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From the Chairmans desk

More

Dr. C. M. Kishtawal

innovative
technology are the need of the hour to effectively
use the climate change know how and translate it
to adaptation,
operations, as done in case of Cyclone Amphan

approaches, cutting edge

risk-reduction and mitigation

chandra_k@sac.isro.gov.in

Welcome to the new issue of E-Megha, a magazine with
its broad scope dedicated to meteorology and allied sub-
jects. The role of meteorology in the current scenario of
climate change and adaptation is very pertinent. Envi-
ronmental change and its impact have migrated from
the arena of purely academic interest to the implemen-
tation of strategies and technological advancements for
societal benefits. More innovative approaches, cutting
edge technology are the need of the hour to effectively
use the climate change know how and translate it to

adaptation, risk-reduction and mitigation operations.

The extreme events like repeated forest fires, recurring
floods, extreme heatwaves, unprecedented warming of
oceans and ice melting may have tagged 2019 as an out-
lier year. But, this might just be the new normal. Ac
cording to the United Nations’ World Meteorological
Organisation (WMOQO) “The year 2020 has started out
where 2019 left off—with high-impact weather and cli-
mate-related events”. According to a recent study pub-
lished in the Proceedings of the National Academy of
Sciences (PNAS), a significant increase in tropical cy-
clone intensity across the globe was reported during the
period 1979- 2017. The researchers discovered that the
probability of a tropical cyclone having Category 3 or
higher intensity (maximum sustained winds stronger
than 180 km/h) increased by about 15% between the
first and second halves of the period of analyzed satel-
lite data. This corresponded to approximately 8% in-
crease per decade over the period of study. The propor-
tion of all tropical cyclones exceeding major-hurricane
intensity showed a similar increase of about 6% per
decade. In Indian perspective, there were record num-
ber of cyclones during the past year, especially over the
Arabian Sea, which witnessed five cyclonic storms in
2019 against the normal of one per year, making 2019
the year with highest cyclonic activity ever recorded in
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the history. Three of the five Arabian Sea cyclones
formed in the post-monsoon season, which is a rec-
ord in itself. This year in 2020, tropical cyclone Am-
phan, which impacted densely populated city of Kol-
kata was observed to intensify rapidly in the Bay of
Bengal to become a “Super Cyclonic Storm” within
a span of approximately 40 hours.

Rapid intensification of TC AMPHAN

Intensity change > 30 knots in 24 hrs shows rapid intensification
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However, in a parallel workspace, the momentous
scientific and technical leap, evident in advance
forecasts of tropical cyclone Amphan in India and
Bangladesh reinforced a successful disaster mitiga-
tion campaign. The operations that included the
evacuation of more than 3 million people, which
has been widely lauded for limiting casualties is a
perfect example for early warning systems. As a sci-
entific community IMSA has always endeavoured
towards exchange of knowledge, sharing of ideas,
interesting campaigns, exciting competitions, stu-
dent involvements etc. I hope E-Megha will contrib-
ute in appealing to the scientific temper of The IM-
SA community with its potpourri of contents.

I would also like to take this opportunity to wel-
come the new IMSA- Executive Committee and
wish them an enriching tenure ahead.

Wish you all a very happy reading !!
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Dr. Sanjib Kumar Deb

sanjib_deb@sac.isro.gov.in

The Ahmedabad Chapter of Indian Mete-
orological Society (IMS) is one of the very
active chapter, which regularly organizes
various outreach programs for creating
awareness related to the field of Meteorol-
ogy and allied sciences for school/college
students, researchers and educators.
While conducting various events in the
field of satellite meteorology and climatol-
ogy, Indian Meteorological Society Ah-
medabad Chapter (IMSA) has effectively
utilizes the knowledge, expertise and ex-
periences of its members, which is main
strength of any scientific society. IMSA is
also actively participating with various
other local scientific societies like Indian
Society of Remote Sensing (ISRS), Indian
National Cartographic  Association
(INCA) and Indian Society of Geomatics
(ISG) and thereby, is benefitted in con-
ducting various activities where scientific
and technical cooperation is required.

IMSA celebrated International Ozone
Day 2019 by organizing a public lecture
on "CAIPEEX the science of clouds, pre-
cipitation and weather modification" at
Space Applications Centre (SAC), Bopal
Campus, Ahmedabad on September 16,
2019. The theme for the year 2019 is “32
Years and Healing”. The speaker of this
event was Dr Thara Prabhakaran from
Indian Institute of Tropical Meteorology
Pune. The society has organized a yearly
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Secretary’s Report

Monsoon lecture on the topic “2019 South
West Monsoon: Rainfall Features and Long
Range Forecasts” on November 15, 2019 at
SAC, Ahmedabad. The speaker of this event was
Dr. D. S. Pai, Head, Climate Research & Ser-
vices, India Meteorological Department (IMD),
Pune. To encourage the student to learn about
the monsoon season, a photography contest
“Monsoon through Camera 2019” was also orga-
nized. The prizes to the winners were distributed
on November 15, 2019 at SAC Ahmedabad.
Both the lectures were attended by many stu-
dents, research trainee and scientists of SAC
and Physical Research Laboratory (PRL) Ahmed-
abad along with members of this society. Dur-
ing summer monsoon 2019, a tree plantation
drive was carried out at new Bopal campus of
SAC, ISRO, Ahmedabad. To celebrate the birth
centenary of Dr Vikram A. Sarabhai, society or-
ganized a half day outreach programme at Christ
College, Rajkot on February 18, 2020. A docu-
mentary on the life of Dr Vikram A. Sarabhai
was also screened and Dr A. K. Varma, SAC
ISRO delivered a popular lecture on the use of
microwave remote sensing for weather applica-
tions during this programme.

The society has planned many activities during
the current year. This includes (1) to conduct
Prof Satish Dhawan Lecture 2020, (2) to cele-
brate World Meteorological Day 2020, (3) to
conduct educational excursion tour for IMSA
members in co-ordination with other scientific
societies, (4) to conduct Monsoon Lecture 2020
at the end of monsoon 2020. On behalf of IM-
SA executive committee, I thank all members
for their active participation in the various activi-
ties conducted by this chapter during present
year. | am sure members would actively partici-
pate in various activities planned and fulfill the
goals and objectives of the Society.
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Editorial

Dear Readers

We are really delighted to bring out the new issue of EMegha before you, and at the same
time we are sincerely apologetic due to the delay in its release. In this issue, we look at differ-
ent phenomena which have special significance, to the Winter season, though not limited to it.
The articles cover Fog, Snow, Western Disturbances, Air quality , Monsoon Spells, Ocean dy-
namics related to sub mesoscale features and swells and Clouds. From this edition we are initi-
ating a column on conference experience sharing by an attendee. This edition focuses on
TRAD-2020 , the yearly colloguium on radar meteorology . We would also like to hear your
experiences on any relevant symposiwm that you were a part of. It will be very interesting to
our readers. Although we all are passing through a challenging phase, human race is adapting
itself to the new normal and finding its way to survive. E-Megha editorial team would like to
hear your views on the meteorological aspects during the lockdown period: any new initia-
tives, analysis or observations. We plan to have a MONSOON ISSUE next, and we are eagerly
waiting for your inputs. We are very thankful to all our contributors , who despite of having a
very involved schedule took time to nurture this endeavour. Very Special thanks to our
young next generation IMSA-ites who gave us a flavour of their imaginative minds. Hope you

enjoy reading , pondering and munching over this issue of EMEGHA

E-MEGHA EDITORIAL TEAM

CALL FOR
CONTRIBUTIONS!!!

Please send

your
articles,
viewpoints,
analysis,
news etc.
at
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ANNOUNCEMENT FOR IMSA PHOTOGRAPHY CONTEST
2020

THEME: MONSOON THROUGH CAMERA

Indian Meteorological Society - Ahmedabad Chapter (IMSA) ‘

MSA s pleased to announce a photography competition for

v’ College students (any stream/branch/year)
v IMSA members

Photography

Rules of the contest:

virhere is no entry fee.

v Only one entry per person is allowed.

¥ Submitted photographs must be taken in Ahmedabad only
during Monsoon of 2020 and should be the photographer’s own
work.

v The content of the image must not be altered using any image

processing. Images should be Geotagged.

v Along with photograph, image properties (Date/Time/Geo-tag
location) should be submitted.

v File size should not be more than 10 MB.

v Submission deadline is August 31, 2020

v Winners will be intimated through their e-mail and phone by
September 15, 2020.

v Awards will be distributed to winners in future IMSA event.

v Entries should be submitted as attachments to an email to
imsa.sec@gmail.com. In the email subject line, please mention
“Monsoon through Camera”

v While emailing your entry, please include following details in the
body of your email: Your full name, Category (Student <Class>,
IMSA member <membership number>), email address, Mobile
number)

Decision of the evaluation committee will be final

v For any query please contact: 079-26916046.

