ISSN 2348-1218 (print)
International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)
Vol. 3, Issue 3, pp: (1-6), Month: July - September 2015, Available at: www.researchpublish.com

Prediction of Potential Thunderstorm Over
Ocean near Sriharikota

Prashant Singh

Department of Physics, Pune University, India

Abstract: A study with primary importance given to the potential value of parameters derived from Radio
sounding and scatterometer wind data for forecasting the thunderstorm associated with convective storm is
presented here. The main aim of this study is to predict the thunderstorm with a lead-time by making use of four
parameters i.e. lifted index, K index, Vorticity and divergence respectively. In the present work, we have used data
for 2 years out of which the first year data is used for deciding the criteria or finding the threshold value for
prediction. These parameters are applied to the second year data for verification. It was observed that the chosen
parameters shows good linearity to the thunderstorm occurrence for about 6 hours I advance. The reported work
bears importance as it used just 2 input parameters information from Radio Sounding and Scattterometer each to
predict the thunderstorm occurrence over the consider region.
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1. INTRODUCTION

As thunderstorm is a strong evidence of convection development, we targeted isolated thunderstorm prediction as a case
study for finding out initialization of convective thunderstorm. The region of interest is to find out the convection
development over ocean near to Satish Dhawan Space Centre (SDSC), Sriharikota. As this is the leading satellite
launching station in India therefore, we try to find out a clear view of weather near to this station. In addition, if we have
suitable prior information about thunderstorm over ocean, it would help in saving a lot of human lives and goods.
Prediction over ocean is a difficult task owing to heavy convection schemes. In this work, we have tried to use four
parameters together to find out isolated thunderstorm activity over the said region. Here, we report our initial results for
prediction of thunderstorm can be made more accurate using a long-term data over this region as well as for other selected
regions also. We used lifted index and k-index derived from radio sounding data whereas, vorticity and divergence
derived from scatterometer wind data to predict the possibility of thunderstorm well in advance. Radio sounding gives
atmospheric profile, which is a source of proper information about atmospheric temperature, pressure and water vapor
pressure. Scatterometer data gives u and v component of speed and direction of wind over ocean.

2. DATA AND METHODOLOGY

Weather forecasters use various techniques to predict the occurrence of convective storms that produce thunder and
lightning or thunderstorms (Groenemeijer et al, 2007). Convective storms are a manifestation of the overturning of the
entire troposphere or a large part thereof. We used some of these parameters to predict time of thunderstorm occurrences,
which are derived from radio sounding data namely: Convective Available Potential Energy (CAPE), Convective
Inhibition (CIN), Lifted Index (LI), and K Index (KI). In this work, we have also used vorticity and divergence derived
from Scatterometer wind data over the ocean to find possibility of convection development over ocean.

2.1 Lifted Index:

The lifted index (°C) provides an estimate of the instability in the atmosphere due to the difference between the 500mb
level temperature and the temperature that an air parcel would acquire when lifted from the surface to 500 mb. A parcel of
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air will rise freely when it is warmer than its surroundings. When a parcel is "lifted”, it obtains an upward vertical velocity
which can be a result of a surface front or trough, surface heating (convection).Lifted index is defined as,

LT = Tso0 — Tpsoo . .. @.1)

where LI (°C) is the lifted index, T5{]{] is the 500mb environmental temperature (°C), Tpsﬂﬂ is the 500mb temperature

(°C) which a parcel will achieve if it is lifted dry-adiabatically from the surface to its lifted condensation level (LCL) and
then moist-adiabatically to 500mb. Lifted dry adiabatically from the surface to its LCL and then lifted moist adiabatically
to the equilibrium level (EL) where the parcel becomes negatively buoyant.

2.2 K Index:

The K index was composed for forecasting air mass thunderstorms or thunderstorms with no dynamic triggering
mechanism. To compute this index, first take the 850 mb temperature and then subtract the 500 mb temperature.
Secondly, we add the 850 mb dew point temperature to this difference. A larger value of this dew point indicates present
of low level moisture and an increase in the chances of convection. Finally, we subtract the 700 mb dew point depression
for moisture input at the mid-levels. A small dew point depression at 700 mb indicates the possibility for deep convection.
In the absence of significant moisture at 700mb, there is a greater chance of entrainment of dry air, given a parcel were
lifted from beneath the 700 mb level. If entrainment of dry air occurs, the parcel will become less buoyant (Bluestein,
1993).Kl is defined as,

K= TSE{] - TE{]{] + ng5{] - (T?{m -Tci?{]{]) ..................... (2.2)

Where T35{] is the temperature at the 850 mb level, TS{J{J is the temperature at the 500 mb level, TciSSﬂ is the dew

point temperature (°C) at the 850 mb level, T?gg is the temperature (°C) at the 700 mb level, and Td?gg is the dew
point temperature (°C) at the 700 mb level.
George (1960) defined the first term as a lapse rate term, while the second and third are related to the moisture between

850 and 700 mb, and are strongly influenced by the 700-mb temperature—dew point spread. As this index increases from a
value of 20 or so, the likelihood of showers and thunderstorms is expected to increase.

