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I am delighted to write a foreword for Monsoon issue of 
E-Megha. Having a long association with IMSA, I feel 
extremely gratified to see it flourish with new voices, 
viewpoints and technological advancements. The Covid 
-19 pandemic has propelled us towards an age of 
mandatory distance learning and online discussions. 
Looking from the positive view point, it has worked like 
magic to bring together different scientific societies to 

host celebrations of important days in a collaborative regime. Also our senior 
members, who have superannuated and even those who are faraway, are able to 
participate actively in these programmes. We are now with approximately 350 
members and I am hopeful that young researchers will continue to join and 
contribute in the society’s creative and productive enterprises. 

The IMSA photography  contest 2020 was a huge success, which I mainly attribute 
to the  overwhelming participation from younger generations, especially the school 
going kids. I am anticipating similar enthusiasm for future also, as we have several 
activities lined up. 

I would also request the IMSA members to contribute more actively to E-Megha. 
True to the essence of Monsoon, we together can steer the boat forward and enjoy 
the rain too. Hope  you all have an informative, interesting and thought provoking 
experience with the current issue. 

Wishing you all the best of health, spirit and happiness for the upcoming festival 
seasons. 

Stay Safe, Stay Healthy!!! 
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From the Chairman’s desk 

rksharma@sac.isro.gov.in 

 

These paper boats of mine are meant 

to dance on the ripples of hours and 

not reach any destination 

~ RABINDRANATH TAGORE 

Dr. Raj Kumar 
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On behalf of the new Executive Committee (EC) 
of Indian Meteorological Society – Ahmedabad 
chapter (IMSA), I extend my heartfelt thanks to 
all the members of IMSA for their support and 
participation in each event organized by IMSA. 
The new EC took over the charge on May 07, 
2020 amidst the Covid-19 situation. The prevail-
ing pandemic restricted us from organizing events 
physically, so we took the means of online plat-
forms.  
On May 24, 2020, we organized an online panel 
discussion on the then recent Amphan cyclone. 
The panel consisted of eminent experts of related 
fields. The discussion was highly brainstorming 
for both the panelists and the attendees. The 
World Environment day was celebrated on June 
05, 2020 by organizing an online webinar jointly 
by IMSA and Indian Society of Remote Sensing-
Ahmedabad Chapter (ISRS-AC). Prof. Amit Garg 
from IIM-Ahmedabad delivered a talk on “Time 
for Rejuvenating Climate Actions to Save Envi-
ronment” in the webinar.  
We celebrated the World Oceans Day on June 14 
(instead of June 08), 2020 jointly with ISRS-AC 
and Indian Society of Geomatics – Ahmedabad 
Chapter (ISG-AC) by organizing on online lecture 
on “Marine Ecosystem: Opportunities and Chal-
lenges with Remote Sensing” by Dr. Meena Ku-
mari, Ex-Chairperson, National Biodiversity Au-
thority of India. 
IMSA along with ISRS-AC and ISG-AC organized 
an online webinar on “Do forests attract rain?” by 
Mr. Rohit Pradhan, a young enthusiastic scientist 
of SAC/ISRO on July 18, 2020. 
The Annual General Body Meeting (AGBM) for 

the period 2019-2020 was held on August 01, 
2020 through online mode. The Secretary’s re-
port and IMSA balance sheet for the FY 2019-
2020 were passed through voice-votes.  
IMSA jointly with ISRS-AC and ISG-AC orga-
nized an online lecture on “New approaches for 
improving ocean colour retrieval” by Dr. D.R.M. 
Samudraiah, Ex-Deputy Director, Sensor Devel-
opment Area, SAC/ISRO on August 02, 2020. 
This year IMSA, ISRS-AC and ISG-AC jointly 
celebrated NRS day on August 15, 2020 (actual 
NRS Day on August 12 was preoccupied) by or-
ganizing an online lecture on “Environment 
Watch from Space: Exploring Impacts of 
COVID-19 Lockdown on Environment” by Dr. 
Mehul R. Pandya, Scientist – SAC/ISRO. 
IMSA organized the 11th Prof. Satish Dhawan 
Lecture on August 19, 2020. Dr. M. N. 
Rajeevan, honourable Secretary – Ministry of 
Earth Sciences (MoES) was kind enough to de-
liver this prestigious lecture in online mode. 
More than 300 scientists and researchers from 
IMSA, IMS-National Council, IMD, IITM and 
MoES attended the lecture. 
We organized Monsoon Photography Contest 
(“Monsoon through Camera”) for the school 
and college students as well as for the IMSA 
members. The contest received a huge number 
of participation in different categories. 
The World Ozone Day on September 16, 2020 
was celebrated by organizing an online webinar 
on “Ozone layer and ozone pollution: Issues, 
challenges and future ahead” by Dr. Manish Na-
ja, Chairman Atmospheric Science Division, 
Aryabhatta Research Institute of Observaional 
Sciences (ARIES), Nainital. This webinar was 
jointly organized with ISRS-AC and ISG-AC. 
For the first time, this year IMSA jointly with 
ISRS-AC and ISG-AC, celebrated the World 
Rivers Day on September 27, 2020 by organiz-
ing an online talk on “Search of the Vedic Saras-
wati River” by Dr. R. P. Singh, Head – Land Hy-
drology Division, SAC, ISRO. On this occasion, 
Chairman IMSA declared the results of Mon-
soon Photography Contest-2020.  

Secretary’s Report 

Dr. Abhisek Chakraborty  

abhisek1984@sac.isro.gov.in 



Dear Readers 

The Monsoon Showers have rejuvenated our spirits with 

new hope and enthusiasm, as we are very delightful in   

bringing out  the MONSOON issue of  E-Megha before 

you. In a year precariously deviating from the normal and 

creeping towards a pessimistic modus operandi, Monsoon 

(though Above Normal) was definitely the saving grace. We 

rope in our senior scientists and researchers to give our readers an update on Monsoon 2020.  As 

decided by the IMSA-EC, we are planning to have 2 regular issues, comprising mainly of short 

informative contributions and 1 Special issue replete with scientific articles under a particular 

theme. In this regular Monsoon issue, we also have interesting updates on locust menace and its 

monitoring, and air quality during Covid-19 lockdown. Due to lockdown, we also had an opportunity 

of having many discussions online, specially the discussion on cyclone Amphan,  and Prof. Satish 

Dhawan lecture which we cover in this issue.  From this time, we have embarked on a special 

feature topic, which we hope to continue for future issues as well. This issue’s topic of interest is 

LIGHTNING. The coveted IMSA-photography 2020 results are out and E-Megha team heartily 

congratulates the  winners. We are happy to note that school and college participation has been 

stupendous, in the photography contest as well as in the student’s corner of E-Megha. Very special  

thanks to our young next generation.  We are  also thankful to all our contributors for supporting us. 

