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Abstract. The Solar Heliospheric Observatory (SOHO) satellite was launched
on the 2" of December 1995 at L1 Lagrange point (1.5x10° km from Earth)
with the purpose of gathering data for helioseismology, remote sensing of the
solar atmosphere, and solar wind in situ. The satellite was positioned into orbit
in early 1996, with data acquisition expected to commence on January 20",
The correlation between increased values of solar wind parameters and earth-
quakes in the Balkan peninsula zone between 1996 and 2018 was made pos-
sible by data obtained through continuous proton density and proton velocity
monitoring. The assessment of the anomalous threshold was based on statis-
tically determined parameters due to the huge fluctuation of solar wind over
time and distinct value increases of proton density and speed. Visual repre-
sentations of proton density and proton speed were created for the time win-
dow preceding each earthquake after defining the boundary between normal
and anomalous values. According to the chart analysis, increased proton den-
sity occurred in 40 of the 50 cases observed, whereas increased proton veloc-
ity appeared in 28 of the 50 cases. Using hypergeometrical probability and an
unbiased test with randomly generated parameters, the discovered correlation
was statistically verified. A retrospective selection bias analysis is also pro-
vided in the research paper.

Anctpakr. CaTenuT cosapHe xennocpepcke onceparopuje (SOHO) san-
cupad je ka L1 JlarparxkoBoj Tauku (1.5x10° km yna/eeHa on 3emisbe) 2. fie-
nem6pa 1995. rogmHe ca IU/beM NPHUKyIJbakba IMOJaTakKa 3a HoTpebde
XeJIM0CEN3MOJIOTH]€, JA/bUHCKE JIeTEKIUje coJapHe aTMocdepe U COapHOT
BeTpa in situ. CaTenuT je gocmeo y op6buty modeTkoM 1996. rogune ca
N0YeTKOM aKBU3uLMje nojgaTtaka 20. jaHyapa. [logany NpuKyn/beHU KOH-
THHYaJHUM MOHUTOPHUHIOM TyCTHHE W Op3WHE HNpoTOHAa oMoryhwiau cy
KopeJsalujy nojaBa noBehaHux BpeZJHOCTH MapaMeTapa COJIapHOT BeTpa U
norpeca Ha bankaHckoM noJsiyocTpBy y nepuoay o 1996. go 2018. roaune.
360r BesiMKe BAapUjaOUJHOCTH COJIAPHOT BeTpa Y BPEMEHY U M3PA3UTHUX
CKOKOBAa TyCTHHE M OGp3WHEe NMPOTOHA, oApehuBambe aHOMaJsIMje I'YCTHHE U
6p3uHe TPOTOHA paheHo je Ha OCHOBY CTATUCTUYKU CpadyHATUX apaMeTapa.
HakoH ogpehuBama rpanule HopMaJHa BpeJHOCT/aHOMaJHja, KOHCTPYH-
CaHU cy rpaduLM ryCTUHE U Op3WHE NPOTOHA 32 pedepeHTHHU NEePUO/, TTPeS,
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CBaKM NoTpec. AHa/IM3a rpadyka NoKasaJa je /ia ce 1ojaBa nosehaHe rycTuHe
npoTtoHa fiecuaay 40 og 50 ciyvajeBa, a noBehaHa BpeZjHOCT 6p3MHe MPOTOHA
porogunaa ce 28 ox 50 ciay4vajeBa. [lobujeHa Kopesanuja je CTaTUCTUYKU

K/by4He peumn:

npedsuharee nompeca,

coAapHU 8emap, cmamucmu4ka
sasudayuja y3poHHuka nompeca.

BeprdUKOBaHA XUIIepPreoMeTPHjCKOM BEPOBAaTHONOM M HE3aBUCHUM TECTOM
ca HaCyMUYHO TeHepHCaHUM IapaMeTpuMa. Y pajly je IpUKa3aHa U aHa/IU3a
peTpocieKTHBHE NIPUCTPACTHOCTH U360pa Koja ce MaHUPECTYje NPUIUKOM
UCTpaXkKUBama MpeKypcopa noTpeca.

Introduction

The term “precursor” refers to a wide variety of
physical phenomena that are used for earthquake
prediction (CICERONE et al., 2009). Earthquake pre-
diction is a branch of seismology that seeks to pre-
dict forthcoming earthquakes in the short, medium,
and long term. Deterministic approach in earth-
quake prediction requires the prior knowledge of
the earthquake epicenter’s geographical latitude
and longitude, magnitude, and time, which can be
seen as unrealistic compared to a probabilistic ap-
proach (similar to weather forecasting). The prob-
abilistic approach yields a likelihood that an
earthquake will occur in a given region at some time
span. Every earthquake prediction method should
be based solely on statistics i.e., probability (KaAMER
etal, 2021).

In order for earthquakes to be predicted with
high certainty, the search for new precursors is on-
going still to this day. Today, one group of precursors
are astronomical precursors. Modern research
showed that there is a strong correlation between
solar wind parameters (density, velocity, dynamic
proton pressure, etc.) and global earthquakes with
a minimum magnitude of M5.6 (MARCHITELLI et al.,
2020). A positive correlation was also displayed
with earthquakes that occur on a global scale and
an increase in proton density (STRASER & CATALDI,
2014). Aside from proton density, vertical Z Earth’s
magnetic field component was positively correlated
with earthquakes with a magnitude M6.0 (STRASER
& CaraLpl, 2014).

It is also worth noting that increased solar wind
parameter values in the days leading up to the
earthquake can’t be considered as a precursor.
Earthquake precursors are physical phenomena
that occur as a result of an unstable subsurface state
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in a particular region. As a result, precursors are the
result of accumulated stress. Increases in solar wind
parameters can only be considered possible trig-
gers. Increased solar wind parameter values can act
as a “straw that broke the camel’s back” by acceler-
ating up an earthquake that would have happened
anyhow and was tectonically controlled because of
the tectonically accumulated stress (MULARGIA, 1997;
MuLARGia, 2001)

Even if the increased solar wind parameters do
have an effect on tectonically controlled earth-
quakes acceleration, it is crucial to understand the
modulation they cause. Proposed mechanisms of
the Sun’s influence on earthquakes should be dis-
cussed to get a better knowledge of those modula-
tions.