Contest
Theme. : ¥ ﬁ

b\‘

‘About Indian Meteorologncal SOcuety (IMS)

IMS formed in 1957, is a nonproﬂvproffsslonal society, with

Delhi. It has more than 3,000 life members from several re

universities, user agencies, NGOs, industry and stu

objectives of the society are:

1. Advancement of meteorological and allied scie

the knowledge of such sciences to the scientlﬂ commu

general public, 3. Applications. of meteorolog! ‘ all M&es to various
constructive human activities' such as agriculture, “uses,irrigation,
power management, navigation of sea and air, eng and technology,
medicine and public health etc. The society publlsllw scientific journal
‘Vayumandal'. For more dqtalls please visit http://lwww.imsa.net.in

Nl 3 b.
Save Earth, Save Water, Save ’Envyonment!

(Photographs should be submitted to: imsa.sec@gmail.com)

Please send your entries as per details given above ftc
imsa.sec@gmail.com by 31 August 2020

dlfS
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ROLLEIFLEX

Ms. Nishtha Samal

(Maharaja Agrasen Vidyalaya, Ahmedabad)

.- ~Ms. Pratima Kumari

(Central University#6f Gujarat, Gandhinagar)




Dr. C.P.'Singh (IMSA)"
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Yes, this Fog will lift off!!

It is the time after Diwali and we were on the way back
from a family get-together at my in-law’s place. This time
of the year comes as a bridge between the rainy season
and winter. Neither too hot nor cold. Even on way back
to home, kids started planning for the next vacation.
They have winter break in December and want to go
somewhere else other than meeting only relatives! Every
year I try to either decline this request with the pretext
of work or else to decide some place in South India. But,
what is it which makes me panic in winter for not to

Sasmita Chaurasia

sasmita@sac.isro.gov.in

Fog is one of the high impact weather
phenomena in India during winter
months. Widespread haze and fog
cover invariably the Indo-Gangetic
(IG) plains of India from November to
February every year. With the INSAT-
3D/3DR fog product, NWP models
and in-situ observations every year
winter fog is being monitored with
improved accuracy.

travel at all! In every winter, there are news of so many
flight diversions, delays or cancellations and not only
flights, trains get delayed or cancelled. Apart from this, it
is usual to read news like “vehicles piled up on Yamuna
Express” or on national high way 1 or 8 etc. Who is the
culprit? And people start asking “Kya Chal Raha Hei”?
Promptly comes the answer “Fog Chal Raha Hei”.

So, what is fog?? Fog is nothing but a weather phenome-
non in which water vapour in the air condenses into
water droplets suspended in air. The physical nature of
fog and cloud is the same. In case of fog these water
droplets are suspended very near to the ground thereby
reducing the horizontal visibility near surface. It can be
formed everywhere—over land and water surfaces. Mete-
orologically if the horizontal visibility reduces to less
than 1000 m accompanied by stable atmospheric condi-
tion, calm breeze and sufficient moisture (relative hu-
midity approaching 100%) then the weather condition is
identified as fog.

The reduction in visibility near the ground (as shown in
figure 1) is a serious hindrance for transportation in
land, water and air, causing a major problem in day to
day lives of common people. Depending on the physical
and chemical nature and composition of the droplets,

E-MEGHA
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fog can also have direct or indirect adverse effects on human
health specifically it can affect respiratory system, skin , eye
etc.

Fog is one of the high impact weather phenomena in India
during winter months. Widespread haze and fog cover invaria-
bly the Indo-Gangetic (IG) plains of India from November to
February every year. It spreads over India’s most densely popu-
lated area extending from Punjab to West Bengal. A sudden
increase in temporal and spatial extent of fog has been ob-
served in recent years. It may be attributed to changing land
surface, vegetation, topography and available moisture level
due to change in irrigation pattern, river network, and, above
all, the increased pollution level which acts as condensation
nuclei. Even though the rural area is having less pollution, fog
over these regions may be due to an increase in moisture,
apart from the surface inversion. This increase in moisture is
either due to overnight rainfall or due to moisture in the soil
or moisture availability from storage tanks, ponds and canals.
It could also be coming from heavily irrigated agriculture
fields in the Rabi season.

The fog that is observed over the IG plains being one of the
largest all over the world needs to be monitored and analysed
in detail. Ground based observing networks gives information
about a point location and is not able to throw light on its
spatial and temporal extent. Satellite observations play a cru-
cial role in studying the entire life cycle of fog over large area
simultaneously. Monitoring of fog over the IG plains was ini-
tially carried out using observations from polar orbiting satel-
lites like NOAA (AVHRR) and Terra/Aqua (MODIS). How-
ever, due to less temporal frequency (twice per day) the entire
life cycle of fog from onset to dissipation could not be studied.
INSAT-3D satellite, in orbit since July 2013, has proved to be
very useful for near real time fog detection, throughout the
day at 30-min interval over India. After the launch of INSAT-
3DR in August 2016, the fog product is available at every 15
minutes (synergistic observations from INSAT-3D/3DR)
which is able to capture the complete evolution of fog over the
Indian land mass. The fog products are generated using two
different techniques for day and night time. For the night
time fog detection, the difference between brightness tempera-
ture of TIR (Thermal Infra-Red centered around 10.8 pm)
and MIR (Mid Infra-Red centered around 3.9 um) is used,
whereas, for the day time fog detection the visible channel
(0.65mm) along with TIR channel of the INSAT-3D/3DR are
used.  These fog products are disseminated through
www.imd.gov.in and www.mosdac.gov.in opera-
tionally for the user. Figure 2. Shows a sample of the fog prod-
uct over India for 17 December 2019. These fog products are
being extensively used by the aviation and railways.

Apart from the hazardous effect of fog, it is also having benefi-
cial effect for regions having water scarcity. Fog harvesting or
the collection of fog for the production of clean water has
gained attention over past few decades. For fog harvesting,
fine meshed net are erected in the direction of wind. As fog
passes through these nets, the water vapor in it gets collected.

SATAINSAT-J0D IMG 17-12-2019/22:00 CMT
FOG/LOW CLOUD 18-12-2019/03:20 IST

L2C CEOPHYSICAL PARAMETER SECTOR

Are”

rho

S0 70 a0

L MOSDAC JSAC
o 1

Fig. 2 Fog map over India on 17 December 2019 at
2200GMT using INSAT-3D imager observation

When the volume of water droplet grows they starts drip-
ping which are then collected for use. Depending on the
quality of water it can be used for agriculture and other
purposes. Scientists believe that dense fog may ultimately
turn out be a blessing in disguise as a natural resource
for water. It is estimated that in India 12.5 billion litres
of waters can be effectively collected through "fog captur-
ing" in net screens. Apart from other countries in the
world, Uttarakhand state in India has also started imple-
menting this technique for fog water collection. Re-
searchers in Kanpur and Himanchal Pradesh are also
working in this regard. It has also been reported that
foggy days are considered to be beneficial to many crops
as it provides shadow as well as moisture to the crop.
The three dimensional structure of the crop acts like a
natural fog trapper. Specifically foggy days are favourable
for wheat crop grown in the northern part of India dur-
ing winter time, as it lowers the day temperature during
vegetative phase of the crop, leading to a probability of
higher yield. However, for other vegetables and fruits
foggy days may not be good.

To be at par among the international community, Indian
scientists across different organisations are working to-
gether for better fog forecast. With the INSAT-3D/3DR
fog product, NWP models and in-situ observations, every
year winter fog is being forecasted with reasonably good
accuracy, resulting in reduced cancellation of flights and
trains than before. However, a lot is yet to be understood
about the characteristics of fog and its entire life cycle in
detail.
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Snow cover in Himalayas: A glimpse from Space

Snow is a part of the term ‘Cryosphere’ which is coined
from Greek word ‘KRYOS’ for frost. Snow is basically a mix-
ture of ice, air and water which is being formed from the re-
crystallization of ice particles in the atmosphere during precipi-
tation. Freshly fallen snow on the ground begins to compact
and metamorphosed, settles under its own weight, and melts
and refreezes. Pattern of snow deposition, wind and topogra-
phy also contributes in snow accumulation, and once deposit-
ed on ground, snow crystals together forms a new material- the
snow cover. Himalayan region experience spells of snowfall in
winter during North-West monsoon and plays an important
role in various hydrological and climatological applications.
Snow during the winter months feed the accumulation zone of
a glacier system, and governs the annual and long term mass
balance. However, it is quite difficult to regularly monitor
snow with conventional methods due to remote and harsh
climatic environment especially in Himalayan region with an
additional fear factor imposed by tough terrain conditions
(Figure 1A). Satellite remote sensing has provided unbiased
map of snow for repetitive and fast spatio-temporal monitoring
of snow cover. Snow is a bright target on Earth and was first
observed from space in Eastern Canada using the TIROS-1
satellite in April 1960. Snow strongly reflects in visible region
and absorbs in SWIR as shown in Figure 1B where cloud
shows high reflectance whereas snow becomes dark. Figure 1C
shows the spectral reflectance of snow and other ambient tar-
gets of wavelength between 350 and 2500 nm. The distinct
spectral signature of snow between Visible and SWIR region
was used to develop Normalized Difference Snow Index
(NDSI) based approach to map snow pixel, detection of snow
under mountain shadow, discriminating certain types of cloud,
and was further implemented to operationally generate snow
cover using AWIFS sensor at sub-basin scale in Himalayan
region. Figure 1D & 1E shows the AWIES FCC image over a
sub-basin and respective snow product in Cyan colour. Himala-
yan snow cover monitoring has been carried out since 2004

using AWiFS data (every 5 days & 10 days) of Resourcesat-1

S. K. Singh and B. P. Rathore

* sushil@sac.isro.gov.in

Satellite remote sensing has provided
unbiased map of snow for repetitive and
fast spatio-temporal monitoring of snow
cover. INSAT-3D is able to discriminate
high altitude cloud which shows similar
spectral signature like snow in optical
region.

and 2 satellites for the months starting from October of
one year to June of consecutive years for 35 Sub-basins in
Himalayan region. The outputs include 5 and 10 daily
sub-basin wise snow cover maps, statistics and depletion
curves for around 2835 snow cover products/year and
compiled as 7 Atlases per year. More advanced INSAT-
3D satellite from geostationary platform was launched
carrying Visible, SWIR and Thermal sensor and an ap-
proach was developed to generate operationally daily
snow cover product for INSAT-3D and follow up mission
INSAT-3DR. INSAT 3D additionally able to discrimi-
nate high altitude cloud which shows similar spectral
signature like snow in optical region. Daily snow cover
product has been made available through MOSDAC-
SAC/ IMDPS-IMD.

