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ABSTRACT

Geomagnetic storms are intense disturbances in Earth’s magnetosphere that can disrupt technological systems and
impact human health. This study investigates the dynamics of solar-terrestrial interactions using data from the Dusheti
Observatory and global geomagnetic indices. We examined the relationships between the interplanetary magnetic field
(IMF), sunspot numbers, and the H-component of the geomagnetic field during the period from 2023 to 2024, focusing
on the unprecedented geomagnetic storm of May 11, 2024. Through wavelet coherence and cross-correlation analyses,
we identified significant interactions between solar and geomagnetic activity, with coherence patterns emerging well
before the storm onset. The analysis of six solar cycles (1964—2024) revealed correlation at lag of 5 days, highlighting
the potential predictive utility of sunspot numbers. This study also validated the reliability of local geomagnetic data,
emphasizing its importance for understanding the regional manifestations of global geomagnetic events in Georgia. The
findings contribute to the development of improved predictive models for geomagnetic disturbances and underscore the
need for localized studies to better mitigate the risks associated with space weather.
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Introduction

Geomagnetic storms cause significant disruptions and sharp drops in Earth’s magnetic field, they are
primarily driven by the interaction between solar wind, the interplanetary magnetic field (IMF) and Earth’s
magnetic field. Geomagnetic storm of 11 may 2024 was the most powerful storm of 21st century and captured
global attention [1].

The dynamics of these storms stem from nonlinear interactions between the Sun’s plasma outflows
and Earth’s magnetic field, which underscores the need to study their evolution and coupling with external
drivers such as the IMF and solar activity. To better understand these processes, this study examines
geomagnetic data from the Dusheti Observatory and Disturbance Storm Time (DST) index, a global measure
of geomagnetic storm intensity. The DST index quantifies magnetic field variations due to ring currents formed
during storms [2]. Comparing them validated the accuracy of Dusheti’s H component data, providing a
foundation for further analysis of geomagnetic perturbations. We also explore relationships between
geomagnetic field variations, IMF, and solar activity (sunspot numbers). Wavelet coherence and cross-
correlation methods were used to analyze these connections, with a focus on identifying patterns that might
serve as predictors for geomagnetic storms. Understanding these relationships is critical, as intense
geomagnetic storms have significant implications for technology, infrastructure, and human health, Our
primary interest lies in understanding how these storms impact Georgia, using Dusheti Observatory’s data to
gain insights into local manifestations of global geomagnetic events [3, 4].

This work aims to study quantifiable patterns and correlations between the geomagnetic field, the IMF,
and solar activity during periods of intense geomagnetic activity. By doing so, we hope to enhance predictive
capabilities for geomagnetic disturbances, which could mitigate the risks posed by space weather and
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contribute to a better understanding of geomagnetic storm dynamics in both global and regional contexts [4,
5].

Data and methods

The study focuses on data collected from August 2023 to July 2024, analyzing different time periods
to uncover relationships between geomagnetic field variations, sunspot numbers, and the interplanetary
magnetic field (IMF). A key focus is the geomagnetic storm on May 11, 2024 (Fig. 1 and 2), one of the largest
recorded during this period (Figure 2). The data used includes the DST index and sunspot numbers obtained
from NASA’s OMNIWeb service [7], alongside the H-component of the geomagnetic field recorded at the
Dusheti observatory (station code: TBS, Geographic coordinates: 42.08°N, 44.7°E. Geomagnetic coordinates:
37.96°N, 117.16°E. Altitude: 982 m) in Georgia. All of the datasets have a resolution of one hour, enabling
high-precision temporal analysis. Missing data points were addressed using linear interpolation to ensure
continuity.