2.3 Vorticity:

The vertical motion patterns associated with synoptic scale divergence/ convergence are directly connected both with
development of surface pressure systems and the development of the vertical motion fields that lead to the creation of
cloud/precipitation systems in association with the surface lows.

Vorticity is used to describe the curved motion of fluid parcels without reference to a center of rotation (Lynch and
Cassano, 2006).

dc (ﬂv ﬂu)

“ =4 \ax 3y

Vorticity could be determined by marking the particles of the fluid in a small neighborhood of the point in considered
area, and watching the relative displacements are monitored as they move along the flow.
2.4 Divergence:

The divergence (flux density) of a wind vector at the point (u, v) is

du dv
Divergence= a ﬂ_y

This is a scalar, and gives the rate of change of field strength in the direction of field (Lynch and Cassano, 2006).

Positive divergence- Expansion (source)
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Negative divergence-contraction (sink)
2.5 Calculation Methodology:

The stability indices have been calculated from radio sounding data obtain from Wyoming University for Chennai
(Madras) station. For each radio sounding, the various stability indices have been calculated and stored together for the
number of lightning strokes recorded in an area around Sriharikota during a certain time window.

Data from an automatic lightning stroke detection system (http://webflash.ess.washington.edu/) have been used to identify
days with lightning. The system can detect the occurrence of a lightning stroke and then calculate its position and
strength. The number of lightning strokes occurring in an area around Sriharikota during a time window of 24 hours from
00 to 23 UTC are counted and stored together with the value of the indices on that particular day.

The data sample covers the period from 01-01-2009 to 31-12-2010. This data sample has been divided into two sub
periods, one from 01-01-2009 to 31-12-2009[P1] and a second from 1-01- 2010 to 31-12-2010[P2]. Data from the first
period was used to determine the parameters in a probabilistic indication model and data from the second period was used
to verify this probabilistic model.

2.5.1 Analysis of Radio sounding data:

Raw Radio Sounding data was obtained from the database of University of Wyoming in the section of upper air data.
(http://weather.uwyo.edu/upperair/sounding.html)

From this, we calculated lifted and k index for the selected cases of thunderstorm using equation 2.1 and 2.2. The data
was arranged in two groups for periods P1 and P2 respectively. The calculated values of K and lifted index a threshold
value was fixed for period P1 which is shown in Table 2.1.

Table 1

Lead Time | Lifted Index K Index Vorticity Divergence
(Hour) (°C) (°C) (s71) (s71)

2.1 -7.19 42 4.24E-06 -4.01E-06
4.1 -6.4 39.2 3.50E-06 -3.41E-06
5.1 -5.84 36.7 2.97E-06 -3.01E-06
6.1 -5.19 35.9 2.81E-06 -2.68E-06
8.1 -4.65 334 2.71E-06 -2.53E-06
9.1 -4.02 33 2.65E-06 -2.51E-06
10.1 -3.85 32.5 2.63E-06 -3.61E-06
121 -3.85 31.7 1.14E-06 -4.16E-06
141 -3.85 30.1 3.20E-06 -3.87E-06
16.1 -3.85 30 3.33E-06 -4.60E-06

2.5.2 Analysis of Scatterometer wind data:

Scatterometer data was used to find out vorticity and divergence over the ocean. Wind data over ocean is available with a
time interval of 6 hours i.e. 4 times a day. Using u and v components of wind over ocean the vorticity and divergence over
the region have been computed using equation 2.3 and 2.4.

From the calculated values of vorticity and divergence, a threshold value was fixed as shown in table 2.1 with respect to
lead time before the occurrence of thunderstorm.

