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Abstract. We report preliminary results derived from the total lighth detector-cum-mini weather station installed at the
Calcutta University during 2016. This detector is a partaiftB Networks Total Lightning Network (ENTLN) operated gédly

for ground-based monitoring of total lightning activitydaforecasting of localized storm alert and severe weatheditions.
This set up provides improved measurement of in-cloud ([i@ithing as well as cloud-to-ground (CG) lightning in adlafit

to daily weather data. Severe weather such as thunder sijeaivester, hailstorm, cyclone over the Gangetic Westdzén
can be studied in details based on total lightning activipng with other atmospheric and meteorological researangus
the weather data. Here we present some initial results fl@ranhalysis of total lightning measurements during thertece
Nor'wester events occurred in and around Kolkata. We alssgnt variation of wet component of atmospheric refragtivi
index during the monsoon season which can be used to delstaomset and withdrawal time of monsoon over Gangetic West
Bengal.

1 Introduction

Thunderstorm and lightning in the troposphere are the nigisifieant atmospheric phenomena which keep life functigran
the earth and at the same time are incredibly destructivartahn society in many ways. Lightning discharge radiatestrele
magnetic energy in a very wide radio frequency range, frolovbé Hz to near 300 MHz, with a maximum radiation energy
in the frequency spectrum near 5 to 10 kHz (Rakov and Umar)2Q@yhtning discharge also radiates energy in the optical
band10** to 10*® Hz visible to naked eye which enables ground based cameraaaliite to take photograph of lightning
event. Further, lightning produce X-rays agp@nma-rays though not detectable at ground level. Because ofaticis range

of radiation frequency, there are many ground based anditeabmsed methods to monitor lightning activity in the atm
sphere. Recently, there has been increasing interest imdroased lightning detection networks because of its fiatarse

in meteorological applications. Lightning data from suigitning detection networks are useful for severe weathetiption
such as high wind storms, tornadoes, flash flood, hailstocrrreaddition to study of transient luminous events in theate
atmosphere. Continuous thunderstorm identification aaxking by lightning detection network also improves the casis

of thunderstorm, precipitation, severe weather, turtzdeand tropical cyclone intensity which can act as a radaxypio
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areas of poor radar coverage (Liu and Heckman, 2011; Liu,£2@l4; Heckman et al., 2014). There are several groundibase
lightning detection networks operating globally for exdeyearth Networks Total Lighting Network (ENTLN) which use
wideband electrical field recorders (1 Hz to 12 MHz), WorldeviLightning Location Network (WWLLN) based on ground
based VLF (3-30 kHz) detection of lightning sferics and Ea@an VLF/LF lightning detection network LINET.

In a cloud-to-ground discharge, electrical charge is éffely transferred from cloud to ground and normally knowa a
CG lightning. CG lightning can be downward negative, upwaedative, downward positive or upward positive discharge.
Generally, about 90% or more global CG lightning are dowmlwagative discharge and that of 10% or less of CG lightning
are downward positive (Rakov and Uman, 2003). Electricatgé is not transferred from cloud-to-ground in all case$adtt,
majority of lightning discharge, almost 70% or more, occithim the cloud that do not involve ground, known as in-cl@lL()
lightning which can be intra-cloud, inter-cloud and clatiadair discharge. In a thunderstorm, central and top péitseocloud
produce IC flashes during the initial stage of electrifiaatiwhich can be enormously high for a severe storm (Williatred.e
1989). CG flashes increases with more storm electrificatiming active stage. Strong up-drafts during a storm prodhigie
IC and positive CG flash rates which are the characterisfiessevere thunderstorm (Lang et al., 2000). Recent studies h
shown that increase in total lightning i.e., IC and CG flagh tagether can produce severe thunderstorm alert whiosrgen
high wind, hail storm, tornadoes with a sufficient lead tiraaeging from 10 minutes to 1 hour (Liu and Heckman, 2011,
Liu et al., 2014). In this paper, we have studied total ligigractivity during two recent pre-monsoon summer thurnidenss,
locally known as “Nor'wester”, over the Gangetic West Bdn@aWB) around Kolkata which has not been done before.
Nor'wester is the short duration severe thunderstorms igh wind speed occurring every year during late March to hay
the eastern and north-eastern part of India including Bategh. This brings considerable damage to agricultur@epties
and even human life. Large number of lightning associatel thie Nor'wester during the active stage of thunderstorertiae
main reason of fatalities in this region. This paper attentstudy the total lightning activity during Nor'westeresis from
formation stage to dissipation stage with emphasis on gbort prediction of severity of the storm.

