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 Editorial 

 

From the Editorõs Desk 
 
Dear Members,  
 
This issue of Indian Society of Geomatics (ISG) is bringing out a special issue of 
ISG Newsletter on, òAdvancements in Geospatial Technology for Societal Bene-
fitsó which is being released during the Silver Jubilee Celebration of the Socie-
ty, on 5 th  December, 2018, at SAC, Ahmedabad.   

For such a special occasion, one cannot start without the nostalgia factor em-
bedded in this event. This motivated us to invite Sri Arup Dasgupta, one of 
the founder members of this society to jot down the Foreword for this issue. 
This not only reminds us about the vision and mission of the founding mem-
bers, but also gives the current generation of the readers a positive direction for the future. I am 
sure this will augur well with the readers. In this context, I cannot help commenting on some of 
the issues being brought forth by Sri Dasgupta. The matters of his concern, with respect to some of 
the burning issues, policies, and high impact progress related articles, and events definitely need 
emphatic articulation. However, as with any progressive scientific society, the moderation and 
guiding factors sometimes go well beyond the jurisdiction of the editorial committee members. I 
feel, that the success story of this chapter, itself is something to be cheerful about, and the ever 
changing regimes of the members with their own priorities and visions, may make the colours ap-
pear a bit faded sometimes.  

To mention some of the new fields which have been touched upon since the last few issues of the 
Newsletter, one must be appreciative of the state of the art technologies which have been dealt 
with, such as UAV based remote sensing in the far North East of India, or the explorations in the 
Antarctica, Solar Calculator, which was appreciated by the ministry of power, Desi GPS(NAVIC) 
utilization in remote sensing applications and calibration etc. Many more State of the Art tech-
nologies, which are being included in the current issue, are setting the trend for making the ISG, 
Newsletter a stronghold of òGeoó! 

Now I must delve a little bit into the topics covered in this issue of Newsletter, to keep the readers 
more engrossed.  

We have tried to cover a wide variety of new technologies being developed in India which are ju-
diciously used for societal benefits. Geospatial Technologies for providing Agro -advisories, where-
by Web -GIS based pest forewarning systems, weekly crop prospects, dryness assessment for rain -
fed farming has been illustrated. E -governance for flood management in North Eastern states of 
India ,  Air Quality informatics for alerting the citizens of India, aerosol optical depth retrieval, 
and monitoring of air quality indices and providing regular products on VEDAS , disaster man-
agement support systems using space technology, development of Bhuvan National geo spatial 
platform, Geomatics applications for Himalayan region, Harnessing Non -Conventional Energy  
using satellite technology , are a few of our favourite topics.  

Apart from these, advanced technique development leading to the Multi -temporal Data -cube of 

Earth Observation Analysis Ready Data from OCM -2 / RS 2 / RS 2A, MOSDAC Live , a new Web 

(Continued on page v) 
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GIS based portal that enables users to visualize, analyze and relate the different kinds of satellite 
data, information products and forecast, Hydrological applications using altimeter and scat-
terometer data, Forest biomass estimation and Glacial faeces detection using SAR data have been 
projected. The article on mangrove mapping is also quite informative and gives us insight into the 
need for remote sensing based routine monitoring, which will be the need of the day for conserv-
ing our eco system. The article on Earth Observation Applications in Governance and Develop-
ment makes very interesting reading indeed.    

Finally, we have done a special interview with one of the greatest stalwarts in the field of ôõGlobal 
Greeningõõ, none other than, Dr Kartikeya Sarabhai, Director, CEE, Ahmedabad, to make this 
Newsletter interesting in all aspects.  

I thank the contributors and columnists for their cooperation and the editorial team for doing an 
excellent job. I hereby would like to take the opportunity to thank Ms Neetu Nambiar, Mr Jakesh 
Mohapatra and the Library for providing the much needed support in bringing out this Special 
Edition.  

Happy reading.  

 
 
 
     
      

      Arundhati Misra     
      Editor, ISG Newsletter  
         (arundhati@sac.isro.gov.in)  
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Message from President ISG 

Over the decades since sixties, satellite observations have led to rapid and wid-
er imaging and observation coverage over land, oceans and atmosphere. This 
ability led to greater strides in assessing our climate, environment, agriculture, 
natural resources and mitigating natural and human -induced hazards.  In ef-
fect satellite based remote sensing is leading to effective protection of global en-
vironment, reduction in disaster losses, and enabling us to move towards sus-
tainable development.   

Presently, India is owning one of the world's large constellation of Electro Opti-
cal (EO) remote sensing satellites in operation. Microwave Remote Sensing 
(MRS) programme of ISRO has seen the development of both active (e.g. RISAT, Scatterometer) as well as 
passive (e.g. MSMR) remote sensing systems for  space and airborne remote sensing activities. Future 
NASA ISRO joint mission, L and S band NISAR is going to provide an unprecedented periodic differential 
interferometric observation of all solid masses, including cryosphere, for assessing geo hazards and global 
environmental changes.  

As the technology grew, user demands and expectations also increased progressively. Availability of high 
resolution geospatial maps along with geolocation information in geospatial platform through easily acces-
sible devices, i.e. mobile phones, has changed the perception of common man in terms of its daily uses and 
improving the quality of life. Now various information/alerts such as weather forecast, disaster, air quali-
ty, traffic, rail and aviation services are easily available which could not have been thought of 2 -3 decades 
ago.  

Future demands will include requirements of high resolution information in high temporal resolution,  
leading to earth observation almost in near real time. It will call for innovative and complementary con-
stellation of large number of small satellites, with stronger capabilities built with small size and less pow-
er. Building new data architecture, transmission and dissemination techniques is a big challenge in future. 
If current trends are any indication, data is going to be progressively cheap or free, but information will 
become costly, as a function of information accuracy and relevance. Technological developments in the 
field of machine learning and computer vision algorithms need to be pursued with focused approach to 
address such demands.  Predictive modeling and assessment of global changes, without human interven-
tion, is need of the hour.   

It gives me immense pleasure to acknowledge the efforts made by the editorial team members of ISG News-
letter to bring out Special issue on òõAdvancements in Geospatial Technology for Societal Benefitsó high-
lighting nuggets of diverse remote sensing applications. However, in no sense the depiction is complete. As 
more and more innovations in machine learning capability and artificial intelligence are becoming norm, 
human ingenuity will lead to much greater strides in bringing satellite remote sensing much closer to dai-
ly human needs. I hope this expert team will continue their efforts in updating and communicating recent 
developments in the field to members, through innovative ideas. I am sure the efforts by editorial team 
will make ISG newsletter a powerful medium of information dissemination in the field of geospatial tech-
nology and its applications.  

 

Ahmedabad           

20 th  November 2018                 

         (Tapan Misra)  

         President, ISG  
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Foreword 

The ISG Newsletter Editorial Board of the Indian Society of Geomatics has giv-
en me the honour to write a foreword for the upcoming issue to be released 
during the Silver Jubilee celebration of the Society. Indeed it is not only an 
honour but an invitation to reminisce about those heady days in 1993 when 15 
of us got together to put together the Society. There were many questions as to 
why we needed ôanotherõ society. A sub question was why ôGeomaticsõ, why not 
ôGeoinformaticsõ or even ôGeospatialõ?  

ISG was set up to address the need to look beyond Remote Sensing, GIS and 
Cartography. There was much more to the Science, Technology and Art of col-
lection, storage and analysis of data about the earth, its environs and living 
objects than was covered by the traditional sciences and technologies like Geodesy and Cartog-
raphy and even Geography. Remote Sensing and GIS represented the fledgling steps that these tra-
ditional sciences were taking towards their modernisation. However, there were many more tech-
nologies appearing over the horizon. Location, through Global Navigation Satellite Systems was 
one such which fell between the stools of remote sensing and cartography. GIS was considered to 
be a glorified CAD, ignoring its analytical capabilities. In short, ISG was set up to look at the big-
ger picture which went beyond natural resources and included the impact on society and vice 
versa.  

Why ôGeomaticsõ? In a lighter vein ôGeospatialõ is an adjective and not a noun and Geoinformatics 
by definition was too restrictive. Geomatics happens to be the ISO term for the Science, Technolo-
gy and Art mentioned earlier and thus we became ISG.  

In 25 years ISG has come a long way. It has captured the imagination of professionals in govern-
ment, Academia and Industry. It has started a peer reviewed journal which is a success. It has 
held seminars, workshops, quizzes and opened Chapters in many cities. The question is has it met 
its original goals? As one of the Founder Members, the first Editor of the Newsletter and the first 
Webmaster I can say, paraphrasing Pandit Nehru, ònot wholly or in full measure, but very sub-
stantiallyó. I am happy that we have a better linkage with industry and our coverage goes be-
yond the RS & GIS fixation of other societies. I do see articles on technology and on the conver-
gence of technologies beyond RS & GIS.  

