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Indian Society of Geomatics (ISG) 

 
Indian Society of Geomatics (ISG), established in 1993, is a premier society of professionals and 

institutions involved in promoting and popularising Geomatics in India.  

 

It has about 2280 Life Members, 35 Patron Members, and 17 Fellow Members as on November 2021. 

It has 25 very active Regional Chapters located at Ahmedabad, Ajmer, Bhagalpur, Bhopal, Chennai, 

Dehradun, Delhi, Hisar, Hyderabad, Jaipur, Jammu and Kashmir, Kharagpur, Lucknow, Ludhiana, 

Mangalore, Mumbai, Mysore, Nagpur, Pondicherry, Pune, Ranchi, Surat, Shillong, Trichy, 

Trivandrum, Vadodara and Visakhapatnam.  

 

Every year Indian Society of Geomatics (ISG) recognizes outstanding contribution of Scientists / 

Engineers / Researchers in the fields of GIS, GPS, Photogrammetry and digital cartography by 

conferring several awards. 

 

National Geomatics Award for Excellence 

National Geomatics Award – Technology 

National Geomatics Award – Applications 

Prof. Kakani Nageswara Rao Young Achiever Award 

President’s Appreciation Medal for contribution to the ISG ISG 

ISG Chapter Award for Best Performance 

 

ISG organises ‘Millennium Lecture’ – a public lecture by an eminent scientist / professional / 

technologist every year. The Millennium Lecture was instituted in 2005 and generally delivered during 

Annual Convention held every year along with National Symposium. 
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Indian Society of Remote Sensing (ISRS) 

www.isrs-india.org 

The Indian Society of Remote Sensing was registered during 1973-74 vide Reg. No 1357/73-74. The 

registered office of the society is located in Indian Institute of Remote Sensing (IIRS) Campus, 

Dehradun. The constitution of the society consists of (i) memorandum and (ii) rules and regulations. 

The society functions under the given rules and regulations framed by it. The society has the right to 

affiliate any other national/ international society with similar scientific aims. 

The society has currently 5802 life members, 11 honorary fellows, 47 fellows, 61 patron members and 

26 annual members to date. 

Membership Fee:  

Life Members: (a) admitted before 45 yrs of age: Rs. 3000 (b) admitted after 45 yrs of age: Rs. 2500 

Annual Members: Rs. 500  

Patron Members: Rs. 2,00,000 

 

Annual Conventions:  

The society has been organizing annual conventions, national symposia preceded by pre symposium 

tutorials for the students regularly, giving opportunities to the remote sensing community in the country 

to present their research papers and discuss the problems and methods of applications of remote sensing 

in development and management of natural resources.  

 

Remote Sensing Popularization Activities:  

The society also takes initiative to spread awareness in the field of remote sensing by conducting various 

activities. The society celebrates National Remote sensing Day on August 12. This year, Prof. K. 

VijayRaghavan, Principal Scientific Advisor to Govt. of India delivered the NRSD message and 

program received country wide attention. Various important days (like Earth Day, World 

Environmental Day, National Technology Day, Space Week, Ozone Day, GIS Day etc.) were celebrated 

by the national body as well as local chapters in different part of the country involving researchers, 

professionals, students and local people.  

 

Executive Council:  

The affairs of the Society are managed by an Executive Council consisting of six office bearers, five 

elected members and the Ex-officio Member. The ISRS Executive Council for the term April 01, 2020 

to March 31, 2022 is follows: 

President: Shri. Nilesh Desai 

First Vice President: Dr. Sameer Saran 

Second Vice President: Dr. BrijendraPateriya 

Secretary: Dr. Hitendra Padalia 

Joint Secretary: Dr. Mehul R. Pandya  

Treasurer: Dr. Praveen K Thakur  

Member (Ex-Officio President): Shri Tapan Mishra 

Member (Chief Editor): Dr. George Joseph 

Member (Academia): Dr. Y.V.N. Krishnamurthy 

Member (Industry): Shri Pramod Kaushik 

 
 
Chapter:  
The Society approves the establishment of a Chapter in response to a request by at least 15 members 

from a town or a city. Areas lying within 40 km of a town can be included in the jurisdiction of a 

http://www.isrs-india.org/
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Chapter. Each Chapter has formal recognition from the Council in the form a Chapter. There can be 

any number of Chapters in a Zone. Chapters are grouped on a zonal basis for representation in the 

Council. Presently society has 27 chapters namely Ahmedabad, Ajmer, Allahabad, Bangalore, Bhopal, 

Bhubaneswar, Chandigarh, Chennai, Dehradun, Delhi, Guwahati, Hisar, Hyderabad, Indore, Jaipur, 

Jodhpur, Kolkata, Lucknow, Ludhiana, Mumbai, Nagpur, Pune, Shillong, Tiruchipalli, 

Thiruvanthapuram, Vishakhapatnam and Aligarh distributed across the country. 

