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ABSTRACT

A better understanding of atmospheric dynamics and improvement of regional weather and climate models require
accurate measurement and analysis of atmospheric variables such as temperature, pressure, and wind velocity across
altitudes. In this study, we present such results from a series of high-altitude balloon missions conducted by the Indian
Centre for Space Physics (ICSP). These missions, in which balloons reach up to altitudes of 42 km, provide high-resolution
vertical profiles of atmospheric parameters over the Indian subcontinent, a region where such data are sparse. We analyze
the payload’s vertical ascent rates, horizontal displacements, and variations in some atmospheric parameters, such as
temperature, pressure, and wind velocity with altitude. Wind velocity components—zonal (east-west) and meridional
(north-south)—are also examined, with particular emphasis on their seasonal variability due to subtropical jet streams
during pre- and post-monsoon periods. Our analysis reveals significant seasonal variation in wind patterns at stratospheric
heights. We obtain clear indications that the atypical wind behaviors observed in 2019 may be linked to anomalies in
monsoonal rainfall patterns. These results contribute valuable insights into upper atmospheric dynamics over the Indian
region and also highlight the importance of balloon-borne observations in refining regional atmospheric models.
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1. Introduction

For a range of scientific applications, including climate
modelling, weather prediction, and studies of atmospheric
dynamics, understanding the vertical structure of the Earth’s
atmosphere is necessary. This includes variations in temper-
ature, pressure, and wind velocity with altitude. However,
over the Indian subcontinent, ground-based high-resolution
measurements extending into the stratosphere remain rela-
tively sparse. So, more localized, cost-effective atmospheric
profiling is needed to validate global models and enhance
regional forecasting capabilities.

With the aim of addressing these gaps, the Indian Cen-
tre for Space Physics (ICSP) has been working on operating
a series of low-cost, lightweight, high-altitude balloon exper-
iments and is also in the process of establishing a dedicated
stratospheric balloon facility in the state of West Bengal in
India. The series of balloon missions operated so far has
been collectively known as “Dignity”” missions. There have
been 114 such successful balloon flights. These balloons
with payloads typically reach altitudes of up to 42 km and
probe the middle and upper atmosphere. Significant contri-
butions to our understanding of the space and atmospheric
processes!! ™1 have already been made by some earlier bal-
loon missions.

The primary scientific goals of the present study are

(1) Analyze the vertical profiles of atmospheric temperature
and pressure up to 35-40 km altitude and compare them
with established atmospheric models such as the U.S.
Standard Atmosphere (U.S. Government Printing Office,
1976191), International Standard Atmosphere (ISO Tech-
nical Committee, 1975["1), and the NASA MSIS model.

(2) To examine the wind speed and directional response, par-

ticularly in relation to the subtropical jet stream during

pre- and post-monsoon periods over eastern India.

(3) To evaluate whether balloon-borne data sets can poten-

tially be used in refining regional atmospheric forecasts,

especially those related to monsoonal dynamics.

Atmospheric parameters such as temperature, pressure,
and wind velocity vary significantly with location and sea-
son due to differences in solar position, topography, and
regional climate processes. Most notably, weather variabil-
ity around monsoon in India is strongly influenced by upper
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tropospheric! 1 and lower stratospheric winds. These are

poorly constrained by satellite or radiosonde!'%! data alone.
Direct measurement of these parameters at high vertical reso-
lution from balloon platforms can thus contribute to improv-
ing long-term monsoon modeling and weather forecasting.
This motivates our study objective stated above.

In this study, detailed observational results from se-
lected balloon flights launched from ICSP’s facility are pre-
sented. The measurements include temperature and pres-
sure profiles obtained using onboard sensors and wind data
obtained from in situ observations. These results are crit-
ically analyzed and compared with standard atmospheric
models to assess their validity in the Indian context. The
observed wind velocity profiles are corroborated with those
from external sources such as the Wyoming Weather Web
( https://weather.uwyo.edu/upperair/sounding_legacy.html,
2024017,

The remainder of the paper is organized as follows:
Section 2 provides an overview of the Dignity mission archi-
tecture, and Section 3 details the instrumentation. Section 4
discusses payload trajectories and atmospheric data analysis.
In Section 5, we present a comparative discussion with global
models and prior results. Section 6 outlines the limitations of
our current study, and Section 7 concludes with key findings

and implications for future work.

