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ABSTRACT

In:fndia. lighiming iy resporsible for ar lease 10% of thetotal deaths cqused by notural calamities. Recently, it 15 moticed
thal, there 15 an tnoveasing irend of lghining adiivity due to combined poyitive effect of aerasol and thermodwanies, In
this backdrop, there is an urgent need of developing a rechrique of forecasiing lighming flashes during thinderstorms. This
research hut imporiant implicattony for adenting proper precawtionmry menssres over the Indian region. Here, we have
compuied Lighteing Porential Index (LT} as a measureof ke porential for charge gengration and separation that leads ro
lightming flashey, wying bogt suirabla physics ond modal strmegies in a clowd resofving mogel Guinanee of Global Farseast
Switem (GFS ~125Km) by dertuing viriows thermodveanrie tndices hus been ackieved und based on thesé onllouk,
forecasting of lightning and thunderstorm even! has been antempled using WRF-ARW model derived LP! in cloud resolving
sealef k), This study invokes the idea of initicling probabilistic forecast of lightming using GFSTI 534 and WRF in real
riere. Thug, o fes o gread socieif anporiance for the gwation secior and public safery,
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1. Introduction

Lightning  discharge iz a  metzorological
phenomenon and the result of elecidc activity in
thunderstorms. Across the globe, it is a major cause
of natural calamily; destroys public properties.
Thunderstorms - associated with Lightning.  pusty
wind, rainfall and hail are one of the disastrous
weather events that affect varions paris of the
Indian region mosily during the pre-monscon
months  (March-April-May-June).  Unforfunately,
bzsides some purely cmpirical methods, there was
hardly any mechanism which provides a forecast to
issue 2 warning prior o the occurrence of lightning.
In this present endeavor, there is a strong need of
developing « techmque of prediction of lightnimg,
heavy winds and other associated parameters for
adopling proper precautionary measures over the
Indizar region.

Lightmng 15 kmown to have strong microphysical
origin (Adamo et al., 2007) which is important for
charge separation processes that helps In generation
of electric field. It is penerally believed that the
charge centers in thunderclouds are located in the
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region where ice phase is actively involved in the
electrification process (Sounders et al., 1994, 2006;
Williams et al. 2002; Yair et al, 2008 and Siimgh et
al. 2008). In presence of supercooled liquid water.
rebounding collisions between graupel particles and
clond ice crystals cacse charge generations
{Tokahashi, 1978, Ssunders, 2008). This hon-
inductive charging mechanism is widely believed to
be the domininl process for the generation and
sepuration of charge m thunderclouds (Mason and
Dash, 2000: Mansell et al., 2003, Ssunders. Z008).
The elecirical activily and rainfall are associated
with the microphyvsics and dynamics of deep
canvective clouds (Williams ot zl, 1989). A
postive comelshon  between  lightnimg  and
precipitating ice in cloud is also reported
(Sherwood et al, 2006, Deierling et al., 2008).
Though there exists a conventional approach of
forecasting  the probability of TS:  using
thermodynamic mstability indices (such as Lifted
Index, K Index, Total-Toral Index, Surface Lifted
Index, Humidity Index, Bulk Richardson Number,
CAPE. CINE and Cloud Physics Thunder
Parameter ete,) (Mukhopadhyay et al., 2003), it iy
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not based on the microphysics of charyge scparation
in thunderclouds and sventually carmot resolve the
clond seale structures properly. Yair et al, (2008)
and Khain =t al. (2008) introduced an index called,
Lightning Potential Tndex (LPT), which is a reasure
of the potential for charge generation and separstion
that leads to lighining flashes in convegtive TSs.
Lynn and Yair, (2010} also proposed (hat from the
model simmlations the LPI can be used to predict
the lightning flashes. Although it is an empirical
relation since It consists of cloud-microphysiesl
parameters and therefore should be independent of
peographical locanon. Forecasting the elecirical
activity of a storm is a difficult task prmarily
because of the complex electrical structure of a
thunderclond, which depends on the result of
microphysicel and  macrophysical  processes
oocurrg  simultancously  within the  c¢louds
{Saunders, 2008). These processes are poorly
resolved  in numerical models: As the explicit
prediction of the electnical asctivily m storms is
romputationally expensive. these complex electrical
processes arc nol incorpopated mto atmospheric
models (Barthe et al, 2010, Zepka et al. 2014), Till
now, the numerical forecast of lightning is not
perfact m terms of location and timing as compired
to observation, Owing fo its high economic impact.
heightened emphussis has been laid all over the
world in the last two decades towards improving
the community’s ability to forecast lighining using
numerical weather predicion (NWP) model
(MeCaul et al. 2009, Wong et al. 2013, Giannaros
ctal 2015),

