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SANJAY AGARWAL
Secretary
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Government of India

MESSAGE
Agriculture is a major sector of Indian economy, especially considering the large population
of people, whose lives it impacts. Hence, Government of India’s major priority is to employ
advanced and cutting-edge technologies for the development of agriculture. Among these,
use of space and geospatial technology for agriculture application has always been given
high priority.
Ministry of Agriculture and Farmers Welfare is promoting use of space technology for a long
period. There has been a close collaboration between the Department of Space and
Department of Agriculture towards use of satellite remote sensing data for improving crop
estimates. This department has also internalized space technology applications for its
various operational programmes, by creating a centre for crop forecasting under its ambit.
Hence, it gives me a great satisfaction to learn that the Mahalanobis National Crop Forecast
Centre, jointly with the Indian Agriculture Research Institute, is hosting an international
workshop on “Earth Observation for Agriculture Monitoring”, during 18-20 February, 2018 at
IARI, New Delhi, which is being organised by international Society of Photogrammetry and
Remote Sensing, GEOGLAM and Indian Society of Remote Sensing. I am also very happy to
know that this workshop is going to commemorate the Fifty Years of Remote Sensing in
India.
Government of India is working to ensure doubling of farmer’s income by 2022. This will not
be feasible without the use of advanced technologies. I am confident that this workshop will
prepare the road map for use of space and geospatial technology and contribute towards
the betterment of farming practices.
On behalf of Department of Agriculture, Cooperation & Farmer Welfare and on my personal
behalf, I wish the workshop a grand success.

(Sanjay Agarwal)

Dr. K. SIVAN
Chairman, ISRO and Secretary DOS
Government of India

MESSAGE
Agriculture has always remained as the major focus for Indian and Global Earth Observation
programme. The rich natural resources and biological diversities of the globe and its
management is important for sustainable agriculture. This calls for exploring all possible
scientific tools and techniques for monitoring efficient and sustainable agriculture, which is
essential to meet the socio-economic needs of the society. I am happy to note that an
international workshop on the Agriculture, as the main theme, is being jointly organized by
International Society for Photogrammetry and Remote sensing (ISPRS), GEO Global
Agricultural Monitoring (GEOGLAM) and Indian Society of Remote Sensing (ISRS).
ISRO, has always kept a special focus on remote sensing applications programme, built and
launched many satellites with special emphasis for agriculture and developed a robust
scientific programme for agricultural applications. The Geo-spatial technologies, including
location based services and Remote Sensing technology are effectively used for a variety of
agricultural applications, drought assessment and so on.
I am sure that this International Workshop on “Earth Observations for Agricultural
Monitoring”, would provide the requisite opportunities for the researchers and other users,
to share their knowledge and experience in the field of Agriculture and enable efficient
agricultural monitoring and management through contemporary technologies.
My best wishes for the success of the workshop.

(K. Sivan)

DR. M. RAJEEVAN
Secretary, Ministry of Earth Sciences
Government of India

MESSAGE
I am very happy to know that India has completed 50 years of its remote sensing
applications and the International Society of Photogrammetry and Remote Sensing ,(ISPRS)
Working Group III/10, GEOGLAM(Group on Earth Observations-Global Agricultural
Monitoring ) and Indian Society of Remote Sensing .(ISRS) are commemorating this by
jointly organizing International Workshop on Earth Observation for Agricultural Monitoring
in IARI Campus, New Delhi during 18-20 Februry,2019.
As you all know, climate change is affecting lives and livelihoods of the people all over the
globe. The warming has been unprecedented during the last century, and particularly during
the last 50 years, causing severe implications on various sectors including agriculture in any
region is governed by the climate of that place, and any large deviations in the form of
extreme weather will exert negative impact on the crops. Rapid changes in the climate in
recent decades have affected crop growth and production. I hope this workshop will
address these issues and also serve as a forum for agriculture and Remote Sensing scientists
all over the world to share and exchange ideas on agriculture and monitoring and
management through space technology. The improvements in Earth Observations due to
high resolution satellite and radar data have improved our global models tremendously in
the past decades, and that has improved our advisory services to farmers in India.
My best wishes to Mahalanobis National Crop Forescast Centre,(MNCFC) and Indian
Agriculture Research Institute, (IARI) for the success of the event, and hoping that the
workshop will provide a platform to young minds to exchange their research and ideas with
experts in the field, and provide recommendations and collaborations for the benefit of
agriculture community.

(M. Rajeevan)

DR. TRILOCHAN MOHAPATRA
Secretary, DARE & Director General, ICAR
Government of India

MESSAGE
India has established a leading role on use of Space Technology for Agricultural applications.
The first experiment of remote sensing in the country to assess the Coconut root wilt of
Kerala was carried out jointly by ISRO, NASA & IARI 50 years back. Since then, Indian Council
of Agricultural Research has carried out many research and experimental studies jointly with
ISRO, to support India’s earth observation programme.
Therefore, it gives me a great pleasure to learn that an International Workshop is being
hosted by MNCFC jointly with IARI & ISRS to commemorate 50 years of remote sensing in
India. ICAR provides very high emphasis on use of cutting edge technologies for agricultural
application. Considering the diversity and complexity of Indian agriculture, technology based
solutions are highly essential for providing real benefit to farmers.
Hence, this is very timely to have such a workshop in India to introspect and prospect the
progress of remote sensing technology and to develop future action plan for its potential
use in India agriculture, with a goal to improve livelihood of the farmers’ community.
I congratulate the organizers the of this workshop and wish the workshop a grand success.

(T. Mohapatra)

DR. A.S. KIRAN KUMAR
Vikram Sarabhai Professor
ISRO, Government of India

MESSAGE
Agriculture is a major source of livelihood across the rural parts of India and the backbone of
the country’s economy. Estimates and forecasts of agricultural yield are critical for planning
and monitoring of agricultural production. Inaccuracy in estimation of crop production can
lead to policies adversely impacting the food security. Technologies of observing earth is
continuously evolving and today satellites generate significant amount of data at various
spatial, temporal and spectral domains. In this scenario, data accessed from remote sensing
satellites are used to improve the quality of agricultural information, crop status monitoring,
area estimates and yield forecasting. Models based on satellites data integrated with
geospatial tools along with in-situ observations facilitate monitoring of changes in
agricultural productivity, variations in soil/land productivity and degradation, availability of
irrigation sources and cultivation practices.
In this context, it is heartening to learn that the Mahalanobis National Crop Forecast Centre
and the Indian Agricultural Research Institute is hosting a joint ISPRS WG-III/10, GEOGLAM
and ISRS International workshop on Earth Observation for Agricultural Monitoring during
February 18-20, 2019 in Delhi, in commemoration of completion of 50 years of remote
sensing in India.
The workshop will serve as a platform for scientists from various countries working in the
area to interact and deliberate on issues impacting agricultural monitoring as well as
emerging technologies and applications for improved forecasting.
I wish the conference a resounding success.

(A. S. Kiran Kumar)

Dr. CHRISTIAN HEIPKE
President
International Society for Photogrammetry and Remote Sensing

MESSAGE
It gives me great pleasure to extend a very warm welcome to all participants of the International
Workshop on Earth Observation for Agricultural Monitoring, jointly organized by the International
Society for Photogrammetry and Remote Sensing (ISPRS) Working Group III/10 entitled “Agriculture
and Natural Ecosystems Modelling and Monitoring”, GEOGLAM (the Group on Earth Observations
Global Agricultural Monitoring Initiative), and the Indian Society of Remote Sensing (ISRS), and
hosted by the Mahalanobis National Crop Forecast Centre, Indian Agricultural Research Institute and
the ISRS-Delhi Chapter.
As is well known, agriculture has always been a prime application of Earth Observation from Space. It
is therefore very appropriate to dedicate a workshop on this topic at the occasion of the 50 th
anniversary of Indian Remote Sensing activities, which started in 1969 with the famous experiment
on coconut root wilt disease (RWD) in Kerala, Southern India and the foundation of ISRS in the same
year. Today, India is one of the globally recognised leaders in remote sensing. Examples of the
success of its programmes are on the one hand the platforms and observation instruments
successfully launched in to space – for example, the Indian Remote Sensing (IRS) Satellites incl. the
CartoSat series and the Chandrayaan lunar exploration missions. On the other hand, analysis centres
around the country were created and now supply India with useful information from space such as
the National Remote Sensing Centre (NRSC) and the Indian National Centre for Ocean Information
Services (INCOIS), both located in Hyderabad, and the Space Application Centre in Ahmedabad, to
name but a few of the Indian centres of excellence in remote sensing.
ISRS is also the Indian Ordinary Member of ISPRS. ISPRS is a non-governmental organisation
promoting international cooperation between worldwide organizations with interests in the
photogrammetry, remote sensing and spatial information sciences. As the oldest international
umbrella organization in its field, ISPRS has established itself over the years as a vibrant scientific and
professional society under the tagline “Information from Imagery”. Its five Technical Commissions
are contributing significantly to the progress in our filed. I am proud to say that ISRS is currently
hosting one of these commissions, Technical Commission V entitled “Education and Outreach” under
the presidency of A. Senthil Kumar. TC V has been spreading, promoting and motivating capacity
building programmes exploiting present day technologies through tutorials, webinars, web-based
resources, symposia, international collaborations and student consortium programmes. TC V has also
organised an extremely successful Symposium in Dehradun in November 2018, attended by more
than 400 participants from all over the world. ISRS is very thankful to ISRS for these contributions.
I wish the workshop a great success and extend my best wishes to the organizers and participants.
(Christian Heipke)

DR. IAN JARVIS
Programme Director GEOGLAM
GEO Secretariat

MESSAGE
Over recent years the global agricultural monitoring community has seen great advances in
remote sensing science. In particular the availability of open data and new computing
infrastructures to handle big data applications for agricultural monitoring are accelerating
the transfer of science to policy relevant information. India has been at the forefront of
space-based Earth observation and the application of these technologies. As such, the global
community can take great benefit from India’s 50 years’ experience in this area. Considering
the nexus of science, data and technology the time seems right to take stock of the current
state of agricultural applications and I can’t think of a better way to celebrate this important
milestone than this workshop. The GEOGLAM community thanks India for their leadership in
this event, and with you we look forward to the next 50 years, as all together we will help to
build a food secure future for the world.

(Ian Jarvis)

Tapan Misra
President, ISRS & ISG

MESSAGE
To mark the 50 years of remote sensing progress in India, it is indeed a pleasure to know
that Mahalanobis National Crop Forecast Centre, Indian Agricultural Research Institute and
Indian Society of Remote Sensing-Delhi Chapter are hosting, ISPRS WG III/10, GEOGLAM,
ISRS joint International Workshop on Earth Observations for Agricultural monitoring during
18-20th February, 2019 at New Delhi.
Indian Society of Remote Sensing, which is the premier society of the remote sensing
professionals in the country, with more than 4500 members, is very happy to be associated
with this important workshop. ISRS is an active member of the International Society of
Photogrammetry and Remote Sensing and has conducted many successful Symposia and
Workshops on behalf of ISPRS. This present workshop is one such of that series.
It is quite heartening to note that, there will be more than 250 participants in the Workshop
& more than 100 participants in the tutorial from Government institutions, industries and
academia in different part of the country and abroad. Also, I am very happy to know that the
Organizers are bringing out a Proceedings containing more than 100 papers, in the form of
ISPRS Archives.
Looking at the themes and sub-themes chosen for discussions and deliberations in the
workshop, I am sure it will be highly useful for retrospection and future planning towards
the use of space technology in many flagship programme of the Government of India in
agriculture sector and increasing farmer’s income. The workshop also includes a 2-day
tutorial on “Advances in Remote Sensing for Agriculture”, which will provide an excellent
opportunity to the young scientists, research students for their understanding in new
frontier areas of research.
On behalf of the Indian Society of Remote Sensing and on my personal behalf, I compliment
the organizers for their efforts and wish the workshop a grand success.

(Tapan Misra)

Dr. JIE JIANG
President
Technical Commission III (Remote Sensing, ISPRS)

MESSAGE
Agriculture has always remained as the major focus for remote sensing applications.
This International Workshop on Earth Observation for Agricultural Monitoring will provide
a platform for the discussion of cutting-edge methods, technologies, and experiences of
applications, and promote further co-operations in this field. I'm sure every participant will
enjoy and benefit from this event.

(Jie Jiang)

Mitsunori YOSHIMURA
ISPRS WG III/10 Chair

MESSAGE
On behalf of the ISPRS WG III/10, we would like to invite you to International Workshop on
Earth Observations for Agricultural Monitoring” which will take place in IARI Campus, New
Delhi, India from 18-20 February 2019.
We would like to thank GEOGLAM (Group on Earth Observations -Global Agricultural
Monitoring), Indian Society of Remote Sensing (ISRS) to be co-organizer of this workshop.
This workshop is expected to gather more than 250 national and international scientists
working in this field. Themes of the workshop are various kinds of fields such as
Retrospective and Prospective of EO Applications in Agriculture, Advances in Crop Area
Estimations, Yield Estimation: Global, Regional & Local Scale, Agriculture Resources (Soil &
Water), Disasters in Agriculture, Agriculture and Climate, Agricultural LCLUC, Crop Risk
Assessment and Crop Insurance, Agro Eco-system , Processes and Modelling and EO
requirements for Agriculture.
We would like to encourage you to participate in this Joint International Workshop on
"Earth Observations for Agricultural Monitoring" and join to the discussion for the future
Earth Observation for agricultural monitoring.
We look forward to welcoming you in New Delhi in February 2019.

(Mitsunori YOSHIMURA)

VASUDHA MISHRA
Additional Secretary
Department of Agriculture, Coop. & Farmers Welfare
Government of India

MESSAGE
I am extremely happy to note that Mahalanobis National Crop Forecast Centre of this
Department, Indian Agriculture Research Institute and Indian society of Remote sensing
(ISRS): Delhi Chapter are hosting and International Workshop on Earth Observations for
Agricultural Monitoring in New Delhi, India during 18-22 February, 2019, being organized by
International Society of Photogrammetry and Remote sensing (WG III/10), GEOGLAM AND
ISRS.
The workshop is timely as it is commemorating 50 years of remote sensing in India.
Considering the leading role of India in remote sensing applications for societal benefit,
especially for the agriculture, I am sure this workshop will showcase many important
research studies, which would chalk out a path for taking the advance technology to the
Farmers.
I am also very happy to learn that the workshop is being followed by a tutorial, conducted by
national and international experts, to give training on Advances in Remote Sensing for
Agriculture. I am sure that this training will be highly useful for students and young
researchers.
I take this opportunity to congratulate MNCFC and its co-host IARI and ISRS-Delhi Chapter,
for planning this workshop in the country, especially when the Government is giving very
high emphasis to use the cutting edge technologies for the benefit of farmers, in improving
their income.
I welcome all the participants of the workshop and wish the workshop a grand success.

(Vasudha Mishra)

DR SHIN-ICHI SOBUE
Co-Lead AsiaRiCE

MESSAGE
It is my pleasure to welcome all the participants to the Workshop on Earth Observation for
Agricultural Monitoring, organized by ISPRS, GEOGLAM and ISRS on behalf of AsiaRice colead with Dr. Thuy Toan.
AsiaRiCE is regional working group of GEOGLAM in Asia that focuses primarily on rice in Asia
since Rice is a main crop and culture base in Asia. It would be really interesting to see the
gathering of experts and practitioners to discuss and share their experiences, prospects and
constrains of the technology, future direction and appropriate use of earth observation in
agricultural assessment and monitoring on one stage. AsiaRiCE was launched with the
support of a team of stakeholders in Asia with Asian space organizations and rice experts to
provide guidelines of rice usage, as well as to coordinate space agencies and end-users to
bring the benefit of earth observation to rice farming to improve the food security in Asia.
The global participation in this workshop under the important theme and the discussions
that are planned by the organizers of this workshop will definitely further benefit AsiaRiCE's
activities. I wish all the success for this workshop and look forward to incorporating fruitful
discussions and findings in AsiaRiCE activities.

(Shin-ichi Sobue)

RANGANATH NAVALGUND
Vikram Sarabhai Distinguished Professor, ISRO (2012-17)
President, ISPRS Technical Commission VII (2000-2004)

MESSAGE
I am extremely happy to note that the Mahalnobis National Crop forecast Centre (MNCFC),
Ministry of Agriculture and Farmer`s Welfare, Govt. of India is organising an International
Workshop on Earth Observations for Agriculture Monitoring during February 18-20 at New
Delhi under the auspices of the International Society of Photogrammetry and Remote Sensing,
jointly with the Indian Society of Remote Sensing, Indian Agricultural Research Institute,
South/Southeast Asia Research Initiative (SARI) and the Indian Space Research Organisation.
Earth observation data obtained from spacecraft and other platforms in different parts of
electromagnetic spectrum at different spatial and temporal resolutions has over the years
proved itself to be extremely useful in various aspects of information needs of agriculture
sector, in particular crop inventory and condition assessment. Reliable and timely crop
production forecasts in advance of harvest at different administrative units has become
possible with the use of EO data, facilitating judicious policy decision making across the world in
many countries. Global agriculture monitoring using EO data has been adopted as one of the
activities of the societal benefit areas of Global Earth Observation System of Systems under
Group on Earth Observation. In India, ISRO along with MoA&FW and IARI (ICAR) have been in
the forefront of developing methodology for the use of EO data for crop production forecast,
since 1970. These efforts have culminated in the establishment of MNCFC. It is only appropriate
that MNCFC has taken the lead to organise an international workshop to review the progress
made and examine ways of harnessing advances in technology to further the system of crop
forecasts for more precision and reliability. I am equally happy to learn that some tutorial
sessions are being held to provide state of the art training in advance concepts and techniques
to the young professionals.
I compliment MNCFC, its Director and the staff on this initiative and wish the workshop all the
success.
(Ranganath Navalgund)

PROF. CHRIS JUSTICE
GEOGLAM Co-Chair
NASA Harvest, University of Maryland

MESSAGE
It is a great pleasure to attend the International Workshop on Earth Observation and to join
the celebration of 50 years of Agricultural Remote Sensing in India. During my career as a
remote sensing scientist and more recently as Co-chair of the international GEO Global
Agricultural Monitoring Initiative (GEOGLAM), I have seen India develop and maintain robust
end-to-end satellite-based systems for agricultural monitoring. Given the national
importance of agriculture and advanced capability in earth observing satellite technology, it
makes sense that establishing and enhancing these systems is a high priority for India. To
build on these significant achievements, I believe that the impact of Indian national
agricultural remote sensing is ready to expand to the World. This workshop signifies a
renewed leadership role for India in the GEOGLAM program, to the mutual benefit of India
and the global agricultural monitoring community. In this context, joining the US and Europe
in adopting an open data policy for satellite data, would further strengthen India’s position
as a global leader in Earth Observations and Agriculture and fuel the development of Indian
agricultural information service providers. I would like to congratulate my Indian agricultural
remote sensing colleagues on this golden jubilee.

(Chris Justice)

DR. V. K. DADHWAL
Director, Indian Institute of Space Science & Technology, ISRO

MESSAGE
I am happy to note that a Joint International Workshop on "Earth Observations for
Agricultural Monitoring" under the umbrella of ISPRS WG III/10, GEOGLAM, Indian Society of
Remote Sensing, is being organised at Delhi during 18 to 20 February. The workshop is being
hosted by Mahalanobis National Crop Forecast Centre (MNCFC), New Delhi, Delhi Chapter of
ISRS and Indian Agricultural Research Institute (IARI), New Delhi.
This international workshop will bring in experts and practitioners from across the world to
deliberate on an application of remote sensing of immense economic benefit as well as
capability to help the farming community, enhance food production and contribute to
sustainable use of resources for agriculture.
I am very happy to be associated with this event as it also marks 50 years of ‘Coconut Wilt
Experiment’ in India where IARI partnered with ISRO, 50 years after Indian Society of
Remote Sensing and the Journal of ISRS were founded at IIRS Dehradun in 1969.
I am sure that participants will have a very fruitful professional meeting enhancing the
practices adopted by various groups for agricultural assessment. I congratulate the entire
organizing team for their praiseworthy effort.

(V K Dadhwal)

DR SANTANU CHOWDHURY
Director, National Remote Sensing Centre, ISRO

MESSAGE
I am happy to know that an International Workshop on Earth Observation for Agricultural
Monitoring is being held at Indian Agricultural Research Institute (IARI) which is India's
premier institution in the field of agricultural research, higher education and extension in
agriculture.
The satellite missions, in polar and geostationary orbits, have provided finest opportunities
to image the earth resources in various wavelengths and helped in generation as well as
implementation of developmental plans in a sustainable way. In this regard, National
Remote Sensing Centre (NRSC) of ISRO is-contributing towards national crop insurance
scheme, national food security mission through crop intensification, development of new
methodology on drought assessment and monitoring, evaluation of carbon sinks in
agricultural ecosystem and other related studies to address the climate change issues.
Participation of members and invitees of International Society of Photogrammetry and
Remote Sensing (ISPRS), Group on Earth Observations-Global Agricultural Monitoring
(GEOGLAM) and Indian Society of Remote Sensing (ISRS) in this workshop will provide the
ideal platform to deliberate and exchange the ideas on research outcomes and most recent
developments pertaining to the applications of earth observation technologies in the field of
agriculture.
I Wish the workshop all success.

(Santanu Chowdhury)

D. K. DAS
Director, Space Application Centre, ISRO

MESSAGE
Space Application Centre, ISRO, Ahmedabad is involved in designing and developing
imaging, non-imaging payloads and is engaged in the definition of new sensors and
developing of advanced techniques, tools, value-added products and geo-spatial services
using space-based observations. India had launched series of Indian Remote Sensing (IRS)
satellites in polar orbiting platforms capable of observing in multispectral bands as well as
radar remote sensing satellite such as RISAT-1 with Synthetic Aperture Radar (SAR) in C-band
and Ku-band scatterometers. The observations from these satellite at finer to coarser spatial
resolution with revisit period varying from 2-23 days proved to be beneficial to researchers,
policy-makers, managers to provide space-based solutions to Indian and global agricultural
community.
The diurnal observations from a suite of Indian meteorological satellite are being used to
monitor weather on real-time basis by generating different products including those
required for agro-meteorological advisories for farmer. With the growing demand of food
security worldwide, SAC, ISRO is engaged in realizing new and advanced critical
technologies in the development of multiple sub-meter resolution multispectral optical
remote sensing payloads, hyperspectral mission, NASA-ISRO SAR in L and S-band etc.
recently-held ISRO-NASA airborne campaigns with hyperspectral instrument, AVRIS_NG<
and ISRO’s L and S-band airborne campaigns opened up the opportunity to research
communities to bring out newer applications, techniques and tools. SAC has initiated an
umbrella programme named SUFALAM (Space technology Utilization for Food security,
Agricultural Assessment and Monitoring) to develop methodologies for crop production
forecasting for more number of crops, precision farming, agro-advisories and aspects
related to crop insurance.
I wish the ISPRS-GEOGLAM Workshop a grand success and hope the outcome will benefit
the space agencies to serve better towards the emerging needs of global agricultural
community.

(D K Das)

A. K. SINGH
Director, Indian Agricultural Research Institute

MESSAGE
Advances in space-based earth observation technology and its applications have demonstrated
immense potential for transforming the quality of farmers’ life. Starting with modest experiment of
coconut wilt disease during 1969’s into a with a full-fledged operational programme of Indian
Remote Sensing today, Indian Agricultural Research Institute in collaboration with Indian Space
Research Organization has played premier and vital role in establishing a successful research and
human resource development programmes for its wider and varied applications in agriculture.
I am very pleased to know that, to commemorate the 50 years of remote sensing in India, an
International Workshop is hosted at this institute, jointly organized by MNCFC, IARI & ISRS. This
workshop will pave a way forward to take up remote sensing applications in agriculture and to bring
out recommendations for optimising the resource use efficiency for enhancing the agricultural
productivity.
I wish the organizers, a grand success for this work shop.

(A K Singh)

SHIBENDU S. RAY
Director, Mahalanobis National Crop Forecast Centre
Chair, Indian Society of Remote Sensing-Delhi Chapter
Co-Chair, International Society of Photogrammetry and
Remote Sensing, Working Group III/10

MESSAGE
The birth of remote sensing in India took place 50 years back, with the famous Coconut Root Wilt
Assessment Experiment, in Kerala, jointly done by ISRO, NASA and IARI. Since then, India has made
significant contribution in developing applications of earth observation for agriculture. In fact,
agriculture has been a major driver of India’s Earth Observation programme. In recent years, the use
of remote sensing data has increased manifold in operational agricultural applications in the country.
Whether it is Crop Estimation, Crop Insurance, Crop Intensification, Horticultural Development,
Drought Assessment, Irrigation Management or Doubling Farmers’ Income, the use of satellite
remote sensing has become more and more essential.
Simultaneously, there has been an overwhelming development in the technology. Availability of very
high resolution (spatial and temporal) data from satellites, modern analysis techniques (AI, Machine
Learning, etc) and newer tools such as UAVs, IoTs, has made the remote sensing application more
and more useful for improving farmers’ livelihood.
In this context, it is highly pertinent to have a major international workshop to discuss the current
status and the future roadmap on Earth Observations for Agricultural Monitoring, especially, when
the workshop is to commemorate 50 years of remote sensing in India.
It gives me a lot of satisfaction and happiness, when important national and international
organizations, such as International Society of Photogrammetry and Remote Sensing (ISPRS), Group
on Earth Observations for Global Agricultural Monitoring (GEOGLAM) and Indian Society of Remote
Sensing (ISRS) have joined together to organize this important workshop in New Delhi, during 18-20,
February, 2019. The workshop will be followed by an International Tutorial on Advances of Remote
Sensing in Agriculture, during 21-22 February, 2019.
We are thankful to these organizations for giving responsibility to Mahalanobis National Crop
Forecast Centre, to host this workshop and the tutorial, in New Delhi, jointly with Indian Agricultural
Research Institute and ISRS – Delhi Chapter.
The workshop would not have been possible without strong support from Department of
Agriculture, Cooperation & Farmers’ Welfare (DAC&FW), Indian Space Research Organization (ISRO),
Indian Council of Agricultural Research (ICAR) and AsiaRiCE programme. We are also thankful to
Ministry of Earth Science (MoES) and Agricultural Insurance Company (AIC) for their contribution to
the organization of the workshop.

It is highly satisfying to note that, the workshop has received overwhelming response. Around 250
national and international participants are attending the workshop and more than 100 would be
attending the tutorial. We have received more than 100 full papers, which are going to be published
in the form of ISPRS Archives.
I take this opportunity to sincerely thank the Chair and Members of the International Advisory
Committee, the National Advisory Committee and the Organizing Committee for their encouraging
support. The workshop would not have been feasible without the strong support of the Team
Members of MNCFC and the Agricultural Physics Division of IARI.
I wish the workshop a great success.

(Shibendu S. Ray)

PLENARY SESSION

SPEAKERS

Jai Singh Parihar
Dr. Jai Singh Parihar, is Ph.D. in Environmental Biology. He served
at Space Applications Centre of Indian Space Research
Organization for about 40 years and superannuated as,
Outstanding Scientist. He held important positions like; Dy.
Director, EPSA (Earth, Ocean, Atmosphere, Planetary Science &
Applications Area), Mission Director, EOAM (Earth Observation
Applications Mission), Project Director, Crop Production
Forecasting Projects. He was responsible for developing the
FASAL (Forecasting Agricultural output using Space, Agrometeorology and Land based observations) project and its operationalization. As the Task
Executive Director, Agriculture Monitoring Task of the Group on Earth Observations (GEO)Coordinated development of Global Agriculture Monitoring Programme (GEOGLAM).
Coordination and contribution in development of Global Agriculture Monitoring (GEOGLAM)
project for the Group on Earth Observations (GEO). Endorsed by G-20 it has become a part
of the Agriculture Market Information System (AMIS) of the UN-FAO. He was responsible for
networking with >125 institutions in the country to participate in EO applications projects of
ISRO. He is recipient of Performance Excellence Award of the Indian Space Research
Organization; Rafi Ahmed Kidwai award of the Indian Council of Agricultural Research
(ICAR), Bhaskara award of the Indian Society of Remote Sensing; ISRO-ASI award on Space
Science and Applications; and several team awards.
CROP MONITORING USING REMOTE SENSING DATA: 50 YEARS OF INDIAN EXPERIENCE
India with 141 Mha agricultural area and diverse climatic condition has a large number of
crops are grown. Agriculture and allied sector employ 56 percent of its population and
contributes 17 percent to Gross National Value Addition (GNVA). Crop assessment and
monitoring has been an area of attention since the beginning of remote sensing activities in
late 1960’s. The very first experiment on application of remote sensing of coconut root wilt
disease symbolized the importance attached to agriculture. It was further supported in
equal measure with a very vigorous programme on development of applications for
agriculture. Crop area estimation, crop condition assessment, crop monitoring and crop
production forecasting have been the key elements addressed, earlier through aerial and
followed by satellite remote sensing. The major focus on crop monitoring emerged through
Indian Remote Sensing Satellite – Utilisation Programme (IRS-UP) launched in 1983, with
three projects namely; Crop Production Forecasting (CPF), Crop Stress Detection (CSD), and
Crop Yield Modeling (CYM) on agriculture out of sixteen. Initial success led to rapid growth
in crop monitoring programme covering major food grains, oilseeds, fibre crops, sugarcane,
potato, onion etc. and targeting national level, pre-harvest, crop production forecasting at
the behest of Ministry of Agriculture & Farmers Welfare, Govt. of India. Data from earth
observation satellites, both from multispectral optical to Synthetic Aperture RADAR (SAR)

have been explored for crop identification, area estimation, crop monitoring and yield
forecasting. Procedure development has addressed: selection of project area for making
district, state and national level crop forecasting; sampling plan preparation, ground truth
planning and collection; selection of optimum data- spatial resolution, date of acquisition;
selection of suitable image analysis techniques. Crop area estimation and crop monitoring
using digital image analysis techniques has enabled providing information at different levels
of aggregation. Satellite data derived as well as in situ weather data and crop bio-physical
parameters derived from remote sensing data have been used for crop condition and yield
assessments. Software development to facilitate, participation of a large inter-institutional
team in data analysis, ensure uniformity in data analysis and quality of results has been
successfully done by developing menu-driven software packages. Human resource
development through on-the-job training of multi-institutional team, drawn from Indian
Space Research Organisation (ISRO), states agencies, agricultural universities, Indian Council
of Agricultural Research (ICAR) institutes and many other institutions, supported continuous
running of the programme over decades. The pre-harvest crop production forecast results
have been found useful by the Ministry of Agriculture and Farmers Welfare, in tern it has set
up Mahalanobis National Crop Forecast Centre (MNCFC) in 2012 with a mandate for remote
sensing-based crop assessment. It has resulted in extending not only the number of crops
being covered for remote sensing-based monitoring, but also using the remote sensingbased results in many of the programme being implemented by the ministry.

A. N. Singh
Dr. A. N. Singh completed his post-graduation in Soil science from G.
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soil map of India, mapping of Wastelands, and Natural Resources Census. A notable
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and was involved in targeted dissemination of stress-tolerant rice varieties in South Asia. Dr.
Singh has published more than 65 research papers in peer-reviewed journals and several
book chapters. An active member of ISRS, he remained Vice-President of the society.
APPLICATIONS OF REMOTE SENSING TO SOIL AND LAND USE STUDIES IN INDIA—IN
RETROSPECT AND PROSPECTS
The use of aerial remote sensing for soil mapping in India began in the 1960s at the All India
Soil & Land Use Survey in their survey of river valley catchment areas. The establishment of
the Indian Photo-interpretation Institute (now Indian Institute of Remote Sensing) at
Dehradun in 1966 greatly stimulated the use of aerial photographs in the country for
reconnaissance, semi-detailed and detailed soil surveys and land use mapping. In the early
1970s, Apollo and Gemini space photographs were also evaluated for generalised soil
mapping. After the launch of Landsat-1 in 1972 and the advent of satellite era, Landsat MSS
data was first used in the delineation of salt-affected soils in a part of Punjab and Haryana by
National Remote Sensing Agency (NRSA) in 1976. Subsequent project surveys carried out by
NRSA in different states of India led to the methodology development on the use of satellite
data for soil mapping on 1:250,000scale. During early 1980s, the use of Landsat data for soil
mapping spread to several other organizations of the country, like AIS&LUS, SAC, CSRE (IITB), CAZRI, HAU, etc. These studies led to the initiation of the Soil Map of India project by the
National Bureau of Soil Survey and Land Use Planning (NBSS&LUP) in 1985. Subsequently,
NRSA in collaboration with NBSS&LUP, AIS&LUS, CSSRI and State Remote Sensing Centres
also undertook a project in 1989 to prepare a Salt-affected Soil Map of India on 1:250,000
scale.
The launch of IRS-1A in 1988 and its follow-on satellites by India and new satellites by USA
and other countries leading to the availability of higher resolution data at more frequent
interval helped the use of satellite images for mapping soils and land use/ land cover at
larger scales and monitoring at regular interval possible. Soil maps are now available on
1:50,000 scale for several states of India. High resolution Liss IV and Pan merged data have
been used in mapping soils at 1:10,000 scale, making the information utilizable at the village
level. As a part of Natural Resources Census, national level Land Degradation mapping on
1:50,000 scale has been completed and the second cycle is also near completion. National
Land Use/ Land Cover maps are being prepared annually and made available on Bhuvan
portal of ISRO. Apart from mapping soils and land use, remotely sensed data has proven its
utility in planning, execution and monitoring of large scale sodic land reclamation
programme in Uttar Pradesh and watershed planning and monitoring in Karnataka. An
assessment of soil carbon stock of India has also been made at 250 m resolution recently by
using several layers of satellite images and statistical techniques like random forest.
Microwave remote sensing has been used to obtain soil moisture information at regional

scale and in soil quality assessment. Spectral characterization of major soils of the country
has also been carried out.
From the
account of achievements indicated above, it is clear that we have made
significant progress in gathering soils and land use information during the past fifty years
wherein remote sensing has contributed immensely and soils database is available for
macro-level planning. However, for micro-level planning and to cater to the needs of
farmers, more detailed information is required. Sensors that can directly measure soil
nutrient status need to be developed for use in remote sensing platforms so that farm level
soil fertility information can be generated. This is also important in view of the almost
defunct soil survey programme in most of the states of the country. Soil moisture
information at micro level is another area of research which would greatly benefit the
farmers of rainfed regions in planning their crops. Further, with the climate change and likely
rise in temperature, the production of currently grown crops is likely to be adversely
affected in the Indian region. Crop suitability maps with alternate crop scenario should be
developed to help planners, policy makers and farmers. Improving soil organic carbon to
mitigate the climate change effects are the need of the hour. Problem soils management
need special attention as these have the potential to produce food for the increasing
population of the country. UAVs, space borne and air borne sensors can play very important
role in future in these studies.
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contributed in spatial crop yield mapping and forecasting by demonstrating linking satellite
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monitoring system for India; assessed vulnerability of agriculture to climate change and
drought; and studying large area surface energy balance of croplands to improve strategies

for crop water use. He is coordinator of ICAR’s “Space Technology Cell” and was co-author
of “Drought Manual of India”. He has published 110 research papers and delivered 119
technical presentations in international and national symposia. He has guided 3 masters and
4 PhD students. He is life member of five scientific societies and is currently the vicepresident of Indian Society of Remote Sensing.
REMOTE SENSING FOR DISASTER RISK MANAGEMENT IN AGRICULTURE
India with its varied geographical, geological and climatic conditions is one of the most
disaster-prone countries in the world owning to its structural and non-structural
weaknesses. Indian agricultural sector which provides livelihood to about half of the
population directly or indirectly and is practiced in about 141 million ha land, is also affected
each year in one of the other parts of the country by the natural hazards of flood, cyclone,
drought, hailstorm, heat/cold waves, etc. With the enactment of “Disaster Management Act
-2005”, India has brought in a paradigm shift in disaster management approach from relief
centric to proactive preparedness, prevention and mitigation centric. The Act envisages a
big role for ICT and Geoinformatics technologies including remote sensing (RS) during all the
phases of disaster management. The ability of remote sensing system to collect spatiotemporal information about hazards and disasters in conjunction with advances in
computing power and data analytics has made it indispensable for monitoring, assessment
and mitigation of all types of disasters, including those impacting agricultural and allied
sectors.
The presentation reviews the developments in India on applications of remote sensing for
disaster risk management – covering field to regional scales studies. The famous “coconut
Wilt Disease Experiment” is the not only the starting point of remote sensing applications in
India but it is also the first RS application in India for monitoring agricultural hazard. Country
has taken strides in using RS for “Drought Management”, starting with NADAMS project
using NOAA-AVHRR multi-temporal datasets in 1990’s to institutionalizing use RS of inputs
for drought monitoring and declaration through “Manual of Drought Management – 2016”.
Besides, RS datasets have contributed significantly in drought vulnerability assessment
helping in prioritizing resources for preparedness and mitigation. Operational system has
been established in using satellite images, especially from microwave payloads, for
monitoring flood inundation, hazard zonation and damage assessment to crops and
infrastructure. Use of remote sensing along with weather modelling has significantly
improved the early warnings of cyclones along the coastal regions, with better prediction of
track, intensity, and location and time of its landfall. It has led to significantly reducing the
human and cattle causalities. Research studies have been undertaken to showcase use of RS
technology along with modelling in predicting/forecasting occurrence of diseases and pest
attacks on crops, it’s yet a work in progress to come to a demonstrable system. Many
studies have reported the use of RS for mapping impacts of extreme events of hailstorms,

cold/hot waves, thunderstorms etc. on agricultural landscape and such applications are likely
to increase with the improvements in spatial and spectral resolutions along with high revisit
capabilities of satellite platforms. Crop insurance is a major risk transfer mechanism for
farmer and the presentation reviews use of RS in mapping prevented/delayed sowings,
assessment of crop losses, and planning for objective crop cutting experiments. Though VI
based crop insurance schemes were implemented with lower basis risk and better payout to
loss ratios, but their adoption was limited due to inadequacy of skill in using such products.
It calls for renewed emphasis on capacity building at pace at which RS technology is
advancing.
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Hydrological products and services etc. He is responsible for development of new RS& GIS
based application techniques and successful implementation of application projects in the
areas of irrigation, reservoir sedimentation, and Hydrology studies. He is the Team leader
form ISRO coordinating with Ministries of Water Resources, Drinking Water & Sanitation and
Tribal Affairs w.r.t utilization of space technology-based tools and applications. The most
significant contributions are, development satellite data-based technique for monitoring the
irrigation potential creation & utilization in projects and a technique to assess the capacity
loss due to sedimentation in reservoirs. He has successfully demonstrated the operational
utility satellite data-based baseline inventory and performance evaluation of several canal
irrigation projects across the country. He was a key resource person from ISRO and
contributed significantly towards the conceptualization and development of India WRIS web
portal and studies on interlinking of Rivers Project. He is the Project Director India WRIS
project since 2015 till 31st Dec 2017 and he is the nodal officer from ISRO for National
Hydrology Project (NHP). He has been guiding basin-wise assessment of water resources
and development of flood and snow melt runoff forecast models through distributed
hydrological modeling activities in NRSC. He is actively engaged in conceptualizing and
utilizing geospatial technology applications to Clean Ganga mission. As a Team Leader, he
has received three ISRO Team Excellence awards.
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MODELLING TERRESTRIAL PRIMARY PRODUCTIVITY WITH REMOTE SENSING DATA:
INDIAN CASE STUDIES ON ASSESSMENT, VALIDATION AND APPLICATIONS
VK Dadhwal1, RK Nayak2, CS Jha2, NR Patel3, SR Rodda2, A Chakraborty2, SR Rodda2, KC
Thumaty2, S Nandy3, SPS Kushwaha3
1: Indian Institute of Space Science and Technology (IIST), Trivandrum, India
2: National Remote Sensing Centre (NRSC), Hyderabad, India
3: Indian Institute of Remote Sensing (IIRS), Dehradun, India
Primary productivity estimation is at core of biosphere functioning and an essential variable
to be estimated for modelling agricultural production, forest growth, terrestrial carbon cycle
and in a number of other applications from biomass to secondary production. Vegetation,
environment and human intervention in case of crops, strongly determine productivity and
with very large spatial diversity, it is difficult to quantify with desired accuracy at all range of
spatial scales i.e., within-field to regional, national and global. Satellite data through
capability to capturing vegetation type as well as biophysical its parameters are essential for
regular and large area estimation. Amongst the possible models, those based on Radiation
Use Efficiency (RUE) approach are most commonly adopted. Their adoption has been
facilitated by availability of time composited vegetation indices and or other biophysical
parameters from coarse resolution optical sensors.
A range of studies carried over more than a decade have looked at total national NPP
(Chhabra & Dadhwal, 2004) and its variability amongst covers, sources of data and validation

with crop-biomass derived productivity. These results indicated overestimation at lower
range of productivity; need to measure Carbon fluxes over different types as well as
developing strategies for applications in crop growth simulation (Sehgal et al, 2006). Since
then eddy covariance based net ecosystem exchange (NEE) of carbondioxide and derived
Gross Primary Productivity (GPP) and Net Primary Productivity(NPP) have been made over
wheat crop (Patel et al., 2011a), tropical forests (Jha et al., 2013, Watham et a., 2014,
Ahongshangbam et al., 2016, Rodda et al., 2016) and mangroves (Jha et al., 2014) by our
group. As these measurements capture mass and energy exchange over footprint of tower,
they can be related to satellite observations and used for calibration and validation of
productivity models. Application of biosphere models such as CASA to estimate terrestrial
NPP over India (Nayak et al., 2010) has provided an opportunity to study the variability in
productivity amongst vegetation types/land-cover classes, their inter-annual variability as
well as trends over two decades (Nayak et al., 2013, 2015) as well as investigate vegetation
producitivy control b environmental factors (Watham et al., 2017a,b). However, the issue of
sensor normalization to make estimates fully independent remains (Nayak et al., 2016).
Multi-date fusion approaches which utilize conventional crop statistics (Patel et al., 2011b)
and use productivity model embedded in carbon transport and anthropogenic and ocean
models to disaggregate fluxes as well as use satellite columnar CO2 mixing ratios for
validation have provided aggregate estimates of carbon flow for India (Chandra et al., 2016).
A summary of new access to harmonized moderate resolution remote sensing data (e.g.,
Landsat Sentinel), ongoing and planned measurements of NEE over many Indian crops and
vegetation types and integration of RUE and energy/thermal approaches for productivity
estimation will be presented. As the accuracy of vegetation (crop) biophysical parameter
retrieval increases and more near-real-time environmental data is available, along with new
missions to retrieve columnar CO2 , productivity modelling with remote sensing data and its
use for crop forecasting models, forest and vegetation and carbon balance studies is set to
become mainstream. New remote sensing capabilities of hyper-spectral, vegetation
structure from LiDAR, retrieval of Solar Induced Fluorescence(SIF) will enhance the
modelling capability of primary productivity at various spatial and temporal scales.
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He has worked with NASA throughout his career,
collaborating with scientists from NASA Goddard Space Flight Center. He is the Lead for
NASA MODIS and Suomi-NPP VIIRS Land Discipline Team. He has been the Program Scientist
for the NASA Land Cover Land Use Change Program since its inception and is the Chair of
the NASA LANCE User Working Group. He is a member of the international GOFC-GOLD Fire
Implementation Team. He is currently the Co-Chair of the international GEOGLAM Initiative,
endorsed by the G20 Agricultural Ministers. He is the science lead for the NASA Harvest
Consortium which is focused on the application of remote sensing to Agricultural
Monitoring.
THE INTERNATIONAL GEOGLAM INITIATIVE ON GLOBAL AGRICULTURAL MONITORING

