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Abstract—In the last 10 years, based on Indonesia’s
National Disaster Management Agency (BNPB) data, the
number of hydro-meteorological disasters have been
increasing. These hydro-meteorological disasters mainly
pertain to flood, landslide, wildfire, Small Scale Tornado
(SST), among others. High intensity rainfall is an extreme
weather condition that is considered as one of the causes of
hydrological disasters. Previous researches have mentioned
lightning as a good proxy for storm activity. This research
aimed to develop an observation and prediction methodology
for extreme weather events such as torrential rain based on the
combination of continuous lightning measurement and on-
demand by surface lightning detection network with remote
sensing instrument, a micro-satellite owned by ASEAN
countries and Japan. Indonesia already has a network of
lightning detection devices that use Very Low Frequencies
(VLF) but not too dense. This research will lead to a new
methodology in hydro meteorological disaster mitigation, and
strengthen and complement already operational extreme
weather early warning systems.

Keywords—disaster, torrential rainfall, lightning, Lightning
observation, mitigation

I. INTRODUCTION

The number of hydro-meteorological disasters, such as
floods, landslides, tornadoes, droughts, and forest and land
fires, in Indonesia have continued to increase in the past 10
years. Based on National Disaster Management Agency
(BNPB) data, more than 700 hydro-meteorological disasters
have occurred until in the end of the first quarter of 2019, as
shown in figure 1.
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Hydro-meteorological disasters in the first quarter of
2019 have caused a considerable number of losses, both lives
and infrastructures. Table 1 explains number of losses due to
hydro-meteorological disaster during the first quarter of
2019. Majority of these disasters were Small Scale Tornado
(SST), floods, and landslides, and creating high number of
death tolls. Rainfall intensity was seemed to be as the main
cause of floods and landslide that happened over the disaster
location.

Indonesia’s Agency for Meteorology, Geophysics, and
Climatology (BMKG) had already established an Early
warning system for extreme weather spread throughout
Indonesia. The system was based on “traditional” ground
measurements, weather radar and satellite data observations.
The weakness of this system was the limitations of
observation using weather radar, such as coverage, cloud
height, and the high cost of maintenance. Meanwhile,
satellite cloud cover observations tend to leave high error
values due to cloud peak values which sometimes do not
represent cloud types.

By the end of 2020, the Indonesian Space Agency
(LAPAN) will own a micro satellite named LAPAN A-4
equipped with an infrared camera developed by Hokkaido
University[1]. This camera is able to produce high-resolution
image that can be converted to cloud peak temperature. High
resolution infrared images will certainly improve
understanding of the development of cumulus clouds
observed from above, and more accurately predict the speed
of cloud expansion.
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Fig. 1. Disaster trends in past the 10 years in Indonesia

TABLE L NUMBER OF LOSSES FROM HYDROLOGICAL DISASTER IN
INDONESIA IN THE FIRST QUARTER OF 2019 (SOURCE: DIBI.BNPB.GO.ID).
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The speed of cloud expandability has long been known to
have strong correlation with updraft conditions within the
cloud. Strong updraft will potentially grow into storm seeds
that also contain thunders and/or lightning and significantly
indicate heavy rain intensity. Detection of lightning location
will therefore help identify active cloud and updraft, and thus
can serve as possible proxy for potential heavy rain intensity
in certain areas.

In this research, the authors will briefly present an outline
of their research on detecting lightning for extreme weather
precursor and its application in Japan. Next the paper
discusses the possibility of using this methodology in
Indonesia that continues to experience an increase in hydro-
meteorology disasters within the last 5 years. This paper
focuses on the design of integrating this methodology with
Indonesia’s existing hydro-meteorological early warning
system.

II. LITERATURE REVIEW

Lightning occurs as a result of static displacement that is
sufficiently large on the sides of the cloud, raising different
potentials on several sides of the cloud as well as sides inside
the clouds, against other clouds, and clouds against the earth.
Lightning is divided into three categories: intra-cloud (IC),
cloud-to-cloud (CC), and cloud-to-ground (CG).

Lightning emits different electromagnetic waves as a
result of different processes in the discharge, either low in Hz
or high in several hundred MHz [2, 3]. Lightning is initiated
much like ladder steps finding its release. In this process,
lightning emits Very High Frequency (VHF) electromagnetic
waves and the released lightning occur when the
electromagnetic potential difference reach the target, either
the earth surface or another cloud. T. Kudo (2014) stated that
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continuing current occurs in millisecond after a lightning
strike occurs [4].

The estimated location of a lightning can be determined
in two ways: Direct Finding (DF) and Time of Arrival
(ToA) [5, 6, 7]. Peak current and charge moment change
during the occurrence of CG can be calculated by the
electromagnetic wave that are emitted at VLF and ELF
ranges, respectively [5, 8, 9, 10].