Figure 1F shows the annual variations in accumulation
and ablation pattern of Parbati sub-basin using AW/iFS.
Many spikes in snow cover in early winter may be ob-
served due to indiscriminate snowfall spells whereas
smooth declining of snow cover areal extent is attributed
to melting in late winter. Snow accumulation and abla-
tion in sub-basins of Western & West-Central Himalaya
show an increasing trend in snow cover from 2-7%, but
statistically insignificant.

3 4 2005
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Figure 1: A) Himalayan region showing major glaciated Indus, Ganga and Brahmaputra river basins; B)
AWIiFS band2 & band5 showing strong reflectance and absorption of snow respectively; C) Ground based
reflectance of different land cover targets in parts of Himalaya; D) Cyan colour depicts snow in AWiFS
FCC; E) Snow cover products of 1.D; F) Accumulation and ablation pattern of snow cover in Parbati sub-
basin for different years; G) Monthly averaged (year 2000-2011) snow cover areal extent using MODIS
products over Indus, Ganga and Brahmaputra basins; H) Snow cover trend of Parbati sub-basin using

AWIFS since 2004.

It was reported that snow line has come down to lower
altitudes during the time frame of 2010-2014 in compari-
son to previous years. Maximum snow cover in Indus, Gan-
ga and Brahmaputra was estimated to be 167535 (Mar),
44028(Feb), 94530 (Mar) sq km respectively whereas mini-
mum was observed 19951(Aug), 7000(Aug) & 9700(Aug)
sq km respectively, averaged over 12 years data (Figure 1G).
Snow cover has shown relatively quite low areal extent in

West-Central and Eastern Himalaya in comparison to
Western Himalaya during accumulation period. Inter- and
intra-annual accumulation and ablation curve, within and
across the sub-basins, represents the magnitude and occur-

E-MEGHA

rence in snow precipitation and melting pattern respectively.
An example of longterm analysis is shown in Figure 1H.
Long-term snow cover areal extent database since 2004 has
been made available through Vedas (SAC portal). However,
improvement in radiometry, spatial and temporal resolution
with additional channels from space platform and developing
advance techniques to minimize mixed pixel error, snow un-
der forest, various cloud type discrimination etc. are still re-
search domain, along with incorporating these outcomes to
regional and global models for further enhancing our hydro-
logical and climatological understanding.
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Figure 1: INSAT-3D TIR-1 image showing the western disturbance approaching towards Northern India
on 0700 UTC 11 Dec 2019. A

e Indian subcontinent experiences mainly four seasons i.e.
inter (December-February), summer (March-May), monsoon cryosphere and hydrology of region) and negative (severe
une-September) and post-monsoon (October-November). weather and natural hazards) impacts.
dia gets its 70-90 % of the annual rainfall during, the mon-

Western Disturbances (WDs) are the extratropical cyclon-
Hon season.

ic storms, which originate over the Mediterranean Sea
owever, the northern parts of the country also experiences a and gradually travel across the Middle East from Iran,

in during the winter, due to the passage of western disturb- Afghanistan and Pakistan to enter the Indian sub-
ces. The intensity and frequency of these precipitations re- continent. WDs affect the regional weather of Indian
ces southward and eastward regions. The western disturb- subcontinent by bringing rainfall, snowfall, lightning and
ces influence the Indian region with various positive (on the thundershowers, hail and gusty winds.
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Extreme Temperature Recorded in SAC Bopal Campus during OCT 2019 - FEB 2020
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Figure 2: Extreme Temperature recorded at SAC-Ahmedabad, Bopal Campus during winter months

Blue Line showing Maximum temperature plotted in the range (22-38 C)

Red Line showing Minimum temperature plotted in the range (8-26 C)

Western Disturbances affect the regional
weather of Indian subcontinent Dby
bringing rainfall, snowfall, lightning and
thundershowers, hail and gusty winds.
Excessive precipitation due to this
disturbance can cause crop damage,
landslides, floods and avalanches.

Excessive precipitation due to this disturbance can cause
crop damage, landslides, floods and avalanches. Over the
Indo-Gangetic plains, it occasionally bring cold wave condi-
tions and dense fog. These conditions remain stable until
disturbed by another western disturbance. When western
disturbances move across northwest India before the onset
of monsoon, a temporary advancement of monsoon cut-
rent appears over the region. This precipitation has great
importance in agriculture, particularly for the Rabi crops.
Wheat among them is one of the most important crops,
which helps to meet India’s food security. The western
disturbances approaching towards Indian-subcontinent can
be observed well in advance through satellite generated
thermal infra-red imageries These western disturbances are
the frequent winter weather systems moving eastwards
across the region. As WDs forms, a high-pressure area over
Ukraine and neighbouring regions causes the intrusion of
cold air from Polar Regions towards an area of relatively
warmer air with high moisture. This generated favorable
conditions for cyclogenesis in the upper troposphere,
which promotes the formation of eastward moving extra
tropical depressions. Travelling at the speeds upto 12 m/s,
these disturbances move towards the Indian subcontinent,

where the Himalayan mountain region inhibits its

E-MEGHA

development. Thereafter these disturbances weaken rapidly.

WDs during winter season cause significant drop in the day
temperature in some parts of India. Normally a spell of cold
weather stretches for 5-6 days, but this winter (2019) it was
of more than 16-17 days. The severe cold waves due to
WDs, affected the life in Indian states like Uttar Pradesh,
Bihar, Haryana, Punjab, and Rajasthan. Several deaths were
reported in some districts of the affected states. The effect
of these cold spells was also observed in the daily tempera-
ture recordings at Space Applications Center (ISRO) Ah-
medabad, Gujarat. A HOBO thermo-hygrometer coupled
with automatic data logger has been installed in SAC
Ahmedabad, Bopal campus to record every minute temper-
ature and humidity. The daily extreme temperature records
shows the cold spells (significant dip in temperature ex-
treme) during the occurrence of western disturbances in the
northern India. The lowest temperature of the season was
recorded as 16 January 2020 with minimum temperature as
8.4°C (7:30 AM) and maximum temperature as 22.7°C
(2:30 PM). The observed colder night/day temperatures are
usually the effect of WDs. The light/moderate unseasonal
rainfall is also experienced in the regions affected by the

WDs.

Western disturbances in the context of Indian meteorology
are an important weather phenomenon, which in the cur-
rent context of climate change has gained importance due
to its influence on the Himalayan snow cover, glaciers,
northern Indian river feed, agriculture, etc. In order to un-
derstand the weather variability and issuing the accurate
weather forecasts, it is important to understand the devel-
opment dynamical, and thermo-dynamical processes associ-
ated with winter weather systems over the Indian subconti-
nent. The understanding of factors leading to such interac-
tion and their effect is one of the important aspects in the
context of recent global changes.
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A Hybrid approach to Air-Quality

Air"pollution is a major health risk faced by human
beings globally. Metro cities of India (e.g. New Delhi,
Mumbai, etc.) have been often cited as the most pol-
luted cities in the world, with air pollution affecting
the health of millions living in these mega cities.
These cities have high automotive pollution, industri-
al emissions, deforestation, and increased use of LPG
(Liquid Petroleum Gas) in residential areas. Regional
sources like crop residue burning and large scale
transport of aerosols via. dust storms from the neigh-
boring countries can also add to air pollution. It leads
to production of many harmful pollutants like ozone
(O3), carbon monoxide (CO), sulphur dioxide (SO2),
nitrogen dioxide (NO2) and particulate matter
(PM2.5/ PM10) in the lower troposphere.

India has a vastly variable landscape including the
elevated Himalayan terrain, semi-arid and desert land
masses, tropical rainforests, sea-shores and the vast
plains, with more than one=sixth of the world’s popu-
lation. Rise in anthropogenic emission and higher
photochemical activity in the recent past has increased
the concentrations of secondary aerosols like O3,
along with primary pollutants. These have potential
impact on public health, vegetation, ecosystems, visi-
bility, radiation budget and atmospheric chemistry.

