position has been a special problem in
the context of working out the prognostic models. The
geometry of some SW jet stream ejections is charac-
terised, from case to case, by different dispersal of par-
ticles in space, so that the possibilities are limited for
quantitative perception of the energy distribution
through the atmosphere even under the assumption of
unified dynamics, i. e., reduced pulsation. Meloni et
al. [15] pointed out the significance of the non-static
geo-effective position.

RESULTS AND DISCUSSIONS

The data representation of the mean daily air
temperatures and daily precipitation amounts in
Torino [16] in the analysed period is given in tab. 1. It
can be seen that the mean daily air temperature was
gradually increasing in this town during the first four
days. An exception is the 12" of February. Thereafter,
there is a gradual decrease in the mean daily air tem-
peratures with an exception of the 17" of February.
From the 23" of February to the end of the observed
period, the mean daily air temperature was gradually
increasing again. There was no precipitation in Torino
from the 10™ to 26™ of February, 2005, except the 21
of February when the precipitation amount of 1 mm
was measured.

The complex analysis of the synoptic situation
was performed, which is significant for the weather in
the observed region, through the use of surface

Table 1. Mean daily air temperatures and daily
precipitation amounts in Torino

Date Mean daily air | Daily precipitation
(February, 2005) | temeprature [°C] [mm]
10 4.6 0.00
11 6.6 0.00
12 5.8 0.00
13 7.4 0.00
14 4 0.00
15 3.1 0.00
16 1.7 0.00
17 22 0.00
18 1.7 0.00
19 1.1 0.00
20 -0.3 0.00
21 -1.8 1.02
22 2.7 0.00
23 -1.6 0.00
24 -1 0.00
25 0.6 0.00
26 0.1 0.00
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weather maps (fig. 2) for the observed period, 850 hPa
altitude maps (fig. 3) with geo-potential and tempera-
ture, as well as 500 hPa maps (fig. 4), with geo-poten-
tial and relative topography, H 500-H 1000 gpdm [17].
(Symbol gpdm represents geopotential decameter and
corresponds to about 10 geometric meters).

Figure 2 shows the surface synoptic situation of
the 101 (1), 141 (2), 16% (3), 21 (4), 24" (5), and 26"
(6) of February 2005, relevant for the weather devel-
opment in the observed region.

The North Atlantic oscillation (NAO) reflects
the barometric systems which influence directly the
weather and climate in Europe. On the other hand,
NAO isrelated to solar wind variations [18]. In the ini-
tial days of the observed period, the NAO index was
noticed to be positive when there was strong Azores
anticyclone and deep Icelandic cyclone. Up to Febru-
ary 10", the Piemonte Region was at the periphery of
anticyclone with a centre above Ukraine, with simulta-
neous deep cyclone development over the North At-
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Figure 2. Illustration of an analysis of synoptic situation relevant for weather in the observed region for the

investigated period
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Figure 3. Analysis of geo-potential in gpdm and temperature in °C at 850 hPa for the selected dates in the

observed region
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Figure 4. The analysis of geo-potential at 500 hPa and relative topography H500-H1000 gpdm for the
selected dates in the observed region
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lantic and frontal system spreading over the British
Isles and Scandinavia. This situation caused the warm
air advection over western and north-western Europe,
causing the increase in near-surface air temperature in
the area of Torino, fig. 3(1) and fig. 4(1).

The cyclonic field was moving from the Atlantic
to the land causing the strengthened wind in broader
area from the 11" to 15™ of February. Cold air mass
moved over the Alps into the central Mediterranean,
forming the cyclonic field with a centre above the
Adriatic. The deepening of high altitude depressions
above greater part of Europe can be noticed from the
altitude maps, as well as cutting-off of a deep cyclonic
field at the ground over the area of Italy and the Adri-
atic, fig. 3(2) and fig. 4(2), and its movement towards
the east (February 15%).

The 13%/14™ of February was the first “critical”
date when a cold spell occurred in relation to the previ-
ous days, caused by the frontal weather development.
On the 13 of February, a relatively high air pressure
was above the Apennine Peninsula. Figure 2(2) shows
the frontal line that came from the north on the 14" of
February. Moving towards the south, the cooled air
over the Alps spread over by air masses was also trans-
ported towards Italy causing the decrease in air tem-
perature. It is noteworthy that several locations with
low air pressure were in the Atlantic on that day. The
analysis indicated that advection existed at all heights
in lower layers of the atmosphere (850 and 700 hPa) on
the 13™, 14" and 15% of February, and there were also
conditions for precipitation to occur, but it did not hap-
pen in the analysed case. The reason might be the
Foehn effect during the transport of cold air mass over
the Alps and its descending in the hold-up zone when it
came to the dynamic air warming in the area of Torino,
fig. 3(2, 3) and fig. 4 (2, 3).