2. Missions Description

The motivation behind our small stratospheric balloon-
borne experiments, instrumentation, and other mission de-
tails is discussed in Chakrabarti et al.[**], and Bhowmick
et al.[18],

information on the missions and instruments we are deal-

In this article, we briefly describe the relevant

ing with. Our payloads are compact, lightweight (2-5 kg),
and reusable as they are recovered from the landing location.
Thus the recurring cost is very low (USD 700-900 per flight).

For the specified balloon missions discussed in this
work, the operations involve ascending and descending from
the ground to an altitude of ~ 42 km within an air corridor de-
fined by the coordinates (22°N86°E, 22°N89°E, 24°N86°E,
and 24°N89°E). This encompasses an area extending approx-
imately 180 kilometres eastward, 52 kilometres to the north,
159 kilometres westward, and 160 kilometres to the south of
the launch site, as depicted in Figure 1.

Balloon flights are conducted using three distinct con-
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figurations. The first configuration involves a single rubber
balloon paired with one parachute. The other two configu-
rations utilize either one or two rubber balloons, which can
carry payloads of approximately 2.5 kg and between 3 and
3.6 kg, respectively. If the payload weight is greater than 4
kg, then we use a TIFR-made polythene balloon of volume
~ 4000 m®. The prediction of the flight and landing location
is conducted using two methods: one through a web-based
platform ( https://predict.sondehub.org/) and the other by
analyzing in-situ wind velocity. Additionally, live locations

recorded from the receiving antenna and walkie-talkies pro-
vide real-time information on the flight path and landing site.
Flight duration is around 3 — 5 hours for missions consisting
of one rubber balloon and 5 — 7 hours for those consisting
of two rubber balloons or a single plastic balloon. Figure 2
shows the image of a balloon in flight photographed just after
launch (left) and the scientific payload (right) kept inside a
styrofoam box. Table 1 represents some information about

the missions that are used for data analysis purposes in this
paper.

Table 1. Information about the specific Dignity missions.

Landing Location (Lat,

Mission (No.) Date® Launch Time (UT) Landing Time (UT) Launch Site¥ (Lat, Lon) Lon)
D56 (1) 10-12-2013 05:49:42 08:37:50 Kulti (23.73N, 86.84E) 23.63N, 88.26E
D75 (2) 14-05-2015 05:42:26 08:26:19 Muluk (23.65N, 87.71E) 23.68N, 88.08E
D76 (3) 15-05-2015 05:48:08 09:55:25 Muluk (23.65N, 87.71E) 23.85N, 88.05E
D77 (4) 15-05-2015 05:50:23 09:50:29 Muluk (23.65N, 87.71E) 23.78N, 88.06E
D78 (5) 16-05-2015 05:07:24 07:50:49 Muluk (23.65N, 87.71E) 23.03N, 88.78E
D82 (6) 19-05-2015 03:59:11 07:37:35 Muluk (23.65N, 87.71E) 23.63N, 88.26E
D83 (8) 20-11-2015 04:13:17 07:44:56 Muluk (23.65N, 87.71E) 23.75N, 88.07E
D84 (9) 20-11-2015 03:47:10 07:30:45 Muluk (23.65N, 87.71E) 23.69N, 88.07E
D86 (10) 20-11-2015 04:58:30 07:48:44 Muluk (23.65N, 87.71E) 23.80N, 88.05E
D87 (11) 20-11-2015 05:43:00 08:39:53 Muluk (23.65N, 87.71E) 23.85N, 88.07E
D88 (12) 21-11-2015 05:45:41 08:41:28 Muluk (23.65N, 87.71E) 23.84N, 88.08E
D90 (13) 09-05-2016 05:08:24 08:34:39 Muluk (23.65N, 87.71E) 23.81N, 88.09E
D91 (14) 10-05-2016 05:04:42 08:27:46* Muluk (23.65N, 87.71E) 23.86N, 88.11E

¢ Date in day-month-year format; ¥ All locations are in West Bengal, India.; * A long flight with a duration of approximately eight hours
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Figure 1. Air corridor designated for scientific ballooning from Bolpur, India.
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Figure 2. Left: a photo of a rubber balloon after launch. Right: A complete payload inside a thermocol box with a collimator.