We have also studied the variation of wet component of réfiiac index during monsoon period using the data from
the total lightning detector-cum-mini weather station DM/S) to find possible onset and withdrawal signature for mamss
over Kolkata. The monsoon specially south west monsoon important atmospheric circulation which affects the lifeda
economy of Indian subcontinent. Traditionally monsooné$iried as the seasonal reversal of wind pattern associatbd wi
heavy precipitation. June, July, August and Septemberreretincipal monsoon months over Indian subcontinent.aimdi
summer monsoon rainfall (ISMR) is the rainfall carried by touth-west monsoon during June to September every year
and accounts for approximately 80% of the annual rainfadirdadia. In recent years, people attach importance to staidy
monsoon rainfall variations and proper prediction of orsset withdrawal of monsoon. Various studies represente SR
change is related to some meteorological parameters litaceutemperature (Chattopadhyay et al., 1995), relativeidiity,
sea level barometric pressure (Parthasarathy et al., B#50d et al., 1995). El Nino Southern Oscillation (ENSQ)res
(Mooley et al., 1985; Gadgil et al., 2004), Sea Surface Teatpee (Nicholls, 1995; Sahai et al., 2003; Rai and Pandzgg8p,
Quasi Biennial Oscillation (QBO), Cloud condensation riucbunter, aerosol concentration and even relative stmspober
(SSN) and Flare index (Hiremath and Mandi, 2004) have simanitiimpacts on monsoon. The accumulated impacts of these
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various parameters make monsoon prediction more comgtiGatd more challenging task. As monsoon is the principtg/rai
season over Indian sub-continent, proper prediction oébaad withdrawal of monsoon is very crucial. Climatologica
monsoon onset takes place over Kerala (a Southern statéia) lon 1st June and over Kolkata on 10th June. By the end of
June, it covers more than 90% of the area of India and by nlidtfie whole of India is covered by the monsoon. In early
September, summer monsoon rains begin to withdraw fronhnweeist part of India and from entire country by mid-October.
During monsoon onset, dramatic changes of large scale phreds structure are known to occur over India. Some of the
well known ones associated with onset are rapid increasaiiy iin rate, increase in the vertically integrated maistand

the increase in the strength of low level monsoon flow. Marseaechers have studied onset and withdrawal of monsoon
in India using various parameters, such as outgoing longwagtiation (OLR), integrated water vapour (IWP), low lewa
stream (LLJ), sea surface temperature (SST) (Joseph £88#, 2006), wind data (Wang et al., 2009) and verticallggnated
moisture transport variability (Fasullo and Webster, 200&ing GPS radio occultation data for 2001-2010, Rao €pal 3)
examined variation of atmospheric refractivity during tmset of ISM over east Arabian sea and observed an enhantceimen
5-10 N units in refractivity a few days before on set of monsower Kerala. Till today, scientists are trying to find outnmo
and more reliable parameters for prediction of exact onseétvathdrawal of monsoon. Midya et al. (2013a, b) reporteat th
the variation of wet component of refractivity gives an tation of cyclonic movement and onset of squall over Kolkata
addition to study the total lightning activity during Nordster days, we have also examined the variation of wet coemarf
refractivity, in this paper, during monsoon season to chpadsible signature of monsoon onset and withdrawal time.