The geo-potential increase was noticed from the
15" of February, moving eastward with the cold air in-
flow from the north. On the 15" and 16 of February,
the cutting-off of high-level cyclone was noticed at
500 hPa map. New frontal system from the Atlantic,
which existed from the 18" of February, penetrated
into the European land causing the new deepening of
high altitude depression over western Europe and
turning of high altitude wind to the south-western di-
rection over the Apennine Peninsula. Simultaneously,
deep cyclone was developing near the ground with the
centre above the Gulf of Genoa, transferring slowly to-
wards the east and causing advection of cold air over
the Alps into the central Mediterranean. On the 21%
and 22" of February, the frontal system waved over It-
aly causing rain in Torino on the 21% of February. The
frontal system was out of the area of Torino on the 23"
of February, when warm advection appeared ahead of
the new front, as well as the temperature increase in
Torino, fig. 2(5).

The penetrations of charged particles, especially
protons, represent the cause of the origin of area of low
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Figure 5. Speed of protons in the first half of
February 2005

air pressure, that is cyclonic air mass moving [19]. Fig-
ure 5 shows the sudden increase in the speed of protons
directed towards the Earth in the period from the 7" to
10™ of February [20].

After February 7™, 2005, the speed of protons
were noticed to have reached up to 800 km/s.

Beside the increase in speed, fig. 6 shows that an
increase in temperature and density of protons also oc-
curred [21].

Density [erm™]

Radial speed [kms ]

Temperature [K]

February, 2005 [day]

Figure 6. Sudden increase of temperature, speed, and
density of protons after February 7", 2005 [21]

Daily fluence of particles-protons/electrons in
the examined period in Torino is given in tab. 2 [22]. It
can be noticed that the decrease in the fluence of pro-
tons in the energy range of 1 MeV occurred from the
11" of February, while the fluence of protons in the
range of 100 MeV continued increasing up to Febru-
ary 15%,

The proton fluence in the period after February
1612005 is shown in fig. 7. In the period from the 17"
to 20t of February 2005, the proton fluence showed
sudden rises in all energy ranges.
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Table 2. Daily particles data [22]

Electron fluence
Proton fluence per day and sr [cm™2] per day and sr

[em™?]

Date >1 MeV [>10 MeV[>100 MeV|  >2 MeV

7 February | 1.5E+6"| 1.5E+4 | 2.8E+3 3.0E+6
8 February | 4.7E+6 | 1.4E+4 | 2.8E+3 9.8E+7
9 February | 5.2E+6 | 1.4E+4 | 2.8E+3 3.4E+8
10 February | 6.3E+6 | 1.3E+4 | 2.6E+3 4.7E+8
11 February | 3.2E+6 | 1.3E+4 | 2.7E+3 6.3E+8
12 February | 1.2E+6 | 1.3E+4 | 2.8E+3 4.2E+8
13 February | 1.6E+6 | 1.4E+4 | 2.9E+3 7.8E+8
14 February | 1.7E+6 | 1.3E+4 | 3.0E+3 4.5E+8
15 February | 1.5E+6 | 1.3E+4 | 3.1E+3 1.2E+8
16 February | 9.1E+5 | 1.4E+4 | 3.0E+3 4.7E+7
17 February | 3.0E+5 | 1.4E+4 | 3.0E+3 2.9E+6
18 February | 1.4E+5 | 1.4E+4 | 3.0E+3 4.7E+6
19 February | 1.6E+ 5| 1.4E+4 | 2.8E+3 3.4E+7
20 February | 5.7E+5 | 1.3E+4 | 2.8E+3 5.2E+7
21 February | 2.7E+5 | 1.3E+4 | 2.8E+3 3.9E+7
22 February | 3.2E+5 | 1.3E+4 | 2.9E+3 6.9E+7
23 February | 3.5E+5 | 1.4E+4 | 3.1E+3 9.9E+7
24 February | 5.0E+5 | 1.4E+4 | 3.2E+3 7.3E+7
25 February | 3.9E+5 | 1.4E+4 | 3.2E+3 7.5E+6
26 February | 3.0E+5 | 1.4E+4 | 3.5E+3 3.8E+6
27 February | 3.7E+5 | 1.4E+4 | 3.4E+3 8.3E+6

* 6
Read as 1.5-10
Ace RTSW (estimated) EPAM protons Begin: 2005-02-06 00:00:00 UTC

47-68 keV

115-195 keV

Proton fluence [cm 2]

