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Abstract. According to World Wide Lightning Location Net-
work (WWLLN) data, a sequence of lightning discharges
was detected which occurred in the area of the explosive
eruption of Shiveluch volcano on 16 November 2014 in
Kamchatka. Information on the ash cloud motion was con-
firmed by the measurements of atmospheric electricity, satel-
lite observations and meteorological and seismic data. It was
concluded that WWLLN resolution is enough to detect the
earlier stage of volcanic explosive eruption when electrifi-
cation processes develop the most intensively. The lightning
method has the undeniable advantage for the fast remote
sensing of volcanic electric activity anywhere in the world.
There is a good opportunity for the development of WWLLN
technology to observe explosive volcanic eruptions.

1 Introduction

The atmospheric electricity variations during volcano ex-
plosive eruptions indicate the eruptive clouds’ electrification
which may be the result of magma fragmentation and forma-
tion of an eruptive column (James et al., 1998, 2003; Mather
and Harrison, 2006; Thomas et al., 2008), ash differentiation
or may involve ice—ice interaction from the rapidly expand-
ing and cooling water vapor of the volcano (Williams and
McNutt, 2005; McNutt and Williams, 2010). Whatever the
detailed cause of volcanic ash cloud charge separation, vol-
cano explosive eruptions are powerful sources of lightning.
Thus, ash clouds, posing a threat to aviation and to the sur-
rounding area, may be identified within seconds by a light-
ning location system, even in conditions of poor visibility.

At present, the World Wide Lightning Location Net-
work (WWLLN) is capable of recording lightning discharges
with the timing accuracy of a few microseconds, which
makes it possible to determine the location of discharges
with the accuracy of a few kilometers anywhere in the world
(Hutchins et al., 2012; Rodger et al., 2006; Ewert et al., 2010;
Lane et al., 2011).

The electricity efficiency of any volcano may be esti-
mated retrospectively by considering long-term WWLLN
data. Even weak volcanic eruptions may be accompanied by
lightning activity (McNutt and Williams, 2010).

Eruptive cloud electrification also affects the atmospheric
electric field variations (James et al., 2003). During the Shiv-
eluch volcano eruption, a fluxmeter was used to measure at-
mospheric electric field variations, and WWLLN was used
for locating the lightning as reported on the WWLLN web-
site (http://wwlIn.net/volcanoMonitor.html). Moreover, to
determine the beginning of the eruption, seismic data were
plotted, and to observe the eruptive cloud motion, satellite
images were applied. Cloud motion velocity and direction
were compared with meteorological data.

2 Methods of observations

Data on the location of lightning discharges accompanying
the eruption are available on the website: http://wwlin.net.
The Kamchatka WWLLN site is installed at Paratunka.
During the explosive eruption of the Shiveluch andesitic
volcano (56°47’'N, 157°56'E) on 16 November 2014, a
fluxmeter, EF-4, was used to measure the atmospheric elec-
tric field variations. The fluxmeter is installed at the KZY
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Figure 1. The Shiveluch volcano, observation sites (Kozyrevsk city — KZY), Kluchi and BDR — Seismic station Bajdarnaja) and locations of

lightning (1-7).
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Figure 2. Vertical profiles of temperature (a), wind direction (b) and
wind velocity (c) according to the data of Kluchi meteorological
observatory at 12:00 UT on 16 November 2014.

seismic station (Fig. 1) of Kamchatka Branch of the Geo-
physical Service of the Russian Academy of Sciences (RAS).
This station is located at 113 km to the southwest of Shiv-
eluch volcano and at 50 m of altitude above sea level (Fig. 1).
Meteorological parameters were recorded at KZY by the
Vaisala WXT520 weather station.

The eruption was accompanied by an explosive earthquake
which was recorded by seismic stations located at 10 km to
the southwest of Shiveluch volcano at the BDR site (Fig. 1).

The Kluchi meteorological observatory is located at 48 km
to the southwest of Shiveluch volcano (Fig. 1) and is main-
tained by the Kamchatka Department for Hydrometeorol-
ogy and Environmental Control. The meteorological data of
this station (atmospheric pressure, air temperature, humid-
ity and balloon sounding of the atmosphere twice per day)
are available on the website: http://www.esrl.noaa.gov/raobs/
intl/intl2000.wmo.

According to the weather balloon sounding on 16 Novem-
ber 2014 at 12:00 UT, temperature and wind profiles up to
25km in height are shown in Fig. 2. There are two temper-
ature inversions at 9-10 and 12km in height, where wind
velocities were 17 and 11 ms—1, respectively. At these alti-
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Figure 3. Electric field E at the KZY site (a); seismic signal SHZ
(short period vertical component of seismic signal) at the BDR site
accompanied the Shiveluch volcano eruption on 16 Novem-
ber 2014 (b); meteorological parameters at the KZY site (c, d, €).
The beginning of the timescale is 01:25:00 UT. The time interval of
lightning activity is shown in (a).

tudes, the wind direction was approximately toward south-
west (azimuths were 50 and 80°; Fig. 2b). The direction is
opposite to the azimuth. The height of the lower inversion
corresponded to the tropopause that is typical for the fall-
winter period in the Kamchatka Peninsula.