For the next issue of E-Megha, we plan a wrap-up of the yearly activities of our esteemed IMSA 

members. Please do share your honours and achievements with us. Hope you find this an 

enriching read!!!

Editorial  

E-MEGHA EDITORIAL TEAM 
 

Please send 
your 

articles, 
viewpoints, 

analysis, 
news  etc.  

at  

CALL FOR 

CONTRIBUTIONS!!! 

emegha.imsa@gmail.com 

Dr. Indrani 
Choudhury Singh 

Dr. Bipasha Paul  
Shukla 

Dr. Suchandra Aich 
Bhowmick 

Mr. Sambit  Kumar 
Panda 

Dr. Abhineet Shyam 

The Sun after the rain is 

much beautiful than the 

sun before the rain 

—Mehmet Murat Idan 
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Collage created By  Suchandra  Aich Bhowmick 

IMSA 2020 Monsoon             
photography contest           
winners 

MONSOON WRAP-UP 2020 

LOCUST  MONITORING 

COVID-19 AIR QUALITY IMPACT 

SPECIAL TOPIC: LIGHTNING 

IMSA SPECIAL EVENTS: 
 
1. SATISH DHAWAN LECTURE 
 
2. AMPHAN PANEL DISCUSSION  

Student’s page, 
Creative Corner, 
Miscellaneous 
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Congratulations! 

It’s technical and informative! 

 Regards 

Maneesha (LM – 2618) 

Thank you for the IMSA Newsletter. 
Congratulations on bringing out the 
newsletter so well! 
 
The coverage is impressive with 
interesting scientific information 
and numerous illustrative pictures. 
Especially, informing and involving 
students through the competitions 
will make young minds understand 
the subject of meteorology from 
their early days. 
I missed to notice the periodicity of 
the Newsletter. 
 
My very best wishes to the 
Newsletter Team ! 
 
Regards, 
G. Raju (LM-2978) 

The issue has come out nicely and I appreciate 
the hard work that has gone in  compiling it. 
 
Satyendra Bhandari (LM-0223) 

Thanks for the e-megha newsletter. it has 
nicely listed all the events for the period. I 

had a quick glance and found it 
interesting. My best wishes to the 

editorial team. 
 

Good luck 
Aishwarya Narain (LM – 0283) 

Reader’s Views  

 

 

Down Memory lane :  Input by Dr. Satyendra Bhandari 
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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 100% of 
the Long Period 
Average (LPA-88 

cm) with a model error of ± 5. IMD also predicted 
the onset of monsoon over Kerala will take place on 
June 5th (with error margin of ± 5 days). The private 
agency SKYMET made a prediction of onset over 
Kerala on May 28 (with an error margin of ± 2 days). 
However, the onset date as predicted by satellite 
data (SAC/ISRO) was on May 28 (with an error 
margin of ± 2 days). The actual onset over Kerala 
was declared by IMD on 1st June 2020.  Satellite 
derived onset of monsoon over Kerala was on dot in 
2017 (May 30), 2018 (May 29.)  & 2019 June 7). 
The daily mean rainfall time series (all India) is 
given under (A) and overall seasonal SW monsoon 
(mm) over the country 2020, normal and anomaly  
from normal (all India is given in (B)  Courtesy 
IMD.  

The 2020 southwest monsoon season 
comes to an end with above normal 
seasonal (June to September) rainfall. 
Quantitatively monsoon seasonal 
rainfall was 9 % excess of its Long 
Period Average, which is 88 cm. In 
spite of normal monsoon onset (1st 
June) the seasonal rainfall ended as 
above normal. Monsoon rainfall 
during June, July, August and 
September were +18%, -10% , +27%,  

Dr  B Simon 

babysimon@gmail.com  

+4% than normal  respectively. This is the highest 
August rainfall 124% of LPA), after 1983 (134% of 
LPA). This year withdrawal from Rajasthan took 
place on 29 September. This consecutive large 
rainfall (2019-110 %, 2020-109% ) surplus 
occurred, since the 1958( 110 %). 1959 (114 %). 
2019 & 2020 rank as the second and third wettest 
season's respectively since 1990. Experts have 
opinioned that location of the Tibetan anticyclone 
at (200 hPa) was further west of normal position 
especially during August indicating good monsoon. 
Also, the monsoon trough remained south of the 
normal position in August which allowed 27 lows 
forming and moving towards north west direction. 
There was enhanced moisture from the Arabian Sea 
into western India, i.e. increased upper-level winds, 
leading to  devastating landslide that killed dozens 
in Kerala and Maharashtra. August received 27% 
excess rain due to increased low pressure systems, 
highest rainfall recorded in August since 1926 (33% 
above normal). Indian Ocean Dipole (IOD) -Called 
the ‘El Niño of the Indian Ocean’ and El Nino was 
neutral during this period. Active monsoon 
conditions in August lead to riverine floods over 
Odisha, Telangana, Madhya Pradesh, Maharashtra, 
Gujarat and Rajasthan.  

Progress of monsoon 2020 

Quantitatively monsoon seasonal rainfall 

was 9 % excess of its Long Period 

Average, which is 88 cm. This consecutive 

large rainfall (2019-110 %, 2020-109% ) 

surplus occurred, since the 1958(110 %). 
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Figure  B 

Figure  A 



seasonally accumulated rainfall (in mm) from 

IMC-Merged over the Indian region is shown in 

figure-a. The regions along the west coast of In-

dia and north-eastern states received highest 

rainfall, while the northern states had the least 

rainfall during this monsoon. The domain aver-

age value of seasonal accumulated rainfall over 

India is 661.3 mm. The rainfall map generated 

using Geographic Information System (GIS) 

tools shows that 23 meteorological sub-divisions 

received large excess rain, 9 sub-divisions re-

ceived excess rainfall, 3 sub-divisions had nor-

mal rainfall and 1 sub-division witnessed rainfall 

deficiency with respect to climatological aver-

aged rainfall of last 50 years (figure-b). The Indi-

an region received overall large excess rainfall 

during the 2020 monsoon season.  

The summer Monsoon rainfall estimation has 

been evaluated using modified INSAT Multi-

Spectral Rainfall Algorithm (IMSRA; IMC) for 

2020 Monsoon period (01 June – 30 October 

2020). The modified version incorporates a three-

tier correction scheme to the parent IMSRA algo-

rithm: (i) Global calibration bias correction de-

signed on the basis of comparison with TRMM-

3B42 daily average rain, (ii) Climatological ratio 

bias between IMSRA and TRMM- 3B42 for the 

orographic regions, and (iii) Cloud growth correc-

tion based on evolution of clouds computed 

from two consecutive IR images (Gairola et al. 