SIMPSON (1967) presented the first mechanism,
which states that the magnetohydrodynamical in-
teraction of the solar and terrestrial magnetic fields
can affect the Earth’s angular velocity. Within that
mechanism SiMPsoN (1967) states there are two sub-
mechanisms that can alter the Earth’s angular velo-
city, causing earthquakes. The first sub-mechanism
states that the continents and oceans are dynamically
unstable. Variations in the rotating velocity of the
Earth can produce changes in the subsurface stress
level (SimpsoN, 1967). The second sub-mechanism
states that the Earth’s viscosity prevents it from
adapting to the angular velocity change. Inability to
adapt to a new state might produce tension in the
upper part of the Earth’s crust, causing an earth-
quake.

SIMPSON’s (1967) second mechanism is similar to
MARCHITELLI et al. (2020) reported mechanism in
certain ways. Electrical (telluric) currents passing
through the subsurface can induce stress pulls due
to the reverse piezoelectric effect, which, along with
accumulated tectonic stress, can further destabilize
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the fault and cause an earthquake. SimpsoN (1967)
claimed that telluric currents raise subsurface tem-
peratures, which destabilize faults. However, the
subsequent study revealed that this claim was erro-
neous, as the subsurface temperature increase was
two orders of magnitude lower than it should be to
induce an unstable subsurface condition. MARCHITELLI
et al. (2020) claimed that their mechanism was tec-
tonically controlled, but that an external trigger was
used (telluric currents increased by the solar wind).

During the construction of a precursory hypothe-
sis, the main goal is to make sufficient advancement
compared to the already existing precursory hy-
pothesis. Because of that, a balance should be made
between generalities and particularities (RHOADES &
EvisoN, 1989; MuLARGIA, 1997). Prior mentioned re-
search (particularly MARCHITELLI et al., 2020 and
STRASER & CATALDI, 2016) gave a foundation for a sta-
tistical analysis of the correlation between solar
wind parameters and earthquakes that occur in a
region of complex (seismo)tectonic architecture,
such as the Balkan peninsula.

Methodology

The CELIAS Proton Monitor (solar wind proton
density and velocity data) and the United States Ge-
ological Survey (USGS) Earthquake catalog were
used in this study. These two databases were used
for a period of time ranging from 1996 to 2018.

The proton density and velocity datasets contain
values measured every 30 seconds, i.e., a dataset of
1051200 datapoints is regarded full for a year with
365 days, while a dataset of 1054080 datapoints is
considered full for a leap year (366) days. The true
datapoint number in each dataset was computed,
and the results ranged in the order of 90 percent ca-
pacity, except for 1998, where the datapoint capac-
ity in the dataset is 59 percent. The explanation for
the discrepancy is that the satellite lost control, lost
power, and was no longer directed at the Sun from
June 24 until October 29. The satellite was put back
into operation towards the end of October 1998.

From 1996 to 2018, the USGS website provided
an earthquake catalog at a worldwide scale with a
minimum magnitude of M5.0. Datasets containing
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information about earthquakes in the Balkan penin-
sula zone (mainly Dinarides, Carpatho-Balkanides,
and the Pannonian Basin) were selected from the
worldwide datasets. In the Balkan Peninsula region,
52 earthquakes with a minimum magnitude of M5.0
occurred over a 23 year period. Only 50 earth-
quakes were considered in the final analysis since
two earthquakes that occurred on the territory of
the Republic of Serbia occurred during a period
when the satellite did not acquire any data. Three
earthquakes that are thought to have occurred on
the border between Albania and Greece were also
taken into account. It should also be mentioned that
the Republic of Hungary’s territory was assumed to
span a larger region of the Pannonian basin, despite
the fact that no earthquakes with a minimum mag-
nitude of M5.0 occurred on the territory from 1996
to 2018. Aside from the earthquakes already de-
scribed, three more earthquakes in the Adriatic Sea
region have been added.

[t is worth noting that the earthquakes were sim-
ply filtered from the USGS database by the name of
the country in which they occurred. The main goal
was to cover as much of the Balkan peninsula as
possible, including the Dinarides, Carpatho-Balka-
nides, and Pannonian Basin, which are three sepa-
rate geological units in the Balkan Peninsula.

The digital elevation model (DEM: see references
NATIONAL CENTERS FOR ENVIRONMENTAL INFORMATION, for
the internet link) base can be used to map the earth-
quakes outlined previously (Fig. 1). The DEM uti-
lized was GLOBE, which has a 1 km resolution.
Figure 1a shows that the majority of earthquakes
occur in Albania (Dinarides) and Romania (Car-
patho Balkanides), accounting for 68 percent of all
earthquakes (34/50). The area of the researched
surface in relation to the Earth’s surface can be ob-
served in figure 1b. The examined area is only 0.41
percent of the overall Earth’s size, with a total area
of 2 092 846 km?

The analysis was carried out with a total of six
steps which will be discussed below:

Step 1: Basic statistical calculation for obtaining
the information about the mean value, standard de-
viation, minimum, and maximum values for the
yearly dataset. This type of data provides a founda-
tional understanding of the dataset.
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Fig. 1. a. Location of earthquakes with a DEM base; b. Size comparison of the investigated area and Earths area (modified after:

https://earth.google.com/web/)

Step 2: Determination of the anomaly threshold,
which is the line between what is considered nor-
mal and what is considered anomalous. This is done
by calculating skewness and kurtosis (and two stan-
dard errors of skewness and kurtosis), as well as
basing the anomalous threshold on n standard de-
viations. According to the “33/67/99.7” rule (em-
pirical rule used to estimate the percentage of data
that falls within one, two, or three standard devia-
tions), three standard deviations for normal distribu-
tions can be considered anomalous since they
correspond with only 0.3 percent of data. The n is
greater for distributions with larger skewness. This
stage calculates the percentage of data that is equal
to or greater than the anomaly threshold; this infor-
mation is used to check the quality of the determined
anomaly threshold. That value should not exceed 1%
on average throughout the whole 23 year sample.
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Step 3: Construction of graphic representation
(charts) for the two weeks leading up to each earth-
quake.

Step 4: Identifying which earthquakes have a
proton density (velocity) anomaly in the two-week,
one-week, and four-day periods prior to the earth-
quake.

Step 5: Hypergeometrical probability based sta-
tistical significance test. In this stage, the number of
unique anomalous days for each year is calculated,
and the hypergeometrical probability is calculated
to see if the anomaly occurred more frequently than
might randomly. In addition, an independent test is
run to corroborate the hypergeometrical probability
as a statistical significance test.

Step 6: Analysis and interpretation of the results
from the previous five steps. The correlation is
thought not to be significant, i.e., can be thought to
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be random, if the probability obtained by the hyper-
geometrical probability coincides in the range of
10% with the number of times analyzed earth-
quakes had an anomalous proton density (velocity)
value in the time window chosen.

