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From the Chairmans desk

According to World Meteorological Organization
(WMO), weather disasters are occurring more
frequently but death rate has decreased
considerably

Dr. Raj Kumar

rkumar.sharma@gmail.com

Season’s greetings to all IMSA members and their families.

I feel happy to be connecting with you all once again through E-Megha. Meteorologically speaking, 2021 was a
difficult year, as evident from the extreme weather events replete throughout the year. According to the new
report from World Meteorological Organization (WMO), weather disasters are occurring more frequently
wherein, the number of disasters has increased by a factor of five over the 50-year period causing more than
USS 200 million in losses daily.

However, the situation is not all bleak, as the death rate has decreased almost threefold , mainly attributed to
advances in early warning and disaster mitigation strategies. In this context, India has taken a firm stand for
mitigating the climate crisis by pledging net zero emissions by 2070 at the 26th Conference of Parties (CoP26).
In addition, the new Global Green Grids Initiative One Sun One World One Grid (GGI-OSOWOG) aims to
tap the Solar power to cultivate interconnected solar energy at global scale. The solemn efforts and climate

resilience may be our only chance to adapt to a rapidly changing scenario.

Monsoon 2021, although a normal one, was rather peculiar in the sense of simultaneous heavy rains, flooding,
heat extremes and drought all in the same year. IMSA, as a scientific community, strives to develop
understanding of the weather and climate processes in the backdrop of climate change. The primary step
towards this is through generating interest and developing curiosity in the subject in the young minds through
continuous engagement. Active participation by scientists, researchers and students in the monsoon
photography contest sets out the involvement in science through artistic challenge. The Nobel prize in Physics
this year for the path breaking contribution in the complex subject of climate again reiterates the importance of

advanced research in this domain.

I am very happy to note the role of E-Megha in promulgating information and viewpoints from different age

groups and disciplines.

I wholeheartedly congratulate the winners of the IMSA Monsoon Photography Contest 2021 and urge everyone

to keep up their enthusiastic participation.

Wishing the whole IMSA family a very healthy, happy and enterprising year 2022 with hope to have in-person

interactions in early 2022.
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Secretary’s Report

Dr. Abhisek Chakraborty

abhisek1984@sac.isro.gov.in

Ahmedabad chapter is one of the active chapters of Indian Meteorological Society (IMS) dedicated in
spreading awareness of meteorology and allied subjects in different parts of the society. With the
declining pandemic curve, we are attempting to resume our activities in full swing. Though most of
our events are organized in online mode, we have started establishing physical events too.

We celebrated World Ozone Day on September 16, 2021 by organizing an online talk on “Elevated
aerosols over South Asia: Direct & Indirect Radiative Effects” by Dr. S. Suresh Babu, Head Aerosols,
Trace gases and Radiative Forcing (ATRF) Branch, Space Physics Laboratory, Vikram Sarabhai Space
Centre (ISRO), Thiruvananthapuram in collaboration with Indian Society of Remote Sensing -

Ahmedabad Chapter (ISRS-AC) and Indian Society of Geomatics - Ahmedabad Chapter (ISG-AC).

Under the umbrella of “Azadi Ka Amrit Mahotsav’, we in collaboration with ISRS-AC, ISG-AC,
Scanpoint Geomatics Limited organized a one-day workshop on November 20, 2021 in Lok Jagruti

(LJ) University, Ahmedabad to celebrate the World GIS Day.

We organized the annual Monsoon talk on November 22, 2021. On this occasion, an invited online
talk on “Recent results from Climate Research in India and Way forward” was delivered by Dr.
Akhilesh Gupta, Senior Adviser, Department of Science and Technology, New Delhi. We also
announced the results of IMSA Monsoon Photography Contest - 2021 during this event.

Like the last year, this year too we celebrated Antarctica Day on December 01, 2021 in collaboration
with ISRS-AC and ISG-AC. An online talk on “India’s Voyage to Antarctica” was delivered on this
occasion by Shri. Ajay Dhar, Retired Scientist, Indian Institute of Geomagnetism.

B L3 University e
Workshop on

INTERNATIONAL GIS DAY - 2021
‘GIS EDUCATION: BEYOND THE BOUNDARIES'

Saturday. 20" November 2021 « Time: 09:30-14:00 Hes
Venve: Auditorium, Law Faculty, L J University Esg
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Live even trough: YouTube Channel: bitly/isgaciive =

Photo: IMSA in collaboration with ISRS-AC, ISG-AC, Photo: On behalf of IMSA, Dr. V. Sathiyamoorthi is offering
SAC and Scanpoint Geomatics Limited organized a memento to Dr. S. Suresh Babu for delivering an online talk
workshop in L] University, Ahmedabad to celebrate on World Ozone Day.

World GIS Day.
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Dear |MSA members, :..J ............................................ L.,.
The drop of rain maketh a
hole in the stone not by
violence but by soft falling

As the year 2021 comes to an end, we welcome you
all to a recapitulation of the monsoon this year,

studded with interesting articles and spectacular —Hugh Latimer

creativity of young minds. In this monsoon issue, we

emphasis on the decoding of monsoon this year by our esteemed contributors. Experts in the
field discuss the abnormal pattern in south west monsoon with abundant rainfalls in June,
followed by an extended spell of inactivity in July and August and finally turning into the
second-wettest September in 27 years. As expected, the prediction of such a monsoonal
season was not easy. It underlines the importance of advanced research, better
parameterizations and modeling of complex processes. In view of extreme events, we have
provided a summarized overview of the cyclone season for 2021. A detailed monsoonal
analysis for the state of Gujarat is brought out by our expert contributor. There are other
interesting articles on Cryospheric and Planetary studies for our readers. One of the most
talked about felicitation in the recent past is the award of Nobel prize in Physics 2021 to
climatologists Syukuro Manabe, Klaus Hasselmann and physicist Giorgio Parisi for their
“groundbreaking contributions to our understanding of complex physical systems”. It is
indeed a great boost to the efforts carried by the meteorological community to be bestowed
upon by the pinnacle recognition. E-Megha extends its salutatory greetings through the article
by one of our senior IMSA members.

We heartily congratulate the winners of the 2021 IMSA Monsoon Photography contest. The
winning photographs capturing the different dimensions of monsoon are published in this
issue. Last but not the least, the icing on the cake, the Students section, which has built
steadily into a reverberating crescendo. We feel extremely happy to welcome artwork, poetry,
prose or scientific project arising out of the ignited minds of the future leaders. | am sure our
readers would be totally engrossed in their creative world.

For the next issue of E-Megha, we plan a wrap-up of the yearly activities of our esteemed IMSA
members. Finally, thanks to each and every one for encouraging and appreciating us at every
step.

E-Megha team wishes all IMSA members and their families a spectacular year 2022 ahead with

E-Megha Team
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Congratulations Budding Roots

Winner

Aryavarta Singh
Class: 12
Kedriya Vidyalaya - SAC

N4
4

Second Runner Up
Het Parikh
Class: 11
Delhi Public School - Bopal

E-MEGHA



IMSA Monsoon Photography
Contest - 2021

Congratulations Upcoming Dreams

Winner
Meet Joshi
6t" Sem. (Microbiology)
M.G. Science Institute
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Winner
Dr. Chandra Prakash
Singh
Scientist - SAC/ISRO

Winner
Dr. Bipasha Paul Shukla
Scientist - SAC/ISRO

Winner
Shri. Anup Kumar Mandal
Scientist - SAC/ISRO
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REPORT ON ANNUAL MONSOON TALK 2021

As every vyear, the annual
monsoon lecture 2021 was
organized this year after the
withdrawal —of the Indian
Summer Monsoon. Due to the
delayed withdrawal, the
monsoon talk was organized on
22" November, 2021 through
virtual mode in the presence of
all the IMSA members and
dignitaries. This year’s talk was
delivered by Dr. Akhilesh
Gupta, Senior Advisor and Head, Policy Coordination &
Programme Management Division, Department of Science and
Technology (DST), New Delhi. As we all know, Dr. Gupta is
very well known figure in the field of Science & Technology,
who has contributed significantly in the field of Atmospheric

Science and other related areas with more than 200 research
papers. He is in charge of 5 very crucial National missions and
he is also the main architect of the of India’s new Science,
Technology and Innovation Policy 2021.