The GEO Global Agricultural Monitoring (GEOGLAM) Initiative launched in 2011 is focused on
improving the use of Earth Observations for Agricultural Monitoring. With the growing
availability of satellite data and advances in high performance computing, there are new
opportunities for agricultural monitoring, for example providing up-to-date information on
cropland extent, crop condition and improved crop production forecasts. The Initiative is
strengthening agricultural monitoring systems at the global and national level, coordinating
activities to develop robust methods and provide policy relevant information on agricultural
production to support markets and food security early warning. The Harvest Consortium is a
new NASA program on remote sensing applications to agriculture and is contributing to
GEOGLAM through support of the GEOGLAM Secretariat, the Crop Monitors and national
capacity building activities.
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Use of Earth Observation to characterise the land processes and their changes under the
effects of climate and human activities, and to quantify their impacts on the carbon
cycle.
Remote sensing for land applications, including experimentation and modelling of
microwave interaction with terrestrial media.
Project Coordinator of European experimental campaigns.
PI of several ERS, JERS, SIR-C/XSAR, RADARSAT, ENVISAT and ALOS-PALSAR satellite
projects.
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ASIA-RICE OVERVIEW
Thuy Le Toan, Shin Ichi Sobue, Kei Oyoshi
On behalf of Asia-RICE team

Asia-Rice is the work of an ad hoc team of stakeholders with an interest in the development
of an Asian Rice Crop Estimation & Monitoring (Asia-RiCE) component for the GEO Global
Agricultural Monitoring (GEOGLAM) initiative ( http://www.asia-rice.org/).
Rice is the staple food for more than half of humanity -with 90% of the world crop grown and
consumed in Asia. Accurate information is needed on the spatial distribution of rice fields,
water resource management, risk occurrence and annual production projections. Moreover,
rice agriculture is strongly linked to environmental issues, from water resources to climate
change. For these reasons, long term inter-annual monitoring is also required in order to
study the production and cultural impacts of these factors.
Satellite remote sensing can support both short- and long-term monitoring requirement.
Given the importance of rice, Asian participants in GEOGLAM have formed an ad hoc team
and taken the initiative to develop a plan for rice crop monitoring as an integral part of the
GEOGLAM initiative.
The goal of Asia-RiCE is to foster the widespread use of Earth Observation data for ‘wall-towall’, whole country, timely and accurate forecasts of rice production at national, regional,
and global scales. To achieve this goal, activities at Technical Demonstration Sites (TDS)
aimed at developing and refining methods to generate a number of key products, including
rice crop area and yield estimations. Among the activities in the present phase of the

project, the following can be highlighted: a) preparation of rice growth outlook for different
partner countries, b) scaling up from TDS to regional or country level, c) advanced R&D on
the use of available EO data and d) contribution to a South East Asia Data Cube and other IT
platform for the management and processing/integration of optical and SAR data for rice
monitoring with Analysis ready data (ARD) in cooperation with CEOS, ASEAN and Asia Pacific
Regional Space Agency Forum(APRSAF).
This presentation will summarize the objectives, framework, the results obtained, and the
next steps of this initiative.
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SPACE APPLICATION ACTIVITIES IN UNESCAP
Contributions of space technology, digital innovations and geospatial information
applications in addressing sustainable development in the region, and the potential for
further development of these innovative technologies as a means of implementation that
can help to further stimulate sustainable development efforts in the region, have be
recognized by members and associate members of ESCAP. The Asia-Pacific region is rapidly
evolving into a hub of innovation as advances in digital technologies will transform the way
in which people live, work and relate to one another. Through the Ministerial Declaration of
the third Ministerial Conference on Space Applications for Sustainable Development in Asia
and the Pacific, held on 10 October 2018, members and associate members of ESCAP decided
to work together to promote regional cooperation in geospatial information applications,
through the implementation of the Asia-Pacific Plan of Action on Space Applications for
Sustainable Development, and to foster the sharing of good practices and lessons learned to
ensure coherence with global, regional and national frameworks and commitments. The
presentation also contains the good practices and far-reaching solutions, made by ESCAP, to
pressing issues facing the Asia and Pacific, ranging from agriculture, climate change, natural
resources management to disaster risk reduction and resilience-building. It also highlights

emerging trends on geospatial technology and information applications for the Sustainable
Development Goal’s in Asia and the Pacific.
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ABSTRACT
Indian agriculture relies on monsoon rainfall and irrigation from surface and groundwater.
The inter-annual variability of monsoon rainfalls is high, which forces South Indian farmers to
adapt their irrigated area extents to local water availability. We are developing and testing
an automatic methodology for monitoring spatio-temporal variations of irrigated crops in
near real time based on Sentinel-1 and -2 data feed over the Telangana State, South India.
These freely available radar and optical data are systematically acquired worldwide, over
India since 2016, on a weekly basis. Their high spatial resolution (10–20 m) are well adapted
to the small size field crops that is common in India. We have focused first on drought prone
areas, North of Hyderabad. Crop fraction remains low and varies widely (from 10 to 60%,
ISRO-NRSC, Bhuvan). Those upstream areas, mainly irrigated with groundwater, are
composed by less than 20% of irrigated areas during the dry season (Rabi, December to
March) and up to 60% of the surface is used for crop production during the Kharif (June to
November), which includes rainfed cotton and drip irrigated maize crops and inundated
rice. The estimated Irrigated Water Demand (IWD) varies from 51 to 310 mm/season,
depending on water availability. This methodology shows the potential of automatically
monitoring, in near real time, with standard computers, irrigated area extents presenting
fast high resolution variability. As it is based on standard global satellite acquisition and
opens source algorithms, it is foreseen to be used for other regions, for any studies on
farmer’s adaptation to climate and hydrological variability, as a proxy to estimate irrigation
water needs and water resources availability. In Telangana for instance, it provides an
inventory of crop production and irrigation practices before the implementation of mega
project infrastructures funded by this new state: - the Kâkâtiya tank restoration program to

enhance monsoon runoff capture or the Kaleshwaram project to divert Godavari river water
toward upstream Telangana region through tunnels and canals in 20 giant reservoirs.
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SAR POLARIMETRIC AND INTERFEROMETRIC DATA FOR CROP CLASSIFICATION
Synthetic Aperture Radar (SAR) are sensors that operate in the microwave region and
independent of lighting conditions. This type of sensor can collect data in almost all-weather
conditions, with less interference from atmospheric conditions and clouds, when compared
with optical sensors. There are many different factors that influences the interaction
between plant canopies and microwave energy. These factors may be linked to the
proprieties of the radar system itself, e.g. microwave polarization and frequency, and/or
canopy properties, e.g. dielectric constant, size, orientation, incidence angle, etc. Moreover,
they are crop specific and varies as crop phenology changes. SAR polarimetric, obtain
scatter echoes from multiple polarimetric channels and thus provide information richer than
single polarization. Different polarizations are more sensitive to specifics characteristics of
canopies. In this context, the co-polarization HH is more sensitive to surface scattering, the
cross-polarization, VH and HV, is more sensitive to volume dispersion and the VV copolarization is a combination of the last two cases. The polarimetric decomposition of
targets is a method that represents the scattering of targets by several basic dispersion
mechanisms, like entropy and angle alpha. Thus, the polarimetry can help improve
segmentation, classification, target detection, and pattern recognition. Another approach is
the interferometry, which is the process that analyses the correlation between two images
of the same area in different dates or angles of incidence. Low coherence reflects that the
areas present temporal decorrelation, having a change in the structure of the place. This
temporal decorrelation increases in agricultural land, resulting from the process of
vegetation growth. Therefore, interferometric coherence is a parameter that provides

valuable information, which is completely different from the SAR backscatter information.
Polarimetry and interferometry give more information that a simple backscattering,
improving the crop distinction and consequently the crop classification. So, there is
significant potential for the use of SAR in agricultural applications, improving the
classification and crop monitoring. Moreover, new Sentinel-1 sensors provides freely
available moderate resolution microwave coverage and an unprecedented opportunity to
generate new products for agricultural land use.

A K Singh
Dr. Ashok Kumar Singh was awarded Ph.D. degree in Agricultural
Extension from Chandra Shekhar Azad University of Agriculture &
Technology, Kanpur, where he started his professional career as
Assistant Professor. He has been engaged in teaching and research
along with a wide national and international exposure in extension
management and training. He looked after the extension services
of Chandra Shekhar Azad University of Agriculture & Technology,
Kanpur before joining ICAR services as Zonal Coordinator, Zone IV
and presently guiding and managing entire frontline extension system and Krishi Vigyan
Kendras of the country as Deputy Director General (Agricultural Extension), Indian
Council of Agricultural Research. He is holding additional in charge of Director, Indian
Agricultural Research Institute since Aug 2017. Major initiatives pursued by him are Farmer
FIRST Programme, Attracting and Retaining Youth in Agriculture (ARYA), Mera Gaon Mera
Gaurav (MGMG), Extramural Research Grant, Coordinated and network research in
extension, cluster demonstration of pulses and oilseeds, ICT initiatives including vKVK,
KVKNet and mobile based agro-advisory through mKisan portal covering one crore farmers.
Initiated first virtual extension through 2.0 portal with both read and write options and online
monitoring of KVKs, pioneering and experimenting district Strategic Research and Action
Plan (SREP) in association with World Bank experts and MANAGE, Hyderabad. Developed
KVK guideline. He has published more than 113 research papers, 55 books and book chapters
and about 50 popular articles. He is recipient of 15 awards/recognitions including Swami
Sahajanand Saraswati Best Extension Scientists Award of ICAR, Leadership Award of
Banaras Hindu University (BHU) and Excellence in Science Award of CSAUA&T, Kanpur,
Fellow of National and International Academic Societies. He is Chief Editor and Editor of
NAAS rated Refereed Journals of National repute, reviewer of Current Science Journal.
President and Vice President of National Professional Societies and organized 20 national
and international seminars/conferences.

REMOTE SENSING FOR CAPACITY BUILDING AND BETTER LIVELIHOOD: ROLE OF IARI
Advances in space-based earth observation technology and its applications have
demonstrated immense potential for transforming the quality of farmers’ life. Starting with
modest experiment of coconut wilt disease during 1969’s into a with a full-fledged
operational programme of Indian Remote Sensing today, Indian Agricultural Research
Institute in collaboration with Indian Space Research Organization has played premier and
vital role in establishing a successful research and human resource development
programmes for its wider and varied applications in agriculture. In late seventies and early
eighties, IARI and ISRO made collaborative efforts to meet the sensor requirement for
monitoring agriculture, followed by number of research projects on various applications of
remote sensing in Agriculture. Subsequently, a full-fledged remote sensing facility was
developed and made operational in Division of Agricultural Physics, aiming for carrying
research, education and training programs and capacity building. Institute has conducted
more than twenty short and long term schools on Remote Sensing applications benefiting
more than 500 researchers in India. Post graduate school of IARI was first to introduce
remote sensing courses and presently offers five courses and over years produced more
than 300 students having research topics on Remote Sensing applications for M.Sc. and
Ph.D. research. Also developed EDUSAT based off campus training program on in
collaboration with IIRS, ISRO and through SIT facility. In recent years, Institute has
developed Satellite Data Receiving station, hyperspectral remote sensing laboratory and
plant phenomics centre. Institute’s research on some major applications are (i) assessing
soil health, (ii) crop monitoring, crop and discrimination, crop growing condition and growth
assessment, quantification of crop parameters like Leaf Area Index and crop phenology ,
pre-harvest crop acreage estimation and yield forecasting, (iii) Drought monitoring and
forewarning, (iv) high throughput plant phenotyping, (v) residue burning and protocols on
crop insurance and (vi) crop management applications, i.e., irrigation management, natural
resource domain based site specific crop management. These provide a necessary ingredient
to convert agriculture as knowledge, information and technology intensive enterprise that
integrates principles of economics with ecology and equity and better livelihood of farming
community. IARI is working towards integrating remote sensing technology with weather
data, soil maps, and modeling to provide solutions to the problems of agriculture in India.

Mrutyunjay Mohapatra
Dr. Mrutyunjay Mohapatra is the Scientist-G and Head (Services),
India Meteorological Department. He is also the Head of WMO
recognised Regional Specialised Meteorological Centre, New Delhi.
He has made significant contribution in modernization and
improvement of early warning services of IMD, especially the cyclone
warning services over the north Indian Ocean and south Asian region.
He is the author of 75 research papers published in peer reviewed
journals and editor of 3 books and 3 journals and guest editor of 2
journals. He has received a number of recognitions including 25th Biennial Mausam Award,
Young Scientist Award of Ministry of Earth Sciences, He has brought laurels to the country
with effective early warning of cyclones like Phailin, Hudhud and Vardah in recent years. He
has been chairman of many national and international committees in the field of early
warning systems and is the former Vice-president of Indian Meteorological Society. He was
the Chairman of the ISRO-MoES Joint Task Force for determining the meteorological
payload for 4th generation INSAT series of satellites beyond 2025.

ROLE OF SPACE BASED OBSERVATIONS IN METEOROLOGICAL SUPPORT FOR
AGRICULTURE
The challenges in weather forecasting for various applications in agriculture are manifold
considering tropical and sub-tropical conditions over India, forecast requirements for
different stages of individual crops and different types of crops cultivated across the country
depending upon different climate and other conditions. Though weather forecasts are
issued by India Meteorological Department (IMD) for different spatial and temporal
domains, the short/medium range to extended range forecasts at district and sub-district
levels continue to remain in highest demand by the agricultural farmers and planners. IMD
has started issuing twice a week on Tuesday and Friday the quantitative district level (612
districts) weather forecast up to 5 days from 1st June, 2008. This service has improved
manifold over the years with various programmes like Grameen Krishi Mausam Seva (GKMS)
based on utilization of various observational and modeling platforms. The space based
observations and their assimilation in numerical models have played a significant role in
improving the monitoring and forecast for agriculture. The improved forecast caused
increase in farm productivity, reduction in losses and reduction of input cost resulting in
increased availability of food and higher income generation. However, there is still scope for
improvement in forecast and warning services by improving (i) mesoscale hazard detection
and monitoring, (ii) spatial and temporal scale of forecasts, (iii) forecast and warning

communication tools and technology etc through better utilization of space based
observations leading to impact based forecast and risk based warning for agriculture.

K R Manjunath
Dr. K. R. Manjunath is the Assoc. Director (Agriculture), Earth
Observation Applications & Disaster management support
Programme Office, ISRO HQ. His current functional responsibility is
Development of Techniques for Remote Sensing of Agriculture,
Geosphere & Biosphere Programme. His field of expertise include
Remote sensing and GIS applications of agriculture, agroecosystems and agro-environment. Contributions towards
development of techniques, methodology, applications, project conceptualization,
formulations and implementation. Remote sensing and GIS based crop area/production
using optical and SAR data, Cropping systems and Agro-environment studies, hyperspectral
remote sensing, Greenhouse gases from agriculture. He was involved in development of
procedures and techniques of preharvest crop production estimations using satellite data,
collateral data and meteorological data) for major crops like wheat, rice, grain sorghum,
mustard and potato through digital image processing and crop yield models. He was a part
of on SAR-Rice studies in India and national kharif rice acreage estimation project. Has
worked on cropping systems analysis and demonstrated the utility of IRS LISS III and
WiFS/AWiFS data to derive seasonal cropping pattern, crop calendar, crop rotation maps. He
has worked on hyperspectral remote sensing techniques of vegetation. He led the FASAL
and CHAMAN projects at SAC. He has been honoured with P.R. Pisharoty Memorial Award
(for young scientists) by Indian Society of Remote Sensing during the year 2006, ISRO
Award for Excellence and Geospatial Award. He has about 75 scientific papers/reports.

INDIAN EARTH OBSERVATION PROGRAMME
Indian Earth Observation Programme aims at providing data continuity for operational
applications, augmenting space & ground segment with enhanced capabilities, periodic
inventory of natural resources to enable Spatial Database Infrastructure, cater to the
evolving needs of stakeholders, development of information systems with decision tools &
citizen centric services and maximize the outreach of space applications. ISRO has launched
many operational remote sensing satellites into orbit, starting from IRS-1A in the year 1988.
The earth observation systems of LEO, MEO and GEO and associated ground segment has
been developed by India over the past few decades and has played a significant role in
various sectors of national development and in meeting country’s requirements. The data

provided by the Low Earth Orbiting Indian Remote Sensing (IRS) Series of satellites and
Geostationary INSAT series of satellites are being used for various applications of land and
water, ocean and atmosphere. The main objective of the Indian EO programme is to meet
the data needs of the country for natural resources management, environmental
monitoring, urban planning, rural development, infrastructure development, weather
forecasting and disaster management support and so on. At present, seventeen remote
sensing satellites in low earth orbit comprising of thematic series of satellites and two
meteorological satellites are operational in Geostationary orbit. The programmes of ISRO
involve development of both operational techniques and Research and Development.
Further, ISRO engages the user organizations and academia in various facets of
methodology development validation and operationalization. The efforts of ISRO has led
many user organizations to institutionalize or internalize the use of remote sensing data for
their programmes.

Shibendu S Ray
Dr Shibendu Shankar Ray is the founding Director of the
Mahalanobis National Crop Forecast Centre of Ministry of
Agriculture & Farmers’ Welfare. Prior to this, he has worked in
Space Applications Centre, ISRO, Ahmedabad, since 1991. He
obtained his Masters (1989) and Doctorate (1994) degree in
Agricultural Physics from Indian Agricultural Research Institute. Dr
Ray has made significant contributions in the field of Remote
Sensing Applications in Agriculture. Dr Ray is leading many national
level programmes, such as FASAL, CHAMAN, NADAMS, KISAN, etc. His research works have
been documented in more than 180 publications, including 65 in peer reviewed journals. He
has been honoured with multiple awards, including National Geomatics Award (2015), Satish
Dhavan Award (2014), ISRO Merit Award (2014), ISRO Team Award (2007), Prof. P. R.
Pisharoty Memorial Award (2006), Hari Om Ashram Prerit Dr. Vikram Sarabhai Research
Award for Space Applications (2006) and Fellow of Indian Society of Remote Sensing (2016).
Dr Ray has contributed to various professional societies, through many positions, such as
Chair, ISPRS Working Group VIII/6 (2008-2012), Co-Chair, ISPRS Working Group III/10 (20162020), etc.
OPERATIONAL REMOTE SENSING APPLICATIONS IN AGRICULTURE
Agriculture is the major economic sector of the country, providing employment opportunity
to more than 50 percent of working population of the country. Hence, it is obvious that,
agriculture has been a major driver for the Indian Remote Sensing programme. Starting
from the pilot studies carried out in 70s and 80s, India has come a long way in providing

many remote-sensing based operational solutions for agriculture. Though, earlier major
agricultural application activities were being carried out by Indian Space Research
Organization, at the behest of Ministry of Agriculture, later on, realizing the strong need of
remote sensing technology, the Ministry established a National Centre within its ambit to
provide real-time satellite based solutions to its programme needs. Mahalanobis National
Crop Forecast Centre implements many operational programmes for use of satellite data in
agriculture. The programmes include FASAL for crop production forecasting, NADAMS for
Drought Assessment, CHAMAN for horticultural inventory and development and KISAN for
crop insurance. Satellite data are also being used for crop intensification, crop yield
modeling, crop damage assessment and real-time crop monitoring. Based on the success of
these activities, the government, in many of its operational guidelines and manuals,
mandated the use of satellite data for various programmes. Space technology has also been
identified as one of the major cutting-edge technologies for achieving the government’s
major objective of doubling famers’ income. This presentation will discuss the status of the
current activities, the acceptance of the technology by the stakeholders, the gap areas and
the future roadmap.

Subrata N. Das
Dr. Subrata Nityaranjan Das is presently the Director, MRSAC, Nagpur.
He did his Ph. D. in Agronomy from BCKVV (Bidhan Chandra Krishi Visva
Vidalaya) and joined ISRO in the year 1991 at RRSSC, Jodhpur. He has
worked in various National projects like CAPE (Crop acreage and
production estimation), IMSD (Integrated Mission for Sustainable
Development), Desertification study of Thar Desert. In the year 1997 he
joined RRSC-Central, Nagpur. Here he was involved in many national
and DOS Mission Projects like IMSD, NRIS, Watershed, Wasteland, Inland wetland project,
Sericulture, IFFCO and other projects. He was one of the prominent members of the NRIS &
NNRMS standard committee for evolving the ‘National Standards for GIS database’ creation.
He has to his credit various GIS customized software like GEOMORSIS, SAMRUDHI, GARDSS,
BHNIYAN, VARUN, GEOSTAMPING, etc. related to land and water resources management
using GIS. He has received the ISRO excellence Award for his contribution in India-WRIS
project. He has 30 papers, 15 technical reports and standard document and 26 project
reports to his credit. He joined as Director, MRSAC on 1st April, 2013. He is instrumental in
development of the MahaGeoPortal at State Data Center and integrating more than 25
departments with the WebGIS activities. Presently handling and executing the mega project
MahaBHUMI for the state of Maharashtra worth Rs. 300.00 Cr. He has also been
instrumental in executing various prestigious project of the state viz., WSSD, MahaGEOMIN,
PMGSY, MahaMADAT, MahaAGRITECH, Jalyukta Shivar, Vanyukta Shivar, etc.

APPLICATION OF ADVANCE TECHNOLOGIES OF REMOTE SENSING, GIS, GPS, ICT,
SMARTPHONE APPS & GEO-PORTAL IN THE FIELD OF AGRICULTURE: A MAHARASHTRA'S
INITIATIVES
Maharashtra, with its firm stride, in ICT initiatives, is further exploring the possibilities of
using advanced technology of Remote Sensing in various facets of agriculture. MRSAC have
envisaged many activities through its rich experience gathered by graduating itself from
coarse to high resolution remote sensing. A ever bigger initiatives is getting shape up under
the umbrella of MahaAGRITECH Digital platform, wherein, it is envisaged to capture entire
array of agricultural operations right from sowing to marketing. MRSAC have many
accomplishments to its credit like FASAL, CHAMAN, crop mapping in irrigation commands,
sugarcane acreage estimation, crop damage assessment, Integrated watershed
development, agro-ecological zones for strategic extension planning, land degradation and
desertification mapping, farm level orchards mapping, agriculture drought assessment and
monitoring, etc.
Specific project which have come up in the recent years, with the use of the high and mid
resolution satellite data are the Crop Mapping in Irrigation Projects to Assess Irrigation Use
Efficiency, Farm Level Citrus Orchards Visualization, Mapping, Condition Assessment,
MahaMADAT (Remote sensing, GIS and GeoPortal Monitoring Agriculture Drought with
Advanced Technology) and MahaAGRITECH) project.
The high-resolution satellite data are used to map the individual orchards, its age, health and
plant stand on individual farm. This is further backed-up with mobile app based geo-tagged
and watermarked photos and information to create huge information of the growers group
for further monitoring and management of the orchards. On the other hand the mid
resolution (3-10m) satellite data with good repetivity is forming the based for drought
prediction and assessment. MahaMADAT is a geo-Portal based such system which provides
an early warning & drought declaration using 4 parameters and 13 sub-parameters. It
automatically integrating data from various sources and performs analysis for drought
status visualization, query, monitoring and management. The systems dissemination of
drought alerts, maps and reports and also integrated Mobile App based field evidence for
drought declaration. The MahaAGRITECH project is a big step to digitally cover the process
of farming in every village. The objective is to bring absolute precision in farming practices
through scientific methods. The Government and the Farmers will be benefited with the
information and technology to plan the crop and beat the uncertainty arising out of climate
changes. This calls for synergistic use of technologies like, Remote Sensing, Drones, GIS,
GPS, Mobiles, Simulation crop growth and yield models and ICT tools for creating a robust
system for building agricultural intelligence in order to address various issues linked to the

performance of crops at village, circle, taluka and district levels. The information will be
useful for the crop insurance sector for timely dissemination of the claims. A comprehensive
geo-portal with farmer friendly dashboards is envisaged to be developed with modern GeoICT tools for viewing, querying and display and dissemination. MRSAC and the Department
of Agriculture, with the assistance of NRSC is playing a pivotal role in bringing up this
comprehensive system so as to facilitate different section of the government and the
society for better future.

Theme:
CROP AREA

SENTINEL FOR APPLICATIONS IN AGRICULTURE
Mario A. Gomarasca1*, Antonella Tornato2, Daniele Spizzichino2, Emiliana Valentini2, Andrea Taramelli2,§,
Giuseppe Satalino3, Massimo Vincini4, Mirco Boschetti5, Roberto Colombo6, Livio Rossi7, Enrico Borgogno
Mondino8, Luigi Perotti9, Walter Alberto9, Fabio Villa9
1*

Summer School Director, Italian Remote Sensing Association (AIT) & CNR-IREA Milano
2
ISPRA, Rome, Italy,§IUSS, Pavia, Italy
3
CNR IREA Bari, Italy
4
CRAST-UNIPC, Piacenza, Italy
5
CNR IREA Milano, Italy
6
DISAT-UNIMIB, Milano, Italy
7
e-GEOS SpA, Rome, Italy
8
DISAFA-UNITO, Torino, Italy
9
IMAGEO srl Spin-off, Torino, Italy
*Italy-gomarasca.m@irea.cnr.it

KEY WORDS: Copernicus, Sentinel, Agriculture, Earth Observation, Geo-information, Geomatics
ABSTRACT: The European Union and the European Space Agency (EU/ESA) have promoted since 1998 (Baveno Manifesto*)
the GMES Programme (Global Monitoring for Environment and Security), nowadays called Copernicus (www.copernicus.eu). In
the agriculture domain, the use of Copernicus Sentinel imagery and its services are providing several new opportunities. The
knowledge of fundamentals of Earth Observation/Geographic Information EO/GI, namely Geomatics, for the development of
innovative strategies for professional skills adequacy and capacity building, supporting Copernicus user uptake, becomes
mandatory (Gomarasca, 2009).The target is to help bridging gaps between supply and demand of education and training for
geospatial sector (www.eo4geo.eu).The innovative and strategical novelties are the complete free access to Sentinel time series
imagery and digital image processing software ―Sentinel toolboxes‖ such as SNAP (Sentinel Application Platform) for different
environments (Windows, Mac, Unix). The paper introduce topics as crop mapping and monitoring, biophysical parameters,
phenology and yield estimations, through several concluded or ongoing international projects such as: ERMES -FP7
(http://www.ermes-fp7space.eu/it/homepage/, Busetto et al. 2017) and SATURNO (https://www.progettosaturno.it/, Nutini et al.,
2018) devoted to the regional agricultural monitoring As conclusion, SNAP software for image processing of Sentinel data was
demonstrated and tested together with Earth Engine software for specific vertical agriculture applications. The topics reported in
this paper have been part of the Summer School ‗Agriculture for Applications in Agriculture‘ supported by the Copernicus
programme, several scientific associations (AIT, ASITA, EARSeL - European Association of Remote Sensing Laboratories), the
European Erasmus+ project EO4GEO, University Departments and Geo-Information Companies.
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KEY WORDS: Rice, Sentinel-L, Phenology, Rice Monitoring, Back Scattering
ABSTRACT: Among the cereal grains, rice is the most staple food for half of the world population. In Asian countries as
population increases, the demand for rice also increases. For this future demand rice biophysical variables are monitored for
agricultural management and yield prediction using space borne satellite platform. While in satellite remote sensing there are
numerous trouble in mapping and monitoring rice field, particularly in multi season paddy in rainy season, incorporating the
changes in crop phenology, the impact of climate and farmland variability. To determine these issues Sentinel-1 was launched
and provide opportunity to monitor rice crop, in 10m spatial resolution, C-band, dual polarization image with 12 days revisit. A
rice paddy field in Kulithalai, Tamilnadu was utilized as the examination site. For this study Sentinel-1 data, which can recognize
little vegetation difference at firmly found ground truth (GT) point. While observing the different growing stages of rice, the
volume scattering segment proportion was increased though the surface scattering segment proportion for the most part
diminished. With each rice growth stage, the volume scattering component ratio increased, whereas the surface scattering
component proportion generally decreased. The results of this study show that multi temporal observation by polarimetric SAR

has great potential to be utilized for estimating rice planted areas and monitoring rice growth and also interpret σ 0VV and σ0VH
back scattering co-efficient. These are examined by knowing crop parameters like leaf area index, plant height, no. of panicle/m 2
and no. of grains/m2.
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ABSTRACT: Currently, global food security for the next years is the main topic of numerous discussions. They focus on how
feed the growing population and the challenge of increasing production based on sustainable principals. Increase food production
can be achieve through agricultural extensification or intensification. The extensification is associated with the conversion of new
areas in crop fields such as conversion of forest into crop land area. While intensification is characterized by increasing
productivity per unit of already used area. Some examples of agricultural intensification are double-cropping and multiplecropping, which consists in the cultivation of more than one crop over the same area in the same crop year. Thus, the
intensification is one of the sustainable alternatives to increase food production, reducing conversion pressure over native
vegetation areas. However, it needs to be monitored, to make sure the intensification is not affecting the natural resources (e.g.
water and soil quality). Remote sensing data is the easiest way to monitor agricultural areas as well as natural resources. Several
studies have been made based on remote sensing data, mainly due to its synoptic and continuous aspects. However, cloud cover
can be a limiting factor by reducing the number of observations (data) over an area. An alternative to this problem is combine
data from different sensors, allied to sampling and stablish the pixel as the basic unit. This approach improves temporal
resolution, allows uncertainty estimation, as well as reducing the time and costs involved in the work realization. Studies
involving data from different sensors, extensive of study areas and long periods of analyses, might generate large and dense
database, which could be a limitation factor regarding the computational capacity. However, cloud processing alternatives, such
as Google Earth Engine platform, can mitigated this limitation, because it allows the access to a geospatial database in planetary
scale, and also provides high computational resources for data processing. With the combination of multi-sensor data and cloud
processing it is possible to estimate areas managed with single-crop, double-crop or multiple-crop in a crop year in different
scales, and consequently monitor the intensification and extensification of areas.
The identification of samples as belonging to each class (single-crop, double-crop or multiple-crop) can be performed through
visual interpretation. This analysis is performed by analyzing images of different dates and the NDVI (Normalized Difference
Vegetation Index) time series of the sample. After the visual classification of the samples, the area estimates are obtained for each
of the classes in each year studied by direct expansion estimator. Mato Grosso state, Brazil‘s largest agricultural producer, is a
suitable area to apply this approach. The state, located in the center-west region of Brazil and considered an area of agricultural
expansion, has been the target of several studies in the last decades. This expansion occurs by both agricultural extensification
and intensification. In this context, the aim of this study is to estimate the agricultural areas managed by single-crop, double-crop
and multiple-crop in the state of Mato Grosso – Brazil, from 2000-2001 crop years to 2017-2018. We will use stratified random
sampling and pixels with resolution of 231 meters as the basic units. The images will be obtained from Thematic Mapper (TM),
Enhanced Thematic Mapper (ETM+), Operational Land Imager (OLI) and Multispectral Imager (MSI) sensors, onboard of the
satellites, Landsat 5, 7 and 8, and Sentinel-2, respectively. A false color composition will be used with the near infrared, short
infrared and red bands associated with the RGB channels, respectively. For the analysis of the temporal profile, data from the
product MOD13Q1 will be used. In the full paper, we will present and discuss the intensification and extensification occurred in
this state. We expect to observe an annual increase in double-crop and multiple-crop estimates, which should occur more
accentuated in comparison to single-crop estimates. Thus, we expect that the estimates indicate a continuous increase in
agricultural intensification in the state. Our approach aims to study the behavior of multiple-crop areas, a differential to most
studies, that aim at single-crop and double-crop estimates. Finally, we expect that the adopted methodology will prove to be a
faster and cheaper alternative when compared to the traditional mappings.
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ABSTRACT: Land cover area estimation is one of the most logic Earth Observation applications, because remote sensed images
offer geospatial, temporal and spectral information. Looking at agricultural applications, where the spatiotemporal dynamic is
significant, the use of systematic high resolution acquisitions allows – depending on the agroecological zone and crop practices –
the provision of accurate cultivated area estimation, the identification of the main crop types and related key growth stages.
Besides the fact that Synthetic Aperture Radar (SAR) systems have the advantage to penetrate clouds – thereby the capability to
provide high resolution (not temporally composited) data on a frequent basis, essential for this application – these sensors have
the characteristic to be sensitive to roughness and moisture content. As far as agricultural surfaces are concerned, soil/plant
roughness and moisture content, as well as their evolution over time, are not casual. In fact, knowledge of land practices and ecosystem, SAR time-series provide, already at the earliest stage of the crop season, when and where fields are prepared, and later
on, the phenological crop‘s development. The integration of optical time-series doubtless contributes to enhance crop types
differentiation and the identification of key phenological stages. Spatial resolution of Sentinel1/2 and Landsat-8 systems is
however a limiting factor in small plot, fragmented, and heterogeneous agriculture. This constraint is amplified in those agroecological zones where the various crop types have similar characteristics in temporal, structural, and phenological terms.
In this work, two pilot areas in dryland region are chosen; the first one is the Jhansi district in Bundelkhand region of Uttar
Pradesh, the second one is Buldhana district of Maharashtra, both containing rainfed and irrigated agricultural lands.
Given the complexity of these two districts, a three steps approach is exploited: 1. Baseline Map – A map including the total
cropland area i.e. Rabi and Kharif and non-cropped areas comprehensive of permanent water, permanent vegetation, permanent
bare soil, settlements and infrastructures, and other region related land covers, as for instance wetlands. The Baseline Map is
generated using temporal descriptors – derived from annual Sentinel-1/2 and Landsat-8 times-series – where the most significant
and uncorrelated ones are used within a rule-based classifier. 2. Crop type dominance area estimation – Field work data collected
during the two crop seasons are pre-requisite to understand and derive the seasonal crop types dominant temporal signatures. The
resulting most significant and uncorrelated seasonal temporal descriptors are subsequently ingested into a rule-based classifier,
where the total cropland area of the Baseline Map is used to mask out the non-cropped area. 3. Key Phenological Moments – The
seasonal crop types dominant temporal signatures are analysed from an agronomic perspective hence enabling to infer the key
phenological moments, as Start of Season, Peak of Season, and End of Seasons. This analysis also enables to detect crop
anomalies due meteorological events.
The obtained results are presented and discussed in primes focusing on the capabilities and limitations of the synergistic use of
Sentinel-1/2 and Landsat-8 time-series to detect, extract, and infer seasonal crop relevant information.
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ABSTRACT: Agriculture has an important role in the Indian economy. More than two-third of the Indian population is involved
in this agriculture sector directly or indirectly. Hence, there is a need for continuous agriculture monitoring and transfer of crop
information during various phenological stages to the farmers. The precise crop monitoring and estimation of the agriculture crop
parameters like LAI (Leaf Area Index), Biomass, Water content of crop plant, soil moisture can provide status of the crop that
farmers are cultivating. In addition, this information can help them to plan their various cultivation practices like irrigation,
fertilization and harvest time along with crop health information and estimated crop yield. The agricultural crop shows highly