Results and Discussion

In a yearly format, Table 1 shows general statisti-
cal information of the proton density parameter. The
mean value in the database (from 1996 to 2018)
shows a decreasing trend until 2008, after which
there is a modest increase until 2015, after which the
mean yearly proton density decreases again (Fig. 2,
middle). The average number of protons per cubic
centimeter over the entire dataset is 5.3.

Table 1. General statistical information for the proton density dataset.

For the time span 1996 to 2010, the minimum
values are -1. This is not a representation of the
measured proton density, but rather a lack of data
(mainly of technical nature). Minimum values after
2010 are either 0 or a number greater than 0. Values
less than 0 were filtered for the period up to 2010.

The maximum values in each dataset range from
53 (1996) to 127 (2013) protons per cubic centime-
ter. With two maximums (2003 and 2012) and three
minimums (1996, 2007, and 2018), there is some
type of pattern in the maximum levels (Fig. 2, bottom).

Because of the displayed periodicity of the mean
and maximal proton density values, a correlation with
the number of Sunspots in the same period was per-
formed (Fig. 2, top). To visually represent the Sunspot
number, a database of Sunspot numbers was taken
(see references SILSO data, Royal Observatory of Bel-
gium, Brussels for the internet
link) and a local regression

= . ) = (LOESS) filter was applied.
Year Mean [cm~] | Standard deviation [cnf ] | Minimum [cmi'] | Maximum [cm’] F th iod 1996 t
1996 782 443 5] 53.01 or the perio to
1997 8.65 4.96 -1 57.65 2018, the sunspot chart (Flg
1998 7.67 4.61 -1 66.22 2, top) shows three minimums
1999 6.35 4.52 -1 57.28 and two maximums, indicat-
2000 6.31 4.82 -1 70.18 .
ing two cycles (Solar cycles 23
2001 6.50 5.38 -1 120.77 8 Y o ( 4
2002 6.96 530 ] 7056 and 24). Minimum values can
2003 5.38 3.98 -1 72.19 be recorded in 1996, 2008,
2004 497 3.87 -1 111.81 and 2018 (Ol’l average every
AL ail 2 = el 11 years), whereas maximum
2006 4.68 4.24 -1 75.65 1 1 ) d
2007 4.06 3.99 1 82,66 values are also located at an
2008 3.74 3.08 -1 72.44 11 year time period.
2009 4.03 3.14 -1 71.32 Two correlation coeffici-
2010 4.35 3.53 -1 117.17 ents, Pearson’s and Spear-
2011 4.33 3.87 0 90.81 .
2012 157 4.02 0 118.02 man’s, were calculated to
2013 445 4.00 0.01 126.92 assess the correlation be-
2014 481 3.49 0.06 60.29 tween these three factors.
2015 5.27 4.43 0.07 77.81 Pearson’s correlation coeffi-
2016 4.55 3.54 0.09 88.19 . . s
2017 3.4 314 0.06 32 cient is a traditional correla-
2018 3.66 2.86 0.04 62.06 tion coefficient that can occa-
Average 5.30 4.08 / B 81.51 sionally reveal flaws, such as

With the exception of 2018, which has a standard
deviation of 2.86 cm™3, standard deviation values are
consistent, ranging from 3 to 5 protons per cubic
centimeter. The overall dataset’s mean standard de-
viation is 4.08 cm3.
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when one data point appears

to be outside the general trend
of other data points. Pear son’s correlation coefficient
will yield a lower value than the true correlation co-
efficient (ScHOBER et al.,, 2018). To acquire more de-
tailed information, both correlation coefficients were
calculated, and a description and a color based on the

73



FiLip ARNAUT, DEJAN VUCKoVIC, IVANA VASILEVIC & VESNA CVETKOV

Sunspot number

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

t [year]
Mean proton density

N~
\\, e \

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
t [year]

Maximal proton density

i /\/A A

1996 1998 2000 2002

N~/

ﬂV\

2004 2006 2008 2010 2012 2014 2016 2018
t[year]

PD, [em™]

Legend
- Measured value

- Filtered value

Fig. 2. Sunspot number (top) correlation with yearly mean pro-
ton density values (middle); Yearly maximal proton density val-
ues (bottom)

value range were assigned, as reported by SCHOBER et
al. (2018).

Table 2 shows that maximum proton density val-
ues have a weak correlation with the Sunspot num-
ber calculated using both Pearson’s and Spearman’s
correlation coefficients. On the other hand, the Pear-
son correlation coefficient shows a weak correlation
with annual mean proton density values, whereas

Table 2. Correlation coefficients for the solar wind parameters

and Sunspot number.

earson | Spearman| Description Color
\unspot number Nw ible

0.39 0.57
]\lod t

the Spearman correlation coefficient shows a mod-

erate value.

To determine the anomalous threshold, the
skewness, kurtosis, and two standard errors of
skewness and kurtosis must be calculated first
(table 3). From 1.76 in 1996 to 5.34 in 2007, the
skewness parameter shows a wide range of fluctu-
ation. Skewness takes an average 3.37 value over
the course of the observed period. Because the
skewness parameter informs us about the “length
of the tail” of the distribution, the skewness is min-
imal for the lowest maximum value of yearly proton
density. The contrary is not true, skewness is not
maximal for the highest maximum values in the
dataset (2013), but it does take values of around 4.
The kurtosis parameter has a wide range of values,
ranging from 5.32 in 1996 to 51.58 in 2007. Kurtosis
has an average value of 24.31.

Table 3. Skewness, kurtosis and two standard errors of skewness

and kurtosis for the investigation period.

Year Skewness | Kurtosis Year Skewness | Kurtosis
1996 1.76 5.32 2008 3.73 25.63
1997 2.18 8.56 2009 3.36 23.79
1998 1.89 6.49 2010 4.36 50.29
1999 2.15 7.71 2011 4.30 34.65
2000 2.69 11.87 2012 4.09 40.47
2001 2.98 15.03 2013 3.99 44.35
2002 2.80 13.26 2014 2.52 12.12
2003 3.76 27.41 2015 3.53 20.75
2004 3.38 31.06 2016 3.36 19.82
2005 3.64 23.09 2017 4.14 32.74
2006 3.61 21.79 2018 3.89 31.25
2007 5.34 51.58 Average 3.37 2431
Skewness Kurtosis
Reference
1.02 2.04

Average values of skewness and kurtosis are
higher than the approximated two standard error
values of skewness and kurtosis for the investigated
period. This information leads us to the conclusion
that the proton density distribution is highly hori-
zontally and vertically distorted, as was verified
graphically in figure 3. Because of that, higher mul-
tiplicities of standard deviations can be used as the
anomaly threshold for each year. For this research,
five standard deviations will be used as the anomaly
threshold. The anomaly threshold for each year will
thus be calculated as:

Pdanomaly(}’) =PD,(y) + 5SD(y) (1)

Geol. an. Balk. poluos., 2021, 82 (2), 69-83
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where:
PDaomaly(y) - anomaly threshold for each year,
PD,,(y) - mean proton density value for each year,

SD(y) - standard deviation calculated for each year.
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Fig. 3. Proton density histogram for the period from 1996 to 2018

It is possible to calculate the anomaly threshold
and the percentage of data that is equal to or greater
than the anomaly threshold using the previously
displayed data. The maximal anomaly threshold can
be obtained for the year with a comparatively high
yearly mean proton density and high standard de-
viation, since the anomaly threshold is solely deter-
mined by the mean yearly proton density value and
the standard deviation value. The anomaly thresh-
old values range from 17.97 protons per cubic cen-
timeter (2018) to 33.46 protons per cubic
centimeter (2002), as shown in table 4. The overall
dataset’s mean anomaly threshold value is 25.69
protons per cubic centimeter. The percentage of
data that is equal to or higher than the anomaly
threshold varies between 0.24 percent (1996) to
0.67 percent (2015). The average percentage of data
over the anomaly threshold is 0.49 percent, which
is lower than the expected value of 1%.

Table 4. Anomaly threshold information for the proton density parameter.

Year | Mean [em”] | Standard deviation [crit] | 5S¢ [em”] | Maximum [cm’] | Percentage of data >56[%]
1996 7.82 4.43 29.98 53.01 0.24
1997 8.65 4.96 33.43 57.65 0.37
1998 7.67 4.61 30.72 66.22 0.26
1999 6.35 4.52 28.93 57.28 0.41
2000 6.31 4.82 30.42 70.18 0.45
2001 6.50 5.38 33.40 120.77 0.56
2002 6.96 5.30 33.46 70.56 0.52
2003 5.38 3.98 25.30 72.19 0.47
2004 497 3.87 24.31 111.81 0.42
2005 4.95 4.58 27.87 88.56 0.63
2006 4.68 4.24 25.87 75.65 0.58
2007 4.06 3.99 24.03 82.66 0.62
2008 3.74 3.08 19.14 72.44 0.61
2009 4.03 3.14 19.74 71.32 0.45
2010 4.35 3.53 21.98 117.17 0.48
2011 433 3.87 23.66 90.81 0.65
2012 4.57 4.02 24.65 118.02 0.52
2013 4.45 4.00 24.45 126.92 0.40
2014 481 3.49 22.26 60.29 0.47
2015 5.27 4.43 27.43 77.81 0.67
2016 4.55 3.54 22.26 88.19 0.58
2017 3.94 3.14 19.66 63.2 0.54
(o8 [ as6 [~ 286 _____]__ 7911 ___ 2.06___|_______ 048 ______|
Average 5.30 4.08 25.69 81.51 0.49

Geol. an. Balk. poluos., 2021, 82 (2), 69-83
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Table 5. Anomalous proton density occurrences in the time period before every earthquake.

Earthquake location| Year Month Day Anomaly[14 days] | Anomaly [7 days] | Anomaly [4 days]J
2010 | November 3 . ° °
Serbia 2002 April 24 ° [
1999 July 1 ® .
1999 April 30 L
Bosnia and 2005 | September| 27 °
Herzegovina 2004 L > = hd
1996 | September 5
Clott 1996 | September 17 ° °
1996 | September 9
Monfenepro 2018 January 4 ° ° °
2014 | December| 29 ° ° .
2018 August 11 ° ° .
2018 July 4 ° ° °
2014 May 19 )
2009 | September 6 ° . .
2009 August 21 °
2007 June 29 )
2006 October 19 °
2006 June 21
Albania 2005 July 10 °
2004 | November| 23 .
2004 April 7 °
2003 August 14
2001 April 9 °
1999 | December| 22
1997 May 16 ° ° °
1996 August 20
1996 August 5
1996 July 26
North Macedonia 2016 | Beptenibor i
2009 May 24 °
Bulgaria 2012 May 22 °
2018 October 28 ®
2016 | December| 27 °
2016 | September| 23 ° °
2014 | November| 22 °
2013 October 6 °
2009 April 25 °
2005 June 18 °
Romania 2005 May 14
2004 October 27 ° . .
2002 | November| 30 °
2001 July 20
2001 May 24 ° ° °
2000 April 6
1999 April 28 °
1998 March 13 ° ° °
2004 | November| 25 ° °
Adriatic sea 2003 March 29 ® ° °
2003 March 27 ° ° .
Sum /50 earthquakes 40 31 23
Sum e [%] 80 62 46
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After calculating the anomaly threshold, deter-
mining whether earthquakes had anomalous proton
density values in the two weeks, one-week, and
four-day periods leading up to it was done. Table 5
shows the individual earthquakes examined in this
study, as well as the occurrence of the anomalous
proton density value in the time interval before it
denoted by the symbol ,e“

Table 5 shows that in the two-week period lead-
ing up to an earthquake, 80 percent of earthquakes
(40/50) exhibit anomalous proton density values.
This number lowers to 62 percent, or 31 out of 50
earthquakes, in the week leading up to an earth-
quake. For the four days leading up to each analyzed
earthquake, 23/50 (46 percent) showed a proton
density anomaly.

The first step in determining the statistical sig-
nificance of these findings is to establish the number
of individual anomalous days in a calendar year. To
begin, a definition of an anomalous day should be
established:

30 seconds and another with a duration of several
hours are not the same. In keeping with the survey’s
generalities, it is considered that every anomaly has
the same relevance, regardless of its duration.

After determining the number of individual
anomalous days for each year in the dataset, the hy-
pergeometric probability can be calculated, which
is the probability that in a year with 365 days and,
for example, 22 individual anomalous days, at least
one anomalous day can be found in the chosen time
window (in this case 14, 7 and 4 days prior to each
earthquake). This probability shows the likelihood
of finding a proton density anomaly in the time win-
dow chosen before each earthquake at random.

To validate the hypergeometric probability accu-
racy, or whether it is a good probability model for
probability computation, an independent test was
created with the same input parameters as the hy-
pergeometric probability, with the exception that all
of the parameters are picked at random. Figure 4
depicts the flowchart for such a test.

k- minimal number of anomalous days

i
Population A}

Population B

Input parameters P(?;ng;?;zzA in a sample (always takes value of 1)
k,M,n, N . L
Population B M- total population size (always 365)

v

v

n- total number of anomalous days in a

Chose one number
from 1 to M-N

Do the two populations
have at least one
matching number?

population (number of anomalous days in a year)

N- consecutive sample i.e., time window (14, 7 or 4)

v

v

Choose the other N-1
numbers successively

Repeat 100 000
times

v

v

Chose n random
numbers

Calculate the percentage
of times the two populations
had matching numbers

Fig 4. Flowchart of the independent test

“Every day with at least one proton density meas-
urement higher than the anomaly threshold value for
a particular year is an anomalous day.”