The meeting started by a brief introduction and welcome
remarks by Dr. Raj Kumar, Chairman, IMSA, where he pointed
out the significance and legacy of this annual talk series,
historically being organized by IMSA. He also emphasized on
the changing climate scenarios and it’s overall effect on the
Monsoon onset and withdrawal patterns, encouraging the IMSA
members and the scientific community to take up more focused
discussions and research to investigate the same. Next, the
Chairman IMSA announced the results of the Annual
Monsoon Photography Contest 2021, and the winners of each
category (viz. School students, College students and IMSA
Members) were felicitated virtually. Followed by this, Dr.

Observed Trends in the Frequency
and Inten5|ty of Extreme Rainfall

Increasing Trend of Extreme Rain Events
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Rashmi Sharma, Group Director, AOSG/EPSA, SAC-ISRO,
Ahmedabad introduced the eminent speaker to the audience
and welcomed him for delivering the talk.

Dr. Akhilesh Gupta then delivered an excellent talk covering
various aspects of climate change and monsoon related research

E-MEGHA

Sambit Kumar Panda and Abhisek Chakraborty

Email: sambit@sac.isro.gov.in

currently being carried out in various ministries and institutes in
India. He focused on some of the important initiatives and
missions/projects undertaken by the DST and the Ministry of
Earth Sciences (MoES) targeted towards the climate change and
its effect on the extreme weather and Indian Summer Monsoon
patterns over India, covering both Land and Ocean processes.
Dr. Gupta also shared some of the important results from
various National projects and field campaigns covering
Himalayan Glaciers and discussed the observed changed in
rainfall patterns and extremes over the various parts of Indian
Subcontinent. He also stressed upon the importance of
understanding the teleconnections between various micro and
macro level weather and climate processes and encouraged the
community to take up focused research in these areas.

After the enlightening talk by Dr. Gupta, an even more
interesting Question/Answers (Q&A) session was held, which
was coordinated by Dr. Atul Kumar Varma, Head,
ASD/AOSG/EPSA, SAC-ISRO, Ahmedabad. There was lot of
enthusiasm and interest shown by the participants which made
the Q&A session very active and interesting. Finally, the
program ended with the virtual felicitation of Dr. Akhilesh
Gupta with a memento, followed by the formal vote of thanks
by Shri Sambit Kumar Panda, Treasurer, IMSA.

PC: IMSA Photography Contest 2021
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PROGRESS OF MONSOON 2021

This year’s Indian Monsoon Seasonal Rainfall (IMSR) (June to
September) was predicted by IMD on 15 April as follows;
“Rainfall is likely to be 101% of the Long Period Average (LPA-
88 cm) with a model error of + 4. IMD also predicted the onset of
monsoon over Kerala will take place on May 31 (with error
margin of * 4 days). The private agency SKYMET made a
prediction of onset over Kerala on May 30 (with an error margin
of +/- 2 days). However, the onset date as predicted by satellite
data was on May 26 (with an error margin of +/- 2 days). This
year cyclone “Taukte” disturbed the typical onset. There was
unprecedent pre monsoon rain over Kerala beating the 51-year
record (the state averaged 751 mm instead of normal 362mm).
This year prior to onset the Arabian Sea SST was 2 deg higher
than normal, and Total Precipitable Water Vapour (TPW) was
record high over Western Arabian Sea (61 mm) in May. The daily
mean rainfall time series (all India) is given under (A). and overall
seasonal SW monsoon (mm) region wise, over the country in
2021, with normal and % of departure from normal (all India is
given in (B) -Courtesy IMD.

The 2021 southwest monsoon season comes to an end, with
normal seasonal (June to September) rainfall. Quantitatively
monsoon seasonal rainfall was -1% (87cm) less than its Long
Period Average (88cm). In spite of monsoon onset on (3™ June)
the seasonal rainfall ended, as just below normal. The monsoon
rainfall over north west India (96%), Central India (104 %),
below normal in East and North EAST India (88 %) and above
normal in Southern Peninsula (111 %).
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B. Simon

Email: babysimon@gmail.com

The southwest monsoon ended with a
change in its normal pattern, with
bountiful rain in June due to the effect of
the two cyclones during onset period, and
further went into an extended break/
pause in rainfall in July and August
during the main agricultural sowing
period, falling short of normal by 6.8%
and 24% respectively.

The southwest monsoon ended with a change in its normal
pattern, with bountiful rain in June due to the effect of the
two cyclones during onset period, and further went into an
extended break/pause in rainfall in July and August during
the main agricultural sowing period, falling short of normal
by 6.8% and 24% respectively. Then added up dumping
29% excess rain in September. More people died in East and
West India dure to lighting than the cyclones. In Mumbai
heavy rain on 9* June was recorded, which is 83% of June
rainfall, leading to floods and causalities. The reason
attributed was Tropical Convergence Zone, Offshore trough,
Strong Lower Level Jet (LLJ), and Mid-Tropospheric Cyclone
(MTC). Experts have opinioned that a positive Indian
Ocean Dipole (IOD) in monsoon season during July and
August leads to increased rainfall, but this time during the
Onset phase the IOD was neutral went on to become
negative in the peak monsoon months of July and August.,
and added to this an unfavorable MJO and lack of
sufficient low pressure systems and Offshore Trough
leading to decreased rainfall.

PC: IMSA Photography Contest 2021
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Tatitude

PREDICTION OF INDLAN SUMMER MONSOON RAINFALL

2021

The Indian subcontinent received more than 75% of annual
rainfall during the summer monsoon season i.e. June to
September every year. Although, from the monsoon onset on
first week of June to peak monsoon rain during July-August to
withdrawal of monsoon on the last week of September, the
large scale processes of Indian summer monsoon (ISM) are
largely replicated itself every year, the variability in rainfall both
spatially and temporally is significantly high and statistically
unpredictable. Several dynamical model has been evolved to
make the monsoon rainfall prediction well in advance before
the commence of the season. India Meteorological Department
(IMD) issue the official prediction of ISM rainfall on mid-April
and update on end of May. Several research organizations are
working to improve the seasonal prediction of ISM rainfall.
Space Applications Centre (SAC), ISRO, Ahmedabad also
conducted mode to

several experiments on realtime

demonstrate the role of satellite data on seasonal prediction of

Seasonal forecast of Indian summer
monsoon (ISM) for the year 2021 has
been carried out through 50-member
ensemble simulation of Community
Atmosphere Model (CAM) during the last
week of April.

ISM rainfall.

The climate model named Community Atmosphere Model
(CAM) has been used to conduct the seasonal prediction
experiment. The 50-member ensemble prediction has been
generated through 50 identical simulation of CAM with a very

INS3DR derived HE Observed Seasonal Rainfall (JJAS 2021)

CAM Predicted Seasonal Rainfall (JJAS 2021) May Phase

L

Sukanta Das
Email: sukanta@sac.isro.gov.in

small perturbation in temperature profile used as initial
condition of the model. Satellite based measurements
viz. profile of air temperature, wind vector, humidity,
sea surface temperature, sea-ice concentrations, land
temperature, availability of soil-water, land use land
cover and plant functional type over land etc. are used
to generate the forecast. These experiments are purely
on experimental mode and to demonstrate the usability
of satellite observations on monsoon rainfall prediction
using climate model. The predictions are made available
from mosdac.gov.in.

