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In spite of many experimental and theoretical studies the relationships between storm dynamics,
severe weather, and lightning activity have been least understood. Measurements of electric field
made under a severe thunderstorm at a northeastern Indian station, Guwahati, India are reported.
Lightning flash rate increases drastically to about 84 flashes per minute (fpm) during the active
stage which lasted for about 7 minutes, from about 15 flashes per minute during the initial phase
of thunderstorm. Sudden increase in lightning flash rate (‘lightning jump’) of about 65 fpm/min
is also observed in the beginning of the active stage. The dissipating stage is marked by slow
and steady decrease in lightning frequency. Despite very high flash rate during the active stage,
no severe weather conditions are observed at the ground. It is proposed that the short dura-
tion of the active stage might be the reason for the non-observance of severe weather condi-
tions at the ground. Analysis of Skew-t graph at Guwahati suggests that vertical distribution
of Convective Available Potential Energy (CAPE) also may play some role in non-occurrence
of severe weather at ground in spite of large lightning flash rate and lightning jump observed
in this thunderstorm. Further, all electric field changes after a lightning discharge indicates the
presence of strong Lower Positive Charge Centers (LPCC) in the active and dissipation stages.
This suggests that LPCC plays an important role in initiation of lightning discharges in these
stages.

1. Introduction

Measurements of electric field or lightning-induced
electric field-changes at ground surface have been
used for a long time to infer the in-cloud charge
distribution and the changes in the distribution
caused by lightning discharges (Standler and Winn
1979; Brook et al 1982; Krehbiel et al 1983;
Maier and Krider 1986; Jacobson and Krider 1976;
Livingston and Krider 1978; Pawar and Karma
2004). Recovery curves of the surface electric field
after lightning discharges have been used to study
the electrification processes in thunderclouds (e.g.,
Wilson 1920; Wormell 1930; Deaver and Krider
1991). However, if the space charge produced due
to coronae ions in the sub-cloud layer is large
enough, the inferences drawn from such studies
about cloud electrification will be erroneous as

the field at the ground is the summation of fields
due to charges in the thundercloud and the space
charge in the sub-cloud layer (Standler and Winn
1979; Soula and Chauzy 1991; Pawar and Kamra
2002).

Many studies in the past have tried to show
that lightning characteristics can be used to catego-
rize the thunderstorms and predict the severity
of thunderstorms, because severe weather is asso-
ciated with unique lightning characteristics. For
example, MacGorman et al (1989) found that
cyclonic shear at 1.5 km is positively correlated
with CG flash rate and negatively correlated
with IC discharges. Williams et al (1999) have
studied the behaviour of total lightning activity
in severe Florida thunderstorms. They found that
the most obvious and systematic characteristics
of severe thunderstorm was the rapid increase in
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total lightning flash rate, 1–15 minutes prior to
severe weather manifestation such as high surface
wind, hail and tornado at the ground. The increase
in total lightning flash rate varies from about
20 to over 100 fpm/min. It has been found that
the total lightning flash rate exceeds 60 fpm with
some value reaching 500 fpm in the severe thunder-
storms. Recent studies by McCaul et al (2002)
and Wiens et al (2005) also show that lightning
jumps coincide with storm intensification prior to
and during tornadogenesis. Steiger et al (2007)
found that a total lightning hole was associated
with an intense, non-tornadic supercell; whereas
none of the supercells exhibited a lightning hole in
their observations over Dallas–Fort Worth, Texas.
Kaltenböck et al (2009) also have reported more
CG lightning during days with severe weather,
especially with hail, wind and precipitation
events from organized and clustered thunderstorm
systems.

The northeastern part of India is known to
experience very severe thunderstorms during the
pre-monsoon season, locally known as ‘Nor’wester’.
The dynamics and features of Nor’wester are
described in detail by Koteshwaram and Srinivasan
(1958) and Kanjulal et al (1989). The airflow over
Gangetic Plains and the adjoining areas has a
shallow layer of moist southerlies/southwesterlies
from the Bay of Bengal near the ground and dry
westerlies of continental origin above. The layer of
transition between these two airstreams is stable
in which moisture decreases very rapidly with
height. Although the low-level inversion inhibits
growth of convective clouds, its presence pre-
vents the penetration of convection into the layers
above. Thus, the moist layer increases in moisture
and warmth thus increasing Convective Available
Potential Energy (CAPE) enormously which is
a favourable condition for a severe Nor’wester
outbreak. Advection of warm air in the lower
levels and cold air in the upper levels will
increase the conditional instability in the atmos-
phere and favour outbreak of severe thunderstorms
(Koteswaram and Srinivasan 1958; Raman and
Raghavan 1961; Krishna Rao 1966).

