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Abstract Deployment of nowcasting systems promising way to construct a nowcasting systeno isombine

gathering both meteorological and atmospheric eledtity

data may be considered now not only as a means of network
thunderstorm detection data including the dataigtfitthing

improving forecast quality, but also the basis forthe
development and verification of the electrical modies of
weather-forecast and climate models. During 2013-26, a
regional system for nowcasting hazardous fast-devaing
meteorological
deployed in Nizhny Novgorod region of Russia. It s a
multi-station regional system for lightning detecton, a
network for measuring the quasi-static electric fiéd, as well
as the infrastructure and algorithms for collecting and
processing meteorological and radar data. The funining
of the system is made possible by one-day forecast the
basis of the WRF model. In the computations, two gas are
used, the outer 3-km grid covering the European Rusa
and the inner 1-km grid covering the Nizhny Novgord
region; these grids provide sufficient resolution @ describe
the convection. Three stations for the thunderstorm
detection, equipped with Boltek Stormtracker devics, have
been deployed. A number of the most intense
thunderstorms which occurred during the convective
season of 2015 have been analyzed. Accuracy of nasting
results is estimated.

Keywords—Iightning location; WRF model; thunderstors;
atmospheric electricity.

. INTRODUCTION

The development of nowcasting (prediction for [#sm 6
hours) systems on the basis of the systems of masos
numerical weather forecast with a short refresHecemd the
assimilation of regional observations data (radartomated
meteorological stations, sodar, satellites etoois of the most
important problems of modern hydrometeorology. Aipalar
effect from the introduction of such systems is\getonnected
with the improvement of the reliability of the shegrm
forecasting of precipitation and wind gusts, fostirey of
weather conditions at airports, released storm wwgsn A

This work was supported by the Ministry of Educatand Science of t
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phenomena has been developed and

assimilation of meteorological data obtained fromegional
of automated meteorological stations, and

location systems [Kohen et al., 2011; Liu and Heakn2010].

Il.  INSTRUMENTATION

During 2013-2015, the regional system for nowcastin
hazardous fast-developing meteorological phenorhesdeen
developed and deployed in Nizhny Novgorod regioRa$sia.

It includes a multi-station regional lightning detien system
[Kuterin et al., 2014], a quasi-static electricldianeasuring
network, and collected meteorological and radaa.dat
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Fig. 1. Lightning location system data for a thuistt/m on June 25, 2016
from 8.20 to 8.30 UTC. Nizhny Novgorod is in thenta. Three yellow dots
represent observation points The scale of the map&150 km.



Three stations for the thunderstorm detection, mapd : y
with Boltek Stormtracker devices, have been depmloykhe
observation points are identified in Figure 1. Tdlistance
between the points is from 50 to 60 km. The fregyamnge \
of the receiving antennas is rather wide — fromdl @00 kHz. = 4
The infrastructure for collecting and processingadzas been 7
built and adjusted. The algorithms and necessdtyar® have
been developed for the thunderstorm detectionostatand for P
the central processor of the system. ‘ <

For the determination of the lightning dischargénpthe
combine method is used which is based on the sogigign of
time-of-arrival and magnetic direction finding tedues. .5 AN -
Using the measured azimuths and arrival times fache Hrason Senieoon
discharge, the most probable lightning flash laosti are e~ s TN
determined by minimizing an error function: ; ol

E(R) = Z {(T _T')_p(R’R)_p(R'Pi)T_'_
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i,j=L.N c
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Fig. 2. Lightning location system data for a thuistteem on July 5, 2016

2
+& z |2 (¢(R, R)— ¢i ) , from 8.20 to 8.30 UTC. Nizhny Novgorod is in theter. Three yellow dots
i=L.N represent observation points The scale of the ;:4p&150 km.
22 B"B" [l ANALYSES AND RESULTS
B) = 2 2 number o e most intense thunderstorms whic
tg(Ps) = @) @) A number of th tint thunderst hich
z B _z B occurred during the convective season of 2015 Haaen

analyzed. Two examples of lightning location systdata
where N is the number of records in a single spatio-tempor during intensive thunderstorms are presented inrEgl and

cluster,@. is the discharge azimuth foth record,@ (P ,P) 2. For the second case of a thunderstorm occumeduly 5,
i the radar echo is also presented. It is seentthahtinderstorm
is the azimuth of the poin, from the pointP, J; LJ[01]  consists of several sells. The lightning locatitadhelp to

is the coefficient of determination accuracy of gzémuth ¢i ’ monitor the motion of the most active zones ofumtterstorm.

& is the relative confidence coefficient of the maimfinding
method as compared to the time-of-arrival method.