In last decades, various mathematical models like
MOZART-2 Model of Ozone and Related chemical
Tracers, version 2), MATCH (Multiple scale Atmos-
pheric Transport and Chemistry modelling system)

Aman Waheed Khan and Prashant Kumar

* amanwk@sac.isro.gov.in

Figl. India Gate during smog in New Delhi, India in
October 2016.

not real representation of the current distributions of the chemical con-
stituents as they are based on previous year’s campaign and no real-time
satellite/ground station data is included in them. Very few studies are
available in which chemical observations available from space borne

and REMO-CTM (Regional Chemistry Transport
Model) have been used by integrating multi-platform
observations to understand and predict the impact of
air pollution on atmospheric composition and global
climate. These offline chemical transport models are
driven by atmospheric fields calculated by a previously
run meteorological model, and so do not allow charac-
terization of the influence of atmospheric composi-

Current air quality is an area of major concern
which affects health of millions of people every
year globally. Here an innovative approach
combining Machine Learning with WRF-CHEM

model provides positive results towards better

tion on meteorology. This limitation has driven the
development of online-coupled models (Baklanov et
al., 2011). Weather Research and Forecasting (WRF)
model coupled with chemistry (WRF-Chem) is a fully
coupled mesoscale model with integrated meteorologi-
cal, gas-phase chemistry and aerosol components
(Grell et al., 2005). The WRF-Chem model has wide
applications in regional air quality studies, impact of
emissions from mega-cities, impact of biomass burn-
ing and biogenic emissions on elevated O3 levels dur-
ing a heat wave, impact of the aerosol direct effect on
air quality and many others.

One of the major challenges to run WRF-Chem mod-
el is the accurate initialization of the chemical species
with some of the emissions needs to be prepared ex-
ternally. Chemical tracers and bulk aerosol loadings
are used either from climatological data or from chem-
ical transport model. WRF-Chem uses chemical initial
and lateral boundary conditions from climatological
emissions and MOZART-2 model. However, these are

E-MEGHA

prediction of air quality.

sensors are used in the numerical model, and these studies are very rare
over India. In this study, Artificial Neural Network (ANN) is used to
correct for the model predicted AOD by training with MODIS aerosol
product.

All experiments are performed with single domain (longitude: 42.1° E -
115.9° E, latitude: 22.2° S - 45.4° N) consisting of 301 x 301 grid points
with 25 km horizontal grid resolution. The top of the model is located at
10 hPa with 41 vertical levels. The National Centre for Environmental
Protection (NCEP) Final Analysis (FNL) fields having horizontal resolu-
tion of 1° x 1° available at four synoptic hours viz. 0000, 0600, 1200,
and 1800 UTC are utilized to generate the initial and lateral boundary
conditions for the meteorological parameters. Daily 72-hour forecast is
generated for 3 years from 2010-2012 over India. Forecasts before 48
hours are not used for model verification due to need of stabilizing the
initial chemical fields. The WRF-Chem predicted AOD and ANN modi-
fied model AOD are compared with MACC-II (Monitoring Atmospheric

Composition and Climate - Interim Implementation) reanalysis and
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Naval Aerosol Analysis and Prediction System
(NAAPS) analysis, and AERONET ground station
data. Some of the results are discussed below.

Figure-2 shows the scatter plot of AOD at 550
nm from all AERONET stations with (a) NAAPS,
(b) MACC, (c) WRFO and (d) WRFN during
2010 -2012. The pre-monsoon (March, April,
May), monsoon (June, July, August, September),
post-monsoon (October, November) and winter
(December, January, February) seasons are shown
in black, red, magenta and blue respectively.
NAAPS AOD matches well with AERONET val-
ues with high correlation of 0.65, and low bias
and rmsd values of 0.08 and 0.24, respectively.
MACC AOD scatter plot with AERONET data
also shows a high correlation of 0.63, and low
rmsd of 0.24 with no bias. The scatter plot of
WRFO with AERONET AOD shows a very less
correlation of 0.13 with considerable high errors
i.e., bias and rmsd of 0.40 and 0.50, respectively.
The comparison of WRFN AOD with AERONET
gives a high correlation of 0.58, and low rmsd of
0.25 with no bias. Figure-3 shows the spatial dis-
tribution of AOD from MACC (a,d,g,j), NAAPS
(b,e,h,k) and WREN (c,f,i,]) averaged seasonally
during 2010-2012. The pre-monsoon (a,b,c), mon-
soon (d,e,f), post-monsoon (g,h,i and winter (j,k,1)
seasonal distributions are denoted row wise.

In the pre-monsoon, MACC and WREFN have
high values over the Middle-East, along the Indo-
Pakistan border, the Taklamakan desert, along the
Indo-Gangetic plains, coasts of southern India and
eastern China (figure 3-a,c). The NAAPS has simi-
lar distribution but the AOD values are lower over
the Indian region, and higher over the Middle-
East, the Taklamakan desert, and eastern China
(figure 3-b).
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Fig2. Scatter plot of AOD at 550 nm from AERONET
stations with (a) NAAPS, (b) MACC, (c) WRFO and (d)
WREN during 2010 -2012.
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Fig3. Spatial distribution of AOD from MACC (a,d,g,j),
NAAPS (b,e,h,k) and WRFN (c,f,i,l) averaged seasonally dur-

ing 2010-2012.

During the monsoon season, MACC and WREN show very
high spatial distribution of AOD in the Taklamakan desert,
and from the Middle-East to Arabian sea and north-western
India (figure 3-d,f). While NAAPS also follows the same spatial
trend, but its intensity is lower with the domain average AOD
value of 0.2847 as against 0.4013 and 0.4020 for MACC and
WREN respectively. MACC, NAAPS and WREN have the
lowest AOD values in post-monsoon (figure 3-g,h,i) and winter
season (figure 3-,k,1) with higher distribution over the north-
ern India and Indo-Gangetic plains, and lower over the west-
ern and central China. Overall, the seasonal domain average
for MACC, NAAPS and WREN is 0.3257, 0.2513 and 0.3270

respectively.

The initial results show that there is considerable improvement
in the ANN corrected WRF-Chem 72-hour AOD forecast, and
it is able to match well with the MACC reanalysis. Both
MACC and WREN gave high correlation when compared with
AERONET stations over Pune and Jaipur. This methodology
improves the deficiency in the emission inventory, model bias
and provides more accurate forecast from coupled air quality
models.



Active monsoon spell during 29 July to 5th August- 2019

over Gujarat

Gujarat state experienced a wet spell of rain during the mon-
soon season 2019 from 29th July to 5th August 2019. During
the period, excess rainfall was recorded in most of the districts
of both the subdivisions namely Gujarat region and Saurash-
tra-Kutch of Gujarat State.

INDIA METEOROLOGICAL DEPARTMENT
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Rainfall % Departures from the Long Period Averages
for Districts in GUJIARAT
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Fig 1: (a) District wise Rainfall percentage departure from long period average during the

period from 29" July to 5% August 2019. (b) District wise Rainfall percentage departure

from long period average on 1** August 2019.

Last year, Gujarat witnessed
exceptional, extremely, heavy and very
heavy rainfall events during the period
from 29th July to 5th August 2019. The
interesting  alignment of  several
meteorological circulation led to this
event.

The state also witnessed exceptional, extremely, heavy and
very heavy rainfall events during the period with 24 hours
cumulative rainfall of 55cm recorded at 0830 hrs IST on 1st
August 2019 in Vadodara. During the period out of 33 dis-
tricts 2 districts received normal rainfall, 6 district received
excess rainfall and 25 districts received large excess rainfall as
shown in the figure 1.
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Similarly, on 1st August out of 33 districts 23 districts
received large excess rainfall, 6 districts received excess
rainfall and two districts received normal rainfall.

During the period Vadodara (22.31 deg N and 73.18 deg
E) received 24 hours cumulative rainfall of 55cm which
was recorded at 0830 hrs IST on 1st August 2019 due to
favorable synoptic condition persisted from 30th July and
are analyzed. There was a cyclonic circulation over South-
west Rajasthan and neighborhood up to 3.6 km above
mean sea level tilting south-westwards which moved away
on 31st.

On 30th July, there was a trough extended from South
Gujarat & adjoining north Maharashtra to interior Od-
isha across the cyclonic circulation associated with the
low pressure area(Fig 2) over east Madhya Pradesh &
adjoining Chattisgarh extended between 4.5 & 7.6 km
above mean sea level tilting southwards. Another trough
extended from Gujarat to Jharkhand across the cyclonic
circulation associated with low pressure (Fig 3) area over

North Madhya Pradesh & neighbourhood and seen up
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Fig 4: INSAT-3D IR2 and Visible images

Wind—Vorticity 1000hpa 28-31 July 2019
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Fig 5: Vorticity and streamline from 29-31st July 2019 (a) 1000hpa
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Fig 3: Analysis of Surface Chart of 03utc, 31* July 2019

to 3.1km above mean sea level
on 31st July.

There was dense cloud cover
over Gujarat as shown in the
Visible and IR image (Fig. 4).
Due to this system Gujarat re-
ceived excess rainfall with high-
est cumulative rainfall of 56 cm
recorded at Vadodara at 0830
hrs IST on 1st August 2019.

