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ABSTRACT  ARTICLE INFO 

Quantitative research has been conducted on the effect of rainfall and 
wind speed on lightning events in Pekanbaru City from August to 
October 2018. Observation data were obtained from Meteorological 
Station Class I Sultan Syarif Kasim II Pekanbaru, Riau Province, 
Indonesia. Observations are made by recording lightning events 
automatically using a lightning detector which will be analyzed using 
the Lightning Analysis program version 7.2 and the Google Earth Pro 
program. The results showed that high rainfall caused frequent 
thunderstorms, and relatively high wind speeds from late September to 
October caused the number of lightning strikes to increase due to the 
ionization process that produces an electric charge. 
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1. INTRODUCTION 

The power of lightning is extraordinary and its characteristics can cause enormous detrimental 

effects. Lightning is a natural event in the form of discharge between one cloud and another, between 

charge centers in the same cloud, or between clouds and the earth [1-3]. The occurrence of lightning is 

the result of the process of electrical loading of cloud particles and electrical separation in the cloud 

[4]. The greater the charge in the cloud, the greater the electric field that will occur and when the field 

strength exceeds the strength of the air-to-ground penetrating field, an electric charge will occur [5, 6]. 

The sudden release of electric charge is characterized by flashes and thunder and the sound of thunder 

will only be heard a few seconds after the appearance of lightning, this is because when lightning 

strikes the released energy heats the air it passes through so that the air expands and produce a thunder 

sound. The average lightning energy generated from one lightning strike reaches about 55 kWh [7-9]. 

Rain is a process of condensation of water vapor in the atmosphere into droplets of water that 

are heavy enough to fall and usually reach the surface. Rain usually occurs due to the cooling of the air 

temperature or the addition of water vapor to the air [10, 11]. Rainfall usually cannot be separated 

from the influence of air humidity which spurs the number of water droplets in the air. Rainfall is one 

of the most important climatic elements for life on earth [12]. The importance of spatial information 

on rainfall in a place can provide an overview of which areas experience a lack of rainfall and which 

areas experience excess rainfall so that water resources management strategies can be determined [13-

15]. From this information, it can be said that rainfall data is important climatological data. High 

lightning events are followed by high rainfall due to the growth of rain-forming convective clouds. 

Therefore, falling rainfall can produce heavy rains. However, lightning remains dominant because 

lightning does not always produce rain, and rain produces lightning [16, 17]. 

Wind speed is caused by the movement of wind from high pressure to low pressure, usually due 

to changes in temperature [18]. In the tropics, wind speeds are usually lower than in the subtropics. 
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However, electric discharges often occur in the tropics, especially during the rainy season [19, 20]. So 

in this study, the causes of lightning events in the tropics, especially in Pekanbaru City, Indonesia, 

need to be analyzed by paying attention to natural factors in the form of changes in rainfall and wind 

speed detected by the weather analysis program from the provincial meteorological station. 

2. RESEARCH METHODS 

This research was conducted using the application of physical methods that will quantitatively 

predict the occurrence of lightning. The application programs used are LD/2000 v.5, Lightning 

Analysis version 7.2, and Google Earth Pro. The three programs function to determine the value of the 

factors causing the occurrence of lightning as an indication of the occurrence of lightning. Analysis 

and calculations based on meteorological observation data conducted at Meteorological Station Class I 

Airport Sultan Syarif Kasim II Pekanbaru. Where lightning events will be analyzed in August, 

September, and October 2018. The factors that cause lightning are taken from the influence of rainfall 

and wind speed. The process of recording lightning incident data can be seen as shown in Figure 1. 

 

 
Figure 1. Diagram of the lightning incident data recording process. 

 

A lightning detector is a device that detects lightning as a result of a lightning discharge event. 

Each lightning discharge generates several electrical pulses (strikes) which will be detected by sensors 

on the lightning detection equipment system. The working principle of a lightning detector is that 

when lightning occurs, lightning will emit electromagnetic waves. These electromagnetic waves are 

then picked up by the lightning detection sensor based on their frequency, which is then decoded by 

the PCI card storm tracker. With the LD/2000 display program, the results can be viewed in various 

lightning parameters. Lightning detection sensors are sensors that capture long-frequency waves/radio 

generated by lightning strikes. Lightning detection program 2000 v.5 is a database obtained from the 

results of the lightning detection sensor display, then stored automatically and in real-time on the 

computer display. Lightning Analysis v.7.2 program data processing is used to find the value of 

lightning events and data on factors that cause lightning such as rainfall and wind speed. The Google 

Earth Pro program is used to obtain the accuracy of the number of lightning strike points in the 

Pekanbaru City area. 

The simulation procedure stage begins with identifying lightning and the factors that influence 

the occurrence of lightning. The lightning detector circuit consists of sensors, sensor housings, sensor 

cables, PCI, LD/2000 software, storm tracker lightning detectors, monitors, and computer displays. 