It ig evident (hat the Indisn subconlinent (see ther
Figure 6(h), Christian et al, 2003) is a lightning
prone region (mainly East Central Indig (CT),
North-East India (NE) and Southern Peninsula (SF)
(Raco and Reman, 1961; and Litta and Mohenkumar,
20077 with varied lightnmg intensilies sssoviated
with TSs. The TSs also depict & wide range of
characteristics  over dilleront parts of India
{(Mukhopadhyay et al, 2005 Halder and
Mukhopadhyay, 2016). In the absence of any
systems to provide guidance of lightning especially
to village and urban population, the society 13
vulnerable to this natural menace, Keeping this in
background, it is felt that a large scale NWP
guidance of lightning and severe weather

phenomenon vsing numerical model ke Global
Farecast System (GFS — 12.5Km) GFS could be
worth cxploring and then detailed forecast of the
guided probable region of storm using WRF 1model
in cloud resolving scale(1km) may add a valuable
direction for the forecasiors: Application of state-of-
the art mumerical model and its sensitivity 1o
different microphysical schemes have been lested
for TSs over India by several researchers (Rajesvan
et al. 2010: Halder and Mukhopadhyay, 2018).
However, sn approsch based on the estimation of
LPl has mnot been attemapted so far using
hydrometeors #8 proxy parameters for Indisn
region, In this study, with the vse of GFS and
WRF-ARW cloud resolving model (in lkm). an
sltermpt has been made to develop o frame work to
make forecust of severe storm at least lday in
advance. Calevlating conventional indices like (K
Index. TT Index. Cape, Laver Mean Relative
Humidity, SWEAT index. wind gust and Supercell
compesite parameter (SCP) from  short range
forecast of GFS a probable area and tme of
ooeurrence of seyere storm cun be guessed. To
make 4 more space-time specific  accurate
prediction, initialized with GFS initial and
boundury conditions with appropriate  physics
optiens  prediction of conventions! indices.
maximum reflectivity, lighining potentia] Index by
WRE-ARW model has been achieved in | km

2. Data, Model Design and Methodology
2.1 Daty und model used in the present study

The non-hvdroststic; fully compressible Advanced
Research Weather Research and Forecasting (WREF-
ARW) (Skamarock et al. 2008). atmesphenc
model, version 3.7.1 developed by National Center
{or Almospheric Research (NCAR) 15 used in this
present study, The model is run in four domams
with 27, 9, 3 and 1 Jn as hoerizontal resohution.
Calculation of LPI 1s performed wsmg model
derived dynamical and microphysical parameters
Esperiments stasted with initializing with GFS
analysis ss initial condition of (0,57 X 0.5%
resolutions with random combination of different
physics  parametenzation options. The model
showed very less skill with these combinations. In
order 1o further improve the skill of the model,
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Table 1. Different sensitivity Experiments conducted using WRF model to find a suitable combination of
different physical parnmeterization schemes for thonderstorm prediction. (Bold letters indicate the final

chiosen configuration)

