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Abstract: The atmospheric lightning is one of the natural disasters which need to be considered in
the sustainable development. The National Remote Sensing Centre (NRSC) has installed 46
lightning detection sensors (LDS) across the country. These sensors work in radio frequencies
having their detection range up to 1000 km with more than 98% detection efficiency within 300 km
range. The network is put in a way that sensors have about 50% sensor-to-sensor overlap in their
detection ranges to enable high geolocation accuracy and maintain redundancy. The NRSC-LDS
network (LDSN) estimates the current associated with each cloud to ground (CG) lightning flash
which can be utilized for the risk assessment. The current estimates from one network to the other
need to be inter-calibrated and harmonized. Present study compares the LDSN current estimates
with Lightning Location Network (LLN) estimates and results are discussed with their impact on
the estimation of vulnerable zones. A case study of lightning-induced fire event is presented to
showcase the importance of the currents associated with lightning for future planning.
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1. Introduction

Natural disasters are one of the major threats to the sustainable societal development. Out of the
weather related disasters, lightning occurrences have been the most underestimated disaster.
Therefore, understanding the atmospheric lightning flashes/strikes and their occurrences is one of
the most important questions in the sustainable development and climate science. Real-time,
lightning data have profound importance in climate science, air quality research, and atmospheric
nitrogen budget, apart from this being one of the major natural disasters (Price, 2000; Romps et al.
2014). In recent times, it has also been shown that with earth’s climate getting warmer, the numbers
of lightning occurrences are going to increase (Romps et al. 2014). These scenarios make the
monitoring and understanding of lightning a societal demand. The lightning can be monitored using
space borne as well as ground based methods. In terms of the space borne exploration, Lightning
Imaging Sensor (LIS) on board the Tropical Rainfall Measuring Mission (TRMM), provided snap-shot
information and did help in characterizing the occurrences of lightning (e.g., Cecil et al., 2014). At
present, a GOES-16 monitors the American and European sector using the Global Lightning Mapper
(GLM) sensor (e.g., Goodman et al., 2012). However, for the exact monitoring with temporal
characteristics and societal applications such as identification of potential danger zones and now-
casting, only ground based Very Low Frequency (VLF) receivers have been found very useful. Using
this method, few countries, such as USA, Brazil, Poland, Finland, Japan, etc. have established a very
dense network of long-range lightning detection sensors (e.g., Jacobson et al., 2006; Rodger et al.,
2006; Betz et al., 2009). In Indian sector, India Meterological Department (IMD) through Indian
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Institute of Tropical Meteorology (IITM) has established a network based on Earth Network sensors.
In a parallel effort, NRSC has initiated another Lightning Detection Sensor Network (LDSN) which
is capable of detecting the cloud to ground lighting flashes with desired geolocation accuracies for
the generation of Lightning Essential Climate Variable (L-ECV) as per the World Meteorological
Organization (WMO) in the year 2016. The initial findings and L-ECV generation method are
elaborated by Taori et al. (2021, 2022).

Apart from the number of occurrences, the vulnerability estimates need the associated current
estimates as well. The present report utilizes the known and reported methods derived from the
Maxwell’s equations, which have been implemented on the NRSC LDS network. The estimates thus

obtained are compared with the current estimates of IITM/IMD network which utilizes the Earth
Network USA data with a case study over Karnataka state of India.

2. NRSC-LDS Network

Until April 2022, NRSC has installed 46 sensors (Boltek make) in a network (Figure 1), with each
sensor separated by about 200 km. The Boltek LRX sensors works in the frequency range of 1 Hz to
30 MHz and collects the waveform of a static discharge. Each of these waveforms is GPS time
stamped. Though, every sensor is capable of detection up to 1000 km range; however the detection
efficiency is more than 98% within 300 km range. To cover mainland India uniformly and to generate
the lightning essential climate variable (L-ECV) as per the World Meteorological Organization report,
the sensors are placed such that sufficient overlap between two sensors persists. For identification of
the lightning occurrence location, the waveforms from at least 4 sensors are utilized for the

estimations using the time of arrival method (Taori et al., 2020). The present NRSC LDS network
stations are depicted in the Figure 1.
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Figure 1. The NRSC-LDS network comprising of 46 sensors located across India.
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The lighting flash is a static discharge of electric fields which can be estimated using the potential
difference between the ground and top of the cloud. The electric field associated with the
accumulation of charges can be estimated using the electro-dynamic equations. The radiation emitted
by CG return strokes is governed by Maxwell’s equations. For a vertical lightning channel, using
vertical electric field change, and azimuth magnetic flux density currents can be estimated (e.g.,
Orville, 1991; Liaw et al., 1996 and references cited therein).