3. Instruments

The main scientific instrument of the mentioned bal-
loon missions is a scintillation detector, which detects X-rays
and gamma-rays. The X-ray detectors are demonstrated in
detail in Bhowmick et al.['®], In the present paper, however,
we deal with the data procured from ancillary equipment such
as pressure and temperature sensors and the GPS (Global
Positioning System) unit. A temperature sensor is a device
with a semiconductor-based integrated circuit containing two
similar diodes. This sensor detects changes in current flow
when exposed to temperature variations. To convert this cur-
rent into a voltage suitable for measurement, a series resistor
is used in conjunction with the transducer. The resulting
voltage is then sent to an Analog-to-Digital Converter (ADC)
for processing. After the conversion, the signal is saved in
the storage media by the onboard computing unit. The pres-

sure sensor is a piezoresistor, made from semiconductor, and
works on the piezoresistive effect, which provides a response
in terms of voltage change subject to some mechanical forces
acting on it. The force exerted by the air on the diaphragm
of the pressure sensor causes a change in resistance. This
change is an analogue signal that is sent to an analog-to-
digital converter (ADC) to be transformed into a format that
the onboard computer can understand. The digital data is
then stored on solid-state storage media onboard. The GPS
information (latitude, longitude, and altitude at every sec-
ond) is read into the system from the GPS module, which is
embedded in a microcontroller (a low-cost, small microcom-
puter). Figure 3 indicates the complete block diagram of the
whole design of the signal readout system. Other equipment,
such as the 9DOF, GPS, clock module, HD cameras, etc., are

also installed onboard.

Scintillator
PMT
U
Post-amp. Peak
G1 det 1
~
S
Post-amp. Peak
G2 " det2
.~/
HV
)
+
LLD P
A ARM processor Micro-SD
" (ARM 9) + RTC card
ULD —

Photo

sensor

- U

Figure 3. Complete block diagram of a typical balloon mission readout system.
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4. Horizontal and Vertical Displace-
ments of Scientific Payloads and
Vertical Velocity

In a balloon mission, we procure the data of the hor-
izontal and vertical displacements (altitude change) of the
payload from the onboard GPS. Figure 4 shows the hori-
zontal displacement relative to latitude and longitude and
corresponding vertical height with respect to time (IST) in
ks (1000s) from launching to landing of the missions D56,
D83, and D113. In this figure, in the upper panel for mission
D56, the ascent rate is slow compared to the descent rate,
so we obtained a lower horizontal displacement between
launching and burst than between burst and landing. The

opposite happens for mission D113, as seen in the lower

panel. In the middle panel for mission D83, the ascent rate
and the descent rate are approximately the same; hence, the
horizontal displacement between launch to balloon burst and
burst to land is nearly the same. These things are controlled
by the weather parameters, such as the wind speed, wind
direction, balloon size, and number of balloons used in each
mission. The vertical velocity, or ascent rate, has remained
relatively stable throughout the mission’s ascent phase for
all the missions. As illustrated in the right panel of Figure
4, the typical ascent rate at lift-off is approximately 4 to 4.5
m/s, which then increases with altitude, reaching around 6 to
7 m/s at an altitude of ~ 30 km. During the mission, we need
to determine the ascent and descent rates in situ to predict
the flight path and ensure payload recovery for the balloon

experiments.
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Figure 4. Left: Horizontal and vertical displacements for missions D56, D83, and D113. The red ball, blue star, and green ball are the
locations of launching, burst, and landing for the specified missions respectively. Maximum altitude is ~ 42 km (for D113). Right: The
vertical velocity profile is derived from GPS data for the D100 mission, compared with the Wyoming data plot. The figures vary due to

wind patterns, behavior, and ascent and descent rates.

