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Abstract. The Solar Heliospheric Observatory (SOHO) satellite was launchedon the 2nd of December 1995 at L1 Lagrange point (1.5×106 km from Earth)with the purpose of gathering data for helioseismology, remote sensing of thesolar atmosphere, and solar wind in situ. The satellite was positioned into orbitin early 1996, with data acquisition expected to commence on January 20th.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 velocitymonitoring. The assessment of the anomalous threshold was based on statis-tically determined parameters due to the huge fluctuation of solar wind overtime 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 normaland 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 anunbiased test with randomly generated parameters, the discovered correlationwas statistically verified. A retrospective selection bias analysis is also pro-vided in the research paper.
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Апстракт. Сателит соларне хелиосферске опсерваторије (SOHO) лан -сиран је ка L1 Лагранжовој тачки (1.5×106 km удаљена од Земље) 2. де -цембра 1995. године са циљем прикупљања података за потребехелиосеизмологије, даљинске детекције соларне атмосфере и соларногветра in situ. Сателит је доспео у орбиту почетком 1996. године сапочетком аквизиције података 20. јануара. Подаци прикупљени кон -тинуалним мониторингом густине и брзине протона омогућили сукорелацију појава повећаних вредности параметара соларног ветра ипотреса на Балканском полуострву у периоду од 1996. до 2018. године.Због велике варијабилности соларног ветра у времену и изразитихскокова густине и брзине протона, одређивање аномалије густине ибрзине протона рађено је на основу статистички срачунатих параметара.Након одређивања границе нормална вредност/аномалија, конструи -сани су графици густине и брзине протона за референтни период пред



IntroductionThe term “precursor” refers to a wide variety ofphysical phenomena that are used for earthquakeprediction (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 ofthe earthquake epicenter’s geographical latitudeand longitude, magnitude, and time, which can beseen as unrealistic compared to a probabilistic ap-proach (similar to weather forecasting). The prob-abilistic approach yields a likelihood that anearthquake will occur in a given region at some timespan. Every earthquake prediction method shouldbe based solely on statistics i.e., probability (kAmEret al., 2021).in order for earthquakes to be predicted withhigh certainty, the search for new precursors is on-going still to this day. Today, one group of precursorsare astronomical precursors. modern researchshowed that there is a strong correlation betweensolar wind parameters (density, velocity, dynamicproton pressure, etc.) and global earthquakes witha minimum magnitude of m5.6 (mArCHiTELLi et al.,2020). A positive correlation was also displayedwith earthquakes that occur on a global scale andan increase in proton density (STrASEr & CATALDi,2014). Aside from proton density, vertical Z Earth’smagnetic field component was positively correlatedwith earthquakes with a magnitude m6.0 (STrASEr& CATALDi, 2014).it is also worth noting that increased solar windparameter values in the days leading up to theearthquake can’t be considered as a precursor.Earthquake precursors are physical phenomenathat occur as a result of an unstable subsurface state

in a particular region. As a result, precursors are theresult of accumulated stress. increases in solar windparameters can only be considered possible trig-gers. increased solar wind parameter values can actas a “straw that broke the camel’s back” by acceler-ating up an earthquake that would have happenedanyhow and was tectonically controlled because ofthe tectonically accumulated stress (mULArgiA, 1997;mULArgiA, 2001)Even if the increased solar wind parameters dohave an effect on tectonically controlled earth-quakes acceleration, it is crucial to understand themodulation they cause. proposed mechanisms ofthe 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 fieldscan affect the Earth’s angular velocity. Within thatmechanism SimpSOn (1967) states there are two sub-mechanisms that can alter the Earth’s angular velo -city, causing earthquakes. The first sub-mechanismstates that the continents and oceans are dynamicallyunstable. Variations in the rotating velocity of theEarth can produce changes in the subsurface stresslevel (SimpSOn, 1967). The second sub-mechanismstates that the Earth’s viscosity prevents it fromadapting to the angular velocity change. inability toadapt to a new state might produce tension in theupper part of the Earth’s crust, causing an earth-quake.SimpSOn’S (1967) second mechanism is similar tomArCHiTELLi et al. (2020) reported mechanism incertain ways. Electrical (telluric) currents passingthrough the subsurface can induce stress pulls dueto the reverse piezoelectric effect, which, along withaccumulated tectonic stress, can further destabilize
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сваки потрес. Анализа графика показала је да се појава повећане густинепротона десила у 40 од 50 случајева, а повећана вредност брзине протонадогодила се 28 од 50 случајева. Добијена корелација је статистичкиверификована хипергеометријском вероватноћом и независним тестомса насумично генерисаним параметрима. У раду је приказана и анализаретроспективне пристрастности избора која се манифестује приликомистраживања прекурсора потреса.
Кључне речи:
предвиђање потреса,
соларни ветар, статистичка
валидација узрочника потреса.