Seasonal forecast of Indian summer monsoon (ISM) for
the year 2021 has been carried out through 50-member
ensemble simulation of Community Atmosphere Model
(CAM) during the last week of April. The model initial
conditions (ICs) have been considered at the synoptic
hour 0000 UTC of five consecutive days taken from last
week of April viz. 21 to 25 April, 2021. 50 ensembles
have been created from these five ICs using IC
perturbation of temperature in the order of 10%.
Satellite observed sea surface temperature (SST) for the
month of April and monthly prediction of SST for the
remaining future months till September have been used
as the model boundary condition for all the ensemble
members. The experiment has been repeated during the
last week of May using updated SST and ICs. Further,
the prediction has been updated on monthly basis
through June to September. The seasonal, monthly and
weekly (four weeks in advance) prediction of rainfall

CAM Predicted Seasonal Rainfall (JJAS 2021) June Phase

we e we
Longitude

E-MEGHA



Active-Break Cycle during June-Sept. 2021

Active Phase

Active Phase
Active Phase

over extended Indian monsoon region has been generated

and disseminated through MOSDAC web-portal.

The model simulation suggests above normal rainfall over
the country during the season i.e. June to September 2021.
During the first phase of the experiment, the seasonal All-
India Rainfall (AIR) was predicted to be 97.0 cm (109%).
The monthly predicted AIR was 16.2 cm (90%), 33.2 cm
(118%), 28.8 cm (113%) and 18.8 cm (108%) for the
months of June to September respectively. The prediction
was updated on June and the seasonal AIR was predicted
to be 96.3 cm (108%). The monthly predicted AIR was
21.3 cm (118%), 31.6 cm (113%), 26.2 cm (103%) and
17.2 cm (99%) for the months of June to September
respectively.

According to IMD observations, the summer monsoon
season during June to September 2021 for the country as a
whole has been recorded normal. As per IMD reports, AIR
for the entire season has been measured 87 cm which is
99% of long term average of 88 cm based on data of 1961-
2010. The monthly accumulated AIR recorded are 110%,

PC: IMSA Photography Contest 2021

Duration

oo S 19 June to 23 June
e - 25 June to 27 June

19 July to 29 July
09 Aug to 13 Aug
19 Aug to 21 Aug
25 Aug to 28 Aug

S days
3 days
11 days
S days
3 days
4 days

e O3 Sept. to 05 Sept. 3 days

93%, 76% and 135% of long term average during June to
September 2021 respectively. Further, the seasonal rainfall
over the monsoon core zone consists of the most of the
rainfed agriculture region in the country is above normal,
recorded as 106% of long term average.

The most important factor of monsoon rainfall is its
progress and sustainability of rain over the Indian
landmass. The active and break phase of monsoon plays
the crucial role when it comes to the agriculture sector. A
prolong break condition or some small but frequent active
phase can convert a monsoon into deficit season or active
above normal season. Intense research has been carried out
on the prediction of Active Break Cycle (ABC) during the
season and an attempt has been made to predict the ABC
for the year 2021. The above table suggest that the season
was dominated by a number of active spells; however, the
break like condition observed during the month of August
has not been captured by the model prediction. Deficit
rainfall (76% of normal) during August has been observed
whereas a normal monsoon month was suggested by the
prediction.

E-MEGHA
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CHARACTERISTICS OF MONSOONAL RAINFALL OVER

GUJARAT STATE 2021

Indian summer monsoon which exhibits a wide spectrum of
variability on Diurnal, Daily, Seasonal, Inter annual and
Decadal time scales over different region/state of the country.
Gujarat state is located in the extreme western part of India
with Thar desert in the north-east, Rann of Kutch in the west
and the mighty Arabian Sea which envelops the state towards
the south and south-west. The bulk of the rainfall activity over
this region occurs during the months of July and August
under the influence of synoptic scale systems. However during
monsoon 2021, major rainfall activity occurred during June
and September due to the typical synoptic situations.

Gujarat state received 88 percent
rainfall during June(-12 %
departures), 60 percent during July(-
40% departure), 30 percent during
August(-70% departure) and 368
percent during September(268 %

departures).

Manorama Mohanty*, F Vigin Lal
Email : *met_mm@yahoo.co.in

A study has been taken to analyse the intra seasonal
variability of monsoon rainfall and associated characteristics
for Indian Summer Monsoon 2021 over Gujarat state for
Month of September has been carried out. Also occurrences
of heavy rainfall to extremely heavy rainfall due to various
synoptic systems formed over land and oceans has been
analysed.
Gujarat state has two meteorological subdivisions Gujarat
region and Saurashtra-Kutch. During monsoon season 2021,
the subdivision Gujarat Region received normal rainfall of
about 80cm (-12% departure), subdivision Saurashtra-Kutch
received excess rainfall of about 62 cm (24% departure) and
Gujarat state as a whole received normal rainfall of about 70
cm rainfall (2% departure). Though Gujarat state received
normal rainfall during monsoon 2021 but there is large
variation in monthly rainfall over the state. The state
received 88 percent rainfall during June(-12 % departures),
60 percent during July(-40% departure), 30 percent during
August(-70%  departure) and 368 percent during
September(268 % departures).

Daily average rainfall in mm over Saurashtra & Kutch during September
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—Normal rainfall
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Figl: Daily average rainfall in mm over Saurashtra & Kutch during September 2021
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Due to a few spells of rain during September 2021 the The highest rainfall recorded on 9th September was 25 cm

seasonal rainfall of the state became normal (fig: 5). Author in Gir Somnath District. During 13th to 15th September
tries to study the variation of intra seasonal rainfall and 2021(Fig 1) Guijarat state received an active wet spell due to
associated dynamical parameters for the month of the oscillation of monsoon trough up to Saurashtra coast
September 2021. The data sets used for the study are u and and interaction with cyclonic circulation over Gujarat
v wind data from ERAS5 reanalysis data set with 0.25 °x 0.25 region. During the period heavy to very heavy rainfall with
° horizontal resolution with vertical levels 1000 to 500 hpa extremely heavy rainfall occurred over the state with
standard levels for the month September 2021 with daily highest rainfall recoded 52 cm recorded at Rajkot, 47 cm at
time steps (OOUTC, 06UTC, 12UTC and 18UTC) and for Junagadh and 41 cm at Jamnagar on 14th September 2021.
area 68 °E to 72 °E and 20 °N to 24 °N; daily area averaged On 24th September Guijarat state received a good spell of
rainfall data from Rain gauges, AWS over Gujarat state for monsoon rainfall (Fig 1) with highest daily rainfall of 19
the period September 2021. cm in Jamnagar district due to the cyclonic circulation over

West Rajasthan. Last rainfall spell for the month was from
28th to 30th September 2021 (Fig 1) due to intensification
of Well-Marked Low Pressure Area into a Depression over
northeast Arabian Sea & adjoining Kutch due to which

In this study analysis is being done for the subdivision
Saurashtra-Kutch during September 2021 as there was excess
rainfall over the subdivision. During the first week of

September the subdivision Saurashtra-Kutch received heavy
to very Heavy rains (Fig 1) with maximum rainfall of 17cm highest rainfall recorded was 29 cm in Junagadh district on

at Junagadh and Kutch districts as monsoon trough was 30th September 2021.
running across Gujarat state. The ERAS data is used to compute relative vorticity and

Due to interaction of Low  Pressure  Area  over hovumuller plot is prepared for lower level(1000-850mb)
southwest Madhya Pradesh & neighbourhood up to 7.6 and  higher level(700-500) = vorticity for the month
km above mean sea level and the shear zone along September 2021 are shown in the figure la. During the
Latitude 20 °N between 3.1 km & 5.8 km above mean sea extremely heavy rainfall events, positive vorticity advection

is observed at higher level also. Thus vertical advection of
positive vorticity up to higher level can be considered as a
tool for extremely heavy rainfall forecast.

level, the state received heavy rain over Gujarat region and
heavy to very heavy rain with isolated extremely heavy rain
over Saurashtra-Kutch 2nd week of September (Fig 1).

vorticity(lon(68-72), Iev(7OO 500hpa))
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Figla: Relative Vorticity Hovumuller plot September 2021
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SALIENT CHARACTERISTICS OF CYCLONIC ACTIVITY
OVER NORTH INDIAN OCEAN DURING THE YEAR 2021

North Indian Ocean (NIO), which comprises of Arabian Sea
(ARB) and Bay of Bengal (BoB) experiences on average 4-5
tropical cyclones (TCs) annually, faced five cyclonic storms
during the year 2021. Out of these five TCs, two formed in the
ARB (Tauktae and Shaheen) and three in the BoB (Yaas, Gulab
and Jawad). TC Tauktate and Yass formed back to back in pre-
monsoon cyclone season of NIO during 14-19 May and 23-28
May, respectively. Whereas TC Shaheen (1-5 October) was the

It has been reported that in general, TC
frequency, duration, intensity have
increased over ARB and decrease in the
TC activity is observed in BoB.

re-birth of TC Gulab (24-25 September) after its re-emergence
in ARB crossing the Indian peninsula from BoB. TC Jawad was
the last cyclone of the year that formed in the BoB during 4-6
December. The best track of the above five TCs (provided by
India Meteorological Department, IMD) over NIO during the
year 2021 are presented in Figure 1.