2 Description of the detector

Earth Networks total lightning detector-cum-mini weatlséation (TLDWS), which was installed at the Department of At-
mospheric Sciences, University of Calcutta in July, 20sists of several parts (also shown in Figure 1) listedvoe{a)
Weather sensor which captures wind speed and directioripn{gyrated in-cloud (IC) and cloud-to-ground (CG) ligimipi
detection sensor which mainly measures electromagnegtals from lightning discharge; (c) Sensor Shelter whiclasoees
mainly temperature, relative humidity, heat index, windlcharometric pressure and dew point; (d) Rain gauge whieta-
sures daily, monthly and yearly rainfall totals and avesage) Lightning remote box (f) Network appliance which isically

an IP-enabled device that connects easily to the intern@jges fast transmission of the data to the server. It halaonr
battery life and automatically reboots as needed.

The integrated IC and CG lightning sensor operates in a &necqurange from 1 Hz to 12 MHz (spanning the ELF, VLF,
LF, MF, and HF ranges) and measures the electromagnetialsiffom each lightning discharge (Heckman et al., 2014& Th
whole electric field waveforms are transferred from the oetsthe central data processor of Earth Networks via iteand
network appliance. Central processor will then geolodageindividual lightning event and calculate the associétgdning
parameters (such as peak current, multiplicity, diffeegatightning types etc.) from the waveform charactersssiends by this
sensor and other sensors in the networks. Time of arrivdioaes being used to geolocate lightning event. In this netthe
onset time, arrival time, time of peak magnitude of a lightnpulse measured by multiple sensors (at least four) atgzata
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(b)

Figure 1. Earth Networks total lightning detector-cum-weather instrument: (a) Whedd and direction sensor (b) Integrated in-cloud (IC)
and cloud-to-ground (CG) lightning detection sensor (c) Sensor Skié)tBain Gauge (e) Lightning Remote Box (f) Network appliance.

at the central processor to determine the four unknowntidkgj longitude, height and time that define the source ilmtat
(Heckman, 2014). Each lightning discharge consists ofraggtrokes. In the ENTLN, individual strokes occurring vt 700

ms and 10 km of the first stroke detected by the sensor areepbakinto a flash. A flash is further classified as a CG flash if it
contains at least a return stroke, otherwise it is class#fted IC flash. In Figure 2, we have presented the total lightoaunt
(IC+CG) per day for April, 2018 as detected by the TLDWS witliénrange covering the area between 876539.52E and
22.13N-22.92N). High lightning count greater than 10,000 are the Norteedays over this region.

3 Nor’wester and total lightning activity

Here we report the preliminary results of measurementstaf lightning activity during pre-monsoon summer thuntiemss

in and around Kolkata using the TLDWS. Total lightning adi@s corresponding to two Nor'wester events occurred ol Kpr
(event 1) and April 17, 2018 (event 2) are analysed. Eventslanaon-severe type having maximum wind speed 64 km/hr with
no causalities reported. Whereas around 15 people from ko#ad adjacent districts were died (Source: The Hindunhduri
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April, 2018
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Figure 2. Total lightning flash count (IC+CG) per day as detected by the TLDW$h@month of April, 2018 within its range (87.85—
89.52E, 22.13N-22.92N).

the Nor'wester of 17th April with maximum wind speed of 98 kmfecorded by IMD (Indian Meteorological Department),
Kolkata between 19:42 IST to 20:15 IST.