dynamic variation, hence with the advent of various satellites having high temporal resolutions like Sentinel-1 (11 days) and
ALOS PALSAR-2 (14 days) multi-temporal agriculture monitoring has become more feasible. This study focuses on the multitemporal monitoring and phenological states estimation of the rice crop. The time series Sentinel-1 datasets were used for this
study. The study area for this work was taken as Laksar region of Haridwar district in Uttarakhand. This study area falls in the
Gangetic plain and Rice is the major crop grown over here during the Kharif season in the months of July (sowing) to November
(harvesting). Various SAR observable parameters like entropy, alpha, backscatter ratios were estimated at the various rice crop
stages. The analysis of the variations of these parameters were done on the basis of the ground data collected during the field
campaigns. The effect of incidence angle of the SAR datasets were also analyzed in this study. The thresholding based modeling
approach was developed based on the observed variation of these parameters at different crop phenological stages. The BBCH
scale (Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie) was used for phenological stage identification for
various parcels separately. The generated modeling approach was able to estimate the different crop phenological stages.
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ABSTRACT: The agricultural activity can greatly benefit from remote sensing technology (RS). Optical passive RS has been
vastly explored for agricultural mapping and monitoring, in despite of cloud cover issue. This is observed even in the tropics,
where frequency of clouds is very high. However, more studies are needed to better understand the high dynamism of tropical
agriculture and its impact on the use of passive RS. In tropical countries, such as in Brazil, the use of current agricultural
technologies, associated with favourable climate, allow the planting period to be wide and to have plants of varying phenological
cycles. In this context, the main objective of the current study is to better understand the dynamics of a selected area in Southeast
of São Paulo state, and its impact on the use of orbital passive RS. For that purpose, data (from field and satellite) from 55
agricultural fields, including annual, semi-perennial and perennial crops and silviculture, were acquired between July 2014 and
December 2016. Field campaigns were conducted in a monthly base to gather information about the condition of the crops along
their development (data available in a website). Field data corresponding to the 2014-2015 crop year were associated with a time
series of Landsat-8/OLI RGB false-colour compositions images and MODIS/Terra NDVI profiles. The type of information that
can be extracted (such as specie identification, crop management practices adopted, date of harvest, type o production system
used etc) by combining passive remote sensing data with field data is discussed in the paper.
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ABSTRACT: With changing weather pattern the cultivation practices of staple food crops are shifting across spatio-temporal
scale. In season crop area mapping is of signiﬁcant importance for multiple reasons such as crop yield forecasts, crop
health/growth monitoring, assessment of spatial-temporal distribution of pest/disease, etc. Wheat is one of the important cereal
crop cultivated all across the India, with Punjab-Haryana being the prime contributors to the total production. The spatiotemporal distribution of Wheat crop is useful to the various stakeholders like government agencies, agri-input manufacturers for
planning and strategy formulation. The crop production is very closely associated with the environmental impact. Every year
there is a signiﬁcant amount of rise in the Particulate Matter (PM) concentration in the months of Wheat and Rice harvesting due
to crop residue burning. The information on the spatio-temporal distribution of Wheat sowing and probable harvesting window
would be helpful in devising a preventive mechanism to minimize the crop residue burning. The optical and Synthetic Aperture
Radar (SAR) based Remote Sensing (RS) sensors are being used since many years for crop area mapping. Many researchers have
attempted to use the single/multiple date time-series images to estimate the crop area. In this study we propose a method for early
season Wheat area mapping using the temporal images available from SAR Sentinel1 as well as multi-spectral Sentinel-2 sensors.
Further, we propose a method to estimate the crop phenology parameter viz. sowing date using the early time series of
Normalized Difference Vegetation Index (NDVI) derived from multi-spectral observations. The districts from Haryana (i.e.,
Ambala, Sonepat, Yamunanagar, Kaithal, Karnal, Kurukshetra, Panchkula and Panipat) and Punjab (i.e., Bhatinda, Fatehgarh
Sahib, Ludhiana, Mansa, Moga, Patiala, Rupnagar, Sangrur) have been selected for early Wheat area mapping during cropping
season (locally called Rabi). In the study area cultivation practice of successive Rice-Wheat cropping is followed, where Rabi
cropping season starts in Oct./Nov. and ends in Apr./May. The Wheat sowing starts in month of Oct.-Nov. and is the prominent
crop cultivated during the Rabi season. Considering the sowing window, images available during Oct.-Dec. 2017 have been
chosen for early season Wheat area mapping. The ﬁeld data for Wheat, other crops, forest, water and settlements Land Use /
Land Cover (LU/LC) classes is gathered using human participatory sensing platform and planetary scale RS data processing
platform Google Earth Engine (GEE) and used for data analysis. The NDVI estimated from Sentinel-2 and backscatter from
Sentinel-1 is used as input features. Also, slope (in %) has been calculated from ASTER DEM and re-sampled to 10 meter spatial
resolution to match with Sentinel 1 and 2 spatial resolution. Total eight Sentinel-1 and six cloud-free Sentinel-2 images during
the early crop season i.e. Oct.-Dec. 2017 area used for LU/LC classiﬁcation. We have assessed the performance of random forest
classiﬁer using 1. NDVI derived from Sentinel-2, 2. VV and VH backscatter obtained from Sentinel-1 and 3. Both NDVI and
VV-VH backscatter. With combination of optical and RADAR data we found the improvement in the training as well as
validation accuracy. Results shows the maximum classiﬁcation accuracy of 88.31% when using NDVI, VV and VH. However,
accuracy drops to 87.19% and 79.16% while using NDVI and VV-VH respectively. Further, to estimate the phenology parameter
(i.e. sowing date) we have considered the NDVI time-series during Oct.-Dec. for Wheat pixels. A method based on NDVI
compositing is used with gradual increase of 0.1-0.15 at every 12 days for subsequent two images. We have found a good
agreement between the estimated sowing dates and actual sowing dates.
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ABSTRACT: Since 2012, the INEGI began using satellite images to identify crops and to be able to locate areas where they
develop. To date, this activity has been developed as a research project in which different multispectral images and different tools
for the processing of satellite images have been used. Supervised classification techniques have made possible to identify the
surface of some important crops of annual cycle and some perennials, such as sorghum, corn, lemon, grape, potato, orange,
among others. The use of this methodology allows exploring new ways of obtaining agricultural statistical information, as well as
generating statistical data that can be used to validate or confirm crop coverage at specific places. To put this project into
practice, after the initial investigations, we trained a small group of people, with whom we carried out some tests to know and
evaluate the benefits or disadvantages of applying identification of crops through remote sensing. Between 2012 and 2018,
INEGI has received support from institutions that are more advanced in the use of remote sensors, such as NASS from the USA,
StatCanada and JRC of the European Union. Tests designed by INEGI have run on sites with different topographic and climatic
conditions to better understand the spectral response of crops. This document presents some of the main results obtained.
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ABSTRACT: Crop classification is a key issue for agricultural monitoring using remote sensing techniques. Synthetic Aperture
Radar (SAR) data has an advantage in crop classification because of its all-weather imaging capabilities. The objective of this
study was to investigate the capability of SAR data for estimation of cotton and maize area in Perambalur district of Tamil Nadu.
The multi-temporal Sentinel-1 SAR data was acquired from 02nd September, 2017 to 24th January, 2018. Both the Vertical –
Vertical (VV) and Vertical-Horizontal (VH) polarized data was used. Ground truth data collection was performed for cotton and
maize during the vegetative, flowering and harvesting stages. Sixty per cent of the ground truth data were used for training and
remaining forty per cent were utilized for validation. The temporal backscattering coefficient (σ 0 ) for cotton and maize were
extracted using the training datasets. . The mean backscattering values for cotton crop during the entire cropping period had a
range from -11.729 dB to -8.827dB and from -19.167 dB to -14.186 dB for VV and VH polarization respectively. For maize crop
it ranged from -11.248 dB to -8.878dB and from -19.043 dB to -14.753 dB for VV and VH polarized data respectively. The
Spectral Angle Mapper (SAM) and Decision Tree classifier (DT) methods were adopted for cotton and maize area estimation.
SAM classified 73259 and 51489 hectares (ha) as cotton and maize respectively in VV polarization. DT classified the area of
61501 and 64530 ha for cotton and maize respectively in VH polarization. The accuracy measures, such as overall accuracy,
producer‘s accuracy and user‘s accuracy and kappa coefficient were estimated. SAM classifier exhibits the overall accuracy of
73.3% for VV Decision tree classifier reported the overall accuracy of 75.0% for VH. It is evident from the present study, that the
multi-temporal Sentinel-1 SAR sensor can be well used for the discrimination of cotton and maize crops because of its high
temporal resolution which captures the complete phenology of the crops during the cropping period.
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ABSTRACT: Soybean, a high value oilseed crop, is predominantly grown in the rainfed agro-ecosystem of central and
peninsular India. Accurate and up-to-date assessment of the spatial distribution of soybean cultivated area is a key information
requirement of all stakeholders including policy makers, soybean farmers and consumers. A methodology for timely assessment
with high precision of soybean crop using satellite data is yet not operational in India. In this scenario, synthetic aperture radar
(SAR) has been shown to be a reliable form of gathering crop information, especially during monsoon season. In this work,
repeat coverage from the C-band Sentinel-1 satellite over Ujjain district, Madhya Pradesh is used for in-season soybean crop
mapping along with other agricultural land-cover types. The data were processed through four steps: (a) data preprocessing, (b)
constructing smooth time series backscatter data, (c) soybean crop classification using knowledge-based decision rule classifier
and support vector machines (SVM) and (d) accuracy assessment. The results indicated that the smooth VH backscatter profiles
reflected the temporal characteristics of soybean crop growing in the study region. Phenological characteristics were also derived
from the smoothed S-1 VH backscatter time series to segregate early and late sown soybean. This information was used as an
input to a decision-rule classifier and SVM in order to classify the input data into soybean and other crops. An overall accuracy
of more than 80% using SVM and 75% using rule based classifier, in Ujjain district was achieved. These results demonstrate the
scope for using time-series S-1 VH data to develop an operational soybean crop monitoring framework.
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ABSTRACT: Rice is the most important food crop of India. Majority of Rice is sown in kharif season in the country. This is
monsoon season for the country where cloud cover poses a major problem for optical remote sensing. Therefore, for these states
rice acreage estimation is being done using Synthetic Aperture Radar (SAR) data operationally in India since 1998. A case study
is presented in this paper for analysis of past 6 years‘ (2012-13 to 2017-18) estimations. Multi temporal Radarsat-2 (HH),
RISAT-1 ScanSAR (HH) and Sentinel-1 (VV) data was used in years 2012, 2013-2016, and 2017, respectively for paddy
identification. Hierarchal Decision Rule based classification (HDRC) approach was used to identify rice areas under sample
segments. Extensive ground truth collected by state remote sensing departments and agriculture departments was utilized in
setting the limits of HDRC models and accuracy assessment. Yield was estimated using weather based and remote sensing-based
models. Area, production and yield estimates were made and compared with those given by DES. RMSE and R2 were used as
statistical measures to assess the accuracy of results. The RMSE % ranged from 2.3 to 4.3; 0.84 to 1.35; 0.24 to 0.27 for area,
production and yield respectively. The coefficient of determination (R2) ranged from 0.62 to 0.92; 0.75 to 0.91; 0.5 to 0.83 for
area, production and yield respectively. The study showed that use of multi temporal SAR data (both HH and VV) is quite useful
for paddy acreage estimation, especially during monsoon.
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ABSTRACT: Large-scale mapping and monitoring of agriculture land use are very important. It helps in forecast crop yields,
assesses the factors influencing the crop stress and estimate the damage due to natural hazards. Also, more essentially, aids in
calculating the irrigation water demand at the farm level and better water resource management. Recent developments in remote
sensing satellite sensors spatial and temporal resolutions, global coverage and open access such as Sentinel-2, created new
possibilities in mapping and monitoring land use/land cover features. The present study investigated the performance and
applicability of Sen2-Agri system in the heterogeneous cropping system for operational crop type mapping at parcel resolution
using time series Sentinel-2 multispectral satellite imagery. The parcel level crop type information was collected in the field by
systematic sampling and used to train and validate the random forest (RF) classification in the system. The classification
accuracy varied from 57% to 86% for different major crops. The overall classification accuracy was 70% with KAPPA index of
61%. The very small agriculture field size and persistent cloud cover are the major constraint to the improvement of classification
accuracy. Combination of the time series imagery from multiple earth observation satellites for the monsoon cropping season and
development of a robust system for in-situ data collection will further increase the mapping accuracy. Sen2-Agri system has the
potential to handle a large amount of earth observation data and can be scaled up to the entire country which will help in the
efficient monitoring of crops.
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ABSTRACT: Agriculture is the main source of income for families in India. India is the leading producer of paddy in the entire
world. Paddy is one of the largest produced cereal in the world. Paddy productivity in Tamil Nadu has always been the second
highest in the country, next only to Punjab. Hence the present research focuses on the land suitability of paddy crop for the land
of Kongu Uplands in Tamil Nadu. The study area Kongu Uplands is the semi-arid region with a total geographical area of 26,000
sq. km, covering eighty-one blocks in eight districts of Coimbatore, Tiruppur, Erode, Karur, Tiruchirappalli, Namakkal, Salem
and Erode. The Uplands occupies most of its landuse under crop lands and hence the study on agriculture seems to be significant
here. The applications of Geographical Information System (GIS), has been largely deployed in this study which made this study
more easy and accurate at its best. Total rainfall, soil texture, soil reaction (pH), cation exchange capacity (CEC), organic carbon
(OC), effective soil depth, soil electrical conductivity (EC), exchangeable sodium percentage (ESP) and slope are the parameters
that highly affect paddy while considering its land suitability for cultivation. These parameters has been first ranked and separate
suitability maps has been generated and intersected in the platform of ArcGIS software inorder to get the final output map which
shows the suitability classes clearly in four categories viz., highly suitable, moderately suitable, marginally suitable and not
suitable. The result shows that in the central portions, eastern stretches, southern portions and most parts of western portions are
suitable for paddy cultivation but the northern, north-western portions of the Uplands which is mainly covered by forest area
comes under not suitable category.
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ABSTRACT: The occurrence of different phenological stages of a crop in its growth cycle forms the crop calendar. Crop
calendar is one way of summarizing the information of a crop cycle as well as cropping pattern. Information about crop calendar
is essential for proper management of agriculture resources. The Normalized Difference Vegetation Index (NDVI) at regular time
interval provides useful information about various crop growth stages and behaviour of crop condition in a season. This study is
aimed to identify the temporal signature of crop and cropping pattern based on temporal values of NDVI of Resourcesat-2
(AWiFS sensor) dataset with 56 meter spatial resolution. The temporal response can provide a new dimension for describing the
cropping pattern. The study has been carried out in the part of Andhra Pradesh State using AWiFS NDVI 10/15 days composite
for the cropping years (Kharif and Rabi) 2016-17 and 2017-18. The pattern of NDVI depicted the start of the season, occurrence
of maximum vegetative growth and senescence. The study has enabled the discrimination of Rice-Rice, Rice-Pulse, Cotton,
Bengalgram, Groundnut and Sugarcane cropping patterns in the state of Andhra Pradesh.
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ABSTRACT: This study was carried out to estimate the area of cotton and maize crops in Permabalur district of Tamil Nadu
using microwave and optical data. Permabalur was selected as the study area, as it is the largest cotton and maize producing

district in Tamil Nadu. The multi-temporal Sentinel-1A SAR data was acquired from 09th July, 2016 to 17th January, 2017 as it
coincides with the crop calendar of these crops. Both the Vertical - Vertical (VV) and Vertical - Horizontal (VH) polarized data
were compared. The cloud free Landsat 8 data acquired on 7th October, 2016 was fused with the Vertical – Vertical (VV) and
Vertical-Horizontal (VH) polarized data of 13th October and classified. Unsupervised classification approach was adopted to
classify the cotton and maize pixels. The highest accuracy of 72.73% and 76.24% were achieved in VV polarization + Landsat 8
data and VH polarization + Landsat 8 data respectively. The cotton and maize areas were estimated to be 20,218 ha and 28,032
ha respectively. It is also evident that VH polarization fused with optical data is better in discriminating the cotton and maize crop
than VV polarization fused with optical data.
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ABSTRACT: Rapeseed-mustard (Brassica spp.) is the major rabi oilseed crop of India. India is fourth largest contributor of
oilseeds and Rapeseed-mustard contributing to around 11% of world‘s total production and about 28.6% in total oilseeds
production of the country. More than 85% Rapeseed-mustard production comes from 5 States viz. Rajasthan [48%], Haryana
[12%], MP [10%], UP [9%] and West Bengal [7%]. In the previous few years, remote sensing technique has been progressively
more considered for evolving as an alternative, standardized, possibly cheaper and faster technology for crop acreage estimation.
Furthermore, satellite remote sensing data have strong advantages in comparison with other monitoring techniques because it
provides timely, synoptic and latest information of crop at various stages over large scales. Therefore, under FASAL project,
cloud free crop season‘s images of different satellites (Sentinel-2, Resourcesat-2 and Landsat-8) were used and mustard crop was
discriminated using Maximum Likelihood Classifier (MLC). Yield was estimated using different methods such as remote sensing
derived NDVI, Agrometeorological yield model and Semi-Physical Model. The RMSE values for state level were found to be 417%, 8-19% and 13-23% for area, yield and production, respectively. The correlation coefficient (r) between DES and FASAL
estimates were close to 0.9 in all the cases. The results of t-test at 5% level of significance inferred that FASAL and DES results
were not significantly different. These results show that RS and weather-based techniques can be effectively used for pre-harvest
acreage, yield and production estimation of mustard crop at district, state and national level.
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ABSTRACT: Sorghum (Sorghum vulgare Pers.) popularly known as jowar is the most important food and fodder crop of dry
land agriculture. It is generally grown in both Kharif and Rabi season, with sown area of 25.3 and 38.3 lakh ha respectively at
National level. The major states contributing to national sorghum acreage are Karnataka and Maharashtra. Crop acreage and yield
estimation is of great significance to develop food policies and economic plans for a country. In this regard, under FASAL
project, Sorghum production estimation is being carried out since 2013-14. Data from December to January is used for
classification considering the peak season of crop. The satellite data used for classification has been gradually changed from
Resourcesat 2 LISS III/ Landsat 8 OLI to Sentinel 2. GT has played major role to support the classification methodology. Total
1,409 GT points have been collected so far for both the states, with the help of state agriculture departments. NDVI based Crop
Cutting Experiment (CCE) points are also generated and given to State for conducting the experiments at ground level. District
level Sorghum crop yield is estimated using two procedures - i) Agro-meteorological regression models, ii) Remote sensing index
(VCI) based empirical models. The state and district level estimates were compared with government estimates. RMSE was

found ranging from 16.4% to 18.5% and correlation (R) was found ranging from 0.6 to 0.1. Overall, the paper discusses, the
experience gained from the Rabi sorghum production estimation, in last 5 years & the scope of improvement.

*******

RICE AREA ESTIMATION USING PARAMETERIZED CLASSIFICATION OF
SENTINEL 1A SAR DATA
Mugilan Govindasamy Raman1*, Ragunath Kaliaperumal2, Sellaperumal Pazhanivelan2, Balaji Kannan2
1

Senior Research Fellow, Department of Remote Sensing and GIS, TNAU, Coimbatore – 3
2
Deparment of Remote Sensing and GIS, TNAU, Coimbatore – 3
*mugilantnau@gmail.com

KEY WORDS: Sentinel 1A, Rice, Parameterized Classification, Kappa Index
ABSTRACT: A research study was conducted during rabi 2016 (Samba season) to estimate rice area using SAR data in
Tiruvarur district of Tamil Nadu. Multi temporal Sentinel 1A satellite data with VV and VH polarization at 20 m spatial
resolution was acquired between September, 2016 and January, 2017 at 12 days interval and processed using rule-based
Parameterized classification in MAPscape-RICE software. Continuous monitoring for crop parameters and validation exercise
was done for accuracy assessment. Spectral dB curve of rice was generated and the dB values ranged from -12.76 to -9.95 for VV
and from -19.25 to -15.15 for VH polarization with an average primary variation of 1.3 and 2.5 dB respectively. Start of Season
(SOS) map was derived from satellite data showing rice emergence dates for the cropping season. A total rice area of 106773 ha
was estimated in Tiruvarur district using VV polarization with an overall accuracy of 79.5% and 0.59 kappa index, while in VH
polarization, the rice area was estimated to be 91007 ha with 82.1% over all accuracy and 0.64 kappa index. The lesser accuracy
in VV polarization was due to underestimate of direct seeded rice area and in VH polarization it was due to underestimate in
Transplanted rice area. The VV and VH rice area maps were then integrated to derive a VV-VH rice area map in MAPscapeRICE software and it recorded a total rice area of 124551 ha with an accuracy of 91.5% and 0.83 kappa index.
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ABSTRACT: Sugarcane (Saccharum spp.) is a most important cash crop of India. India has the largest area under sugarcane
cultivation in the world and is the world‘s second largest producer of sugarcane next to Brazil. Uttar Pradesh stands as the leading
producer of sugarcane in India followed by Maharashtra. Under FASAL project, the crop acreage and yield forecasts at
National/State/District level, is issued at two levels. This study was carried out to analyze under FASAL Project at Mahalanobis
National Crop Forecast Centre, New Delhi during year 2018. Five-year state and district level area, yield and production
estimates were observed and analyzed using different approaches in 6 major sugarcane producing states of India. The state and
district-wise sugarcane area yield and production estimates of MNCFC were compared with the DES Data of the corresponding
year. Two statistical parameters were computed namely, Root Mean Square Error RMSE (%) and correlation coefficient (R). The
results when compared to the DES statistics revealed that the RMSE (%) for district level analysis were 23.4%, 30% and 18.35%,
while the correlation coefficient (R) between the DES and FASAL estimates was computed 0.94, 0.95 and 0.60 for area,
production and yield respectively. These results revealed that RS based technique can be effectively used for state level acreage,
yield and production estimation. The national level statistics revealed that the correlation of FASAL sugarcane area and
production is in good agreement with the DES estimates as compared to Yield estimates.
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ABSTRACT: A research study was conducted to map maize area in Ariyalur and Perambalur districts of Tamil Nadu, India using
multi-temporal features extracted from time-series Sentinel 1A SAR data. Multi-temporal Sentinel 1A GRD data at VV and VH
polarizations and SLC products were acquired for the study area at 12 days interval and processed using MAPscape-RICE
software. Multi-temporal Sentinel 1A data was used to identify the backscattering dB curve of maize crop. Analysis of temporal
signatures of the crop showed minimum values at sowing period and maximum during the tasseling stage which decreased during
maturity stage of the crop. The maximum increase in the signature was observed during seedling to vegetative growth period.
The signature derived from dB values for maize crop expressed a significant temporal behavior with the range of -21.26 to-13.18
in VH polarization and -14.05 to -6.54 in VV polarization. Considering the accuracy of SAR data to phenological variations of
maize growing period, Multi-Temporal Features were extracted from multi-temporal dB images of VV and VH polarization and
coherence images. Multi-Temporal Features viz., max, min, mean, max date, min date and span ratio were extracted from VV and
VH polarizations of Sentinel 1A GRD and SLC data to classify maize pixels in the study area using parameterized classification
approach. The overall classification accuracy was 91 percent with the kappa score of 0.82.
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ABSTRACT: In the last few years, remote sensing technique has emerged as a viable technology for crop acreage estimation.
Under the FASAL project, the jute acreage estimation was carried out in the last 6 years by using both microwave SAR data
(2012-13 to 2016-17) and high resolution optical multi-spectral data (2017-18). In the assessment using SAR data, hierarchical
decision rule classification technique and for optical data hybrid classification approach was used. Yield was estimated using,
agro-meteorological parameter based statistical models. In the present study, different statistical parameters such as correlation
coefficient (r) and RMSE were used for evaluating and comparing the results of the last 6 years (2012-13 to 2017-18) with DES
(government) estimates. The RMSE values over the years were found to be 7-20%and 5-13% for area and production,
respectively. The correlation coefficient (r) over the years between DES and FASAL estimates ranging between 0.995 to 1.00
and 0.996 to 1.00 in acreage and production estimates respectively. At district level, the correlation coefficient (r) values for the
area and production were 0.967 and 0.962 respectively. On the basis of statistical criteria used in this study, FASAL estimates
were close to DES estimates and improved over the years. The FASAL jute production estimates could be called better than DES
ones in terms of good accuracy, timely reporting and low labour intensive. Thus, the FASAL estimates can be continued for
policy purposes as far as jute production forecasts are concerned in India.
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ABSTRACT: Remote sensing satellites in recent years have emerged as a vital tool for generating the biophysical information,
which further helps to evolve the optimal land use plan for sustainable development of an area. The natural resources are to be
categorized to obtain the area best suitable for crop production so that they could be better utilized in agricultural planning. The

Normalized Difference Vegetation Index (NDVI) has been widely used to monitor moisture-related vegetation condition. The 8day composite and spatial resolution of 250 m for the years 2002-2012 have obtained from the Moderate Resolution Imaging
Spectro-radiometer (MODIS) Surface Reflectance (MOD09A) used for grouping biomass. The MOD09A product was selected
because it consisted of both visible and infrared bands, which is requisite for deriving NDVI. The NDVI was used to determine
the biomass categorization had four classes B1 (NDVI of 0.06-0.10), B2 (0.1 to 0.2), B3 (0.2-0.4) and B4 (>0.4) which were
rated as poor, moderate, good and excellent, respectively. Here, excellent biomass category was found to cover more area
compared to other biomass categories. The per cent area covered under excellent category was (88.7 %) in Salem district. This
showed that the agriculture area in this district is largely suitable for crop growth. The categorization of biomass as good to
excellent in Salem might be due to the good seasonal (both monsoon) rainfall. It could pave way for better agricultural
management and transfer of technology.
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ABSTRACT: An emerging use of agricultural remote sensing is estimating crop yields at the regional scale. This paper reviews
development and applications of remote sensing methods in estimating and prediction crop yield using a wide range of remotely
sensed data and different types of approaches over the last decade. Major approaches of estimating crop yield utilised include
empirical, process-based, and semi-empirical models which either link remotely-sensed variables such as vegetation indices (VI)
and leaf area index (LAI) to climate data or integrate various plant parameters to simulate growth. Each of these methods has its
own inherent advantages and limitations due to the data input to the model, model design, and assumptions. Careful selection of
an appropriate method depend on the user‘s objectives. The pros and cons of these approaches are critically appraised in this
paper. These approaches have been used for operational initiatives based on hindcasts or in-season forecasts while the longterm
forecast of crop yield under the scenarios of future climate changes has not given adequate attention. This paper also discusses
the utility of modelling crop yield using remote sensing by taking into account the impact of climate change, which will be useful
in identifying potential food security risk in populous countries.
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ABSTRACT: Integration of remote sensing derived biophysical parameters with process based crop growth simulation model is
an emerging technology with diversified application for crop insurance as well as precision farming. Basically the crop growth
simulation models are point based which simulate crop growth and yield as a function of soil, weather and crop management
factors at a daily time scale. The temporal dimension of the crop growth model is supplemented by the spatial information on
crop coverage and condition generated from remote sensing satellite derived biophysical parameters. In the present study an
attempt is made to simulate pixel wise rice crop growth, condition and yield using Sentinel1 SAR, AWiFS/Landsat8 OLI and
MODIS data with CERES and ORYZA rice growth simulation model on DSSAT platform. Temporal SAR data provides pixel
wise start of season for rice crop at a spatial resolution of 10m. Spectral indices derived from Landsat8/AWiFS and MODIS
optical images are used for characterisation of rice growth environment and at the same time these indices are used to generate
crop management information like irrigation and sowing dates. Bhadrak district of Odisha in the eastern coast of India is selected
as the study area based on the prevalence of diversified rice growing environments. Sufficient in season field data are collected
for checking the accuracy of rice map as well as for calibration and validation of the crop growth model. In season rice growth is
initialised using SAR derived staggered sowing dates along with daily weather data and soil inputs. As CERES crop growth
models are running well on DSSAT environment, rice crop growth simulation is carried out using multi date SAR images on
DSSAT platform. The output of this study is maps depicting the spatial variability in rice area, staggered sowing dates and
irrigation in the study region. These in season information are crucial for decision making particularly for crop insurance related
activities.
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ABSTRACT: Crop Cutting Experiments (CCEs) are the most scientific conventional procedure of yield estimation in many
countries including India. CCEs are the sole basis of yield estimation in Crop Insurance Scheme of India (Pradhan Mantri Fasal
Bima Yojana). In PMFBY, the number of CCEs varies as per the geographical unit/Insurance Unit (Gram
Panchayat/Block/District) and crop status (major/minor). Cotton is major commercial crop, the yield of which is estimated
through multiple pickings, i.e. 3 or 4 pickings for irrigated and 2 or 3 pickings for un-irrigated cases. The estimation of unit wise
yield in case of less picking or missing CCEs are challenging task specially in case of monetary schemes like PMFBY. In present
case study, the issues were related to the number of required CCEs, number of pickings and picking times. After critical
examination of CCE points, three typical cases were noticed i) optimum number of CCE points with optimum picking, ii)
optimum number of CCE points but less pickings and c) less number of CCE points. An effort has been made to develop the
protocol for yield estimation of multi-picking crop i.e Cotton. Further, the yield models were developed using Remote sensing
based and weather based proxy indicators for the IUs where CCEs were very less or absent. The models were good in agreement
and explaining the usefulness of proxy indicators (remote sensing product and weather data) upto R2 0.96 (Irrigated), 0.99 (Unirrigated). Thus, this study generated the scientific procedure of resolving Cotton yield dispute cases, under PMFBY. This
procedure was later on adopted as the protocol for yield dispute resolution in PMFBY revised guidelines.
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ABSTRACT: The objective of this research work aims at crop acreage estimation at mill catchment level, derivation of
sugarcane phenology and yield estimation at field level. The study was carried out in Kisan Sahkari Chini Mill catchment,
Nanauta, Saharanpur, Uttar Pradesh. Extensive and systematic field sampling was carried out for ground-truth observations,
biophysical measurements (LAI and above/below canopy PAR) and mill-able cane yield through crop cutting experiments. Major
emphasis were laid on sugarcane crop discrimination, biophysical parameter estimation, generation of phenological metrics and
yield model development for sugarcane crop at mill catchment level. Sugarcane crop discrimination and its acreage estimation
was done using multi-sensor satellite data. The sugarcane classification accuracies were >92% for LISS-IV, >86% for Landsat-8
and >83% for LISS-III classified image. The sugarcane phenological matrices at field level derived using time-series of NDVI
for a period of 2015-2016 through TIMESAT software. To retrieve the biophysical parameters particularly leaf area index, best
predictive function developed with vegetation indices (EVI, NDVI, SAVI) through correlation and regression analysis along this
cane yield estimation attempted with multi-date (eight-day) NDVI from Landsat OLI. Yield models developed for ratoon cane
and planted cane explained variance in yield significantly with coefficient of determination (R2) values equal to 0.83 and 0.69,
respectively. Similar predictive functions were also established with monthly composite dataset for village-level yield estimates
with step wise regression (R2=0.83) (P=0.00001), Multi linear regression (MLR) (R2=0.792) (P=0.00081) and Random forest
regression (R2=0.466) (P=0.038).
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ABSTRACT: Crop yield estimation before harvest is required for marketing, pricing, storage, import, export etc. Productivity of
cropping systems under various weather, management and policy scenarios can be predicted successfully by simulation models.
Due to increase in input cost of agricultural operation, agriculture produces become costly. Therefore, crop yield estimation in the
agriculture becomes essential. Weather variability causes the losses in the yield. Therefore model based on weather parameters,
soil parameter and crop parameters can provide reliable crop yield estimation in advance. For estimating the multi stage wheat
crop yield, experiments were conducted at research farm of IARI, New Delhi during Rabi 2016-17 and Rabi 2017-18. Crop yield

were estimated by weather based and crop simulation model. Percentage deviation of estimated yield by observed yield at
flowering and grain filling stage was -5.1 and 2.0 by weather based model, 4.3 and 2.1 by InfoCrop model, 10.2 and 9.0 by
DSSAT model during Rabi 2016-17 and 5.3 and 5.9 by weather based model, 2.3 and 2.2 by InfoCrop model, -10.8 and -9.6 by
DSSAT model during Rabi 2017-18 respectively. Among the three models opted for estimating the yield at flowering and grain
filling stage, InfoCrop model gave better results followed by weather based and DSSAT model. Therefore this model can be used
for multi stage wheat crop yield estimation at district as well as regional level.
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ABSTRACT: India is one of the world‘s largest producers of rice, accounting for 20% of all world rice production. Rice crop
occupies nearly 27.6% of the India‘s arable land with average consumption per capita/year was ~68.2 kg milled rice. Being a
staple food it is crucially important for policy makers, planners and researchers to have an accurate estimate before the harvest of
crop. Timely and accurate statistics helps planners, and decision makers in formulating policies in regard to import/export in the
event of shortfall and/or surplus. In the present study it is tried to evaluate the applicability of the remote sensing for yield
estimation of major rice growing states of India. Recent advances on the resolutions (i.e., spectral, spatial, radiometric, and
temporal) and availability of remote sensing imagery allowed us timely collection of information. This study developed an
intermediate method called semi-physical method using remote sensing and the physiological concepts such as the Photosynthetically Active Radiation and the fraction of PAR absorbed by the crop. Net Primary Product was computed using the
Monteith model. Rice yield was computed using the actual NPP, Radiation use efficiency and Harvest index. The study was
carried in kharif season 2018-19. Although model gives slight difference of yield with respect to actual and the estimated yield
and DES yields within the range of ± 10%, which confirms the utility of model and can be used for the operational estimates of
rice crop.
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ABSTRACT: Crop yield maps are very crucial inputs for different practical applications like crop production estimation, pay-out
of crop insurance, yield gap analysis etc. Satellite derived vegetation indices across different electromagnetic region has the
ability to explain the variation in crop yield and can be used for prediction of yield before harvesting. This study utilised indices
derived from multi-temporal Optical, Thermal and Radar data for developing model for Wheat (Triticum aestivum) grain yield
using Machine learning approaches i.e., Random Forest Regression (RFR). Time series of Sentinel-2 derived Normalized
difference vegetation index (NDVI), Normalized difference water Index (NDWI), Landsat-8 derived GPP using LST-EVI
relationship (Temparature-Greeness model) and Sentinel-1 derived cross-polarization backscatter ratio (σVH/σVV) were used as
predictor for wheat yield estimation. Actual grain yield measurements at ground were carried out at the end of the season over
178 locations. Seventy five percent of ground yield data were used for training of the model and rest twenty five percent data
were used for its validation. All the datasets were grouped into ten fortnightly datasets ranging from November 2017 to March
2018. Through the random forest regression using time-series of NDVI alone, wheat grain yields were estimated with an RMSE
of 9.8 Q ha-1. Subsequently by adding the multi-temporal NDWI, GPP and σVH/σVV led to the improvement of RMSE to 8.7,
7.6 and 7.4 Q ha-1 respectively. Variable importance based on the out of box error showed the significance of NDVI, NDWI and
GPP during Dec-Jan and σVH/σVV during Feb for wheat grain estimation. It was concluded that the RFR algorithm together
with the indices from optical, thermal and microwave satellite data can able to produced significantly accurate estimates of wheat
grain yield.
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ABSTRACT: The relevance of this study is immense for India. The Indian economy largely depends on agriculture, which is
impacted by weather extremes and variability in monsoon. India is more vulnerable to disruption from drought than countries like
the United States. While agriculture accounts for just 16 percent of India‘s economy, half of its 1.3 billion people work on farms,
thus, making agriculture the backbone of the Indian economy. However, in agriculture, rice is India‘s most important food crop
with nearly 1 billion Indian people reliant on it as their major food source. Most important constraint to rice production is water
stress which affects nearly ~40 million ha of rainfed system from the total ~45 million ha area under rice cultivation. Future
climate change effects on rainfall timing and amount, and projected increases in temperature are expected to exacerbate existing
water stresses and will have a direct impact on agriculture in India, especially rice cultivation. We have developed an integrated
system that is successfully implemented in many countries. The integrated system RHEAS (Regional Hydrological Extreme and
Assessment System) coupled with M-DSSAT (modified DSSAT crop model) ingests various NASA Earth science data to
produce a set of relevant hydrologic products (e.g., drought indices, water excess/stress information) and rice yields nowcasts
(current conditions), forecasts, and seasonal projections, and then feed them into the operational agency. The overarching goal of
this study is to provide this integrated system to stakeholder to improve decision-making process and mitigate the plights of rice
farmers and prepare the country to deal with ground realities based on the forecast of rice production.
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ABSTRACT: Lowland rice in tropical and subtropical regions can be detected precisely and its crop growth can be tracked
effectively through Synthetic Aperture Radar (SAR) imagery, especially where cloud cover restricts the use of optical imagery.
Parameterised classification with multi-temporal features derived from regularly acquired, C-band, VV and VH polarized
Sentinel-1A SAR imagery was used for mapping rice area. A fully automated processing chain in MAPscape-Rice software was
used to convert the multi-temporal SAR data into terrain-geocoded σ° values, which included strip mosaicking, co-registration of
images acquired with the same observation geometry and mode, time-series speckle filtering, terrain geocoding, radiometric
calibration and normalization. Further Anisotropic non-linear diffusion (ANLD) filtering was done to smoothen homogeneous
targets, while enhancing the difference between neighbouring areas. Multi-Temporal Features viz., max, min, mean, max date,
min date and span ratio were extracted from VV and VH polarizations to classify rice pixels. Rice detection was based on the
analysis of temporal signature from SAR backscatter in relation to crop stages. About sixty images across four footprints
covering 16 samba (Rabi) rice growing districts of Tamil Nadu, India were obtained between August 2017 and January2018. Inseason site visits were conducted across 280 monitoring locations in the footprints for classification purposes and more than 1665
field observations were made for accuracy assessment. A total rice area of 1.07 million ha was mapped with classification
accuracy from 90.3 to 94.2 per cent with Kappa values ranging from 0.81 to 0.88. Using ORYZA2000, a weather driven process
based crop growth simulation model developed by IRRI, yield estimates were made by integrating remote sensing products viz.,
seasonal rice area, start of season and backscatter time series. By generating average backscatter for each time series and dB stack
for each SoS, LAI values were estimated. The model has generated rice yield estimate for each hectare which were aggregated at
administrative boundary level and compared against CCE yield. Yield Simulation accuracy of more than 86-91% at district level
and 82-97% at block level from the study indicates the suitability of these products for policy decisions. SAR products and yield
information were used to meet the requirements of PMFBY crop insurance scheme in Tamil Nadu and helped in identifying or
invoking prevented/failed sowing in 529 villages and total crop failure in 821 villages. In total 303703 farmers were benefitted by
this technology in getting payouts of INR 9.94 billion through crop insurance. The satellite technology as an operational service
has helped in getting quicker payouts.
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ABSTRACT: Rice crop monitoring and yield prediction at country-scale can be effectively done using high-repeat active
microwave remote sensors due to its all-weather observation capability of land surface. The Ku-band with a frequency of 13.515
GHz has the ability to interact with the surface layer and hence is useful for providing information on top portion of canopy and
hence the grain and awns of rice crop. Also it has the capability to generate information over the whole region of South Asia in
one day. Hence the present study was carried out to explore the super resolved Ku band back scattering coefficient from space
borne scatterometer (SCATSAT-1) for rice productivity assessment over six Asian countries (India, Pakistan, Nepal, Bangladesh,
Myanmar and Sri Lanka). The super resolved sigma-0 in both polarization (H and V) for the kharif rice season of 2017 (May to
Mid-Nov) was used for this study. The temporal backscatter was used to generate rice planting date using polynomial fitting.
Multiple regression models were developed using the daily SH/SV ratio and the farm-level fresh paddy yield collected through
the Crop Cutting Experiment (CCE). The validation of the model was done for India at state level. For other countries national
average reported yield was compared with the estimated yield. The rice planting date was found to vary from first week of June
to last week of August in different parts of the six countries. Country average yield was found to vary from 3.45 t ha-1 in Sri
Lanka to 4.32 t ha-1 in Myanmar. The absolute difference was lowest in India (8 %) followed by Sri Lanka (-11 %) and
maximum in Nepal (35 %). In Indian states, the validation results showed a correlation coefficient of 0.95 at state level with a
RMSE of 0.28 tha-1 (11.4% of mean reported yield). This study showed the possibility of using high frequency and high
resolution Ku-band back scattering coefficient for rice grain yield estimation at continental scale such as Asia. The yield
estimation can be further improved with the use of country-wise crop cutting data for model development and validation.
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ABSTRACT: Early yield assessment at local, regional and national scales is a major requirement for various users such as
agriculture planners, policy makers, crop insurance companies and researchers. Current study explored a remote sensing-based
approach of predicting the yield of Wheat, Kharif Rice and Rabi Rice at district level, using Vegetation Condition Index (VCI),
under the FASAL programme. In order to make the estimates 14-years‘ historical database (2003–2016) of NDVI was used to
derive the VCI. The yield estimation was carried out for 335 districts (136 districts of Wheat, 23 districts of Rabi Rice and 159
districts of Kharif Rice) for the period of 2016-17. NDVI products (MOD-13A2) of MODIS instrument on board Terra satellite at
16-day interval from first fortnight of peak growing period of crop were used to calculate the VCI. Stepwise regression technique
was used to develop empirical models between VCI and historical yield of crops. Estimated yields are good in agreement with
the actual district level yield with the R2 of, 0.78 for Wheat, 0.52 for Rabi Rice and 0.69 for Kharif Rice. For all the districts, the
empirical models were found to be statistically significant. A large number of statistical parameters were computed to evaluate
the performance of VCI-based models in predicting district-level crop yield. Though there was variation in model performance in
different states and crops, overall, the study showed the usefulness of VCI, which can be used as an input for operational crop
yield forecasting, at district level.
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ABSTRACT: The present study aims at ﬁnding functional forms for wheat crop yield in an area located in Haridwar, in terms of
monthly NDVI, rainfall and mean temperature. To verify wheat NDVI with the ground truth, a plot of 10 acres is chosen. It has
been assumed that yield for this plot is same as that of whole study area. Functional form with all three variables performed the
best. Whenever temperature is included as one of the variables, mean absolute percent error is about 7% and 15% in training and
testing, respectively. Functional forms are ranked based on their performance. It is concluded that if NDVI data are not complete
for the study period, modeled yield has very poor correlation with NDVI. Also, temperature of the ﬁrst cropping month has the
highest sensitivity when temperature is taken as a variable for wheat crop yield modeling.

