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Thunderstorms, due to their dynamic and thermodyoainaracteristics, can both
replenish water resources and cause substanti@sinictural and human losses.
This study aims to identify the synoptic patterm$luencing thunderstorms in
southwestern Iran, where convection is the dominaecipitation mechanism.
Given that the statistical period under investigatcoincides with the three most
recent solar cycles, special attention was paidvaoiations in thunderstorm
occurrence across different phases of each cysleyedl as inter-cycle differences.
In this regard, the frequency of thunderstormsrduthe last three solar cycles and
their relationship with sunspot activity were exaed, and 178 events were
analyzed using factor analysis and qualitativerprtation of synoptic charts. The
results indicate that thunderstorm frequency unmksgsignificant fluctuations
during solar cycles, with the changes being mooagunced in years corresponding
to peak sunspot activity. For instance, in 199@pie recording 2,296 sunspots, the
number of documented thunderstorms in the regiappid to 24 events. During
these periods, combined Sudan—Mediterranean systadhthe greatest influence on
thunderstorm development, whereas independent $adarMediterranean, and
monsoonal systems played a more limited role. le @ombined Sudan-
Mediterranean pattern, due to the merging of ridges the African and migratory
anticyclones, the Sudan low-pressure system shifteer eastward, in contrast to
the general pattern in which it travels eastwaoinfthe western Arabian Peninsula.
In this pattern, after passing over the southerth 8a via the Bab-el-Mandeb Strait,
it enters the Arabian Peninsula. When the low-pnessore is positioned between
Riyadh and the southern Persian Gulf, thunderstanesify due to substantial
moisture advection from the southern seas. At mugdspheric levels, the
Mediterranean trough exhibits a marked southwatdreson, and a cut-off low with
a strong southward displacement settles over souttes.
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EXTENDED ABSTRACT

INTRODUCTION

Thunderstorms are significant and destructive dlilogical hazards that occur due to the intense
release of energy and torrential rainfall withinshort time frame, causing substantial damage.
Southwestern Iran, particularly its eastern regi@xhibits a high susceptibility to this phenomenon
due to its topographic characteristics, proximiynoisture sources, and influence from large-scale
climate systems. This region is affected by Sudanekediterranean, combined, and to some extent,
monsoonal systems, which play a crucial role inftmenation of convective precipitation. Given that
the intensity and frequency of these systems dhgeimced by climatic fluctuations and variable sola
cycles, the present research aims to analyze tbet eff the three recent solar cycles (numberso22 t
24) on the frequency and activity of synoptic systeeffective in generating thunderstorms in
southwestern Iran. To this end, a combination atisttcal, synoptic, and thermodynamic analyses has
been employed to identify the relationship betwemniations in solar radiation and influential
atmospheric patterns. The findings of this reseasoh contribute to the improvement of forecasting
and climate risk management systems in the region.

DATA AND METHODOLOGY

In this research, to investigate the role of solailes in the temporal variations of thunderstoims
southwestern Iran, recorded data from 24 meteoicdbgtations during the period of 1986 to 2018,
concurrent with three complete solar cycles (cy@@sto 24), were utilized. The thunderstorm
occurrence data were extracted from 6-hourly syoopports of the Iran Meteorological Organization
and organized in Microsoft Excel. Additionally, datbout the sunspot number were collected from
the Royal Observatory of Belgium database. Onlgicsta with complete and continuous data across
all three solar cycles were included in the analyBor synoptic analysis, 178 significant events, i
which thunderstorms were recorded at more than dfalhe stations, were identified. These events
were examined using two complementary methods:alianalysis and factor analysis. In the visual
analysis, indices such as the maximum number dftdigg strikes and daily precipitation were
considered in sample selection. In the factor alynethod, sea level pressure (SLP) data were
extracted from the NCEP/NCAR database and analiyz&PSS software using varimax orthogonal
rotation. Fifteen principal factors explained mdhan 91% of the total data variance. The Kaiser-
Meyer-Olkin (KMO = 0.918) and Bartlett's test ofhgpicity (sig = 0.000) also confirmed the
adequacy and significance of the factor analysisally, two events on November 29, 1986, and
December 13, 2010, were identified as selected staskes for synoptic chart analysis.

RESULTS AND DISCUSSION

The results indicated that thunderstorm occurreftesouthwestern Iran exhibit a distinct periodic
pattern in relation to solar cycles. Statisticadl @ynoptic analyses of data recorded at seventsdlec
stations during the three recent solar cycles ésy@d2, 23, and 24) reveal that the frequency of
thunderstorms in most cases increased with deagasilar activity (reduction in the number of
sunspots), particularly in the final years of eaghble. This inverse relationship between solanvégti
and the frequency of thunderstorm phenomena is mlealy evident in cycles 22 and 23, and a
similar pattern, despite minor fluctuations, wapeated in cycle 24. Specifically, the highest
frequency of thunderstorms during the entire 33-ymaiod was recorded in 2007 (minimum solar
activity in cycle 23) with over 320 events. Frome tperspective of synoptic systems, Sudanese
systems and combined Sudanese-Mediterranean sygilysd the most effective role in the
formation of thunderstorms in the region. Thesetesys, benefiting from tropical moisture and
convective instabilities, possess the greatesinpiatdor the development of thunderclouds and eeve
weather events in the region. The results showed ith years with reduced solar activity, the
frequency and intensity of Sudanese and combinestersys also increased, leading to the
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intensification of thunderstorm occurrences. Coselr, coinciding with peak solar activity, a relati
decrease in the penetration and influence of tlsystems was observed; this may indicate the
reflective effects of solar radiation on changeshiem general atmospheric circulation patterns aed t
weakening of the influence of tropical systems. lxsia of surface pressure and mid-tropospheric
charts during thunderstorm events in southwestamshowed that these phenomena mainly occurred
under the influence of the intrusion of SudaneskMaditerranean systems, or a combination thereof.
At the surface, the expansion of the Sudanese lesspre system and the advection of tropical
moisture from the Red Sea and the Persian Guihsgified instability. At the mid-level (500 hPa)gth
establishment of the Mediterranean trough and ulgyet divergence associated with the subtropical
jet stream facilitated air ascent and the developnoé thunderclouds. This triple coincidence —
moisture, trough, and jet — played a key role eftirmation and intensity of thunderstorms.

CONCLUSION

The findings of this research demonstrate a sicgnifi correlation between the occurrence of
thunderstorms in southwestern Iran and the flunatin solar activity, particularly the variatioirs

the number of sunspots during solar cycles 22 toSpécifically, the maximum frequency of these
phenomena is often observed in the declining andinmim years of each solar cycle. Synoptic
analyses also indicate that Sudanese systems @ingddmbination with Mediterranean systems play a
more prominent role in the occurrence of these phrema compared to other systems. In selected
case studies, the interaction of high-pressurd@mepressure systems at different atmospheric sgvel
particularly the confluence of the Siberian Highe tSudanese Low, and Mediterranean troughs, has
led to effective moisture transport, increasedaibisity, and the intensification of convective upli
These results emphasize the mesoscale role of faattmations in modulating synoptic patterns and
thermodynamic conditions effective in the formatiminthunderstorms, and highlight the importance
of considering solar indices in climatological gisgls and forecasts.
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