Lightning that occur inside a cloud is as a result of
electrification within the cloud and is caused by the friction
between ice crystals and cloud droplets. Therefore, cloud
dynamic has an important role and can be correlated with the
electrification process. [11], stated that electrification inside
a cloud occurs when the cloud reaches freezing level at cloud
growth speed of more than 8 m/s.

Previous researchers have denoted significant
proportional correlation between lightning frequencies and
heavy rainfall [12, 13, 14]. Some researchers in Indonesia
reiterated the intense relationship between lightning and
convective cloud activities and rainfall amount [15, 16, 17].
[18] concluded that the number of CG activities had very
good correlation with hail and graupel occurrences, which
was indicated by weather radar echo of more than 35dBZ.
Other related researches re-emphasized notable correlation
between lightning (IC+CG) with severe weather, such as
high wind, hail, and tornado [19, 20, 21].

Satellite images can show distribution and cloud type.
Further researches have successfully estimated cloud height
from infrared image data obtained through satellite. Hamada
et. al., 2008 used split-window and probability density
function (PDF) method to determine cloud type from
infrared image at 10.8 um and at 12 pm wavelength using
fifth Geostationary Meteorological Satellite (GMS-5) [22].
Further, Hamada et. al., 2010 estimated cloud height using
the same wavelength but from a different satellite, the
Geostationary multifunctional transport satellite (MTSAT-
IR) [23]. Meanwhile [24] measured cloud height using
infrared image from Feng Yun 2 (FY2) satellite and
compared it with weather radar data.

III. DATA AND METHODOLOGY

A. Lightning Geolocation

Strong dynamic thunderstorm clouds often results in a
collection of similar charges on certain sides of
cumulonimbus clouds. If this charging energy is large
enough and exceeds the air isolation threshold between
charges in the cloud to the ground, it will trigger a natural
phenomenon of lightning from cloud to ground (cloud to
ground/CG). This type of CG lightning discharges
electromagnetic waves, one of them is in the Very Low
Frequency (VLF) range. VLF signals can be detected up to
~5000 kilometers. Based on this VLF signal, several
lightning parameters, such as location of lightning, peak
currents, and charge moment change (CMC), can be
measured [4]. Because the frequency of discharge is closely
correlated with cloud dynamics, those parameters could be
used to determine the level of potential hazards caused by
cumulonimbus clouds [19s].

In this research, a conceptual design of lightning
observation is proposed to cover the entire territory of
Indonesia using V-POTEKA lightning detectors that use an
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in-situ observing apparatus of the device. This observation
equipment is Japanese made and capable of measuring CG
Lightning up to 3000 Km. V-POTEKA uses 3G network for
data communication and is synchronized with a satellite GPS
within the range of 100 us resolution. For this purpose, 3
(three) V-POTEKA have been installed to fulfill the essential
minimum requirement to measure the Time-of-Arrival
(ToA).

ToA is the time difference received between 2 (two)
stations. As shown in Figure 2, t0 is the time the lightning
strikes. In certain intervals, the electromagnetic waves
emitted by the lightning will reach station A and station B in
time tA and tB, respectively. Therefore, the difference in the
timing of receiving electromagnetic waves from stations A
and B is tA & tB and can be represented as tA-tB.

The location of the lightning based on the time difference
between tA & tB is the points that are shown on the A & B
red line. It can be interpreted that the A & B red line is the
possible location of a lightning that occurs with the time
difference AtA & B, called ToA lines. By adding 1 more
station location, station C, 3 (three) ToA lines are obtained as
illustrated in Figure 3. The estimated location of the
lightning is the cross section of these lines.

With the V-POTEKA lightning detector capable of
observing lightning in the range of 3000 km, approximately
5 V-POTEKA are needed to cover the entire territory of
Indonesia (Figure 4). As shown in Figure 5, the simulation of
geo-location error had been created by every 3 stations
(Figure 5), with an ambiguity of about 20 to 40 km of
geolocation range.

."x\ts.

Fig. 2. Tllustration of Time of Arrival (ToA).
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Fig. 3. Estimation of lightning location using Time of Arrival method.

B. Cloud Cover

Thunderstorm cloud convection can be observed by the
updraft intensity represented by the speed of cloud
expandability. The geostationary Himawari-8 satellite
provides a 2-kilometer resolution brightness temperature
image over Indonesian territory every 10 minutes. Using this
satellite, the cloud shape detail cannot be acquired. Thus, the
research used the thermal infrared sensor (TIS) camera
designed by Hokkaido University that will be installed in
LAPAN-A4 satellite. This TIS camera is able to provide
180-meter resolution at 500 kilometers from the orbit with an
accuracy 4 Kelvin. In that satellite orbit, the TIS camera will
provide a 54 x 42 kilometer Field of View that will
sufficiently capture the surface temperature of thunderstorm
clouds.