Initial Condition Sessitiviny 1. GFS Analysis (05" X 0.57)
2. GFS Forevast (025" X G.Ii"j
3. GFST1534 Foreeast (0.125° X 0.125%
Planetary Boundary Layer Scheme | 1. Yonsei University [YS1)
2. Mellor-Yamade-JTenjicf WY T)
|3, Qungi-Normal Sesle  Ellmination QNSE)
Mivrophysics Sensitivity 1, Maorrisom
2. Thampzon
| 3. WIiMA
Cumuluz Seogitvity 1. Kain Fritseh(KF)
2. Batts-Milles-Janjic (BMI)
3. Giell-Freitas Ensemble (GF)
Mo af vertical levels [1.%31
2. 45
3, a2
LYLE data | 1. U8GS
2. MODIS
| 3. NRESC
Microphysics, Cumulus Parameterization parameterizalion schemes. besi suitable schewe is

sensitivity experiments (Table 1)} are conducted
simultancously. Maorrison microphysics [Morrison,
2005) and KF (Kan, 2004) cumulus scheme's
performance was satisfactory and this configuration
is fixed for further sensitivity experiments of PBL
schemes. YSU, bemg better ameng other PBL
schemes, is used for initial and boundary condition
data sensitivity expeniments. GFST1534 (res ~12
Km, Global Farecast System (Mukhopadhyay ot al.,
2019} now ran by India Meteorological Department
(IMI}) as ipitial and boundary comditions gave
better results over GFS unalysis initial conditions
and same ig used to carry out the vestical level
sensitivity experiments. The boundary conditions
are updaled every 3hourly with GFST1334 forecasi
fields and output 15 saved at 30min mterval. Proper
representation of Land Use and Land Cover
(LU/LC) iz also important {or improving the model
skill, Finally, 45 wverical levels and best
combination  (Morrison-KF-YST-GFST1334), are
psed for LU/LC sensitivity. Thus MODIS and
NRSC LU/LC give similar results. In this region,
thunderstorms mainly occur in aflernoon time.
Expenments with the initialization time both with
00UTC of swne day snd 12UTC of earlier duy are
also tested. Model performance is beller in
producing forecast of lightning with 12 hours lead

time with 00UTC GFPST1534 initial condition.
Dioing several sensitivity experiments of physical
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decided and then with these combinations
numerous  thunderstorm  events have  been
simulated. Details of the physicsl parametenzution
schemes used in these experiments are provided in

S5T-1.
2.2 Methods for the ealcolation of LPI

It is evident that production of cloud 1ce and mixed-
phase hydrometers s impemstive for cooedt
estimation of LPI (Yair et al., 2008). LPI has been
calculpted uging WRF model outpul with axisting
explicit microphysical schemes (discussed in
Section 2.1). For that, model simulated grid scale
updraft velocity and microphysical fields within the
charge separation region of clouds betweer (0 ol
and - 20 °C7 are utilized in offline mode, where the
nof-inductive mechanism mvolving collisions of
ite and graupel particles m Lthe predence of
supercooled water is most effective (Saunders,
2008). LPI is defined as the volume integral of (he
tolal mass flux of ice and Liguid water within the
“charging zone” in a developing thundercloud in
units of (J ke') as per Lynn and Yair, (2008). The
calculation of LPI depends on the vertcal velocity
and also the function of cloud hyvdrometeors
{mixing ratio of cloud ice, snow, graupel and cloud
water). The formudation of ice fractional mm_ing.
ratio for LEI derivation is obtained from Lynn and
Yair (2008). The evolution of LPI (space and time)
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from the cloudsresolving model can also provide
probabilistic forecast of lightning flashes, The
formulations used in these experiments (o derive
LPI are provided in Appendix-1.