“Tauktae” was the first named TC over NIO during the year
2021. This was the most intense cyclone of the year and
categorised as “Extremely Severe Cyclonic Storm (ESCS)” with

maximum sustained wind speed of 100 knots, TC Tauktae
formed in the ARB during pre-monsoon months (14-19 May)
and affected the west coast of India including the neighbouring
countries like Sri Lanka, Maldives and Pakistan. It was reported
by IMD as a very rare cyclone causing adverse weather and
damage over entire west coast states (Kerala, Karnataka, Goa,

Neeru Jaiswal
Email : neeru@sac.isro.gov.in

Maharashtra, Gujarat, Daman and Diu, Dadra and Nagar

Haveli, Lakshadweep) as it moved parallel to west coast and
crossed Gujarat coast. Tauktae was most intense cyclone after
Kandla cyclone in 1998 as reported by IMD.

Just after ESCS Tauktae, a second TC of the year 2021 was
formed in the BoB that attained the category of Very Severe
Cyclonic Storm (VSCS) and named as TC “Yaas”. This back-
to-back occurrence of TCs in NIO is becoming very frequent
in the last 10 years. Similar, back-to back TCs were observed
in 2020 (Gati and Nivar), 2019 (Maha and Bulbul), 2018
(Luban and Titli), 2018 (Sagar and Mekunu), 2016 (Nada
and Vardah), 2015 (Chapla and Megh), 2013 (Helan, Lehar
and Madi), 2010 (Laila and Bandu). The same has been
reported by IMD. TC Yaas made its landfall as VSCS
category at Odisha coast near Balasore district, causing
adverse weather in Odisha, West Bengal, Bihar, Jharkhand
and Eastern Uttar Pradesh. TC Yass helped the monsoon to
strengthen over the BoB.

During September 2021, a quite an unusual TC Gulab was
formed in the BoB, as it crossed the Indian subcontinent and
reemerged as TC Shaheen in ARB, which made its landfall
in Oman coast. This cyclone was unique from two aspects,
one it formed in the southwest monsoon period during
September month, which is a rare phenomenon in the NIO,
and second, formation of TCs in BoB and its re-emergence in
ARB as a cyclonic storm after crossing the Indian continent is
uncommon. Along with these two, another exception was

_Tro ical cyclones over NIO du
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landfall in Oman coast, which is again very rare. TC Gulab
affected several Indian states like Andhra Pradesh, Hyderabad,
Telangana, Maharashtra and Chhattisgarh. Cyclone Shaheen
caused devastating effects mainly in Oman and Iran.

The last cyclone of the year 2021 was Cyclonic storm “Jawad”
that developed from the low pressure system that travelled from
South China Sea to BoB after crossing Myanmar region. This
was a weak cyclonic storm and lost its energy before making
landfall. It caused major disruptions over Andhra Pradesh,

Odisha, and West Bengal.

All the above cyclones were monitored by Indian geo-stationary
satellites INSAT 3D and 3DR, polar orbiting satellites, coastal
radars and available ships and buoy observations. These
observations were utilised by the operational agencies and
numerical modellers in order to provide the advance
information about cyclone track and intensity. The forecasts of
these cyclones were also generated by Space Applications Center
(SAC-ISRO), Ahmedabad in the nearreal time using in-house
developed techniques and disseminated through their web-
portal SCORPIO linked with mosdac (www.mosdac.gov.in).
The cyclone centric enhanced images using TIR-1 channel of
INSAT-3D satellite has been shown in the Figure 2.

The above discussed salient unusual characteristics of tropical
cyclones are not limited to NIO basin. Several studies have
examined impact of global warming over the frequency and
intensity of tropical cyclones (TCs) forming over different
oceanic basins. The changing characteristics of NIO cyclones

17MAY20210929 (TIRL NHC Enhanced) .

25MAY20210830 (TIR1 NHC Enhanced)
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particularly in the ARB is addressed by several researchers. It
has been reported that in general, TC frequency, duration,
intensity have increased over ARB and decrease in the TC
activity is observed in BoB. Remnants of the cyclones that
form in BoB, often crosses the Indian region and reaches to
Arabian sea and intensify into low-pressure systems, but it is
rare that they attain the intensity of TC over Arabian Sea like
TC Gulab re-emerged as TC Shaheen. In 2008, TC Gaja that
form in BoB crossed Indian region and intensified further as a
depression after entering in Arabian Sea. In general, TC of
Arabian Sea dissipate in the Ocean and do not attain their
intensity beyond the gulf of Oman or deep inland across the
Arabian Peninsula. The dry air intrusion and low moisture
content in the atmosphere inhibits the strength of TC in
western Arabian Sea. Unlikely, TC Shaheen made landfall in
the Oman coast as a severe tropical cyclone. In the historical
data of NIO cyclones in the last three decades, there is no
evidence of any such system with track like Gulab-Shaheen
that took birth in BoB, dissipate in Oman and moved across
the width of India. The behaviour of TC Gulab-Shaheen can
be linked with the climate change, which is influencing the
occurrence of more intense cyclonic system in the Arabian Sea
that is affecting the Middle East costal region. The recent trend
of rising Sea surface temperature signals the more frequent
occurrence of such TCs in the Arabian Sea and this makes an
alarm for the vulnerability due to intense TCs to the coastal
countries.
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Figure 2: INSAT-3D satellite generated images of cyclones over NIO during year 2021 (a) TC Tauktae, (b) TC Yaas, (c¢) TC Gulab,

(d) TC Shaheen and (e) TC Jawad.

PC: IMSA Photography Contest 2021
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SEASONAL SNOW COVER VARIATIONS IN HIMACHAL DURING
2020-21 AND ITS COMPARATIVE ANALYSIS WITH

REFERENCE TO 2019-20

The Cryospheric studies are important as the 1/3rd part of the
and the

State is characterised by this great Himlayan reserve
studies of which using any other conventional method is not
possible due to inaccessibility of this area. The State of Himachal
Pradesh receives winter precipitation in the form of snow at the
higher altitudes. About 1/3rd of the total geographical area of the
State remains under thick snow cover during the winter season.
Most of the major rivers like Chenab, Beas, Parvati, Baspa, Spiti,
Ravi,Satluyj and its perennial tributaries originating from the
Himalayas depend upon the seasonal snow cover besides the glacier
input for their discharge dependability. Besides this, the snow cover
also helps in controlling the accumulation and ablation patterns of
the glaciated regions in the State.

Considering the importance of seasonal snow cover as a major
input in controlling the hydrology of the river basins, for which the
information about the total snow fall that takes place during winter
season from the various observatories operating through out the
State as a point information is available but their spatial extent
cannot be ascertained. Thus by using satellite data of different
resolutions, it has now become possible to map the geographical
extent of the area covered under snow during winter season. The
mapping of seasonal snow cover in terms of its spatial distribution
covers the different river basins in Himachal Pradesh during the
winter season from October to May and is an important input in
order to understand the contribution of snow in different
catchments to  sustain the hydrology of the river basins.
Considering the present trend of winter snowfall in Himachal
Pradesh, the winter precipitation was mapped in all the basins viz
Chenab, Beas, Ravi and Satluj basins using AWIFS satellite data
having spatial resolution of 56mts w.e.f October to May.