Assuming that the surface temperature of cloud follows
ambient temperature, the cloud height can be estimated,
considering that ambient temperature can be estimated using
radiosonde or numerical modeling. From several brightness
temperature images which have been measured by LAPAN-
A4 in specific interval times, the cloud growth speed can be
measured. The concept of cloud top height and cloud growth
speed measurement are illustrated in figure 6.

Fig. 4. Lightning Observation Network Scenario to entire

Indonesian territory.

cover
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Fig. 5. Geolocation Simulation Error.

C. Combine Observation

The combination of lightning detection network and
cloud brightness temperature movement from space (shown
in Fig. 7) is able to detect thunderstorm clouds over the
entire area of Indonesia not detected by radar. The VLF
signal that is emitted by lightning from a cloud will be
detected by a lightning sensor. The ToA and amplitude of the
detected signal will then be recorded and sent to the
computer server using available and ready internet
connection. The computer server is able to estimate the geo-
location of the lightning based on a minimum of 3 ToA data
from 3 different stations. The first lightning that is detected
will be the reference for the microsatellite to observe the
area. The microsatellite takes an image of the specific
relevant brightness temperature and send it to the computer
server. The server will analyze the lightning parameter data,
such as frequency of occurrences, peak currents, and charge
moment change, and cloud parameter collected from the
brightness parameter observation, such as cloud growth
speed and cloud volume. This analysis will create a
prediction of thunderstorm cloud hazards, such as hail,
thunder, heavy rainfall, and microburst at several to ten
minutes before they occur.

Fig. 6. Concept of cloud top height and cloud growth speed measurement.
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Fig. 7. Concept of cloud top height and cloud growth speed measurement.
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IV. DISCUSSION AND CONCLUSION

A. Discussion

Indonesia, as a tropical maritime country, reaching ~5300
km from Sabang in the west to Merauke in the east, has a wet
tropical climate that potentially provides the environment for
thunderstorm clouds to massively expand. This type of cloud
is a potential cause of disaster, such as hail, hurricanes,
lightning strikes, and heavy rains that could further cause
floods and landslides [20]. This type of cloud is easily
observed in Indonesia using weather radar, but Indonesia’s
large area would require many radars, which would become
very costly to accommodate.

An effective and efficient alternative for cloud
observation is using remote sensing satellite. The Himawari-
8 satellite from the Japanese Government has a resolution of
2 kilometers and the collaboration has enabled Indonesia to
observe its clouds. However, the observed image results are
have not sufficiently describe the potential dangers of each
thunderstorm cloud. Indonesia needs additional parameters,
such as lightning location, frequency of occurrence, peak
currents, charge moment change, among others, to better
predict potential hazards and level of thunderstorm clouds.

As described above in Fig. 5, lightning observation over
the entire Indonesia area can be supported by 5 V-POTEKA
lightning detectors that have been placed in Aceh, Serpong-
Tangerang Selatan, Nunukan-Kalimantan Utara, Kupang,
and Jayapura.

The geo-location range of error is between 20-40
kilometers, which is still considerably large for a single
thunderstorm that usually extend up to ~100 km? [24]. A
combination of V-POTEKA measurement, with FoV 54x24
km, can support the observation of a single thunderstorm
cloud activity. Thus, the geo-location error can presumably
be reduced through the incorporation of FoV of TIS camera
image.

This proposed system can deliver observation results on
lightning parameters such as frequency, peak current, and
charge moment change, cloud top height, and cloud growth
speed. Previous studies have shown that lightning activity is
correlated with severe weather [19, 20, 21], and that cloud
growth speed affects thunderstorm cloud electrification.

The integration of ‘existing and common’ weather
observation systems with the capturing of complete
measurements of the early stage of thunderstorm
developments will be able to better predict potential hydro-
meteorological hazards, such as heavy rain, and contribute to
the improvement of extreme weather forecast.

The implementation of this concept to cover the entire
area of Indonesia requires a number of specifically-designed
micro-satellites in orbit and temporal resolution to TIS
cameras that have been used by LAPAN-A4. However,
development of space technology for remote sensing is
pacing slowly in Indonesia, thus the country would need to
create a scenario to develop its space technology strategy
[26].
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B. Conclusion

The research reviewed lightning location detection in
correlation with the expandability of active clouds using
micro-satellite network in Japan. Active clouds tend to be
closely associated with updraft, which indicate extreme
weather potential, such as heavy rain or cyclone. Therefore,
this methodology can be used as a proxy for potential hydro-
meteorological hazards. The possibility to expand this
methodology for extreme weather early warning system have
been sought in conjunction with the need to complement
Indonesia’s existing system.

The proposed integrated design discussed in this research
has also taken into consideration Indonesia’s plan to launch
its micro-satellite by the end of 2020, one of the highlight
intended for lightning detection.
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