From the relative vorticity analy-
sis, using IRA-INTERIM data
for levels 1000hpa, 850hpa,
700hpa and 500hpa, it is seen
that there is movement of the
trough associated with the low
pressure systems (Figs. 5a,b,c,d)
from 28th July to 31st July.

Wind—Vorticity 850hpo 28-31 July 2019

¢)30July2019

3.2
2.4
1.6
0.8

W R WR R R W R W R

d)31July2019 -0.8

-1.6

-2.4

-3.2

-4

B, | jo T T I

. 10%=5 s=1




Wind—Vorticity 700hpa 28-31 July 2019 Wind-Vorticity 500hpa 28-31 July 2019
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Fig 5: Vorticity and streamline from 29-31st July 2019 (c) 700hpa (d) 500hpa

On 29th July, a trough was
extending up to East Raja-
sthan across northwest
Madhya Pradesh, on 30th
July it shifted towards Gu-
jarat and on 31st July it
was extending upto
Saurashtra-Kutch  across
east central Gujarat at 850
hpa level as shown in the
Fig 5b. At 700 hpa level it
is seen that trough extend-
ing upto east Rajasthan

across northwest Madhya
Pradesh on 29th July then
shifted towards Saurashtra-
Kutch across Gujarat re-
gion on 30th July and also
further southwards on 31st

¥ T
i fo0TTo ez e s e O e yly g5 shown in the Fig
5¢.0n 31st July it’s clearly
Fig 6: Relative humidity and relative vorticity hovumuller seen that the trough was tile
(vertical and longitude averaged) plots ed with respect to height as

seen in the 500 hpa chart
(Fig 5d).

From relative vorticity and relative humidity hovumuller plots (Fig 6), it is clearly seen that though there was more that 95
percent low level humidity(1000-850hpa) over Vadodara from 29th July 31st July but there was 85 percent higher level rela-
tive humidity(800-500 hpa) till 30th July. However, on 31st July there was above 95 percent of relative humidity over Vado-
dara at higher level. The positive relative vorticity over the region along with the sufficient vertical moisture content could
be the reason for the exceptionally heavy rainfall over Vadodara.

Associated with the above systems exceptionally heavy rainfall occurred in Vadodara during 24 hours ending at 0830 hours
IST of 1st August 2019. Heavy to very heavy rainfall occurred at a few places in the districts of Gujarat region namely Vado-
dara, Chhota Udepur, Narmada, Surat, Dangs, Tapi, Valsad, Bharuch, Navsari, Kheda, Panchmahal, Sabarkantha, Ahmeda-
bad, Mahisagar, Patan, Anand, Banaskantha, Mehsana, Aravalli and in Daman Dadra Nagar Haveli and at isolated places in
the districts of Saurashtra namely Junagadh, Amreli during 24 hours ending at 0830 hours IST of 1st August 2019.
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Capturing ocean sub-mesoscale dynamics from numerical model

provides us a new avenue for
exploring the sub-mesoscale
dynamic processes

They are mostly linked with fronts and vortices and are
associated with strong vertical velocity in the mixed layer
and deeper layers of the ocean, promoting the vertical
transports of chlorophyll and nutrients between surface
and sub-surface layers. Numerical models of extremely fine
resolution are required to resolve these dynamics, which is
computationally challenging. An image of surface chloro-
phyll and sea surface temperature (SST) from a very- high
resolution (2km) coupled biogeochemical-physical model is
shown for 22 Sep 2015.

200°N

18.0°N 4

16.0°N

of subsurface nutrients to euphotic zone from ocean interi-
or. However, vertical velocities are confined in the mixed
layer of regions with relatively weak SST gradient (red arrow
in the figure). This results in the response of ocean biogeo-
chemistry at surface (figure a) showing high (less) concentra-
tions of CHL along the regions of strong (weak) SST gradi-
ent. Results shows the capability of the high-resolution cou-
pled models in resolving the high energetic, fine structures
in the ocean, which can lead to substantial changes in the
mesoscale and large-scale patterns. Technical progress in
high performing computer facility is one of the main chal-
lenges faced by high resolution numerical models. Since
higher resolution requires smaller time steps, a decrease of
the horizontal resolution by a factor of N is equivalent to an
increase in the number of grid points by a factor of N?
which in fact increases the computational cost by N°. Addi-
tionally, the uncertainties linked to the sub-grid scale pro-
cess is another challenge in the ocean modelling.

m,
86.0°E 87.0°€ 88.0°E 89.0°€

Figure : Model simulations for 22Sep2015. (a) near sea surface chlorophyll (mg/m?) (b) Sea surface temperature (°C),
contoured by magnitude of SST gradient (°C/km) (c) vertcal velocity (m/day, red=upward and blue =downward) and
(d) Cross-section of surface vertical velocity at 17.5° latitude, indicated as black line in figure a. Mixed layer depth and
contours of nitrate are indicated as purple and black line in figure d.
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Indian Ocean Swells: Messengers of South West Monsoon

Ocean surface displays a combination of wide range of gravity
waves with varying amplitudes and frequencies. Generation and
growth of such gravity waves are primarily dependent on wind
velocity, wind duration and fetch. However, even in the ab-
sence of significant local wind, one can observe a collection of
waves of very large wavelength on the sea surface. These are
swells which have propagated out of their generating area to the
distant coasts without significant attenuation. Observation
shows that local winds and waves have very little effect on the
size and progress of the swell waves. These waves pass through
the sea practically uninterrupted by local effects. This extremely

Swell waves propagating

carry information across ocean parts.

out of their
generating area practically uninterrupted
by local effects serve as messengers to

important criterion makes swell waves quite important since
they contain embedded signatures of various atmospheric phe-
nomena occurring elsewhere. This signature could be of distant
storms, tropical cyclones, and even global scale sea breeze like
monsoon. On a go one can consider swells as a messenger which
brings information from one part of ocean to the other. This
makes them a precursor to various atmospheric phenomena.

Since swells are not affected by wind once they propagate out of
their generating region, they cannot be described by regional
wave models forced by local winds. This makes its prediction
tricky. Mostly this fiddly task is done using wave models with
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larger domain such that the swell generating areas are well
accommodated within it. Prediction of swell are important,
in particular, for ship routing and off shore structure de-
signing. Apart from importance of its prediction for opera-
tional oceanography, swell remains highly unexplored fea-
ture of the ocean. Mukherjee et al (1973) have shown that
high swell arrives near the Bombay high area of the Arabian
Sea few days prior to monsoon onset over the Kerala coasts.
Bhowmick et al 2011 revisited the same problem using long
term numerical model data and satellite observations and
quantified amplitude of swell that appears in various time
frames before the monsoon onset over Kerela. If one ob-
serves pattern of wave inflow into the Indian Ocean
throughout the year, one can see the wind generated wave
in the southern Indian Ocean between 40 °-60 °S propa-
gates into the Indian Ocean region. However, the magni-
tude of the waves varies throughout the year. The inflow is
very strong and continuous during the month of June to
middle of August. During this period the swells extends till
10°N. The average wave height during this phase is around
2-3 m in the equatorial Indian Ocean and around 3-4 m in
the southern Indian Ocean. For the rest of the year the
average wave height is around 1-2 m. After August this
strong swell inflow damps off quickly. Figure 1 shows a
typical swell propagation over Arabian Sea (65-70°) from the
Southern Ocean for a full year in the time frame of every 3
months.

From January to March, swells propagate from
the Southern Ocean and the average height is
1-1.5 m in the equatorial Indian Ocean. May
onwards, the inflow from the Southern Ocean
is more strengthened with an average wave
height of 23 m in the equatorial Indian
Ocean. Cross equatorial flow of south westerly
monsoon winds, modulates the existing swell
waves over the Arabian Sea to 4-5 m, during
late May or eatly June and continues up to late
August. Between June to August however the
swell is further strengthened after crossing
equator beyond 5 ° N under effect of monsoon
winds. Now it becomes quite interesting to
observe swell events corresponding to the oc-
currence of monsoon onset.

Figures 2 shows the swell arriving to the Ara-
bian Sea during the years of 1997 and 1999
along with the corresponding dates of mon-
soon for these years. These two years were
marked as very strong El-Nifio and La -Nifia
years respectively with considerable rainfall. It
can be seen that in the pre-monsoon season
5 the swell height that dominates the Indian
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Fig2. Nature of swell propagating to from Southern Ocean to AS for the entire year 1997 and 1999.

Ocean is around 1.0-1.5 m. During the middle of April and

May, the regime of high swellmanes e Er S with tropical cyclones sitting in their way and gets modified

Ocean around 20 ©-30°S. This regime protrudes into the
equatorial Indian Ocean after an approximate delay of 2-3
days. In early April, these systems are less intense as com-
pared to May. But in May the Mascarene high pressure near
Madagascar Island strengthens and it is accompanied by a
strong heat low over Sahara, Afghanistan, Rajasthan etc. This
high pressure over the Southern Ocean and heat low over the
Asian landmasses generated due to the differential solar heat-
ing of land and water, drives the gusty south easterly winds
over oceans in the southern hemisphere. This wind with high
fetch causes the high swell regime over the Southern Ocean
to be more persistent and hence a continuous and persistent
swell inflow with wave height ranging between 2-3ms starts
reaching the equatorial Indian Ocean. The swell advances
up to 10° Northern latitudes almost 15-20 days prior to the
monsoon onset. Many times these swells are encountered

as seen in year 1999.