5. Atmospheric Data Analysis

To understand atmospheric and climate dynamics, we
need to measure various atmospheric components, such as pres-
sure, temperature, humidity, wind direction, and wind velocity.
This data is collected from weather balloon missions conducted
by ICSP, extending from the ground to approximately 30 km
in altitude. Studying the variations in pressure and temperature

is crucial. For instance, high pressure typically signifies clear
skies, while low pressure is often associated with storms. Water
vapor, typically formed near the surface in conditions of high
temperature and humidity, rises to higher layers of air. This
movement causes convective instability, resulting in a decrease
in surface pressure. While temperature generally decreases
with altitude, it can occasionally rise due to pollutants. In the

stratospheric region, temperatures increase again due to ozone
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absorbing ultraviolet (UV) radiation. Tracking weather sys-
tems like cyclones, anticyclones, fronts, and storm systems
is essential for forecasting precipitation, predicting rain, and
understanding heat dynamics. Additionally, studying wind pat-
terns is vital for investigating tornadoes (through wind shear),
thunderstorms, jet streams (which influence storm paths and
intensity), and for understanding air circulation, pollution dis-
persion, and broader climate studies. Considering these factors,
we are excited to analyze the atmospheric data collected from
our meteorological mission at ICSP. First, we have analyzed
the pressure and temperature sensor data and the GPS data,
helping us determine the wind velocities in the atmosphere.
Observations of atmospheric parameters such as pressure and
temperature with respect to altitude are discussed in Subsection
5.1. Two zonal and meridional components of the wind veloc-
ity as a function of altitude are measured during the pre- and

post-monsoon seasons and are presented in Subsection 5.2.

5.1. Atmospheric Temperature and Pressure

We have discussed earlier the temperature and pressure
sensors in our payload box and how they work (also see
Chakrabarti et al.[). We use the data from these sensors

directly for the measurement of pressure and temperature.
Temperature and pressure are known to vary with payload
altitudes as well as the latitudes!'”) of the geographic coor-
dinate system. Here we present our analysis on data from
a mission (D93) on how temperature and pressure change
with vertical height from the Earth’s surface and compare
them with those derived from other models. In Figure 5,
we overlay the temperature profile from the D93 missions
with the temperature profile generated by the NRLMSIS 2.0
model 2%, We selected this model because it is the most well-
known and accurate empirical atmospheric model, providing
a description of the average spatiotemporal behavior of the
atmosphere. The pressure profile for this mission, along with
the pressure profile from the U.S. standard model (Engineer-
ingtoolbox.com, 2023211, is illustrated in Figure 6. In this
figure, there is a slight deviation in pressure from the U.S.
standard model that occurs at altitudes between 15 and 20
km. This change is observed in the region known as the
Regener-Pfotzer maximum 22231, where the secondary cos-
mic ray flux reaches its peak (>4, This phenomenon may be
attributed to the effect of high-intensity radiation surrounding

the piezoelectric pressure sensor!>23],
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Figure 5. The NASA MSIS atmospheric profile (red) is superimposed on the temperature plot of mission D93 (green).
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Figure 6. A pressure profile of mission D93 (black) with U.S. standard modelling (red) pressure data. The experimental data and model
data show maximum deviation at the Regener-Pfotzer maximum, around 20 = 5 km, due to the heightened ionization energy.

