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It is my great pleasure to com-
municate this latest issue of         
E-Megha to the Members of IM-
SA. Since its formation in 1980, 
IMSA has been actively involved 
in popularization of the science 
of weather and climate; and the 
present IMSA committee is also 
committed to this glorious tradi-
tion. The year 2019 was a special 
year with unusual and interesting 
Meteorological events. The Mon-
soon season of 2019 was very 
unusual in the sense that, even 
with an impending unfavourable 

ENSO condition, and after hav-
ing experienced below normal 
monsoon rainfall till last week of 

July, the all-India seasonal 
Monsoon rains ended up at 
968 mm that is 10% above 
normal. This was the largest 
seasonal rainfall in last 25 
years. 

The year 2019 also wit-
nessed a number of tropical 
cyclones. At the time of 
writing of these lines, the 
North Indian ocean experi-
enced 5 cyclonic storms, 
out of which 4 storms were 
very severe cyclones and 1 
super cyclone. The super 
cyclone Kyarr was the first 
super cyclone  in the Arabi-
an sea in last 12 years; and 
probably the strongest post-
monsoon cyclone over the 
Arabian sea in the recorded 
history of tropical cyclones. 

 It is also the first time  
(since the reliable records 
began in 1960) that two 
cyclones: Kyarr and Maha 
were active over the same 
time over the Arabain sea. 

These extraordinary Me-
teorological events prove 
that the nature never 
cease to amaze us; and 
there is ample scope for 
research and discoveries 
that need to be done to 
understand the bizarre 
puzzles that nature keeps 
showing to us. It also re-
minds us that the scene 
of Meteorology and cli-
mate will remain interest-
ing and exciting for many 
generations to come.  

Eqnl sgd Bg`hql`môr cdrj 

Dr. C. M. Kishtawal 

It is also the first time  (since 

the reliable records began in 

1960) that two cyclones : 

Kyarr and Maha were active 

over the same time over the 

Arabian sea 

ñThe 2019 Monsoon 
season was special be-
cause it broke many 
rules, and battled 
many experts.ò 
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The Ahmeda-
bad Chapter of 
Indian Meteoro-
logical Society 
(IMS) is one of 
the most active 
chapters, which 
regularly con-
ducts various 
programs for 
researchers, ed-

ucators and 
most im-

portantly for students. On behalf of IMS Ah-
medabad Chapter executive committee, I 
thank members for their active participation 
at various activities conducted by this chapter. 
The strength of any society are its members, 
their knowledge, their expertise and experi-
ences, which IMSA has efficiently used while 
conducting various events in the field of satel-
lite meteorology and climatology. IMSA is 
also actively participating with various other 
local scientific societies like Indian Society of 
Remote Sensing (ISRS), Indian National Car-
tographic Association (INCA) and Indian 
Society of Geomatics (ISG) and thereby, is 
benefitted in conducting various activities 
where scientific and technical cooperation is 
required. We would like to continue this pro-
cess and utilize the expertise available from 
other Societies/Chapters for the maximum 
benefit to researchers and students. 

IMSA celebrated International Ozone Day 
2018 by organizing a public lecture on 
ñOZONE: Past, Present and Futureò at Space 
Applications Centre, Bopal Campus, Ahmed-
abad on September 14, 2018. The speaker of 
this event was Prof. S. Ramachandran from 
Physical Research Laboratory (PRL), Ahmeda-
bad. The society had organized a yearly Mon-
soon lecture on the topic ñIndian Summer 
Monsoon Rainfall (ISMR) and associated fea-
tures during southwest monsoon season-