the fault and cause an earthquake. SimpSOn (1967)claimed that telluric currents raise subsurface tem-peratures, which destabilize faults. However, thesubsequent study revealed that this claim was erro-neous, as the subsurface temperature increase wastwo orders of magnitude lower than it should be toinduce an unstable subsurface condition. mArCHi TELLiet al. (2020) claimed that their mechanism was tec-tonically controlled, but that an external trigger wasused (telluric currents increased by the solar wind).During the construction of a precursory hypothe -sis, the main goal is to make sufficient advancementcompared to the already existing precursory hy-pothesis. Because of that, a balance should be madebetween generalities and particularities (rHOADES &EViSOn, 1989; mULArgiA, 1997). prior mentioned re-search (particularly mArCHiTELLi et al., 2020 andSTrASEr & CATALDi, 2016) gave a foundation for a sta-tistical analysis of the correlation between solarwind parameters and earthquakes that occur in aregion of complex (seismo)tectonic architecture,such as the Balkan peninsula. 
MethodologyThe CELiAS proton monitor (solar wind protondensity and velocity data) and the United States ge-ological Survey (USgS) Earthquake catalog wereused in this study. These two databases were usedfor a period of time ranging from 1996 to 2018.The proton density and velocity datasets containvalues measured every 30 seconds, i.e., a dataset of1051200 datapoints is regarded full for a year with365 days, while a dataset of 1054080 datapoints isconsidered full for a leap year (366) days. The truedatapoint 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 forthe discrepancy is that the satellite lost control, lostpower, and was no longer directed at the Sun fromJune 24 until October 29. The satellite was put backinto operation towards the end of October 1998.From 1996 to 2018, the USgS website providedan earthquake catalog at a worldwide scale with aminimum magnitude of m5.0. Datasets containing

information about earthquakes in the Balkan penin-sula zone (mainly Dinarides, Carpatho-Balkanides,and the pannonian Basin) were selected from theworldwide datasets. in the Balkan peninsula region,52 earthquakes with a minimum magnitude of m5.0occurred over a 23 year period. Only 50 earth-quakes were considered in the final analysis sincetwo earthquakes that occurred on the territory ofthe republic of Serbia occurred during a periodwhen the satellite did not acquire any data. Threeearthquakes that are thought to have occurred onthe border between Albania and greece were alsotaken into account. it should also be mentioned thatthe republic of Hungary’s territory was assumed tospan a larger region of the pannonian basin, despitethe fact that no earthquakes with a minimum mag-nitude of m5.0 occurred on the territory from 1996to 2018. Aside from the earthquakes already de-scribed, three more earthquakes in the Adriatic Searegion have been added.it is worth noting that the earthquakes were sim-ply filtered from the USgS database by the name ofthe country in which they occurred. The main goalwas to cover as much of the Balkan peninsula aspossible, 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 referencesnATiOnAL CEnTErS FOr EnVirOnmEnTAL inFOrmATiOn, forthe 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 earthquakesoccur in Albania (Dinarides) and romania (Car -patho Balkanides), accounting for 68 percent of allearthquakes (34/50). The area of the researchedsurface in relation to the Earth’s surface can be ob-served in figure 1b. The examined area is only 0.41percent of the overall Earth’s size, with a total areaof 2 092 846 km2.The analysis was carried out with a total of sixsteps which will be discussed below:
Step 1: Basic statistical calculation for obtainingthe information about the mean value, standard de-viation, minimum, and maximum values for theyearly dataset. This type of data provides a founda-tional understanding of the dataset.
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Step 2: Determination of the anomaly threshold,which is the line between what is considered nor-mal and what is considered anomalous. This is doneby calculating skewness and kurtosis (and two stan-dard errors of skewness and kurtosis), as well asbasing 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 datathat falls within one, two, or three standard devia-tions), three standard deviations for normal distribu-tions can be considered anomalous since theycorrespond with only 0.3 percent of data. The n isgreater for distributions with larger skewness. Thisstage calculates the percentage of data that is equalto or greater than the anomaly threshold; this infor-mation is used to check the quality of the determinedanomaly threshold. That value should not exceed 1%on average throughout the whole 23 year sample.