However, I think a professional society needs to go beyond just technology and applications. It 
needs to address issues that impact the technology and systems, like law, regulations, institution-
alisation, privacy and interactivity. A professional society should be an advocate of the technolo-
gy, its applications and an environment that is enabled to absorb it. I find this missing in ISG and 
its publications. Momentous events like the Geospatial Information Regulation Bill, the Space Act 
and the crucial National Spatial Data Policy find no discussion either in the Newsletter or even 
in the Annual Conferences of the Society.  

Another missing area is the fast developments in general areas such as Big Data Analytics, Deep 
Learning and Blockchain. Each of these are being absorbed into Geomatics and totally disrupting 
the ways in which we have been using data and data analytics. In this context one should reread 
the definition of Geographical Information Science as formulated by the UCGIS in 1999:  

(Continued on page viii) 



viii 

            ISG NEWSLETTER.  Vol. 24, No.3 & 4; December, 2018 

Foreword 

òGeographic Information Science (GIScience) is the basic research field that  seeks to redefine geo-
graphic concepts and their use in the context of geographic information systems. GIScience also 
examines the impacts of GIS  on individuals and society, and the influences of society on GIS. 
GIScience  re -examines some of the most fundamental themes in traditional spatially oriented 
fields such as geography, cartography, and geodesy, while incorporating more recent develop-
ments in cognitive and information science. It  also overlaps with and draws from more special-
ised research fields such as  computer science, statistics, mathematics, and psychology, and con-
tributes to  progress in those fields. It supports research in political science and anthropology, and 
draws on those fields in studies of geographic information and  society.ó 

A Society is a living system and like all such systems it has a life cycle and if care is not taken, it 
can become moribund. The aim of the Society should be to reinvent itself so as to be ready to meet 
the challenges of the future. As ISG enters its next quarter century I would like to exhort all its 
members to continue to keep the Society at the vanguard of the growth of Geomatics not only aca-
demically but in other fora as an advocate of using geomatics and other technologies in a conver-
gent manner for the sustainable development of the earth and of the living beings who call it 
ôhomeõ. In this century humankind will begin to colonise the Moon and Mars. Is ISG ready to take 
up these new challenges?  

 

 

  

Shri Arup Dasgupta  
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An Interview with 

Shri Kartikeya V. Sarabhai  

Shri Kartikeya V. Sarabhai is one of the world's leading environmental educators and a 

dedicated community builder. He was educated in Cambridge (Tripos in Natural Science) and 

went on to do post graduate work in development communication at the Massachusetts 

Institute of Technology (MIT). Mr. Sarabhai is the founder director of the Centre for Environment 

Education headquartered in Ahmedabad, with 40 offices across India. Mr. Sarabhaiõs primary 

focus is on the greening of India's formal education system, and initiatives for biodiversity 

education. He is a Trustee of the Sabarmati Ashram Preservation and Memorial Trust, Mr. 

Sarabhai is also a member of many committees set up by the Government of India and other 

organizations. Recipient of 2016 International Brandwein Medal by Brandwein Institute and the 

IUCN-CEC in recognition of his lifetime work for inspiring new generations to experience, 

embrace and love nature first hand. In 2012, the honourable President of India conferred him with Padma Shri, one of 

Indiaõs highest civilian awards. Mr. Sarabhai is the Co-chair of the Earth Charter International Council and the chair-holder 

of the UNESCO Chair on Education for Sustainable Development and the Human Habitat. He is the Co-chair of the first 

Priority Action Area ð Advancing Policy of the Global Action Programme. As a well known advocate of education for 

sustainable development, Mr. Sarabhai has actively contributed to the global negotiation processes around the UNDESD 

ISG: To start with I would like to thank you, Sir, for 

accepting our invitation to be part of the ISG Newsletter 

interview session, for the special issue on the Silver Jubi-

lee Celebration for ISG. We would like to know that as 

Founder Director of CEE, what was the fundamental idea 

which prompted you into this wonderful endeavor? 

Shri K. V. Sarabhai: In the early 80ôs, the Minis-

try of Environment was in its formative stage. 

The stage had been set in 1972 when the first 

United Nations International Conference on the 

Human Environment was held in Stockholm, 

Sweden. The honourable Prime Minister of India 

had emphasized the close relationship between 

conserving the environment and development 

and poverty eradication. India was evolving its 

governance structure for managing the environ-

mental challenge which was intertwined with the 

enormous task of development. A Department of 

Environment had been created in the Department 

of Science and Technology. At the time there 

were several NGOs and others institutions of civ-

il society working on various aspects of environ-

ment. At the Nehru Foundation for Development 

(NFD) established by Dr. Vikram Sarabhai in the 

mid 1960ôs, work on science, mathematics and 

environmental education was going on. One of 

the first environmental education projects involv-

ing students measuring pollution levels in the 

Sabarmati River was carried out through the 

Community Science Centre. We were conducting 

innovative programmes in schools including ru-

ral schools and observing how transformative 

such education could be. Through VIKSAT, an-

other organization of the NFD, we were working 

on looking at urban systems and how our urban 

environments were changing and what the future 

entailed. Through Sundarvan we were exploring 

wildlife education, camping and outdoor educa-

tion. We strongly advocated that education, com-

munication and public awareness should be an 

integral part of the Ministryôs strategy going for-
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wards. The Department of Environment positive-

ly looked at the proposal and decided to form 

Centre for Environment Education (CEE) as a 

Centre of Excellence of the soon to be formed 

Ministry of Environment and Forests, Govern-

ment of India in collaboration with NFD. CEE 

was constituted in August 1984.  

 

ISG: We, the Geomatics fraternity, know that you 

have seen how Remote Sensing Application Programmes 

in India have grown since inception of ISRO in early days. 

Please share some of your personal experiences with us 

about the way geomatics have grown primarily fuelled by 

Indian Space Program?  

Shri K. V. Sarabhai: Connecting spatial data with 

developmental issues is a very critical part of the 

geomatics revolution. Remote sensing applica-

tions really brought about a completely new type 

of capability. We did have fairly good maps, 

showing for instance the forest cover, before re-

mote sensing came in. We had maps of rivers and 

river basins, maps showing catchment areas, we 

had maps of cities and road maps. But what capa-

bilities came about as a result of remote sensing 

was that it was photographic and it became a 

complete game changer. The founding of Indiaôs 

Space programme was based on the role Space 

could play in a developing nation. Geomatics and 

remote sensing were an integral part of that core 

idea. Over the years, the capabilities and skills 

have tremendously increased. No longer do we 

just know the contours of a forest area but can 

make out what group of trees there are in the for-

est, the botanical group they belong to. We can 

assess growth rates and estimate carbon seques-

tration. We at CEE are involved in many coastal 

programmes, geomatics is essential for this work.  

 

ISG: Sir, looking at Indiaôs position on current envi-

ronmental concerns, in your opinion what should be the 

priority area towards mitigating them primarily with the 

technological interventions?  

Shri K. V. Sarabhai: There is a long list here of 

what problems we have to deal with. We have 

problems of looking at snow cap melting for in-

stance, we have problems of looking at how for-

ests are changing as a result of climate change, as 

a result of human pressure as a result of other 

changes which are happening. We also need to 

see how these patterns are changing. We need to 

look at our coastal areas, we need to look at the 

mangroves, we need to look at coastal erosion 

and that is something which is a priority and con-

cern. Agriculture and changing cropping patterns 

need to be continuously monitored. ISRO has 

done wonderful work in all these areas. Take for 

instance wetlands. Till a few years ago wetlands 

were not considered as critical. And they were 

almost seen as wastelands. Areas where you can 

just do land fill and grow cities. Its only in the 

last 20 years that we have now realized how im-

portant a role wetlands play in the ecological sys-

tem and how we need to protect them. We need 

to see how cities are growing. What is the extent 

of slums and how the housing crises can be met? 

Where does development happen, where does 

erosion happens, are there new wastelands 

emerging. We have monitoring to be done for 

instance on illegal mining. The scale of some of 

these things is such that without remote sensing it 

is difficult to see how such monitoring can be 

done. So I think there are several applications 

where the role of remote sensing is critical.  

 

ISG: Being an Environmental Scientist, and with your 

tie up with several National and International projects 

what is your comment on the Global Warming, and In-

diaôs role in it. 