3. Results

Using the above method, electric current are estimated with each flash monitored by the LDSN.
The assumptions and estimates on the current associated were thoroughly validated by Liaw et al.,
(1996) and Johnson and Vaughan (1999). Figures 2—4 show comparison of estimated currents on 05
January 2020 between the IITM/IMD sensor network and NRSC-LDS network at different spatial
resolutions.

CG Lightning Flash - Current (Amp): 05 January 2020 || CG Lightning Flash - Current (Amp): 05 January 2020
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Figure 2. Comparison of IITM/IMD network estimates of currents associated with flashes (left) with
the NRSC- LDS network estimates (right).
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Figure 3. Comparison of IITM/IMD network estimates of currents (top) with the NRSC- LDS network
estimates (bottom) over the Andhra Pradesh region. Arrow in the map indicates north.
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Figure 4. Comparison of IITM/IMD network estimates of currents (top) with the NRSC- LDS network
estimates (bottom) over the North-Eastern region. Arrow indicates north.

It is noted that in both data current estimates vary from 2000 Amp to 300000 Amp. The major
parts of India have not received lightning on this day. It is noted that Andhra Pradesh show few CG
lightning occurrences while the majority of the occurrences on this day occurred over the north-east
locations of India. The lightning occurrences over the Arabian and Indian Ocean were also
noteworthy. The IITM monitored the number of occurrences over India to be 3285 on this day with
current values varying from 2091 Amp to 348093 Amp, while, the NRSC-LDSN show the number of
occurrences to be 3247 with current values ranging from 2304 Amp to 341915 Amp. This signifies that
both the data sets have good resemblances.

For further comparison, the data was zoomed to Andhra Pradesh locations (Figure 3) and north-
east (Figure 4) regions where lightning occurrences are noteworthy. In zoomed portion of
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measurements over the Andhra Pradesh (Figure 3), each point indicates the lightning occurrence
while the numbers near to the points show the current associated with that CG flash.

It is noted that 6 events were monitored in Andhra Pradesh by both the networks, which are
identical. The values were 4466 — 37243 Amp (IITM) and 4116 — 36893 Amp (LDSN). This suggests an
underestimation of ~8 % for lower current value and ~1% in the higher current value.

The zoomed portion of measurements over the north-ease is shown in Figure 4.

The total number of lightning events monitored by the IITM network was 768 while the number
of lightning occurrences noted by the NRSC network is 754 which is an underestimation of 14 events
(~2%). When we compare the current estimates of the two networks over the north-east locations, we
note that few estimates which recorded less than 3000 Amp, the NRSC LDSN did not note such
occurrences. Although, the proportionality of the current range is similar, there seems to be a
systematic bias in the current estimates with NRSC systems reporting somewhat less current which
is quantified in the regression analysis as in the following.

To estimate the relation between these two independent estimates of the flash current, 5 days of
continuous data (04 — 09 January 2020) having the current estimates of each flash occurrence have
been utilized. This encompasses 18984 points of flash occurrences. Result of this comparison is shown
in Figure 5. The x-axis in Figure 5 show the IITM-LLN network deduced current data while the y-
axis exhibits the current estimated by the NRSC LDSN.
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Figure 5. Correlation between of IITM/IMD network estimated CG Lightning currents with the
NRSC- LDS network estimated currents during 04-09 January 2020.

One may note from the Figures 2—4 as well as the Figure 5 that both the network show good
agreement in the estimates. It is evident from the Figure 5 that two networks estimates of the lightning
currents are a kin to each other. The occasional differences between them is also noted which may be
due to the differences in the number of sensors. The NRSC LDS network has 46 sensors while the
IITM/IMD is operating with 134 sensors as on January 2022. However, a linear fit signifies good
correlation between these estimates (Corr Coeff. 0.99) with following relation.

NRSCLDSCurrent = IITMLLNCurrent — 3573
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Above relation suggests that the NRSC LDS has not monitored the flashes which have the
associated current below 3573 Amp and the error in the NRSC estimates is about 78 Amp in this data
set. It is obvious that with less number of sensors deployed, the NRSC LDSN provide reasonably
good estimates as far as the cloud to ground lightning and its current estimates are concerned. This
also signifies that there is no linear relation between the performance of the network and the number
of sensors employed.