10E+02}= - - -

1.0E-01
16 22 23
Start DOY: 47 UTC [day]

Figure 7. The proton fluence in different energy ranges
in the observed period [21]. (UTC means the universal
time co-ordinated)

It can be seen from tab. 2 that the air temperature
decrease occurred in Torino exactly from the 17 of
February, lasting the several following days. The
question justifiably arises as to whether the sudden
proton flux decline coincided with the air temperature
increase in the period up to February 13,

Figure 8 shows a graphical representation of the
mean daily temperatures measured in Torino and the
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Figure 8. Graphical representation of mean daily tem-
perature measured in Torino and mean daily proton
speed obtained on the basis of hourly values

mean daily proton speeds obtained on the basis of
hourly values [23]. The use of one station in research is
justified in scientific terms [24].

Figure 9 illustrates the histogram of daily elec-
tron fluence per day and sr in the examined period.

Pearson’s correlation coefficient shows the best
statisticly significant relationship (p = 0.01) between
electron fluence per day and sr > 2 MeV and mean
daily air temperatures, from 0.85, without phasal
movements.

Figure 10 shows daily proton fluence in the en-
ergy range of 1 MeV.

The decrease in the proton fluence in the energy
range of 1 MeV can be noticed after February 10,
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Figure 9. Histogram of daily electron fluence per day and
s1, in the examined period
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Figure 10. Daily proton fluence in the energy range
of 1 MeV
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CONCLUDING REMARKS

Assuming that charged particles can be associ-
ated with the origin of any form of cyclonic air mass
moving, it is necessary to bear in mind the existence of
certain temporal difference between the moment when
it came to the flux of protons and/or electrons and the
origin of a disturbance. A design of superimposed ep-
ochs is used with that aim and, considering that it is
about the statistically dependent data, the Mann-Whit-
ney U test. The selected level of significance is p <0.1
by which it can be concluded that the statistically sig-
nificant difference exists. The statistically significant
differences between some days are indicated to be ap-
pearing at protons only. When 100 MeV protons are
observed, the significant difference exists only be-
tween the day before the origin of the disturbance and
the second day after the origin. At protons in the en-
ergy range of 10 MeV, the significant difference exists
between the second and the first day before the origin
of the disturbance, the day in which it came to the dis-
turbance of the atmosphere, as well as the day after
that. Observing 1 MeV protons, the significant differ-
ence exists between the second day before the origin of
the disturbance in the atmosphere and the next three
days (the day before the origin, the day of the origin,
and the day after the origin of the disturbance).

Regarding the causative-effective connection at
the examined time period, one of the problems in making
the conclusions has been the fact that the number of sam-
ples (17 days) is relatively small in statistical terms.
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Jyrocnas JI. HUKOJNh, Munan M. PATTOBAHOBUh,
Hparana [1. MUWINJAIIEBU'h

ACTPOOU3SUNYKA AHAIN3A BPEMEHA 3ACHOBAHA HA
IMAPAMETPUMA CYHYEBOTI BETPA

Payt mpepcraBiba mokyiaj 1a ce METOOM aHAJIOTHje YTBPAU f1a Ju cy y TopuHy, 3a ofabpanu
BPEMEHCKH NIEPHO]], HATJIIM IPOMEHaMa BPEMEeHCKHUX CTarba MPETXOAIN cliennduyan nporecn Ha CyHIy.
AHanu3a npejicTaBiba TeCT XeJIMOLEHTPIUYHOT IPUCTYIIA 32 TPOU3BOJLHO N3a0paH ciryuaj. OCHOB IpucTyna
aHaJIM3| NPeJICTaBIbajy pe3yiaTaTtu Man-ButHujeBor Y Tecra Ha rimo6anHom HuBoy. Kox 100 MeV nmpoTona
3HaYajHa pas3iuka IocToju caMo u3Meby nana npe HacraHka nopemehaja u Ipyror faHa HakKOH HacTaHKa.
Kon mporona y eneprerckoMm omncery n3Haj 10 MeV 3Hauajaa pasnuka nocroju u3meby gpyror u npsor
JaHa Ipe HacTaHKa nopemehaja, faHa y Kome je goiuno 1o nopemehaja armocgepe, Kao 1 laHa HaKOH TOra.
Kapa ce mocmatpajy 1 MeV mpoToHu, 3Ha4ajHa pas3imuka MOCTOju W3Meby Apyror mana mpe HacTaHka
nopemehaja y armocdepu 1 HapeHa TpH jjaHa (laHa pe HaCTaHKa, JaHa HACTaHKa U laHa HaKOH HacTaHKa
nopemehaja).
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