To investigate correlations between these datasets, we employed wavelet coherence analysis and cross-
correlation techniques. Wavelet coherence is particularly suited for identifying and quantifying relationships
between nonstationary signals across time and frequency domains. This method allows for a detailed
exploration of how the phase and amplitude relationships between signals evolve over time, even in regions
where individual wavelet coefficients are weak. By revealing periods and frequencies where the signals are
coherent, wavelet coherence enhances our ability to identify and interpret significant patterns.
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Fig. 1. B - Interplanetary magnetic field and H component of geomagnetic field.
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Fig. 2. Sunspot numbers and Dst index.
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In addition to wavelet coherence, we divided the sunspot and DST data into six sections corresponding
to solar cycles. This segmentation enabled a detailed cross-correlation analysis for each cycle. The cross-
correlation function was calculated for detrended datasets, where trends were removed using moving averages,
with windows of 365 days. This detrending process ensured that only fluctuations relevant to the study’s
objectives were analyzed. Than for the cross-correlation analysis: Each solar cycle segment was independently
analyzed to compute the cross-correlation function over a maximum lag of 90 days. Correlation coefficients
(p) and corresponding lags were calculated for each segment to determine the temporal relationship between
the detrended sunspot and DST datasets. The results from all six segments were combined using a
mathematical approach to aggregate the correlation results: The datasets were analyzed for their common signs
at each lag to determine a consensus sign. The combined correlation was computed as the geometric mean of
the absolute values of the segment correlations, weighted by the common sign.

This method provides a comprehensive view of the relationships between sunspot numbers and
geomagnetic field variations across solar cycles, highlighting both consistent and cycle-specific patterns. The
results have implications for understanding how solar activity influences Earth’s geomagnetic environment
and for identifying potential predictors of geomagnetic disturbances.

Results and discussion

Wavelet-Coherence analysis. The wavelet coherence analysis of the interplanetary magnetic field
(IMF) and the H-component of the geomagnetic field at different time periods reveal interesting relationships
between the two signals. In Figure 3, we see that from february to August 2024, the IMF and geomagnetic
field exhibit coherence at the lowest frequencies. However, during geomagnetic storms, coherence becomes
visible at higher frequencies, even before the storms begin. During intense geomagnetic storms, the coherence
spans a broader spectrum of frequencies, extending to even lower periodicities. This suggests that geomagnetic
storms influence the dynamics of the IMF and geomagnetic field across a wide range of frequencies, enhancing
coherence between the two signals.
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Fig. 3. Wavelet coherence between IMF and H component of geomagnetic field.

We applied the same method to analyze the coherence between sunspot numbers and both the H-
component of the geomagnetic field and the DST index. Fig. 4 and 5 reveal coherence in both cases well before
the geomagnetic storm occurs. This is indicated by the yellow regions on the plots, which appear as early as
mid-March, approximately two months prior to the storm. These findings are particularly intriguing as they
highlight the potential for using the relationship between sunspot numbers, geomagnetic data, and the DST
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index as an early indicator of strong geomagnetic storms. However, further investigation is required to fully
understand and validate this predictive capability.

Cross-correlation. In this study, we utilized the cross-correlation method to analyze the relationship
between sunspot numbers and the Dst index on a larger scale. The data, spanning from 1964 to 2024, was
segmented according to six solar cycles (the last cycle being incomplete). For each solar cycle, we measured

the cross-correlation between these datasets and aggregated the results.
Our findings, presented in Fig. 6, indicate a cross-correlation of 8% with a 5-day lag. These results

suggest the potential utility of sunspot numbers as a predictive indicator for geomagnetic activities.
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Fig. 5. Wavelet Coherence of sunspot number and H component of magnetic field.
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Fig. 6. Cross-Correlations of sunspot number and DST index.
Conclusion

This study provides a comprehensive analysis of the relationships between solar activity, the
interplanetary magnetic field (IMF), and geomagnetic variations, with a particular focus on the geomagnetic
storm of May 11, 2024. By utilizing high-resolution data from the Dusheti Observatory and global indices
such as the Dst index, we validated the accuracy of local geomagnetic field measurements and explored their
connections to solar drivers.

The wavelet coherence analysis revealed significant patterns of interaction between solar and
geomagnetic datasets, particularly the ability to detect coherence at higher frequencies preceding geomagnetic
storms. This underscores the potential for using sunspot numbers and IMF data as early indicators of
geomagnetic disturbances. Cross-correlation analysis further supported this potential, demonstrating a
measurable lagged relationship between sunspot activity and geomagnetic indices across multiple solar cycles.