2018ò on October 23, 2018 at SAC Bopal 
Campus, Ahmedabad. The speaker of this 
event was Dr. Arvind K Srivastava from India 
Meteorological Department (IMD), Pune. 
Both the lectures were attended by many stu-
dents, research trainee and scientists of SAC 
and Physical Research Laboratory (PRL), Ah-
medabad along with the members of this soci-
ety. Like every year, World Meteorological 
Day program was organised by the society at 
Vikram Sarabhai Space Exhibition (VSSE), 
Space Applications Centre (SAC), Ahmeda-
bad on March 23, 2019 by organizing a quiz 
competition among college students and a 
public lecture on ñEarth, Sun and Weatherò 
by Dr. Anurag Kandya, Asst. Professor from 
Pandit Dindyal Petroleum University 
(PDPU). To encourage the students to learn 
about the monsoon season, a photography 
contest ñMonsoon through Cameraò was also 
organized. Recently a tree plantation drive 
was carried out at new Bopal campus of Space 
Applications Centre (SAC), ISRO. 

The society has planned many activities dur-
ing the current year. This includes (1) to con-
duct popular event to celebrate Vikram 
Sarabhai Birth Centenary; (2) to conduct Prof 
Satish Dhawan Lecture 2019; (3) to conduct 
Monsoon Lecture 2019 at the end of mon-
soon 2019; (4) to celebrate World Meteoro-
logical Day 2020. I am sure members would 
actively participate in various activities 
planned and fulfill the goals and objectives of 
the Society. 

Secretaryôs Report 

$ÒȢ 3ÁÎÊÉÂ +ÕÍÁÒ $ÅÂ 

sanjib_deb@sac.isro.gov.in 
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It is famously said that òSome people feel the rain, others just get wetó.  This 

quote expresses  the   essence of the  IMSA community. IMSA endeavors not only to inform 
the scientific and technical developments in the field of meteorology and related sciences, but 
also to inculcate the passion for connecting to nature and environment. To support this cause, 
we are very happy to bring before you this Monsoon Issue of E-Megha, which amalgamates a 
medley of research articles, scientific news, creativity and student participation.  We present 
couple of   notes on analysis and wrap-up of Monsoon 2019.  In this issue we bring before you, 
the technical details of the  ISROôs  scatterometer Scatsat-1. We have also included some inter-
esting articles on  diverse topics such as Marine Pollution, Doppler Weather radar, City scale 
thermal variability and Artficial intelligence in Weather Forecasting. Along with the scientific 
details, creative ideas, travelogue also form an important feature of E-Megha.   

We feel very delighted to inform you all that we have introduced a student section in E-Megha, 
which showcases  the talent and enthusiasm of our future  policy makers . We request your 
active participation  with  educative, informative and also entertaining contributions for your 
own Newsletter. You are most welcome to reach us at emegha.imsa@gmail.com  

Your contributions may follow but not limited to the themes elaborated in the Call for Arti-
cles. To galvanize all of us, we have an elementary quiz , whose answers are  hidden somewhere 
in this issue.  Hope you enjoy reading , pondering and munching over this issue of                        
E-Megha!!!  

Editorial Column 

$ÒȢ 3ÕÃÈÁÎÄÒÁ !ÉÃÈ "ÈÏ×ÍÉÃË $ÒȢ )ÎÄÒÁÎÉ #ÈÏÕÄÈÕÒÙ 3ÉÎÇÈ 

%--%'(! %$)4/2)!, 4%!- 

 

-ÒȢ 3ÁÍÂÉÔ  +ÕÍÁÒ 0ÁÎÄÁ $ÒȢ !ÂÈÉÎÅÅÔ 3ÈÙÁÍ 

$ÒȢ "ÉÐÁÓÈÁ 0ÁÕÌ  3ÈÕËÌÁ 
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This yearôs Indian Monsoon Seasonal Rainfall (IMSR) 
(June to September) was predicted by IMD on 15 April 
as follows; ñRainfall is likely to be 96% of the Long Peri-
od Average (LPA-88 cm) with a model error of ± 5. IMD 
also predicted the onset of monsoon over Kerala will 
take place on June 6th (with error margin of ± 5 days). 
The private agency SKYMET made a prediction of onset 
over Kerala on June 4 (with an error margin of +/- 2 
days). However, the onset date as predicted by satellite 
data (SAC/ISRO/ MOSDAC Site) was June 7 (with an 

error margin of +/- 2 days). The actual onset data over 
Kerala was declared by IMD on 8th June 2019.  Satellite 
derived onset of monsoon over Kerala was on dot in 
2017 (May 30) & 2018 (May 29).  