This notion of an anomalous day has some dis-
advantages. The first is that it ignores the duration
of the anomaly, i.e., one anomaly with a duration of
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There are eight steps in the flow of the test prob-
ability. The first step is to choose a number at ran-
dom from 1 to M-N (i.e., 365-14/7/4). The
remaining N-1 numbers are calculated by adding to
the first number +1, +2, +3, etc. This group of num-
bers is referred to as “Population A,” and it repre-
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sents the time period preceding the earthquake. The
number of anomalous days in a year is represented
by Population B, which is picked at random from 1
to 365 integers. After both Population A and Popu-
lation B have been determined, the two populations
can be compared to see if they have the same num-
bers. After iterating the method 100 000 times, the
percentage of times the two populations had at least
one matching number was calculated.

This percentage is an approximation of the hyper-
geometric probability and is used to check the quality
of the probabilities obtained. Table 6 shows the hy-
pergeometric probability, the test probability based
on the previously shown algorithm, and the differ-
ence between these two probabilities for the time
windows of 14, 7, and 4 days before the earthquake.

Table 6 shows that the average hypergeometric
probability values for the time windows of 14, 7 and
4 days are 82.52 percent, 59.11 percent, and 40.32
percent, respectively. These probabilities are in line
with the algorithm’s probability, which is in the 2
percent range (maximal discrepancy being 2.26 per-
cent for the time window of 7 days). Even if the dif-
ference between the two probabilities is small, it can
be explained in two ways.

The first reason for the disparity is that as the
number of algorithm iterations approaches infinity,
the algorithm probability tends to hypergeometric
probability. By increasing the number of iterations,
this effect can be reduced.

The hypergeometric probability is a cumulative
probability of having all anomalous days in a time
window sample, which is the second cause of the
tiny disparity between the hypergeometric proba-
bility and the algorithm probability. Even though the
chance of having more than two anomalous days in
the time sample is small, it is accounted for in the
hypergeometric probability.

With the two explanations in mind, it is easy to
see why there’s such a modest difference between
the hypergeometric and algorithm probabilities. As
a result, the hypergeometric probability model is
considered to be a satisfactory probability model for
this study.

The obtained hypergeometric probability was
compared to the calculated percentage of proton
density anomaly occurrence for the time window
chosen before the analyzed earthquakes on the
Balkan peninsula zone (table 7). If the two values
are within 10% of each other, any occurrence of pro-
ton density anomaly in the time window preceding
an earthquake is regarded to be random. As a result,
there is no statistically significant correlation be-
tween the two events.

The same method was applied for the proton ve-
locity parameter, with anomalous proton velocity
values found in 56 percent (28/50) of earthquakes
in the two-week time frame prior to it, 32 percent
(16/50) in the one-week time window, and 18 per-
cent (9/50) in the four-day time window. Similar to

Table 6. Hypergeometric probability, algorithm probability and difference for the proton density parameter.

General 14- Days 7- Days 4- Days
Year | Number of anomalous days| H. Probability [%]| A. Probability [%]| Difference [%] | H. Probability [%]| A. Probability [%]| Difference [%] | H. Probability [%]| A. Probability [%] Difference [%]
1996 22 58.80 51.79 1.01 35.53 34.71 0.82 22.10 21.54 0.56
1997 49 87.23 85.23 1.99 63.87 61.34 2.53 43.96 41.62 2.34
1998 21 57.05 56.00 1.05 34.19 33.61 0.58 21.18 20.69 0.49
1999 29 69.31 67.731 1.57 44.26 42.96 130 28.29 27.46 0.84
2000 37 78.24 76.70 1.54 52.99 51.01 1.98 34.91 33.81 1.10
2001 42 82.53 80.80 1.73 57.82 55.65 2.18 38.81 37.17 1.64
2002 38 79.17 71.31 1.86 53.99 52.27 1.73 35.70 34.46 1.24
2003 31 71.81 70.74 1.07 46.56 45.25 1.31 29.99 29.04 0.95
2004 44 84.01 81.99 2.02 59.63 57.10 2.54 40.32 38.56 1.75
2005 52 88.86 86.78 2.08 66.23 63.63 2.60 46.07 43.74 233
2006 42 82.53 80.80 1.73 57.82 55.65 2.18 38.81 3117 1.64
2007 46 85.38 83.41 1.97 61.38 58.82 2.56 41.80 39.87 1.93
2008 51 88.34 86.50 1.84 65.46 62.85 2.61 45.38 43.31 2.06
2009 56 90.73 88.97 1.76 69.16 66.23 2.94 48.79 46.11 2.68
2010 44 84.01 81.99 2.02 59.63 57.10 2.54 40.32 38.56 1.75
2011 46 85.38 83.41 1.97 61.38 58.82 2.56 41.80 39.87 1.93
2012 60 92.31 90.38 1.93 71.88 68.81 3.07 51.40 48.27 3.13
2013 52 88.86 86.78 2.08 66.23 63.63 2.60 46.07 43.74 2.33
2014 47 86.02 84.33 1.69 62.23 60.09 2.14 42.53 40.51 2.01
2015 46 85.38 83.41 1.97 61.38 58.82 2.56 41.80 39.87 1.93
2016 52 88.86 86.78 2.08 66.23 63.63 2.60 46.07 43.74 233
2017 52 88.86 86.78 2.08 66.23 63.63 2.60 46.07 43.74 233
2018 66 94.21 92.59 1.62 75.56 72.21 3.36 55.13 51.99 315
Average 44.57 82.52 80.75 1.77 59.11 56.86 2.26 40.32 38.47 1.85
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Table 7. Comparison of the hypergeometric probability and the results obtained by the num-

ber of proton density occurrences before earthquakes in the Balkan peninsula zone.

ties could be used. The in-
crease from five to nine stan-
dard deviations resulted in an

the proton density case, no statistically significant
correlation was discovered. The last possibility for
correlation remaining is to check if the proton velo-
city parameter was a small subset of days with both
the density and velocity anomalies. Only 66 days (0.7
percent of the dataset) showed both density and ve-
locity anomalies across the 23 year period. Only 12%
(6/50) had an anomaly over the two-week period,
4% (2/50) during the one week period, and 2%
(1/50) during the four-day period preceding the
earthquake. There was no statistically significant
correlation found.