Guha and De (2009) have studied the electri-
cal characteristics of thunderstorms occurring in
northwest region of India using sferics and they
found some distinct peaks in the VLF range
between 1.5 and 6 kHz. The electrical characteri-
stics of such severe Nor’westers have been studied
for the first time using surface measurements of
electric field and here we report our observa-
tions of electric field changes and recovery curves
of lightning discharges made below an isolated
thunderstorm at Guwahati (26.10◦N, 91.58◦E).
The evolution of lightning during different stages
of the thunderstorm is also discussed.

2. Instrumentation

Atmospheric electric field (E) is measured by a
vertical field mill as described by Kamra and Pawar
(2007). It consists of one stator and a rotor plate
of symmetric shape and size. The field mill is kept
in a 30-cm deep pit with sensor plates flush to
ground surface. The time constant of the field mill
is adjusted to 0.1 s. The field mill can measure the
electric field in the range of ±12 kV/m and the
response of the field mill in this range is found
to be linear during the calibration. The sensiti-
vity of the field mill is ±10V/m and noise level
is well below ±10V/m. The electrical zero of field
mill is checked periodically by applying ground
potential to a plate placed 10 cm above the sensors
and is found to be remaining constant during the
observational period. The data has been sampled
at the rate of 10 samples/s. We have followed the
convention that the fair-weather electric field is
of negative polarity. A field change of minimum
±600V/m occurring in a period of <1 s is taken
as a lightning-induced change. One polarity elec-
tric field immediately followed by another polarity
electric field change has been taken as one light-
ning discharge. Further, a positive (negative) field-
change means removal of positive (negative) charge
from overhead.

3. Observations

3.1 Meteorological observation

The vertical profiles of air temperature and dew
point temperature are obtained from upper air
radiosonde observations made at 1730 IST (Indian
Standard Time corresponding to 82.5◦E longitude)
on April 20, 2007 about 30 km from the obser-
vational site. As seen from figure 1, temperature
profile shows that there is a considerable build-
up of Convective Available Potential Energy
(CAPE) of about 2200 J kg−1 and the Level
of Free Convection (LFC) is at 841 mb, which
are conducive for convection and development
of thunderstorm. The thunderstorm developed
2–3 km north of the observatory at about 2347 IST.
Within a few minutes, it moved over the obser-
vatory. This thunderstorm lasted about one hour
and gave moderate rainfall about 5 mm. Winds
at surface remained calm or low during whole
thunderstorm period. The visual observations and
the pattern of electric field changes induced by
lightning, which remained similar until the last
lightning flash, suggested that thunderstorm was
stationary over the observational site during its
lifetime. The sky cleared up completely after
the rain.
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Figure 1. Skew-t graph of radiosonde observations made at 1730 IST on April 20, 2007 at Guwahati.

3.2 Lightning flash rate

Figure 2 shows the electric field measured at
ground during the thunderstorm. First lightning
discharge is recorded by field mill at about
2352 IST. As shown in figure 3, we have divided this
thunderstorm into three stages – initial, active and
dissipating stages based on lightning flash rate. The
initial stage lasted for about 20 minutes and light-
ning flash rate remained between 10 and 20 fpm.
The active stage started at about 0012 IST and
lasted only for 7 minutes up to 0019 IST. The light-
ning flash rate increases sharply to about 84 fpm
within 1 to 2 minutes and remains between 75
and 85 fpm during active stage. In the active stage,
flash rate increases at a rate of about 65 fpm/min.
As described by Williams et al (1999) such a
sudden jump in lightning flash rate is sometimes

associated with the increase in updraft and severe
weather at the ground. In the dissipation stage, the
flash rate decreased rather slowly and reached near
to zero at about 0043 IST.

3.3 Electric field changes and recovery curves

Figure 4 shows the electric field changes and
recovery curves after the lightning discharges
in the initial stage. In this stage, electric field
changes induced by lightning are negative indicat-
ing removal of net negative charge overhead. The
recovery curves of electric field after lightning dis-
charges are linear indicating building up of nega-
tive charge. Figure 5(a and b) shows electric field
record for 12 s at the start and end of active stage
respectively. In this stage, when lightning flash rate
is very high, the electric field changes caused by
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Figure 2. Electric field observed at the surface during the
thunderstorm.