Fast data collection and data factors in order to get accurate results and there are no errors in the data 

processing. The data collected is data on lightning strike time, rainfall, wind speed, and the number of 

lightning strikes. The use of the LD/2000 v.5 program to display the results of lightning detection in 

real-time and run the archive of data processing results from the lightning detection sensor. Lightning 

Analysis Program v.7.2 to process lightning analysis data using data from the LD/2000 v.5 software 
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recording process. Google Earth Pro program as Microsoft for the Pekanbaru City area sheet and 

displaying the point of occurrence of lightning. Furthermore, processing the data obtained, until the 

final result will show the value or influence of factors on lightning events. 

3. RESULTS AND DISCUSSIONS 

The analysis is presented in the form of a line graph, which displays the amount of lightning, 

rainfall, and wind speed in the Pekanbaru City area for 92 days from August 1 to October 31, 2018. 

 

 
Figure 2. Total lightning and rainfall values. 

 

High rainfall occurs due to the growth of convective clouds that produce heavy rain for a long 

duration [16]. The highest rainfall occurred on the 33rd day, namely 53.0 mm with 15 lightning 

strikes. While the lowest rainfall on day 29 experienced a three-fold increase in the number of 

lightning strikes with 98 lightning strikes. Figure 2 shows the state of unbalanced rainfall and lightning 

because high lightning events are not always accompanied by high rainfall. But usually, the increase in 

rainfall has a tendency with the number of bolts of lightning that often occur, but the number of 

lightning can be said to not increase. Due to the occurrence of lightning almost every increase in the 

amount of rainfall [16]. At a height of 53 mm, 29 mm, and 22 mm of rainfall, the number of lightning 

that occurred was 15, 28, and 3 times, respectively. Does not follow the calculated rainfall amount for 

lightning events. From the graph of the influence of rainfall on the occurrence of lightning, rainfall 

cannot be used as a fundamental function to determine the magnitude of lightning. This means that the 

occurrence of lightning is not always caused by rainfall in the Pekanbaru City area. 

 

 
Figure 3. Total value of lightning and wind speed. 
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Wind speed is a fundamental atmospheric quantity [19]. The wind speed can be seen in Figure 

3, there is an increase in the number of wind speeds fluctuating between 1 knot to 11 knots. Where the 

value of the wind speed of 1 knot is equal to 1.852 kilometers/hour. The highest wind speed occurred 

on day 29, namely 8.3 knots with 98 lightning strikes. In addition, the lowest wind speed occurred on 

the 24th and 89th days, namely 1.8 knots with 16 and 18 lightning. Figure 3 illustrates that the 

increase in wind speed is followed by the number of lightning events. It is understood that the amount 

of lightning increases with increasing wind speed due to easier cloud ionization at certain heights. This 

means that wind speed brings high ionization properties and causes lightning to occur more often. The 

wind speed values reached 8.3 knots, 6.8 knots, and 6.1 knots with a number of lightning incidents as 

many as 98 times, 100 times, and 72 times which were counted a lot. This means that lightning events 

due to high wind speeds have the potential for lightning events to occur. It is true that wind speed 

affects the occurrence of lightning in the Pekanbaru City area. 

4. CONCLUSION 

Two variations that cause differences in lightning in the Pekanbaru City area have natural 

factors. On natural factors due to rainfall where the calculation time has just entered the rainy season 

in the territory of Indonesia. The rainfall value is still fluctuating with the number of lightning events 

that do not follow the rainfall value. So that rainfall is not too influential or does not cause lightning 

events at the time of measurement in the Pekanbaru City area. On the influence of wind speed with 

wind speed values, the measurement time ranges from 1 knot to 11 knots. Where the value is about 1 

knot to 11 knots equal to 1,852 kilometers/hour to 20,372 kilometers/hour. The high value of the wind 

speed is followed by the number of lightning events measured in the measurement. So that the wind 

speed can be expressed as a factor due to the occurrence of lightning events in the Pekanbaru City area 

within 92 days of measurement data. 

ACKNOWLEDGMENTS 

The authors would like to thank the Meteorological Station Agency for Sultan Syarif Kasim II 

Airport Pekanbaru, Indonesia, which has facilitated the research data for this paper, as well as the 

University of Riau Research and Community Service Institute (LPPM), which has partially supported 

this research. through a 2022 grant. 

REFERENCES 

[1] D. I. Iudin, et al., "From decimeter-scale elevated ionic conductivity regions in the cloud to 

lightning initiation," Scientific Reports, vol. 11, pp. 1-12, Sep 2021. 

[2] M. I. S. Maulana, N. I. Wicaksono, and Y. D. Haryanto, "Kajian Pengaruh Mesoscale 

Convective Complex di Pulau Jawa terhadap Curah Hujan saat Kejadian Banjir di Kendal pada 

26-27 Januari 2019," Komunikasi Fisika Indonesia, vol. 18, pp. 217-224, Nov 2021. 