Step 3: Construction of graphic representation(charts) for the two weeks leading up to each earth-quake.
Step 4: identifying which earthquakes have aproton 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 ofunique anomalous days for each year is calculated,and the hypergeometrical probability is calculatedto see if the anomaly occurred more frequently thanmight randomly. in addition, an independent test isrun to corroborate the hypergeometrical probabilityas a statistical significance test.
Step 6: Analysis and interpretation of the resultsfrom the previous five steps. The correlation isthought not to be significant, i.e., can be thought to
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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/)



be random, if the probability obtained by the hyper-geometrical probability coincides in the range of10% with the number of times analyzed earth-quakes had an anomalous proton density (velocity)value in the time window chosen.
Results and Discussionin a yearly format, Table 1 shows general statisti-cal information of the proton density parameter. Themean value in the database (from 1996 to 2018)shows a decreasing trend until 2008, after whichthere is a modest increase until 2015, after which themean yearly proton density decreases again (Fig. 2,middle). The average number of protons per cubiccentimeter over the entire dataset is 5.3.

With the exception of 2018, which has a standarddeviation of 2.86 cm–3, standard deviation values areconsistent, ranging from 3 to 5 protons per cubiccentimeter. The overall dataset’s mean standard de-viation is 4.08 cm–3.

For the time span 1996 to 2010, the minimumvalues are –1. This is not a representation of themeasured proton density, but rather a lack of data(mainly of technical nature). minimum values after2010 are either 0 or a number greater than 0. Valuesless than 0 were filtered for the period up to 2010.The maximum values in each dataset range from53 (1996) to 127 (2013) protons per cubic centime-ter. With two maximums (2003 and 2012) and threeminimums (1996, 2007, and 2018), there is sometype of pattern in the maximum levels (Fig. 2, bottom). Because of the displayed periodicity of the meanand maximal proton density values, a correlation withthe number of Sunspots in the same period was per-formed (Fig. 2, top). To visually represent the Sun spotnumber, a database of Sunspot numbers was taken(see references SiLSO data, royal Observatory of Bel-gium, Brussels for the internetlink) and a local regression(LOESS) filter was applied.For the period 1996 to2018, the sunspot chart (Fig.2, top) shows three minimumsand two maximums, indicat-ing two cycles (Solar cycles 23and 24). minimum values canbe recorded in 1996, 2008,and 2018 (on average every11 years), where as maximumvalues are also located at an11 year time period.Two correlation coeffici -ents, pearson’s and Spear-man’s, were calculated toassess the correlation be-tween these three factors.pearson’s correlation coeffi-cient is a traditional correla-tion coefficient that can occa-sionally reveal flaws, such aswhen one data point appearsto be outside the general trendof other data points. pear son’s correlation coefficientwill yield a lower value than the true correlation co-efficient (SCHOBEr et al., 2018). To acquire more de-tailed information, both correlation coefficients werecalculated, and a description and a color based on the
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Table 1. General statistical information for the proton density dataset.



value range were assigned, as reported by SCHOBEr etal. (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’scorrelation coefficients. On the other hand, the pear-son correlation coefficient shows a weak correlationwith annual mean proton density values, whereas

the Spearman correlation coefficient shows a mod-erate value.

To determine the anomalous threshold, theskewness, kurtosis, and two standard errors ofskewness and kurtosis must be calculated first(table 3). From 1.76 in 1996 to 5.34 in 2007, theskewness parameter shows a wide range of fluctu-ation. Skewness takes an average 3.37 value overthe course of the observed period. Because theskewness parameter informs us about the “lengthof the tail” of the distribution, the skewness is min-imal for the lowest maximum value of yearly protondensity. The contrary is not true, skewness is notmaximal for the highest maximum values in thedataset (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. kurtosishas an average value of 24.31. 