5.2. Wind Velocity

For the study of wind profiles, we collected wind data
during the pre-monsoon and post-monsoon periods of the
years 2015, 2016, and 2019. According to the Indian Me-
teorological Department (IMD), the monsoon rainfall was
approximately normal for these years. We calculated two
components of wind velocity: the zonal component (Vy in
m/s) and the meridional component (Vy in m/s) using the
relationships provided by the GPS data, which are defined

as follows:

Vi = (dion/dyim) x 111139, (1)

Vy = (diat/diim) x 111139, 2)
where, djon, /diim and djqt /dyim are the changes in longitude
in degrees and latitude in degrees with respect to time. We use
the general velocity relationship, which is the rate of change
of a variable (e.g., V), and the number 111139 comes from
the equation 277 /360 =~ 111139, where r = 6371 km, the
radius of Earth, in equations 1 and 2 for the transformation
from degree to meter. For the calculation and averaging of
the wind velocity, the averaging time span was chosen to be
30 seconds. The data obtained on wind velocity components
are highly accurate, particularly for the zonal component,

as demonstrated by the comparison in Figure 7, in which

42

we utilize two different data sources: one from our GPS,
calculated with the above equations, and the other obtained
directly from the Wyoming site for mission D100.

We could not observe the monsoonal low-level jet[!4]
because our data are only taken during the pre- and post-
monsoon seasons. We took the ascent data of the missions up
to 30 km. For various missions, the maximum altitude (bal-
loon burst height) obtained is above 30 km, and some reach
up to ~ 42 km. We take the data up to 30 km for our analysis
of all specified missions to get a better comparison. Mis-
sions D75, D76, D77, D78, D80, D81, D82, D83, and D84
conducted in May 2015 are considered pre-monsoon ones,
while missions D86, D87, and D88 conducted in November
2015 are taken for post-monsoon. In 2016, we considered
the missions in May (D90, D91, D92, D93, D94, and D95)
for pre-monsoon and in October November (D96, D97, D98,
D99, D100, and D101) for post-monsoon. Three missions
(D110, D111, and D112) in May 2019 were taken for the
pre-monsoon period. Only one mission (D113) in November
2019 is considered post-monsoon. For each of the years, we
calculate the average wind velocity components for both the
groups (pre- and post-monsoon mission data). We use here
the usual sign convention of zonal and meridional, which is
also used in Ruchith et al.!'¥l. Zonal wind is positive (west-
erly) and negative (easterly) if it blows from west to east
and east to west, respectively. On the other hand, negative

(northerly) meridional values indicate wind blowing from
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north to south, and positive (southerly) meridional values
indicate wind blowing from south to north. In the vertical
profile (Figure 7) of zonal and meridional components, we
say that the wind is southwesterly. The southwesterly wind
associated with the Asian monsoon is primarily a result of
thermal differences between the continent and the ocean in
both summer and winter surface conditions, as described
in the article by Tarakanov?®!. During the summer, when
the ocean has not yet warmed up and the air pressure above
it remains high, air moves from the cooler Indian Ocean
towards the warmer landmass of the Hindustan Peninsula.
This is why the summer Asian monsoon typically features a
southwesterly direction for surface winds. The intense heat-
ing of the land surface, driven by solar radiation, leads to a
significant decrease in atmospheric pressure at the surface.
This, in turn, creates a high-pressure area at altitudes of 3-5
kilometres. The lower boundary of the subtropical jet stream
exists at altitudes of 5-7 kilometres, and the change in airflow
at the lower altitude shifts to a northeasterly direction. In
the summer, the influence of the subtropical jet stream can
be diminished by increased air turbulence. This turbulence
often leads to the formation of surface thunderstorms, which
can produce intense precipitation. Indeed, the precipitation
can significantly lower the surface air temperature, which
can contribute to a slight increase in surface atmospheric
pressure. However, water vapor, usually formed near the sur-
face against a background of high temperature and humidity,
rushes to higher layers of air, causing convective instability
and, as a result, further lowering surface pressure.

During the pre-monsoon and post-monsoon periods,
the zonal component of the wind (as shown in the left panel
of Figure 8 and Figure 9) at the upper troposphere, specifi-
cally within the tropopause height range of 10 to 15 km, is
predominantly westerly. This westerly wind is influenced
by the subtropical westerly jet streams that occur in summer
over India, with maximum intensity found at an altitude of
approximately 12 km. This observation is consistent with
the findings reported by Ruchith et al.['*]. Above an altitude
of around 20 km, the wind velocity (zonal) is nearly steady
and easterly.