2016, Mahesh et al. 2017). The rainfall estimated 

by this IR based technique has been merged with 

around 10,000 IMD-Surface Rain gauge (SRG) 

stations over India. The spatial distribution of 

Satellite based Rainfall Estimation  Aman Waheed Khan* 

 and Dr. R.M. Gairola 

 

* amanwk@sac.isro.gov.in  
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Indian Summer Monsoon rainfall (ISMR) during June 
through September (JJAS) for every year is a very im-
portant meteorological event. The variability of rainfall is 
mainly driven by the ENSO condition over equatorial 
Pacific Ocean and IOD over the Indian Ocean. The cur-
rent year 2020 pre-monsoon conditions were all in fa-
vour to normal or above-normal rainfall during JJAS. 
The neutral condition of ENSO, IOD and the forecasted 
weak La Nina during second part of monsoon has result-

ed in above-normal rainfall received. According to the 
IMD Press Release dated 01 Oct 2020, the All-India 
Rainfall (AIR) for ISM 2020 has been recorded 95.8 cm 
which is 109% of long term average of the season. Con-
sidering four broad homogeneous regions of India, the 
monsoon seasonal rainfall during 2020 has been 106%, 
84%, 115% and 129% of long term average respectively 
over East, North-West, Central and Southern part of 
India. The prediction of ISMR is attempted by weather 
research community worldwide every year. The major 
challenge in the prediction of ISMR is to capture the 
spatial and temporal variability of rainfall during June 
through September. Satellite observations play an im-
portant role in predicting ISMR. To demonstrate various 
applications of satellite observations (atmosphere and 
land surface) on ISMR in research and operational 
mode, a seasonal prediction system has been setup at 
Space Applications Centre (SAC) Ahmedabad through 
the web platform of MOSDAC. The prediction of ISMR 
has been generated through the 50-member ensemble 
Community Atmosphere Model (CAM) model simula-
tion. CAM is the atmospheric component of the state-of-
art coupled climate model CESM (Community Earth 
System Model) developed by NCAR. The model has 
been implemented, tested and fine-tuned to the Indian 
climatic conditions. The experiment for the prediction of 

Dr. Sukanta Kumar Das  

sukanta@sac.isro.gov.in  

ISMR is carried in several phases during April to Sep-
tember. The first phase of prediction has been issued in 
April using the latest atmospheric and oceanic surface 
conditions. The prediction has been updated on month-
ly basis using updated meteorological parameters ob-
served by satellite. The ensemble mean prediction has 
been generated from a large number of simulations 
(typically 50) called ensemble members. Each ensemble 
member has been started with different initial condi-
tions and sea-surface boundary conditions. An improved 
bias correction technique has been applied to the model 
to eliminate the rainfall bias in the prediction system. A 
probabilistic approach has been adopted to generate the 
ensemble prediction from the 50 members of identical 
model simulations. The first phase of prediction has 
been made during the last week of April, that suggest, 
ISM Rainfall over the country as a whole is likely to be 
above normal with 105% (93.1 cm) of All-India Rainfall 
(AIR) of long term mean. The monthly predicted AIRs 
are 17.4 cm (97%), 30.7 cm (110%), 26.9 cm (106%) 
and 18.1 cm (104%) for the months of June to Septem-
ber respectively. The spatial distribution of the predicted 
ISMR can be seen in the above figure.  

Indian Summer Monsoon Rainfall: Prediction for 2020 

ISMR prediction has been generated 

through the 50-member ensemble CAM 

model simulation. developed by NCAR 

Prediction of All-India Rainfall (AIR) 2020 

 June July August Sept 
Season 
(JJAS) 

Climatology 17.95 28.04 25.43 17.44 88.85 

Model Prediction 17.4 (97%) 30.7 (110%) 26.9 (106%) 18.1 (104%) 93.1 (105%) 

IMD Observation 21.2 (118%) 25.2 (90%) 32.3 (127%) 18.1 (104%) 95.8 (109%) 

* All Figures are in cm. 
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Southwest monsoon advanced on 14th June 
(one day ahead of its normal date) and further 
advanced to Gujarat on 15th June, covering 
almost half of Gujarat. It covered the entire 
state on 24th June (6 days before the normal 
date, 30th June 2020). Though the withdrawal 
commenced from northwest India only on 28th 
September as against the normal date of 17th 
September, it withdrew from part of Gujarat by 
6th October (against the normal date of 30th 
September). Gujarat region reported deficient 
rain during June and July due to the absence of 
any major monsoon disturbance over Bay of 
Bengal. However, Arabian Sea was quite active 
due to which the subdivision Saurashtra-Kutch 
received excess rainfall during June and July. 
Five low pressure systems formed during 4-10, 9
-11, 13-18, 19-26 and 24-31 August 2020 which 
caused higher than normal rainfall over the 
entire Gujarat. During the month, 
consecutively for 3 weeks, the subdivision 
Gujarat region received excess rain with 227%, 
226% and 116% above LPA during week 
ending on 16 Aug, 23th Aug and 30th Aug 2020 
respectively. The subdivision Saurashtra-Kutch 
received excess rain consecutively for 4 weeks 
with 130%, 212%, 498%, 654% above LPA 
during week ending 9th Aug, 16 Aug, 23th Aug 
and 30th Aug 2020 respectively. During 
September, excess rain continued for two 
consecutive weeks for the same region.  

Salient features of Monsoon 2020, Gujarat State 
Dr. Manorama Mohanty* and  

Dr. Jayanta Sarkar, IMD, Ahmedabad 

* met_mm@yahoo.co.in  

During the season, out of the total 33 districts, 13 
districts received large excess rainfall (departure 60% 
more than respective LPA), 5 districts received excess 
rainfall (20% to 59% more than respective LPA), 13 
districts received normal rainfall (-19% to 19% more 
than respective LPA) and 2 districts received deficient 
rainfall (less than -20% to -59%) as shown in figure 1.  

Monthly rainfall over the state as a whole was 8% of 
LPA in June, -7% 
of LPA in July, 
198% of LPA in 
August, and 0% 
o f  LP A in 
S e p t e m b e r . 
Monthly rainfall 
o v e r  t h e 
s u b d i v i s i o n 
Gujarat region 
was -20% of LPA 
in June, -50% of 
LPA in July, 
115% of LPA in 
August, and -17% 
o f  LP A in 
S e p t e m b e r . 

Monthly rainfall over the subdivision Saurashtra-Kutch 
was 42% of LPA in June, 55% of LPA in July, 341% of 
LPA in August, and 27% of LPA in September. 

The seasonal (June-September) rainfall over 
the state Gujarat as a whole was 158% of its 
long period average (LPA). Seasonal rainfall 
over the subdivisions of Gujarat region and 
Saurashtra-Kutch were 112%, 226% of 
respective LPA. 