Average values of skewness and kurtosis arehigher than the approximated two standard errorvalues of skewness and kurtosis for the investigatedperiod. This information leads us to the conclusionthat the proton density distribution is highly hori-zontally and vertically distorted, as was verifiedgraphically in figure 3. Because of that, higher mul-tiplicities of standard deviations can be used as theanomaly threshold for each year. For this research,five standard deviations will be used as the anomalythreshold. The anomaly threshold for each year willthus be calculated as:
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Fig. 2. Sunspot number (top) correlation with yearly mean pro-
ton density values (middle); Yearly maximal proton density val-
ues (bottom)

Table 2. Correlation coefficients for the solar wind parameters
and Sunspot number.

Table 3. Skewness, kurtosis and two standard errors of skewness
and kurtosis for the investigation period.

pdanomaly(y) = pDm(y) + 5SD(y) (1)



where:pDanomaly(y) - anomaly threshold for each year,pDm(y) - mean proton density value for each year,SD(y) - standard deviation calculated for each year.
it is possible to calculate the anomaly thresholdand the percentage of data that is equal to or greaterthan the anomaly threshold using the previouslydisplayed data. The maximal anomaly threshold canbe obtained for the year with a comparatively highyearly mean proton density and high standard de-viation, since the anomaly threshold is solely deter-mined by the mean yearly proton density value andthe standard deviation value. The anomaly thresh-old values range from 17.97 protons per cubic cen-timeter (2018) to 33.46 protons per cubiccentimeter (2002), as shown in table 4. The overalldataset’s mean anomaly threshold value is 25.69protons per cubic centimeter. The percentage ofdata that is equal to or higher than the anomalythreshold varies between 0.24 percent (1996) to0.67 percent (2015). The average percentage of dataover the anomaly threshold is 0.49 percent, whichis lower than the expected value of 1%.
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Fig. 3. Proton density histogram for the period from 1996 to 2018

Table 4. Anomaly threshold information for the proton density parameter.
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Table 5. Anomalous proton density occurrences in the time period before every earthquake.



After calculating the anomaly threshold, deter-mining whether earthquakes had anomalous protondensity values in the two weeks, one-week, andfour-day periods leading up to it was done. Table 5shows the individual earthquakes examined in thisstudy, as well as the occurrence of the anomalousproton density value in the time interval before itdenoted by the symbol „●“.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 50earthquakes, in the week leading up to an earth-quake. For the four days leading up to each analyzedearthquake, 23/50 (46 percent) showed a protondensity anomaly.The first step in determining the statistical sig-nificance of these findings is to establish the numberof individual anomalous days in a calendar year. Tobegin, a definition of an anomalous day should beestablished:

“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 durationof the anomaly, i.e., one anomaly with a duration of

30 seconds and another with a duration of severalhours are not the same. in keeping with the survey’sgeneralities, it is considered that every anomaly hasthe same relevance, regardless of its duration.After determining the number of individualanomalous days for each year in the dataset, the hy-pergeometric probability can be calculated, whichis the probability that in a year with 365 days and,for example, 22 individual anomalous days, at leastone anomalous day can be found in the chosen timewindow (in this case 14, 7 and 4 days prior to eachearthquake). This probability shows the likelihoodof 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 forprobability computation, an independent test wascreated with the same input parameters as the hy-pergeometric probability, with the exception that allof the parameters are picked at random. Figure 4depicts the flowchart for such a test.

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). Theremaining n-1 numbers are calculated by adding tothe first number +1, +2, +3, etc. This group of num-bers is referred to as “population A,” and it repre-
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Fig 4. Flowchart of the independent test



sents the time period preceding the earthquake. Thenumber of anomalous days in a year is representedby population B, which is picked at random from 1to 365 integers. After both population A and popu-lation B have been determined, the two populationscan be compared to see if they have the same num-bers. After iterating the method 100 000 times, thepercentage of times the two populations had at leastone matching number was calculated.This percentage is an approximation of the hyper-geometric probability and is used to check the qualityof the probabilities obtained. Table 6 shows the hy-pergeometric probability, the test probability basedon the previously shown algorithm, and the differ-ence between these two probabilities for the timewindows of 14, 7, and 4 days before the earthquake.Table 6 shows that the average hypergeometricprobability values for the time windows of 14, 7 and4 days are 82.52 percent, 59.11 percent, and 40.32percent, respectively. These probabilities are in linewith the algorithm’s probability, which is in the 2percent 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 canbe explained in two ways.The first reason for the disparity is that as thenumber of algorithm iterations approaches infinity,the algorithm probability tends to hypergeometricprobability. By increasing the number of iterations,this effect can be reduced.