Shri K. V. Sarabhai: Global warming is very 

much to do with lifestyles. This conventional 

path of development, which is a path western 
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countries took post the industrial revolution, was 

based on fossil fuels. A simple mathematics cal-

culation can show you how this path is complete-

ly unsustainable. It is something which leads us 

to an ecological footprint or a carbon footprint 

way above what this planet can sustain to sur-

vive. Why we are not at a crisis stage now is be-

cause a large part of the people on this planet are 

still poor and as long as they are poor, they donôt 

have access to resources the way the rich and rich 

nations use resources. Now when we go towards 

all nations rapidly developing and treading on the 

same path, the total resource consumption reach-

es levels that we simply donôt have. In India we 

must realize that currently we are the second 

most populous country in the world. But com-

pared to China we have an extremely different 

population age profile. The Indian age profile is 

such that it leads to a population growth rate 

which is quite different from Chinaôs. India is al-

so the fastest growing economy in the world. And 

it is predicted that in another four years from 

now, India will become the most populous coun-

try in the world. One in every six person in the 

world is from India. That gives us a certain sense 

of responsibility. How we choose live will make 

a difference to the world. We also in some way 

performing a leadership role vis- -̈vis other de-

veloping countries. While the developed coun-

tries are trying to retrofit the model they have, we 

have an opportunity to make the right choices 

from the beginning.  

India is a country which can show the way. In-

diaôs role in dealing with the global problem of 

Climate Change would be to show people how 

sustainable development can take place. Climate 

Change needs to be dealt with in terms of both 

mitigation and adaptation. In both cases, India 

has a very important role to play. 

 

ISG: Sir, thank you very much for sparing your valua-

ble time for this wonderful discussion on the challenge of 

SDGs and the role of geomatics for the special issue of 

ISG Newsletter.  
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Geomatics Applications for 

Himalayan Region 

Shakil Ahmad Romshoo and Sadaff Altaf   

  

Department of Earth Sciences, University of Kashmir, Srinagar;  

E-mail: shakilrom@uok.edu.in  

INTRODUCTION 

Himalaya provide most of the south Asia fresh water, energy, host huge reserves of ice outside the polar re-

gions, harbor rich biodiversity, are home to a large population and are therefore key to the future of more than 

a billion people. Yet, poverty, climate change, disaster vulnerability and environmental degradation are threat-

ening the life and infrastructure in the Himalayan mountainous region. By taking care of the Himalaya, we 

would ensure the long-term security and survival of all that is connected to them, including humans. There-

fore, the generation and availability of knowledge about various aspects of the mountain ecosystems has be-

come imperative for environmental protection and conservation, disaster vulnerability assessment, energy and 

food security, land and water resources management together with the preservation of cultural heritage in the 

Himalaya (Romshoo et al., 2017, Winiger et al., 2005). Therefore, various disciplines figuring under 

ógeomaticsô like remote sensing, GIS and GPS together with existing records, field studies, laboratory experi-

ments and simulation models provide a useful means to generate very important information about key com-

ponents of social, economic and environmental conditions in mountains regions like Himalaya for effective 

characterization, efficient monitoring, and precise diagnosis of the present, past and future situation (Gruen 

and Murai, 2002). GIS (geographic information systems) and remote sensing tools and methods provide a use-

ful means to investigate key components of social, economic, and environmental conditions through systemat-

ic generation of data indicating their present situation and changing status through space and time.  

Geomatics in Mountainous Himalaya 

The article briefly discusses, in the following sub-

sections, the application of geomatics related to a 

few of the important applications concerning the 

mountainous Himalayan region. 

Watershed studies 

The watershed is considered to be the most appro-

priate spatial arrangement and functional unit for 

managing complex environmental problems. Geo-

matics is widely used in characterization and assess-

ment studies based on watershed approach, prioriti-

zation of watersheds, and for assessing the 

inþuences of watershed characteristics on hydrolog-

ical response for flood and soil erosion studies 

(Altaf et al., 2014; Meraj et al., 2017).  Figure 1: Biological richness map of Doda district 

mailto:shakilrom@uok.edu.in
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Forest and other natural resources  

Geomatics has vast applications in studies related to natu-

ral resources. Examples may include biological richness 

map (Figure 1) showing a very rich biodiversity reposito-

ry with signs of disturbance where terrain is either com-

plex or where the anthropogenic pressures on forest re-

sources are apparent (Rashid et al., 2013). Paddy crop 

yield estimation suggests that the simulation modelling 

coupled with geomatics could simulate regional yield 

with good accuracy (Muslim et al., 2015). Geomatics is 

routinely used for Soil Mapping (Khan and Romshoo, 

2008).  

Cryosphere studies 

Geomatics has enormous applications in cryosphere stud-

ies as the glacier areas are most often inaccessible. It can 

be used for studying the dimensional changes in glaciers 

as shown in Figure 2. There are scores of instances of the 

use of geomatics in snow and glacier mapping in the Indi-

an Himalayan region. Geomatics has applications in gla-

cial-geomorphic studies as well as shown in the Figure 3. 

Several studies suggest that the use of geomatics in gla-

cial-geomorphic studies provide vital information to 

make inferences about the effect of geomorphology on 

glacial advance and retreat (Dar et al., 2017). 

Water resources assessment 

To conserve and manage the water resources, it is im-

portant to have inventory of lakes, wetlands in the catch-

ment (Panigrahy et al., 2012) The storage capacity of the 

lakes in the Himalaya has decreased signiýcantly because 

of the massive siltation from the catchment as can be seen 

from the Figure 4 (Romshoo et al., 2017).  Geomatics is 

used to study the impacts of anthropogenic activities on 

water quality, nutrient loading and understanding human-

biophysical interactions (Rashid et al., 2016). Glacial lake 

inventory is another important cryospheric application of 

geomatics in the mountainous Himalayan region (Li and 

Sheng, 2012).  

Land degradation studies  

The steep slopes in the Himalayas along with depleted 

forest cover, as well as high seismicity have been major 

factors in soil erosion with the headwaters generating a large volume of water and eroded sediment in 

Himalaya. The estimation of soil erosion is necessary to initiate land degradation measures at a water-

shed level (Jain et al., 2001). Geomatics is used for identifying and prioritization of soil conservation 

measures in the mountainous Himalaya as shown in the Figure 5 (Meraj et al., 2017). 

Tourism infrastructure development  

Tourism in the mountainous Himalaya is becoming a growing environmental concern due to extreme 

Figure 2: Change in glacier area since 1962 

Figure 3: Glacial-geomorphic map of the 

Thajwas glacial valley digitized from (a) Land-

sat ETM imagery and (b) Google Earth Image-

ry. The dotted arrows indicate the palaeo-ice 

þow directions 
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seasonality, lack of suitable infrastructures and plan-

ning, and interference with ecosystems (Geneletti and 

Dawa, 2009). Planners are using geomatics technology 

to find suitable sites for tourism development depend-

ing upon the tourist interest and other natural factors 

(Kanga et al., 2007).  

Urban and regional planning studies 

Urban development and migration of population from 

mountain is a global phenomenon. Any small and iso-

lated population centers are rapidly changing into large 

metropolitan cities and hence the conversion of natural 

land to urban use is quite obvious as can be seen from 

Figure 6 (Romshoo et al., 2017). Geomatics is used for 

identifying suitable sites for urban development in the 

mountainous Himalaya. 

Climate change studies 

Geomatics has provided major advances in quantifying 

the impacts of climate change on land and water re-

sources (Yang et al., 2013). Climate change studies are 

usually carried out by studying the spatio-temporal var-

iability of indicators like vegetation, streamflow and 

cryosphere (Rashid et al., 2015; Romshoo et al., 2015) 

as shown in Figure 7. 

Land use and land cover mapping 

Land use land cover mapping helps in understanding 

the landscape dynamics for sustainable management of 

land resources. Geomatics has become a suitable plat-

form for data analysis, update and retrieval for LULC 

analysis. Many studies have been carried out in Hima-

laya to analyze LULC (Meraj et al., 2017, Rawat and 

Kumar 2015). 

Meteorological studies 

Understanding weather and climate requires the availability of high resolution and high quality hydro-

meteorological data. The complex orography of the Himalayan region poses a serious obstacle to atmos-

pheric monitoring. In order to overcome the problem, remote sensing products are being widely used as sat-

ellite-based products show clear relationships with in-situ observations (Rashid et al., 2018). 

Flood studies 

Geomatics has become the key tool for flood monitoring (Figure 8) in recent years and the development in 

this field has evolved from optical to radar remote sensing. Geomatics is routinely used for the delineation 

of flood zones and preparation of flood hazard maps for the vulnerable areas in Himalaya (Brivio et al., 

2002;  Sanyal and Lu, 2004).  