The 2019 southwest monsoon season came to an end 
with above normal seasonal (June to September) rainfall. 
Quantitatively monsoon seasonal rainfall was 110% of 
its Long Period Average, which is 88 cm. In spite of late 
monsoon onset and large deficient rainfall during the 
month of June, the seasonal rainfall ended in above nor-
mal. Monsoon rainfall during July, August and Septem-
ber were 105%, 115% and 152% of its Long Period Av-
erage respectively. This is the second highest September 
rainfall (152% of LPA), after 1917 (165% of LPA). This 
year withdrawal from Rajasthan took place very late on 
09 October only. After 1994, (110% of long-period aver-
age, or the LPA), the rainfall received during the 2019 
season is the highest seasonal rainfall received by the 
country as a whole. 

 Experts have credited the role of the Indian Ocean Di-
pole (IOD) for the revival of the rains. Called the óEl 
Ni¶o of the Indian Oceanô, IOD is a sea surface warm-

Dr. B. Simon 
babysimon@gmail.com 

 

Progress of monsoon 2019  

ing phenomenon whose positive phase is associated with higher 
monsoon rainfall in India. The positive IOD, in which the west-
ern basin of the Indian Ocean warms up anomalously relative to 
the East, has coincided with a productive South-West monsoon 
in the past. The indication of Positive IOD started coming by  
middle July, and monsoon rain was excess in August and Sep-
tember. 

The heaviest monsoon rains to lash India in 25 Years have killed 
more than 1600 people   since June.  June to September rainfall 
has already delivered 10% more than 50 year average. 

This is the second highest September 

rainfall (152% of LPA), after 1917 

(165% of LPA). This year withdrawal 

from Rajasthan took place very late 

on 09 October only. After 1994, (110% 

of long-period average, or the LPA), 

the rainfall received during the 2019 

season is the highest seasonal rainfall 

received by the country as a whole. 



The prediction of Indian summer monsoon rainfall 
(ISMR) is attempted by weather research community 
worldwide every year. The major challenge in the pre-
diction of ISMR is to capture the spatial and temporal 
variability of rainfall during June through September. 

Though the large scale features of the event are repli-
cated every year in a very similar manner over Indian 
landmass and causes 75% of annual rainfall over the 
country, the large inter-annual and intra-seasonal vari-
ations in rainfall are yet to have significant skills in 
model prediction. Satellite observations play an im-
portant role in predicting ISMR. To demonstrate 

various applications of satellite observations 
(atmosphere and land surface) on ISMR in re-
search and operational mode, a seasonal predic-
tion system has been setup at Space Applica-
tions Centre (SAC) Ahmedabad. The predic-
tion system has been made operational on 2015 
through the web platform of MOSDAC. End of 
season (EOS) validation has been conducted 
every year to measure the model prediction skill 
and also to identify the scope of improvements 
of the prediction system through the inclusion 
of new-generation satellite observations. It is a 
continuous evolving process of the prediction 
system to improve its skill of prediction year 
after year.  

The prediction of ISMR has been generated 
through the 50-member ensemble CAM model 
simulation. Community Atmosphere Model 
(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.  