These findings enhance our understanding of the dynamics of geomagnetic storms and their coupling
with solar activity. They also highlight the potential for predictive modeling, which could mitigate the impacts
of space weather events on infrastructure, technology, and human health. Future studies should focus on
refining these methods and incorporating additional datasets to improve the robustness and accuracy of
predictions.
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KorepeHTHbBIN aHAJIM3 MOLIHBIX T€OMATHUTHBIX BO3MYIUCHUHA HA
npuMepe 1aHHbIX o0cepBaTopum Jlymern u unaexkca DST

JI. Qyaykunase, O. Xapmmuiaanse, A. I'ypuymedns, JI. Coppuco-BaiasBo,
X. Dabakuaze, T. MaTnamBuiu

Pe3rome

I'eomarauTHbIe Oypr — 3TO WHTEHCHUBHBIC BO3MYIICHHS B Marautochepe 3emid, CIOCOOHBIE HApYIIaTh
paboTy TEXHOJOTHMUYECKMX CHCTEM W OKa3bIBaTh BIMSHKE Ha 3JI0pPOBbE YelOBeKa. B mMaHHOM ucclieoBaHUU
AHAJIM3UPYETCS TUHAMHKA COJHEYHO-3E€MHBIX B3aUMOJICHCTBHII C UCIOJIB30BAHHEM JAHHBIX 00CEpBATOPUU
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Hymern u rinoOambHBIX T€OMArHWTHBIX HHIEKCOB. MBI M3yYWJIM B3aUMOCBS3M MEXIY MEKIUTAHETHBIM
MarauTHeIM mosieM (IMF), guciom conHeunsx msaTeH, nHaekcoM DST u H-KOMIOHEHTOH IreOMarHUTHOIO
noJist B iepuon ¢ 2023 mo 2024 roj, cocpeloTOUuMB BHUMaHUE Ha reoMarHuTHOHN Oype 11 mas 2024 rona. C
MOMOIIbI0  aHAJIM3a BEUBJICT-KOTEPEHTHOCTH M KPOCC-KOPPENSAIUM OBUIM  BBISBJICHBI  3HAYHUMEIC
B3aMMOJCHCTBUS MEKIY COTHEYHBIMU F T€OMAarHUTHBIMHU CUTHAJIAMH, TIPYA 3TOM KOT€PEHTHOCTH MIPOSBIISIETCS
3aJI0NTO JI0 Hadana Oypu. AHAIIM3 MIECTH COMHEYHBIX ITUKIOB (1964-2024) moka3an HaaM4drue KOPPEISIHA C
3aJIepP)KKOH B 5 JIHEH, 4TO MOAUYESPKUBACT MOTSHIIMATBHYIO MPOTHOCTUYECKYIO MOJIE3HOCTh YMCIIa COTHEYHBIX
maTeH. B nccnemoBanny Takxke OblIa MOATBEPKIIEHA HANEKHOCTH JOKATbHBIX T€OMAarHUTHBIX JaHHBIX, YTO
MOMYEPKUBAET WX BAKHOCTh IS TOHHUMAHHSA PETHOHAIBHBIX TMPOSBIECHUI TOOaIbHBIX T€OMarHUTHBIX
coobiTuii B ['py3um. IlomydeHHble pe3yabTaThl CIOCOOCTBYIOT pa3pabOTKE YCOBEPIIEHCTBOBAHHBIX
MMPOTHOCTHUYECKUX MOJICICH TeOMAarHUTHBIX BO3MYIICHHN M IMOJYCPKUBAIOT HEOOXOAUMOCTHh MPOBEIACHUS
JIOKATBHBIX UCCIeN0BaHui st 3(h(HEKTUBHOTO CHIKEHHS PHICKOB, CBS3aHHBIX C KOCMUYECKON TIOTOJIOM.
Karouessle ciioBa: ['eomarautHeie Oypu, Jlyrerckas oocepBaTopusi, MexIuiaHeTHOE MarauTHoe mose, DST-
nHCKC, BEeWBIET-KOrepEHTHOCTh, KPOCC-KOppesiius, [ [porHo3 KOCMHYECKOM TTOTOTBI.
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