3 Evolution of the eruptive plume

The onset of the eruption was determined with the accuracy
of up to several seconds by the onset of the explosive earth-
quake which was recorded at BDR seismic station near the
volcano, at 10:17:55 UT (Table 1).

The WWLLN recorded seven discharges near the vol-
cano; their times are shown in Table 1 and their locations
are shown in Fig. 1b. Within the interval from 1 min 21s to
1min 39s after the onset of the eruption, three discharges
were recorded. The next three discharges were recorded al-
most simultaneously at 8 min 22 s after the eruption onset.
The last occurrence of lightning was at 18 min 15 after the
eruption onset. The time interval from 1 min 21s to 18 min
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Table 1. Chronology of observations of Shiveluch volcano eruption on 16 November 2014.

Time, UT Coordinates R, v, Notes
oN  AE km ms1
Arrival of a seismic o
1 signal at BDR 10:17:55.3
1 10:19:16.1 56.58 161.31 2.7
2 10:19:26.7 56.67 161.38 4.5
3 10:19:33.8 56.82 161.31 8.9
2 \olcanic lightning 4 10:26:22.6 56.56 161.23 10.9
5 10:26:22.6 56.60 161.17 10.8
6 10:26:22.6 56.64 161.13 11.9
7 10:36:10.2 56.53 161.31 20.5
1 10:40 Landsat 8
3 Satellite images 2 1145 Modis
3 12:.00 MTSAT-IR
4 Electric field disturbances 1 12:04 1130 177
at the KZY site 2 13:10 113.0 10.9

In the table, R is the distance passed by the cloud from the volcano extrusive dome; V is the average velocity of the cloud front.

Figure 4. Satellite image (Landsat 8) of the eruptive cloud, at 10:40 UT on 16 November 2014,

15 s corresponds to plume lightning activity. The seismic sig-
nal is shown to decrease (Fig. 3).

All lightning activity occurs around the volcano at dis-
tances of not more than 10 km, but most occurs to the south-
west of the crater (Fig. 1b). This distribution may be a result
of wind changes with the increase in altitude (Fig. 2b).

A satellite image (Landsat 8), taken at 22 min after the on-
set of the eruption (Table 1, Fig. 4) shows the shape and the
position of the eruptive cloud. As with the WWLLN data,
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the satellite image confirms the motion of the ash cloud to
the southwest.

This result was confirmed by the satellite images of the
Moderate Resolution Imaging Spectrometer (MODIS) and
Multi-functional Transport Satellite (MTSAT-IR) systems
which were obtained at 11:45 and 12:00 UT, respectively.
These images are not shown here and may be available as
part of the data sets of the named systems.
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The MODIS satellite image shows two fronts of the ash
cloud at 104.3 and 71.7 km to the southwest of the volcano.
This result corresponds to the weather data if it is supposed
that the ash cloud propagated at 9 and 12 km of altitude with
the different velocities (Table 1, Fig. 2).

According to the MTSAT-IR satellite image obtained at
12:00 UT, the Volcanic Ash Advisory Center in Tokyo con-
cluded that an eruptive cloud was at 9 km of altitude above
sea level, moving to the southwest at a velocity of about
15ms~L. This result corresponds to the weather data (Ta-
ble 1, Fig. 2).

At KZY, the background value of the atmospheric electric
field was about 60V m~1 before the eruption and increased
after eruption (Fig. 3a). When two fronts of the ash cloud ar-
rived at the KZY site, strong disturbance of the atmospheric
electric field took place. At this time, the meteorological pa-
rameters did not show significant variations (Fig. 3c—e). Ob-
servations of electric field supplement the monitoring of the
lightning.

4 Conclusions

The Kamchatka volcano group is located near populated ar-
eas and international air routes. Due to this, explosive erup-
tions are serious threats to their security. To decrease the
risks, effective systems for remote detection of eruptions
are necessary. WWLLN resolution is enough for the remote
sensing of the volcano lightning activity in the early stage
of the ash cloud formation during some minutes after the
eruption when electrification proceeds the most intensively.
The development of the regional WWLLN segment provides
good opportunities; the observation accuracy may be in-
creased. The undeniable advantage of the WWLLN method
is its possibility to be used in conditions of poor visibility.
Moreover, from the analysis, not only of signal arrival times,
but also of the signal structure and its comparison with elec-
tric, acoustic and meteorological data, it is possible to ob-
tain information on the characteristics and tendencies of ash
cloud motion.
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