4. A Case of Lightning Hazards on 06 January 2021

Though there were a number of lightning occurrences throughout India on 06 January 2020.
However, on this day, Udupi substation of Mangaluru All India Radio, located at Brahmavara
received a number of atmospheric lightning occurrences. Around 0800 PM, a hotel named ‘Sapthami’
in Brahmavara, Udupi, Karnataka was charred in fire
(https://www.newindianexpress.com/states/karnataka/2021/Jan/07/hotel-on-fire-overnight-
afterlightning-strike-in-karnataka-no-injuries-2246726.html). Investigations revealed that a short
circuit due to lightning was the root cause of the fire incident and further devastation. The eye
witnesses on television news stated that the event of heavy lightning lasted for about 2 minutes after
which the building was ablated. A set of newspaper clip of the event is shown in Figure 6.

www.newindianexpress.com » states » karnataka » jan

Hotel on fire overnight after lightning strike in Karnataka, no ...
4 days ago — Hotel Sapthami in fire near Brahmavara on Wednesday night. By Express
News Service. UDUPI: Fire and Emergency Services Depariment ...

www.mangaloretoday.com » main » Brahmavar-Fire-de... =

Brahmavar: Fire destroys hotel; short circuit suspected
4 days ago — Mangalore Today | Latest main news of mangalore, udupi - Page Brahmavar-
Fire-destroys-hotel-short-circuit-suspected.

www.mangalorean.com » hotel-gutted-in-fire-after-ligh... «

Hotel Gutted in Fire after Lightning causes Short Circuit in ...
4 days ago — Udupi: Fire breaks out at the Sapthami hotel in Brahmavar due to lightning
strike on January 6 night. According to the Fire and Emergency ...

Figure 6. Sample online news clips about the occurrence of the lightning induced fire event.

We investigated this event in detail with the Cloud-to-ground (CG) lightning flash occurrences
noted during 04 — 06 January 2021 over the mainland India shown in the Figure 7.

NRSC-LDS Network: CG Lightning Occurrences: 04 January 2021 NRSC-LDS Network: CG Lightning Occurrences: 05 January 2021 NRSC-LDS Network: CG Lightning Occurrences: 06 January 2021
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Figure 7. The CG lighting flash occurrences during 04 — 06 January 2021 depicting the vulnerable
regions.

It is noteworthy that though there had been a number of lightning occurrences on this day, the
significant density of lightning occurrences are over the northern states of the India. Therefore, it is
pertinent to know about the severity of each flash event. As the number of occurrences alone does
not tell about the severity of the event, we calculated the amount of static electric current involved in
each flash in Karnataka. Figure 8 show the static current associated with each flash. We note that over
Brahmavara, Udupi, very close to the event of occurrence, at least four dangerous events occurred.

. ™ ‘ * g .
oy °° 2 Hassan,
LN . » . .
kshina*Kannadas
e %in, .
Wy e
. ?'i./“ 5

- =) .
33 : e
@5

06012021_ECVD 8 . .
- w0 : Kodagy

CurrentD o . &
* 3000-15000 fenp u 3 .
* 15000-25000 Py )
25000-35000 I, :
- 35000-50000 . ¢ B .
- 50000-100000 L o . o

Figure 8. The static current discharge associated with CG lighting flashes (in amperes). The time
shown is in UT hours indicating that 0230 PM corresponds to 0800 UT.
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We noted that the static current discharge occurred over the Brahmavara was very close to 62000
Amp which falls into the dangerous category as stated by the color coded category classification,
while over the other parts of India the current ranged from 5000 Amp to 40000 Amp. As the event
passed the current reduced to about 17300 amperes however, the flashes repeated at similar locations
till 0257 PM UT, viz., 0837 PM IST. Under such high current situation, if not through the direct
incidence, the induced ground currents may have caused the short-circuit in the hotel circuitry which
may have caused the fire at the location of event (e.g., Mansoor and Martzloff, 1998; Schoene et al.,
2009).

This investigation also indicate that it is pertinent to know the status of proper earthing and
status of the lightning arresters installed over a building so that such incidences could be avoided. It
would be appropriate to suggest that the lightning arresters should have enough capacity to stop the
maximum surge as dictated by the maximum current associated with the lightning flashes which
may vary from one region to the other. It is important not only from the safety of the establishments
but also to safeguard the life around.

5. Conclusion

As stated in earlier section, we note that there are systematic differences between the two
estimates. This may be due to the inherent differences in the sensors used for the observations. We
believe that these offsets can be reduced upon the comprehensive inter-calibration and enhanced
sensor densities. This statement can be evaluated from Figures 3 and 4 that over Andhra Pradesh,
which is covered with more than 6 sensors, differences in the current estimates between the two
networks are significantly less (< 10%). The differences in the measured current over the north-east
region ranged between 10% — 15%, where sensor density is less. However, often the comparison
between these network is very good indicating that both network overall are in agreement.

It is important to note that the event shown here was only 62000 Amp, while, we noted that
sometimes they are much higher and sometimes to the range of 200 K Amp. Therefore, there is a need
for lightning protection devises which can withstand the currents as high as 200K Amp.
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