Thus broadly Indian Ocean is predominantly dominated by
low frequency swell waves that propagate from the Southern
Ocean. These swell waves over the Indian Ocean are unique
response of ocean to the atmospheric phenomena like mon-
soon and this feature is more evident in the Arabian Sea. In
fact the swell waves that reach the Arabian Sea in the eatly
or mid May carry unique signatures of arriving monsoon
over the Indian Subcontinent. In the pre-monsoon month
of April, low swell waves ranging from 0.5-lmeter change
gradually to the amplitude of approximately 1.5 -2 meters
around 7-15 days prior to the arrival of monsoon over the
Indian Subcontinent. Such signatures require detailed inves-
tigations from the researchers and can be used as one of the
precursor to the monsoon onset over the Indian Ocean.
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The 4th India Radar Meteorology Conference:

Notes and Highlights

The 4th National Conference of India Radar Meteorology
(iRAD) was held from 4th -7th February, 2020 at IIT Madras,
Chennai. The brainchild of Prof. V Chandrasekar (CSU,
USA), a pioneer in Radar Meteorology with global fame, this
conference has evolved by leaps and bounds in the past 3 years.
With the support of Ministry of Earth Sciences (MoES) and
active leadership and participation of other eminent scientists
and researchers in this field, such as Dr. A. K. Patra (Director,
NARL, Tirupati), Dr. T.N. Rao (NARL, Tirupati), Prof. Balaji
Narasimhan (IIT Madras), Dr. S. Balachandran (IMD, Chen-

The 4th National Conference of India
Radar Meteorology (iRAD) held from 4th -
7th February, 2020 at IIT Madras,
Chennai was a golden opportunity for
Indian radar community to listen and
exchange ideas with the stalwarts in this

ever exciting field.

nai), Dr. D. Pradhan (IMD, Delhi), Dr. V. K. Anandan
(ISTRAC, Bangalore), Shri. S. B. Thampi (Former IMD, Chen-
nai), Dr. G. Pandithurai (IIMT, Pune), Dr. M.S Narayanan
(Former, ISRO) and many others, this instalment of iRAD-
2020 was again a grand success, following its stellar track rec-
ord over the past 3 years. Like before, this year’s conference
had sessions based on the topics covering Radar Technology
and Signal Processing, radar calibration and quality control,
applications of radar data, Microphysical studies and dual-pol
measurements, severe weather observations, Lightning, Quanti-

Sambit Kumar Panda* ,
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tative Precipitation Estimate, wind profiling radars and
use of radar data in NWP models.

Like its previous versions, this year also iRAD-2020
started with a one-day short-term training course related
to Radar Meteorological applications, with this year’s
theme as “Radar Hydrology and Hydrologic Modelling”.
Prof. V. Chandrasekar took up the course/training by
introducing various concepts and real-time applications
of Doppler Weather Radars (DWRs), polarimetric meas-
urements and it’s applications in the field of Hydrology.
He also stressed upon the need of more and more radar
networks in the complex orographic regions and urban
areas which are worst affected by flash floods and thun-
dershowers. Specifically, he explained the advantages of a
polarimetric radar over the conventional radars, which
have far better accuracy in rainfall estimation and cloud
microphysical applications as compared to their conven-
tional counterparts. This input was also accepted by the
officials present from IMD, who are planning to procure
and install significant number of X-band DWRs across
the Northern and North-Eastern belt of India, in addi-
tion to their existing DWR network. There is also a plan
to upgrade the conventional DWRs to have polarimetric
capabilities, as explained by Dr. D Pradhan (IMD, Delhi)
during the discussions. There were various lead talks on
important technical aspects and recent trends and ad-
vances in the field of radar meteorology. The iRAD-2020
organization committee felicitated Prof. P. B. Rao, Direc-

tor (Rtd.), NARL, Dr. S. Raghavan, DDGM (Rtd.),
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RMC, Chennai and Shri S. B. Thampi, DDGM (Rtd.),
RMC, Chennai for their outstanding life time contribu-
tions to Radar Meteorology in India. With the inspira-
tion from Dr. Raghavan and other eminent scientists
present there (who were also his co-workers), the pro-
ceedings moved on to the technical presentations by the
delegates and students from various academic institu-
tions and operational agencies. There was a special ses-
sion for “Young Scientists Awards”, which included top-
ics from various themes of the conference. The first prize
of this category was jointly awarded to Mr. Anshul Chau-
han (IMD, Delhi) and his team for their work on a web
based tool for Nowcasting; and Mr. Partha Roy (NARL)
and his team for their work on study of tropical cyclones
using space borne radars. Next, we had poster sessions,
which included very interesting works from young re-
searchers and students, on topics like early warning sys-
tems for severe weather and lightning, characteristics of
pre-monsoon convective systems, Doppler broadening
due to turbulence, storm properties of tropical cyclones
observed by ground, and space based radars and Ad-
vanced Indian MST Radar. In the technical sessions that
followed later, we had various presentations on the ad-
vancement of radar technology in India, which started
with a Lead talk by Dr. V. K. Anandan who highlighted
the efforts being taken at ISTRAC and NARL. Later
industry presentations by BEL showcased their range of
available DWRs in all bands of operations (C, S and X)
along with the various products which are being generat-
ed operationally from these radars. Further, there were a
series of talks on the applications of the MST radar at
NARL, Tirupati by various speakers from NARL. Dr.
Durga Rao (NARL) and Dr. P. Kamaraj (NARL) high-
lighted the recent advancements in the MST radar, with
details on its modular design and versatility of observa-
tion capabilities. The history of Radar Meteorology in
India and current operational applications of DWRs in
India was presented by Dr. Sai Krishnan (IMD, Delhi)
and Dr. D. Pradhan (IMD, Delhi), where they stressed
on the importance of these observations in the opera-
tional forecast and Nowcast activities related to aviation,
meteorology, severe weather monitoring and hydrology. 1
also had the privilege to present my work on this plat-
form. The topic of my presentation was “Identifying
Lightning Indicators using C-band Doppler Weather
Radar” in which, I presented our work on identifying
potential lightning indicators using the Hydrometeor
Classification Product derived in-house at SAC-ISRO,
Ahmedabad. The polarimetric DWR data was used to
classify different hydrometeors present in a weather sys-
tem based on a combination of base and polarimetric
radar variables. Further, a feasibility/sensitivity analysis
is performed using actual ground based World Wide
Lightning Location Network (WWLLN) data to verify
which hydrometeor species/classed can be used as poten-
tial indicators for lightning detection inside the radar
volume. We got a positive feedback from the committee
regarding our work. Prof. Chandrasekar also gave good
suggestions and remarks as to how we can improve our
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algorithms and paved a way for our future research in
this field. There were many presentations related to
the use of ground based and space based radars for
lightning detection and study of convective systems by
various participants from across the nation. Similarly,
speakers from IMD, IITM, SPL and NARL also pre-
sented their work on the assimilation of DWR data in
NWP models and its impact on the forecast quality
and predictions skills. Finally, in the concluding ses-
sion, the committee took feedback from the partici-
pants regarding the present and future conduct of the
conference and also announced that a scientific society
dedicated to Radar Meteorology would be constituted
very soon, which would serve as a common platform
for all the DWR enthusiasts to share their ideas and
collaborate. Further, it was also announced that the
next iRAD-2021 would be organised at IIT, Bhubanes-
war. The sheer variety and quality of the works pre-
sented at iRAD-2020 proves that this Conference,
which is unique in India in terms of Radar Meteorolo-
gy, has reached to all factions of this country. Be it
researchers in various universities and institutes, opera-
tional forecasters, govt. officials and teachers and pro-
fessors, there seems to be a realization and understand-
ing of the indispensable role of DWRs in the field of
Meteorology and Atmospheric Sciences, both in re-
search and operational domain. The spark ignited by
Prof. V. Chandrasekar and many others like him has
given rise to an undying surge of interest and enthusi-
asm in the meteorological community, which seems to
be growing every year, with each new iRAD.
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Clouds : Different things to different people !!

Clouds in the Atmosphere are an integral part of Weather and
Climate. Any understanding of Weather & Climate is incomplete
without an understanding of role of clouds in atmospheric pro-
cesses including the radiation budget which is crucial for survival
of life-on Earth.;Clouds are the best visual manifestation of differ-
ent forms of weather phenomena developing in the atmosphere -
from compaet thunderstorms to large cyclones and hurricanes.

Clouds are simply a conglomeration of fine water droplets hang-
ing in the air. While gravity is eternally trying to pull them to-
wards the Earth, the atmospheric upward motion supports them
against gravity. Much activity is constantly going on inside the
apparently calm looking cloud. And when they have their say, they
can produce huge amount of activity like lightning and thunder,
and of course pouring rain. Undoubtedly, clouds are of great in-
terest to anyone who cares about them and who wishes to learn
about Nature.