23. Method for calenlation of Supercell
Composite Parameter (SCP)

As per Carbin et al, (2015), SCP is defined us:

Here CAPE 15 caloulated within 0-180-hPa-layer
above pround (which i3 “most unstable™), Storm
Relative Felicity (SRH) is calculated berwezn -
Skm, Bulk Wind Shear (BRWD) is compured from
the u and v winds between model's two levels such
as 0-30-hPa-above-ground and 500 hPa SCP = |
are  desociated with environment® conducive to
thunderstorm updsaft persistence and rotation,

i ]
g

i

3. Results and Discussion

From early researches (Penki and Kamra, 2013) and
(Halder and Mukhopadhyay, 2016) we know that,
wide ranges of meteorological and environmental
conditions and their interactions with topography of
land surface and terrain helghts modulzre the
convective motions of the atmosphere, These lend
to the dormation of thonderolond with  preat
thversity m their mucrophysical and dynamical

‘characteristics in differemt TS prone regions of

India (Tlalder and Mukhopadhyvay, 2016), Lightning
Location Network data mainly obtained over
Southern Peninsula for the period 2017 and 2018
kives the delail charactenstics, diumal vanations of
the storm. Keeping the in homogeneitics of the
storm behovior o mind, their model Liming
strategies are ndopted in this current research. The
simutations of lightning events ccourred during pre-
monsoon (March, April and Muy) months of 2017

Domain (b}

— o 3
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=

v
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Figure 1: WRF model domain configuration for 24 Apr2018 in (a) Southern Peninsula & (b) North East

India and 13May 2018 (c) North India.
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and 2018 over India have been carried out using
WRF-ARW V371 wih mitial and bowmdary
conditions from GFSTI334 (~12.5km) for these
different regions (nmmely, Southern Peninsuls
(Fignre 1a), North East India (Figure |b) and North
India covering Nerhwest and Central India (Figure
1c). The impacts of initial conditions are tested for
the events bath at Q0UTC and 12UTC initial and
boundary conditions, The probable lightmng prone
regions are verified with observed lightning
obtained from Lightning Location Network (LLN)
dita. LLM enn accurately detect the location of
occurrence of lightning and forewarn the public at
least -2 hours prior o the occumence of the
thunderstorm. After this numerous experiments,
best suited model configuration and physics options
are finglized and based on that, forecast of TS and
lightning is achieved. Analyzing the severity and
spread of thunderstorm and lightmng over different
regions. experiments for two TS events are showed
here.

From FDP report abtaingd from IMID and safellite
figures obtained from Kalpama and JAXA Real
Time Rainfall Watch the detailed charecteristics of
these stormis are foupd. From the realized past 24
hours TS data mentioned in FOP report. IMD. it is
known, that TS associated with squall and lighining
oceurred during 1300 IST to 20.30 IST of 24"
April, 2018, over wvarlons paris of southem
penmsula namely coastal Kamataka. stations like
Bengaluru and  swrrounding Werth and  South

Interior Karnataka region. At Bengalumi during

1400 18T to 1430 IST there was a squall. In Figure
sateilite cloud cover
(overlspped with the clod top temperatures in red
contours) around 1700 IST showed that there is &
deep convective sysiem in coastal Andhre Pradesh
and South and Interior Keraly and Kamataka 24
hour accumulated Lightning Location Network
{LLMN) datsn shows ([Figure 2¢) the presemce of
vigorous lightning activity over coastal Andhea
Pradesh, South and Interior Kerala and Kamataka.
An aitemapt hag been adapied {o provide large scale
guidance using GFS model output. Supercell
Compostie  Parumeter (SCI') Index has besn
caleulated. Due to page limifation. SCP at only
I3UTC e, around 1830 IST has been shown in
Figure 2b. GFS at 12.5 Km also could capture the

24, observations  from

47

convective event. From Carbin et al 2016, SCF>=1
is dsepcimied to  enviromments conducive  fo
thunderstorm updrafi persistence and otation,
WRF-ARW at | Km also could capture the event
renlistically. Accunmlated LP1 for 05UTC 1o
15UTC shows there is proven probability of
lightmng i coastal regon of Andhra Pradesh,
Inierior Kamataka, and Kerala. In many regions,
LPI iz nearly 10 or higher, showing desp
convection (Figure 2¢), LPIL, from FDP report it is
also. noticed that on 24™ April, there was
thunderstorm and lightning in North Eastemn State
mainly in Gangtok. Guwahati. Agartale. LFI
ablamzd [rom clowd resolving sumulation of North
Eastern India also realistically capture the event,
Flgure2d shows around Gunglok. Jalpaiguri,
Kuwahati. Agartals, Lengpui, Shifchor, highest
likelihood of lightning by the accumulaied TP
during the time penod 03UTC-13UTC, which has
gceurred in reality also. As the sensors of LLN
were nol fully operational in North Easst India
durmg April 2018, lightning activity was not
observed in LLN data.