During 2020-21  snowfall was estimated and analyzed with
reference to the average value of the total area under snow in each
month from October to May in 2019-20. Based on the study carried
out, the following inferences were drawn. Basin wise analysis from

October to May in 2020-21 and its comparative analysis with that of

2019-20 reveals that at the beginning of winter i.e. during the

E-MEGHA

S.S.Randhawa, Nisththa Gautam
Email : ssrandhawa15@gmail.com

month of October 2020, all basins have been characterized by less
snow cover area and the decrease is of the order of about 51% in
Chenab, 64% in Beas, about 77% in Ravi and about 72% in
Satluj basins in 2020-21 in comparison to 2019-20. Likewise, in
November, the decrease in area under snow cover was of the order
of about 31% in case of Chenab, 6% in Beas, about 52% in Ravi
and about 21% in Satluj basin could be observed in 2020-21 in

comparison 2019-20.

The mapping of seasonal snow cover in
terms of its spatial distribution covers
the different river basins in Himachal
Pradesh during the winter season from
October to May and is an important
input in order to understand the
contribution of snow in different
catchments to sustain the hydrology of
the river basins.

Likewise In December i.e. the peak winter month, all basins again
have shown a reduction in the surface area under snow by about
2% (Chenab), 9% (Beas), 18% ( Ravi) and 24% (Satluj) basins
respectively in 2020-21 in comparison to 2019-20. In January, the
Chenab basin shows a decrease of about 2%, the Beas basin by
about 27%, Ravi basin by about 16% and in Satluj basin, the
reduction in surface area decrease is of the order of about 24%
respectively in 202021 in comparison to 2019-20. During
February 2021, all basins again shows a decrease in their area
under snow cover and the decrease is of the order of 7% in
Chenab, 25% in Beas, 24% in Ravi and about 29% in Satluj basin
respectively. It is reflecting that there is a decrease in snow cover
area in 2020-21 winter period especially the peak winter months
from December to February in comparison to 2019-20. In March,
Chenab basin shows a reduction of about 2% in its surface area
under snow, the Beas and Ravi basins shows decrease in surface

area under snow by about 6% (Beas) and Ravi about 1%, whereas
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Satluj basin shows a reduction of about 20 % decrease in snow
cover area in 2020-21 in comparison to 2019-20.

Thus to summarize that during early winter months (October to
November) and the peak winter months (December to February) ,
we can say that there is less snowfall in 2020-21 winter in the
State covering all the basins viz. Chenab, Beas, Ravi and Satlyj
respectively as a result of which the spatial area under snow cover
is reduced in 2020-21 in comparison to 2019-20.

Further analysis of summer months i.e. April and May, the
Chenab and Satluj basins shows a positive trend in the area under
snow cover in May and shows an increase of about 8% in Chenab
and about 1% in Satluj basin, where as in April, a reduction of
about 2% (Chenab) and about 20% (Satluj) could be seen in 2020
21 in comparison to 2019-20. The other two basins i.e. Beas
shows a reduction of about less than 1% in April and about 22%
in May, whereas the Ravi shows reduction of about 32% and
8% in April & May 202021 in comparison to 2019-20
respectively. Analysis of summer months further reveals that in
Chenab basin, about 85% of the total basin area in April and
about 71% as in May is still under the impact of snow reflecting
that about 14% of the total basin area has been melted out
between April and May which further reduced to about 52% in
early June reflecting that about 20% basin area in Chenab basin
has been vacated of snow between May and early June. In other
words, we can say that about 52% of the total basin area would
melt during the next ablation month (June to August) and will
contribute to the discharge dependability from the Chenab basin.
Likewise, the Beas Basin in the month of April ;has about 49% of
the total basin area and in May about 35% is under snow cover
impact, which further reduced to 28% in early June reflecting

that about 14% of the total basin area has been melted in Beas
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basin between April and May and further 7% between May and
early June and thus about 28% of the total basin area of Beas basin
would be available for meeting the water requirements from
snowmelt during the next ablation months in summer after 12th
June 2021.

The Ravi basin, shows that about 29% of the total basin area in
April and about 24% in May of the total basin area is under snow
cover impact, which further reduced to 15% in early June reflecting
that about 5% of the total basin area has been melted out between
April and May and further 9% between May and eatly June, as a
result only 15% of the total basin area would be available for
meeting water requirements from snowmelt of the Ravi basin
during next ablation months after early June 2021. Likewise, the
Satluj basin comprising of Baspa, Pin and Spiti and Lower Satluj in
Himachal part, indicates that about 41% of the basin area in April
and about 37% in May and further about 19% in eatly June is
under the snow cover impact, which may have some error due to
cloud cover in the Satluj basin in June reflecting that about 4% of
the basin area in Satluj has been melted between April and May
and about 18% between May and early June and the large
variation may be due to cloud during this period as a result on
19% of the total basin area would be available for meeting the
water requirements from snow melt during next summer months in
2020-21.

Thus based on the above analysis carried out, it is observed that
there is an overall decrease in area under snow in 2020-21 winter,
wherein Chenab basin (9% ), Beas basin ( 19%), Ravi basin (23%)
and Satluj basin (23%) reflects less area in 2020-21 (October to
May) in comparison to 2019-20 period with a considerable overall
decrease in total area under snow by about 18.5% in Himachal
Pradesh on 2020-21 winters in comparison to the total area during

2019-20.

Page 19



GEOLOGICAL ANALYSIS OF CRATER BRIGGS

Of late, the lunar floorfractured craters (FFCs) have

become an important topic of research to understand and
unravel the diverse morphological and mineralogical
entities that are having implications on the magmatic and
thermal evolution of lunar surface throughout the
geological history [1-5]. In 1976, Schultz classified these
craters based on their various morphological features [6].
Among these, the class 2 craters are characterized by
concentric fracture systems, uplifted convex upward floor
profile and pronounced moat region adjacent to the crater
wall region. Hence, crater Briggs is an ideal example of class
2 type FFCs. This crater (26.45°N, 69.18°W) is placed on
the north-western side of the Oceanus Procellarum and
north-eastern side of Eddington plain. It is an Upper
Imbrian aged, nearly circular shaped crater with a diameter
of ~ 37 km. This crater has a prominent central peak area
with some concentric fractures in the rugged crater floor.

From the present study it is concluded that
the crater Briggs is characterized by nearly
rounded periphery, uplifted deformed crater
floor, concentric fractures and prominent
moat regions belong to Class 2 floor-
fractured crater [1, 2].

For mineralogical analysis we used the photometrically and
thermally corrected level-2 hyperspectral Moon Mineralogy
Mapper (M3) datasets from Chandrayaan-1 mission with
the spectral range from ~ 450-3000-nm (7, 8]. To identify
the morphological features, the data from wide angle
camera (LROC-WACQC) of Lunar Reconnaissance Orbiter
(LRO) mission with 100 m spatial resolution, have been
used [9, 10]. A false colour composite (FCC) mosaic has
been generated by assigning the 930 (Red), 1249 (Green)
and 2137-nm (Blue) bands of the M3 orbital strips (Fig. 1).
Then the reflectance spectra (Fig. 2) have been derived
from this FCC image to identify different mineralogical
components.