An operation of the system is provided with the abéhe
high-resolution mesoscale model WRF [Dementyevalet
2015a; Dementyeva et al., 2015b; Dementyeva eR@l4a;
Dementyeva et al., 2014b]. The system is baseti®one-day
forecast of the WRF model. In the computations gsids are
used, the outer 3-km grid covering the Europearsidwand the
inner 1-km grid covering the Nizhny Novgorod regiohese
grids provide sufficient resolution to describe ttwnvection.
As initial and boundary conditions, the atmosphstate data
based on the predictions of the global model GFS @re
currently employed, and starting from 2016, dataaioled
from GFS 0.25° will be used.

The processing of the received data implies the afs
efficient algorithms on high-performance computefier
predicting the course and intensity of thunderstaetls and
fronts. The data are transferred via Internet éosterver at IAP

RAS. The operation of the system is supported by th e
operational forecasting with the help of the mealesamon- ; st ;
hydrostatic numerical model Weather Research ane= Ve

Forecasting (WRF).The computations are performed using

nested grids (a 25 km grid step for European Russi km Fig. 3. Radar echo for an intensive thunderstormloly 5, 2016. Nizhny
grid step for a region of 500 km by 500 km and Ianlgrid Novgorod is in the center. The scale of the m&1&210 km.

step for Nizhny Novgorod region).



40°E 45°E 50°E

60°N 60°N

58°N

58°N

56°N 56°N

54°N 54°N

52°N 52°N

36°E 38°E 40°E 42°E 44°E 46°E 48°E 50°E 52°E

Fig. 6. A set of embedded grids of the forecast &kternal grid has a
Fig. 4. Electric field sensors in Nizhny Novgordd: fluxmeter ostrten step of 3 km, the internal one has a step of 1 km.

IAPRAS roof; 2 — fluxmeter on IPMRAS roof; 3 — fximneter on UNN

roof; 4 — Aerology station “Nizhny Novgorod”;5 — Mé®rological radar. The processing of the experimental data obtaineth wi

Analysis of electric field measurements in Nizhngwijorod ~ €lectrostatic fluxmeters makes it possible to stsgectral
give us an additional information on the behavidr o Characteristics of penurbathns of the eleqtrqidﬁ; of cIOl_st
electrically active clouds and thunderstorms. Tomation of ~2nd to analyse the statistical characteristics afvective
electric field sensors is shown in Figure 4. Thexfheters Cll(?.Uds Ifmdt r’rllesz%sl%ale systems in mid-latitudes (seg,
register the electric field in the frequency b&ne10 Hz and [Klimenko et al, D:

have sensitivity+50 kV/m. An example of simultaneous As was noted above, an operation of the nowcasysgem is
registration of electric field perturbations duriige most provided with the use of the high-resolution meatsenodel
intensive thunderstorm of a season 2015 in Nizhaygerod ~ WRF. We have chosen the strategy of two embeddés: ghe
region, which occurred on June, 01-02, is preseimddgure ~ €Xxternal grid covered the European part of Rusbia grea of
5. According to fluxmeters data, the thunderstotarted at 1200 **1200 km Size W.'th a step of 3 km), and memal one
about 23:00 local time (20:00 UTC) and lasted atmps ©f 210 * 210 km size with a step of 1 km (see FéguB-8).
hours. The averaged records of a quasistatic &itaved us r e TP - —

to get in particular an information on the veloaifythe main
charges moving in a thunderstorm cloud. For exajgil¢he
beginning of a thunderstorm event of 1-2 June thlecity
was equal about 15 m/s.
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Fig. 5. Electric field fluctuations during most se& thunderstorm in a season
2015 in Nizhny Novgorod region, June, 01-02. Datrenregistered by 3
fluxmeters simultaneously.
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Fig. 7. Maximim radar echo for the external gridge study).
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Fig.8. Maximim radar echo for the internal gridgeastudy).

The module of electric parameters calculations hbgen
proposed earlier [Dementyeva et al., 2015a; Denesatyet
al., 2015b]. It was suggested
mechanism of charge generation and separation pldyesy
role in thundercloud electrification processes.oAllse charge
densities of solid-phase hydrometeors are assuretet
proportional to their mass in elementary air
According to the models by Saunders and Takahpahticles

change the sign of charge while getting into theelopart of

thundercloud from the upper and vice versa. Elealtri
neutrality in the vertical air column was supposedthe

course of vertical charge separation due to colisibetween
falling graupels and carried upward ice crystal¢ectic

potential and electric field can be found as atsmhuof a 3D

Poisson equation. We have made an automatic mogldihir

several thunderstorms in Nizhny Novgorod regiore Tésults
of calculations were compared with data of obsémmatand
radar data. This comparative analysis shows quitgoed

spatial and temporal correlation between predictetd

observed parameters of the thunderstorms (Figure 9)
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Fig. 9. @) Calculated maximum in the vertical column voltai® calculated
integral radar echo and (c) measured radar ecletoofls at the time of the
beginning of an intensive thunderstorm 01.06.2@D510 UTC. The scale of
the map is 21210 km.

that the non-indectiv

It is expected that in the near future the deployedcasting
system will be the basis for the development anieation of
the electrical modules of weather-forecast andatiénmodels.
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