The TLDWS at Calcutta University registered a total of 13,8gBtning flashes during 17:00 IST to 23:00 IST on April 7,
of which 9,243 were in-cloud (IC) lightning (69.80 %) and @9were cloud-to-ground (CG) lightning (30.20%). On April
17, TLDWS registered a total of 10,541 flashes during 17:30tt522:00 IST, of which of which 7,403 were in-cloud (IC)
lightning (70.24 %) and 3,138 were cloud-to-ground (CGhiigng (29.76%). Out of all CG flashes, almost 12% flashes were
positive CG for the event 1, while 17% flashes were positive f@Qhe Nor'wester event 2 as classified by the TLDWS.
Figure 3a and 3b show the evolution of different types oftlghg flash rate (hnumber of flashes per minute) as detected by
the TLDWS within its range (around 150 miles radius) for the event 1 and event 2 respectivebciBlines show CG flash
rate, red line show IC flash rate and blue lines representligtaning (CG+IC) flash rate per minute. Thick lines are the
point running averaged curves. For both events, totaldigigt flash rate increased drastically to about 110-120 fiapke
minute during the active stage, from about 20-30 flashes partexduring the initial stage of thunderstorms showingtiigng
jump. Lightning jump in the flash rate are used to predict theeee thunderstorms well ahead of the peak damaging wind and
hailstorm [Williams et al. 1999]. In Figure 3, dashed vatiines are used to identify the time when Nor'wester hitriggion
with peak wind speed recorded by IMD, Kolkata. Thereforés bvious that study of total lightning activity can be a doo
indicator for the dangerous Nor'wester events well aheathd to mitigate the damages caused by them.

The thunderstorm of 17th April ended with a sudden decread€ iflash rate but the thunderstorm of 7th April shows
gradual decay of both IC and CG flash rates. It is also to bedrbig the CG flash rate peaked before the IC flash rate and
damaging wind for the 2nd event, but the IC and CG flash ratasl&neously increased and decreased during the storm
lifetime for the 1st event. Now to identify the severity oktthunderstorm using lightning characteristics, we haleutated
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Nor'wester of 7th April, 2018

Flash rate/minute

Nor'wester of 17th April, 2018
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Figure 3. Temporal evolution of lightning flash rate per minute during two recentvidesters over Kolkata.

total discharge peak current per minute by the positive awghtive CG flashes, since the CG flashes cause most damage to
human life, power lines and consumer electronics on eaitjur€& 4 shows the temporal distribution of total peak curpar
minute (kA/min) due to positive and negative CG flashes fertthio events respectively. Solid lines are the 7 point rugnin
mean curves. While it is difficult to identify the intensity thie storm from the total peak current per minute from the tiega

CG flashes, we can see that mean discharge current was morgéaba&A/min touching to 200 kA/min by the positive CG
flashes during the active phase of thunderstorm on 17th Apdlthe same for the thunderstorm of 7th April was merely 100
kA/min. Also for the 2nd event, 5% more positive CG flashesuoad than the 1st event. Therefore, positive CG lightning
can be used to identify severity of thunderstorm event. Weaarlysing all the thunderstorm events over GWB based ohn tota
lightning activity and results will be reported in due time.

Another important characteristic of lightning is the seakultiplicity which cause damage to human life and consumer
electronics along with peak current. A lightning flash noligneonsist of one or several strokes which are within 700 ms a
10 km of the first stroke as detected by the sensor. The nunfilséro&es in a flash is known as lightning multiplicity. Figur
5 shows the multiplicity distribution of negative and pa&tCG flashes occurred on April 7 and April 17, 2018 during the
Nor'wester events. We note that 59% of negative CG flashes@rposed of a single stroke for the thunderstorm of April

15 7, 2018 whereas 72% of negative CG flashes are composed dfla stroke for the severe thunderstorm of April 17, 2018.
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Figure 4. Temporal distribution of total peak current (kA) per minute due-toG lightning during the thunderstorms of 7th April and 17th
April.
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Figure 5. Flash multiplicity for positive and negative CG lightning flashes.



10

Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-178
Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Discussion started: 2 July 2018

(© Author(s) 2018. CC BY 4.0 License.

23

T T
Burdwan Nadia

Barkura |

1800-1830 1ST |

2025-2035 IST

89.5

1820-1830 *
1940-1950 =
2000-2010 *
2030-2040 =
2100-2110

Figure 6. Temporal evolution of thunderstorm cell during the two Nor'wester tsemer Kolkata. Note that the thunderstorm cell comes
from the north-westerly direction.