*******

UAV REMOTE SENSING FOR FIELD PHENOTYPING OF WHEAT
Swati Goel1, Rabi N. Sahoo2,*, Douha Dodo1, Krishna Kumar Jangid1, Chandrapal Vishwakarma1, Sourabh
Pargal1, V K Gupta2, Viswanathan Chinnusamy1, Sudhir Kumar1 and Raju Dhandapani1
1
Division of Plant Physiology, Indian Agricultural Research Institute, New Delhi-110012
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-110012
*rnsahoo.iari@gmail.com

2

KEYWORDS: UAV, Multispectral Sensor, Vegetation Indices, Field phenotyping
ABSTRACT: Recent days, UAV (Unmanned Aerial Vehicle) remote sensing has been getting popular and explored for field
phenotyping of crops using different sensors. Present study was carried out to assess the genotypic variation to water and nitrogen
stress in wheat crop grown during rabi season 2017-18 in experimental research farm, Indian Agricultural Research Institute,
New Delhi. Wheat crop with 29 genotypes were grown with treatments of nitrogen (i.e. two -zero and recommended, 120kgha-1)
and irrigation (i.e. two- zero and recommended irrigation) with three replications. Multispectral images were captured from low
flying UAV platforms at three stages of days after sowing (DAS) (i.e. 80, 106 and 120). Synchronized field observation was
made and plant chlorophyll and relative water content were estimated using routine conventional approach. Different modelling
approaches were used for quantitative characterization of plant through modelling with different spectral indices and assessing
RWC and chlorophyll content for wheat crop. Methodology developed was further used for high throughput phenotyping of
wheat genotypes grown under different treatments of water and N stress conditions in the field. Protocol developed were
programmed and made systematic automation and under testing for field phenotyping and precision farming in other crops.
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ABSTRACT: Wheat (Triticum aestivum L.) is a major cereal crop of the world, which plays an important role in global food and
nutritional security. In India, wheat grown areas are more as compared to other food crops, except for rice. The total area under
wheat cultivation is 30.60 million hectares with production of 98.38 million tonnes and the productivity is 3.22 tonnes /hectare
(DES, 2017).The main objective of this paper is to highlight the development of satellite based methodology, compare the
relative deviations(%) at national level, RMSE(%) and correlation coefficient at state level and correlation coefficient at district
level between DES and FASAL estimates from 2013 to 2017. It was observed that the area and production estimates improved
with improvement in the satellite resolution and ground truth data. During the last 10 years of estimation the spatial resolution of
the satellite data has gradually improved from 23.5 meter of (Reourcesat-2, LISS-III) and finally 10m of Sentinel-2, MSI, which
is being currently used for acreage estimation purpose. Hooda R.S et al (2006) studied that the improvement in the spatial
resolution, spectral and temporal resolution of the satellite data has also improved the crop discrimination. Both accuracy as well
as precision of the estimates has improved over the years from 2013 to 2017, as reflected by relative deviation, RMSE (%) and
Coefficient of correlation values at national, state and district level respectively.
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ABSTRACT: Rice is an important cereal crop and part of daily diet not only in India but also throughout Asia. Agriculture is
highly dependent on the variations in temperature, precipitation and solar radiation and long-term climate patterns. The pattern of
changing climate in last 30 years indicate that predictable and possible changes in rainfall and temperature can reduce agriculture
outputs and yields particularly for rice and wheat significantly. The main aim of this research paper is to study the Kharif Rice
Productivity in Hisar, Haryana under changing climate. The study focuses on the impacts of climate change namely intensity,
timings and spatial distribution of rainfall. Kharif rice is more vulnerable to meteorological drought due to growing uncertainties
in monsoon rains under the changing climate patterns. The study of seasonal changes in precipitation at decadal scale for
observed and CORDEX projected precipitation for the selected region was done to understand the impacts of climate change.
Along with this, DSSAT Crop Simulation Model was run to quantify the water stress in the years with more negative rainfall
departure and to identify the reasons for variability in yield. DSSAT model was able to simulate phenological events and final
grain yield at maturity stage with reasonable accuracy under varied weather conditions. The analysis of the simulated results
indicates the association between yield and rainfall amount and its distribution during the season and different phenological
growth stages of rice. The results further indicate that water stress at important stages such as Booting, Heading and Flowering
majorly impact the final yield.
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ABSTRACT: Crop Simulation Models (CSM) simulate the growth, development, and yield of crops using various inputs such as
soil water, carbon and nitrogen processes, and management practices. DSSAT (Decision Support System for Agrotechnology
Transfer) is a software program that comprises dynamic crop growth simulation models for over 42 crops. It incorporates
modules for crop, soil, and weather to simulate long-term outcomes of crop management strategies. DSSAT-CSM requires
various data for model operation. This includes data on the site where the model is to be operated, on the daily weather during the
growth cycle, on the characteristics of the soil at the beginning of the growing cycle or crop sequence, and on the management of
the crop. Acquisition of the data and providing the data to the DSSAT model is tedious and time-consuming as each individual
value has to be manually entered. Additionally, crop simulation models can only be run for specific points and not for entire
locations. Sometimes site-specific data especially weather data cannot be obtained. The output thus produced is difficult to
analyze spatially at a large scale. The main purpose of this paper is to take the required dataset directly from spatial data. This is
done by dividing locations into grids and taking the data from each grid. Python scripts are then used to convert this data into
crop model format which is then run through DSSAT on an individual basis. The output thus obtained is be entered back into
their respective grids as spatial data.
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ABSTRACT: Agriculture plays a vital role in the economy of India as almost half of the workforce dependent on agriculture and
allied activities. Rice is an important staple food and provides nutritious need for the billions of population. Mapping the spatial
distribution of paddy and predicting yields at district level aggregation are crucial for food security measures. This study has
utilized the time-series MODIS-based Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI)
data in conjunction with CCE data to derive a statistical model for up-scaling paddy yield at satellite-footprint scale over
Sahibganj district in Kharif (monsoon) season 2017. The CCE data were collected from ten random paddy plots. In addition,
Area, Production, and Yield (APY) data were collected during harvesting period by interacting with eighty farmers belong to
eight villages. The AquaCrop model was also used to simulate the paddy yield for Kharif season. The key results showed that
based on the farmers-based yield data, paddy yield was observed as ~3200 kg/hectare, whereas, NDVI and EVI-based yield
models based on satellite data showed about 2,960 and 3,530 kg/hectare, respectively. Moreover, multi-regression-based yield
model showed the mean yield of 3,070 kg/hectare. With respect to farmers-level yield data, the relative deviation (RD) of yield
based on NDVI data was -7.5% (underestimation), while EVI was 10.31% (overestimation). The multi-regression-based yield
model and AquaCrop model were underestimated by -4.06 and -10.16%, respectively. Thus, it can be inferred that the multiregression-based yield was close to farmers-based survey yields. It can be concluded that the satellite data-based yield prediction
can be reliable with ±10% of RD. Nevertheless, remote sensing technology can be beneficial over traditional survey method as
the satellite-based methods are cost-effective, robust, reliable, and time-saving than the traditional methods.
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ABSTRACT: The present study aims at crop specific drought monitoring and yield loss assessment by integrating the climate
and the crop modeling approach into Geographical Information system (GIS) environment. The concept implemented here
showed the integration of WRF (weather research and forecasting) model simulated weather input, digital soil databases and
management conditions to drive crop model and presenting the spatial patterns of drought related constrains during 2009 and
2014. In this study the performance of WRF model with improved land surface condition (VF, Land cover) derived from satellite
(INSAT-CCD and AWiFS) data were evaluated for rainfall, minimum, maximum and average temperature. The results are
showing a reasonable accuracy with an index of agreement around 65 and 62 percent for daily rainfall during 2014 in Haryana
and Punjab respectively. The minimum, maximum and average temperature were validated with the ISRO AWS stations and it
showed RMSE of 2.94, 3.8 and 6.4 degree Celsius variation in daily average, maximum and minimum temperature for the year
2014. The downscaled high resolution data obtained from WRF served as input to crop model in order to study the drought
related constraint in rice crop production.
The crop simulation experiments were conducted using DSSAT- CERES Rice model for two different years 2009 and 2014.
Results on simulated rice productivity was validated against district level yield data. The yield predicted by the model showed
reasonably good R2 value of 0.62 and 0.74 for Punjab and Haryana respectively. The water balance components of DSSAT
model is validated with detrended yield anomaly of historical district level yield data. Relationship between simulated water
stress factor and yield anomaly at vegetative and reproductive stages of crop had R2 value of 0.64 and 0.52 respectively for
Haryana and 0.73 and 0.68 respectively for Punjab. A poor association was found between crop water stress at maturity stage and
rice yield anomaly of both Punjab and Haryana. This implies that occurrence of drought at initial and middle stages could lead to
more yield losses in rice crop.
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ABSTRACT: The development of kharif rice yield prediction models was attempted through Machine Learning approaches such
as Artificial Neural Network and Random Forest for the 42 blocks covering 13,141 sq km upland rainfed area of Purulia and

Bankura district, West Bengal. Models were developed integrating monthly NDVI with weather and non-weather variables at
block-level for the period 2006 to 2015. The model correlation obtained was 0.702 with MSE 0.01. Though the weather variables
vs NDVI models are quite satisfactory, NDVI vs kharif rice yield models however, show relatively less correlation, about 0.6
revealing the requirement of varied additional farmer-controlled inputs. Development of NDVI vs crop yield models for different
crop growth stages or fortnightly over a larger data set with selective adding of weather and non-weather variables to NDVI
would be the most appropriate.
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STRENGTHENING AGRICULTURAL DECISIONS IN COUNTRIES AT RISK OF
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ABSTRACT: Global, timely, and reliable information on crop conditions and early warning of impending shortfalls of crop
production are critical components for achieving food security and ensuring sufficient, reliable food availability and access. Earth
observations (EO) provide a significant contribution towards providing crucial information about crop conditions and production,
owing to their global, repeatable, and synoptic nature and ability to provide quantitative indicators of crop development
throughout the growing season. The Crop Monitor for Early Warning (CM4EW), based largely on remotely sensed information,
is a source of such information. The CM4EW was developed in the framework of the international G20 Group on Earth
Observations Global Agriculture Monitoring (GEOGLAM) Initiative, in response to the pressing need for enhanced early
warning of crop shortfalls and for better coordination across the various agencies responsible for crop assessments in regions
most at risk to food insecurity. Building upon the existing Crop Monitor for the Agricultural Monitoring Information System
(CM4AMIS), the CM4EW provides monthly international consensus assessment of crop conditions in countries at risk of food
insecurity. It uses EO data together with meteorological information, field observations and ground reports to fill information
gaps related to food security at the global scale, thereby addressing the need for more complete and reliable information for
countries at risk of food insecurity. In this context, the CM4EW serves to reduce uncertainty and strengthen decision support by
providing actionable information, on a monthly basis, to national, regional and international agencies concerned with food
security, through timely consensus assessment of crop conditions. Operational since February 2016, the CM4EW has become an
internationally recognized source of reliable information on early warning and crop conditions and often used to inform
humanitarian organization decisions on food allocation and assistance. Based on its successful implementation globally, the Crop
Monitor model is now being scaled and adapted for implementation within national ministries of agriculture in East Africa to
enhance the use and uptake of remote sensing data into crop monitoring activities and better inform food security decisions at
national scale.
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ABSTRACT: Management could be improved through the use of current technologies including Remote Sensing and
Geographic Information System (GIS).The present study was carried out to identify the potential agriculture sites in the Yamuna
basin of Uttarkashi district of Uttarakhand .The characterization of natural resources of Yamuna basin of Uttarkashi district was
undertaken using satellite imagery (Sentinel -2, LISS IV, LISS III, Aster DEM (30 m) and Survey of India Toposheet to generate
several layers of maps such as Watershed Boundaries, Drainage, Soils, Land use and Land cover, Geology, Geomorphology,
Lithology,Ground water, Slope and Aspect using Geographic Information System .The most influencing parameters of each
layer were chosen based on literature and operational methodologies and they were extensively studied while taking in to
consideration their role in determination of potential agriculture sites. Accordingly they were assigned definite weight in order to
characterize the sites on basis of their potential Agriculture/Irrigation site values. Individual resources information was integrated
in the GIS environment with the help of the weighted sum method to identify potential irrigation sites.Quantile classification was
used to get more refined result. Census data sate agriculture department and irrigation department were used to verify the
outcomes of result.
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ABSTRACT: Limited national fossil fuel resources and sustained increases in energy prices have resulted in nationwide efforts
to study and deploy alternative energy sources. Despite high prospect, biomass resources has not been effectively utilized in
India due to the lack of information on amount, type and time of its availability on a geospatial frame work to facilitate its
transportability, establishment of bio-fuel plants tailor made for specific crop residues. Hence, a comprehensive approach towards
geospatial mapping of bio-energy potential from surplus crop residues of selected crops (rice. wheat, cotton and sugarcane) over
the Haryana state of India is implemented by utilizing a hybrid model combining both statistical and remote sensing technique.
Bioenergy potential was calculated from crop production statistics collected at district level. The grain production data were
converted into gross residue potential using residue production ratio. The crop residue was further converted into collectable crop
residue using collectable coefficient. To generate the spatial map of the selected crops, potential crop masks were prepared using
multi-temporal satellite data. These crop masks were then converted to crop fraction at 1 km grid level. MODIS NPP data
product was then processed and converted into same 1 km to account the spatial variability of biomass potential. Using these crop
fractions as independent variables, relationship was established with NPP as dependent variable using a machine learning
technique (Random Forest algorithm). These crop specific response curves (crop fraction vs NPP) were utilized as a weight to
disaggregate district level gross biomass potential to 1 km grid level. The spatial map thus generated provided spatial details of
the type and amount surplus crop residues and could be vital input for planning and policy making of utilization of the surplus
biomass resources of India.
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ABSTRACT: The present paper aims to understand the spatio-temporal dynamics of the Brahmaputra river islands locally
known as chars in Assam for agriculture crop expansion using long term multispectral satellite data and Google Earth Engine.
This study also provides information on existing agriculture lands on these chars. For the study Landsat data is analysed to find
the long term stable islands (1988–2018) and the present status of these islands for seasonal crop expansion. Validation of results
was performed by using high-resolution satellite data. It is found that total area of vegetative chars has increased in past three
decades and approximately 146 thousand hectares area of char is stable from past ten years. This study also reveals that the
major crop cultivation is in Lower Brahmaputra Valley (LBV). In Upper Brahmaputra Valley (UBV), the crop cultivation is
almost negligible compared to the large islands size. It can be inferred that less stable chars which are mostly located in upper
Assam has negligible agriculture. It is also observed that at many places in lower Assam, double cropping system is followed.
This study can be further extended by including factors like soil type, soil texture, rainfall, socio-economic etc. to study
suitability for different crops. Proper facilities and incentives are to be provided to farmers of this region for better food security.
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ABSTRACT: Rapid population growth and rural-urban migration amidst limited job opportunities lead to conversion of land
from forests into agriculture and other land uses. In this study, Zambia‘s Mwekera national forest reserve was used as a case
study to assess the rate of expansion of agricultural fields using remote sensing and GIS. Iterative Self-Organizing Data Analysis
Technique (ISODATA) as well as maximum likelihood supervised classification on four Landsat images as well as accuracy
assessment of the classifications was performed. . Over the period under observation, results indicate annual percentage changes
to be -0.03, -0.49 and 1.26 for agriculture, forests and settlement respectively indicating a higher conversion of forests into
human settlements and agriculture.
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ABSTARCT: Imaging Hyperspectral data are advent as potential solutions in modeling, discrimination and mapping of
vegetation species. Hyperspectral remote sensing provides valuable information about vegetation type, leaf area index,
chlorophyll, and leaf nutrient concentration. Estimation of these vegetation parameters has been made possible by calculating
various vegetation indices (VIs), usually by ratioing, differencing, ratioing differences and combinations of suitable spectral
band. This paper presents a ground-based hyperspectral imaging system for characterizing vegetation spectral features. In this
study, a ground-based hyperspectral imaging data (AISA VNIR 400-960 nm, Spectral Resolution @ 2.5nm) was used for spectral
vegetation discrimination and characterization of natural desertic tree species. This study assessed the utility of hyperspectral
imagery of 240 narrow bands in discrimination and classification of desert tree species in Jodhpur region using ENVI software.
Vegetation indices derived from hyperspectral images used in the Analysis for tree species classification discrimination study.
Prominent occurring two desertic tree species, viz., Neem and Babul in Jodhpur region could be effectively discriminated. Study
demonstrated the potential utility of narrow spectral bands of Hyperspectral Imaging data in discriminating vegetation species in
a desertic terrain.
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ABSTRACT: Even though planning process particularly economic development plan and its implementation in Nepal has been
initiated with first five-year plan in 1952/54, land resource planning was overshadowed and only regional level data base on land
use, land system and land capability were produced by Land Resource Mapping Project in 1983/84 and made available for
planners and decision makers for sectoral planning in regional scale. During past, different policies and national planning efforts
were made for balanced use of country‘s existing natural resources but Nepal has not practiced land-use planning for the country
as a whole at local level. It is initiated only after ninth five year plan (1997-2002) with the establishment of National Land Use
Project under Ministry of Land Reform and Management and formulation of National Land Use Policy 2013 and its revision in

2015 after devastating earthquake. Land use council, Land use technical committee, District level land use monitoring committee
and VDC/municipality level land use committee are institutional set ups for implementing planning works done by National
Land Use Project at district and local levels. Resource maps produced by different international agency associated with India,
Canada, USA, Japan and Finland were worked as basis for formulation of local level land use plans. Presently National Land Use
Project (NLUP) has prepared land resources maps, geo-database and reports covering almost half of total VDCs of the country
moreover in Terai region. Seven components of land resources management required for local level land use planning are present
land use map, soil map, land capability map, hazard risk map, land use zoning map, cadastral superimpose on land use zoning
map along with its geo-database and report except VDC profile. In first time, geospatial technology-RS, GIS and GPS were
extensively applied in preparation of all these resource maps and creation of their geo-database for local level land use planning.

*******

VIS-NIR REFLECTANCE SPECTROSCOPY FOR ASSESSMENT OF SOIL ORGANIC
CARBON IN A RICE-WHEAT FIELD OF LUDHIANA DISTRICT OF PUNJAB
Bhabani Prasad Mondal1,*, 2, Bharpoor S. Sekhon1, Rabi N. Sahoo2 and Priya Paul3
1

Department of Soil Science, Punjab Agricultural University, Ludhiana, Punjab-141004, India
Division of Agricultural Physics, Indian Agricultural Research Institute (IARI), New Delhi-110012, India
3
Division of Plant Physiology, Indian Agricultural Research Institute, New Delhi-110012
*bpmondal1@gmail.com

2

KEY WORDS: PLSR, Reflectance Spectroscopy, Rice-Wheat, RMSEP, RPD, SOC
ABSTRACT: Soil organic carbon (SOC) is a crucial indicator of soil fertility, maintaining soil health and sustaining the
productivity of agro-ecosystem. Rapid, reliable and cost effective assessment of soil properties specially for SOC is important for
monitoring soil fertility status along with soil health. Conventional chemical analysis of any soil property is hazardous, tedious
and time consuming. So, the visible near infrared (VIS-NIR) reflectance spectroscopy can provide an effective alternative
technique for rapid and ecofriendly measurement of soil properties. In view of this, a key soil fertility parameter SOC was
examined through diffuse reflectance spectroscopy. Georeferenced surface soil samples (0-15cm) were collected from a ricewheat field of the study area for both chemical and spectral analysis. A viable statistical technique namely partial least square
regression (PLSR) technique were used to correlate the measured properties with soil reflectance spectra and for developing
spectral model. The predictive performance of newly developed spectral model was evaluated through different reliable indices
like root mean square of error of prediction (RMSEP), coefficient of determination (R2) and ratio of performance deviation
(RPD). The result showed that the R2 value for SOC is 0.44, RMSEP is 0.07 and the RPD value is 1.57 in the validation dataset.
The RPD value indicating that SOC can be reliably predicted using the hyperspectral model or reflectance analysis. So, this
hyperspectral modeling technique can be successfully employed for monitoring soil health as well as for sustainable agriculture.
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ABSTRACT: India's urbanization has resulted in a significant change in many regions for both agricultural land and agricultural
land use. However, there is limited understanding about the relationship between the two primary changes occurring to India's
agricultural land – the urban expansion on agricultural land and agricultural land use intensity. Our primary goal here is to
examine agricultural land change patterns and processes, and their main driving forces in Aligarh region (Uttar Pradesh) during
the time periods from 2011 to 2018. We have conducted a remote sensing and GIS based analysis of change pattern using multitemporal Landsat imageries for the years 2011 and 2018 by investigating the magnitude of changes in agricultural land use
intensity across the district in a geographical perspective. Our study captured gradual decrease in the agricultural land in Aligarh

district. The results also show that urban expansion is associated with a decline in agricultural land use intensity. The region
experienced agriculture transition, and the urban expansion trend persisted till 2018. In terms of the drivers, we believe that the
population and economic factors are most influential in shaping urban centers, while lower incentive and climatic shifts are the
key drivers of decrease in agricultural land. Our study highlights the drastic effects of socio-economic and climatic changes on
links between urbanization, and agricultural land which implies that urban land expansion is highly likely in future and
consequently, will create pressure on the country's food security.
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ABSTRACT: The fitness of land for a defined use is termed as land suitability. The aim of the study is to find the land suitability
of for selected crops examining the indicators of land suitability. The study focuses on analysing suitability of agricultural crops
in Pazhayannur Block of Thrissur District. Pazhayannur is the administrative unit (block) in the east of the Talapilli Taluk of
Thrissur District in Kerala. The physical and chemical characteristics of the soils of Pazhayannur block like texture, depth, slope,
erosion, pH, salinity and soil available primary nutrients (NPK), secondary nutrients and micronutrients are identified. The slope
of the terrain using Cartosat-Digital Elevation Model, soil erosion, rainfall and land capability is analysed for suitability
classification. Land suitability is studied for the selected crops like paddy, banana, coconut, and rubber. The weighted overlay
analysis in GIS is adopted for the analysis. The parameters are weighted based on its class and its influence in suitability of
specific crops. The results on agricultural land suitability for individual crops were divided into 5 categories according to the land
suitability classification of the United Nations Food and Agriculture Organization (FAO). It is identified that Pazhayannur has
potential for the cultivation of the selected crops. The crops show high suitability (S1) in minor proportion and moderate
suitability (S2) is found in 30 percent and above and marginal suitability (S3) is noticed in lesser areas. There is few portion of
land which is currently not suitable for cultivation (N1) because of its topographic limitations. The restricted areas of forest are
permanently not suited for agriculture (N2).
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ABSTRACT: Urbanization is occurring at a fast rate in India. Population residing in urban areas was 11.4% according to the
Census of 1901. This percentage has gradually increased to 31.16% according to the Census of 2011. Conversion of agricultural
land into non-agricultural uses is the major side effect of urbanization. The objective of this paper is to identify the changes in the
agriculture land and its conversion into other Land Use Land Cover (LULC) type. In order to achieve this objective, mapping of
land use changes is done by using the GIS and remote sensing. This study utilizes satellite images along with field survey and
statistical data to detect the change of farming land into other LULC type in different tehsils of Allahabad district. This study is
carried out over the time period of 18 years that ranges from 2000 to 2018. This work provides the detail of expansion and
shrinkage of agriculture and open land at tehsil level. Landsat data is used in this work which is open source and freely
downloadable. Landsat images of study period i.e. from 2000 to 2018 are downloaded and then preprocessed. Supervised
classification of images is performed using Gaussian maximum likelihood technique. The training samples are collected with the
help of ground truth information. After this, identification of land use changes is done on pixel by pixel basis. This would find

out the LULC class which is primary responsible for the shrinkage of agriculture land. This spatio-temporal and statistical
research work will help to construct a base for a sustainable development model.
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ABSTRACT: The Jhalawar district is located in the South-eastern region of Rajasthan, at the edge of Malwa plateau. The total
area of the study area is 832sq.km located at 469 meters altitude from mean sea level. The average rainfall is 42cm and maximum
temperature touches 47℃ whereas the minimum temperature10℃. Human intervention with the natural environment
demonstrates the peculiar changes in land use and land cover. Due to expansion of urbanization, industrialization most of the land
cover intercepts the natural habitats which in cause deteriorates the environment. Using multitemporal remote sensing data (IRS
LISS III of 2001 and 2010, resolution 24m) different land use land cover categories were mapped. SOI Toposheets 54D/2 and
45P/14 were used for the preparation of base map of the study area. The objective of this study is to analyse the land use land
cover which is an important component in current strategies in monitoring environmental changes and managing natural
resources. For effective outcome remote sensing and GIS plays a vital role for change detection in land use and land cover by the
standard visual interpretation elements. Causes which affect Land use and land cover in the study area are temperature, rainfall,
urbanization, deforestation, expansion of mining activities etc.
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ABSTRACT: The need to combat land degradation is imperative to minimize its adverse impacts on various land surface
processes. However, despite the advancement of scientific technologies, there is lack of adequate knowledge for understanding,
characterizing and combating land degradation. The study involves the integration of various environmental factors in GIS using
multi-criteria weighted analysis approach for suggesting prescriptions to combat land degradation in the Shiwalik Himalaya,
Jammu and Kashmir, India. Analysis of the desertification status map of the area revealed that more than 50% of the watershed
area is showing an indication of desertification. Analysis of the land use and land cover data showed that 25% of the land is under
degraded forest and only 19% of the area is covered by dense forests and ~15% of area is covered with sparse or open forest.
Land capability index indicated that ~45% of area is under land capability class-VIII and most of the watershed area is having
moderate ground water prospects. After the integration of various layers in GIS, 23 classes of composite land development units
were arrived at which were broadly grouped into 3 categories for prescribing land development measures for combating land
degradation viz.: land resource development, soil resource development and water resource development. The results generated
revealed that ~20% of the watershed area needs strict protection and reclamation, ~16% of the area is facing a threat of
deforestation which requires afforestation and only ~20% of the forest area is least affected by natural and anthropogenic
influences requiring minimal forest protection and conservation. These prescriptions for combating land degradation will go a
long way in developing mitigation strategies for combating the problem of land degradation in the watershed.
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ABSTRACT: Palakkad district is known as the rice bowl of Kerala. The increased demand for built up and high cost of
cultivation has decreased the area under agriculture particularly rice in the district. The changes in the traditional paddy wet land
to other land use and built up has changed the hydrological regime of the area. The present study is to understand the relationship
of water balance with the change in agricultural land use of the paddy growing tract of Gayathri river basin covering the Alathur
and Palakkad taluk. The land use of the area is mapped using the available high resolution data and secondary data of 1980 and
the changes in 2015 were mapped. The land use for the two different years, soil and elevation data from cartodem and the
climatic data of the area is used as the input to the SWAT model for getting the water balance. The paddy land in 1980 has
changed to plantations and built up. The result showed the deficit, surplus, Evapotranspiratio n (ET) and runoff for the different
years 1980 and 2015 with the changed land use. The land use changes ET and run off were correlated to understand the
relationship. The study will be helpful in planning the appropriate land use and management of existing resources.

*******

Theme:
RISK ASSESSMENT/ CROP
INSURANCE

WEATHER EXTREMES AND AGRICULTURE
Kamaljit Ray1*, Kopal Arora1 and A.K.Srivastav2
1
Ministry of Earth Sciences, New Delhi, India
India Meteorological Department, CRS, Pune, India
*kamal.ray@nic.in

2

KEY WORDS: Heat Waves, Lightning, Calamities, Disaster, Agriculture
ABSTRACT: Agricultural production is highly vulnerable to weather extremes. The changing patterns of these extreme events
have significant implications on food security. Unprecedented weather extremes can strongly impact crop yield regionally and
globally. The present study examines change in the frequency of extreme events (Floods, heat/cold waves, Tropical Cyclones and
Lightning) over half a century from 1960 to 2016 and its effects on crop yield over India. The analysis aims at identifying the
regions which are more susceptible to extreme events and the changing patterns in the occurrence of these events. Case studies to
analyse the influence of the extremes on yields are also attempted for some of the regions with a high frequency of these events.
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MANAGEMENT OF INSECT PESTS AND DISEASES OF MUSTARD AT DELHI NCR REGION

D K Das, V.K. Sehgal, A. Vashisth, J. Mukherjee and P. Krishnan
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, Pusa, New Delhi 110012
*dkdas.iari@gmail.com
KEY WORDS: GeoPest-DSS, forewarning, IPM.
ABSTRACT: Biotic stress caused by insect pests, diseases, nematodes, weeds, rodents and mammals damages crops in the range
of 20-30%. The development and outbreak of most of the insect pests and diseases are dependent on favourable weather. Timing
and level of pest infestation/ disease infection can be ascertained by identification of favourable weather parameters and weatherbased forewarning. Pest and disease forewarning is an pre-requisite for application of plant protection inputs in appropriate time,
reduction of amount of harmful chemicals as well as plant protection cost and protection of the environment. A decision support
system, GeoPest-DSS (Geospatial Pest Decision Support System), has been developed at ICAR-IARI, New Delhi integrating
weather based forewarning and management of two major insect pests (aphid & painted bug) and two major diseases ( white rust
& Alternaria) of mustard using GIS platform. It is accessing real time hourly weather data from 3 automatic weather stations
(AWS) installed in 3 locations ( IARI farm, KVK(IARI) Shikohpur and NBPGR farm, Issapur) with in NCR. Weather data are
getting collected in data server through wireless connection using GSM. GIS maps of NCR districts and pest and disease
forewarning models are also accessed by the server. GeoPest-DSS is providing forewarning of pest and disease levels and
appropriate IPM practice as output for the farmers and stakeholders. Quantum GIS, MySQL 5.5, php 5.5, html and JavaScript
were used to develop it. Apache HTTP Server 2.2 was used as server. This DSS is web-enabled and an exclusive website has
been launched for this and it is providing the necessary information regarding two major insect pests (aphid & painted bug) and
two major diseases ( white rust & Alternaria) one week in advance with plant protection advice as per integrated pest
management (IPM) principles through GIS maps to the farmers /pest managers of rapeseed-mustard growing villages of NCR
directly through internet.
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ABSTRACT: Under Pradhan Mantri Fasal Bima Yojana (PMFBY), a large number of Crop Cutting Experiments (CCEs) have
been conducted by Odisha State Government for Kharif Rice in the year 2016 and 2017. The present study was carried out to
examine the quality of the performed CCEs using statistical methods and Remote Sensing (RS) technique. Total 24389 and
34725 CCEs have been conducted; finally 22083 and 26848 CCE points were analyzed after removing outliers for the year 2016
and 2017, respectively. Multi-date RISAT-1 (2016) and Sentinel-1A (2017) satellite data were used for generating the Kharif
Rice crop mask and then used to get NDVI and NDWI values for Rice pixels. The values of these indices were divided into four
strata from highest A, followed by B, C, and D (Lowest Value) based on the range (minimum and maximum). The CCE based
yield data were then divided into four yield stratum of equal proportion. Yield and RS (NDVI+NDWI) based strata were
combined to examine whether the CCE Points having high yield fall under good NDVI zone or vice versa. The results showed
that there was strong match between CCE strata and the spectral index strata in both the years. Therefore, it can be concluded that
RS based indices have the capability to measure the quality/accuracy of CCEs. Furthermore, the large amount of information
available with CCEs such that crop variety, crop condition, water sources, stress conditions etc., can be used as input parameters
to train any model to predict better results.
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ABSTRACT: Stress in the crop not only decreases the production but can also have devastating consequences for farmers whose
life depends upon the healthy crops. In recent time (January 2018) a such abiotic stress event (hoar frost) was experienced at
ICAR research complex experimental filed, Ri-Bhoi district of Meghalaya on standing Maize crop. Therefore, remote sensing
(Multispectral UAV- Unmanned Aerial Vehicle) technologies were used to detect the effect of frost on in-filed Maize crop. Two
set of multispectral data (before frost and after frost) with four advanced machine learning techniques viz. Random Forest (RF),
Random Committee (RC), Support Vector Machine (SVM) and Artificial Neural Network were employed for detection of stress
free crop and stressed crop due to frost. Results revealed that all the four methods of classification could able to identify / detect
stress-free vs. stressed crops at satisfactory level. However, among the classifiers RF achieved relatively higher overall accuracy
(OA=86.47%) with Kappa Indexanalysis (KIA=0.80) and found very cost effective in context of computational cost (time
complexity = 0.08 Seconds) to train the model. In addition, we have also recorded the area of each classes and found that after
frost stress-free area (36.01% of all over filed) is decreased by 11% in comparison of before frost (25.036% of all over filed).
Based on the results we can suggest that the RF ensemble classification method can be used for further other crop classification
in order to estimate the yield, detect the condition, monitoring the health etc.
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ABSTRACT: Brinjal is a principal vegetable crop, grown throughout India. West Bengal is the leading producer of Brinjal with
an acreage of about 160 thousand hectares and production of approximately 3000 thousand tonnes. Bacterial wilt disease
(pathogen: Pseudomonas solancearum) is a major problem affecting brinjal crop. Infected leaves show yellowing, loss in
turgidity, drying and ultimately the entire plant collapses. The study aims to examine the potential of hyperspectral remote
sensing for detection of biotic stress caused due to bacterial wilt disease and identify best spectral band widths and hyperspectral
indices indicative of disease infestation. This study was conducted in a farmer‘s plot at Alampur in Baruipur block, South 24