Figure 3. Variation of lightning flash rate during different
stages of the storm.

lightning are different from those reported earlier
by Livingston and Krider (1978). It is seen from
figure 5(a and b) that all the electric field changes
induced by lightning in this stage are similar.
Each discharge has two field changes; negative one
immediately follows the first one, which is always
positive. It is worthy to note that both these elec-
tric field changes are of equal magnitude. Pawar
and Kamra (2004) have already reported such
two-polarity electric field changes, one followed
immediately by another. They have attributed this
to two different lightning discharges of opposite
polarity. It is most likely that these two electric
field changes are associated with two lightning
discharges, one triggered by another. However,
it is also possible that these positive and nega-
tive field changes are associated with a stroke or

Figure 4. Surface electric field records on an expanded time
scale obtained during the initial stage of the thunderstorm.

inter-stroke processes of single lightning discharge
and hence, we have counted this as one light-
ning discharge (for example in figure 5a, we have
counted 16 flashes). As shown in figure 5(a and b),
the pre-discharge value of electric field was about
1–2 kV/m and recovery curves are rarely observed
between two lightning discharges due to high flash
rate. These recovery curves indicate building up
of negative charge overhead. Even though we do
not have any information about the nature of
discharges (Cloud-to-Ground (CG) or Intra-Cloud
(IC)), as the thunderstorm is overhead (no ques-
tion of reversal distance), the electric field changes
clearly suggest that first discharge is removing
net positive and second discharge is removing net
negative charge from overhead. Dissipation stage
started at about 0019 IST is marked by slow and
steady decrease in lightning flash rate at the rate of
4–7 fpm/min. Figure 6(a and b) shows the electric
field record on extended time scale in this stage.
The electric field changes induced by lightning are
similar to that in active stage, with the only differ-
ence being the initial positive electric field change
is less compared to negative field change immedia-
tely followed by it. Since the pre-discharge elec-
tric field value is close to zero or little positive
and the time gap between two lightning discharges
is more compared to active stage, the recovery
curves are clearly seen here. The recovery curves in
this stage also indicate the building up of negative
charge overhead.

3.4 End-Of-Storm-Oscillation (EOSO)

Electric field record (figure 1) does not show strong
signature of EOSO. The electric field have reversed
its sign during dissipation stage of thunderstorm,
however the magnitude of the negative electric field
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Figure 5. Surface electric field plotted on an expanded time
scale during start of active stage (a), and end of active
stage (b) of the thunderstorm.

Figure 6. Surface electric field plotted on an expanded time
scale during start of dissipation stage (a) and end of dissi-
pation stage (b) of the thunderstorm.

is very small (less than −1 kV/m). It is possi-
ble that the thundercloud might have moved away
from observational sight. As shown by MacGorman
and Rust (1998) the magnitude of the electric field
is very sensitive to the distance of thundercloud
from observational sight and therefore signature
of EOSO is weak. However, the visual observa-
tions as well as the pattern and magnitude of
electric field changes induced by lightning have
remained similar until the last lightning flash. This
suggests that the thunderstorm might have not
moved away from the observatory during its life-
time. Moore and Vonnegut (1977) have suggested
that primary swing to negative surface electric field
values during EOSO are due to expose of the upper
positive charge of the clouds by the downdrafts
occurring in dissipating stage of thunderstorms.
In our observations, pre-discharge value of elec-
tric field has increased up to 3 to 4 kV/m dur-
ing active stage. However, during the dissipation
stage, pre-discharge values of electric field does not
show swing to negative value, however its magni-
tudes remain small. This may be due to the absence
of well-developed upper positive charge region or
strong downdraft during dissipation stage. The
nature of electric field changes induced by light-
ning are similar in both active and dissipation
stages and the only difference is in magnitude
(figures 5 and 6), which indicates that the electrical
structure of cloud has remained same during these
stages. Therefore, the absence of sufficiently strong
downdraft to remove or push aside lower charges
and expose upper positive charge region to ground
may be the main cause for observing weak EOSO
in this storm.