At any given time, a good fraction of the entire planet Earth is

In spite of tremendous ways to observe,
understand and model their characteristics
based on measurements from ground and

from space, clouds remain an enigma

I've looked at clouds from bothv sides now

Fromv up and down, and st somehow
It's cloud dusions I recally
I really donw't know clouds at all

[Excerpted from “ BotivSides Now”:
Joni Mitchell
(https:/[jonimitchell.com/music/song.cfm?id=83) ]

covered by various types of clouds. Different types of clouds form
over different regions of the Earth, with their characteristics re-
flecting their different altitude and latitude. There are many text
books and Atlases that describe and discuss various categories of
clouds pictorially.

Clouds are found on other planets and their moons too where
atmosphere exists. Here on Earth, we are used to clouds that form
from water in different phases such as water vapor, water droplets,
ice crystals. But on other planets, depending on the temperature
and atmospheric compositions, we have CH4, NH4 and H2SO4
clouds " And as if this is not enough, we have clouds of electrons
in the earth’s magnetosphere and large clouds of dust and gases in
the interstellar medium.

In spite of tremendous ways to observe, understand and model
their characteristics based on measurements from ground and
from space, clouds remain an enigma. Whether their presence
cools the planet or warms it, is still an unresolved question!
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Besides their role in meteorology, weather and climate,
clouds are highly enchanting entities - their shapes and
movements in the sky have inspited many an art forms:
from paintings, to folklore to musical ragas to poetry. From
Kalidasa’s Meghdootam to present day, hundreds of cele-
brated poems have been written about clouds by sensitive
authors in different languages. Clouds evoke a soothing
feeling too - standing in the shadow of a cloud or being
drenched by the rain it produces, are enjoyable experiences.
A keen observer notices the beauty of clouds and sees in
them a reflection of her/his own imagination. Here, I wish
the reader’s to enjoy a whole new perspective on clouds (
away from Nephology and Meteorology !!)

A meteorologist defines or categorizes clouds according to
their shapes. These are guided by or reflect the characteris-
tics of clouds based on the physical processes involved in
their formation and development. So we have clouds with
different types and names, such as Cumulus, Nimbus, Stra-
tus, Cirrus, etc. These processes are chaotic and complex
and generally result in clouds which have undefined irregu-
lar shapes. Nature has its own limitations. It cannot easily
produce clouds of defined shapes. At most, the atmospheric
dynamics will allow quasilinear or oval or circular for-
mations, but it would be extremely improbable to have
clouds of certain geometrical shapes e.g. a square or a rec-
tangle. It does not fit into Nature’s scheme of things. So
when one comes across such geometrical shapes it leads to
curiosity and it becomes a talk-of-thecloud for cloud-
watchers. I have come across many individuals and observ-
ers who take special interest to observe and document such
rare and interesting occurrences. Long time ago, during the
middle 1990s, while analysing INSAT-VHRR visible images
(shown below) to search for Sunglint signatures, I came
across a cloud shape quite similar in looks to the map of
England. Of course, the nearby Ireland was missing, so it
remained interesting only in part. Intriguing nevertheless!

England
shaped Cloud

The images above from INSAT-1D & 2A VHRR show the
presence of the unusual and interesting England shaped
cloud, seen both in Visible and IR bands, while Sunglint
reflection is absent from IR images on the right, as
expected. [Sunglint in INSAT-VHRR images ~ Bhandari
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SM and Prakash WJ, Int. JI. Of Remote Sensing (1996) 17,
1275-77].

Even as a kid, while watching the cloudy sky out of curiosi-
ty, I used to imagine clouds of various shapes - sometime
dogs, sometime rabbits, and sometime two clouds fighting
like a demon and producing lightning. I am sure every child
goes through such imaginary yet enchanting cloud forms in
the sky. But all those cloud shapes are nothing unusual,
chaotic nature produces these normally. And it is in our
imagination that we conjure up interesting shapes!!!

Only last month, while looking at INSAT and METEOSAT
colorfully processed cloud images on SKYMET, I noticed
the presence of an unusual cloud shape - nearly a square
one! It excited my imagination and I decided to check
whether it was some kind of an artifact. However, its pres-
ence simultaneously in two independent data sources -~
INSAT and METEOSAT, ruled this out. I also noticed the
presence of what seemed its land counterpart, of roughly
similar dimensions, some distance away. However, experts
informed me that in the images I was looking at, the Land
and Ocean portions are created through a process called
Blue Marble, and in these, observed features do not reflect
the changing reality at any given time. These patts just serve
as an illustrative background. However, the representations
of clouds have no such issue. What my investigation re-
vealed was a nearly square shaped cloud of dimensions
about 280 km across over the region of Multan in NE Paki-
stan. The cloud was not so ephemeral - it persisted and
remained stationary for some time. It was present in a se-
quence of half hourly INSAT and METEOSAT images
between 1500-1730 hrs IST. This unusual square shaped
cloud intriguingly had boundaries more sharply defined in
METEOSAT images compared to INSAT images. The pres-
ence and persistence, without change of shape or move-
ment, of this cloud was supported by images from both
satellites.

The above Figure shows the sequence of METEOSAT imag-
es of the region of interest extracted from the Indian region

Satecite Irages of [nd tor 3 Mome 2020
5o

Satellite Images of India for § June 2020
1500

coverage shown on SKYMET website. These images clearly
bring out the presence of a nearly square shaped cloud
(white patch within green circles) present over NE Pakistan
region between 1500 - 1730 IST (wrongly labeled as UT on
the images). A sample image from INSAT at 1600 hrs IST is
included in the lower right corner as a comparison with
concurrent METEOSAT image just above it. An orange
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patch (shown in orange circles) of similar dimensions and
shape (and even orientation) is observed as a persistent
feature towards west of the rectangular white cloud patch,
which is perceived to be an artifact of image processing
involved!! Besides the unusual shape, the cloud also
looked very different from clouds generally seen. First, it
had very sharp edges, and more interestingly it looked as
if it was semi-transparent. The fact that it did not have a
shadow as per solar illumination, also meant it was a very
low level cloud.

What could this unusual cloud be? As discussed, it is very
unlikely that natural atmospheric processes could lead to
formation of this type of clouds. The area or size of the
cloud also is too large to have resulted from any human
activity. Could it be Valley Fog with its shape controlled
by the topography below??? Unlikely, since its creation
and persistence for hours during afternoon time are not
conducive for fog. Its peculiar geometrical shape and
stable presence for hours remain a mystery!!! It would be
interesting for meteorologists to examine, using available
ground based radar and satellite data, to understand the
cause of formation of this unusual cloud that appeared
on June 5, 2020, on the World Environment Day.

Qur Earth is a water planet. Clouds are central to its
weather and climate, but they also present an interesting
an intriguing experience to us on Earth, and perhaps if
we travel to other places elsewhere! For the inquisitive
eye, Nature represents a gold mine of excitement and
enchantment, besides triggering many emotional chords
in human mind. So always look up, down, left and right,
the Nature will never disappoint you: this has been my
dictum in life. This is not restricted to clouds or polar ice,
you have whole cosmos waiting for you to look at with
comets, stars, nebulae, and what not. And not to forget
meteor-trails - the very name meteorology was derived
from these!!! And if you wish to just enjoy looking at
beautiful and mesmerizing pictures of clouds taken by
others and share your own, there is a Facebook Page
(Cloud Appreciation Society) - join it and your life would
certainly be more enjoyable. Enjoy, you just need to keep
your eyes and minds open!!!!

Acknowledgements : Images of Clouds and Polar ice are
taken from those freely available on Google! And thanks
are due to E-Megha Editors for their keen interest and
engagement.

Our beautiful planet - the Earth
- made more beautiful due to
presence of CLOUDS !!
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&cience and gfechnology cNews
Compiled By: Sambit Kumawr Pando
Hidden network of underwater rivers surrounding Australian Coast

A vast mysterious network of underwater rivers (on a worldwide largest scale) surround- [‘ {;, N- .
ing the Australian Coast have been detected by the Integrated Marine Observing Sys- : ﬁ:,‘f‘

tem (IMOS) submersibles, operated by Oceanographers of University of Western Aus- }j‘ il ! i 1‘;
tralia (UWA). These systems are known as Dense Shelf Water Cascades (DSWCs) i ‘\';";f“‘: -“
which arise due to changes in the water density close to the shores, majorly driven by ke . «‘, B

evaporation. Data from 126 glider observations spanning from 2008 to 2019 have been . E

used in this study. [Source: |
Link to the paper: https://www.nature.com/articles/s41598-020-66711-5]

Astronomers detect new organic molecule in Inter-Stellar Space

For the first time, a group of Astronomers and Astrochemists, led by Dr. Luca Bizzocchi (Max
Planck Institute of Extraterrestrial Physics, Germany), have detected an organic molecule called
propargylamine, in the Central Molecular Zone (CMZ). This compound is known be very im-
portant for the formation of amino acids vital for the emergence of life. [Source: ]

Link to the paper: https://arxiv.org/pdf/2006.08401.pdf

Decrease in global daily CO2 emissions due to pandemic induced Lockdown

Researchers from the University of East Anglia in Norwich, England published a paper :
recently in Nature Climate Change, showing that the pandemic induced Lockdown on a

global scale has helped reduce the average daily CO2 emissions by almost 17% as com:

pared to 2019, bringing it down from 100 million metric tonnes to 83 million metric .
tonnes, as recorded in April, 2020. [Source: |