Figure. 1: Percentage departure of 

rainfall from the long period averages 

for the district in Gujarat during mon-

Figure 2: Percentage departure of rainfall from LPA (vertical bars)   
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Desert Locust (DL) swarm causes large-scale damage 
to crops. A study has been conducted to assess the 
ecological suitability, summer crop damage 
assessment and migration prediction of locust using 
space-based inputs with reference to recent locust 
plague over India. Different meteorological and land 
surface products such as daily rainfall, surface soil 
moisture, leaf area index from Indian geostationary 

satellite (INSAT 3D) and global polar orbiting 
satellites (SMAP, MODIS) were used to assess 
ecological suitability of DL in south-east Asia and 
Thar desert.  Multi-year finer resolution high-repeat 
(5-day) multi-spectral data at 10m (Sentinel-2 MSI) 
and 56m (Resourcesat-2 AWiFS) spatial resolution 
during March to May were analyzed for 2017, 2018, 
2019, 2020 to detect crop damage locations nearby 
the locust observations shared by Locust Warning 
Organization (LWO). Short-range and medium-
range wind forecast from numerical weather 
prediction were used along with green vegetation 
map from LAI for heuristic prediction of likely 
direction of locust migration during June and July 
2020.  Satellite-based rainfall of the order of 200-
400 mm during May–October in the Sahara desert, 
North Africa during 2018 and 2019 was favorable 
for locust spring breeding to a greater extent. Large 

swarm migrated to 

Thar Desert of India in 2019 itself. In the 2nd 
fortnight of May 2020, soil moisture over Thar 
Desert was suitable for summer breeding of locust. 
However, LAI showed that there was less green 
vegetation/agriculture nearby Thar Desert, but it 
was available partly in Gujarat, eastern part of 
Rajasthan, some part of Uttar Pradesh and 
Central India where summer fodder and pulses 
are grown. There was strong westerly wind in the 
north-west India associated with Amphan cyclone. 
These conditions favored the locust plague 
towards Eastern Rajasthan, Gujarat, UP and 
Central India. Sudden dip in vegetation index in 
the summer crop growth profile showed symptoms 
of possible locust damage. The dip was captured 
both with Indian satellite data from AWiFS and 
MSI but the latter showed more distinguished 
feature because of finer resolution of 10m. Given 
the population build-up during last two years in 
the horn of Africa, Pakistan, Iran and Thar desert, 
the menace of locust attack would likely continue 
in association with good monsoon rainfall and 
rainfall from western disturbances in combination 
with favorable westerly wind at the end of Kharif 
and Rabi seasons 2020-21, respectively. However, 
robust prediction of locust trajectory through 
mathematical modelling or artificial intelligence 
techniques is the need of the hour in India which 
has been initiated at SAC, ISRO, Ahmedabdad. 

Dr. Bimal Kumar Bhattacharya*,  

Dr. Rahul Nigam, Ayan Das,  

Mukesh Kumar, Dr. Prashant Kumar 

Recent locust plague associated damage 

assessment and migration prediction 

study is done using space based inputs 

* bkbhattacharya@sac.isro.gov.in 

Space-based assessment of desert locust menace to crops  
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Plummeting of nitrogen dioxide pollution over Ahmedabad 
district during COVID-19 

ous year (2019) were also generated over study 
area. The figure  clearly reveals that NO2 levels 
reduced drastically during the lockdown period 
as compared to previous year (2019, showing sig-
nificant higher values for Ahmedabad city and 
industrial clusters) marking a clear impact of re-
duced anthropogenic activities due to restrictive 
measures. Lockdown-2 shows a minimum value 
amongst all the lockdown phases. A substantial 
drop up to 65% (20 April 2020) over Ahmeda-
bad district in the NO2 emissions was observed 

The ongoing global outbreak of coronavirus disease 
(COVID-19), has led to unprecedented public health 
responses in many countries including travel re-
strictions, curfews and quarantines. The Government 
of India declared nationwide strict lockdown for 21 
days from 25 March 2020 limiting movement of entire 

1.3 billion citizens of India as a preventive measure 
against the COVID-19 . The  lockdown measures were 
further extended through phase-2  (15 April-3 May 
2020), phase-3  (4 May-17 May 2020) and phase-4 l (18
-31 May 2020). After four phases of lockdowns, the 
“Unlock-1” phase from 1 June 2020 commenced  by 
resuming all services in a phased manner. The lock-
down restriction measures were mainly aimed at cur-
tailing the spread of COVID-19 infection, but at the 
same time this indirectly led to a considerable decrease 
in anthropogenic activities and consequently, it led to 
reduction in levels of urban air pollution. Through the 
present study, we aim to evaluate the changes in at-
mospheric nitrogen dioxide (NO2) pollution over Ah-
medabad district during the implementation of the 
two months’ lockdown. NO2 has been considered in 
the present study as a proxy to the air pollution, due to 
its link with human activities. NOx atmospheric levels 
over cities show a weekly cycle with clear minima dur-
ing the official rest days. Nitrogen oxides are among 
the main drivers in air quality degradation in urban/
industrialized centers,  with consequences for climate 
and human health. Owing to its economic growth 
with pronounced commercial activities and road 
transport resulting in high population, Ahmedabad is 
chosen as a test site. The columnar abundance data of 
NO2 in the atmosphere provided by the Tropospheric 
Monitoring Instrument (TROPOMI) instrument 
onboard European Space Agency’s Sentinel-5 satellite 
was analysed in the present study. For the comparison 
purpose and in order to understand the effect of the 
lockdown measures on the NO2 emission, time-
composites corresponding to same time frame of previ-

during the lockdown as compared to the pre-
vious year.  Thus it can be concluded that 
the COVID-19 enforced lockdown has a sig-
nificant impact on the atmospheric NO2 
emission. However, such effects are tempo-
rary and the NO2 levels would show a sign of 
re-bounce over Ahmedabad district after lift-
ing of all the restrictions especially from the 
industry and transport sectors.  

Dr. Mehul R. Pandya*, Dr. Tejas Turakhia,  

Dr. Akhil S. Nair and  Dr. Rajesh Iyer  

Drop up to 65% (20 April 2020) over 

Ahmedabad district in the NO2 emissions 

was observed during the lockdown as 

compared to the previous year 

mrpandya@sac.isro.gov.in 

Satellite observations of 
atmospheric NO2 over 

Ahmedabad district and 
surroundings during 

four lockdown phases.  
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Insurgence in Lightning episodes  

The year 2019 also had its share of very high number of 
lightning strikes and deaths, with the month of June spi-
raling the rally. However, the record for abysmally high 
number of lightning discharges in 1 day occurs for 16 
April 2019 where almost 41,000 cloud to ground (CG) 
lightning strikes were reported all over India, according to 
data analyzed by the Indian Institute of Tropical Meteor-
ology (IITM), Pune. The strikes were a result of thunder, 
dust and hail storms across the country. These were 
caused by an intense Western Disturbance (WD), which 
started affecting the North Western parts of the country 
from April 15 onwards. (courtesy: Down to Earth maga-
zine). It is hypothesized that the increase in lightning dis-
charges has a strong linkage to climate change where the 
rising temperature and humidity are regarded as the po-
tential culprits. A study conducted by the American Asso-
ciation for The Advancement of Science (AAAS) in 2014 
concluded that a rise in one degree Celsius in tempera-
ture contributes to a 12% rise in lightning strike frequen-
cy. In the current situation, better  observations  and 
identifying precursors is strongly recommended. Further 
adaptation and awareness can help in decreasing mortali-
ty rate. This has led to the initiation of  “Lightning Resil-
ient India Campaign” in 2019. 