Pargana district, West Bengal. Biophysical parameters viz., canopy spectra (using ASD Fieldspec 2 Spectroradiometer),
chlorophyll content (by Chlorophyll meter) and Leaf Area Index (LAI) (by plant canopy imager) were collected. The healthy
plants had green and fully turgid leaves whereas diseased plants had lower chlorophyll content and Leaf Area Index (LAI). The
reduction in chlorophyll content lowered reflectance in green region (520-590 nm) and internal leaf damage in near-infrared
region (770-860 nm). A correlation analysis was carried out between reflectance at specific bandwidths and hyperspectral indices
with chlorophyll content and LAI of healthy and stressed plants. Bandwidths of 528-531 nm, 550-570 nm, 710-760 nm, and
single bands such as 800 nm and 920 nm and indices viz. Greenness index, Modified Chlorophyll Absorption in Reflectance
Index (MCARI), Transformed Chlorophyll Absorption in Reflectance Index (TCARI), Triangular Vegetation Index (TVI),
Simple Ratio Pigment Index (SRPI), Photochemical Reflectance Index (PRI 2), Lichtenthaler Indices (LIC1, LIC2), Structure
Intensive Pigment Index (SIPI) etc. were found to have strong positive correlation (R2>0.9) with above biophysical parameters.
These specific bandwidths and indices can be helpful in regional biophysical parameter estimation through corresponding
satellite derived band data and early detection of crop stress, crop growth and disease monitoring.
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ABSTRACT: Mapping the extent of damage due to natural calamities remains one of the thrust areas in monitoring resource
inventory through geo-spatial techniques such as remote sensing, GIS and GPS. The effect of the cyclone ‗Titli‘ and heavy rains
during first fortnight of October 2018 in Srikakulam district of Andhra Pradesh State has been demonstrated using geo-spatial
technology in terms of flood inundated rice area and corresponding yield and production loss. The pre- and post-cyclone (5 and
13 October 2018) flood inundation maps were generated using C-band Sentinel-1A and X-band TerraSAR-X Synthetic Aperture
Radar (SAR) data respectively. The pre-cyclone rice area estimates were derived from multi-temporal Sentinel-1A SAR data,
while yield forecast is based on the combination of satellite observations and yield simulation using ORYZA crop growth model.
An intensive ground truth data collection had been carried out for the validation of satellite-derived rice area estimation of precyclone event. An accuracy assessment has been carried out for district level and one selected mandal as well as village level. An
overall accuracy of 96% with kappa coefficient 0.92 has been achieved. With the help map flood inundation and rice area map,
mandal-wise flood affected rice area and corresponding yield loss as well as production loss have been estimated. The postcyclone ground truth data had been collected for quantitative assessment of crop damaged area. Based on the ground observation,
the flood-affected rice map was categorized into four classes namely Slightly damaged, moderately damaged, severely damaged
and totally damaged. Similar to rice product validation, an accuracy assessment for the flood affected rice product based on the
post-cyclone ground data. An overall accuracy of the flood affected rice map was 85% with kappa coefficient 0.70. It was
estimated that rice crop damage assessment with SAR data on 13 October 2018 indicated 53312 ha out of 205174 ha (26% of
estimated rice area) were affected and the corresponding estimated yield as well as production are 0.8 t/ha and 189160 t (23%)
respectively.
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ABSTRACT: Early detection of crop pest and disease is very critical for taking up suitable control measures to reduce the loss
of economic yield. Coffee is an important commercial crop in India which is affected by pests and diseases every year resulting in
major yield loss. White stem borer (Xylotrechus quadripes) is the most serious pest of coffee (Arabica sp.) in India causing
substantial loss of yield every year. Detection of the infestation in its early stage is quite challenging. In this regard, image pattern
recognition techniques offer cost effective and scalable solutions. An image library was created representing different stages of the
plant infestation using camera/mobile devices. Our Convolutional Neural Network (CNN) models use these images of healthy
and infested plants for early detection of white stem borer infestation. The overall methodology included image processing,
machine learning, supervised transfer learning and unsupervised auto-encoding techniques to solve the problem of early detection
and severity of the infestation. Using the Inception v3 transfer learning model, we obtained average accuracy of 85.5% which is
quite encouraging with limited image datasets. We explore Unsupervised Autoencoder models, which can work with limited
image datasets. In addition, statistical analysis of long-term climatic factors such as temperature, rainfall, humidity and
luminescence is explored for reliable detection and diagnosis of the infestation. Based on the encouraging results, a mobile
application is proposed for near real time monitoring of WSB infestation to help the coffee planter‘s community.
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TRENDS AND VULNERABILITY ASSESSMENT OF METEOROLOGICAL AND
AGRICULTURAL DROUGHT CONDITIONS OVER INDIAN REGION USING TIMESERIES (1982-2015) SATELLITE DATA
Rituparna Das 1,*, Prabir Kumar Das 2, Sounmya Bandyopadhyay 2, Uday Raj 3
1

2

TERI School of Advanced Studies, New Delhi, India
Regional Remote Sensing Centre-East, NRSC, ISRO, Kolkata, West Bengal, India
3
Regional Centres, NRSC, ISRO, Hyderabad, Telangana, India
*rituparnadas030@gmail.com

KEY WORDS: Meteorological Drought, Agricultural Drought, Trends, Vulnerability, Standardized Vegetation Index,
Standardized Precipitation Index.
ABSTRACT: The vulnerability and trends of meteorological as well as agricultural drought conditions over Indian region was
studied using long-term (1982-2015) gridded precipitation and time-series normalized difference vegetation index (NDVI) data.
The Climate Hazards Group Infra-Red Precipitation with Station (CHIRPS) precipitation data (~5 km) was used to compute
Standardized precipitation index (SPI) at 3-month time scale for Indian summer monsoon season (June-September).
Subsequently, the long-term Global Inventory Modelling and Mapping Studies (GIMMS) time-series NDVI data (~8 km) was
interpolated at daily scale and smoothened using Savitzky and Golay filtering method. Further, the time-series NDVI data was
transformed into several phenological parameters using threshold and derivative approach. As integrated NDVI, i.e. the area
under seasonal NDVI curve, is able to represent the anomalies in seasonal agricultural production, it was transformed into
standardized vegetation index (SVI) using empirical distribution. Several drought parameters, e.g. magnitude and extent, were
computed at district level based on the SPI and SVI values, where values with SPI or SVI less than minus one was considered as
meteorological and agricultural drought year, respectively. The trends of drought magnitude and extent for both the
meteorological and agricultural drought were estimated using Sen‘s slope. The direction of trends and magnitude were found to
be varying spatially across different parts of Indian region. Further, the mean SPI/SVI values along with drought frequency were
utilized to categorize entire Indian agricultural area into different vulnerable zones during three decades separately. The overall
drought vulnerability was found to be decreasing over time.
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ABSTRACT: Remote sensing-based large-area crop disease discrimination plays a vital role in agricultural management to
assess severity level of diseases to avoid economical losses to farming community. Over the period, various biotic stresses have
emerged through disease and pest infestation. Among these, blast is one of the most disastrous disease of wheat. It is also called
as leaf blast, collar rot node blast, spike blast or rotten neck blast depending on the portion of wheat infected. Wheat blast is
caused by the fungal pathogen Magnaporthe oryzae and first discovered in Brazil, Bolivia and Paraguay in 1985. In 2017, wheat
blast was emerged in Murshidabad district of West Bengal in India. This posed a serious threat to Indian food security. In this
study blast disease over wheat crop is studied using ground based hyperspectral measurements at one nm interval and
Resourcesat-2 AWiFS data for year 2017. Supervised classification with maximum likelihood classifier was used to generate
wheat crop mask using AWiFS data. The ground based hyperspectral bands are further used derive four RS-2 AWiFS broad
spectral bands and showed significant difference in healthy and infested plants in vegetative and advance vegetative stages in
green, red, NIR and SWIR spectral bands. The 2-D scatter between vegetative indices such as NDVI and LSWI showed wellmarked discrimination between healthy and infested wheat crop in all sites. These results are used to derive thresholds for NDVI
and LSWI and translated in RS-2 AWiFS derived indices to generate disease severity at spatial scale over Murshidabad district of
West Bengal. The distributed wheat severity map showed that 0.59 percent and 99.41 percent of total wheat area is healthy and
blast infested respectively. This study suggests that wheat blast can be discriminated using RS-2, AWiFS broad bands at
vegetative and advance vegetative stage with support of ground measured hyperspectral data and damage area can be mapped at
spatial scale before final harvest.

*******

COMPARISON OF AGRICULTURAL SITUATION OF INDIA FOR TWO YEARS
(2017 AND 2018) USING VARIOUS DROUGHT ASSESSMENT INDICATORS DURING
SOUTH WEST MONSOON SEASON IN INDIA
Shalini Saxena*, K. Choudhary, R. Saxena, A. Rabha and Preeti Tahlani
Mahalanobis National Crop Forecast Centre, DAC&FW, Pusa, New Delhi-110012, India
*shalini.85@gov.in
KEY WORDS: Agriculture Drought, NDVI, Rainfall, Dry Spell, Trigger
ABSTRACT: Agricultural drought is concerned with the soil moisture deficiency in relation to meteorological droughts and
climatic factors and their impacts on agricultural production and economic profitability. Present study is based on two years
kharif seasons i.e. 2018 and 2017, comparison of drought assessment using remote sensing, soil moisture indices, rainfall and
crop sown area as per the New Drought Manual, December, 2016. The drought assessment was carried out at district and subdistrict level under National Agricultural Drought Assessment and Monitoring System (NADAMS) project. Drought trigger-1 is
checked with rainfall deviation and dry spell. During 2017, the final drought categories were defined on the basis of Rainfall,
Moisture and Vegetation Condition Index. During 2018, the final district level drought categories are defined using 3 indicators,
where sown area upto end of August was also considered. Based on the approach defined in the New Drought Manual, analysis
was carried out at district level for 17 major agricultural drought prone states of the country. State wise Rainfall deviation, dry
spell, NDVI/NDWI situation was compared for both the years. Remote sensing based vegetation and water indices are important
impact indicator out of 4 because it gives an idea of crop profile and surface wetness condition respectively. Thus the present
study is an attempt to compare the drought situation in kharif season of years 2017 and 2018 on the basis of different impact
indicators.
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ABSTRACT: Cotton cultivation has made rapid strides in India since the introduction of Bt cotton which provided effective
protection against its major pest, Helicoverpa armigera and other bollworms. The presence of alternate host crops for cotton
bollworms targeted by Bt cotton play a key role in resistance evolution to the in planta expressed Bt proteins. Several host crops
for H. armigera such as pigeonpea, sorghum, tomato, chilli, sunflower and corn are cultivated alongside Bt cotton. Change
detection in the extent of cotton and alternate host crops of cotton bollworm was conducted using IRS LISS-III data in Punjab,
Haryana, Rajasthan, Gujarat, Maharashtra, Andhra Pradesh and Karnataka states. The changes in the extent of cotton and host
crops were monitored using multi-temporal data of 2002, 2004 and 2008. The results indicated that Bt cotton (Hirsutum) has
almost completely replaced the traditional Indian cotton (Gossypium arborium). Several alternate host crops of H. armigera were
grown along with cotton. Pigeonpea was the major host crop in almost all the locations. Chillies dominated in Andhra Pradesh,
sunflower in Karnataka and corn in Gujarat. These host crops serve as ‗natural‘ refuge of H. armigera and possibly for this
reason this pest has not evolved resistance to the Bt expressed by Bollgard II even after 16 seasons of intensive cultivation;
whereas the pink bollworm, a monophagous cotton bollworm, had developed resistance to Cry1Ac in 2009 and to Cry1Ac and
Cry2Ab in 2015.
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ABSTRACT: The deficiency in rainfall leads to meteorological droughts. Its manifestations are visible both in the vegetation
cover and soil moisture. The present study assessed the characteristics of agricultural drought following meteorological droughts.
The study also assessed the severity of meteorological droughts and their manifestation on the agriculture and soil moisture in a
semi-arid area. The study has been carried out for the Malaprabha sub-basin which partly covers three districts of North Interior
Karnataka, India. India Meteorological Department‘s (IMD) criteria has been used to identify the drought years and its severity
has been assessed through the Standard Precipitation Index (SPI). The IMD‘s monthly rainfall data was used to identify the
drought years and periods for the region. Among the drought years the mild, moderate and severe drought along with deficit and
excess rainfall years were considered to assess and characterize the soil moisture conditions and the agricultural drought. The
satellite image based indices for these selected years were constructed to determine the soil moisture conditions and the
agricultural drought severity. The Temperature-Vegetation Dryness Index (TVDI) was used to determine the soil moisture
conditions. The indices employed to determine the agriculture drought are NDVI, Thermal Condition Index (TCI), Vegetation
Condition Index (VCI) and Vegetation Health Index (VHI). These satellite based indices were calculated using the Landsat
images of the selected drought and non-drought years. The results shown that the seasonal and annual drought are frequent in the
study area. There are spatial and temporal variations in the drought years and their severity. The satellite based indices clearly
indicates the spatial variation in the agriculture droughts and its intensity. It has been found that the impact of drought on
agriculture has significantly reduced due to the development of well-irrigation in the sub-basin. VHI is more appropriate in
determining the agricultural drought and its characteristics.
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ABSTRACT: Drought is a recurrent climatic phenomenon that occurs on a large geographical space with uneven spatiotemporal characteristics over an extended period of time. Due to its severe impact on the agriculture and vegetation, monitoring
of drought and its severity using satellite derived drought indices are becoming popular in the field of disaster, desertification and
climate change studies. This current research is aimed at continuous yearly monitoring the effect of drought using NDVI, LST,
VCI, TCI and VHI over the agricultural lands of Dharmapuri using the level 1 Landsat data products from Thematic Mapper
(TM) and Operational Land Imager/ Thermal Infrared Sensor (TIRS) during the summer months (AprilMay) of 2006 to 2018
respectively. The objective of this present study is to determine the satellite image based Normalized Differential Vegetation
Index (NDVI) and the Land Surface Temperature (LST) by using spatio-temporal images of Landsat satellite images. The
Vegetation Condition Index (VCI) and the Temperature Condition Index (TCI) are determined from the NDVI and LST. Using
VCI and TCI, the Vegetation Health Index (VHI) is determined for the agricultural region of the study area. A total number of 3
bands (band 4 (NIR), band 3 (Red) and band 6 (Thermal)) from Landsat TM (4-5) and 4 bands (band 5 (NIR), band 4 (Red), band
10 (TIRS-1) and band 11 (TIRS-2) from Landsat OLI/TIRS for the period of 2006 -2018 are used in this study in order to
calculate the VHI. Based on the stressed and healthy vegetation, the drought affected agricultural land is classified into extreme
drought region (<10), severe drought region (<20), moderate drought region (<30), mild drought region (<40) and No drought
region (≥40). The results of VHI shows that during summer season of 2013 and 2014, the agricultural lands of Dharmapuri are
affected with severe drought followed by 2009, 2010, 2016 and 2018 are mostly affected by moderate drought whereas during
2007, 2015 and 2017, there was presence of a mild drought. Minimal impact of drought is seen during 2006 and 2008, where
there was majorly no drought in the agricultural regions of the study area. This study will help in identifying the regions and
calculating the aerial coverage of the regions which are affected by the drought. This kind of approach by using satellite remote
sensing data will greatly help the decision makers in monitoring, investigating, resolving and adopting the management strategies
for drought conditions more effectively.
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ABSTRACT: In India, about 16% of the land area is drought prone and the adverse effects of the agricultural drought affect
about 50 million people annually. Agricultural Drought results in deleterious impacts particularly on crop growth, crop
production and farmer‘s employment. It therefore plays a very significant role in the growth and development of the country. The
use of GIS and Remote Sensing is playing a very eloquent role in the assessment of the Agricultural Drought as it provides the
updated information of the land spatially as well as temporally. This paper deals with the comparative study of the FAO based
"Agricultural Stress Index System‖, the ‗Palmer Drought Severity Index‘ to assess the drought conditions in the Gulbarga district,
Karnataka with the help of Remote Sensing and GIS techniques. The aim is to avoid and prevent the negative effects of drought
on the farmers and to choose the most suitable index for assessing the agricultural drought for the Indian subcontinent.
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ABSTRACT: North India, since time immemorial remained the cradle of agricultural development. Every year during the
monsoons, there is a high upsurge in the river Rapti. This leads to heavy flooding in the area and takes a toll on life and property
besides submerging acres of precious agricultural land. Till now, such floods have been mapped using satellite data from optical
sensors, but in monsoons due to cloud cover the task becomes difficult. Spaceborne SAR (Synthetic Aperture RADAR) data
solves this problem by offering all-weather availability. This study aims to utilize the potential of C-band dual PolSAR data from
Sentinel-1A for flood mapping and analysis of its impact on agriculture along with suggesting mitigation measures. Sentinel-1A
data of January and September 2018 was taken and pre-processed. Thereafter, an interferogram was prepared and was phase
filtered using modified Goldstein phase filter to remove phase distortions and a DEM (Digital Elevation Model) was prepared.
The phase maps generated were analyzed for phase variations after removing the topographic phase and it was found that there
was very less phase variation from urban and agricultural lands surrounding the river which clearly indicated heavy flooding and
submergence of land in water. Using the DEM map generated, hydrological processing was done to delineate flow lines and
calculation of catchment area at point of maximum submergence of agricultural land. This was followed by the generation of
contours in the area and finally, the flood impact analysis was done by calculating the water volume in watershed during the
flood.
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ABSTRACT: Arid region of India shows vast variation in climate and vegetation during last two decades. In order to analysis
impact of monsoonal patterns on the vegetation indices of the arid zone, a three years (2015-2017) temporal series Moderate
Resolution Image Spectrometer (MODIS) data for Pre & Post Monsoon was used for computing Normalized Difference
Vegetation Index (NDVI). The cloud-free NDVI time series data are used to study the relationship between the rainfall pattern
and the vegetation changes in Jodhpur District. ENVI and ArcGIS image processing software are used to evaluate and monitor
the vegetation for the pre-monsoon and post-monsoon seasons for three years. Enormous changes were observed during pre and
post monsoon temporal analysis. This study shows that MODIS NDVI data is best suited for quick vegetation assessment in arid
region.
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ABSTRACT: Cropping System Analysis is essential for studying the sustainability of Agriculture. Remote sensing technology
provide continuous and synoptic observations of crop area over large extent and substantial contribution in monitoring,
evaluating and forecasting of crop and its damage assessment both in cloud and cloud-free environment. Geo-stationary satellites
like Synthetic Aperture Radar (SAR) can penetrate through clouds hence it help in assessment of crop even in hazy atmospheric
circumstances like fog, smog, light rain, mist etc. The present study reviews cropping pattern and crop rotation of of Morigaon
District of Assam. Landsat OLI- 8 multi-spectral data sentinel 2 multi-spectral and sentinel- 1 SAR data was collected during
crop year 2015, 2016 and 2017. The microwave SAR data was used for the classification of crop area for Kharif season due to
unavailability of optical cloud free data and also helps in estimation of flood water propagation and its extent and its significant
loss to agriculture crop. The result of the pilot study shows that integration of SAR data and GIS environment can be exploited in
an efficient way to assess the crop damage area due to flood. Block-wise flood inundation statistics have been derived. This study
can be extended to other states/ districts as data collected by satellite can be standardized, the data are reliably objective.
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ABSTRACT: The classification of agricultural crop types is an important application of remote sensing. With the improvement
in spatial, temporal and spectral resolution of satellite data, a complete seasonal crop growth profile and separability between
different crop classes can be studied by using ensemble-learning techniques. This study compares the performance of Random
Forest (RF), which is a decision tree based ensemble learning method and Naïve Bayes ( a probabilistic learning technique) for
crop classification of Lekoda gram panchayat, Ujjain district, using multi-temporal Sentinel 2 of Rabi 2017-18. The study area
contains seven different classes of crop types, and in each class, we have used 65% of the ground data for training and 35% to
test the classifier. The performance of RF classifier was found to be better than NB classifier. Kappa coefficient of RF classifier
in mid of the crop season (December-January) was found to be 0.93. This result indicates that an accurate in-season crop map of
the study area can be generated through integrated use of Sentinel 2 temporal data and RF classifier.
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ABSTRACT: Satellite Sentinel-2 offers a global coverage of the Earth surface at the frequency of a few days with pixel size
ranging from 10 to 60 meters. Such spatio-temporal resolution fosters an advanced research in agricultural area notably. The role
of the surface albedo as a mean to reduce the surface radiative forcing in link to agriculture practice is a real concern. A high
resolution (HR) surface albedo is now generated routinely from the observations of satellites Sentinel-2A & -2B for the time
being plus Landsat in the near future. The methodology inherited from the Global Land Service of Copernicus is presented with
some preliminary results.
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ABSTRACT: High spatial resolution land surface temperature (LST), vegetation water use and water stress are of paramount
importance for field-scale irrigation water management, flash drought warning, and yield forecast in arid and semi-arid
ecosystems. The availability of high spatial resolution LST from low Earth observing satellites like Landsat-8 helps in
determining vegetation water use and stress at parcel scale. However, coarse temporal resolution (16-day revisit) and loss of
information due to overcast sky conditions during satellite overpass limits its use for routine monitoring and mapping. Good
quality daily LST is available from recently launched Sentinel-3 (S-3), although the relatively coarser spatial resolution (1 km)
limits its application for water footprinting at the field scale. However, Sentinel-2 (S-2) with 13 spectral channels in the
visible/near infrared (VNIR) and short wave infrared (SWIR) spectral range has high spatial and temporal resolution (20 m; 3
days repeativity), and the information contained in the SWIR bands tend to have immense potential for mapping water use and
stress. This study demonstrates an integration of SWIR-based water stressed index (SIWSI) into a physicallybased surface energy
balance (SEB) model for simultaneous estimation of LST and vegetation water use. SEB model called Surface Temperature
Initiated Closure (STIC) was modified to ingest SWIR information, wherein estimation of LST was done in an inverse-iterative
mode (iLST) alongwith simultaneous estimation of evapotranspiration (E), evaporation (EE), transpiration (ET), and water stress.
Ecosystem water use was estimated by accumulating E and its components. The new method (named STICiLST) was tested and
evaluated across an aridity gradient in the North Australian Tropical Transect (NATT) using time-series of 8-day MODIS Terra
visible and LST products in conjunction with eddy covariance measurements from 2010 to 2016. An intercomparison of iLST
with MODIS Terra LST in five sites in the EC grid revealed an error of 3 – 6 K, with a high systematic error in the humid
tropical ecosystem (Howard Springs) which progressively declined in the arid ecosystem (Alice Springs). Although the root
mean square error (RMSE) in instantaneous E was 25 – 40% of the observed mean, the percent RMSE was relatively less when E
was accumulated annually (20% RMSE). In general, the humid ecosystem revealed a tendency of high systematic errors in E
(35%) as compared to the arid and semi-arid ecosystems (25 – 30%). This initial evaluation points towards dedicated exploitation

of SWIR data for helping to constrain elements of the surface energy balance and ubiquitous field scale water status observations
needed in both ecology and agriculture from current S-2, future sensors like TRISHNA (planned Indo-French mission), Sentinel8, as well as reconstruction of LST at high spatial resolution from Indian RS sensors (e.g., LISS-3, AWiFS) and MODIS LST at
500 m spatial resolution.
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ABSTRACT: In India, stubble burning is frequently practiced in the dominant rice-growing states of the Indo-Gangetic Plains
(IGP), primarily in Punjab, Haryana and Uttar Pradesh. In this study, we attempted monitoring and mapping of the active fire
events in real time for all the 3 states by acquiring thermal datasets from 3 different sensors i.e. Visible Infrared Imaging
Radiometer Suite (VIIRS) at 375m aboard Sumo-NPP, Moderate-Resolution Imaging Spectro-Radiometer (MODIS) at 1000m
aboard Terra & Aqua, and Advanced Very High Resolution Radiometer (AVHRR) at 1,100m aboard NOAA 18/19 & MetOp
1/2, made available by IARI Satellite Ground Station during Kharif crop harvest season (October-November) 2018. The Standard
algorithm of detection of the temperature of a pixel at (4.0 μm and/or 10 to 12 μm) and its difference from the temperature of
surrounding pixels was employed for both day and night passes. Analysis of active fire locations detected from VIIRS, MODIS
and AVHRR between 30th September 2018 and 28th October 2018 suggests continuing practice of stubble burning with a total
of 18741 burning events distributed as 12889, 3739 and 2113 in Punjab, Haryana and Uttar Pradesh, respectively. Further,
district-wise monitoring shows a significant upsurge in the number of fire events during the study period in the south-western and
eastern districts of Punjab. However, intense fire was witnessed in northern districts of Haryana and western districts of Uttar
Pradesh. Comparative analysis shows that the burning events in the current year up till 28th October 2018 are 58% of the events
detected in 2017 and about 43.52% of the events detected in 2016. It implies that the burning of rice stubble in the current year
has reduced significantly over the past years due to various scheme implemented by the State and Central government. The realtime
detection
of
active
fire
events
on
daily
basis
are
made
available
at
Geo-Portal
http://geoportal.icar.gov.in:8080/geoexplorer/composer/ developed using open source technologies.
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ABSTRACT: Crop phenology of kharif rice in lower Gangetic plain was analysed in this study. The time series 8-day composite
vegetation indices (VI), such as Enhanced Vegetation Index (EVI) and Normalized Difference Vegetation Index (NDVI), from
Moderate Resolution Imaging Spectroradiometer (MODIS), onboard Terra satellite, was used from the period of 2001 to 2016.
The rice field was identified using the time series signals of Land Surface Water Index (LSWI), derived from MODIS 8-day
composite surface reflectance data, NDVI and EVI along with more than 160 in-situ observations. Threshold-based decision tree
(DT) approach was used to distinguish rice pixels from other pixels. The time series signals of rice pixels were analysed further
to extract the phenology metrics, such as the start of the season (SOS), mean greenness time (MGT), end of the season (EOS) and
length of the season (LOS). The derived metrics were regressed against time to understand the temporal dynamics. Moreover,
SOS was further analysed with the arrival of monsoon in India (DOM) and cumulative precipitation from DOM to the reaching
of monsoon precipitation band at the lower Gangetic plain. The results show Julian Day (JD) of 209 (28th July) as median SOS

with a spatial abundance in the central part of the lower Gangetic plain. The derived EOS shows a value of JD 337 (3rd
December) for most of the plain, however, southern part of the plain shows a value of JD 353 (19 th December). The derived LOS
shows a median value of 128 days for the completion of kharif rice. These phenological metrics, especially the SOS, while
regressed with DOM, shows a positive association (β = 0.27) with the date of monsoon arrival. Such positive linear association is
implying the delay in SOS as the monsoon sets later in this part of the lower Gangetic plain. The time series plot of the DOM
from 2001 to 2016 also shows a delay in monsoon arrival in the study area. The cumulative rainfall amount from June 1st to July
20th throughout 2001- 2016 shows a significant decreasing trend of precipitation (β = -1.06). Thus, SOS and EOS of kharif rice
getting delayed over the years. The results of this study can directly be linked with the global climate change that alters the
monsoon arrival and amount of precipitation in India and more specifically to lower Gangetic basin.
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ABSTRACT: The impact of climate change in the context of the western Himalayan regions has already started surfacing.
Mountain ecosystem experiencing shifting of temperate fruit belt upward, adversely affected productivity of food grains and
apples, shifting and shortening of rabi season forward, disrupted rainfall pattern and more severe incidences of diseases and pests
over crops. Diversity of agro-environments and cropping practices in mountain ecosystem also poses a key challenge to
formulate holistic approach of addressing climate change issue. However, modern tools such as remote sensing and
geoinformation technology have shown enormous potential to provide spatial solutions to many problems of mountain
agriculture. In view of addressing issue of food security, models capable of forecasting climate and crop yields are used
judiciously within geographical information system (GIS) environment for predicting climatic impact on crop productivity in
Himachal Pradesh, India.
In this study Regional Climate Model (RCM) named RegCM-4.3.5.6 is used for predicting the future climate (2001-2025) with
Dynamic Downscaling for the IPPC scenario A1B, EH5OM-GCM (Global Circulation model) datasets. Climate prediction over
the Himalayan is a high challenging task due to the highly variable altitude and orientation of orographic barriers. Surface
characteristics also play a mandatory role in climate simulations and need appropriate representation in the models. In this study,
two land surface parameterization schemes (LSPS), the Biosphere Atmosphere Transfer Scheme (BATS) and the Common Land
Model (CLM, version 3.5) in the regional climate model (RegCM, version 4) have been tested over the Himalayan region for
nine distinct winter seasons in respect of seasonal precipitation. These outputs are validated with CRU Data sets. We used
CERES family models in-built within Decision Support System for Agro-technology Transfer (DSSAT) for predicting crop
yields of maize and wheat crop.. The outputs from the RegCM climate model are taken as inputs for the crop model. Maximum
and Minimum Temperature, Rainfall, Solar Radiation are the inputs for crop model and these inputs are validated with CRU
observed Data. Down-scaling of GCM (ECHAM) model by RegCM 4.0 captured inter-annual variability of climatic parameters
(20012025) and has shown reasonably good agreement for rainfall and temperature simulation with CRU data Maximum
Temperature is 90% correlated with CRU data while the minimum temperature is 92% and rainfall is 65% correlated with CRU
observed datasets. Soil data is required for crop model simulation as well as crop management data, Cultivar data etc. This
information is collected from field visit and from various Agriculture research stations in Himachal Pradesh. .Model simulation
for wheat and maize yield in Himachal Pradesh had reasonably good agreement with observed yield at district level. Overall
agreement index for simulated maize and wheat yield is 0.67 and 0.72, respectively. In near future (2021-2025), climate change is
appeared to marginally reduced crop yield of Maize (13%) and Wheat (15.7%) compared to 2001-2005.
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ABSTRACT: Atmospheric aerosols have a large effect on the Earth radiation budget through its direct and indirect effects. A
systematic assessment of aerosol effects on Earth‘s climate requires global mapping of tropospheric aerosols through satellite
remote sensing. However, aerosol retrieval over land surface remains a challenging task due to bright background of the land
surfaces. Polarized measurements can provide an improved aerosol sensing by providing a means of decoupling the surface and
atmospheric contribution. The Indian Space Research Organisation is exploring a plan to develop space borne sensors for Earth
observations such as, Nano satellite for Earth Monitoring & Observations for Aerosol Monitoring (NEMO-AM) and Polarimeter
for Aerosol Monitoring (PAM) with the spectral bands in visible, near infrared and short wave infrared spectral regions. An
understanding of the polarized signals from such sensor systems and development of aerosol retrieval algorithm is necessary. In
the present study, a study has been carried out with the aim of performing a detailed theoretical modelling exercise for computing
Mie coefficients which would enable to generate the satellite-level polarized signal. Computations of various Mie coefficients for
varying aerosol properties under diverse viewing geometry have been done for the spectral bands located in visible to short wave
infrared spectral regions. These coefficients have been subsequently used in computing the atmospheric polarized contribution in
the total satellite-level polarized reflectance. Results of the present modelling study have been compared with the 6SV (Second
Simulation of Satellite Signal in the Solar Spectrum –Vector) computations, which showed a very close agreement. Computation
of signal-to-noise ratio and uncertainty analysis for aerosol retrieval has also been carried out for a moderate spatial resolution
space borne polarimeter.
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ABSTRACT: Evapotranspiration is an important component of the water cycle. For the agronomic management and ecosystem
health monitoring, it is also important to provide an estimate of evapotranspiration components, i.e. transpiration and soil
evaporation. To do so, Thermal InfraRed data can be used with dual-source surface energy balance models, because they solve
separate energy budgets for the soil and the vegetation. But those models rely on specific assumptions on raw levels of plant
water stress to get both components (evaporation and transpiration) out of a single source of information, namely the surface
temperature. Additional information from remote sensing data are thus required. This works evaluates the ability of the SPARSE
dual-source energy balance model to compute not only total evapotranspiration, but also water stress and
transpiration/evaporation components, using either the sole surface temperature as a remote sensing driver, or a combination of
surface temperature and soil moisture level derived from microwave data. Flux data at an experimental plot in semi-arid Morocco
is used to assess this potentiality and shows the increased robustness of both the total evapotranspiration and partitioning retrieval
performances. This work is realized within the frame of the Phase A activities for the TRISHNA CNES/ISRO Thermal Infra-Red
satellite mission.
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ABSTRACT: Climate change induced extreme weather events such as drought and flood condition are likely to become more
common and associated impacts on crop production will be more without proper irrigation planning. The present investigation
was undertaken for assessing the impact of Climate change on tomato yield and water use efficiency (WUE) using AquaCrop
model and RegCM 4.4 simulations. The water driven AquaCrop model was validated based on observation of field experiment
conducted with four different dates of sowing (1st November, 15th November, 1st December, 15th December) at Ponnaniyar basin,
Tiruchirappalli. Validation of AquaCrop model indicated the capability of AquaCrop in predicting tomato yield, biomass and
WUE close to the observed data. Seasonal maximum and minimum temperatures over Tiruchirappalli are projected to increase in
the mid-century under both RCP4.5 and RCP8.5 scenarios. Maximum temperature is expected to increase up to 1.7°C/2.5 °C in
SWM and 1.9 °C / 2.9°C in NEM by the mid of century as projected through stabilization (RCP 4.5) and overshoot emission
(RCP 8.5) pathways. Minimum temperature is expected to increase up to 1.6°C/2.2 °C in SWM and 1.6 °C / 2.1°C in NEM by
the mid of century as projected through stabilization (RCP 4.5) and overshoot emission (RCP 8.5) pathways. Seasonal rainfall
over Tiruchirappalli is expected to decrease with RCP4.5 and RCP8.5scenarios with different magnitude. Rainfall is expected to
change to the tune of -1/-11per cent in SWM and -2 / -14 per cent in NEM by the mid of century as projected through
stabilization (RCP 4.5) and overshoot emission (RCP 8.5) pathways.
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ABSTRACT: It remains unclear how the selection of a spatial domain affects the accuracy of evapotranspiration (ET) estimates
from contextual remote sensing based surface energy balance (SEB) models, particularly at large spatial scales. We thus tested
the effect of spatial domain on four widely implemented contextual remote sensing based SEB models: Surface Energy Balance
Algorithm for Land (SEBAL), Mapping ET with Internalized Calibration (METRIC), Simplified Surface Energy Balance Index
(S-SEBI), and Triangular ET models. We applied these models on 44 near cloud-free Moderate Resolution Imaging
Spectroradiometer (MODIS) thermal images across all of India from 2004 to 2006. Four spatial domains were considered: all of
India, agro-ecological regions, 300 km × 300 km grids, and 600 km × 600 km grids and we compared hourly ET estimates from
the models against observed ET data at four Bowen Ratio sites in India. Model performance varied across all models and spatial
domains. ET values of neighboring pixels across spatial domains formed sharp edges along the boundaries of agro-ecological
regions, 300 km × 300 km grids, and 600 km × 600 km grids suggesting that all ET models are highly sensitive to the selection of
spatial domain. No single spatial domain was found to be optimal for all models and hence potential uncertainties associated with
the selection of spatial domain should be taken into consideration when implementing these models at regional scales. The results
from this study provide guidance for future regional-scale implementation of ET models and potential approaches to overcome
these challenges.
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ABSTRACT: Early outlook on food production is important for policy making and can be formed on the basis of the recorded
rainfall. Simplistically, a good monsoon produces a bumper harvest and scanty rainfall causes crop failure. Econometric
modelling of past data shows that the reality is much more complex. Food production in a state is sensitive to rainfall in the state
as well as other states depending on geography. Rainfall distribution in the growing season and pre-sowing months can matter
significantly. Moreover, the rainfall effect can be favorable as well as adverse. In the sample period, sowing and growing season
rainfall in the state had little favorable effect on area and yield in Punjab and its effect on Rice yield was even harmful in Punjab
and West Bengal. Rainfall in Uttar Pradesh and Madhya Pradesh however had beneficial effects on the respective state‘s and on
each‘s other production. Rainfall in the Himalayas is a powerful impact on food production resulting from river dynamics and
water management but the dominance of adverse effect over beneficial ones is a sign of poorly managed upstream downstream
linkages. Because production is sensitive also to economic variables, the government, which can modulate subsidies and support
prices, also has control over food production. Improving efficiency of water distribution with an integrated geographical
perspective can also be a potent public instrument for production planning.
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ABSTRACT: This study is based on the fortnightly monitoring of residue burning in fields of kharif rice crops after harvesting
in Punjab and Haryana. The kharif rice area (2018-19) was derived using multi-date Sentinel-1A(Microwave SAR) data under
FASAL project. The expected harvesting dates of kharif rice (crop duration 140 days) are derived on the basis of transplanting
dates (derived from SAR data), NDVI profiles and Ground truth data. Daily active crop fire events in Punjab and Haryana were
taken from VIIRS (Visible Infrared Imaging Radiometer Suite) product in the month of October and November 2018.It was
observed from the study that the crop fire events showed a similar pattern as observed in expected harvest dates. Multi-date
AWiFS data used to identify the crop residues- burnt areas during October and November 2018. The study reveals that maximum
rice residue burning period is 2nd fortnight of October to 1st fortnight of November in both the states Punjab and Haryana.
Maximum burning density was observed in the Mansa and Bhatinda district of Punjab and Fatehabad district of Haryana. In total
2.63 lakh ha burnt area was estimated in Haryana which is 20 % of total kharif rice acreage while in Punjab it is 18.7 lakh ha
(66% of total kharif rice acreage). Thus this study could show the relationship between the satellites derived harvesting dates and
the spread of crop fire events. Monitoring of crop residue burning at regular intervals especially before each crop harvesting
season to ensure effective implementation of proactive measures to curb the practice of burning of crop residue.
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ABSTRACT: Appraisal of potential evapotranspiration (PET) is needed for estimating the agricultural water requirement and
understanding hydrological processes in an arena. Therefore, aim of the paper was to estimate the PET in the upper Beas basin,
situated in the Western Indian Himalaya, under future climate change scenarios (by mid-21st century). Climate data (1969-2010)
of Manali, Bhuntar and Katrain were obtained from India Meteorological Department (IMD) and the Indian Agricultural

Research Institute (IARI). Landsat data were used for mapping land use/land cover (LULC) conditions of the basin through
decision tree technique. Elevation detail of the catchment area is derived from the Cartosat-1 digital elevation model (DEM).
Simulations of PET were done by the Soil and Water Assessment Tool (SWAT) model. The model was calibrated using the
average monthly discharge data from Thalout station. The study found fluctuations in PET under different climate change
scenarios. It is likely to increase in near future owing to the rise in temperature. The higher water demand can be met from the
excess snowmelt water reaching the lower basin area during the cropping seasons. This study will be helpful to understand water
availability conditions in the upper Beas basin in the near future.
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ABSTRACT: Evapotranspiration estimation plays a crucial role in the energy exchange and water resource management studies.
Remote sensing methods based on energy balance algorithms facilitates in mapping the evapotranspiration (ET) with finer
resolution at the regional scale. Operational Simplified Surface Energy Balance (SSEBop) approach is adopted in the study for
the estimation of evapotranspiration spatially by incorporating the satellite data. The Kharif and Rabi crop growing seasons have
been taken into account for the period of 2017-2018. As the SSEBop model is less complex compared to other models, therefore
it provides an easier way to implement over the region. LANDSAT OLI imageries and 30m SRTM DEM topographic data along
with the climate observatory data have been used as an input for the SSEBop model over IARI research farm, New Delhi, India.
Bowen Ratio Energy Balance (BREB), a point-based method is utilized to calculate the daily ET using multilevel
micrometeorological tower data throughout the crop growing season. The maximum ET is found as 4.78mm/day for maize crop
whereas 4.36mm/day for wheat during mid-stage whereas minimum ET values of 2.08mm/day for maize during maturity and
0.49mm/day for wheat in initail stage are noticed. The land surface temperature (LST) calculated from the thermal band proves to
be a key element in determining the ET fraction. The crop coefficient (kc) and potential evapotranspiration (ETo) from BREB
method are coupled with the SSEBop model to calculate the spatial distribution of actual Evapotranspiration of the study area.
The results of SSEBop model has been evaluated as well as validated by comparing it with the point-based method calculated
daily ET. A strong correlation is observed between them with a value of coefficient of variance R2 as 0.93 and mean absolute
error MAE as 26.5% during crops growing season.
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ABSTRACT: The study was carried out in the Lidder valley of the Upper Jhelum Basin (UJB), Kashmir, India analyzing and
correlating the changes in the four important land use and land cover types (agriculture, horticulture, built-up and forest) from
1981-2013 with the socio-economic and climatic changes. For LULC change analysis, Landsat MSS of 25th September 1981,
Landsat ETM+ data of 25th September 2001 and Landsat OLI/TIRS data of 25th October 2013 were used. Hydrometeorological
data like precipitation, temperature, and streamflows (1980-2013) were analyzed and correlated with LULC from 1981-2013. For
socio-economic analysis, we used the census data of the corresponding years. It was observed that the agriculture lands in the
valley have markedly shrunk from 176 km² (1981) to 156 km² (2001), and 102 km² (1981), showing a decrease of 74 km² during
the period of 32 years. The horticulture in the area has increased from the mere 12 km² (1981), 24 km² (2001) to 59 km² (2013).