Increased Anomaly Threshold Test

Because of the skewness of the proton density
distribution, bigger n standard deviation multiplici-
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Anomaly Anomaly Anomaly average increase to 42 pro-
Year probability probability probability tons per cubic centimeter
() o, ()
[14 days] [%6] [7 days) [%e] [4 days] [Va] throughout the entire sample.
1996 58.80 35.53 22.10 .. .
This increase is 40% greater
1997 87.23 63.87 43.96 h h ] Iv th
1998 57.05 34.19 2118 than the prior anomaly thre-
1999 69.31 44.26 28.29 ShOld, however, it has resul-
2000 7824 52.99 34.91 ted in a 75% reduction in the
2001 82.53 57.82 38.81 number of anomalous days.
2002 79.17 53.99 35.70 An average of 11 days each
2003 71.81 46.56 29.99 year were marked as anom-
200 ol 20463 40.32 alous during the investigation
2005 88.86 66.23 46.07 iod 8 &
2006 82.53 57.82 38.81 period.
2007 85.38 61.38 41.80 Only 28% (14/50) had an
2008 88.34 65.46 45.38 anomaly in the two-week pe-
2009 90.73 69.16 48.79 riod, 22% (11/50) in the one-
2010 84.01 59.63 4032 week period, and 12% (6/50)
21, L il i il in the four-day period before
2012 92.31 71.88 >1.40 the earthquake when the en-
2013 88.86 66.23 46.07 . q
2014 36.02 6223 4253 tire sequence was repeated
2015 85.38 61.38 41.80 as previously shown for the
2016 88.86 66.23 46.07 proton density parameter.
2017 88.86 66.23 46.07 The predicted values were
_____ 2018 ___y___%42t | ___7ss6____1___35%13 ___|  derived by recalculating the
Average: 82.52 59.11 40.32 hypergeometric probability
Calculated: 80 62 46 with the updated values (33

percent for the two-week pe-
riod, 18.67 percent for the one-week period, and 11
percent for the four-day period). As can be observed,
the expected values derived using hypergeometric
probability and the calculated values are within 10%
of one another, which is enough to rule out any sta-
tistically significant correlation even with higher pro-
ton density values.

The proton velocity parameter was treated in the
same way, with the n standard deviations increased
from three to three and a half. This was a 6 percent
increase, but it resulted in a 47 percent reduction in
the number of anomalous days. In the two-week pe-
riod, 28 percent (14/50) had an anomalous value, 14
percent (7/50) had an anomalous value in the one-
week period, and 6 percent (3/50) had an anom-
alous value in the four-day period before an
earthquake. There was no statistically significant
correlation found.
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It is worth noting that even when the dynamical
anomaly threshold is disregarded (the threshold is
based on the mean yearly proton density/velocity
value and the standard deviation for the year) and
an exceptionally high and constant anomaly thresh-
old is applied (100 cm for proton density and 1000
km/s for proton velocity), only six individual anom-
alous days for the proton density are observed and
14 for the proton velocity parameter. Those two fig-
ures, respectively, represent 0.07 percent and 0.1
percent of the overall data set. Only one earthquake
(Albania, April 9%, 2001) displayed a proton density
anomaly prior to the earthquake, while none had a
proton velocity anomaly. There was no statistically
significant association, as with the other examples
previously shown.

Conclusion

A statistical correlation between increased solar
wind parameters (proton density and velocity) and
earthquakes on the Balkan Peninsula zone between
1996 and 2018 was presented in this study paper.

In the two weeks leading up to an earthquake, the
presented increased proton density parameters
show an 80% (40/50) correlation. This is the highest
correlation found in this study. There is no substan-
tial statistical correlation between these two occur-
rences on the Balkan Peninsula zone, according to
statistical verification.

Proton velocity, like proton density, had no statis-
tically significant correlation with earthquakes on
the Balkan Peninsula, even when they occurred 56
percent of the time prior to earthquakes. A small
group of days with both proton density and velocity
anomalies produced no statistically significant cor-
relation when studied.

Increasing the anomaly threshold for the proton
density parameter from five to nine standard devia-
tions and for the proton velocity parameter from
three to three and a half standard deviations reduced
the number of anomalous days by 75 and 47 percent,
respectively. This reduction in the number of anom-
alous days did not result in a statistically meaningful
improvement in the association. Furthermore, ignor-
ing a dynamical anomaly threshold and concentrat-
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ing on rare occurrences (100 cm= and 1000 km/s)
did not produce any significant results.

In summarizing the subjectivities in this study, the
primary focus must be on the selection of the re-
search area. MARCHITELLI et al. (2020) found a positive
association on a worldwide scale, however, this is of
no practical utility because knowing when an earth-
quake will occur without knowing where it will occur
is useless. The focus of this research article was on a
smaller scale with a complex geological setting, how-
ever, the subjectivity involved in selecting such a lo-
cation could not be adequately quantified.

The second subjectivity involves expanding the
time span of 6.9 days stated by STRASER & CATALDI
(2014). As the time window is extended, days that
are more anomalous will surely occur before an
earthquake. This subjectivity, like the preceding one,
cannot be measured, but it is thought that statistical
verification will eliminate it.

The last subjectivity is that when kurtosis in-
creases, the value of variance decreases (TABACHNIK
et al. 2007), and so the value of standard deviation
decreases. If the standard deviation is less than the
true value, the anomalous threshold will be less than
the true value as well. Although this subjectivity is
not quantifiable, it is eliminated by the use of the test
of increasing anomalous thresholds.

Even when viewing this research topic with a criti-
cal mindset, it is believed that subjectivities in this
study did not have a substantial, if any, influence. GEL-
LER et al. (1997) also express skepticism regarding the
discovery of a new, major precursor, stating that the
probability of discovering the next one decreases with
each new attempt, and that the possibility of discover-
ing a novel precursor is now exceedingly minimal.

To locate a novel precursor candidate, you must
first have a well-understood and well-established
mechanism for such an occurrence. There is no doc-
umented and verified mechanism that could explain
the solar wind generating earthquakes phenomenon,
for example. The earthquakes are assumed to be tec-
tonically controlled, but the increase in solar wind
parameters acts as a trigger.