Average multiplicity of negative CG flashes are found to @6 Xor April 7 and 1.64 for April 17, 2018, while the same for
positive CG flashes are found to be 1.09 for April 7 and 1.22onil 17, 2018 respectively.

It is also possible to track the life cycle of a thunderstomii asing the total lightning activity which is frequentlyde
by the weather radar system. When the lightning flash ratekigheenough, thunderstorm cells can be identified with total
flashes occurring in clusters which can be be used for eantping of severe storms [Betz et al. 2008; Liu et al. 2014]. In
Figure 6, we present an example of time evolution of lighgrgells as snapshots of total lightning activity for 10 mesiin the
GWB region around Kolkata for both the thunderstorm eventgefhat the thunderstorm cell comes from the north-wasterl

direction which gives its name as Nor'wester.

4 Atmospheric refractivity and monsoon over Kolkata

Here we present the variation of wet component of atmosphefiactivity index {,, in ppm) during monsoon period over
Kolkata during 2016 using the data from TLDWS to show the piiaéity of 7, as one of the tool to declare the onset and
withdrawal dates of monsoon. Variation of wet componenttofaspheric refractivity with time has been studied using th
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REFRACTIVITY

Figure 7. Variation of wet component of atmospheric refractivity index duringydst to December 2016 obtained from the TLDWS.
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Figure 8. Comparison of wet component of atmospheric refractivity index obthfrom the TLDWS and IMD (VECC), Kolkata. .

formula for troposphere as used by Midya et al. (2013a). Matmospheric pressure, temperature and relative huyredé
used to calculaten(,). We have taken the wet component of refractivity becauge highly dependent on the presence of
water vapour in the atmosphere. As the dry component ofatfiy is not dependent on the presence of water vapour in
the atmosphere, we have neglected this term. The variafiasreibcomponent of refractivity on hourly basis from August t
December 2016 is plotted in Figure 7. The figure shows a sthagher value of refractivity during monsoon and a sharp
decrease in refractivity during withdrawal of monsoon dtelkata. It can be also clearly seen that during the monseoiog

the daily fluctuations in refractivity also reduced. Vanatof wet component of refractivity from two data sourcés, TLDWS
and IMD, Kolkata (VECC station), are compared in Figure 8 exralctly the same variation is seen.

Monsoon is the reversal of wind pattern associated with h@agcipitation. In India two types of monsoon can be seen,
one is summer monsoon or south-west monsoon and anothearterwionsoon or north-east monsoon. Gangetic West Bengal
receives south-west monsoon dominantly, but north-easisomn can hardly observe. In north hemispheric summer,aue t
differential heating of landmass and ocean body, a low presgevelops over interior of Asia as well as over North-\&ast
India. At the same time a high pressure region persists beebouthern Indian Ocean. As a result winds blows from tlgh hi

pressure region to low pressure region. After crossing ther, due to Coriolis force, this wind turns into right astelrts
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flowing from the South-West direction and enters into Indkaminsula. During the journey of this wind over warm Tropica
Ocean, it acquires abundant moisture content within it. Wharrives near the southern tip of the Indian peninsula, wind
system breaks into two branches. One is the Arabian Sealbsahich hits the Western Ghats, and another is the Bay of
Bengal branch which flows over the Bay of Bengal and hits tisteea Himalaya. Thus during summer this surface westerly
wind (blowing from south west direction) brings ample amooihwater vapor form the Bay of Bengal into the GWB basin.
As Partial vapor pressure depends on relative humidity,coatponent of refractivity noticeably increases and indisahe
increased water vapour content in the atmosphere, when dist &ir from Bay of Bengal enters in GWB Basin. When this
water vapour condenses, heavy precipitation occurs irréigion. As water vapour is the primary source of precipitatthe
onset of monsoon is expected to occur over GWB when sufficieauat of water vapour has been carried from the Bay of
Bengal by the westerly wind into the GWB basin. Similarly whenface easterly blows dominantly, the amount of water
vapour reduces over the GWB basin and monsoon is expectedhdraiv. From Figure 7 it is seen that a sharp decrease
in refractivity occurred on 13.10.16, so it may be monsoothdriawal date in this year. IMD declares 16.10.2016 as the
withdrawal date in GWB. IMD declares the dates on the basisimiescriteria given later and in our study only wet component
of refractivity is considered.