On 13th May 2018, there was vigorous convective
activity in whole North India, covering Punjab.
Uttar Pradesh. Tharlhand, Chhattizsgarh. South West
Bengal efc. According to IMD report (shown in
Table 2) rain and thundershower along with gusty
wind observed over al most places over
Uttarakhand, East Uttar Pradesh. Bihar. Tharkhand,
West Bepgal. at muny places over [Mimachal
Pradesh, Chattishgarh and few places over Jammu
& Kashmir. West Uttar Pradesh. Harvana, Delh,
East Madhya Pradesh, Orissa and isolated paces of
Punjzb and West Madhya Pradesh Figure 3a i3 the
satellite ¢loud picture obtained from JTAXA Real
Time Rainfull watch at 1500UTC, This depicts that
there 15 deep convective cloud all ground the
Northery and central states aleng with Orissa and
West Bengal. SCP obtained from GFS also shows
the similar pattetn all gver the observed convective
regions showing threat of occurring thunderstorm
and lightning. Here in Figure 3b, GFST1534 model
forecasted SCF index at 15UTC of 13May]8 with
imitial condition 00UTC13Mavl ¥ las been shown.
WRF in | km initialised with 80UTC GFST1334
initial conditions aise could capture this event
realighcally, Figure 3b shows the probable zone of
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lightning during 03 UTC 13 May 18 - 03 UTC 14 at many places. Thus these spproaches of large
May 18, which closely match with the observed senle NWP guidance by GFST1534 and torecast of
locations of convective activity in satellite image LPI by WRF in cloud resolving scale rnay add
and MDY= observed weather tahle (Table 2). The valuable inputs to the forecasters in real time. which
severity of lighining also captured by LP1 =10 J'kg has a great societal benefit,
:':-::...u ':.f..'ﬂ'."'.‘.":.f 2 b, HIM GFS 11534 : SCP
g s - Forecnst wolld for ISITAAPRI0TS (=00 Te AP0 1K)
! L

- 1C:00Z24Apr2018
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Figure 2: (a) INSAT-3D Satellite cloud picture (overlapped with the clond top temperature contours in
red color. Contours represent the cloud top temperatures less than -40"C) at 11.30 UTC of 24 April 2018
b) GFST1534 model forecasted Supercell Composite Parameter (SCP)) index at 15UTC of 24April 2018
with initial condition 00UTC 24Apr2018, WRF model forecasted accumulated Lightning Potential Index
(LPL) from 05UTC-15UTC of 24April 2018 for (¢) Southern Peninsula India and (d) East India. (¢) Total
observed Lighting obtained from LLN data on 24 April 2018.
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Table 2. Weather according to IMD, during past 24 hours ending at 8.30 TST of 14th May 2018,

S. No Sub-Division Forecast Realized weather (highest rain
Warnings at 0830hrs of 14May2018)

1, Andaman& Nico Island

2. Arunachal Pradesh

3 Assam & Meghalaya TS+GW TS+GW

4. Naga Mani, Mizo&
Tripura

5. Sub-HIM W. Beng
&Sikkim

6. | Gangelic Wesi Bengal | TSHGW “T5+GW (Canning6)

i Odisha | TS+Squall TS+GW (Chandbali-6)
8. Tharkhand TS+GW TS+GW(Daltangani-2)
9, Bihar
10. East Uttar Pradesh TSHGW TS+8quall(Gorakhpur-3)
11 West Uttar Pradesh TS+GW TS+Squall(Barelly-2)
12. Uttarakhand I'S+Squal TS+Squall
13. Haryana CHD & Delhi IS+GW TS+GW+Squall (Ambala-2)
14, Punjab TS+GW TS+GW (Patiala-1)