The Figures show that the magnitude of the merid-
ional component of wind is generally smaller compared to
that of the zonal component, particularly in the lower tro-
posphere. During the pre-monsoon in 2015, the surface

wind was northerly up to 10 km. Then southerlies prevailed
for 10 — 20 km; thereafter, the wind turned northerly and
again southerly. Winds are mainly from the south at up to
20 km, though they are weaker than zonal winds. During
the post-monsoon period in 2015, northerly winds prevailed
almost throughout the troposphere and had magnitudes lower
than the pre-monsoon. The wind behavior during the pre-
monsoon and post-monsoon seasons in 2016 was nearly the
same as in 2015. In the pre-monsoon of 2019, for the merid-
ional component (green line in the right panel of Figure 8),
winds are southerly with a significant magnitude of around
17 m/s at ~ 13 km because of the late arrival (8" June) of
the south-west monsoon in Kerala, India. In addition, there
was overall significant variation in the meridional wind for
mission D113, executed in post-monsoon in 2019, from the
meridional wind of the previous years.

It is noted that the 2019 wind velocity components
(particularly the meridional components) in the pre- and post-
monsoon seasons deviate from those of the other two years
very significantly. The Indian Meteorological Department
(IMD) data ( Reliefweb.int/report/india/2019-southwest
-monsoon-season-rainfall-and-imd-s-long-range-forecasts,
2024171y indicates that in 2019, the onset of the monsoon
was late and a large deficiency in rainfall was recorded in the
month of June. Even though, in July, August, and September,
the rainfall was much above the normal, and the overall
rainfall was 110 percent of its Long Period Average (LPA)
(the highest after 1994). Indeed, in the month of September
2019, the rainfall was 152 percent of the LPA for the month
(the highest after 1917). We conjecture that the deviations
we find in both pre- and post-monsoon wind patterns in 2019
may be related to the anomalous rainfall pattern reported
by IMD[?7], Rain and humidity can affect wind direction
by changing the pressure distribution in the atmosphere.
Relatively lower humidity (compared to previous years) in
the pre-monsoon session of 2019 may have caused a larger
tropospheric pressure gradient around the region, leading
to higher meridional wind velocity. When rain falls, it can
cause a low temperature in the air near the surface, leading
to an increase in air pressure. It causes the wind to flow
from high-pressure areas to low-pressure regions, affect-
ing its direction, which can change the wind direction?8].
Overall, the impact of rain and the rate of rainfall on wind
velocity is complex and may vary depending on the specific
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weather conditions and the location of the rain. A definite understand these variations and correlations. Variability in
conclusion on the observed variation and correlation re- rainfall across the European part of Russia has been shown
quires examining many more years of wind and rainfall data. to correlate with the thermal conditions of North Atlantic
Through our upcoming balloon missions, we aim to build a waters and atmospheric circulation patterns from 1896 to
comprehensive wind velocity database to analyze and better 2003, as noted by Kondratovich & Kulikova!?*.

——— Calculated data from onboard GPS ——— Data taken from Wyoming
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Figure 9. The mean profiles for two wind velocity components (zonal and meridional) are shown in the left and right panels, respectively,
using the data of 2015 (black lines), 2016 (blue lines), and 2019 (green lines) during the post-monsoon season.