The above obtained threshold values were used to study the instability in behavior of atmosphere in same region for the
succeeding year [P2]. The values of Vorticity, Divergence, Lifted Index and K index were plotted on Y-axis with respect
to the lead time from the occurrence of thunderstorm on X-axis.
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3. RESULT AND DISCUSSION

Using the threshold values listed in Table 2.1, a graph of lead time with respect to lifted index (LI) and K Index (KI) was
plotted as shown by the solid line, in Fig. 1 and 2 respectively. It could be seen that low values of LI indicates higher
probability of thunderstorm occurrence (Fig. 1). On the other hand, a higher value of Kl indicates a higher probability of
thunderstorm occurrence (Fig. 2).This graph was used as reference to verify the data from period P2. Using similar
calculation as done for period P1, values of LI (or KI) was determined for period P2 as shown by dotted point in Fig.1 and
Fig.2 respectively. It can be seen that the data for the period P2 follows the same trend as shown by that of period P1
thereby verifying the reliability of our predictors.

It should be noted that Fig.1 and 2 shows data only for 6 hours prior to the thunderstorm occurrence. However, if we
consider the duration from 9 to 15 hours prior to the thunderstorm occurrence, the predictors for P2 do not follow the
same trend so that of P1. This makes it slightly difficult to predict the occurrence of thunderstorm in advance of 15 hours.
Nevertheless, fair prediction can be made for 6 hours prior to the thunderstorm occurrence.

In a similar way as done above, the reliability of other two predictors’ vorticity and divergence was also tested as shown
in Fig.3 and 4, which are also in good agreement with that of LI and KI for prediction of thunderstorm of thunderstorm
occurrence prior to 6 hours.

Thus, by combining the threshold value for all four predictors, a fairly accurate prediction for the thunderstorm
occurrence can be made prior to 6 hours.

3 T T

y=0493*x-83

Lifted index

Leading time

Fig.1

50

K index

y=-150%+454
301 * .

25 | |
0
Lead Time
Fig.2
Page | 4
Research Publish Journals




ISSN 2348-1218 (print)
International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)
Vol. 3, Issue 3, pp: (1-6), Month: July - September 2015, Available at: www.researchpublish.com

x10°
L \ I I | T+
# . . ,
# 4 3 +
o : * -
ol +
3 +
705 _
~
Q
o
AR |
#
15F y=-411e007'5+ 518006 |
2 Lt | |
0 1 2 3 4 5 6 7
Lead Time
Fig.3
x10°
25 i
+
- _
15 a
y=3.11e-007*x- 5.54e-006
1 _
)
£ 05 i
. ¥
B 4
£ O + i
A + + + +
054 * |
. : * + s
+
1 + _
15 a
2 \ | | + \ \ |
0 1 2 3 4 5 6 7
Lead Time
Fig.4

In this work, we studied the four parameter i.e. LI, KI, Vorticity and Divergence to find out the possibility of occurrence
of thunderstorm over a given region with a certain lead time. Result shows that prediction has a fluctuating relation
between predictor and time of thunderstorm between 9 to 15 hr. Hence it becomes slightly difficult to go for prediction of
thunderstorm in advance 15 hr. Fig. (4.7 and 4.8) shows that the Lifted index and K index are in good agreement with
predicted time of thunderstorm for the period of 6 hr. Fig.(4.15 and 4.16) shows that the vorticity and divergence are also
in good agreement with predicted time of thunderstorm for the period of 6 hr. We get a clear picture of time of occurrence
of thunderstorm, 6 hours in advance by combining threshold value of all four predictor.

Table 3.1 Result: Threshold value verified for thunderstorm prediction

Lead Time before the occurrence of | Lifted Index | Kindex | Vorticity Divergence
thunderstorm (Hour) (°C) (°C) (s71) ()

2 -7.19 42 4.24E-06 -4.01E-06
4 -6.4 39.2 3.50E-06 -3.41E-06
5 -5.84 36.7 2.97E-06 -3.01E-06
6 -5.19 35.9 2.81E-06 -2.68E-06
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The prediction of convection development is a complex task. Herein, we have made use of linear relationship between the
parameters that affect the convection development over ocean. The development of a thunderstorm requires fine condition
for upliftment of convective moisture which can be measured by the vorticity. Positive increase in value of vorticity imply
a good possibility of uplifting. Simultaneously, the divergence of wind over ocean must also be considered to predict the
thunderstorm formation. As the value of divergence declines with time, the possibility of thunderstorm occurrence
increases. In this study we are able to obtain good agreement of our observation with theory.

4. CONCLUSION

The present study reports a correlation between four chosen parameters Li, Kl, vorticity and divergence that can be used
to predict the occurrence of thunderstorm well in advance.

Threshold values of the selected parameters with a lead time were fixed for data from a certain period and were
successfully verified by applying to data from some other period. Using these parameters, it become possible to fairly
prediction of thunderstorm occurrence with good lead time of 6 hr.
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