Challenges for Geomatics in Mountainous Himalaya  

Some remotely sensed products have been developed successfully and have become standard applications 

Figure 4: Open water extent of Wular Lake at differ-

ent points in time: (a) 1911, (b) 1954, (c) 1962, (d) 

1979, (e) 1992, (f) 2001 and (g) 2013 

Figure 5: Sediment yield index (SYI) of the six sur-

rounding watersheds of the Wular lake and the final 

watershed prioritization map. The number of red ar-

rows represents the comparative sediment yield of 

these watersheds 
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in Himalaya over the last few decades, an example being land use 

mapping, terrain mapping, snow and glacier mapping, settlement 

analysis etc. However, there are significant drawbacks to the appli-

cation of potential geomatics technologies in mountain regions, 

e.g. those aiming to take advantage of the latest available tech-

niques such as radar, or laser sensors. Foreshortening, layover and 

shadows possess a challenge for the use of radar images and is 

particularly true for mountain regions, where steep terrain compli-

cates image processing. Data pre-processing steps, namely geo-

metric correction is more difficult in steep terrain as there are dif-

ferences in the distance between ground surface and the receiving 

sensor. Shadows, in the sense of non-illuminated areas for passive 

sensors and non-accessible areas for active sensors, hamper the 

homogeneous interpretation and classification of remotely sensed 

data. This is even more so for the very high-resolution sensors of 

the latest satellite generations, due to their lower platform orbits 

and varying viewing angles (Schneiderbauer et al., 2007). Similar-

ly, a reliable risk monitoring system for mountain hazards such as 

avalanches or landslides requires daily data, which are often not 

achievable with existing satellites.   

CONCLUSIONS 

The application of geomatics technologies to a great variety of 

issues in the Himalaya clearly demonstrates its usefulness for the 

characterizing, monitoring, analysis and representation of data 

about spatio-temporal processes in the mountainous areas. Satel-

lite remote sensing, image processing, aerial photogrammetry, 

GIS modeling, use of DEM, cartography, visualization and simu-

lation modeling play essential roles in generating valuable and 

strategic knowledge about key aspects of mountain system that 

have far reaching influences in the plain areas. Highlighting the 

applications of Geomatics technologies to various disciplines in 

the Himalaya in this article presents an interesting mosaic and 

framework for mountain research community. However, it is 

likely that several other applications of geomatics in mountain-

ous ecosystems shall be presented in much more details during 

various thematic sessions of the Geomatics-2018 and would 

help to draw more attention of the public and policy makers to 

these fragile regions in the country.  
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INTRODUCTION 

V 
ision of Indian Space Programme is laid with the aim to ñHarness space technology for National De-

velopmentò. With a humble beginning in 1963 and throughout the five-decade journey, Indian Space 

Research Organisation has been demonstrating remarkable indigenous capabilities in space technolo-

gy and unique applications. Space applications have played an important role in enabling solutions to some of 

the priority areas of national development including key parameters for Governance. These have made some 

impacts on the quality of life of citizens and enabling societal transformation. 

The data and value added services emanating from Earth Observation (EO) satellites, in conjunction with 

ground based observations, contribute significantly in the domains of food, water & energy security; environ-

ment protection; weather forecasting; sustainable development; disaster risk reduction etc. Space derived in-

puts along with geospatial technologies and field information are adopted in an integrated way by various Cen-

tral Ministries and State Governments in planning, periodic monitoring, mid-course correction and evaluation 

of developmental activities under the parlance of governance. The capabilities of satellite communication and 

navigation, in addition to earth observation, are also exploited in providing an array of application services in 

the area of education & health, connectivity, location based services and so on. Some of the operational space 

applications addressing socio-economic transformation and making a difference to the society are highlighted 

below:  

Food Security 

India's population has been growing rapidly, which would further result in increasing demand for food grain 

production to ensure food security to our people. This would necessitate development of rain-fed agricultural 

areas, wastelands, improvements in cropping system and agricultural practices, greater efforts towards disaster 

risk reduction and so on.   

Satellite data, synchronous with ground data, is being analysed and used with a focus on agro-meteorology and 

market economics to estimate crop acreage and production for 8 major crops viz. Wheat, rice (kharif & rabi), 

mustard, rabi sorghum, jute, winter potato, sugarcane, cotton in the country. Using the procedures developed 

by Space Application Center, ISRO, the Mahalanobis National Crop &ÏÒÅÃÁÓÔ #ÅÎÔÒÅ ɉÕÎÄÅÒ -ÉÎÉÓÔÒÙ ÏÆ !ÇȤ
ÒÉÃÕÌÔÕÒÅ Ǫ &ÁÒÍÅÒÓ 7ÅÌÆÁÒÅɊ ÈÁÓ ÂÅÅÎ ÒÅÇÕÌÁÒÌÙ ÇÅÎÅÒÁÔÉÎÇ ÃÒÏÐ ÆÏÒÅÃÁÓÔÓ ÁÔ $ÉÓÔÒÉÃÔȾ3ÔÁÔÅȾ
National level and providing to the Government for planning and decision making.  

Satellite remote sensing data has been used for production estimation of 7 horticultural crops (Potato, Onion, 

Tomato, Chili, Mango, Banana and Citrus) for 180 districts in 12 major states. Action plans are generated to 

identify suitable sites for expansion of horticultural crops in under-utilized areas and planning of infrastructure 

to minimize losses of fruits & vegetables.  



7 

            ISG NEWSLETTER.  Vol. 24, No.3 & 4; December, 2018 

  

 

 

 

 

 

 

 

 

 

 

 

The country has been repeatedly provided with the status of wastelands, both culturable and non-culturable, 

ever since late 1980s. Management of wastelands is crucial for enhancing agricultural production, improving 

ecology and environmental protection. Remote Sensing based mapping and monitoring of wastelands is done 

at regular intervals to support Ministry of Rural Development for planning and implementation of reclamation 

measures with the objective of bringing More Area under Agriculture. 

Sea Surface Temperature and Chlorophyll retrieved from satellites are used for providing Potential Fishing 

Zone advisories to the fishing community to reduce the time and effort in fishing.  Such advisories have 

been helping them in improved fish catch and reduction in search time and improving their livelihood options. 

Indian National Centre for Ocean Information Services under Ministry of Earth Sciences provides these advi-

sories on a daily basis.  

Water Security 

EO based applications are employed to assess the availability of water resources, efficient storage of rain wa-

ter, monitoring of irrigation infrastructure, estimation of reservoir storage capacity and improving the manage-

ment of water resources. 

Using multi-temporal satellite images, National level surface waterbody maps depicting water spread and its 

availability are prepared on a fortnightly basis and posted on the Bhuvan web geoportal for use. Ground-water 

prospects maps have been prepared for the entire country, by integrating multi-thematic ÉÎÆÏÒÍÁÔÉÏÎ ÄÅÒÉÖÅÄ 
ÕÓÉÎÇ ÒÅÍÏÔÅ ÓÅÎÓÉÎÇ ÄÁÔÁ ÁÎÄ ПÉÅÌÄ ÏÂÓÅÒÖÁÔÉÏÎÓȢ 4ÈÅÓÅ ÍÁÐÓ ÐÒÏÖÉÄÅ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÇÒÏÕÎÄ ×ÁÔÅÒ 
ÓÏÕÒÃÅÓ ÉÎ ÔÅÒÍÓ ÏÆ ÄÅÐÔÈ ÁÎÄ ÙÉÅÌÄ ÁÎÄ ÈÅÌÐ ÉÎ ÎÁÒÒÏ×ÉÎÇ ÄÏ×Î ÔÏ ÔÈÅ ÁÒÅÁÓ ÆÏÒ ÓÅÌÅÃÔÉÏÎ ÏÆ ÓÕÉÔȤ
ÁÂÌÅ ÓÉÔÅÓ ÆÏÒ ÂÏÒÅ-×ÅÌÌȾÔÕÂÅ-×ÅÌÌ ÁÎÄ ÁÌÓÏ ÆÏÒ ÃÏÎÓÔÒÕÃÔÉÎÇ ÒÅÃÈÁÒÇÅ ÓÔÒÕÃÔÕÒÅÓȢ  

These maps (also hosted as Bhuvan Bhujal on the web geoportal) have been extensively used by various state 

governments for drilling wells, with good success rate. National Remote Sensing Center, ISRO, responded 

positively and carried out ground water prospects mapping at 1:10,000 scale in dry areas during serious 

drought conditions in the past few years. In addition, necessary collaborative efforts are also taken up in 8 se-

lected states based on the requirements proposed by the Ministry of Drinking Water & Sanitation.  

 High-resolution satellite data is operationally used by Central Water Commission (CWC) for monitoring the 

irrigation Infrastructure to assess the physical progress and identify the gaps between irrigation potential  

Figure 1: Fruit orchard inventory, Nashik district 
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created and its utilization on the ground. System-

atic Assessment of sedimentation is also made to plan 

reservoir operation for optimum utilization of water. 