Dr. Bipasha Paul Shukla 

bipasha@sac.isro.gov.in 
Widespread Light-
ning events are re-
portedly increasing 
over  the Indian 
Subcontinent,  from 
past few years. The 
adjacent figures 
show a steep in-
crease in the mortal-

ity numbers as well as the major lightning events. In particular, 
if we consider the North Indian states of Uttar-Pradesh and 
Bihar , the situation is rather bleak.  

Very recently, in September 2020, more than  40 people have 
lost their lives in Bihar and Uttar Pradesh in lightning and rain 
related incidents  in a single day . While 29 people lost their 
lives and 11 suffered injuries in different districts across Bihar, 
13 deaths were reported in Uttar Pradesh.  

 

Increasing trend in major Lightning episodes  
(Data source: emdat.be) 

2360 Indians die of Lightning every 

year. Bihar and Uttar-Pradesh have 

become the hub of lightning related 

disasters in  recent past 
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https://science.sciencemag.org/content/346/6211/851
http://lightningsafeindia.com/
http://lightningsafeindia.com/


Clouds in which lightning occurs are the largest and 
most convectively vigorous in the atmosphere, which 

favour the  
mechanism 
for electrical 
charge sepa-
ration lead-
ing to light-
ning. These 
p r o c e s e s 
include: the 
c o l l i s i o n s 
b e t w e e n 
graupel par-

ticles (the rimer) and ice crystals or other smaller graupel 
particles. The presence of such particles requires a mixed-
phase condition (the simultaneous presence of water 
substance in all three phases: vapor, liquid and solid). 
The selective transfer of negative electricity to the graupel 
particles during collisions with the smaller ice particles 
provides for gravitational separation of oppositely 
charged particles until an electric field sufficient for die-
lectric breakdown is present and lightning develops. Sur-
prisingly wide varieties of meteorological conditions are 
favourable for lightning – ordinary summer thunder-
storms, severe (hail and tornadoes) thunderstorms, the 
hurricane eyewall and rainbands, winter snowstorms, 
oceanic convection and mesoscale convective systems. 
The common ingredient in all these situations is an ac-
tive mixed-phase region.  

Satellites are ideal platforms and are used to monitor 
lightning using different kind of sensors, namely: Light-
ning Imaging Sensor (LIS), Microwave Imaging Sensors, 
Infrared imagers.  At the event of lightning, the heating 
of the air column is so intense (T > 20000 K) that the 
optical emissions occur primarily at discrete atomic lines 
with some continuum at shorter wavelength. Measure-
ments from NASA U-2 airplane have found the strongest 
emission features in the cloud top optical spectra are 
produced by the neutral oxygen and neutral nitrogen 
lines in NIR region, OI line at 777.4 nm and NI multi-
plet at 886.3 nm are found to be consistently strong fea-
tures.  Both intracloud (IC) and cloud-to-ground (CG) 
lighting events are readily observed from the space.  

1. The Lightning Imaging Sensor (LIS), a continuous 
staring imager in the above wavelengths and with a 
very strict bandwidth of ( ̴1nm),  on the Tropical Rain-
fall Measuring Mission (TRMM) can acquire global 
observation of total (IC + IG) lightning.   

Dr. Shailendra Srivastava A primer on Lightning and its observations 

2. GMI (Global Precipitation Measurement (GPM) Micro-
wave Imager) sensor is a very stable system, and plays as 
a reference standard for the GPM Constellation of mi-
crowave sensors dedicated for precipitation measure-
ments. There are eight channels ranging from 10.65 
GHz to 183 GHz (five of them are dual polarized). Verti-
cal and horizontal polarization channels of two frequen-
cies, viz. 36.6 and 89.0 GHz are utilized to study the 
thunderstorms. Lightning is directly related to the pres-
ence of large ice particles in the mixed phase region in a 
given thunderstorm; hence, depression of 85 and 37 
GHz T_B can be very well expected 

3. SSM/I (Special Sensor Microwave Imager onboard the 
Defence Meteorological Satellite Program (SMSP)) 
Channels at 150 GHz, 183.3 ± 7 GHz, 183.3 ± 3 GHz, 
183.3 ± 1 GHz are not sensitive to the surface emissivity 
under tropical weather conditions and are suggested to 
be utilized to study thunderstorms.  

4. IR Field methods :Updraft strengths, cloud depth, and 
ice at cloud top are significantly different between the 
non-lightning and lightning producing convective 
clouds. Infrared fields (individual channels, channel 
differences, and time trends of both) can help distin-
guish storms that have large amounts of ice and a well-
developed mixed phase region and thus develop into 
lightning producing convective storms versus convective 
storm that do not produce lightning. For example, water 
clouds will have a negative trispectral [(8.7µm-10.8 µm) – 
(10.8 µm -12.0 µm)] BT value, whereas ice clouds will 
have a positive trispectral BT value. Channel difference 
[6.2 µm – 7.3 µm] can be used to estimate whether a 
cloud has grown to a given altitude, with differences that 
gradually approach zero indicating deepening cumulus 
clouds. Time trends, such as the 15 min of [6.2 µm – 7.3 
µm], then provide an indication of updraft strength of a 
convective cloud as they infer the rate of growth and 
hence the updraft velocity. Hence, IR bands in Imagers 
on-board geostationary satellites are also utilized to study 
the thunderstorms and their lighting producing abilities.  
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PROF. SATISH DHAWAN LECTURE BY DR. M.N. RAJEEVAN 

The 11th Prof. Satish Dhawan Lecture, which was organized on August 19, 2020 was a special one in-
deed, as it was delivered by none other than Dr. M.N. Rajeevan,  Secretary, Ministry of Earth Sciences 
(MoES). Because of the prevailing COVID-19 pandemic, the lecture was conducted online, through a 
video conferencing platform. Due to the online access facility, this event witnessed a huge audience from 
across the country, which included more than 300 attendees from IMS-National Council, IMSA, Indian 
Meteorological Department (IMD) and MoES.   