Built-up has also increased from 3 km² (1981) to 9 km² (2001) to 28 km² (2013). Dense forest area has degraded and shown a
change from 470 km² (1981) to 395 km² (2001) to 365 km² (2013). Streamflow data of all 8 discharge stations showed a
decreasing trend from 1980-2013. Annual average temperatures showed a significant increasing trend whereas precipitation in
the area showed deceasing but insignificant trend. It was observed from the ground verification that agriculture has mainly
converted into horticulture and to lesser extent into built-up. The forest has converted into scrublands and degraded forest and to
some extent into the orchards. The village-wise socio-economic analysis carried out on the census data of 1981, 2001 and 2011
showed, among other things, that main cultivator population in the valley has decreased mainly due to decreasing agriculture and
increasing literacy which has led to a positive shift in the economic prosperity and livelihood of the people. The observed
changes in the land system are driven by the socio-economic factors like higher economic returns from the horticulture,
increasing literacy rate, decreasing cultivator and increasing population and to a very little extent, the change is guided by the
changing hydro-meteorology observed in the valley.
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ABSTRACT: India is one of the leading rice producing country in the world. In eastern part of the country, after harvesting of
kharif rice crops, large area remain fallow, mostly due to unavailability of irrigation facility. Approximately 30 percent of total
Kharif Rice area (i.e. around 12 mha) is left fallow during rabi season. Government of India, in order to improve the land
productivity, cropping intensity and food security, has taken up various initiatives to grow pulses in these areas. A project was
launched under the National Food Security Mission for use of satellite remote sensing for suitability analysis towards crop
intensification in 6 eastern Indian states. Before execution of the project an exploratory study was carried out for 4 selected
districts of 2 major rice-fallow states of the country. This paper presents the results of this exploratory study. The districts
selected are Raipur and Surguja districts of Chhattisgarh state and Mayurbhanj and Balasore districts of Odisha state. Kharif rice
area was mapped using Risat 1 SAR data, while Rabi Fallow area was mapped using Resourcesat 2 AWiFS and Landsat 8 data.
The post kharif rice fallows were analyzed with respect to various soil, weather and land parameters such as, Mean monthly air
temperature (oC), Slope (%), Surface wetness, Plant available water capacity (mm) and proximity to drainage network. A multicriteria approach was followed to find out the suitable area for growing pulses. The post kharif rice-rabi fallow area, in these
districts ranged between 20-40% of the geographical area, while the suitable area was found to range between 8-12% of the
geographical area. Thus, this exploratory study could shows with remote sensing and other agro-physical parameters, it is
possibly not only to map the rice –fallow area, but also to assess the suitability of growing pulses.
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ABSTRACT: Drought is a recurrent climatic phenomenon that occurs on a large geographical space with uneven spatiotemporal characteristics over an extended period of time. Due to its severe impact on the agriculture and vegetation, monitoring
of drought and its severity using satellite derived drought indices are becoming popular in the field of disaster, desertification and

climate change studies. This current research is aimed at continuous yearly monitoring the effect of drought using NDVI, LST,
VCI, TCI and VHI over the agricultural lands of Dharmapuri using the level 1 Landsat data products from Thematic Mapper
(TM) and Operational Land Imager/ Thermal Infrared Sensor (TIRS) during the summer months (AprilMay) of 2006 to 2018
respectively. The objective of this present study is to determine the satellite image based Normalized Differential Vegetation
Index (NDVI) and the Land Surface Temperature (LST) by using spatio-temporal images of Landsat satellite images. The
Vegetation Condition Index (VCI) and the Temperature Condition Index (TCI) are determined from the NDVI and LST. Using
VCI and TCI, the Vegetation Health Index (VHI) is determined for the agricultural region of the study area. A total number of 3
bands (band 4 (NIR), band 3 (Red) and band 6 (Thermal)) from Landsat TM (4-5) and 4 bands (band 5 (NIR), band 4 (Red), band
10 (TIRS-1) and band 11 (TIRS-2) from Landsat OLI/TIRS for the period of 2006 -2018 are used in this study in order to
calculate the VHI. Based on the stressed and healthy vegetation, the drought affected agricultural land is classified into extreme
drought region (<10), severe drought region (<20), moderate drought region (<30), mild drought region (<40) and No drought
region (≥40). The results of VHI shows that during summer season of 2013 and 2014, the agricultural lands of Dharmapuri are
affected with severe drought followed by 2009, 2010, 2016 and 2018 are mostly affected by moderate drought whereas during
2007, 2015 and 2017, there was presence of a mild drought. Minimal impact of drought is seen during 2006 and 2008, where
there was majorly no drought in the agricultural regions of the study area. This study will help in identifying the regions and
calculating the aerial coverage of the regions which are affected by the drought. This kind of approach by using satellite remote
sensing data will greatly help the decision makers in monitoring, investigating, resolving and adopting the management strategies
for drought conditions more effectively.
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ABSTRACT: Climate is one of the main determinants of agricultural production. In any change of climate over time that is
attributed directly or indirectly to human activity. since climatic factors serve as direct inputs to agriculture any change in
climatic factors is bound to have a significant impact on crop yields and production. Agriculture represent a core part of the
Indian population. While the magnitude of climate change impact varies greatly by region. This paper presents an analysis of
changes in the production of agricultural crops. Agriculture is the largest occupation and source of livelihood to most people in
Dhule district about 70% of total population. Agricultural activity is mainly rain dependant. Rainfall is crucial factor for the
success of crop production. The performance of crops directly related to rainfall received during the crop season. The rainfall has
shown variation in different tahsil. Dhule district consists of four tahsil which are further divided into three agro ecological
situations. The agro-ecological situations dominate the farming system. The district as per agro climatic situation falls under
scarcity zone, assure rainfall zone and transition zone. The average rainfall in the district is adequate (80) but variation is much
higher. Dhule district experienced decline in rainfall by 5 to 30 present. The relation sheep between rainfall proportion and crop
production has been positive in all their climatic situation. This research paper attempts to show to overcome the problem of
water scarcity in region and its impact on crop productivity in the Dhule district.
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ABSTRACT: Cities require and use large quantities of energy and materials, metabolizing them and generating large quantities
of waste products and pollutants, resulting in unsustainable urban environments. This polluted urban environment adversely
affects ecological integrity and develop stress for different planting sites. Research is needed to evaluate the relative tolerance of
tree species against changing urban ecological conditions with specific environment pollutants. The current state of art examines
effects of air pollution on four major biochemical perimeters of tree health i.e. chlorophyll content, water content, carotenoid
content and anthocyanin content. A Spectro-radiometer and remote sensing indices integrated approach is used to evaluate the
impact of deteriorating air quality on mango tree planted in and around the Indian Institute of Technology Roorkee, campus. Four
different Vegetation Indices content (Normalized Difference Vegetation Indices, modified normalized difference vegetation
index, simple ratio and modified simple ratio) are used for estimate chlorophyll. Five different Water indices (Water index,
Normalized water indices-1, Normalized water indices-2, Normalized water indices-3 and Normalized water indices-4) are used
for estimating water content. Five different photochemical information indices (Carotenoid concentration index, photochemical
reflectance index, Plant senescencing reflectance Index, and Carotenoid concentration index) are used for enumerate carotenoid
content. Three different Anthocyanin Reflectance Indices (Modified Anthocyanin Content Index, Anthocyanin Reflectance Index
and Modified Anthocyanin Reflectance Index) are used for determining anthocyanin content.
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ABSTRACT: Vegetation is a part of terrestrial ecosystem that plays an important role in stabilizing global environment. Their
needs to be a reliable information on the status of vegetation, which is needed for solving environmental problems. In this present
study, vegetation growth and development were monitored over the land covets of Tamil Nadu, India during the crop growing
season viz., Kharif season and Rabi season of 2017 using MODIS satellite derived surface reflectance product (MOD09A1)
which is available at 500 m resolution and 8-days temporal period. Based on the surface reflectance data, NDVI was extracted for
monitoring vegetation greening and browning. In order to correlate the relation between vegetation growth and influence of
rainfall over the land covers, averaged seasonal rainfall was extracted from TRMM based rainfall product. It was noticed that
NDVI response from the land covers showed a good range of temporal variations in vegetation biomass condition, however
NDVI values appears to have increasing variations which indicated presence of high biomass intensity in Tamil Nadu. The
seasonal NDVI response under non-vegetated/barren land class and moderate vegetation class was well related to shortage of dry
spell and deficiency in precipitation that occurs due to abrupt changes in climate within the season. While the seasonal rainfall
distribution over the land covers suggested that, compared to Kharif season, Rabi season received maximum amount of rainfall in
Tamil Nadu during the cropping season of 2017. However, it was also observed that due fluctuation in intensity and duration of
rainfall, the seasonal rainfall distribution over the land covers suggested that, compared to Kharif season, Rabi season received
maximum amount of rainfall in Tamil Nadu during the cropping season of 2017.
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ABSTRACT: The present study is an evidence that depicts the degradation of agricultural yield in terms of soil nutrient (NH 4,
NO3, NO2) deficit over 35 years (1979-2014) due to river sedimentation process within a small-scale basin. Literatures showed a
significant decline in amount of nutrients from croplands in each year. In best of our knowledge, no such studies till date have
examined small river basin environment to understand this inverse relationship between sedimentation process and soil nutrient
loss using open source earth observation (EO) data and hydrological modelling at Indian context. SWAT model was applied to
evaluate the basin hydrology and sedimentation process and associated soil nutrient conditions over time using historical flow
and long-term meteorological data. Simulated sediment import and export significantly correlates (p<0.00) with annual discharge
values with the R2 of 0.93 and 0.99 respectively. However, over the time different nutrient contents of soil such as NH4, NO3 etc.
decreased drastically. Output reviles that NO3 decreased from 32660 kg N to 5689 kg N within the observation period. Similarly,
NH4, and NO2 also reduced with the 12020 kg N to 1577 kg N and 49.44 kg N to 6.85 kg N respectively. Total nitrogen and
mineral phosphorus concentration also decreased over time. The Overall scenario showed that within 35 years, the increasing rate
of sedimentation process through Gandheshwari river, adversely impact the agricultural yield concentration of the region. This
study will help stakeholders, farmers to plan appropriate agricultural strategies at grass root level for small basin areas.
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ABSTRACT: Several factors are responsible for recent climatic anomalies includes seasonal and inter-annual variability of
rainfall in the region in which regional and global sea surface temperature (SST) changes is the most significant factor. It is well
recognized that El Niño Southern Oscillation (ENSO) is the dominant mode of climate variability on seasonal to inter-annual scales
and its impacts are felt worldwide. Seasonal to inter-annual rainfall fluctuations strongly affect the success of agriculture and the
abundance of water resources. Daily rainfall data at district scale was obtained from India Meteorological Department (IMD) for
a period of 43 years (1971 – 2013) was categorized based on the ENSO episodes and the analysis was performed for the rainfed
cropping period (RCP, September –December). A week (7 days) with the cumulative rainfall amount of 50 mm was considered as one
wet spell. Non rainy days observed continuously for a decade (10 days) that period was considered to be one dry spell. Results
revealed that El Niño conditions positively influenced the rainfall. Compared to neutral years, La Niña years received less rainfall
as it showed the negative deviation in most of districts of Tamil Nadu. More wet spell and lesser dry spell weeks was observed
under El Niño condition while the lesser wet spell and more dry spell was observed under La Niña conditions. Higher amount of
rainfall during El Niño led to more number of wet spells under El Niño event.
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ABSTRACT: Coffee is the second most traded commodity in the world and its production has implications in both international
and domestic economy. It is an important commercial crop of India and hence, reliable acreage and production estimation is most
essential for taking up policy decisions. The coffee growing regions in India are mainly confined to the traditional South Indian
states (Karnataka, Kerala and Tamil Nadu) and partly in non-traditional regions (Andhra Pradesh and Odisha) while to a smaller
extent in North-Eastern states. Interpretation and mapping of coffee plantations using satellite data is quite challenging due to the
diverse and complex cultivation practices. In the present study, multi-resolution and multi-source data was utilized for mapping
of coffee plantations in the country. Temporal LISS-III (24.0m) data was used for characterizing the phenology of coffee and
other competing plantation crops for selection of optimal high resolution satellite (HRS) datasets. Accordingly, Cartosat-1 (2.5m)
and Resourcesat LISS-IV multispectral (5.0m) datasets corresponding to February-April months were utilized. The spectral
signature of coffee plantations is determined by the age category of coffee plantations, varietal difference, density & composition
of shade trees along with terrain features like slope and aspect. The plantations manifested in different tones of red and mottled
texture on the multispectral image. Object oriented classification approach showed encouraging results in homogenous &
contiguous areas but showed poor mapping accuracy in heterogeneous regions due to complex spectral signature and varying
texture. Thus, a combination of digital and visual interpretation techniques were used for mapping of coffee plantations
depending on the suitability. Feature space optimization function was used for selection of object parameters and 14 image
features consisting of mean spectral values, standard deviation, NDVI, geometry and contextual parameters were used for
classification of coffee plantations using Support Vector Machine (SVM). In case of small holdings and heterogeneous areas,
interactive visual interpretation of HRS data at 1:5,000 scale using tone, texture, shape and terrain characteristics was carried out
for mapping of coffee plantations with the help of ground truth and field experience of Liaison Officials of Coffee Board. Postinterpretation field verification/validation of the interpreted maps was carried out for the accuracy assessment and the overall
mapping accuracy of better than 90.0 per cent was achieved in the study. Total area under coffee plantations was about 4.41 lakh
ha (excluding N-E states). This is the first study in the country to generate coffee map at national level for creation of baseline
geospatial database which could be updated periodically. Suitability analysis using pedo-climatic and terrain parameters is being
carried to promote the coffee cultivation in the non-traditional regions. Further research efforts are necessary for varietal
discrimination and modelling of pests and diseases which is critical input for production estimation.
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ABSTRACT: Growth and performance of various sectors of a country largely depends on the infrastructure developed by the
country. It is true about the agricultural sector also. Along with the numbers, the location of these infrastructure play a vital role
in reducing cost to the farmers while utilizing the existing resources like land, water, electricity and road network to their
optimum level. India is the second largest producer of fruits, vegetable and tea. Against the total production of more than 500
MMT of horticultural & non-horticultural produces, the total cold storage capacity is estimated at approximately 31 MMT, which
is not even 10% of the total production. In view of this, a site suitability study was conducted to develop an optimum plan to
locate cold storages in the state of Uttar Pradesh, a leading potato growing state. Factors considered for evolving the plan
includes the site of production, i.e. region where potato is grown, road network, existing cold storage, electricity and land use.
When there are various factors behind any decision making process it becomes a complex process. It becomes difficult to decide
which factor is to be given more importance and how other factors can be compounded with each other to arrive at a decision.
Analytical Hierarchy process (AHP), helps us in determining the relative importance of various factors to arrive at a decision. In
view of infrastructure planning, an illustrative map indicating spatial features is vital. As is widely established, remote sensing
and GIS helps to obtain such a spatial map.Remote sensing and GIS was used to generate maps of the factors involved. AHP was
used to develop weights of the factors in relation to each other to generate a map showing site suitability of places for developing
cold storage facilities.
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ABSTRACT: The deficiency in post-harvest infrastructure leads to loss of agricultural produce which in turn affects farmer‘s
income and food security. So, there is a need to improve post-harvest infrastructure in the country. This study was carried out for
Bihar state of India, which has the least ratio of storage capacity to potato production in comparison to other states. An approach
has been developed to identify the suitable locations for cold storages using geospatial technology to increase accessibility to cold
storage facilities. Temporal variations in vegetation profiles were used to generate crop maps and from this crop area proportions
were calculated at village level. These proportions were used to identify significant village clusters contributing to horticulture
production. From this priority villages were identified. These priority villages were assigned to nearest major settlement which
will be the sites for positioning new cold storage facility. The approach developed in this study has identified 63 locations in 17
districts for developing new cold storage facility. The proposed new locations for cold storages will reduce the distance to
nearest cold storage for 14244 villages and this reduction in distance will be more than 8 kms for 9774 villages. Thus, the
study validated the role of Remote Sensing and GIS for post-harvest infrastructure planning.
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ABSTRACT: The use of satellite remote sensing (RS) technologies for purpose of crop discrimination, mapping, area estimation,
condition and yield assessment has been proved to be effective and efficient in terms of time and cost, having better consistency
implemented with scientific approaches. However, application of satellite RS technology for horticultural crops in India has
certain challenges due to scattered and small field sizes, comparatively short duration such as vegetable crops and mixed
cropping. Hence the study was taken for developing research methodology for area assessment of three major fruit crops such as
Banana, Mango and Citrus over 20 districts in four states viz. Gujarat, Madhya Pradesh, Uttar Pradesh and Bihar. Appropriate
bio-window for analysing different crop types was selected and mapping of crops were done using pixel based hybrid
classification i.e. un-supervised ISODATA clustering plus supervised MXL classification as well as object based classification of
high resolution remote sensing data (Resourcesat LISS III and/or LISS IV, Cartosat – 1 PAN) followed by their accuracy
assessment and their comparison with departmental reported statistics. Overall, the classification accuracy was more than 80%
for all the crops. Deviation from statistics were in the range of 3 to 38%. Higher deviations from statistics were mostly due to use
of lower resolution satellite data or mixing of crops having similar spectral signatures e.g. mango and sapota in Navsari and
Valsad districts of Gujarat. It was very difficult to discriminate the young orchards of 2-3 years from other field crops due to
mixed / inter cropping practices. The maps were checked and certified by respective State Horticulture Departments and were
archived in VEADS, SAC and BHUVAN, NRSC geoportals of ISRO. RISAT – 1 (microwave) data were explored for the
estimation of banana orchards in order to detect banana plantation at early stage and under cloudy sky conditions. There is huge
potential of application in this sector using advanced observations from hyperspectral, thermal infrared sensors and advanced
radars or LIDAR‘s on-board upcoming satellites.
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ABSTRACT: The North-Western Indian States and the North-Eastern Indian States of Indian Himalayan Region (IHR) are rich
of various temperate horticulture fruits such as the Apple, Pear, Peach, Plum, Apricot, Sweet Cherry and Sour Cherry. These
horticulture fruits are majorly grown in North-western region comprising of Jammu and Kashmir (J&K), Himachal Pradesh
(H.P.) and Uttarakhand (U.K.). These states of IHR share the same type of geographical and climatic condition and having nearly
common flora and fauna. Out of the various horticulture temperate fruit crops apple and apricot have the potential to make a
positive impact on economy of these states. Hyper-spectral remote sensing due to its capability of identifying the small variations
within a particular feature (or land cover) is an important tool for discriminating or mapping the specific land cover among the
various existing classes. Contrary to multispectral remote sensing, it is not only capable of mapping the vegetation class among
the various classes in the land but also has the potential to discriminate within the different classes of vegetation as well as
diseases identification within a class. This specific class level discrimination of vegetation is an important tool for mapping. In
hyper-spectral remote sensing this variation is observed through the possible discrimination of spectral signatures of various
vegetation classes. Thus, due to its fine spectral bands this type of remote sensing data has the potential to map the horticulture
crops. However, the processing of hyper-spectral data always require the in-situ measurements or existing spectral library. Such a
type of spectral library is never generated for the horticulture crops of IHR. This can be further useful for identifying the disease
affected crops and input for developing model for estimation of biophysical and biochemical parameters. Therefore, in this
study, a need for the development of spectral library for temperate horticulture crop has been highlighted. Further, a methodology
for the processing of hyperspectral data has also be proposed.
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ABSTRACT: Plantation crops are high value commercial crops of greater economic importance and play a vital role in our
Indian economy. In this project, an attempt was made to discriminate crops and identify unique bands from Hyperion data
specific to plantation crops like Arecanut, Coconut and Mango in Channagiri taluk of Davangere district, Karnataka. Temporal
three date data of EO-1 Hyperion data was used. The data acquired on January (flowering period), March (fruit development
period) and May (fruit maturity period) was used. These datasets represents three distinct fruit development stages of plantation
crops and also spectral variations were studied for these crops utilizing temporal data. Here derivative analysis was used for
unique band identification, correlation function for identification of significant band combination and supervised image
classification for crop discrimination. Based on the derivative analysis techniques, top five high frequency unique bands for each
category of ranges up to 4001000nm,1000-1300nm and1300-2355nm were identified. Band combinations in the NIR
(700900nm) regions and SWIR (1000 AND 2000nm) were found to be significant in discriminating Arecanut, Coconut and
Mango plantations. Support Vector Machine (92.5%) and Mahalanobis Distance classification (88.4%) methods had higher
classification accuracy for plantation crops classification using Hyperion data.
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ABSTRACT: Precision farming is the matching of resource application and agronomic practices with soil attributes and crop
requirements as they vary across a field. In this process, variations occurring in crop or soil properties within a field are
measured, mapped and finally judicious management actions are taken as a consequence of the spatial variability within the field
to improve crop performance without unnecessary putting strain on environmental quality. The present studies aims to map the
variability in soil fertility (macro and micro nutrients etc.), biophysical, hyperspectral data of grape orchards at field level,
utilizing ground and remote sensing data in Karsul village, Niphad taluka, Nasik district of Maharashtra. With this objective, the
above data along with satellite data were collected at different stages of the crop and subjected to statistical analysis. For yield
variability number of bunches per vine, average bunch weight berry size, TSS (Brix) and average bunch weight was observed.
After the required data pre-processing of canopy reflectance observations, several indices (vegetation & soil) were computed to
study their variability at the field level. Correlation analysis of spectral, soil and biophysical crop parameters was carried out to
find out best bands and indices for estimation of different crop parameters. Regression analysis was also conducted to develop
models for yield and biophysical parameter estimation using the analysed soil, vegetation and hyperspectral data. In this study, an
attempt was made to exploit remote sensing data for precision agriculture applications methodologies to be linked with the
observed reflectance spectra with certain crop/plant/fruit biophysical and biochemical parameters.

*******

COMPARISON OF DIFFERENT CLASSIFICATION TECHNIQUES TO IDENTIFY
COCONUT GROWING AREAS IN KOZIKHODE DISTRICT, KERALA
Niti Singh*, Shreya Roy, Pradeep Kumar, M.M Kimothi and S. Mamatha
Mahalanobis National Crop Forecast Centre, DAC&FW, Pusa, New Delhi-110012, India
*niti.geoinfo@gmail.com
KEY WORDS: Coconut, Sentinel-2A, NDVI, MXL, ISODATA, Random Forest, CHAMAN

ABSTRACT: This study was envisaged to map the coconut growing areas in Kerala state of India, using multidate NDVI
obtained from sentinel 2A MSI data, having spatial resolution as 10 m. 95% Cloud free satellite images were taken for
classification and date of pass considered for the study were 16th February, 2017 and 18th December, 2017 for Kozhikode district

of Kerala. In this study bio-window of coconut plantation was identified using NDVI images of two dates. It was observed that
interclass variations were more prominent in February image. Forest, dense and moderately dense coconut plantations have
significantly different NDVI values in February image whereas in December image all three features have similar values. Hence,
February image was classified using three classification methods i.e. ISODATA, maximum likelihood and random forest
classification to assess which method is better to distinguish coconut plantation from other classes. Random Forest classification
technique was found to be more accurate in identifying coconut plantation. Area was also estimated for Kozhikode district and
compared with the government statistics. Google Earth was taken as reference to identify coconut plantation as it has a unique
star shaped canopy, which is clearly visible in high-resolution imagery.
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ABSTRACT: Potato (Solanum tuberosum L.) is a major horticultural crop of India. Since it is highly perishable crop with a
short storage life, its estimation before the harvest of crop is very crucial for planners, policymakers and researchers. It is a well
stablished fact that remote sensing plays a vital role in forecasting of agricultural crops. In present study an effort has been made
to evaluate the forecast (area, production and productivity) of potato being carried out under CHAMAN project of DAC&FW.
For this purpose, remote sensing-based forecast has been taken from the period of 6 years (2012-13 to 2017-18). The district level
area and production estimates under CHAMAN programme was carried out in 5 major potato growing states of India i.e. Bihar,
Gujarat, Punjab, Uttar Pradesh and West Bengal. All these 5 states contribute 66% of total potato area and 71% of total potato
production in the country. The area estimation was carried out using multi-spectral satellite data through supervised/
unsupervised image classification techniques. Single-date Sentinel-2A (10m Resolution), IRS P6-LISS III (23.5 m resolution)
and LANDSAT-8 OLI data (30 m resolution) data were used for acreage estimation during October to March every year. District
level potato crop yield was estimated using three different procedures (i) Agro-meteorological stepwise regression models, ii)
crop simulation models and iii/ Remote sensing index (NDVI, NDWI, VCI) based empirical models. The result of area,
production and productivity has been compared with DES estimates. Good correlation (r) between the forecasted and DES
estimates have been observed in case of area (0.23, 0.88, 0.81, 0.67 and 0.56), production (0.57, 0.91, 0.96, 0.88 and 0.77) and
productivity (0.31, 0.29, 0.55, 0.65, and 0.66) for Bihar, Gujarat, Punjab, Uttar Pradesh and West Bengal states, respectively.
Similarly, low RMSE % between the forecasted and DES estimates have been observed in case of area (6.90, 39.4, 17.2, 5.4 and
7.5), production (18.6, 12.1, 21.6, 4.9 and 12.9) and productivity (14.9, 66.2, 9.0, 5.9 and 15.8) for Bihar, Gujarat, Punjab, Uttar
Pradesh and West Bengal states, respectively. Year wise correlation and RMSE% reveals that the accuracy of remote sensingbased area, production and yield estimates has increased significantly over the last few years may be due to improvement in
methodology and availability of higher resolution data along with experience gained over the crop (potato). Overall, reliability of
remote sensing-based estimates is improving gradually.
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ABSTRACT: The present study aims to develop the methodology for inventory and assessment of coriander crop in Rajasthan
using remote sensing technique. Sentinel-2A optical data having a spatial resolution of 10 m, from January-March, 2017 were
considered for this study keeping in mind the crop calendar. It was found that coriander at its flowering stage gives a distinct light
pink colour which helps it to differentiate from other crops. However it is difficult to separate other stages of coriander (early

vegetative, mature stage) owing to its similarity in tonal pattern with mustard. The overall accuracy of single date image was
found to be 63.29% and Kappa (K^) Coefficient as 0.5532. With the inclusion of multiple dates accuracy increased to 91.14%
and Kappa (K^) Coefficient to 0.7436. This was because increase in information increases the possibility to separate crops from
each other. This study demonstrates the feasibility of multi-temporal satellite data for accurate coriander crop mapping area
estimation in multi-crop scenario with reasonable accuracy at the Block/district level and State level.
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ABSTRACT: Soil moisture plays a key role in various processes at the soil-vegetation-atmosphere interface, such as
evapotranspiration, infiltration and runoff. In this study, we firstly propose a global analysis of Sentinel-1 (S1) & Sentinel-2 (S2)
data potential to retrieve soil moisture. Two approaches are tested. The first one is based on neural network approach; it uses
Integral Equation Model (IEM) coupled to Water Cloud Model for vegetation cover backscattering simulation (El Hajj et al.,
2017). The second approach considers change detection methodology. It estimates change of soil moisture with the driest and
highest moisture levels, and also change of moisture between successive radar acquisitions (Gao et al., 2017). The proposed
approaches are validated over three agricultural regions, south of France, Urgell (Spain) and Merguellil (Tunisia). In these
different sites, important ground campaigns have been realized over reference fields with different types of measurements (soil
moisture and roughness, Leaf area Index of vegetation cover). The retrieved accuracy of estimated volumetric soil moisture is
about 5 vol.%. Based on estimated moisture products, two methodologies are considered to map irrigated areas (Gao et al., 2018,
Bousbih et al., 2018). An analysis of different metrics (mean, variance, correlation length, etc.) of radar signal time series and
surface parameters (moisture and NDVI) are tested. The proposed classification of irrigated areas is based on a combination of
Support Vector Machine (SVM) and decision tree methodologies. For Urgell and Merguellil sites, a mapping of irrigated fields is
proposed. The accuracy of mapping is higher than 75% for the two studied sites.
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ABSTRACT: The agricultural water use efficiency (AWUE) over India was evaluated during 2009-2014 through three steps e.g.
productivity mapping using MODIS GPP; consumptive water use (CWU) mapping in terms of evapotranspiration (ET) partioned
into green (CWUg; ET streaming from rainfall) and blue (CWUb; ET streaming from irrigation) water; AWUE mapping i.e. the
ratio of the seasonal sum of GPP and CWU in terms of green (AWUFg) and blue (AWUFb) water. The CWU was estimated from
seasonal sum of crop ET (ETc). ETcwas obtained from composite crop co-efficient from INSAT and corresponding reference ET
(ET0), where daily ET0 was estimated using daily solar insolation (Kalpana-1VHRR) and metrological data from Weather
Research and Forecasting (WRF) variables through data fusion in FAO-56 framework. Monthly effective rainfall (ER) was
estimated from daily NOAA CPC rainfall data using USDA SCS method. Actual ET (ETa) was estimated using single-source
surface energy balance framework with thermal observations from MODIS and MERRA reanalysis data. The CWU g at seasonal
scale was determined using ER, ETa and CWU, whereas CWUb was estimated as the difference between ETa and CWUg followed

by estimation of AWUEg and AWUEb. The average AWUEg and AWUEb during kharif and rabi seasons were found to be 1.13
kgCm-3 and 1.25 kgCm-3 respectively with highest share goes to Indo-gangetic plains due to high crop intensification. The arid
and semiarid tract showed low AWUE. The baseline assessment of satellite based AWUE at country scale providesa scope for
better management of agricultural water with respect to food security.
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ABSTRACT: Soil salinization is most common land degradation process occurring in deep vertisol of northern dry zone of
Karnataka, India. Accurate and high resolution spatial information on salinization can assist policy makers to better target areas
for interventions to avoid aggravation of soil degradation process. Digital soil mapping using satellite data has been identified as
a potential means of obtaining soil information. This paper focuses on exploring possibility of using new generation medium
resolution Landsat-8 and Sentinel-2 satellite data to map alkaline soils of Ramthal irrigation project area in north Karnataka.
Surface soil salinity parameters of zone 20 were correlated with reflectance values of different band and band combination and
traditional salinity indices and result has indicated that SWIR bands of both satellite showed significant negative correlation with
soil pH, EC(r=-0.39 to - 0.45) whereas visible and NIR bands did not show significant relation. However rationing of SWIR
bands with visible blue band has significantly improved the correlation with soil pH and EC (r= +0.60 to +0.70). Traditional
salinity index based on visible bands failed to show significant correlation with soil parameters. It is interesting to note that
SWIR bands alone did not show significant correlation with soil sodicity parameters like exchangeable Na, SAR, RSC but band
rationing with blue bands has significantly improved the correlation (r=0.45). High resolution soil salinity map was prepared
using simple linear regression model and using this map will serve as base map for the policy makers.
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ABSTRACT: Temporal dynamics of large-scale high-resolution evapotranspiration (ET)helps in deriving agricultural water
footprint, consumptive water use, water rights and allocation, assessing agricultural drought, and crop yield. Spatial scale ET
estimation through surface energy balance (SEB) model is fundamentally challenged due to the need of empirical
parameterizations of the aerodynamic and canopy-surface conductance which suffers from ambiguous parameterization of ecophysiological conductance and associated stochastic components.In order to overcome the limitations of regional-scale
conductance parameterizations in evapotranspiration mapping ,the Surface Temperature Initiated Closure (STIC) model was
selected as a base model that employs an ‗unobserved component modeling‘ concept in Single-Source Energy Balance

(SSEB)framework. STIC re-introduced land surface temperature into the Penman-Monteith (PM) equation for simultaneous
estimation of evapotranspiration, sensible heat flux (H), and the conductances. The present version of STIC (STIC1.2) requires
net radiation and soil heat flux as measured inputs from flux towers. Present study developed and coupled new net radiation and
thermal inertia (TI)-based soil heat flux (G) models with STIC1.2 for large-scale applications (named as STIC-LS) using visiblethermal remote sensing data at multiplespatial scales. The in situ measured SEB fluxes from Eddy Covariance (EC) systems,
placed on ISRO 10-m Agro-Meteorological Stations (AMS) under Indo-UK INCOMPASS project at diverse terrestrial
ecosystems such as rice-wheat semi-arid agroecosystem in Nawagam, Gujarat (22.790N,72.570E), sub-humid rice-wheat system
in Samastipur, Bihar (25.860N,85.780E) , arid grassland system in Jaisalmer, Rajasthan (26.990N,71.310N) and in humid climate
at Dharwad, Karnataka (15.50 0N, 74.99 0E) with varying aridity (0.12-0.75) and rainfall ( 1501200 mm)were used for
validation. Day-night land surface temperature (LST) from MODIS Terra and Aqua on-board sensors, TI-based G and clear-sky
net radiation models were used in the modeling
scheme. Errors in modeled instantaneous net radiation varied between 10-15% across different flux towers sites. While the error
in simulated instantaneous ET was found to be in the range of 10-15% (0.5 – 0.6 mmd-1) in the sub-humid and semi-arid agroecosystems,relatively higher errors were noted in arid grassland (22-27%;0.75 mmd-1). Preliminary analysis revealed the
potential of STIC-LS to derive largescale ET using current Indian Geostationary satellite (e.g. INSAT) observations as well as
future high resolution (~ 60m) global thermal IR observations from planned Indo-French space-borne mission named TRISHNA.
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ABSTRACT: Spectroscopy-based soil health assessment may be very useful as a complimentary tool for Soil Health Card
(SHC) program in India. Present study explored developing different modelling approaches for quantitative assessment of soil
parameters both from ground-based spectrometry and air borne imaging spectrometry which was carried out during the science
campaign of AVIRIS-NG (Airborne Visible Infrared Imaging Spectrometer - Next Generation) by ISRO- JPL (Indian Space
Research Organization - Jet Propulsion Laboratory) collaborative program for soil and crop studies. Study area was part of
Kurnool, Andhra Pradesh district of India. Soil surface samples (0 to 15 cm) and their spectra were collected and location
coordinates were recorded synchronizing with AVIRIS-NG fly over the area. Soil physical and chemical properties were
analyzed using standard methods. Soil spectra collected using portable FS3 -ASD spectroradiometer (350-2500nm) in field and
laboratory conditions and corresponding retrieved spectra from AVIRIS-NG were further processed and used for assessment of
soil properties using statistical methods such as Partial Least Square Regression (PLSR) and Principal Component Analysis
(PCA). Spectral correlation analysis is used for revealing the correlations of physical and chemical properties with reflectance.
The obtained results showed that the use of hyperspectral reflectance data collected from ground and air borne sensors proven to
be a promising technique for the investigation of various soil properties. They are highly adaptable to automated and in situ
measurements and have the potential to analyze various soil properties simultaneously.
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ABSTRACT: The Indo-Gangetic alluvium prime region for intensive agricultural and industrial activities. Groundwater is the
prime source used for irrigation and drinking purposes in this region. Ground water withdrawal from the Indo-Gangetic Basin
comprises 25% of global groundwater withdrawals, sustaining agricultural productivity in India. But now-a-days the ground
water of this area has become much polluted due to contamination with toxic substance like arsenic. During dry periods,
intensive irrigation with arsenic contaminated ground water augment the formation of more toxic As(III). Arsenic is 20th most
abundant element in the Earth‘s crust and well known carcinogen. Thus groundwater quality assessment of Gangetic basin has
become an essential component for its safer use. Thus, we under took the spatial variability of arsenic by collecting several grid
basis georeferred groundwater samples on from various water sources like dug well, bore and hand pumps covering the river
bank region of Ganga basin. The influence of soil on quality of groundwater was examined through analyzing soil characteristics
of those region. Water quality classification was investigated through determine pH, EC, COD, DOC, As, PO3, K, Na, Ca, Mg,
Fe, Mn, Cu, TDS, Salinity etc. Among the various sample tested three area of Gangetic basin are severely devastated by arsenic.
ARC GIS software is now able to process maps both individually and along with tabular data and compare them well to provide a
new perception, and the spatial visualization of information specifically the Geographical Information System (GIS) of arsenic
was done. It was clear from spatial maps that concentration of arsenic was more near the meandering points of Ganga.
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ABSTRACT: Rapid, reliable, cost effective and ecofriendly assessment of soil health has become a focus area in order to ensure
their sustainable management. However, conventional soil analytical techniques are destructive, laborious and time consuming.
Diffuse reflectance spectroscopy has emerged as a new tool to obtain both qualitative and quantitative information on soil
parameters in a non-invasive manner. This approach is very useful because both the proximal and remote mode of measurements
are being adopted to estimate multiple attributes of soil such as physical, chemical and biological soil properties and nutrient
contents from a single reflectance spectra. Diffuse Proximal Reflectance Spectroscopy in the VIS, Near-Infrared (NIR), and
Shortwave-Infrared (SWIR) regions (350–2500 nm) forms the basis of hyperspectral remote sensing (HSRS). Availability of a
large pool of spectral information at hundreds of contiguous and narrow wavelength bands offers an opportunity to estimate
multiple soil attributes from the same reflectance spectra with greater specificity than their multispectral counterpart. Chemical
bonds of different molecules present in soil vibrate at characteristic frequencies when exposed to electromagnetic energy. The
specificity of characteristic spectral reflectance allows for the assessment of different soil attributes once spectral reflectance is
known and a relationship between the spectral feature and soil attribute is known a priori. Keeping this in view, a study was
conducted to assess soil health parameters using hyperspectral remote sensing in an ongoing experiment on maize-wheat
cropping system under different tillage, residue and nitrogen management in the research farm of Indian Agricultural Research
Institute, New Delhi. Soil samples were collected at three different depths (0-5, 5-15 and 15-30 cm) after the harvesting of wheat
crop to get the maximum variation in soil parameters. Soil samples were air dried followed by passing through a 2 mm sieve and
then the reflectance spectra of soil samples were collected using ASD spectroradiometer with contact probe in lab. These soil
samples were analyzed for various soil physical (sand, silt, clay content; soil aggregation), chemical (pH, EC, TOC, Available
N,P,K) and biological (SMBC and DHA) attributes by standard conventional laboratory method. On the other hand, assessment
of these soil properties were also attempted from the soil spectral reflectance using four multivariate regression models viz.,
partial least square regression (PLSR), support vector regression (SVR), random forest (RF) and multivariate adaptive regression
spline (MARS) using R software. Out of the 108 data points, 2/3rd data was used as training data set for calibration of these
models and 1/3rd data was used as testing data set for validation of these models. In order to boost the predictive power of
multivariate calibration models, spectral data were preprocessed prior to data analysis using Savitzky Golay filter. Among the
four multivariate regression models using soil spectral reflectance, RF model could account for 59, 48 and 54% variation in the
observed sand, silt and clay content, respectively. SVR model could account for 66% variation in the MWD where RF model
could account for 32% variation in WSA. RF model could account for 81% variation for both the observed TOC and EC,
whereas, SVR model could account for 59% variation in the observed soil pH. RF model could account for respectively 61, 80

