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ABSTRACT In this study, microwave radiation pulses emitted from natural lightning have been found to 

interfere with the Fourth Generation Long Term Evolution (4G LTE) mobile communication data 

transmission. Two sets of measurement instruments have been synchronized where lightning electric field 

sensor together with 4G LTE network were evaluated its performance under two conditions namely fair-

weather (four cases) and storm (four lightning cases). The microwave radiation emitted from lightning was 

directly measured without the use of a mixer and down-convertor to ensure that information such as the 

number of pulses and amplitude was preserved. A client-server architecture has been set up for data 

transmission utilizing User Datagram Protocol (UDP) where the packets have been generated by using 

Internet Performance Working Group Third Version (Iperf3) platform. Under fair-weather conditions, the 4G 

LTE connection at both the client and server nodes demonstrated stability and experienced minimal impact. 

On the other hand, natural lightning electromagnetic interference disrupted the 4G LTE communication links. 

Among the four reported storms, three storms have affected the 4G LTE data transmission. The first and 

fourth storms resulted in a complete connection drop to zero, lasting for 4 minutes and 2 seconds and for 44 

seconds, respectively. The observation of hundreds microwave radiation pulses, each characterized by 

individual oscillating features suggests a potential disruption to packet transmission. Moreover, negative 

could-to-ground (-CG) and intra-cloud (IC) lightning flashes have been identified as the primary sources of 

interference to the 4G LTE data transmission. This information could be useful for future studies and for 

developers working on improving the reliability and performance of 4G LTE networks, particularly in areas 

prone to thunderstorms. 

INDEX TERMS Lightning interference, Microwave radiation, UDP, 4G mobile network 

I. INTRODUCTION

Electromagnetic fields radiated from natural lightning

flashes have been detected over a wide range of frequency

spectrum. The topic of microwave radiation (0.3 to 300

GHz) emitted from natural lightning flashes garnered lots

of interests for its relation to lightning initiation process.

Generally, there are two main types of lightning flashes

namely cloud-to-ground (CG) and intra-cloud (IC) flashes

[1]. A special type of IC flash known as the narrow bipolar

event (NBE) [2] was recently discovered to emit strong

very-high frequency (VHF) and microwave radiation 

pulses. The first encounter of microwave radiation emitted 

from lightning flashes was observed in [3]. They reported 

microwave radiation associated with lightning activities at 

0.4 and 0.85 GHz. Later, observations at 0.4, 0.7, and 0.9 

GHz reported noise-like bursts of radiation that lasted 

around 10 ms [4]. Microwave radiation observation at 2.2 

GHz reported significant bursts of impulsive activities 

during preliminary breakdown pulses (PBPs), stepped 

leaders, initial return strokes, dart leaders, and K changes 
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FIGURE 7. The relationship formulation of correlation analysis between fair-weathers (red dots) and storms and (a) minimum throughput at client node (Tmin/Kbps), 

(b) maximum throughput at client node (Tmax/Kbps), (c) maximum packet loss (PLmax/%) and (d) maximum jitter (Jmax/ms).
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