The representative reflectance spectra of the study area
were analysed for the detection of major mineral phases,
based on the diagnostic absorption features of the chief
mafic minerals. In the Figure 1, few patches of the mafic
exposures in the shades of yellow and green are present
along the central peak area and the crater floor. The spectra
extraction locations are marked by the polygons. The major
mafic mineralogies are represented by Low-Ca pyroxenes

E-MEGHA

Sumit Pathak and Satadru Bhattacharya*

Email: *satadru@sac.isro.gov.in

(LCPs) and High-Ca pyroxenes (HCPs) and characterised
on the basis of their double absorption features near 950-
nm with 2059-nm; and 985-nm with 2165-nm respectively
(Fig. 2). The central peak area is mainly composed of LCPs
(LCP-1, Fig. 2). Most of the spectral signatures of HCPs
(HCP-1 & 2, Fig. 2) could be observed in and around the
central peak region.

The reflectance spectra of these pyroxene mineralogies
could also be identified from the fresh crater from various
part of the crater floor, which might suggest that they
formed at the late stage of evolution and excavated the
underlying pyroxene-plagioclase rich mineralogy to the
surface. Some mounds composed of LCP bearing
mineralogies have been found along both sides of the
fracture placed towards the west side of central peak area
(LCP-2, Fig. 2). These LCPs might be crystallized from the
melt escaped through those fractures. Some featureless
spectra were also found which have no absorption in 1000
and 2000 nm, which could be composed of anorthosite
affected by space weathering [11]. Hence, the mineralogical
analysis results help us to comprehend that the central peak
region is enriched in deeper crustal mafic mineral
assemblages, which was excavated due to the impact event
and the subsequent magmatic event which modified the
mineralogy on the floor.

In case of morphological analysis, the LROC-WAC image
shows the concentric fracture system around the central
peak region and also adjacent to the periphery of the crater
floor (Fig. 3). Some fractures were generated during the
later phase of ductile deformation and cross cut the earlier
ones. The topographic relief on the north eastern side is
undulated where the southern and south-western side have
relatively planner topography (Figs. 3 & 4). From the
present study it is concluded that the crater Briggs is
characterized by nearly rounded periphery, uplifted
deformed crater floor, concentric fractures and prominent
moat regions belong to Class 2 floorfractured crater [1, 2].
The composition and mineralogy identified through the
M3 datasets indicate the presence of mafic minerals,
namely, Low-Ca pyroxenes and High-Ca pyroxenes.
Additionally, the morphology of the crater floor and the
results of mineralogical analysis did not show any late-stage
pyroclastic activity. Further detail studies are envisaged for
the deeper crustal significance and understanding the litho-
evolutionary mechanisms of the FFC.
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2021 - PHYSICS NOBEL PRIZE - UNDERSTANDING OF

COMPLEX PHYSICAL SYSTEMS

This year’s Physics Nobel Prize has brought much cheer to us,
the Meteorological / Climate Community. Climate (and
Climate Change) had long been recognized as multidisciplinary,
that may have been one reason why Physics Nobel eluded this
subject for so long. The earlier climate related Nobel (in

Chemistry) went to Paul Crutzen (Germany) in 1996 for

The Radiative Climate model studies have
shown that the effects of increased CO2 is a
warming of the surface (and troposphere) and
a cooling of stratosphere by nearly five times
that at the surface.

explaining the cause of Antarctic Ozone depletion. Also in
2007 Nobel Peace Prize was awarded to IPCC and Al Gore. If
one goes a bit further in the past, Swedish scientist Svante
Arrhenius may be considered to get first Nobel in the field of
Climate (1903 in Chemistry) !

The recognition that ‘complexity’ in physical systems is
omnipresent where apparent ‘chaos’ and ‘regularity’ co-exist and
give feedback to each other, led to the Nobel award of 2021 in
Physics to Syukuro Manabe (90 years old, Japanese - American,
Princeton University), Klaus Hasselmann (90, Max Plank
Institute, Hamburg, Germany) and Giorgio Parisi (73, Sapienza
University, Rome, Italy) “for groundbreaking contributions to
our understanding of complex physical systems”. The Prize is a
recognition of complexity in Climate Science and development

of climate modeling by the Physics community

It was left to Manabe in his classical paper of 1967 to explore
interaction between radiation balance and the vertical transport
of air masses through 1 - D Radiative Convective Models
(RCM).  Through this model he showed that doubling
atmospheric CO2 could increase the surface temperature by
about 4 - 5 C. The insights from the 1 - D model led to
develop global climate model in three dimensions by him by

1975.  This was yet another milestone on the road to
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understanding the secrets of climate.

A survey of lead authors of 2021 IPCC report voted Manabe’s
1967 paper as the most influencing climate change paper of all
time. Fifteen of his papers in climate related subjects have been

quoted more than 1000 times in various scientific publications !

Hasselmann later created a model that linked weather and

climate by finding a way to tackle the rapid and chaotic weather

73

changes that were so troublesome for integrating the dynamic
equations for long time climate prediction. He demonstrated
how chaotically changing weather phenomena can be described
as rapidly changing noise, thus placing long - term climate
forecasts on a firm scientific foundation. He created a stochastic
climate model, implying that chance is built into the model.
His idea came from Einstein’s theory of Brownian motion.
Using this theory, Hasselmann demonstrated that the rapidly
changing atmosphere can actually cause slow variations in the
ocean. He also developed ways to look for specific signatures

of human influence on the climate.

Parisi had independently “built a deep physical and
mathematical model” that made it possible to understand
complex systems in fields as different as mathematics, biology,
neuroscience and machine learning. He showed how apparently
random phenomena are governed by hidden rules. Modern

studies of complex systems are mostly based on statistical
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Manabe’s climate model

Syukuro Manabe was the first researcher to
explore the interaction between radiation
balance and the vertical transport of air
masses due to convection, also taking accourt
of the heat contributed by the water cycle.

Cold Hot air +
air latent heat

Hot air is lighter than cold air, so it rises
through convection. It also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the

the

outinto space.

mechanics - like for eg random motion of molecules
studied by James Maxwell for understanding kinetic theory of
gases (microscopic explanation for macroscopic properties in
fluids).  The subject of Parisi’s original work (in 1980s) was
for solving the paradox of “spin glass” system. Spin glass is a
metal alloy in which a small number of iron atoms are
randomly mixed into a grid of copper atoms. The magnetic
properties of this material behave in a very radically puzzling
Later he applied it for various complex systems

manner.

including Climate prediction.

In summary, while Parisi, the last listed Nobel Laureate, is
credited with discovering interplay of disorder and fluctuations
in physical systems at atomic to planetary level, Manabe and
Hasselmann unraveled interplay between chaotic weather and
climate variability at planetary scales. Manabe and Hasselmann
laid the foundation of our knowledge of the Earth’s climate
and how humanity influences it. What was not recognized as
hardcore  Physics (but multidisciplinary), has now been
recognized for the ingenuity of solving complex interactions of
phenomena in understanding Climate. We may also say that
Nobel Prize for Climate Change this year, could partly has
been influenced due to the Glasgow Conference of Parties

(COP 26) consisting of 197 countries committed to Climate

change mitigation discussing (during August to October 2021)
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concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat
stored in the vater vapour.

various aspects of reducing anthropogenic effects on Climate.
This Conference may also have been a reason why Manabe
and Hasselman figure ahead of Parisi in the announcement,
though Parisi got half the Prize and the first two shared the
other half!

Though Arrhenius was the first, by end of 18th century, to
show that if Carbon dioxide in the atmosphere is doubled,
global temperatures will increase by about five degree Celsius,
the Global warming and Climate Change issues caught the

world attention only around 1980.

Richardson (1905) and Charney (1950 with Neuman in MIT)
take important place in the journey to solve the equations of
atmospheric dynamics for weather prediction. Charney
showed that it is important to filter the sound waves, for
atmospheric prediction not to go haywire even within a few
steps. Lorenz (1962) showed that atmosphere is non linear
(and associated chaotic nature). Thus, very small changes in
initial conditions lead to very divergent prediction with time.
This lead to the understanding that the theoretical limit to
deterministic predictability may be about two weeks . Studies
over the years have shown that climate prediction is
probabilistic and not deterministic. Weather prediction or
climate projection will always be associated with a small but

unavoidable ‘uncertainty’.
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Identifying fingerprints in the climate

Klaus Hasselmann developed methods for distinguishing between
natural and human causes (fingerprints) of atmospheric heating.
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The Radiative Climate model studies have shown that the effects
of increased CO2 is a warming of the surface (and troposphere)
and a cooling of stratosphere by nearly five times that at the

surface.