and 78% variation in the observed available nitrogen, phosphorus and potassium content of soil. RF model could account only
44% variation in observed SMBC, whereas, SVR model could account maximum 38% variation in observed DHA. Thus
different chemical properties and selected physical properties of soil can be successfully assessed from spectral reflectance using
different multivariate regression models.
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ABSTRACT: The role of organic agriculture is to either enhance or sustain the overall quality and health of the soil ecosystem.
Organic agriculture is aimed at producing high quality food produce that is not only rich in nutrients but also contributes to health
care and well-being of mankind. Since organic farming eliminates the use of most ‗conventional‘ fertilizers, pesticides, animal
drugs and food additives, it can improve soil, water and environmental quality and thus improve the overall quality of life. An
organic farming experiment on wheat-based cropping systems was conducted at the research farm of the Indian Agricultural
Research Institute, New Delhi. Soil bulk density (BD) was minimum (1.12 Mgm-3), soil water content (SWC) and porosity was
maximum (27.56% & 57%) in FYM+CR+BF treatment. Inorganic wheat field showed maximum BD (1.57 Mgm-3). Water
filled pore space (WFPS) was calculated and it was minimum in FYM+CR+BF treatment (53%) and maximum in inorganic
treatment (85%). VC+CR+BF treatment showed highest SOC content as conpared to control. Lowest macroaggregates (38.41%)
and highest mineral content (15.9%) were obtained in control plots and highest macroaggregates (47.73%) was obtained in
VC+CR+BF plots. In maximum treatments, incorporation of legumes has improved the aggregation of soil. At flowering stage,
root weight diameter was lowest in control plot (2.94 mg/cm3) and maximum in FYM+CR+BF (4.35 mg/cm3) and VC+CR+BF
(4.34 mg/cm3) treated plots. Hence, in the long term, organic farming hold great promise for improving soil characteristics.
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Abstract Managing agricultural land degradation by forming management zones (MZs) is a systematic approach for increasing
crop productivity. Delineation of management zones have been attempted by several authors either by taking soil properties or
crop condition. The present study was carried out to delineate MZs in salt affected Mahakalpada block in eastern India by
capturing both spatial variability of soil parameters along with satellite derived Normalized Difference Vegetation Index (NDVI)
and Enhanced Vegetation Index (EVI). Grid wise soil samples collected from study area were analyzed for soil physicochemical
properties, DTPA extractable micronutrients i.e. iron, zinc, copper, and manganese and major soil nutrients i.e. available
nitrogen, phosphorous, and potassium. Ordinary kriging was used to generate the spatial maps of these soil properties. Principal
component analysis was performed using the soil spatial maps, NDVI and EVI maps. Further, fuzzy c-mean clustering was used
to delineate the management zones based on fuzzy performance index (FPI) and normalized classification entropy (NCE) which
were used for identifying optimum clusters. The optimum number of MZs for this study area was identified as three and these
zones were heterogeneous with respect to soil nutrients.
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ABSTRACT: Present study characterized moisture stress condition of ten different wheat genotypes using thermal imaging
approach where different image based stress indices namely CWSI, IG and CSI3 were calculated for all the wheat genotypes.
Simultaneously different bio-physical parameters were considered to develop new index i.e., normalized water stress tolerance
index (NWSTI) using principal component analysis (PCA) method. Thereafter, NWSTI was used to screen wheat genotypes
under moisture stress condition into sensitive, moderate and tolerant groups. Latter, hierarchical cluster analysis (HCA) was
performed using Ward‘s method and a dendogram was prepared according to moisture stress tolerance level of wheat genotypes.
The results obtained from PCA based NWSTI and cluster analysis method found to have close similarity with image based stress
map which were prepared for all the wheat genotypes using wheat canopy temperature. Thus the combination of thermal imaging
and multivariate techniques can be used in future as a constructive screening tool when comparing large number of genotypes
under typical field condition for studying the drought tolerance in wheat as well as other field crop.
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ABSTRACT: Water footprint (WFP) refers to the total volume of direct and indirect freshwater used, consumed and polluted
during all processes involved in formation of a product. It has three components i.e. Blue Water Footprint, Green Water Footprint
and Grey Water Footprint. Quantification of WFP footprint can help in assessing the impact of conventional cultivation practices
on water use and pollution load caused due to the agricultural operations. The present study was conducted in Taraori village of
Karnal, Haryana. Secondary data on climate, soil type, major crops and input use was collected by conducting survey in farmer‘s
fields. Crop water use was quantified using the CROPWAT 8.0 model of Food and Agriculture Organization and from that WFP
was calculated. Results showed that WFP was 1567.3 m3 ton-1 in rice and 476.9 m3 ton-1 in wheat. In rice blue water footprint
was 52.3% and green water footprint was 47.7%. In wheat crop the green water footprint was 20% and blue water footprint was
80%. During the rabi season rainfall is less than kharif. Hence the consumption of water in wheat was mainly from surface and
ground water sources which resulted in higher percentage of blue water footprint than green in wheat crop.
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ABSTRACT: The 23 Down Haidergarh Canal command system of Uttar Pradesh is situated in Indo-Gangetic Plain of India. It
has huge potential of crop productivity. The canal system was unlined; due to which a huge amount of water waste as seepage,
which results, waterlogging and sodic land development. This leads reduction in the productivity of crop land. To overcome with
this problem government started the restructuring/lining of canal in 23 Down Haidergarh canal command system.The present
study was an attempt to find out the changes in agricultural land of rabi season because during rabi season canal is important
source of irrigation in23 Down Haidergarh canal command system. Remote sensing and GIS techniques were used to monitor the
changes after the restructuring of canal system. The LISS-III data (Linear Imaging Self-Scanner) of Rabi season for the year
2011-12 and 2017-18 was used for mapping of agricultural land use changes in rabi season for23 Down Haidergarh canal
command system. This study is useful to find out the change in agricultural land after the restructuring of canal command system.
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ABSTRACT: Soil moisture is the available water content within the voids of soil particles. Remote sensing and GIS technique
provide an advance & better information to extract the soil moisture of Lalitpur district Uttar Pradesh. The Landsat-8 OLI+TIRS
(Optical Level Imager +Thermal Infrared Sensor) data (2013-18) and Sentinel 2A & 2B data (2015-18) was used to retrieve soil
moisture content for the period 2013-2018. The optical and thermal bands were used to retrieve Land surface temperature (LST),
NDVI and NDWI of Lalitpur district for the different years. Using land surface temperature encompasses with NDVI and NDWI
the moisture content of the soil was estimated for the study area. Using Advance Microwave Scanning Radiometer-2, (2013-18)
(AMSR-2) data and measurement of soil moisture through in-situ (Field) soil samples collections for soil moisture estimation
was used to check the accuracy of the output resulted from Landsat and Sentinel data. This study results that; the output obtained
from Landsat-8 in comparison to Sentinel data provide an accurate and better information of soil moisture at a high resolution.
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ABSTRACT: Surface temperature and its day-night contrast over land is the fundamental variable to characterize
evapotranspiration from vegetation, lake evaporation, snow melt, urban heat islands and presence of fresh water in turbid coastal
fringes, among others. Accurate quantification of surface emissivity helps in improving the accuracy of retrieving land surface
temperature (LST) from thermal remote sensing signatures. Currently, no satellite mission provides high spatio-temporal data for
LST or emissivity estimation. Landsat-8 having split thermal infrared (TIR) bands and ASTER with multiple thermal bands
within 8 – 12 µm provide thermal remote sensing observations at a high spatial resolution varying from 90 – 100m with satellite
overpass time around 10:30 to 11:30 hrs, but with 16-day revisit only. Earlier studies over India, France and elsewhere suggested
that evapotranspiration is better estimated using noon-time TIR observations between 12:00 – 14:00 hrs. Though, MODIS AQUA
provides daily noon-night TIR observations but at 1km spatial resolution. NASA is planning to develop the HysPIRI
(Hyperspectral Infrared Imager) mission combining optical hyperspectral and thermal sensors to derive accurate quantification of
surface temperature and emissivity. As a precursor to that, a prototype instrument called, ECOSTRESS (ECOsystem Spaceborne
Thermal Radiometer Experiment on Space Station) mission, is placed aboard the International Space Station (ISS) with five TIR
bands and one SWIR band at 1.6µm to provide observations at 74m but for a minimum life of one year. On the other hand, Indian
polar orbiting satellite Resourcesat does not have any TIR band but provides observations at 56m spatial resolution from AWiFS
(Advanced Wide Field Sensor) with 5-day revisit period. In the past years, the French space agency CNES carried out several
project of high spatio-temporal TIR mission, such as MISTIGRI or THIRSTY (in cooperation with NASA/JPL). Keeping in view
of all these global endeavours and to overcome limitations of current TIR missions, the Indian and French Space Agencies, ISRO
and CNES, have conceptualized a spaceborne TIR mission named as TRISHNA (Thermal infraRedImaging Satellite for Highresolution Natural resourceAssessment) derived from a Sanskrit word which means thirst for water. The primary design drivers
of TRISHNA mission are characterizing (i) terrestrial water stress and use, (ii) physical, biological processes and water quality of
inland and coastal water. A suit of 10 spectral bands is planned for the TRISHNA mission, with six optical and four TIR bands.
The TIR bands will be centred at 8.6µm, 9.1µm, 10.3µm and 11.5µm to provide noon-night global observations from an 8-day
revisit from the 761 km orbit allowing 3 sub-cycle acquisitions during the 8- day cycle, at 57m nadir resolution over land and

coastal regions, and resampled at 1 km resolution over deep ocean. The 761 km orbit has been selected to ensure at least one hotspot free observation within 8 days in the inter-tropical zone. The six optical bands correspond to blue, green, red, NIR spectral
regions and two SWIR bands at 1.38µm and 1.61µm. The green, red, NIR and the second SWIR bands will have better
radiometry than those of AWiFS legacy bands though band regions will be little different in TRISHNA.The ISRO and CNES will
develop optical and TIR payloads, respectively. The blue and 1.38µm SWIR bands will be used for cloud detection. Aerosol
characterized from blue and 1.61µm SWIR bands, atmospheric water vapour extractable from split-window TIR bands (at 10.3
and 11.5µm) and the atmospheric ozone content from 9.1µm TIR band will help to determine accurate surface reflectance. Green,
red, NIR and SWIR bands will be used to retrieve surface albedo, vegetation index/vegetation fraction, LAI/fAPAR, water
chlorophyll and turbidity products. Accurate LST and surface emissivity will be retrieved from the four TIR bands. All these
products will lead to determine two important process variables of terrestrial ecosystem such as evapotranspiration and
furthermore Gross and Net Primary Productivity (GPP and NPP) which, in turn, will assist in quantifying water use in rainfed and
irrigated agriculture, water stress and water use efficiency. These will help in detailed assessment of agricultural drought and its
early warning, crop yield prediction, water allocation, implementation of water rights, crop insurance business and augmenting
the quality of agro-advisories to farmers, energy balance assessment over snow and glaciated terrain and understanding coastal
processes at much finer scale.The first phase of mission definition for the TRISHNA mission is over and It is planned to be
launched by ISRO spacecraft in 2024 for a period of 5 years‘ mission life.
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ABSTRACT: Left-over crop residue on the surface is a measure of tillage intensity and soil management, and is an integral
part of the conservation agriculture practice. Remote sensing can be successfully used to monitor the large area crop residue
cover which is otherwise difficult through the conventional way, provided the spectrally similar crop residues and soil can be
suitably differentiated. Hyperspectral reflectance (350-2500 nm) of various quantities of crop residue cover over red soil was
measured with varying moisture contents in the residue. A broad spectrum near 2100 mm was identified for dry residue, which
was not recorded in soil spectra. This could possibly be linked to the cellulose-lignin content. The cellulose absorption index
(CAI) was evaluated for crop residue cover with moderate to good correlations, with strong dependency on the residue water
content. A few narrow bands were identified to characterize both the cellulose-lignin (i.e. the CAI) and the water content, and
could be incorporated in on-board multispectral sensors for regional estimation of crop residue over the soil surface.
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ABSTRACT: This study was conducted to understand the changes in spatiotemporal characteristics of wheat crop production
including the changes in area and yield. We employed the emerging hot and cold spot analysis along with space time cube and
space-time cluster density analysis to study the spatial changes in wheat crop production, area and yield, and understand the
changes in spatiotemporal features. We made a comprehensive analysis of the changes in wheat crop production, area and yield
on pan India basis for the period from 1999 to 2015. The major findings were: (a) During the study period significant increase in
wheat yield occurred within the North Indian states of Punjab and Haryana and intensifying hot spots appeared within the IndoGangetic plains. (b) The Analysis of the area under wheat cultivation showed a persistent hot spot in the Northern states of
Uttarakhand and Uttar Pradesh, Punjab and Haryana, with new hot spots observed in the regions of Central India during the years
2014 and 2015. (d) The analysis of the wheat crop production showed significant new cold spots in Rajasthan and Gujarat, with

intensifying hotspots emanating into the lower delta regions of Ganges. Present study also revealed the potential of GIS based
data models when related with additional background information, to segregate the most significant clusters of changes (increase
/ decrease) happening over active wheat crop cultivation. We expect the results from this study to help in increasing the wheat
crop yield and production in the future.
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ABSTRACT: Due to the increased demand for supplies caused by the continuous increase of the world population, there is a
clear necessity to expand new arable land for food production. Brazil is already the world‘s largest producer of sugarcane, coffee,
orange juice, and the world‘s second largest producer of soybeans, beef and poultry meet, but becomes the world‘s largest food
producer by 2050 An important concern about the agricultural expansion in Brazil has been the environmental impacts of the
expansion of crop production and cattle-raising in its Amazonia and Cerrado biomes. The state of Mato Grosso leads the
soybeans production in Brazil, between 2007 and 2017 the soybean area expanded 4.2 million hectares. Actually, this state is one
of the most representative of Brazilian agriculture and also one that has the highest rates of deforestation in the world. The Soy
Moratorium was created to stop the purchase soybean planted on cleared forestland after July 2008 in the Brazilian Amazon. The
goal of this paper is to assess the drivers that contribute to soybean expansion before and after soybean expansion (2005 and
2015), in the state of Mato Grosso. We build a spatially explicit database using a grid space of 5x5 km. For each cell a grid we
compiled annual data of land use change arising from classified maps and environmental and socioeconomic variables. We
calculated a spatial regression model to understands which drivers are influencing the soybean expansion. Using the spatially
explicit database created, for the spatial regression model we considered as a dependent variable the soybean expansion areas, we
calculated these areas from the land use maps produced by Camara et al. (2017)3 . Explanatory variables (i.e. the potential factors
driving of soybean expansion) were: land use map; previous year‘s value of soybean production; declivity, agricultural potential
map; distance to warehouses; distance to highways; distance to dry ports; distance to hydrography; distance to cold-storage
building; indigenous lands; conservation unit of integral protection; and conservation unit with sustainable use. Soybean
production have a strong influence on the models, more in 2015 than 2005, showing that soybeans to expand in already area
where these crop is already consolidated. In 2005 the pasture areas have a positive weight in the model, this showed the soy
expanded in anthropized areas. Forest areas has a negative influence in soybean expansion on the two periods. The mapped land
use time series and the models explain empirically the effects of the soybean expansion in the state of Mato Grosso over one
decade.
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ABSTRACT: Agriculture sector is very sensitive to climate change and changes which can lead to profound changes in regional
resources and production through cropping intensity. Precision agriculture acquired tools and techniques that facilitate and enable
the site-specific management of crops for optimizing the use of agriculture inputs in time and space. In this way, remote sensing
data can be processed through GIS to provide spatial information about crop conditions that may be effective to site-specific
management of crops. Therefore, the present study was conducted to identify the land use and land cover changes in whole
Punjab over a period of sixteen years (2000-2015) using data of MODIS NDVI product (250m) and Landsat data (30 meter).
After the collection of data, MASK of district boundaries were created and estimated the vegetation Index like NDVI and
unsupervised classification. Edaphic factors of soil and climatic data were overlaid on VI during session 2000 to 2015 to get
vegetation variation. Significant change detection was obtained with the integration of soil data with cropping intensity. It was
observed that total area under cultivation was increased from 8,561,354.22 hacters in 2000 to 8,858,245.69 hacters in 2005 which

was gradually decreased to 8,358,412.23 hacters in 2015. It was found that average rainfall in 2000 was 0.39 mm - 3.97 mm
which was increased to 2.38 mm - 20.92 mm in 2005 and gradually decreased to (2.68-12.79) in 2015. Based on the predicted
maps of physio chemical properties of soil, loam soil texture is dominated which classified as alkaline in nature with pH 8-8.5
having salinity problem due to high value of EC. Generally, the soils in Punjab contained less than 1% organic contents with N
contents in poor condition while P and K contents are categorized in medium and adequate condition respectively.
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ABSTRACT: The need for the agricultural land use modelling has been utmost important and abundantly apparent from agrarian
distress and its severe impacts on small farmers‘ livelihoods. The importance of agricultural land use modelling is evident from
the wide range of existing modelling approaches and applications in global and regional scale assessment of climate change, crop
forecasting, land use intensity, food security, climate adaptation, and mitigation policies. Agricultural land allocation model and
integrated modelling approach are increasingly referred to as agricultural planning models. In the framework of integrated
modelling approach, Wassenaar et al. (1999) has demonstrated how a dynamic process-based crop model could be applied at
regional scale. Moreover, agricultural land use modelling unfolds a better understanding of factors affecting agricultural land use
change, and functional relationships between people and their management processes of land resource over a geographical area.
The practice of agriculture encompasses various process and structure such as laws, policies, and culture (process); levels of
government intensive, private sector (structure). According to the recent agricultural census of India (2015-16), 86 % of India‘s
cultivated farmland is held by small and marginal farmers with less than two hectares of land. The average size of agricultural
landholdings declines to 1.08 hectare in 2015-16 from 1.15 hectare in 2010-11. Resources or assets of an individual, household or
community meant for influence and access of institutions and organizations that affect how people use various forms of capital to
cope with and recover from stress and shock (context on vulnerability) on one side, and to pursue livelihood strategies on the
other. Sustainable rural livelihoods can be thought of as use of asset portfolios to enhance well-being and capabilities of an
individual, household or community. In India, agrarian crisis and farmers‘ livelihood challenges on the context of vulnerability
led to creation of ‗new rurality‘ where people are getting away from agricultural practices and they search for the ways of
alternative livelihoods. Due to the effect of reduced agricultural practices, people become engaged in various informal sectors
where varied livelihood strategies are being questioned. So, the revival of public interest towards agriculture can be achieved
through land use planning with transforming process, structure and institution management.
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ABSTRACT: Passive optical imaging spectroscopy measurements in the visible to short wavelength infrared region of the
spectrum can assist 21st century agriculture with farm-scale measurements for improving and managing soil and crop health.
These new measurements can provide discrimination and quantification of abiotic (water, nutrient, temperature) and biotic (pest,
disease, weed) stresses at spatial scale. They can assist assessment of crop inventories of each administrative or insurance unit,
discriminating crops occupying different field sizes with diverse distribution and mixing. Different observation architectures
provide varying performance for this application. Constellations of very high resolution (better than 5m) satellite sensors are not
sufficient; they reveal temporal profiles of crop growth, but lack the spectroscopic information required for retrieving important

precision agriculture parameters. Multispectral imaging sensors in polar orbits provide additional information; the additional
wavelengths at coarse, moderate, fine and very fine spatial resolutions (between > 50m and < 5m) have been found useful for
mapping traits of large contiguous crop patches. Here, we explore the advantages of a new option: imaging spectroscopy or
hyperspectral sensing, which measures the full spectrum for every sample in the image with fine contiguous spectral sampling (~
10nm). This new class of measurements captures the full spectrum and offers several unique benefits over multi-spectral sensing.
First, it reveals full spectroscopic information capable of detecting many more materials or surface types. Second, spectroscopic
features relate to surface chemistry providing improved quantitative understanding of canopy composition. Finally, spectral
mixture analysis and other advance spectroscopic methods enable detection of multiple materials and their abundances within a
single sample. The information content of imaging spectrometer observations for detection, characterization, and quantification
offers new options for advance applications. ISRO and NASA are working in a concept exploration process to design a Visible
Short-Wave Infrared (VSWIR) Dyson-type spectrometer for global spectroscopic observations in the 400 – 2500 nm spectral
region with approximately 10 nm sampling and 30 m ground sampling. The revisit baseline is 16 days with options for 4 days
using platform pointing. To explore applications for this type of measurements, airborne imaging spectrometer campaigns were
carried out with NASA‘s Airborne Visible/Infrared Imaging Spectrometer Next Generation (AVIRIS-NG) instrument over more
than 100 sites in India. These included 25 sites representing crop and soil in two phases during December 2015 to March 2016
and in February to May 2018. The flights provided imaging spectrometer data at 4 – 8m spatial resolution from 4 – 8 km height
with swath varying from 10 – 12 km. The agricultural sites throughout India include pure fields, mixed field crops, orchards and
vegetable crops, salt affected agricultural soils and diseased crop patches. The salient findings from airborne hyperspectral data
analysis are : (i) identification of sensitive bands and indices in VNIR (400 – 1000 nm) and SWIR (1000 – 2500 nm) for crop
discrimination; (ii) development of crop spectral libraries; (iii) development of advanced classification techniques such as deep
learning to discriminate more than 10 crops in mixed agricultural patches with better accuracy than conventional classifiers with
multispectral data; (iii) development of inversion schemes to retrieve crop LAI, water, chlorophyll and abiotic crop stress
indicators from their combinations considering the theoretical limits; (iv) derivative-based canopy nitrogen estimation; (v)
quantification of crop residue fraction and C:N ratio and (iv) universal soil salinity index. We foresee enormous potential for the
application of imaging spectroscopy in precision agriculture in near future through ISRO-NASA collaboration with future
imaging spectrometers.
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ABSTRACT: Currently Brazil is one of the largest agricultural player in the world market, with a significant role in current
supply in the global demand for food and energy. The expansion of agricultural areas has developed and still develops in a
pattern of abandonment of areas at the stage of degradation and opening of new areas, putting pressure on forest resources. This
dynamic led Brazil to become the 6th largest country emitting greenhouse gases (GHG) reported at the 17th Conference of the
Parties (COP-17). The implementation of Integrated Systems (IS), ie the combination of agricultural, livestock and / or forestry
activities in the same area, is considered as an important sustainable agricultural intensification strategy in Brazil, particularly in
Mato Grosso state (MT). The Federal Government has been promoting the dissemination of this practice since 2009, but there is
still no methodology to follow up on this initiative. Current trends assume that for Remote Sensing monitoring, a single satellite
image, from a single date, does not enough spectral information to identify crops, so time series of Vegetation Indexes are used
for the mapping of agricultural systems. This type of approach using MODIS sensor data is being tested in Brazil and in
particular in the MT State for the mapping of annual crops. There are a considerable number of studies already done in this arear
by Remote Sensing using optical sensors, but it is still difficult to find studies that consider IS. Our hypothesis is that Random
Forest (RF) classification techniques applied to the MODIS satellite's Time Series (TS) are able to detect certain ISs. For this, we
evaluated the accuracy of the RF applied to the 16 day TS of NDVI of MODIS MOD13Q1 for the years 2012 to 2016 in an area
in the north of the MT satte. The TS were used in an original way and processed. As processing, the technique based on Savitsky
golay was used for filtering and smoothing and later 11 phenological metrics were generated per year. Two RF models were
tested using a total of 196 samples from 05 different classes selected: Integrated System (36 samples), Forest (57 samples),
Pasture (60 samples), Intensified Agriculture, representing two summer crops (43 samples). Model (i): using the 11 Phenological
metrics (ii) using the metrics and the original series. The kappa index for (i) was 0.63, were 9 of then having discriminatory

potential; the result of (ii) was 0.84 where only 01 phenological metric was significant for discrimination. Our results indicate
that the use of phenological metrics did not represent a significant improvement in the detection of IS in MT. The result based on
the metrics has a value considered low when compared to the result of the model that uses the original series. When integrating
the original series with the metrics, the improvement in the kappa value is achieved, but without great representativeness. The
results indicate that the use of the RF classification technique in a multitemporal approach has great potential to compose a
methodology for monitoring IS.
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ABSTRACT: Integrated system approach becomes key pillar for sustainable intensification of agri-food systems while ensuring
ecological functions under changing climate, diet and demography. The digitization of the agroecosystems become most essential
entry point for any sustainable developmental entities whether it is plant genetics for breeding better varieties, crop
diversification and intensification, efficient use of farm inputs, agronomic practices, stable economic return, to ecosystem
services management. The functional production systems become more important than single commodity production systems.
Recent advances in Earth Observation System (EOS), Open-Access (AO), Artificial Intelligence (AI), Machine Learning (ML),
Information, and Communication Technologies (ICTs), Cloud Computing Platforms (CCP) along with smartphone-enabled
Citizen Science (CS) increasingly make Big-Data analytics much smarter, interoperable and much useful than ever before, and
create valuable baseline information for decision making. This has opened tremendous opportunities to address the knowledge
gaps at multiple levels (e.g., data, yield, ecology, economy, resilience) for demand-driven ecological interventions across the
scale (e.g., space, time and package). Ongoing efforts in big-data driven digital augmentation aim at quantifying functional
production dynamics and drivers to target site-specific sustainable developmental interventions and scaling the ecological
intensification such as intensification of pulses in cereal-based systems (rice fallows), adoption of conservation agriculture,
bridging the yield gaps, geo-localization of the research and impact reporting. Here we present some of the ongoing efforts in
EOS Big Data for digital augmentation for accelerating agroecological intensification in different agroecologies and regions in
the drylands.
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ABSTRACT: Mapping of agricultural land use/cover was initiated since the past several decades for land use planning, change
detection analysis, crop yield monitoring etc. using earth observation datasets and traditional parametric classifiers. Recently,
machine learning, cloud computing, Google Earth Engine (GEE) and open source earth observation datasets widely used for fast,
cost-efficient and precise agricultural land use/cover mapping and change detection analysis. Main objective of this study was to
assess the transferability of the machine learning algorithms for land use/cover mapping using cloud computing and open source
earth observation datasets. In this study, the Landsat TM (L5, L8) of 2018, 2009 and 1998 were selected and median reflectance
of spectral bands in Kharif and Rabi season were used for the classification. In addition, three important machine learning
algorithms such as Support Vector Machine with Radial Basis Function (SVM-RBF), Random forest (RF) and Classification and
Regression Tree (CART) were selected to evaluate the performance in transferability for agricultural land use classification using
GEE. Seven land use/cover classes such as built-up, cropland, fallow land, vegetation etc. were selected based on literature

review and local land use classification scheme. In this classification, several strategies were employed such as feature extraction,
feature selection, parameter tuning, sensitivity analysis on size of training samples, transferability analysis to assess the
performance of the selected machine learning algorithms for land use/cover classification. The result shows that SVM-RBF
outperforms the RF and CART for both spatial and temporal transferability analysis. This result is very helpful for agriculture
and remote sensing scientist to suggest promising guideline to land use planner and policy-makers for efficient land use mapping,
change detection analysis, land use planning and natural resource management.
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ABSTRACT: This paper describes a new framework for classification of hyperspectral images, based on both spectral and
spatial information. The spatial information is obtained by an enhanced Marker-based Hierarchical Segmentation (MHS)
algorithm. The hyperspectral data is first fed into the Multi-Layer Perceptron (MLP) neural network classification algorithm.
Then, the MHS algorithm is applied in order to increase the accuracy of less-accurately classified land-cover types. In the
proposed approach, the markers are extracted from the classification maps obtained by MLP and Support Vector Machines
(SVM) classifiers. Experimental results on Washington DC Mall hyperspectral dataset, demonstrate the superiority of proposed
approach compared to the MLP and the original MHS algorithms.
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ABSTRACT: Early and accurate diagnosis of plant diseases is a vital step in the crop protection system. In traditional practices,
identification is performed either by visual observation or by testing in laboratory. The visual observation requires expertise and
it may vary subject to an individual which may lead to an error while the laboratory test is time consuming and may not be able
to provide the results in time. To overcome these issues, image based machine learning approach to detect and classify plant
diseases has been presented in literature. We have focused specifically on rice plant (Oryza Sativa) disease in this paper. The
images of the diseased symptoms in leaves and stems have been captured from the rice field. We have collected a total of 619
rice plant diseased images from the real field condition belong to four classes:(a) Rice Blast (RB), (b) Bacterial Leaf Blight
(BLB), (c) Sheat Blight (SB) and (d) Healthy Leave (HL). We have used a pre-trained deep convolutional neural network(CNN)
as a feature extractor and Support Vector Machine (SVM) as a classifier. We have obtained encouraging results. The early
identification of rice diseases by this approach could be used as a preventive measure well as an early warning system. Further, it
could be extended to develop a rice plant disease identification system on real agriculture field.
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ABSTRACT: Crop discrimination and acreage play a vital role in interpreting the cropping pattern, statistics of the produce and
market value of each product. Sultan Battery is an area where a large amount of irrigated and rainfed paddy crops are grown
along with Rubber, Arecanut and Coconut. In addition, the northern region of Sultan Battery is covered with evergreen and
deciduous forest. In this study, the main objective is to evaluate the performance of optical and Synthetic Aperture Radar (SAR)optical hybrid fusion imageries for crop discrimination in Sultan Bathery Taluk of Wayanad district in Kerala. Seven land use
classes such as paddy, rubber, coconut, deciduous forest, evergreen forest, water bodies and others land use (e.g., built-up, barren
etc.) were selected based on literature review and local land use classification policy. Both Sentinel-2A (optical) and sentinel-1A
(SAR) satellite imageries of 2017 for Kharif season were used for classification using three machine learning classifiers such as
Support Vector Machine (SVM), Random Forest (RF) and Classification and Regression Trees (CART). Further, the
performance of these techniques was also compared in order to select the best classifier. In addition, spectral indices and textural
matrices (NDVI, GLCM) were extracted from the image and best features were selected using the sequential feature selection
approach. Thus, 10-fold cross-validation was employed for parameter tuning of such classifiers to select best hyperparameters to
improve the classification accuracy. Finally, best features, best hyperparameters were used for final classification and accuracy
assessment. The results show that SVM outperforms the RF and CART and similarly, Optical+SAR datasets outperforms the
optical and SAR satellite imageries. This study is very supportive for the earth observation scientists to support promising
guideline to the agricultural scientist, policy-makers and local government for sustainable agriculture practice.
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ABSTRACT: Crop Classification and recognition is a very important application of Remote Sensing. In the last few years,
Machine learning classification techniques have been emerging for crop classification. Google Earth Engine (GEE) is a platform
to explore the multiple satellite data with different advanced classification techniques without even downloading the satellite
data. The main objective of this study is to explore the ability of different machine learning classification techniques like,
Random Forest (RF), Classification And Regression Trees (CART) and Support Vector Machine (SVM) for crop classification.
High Resolution optical data, Sentinel-2, MSI (10 m) was used for crop classification in the Indian Agricultural Research
Institute (IARI) farm for the Rabi season 2016 for major crops. Around 100 crop fields (~400 Hectare) in IARI were analysed.
Smart phone-based ground truth data were collected. The best cloud free image of Sentinel 2 MSI data (5 Feb 2016) was used for
classification using automatic filtering by percentage cloud cover property using the GEE. Polygons as feature space was used as
training data sets based on the ground truth data for crop classification using machine learning techniques. Post classification,
accuracy assessment analysis was done through the generation of the confusion matrix (producer and user accuracy), kappa
coefficient and F value. In this study it was found that using GEE through cloud platform, satellite data accessing, filtering and
pre-processing of satellite data could be done very efficiently. In terms of overall classification accuracy and kappa coefficient,
Random Forest (93.3%, 0.9178) and CART (73.4%, 0.6755) classifiers performed better than SVM (74.3%, 0.6867) classifier.
For validation, Field Operation Service Unit (FOSU) division of IARI, data was used and encouraging results were obtained.
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ABSTRACT: Agroforestry is an integrated self-sustainable land use management system that is not only capable of producing
food from marginal agricultural land but also capable of maintaining and improving the quality of environment. Accurate

assessment of trees on farmlands i.e. agroforestry would help in determining their contribution in meeting timber demand and
also in carbon sequestration vis-a-vis climate change mitigation. In the present, high resolution multispectral satellite imagery
(LISS-IV) has been used for mapping and estimating agroforestry area in Koraput district of Odisha. Both supervised and Object
based Image Analysis (OBIA) classifications methods have been applied. In case of supervised maximum likelihood method,
those pixels are fully captured where trees exist, whereas in OBIA captures trees according to their crown shapes. This proved
OBIA method to be better in identification of trees on farmlands (scattered trees, boundary, and block plantations) than
supervised method. This can lead to accurate estimation of area under trees in scattered form, in linear form and also in patch
form. Improved results were obtained in case of OBIA classification with more than 90% accuracy. This research implies that
remote sensing provide promising tools for evaluating and mapping of agroforestry at district level. Hence, the proposed
approach of using high resolution remote sensing data in conjunction with OBIA method would be promising for mapping
agroforestry area.

*******

IDENTIFICATION OF RICE CROP PHENOLOGY USING SCATSAT-1 KU-BAND
SCATTEROMETER IN PUNJAB AND HARYANA
Pushkar Gaur1, Preeti Tahlani1,*, Rojalin Tripathy2, B. K. Bhattacharya2 and S.S Ray1
1

Mahalanobis National Crop Forecast Centre, DAC&FW, New Delhi, India
2
Space Applications Centre, Ahmedabad, Gujarat, India
*preeti.tahlani@gov.in

KEYWORDS: SCATSAT-1, Ku band, Scatterometer, Rice Phenology
ABSTRACT: The present study was carried out to analyse rice crop phenology using SCATSAT-1 Scatterometer data. Owing to
its higher frequency, Ku-band responds to the dormant elements of surface, corresponding to top of crop canopy. The Ku-band
backscatter behaviour is influenced by the structure, moisture content and the roughness of the top canopy which varies with
different crop stages. Rice growth undergoes three main phenological stages viz, maximum tillering giving a scattered rough
surface (first peak); maximum vegetative stage with a smooth top appearance (first minima after puddling); and the panicle
development stage giving more scattering due to the spikelets (second peak). This study aimed at deriving these three stages of
rice crop. Rice crop map generated, under FASAL project, using Sentinel-1 SAR data has been utilized and further the sub-pixel
area within the SCATSAT-1 pixel. The daily Sigma-0 product was utilised for estimation of dates of major phenological stages
of rice crop. A software tool was developed to generate the three phenological stages at 2 km pixel level using the time series
backscatter coefficient in VV polarization over rice pixels using polynomial curve fitting. It was observed that peak tillering stage
coincides with the first maxima, first minima coincides with the maximum vegetative stage and second maxima coincides with
the peak heading or panicle formation stage of the crop. The validation was carried out using ground information from crop
cutting experiments and ground truth data. Validation result showed 4 to 12 days difference in maximum vegetative stage.
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ABSTRACT: Classification of crops is very important to study different growth stages and forecast yield. Remote sensing data
plays a significant role in crop identification and condition assessment over a large spatial scale. Importance of Normalized
Difference Indices (NDIs) along with surface reflectance of remotely sensed spectral bands have been evaluated for classification
of eight types of Rabi crops utilizing the Landsat-8 and Sentinel-2 datasets and performances of both the satellites are compared.
Landsat-8 and Sentinel-2A images are acquired for the location of crops and seven and nine spectral bands are utilized
respectively for the classification. Experiments are carried out considering the different combinations of surface reflectance of
spectral bands and optimal NDIs as features in support vector machine classifier. Optimal NDIs are selected from the set of 7C2
and 9C2 NDIs of Landsat-8 and Sentinel-2A datasets respectively using the partial informational correlation measure, a

nonparametric feature selection approach. Few important vegetation indices (e.g. enhanced vegetation index) are also
experimented in combination with the surface reflectance‘s and NDIs to perform the crop classification. It has been observed that
combination of surface reflectance‘s and optimal NDIs can classify the crops more efficiently. The average overall accuracy of
80.96% and 88.16% are achieved using the Landsat-8 and Sentinel-2A datasets respectively. It has been observed that all the crop
classes except Paddy and Cotton achieve producer accuracy and user accuracy of more than 75% and 85% respectively. This
technique can be implemented for crop identification with adequate accessibility of crop information.
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ABSTRACT: Hyperspectral remote sensing is an advanced remote sensing technology that enhances the ability of accurate
classification due to presence of narrow contiguous bands. The large number of continuous bands present in hyperspectral data
introduces the problem of computational complexity due to presence of redundant information. There is a need for dimensionality
reduction to enhance the ability of users for better characterization of features. Due to presence of high spectral correlation in the
hyperspectral datasets, optimum de-correlation technique is required which transforms the hyperspectral data to lower
dimensions without compromising with the desirable information present in the data. In this paper, focus has been to reduce the
spectral dimensionality problem. So, this research aimed to develop computationally efficient non-linear autoencoder algorithm
taking the advantage of non-linear properties of hyperspectral data. The proposed algorithm was applied on airborne
hyperspectral image of Airborne Visible Infrared Imaging Spectrometer - Next Generation (AVIRIS-NG) over Anand region of
Gujarat and the performance of the algorithm was evaluated. The Signal-to-Noise Ratio (SNR) increased from 22.78 dB to 48.48
dB with increase in number of nodes in bottleneck layer for reconstruction of image. Spectral distortion was also measured using
Spectral Angle Mapper Algorithm (SAM), which reduced from 0.38 to 0.05 with increase in number of nodes in bottleneck layer
up to 10. So, this algorithm was able to give good reconstruction of original image from the nodes present in the bottleneck layer.