6. Limitations of the Study

There are many limitations present in our present study
using balloon-borne missions, which we are planning to
overcome in future missions. Firstly, we have no long-term
continuous data during the pre- and post-monsoon, which
could have given us a deeper understanding of the analyzed
outcome. Secondly, we have not been able to find the impact
of thunderstorms on wind velocity and direction, as we could
not get a chance to conduct any missions on thunderstorm
days. We do not calculate the wind velocity in conventional
methods and compare it with other agencies like IMD; we
only calculate the two components of wind velocity from the
movement of balloons measured by GPS and present the de-
tails of their variation with altitude at different seasons (pre-
and post-monsoon). Albeit our wind velocity observations
agree with the results presented in existing literature such as
Ruchith et al.[14],

7. Conclusions

In this article, we present the measurement of some
atmospheric variables (temperature, pressure™), wind veloc-

24,3301y and some physical quantities related to balloon

ities!
motion (e.g., horizontal displacement) that depend on the at-
mospheric conditions. Pressure and temperature with respect
to altitude are usually measured by radiosondes. However,

our sensors are accurate enough to observe and compare

these variables during pre- and post-monsoon seasons. We
show the presence of westerly and easterly subtropical jet
streams during summer (altitude at around 12 — 15 km) using
some missions that were carried out in May. Meridional com-
ponents were determined using the October and November
mission data, which fluctuated northerly and southerly with
a small magnitude compared to zonal during the pre- and
post-monsoon seasons. The role of the subtropical jet stream
in the formation of the intense summer monsoon is certainly
significant, especially in recent years. It would be valuable
to track this contribution from 2000 to 2025 by increasing
the number of stratospheric pilot balloon launches and their
frequency within a single day. Additionally, it would be
beneficial to place launch points not only in West Bengal
but also in the western states of India. These results hold
considerable significance as they deepen our scientific un-
derstanding of atmospheric characteristics. Our study draws
from an extensive data set that spans from 2013, encom-
passing the findings from not just a solitary balloon mission
but an impressive total of fourteen distinct missions. This
comprehensive approach allows us to gather a wealth of infor-
mation that contributes to the overall analysis. Additionally,
some important findings—Ilike the analysis of wind speed
from a single balloon mission—were already discussed in
Chakrabarti et al.[3], which was based on data from just one
flight. In our work, we used data from many missions, which

helped us gain deeper and more detailed insights.
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Thunderstorms may affect the wind velocity and direc-
tion. Thunderstorm activity typically occurs under conditions
of minimal surface wind. Increased airflow during a thunder-
storm is generally linked to a squall, which is characterized
by a rapid increase in air movement caused by the move-
ment of clouds. A squall can be thought of as a vortex that
develops in a horizontal plane. However, determining the
speed of airflow during a squall can be challenging because a
squall is primarily a vortex rather than a straightforward flow
of air. The wind results would be more accurate if we had
the all-day database during the pre-monsoon (March-May)
and post-monsoon (October-November). However, our 3-
to 8-day averages of wind speed data show convincing re-
sults and follow the wind’s behavior in the atmosphere. In
the future, we will plan the mission’s execution in the mon-
soon season on most days to study the monsoon low-level jet
and the correlation between rainfall and winds. The article
by Koteswaram & Parthasarathy 3!l analyzes the average jet
stream over India during the pre-monsoon and post-monsoon
seasons. It reveals that the westerly jet still exists but with
reduced intensity. By utilizing Pibal data, the authors assess
vertical motions and circulation patterns near the subtropical
jet and anticyclone. The findings support the confluence
mechanism for jet formation and link clear-air turbulence
over India to the vertical motion patterns located south of
the jet. The monsoon circulation is mainly influenced by
local surface conditions, including radiative heat and the
distribution of permanent atmospheric pressure centers. We
will also aim to take the data for all days for pre- and post-
monsoonal seasons and analyze and present the more refined
and accurate results elsewhere in the future.

While comparing components of wind velocity in the
pre- and post-monsoon seasons, we find significant devia-
tions in the year 2019. The IMD data also indicated highly
anomalous rainfall in that year. Where the data for the month
of June shows a significant deficiency in rainfall, the Septem-
ber data shows 152 percent rainfall as compared to the LPA
(the highest after 1917). We attempt to correlate the varia-
tion of our wind velocity data with the anomalous rainfall
profile of that year. Future continuous observations will aid
in understanding and establishing such a correlation much
better. Such data can potentially be used in refining regional
atmospheric forecasts, especially those related to monsoonal

dynamics.
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