The water spread areas at different water levels in dif-

ferent month of the year are computed from satellite 

images. 

India-WRIS (www.india-wris.nrsc.gov.in) deployed, 

jointly by ISRO and CWC has been providing im-

portant information on water resources for effectively 

management at national level. Recently, initiatives 

have been taken up at State level, viz., Telangana and 

Andhra Pradesh to comprehensively address water 

resources management, including facilitating the irri-

gation water management and others. These initiatives 

have started helping the concerned States in the water 

sector.  

Energy Security 

Space technology is useful for assessing the potential of renewable energy resources and to plan power 

generation and distribution. Solar Calculator Mobile App to estimate solar energy potential and Digital at-

las for Solar, Wind and Wave energy has been deployed in VEDAS portal (www.vedas.sac.gov.in) which 

are used by M/o New & Renewable Energy as well. Remote sensing data integrated with geospatial data 

provide valuable information on various parameters viz. geological, environmental, terrain, availability of 

suitable geological materials, proximity to procurement hubs etc. to identify suitable sites for Hydropower 

plants. 

Sustaining the Environment & Eco-System 

Remote Sensing data has been of significant help in monitoring our forest cover, assessment of trees out-

side forest and planning for sustainable use of forest. Forest Survey of India makes regular assessment of 

forest cover at national level, on a two-year cycle, to plan for conservation measures of bio resources. New 

initiatives have been recently taken up by ISRO to pro-

cess time series satellite images to enable semi-automated 

forest cover change locations, on an annual basis for en-

tire country. These products have been made available to 

the Ministry of Environment, Forest & Climate Change as 

an effective measure to monitor forests in the country. 

Also, MOEF&CC has effectively used ENVIS services, 

Desertification & Land Degradation Maps. 

The satellite data has helped in deriving the spatial distri-

bution of different vegetation communities in Eastern & 

Western Himalayas, Shivaliks, Vindhyas, Eastern & 

Western Ghats and Coastal areas. The database provides 

vital input planning conservation and prioritization.  

Integrated watershed development programme is one of 

the major initiatives in the country towards conservation 

of soil and water resources in the rain fed area. Remote 

Sensing based database on natural resources integrated 

with field data and traditional wisdom are used to prepare 



9 

            ISG NEWSLETTER.  Vol. 24, No.3 & 4; December, 2018 

locale-specific action plans for land & water management to enable sustainable planning at grass root level. 

Such action plans are used to suggest optimal land use practices for better returns and livelihood.  

Disaster Risk Reduction  

The synergistic use of the space and airborne systems, in conjunction with conventional technologies, play a 

key role in all spheres of disaster management from preparedness to recovery. It facilitates near-real time 

data acquisition, generation of value-added information and its dissemination in shortest possible time.  

For disaster preparedness, flood hazard and landslide hazard zonation maps have been generated using his-

torical data on occurrence of such disasters. Initiatives have been taken for assessing vulnerability of agricul-

tural drought and preparation of risk maps. Flood Early Warning System (FLEWS), operational in all dis-

tricts of Assam, provides actionable product and flood alerts for 

effective management of floods. The data & geophysical prod-

ucts derived from Indian meteorological satellites are assimilat-

ed in the Numerical Weather Models of India Meteorological 

Department for prediction (24 to 72 hours in advance) of cy-

clone track, intensity & landfall. The accurate early warning 

during cyclones viz. Hudhud, Phailin, Vardha has immensely 

helped in saving the lives of people.  

EO satellites data are used for near-real time monitoring of dis-

asters and in deriving value-added products for damage assess-

ment to support during disaster response and rehabilitation. Citi-

zens also participate in providing information on the damages 

caused during disasters through Bhuvan. Satellite phones and 

transportable satellite terminals are used to establish critical 

emergency communication between inaccessible areas.  

The Turning Point 

National Meet, a unique initiative by the Prime Minister him-

self, was organized on 7th September 2015 with a goal of max-

imizing the use of Space Technology in Governance and Devel-

opment across Central Ministries and State Governments. The 

event witnessed participation of more than 1500 officials delib-

erating the significance of Space Applications in agriculture, 

energy &environment, infrastructure planning, water resources, 

technology diffusion, developmental planning, communication 

and navigation, weather and disaster management, health and 

education. The Prime Minister of India, in his address, empha-

sised the significance of space technology and called upon Cen-

tral Ministries and State Governments to formulate space appli-

cation initiatives in all possible areas of governance and devel-

opment.   

This effort forked more than 150 projects across varied disci-

plines and development of host of web & mobile applications, 

specifically towards enabling e-governance and ease of doing business. Some of these initiatives are eluci-

dated below:  

¶ At the behest of Ministry of Rural Development, Mobile App (DRISHTI) and Web Applications 

(SRISHTI) are deployed for online monitoring and evaluation of about 86,000 micro-watersheds in the 

country. SRISHTI enables hierarchical visualization of watersheds by administrative units; along with 
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natural resourcesô database while DRISHTI helps reporting field 

accomplishments as Geotags. Nearly 9.45 lakh geo tagged field 

interventions are uploaded on to SRISHTI from state nodal 

agency teams. 

¶ Remote sensing Images in conjunction with geospatial tools are 

being used for urban planning by enabling Urban Local Bodies 

for master plan preparation for 500 cities/towns under AMRUT 

programme of Ministry of Urban Affairs. Urban geospatial data-

base generation for AMRUT towns on 1:4,000 scale and GIS 

based Master Plan preparation are being carried out.  

¶ At the behest of Ministry of Culture, inventory has been com-

pleted for all notified 3658 archaeological heritage sites in the 

country by demarcating site management zones viz. Prohibited, 

Protected & Regulated zones. Towards Ease of doing business, a 

customized mobile application is developed for online pro-

cessing of Citizen Requests for No Objection Certificate. 

¶ Under MGNREGA, satellite derived location based services are 

being utilized for monitoring of assets created annually. More than 3 crore assets have already been geo-

tagged and hosted on Bhuvan-MGNREGA Geoportal for Ministry of Rural Development. 

¶ A National Health Resources Repository (having 7000+ attributes) is being built to spatially map the gov-

ernment & private health care resources to enable health census. 

¶ The initiative óSpace based Information Support for Decentralized Planningô plays a key role in empower-

ing the panchayats to prepare developmental plans at grass root level in collaboration with Ministry of 

Panchayati Raj.  

¶ To monitor the progress of the beneficiary houses at five different stages under Pradhan Mantri Awas 

Yojana (PMAY) a Bhuvan-MoHUA Web Geoportal has been developed.  The construction activity is 

monitored based on the stage of construction such as Not Started, Foundation, Lintel, Roof and Complet-

ed, to track the activity against the schedule. 31 Lakh houses geotagged. 

Summary 

Space technology applications have spread its wings in addressing various national developmental needs and 

the impact of these applications, in making a difference to the society, have been successfully demonstrated.  

Besides ensuring continuity of data and services for operational applications, the future agenda is drawn to-

wards augmenting the space systems and catalyzing development of innovative applications to give further 

impetus to space based applications in governance and development. 
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INTRODUCTION 

I 
ndia with its long coastline and  diversity in terrain and weather conditions is severely prone to natural dis-

asters such as floods, cyclones, earth quakes, forest fires and droughts. Combined with varying degrees of 

socio-economic conditions of people across the country, the impact of  a natural disaster is seriously felt in 

terms of loss of life, shelter and property. In addition, anthropogenic disasters such as oil spill, increased air 

pollution  due to ever increasing vehicular traffic in urban areas and agriculture residue burning  has been a 

serious cause of concern in recent years from the perspective of public health and global climate change. Dis-

aster risk assessment in the country  shows 12% of land area (40 Mha) is flood prone, 8% of land area along 

the coast is cyclone prone, over 65% of land under cultivation is drought prone, around 25% land (under Seis-

mic zones IV-V) area is Earthquake prone and Himalayan and Western Ghats regions are  Landslide prone. 

Average annual direct loss is estimated in terms of  4350 lives, 1.42 Mha of affected  crop area , 2.36 M dam-

aged houses resulting in loss of 2% of the GDP. The indirect losses include expenses on emergency response 

and relief,   diversion of developmental funds, and the socio-psychological losses that cannot be quantified. 