4. Discussion

4.1 Lightning flash rate

Williams et al (1999) have shown that the total
flash rate for severe thunderstorms generally
exceeds 60 fpm with few extreme values reaching
500 fpm. They have also reported that the most
obvious and systematic characteristics of severe
thunderstorms is the rapid increase in intra-cloud
flash rate 1–15 min prior to severe weather mani-
festation at the ground. Such a sudden increase
termed as ‘lightning jumps’ (Williams et al 1999),
are found to vary in magnitude from about 20 to
over 100 fpm/min. Recently Schultz et al (2009)
have studied the positive correlation between light-
ning jumps and the manifestation of severe weather
in thunderstorms occurring across the Tennessee
Valley and Washington D.C. To predict the seve-
rity of thunderstorms they developed lightning
jump algorithms using the data obtained from
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85 thunderstorms and from their study it is con-
cluded that the lightning jump algorithms have the
potential to indicate storm severity regardless of
environment. Both the high flash rate and lightning
jump, generally associated with thunderstorms of
those producing severe weather at ground, are
noted in our observations also. The peak value of
total flash rate has reached up to 84 fpm and the
magnitude of lightning jump is about 65 fpm/min.
It should be noted that, if we count positive and
negative electric field changes immediately fol-
lowed by one another as two lightning discharges
(which is most likely), then the peak lightning
rate and lightning jump would have been double
of what we have reported in figure 3. It is also
to be noted here that we have observed such high
lightning rate for only about 7 minutes whereas
Williams et al (1999) have observed the phenom-
enon for a longer duration. Severe weather, such
as damaging wind, hail, etc., is observed at ground
2–20 min after the lightning jump in their observa-
tions. However, in spite of such a high total flash
rate and high value of lightning jump, we have not
observed any severe weather at ground. This sug-
gests that the intense updraft was too short-lived
to permit severe weather at ground. Without radar
or any other meteorological observations it is very
difficult to find the cause of sudden increase of total
flash rate (or updraft) and sustaining of it only
for short time. However, our observations clearly
demonstrate that in addition to high flash rate and
lightning jump, duration of such high flash rate is
also an important factor for the manifestation of
severe weather at ground. Schultz et al (2009) have
also reported in their study that in spite of a surge
in total lightning no severe weather was reported.
They attributed this in part to lack of observa-
tions (i.e., the thunderstorm occurs in a remote
part of the region) or the inexact nature of thunder-
storms (i.e., one thing does not always lead to the
observance of another). In our observations, lack
of observations may not be the reason because this
thunderstorm was overhead of observatory and no
severe weather was observed during thunderstorm
period. Moreover, there was no report of damage
in local news papers.

Many observational studies have shown that
updraft velocity and volume of updraft exceeding
10ms−1 show good correlation with total light-
ning (Lang and Rutledge 2002; Wiens et al 2005).
Deierling and Petersen (2008) have observed that
the updraft volume above −5◦C level with vertical
velocities greater than 5 and 10m s−1 is well corre-
lated to mean total lightning flash rate. However,
they found no correlation of total lightning flash
rate either with the maximum or with the mean
updraft speeds in the charging zone. As shown in
figure 1, the total CAPE is not very high (2214 J)

on that day, however in the temperature region
between −10◦C and −25◦C the CAPE shows
higher values, which indicates that updraft velocity
would be maximum in that region of thundercloud.
As shown by Deierling and Petersen (2008), in our
observations also the mean total lightning activity
is well correlated with the updraft volume above
the −5◦C. However, the mean updraft speeds in
the charging zone is not well correlated with total
lightning flash rate. Therefore, the higher CAPE
value in the region between −10◦ and −25◦C may
be responsible for high lightning flash rate observed
in this thunderstorm. The total CAPE which is not
very high in this case may be the reason for non-
occurrence of severe weather at ground. We are
aware that the environmental conditions might be
slightly different at the time of development of this
thunderstorm than those of the conditions shown
in figure 1. More numerous observations supported
by radar measurements are required to confirm
the relationship between updraft volume and total
lightning flash rate.

It has been recognized that local orography
also plays an important role in producing the
strong updrafts necessary for the deep convec-
tive events (Bourscheidt et al 2009; Goswami et al
2010). Bourscheidt et al (2009) in their study in
south Brazil have shown that the terrain slope has
more influence than altitude on the thunderstorm
occurrence and lightning activity. Goswami et al
(2010) have shown that the unique topographic
features of the northeastern Indian region play
an important role in occurrence of extreme rain
events in that region. They have shown that the
steep topographic gradient rather than altitude is
responsible for producing deep convections. Their
analysis suggests that the convective heating asso-
ciated with the synoptic events interact with moun-
tains to generate gravity waves and strong updrafts
associated with the gravity wave with much smaller
spatial scale may be responsible for generating
very deep convection on a small scale leading
to the extreme events. It is possible that in the
thunderstorm presented here, the strong updraft
may be associated with a gravity wave generated
by local orography and that may be the reason
for high lightning flash rate in spite of low CAPE
value.