The event started with the welcome remarks 
by Dr. Raj Kumar, Chairman-IMSA. It was 
followed by a heartfelt tribute to Prof. Sat-
ish Dhawan, delivered by Dr. S.M. 
Bhandari, retired scientist-Space Applica-
tions Centre (SAC), ISRO. Dr. Bhandari 
shared his amazing experiences with Prof. 
Dhawan while working in ISRO Satellite 
Applications Centre, Bengaluru which was 
very interesting for the audience. He also 
spoke about the history behind the prestig-
ious Prof. Satish Dhawan lecture Series and 
its continuing legacy in IMSA. After the 
introductory session, Dr. Rashmi Sharma, 
Head, Ocean Sciences Division at SAC, 
ISRO, introduced the speaker to the audi-
ence. Thereafter, Dr. M. N. Rajeevan deliv-
ered the lecture, which was based on the 
topic: “Recent Progress in Weather and Cli-
mate Forecasts in India”. During his presen-
tation, Dr. Rajeevan gave a very elaborate 
and comprehensive overview of the various ongoing activities at IMD and MoES. He also discussed 
about the existing and proposed network of observations, including Automatic Weather Stations, Dop-
pler Weather Radars, Lightning Detection Networks, Bouys, etc. which are extremely crucial in the 
weather and climate forecast services by IMD and MoES. Dr. Rajeevan also emphasized the role of the 
various Earth Observation Satellites in aiding the weather forecast services and Disaster Management 
activities. He also provided valuable inputs on some of the gap areas in Meteorological Observations 
over Land and Ocean, which need to be addressed in the future missions. Dr. Rajeevan also highlighted 
the various advances in the Numerical Weather Predictions made by IMD and various other organiza-
tions working under MoES, which was a really proud moment for the audience. The meeting ended 
with a brief Question & Answer session, during which several scientists and young researchers from dif-
ferent institutes across India got the scope to interact with Secretary, MoES. The lecture was really in-
formative and elegant, showcasing the recent progress of weather and climate forecast in India. It left us 
with the hope that, we will witness even more advances in the technologies and methods which would 
help us push our boundaries and limits in the domain of operational meteorology. 



 

When inquisitive minds come together, a lot of new ideas take birth in the process, which often pave the 
way for outstanding innovations.  Keeping up with this tradition, the Indian Meteorological Society-
Ahmedabad Chapter (IMSA) had also organized a panel discussion on the Super Cyclone Amphan that 
devastated the Eastern Indian region and many parts of Bangladesh, in May 2020, resulting in huge loss 
of life and property.  Due to the prevailing COVID-19 pandemic situation, this meeting was conducted 
virtually, as a video conference, with 6 renowned Scientists as the Panel experts and over 50 participating 
members. The main focus of this meeting was to have a comprehensive overview of the evolution history 
and effects of the super cyclone Amphan, analyze the effectiveness of the forecasts and warnings generated 
by various agencies, and to gain a better insight into the mechanism of this monstrous cyclone. The panel 
included Dr. Manorama Mohanty from the Indian Meteorological Department (IMD); Dr. C. M. 
Kishtawal, Dr. R. M. Gairola, Dr. Rashmi Sharma and Dr. R.P. Singh from Space Applications Centre, 
ISRO, and Dr. M. M. Ali from the National Remote Sensing Centre, ISRO. The meeting began with the 
welcome address by Dr. Abhisek Chakraborty (Secretary, IMSA), followed by opening remarks on 
Amphan cyclone and introduction of the panelists by Dr. Raj Kumar (Chairman, IMSA). The discussion 
started with the presentation by Dr. Manorama Mohanty which included detailed description of the 
genesis, propagation and landfall of Amphan, using various observations from Satellite images, coastal in-
situ observations, DWR data and NWP forecasts. This was followed by an excellent analysis by Dr. C. M. 
Kishtawal, highlighting the characteristics and extremities associated with the Amphan cyclone. He also 

praised IMD for providing timely and accurate 
forecast of the cyclone track. Dr. M M Ali focused on 
some of the important oceanographic aspects and 
parameters associated with the cyclone, including the 
analysis of Ocean Mean Temperature (OMT). 
Following it, Dr. Rashmi Sharma presented detailed 
analyses of the various satellite derived ocean 
parameters such as Sea Surface Temperature (SST) 
and Sea Surface Temperature Anomaly (SSTA), 
which were relatively higher than previous year’s 
values. She also presented the Sea Level Anomaly 
(SLA) data which exhibited the presence of persistent 

warm core eddies in the central part of Bay of Bengal (BoB). Next, Dr. R P Singh discussed the various 
hydrological aspects impending after the cyclone landfall. He presented the analyses of Synthetic Aperture 
Radar (SAR) data to identify the inundated regions over land and also highlighted the use of radiometer 
derived Brightness Temperature (BT) and soil moisture data in hydrological models.  After a very 
interesting brainstorming session, the meeting ended with an even more exciting question/answer session 
which dealt with various queries related to cyclone characteristics, damages caused and validation of 
various forecasts and products. This panel discussion was a great example of scientific learning and a quest 
for improvements in the field of operational meteorology, and hopefully, many more will follow in future. 

Report By: Dr. Abhishek Chakraborty and Sambit Kumar Panda 
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Increasing stability of the Oceans poses dire conse-
quences: Global Warming is causing oceans to become 
more stable and stratified, with increase in surface temper-
atures and reduction in carbon absorption. A study carried 
out by an international team of climate scientists has re-
vealed that this warming is slowing down the mixing pro-
cess in the various ocean layers, with the global stratifica-
tion having increased by almost 5.3%, from 1960 to 2018. 
Details can be found in the report published in Nature Cli-
mate Change (https://www.nature.com/articles/s41558-020-00918-2). 

[Source: ScienceAlert, Agence France-Presse] 

 

 

Coldest recorded temperature in the Northern Hemisphere: 
The coldest temperature ever recorded in the Northern Hemi-
sphere is -69.6 °C, which was recently verified by the World Me-
teorological Organization, almost 30 years after it’s measure-
ment. The original measurement was recorded by the Automatic 
Weather Station of University of Wisconsin-Madison Antarctic 
Meteorological Research Centre in December 1991. This finding 
has been published in the Quaterly Journal of the Royal Meteoro-
logical Society (DOI: 10.1002/qj.3901). [Source: University of 
Wisconsin-Madison, Science Daily] 

 

 

2020 Atlantic Hurricane Season exhausted list of storm 
names: With 24 tropical storms so far , this year ’s Atlan-
tic Hurricane Season has been the busiest and of the most 
concerning for the meteorological community. The agen-
cies ran out of names listed for 2020, only the second time 
in history, since the naming conventions began in 1950. 
Above average sea surface temperatures over the Atlantic 
Ocean, below average wind shear and the La Nina phase 
could be the major reasons behind so many storms this 
year, as suspected by the scientists. [Source: The Conversa-
tion, ScienceAlert] 

 

Greenland lost half-a-trillion tonnes of Ice sheet in a sin-
gle year: As per  a recent repor t published in the journal 
Communications Earth & Environment 
(https://www.nature.com/articles/s43247-020-0010-1), 
Greenland has lost a record 532 billion tonnes of ice sheet in 
2019, which is equivalent to 3 million tonnes of water 
streaming into global oceans every day. This accounts to al-
most 40% of the total global sea level  rise in 2019, as re-
vealed by the analysis of 20 years of GRACE and GRACE-
FO satellite data. [Source: ScienceAlert, Nature]   



 Science and Technology News  (ContD.) 