In the light of above scenario, identifying disaster vulnerability areas and risk assessment, setting up of ground 

and space based monitoring systems, developing early warning systems for prevention and mitigation of loss 

of life and property as well as for timely relief measures and damage assessment assumes importance.  Gov-

ernment of India, in recognition of the importance of Disaster Management as a national priority, on 23 De-

cember 2005 enacted the Disaster Management Act, which envisaged the creation of National Disaster Man-

agement Authority (NDMA), headed by the Prime Minister, and State Disaster Management Authorities 

(SDMAs) headed by respective Chief Ministers, to spearhead and implement a holistic and integrated ap-

proach to Disaster Management in India. NDMA is striving to realise its vision  "to build a safer and disaster 

resilient India by a holistic, pro-active, technology driven and sustainable development strategy that involves 

all stakeholders and fosters a culture of prevention, preparedness and mitigation" with multi-institutional par-

ticipation.  

Role of Space Technology  

Space technology with its three components of remote sensing, navigation and communication satellite sys-

tems combined with the data processing and analytical expertise in the respective subject domains has a big 

role to play by providing near real time spatial inputs on natural disasters and their monitoring for damage as-

sessment in space and time at regional to local scales and disseminate the information to the  policy/decision 

makers and the relief departments for timely action. Space-borne remote sensing sensors have the advantage of 

frequent large area coverage at desired intervals of time and spatial resolution, and access to humanly impossi-

ble remote areas. True to the saying "a picture is worth a thousand words",  remote sensing brings reality on 

the ground to the decision makers for quick action resulting in efficient governance and transparency.  In addi-
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tion to bringing near real time information products in map form, remote sensing provides invaluable data to 

generate databases on land use land cover, water resources, annual net sown area, urban sprawl etc., to use 

along with the disaster time data for damage assessment. Additionally, remote sensing provides much needed 

information for generating high resolution Digital Elevation Models and on weather parameters on regular ba-

sis for developing models for early warning.   In recent times, using locational services through navigational 

satellites and internet services through communication satellites, crowd sourcing has assumed greater signifi-

cance in bringing in-situ conditions by  way of location (lat/long) and field photographs through MobileApps, 

which in turn is strengthening the information derived by remote sensing.  

Disaster Management Support Programme (DMSP) in ISRO 

DMSP, conceived and implemented during the 10th Five Year Plan by ISRO, adopted a comprehensive ap-

proach with its major components of (i) Earth observation (EO) satellites for thematic inputs, (ii) weather in-

puts from meteorological satellites, (iii) communication support through communication satellites, (iv) a single 

window EO information dissemination service through the Decision Support Centre (DSC) at National Remote 

Sensing Centre (NRSC), a GIS based National Database for Emergency Management (NDEM) at NRSC, Bhu-

van Geoportal for visualisation, data access and geospatial support, disaster management support at global lev-

el through international charter, Sentinel Asia, UN-SPIDER and UNESCAP, aerial support for high resolution 

terrain data and R&D for early warning using space inputs. Figure 1 shows ISRO-DMS programme at a glance 

with the information and support services, institutional participation and the stakeholders. Following sections 

focus on DSC and NDEM being executed at NRSC as covering all aspects of DMSP is out of scope of this ar-

ticle. 

 

 

 

 

 

 

 

 

 

 

 

Disaster Management Support Centre (DSC) 

 It is established at NRSC as a single delivery point for space and aerial enabled inputs for disaster manage-

ment with major activities being (i) near real time monitoring of disasters (floods, cyclones, forest fires, land-

slides, earthquakes), (ii) generation of vulnerability and hazard zonation maps and provide information for 

planning disaster mitigation measures, (iii) provide  comprehensive  disaster specific multi-scale database to 

NDEM, (iv) inputs to MHA, NDMA, CWC, IMD, Central & state DMA, (v) Disaster Early Warning, (vi) Ca-

pacity Building and (vii) Sentinel Asia and Charter activities (Figure 2). 

 

Figure 1: ISRO-DMSP 
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National Database for Emergency Management (NDEM) 

 Implemented at NRSC as the lead agency on the behest of Ministry of Home Affairs (MHA) with multi-

institutional participation,  NDEM is a GIS based repository of data to support disaster/ emergency manage-

ment for the entire country with a set of Decision Support System tools. Fully operational since 2013, the 

NDEM Version3.0 is populated with multi-scale geospatial database for entire country at 1:50,000 scale, for 

350 Multi-hazard prone districts at 1:10,000 scale and for 5 Mega-cities at 1:2,000 scale,  and supported by the 

necessary  computer infrastructure to facilitate network connectivity, data ingest, validation, GIS databases 

organization, data dissemination and services hosting.  The database consists of 45 layers of base, thematic, 

infrastructure, disaster specific information and raster data in addition to more than 3 million points of interest  

with location & attribute information for use in emergency situation. Major functionalities of NDEM  are 

Figure 2: Major activities of Disaster Management Support Centre at NRSC 

Figure 3: Functionalities of NDEM Version 3.0 
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shown in Figure 3 and the portal can be accessed from https://ndem.nrsc.gov.in/ 

Support to International Community 

ISRO is an active partner in international initiatives to share the experiences, exchange the information and 

best practices towards global disaster management. DMS programme of ISRO is responding to the Internation-

al Charter on ñSpace and Major Disastersò and Sentinel Asia project for supporting disaster management activ-

ities in the Asia-Pacific region and the initiatives of UNOOSA, UNESCAP and BIMSTEC. NRSC /ISRO is 

actively involved in Sentinel Asia (SA) program, a voluntary initiative led by Asia-Pacific Regional Space 

Agency Forum, and supports the Emergency Observation Requests (EORôs) with IRS series of satellite da-

tasets comprising of Resourcesat-1/2 (AWiFS , LISS III and LISS IV), Cartosat-1/2, RISAT-1 etc. on volun-

tary basis. In this regard, about 67 Emergency observation requests were supported with more than 144 satel-

lite datasets during 2011- 2016 and some of the major disasters supported include Nepal Landslides 2015, Tai-

wan Typhoon2015, Philippines Typhoon ñBOPHAò 2012, Japan Tsunami, 2011. Figure 4 shows the distribu-

tion of the events covered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

Space technology through its components of remote sensing, location and communication services is providing 

vital inputs to all four stages of disaster management cycle consisting of mitigation, preparedness, response 

and recovery.  Availability of much needed real time remote sensing data, weather models and early warning 

systems combined with capacity building with necessary infrastructure and skilled manpower is making disas-

ter management support  programme effective and efficient in minimising the loss of life and property for sus-

tainable development. 
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INTRODUCTION 

M 
inistry of Earth Sciences (MoES), Govt. of India, has introduced a major national initiative, 

ñSystem of Air Quality and Weather Forecasting and Researchò known as ñSAFARò for greater 

metropolitan cities of India to provide location specific information on air quality in near real time 

and its forecast 1-3 days in advance for the first time in India. It has been combined with the early warning 

system on weather parameters. The SAFAR system is developed by Indian Institute of Tropical Meteorology, 

Pune along with ESSO partner institutions namely India Meteorological Department (IMD) and National 

Centre for Medium Range Weather Forecasting (NCMRWF). The implementation of SAFAR is made possible 

with an active collaboration with local municipal corporations and various local educational institutions and 

governmental agencies in that Metro city.  

Air pollution is one of the major growing problems all over the world. Many different sources such as 

factories, power plants, automobiles and even from natural causes such as wind-blown dust, smoke from bush 

fires and volcanic eruptions are responsible for pollution. The air quality can get affected in many ways due to 

the pollutants emitted from these sources. The deterioration of air quality thus results into a corresponding 

increase in health problems, eventually inducing the monitoring of air quality and its prediction in advance as a 

prime necessity in day-to-day life. There is a growing awareness of the linkages between human health, 

weather and climate.  

Timely air quality information even a day in advance can assist general public in coping with health problems 

caused by its constituents viz. ground-level ozone, sulphur dioxide, nitrogen dioxide, carbon monoxide, 

particulate matter and other pollutants. Air quality advisories or alerts issued when pre-determined pollutant 

threshold exceeds should result in actions to reduce pollution levels and encourage people to avoid polluted 

areas thereby alleviating adverse effects on health. Briefly, in response to the air quality advisories people can 

try to take actions against the increased pollution themselves like use public transportation and polling 

together, stagger work hours or even stay indoors and industry and regulatory agencies may decide on 

temporary shutdown of polluting factories, thermal power plants. Similarly, the traffic controlling authorities 

can reroute the flow of traffic to avoid hot spot areas. 