15. Himachal Pradesh T5+8quall TS+GW (Solan-3)
16, Jammu &Kashmir TS+GW TS+GW
17, West Rajasthan DS DS

18. East Rajasthan DS DS

19. | West Madhya Pradesh | TS+GW I5+GW
20, East Madhya Pradesh TS+HGW TSHGW
o1, Gujaral Region D D. &

N.H
22. NSaurastra Kutch & Diu
23. Konkan & Goa
24. Madhya Maharashtra
25. Marathawada

20, Vidarbha TS+GW TEHGW

27. | Chattishgarh | TS*GW TS*GW

28 Coustal Andhra Pradesh | TS+GW TS+HGW

| 29, Telangana TS+GW TS
30. Rayalseema TS+GW TS+GW
3], Tamilnady &Puducherry | TSHGWHR TS+GW(Kakinada-3)
32. Coastiul Kamataka TS+GW(Mangalore-3)
33. North Int Karnataka TS+GW(Belgum-3)

34, South Int, Karnataka TS+GW T8+GW

35. Kerala TS+GWHIR TS+GW (Thiruvananthapuram-
)

36, Lakshadwep

Legends: TS=Thunderstorm, GW= Gusty winds and HRE=Heavy Rain
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MW CFS T1534 : SCP (b)
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Figure 3: (a) Satellite cloud picture obtained from JAXA Realtime Rainfall watch at 15UTC of 13May
2014, (b) GFST15534 model forceatsed Supercell Composite Parameter (SCP) index at 1SUTC of 13May
2018 with initial condition 00UTCI13May 2018, (¢) WRF model Forceasted 24hrs accumulated Lightning
Potential Index (LPT} from 03UTC 13May to 03 UTC 14May for North India.

4, Conclusions

Combination of & day ahead gnidance of large scale
GFST1534 model derived SCP and WRF-ARW
derived LPI in the eloud resdlving scale can predict
the thunderstorm and associated lighining events
redlistically, In this sedy, 11 is found that the
performance of initial conditions at DOUTC for the
forecasting of thundersiorm event at various regions
is reasonably well. Generally, to avoid the cold start
prablem, & hour spin up is needed. The finding
from thie study highlights that using LPl index
obtained from WRF in cloud resolving scale

30

lightning events can be predicted at least in 12
hours  advanee and warning and  mutigation
strategies can be developed well in advance, Large
scale pidance using SCP also will help in guessing
the probuble zone and time of convective activity.
This sudy cen set the pathway of the idea of
initiating probabilistic forecast of lightning using
(Global Ensemble Forecast System T334
{GEFST1534) and WERT in reul time. Finally, we
mzy conclude that our results highlight the strong
need of proper model sirategy, betrer initial
condillons and suitable physies options in the
mode! tor better lightning forecast,
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Appendix 1: Formulation for LPT culculation

The basic formuolation is as follows [Lynn and Fair
2008; Yair et al. 2010];

LPI = llfm-e @" drdyedz (1)

Here, W ois the volume of air m the luver between
0°C and -20°C, w is the-vertical wind component (m
54, und eis the function of cloud hydrometeors
like .. ¢ and ¢ are the model-computed mass
mixing ratios for snow, cloud ice, and graupel
respectively (in kg kg'). € 1s 1 dimensionless
number that has 2 value between D and | and is
defined by [Lymn and Yair 2008] as

e=2(00, )7 10, +0,) @)

() 18 the total liguid water mass nuxing ratio (kg
kg-1) and @ is the ice fractional mixing ratio (kg
kg-1 ) defined by |Lynn and Yair 2008) as

0=t el o+ tloat o re)] @

In essence, & i a scaling factor for the ¢loud
updraft and sttaing a maximum value when the
mixing ratos of supercooled liquid water and of the
combined ice species (e total of cloud ice,
graupel, and snow) are equal. Calculation of the
LP1 from the cloud-resolving atmospheric model
output fields can provide maps of the microphysies
based potential for electrical activity and lightning
fashes.