Compiled by:  

Sambit Kumar Panda 

pandasambit15@gmail.com 

Phosphine detection in Venusian Atmosphere: One of 
the most exciting discoveries in the field of planetary sci-
ences this year, was the detection of Phosphine in the 
clouds of Venus, by a team of scientists using James Clerk 
Maxwell Telescope in Hawaii. This was later independent-
ly confirmed by the Atacama Large Millime-
ter/submillimeter Array telescope in Chile. Phosphine is a 
rare molecule, and on Earth, the only source of its genera-
tion are industrial production or microbes. Hence, detection 
of Phosphine near the cloud tops of Venus, where the tem-
perature and pressure conditions are like Earth, has opened 

up so many questions and speculations of it’s origin at such a hellish planet. [Source: Physics.org, 
ScienceAlert, RAS]     

 

First direct image of an Exoplanet: Using the 
GRAVITY instrument on the Very Large Tele-
scope Interferometer, the ExoGRAVITY collabora-
tion team has revealed the first ever direct image of 
an exoplanet, Beta Pictoris c, only 63 light years 
away from Earth. This exoplanet is a gas giant, and 
is one of the two planets orbiting a very young (23 
million years old) and bright star Beta Pictoris, The 
discovered exoplanet has an estimated mass of 
around 8.2 times that of Jupiter and orbits the star 
at 2.7 astronomical units, with an orbital period of 
3.4 years. [Source: ScienceAlert]  

 

First ever Physics based model for predicting Solar Flares: 
As per a recent paper published in the journal Science 
(DOI: 10.1126/science.aaz2511), a team of researchers led by 
Prof. Kanya Kusano (Director of the Institute for Space-Earth 
Environmental Research, Nagoya University) have successfully 
developed the first ever Physics-based mode to predict large 
solar flares. Since large solar flares pose a great threat to Earth 
and the various satellite networks orbiting around it, including 
the International Space Station, accurate prediction of such cat-
astrophic events could immensely help in timely space-weather 
mitigation strategies and preparation.  [Source: Science Daily, 

Science]  
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Student’s  Corner : Space Weather Prediction  
Introduction 
We all are familiar with terrestrial weather. It is, in simple 
words, defined as: the daily variations in the temperature, 
humidity, rainfall, windspeed, etc. in the Earth’s 
atmosphere. We are also familiar with (outer) space, 
meaning the expanse from the Earth’s atmosphere till 
celestial bodies. According to most sources, an imaginary 
line 100 km above sea level, called the Kármán line, is 
where outer space begins, though it is in the thermosphere 
of our atmosphere.  

But what is space weather? In general terms, it is weather 
that is experienced in space, mainly in Earth’s outer 
atmosphere. Of course, rain and humidity are not present 
in space, but instead, there are much more interesting 
phenomena. Some of them even have an effect on the 
Earth’s atmosphere. The famous aurorae, which are caused 
by solar wind, is one such example. Let me first introduce 
you to some of the terms that you may encounter in this 
article. Solar storms, winds and breezes are streams of 
plasma, or, in other words, a soup of protons and electrons 
coming from the outermost edge of the Sun, known as 
Corona. The Sun actually causes most of space weather 
phenomena in our solar system, which occur mainly during 
the period of peak solar activity. Solar maximums and 
minimums occur in eleven-year cycles. Storms are the 
strongest, followed by winds and then the breezes. All of 
these are types of Coronal Mass Ejections (CMEs), which is 
an umbrella term for any ejection of plasma from the Sun’s 
corona, and can be used interchangeably with solar winds, 
breezes and storms. We are going to focus on CMEs in this 
article. CMEs often follow solar flares, a brief eruption of 
intense high-energy radiation from the sun's surface. Solar 
prominences are also a cause for CMEs. They are large, 
gaseous and generally looped features of the Sun, 
connected to the photosphere. They are made of cooler 
plasma, and can extend to large distances in space and even 
breakup into CMEs.  Another important phenomenon 
that is a part of solar activity is the sunspot. Sunspots are 
basically regions of lower surface temperature that appear 
on the solar surface and are dark in colour. The maximum 
number of sunspots are seen during the solar maximum. 
They are very closely related to CMEs, as both are caused 
by magnetic fluctuations. Other stars also experience 
similar plasma ejections, which are generally termed as 
stellar winds and flares. Aurorae aren’t the only thing 
caused by solar activity. As each coin has two sides, so do 
CMEs. As the CMEs are streams of plasma, which are 
made up of protons and electrons, these can charge up a 
lot of objects, like satellites and even parts of our 
atmosphere. In this article, we are going to take a look at 
the damages it has caused on the Earth before, the risk it 
poses, and most importantly, go through the research on 
how to predict CMEs!  

CME Damage 

As mentioned above, solar winds and storms are streams of 

plasma, which can 
attract charged particles on their path, strengthening the 
wind even further. This can increase it’s damage potential. 
These charged particles ionize the upper atmosphere and 
greatly impact the ionosphere, which we know is very 
important for all our radio communications. The major 
concerning fact is that, sometimes during strong CMEs, 
many of the electrons and protons escape the ionosphere. 
This is because, the plasma from the CMEs sweep off the 
neighbouring electrons and protons from the ionosphere 
after their interaction. This basically means that the CMEs 
are ripping off our atmosphere, bit by bit! It may take many 
millions of years for the ripping to complete, however even 
today its effects can be seen. During a CME, all of the 
electronic and radio equipments will stop working in the 
hemisphere of the Earth facing the sun. Sometimes, most of 

the navigation satellites also 
fail, and even get destroyed 
due to the CMEs. Basically, 
no internet for several 
hours; and this is only part 
of the problem! 

You see, the current in the 
CMEs does not alternate 
regularly. It is a direct 
current (DC). A lot of the 
electricity produced on 
Earth is also DC, but most 
of the electricity supply 
grids are based on 
alternating current (AC). 
When the DC currents 

from CMEs hit the electrical grids, it causes overload 
resulting in massive black-outs. This also makes all your 
money that you have stored in your bank account worthless, 
as you cannot get it without electricity!  As per historical 
records, one of the largest and strongest solar storms that hit 
Earth, was in 1859. It burned down the telegraph lines, 
which were the dominant modes of communication back 
then. Nowadays most of our communication uses space 
satellites. If those are damaged, it can create havoc and 
chaos. Today, the biggest threat that the CMEs pose, is for 
aviation. With no navigation support for few hours, the 
planes could go off the course, while the passengers inside 
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Fig2. A newspaper report 
from 1882, revealing that 
telegraph wires burnt down 
due to a CME  

Fig1. A CME image  
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can be exposed to high levels of dangerous radiation. 
Although the CMEs are so dangerous, we are not directly 
harmed by it due to a natural protection provided by Earth, 
known as Magnetosphere, which is the outermost extent of 
the Earth’s magnetic field. As the CMEs interact with the 
magnetosphere, the part of it that is facing the sun gets 
flattened, while the other side stretches long. The deflected 
particles and solar radiation aren’t going anywhere: they are 
held in the Earth’s orbit as something called the van Allen 
radiation belts. The rest of the charged particles are trapped by 
the magnetic field lines of Earth, which guide them to the 
poles, where they interact with the atmosphere to produce 
aurorae. It is obvious now, that without the magnetosphere, 
the CMEs would easily rip off our atmosphere and that would 
be the reason of no life on Earth, or, at least, on terrestrial 
Earth. Life could still form deep inside the seas, where the 
deadly radiation couldn’t reach them. So be grateful to the 
magnetosphere, as without it, we would all be anglerfish. And 
you don’t want to be an anglerfish! 