Even though the presented research found no sta-
tistically significant association for the Balkan Penin-
sula, it does not rule out the positive correlation
found by MARCHITELLI et al. (2020) on a worldwide
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scale. To establish it as a viable method, first, the
mechanism should be established, then the usage of
a statistical method to demonstrate the statistical
significance of such a method with high confidences
and low false alarm values should be undertaken.
This approach has yet to be established for any of
the known precursors.
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Pe3ume

Kope/1aGU/THOCT COJIapHOT BEeTpa ca
ceM3MUYKUM Aorahajuma y 30HU
BajIKaHCKOT M0JIyoCTpBa

TepMUH npexkypcop moTpeca ONUCyje BeJIUKH
6poj pas3anyuTUX GU3MYKUX PeHOMeHa KOju ce
KopucTe 3a npeaBubhame norpeca (CICERONE et al.,
2009). lIpepBubame noTpeca npeAcTaB/ba MpaBalj
Cen3MoJIOTHje KOju ce 6aBU KPAaTKOPOYHUM, Cpe-
JIlb€POYHUM M IyrOPOYHHUM MPOTrHO3UpPaAEM IO-
Tpeca. /leTEpMUHUCTUYKHU MPUCTYI NpeJBUbhamy
NoTpeca 3axTeBa [I03HaBake reorpadcke LIMPUHE
Y Iy>KUHE eNULeHTpa oTpeca, MarHUTyAy U BpeMe
MOTpeca, LUITO Ce CMaTpa HEPeaJHUM 3a Pas/UKY 0[]
Npo6abUJIMCTUYHOT IPUCTYIIA (BPJIO CJIMYHO Bpe-
MEHCKOj MPOTHO3HU), KOju /aje BepoBaTHOohy sia he
ce IOTOAUTH NOTPEC 3a AATHU PeTUOH y oZipeheHoM
BpPEMEHCKOM IepuoAy. McTo Tako, cBaka MeTo/a
npej/iBubama norpeca tTpeba ja 6y/ie UCK/bYIHUBO
6a3vpaHa Ha CTATUCTUILM, OJHOCHO BEpOBAaTHONU
(KaMER et al,, 2021).

Kako 6u ce npeaBubame noTpeca U3BeJIO ca IITO
BehoM curypHoiuhy, norpara 3a HOBUM IpeKyp-
copuMa je BeoMma akTyesiHa. /laHac, jefHy 3aHU-
MJbUBY IPy1Ny IPeKypcopa YMHe aCTPOHOMCKH IIpe-
KYypCOpH.

Y paay je npukasaHa cTaTUCTUYKa KopeJanuja
n3Mehy noBehaHux BpeJHOCTH MapaMeTapa coJiap-
Hor BeTpa (rycTMHa U 6p3vHa NPOTOHA) U I0jaBe
notpeca y pervuoHy basikaHcKor moJiyocTpsa y
nepuoay oz 1996. no 2018. rogune.

[IpvkasaHu pe3y/sTaTH 3a napameTap I'yCTUHe
MpPOTOHA NOKa3yjy Ja je y nepuoay of, 14 naHa npep,
OTpec aHOMaJivja I'yCTUHe NMPOTOHA 6uJIa je Mpu-
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cytHa y 80 % cayuajeBa (40/50). OBakBa BpeHOCT
KopeJianyje je yjeAHo u HajBeha jmobujeHa kope-
Jlaliyja y ucTpakiBamy. CTaTHCTUYKa BeprduKanuja
3HA4ajHOCTH J06MjeHUX pe3y/ITaTa I0Kasasa je /ja He
II0CTOjU HUKAKBA 3Ha4ajHa CTaTUCTUYKa KopeJaluja
u3Meby noBehaHe BpeJHOCTH I'yCTHHE NPOTOHA U
noTpeca y perMoHy basikaHCKOT N0JIyoCTpBa.

[IpukasaHu pe3y/iTaTH 3a napaMmeTap OGp3vHe
npoTOHa HajBehy Kopesalyjy MoKasyjy y BpeJJHOCTH
o1 56 % (28/50) 3a pedepenTHu nepuof ox 14 gana
npef norpec. Kao 1 3a napameTap rycTuHe NpOTOHa,
CTaTHUCTUYKa BepudUKaldja A06HjeHUX pe3y/TaTa
HUje MoKa3aja 3Ha4yajHy MOBE3aHOCT U3Mehy /aBe
nojase.

BpiieHa je mpoBepa Mamer MO CKYIla AaHOMAa/THUX
[ojaBa COJIAapHOT BeTpa, Tj. I0jaBa aHOMaJIUje I'y-
CTUHE ¥ aHOMaJluje 6p3uHe IPOTOHA UCTOBPEMEHO
(y uctoM gaHy). 3a 1jeo UCTPaKHU CeT MoJaTaka
[IOCTOjU YKYNMHO 66 TaKBUX JJaHA, OJJHOCHO TaKBU
JaHu yuHe camo 0.7 % ucTpaXHOr ceTa oJaTaka.
Kopesianyja TakBe nojaBe ca noTpecuMa npukKasasa
je na 12 % (6/50) moTpeca uMa aHOMaJIHjy U Ty-
CTHHe U 6p31He NPOTOHA Y pedpepeHTHOM NEPUOAY
o 14 maHa. CTaTUCTHUYKa poBepa OBaKBe Kope-
Jlalyje HYje Npela I0CTaB/beH! Npar 3HayajHOCT
nojaBe of, 10 %, 0JHOCHO CTaTUCTHUYKHK 3HA4YajHa
KopeJianyja Huje mpoHaheHa.

[lowrTo nprkasaHe nojaBe HUCY NOKa3aJe CTa-
TUCTUYKY 3HA4ajHOCT Ca rpaHULaMa aHOMaJluje y
BPEJHOCTHU OJ IIeT U TPU CTaHZApJHe AeBUjalyje,
BpIIEHO je noBehawe BpeJHOCTH rpaHULe aHOMa-
JiMje paJu NpoBepe CTaTUCTUYKe KopeJanuje ca
Mame aHOMaJIHUX JlaHa. Mako ce 6poj aHOMaJIHUX
JlaHa 3a apaMeTap ryCTHHe NPOTOHA CMawkHo 3a
oko 75 %, a 3a mapaMeTap 6p3uHe MPOTOHA ce 6POj
aHOMaJIHUX JlaHa cMamuo 3a 47 %, CTaTUCTUYKHU
3HavajHa KopeJsalyja Huje mpoHaheHa. /la/buM 3aHe-
MapUBabeM JUHAMUYKe [PaHHULle aHOMaJldje (3aBU-
CHOCT I'paHMIe aHOMaJIHje OJf Cpe/ikbe BPeHOCTH U
CTaHJapAHe JeBUjalyje 3a AATy FOAMHY) U MOCTa-
BJbalb€M KOHCTAHTHE TPaHULIe 32 aHOMaJIHje 3a 11e0
UCTpaXXHHU ceT nogaTtaka of 100 cm? 3a ryctuny
npotoHa u 1000 km/s 3a 6p3uHy NpoTOHA, Takohe
HUje npoHaheHa 3Ha4ajHa CTaTUCTHYKa KopeJaLyja.