The hypergeometric probability is a cumulativeprobability of having all anomalous days in a timewindow sample, which is the second cause of thetiny disparity between the hypergeometric proba-bility and the algorithm probability. Even though thechance of having more than two anomalous days inthe time sample is small, it is accounted for in thehypergeometric probability.With the two explanations in mind, it is easy tosee why there’s such a modest difference betweenthe hypergeometric and algorithm probabilities. Asa result, the hypergeometric probability model isconsidered to be a satisfactory probability model forthis study.The obtained hypergeometric probability wascompared to the calculated percentage of protondensity anomaly occurrence for the time windowchosen before the analyzed earthquakes on theBalkan peninsula zone (table 7). if the two valuesare within 10% of each other, any occurrence of pro-ton density anomaly in the time window precedingan 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 velocityvalues found in 56 percent (28/50) of earthquakesin 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

Filip ArnAUt, DEjAn VUčkoVić, iVAnA VASiljEVić & VESnA CVEtkoV

Geol. an. Balk. poluos., 2021, 82 (2), 69–8378

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



the proton density case, no statistically significantcorrelation was discovered. The last possibility forcorrelation remaining is to check if the proton velo -city parameter was a small subset of days with boththe density and velocity anomalies. Only 66 days (0.7percent 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 theearthquake. There was no statistically significantcorrelation found.
Increased Anomaly Threshold Test Because of the skewness of the proton densitydistribution, bigger n standard deviation multiplici-

ties could be used. The in-crease from five to nine stan-dard deviations resulted in anaverage increase to 42 pro-tons per cubic centimeterthroughout the entire sample.This increase is 40% greaterthan the prior anomaly thre -shold, however, it has resul -ted in a 75% reduction in thenumber of anomalous days.An average of 11 days eachyear were marked as anom-alous during the investigationperiod.Only 28% (14/50) had ananomaly in the two-week pe-riod, 22% (11/50) in the one-week period, and 12% (6/50)in the four-day period beforethe earthquake when the en-tire sequence was repeatedas previously shown for theproton density parameter.The predicted values werederived by recalculating thehypergeometric probabilitywith the updated values (33percent for the two-week pe-riod, 18.67 percent for the one-week period, and 11percent for the four-day period). As can be observed,the expected values derived using hypergeometricprobability 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 thesame way, with the n standard deviations increasedfrom three to three and a half. This was a 6 percentincrease, but it resulted in a 47 percent reduction inthe number of anomalous days. in the two-week pe-riod, 28 percent (14/50) had an anomalous value, 14percent (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 anearthquake. There was no statistically significantcorrelation found.
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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.



it is worth noting that even when the dynamicalanomaly threshold is disregarded (the threshold isbased on the mean yearly proton density/velocityvalue and the standard deviation for the year) andan exceptionally high and constant anomaly thresh-old is applied (100 cm-3 for proton density and 1000km/s for proton velocity), only six individual anom-alous days for the proton density are observed and14 for the proton velocity parameter. Those two fig-ures, respectively, represent 0.07 percent and 0.1percent of the overall data set. Only one earthquake(Albania, April 9th, 2001) displayed a proton densityanomaly prior to the earthquake, while none had aproton velocity anomaly. There was no statisticallysignificant association, as with the other examplespreviously shown.
ConclusionA statistical correlation between increased solarwind parameters (proton density and velocity) andearthquakes on the Balkan peninsula zone between1996 and 2018 was presented in this study paper.in the two weeks leading up to an earthquake, thepresented increased proton density parametersshow an 80% (40/50) correlation. This is the highestcorrelation found in this study. There is no substan-tial statistical correlation between these two occur-rences on the Balkan peninsula zone, according tostatistical verification.proton velocity, like proton density, had no statis-tically significant correlation with earthquakes onthe Balkan peninsula, even when they occurred 56percent of the time prior to earthquakes. A smallgroup of days with both proton density and velocityanomalies produced no statistically significant cor-relation when studied.increasing the anomaly threshold for the protondensity parameter from five to nine standard devia-tions and for the proton velocity parameter fromthree to three and a half standard deviations reducedthe 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 meaningfulimprovement in the association. Furthermore, ignor-ing a dynamical anomaly threshold and concentrat-