This possibility of a comparatively large signal in stratosphere has
not been exploited yet to investigate greenhouse warming scenario
in detail (eg it geographic distribution). The stratospheric

temperature measurements data are not yet as massive and
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hyperspectral observations from satellite platforms -
this should become realisable. The two together -
data from surface and stratosphere - may throw more

light in our understanding / mitigating global warming.
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Impact based forecasting informs anticipatory actions : As the economic and human
impact of extreme weather and climate change increase forecast not just of what the
weather will BE but of what the weather will DO are vital to save lives and livelihood.
As a result there is a paradigm shift towards impact based forecasting driven by the
international met and humanitarian community and facilitated by leaps in science and
technology.

The Asia-Pacific Typhoon Collaborative Research Center (AP-TCRC) has been inau-
gurated in the Chinese coastal city of Shanghai, serving as a role model for regional
coordination and cooperation in support of disaster risk reduction. It will promote
greater research and investigation into a major natural hazard, which every year caus-
es massive loss of life and socio-economic upheaval.

Deadly Flash floods with casualty of more than 5,000 deaths worldwide annually, is
exceeding any other flood-related event. Increasing global population in urban areas,
with encroach of floodplains, the need for flash flood early warning systems becomes
significant. World Meteorological Organization (WMQ), the United States Agency
for International Development (USAID), Bureau for Humanitarian Assistance, and
the Hydrologic Research Center (HRC) formed a partnership in 2007 to develop
and implement an early warning flash flood forecasting system (Flash Flood Guid-
ance System - FFGS) for global application. As of Now 3 million people over 67
countries are benefitted from this. By 2030 National meteorological and hydrologi-
cal Services aims to provide such warnings globally.

The sun is the source of all energy. Solar energy though clean and sustainable, its use is severely affected by day time availability and bad
weather. One Sun One World One Grid (OSOWOG) is the solution to this challenge. Its objective is developing a worldwide grid
which can transmit clean energy anywhere, anytime. This innovation use power at night from solar energy generated on other side of the
earth where it is day time. It simultaneously addresses storage needs, carbon footprints and energy costs. All nations can cater targets of
the Paris Agreement to prevent dangerous climate change on adoption of this innovative step. Green investments under OSOWOG can
create millions jobs building a prosperous nation. Innovative idea of OSOWOG was floated by Honourable Prime Minister Shri Naren-
dra Modi in first assembly of the International Solar Alliance (ISA) which is an inter-governmental organisation by India and France,
comprising 101 members, emphasizing accelerated adoption of solar power in October 2018. The UK and India decided to merge the
UK’s Green Grids Initiative (GGI) and ISA’s OSOWOG into GGI-OSOWOG as part of the UK-India Virtual Summit earlier this year
with endorsement of World Bank and 83 ISA members. Finally OSOWOG declaration was jointly released by Indian Prime Minister
Narendra Modi and UK Prime Minister Boris Johnson at COP26 Climate meet at Glasgow.

OSOWOG would phase wise connect the Indian grid to the grids of Middle East, South Asia and South-East Asia, and then to Africa
and finally aim global interconnection. Thus OSOWOG focus on attracting effective investments in renewable energy sectors utilising
technology, finance and skill. The initiative would cut down cost for energy production and this could be used in other potential areas
such as poverty alleviation, provision of drinking water, sanitation facilities and food security.
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FIVE WAYS TO DISCOVER

EXOPLANETS

We all know the eight planets of the Solar System, even by
heart. Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus
and Neptune. All orbit our star, the Sun. But there are mil-
lions of stars out there. Do these stars also have planets? And
can we detect them?

Planets that orbit other stars
are called exoplanets. More
than 4000 have been con-
firmed, with 5000 more await-
ing confirmation. These ex-
oplanets are really important
for future space research. They
can help us detect habitable
planets, and where extra-
terrestrial life could possibly be
found. Exoplanetology can be
the basis for a future galactic
country, an idea that is currently limited to the pages of books

Fig 1. An artist’s depiction of
Pegasi 51b (Credit: TIME
Magazine)

and the lights of the television. Imagine what new and useful
resources we could find out there? It could help us solve many

problems we face, or will face.
1 2 3

There are many ways of discov- == . n . >
ering exoplanets. Some are
good for some planets. The
first exoplanet to be discovered

star

>

Brightness
#

and confirmed by humans was
Pegasi 51b, discovered by
Mayor and Queloz in 1995. -
Their method has been used to 1€ 2 A depiction of the

. Transit method (Credit:
discover many other exoplanets, ESA)

v

nearly 800. Since a planet also
pulls the star just like the star
pulls the planet due to gravity, the star wobbles regularly. This
is noted as the difference of wavelength that we detect on
Earth. The farther the star is, the longer its emitted wave-
lengths become. If there is a periodic shift in the wavelength,
then there might by an exoplanet. This method, called the
Doppler spectrometry, was used to discover Pegasi 51b, a fairly
large planet with a four day orbit.

However, this method is not apt for most planets, as most
planets would need to be close to their parent star to have any
noticeable effect on the position of the star. A more prevalent
method is called the transit method. Here, checking is done
for periodic dips in the stars
brightness. These dips happen
if a planet passes across the star
during its orbit. More than
3000 stars have been detected
by this method.

But this method tells little
about the makeup of the plan-
Fig 3. A depiction of directly ets themselves, as no light is
imaging exoplanets (Credit: reflected by the planets when
Berkley)

Y AN

they move in front of the star.
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This is enabled by directly imaging the stellar system. However,
the stars are generally so
bright they hide the planets.
To solve this issue, research-

Gravitational Microlensing

ers use coronagraphs, which

decrease the brightness of o

stars and enable us to study @ Lons Y
Star ource
the light emitted by the plan- s

et, which can be fed into a
spectrometer to reveal the
chemical makeup of the
planet’s atmosphere much
better. But this method has only discovered 51 exoplanets, due
to the high level of difficulty involved.

Fig 4. A depiction of gravita-
tional microlensing (Credit:
wikipedia)

There is another method that has been used to discover ex-
oplanets, using the bending of light due to gravity. Due to the
Theory of General Relativity, massive objects bend spacetime,
and therefore the propagation of light. When a star passes in
front of another star, the star further away has its light bend
around the nearer star. In this case, the nearer star is called the
lens star, as it creats a gravitational lens. This creates an in-
crease in luminosity of the previous star. But, if the nearby star
is accompanied by a planet, then the planet too bends the
light, causing a sudden, minor spike. This, when detected,
confirms the existence of the
planet. This has found about a
100 exoplanets. This method,
called gravitational microlensing,
has been used to discover rogue
planets, or planets that do not
orbit any star, and has shown the
real number of rogue planets
was much higher than earlier
estimates.

Fig 5. A star’s path being

visibly altered by a planet

(Credit: ESA) A similar method to Doppler

spectrometry, called astrometry,
works by visibly detecting the change in a stars relative position
in the night sky, instead of analysing the wavelengths. This
method, called astrometry, is actually difficult from the Earth’s
surface, as the atmosphere distorts incoming light. So it is
more suited to space telescopes. However, due to its sheer diffi-
culty, only three exoplanets, to date, have been found by this
method. As has been noted above, each method has its own
pros and cons. While Doppler spectrometry is good for large
gas giants orbiting very close to their star, the transit method is
better suited for smaller planets orbiting farther away. Gravita-
tion microlensing is the best way to detect rogue planets. And
more ways to discover exoplanets will be, well, discovered in
the future. With more and more exoplanets, we will find more
and more resources. These resources could be the way to solve
crises on Earth, including shortages of materials, food and
water. They will show us the planets that are habitable. And
finally, exoplanets will reveal more about the history of our
own galaxy, as well as galaxies far, far away.
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WINTERS

The city night is covered in white,
Christmas gifts and Christmas lights.
The homes so cozy and blankets ever tender,
These are the wonders of winters.