4.2 Electric field changes and recovery curves

Even though no severe weather is observed at
ground during this thunderstorm, the high flash
rate and lightning jump certainly suggest that
this thunderstorm had vigorous updraft in mixed
phase region and large vertical depth. In initial
stage, electric field changes and recovery curves
indicate that the normal positive dipole charge
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structure of cloud (figure 4). However, in the active
stage the electric field changes and recovery curves
indicate a complicated charge structure. The posi-
tive electric field changes produced by lightning
in this stage are due to reduction of net positive
charge from overhead. This suggests the presence
of strong lower positive charge pockets (LPCC)
in the cloud. It has been found that the LPCC
plays an important role in initiating CG discharge
from main negative charge region (e.g., Williams
1989; Williams 2001; Mansell et al 2002; Marshall
and Stolzenburg 2002; Pawar and Kamra 2004).
However, some observations suggest that strong
and widespread LPCC can inhibit negative leaders
from reaching ground (Qie et al 2005). Wiens et al
(2005), during the Severe Thunderstorm Electri-
fication and Precipitation Study (STEPS), have
reported that in a tornadic supercell during the
first hour of lightning activity, there are no CG
flashes of either polarity even though the lightning
mapping array data strongly suggests the presence
of a lower positive charge region beneath a negative
charge region. These observations also suggest that
stronger LPCC than normal can inhibit CG dis-
charges. In our observations, for about 35 minutes,
i.e., from 0012 to 0047, every positive electric field
change is immediately followed by negative elec-
tric field change. This systematic behaviour of elec-
tric field changes in active and dissipation stages
clearly shows that in the active stage either all the
lightning discharges are initiated from LPCC or
removal of LPCC by a lightning discharge has trig-
gered another discharge from main negative charge
region. Removal of LPCC can initiate IC discharge
between upper positive charge region and main
negative charge region by increasing electric field
between them, as explained by Pawar and Kamra
(2004) or it can initiate CG discharge from mid-
level negative charge region as observed by Qie
et al (2005). We propose that our observations of
initial positive electric field changes are due to IC
discharge from LPCC and main negative charge
region. The negative electric field change followed
by it can be a CG discharge from main negative
charge region or IC discharge between main nega-
tive and upper positive charge regions. Simultane-
ous measurements of electric field or electric field
changes at multiple stations are required to locate
the charge centers within the cloud (Krehbiel
et al 1979). Alternative technique described by
Ravichandran and Karma (2004) uses electric field
vector measured by spherical field mill and acoustic
signals to calculate the location and magnitude of
the charge destroyed by lightning. Therefore, con-
clusions drawn by us about charge structure of
this thundercloud are just a speculation and many
other explanations can exist for these observations.
However, based on our earlier observations and

available literature, it is the most possible expla-
nation for these observations.

Many studies have shown (Standler and Winn
1979; Soula and Chauzy 1991; Pawar and Kamra
2002) that the space charge produced by corona
discharges can affect on surface measurement of
electric filed and the inferences drawn from such
measurements about cloud electrification can be
erroneous as the field at the ground is the summa-
tion of fields due to charges in the thunder-
cloud and the space charge in the sub-cloud layer.
However, in this study as suggested by Krider and
Musser (1982), there may not be much corona
discharges and space charge in sub-cloud layer
because of high frequency of lightning during the
initial stage and active stage of thunderstorm.
In the dissipation stage as shown in figure 6, the
magnitude of electric field between two discharges
is very less; therefore, there is no possibility of
corona discharges. Hence, our observations are not
affected by the space charge produced by corona
discharges. Moreover, major conclusions of this
study is based on high lightning flash rate observed
in an isolated thunderstorm and estimation of
flash rate is not affected by space charges in the
sub-cloud layer.

5. Conclusions

In spite of many experimental and theoretical
studies the robust relationships between storm
dynamics, severe weather, and lightning activity
have not been found (Steiger et al 2007). We have
reported a thunderstorm with peak total lightning
flash rate of 84 fpm, and with sudden increase in
flash rate (lightning jump) of about 65 fpm/min.
In spite of such a large lightning flash rate and
lightning jump no severe weather is observed at
ground. Winds are very low during whole thunder-
storm period and only 5mm rain is recorded dur-
ing the thunderstorm. Therefore, our observations
strongly suggest that high flash rate or lightning
jump may not always be associated with severe
weather at ground.

The electric field changes after lightning
discharges during active and dissipation stages
suggest that strong LPCC can shield the main
negative charge region and inhibit negative CG
discharge and lightning discharge from main nega-
tive charge region is possible only after removal of
some charges from LPCC.
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