ing on rare occurrences (100 cm–3 and 1000 km/s)did not produce any significant results.in summarizing the subjectivities in this study, theprimary focus must be on the selection of the re-search area. mArCHiTELLi et al. (2020) found a positiveassociation on a worldwide scale, however, this is ofno practical utility because knowing when an earth-quake will occur without knowing where it will occuris useless. The focus of this research article was on asmaller 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 thetime span of 6.9 days stated by STrASEr & CATALDi(2014). As the time window is extended, days thatare more anomalous will surely occur before anearthquake. This subjectivity, like the preceding one,cannot be measured, but it is thought that statisticalverification will eliminate it.The last subjectivity is that when kurtosis in-creases, the value of variance decreases (TABACHniket al. 2007), and so the value of standard deviationdecreases. if the standard deviation is less than thetrue value, the anomalous threshold will be less thanthe true value as well. Although this subjectivity isnot quantifiable, it is eliminated by the use of the testof increasing anomalous thresholds.Even when viewing this research topic with a criti-cal mindset, it is believed that subjectivities in thisstudy did not have a substantial, if any, influence. gEL -LEr et al. (1997) also express skepticism regarding thediscovery of a new, major precursor, stating that theprobability of discovering the next one decreases witheach new attempt, and that the possibility of discover-ing a novel precursor is now exceedingly minimal.To locate a novel precursor candidate, you mustfirst have a well-understood and well-establishedmechanism for such an occurrence. There is no doc-umented and verified mechanism that could explainthe solar wind generating earthquakes phenomenon,for example. The earthquakes are assumed to be tec-tonically controlled, but the increase in solar windparameters 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 correlationfound by mArCHiTELLi et al. (2020) on a worldwide
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scale. To establish it as a viable method, first, themechanism should be established, then the usage ofa statistical method to demonstrate the statisticalsignificance of such a method with high confidencesand low false alarm values should be undertaken.This approach has yet to be established for any ofthe known precursors.
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Резиме

Корелабилност соларног ветра са
сеизмичким догађајима у зони
Балканског полуострваТермин прекурсор потреса описује великиброј различитих физичких феномена који секористе за предвиђање потреса (CiCErOnE et al.,2009). Предвиђање потреса представља правацсеизмологије који се бави краткорочним, сре -дњерочним и дугорочним прогнозирањем по -треса. Детерминистички приступ предвиђањупотреса захтева познавање географске ширинеи дужине епицентра потреса, магнитуду и времепотреса, што се сматра нереалним за разлику одпробабилистичног приступа (врло слично вре -менској прогнози), који даје вероватноћу да ћесе догодити потрес за дати регион у од ређеномвременском периоду. Исто тако, свака методапредвиђања потреса треба да буде искључивобазирана на статистици, односно вероватноћи(kAmEr et al., 2021).Како би се предвиђање потреса извело са штовећом сигурношћу, потрага за новим прекур -сорима је веома актуелна. Данас, једну за ни -мљиву групу прекурсора чине астрономски пре-курсори.У раду је приказана статистичка корелацијаизмеђу повећаних вредности параметара солар -ног ветра (густина и брзина протона) и појавепотреса у региону Балканског полуострва упериоду од 1996. до 2018. године. Приказани резултати за параметар густинепротона показују да је у периоду од 14 дана предпотрес аномалија густине протона била је при -
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сутна у 80 % случајева (40/50). Оваква вредносткорелације је уједно и највећа добијена коре -лација у истраживању. Статистичка верифика цијазначајности добијених резултата показала је да непостоји никаква значајна статистичка корелацијаизмеђу повећане вредности густине протона ипотреса у региону Балканског полу острва. Приказани резултати за параметар брзинепротона највећу корелацију показују у вредностиод 56 % (28/50) за референтни период од 14 данапред потрес. Као и за параметар густине протона,статистичка верификација добијених резултатаније показала значајну повезаност између двепојаве. Вршена је провера мањег подскупа аномалнихпојава соларног ветра, тј. појава аномалије гу -стине и аномалије брзине протона истовремено(у истом дану). За цео истражни сет податакапостоји укупно 66 таквих дана, односно таквидани чине само 0.7 % истражног сета података.Корелација такве појаве са потресима приказалаје да 12 % (6/50) потреса има аномалију и гу -стине и брзине протона у референтном периодуод 14 дана. Статистичка провера овакве коре -лације није прешла постављени праг значајностпојаве од 10 %, односно статистички значајнакорелација није пронађена.Пошто приказане појаве нису показале ста -тистичку значајност са границама аномалије увредности од пет и три стандардне девијације,вршено је повећање вредности границе анома -лије ради провере статистичке корелације самање аномалних дана. Иако се број аномалнихдана за параметар густине протона смањио заоко 75 %, а за параметар брзине протона се бројаномалних дана смањио за 47 %, статистичкизначајна корелација није пронађена. Даљим зане -маривањем динамичке границе аномалије (зави -сност границе аномалије од средње вредно сти истандардне девијације за дату годину) и поста -вљањем константне границе за аномалије за цеоистражни сет података од 100 cm-3 за густинупротона и 1000 km/s за брзину протона, такођеније пронађена значајна статистичка корелација.Највећа субјективност у овом истраживањусводи се, пре свега, на одабир истражног про стора,односно на ослањање на тектонске каракте ри -