Indian Summer Monsoon Rainfall: Prediction for 
2019 

Dr. Sukanta Kumar Das 
sukanta@sac.isro.gov.in 

The delay in monsoon onset and 

initial slow progress resulted into 

deficit rainfall over Indian landmass 

during June-July. But during July-

August the monsoon revived and we 

received excess rainfall all over the 

country. The extreme rainfall events 

also increased over 50% than 

previous monsoon years. 
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The experiment for the prediction of ISMR is carried in several 
phases during April to September. The first phase of prediction 
has been issued in April using the latest atmospheric and ocean-
ic surface conditions. The prediction has been updated on 
monthly basis using updated meteorological parameters observed 
by satellite. The ensemble mean prediction has been generated 
from a large number of simulations (typically 50) called ensem-
ble members. Each ensemble member has been started with dif-
ferent initial conditions 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 ensem-
ble prediction from the 50 members of identical model simula-
tions.  

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 
below normal with 92% 
(81.8 cm) of All-India 
Rainfall (AIR) of long term 
mean. The monthly pre-
dicted AIRs are 10.3 cm 
(57%), 28.7 cm (102%), 
26.3 cm (104%) and 16.5 
cm (95%) for the months 
of June to September re-
spectively. The spatial dis-
tribution of the predicted 
ISMR can be seen in the 
figure below. The contrast 
of rain maxima and mini-
ma along east and west 
part of India can be seen 
in the prediction which is 
a typical scenario of possi-

ble drought that has been predicted by the model. 
Further, the temporal distribution of AIR over Indian 
landmass and its four major zones of India suggest a 
possible temporal shift of monsoon that may lead ex-
tended rainfall through September-October. We have 
already experienced the late arrival of monsoon with 
the onset occuring at Kerala on June 8, 2019.  

The prediction has been updated in the last week of 
May using the updated atmospheric and oceanic sur-
face conditions. The prediction over Central part of 
India gets improved. However, the overall rainfall pat-
tern remains same. The updated forecast suggests that 
the ISMR over the country as a whole is likely to be 
below normal with 94% (83.0 cm) of All-India Rain-

fall (AIR) of long term mean. The 
monthly predicted AIRs are 12.6 cm 
(70%), 28.3 cm (101%), 24.6 cm (97%) 
and 19.9 cm (114%) for the months of 
June to September respectively. The 
month end validation for June has also 
been conducted. The satellite merged 
product of TRMM has been used as the 
observation. The two rain maxima over 
extreme eastern part of India and over 
Western Ghats can be seen in both the 
observation and predicted rainfall for 
the month of June. Further, the low rain 
over central India and the dry condition 
over western part viz. Rajasthan and 
Gujarat was also captured by the ensem-
ble prediction system. The prediction of 
ISMR, validation and further details on 
the ISMR and its prediction system are 
disseminated through MOSDAC web 
portal. Weekly and monthly updates for 
the upcoming monsoon will be updated 
in time. 

Daily Evolution of AIR over Indian landmass and four major zones 
of India during June to September 2019 
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Satellite based rainfall for Monsoon 2019 

The summer Monsoon rainfall estimation has 
been evaluated using modified INSAT Multi-
Spectral Rainfall Algorithm (IMSRA; IMC) for 

2019 Monsoon period (01 June ï 30 October 
2019). The modified version incorporates a 
three-tier correction scheme to the parent 
IMSRA algorithm: (i) Global calibration bias 
correction designed on the basis of comparison 
with TRMM-3B42 daily average rain; (ii) Clima-
tological ratio bias between IMSRA and 

The rainfall map generated 

shows that 22 meteorological 

sub-divisions received large 

excess rain, 12 sub-divisions 

received excess rainfall and 2 

sub-divisions had normal 

rainfall with respect to 

climatological averaged 

rainfall of last 50 years.  

TRMM- 3B42 for the orographic regions; (iii) The global bias 
correction is applied using a second-degree polynomial equa-
tion of the form (Gairola et al. 2016, Mahesh et al. 2017). The 
rainfall estimated by this IR based technique has been merged 
with around 3500 IMD-Surface Rain gauge (SRG) stations 
over India. The rainfall map generated using Geographic In-
formation System (GIS) tools shows that 22 meteorological 
sub-divisions received large excess rain, 12 sub-divisions re-
ceived excess rainfall and 2 sub-divisions had normal rainfall 
with respect to climatological averaged rainfall of last 50 years. 
The Indian region received overall large excess rainfall during 
the 2019 monsoon season.  