[3] L. Lihayardi, Y. Zairmi, and S. Saktioto, "Pengaruh curah hujan dan kecepatan angin terhadap 

terjadinya petir," Seminar Nasional Fisika Universitas Riau IV (SNFUR-4), vol. 4, pp. 1-6, Sep 

2019. 

[4] P. Zhao, et al., "Distinct aerosol effects on cloud-to-ground lightning in the plateau and basin 

regions of Sichuan, Southwest China," Atmospheric Chemistry and Physics, vol. 20, pp. 13379-

13397, Nov 2020. 

[5] B. B. Levitt, H. C. Lai, and A. M. Manville, "Effects of non-ionizing electromagnetic fields on 

flora and fauna, part 1. Rising ambient EMF levels in the environment," Reviews on 

Environmental Health, vol. 37, pp. 81-122, Mar 2022. 

[6] A. R. H. Daulay and Zulkarnain, "Identifikasi Hubungan Aktivitas Matahari Terhadap Curah 

Hujan Di Kota Pekanbaru," Seminar Nasional Fisika Universitas Riau II (SNFUR-2), vol. 2, pp. 

108-112, Sep 2017. 

[7] S. H. J. Tongkukut, "Identifikasi Potensi Kejadian Petir di Sulawesi Utara," Jurnal Ilmiah 

Sains, vol. 11, pp. 41-47, Apr 2011. 

[8] D. Rhamdani, "Analisis Resistansi Tanah Berdasarkan Pengaruh Kelembaban, Temperatur dan 

Kadar Garam," Fakultas Teknik Universitas Indonesia, 2008. 

[9] A. Vega, A., et al., "Active demand-side management strategies focused on the residential 



 

Analysis of lightning events due to rainfall and wind speed in … (Defrianto) 

93 

sector," The Electricity Journal, vol. 33, 106734, Apr 2020. 

[10] P. Graf, et al., "A new interpretative framework for below-cloud effects on stable water isotopes 

in vapour and rain," Atmospheric Chemistry and Physics, vol. 19, pp. 747-765, Jan 2019. 

[11] Z. Zulkarnain, et al., "Perbedaan suhu ruang pada rancangan awal miniatur rumah kaca ramah 

lingkungan," Seminar Nasional Fisika Universitas Riau IV (SNFUR-4), vol. 4, pp. 1-4, Sep 

2019. 

[12] L. Lin, et al., "Changes in extreme rainfall over India and China attributed to regional 

aerosol‐cloud interaction during the late 20th century rapid industrialization," Geophysical 

Research Letters, vol. 45, pp. 7857-7865, Aug 2018. 

[13] A. G. Frazier and T. W. Giambelluca, "Spatial trend analysis of Hawaiian rainfall from 1920 to 

2012," International Journal of Climatology, vol. 37, pp. 2522-2531, Apr 2017. 

[14] Y. Rahayu and I. Artiyah, "Design and Development of Microstrip Antenna Circular Patch 

Array for Maritime Radar Applications," Science, Technology & Communication Journal, vol. 

1, pp. 82-86, Jun 2021. 

[15] D. Defrianto, et al., "Analisis kinerja antena berdasarkan pengaruh variasi kombinasi dan jari-

jari metamaterial heksagonal struktur split ring resonator," Seminar Nasional Fisika Universitas 

Riau V (SNFUR-5), vol. 5, pp. 1-4, Nov 2020. 

[16] F. D. Hidayat, M. Muliadi, and R. Adriat, "Karakteristik dan Hubungan Aktivitas Petir Cloud 

To Ground dengan Curah Hujan (Studi Kasus Kota Pontianak dan Sekitarnya)," PRISMA 

FISIKA, vol. 6, pp. 176-183, Des 2018. 

[17] M. D. Syaifullah, "Validasi data TRMM terhadap data curah hujan aktual di tiga DAS di 

Indonesia," Jurnal Meteorologi dan Geofisika, vol. 15, pp. 109-118, Aug 2014. 

[18] R. Zhang, et al., "Analysis of near-surface wind speed change in China during 1958–2015," 

Theoretical and Applied Climatology, vol. 137, pp. 2785-2801, Aug 2019. 

[19] B. Utomo, "Hutan Sebagai Masyarakat Tumbuhan Hubungannya Dengan Lingkungan," 

Fakultas Pertanian Universitas Sumatera Utara, 2006. 

[20] M. Muhaniroh and R. Syech, "Analisis Pengaruh Suhu Udara, Curah Hujan, Kelembaban Udara 

dan Kecepatan Angin terhadap Arah Penyebaran dan Akumulasi Particulate Matter (PM10): 

Studi Kasus Kota Pekanbaru," Komunikasi Fisika Indonesia, vol. 18, pp. 48-57, Mar 2021. 