Link to the paper: https://www.nature.com/articles/s41558-020-0797x.pdf R

Change in colour of Meteorite Lake in Maharashtra, India

1. Use of Deep Learning to predict Heat waves and Cold spells

"+ Amidst the growing interest and developments in the application of Deep Learning
_Methods for Weather Prediction and Meteorology, researchers from Rice University
: have developed a ‘Capsule Neural Network’ based model that can accurately predict

extreme weather events like heat waves/cold spells upto five days in advance with mini-

.}y mal usage of prior weather information. Their results were published in the Journal of
" Advances in Modeling Earth Systems. [Source: ]

=¢ Link to the paper:

" https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019MS001958

Lonar lake, formed by meteorite impact some 50,000 years ago in Maharashtra, has
changed its colour overnight, due to change of salinity and presence of an algal species | o
in the water that turns red in warm temperatures. This was well captured by through [

many photos from ground and space. [Source: |

Link to the article: https:

timesofindia.indiatimes.com/city/nagpur/lonar-lake-turns-

pinkscientists-probe-the-cause/articleshow/76310704.cms
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&cience and ¢fechnology cNews (CONTD)

Mass migration of thousands of species towards the Earth’s Poles due to climate change

A group of researchers, led by Dr. Jonathan Lenoir of Ecologie et Dynamique des
Systémes Anthropisés (EDYSAN), have recently observed the migration of thou-
sands of species on Earth towards the polar regions, due to rising effects of Global
Warming. In their published paper in Nature Ecology and Evolution, they have
shown how the marine species are better at tracking the isotherm shifts and as a
result, are shifting towards the poles six times faster that their land counterparts.
[Source: ]

Link to the paper: https://www.nature.com/articles/s41559-020-1198-2#Sec2

Producing Energy from the Shadows

‘uﬂ L

o

Scientists from the National University of Singapore have developed a device that
can harness energy from the shadows! The prototype device, named Shadow Ef-
fect Energy Generator (SEG), uses the electric current generated by the contrast \

in illumination on their surface caused by shadows. This allows the device to gen- >
erate small amounts of energy, which can be potentially used to power smaller = £
devices like mobile phones and gadgets. [Source: | .

Link to the paper: https://pubs.rsc.org/en/content/articlelanding/2020/EE/DOEE00825G#!divAbstract

Creative Corner

Understanding Nature

A hot churning ocean
A dense transpirating forest
A dark menacing cloud
A bright blinding flash
A loud clapping thunder
A heavy stimulating downpour
A gentle meandering stream
Tell the story of
A water molecule’s journey between the Earth and the sky
From, to and from
For us to look, listen and learn
And to enjoy and understand

Nature at first hand!

Satyendra Bhandari
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Basic Cosmology with a tint of Black Holes : My understanding

I, a universe of atoms,
an atom in the Universe

- Richard P. Feynman

Astronomy and Cosmology seem to be the same term
with no difference. However, it is to be noted that
Astronomy is related to the study of celestial bodies
whereas the Cosmology is related to the study of ef-
fects in our physical environment by the celestial bod-
ies. We now know about several bodies that are
many light years away from us but in the past there
was confusion about our solar system (the idea of
solar system came much later). Many great astrono-
mers like Ptolemy and Aristotle devised the geocen-
tric model (Solar system with Earth as its centre),
which was supported by the Church as it alligned
with the ideas of the Christianity. But much later, in
the Sixteenth century, the famous scientist Coperni-
cus devised a heliocentric model of the solar system
(with Sun as its centre). After a century, the scientist
like Galileo Galilee and Johannes Kepler supported
the ideas of the heliocentric model proposed by Co-
pernicus. Finally the model with Sun in the centre
was generally accepted. After 4 decades Newton came
up with a brilliant idea of gravity in his book
‘Philosophiz Naturalis Principia’, and also carried
out some advance research on the planetary laws de-
vised by Johannes Kepler. In the Twentieth century
the famous physicist Albert Einstein came up with a
idea of Relativity where he stated that the time and
distance are not absolute, also he proposed the equa-
tion for energy E as E=mc’. This equation highlight
that no object can travel faster than light ‘c’. If there
is an object which travels with the speed of light then
its mass ‘m’ will become infinite. He also devised that
there is a carpet of gravity where the object like stars
and planet created a dent and thus they experienced a
gravitational force. For example if there is a heavy ball
on a trampoline then it will bend the trampoline
creating an impact and if smaller masses are placed
on the trampoline then the objects with smaller mass
will move towards the heavier ball. In a similar way it
holds true with the effects of gravity and its relation
with the objects in the space-time. domain This cos-
mologic theory as postulated by Einstein came to be
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one of the widely accepted theories of that time. After a
decade or two, one of the world’s famous cosmologists Ste-
phen Hawking put forth a theory that the Big Bang took
place due to the explosion of a black hole, which was sup-
ported by Roger Penrose’s theory of the star turning to a
black hole. It is hypothesized that the exhaustion of all the
hydrogen molecules result in the expiring of the star creat-
ing a deformity and singularity in the space-time termed as

BILACK HOLE.

Black Hole

! = Event horizon

(nothing out)

Singularity

'_\) — Event horizon
(nothing in)

White Hole

Figure 1: Hypothesis consisting of black hole and a white
hole with their intersection at singularity of space time

The black holes are believed to be a 2-D hole in the 3-D galaxy.
As its name suggest, black hole can’t be seen through Telescopes
as it does not allow any light to return back. Therefore, we are
not able to see black holes but we are able to feel their presence
through their gravitational force. The black hole is said to be
covered by the spiral structure of light rays that are not sucked
by it (black hole) but at the same time they are also not able to
escape from its influence . It can be well understood by the anal-
ogy of a thief running one step ahead of a police but is not able
to get clear of. This spiral structure of the light is known as the
event horizon. The famous theory about the event horizon tells
us that an event horizon can always increase in its size but can’t
decrease. It means that if two black holes of the same size of
their event horizon collide with each other, then the event hori-
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Figure 2: Theory of Wormholes with zero displace-
ment in the space time

zon of the greater black hole will be larger than the sum of the
event horizon of the two black holes. Event horizon is like a
quicksand with no going back, if an object gets trapped in the
event horizon then the observer (outside the influence of black
hole) will not be able to see the object in the event horizon at
it will become invisible. The object is there but the light re-
flected by the object does not reach the observer due to the
effect of huge gravitational force in the event horizon. So to an
observer it would be like there is nothing out there. The size
of the black hole is inversely related to the temperature of the
black hole, which is considered to be above zero It means the
larger the black hole , the lower the temperature and vice-
versa. There is also a theory that if a particle gets inside a black
hole then the event horizon will increase with a certain area
and thus will show a difference in its size from the previous
one. But if black hole shows change in its size then it implies
that the black hole exhibits entropy and thus it must radiate
some particle, in the same manner as the objects of non-zero
temperature do. Therefore, according to this theory Stephen
Hawking made an amazing conclusion of black hole emitting
some radiations known as Hawking Radiation which contra-
dicted the idea of the black hole not letting anything return
back. It is also said that according to the size of the black hole,
the extent and age of the universe can be determined. For
example a black hole with same size of the sun will have high
temperature, therefore it will emit more radiation. Thus it will
decrease in size quickly and will ultimately vanish with a huge
explosion approximately equal to the explosion of several hy-
drogen bombs. On the other hand the black hole much larger
than the Sun will have a lower temperature and thus will evap-
orate slowly taking a time of approx 10% years which is larger
than the age of the Universe that is 10'® years. And thus with
this mind blowing theory, Stephen Hawking became one of
the greatest cosmologist of all time.

There are some other important aspects of the black holes .
According to the law of nature proven mathematically, if
there is black hole then there will also be a white hole emitting
all the materials inside it. Thus it is believed that the
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combination of a black hole and a white hole bends
the large distance of the space-time creating portals
across different point of the universe having zero dis-
placement. This combination is referred to as the
wormhole which comprises of the singularity in the
middle. It seems to be like two tornadoes joined at
their bases (mostly inversely). For example, if we take a
paper and make holes on the diametrically opposite
ends of the paper and join them with each other by
bending the paper , it will create a case where displace-
ment is zero between the two points and the distance
is also reduced to great extent. However, there are so
many mysteries to be unraveled that Black Hole still
remains a very hot topic of research. According to
many cosmologists the unsolved mystery of Black Hole
if discovered will create a huge possibility of space trav-
el.

References:
1. Stephen W hawking (2009). The theory of eve-
rything: the origin and fate of the universe.

2. David Shukman (Ed.,, BBC News science)
(2016). Black Holes: The BBC Reith Lectures,
Stephen W Hawking.
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Discovery of new minor planets beyond Neptune

More than 300 minor planets, called Trans Neptu-
nian Objects (TNOs) have been recently discovered
by a group of Astrophysicists and Astronomers
from University of Pennsylvania.

The group, led by graduate student Pedro Bernard-
inelli and professors Gary Bernstein and Masao
Sako, used the data from Dark Energy Survey
(DES). More details can be found in the paper pub-
lished in Astrophysical Journal Supplement Series.
[Source: Science Daily]

Link to the paper: https://iopscience.iop.org
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