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Monitoring of Global Lightning Activities, Severe Weather and Climate Change
Based on ELF Waveform Observations
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Continuous measurement of the electromagnetic waves in the 1-100 Hz ELF frequency range excited by lightning discharges
is carried out at Syowa station since February 2000. The main objective of this observation is to monitor global lightning
activities and the activities of lightning-associated Transient Luminous Events (TLEs), such as sprites, elves and blue jets.
The observation system consists of two horizontal search-coil magnetometers to detect magnetic field perturbations in the 1-
100 Hz frequency range, a main amplifier and a data recording system with a time-code generating GPS unit. The operation
of this system is so stable, and there is almost no trouble since for the last 13 years. For the waveform observation of the 1-
100 Hz electromagnetic waves excited by lightning discharges, Syowa station is one of the best places in the world since the
noise level caused by the power line system is quite low. In addition to this, Syowa station locates almost equal distance
from the main lightning source regions, i.e., North and South America, Africa and South-East Asia. Thus, it is possible to
detect lightning discharges with almost uniform detection efficiency. These benefits bring the world-best quality for the ELF
magnetic field waveform data. Now, same observation system was also installed in Japan, Sweden and USA. Using these
ELF waveform data, it is possible to estimate global occurrence distributions and rates of lightning discharges [Sato and
Fukunishi, 2003; Sato et al., 2008; Yamashita et al., 2011]. It is also possible to estimate the charge moment change (Q-dl),
which is the product of the charge amount of the discharge (Q) and the length of the discharge channel (d/). The charge
moment change is the basic physical parameter to estimate the discharge energy of lightning and to examine the occurrence of
TLEs. Thus, the ELF observation system becomes the basic infrastructure for the studies of lightning discharges and TLEs.
Recently, it is suggested that the amplitude change of the lightning-excited ELF waves is closely correlated with the global
cloud coverage [Sato and Fukunishi, 2005; Takahashi et al., 2010], upper-tropospheric water vapor variability [Price and
Asfur, 2006], hurricane intensity [Price et al., 2009], and tropical temperature anomaly [Williams, 1992]. These facts imply
that the lightning activities are the good proxy for the monitoring of the severe weather and climate change since the lightning
activities are closely related with the vertical strong convections. Then, it can be concluded that the continuous measurement
of the ELF magnetic field waveforms excited by lightning discharges at the polar region is the best way to monitor not only
global lightning/TLE activities but also global activities of the severe weather and climate changes. At the presentation, we
will discuss the future observation plan, the management structure of the ELF observation system at Syowa station, and
possible scientific contributions derived from the ELF observations.
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