Space Weather Forecast 

The solar cycles 
remain the longest 
continuously studied 
n a t u r a l 
phenomenon, being 
regularly studied 
since 1600s. It is 
i m p o r t a n t  t o 
understand this 
p h e n o m e n o n , 
because it can help 
in predicting the 
CMEs. But, as 
mentioned before, 

the eleven-year solar cycle is easy to observe, yet much harder 
to predict. With current technology, it is possible to accurately 
tell the date of the start of a maximum or minimum, only six 
months after it started. This is because even though the cycles 
last 11 years or so, the minimum and maximum can start at 
any point of time during that period. That makes predictions 
tougher. Hence predicting space weather is one of the most 
challenging things to do in astronomy.  One of the most 
important studies that helped space weather forecasting was 
the estimation of solar rotation cycle. Sun, unlike other bodies 
in the solar system, does not have a definite rotation time. 
What this means is that Sun’s rotation time, as viewed from 
Earth, varies with latitude. This is because of the gaseous state 
of the sun. Richard C Carrington, a British amateur 
astronomer who played a major role in the development of the 
space weather field and who found out the connection 
between aurorae and CMEs, determined the solar rotation 
rate to be 25.38 days relative to other stars, by observing low-
latitude sunspots. This rotation time is now called the 
Carrington rotation, and it plays a major role in the prediction 
of space weather. Relative to the Earth, a Carrington rotation 
is about 27.2753 days. He also figured out that solar flares and 
prominences move with the rotation of the Sun. Some large 
solar flares last for more than one Carrington rotation. That 
means we can experience CMEs from a single source twice.  

Today, the Sun is being monitored more than it ever was. 
There are many satellites in space that monitor the solar 
activity. One such satellite, named Deep Space Climate 
Observatory (DSCOVR), launched in 2015 into a 
heliocentric orbit, monitors the Sun every second. If it 
detects solar flare that is large enough to produce CMEs, it 
sends a warning back to Earth. As the warning goes at the 
speed of light while the CME goes much slowly, it 
successfully provides early warnings to the Earth about the 
impending CME, helping in the mitigation strategies. The 

prediction strategy goes 
even further. Using the 
data, scientists can find 
out the origin of the flare 
and use it to forecast 
CMEs based on the 
Carrington rotation. But 
another huge help in the 
prediction of CMEs 
would probably be 
predicting the next solar 

cycle. Until late 2019, we 
were in Cycle 24, which 

started in 2008. The Cycle 25 has already begun, but the 
exact dates, are yet to be certified. The last grand maximum, 
which is a period of exceptionally high solar activity, 
occurred from Cycle 15 to 23. It was known as the Modern 
Maximum. After Cycle 23’s peak, it was considered to have 
ended, as the Cycle 24 wasn’t strong enough. Based on this 
hypothesis, if we are indeed entering a grand minimum (a 
period of below average solar activity), then Cycle 25 must 
also have much less solar activity. Today many countries are 
working together to try and unlock the secrets of space 
weather. This prediction is very important, as space weather 
extremes can cause immense damage to Earth and its assets. 
We can’t really control space weather, just like we can’t 
control Earth’s weather. All we can do is try to provide best 
possible forecasts to help us prepare for the events. Weather 
forecasting became a necessity because so many explorers 
were going across the world trying to discover and 
colonialize new lands. Space weather forecasting, according 
to me, will become a necessity because so many people 
would go across worlds trying to discover and colonialize 
new planets. Once that happens, our civilization will 
upgrade to Type II, harnessing the energy of the stars. But 
that is still a faraway dream!  
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MQ-2 Gas Sensor: 

The MQ-2 Gas sensor is used to detect Methane, Butane, LPG, 
Smoke. Due to its high sensitivity and fast response time, it is used 
for gas leakage detection (home & industry). It’s sensitivity can be 
adjusted using potentiometer on the sensor module. 

Materials & Cost: 

1. Arduino Uno R3 or Ard. Nano - ₹ 360/- or ₹ 185/- 

2. MQ-2 Gas Sensor - ₹ 200/- 

3. Jumper Wires - ₹ 40/- 

    Total Cost: ₹ 600/-  

Schematic Diagram: 

Here, VCC pin of the sensor should be connected with the 5V pin 
of the 
Arduino 
board, 
GND 
(ground) 
pin 
should 
be con-
nected 
with the 
GND 
pin of 
the Ar-
duino 
board. 
Pin A0 
of the 
sensor 

should be connected to the A0 of the Arduino board.  

Programming and Steps: 

First, you have to connect your microprocessor with your laptop or 
PC through USB and install the Arduino IDE from: 
https://www.arduino.cc/en/main/software, and you have to 
download MQ-2 Library from: 
https://drive.google.com/file/d/1i12n2aXtPg6RFUtq8Li6dhzD1d
mzK9bg/view. Place the library in Program 
Files>Arduino>Libraries, then you have to upload the program 
given below in the IDE in order to make a gas leakage detector: 

#include <MQ2.h> 

int pin = A0; 

int lpg, co, smoke; 

int led = 13; 

int buzzer = 10; 

int ppm = 200; 

MQ2 mq2(pin); 

void setup(){ 

  pinMode(led, OUTPUT); 

  pinMode(buzzer, OUTPUT); 

  Serial.begin(9600); 

  mq2.begin(); 

} 

void loop(){ 

  float* values= mq2.read(true);  

  lpg = mq2.readLPG(); 

   if (lpg > ppm) 

  { 

    digitalWrite(led, HIGH); 

    tone(buzzer, 1000, 200); 

  } 

  else 

  { 

    digitalWrite(led, LOW); 

    noTone(buzzer); 

  }   

  delay(5000); 

} 

Now, the system is ready for leakage detection. Place this 
system near your LPG cylinder. Here you go!! You have your 
own Gas Leakage Detector at home. You can also see my 
video on MQ-2 Sensor for other Gas Detections: 
https://www.youtube.com/watch?v=z3Esr0JnAeA 

For further details visit my website: 
https://www.thefuturecreator.com/ or follow me on my 
YouTube channel: 
https://www.youtube.com/thefuturecreator 
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