HajBeha cy6jeKTHBHOCT Y OBOM HUCTpa*KUBakby
CBO/IM Ce, IIpe CBera, Ha 0/1abup UCTPAXKHOT IPOCTOPA,
OJIHOCHO Ha OCJIalhakbe Ha TEKTOHCKe KapaKTepu-
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cruke. [TolTo je nprkKasaHa Kopesauuyja y MARTICHELLI
et al. (2020) Ha r106a/IHOM BEJIMYUHCKOM HOJPYY]y,
Te GUJIO KAKBa Cll03Haja /a he ce moTpec OroAUTH
HeMa [paKTHYHY IpPUMEHY, jep HUje Moryhe TayHO
oZlpeAUTH reorpadcky WHUPUHY U AyKUHY eULeH-
Tpa [oTpeca, CMaTpaJsio ce Ja je HOTPe6HO CMakbUTH
HCTPaXXKHO NOJpYyYje paJu y:Ker ofpehrBara enulieH-
Tpa notpeca. CmMaTpa ce Ja HUje Moryhe KBaHTHU-
$UKOBATH 0BAKO YHEIIEHY CYy0OjeKTUBHOCT.

Jlpyra 3HavajHa Cy6jeKTHUBHOCT Mpe/CTaBJ/ba
noBehame pedepeHTHOT Nepuoja npes MNoTpec y
OJIHOCY Ha NIpHjaB/beHU pedpepeHTHHU epuos npemMa
STRASER & CATALDI (2014). [loBehaBaweM pedepeHT-
HOT nepuo/ia noBehaBa ce u 6poj moTpeca Koju uMa
a”HoMasiyjy. Kao u npeTxosHa cy6jeKTUBHOCT, CMa-
Tpa ce /la ce HU 0Ba CYy6jeKTUBHOCT He MOXKe KBaHTH-
dukKoBaTH.

[Tocneamwy cy6jeKTUBHOCT Y OBOM UCTPaKUBabY
npejcTaB/ba YHbeHHIA Ja noBehaHe BpeJHOCTH
KypTO3e CMabyjy BpeZHOCT BapujaHiie (TABACHNIK et
al. 2007), a TUMe yTUYY U Ha CMatbetbe BPeJHOCTH
CTaHJAapAHe JieBUjanuje. AKO cy BpeJHOCTH CTaH-
JapAHe JeBUjalije yMambeHe y OAHOCY Ha BbUXOBY
MCTUHUTY BPEJHOCT, OH/Ia je Y IPaHULAa aHOMaJluje
yMarbeHa 3a UCTY Ty BpeJHOCT. OBakBy cy6jeKTHB-
HOCT HUje NOoTpebHO KBaHTUUKOBATH, Beh ce moBe-
haBaweM rpaHulLe aHOMasdje U ofpebhuBameM
CTAaTUCTUYKe 3HAYajHOCTU TaKBe I0jaBe OHA U
YKJIOHUJIA.

Hako ce oBOM HCTpakUBamwy NPUCTYIHJIO ca
CKENTHUYHOI aclleKTa NpoHajacka MNO3UTHUBHE U
CTAaTUCTUYKHY 3HauyajHe KopeJanuje n3Mehy noseha-
HUX BpPeJHOCTH NapaMeTapa COJIapHOT BeTpa M
noTpeca, cMaTpa ce /a Cy y 0BOM HUCTPaKUBamby
Cy6jeKTHBHOCTH MaKCMMaJIHO CMameme. GELLER et
al. (1997) Takobe nmpukasyje ckenTHYaH NPUCTYI
IpoHaJlacKa Noy3/aHor IpeKypcopa noTpeca, Te ce
HaBO/JU [Jla Ce CBAaKUMM HOBUM IIOKYylIajeM a priori
BepoBaTHONha NmpoHaJsiacka HapeAHOI IpeKypcopa
cMambyje, Kao U Jia je TpeHyTHa BepoBaTHoONa mpo-
HaJlacKa [0y3/JaHoT IPeKypcopa eKCTPEMHO MaJia.

Jla 6u ogpehena nojaBa 6usia 06ap KAaHAUAAT 3a
IpeKypcop NoTpe6HO je Hajlipe UMATH yTeMe/beH
MexXaHHW3aM KOju JOBOAU A0 moTpeca (Uaud 6ap
y6p3aBa notpec). U gasbe HUje mO3HAT, HUTH KBaH-
TUPUKOBAH YTHIAj COJIAapHOr BeTpa Ha MOTpece,
cMaTpa Ja Cy NoTpecd M Jja/be TEeKTOHCKH KOH-
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TPOJIMCAHH, 2 CAMO eBeHTYaJ/IHO ,y6p3aHu” moBeha-
HUM BpeJHOCTUMA [lapaMeTapa COJIapHOT BeTpa,
aKO TaKaB MeXaHH3aM IOCTOjH.

[Iprka3aHO UCTpaKUBak€, HAKO je MoKa3aJo
MamaK CTaTUCTHUYKe KopeJsaluje moBehaHux BpeJ-
HOCTHU NapaMeTapa CoJIapHOI BeTpa U noTpeca Ha
BasikaHCKOM MOJIYOCTPBY, HUje UCKJbY4YHJIO TIOCTO-
jame MO3UTHUBHE KopeJsalldje Ha I1o6ajJHOM Be-
JIMYMHCKOM NoJpyyjy. [la 61 ce npeLi3HOo 0pesuno
yTHUIIAj COJIAPHOT BETpa Ha NMOTpPece MOTPeOHO je
IIPBO O/Ipe/IMTH MexaHW3aM yTHULaja Koju he 6UTH
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oapeheH MepeHuM nozauuma. HakoH Tora, mo-
Tpe6HO je 0ApeUTH CTATUCTUYKH 3HAYajHy METO-
[y Koja npeaBuba reorpadcky MUPUHY U LyKUHY
eNUIeHTpPa, Kao U BpeMe NoTpeca, ca BUCOKOM I10-
y34aHouthy U MaJluM BpeJJHOCTUMA CTOIle JIAXKHUX
asapMa. OBakBa MeToja 3a cajJila HUje MOY3AaHO
OTKpHUBEHA HU 3a jeJjlaH IpHUjaB/beH MPEKYpcop
(MM NOTEHLMjaIHU Y3POUHHUK).
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