стике. Пошто је приказана корелација у mArTiCHELLiet al. (2020) на глобалном величин ском подручју,те било каква спознаја да ће се потрес догодитинема практичну примену, јер није могуће тачноодредити географску ширину и дужину епицен -тра потреса, сматрало се да је потребно смањитиистражно подручје ради ужег одређивања епицен -тра потреса. Сматра се да није могуће кванти -фиковати овако унешену суб јективност.Друга значајна субјективност представљаповећање референтног периода пред потрес уодносу на пријављени референтни период премаSTrASEr & CATALDi (2014). Повећавањем референт -ног периода повећава се и број потреса који имааномалију. Као и претходна субјективност, сма -тра се да се ни ова субјективност не може кванти -фиковати. Последњу субјективност у овом истраживањупредставља чињеница да повећане вредностикуртозе смањују вредност варијанце (TABACHnik etal.  2007), а тиме утичу и на смањење вредностистандардне девијације. Ако су вредности стан -дардне девијације умањене у односу на њиховуистиниту вредност, онда је и граница аномалијеумањена за исту ту вредност. Овакву субјек тив -ност није потребно квантификовати, већ се пове -ћавањем границе аномалије и одређивањемстатистичке значајности такве појаве она иуклонила.Иако се овом истраживању приступило саскептичног аспекта проналаска позитивне истатистички значајне корелације између повећа -них вредности параметара соларног ветра ипотреса, сматра се да су у овом истраживањусубјективности максимално смањење. gELLEr etal. (1997) такође приказује скептичан приступпроналаска поузданог прекурсора потреса, где сенаводи да се сваким новим покушајем a prioriвероватноћа проналаска наредног прекурсорасмањује, као и да је тренутна вероватноћа про -наласка поузданог прекурсора екстремно мала. Да би одређена појава била добар кандидат запрекурсор потребно је најпре имати утеме љенмеханизам који доводи до потреса (или барубрзава потрес). И даље није познат, нити кван -тификован утицај соларног ветра на потресе,сматра да су потреси и даље тектонски кон -
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тролисани, а само евентуално „убрзани“ повећа -ним вредностима параметара соларног ветра,ако такав механизам постоји.Приказано истраживање, иако је показаломањак статистичке корелације повећаних вред -ности параметара соларног ветра и потреса наБалканском полуострву, није искључило посто -јање позитивне корелације на глобалном ве -личинском подручју. Да би се прецизно одредиоутицај соларног ветра на потресе потребно јепрво одредити механизам утицаја који ће бити

одређен мереним подацима. Након тога, по -требно је одредити статистички значајну мето -ду која предвиђа географску ширину и дужинуепицентра, као и време потреса, са високом по -узданошћу и малим вредностима стопе лажнихаларма. Оваква метода за сада није поузданооткривена ни за један пријављен прекурсор(или потенцијални узрочник).
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