 

Aman Wahid Khan* and Dr. R. M. Gairola 
 

amanwk@sac.isro.gov.in 

ñWe often hear of bad weather, but in reality, no weather is bad. It is all delightful, though in different ways. Some weather may be bad for 

farmers or crops, but for man all kinds are good. Sunshine is delicious, rain is refreshing, wind braces us up, snow is exhilarating. As Ruskin 

says, "There is really no such thing as bad weather, only different kinds of good weather." ~John Lubbock, "Recreation," The Use of Life, 1894   
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Ocean Surface Vector Wind (OSVW) is treated as one of the 
major parameters in the list of essential climate variables 
(ECVs). OSVW plays a pivotal role in offshore as well as 
coastal processing such as upwelling, heat and momentum 
transfer at the air-sea interface, evolution of oceanic mixed 
layer, ocean wave and current formation and wave-current in-
teraction, bio-geo-chemical transport in the ocean, coupling of 
ocean and atmosphere resulting in tropical and extra-tropical 
disturbances etc. The OSVW is the primary input for the nu-
merical ocean circulation and wave models for generating 
ocean state forecast and for climate related processes. Predic-
tion of storm surges and cyclone tracks essentially need the 
accurate information of OSVW. Improvement of the weather 
forecast from Numerical Weather Prediction (NWP) models 
depends on vector wind observations through data assimila-
tion. 

For the last four decades, synoptic scale observations of OSVW 
over the global oceans are operationally available from various 
international space-borne scatterometer missions. In the tan-
dem scatterometer missions, the contribution from Indian 
Space Research Organization (ISRO) started with the success-
ful launch of Oceansat-2 Scatterometer (OSCAT) in Septem-
ber 2009. The OSCAT continued to provide valuable infor-
mation of OSVW until February 2014 when a major power 
failure ceased the mission. Scatsat-1 with a dedicated scat-
terometer payload, as a follow-on mission to Oceansat-2, was 
launched on 26 September 2016 to provide continuity services 
of OSVW measurement capability.  

Being a follow-on mission it inherits the design of OSCAT, 
hence operates in Ku-band with 13.53GHz central frequency 
and having a pencil beam design comprising of two beams with 
incidence angles of 49o and 57o with HH and VV polarization 
respectively. With a swath width of 1800 km this instrument 
covered 90% of the earthôs surface in a single day.  

Post launch, the instrument had undergone calibration and 
validation phase during which sensor stability monitoring, fine 
tuning of algorithms has taken place. Since launch, as the sen-
sor is providing very high quality observations without any 
glitch, confidence on the instrument performance led to the 
early public release of wind products through MOSDAC 
(www.mosdac.gov.in) and NRSC (www.nrsc.gov.in) as a Beta 
version on 22 October 2016. Subsequently after successful 

Scatsat-1: ISROôs latest contribution to the 
international tandem scatterometer missions 

completion of the CAL/VAL phase the mission entered 
into operational phase from 21 April 2017. The present 
version of Scatsat-1 data products is V1.1.3 which is oper-
ational since 20 March 2018.  

The operational products from Scatsat-1 include four 
different types of data viz. Level-1B (L1B), Level-2A 
(L2A), Level-2B (L2B), Level-3 Sigma0 (L3S) and Wind 
(L3W). The detailed specifications of the data are given 
in the adjacent table. Apart from operational data prod-
ucts, value added (Level-4) products are also being gener-
ated. These products are produced and hosted by 

Abhisek Chakraborty*, Atul Kumar Varma 

and Raj Kumar 

Scatterometer observations from ISRO 

satellite have revolutionized the way we 

look at weather events. These data are 

indispensable for weather prediction, 

and are being used in leading weather 

prediction centres of the world  

abhisek1984@sac.isro.gov.in 