*******

MACHINE LEARNING BASED CROP CYCLE MAPPING USING MULTI
TEMPORAL SPACE DATASETS
Prasun Kumar Gupta 1, *, Prabhakar Alok Verma 1, Prakash Chauhan 1
1

Indian Institute of Remote Sensing, Indian Space Research Organisation, 4 Kalidas Road, Dehradun, India
*prasun@iirs.gov.in

KEY WORDS: Machine Learning, NDVI Time Series, Phenology, Cropping Cycles
ABSTRACT: The Indo-Gangetic region is an important source of food grain produced in India. With advent of advanced crop
management practices, there has been a recent increase in production. This could be due to improved yield and/or multiple crops
per year. Understanding cropping patterns is, therefore, a fundamental requirement to strategize food security in the country. The
long running space based earth observation programmes, provides a powerful tool to study the change in vegetation, through use
of indices, synoptically and temporally. This study proposes a machine learning based technique to identify distributed (pixelwise) cropping cycles, based on the temporal trend in normalized difference vegetation index (NDVI). The technique is applied
to several time series NDVI data sets (OCM, MODIS and GIMMS) and results are discussed. There is tremendous scope to
further extend this study to predict drought conditions, change in cropping pattern, and estimate production statistics, by using
advanced artificial intelligence methods (such as deep learning).
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ABSTRACT: The advancement of hybrid polarimetry and the launch of Radar Imaging SATellite-1 (RISAT-1), the first Earth
observing satellite with capability to acquire hybrid polarimetric SAR data, have given opportunity to explore the potentials of
this data for various geo-spatial applications. Among these, crop growth monitoring and soil moisture estimation is one of the
important application for proper irrigation management, yield forecasting and crop insurance systems. The objective of this paper
is to provide a better understanding of the sensitivity of RISAT-1 hybrid polarimetric SAR data for wheat height. However,
backscattering coefficients have shown less sensitive towards wheat height, polarimetric parameters such as Stokes parameters
and scattering decomposition parameters have shown higher sensitivity. The analysis observed the highest correlation coefficient
(|r|) and lowest RMSE (in m) for g3 with 0.61 and 0.18 respectively followed by odd bounce with 0.59 and 0.2 respectively.
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ABSTRACT: Real-time monitoring of Evapotranspiration (ET0) is highly required by many sectors of agriculture, hydrology
and energy sectors etc. In agriculture, irrigation management and crop stage-specific water loss from the evapotranspiration must
be taken into consideration in order to judiciously use irrigation water. It is also required in many areas like weather forecasting,
soil moisture estimation, forecasting, soil-plant-water atmosphere relationship study, drainage studies, and crop yield estimation.
In the present study, National Level Realtime estimates of ET0 at 25 Km spatial scale and daily temporal scale is performed
using integration of the observed grid level weather data of IMD, s medium-range weather forecast of model GFS T1534 (at 25
km spatial resolution) and satellite-based insolation product (at 4 km spatial resolution) from geostationary satellite (INSAT 3D)
using standard FAO56 model-based Penman-Monteith equation. Monthly mean ET0 product over Indian region varies between
10 to 400 mm. Most of the region shows the increasing trend of ET0 from January to May with maximum values in the month of
May. The values show a significant drop in ET0 values during monsoon and match the pattern with the arrival and movement of
rainfall. Minimum ET0 values are observed in November. The daily spacebased ET0 is verified with the station-based estimates,
observed root mean square error ranging between 0.75 to 1.8 mm and the correlation coefficient between 0.65 to 0.88. The error
is reduced for daily ET0 to weekly or fortnightly accumulated ET0.
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ABSTRACT: Striping noise and non-systematic noises may severely affect the visual quality and introduces artifacts in the
hyperspectral images (HSIs). Striping noise is often caused by the relative error of the calibration and the relative gain and offset
variations of all detectors. The stripe noise reduces the accuracy of spatial feature extraction, object recognition and corrupt the
spectral index maps derived from the HSIs. A variety of methods have been proposed to effectively improve the effects of the
striping noise. However, most of them fail to remove both of the constant periodical stripe noise and the irregular noise caused by
the detector array response. In addition, most of the methods were ineffective to remove the striping noise from the georectified

HSIs. In this context, locally adaptive joint bilateral filter has been developed to remove the striping noise in the spectral index
images. The proposed method utilizes the local spectral similarity within the HSI neighbourhood to remove the striping noise as
well as preserves the spatial features in the vegetation index map. This is achieved by, computing the parameter of the guidance
filter based on the local spectral disparity within a spatial window of the HSI, then the de-striping of the vegetation index image
is achieved by applying the filter coefficients learned from the HSI. The proposed algorithm was tested on spectral indices
derived from Hyperion (EO-1) data. Results illustrate that the proposed method can recover the spatial features information of the
vegetation index while removing the striping noise. Performance of the proposed method was compared with other de-noise
methods such as Bilateral Filter, Total Variation and Spatial-Spectral-Total Variation algorithms. Performance of the proposed
method was evaluated on different vegetation indices such as Modified Rededge-Normalized-Difference-Vegetation-Index
(MRNDVI), Lignin-Absorption-Index (LAI), Water-Band-Index etc. Fourier domain analysis and the Mean Relative Deviation
analysis were applied to assess the performance of the proposed method. The de-striping capabilities of the proposed method was
also tested on principal component (PC) images. The experimental results and quantitative analysis demonstrate that the proposed
method can remove striping noise in vegetation index images and principal component images and achieve higher contrast
vegetation index maps.
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ABSTRACT: Soil moisture is considered as an important indicator for sustainable agriculture. Understanding the spatial and
temporal variation in soil moisture is important towards assessing or monitoring the drought condition of a catchment. Imphal-Iril
river sub-catchment lies in Manipur valley, where Agriculture land (16.5%) and Forest (73%) are found to be the predominant
LULC classes. This study aim to map the distribution of soil moisture conditions using satellite derived Temperature Vegetation
Dryness Index (TVDI) within the sub-catchment for different time .TVDI is derived using Landsat 8 data for different time
period which are 4 February 2017, 21 December 2017 and 11 March 2017. It is based on triangle method in which a linear
regression model is fitted based on Land Surface Temperature (LST) and Normalized Difference Vegetation Index (NDVI). LST
was computed using Landsat 8 TIR band 10(Thermal Band) and that of NDVI was generated from Landsat 8 band 5(NIR) and
4(Red). The range of the TVDI is between 0 and 1, where higher values close to 1 indicates drier condition and lower values
close to 0 indicates wet /saturated condition of soil. To access the accuracy of the computed TVDI, in-situ observations on
volumetric water content (%) for different land used were measured using TDR (Time Domain Reflectometry). The continuous
soil moisture surface maps for different time period are generated to understand the soil moisture variability in the region.
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ABSTRACT: In the 21st century, innovations and development of cutting-edge research for precise agriculture information is
essential and the need of the hours. The millennium development goals (MDGs) has provided a set of framework for poverty
alleviation and ensuring food security. Therefore, a precise framework to cope up with future agricultural challenges and
increasing food demand is indispensable in a country like India where two-third population is depending directly or indirectly on

agri – based inputs. The present paper is aimed at to classify crops in mixed crop scenarios accurately with the help of fine
resolution satellite data and advance classifiers i.e. Spectral Angle Mapper (SAM) and Support Vector Machine (SVM). A
comparative statement was prepared to present the results from both the classifiers along with classification accuracies. The study
has utilized Sentinel – 1 optical data at 10 meter spatial resolution covering 3 blocks namely Itarsi, Hoshangabad, and
Seonimalwa in Madhya Pradesh along with precise ground truth points for the classification. The study is also incorporated with
crops phenology cycle using multi – date satellite imagery. It was observe that the SAM performed best as compared to SVM in
identification and classification of multi – crops namely, wheat, gram, masur, pea, and mustard during rabi season.
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ABSTRACT: Recent advances in machine learning, neural network, and deep learning (DL) has improved the crop classification
accuracy that indirectly strengthens the response mechanism of micro crop management. Deep learning, one of the most powerful
emerging technology in the artificial intelligence domain that utilize in remote sensing to scene understanding, classification, and
object reorganization, etc., in rest of methods feature engineering play an important role to increase the discriminating power of
attributes. DL has more than hundreds cascaded representation and discriminative layers to transform the attributes into the linear
separable feature. To evaluate the DL application in crop classification, temporarily and spatially heterogeneous, Sentinel – 2A
MSI data have been used. DL performances have been compared with other exiting machine learning techniques such as SVM
(Support Vector Machine), and multilayer perceptron, found that DL has an edge over the others. In the next, we performed
different activation functions (ReLu, Sigmoid, and Tanh), optimization methods (AdaGrad, RMSProp, SGD, and Adam) with 3D
– CNN (convolution neural network), AlexNet, GoogLeNet, and ResNet, and found ResNet having a ReLu activation function
and Adam optimization method outperformed over the others.
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ABSTRACT: Estimating percentage cover of crop, soil, crop residue in hyperspectral remote sensing is crucial to estimate the
soil properties with adequate accuracy. In hyperspectral images (HSIs), the unmixing techniques have been applied to compute
the abundance of the materials present in the imagery. Similarly, the requirement of un-mixing in agricultural land is to compute
the abundance of the soil, crop and crop residue for the estimation of soil properties, sub-pixel classification etc. However, there
is no reliable and standard method to measure the ground-truth-abundance for evaluating un-mixing methods for estimating crop,
crop residue and soil cover from HSIs. In most of the studies, the quadrate method is used to calculate the percentage cover. The
quadrate is placed over the land before acquiring the image to restrict the area to be examined. The percentage cover is estimated
based on the target elements (vegetation or crop residue) covering the grid points. However, quadrate based method is time
consuming, less accurate and require expert knowledge to estimate the percentage cover. In this context, a new approach is
proposed to estimate the percentage cover of soil, crop and crop residue from RGB images captured using handheld cameras. The
comparison of different approaches is also presented in this study. Performance of the different color spaces such as HSV, LAB
were also compared in this study. Performance of different segmentation approaches such as colour thresholding, colour
histogram based clustering, watershed based segmentation and spectral depth based clustering are also examined in this study.
The result estimated for soil, crop, crop residue cover was validated with the quadrate method and the mixed response obtained

from the spectroradiometer (350-2500 nm) data. The results illustrate that the percentage cover (abundance) estimated using the
proposed method can be extended to the HSI for evaluating different un-mixing methods. Moreover, the proposed method can
also be utilized for identifying the purity of the pixel in HSIs, which may improve the soil and vegetation characterization using
hyperspectral images.
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ABSTRACT: Light-weight and compact cameras are required for monitoring large agricultural lands using compact unmanned
aerial vehicle (UAV). The big problem for precision agriculture with UAVs has been the availability of reasonably low cost
cameras with an near-Infrared (NIR) channel to derive Normalized Difference Vegetation Index (NDVI) images. In digital
camera, an interference filter, called hot-mirror, usually blocks the NIR in RGB (R-Red, G-Green, B-Blue) channels. When the
internal NIR-blocking filter (i.e., hot mirror filter) is removed, a mixture of a colour channel and the NIR is captured at each
pixel. It has been recently shown that retaining the NIR information with the RGB channels may improve several tasks in
computer vision including the image enhancement and feature identification, this further eliminate the additional cost of keeping
a NIR channel with RGB sensors. In addition, we also explore the potential of using bayer-CFA pattern based RGB sensor to
implement the proposed system with miniature size. To estimate the full resolution uncontaminated Green, Red and NIR images
from mixed responses, we need to separate the Red, Green, and NIR channel responses from the RGB sensor. To achieve this,
sparse signal recovery based technique has been proposed to extract the pure NIR information from RGB sensors. In bayer-CFA,
the green sampling rate is twice that of red and blue, separating green and NIR can be done with higher accuracy. Therefore, pure
NIR response was extracted from mixed Green response. Dictionary Learning method such as KSVD algorithm has been applied
to learn the dictionary for the proposed implementation. KSVD algorithm in conjunction with Orthogonal Matching Pursuit
(OMP) algorithm are applied to extract the pure NIR and Green information from the mixed responses. By using the proposed
approach, standard vegetation indices such as the Normalized Difference Vegetation Index (NDVI) and Green Normalized
Difference Vegetation Index (GNDVI) are generated from the RGB images. Spectral response function of the commercial RGB
camera was employed to generate the mixed response of RGB and NIR. Performance of the proposed method was tested on the
simulated mixed responses generated from the AVIRISNG airborne hyperspectral image. Results illustrate that the proposed
method was able to separate pure NIR response from the mixed response. NDVI and GNDVI images generated from the pure R,
G and NIR has been validated with the corresponding channels in AVIRISNG image. Results further prove the feasibility of
developing low-cost, light weight crop monitoring sensors for UAV based applications.
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ABSTRACT: Space-based observation of crops and agro-system on the Earth surface is one of the most important applications
of remote sensing using the sensors in optical and microwave spectrum to assess the crop growth for decision making for
developing crop information and management system. Remote sensing technology provides scalable and reliable information in
respect of rice crop grown area, its crop growth and prediction of crop yield due to acquisition of satellite imagery during the
revisit of the orbit by space-borne sensors in optical and microwave spectrum. Synthetic Aperture Radar has the advantages of
all-weather, day and night imaging, canopy penetration, and high-resolution capabilities, which makes Space-borne SAR sensors

as an effective system for monitoring crop growth, crop classification and mapping of crop area based on the crop canopy
interaction of SAR signals due to backscattering coefficients of the earth surface. SAR data from ERS-1/2 SAR, ENVISAT
ASAR, ALOS-1/2 PALSAR, Radarsat-1/2 SAR, TerraSAR, COSMO-SkyMed, and Sentinel-1 have been used by various
researchers for identification and analysis of rice crop growth based on the backscattering values in different regions of Asia and
European region, where backscattered image depends of various earth surface and SAR sensors parameters. In this paper,
knowledge based classifier using SAR images of existing space-borne-SAR sensors have been developed based on modeling of
SAR backscattering coefficients in C-band and X-band for monitoring the rice crop growth and its analysis using multi-temporal
and multi-frequency- SAR sensors data.

*******

RETRIVAL OF BIO-PHYSICAL PARAMETERS IN SUNFLOWER CROP (Helianthus
annuus) USING FEILD BASED HYPERSPECTRAL REMOTE SENSING
Prabhat Kanti Routh 1 *, Narayan Chandra Sarkar 2, Prabir Kumar Das 1 , Dipak Debnath 2,S Bandhopadhay
1
, Udhay Raj 3
1

Regional Remote Sensing Centre- East, National Remote Sensing Centre, Kolkata
2
Dept. of Agronomy, Visva Bharati University, Birbhum, India
3
Regional Centres, NRSC,ISRO, Telengana, India
*prabhatkanti.routh@gmail.com

KEY WORDS: sunflower, hyperspectral remote sensing, bio-physical parameters, leaf area index, chlorophyll content index,
fluorescence.
ABSTRACT: Information on several crop bio-physical parameters is important as inputs for crop growth modelling, leaf stress
analysis, crop health study and productivity point of view. Conventionally, biophysical parameters are measured in laboratory
methods which are time consuming, laborious and destructive in nature. With the advent of remote sensing technology, the
limitations of conventional methods can be overcome. Moreover, due to its narrow absorption bands at different wavelength, use
of hyperspectral remote sensing becomes very useful in retrieving several bio-physical parameters. In the present study, field as
well as laboratory based spectro-radiometer observations were carried out at Agronomy Department of VisvaBharati University,
West Bengal, on Sunflower crop at its peak vegetation stage towards retrieving different bio-physical parameters, specifically
leaf area index (LAI), chlorophyll content index (CCI), fluorescence etc. Different foliar boron (no boron, 0.15% and 0.20%) and
irrigation (4-6 irrigations) treatments, i.e. total nine treatments with three replications, were applied on sunflower crop during
different phenological stages to achieve maximum ranges of the bio-physical parameters. The LAI, CCI and fluorescence
parameters were collected using canopy analyzer, chlorophyll content meter and portable gas exchange system, respectively. In
each of the treatments, total four hyperspectral measurements were collected, which were further corrected for noise and
smoothened using Savitzky-Golay filtering. Total thirty-four narrow band indices were computed based on the hyperspectral
data, and the regression analysis was carried out among the indices and bio-physical parameters. The regression parameters were
further deployed on the hyperspectral indices to retrieve the bio-physical parameters. The Gitelson& Merzylak-1 (GM-1) and
Carter Indices-1 (CI-1) were found to the best indices for retrieving the LAI and CCI, respectively with correlation correlation (r)
values of 0.87 and 0.80. On the other hand, Normalized Phaenophytinization Index (NPQI) and GM-1 were found to best for
retrieving the Fv/Fm (dark) and Fvˈ/Fmˈ (light) with correlation (r) values of 0.92 and 0.76, respectively. Hence, the
hyperspectral remote sensing be successfully utilized for retrieving several bio-physical parameters both at field (canopy level)
and laboratory (leaf level) conditions.
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ABSTRACT: Feature extraction has always been a challenging task in Geo-Spatial studies both in urban areas as well as in
agricultural areas. After the evolution of eCognition Developer, different segmentation techniques and classification algorithms
which help in automating feature extraction have been developed in recent years which have been a boon for scientists and
people conducting research in the field of geomatics. This research reflects a study depicting the potential of eCognition
Developer in extracting features in Agricultural as well as urban areas using various classification techniques. Rule Based and
SVM Classification techniques were used for feature extraction in urban areas whereas Feature Space Optimization and K-

Nearest Neighbor were used for classifying agricultural features. Results reflect that rule based classification yields more
accurate results for urban areas whereas Feature Space Optimization along with object–based classification gave more accuracy
in case of agricultural areas.
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EXHIBITORS

PROFILE

Mahalanobis National Crop Forecast Centre
Mahalanobis National Crop Forecast Centre (MNCFC) was
established, in 2012, under the Department of Agriculture,
Cooperation and Farmers’ Welfare, Ministry of Agriculture &
Farmers’ Welfare, Government of India for applications of space
and geospatial technology in various domains of agriculture. The
Centre is named after the great Indian Statistician, Dr. Prashant
Chandra Mahalanobis.
MNCFC was established, initially, to provide in-season crop forecasts and assessment of
drought situation using state of the art techniques and methodologies developed by ISRO.
Currently, MNCFC is providing satellite remote sensing based operational solutions to
various requirements of the Ministry of Agriculture & FW, including Crop Production
Estimation (FASAL project), Horticulture Inventory and Development (CHAMAN Project),
Drought & other Disaster Impact Assessment (NADAMS project), Crop Insurance (KISAN
Project), Crop Intensification in Rice-Fallow Areas. The Centre is also working towards use of
satellite data for Doubling Farmers’ Income.
As part of these activities, MNCFC has made partnership with 3 ISRO Centres, IMD, 8 ICAR
Institutes 19 State Agriculture Departments, 15 State Horticulture Department 23 State
Remote Sensing Centres, 5 private agencies (including start-ups). MNCFC also collaborates
with many international agencies/programmes, including CGIAR institutes, FAO, GEOGLAM,
ISPRS, etc.

National Remote Sensing Centre
National Remote Sensing Centre (NRSC), is a full-fledged centres of
ISRO. NRSC was functioning as an autonomous body called National
Remote Sensing Agency (NRSA) under Department of Space (DOS)
till August, 2008. The Centre is responsible for remote sensing
satellite data acquisition and processing, data dissemination, aerial
remote sensing and decision support for disaster management.
National Remote Sensing Centre (NRSC) is an important segment of
ISRO with the mandate of providing Earth observation (EO) Data from space and aerial
platforms, to develop technologies & applications for Natural Resources Management, to
Provide support for monitoring and Management of Disaster, Capacity building for
utilization of EO data. National Remote Sensing Centre (NRSC) was established as National
Remote Sensing Agency (NRSA) as a registered society on 2nd September 1974 by
Department of Science & Technology, based on a Union Cabinet approval dated December
13, 1973. The objective of organisation being undertaking and facilitating remote sensing

activities in the country. Since the initial emphasis was on aerial surveys, NRSA took over the
works and functions of Research Flight Facility of the Ministry of Defence. The NRSA
Society's governing body was chaired by none other than the then Prime Minister of India,
Mrs. Indira Gandhi. NRSA started functioning from hired premises in Secunderabad, Andhra
Pradesh from mid April 1975.
The activities of centre includes:
1. Planning, Acquisition, Processing and Dissemination of satellite data from various
Indian & foreign satellites
2. Extending services to set up ground stations and processing facilities
3. Carrying out Aerial Surveys and Large Scaling Mapping applications
4. Providing Geospatial solutions to users
5. Extending a 24X7 service to support disaster monitoring and management
6. Outreach through training, workshops, student projects & promotional activities
related to remote sensing applications at regional and national level

Indian Institute of Remote Sensing
The Indian Institute of Remote Sensing (IIRS) is a premier
institute for research, higher education and training in the field
of Remote Sensing, Geoinformatics and GPS Technology for
Natural Resources, Environmental and Disaster Management
under the Indian Department of Space, which was established
in the year 1966.
It is a premier institute with the objective of capacity building
in Remote Sensing and Geo-informatics and their applications
through education and training programmes at postgraduate
level. The Institute also hosts and provides support to the Centre for Space Science and
Technology Education in Asia and the Pacific (CSSTE-AP), affiliated to the United Nations.
The training and education programmes of the Institute are designed to meet the
requirements of various target / user groups, i.e., for professionals at working, middle and
supervisory levels, fresh graduates, researchers, academia, and decision makers.
IIRS has collaborations with many reputed international organisations for capacity building,
research and faculty exchange. These include: ITC, IHE (International Institute for
Infrastructural, Hydraulic and Environmental Engineering) and Wageningen University in The
Netherlands; ITTO (International Timber Research Organisation); UNESCO (United Nations
Education & Scientific Cooperation Organisation); WMO (World Meteorological

Organisation); ADPC (Asian Disaster Preparedness Centre); and NGI (Norwegian Geological
Institute).

North Eastern Space Applications Centre
North Eastern Space Applications Centre (NESAC) established in
the year 2000 as a joint initiative of Department of Space and
North Eastern Council (NEC) to provide space technology
support for development planning in the North Eastern Region
(NER).
NESAC role in development support





Provides Remote Sensing based natural resource information base to facilitate the
management of natural resources & infrastructural planning.
Provides operational satellite communication applications services supporting
education, health care, disaster management & developmental communication.
Development of space science & climatic change research hub by installation of
necessary instrumentation & networking with various academic institutions of NER.
Academic interface & capacity building towards utilization of space science &
technology in research & applications.

Major ongoing Projects at NESAC










Forest working plan for NER States
Sericulture development using geospatial technology
Flood Early Warning System
Thunder Storms/ Lightning Detection
Highway Road Alignment (Dhola-Sadia Bridge)
UAV (Drone Remote Sensing)
Geospatial web-portals and dashboard applications.
Doppler weather RADAR.
Tele Education/ Tele Medicine

M.P. Council of Science & Technology
The Council was established in the year 1981 under the Society
Registration Act, 1973, Government of Madhya Pradesh, to cater
to the needs of Scientific & Technological needs of the state and
to advise government on policies and measures necessary to
promote utilization of Science & Technology for achieving the
socio-economic objectives of the State.
Council is a nodal agency for S&T, Remote Sensing and Biotechnology Research and
Development. Council has developed itself in many disciplines.
The Council has categorized all its activities into following broad areas and general
administration including infrastructure:
 Remote Sensing Applications Centre
 Rural Technology Applications Centre
 Climate Change Research Centre
 Science & Technology Popularization Centre
 Research & Development Facilitation Centre
 Patent Information Centre
 Regional Extension Centres:
 Advance Research & Instrumentation Facility
 M.P. Library of Science & Technology
 Publication and Public Relation:
 Madhya Pradesh Resource Atlas Program
 M.P. Mission Excellence Programme
 Ujjain- Dongla Planetarium-Observatory Complex
 M.P. Science Network
The Council has trained and experienced human resources specialized in various fields of
Science & Technology. Apart from the regular manpower, the Council has more than 100
project-based staff working in various projects.
Besides, students, research scholars, scientists and officers associated with science &
technology in the state are being trained at state/national level laboratories, research and
training institutes for their skill development. Besides this, training is also being imparted in
house in remote sensing, biotechnology, soil and water testing, modern equipment’s, etc.
The Council is implementing various activities and programme like research, seminar,
symposium, workshop, technical demonstration & transfer through awareness programme,
karigar sammelan, rural innovation, training programmes under the above Centers.

Haryana State Remote Sensing Applications Centre
Haryana State Remote Sensing Applications Centre (HARSAC), a
nodal agency of the Department of Science & Technology,
Government of Haryana for Remote Sensing and GIS applications,
has been established in the year 1986 and has become
operational in the year 1989.
HARSAC provides specialized services and solutions for
implementing geospatial/GIS systems. These include technical
consulting, GIS database design and development, map creation/ updation and finishing,
data migration/ conversion and format translation, software development and
customisation, and systems integration. It also provide complete GIS solutions that bundle
hardware and software with GIS systems development services, for clients in India.
Since then it has completed 172 projects successfully and 33 projects are ongoing in the field
of Mapping, monitoring and management of natural resources, environment and
infrastructure in the state and also generated Geographic information system (GIS) database
for the developmental planning purpose, and also undertake, promote, guide, coordinate
and aid Research and Development in the field of Remote Sensing (RS) and Geopgraphic
Information System (GIS) applications.
HARSAC also imparts training and education in the field of RS and GIS. And also commensed
M. Tech. Programme in Geo-informatics in collaboration with G.J. University of Science &
Technology, Hisar.

Punjab Remote Sensing Centre
Punjab Remote Sensing Centre (PRSC), ISO 9001-2015 Certified an
autonomous organisation under the Department of Agriculture,
Government of Punjab, is the apex body in the state for all Remote
Sensing (RS), Geographic Information System (GIS) and Global
Positioning System (GPS) and related works. It is designated as a Nodal
Agency by the Govt. of Punjab for geospatial needs of the state and also
acts as the centralized hub for the geo-spatial data to all the user departments.
PRSC has been setup under the umbrella of National Natural Resources Information System
(NNRMS) under the technical guidance of ISRO NNRMS.
PRSC also imparts training and education in the field of RS and GIS. It has also commenced
M. Tech. Programme in Remote Sensing and GIS in collaboration with Punjab Agriculture
University, Ludhiana.

CropIn
CropIn is a leading full-stack agri-tech organization that
provides SaaS solutions to agribusinesses globally.
CropIn’s unique suite of products enable various
stakeholders in the agri-ecosystem, including the farmer,
to adopt and drive digital strategy across their operations.
Using cutting-edge technology like big data analytics, artificial intelligence, machine
learning, and remote sensing, CropIn creates an interconnected network of all these
stakeholders at different levels of the agriculture ecosystem, enabling clients to analyse and
interpret data to derive real-time actionable insights on standing crop. Businesses can thus
leverage technology to effectively drive their initiatives around Digitization, Compliance,
Sustainability and Traceability.
With the vision to ‘maximize per acre value’ and the mission to ‘make every farm traceable’,
CropIn adds value to agri-businesses by increasing efficiency, scaling productivity, and
strengthening sustainability across the board. Thus far, CropIn has digitized over 5 million
acres of farmland and enriched the lives of nearly 2.1 million farmers, while gathering data on
265 crops and 3,500 crop varieties. The SaaS solutions offered by CropIn are crop and
location agnostic, and are available on web and mobile devices.
Website: www.cropin.com

Weather Risk Management Services Private Limited
WRMS (Weather Risk Management Services Private
Limited) is a pioneering smart farming company that was
founded in 2004 with a vision to empower farmers to
overcome the most daunting agrarian challenges. The
company leverages data, technology and financial
services to provide holistic solutions that enhance
agricultural productivity and secure farmers' income in an environmentally sustainable
manner. At the heart of WRMS’ ability to innovate is its strong multi-disciplinary research
team, which has expertise in Financial Engineering, Computer Science and Electronics,
Atmospheric Physics and climatology, Nanoscience’s and Biotechnology. The company
currently has a 500-member team with presence in India and South East Asia. WRMS’ clients
include farmer groups, governments, large corporate houses and international donor
agencies.
Our vision is to secure smiles on the faces of the marginalized & underserved section of the
society by building solution, which generate & protect income of these segments. Our

immediate focus is to create income secure smart farm for all the Indian farmers, who are
going through monumental agrarian crisis. These income secured smart farm will be created
using modern data science & multi-disciplinary approach. Keeping the above vision in mind,
we have introduced WRMS SecufarmTM – 2.0 of Smart Farming. SecufarmTM is
convergence of best in agritech and financial risk management to provide farmer Smart
Technology that is fully underwritten by WRMS.

skymetweather
Skymet Weather Services Private Limited is
India’s first and largest climate and agriculture
risk management company. Skymet is
champion in weather forecasting, monitoring,
early warning and climate change, risk modelling, instrumentation, statistics, remote sensing
and geographical information system as well as drone technology.
Skymet has country’s biggest IoT network which consists over 6000 AWS (Automatic
Weather Stations), 27 lightning sensors, 300 air quality monitoring systems and more than
250 crop sensors on ground, which combines with AI (Artificial Intelligence) and ML
(Machine Learning) modelling engine to produce more than 2,00,000 crop advisories every
week, reaching out to millions of farmers.
80% of the agriculture land of India monitored by Skymet for acreage estimation of major
crops throughout the season and for crop health based on satellite (multiple vegetation
indices), ground truthing etc. for yield forecasting based on crop simulation and modelling.
Technology based crop scenario assessment, sown area estimation, prevented sowing and
impact on yield.
Some of our other key strengths includes:







Hyper local weather forecasting across 6, 50,000 locations.
More than 2, 00,000 registered farmers.
More than 1, 00,000 CCE (crop cutting experiment) and CCEM (CCE Monitoring)
every year, across geographies and variety of crops.
AI/ML for crop type determination, health, crop stage, yield forecasting based on
image analysis and weather for improved results.
Pioneers in drone (UAV) based integrated solution for large area and transparent
crop loss assessment.
India’s only private lightning network

BKC WeatherSys Pvt. Ltd.
BKC WeatherSys Pvt. Ltd. (formerly known as BK Consimpex Pvt.
Ltd.) is one of India’s first private sector meteorology and
environmental technology companies. Founded in 1989, BKC
WeatherSys provides turn-key technology and service solutions for
weather, power, aviation, agriculture and solar energy industries. Its
clients span the globe and include institutions like the Indian
Meteorological Department (IMD), Indian Space Research Organization (ISRO), the Indian
Air Force, Army, and Navy, National Aeronautics and Space Administration (NASA, USA), and
the National Oceanic and Atmospheric Administration (NOAA, USA).
It also work with universities and research organizations like the Indian Institutes of
Technology (IITs), Indian Institute of Tropical Meteorology (IITM, Pune), and Norwegian
Institute of Science and Technology (NTNU, Norway. The corporate clients include First
Solar, L&T, Siemens, Lanco, Acme, Forbes-Marshall, Green Infra, Punj Llyod, and Madhav
Infra.

Weather Risk Management Services Private Limited
Since 2011 Niruthi has been working to provide cost-effective
and scalable solutions for the crop insurance industry, by
integrating the best of technologies from satellite remote
sensing, crop-weather simulation modeling to mobile
technologies, and AI innovations in deep learning for data assimilation and yield
prediction. Niruthi’s partners in this endeavor include Swiss Re, Agriculture Insurance
Company of India, the Central Research Institute for Dryland Agriculture (CRIDA), and
Weather News Inc., Japan (WNI). Our analytics platform guides data collection and
integration to provide location-specific near real-time assessments of crop booking, crop
health, yield forecasts, and yield estimates. The resulting first-of-its-kind data-rich
environment is setting a standard for managing Insurance claim settlements and market
risks in agriculture.
Website : www.niruthi.com

SatSure
SatSure’s is a B2B and B2G company commoditising space data to
address the macro challenges in the agriculture, infrastructure and
energy sectors with a high impact on enabling financial inclusion of
farmers, food security, urbanisation, clean energy and infrastructure solutions for the nation
by providing alternate data insights using large area analytics.

Scanpoint Geomatics Limited (SGL)
Scanpoint Geomatics Limited (SGL) is an India-based information
technology (IT) company. The Company is engaged in providing endto-end geomatics products and services. It is a business solution
provider specializing in the areas of geographical information system
(GIS), image processing (IP), global positioning system (GPS), ground
penetration radar (GPR), photogrammetry (PG), and location-based
services (LBS) and surveys. Its products include Integrated GIS and Image Processing
Software, a software that provides a scalable geospatial platform for desktop, enterprise,
mobile, Web and the cloud, and Q-Pad, a mobile GIS application that works on Windows
Compact Edition (CE)-based hand held device. It specializes in the development of
enterprise software and applications for geomatics. It provides customized solutions for
urban planning, utilities, land use, disaster management, natural resources, land information
system, forestry, agriculture, power and vehicle tracking system. It is pioneering the nation’s
geospatial domain through IGiS - an indigenous technology which brings GIS, IP,
Photogrammetry, and CAD together on the same platform. IGiS caters to a multitude of
solutions across industries like Agriculture, Defence, Forestry, Disaster Management, Land
Information, Mining, Power, Smart City, Urban Planning, Utilities and Location Based
Service.

Electrotek International
We, Electrotek International is in this field of serving Indian scientific
community with sophisticated research instruments for more than three
decades. We are authorized representative for foreign manufactures to
take care of sales and after sales support for their products in India. We
have spread our wings in the field of Remote sensing, Oceanography,
Atmospheric, Textile and Geophysics. Our major customers includes reputed research
organisations as well as Educational Institutes to cater their valuable research needs.
Website: www.electrotekintl.com

Planet labs
Planet started as a small team of physicists and engineers, and now
operates the world’s largest constellation of Earth-imaging satellites.
We offer our customers a diverse selection of 3-meter, 5-meter, and
80-centimeter data products, all under one roof. From precision
agriculture and emergency response to supply chain and infrastructure monitoring, we
believe that timely, global imagery and analytics will empower informed, deliberate, and

meaningful stewardship of our planet. Planet designs, builds, and launches satellites faster
than any company or government in history by using lean, low-cost electronics and design
iteration.

Kambill Systems
Kambill Systems provides solid data base of contacts,
insights and techno-commercial solutions based on its
applied experience in industry and government-related
programs. It is able to implement key leadership, senior strategic resources and niche
expertise on airline projects related jobs. Established in 2013 and lead by young
entrepreneur, it offers World class Simulator & Simulation software solutions for all
segments. It is bringing world leaders in simulation technology under one umbrella. Today
Simulator Technology is not limited to the Aviation only, but it is making its presence felt in
every Phase of life like Vehicle driving, Locomotive Pilot training, Defense simulators and
Medical simulators. Its mission is to achieve self-reliance in design, development,
manufacture, upgrade and maintenance of aerospace equipment diversifying into related
areas and managing the business in a climate of growing professional competence to
achieve world class performance standards for global competitiveness and growth in
exports.

ATOS Instruments Marketing Services
ATOS INSTRUMENTS MARKETING SERVICES is a leading partner for
research laboratories assisting sales, consultation and technical
support for sophisticated scientific instrumentation. The product
portfolio focuses on Spectroscopy, Hyperspectral Imaging, Infrared
Imaging, Lasers along with Cryogenics & Solar Cell measurements. For the Indian market we
represent SPECIM, ANDOR Technology, FLIR Systems, Sacher Lasertechnik, Cold Edge
Technologies and Bentham Instruments. Visit us at www.atosindia.com to know more.
SPECIM manufactures Hyperspectral cameras for the entire wavelength range from Visible
to Long Wave Infrared. The FX 10 (400-1000 nm) and FX 17 (900-1700nm) are preferred for
field, lab or airborne applications, and is also widely used in industrial processes for QC
monitoring. SPECIM IQ is a Li-ion battery powered handheld hyperspectral imager which
weighs 1.3 kgs and offers spectral resolution of 7 nm with 204 spectral bands in range of
400-1000 nm. Visit www.specim.fi for detailed information. FLIR infrared cameras have a
very wide application area from detection of heat signature, temperature measurement of
objects, night vision & defect measurements. FLIR provides a very broad spectrum of
cameras from low cost uncooled bolometer based systems to cooled detectors for very high
frame rate snapshot measurements. For more visit www.flir.com.
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REMOTE SENSING APPLICATION CENTRE
UTTAR PRADESH
An Autonomous Organisation under

Department of Science & Technology, Govt. of U.P.
With the advent of technology of satellite remote sensing in early seventies, Remote Sensing Applications Centre, U.P.
(RSAC-UP), has been undertaking numerous tasks relating to investigations of different natural resources in the state and
in other parts of the country since its inception in May 1982. Aerial & satellite based remote sensing techniques coupled
with conventional field methodologies has led to optimum utilization and judicious management of natural resources of
the State. A team of multi-disciplinary scientists at the centre have been working to extract maximum information on
natural resources through satellite remote sensing. These information on natural resources pertain to water, minerals,
forest, agriculture, soil, landuse/landcover and urban agglomeration. The activities have been undertaken by the Centre
either at the behest of the User Departments or as in-house research and development effort to operationalise the
technology. After 31 years of efforts in operationalisation of remote sensing, the centre is now fully geared up to deliver
information to the user in the format and scale required for implementation purposes.

Water Resources










Hydrogeomorphological Mapping
Ground-water Targeting
Flood Inundation Mapping
Monitoring water Logged Areas
Monitoring the Dynamics of River System
Water Quality studies
Wetland Studies
Glaciological Studies
Rain Water conservation & artificial recharge studies

Forest Resources









Forest Mapping and Area estimation
Forest types and forest species identification
Forest change detection
Habitat assessment for wild life management
Encroachment on forest land
Identification of suitable areas for afforestation
Forest fire detection & damage assessment
Identification of fire prone areas

Soil Resources








Delineation of wastelands
Delineation of sodiclands
Sodicland reclamation monitoring at plot level
Soil type mapping
Classification, characterization and mapping and
mapping soils for soil resources inventory.
Identification & Characterization of degraded lands
Study of causes of land degradation & suggesting
measures

Agriculture & Horticulture









Pre-harvest crop acreage & production estimation for
wheat, paddy, mustard & sugarcane crops
R & D in orchards identification
Acreage estimation of large orchards like Mango, Anola &
Guava
Sericulture Development Studies
Cropping System Analysis
Crop Damage Assessment Studies
Crop Condition Assessment Studies
Drought Condition Assessment

Integrated Natural Resources Studies





Integrated mission for sustainable development-IMSD
(generation of water & land resources development plan
for integrated watershed development).
National Natural Resources Information System (NRIS) A GIS based decision support system.
Natural Resources Data Management System (NRDMS) District level Computerized data bases.
Space based information system for de-centralized
planning (SIS-DP)

Environment & Ecological Studies
Delineation of wastelands Delineation of
sodiclands Sodicland reclamation monitoring at
plot level Soil type mapping
Classification, characterization and mapping and
mapping soils for soil resources inventory.
Identification & Characterization of degraded
lands Study of causes of land degradation &
suggesting measures