The crystal dews hang on the white bare trees,

Winter mornings bright, fresh and free.

The winter sun shines and in the blue sky it glitters,

These are the wonders of winters.
Santa visits our homes,
While the new year calls.
Are your new plans thought and written?

Because the season for new starting are winters.

By- Nishita Agarwal,

Class 11, Apple Global School, Ahmedabad,
reema79agarwal@gmail.com

What kind of
music do
planets_sing?

Neptunes!
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SOMETHING CALLED
MONSOONS

A call of the wind, and watery lanes
The battle of the clouds, coming down the drain
Children’s delight, but adults’ terror
No doubt, it is because of the insect factor
Drip drip drip sound everywhere
All frogs and snakes brushing their heads in the
rushing air
Hot pakodas, chutney and chai on the table
Eating them while listening to the wind’s whistle

Rain coats and umbrellas and wipers of the cars
out

And that’s something you can’t go without

And that’s when good drains ease the pain to
throw the water out

I love the rains for all they do

Replacing the hot and scorching sun with cool
and dew

The rivers are swollen, the wells are full

The crops become bountiful and we have rainy
days at school

Plants grow and grow, making room for abun-
dant greenery

The air gets cleaned and everywhere there is a
beautiful scenery

Like summers and winters, there is something
called monsoons

And that is absolutely number one through every

reason

By- Shauryaa Singh,

Class 7, DPS Bopal, Ahmedabad
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WINTER BLOOMS

I never knew that the color white could be so horrifying. It
was a regular chilly December morning and students were
in their classes, reading their textbooks, with their hands
stuffed into their warm pockets. However, it wasn’t a
regular day at our school because it was almost time for the
much awaited Annual Sports Day. While the whole school
was busy with the preparation, I was sitting on my bench
with a light frown trying to decipher the Mathematics
equation when a senior student knocked lightly on the
classroom door. She was the most beautiful senior of our
school. Her skin was as pale as white frost and she always
carried an icy cold attitude. She entered the class with a
solemn and cold expression and asked the teacher for
permission to take me with her. This wasn’t unusual,
neither for me, nor for my teacher. Both of us guessed that
I would’ve been called for yet another event to put a mic in
my face as if I was a singing parrot. I didn’t mind it
though; I liked the attention and it also gave me a break
from the Mathematics equations. I got up from my bench
and followed her. The corridors were bustling with athletes
returning from their morning practices, cheerleaders
choosing the colors of their pom-poms and the student
committee carrying large boxes filled with decorations for
the Annual Sports Day. As we approached the staircase to
our lovely auditorium, a light smile formed on my lips.
But, the senior just went on walking. I almost paused in
front of the staircase, utterly confused about the situation.
Was the rehearsal kept at some other venue! I asked her
where we were going. Like a ghost, her face turned 90
degrees, and with the same stone cold expression and her
straight and soft hair falling from her shoulder to her back,

she replied, “Vice Principal’s Office.”

If 1 had a heart disease, I would’ve died right there. 1
had never met the Vice Principal, just seen her from afar
doing her rounds. Our Vice Principal was apparently not a

happy person. Those who had had an encounter with her
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had always mentioned how they wished no one had to
meet her ever. It was a known fact that she had earlier
been the Principal of a Military school. She was the
rumored scary-looking lady like Miss Trunchbull from
Matilda. She was almost an exact replica of Professor
Umbridge from Harry Potter, except for the fact that
our Vice Principal never smiled, her face as white as a

cloud.

Hearing the girl's words, 1 immediately squatted
down, pretending to tie my shoelaces while thinking
of all the possible mistakes I had made in my entire
life. 1 was a straight-A student; my teachers never
disliked me, at least not openly. I had never ever done
something against the school rules. At that moment, I
wished that I should have stayed in my class doing the
sums. I had no escape now. I trailed behind the girl
like a penguin.

The office of the Vice Principal was pure white; white
walls, white marble floor, white ceilings, and even
white decorations. As soon as I entered the room the
secretary shot a deadly glance towards me. I felt like 1
was being stung by a hundred acupuncture needles
right in my chest by just her scornful stare. The
weather was chilly and so were my hands, but there
was an unusual moisture growing on my palms. My
palms were frozen like ice while my body burned as if
someone had set me up on fire. My head was
throbbing with pain and there were deep lines in
between my brows resembling that of a snowcapped
mountain. The marble floor suddenly felt colder, as if
I was standing on a white ice slab barefoot.
I couldn’t move a bit and my whole body felt

paralyzed. My mind had gone numb; I thought of all
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possible reasons for my visit, but couldn’t come up with
any. Icouldn’teven run away from the office. My
classmates had seen me go in the direction of the office,
and they would enquire about it for sure. Sensing my
fear, the secretary offered me a glass of water. It felt as if
the liquid had gushed through my throat, cooling down
my internal organs. It didn’t calm my nerves, but it did
make me want to throw up all the nervousness into the
pot of white daisies outside the office. Just then the
phone next to the secretary rang with a shrill ring. She
answered the phone and calmly nodded in response and
waved her palms towards me to tell me to enter the Vice
Principal’s cabin. I pushed the door open and went inside
the cabin. Our eyes met, and I felt like I had died inside.
She was the complete opposite of the solemn and

peaceful interior of the cabin.

She was staring at some papers, wearing a dark maroon
saree with painted long nails to match with it. Her lips
were stained maroon as if she just drank blood. She
looked up from her gold rimmed spectacles hooked on
her nose, glaring at me with her kohl-smeared eyes. With
her lips pursed, she looked at me skeptically, as if she was
silently judging me. I was very intimidated but somehow I
gathered all my courage and greeted her with a smile and
a ‘good morning’. I got no reply for my greeting, instead
she looked back to the papers she was reading earlier.
There was a moment of silence between the two of us
which broke when she spoke the most dreadful words to
me, “Call your parents.” I screamed like a Banshee inside
my head. Never in my entire life had I imagined that my
parents would get called to school because of me!
I panicked instantly, making excuses such as my
father wasn’t allowed to carry mobile phones in his
office; that my father was often in labs and not in his
office rooms; that my mother had gone on an official trip.
None of my excuses were fake because I was too freaked
out to make up something else. She paid no heed to my

words and proceeded to say, "Call your parents right
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now.” With my vision blurred, I walked towards the
telephone of her desk and picked up the cold receiver.
My body was shaking, not on the outside, but inside.
It felt like my brain was going to burst and my eyes
would lose their control very soon. I pushed the white
buttons of the telephone and called my dad. To my
utmost dismay, he picked up the call. I told my father
that my Vice Principal wanted to talk with him, my
voice almost sounding as if I was singing a rigorous
classical aalap. I handed over the receiver to her,
feeling my legs almost give out. My head was spinning,
and I knew that my life was completely ruined. But
something else was waiting for me. It was probably the

first time a student had seen this scene in our school.

Our Vice Principal, better known as the
bloodcurdling and spine-chilling witch of our school,
broke into a smile in front of me. I was so confused
and stupefied that nothing made sense to me.
Apparently, she informed my father that I was the
only student in our whole school who would be
getting a scholarship for performing arts. If there was
someone else in my place, they would have rejoiced
about it. But, I, on the other hand, heaved a huge sigh
of relief; for me it was like escaping death and being
reborn again. After ending the phone call, she shook
hands with me. That moment I felt as if all the fear in
me had vanished into the air like white water vapors. I

thanked her and got out of the office.

The first thing I did was to look at the
sky; it wasn't longer white and chilly, and it was yellow
and filled with hope. The scholarship came as a
blessing to me for the rest of my life. It is one of my
best accomplishments. But, looking back to that day, 1
really pray from the sincere depth of my heart, that no
student has to enter the threshold of that horrendous,

plain-looking white office ever again.
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