Apart from these air pollutants resulting from human activities, there are other parameters which affect human 

health and harm the environment as well. For example, the pollen season that is reasonably well-known to 

people who are allergic to it. The presence of pollen, its density and trajectory, as well as the possibility of 

being removed from the atmosphere by showers, all depend on the day-to-day weather. Also, the amount of 

UV radiation which not only leads to increase in skin diseases and eye cataracts in humans but also affect 

plants, aquatic organisms and other natural systems depends on the day-to-day weather conditions. These 

radiations also play an important role in modulating the level of air pollutants. 
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The SAFAR system, first of this kind in the country, is successfully developed with indigenous capabilities for 

4 cities namely DELHI (2010), PUNE (2013), MUMBAI (2015) and AHMEDABAD (2017) and dedicated to 

citizens as an operational service. The early warning system for air quality and weather developed under the 

project proved as a useful machinery to reduce the first-hand impact of deteriorated air quality on human 

health. The successful implementation of SAFAR in both operational and research mode is recognized by the 

global scientific communities and Global Atmospheric Watch (GAW), Global Urban Research Meteorology 

and Environment (GURME) project of United Nationôs ñWorld Meteorological Organization (WMO)ò 

appreciated and recognized it as its pilot project and also recommended to replicate and implementing it in 

other metropolis for the citizens of India which is likely to set an example for Developing countries. 

System Components 

Observational network  

Under the project dense observational network of Air Quality Monitoring Stations (AQMS) and Automatic 

Weather Stations (AWS) has been established (50 Ĭ 50 km domain of metropolitan region) by selecting 

representative sites of different micro-environments including industrial, residential, background/ cleaner, 

urban complex, agricultural zones etc.  

Air Quality indicators monitored at about 3 m from the ground includes Particulate Matter (PM10, PM2.5), 

Black Carbon (BC), Ozone (O3), Carbon Monoxide (CO), Carbon Dioxide (CO2), Oxides of Nitrogen (NO, 

NO2, NOx), Volatile Organic Compounds (VOCôs) and Mercury (Hg). In addition to this temperature, rainfall, 

humidity, wind speed, wind direction, and solar radiation are monitored along with Ultraviolet radiation flux in 

terms of erythemal UV dose using AWS and UV-E radiometer. Calibrations of the online analyzers is 

performed at appropriate time interval using inbuilt calibrators for some pollutants or with external calibration 

cylinders with multipoint calibration techniques for other elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Development of emission inventory 

Emission of various air pollutants as a consequence of burning of fossil fuel and bio-fuel in our day to day life 

for industrial activity, transportation, cooking, power generation, agricultural production, waste disposal and so 

on is important phenomenon which alters the normal composition of air. In any urban settlement, these are the 

most potential air pollution sources but their contribution and intensity varies with geographical and socio-

Air quality monitoring station (AQMS) along with Automatic Weather Stations (AWS) 
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economical factors. To identify the major air pollution sources in the region and their region specific spatial 

distribution, scientific approach has to be adopted.  Emissions Inventory is the most effective scientific tool for 

the same.  This is the most critical input to the 3-D atmospheric chemistry transport models along with 

meteorological input to forecast the air quality, the quality of forecast depends on the accuracy of emission 

inventories. It helps to implement effective air quality management program & formulate environmental 

policy.  

Under the project SAFAR a high-resolution (1 km x 1km) emission inventory has been developed by IITM for 

all these 4 cities by using bottom-up approach. Development of Emission inventory is a complex process and 

required huge amount of activity data and knowledge of fundamental scientific processes. The accuracy and 

reliability of emission inventory has been maintained by collecting unique region specific activity data during 

the extensive field survey for several months involving more than 200 students of various educational 

organizations and proper country specific emission factors has been selected to estimate the total emissions of 

above pollutants from transport, industries, residential, slum sector. The particulate emissions from untouched 

source, paved and unpaved roads, are also estimated. The spatial distribution of pollutants has been studied by 

using GIS (Geographical Information System) based statistical model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Development of Air Quality and Weather Forecasting Model  

The air quality forecasting is a highly-specialized area and requires huge computational power on regular. 

Atmospheric chemistry transport model is used for Air Quality forecasting. To forecast the air quality of 

various pollutants along with weather parameters, IITM uses four nested domains starting from near global to 

the local city level. The inner domain has a resolution of 1.67 km x 1.67 km. All these 4 domains run 

interactively and feedback of meteorology to chemistry and vice-versa has been accounted. This model 

requires several key inputs for accurate forecasting. Major among them are- emission inventory of pollutants 

from various sources, weather parameter, topographical data, land use-land cover data, initial and lateral 
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boundary conditions, etc.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data to Information 

Under the project measurements of air quality indicators and weather parameters have been made round the 

clock and the data is recorded and stored at every five minutes interval for quality checks and scientific 

analysis. This near real time online raw data is then converted in the public friendly format like Air Quality 

Index (AQI) or UV-Index at SAFAR-Control room after rigorous quality control and quality check by expert 

scientific team. Air Quality Index (AQI) is a rating scale used for reporting the quality of air we breathe in and 

the associated health effects. The UV Index is a measure of the amount of skin damaging UV radiation 
expected to reach the earth's surface at the time when the sun is highest in the sky (around midday). 

System Products 

The SAFAR system provides information on current and 1-2 days advance forecast for air quality and weather, 

harmful radiation and emission scenario over the city area in a very simple and user friendly format. The 

systems location specific products include Air Quality- Now, Air Quality-Tomorrow, Weather-Now, 

Weather-Tomorrow, UV Index ïSkin Advisory, AQI ï Health Advisory and City Pollution Maps. To 

disseminate the information to maximum stakeholderôs user friendly platforms has been developed where one 

can access our products easily including MobileApp- ñSAFAR-Airò, dynamic professional web portal 

(http://safar.tropmet.res.in/), LED- Digital Display Board System (DDS), Integrated Voice Response 

Service (IVRS) (Toll free No: +91- 1800 1801 717).  The information will be updated at each hour to 

notice the variability and to know most current air quality and weather conditions. Public may subscribe to the 

Alert Network through the website to receive direct E-mail Alerts or SMS Alerts for extreme weather 
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condition or air pollution event. All these facilities are available in English, Hindi and regional language. 

Those interested in information on e-mail, can also contact- safar@tropmet.res.in.  

Data processing and dissemination 

The near real time online raw data measured at various AQMS and AWS is transferred to AQMS server 

located in SAFAR Control Room at IITM, Pashan, Pune, through GPRS network. The raw data is then 

converted to Air Quality Index (AQI) or UV-Index, etc. FTP Master Control Server receives current Air 

quality data, weather data, AQI and UVI each hour from AQMS server through wired connectivity whereas 

the air quality and weather forecasting data for the next day from HPC facility of IITM and IMD. The FTP 

master control server will have responsibility to channel the data to Display Server, WEB server of SAFAR-

Pune and IVRS from where the system products mentioned in previous section disseminated through 

LED boards via 3G communication network, dynamic website and toll free number.     

 
 

mailto:safar@tropmet.res.in
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T 
he North Eastern Region (NER) of India is the richest water resources portion of the country. With 

highest average annual rainfall, this region comprising of six hilly and two plain states has its fare share 

of flooding and associated problems and sufferings. While the states of Arunachal Pradesh, Meghalaya, 

Mizoram, Manipur, Nagaland & Sikkim are pre-dominantly hill topographies, the states of Assam and Tripura 

are having flat terrains. Majority of the rivers in this region are parts of two major river systems namely 

Brahmaputra and Barak, which eventually join the bay of Bengal in Bangladesh. The accumulated overall 

discharge of the river systems of all the states of NER finally enters these two relatively narrow river valleys of 

Brahmaputra and Barak that flows across the territory of Assam. While the Brahmaputra with its large number 

of tributaries covers 30 districts of Assam, the remaining three districts of southern Assam come under the 

Barak valley. The Brahmaputra flows for 670 km through Assam where it receives 103 major tributaries - 65 

on the right (north) bank and 38 on the left (south) bank along the valley. The Barak river mainly receives 

upstream discharges from Manipur and Mizoram hills. Along with their various tributaries these rivers cause 

havoc in the state of Assam. Along with chronic flooding, river bank erosion has also become a dominant 

problem for NER in general and Assam in particular. The mitigation measures against these two inter-

connected problems of Flood and Erosion can be divided in to two major categories of structural and non-

structural measures. While structural measures are mostly physical interventions for preventions of flood and 

river bank erosion, the non-structural measures are mostly focused towards damage reduction, empowerment 

flood affected communities towards resilience , implementation of preventive rules & regulations etc. While 

construction of embankment, spurs, porcupine screenings, guide bund etc. are basically the structural 

measures, the non structural measures comprise of Flood forecasting, flood hazard zonation, flood plain 

regulation etc. Both central government and state government agencies are associated with flood management 

and associated activities. While state government entities are mostly associated with structural measures, the 

central government entities are mostly regulatory in nature and are inclined more towards non-structural 

measures of flood mitigations. Academia and research organizations are also in recent times more inclined 

towards non-structural measures as well as the design aspects of structural measures. Application of e-

governance in combination with space technologies are presently playing pivotal role for flood management 

across the globe and NER is also not an exception in this context. 