IMD which is the principal Government Department of Weatherecasting declared onset and its further advancement ove
the country with three criteria given below. (a) Rainfdllafter 10th May, 60% of the available 14 stations viz. MirnjicAmini,
Thiruvananthapuram, Punalur, Kollam, Allapuzha, Kottaydochi, Thrissur, Thalassery, Kannur, Kudulu and Mangalo
report rainfall of 2.5 mm or more for two consecutive day® timset over Kerala can be declared on the 2nd day provided
the following criteria are also in concurrence. (b) Windl&iéepth of westerlies should be maintained upto 600 hPthen
box equator to Latitude 10°N and Longitude 55°E to 80°E.Téveat wind speed over the area bounded by Latitude 5-10°N,
Longitude 70-80°E should be of the order of 15-20 Kts. (c) d-@rave radiation (OLR): INSAT derived OLR value should be
below 200wm ~2 in the box confined by Latitude 5-10°N and Longitude 70-75°E.

Withdrawal of monsoon are declared on the basis of reduationoisture and prevalence of dry weather for 5 days. It is
quite expected that the refractivity increases with inseeaf water vapour content in the atmosphere. During mongenad,
when the water vapour enters over Gangetic West Bengadctefity increases significantly. Similarly when the watapour
is withdrawn over Gangetic West Bengal, monsoon disapp8atsthe fact is that, presence of water vapour is not only the
criteria of onset of monsoon. Presence of cloud condemsatizlei (CCN), dew point temperature etc. are also esdentia
criteria to start rainfall. In our observation refractivivecomes maximum when water vapour enters over GWB and during
monsoon period it remains at a higher steady value becaus®duhole monsoon period there is an ample amount of water
vapour supply. And during withdrawal of monsoon it sharpdgieases from the higher steady value. Therefore, studgdf w
component of atmospheric refractivity can be used as atadétlare the onset and withdrawal dates of monsoon.

10
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5 Summary and Conclusion

Earth Networks total lightning detector-cum-mini weatls¢ation (TLDWS) has been installed at the Calcutta Universit
aiming to monitor total lightning activity over the GangeliVest Bengal around Kolkata which could also be useful for
early warning of severe weather along with weather and ¢énséudy in the region. We have discussed the performance
characteristics of the TLDWS and also compared the data W&HNID data. We have shown the usefulness of the system
to predict the high and damaging wind corresponding to Nester events around Kolkata. In our study, we have found that
total lightning flash rate which includes both IC and CG flaaterstarts increasing rapidly during the initial stage @& th
thunderstorm much before the high wind and high peak cu@€éhtightning occurred. The severity of Nor'wester storm can
also be predicted from the characteristics of IC lightning @ositive CG lightning. More works are needed to estaliligh
relationship of total lightning characteristics with dagitay wind, dangerous lightning, heavy rainfall and hailst@ssociated
with Nor'wester events in this region. We have also shown ¢imset and withdrawal date of Indian monsoon over Kolkata
can be declared from the variation of atmospheric refragtimdex obtained from the same set up. In summary, the TLDWS
provides a very good opportunity to study severe weathec#sed with thunder squall, Nor'wester, hailstorm, cydpheavy
precipitation as well as to study various other meteoraialigand atmospheric research in Gangetic West Bengal.

Acknowledgements. We acknowledge with thanks the Earth Networks to present the instrument tdniversity. Sujay Pal acknowledge
the support from the University Grants Commission (UGC) under théd[8. Kothari Fellowship Scheme (No.F.4-2/2006(BSR)/ES/17-
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