Conventional flood forecasting systems, covering only major river channels, based on monitoring of river level 

fluctuations in real time has not been found to be adequate enough to effectively mitigate the flood damage. 

This is because, adequate lead time of warning cannot be achieved with this present system. Although floods 

are anticipated in the state almost every monsoon season, it is difficult to predict the intensity, scale, duration 

and spatial extent of the flood event.  Rainfall-runoff modeling at the spatial and temporal scale for a basin is 

generally obtained by direct in-situ discharge measurements or indirect techniques involving rational, lumped 

(conceptual), semi or quasi-distributed, and distributed hydrologic models. As the conventional method at 

times faces constraints with scale and other hydrologic variables, quasi-distributed/physically distributed 

rainfall-runoff modeling techniques is generally adopted for computing flood runoff discharges, and serves as 
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the backbone of the FLEWS flood forecasting system as developed by NESAC for Brahmaputra and Barak 

valley at the request from state governments. Forecasted precipitation dataset using numerical 

prediction based Weather Research and Forecasting (WRF) model in combination with a GIS based quasi-

distributed hydrological model for computation of flood discharges is in the core of FLEWS.  

Weather Research and Forecasting (WRF) Model is a next-generation mesoscale NWP system designed to 

serve both operational forecasting and atmospheric research needs. It features multiple dynamical cores, a 3-

dimensional variational (3DVAR) data assimilation system, and a software architecture allowing for 

computational parallelism and system extensibility. With the WRF model, it is possible to mix and match the 

dynamical cores and physics packages of different models to optimize performance since each model has 

strengths and weaknesses in different areas. 

 

 

 

 

 

 

 

 

 

 

 

In the Hydrologic Modeling System (HEC-HMS), although a host of components for precipitation-runoff-

routing simulation is present, the primary components used in FLEWS include: 

¶ Loss models which can estimate the volume of run-off, given the precipitation and properties of the 

watershed. 

¶ Direct Runoff models that can account for overland flow, storage and energy losses as water runs off a 

watershed and into the stream channels. 

¶ Hydrologic routing models that accounts for storage and energy flux as water moves through stream 

channels. 

¶ Models of naturally occurring confluences and bifurcations 

¶ Models of water control measures using diversions and storage facilities. 

¶ Links to database management system including input and analysis. HEC-DSSVue has been used 

extensively for the process. 

The accurate prediction of probable flood is the most complex mechanism in the whole warning system as it 

necessitates expertise to find probability of flood from analysis of various meteorological and hydrological 

outputs. Also the alert has to be issued with sufficient lead time so that the end user can take proper response 

measures. The next step after decision making is dissemination of the alert to concerned authorities so that 

they can take timely mitigation measures to avert the effect of the probable disaster.  The alert dissemination is 

done in the form of mobile sms and emails. The mobile sms is sent to the State Control Room, District Project 

Officers (DPOs), DCs so that immediate actions can be taken. Also, detailed alert in the form of emails to 

concerned departments is issued. The detailed alert also contain catchment map of the river where probability  

Figure 1: The Met model 
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Figure 3: Sample flood alert to authorities 

Figure 2: The hydro model 
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of flooding is alerted.  

FLEWS, which got started as a pilot project for Lakhimpur district in 2009 extended to all major flood prone 

districts of Assam by 2015. The proper validation of the success and failure of FLEWS is a challenging task as 

the validation of floods necessitates robust ground monitoring and data availability in near real time in the 

event of the disaster. Hence, resources from satellite imageries to local news, state DMS centre information, 

etc. is taken into account. 

This exercise is one of the first of its kind in the country where, Numerical Rainfall Prediction coupled with 

GIS based quasi distributed hydrological model has been used for operational flood forecasting. The entire 

state of Assam has been covered with 40 FLEWS models which in total have taken around 130 major and 

minor tributaries of Brahmaputra & Barak. With its astounding success in Assam and on the advice of ISRO 

headquarter, this flood forecasting service is presently planned also for other flood prone states of NER. 

Figure 4: FLEWS performance 

Figure 5: FLEWS models built for Meghalaya & Arunachal Pradesh 
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Around 28 FLEWS models (Meghalaya ï 8 nos, Arunachal Pradesh ï 7 nos, Tripura ï 5 nos, Nagaland ï 3 

nos, Manipur ï 2 nos, Mizoram ï 2 nos & Sikkim ï 1 no) have been built. These models are expected to be 

trained  and tested with in situ surface observations once the ground sensors are installed in these states under 

the National Hydrology Project (NHP) sponsored by the World Bank.  This exercise also has both national and 

regional level recognition such as Professional best practice declaration by the union ministry of Public 

Grievances & Pensions, Govt. of India as well as E-North East award for E-Governance & Citizen Service 

delivery.  NESAC-ISRO has been regularly answering good number parliament questions both from LOK 

SABHA & RAJYA SABHA every year ever since FLEWS has been operationalized in 2012 in Assam. Most 

importantly FLEWS implementation, has given popularity to a new paradigm of modern approaches of GIS 

based flood management among all stake holder agencies (both central and state) working in the North Eastern 

region. All stake holders now have a collective consensus about the usefulness of space technology based  

hydro-met approaches for flood management. As a result NESAC in recent times, has a good number of 

willful collaborators such as Central Water Commission (NPMU, NHP), Brahmaputra Board, Assam Water 

Research & Management Institute Society, North Eastern Electric Power Corporation, Flood & River Erosion 

Management Agency etc. for various joint endeavours for development of useful services of flood and river 

bank erosion management in NER. 
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INTRODUCTION 

E 
xtraction and formulation of spatio-temporal relationship has always been the very core of resource 

planning and management. Remotely sensed Earth Observation (EO) data is the prominent input for 

deriving such relations due to the multi-temporal nature of satellite data. OCM-2 and Resourcesat-

2/2A satellites are two major satellite series for Ocean and Land resource monitoring launched by ISRO 

since 2009. The available long term data archive of these satellites can help to study long term changes of 

Geophysical parameters. Multi-temporal data generated from Ocean Colour Monitor (OCM) sensor of 

Oceansat-2 and LISS-3 from RS2/RS2A (Goa and Gujarat) will deliver a large amount of information in the 

context of temporal behavior of geophysical components.  

  

 

 

 

 

 

 

 

               
                                       

 

 

The multi-temporal Datacube of Geophysical parameters derived from available LTA of OCM-2 and 

RS2/2A data reduces the complexity by eliminating the need of advanced processing systems at user-level, 

by directly providing ARD (Analysis-Ready Data) for application needs.  

What is a EO Datacube? 

A EO datacube can be described as a massive multi-dimensional array of órasterô or ógriddedô data whose 

size is significantly beyond the main memory resources of server hardware. The Data values, all of same   

 

 (i) ARD DP chain (OCM-2)                                        (ii) Chlorophyll-a Time-series 

cube (OCM2) 

ODPD, SAC-ISRO 
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data type, sit at a regular grid points as defined by n-axes of n-dimensional cube. Coordinates along these axes 

allow addressing data values unambiguously.  

Computing performance 

The available OCM-2 & RS2/2A data had total cumulative size of more than 30 TeraBytes (TB) and as such 

high computing performance became one the major requirement of generating the datacube structure. This was 

achieved by developing efficient python and c++ codes for geophysical parameter generation, multi-temporal 

image registration, indexing and ingestion; to efficiently utilize multi-processing environment. Both data and 

task-level parallelism techniques were employed to process data within a meaningful time duration. Further, 

adaptive data tiling and partitioning method was developed and integrated for optimized storage and faster data 

retrieval times when accessing large datasets. 

Major Challenges and Milestones Achieved 

The entire activity was divided into smaller goals for building this huge Datacube: development of scripts for  

(a) Large data handling and reducing redundancy;  

(b) Efficient storage and categorization of radiance,  

(c) Reflectance and geophysical data for rapid access;  

(d) Reference generation and multi-temporal image registration via Improved SIFT  

(e) Development of geo-spatial web user interface. 

Geo-spatial Web User Interface 

Developing multi-temporal data analysis portal which will help users in visualization and analysis of pre-

processed data. It utilizes the strength of the underlying On-Line Processing of ARD temporal data-stacks of 

same geospatial regions. Platform provides freedom to develop and integrate pluggable applications for 

various algorithms which in turn can help users to process data online and get results instead of downloading 

input data and setting up environment for applications to run for the same this in turn saves lot of userôs time.  

Following are some key highlights about developed Datacube UI Portal: 

¶ Geoserver ï Datacube used with Django framework for High Performance Visualization and 

                (iii) LISS-3 data stack  (RS2A)    iv) Dam boundary and temporal change of  reservoir 

content              