 

Awards:  

ISRS recognize individual in the form of awards in order to encourage and motivate the individual who 

are promoting the aims and objectives of the society. These awards are of different categories subject 

to their individual contributions. Awards are conferred every year by the ISRS under various categories. 

Some of the prestigious awards of the society are as follows: 

 Bhaskara  

 Satish Dhawan 

 National Geospatial Awards for Excellence 

 Indian National Geospatial Award  

 P.R. Pisharoty Award  

 President’s Appreciation Award  

 Young Achiever Award  

 Best Chapter Award  

 Best Paper award 

 

Journals:  

One of the significant contributions of ISRS to meet the objectives of the society is the publication of 

national peer reviewed journal on Remote Sensing called Journal of Indian Society of Remote Sensing 

(JISRS). The Journal of Indian Society of Remote Sensing is a monthly journal that publishes original 

research contributions in all the related filed of remote sensing and its applications. JISRS has achieved 

milestone by a remarkable increase in the Impact Factor from 0.997 (2019) to 1.563 (2020) as per 

Journal Citation Reports 2021 published by Clarivate.Members of the society have facility to access the 

JISRS online from website (http://isrs-india.org). 

 

International Linkages  

International Society of Photogrammetry and Remote Sensing (ISPRS)  

ISRS is an ordinary member of the International Society of Photogrammetry and Remote Sensing 

(ISPRS). India has been awarded Chairmanship of Technical Commission V: Education and Outreach 

for the period 2016-2020. India has successfully chaired Technical Commissions during 1996-2000, 

2000-2004, 2004, 2008 and 2012-2016. ISRS has successfully hosted ISPRS TC V Mid Term 

Symposium 2018 during November 20 – 23 at IIRS, Dehradun. Around 450 delegates participated 

globally (website: http://isprstc5india2018.org).  

Asian Association of Remote Sensing (AARS)  

ISRS is also member of Asian Association of Remote Sensing (AARS). ISRS has successfully hosted 

ACRS-2017 during October 9 – 13, 2017 at New Delhi. India had earlier opportunity of hosting the 

ACRS twice in the past. 

Way Ahead:  

 

 Continuing to encouraging all the members for online-access to the e-journal of ISRS. 

 Sensitization of chapters of ISRS for regular conduct of popular RS & GIS-related technical 

programs in schools/colleges/institutions/ communities. 

 Identifying a pool of senior scientists, academia and other experts as resource persons of the 

council to help, assist and guide the local chapters to run the activities 

http://isrs-india.org/
http://isprstc5india2018.org/
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 Strengthening of ISRS by inducting professionals & academia from the niche domains of 

navigation, communication, computer science, geospatial industry, etc. 

 Continuing improving the quality of Journal of ISRS as an international standard by adopting 

stringent peer reviewing; printing and publication by Springer India. 

 Publishing more than books under different themes under ISRS-T&F Book Series. 

 Encouraging all members for a contribution towards publishing monographs/ textbooks/ other 

books of current importance etc.  

 Supporting ISPRS TC V and AARS activities. 

 It is anticipated that more chapters are likely to be formed in newer/cities to increase the 

awareness among researchers, professionals and students communities.  

 

 Please visit ISRS website for details and online registration (http://isrs-india.org). 
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ISG-ISRS National symposium – GEOMATICS 2021 

 

National Advisory Committee (NAC) 

 Dr. K. Sivan, Chairman, ISRO and Secretary, DOS, Bengaluru (Chairman) 

 Shri K Moses Chalai IAS, Secretary, North Eastern Council, Shillong 

 Dr. M Ravichandran, Secretary, Ministry of Earth Sciences, New Delhi 

 Shri Ajay P. Sawhney, Secretary, Department of Electronics & Information Technology, New 

Delhi 

 Shri Rameshwar P. Gupta, Ministry of Environment, Forest & Climate Change, New Delhi 

 Dr. M. Ravichandran, Secretary, Department of Science & Technology, New Delhi 

 Dr. Shri Sanjay Agarwal, Secretary, Dept. of Agriculture Coop. & Farmers Welfare, New Delhi 

 Dr. TrilochanMohapatra, Secretary, Department of Agricultural Research & Education, New 

Delhi 

 Shri Atul Chaturvedi (AHD), Secretary, Dept. of Animal Husbandry, Dairying and Fisheries, 

New Delhi 

 Smt. Pushpa Subrahmanyam, Secretary, Ministry of Food Processing Industries, New Delhi 

 Shri DurgaShanker Mishra, Secretary, Ministry of Housing & Urban Affairs, New Delhi 

 Shri Pankaj Kumar, Secretary, Ministry of Jalshakti/Dept. of Drinking Water & Sanitation, 

New Delhi 

 Sanjeev Ranjan, Secretary, Ministry of Shipping, New Delhi 

 Shri Indu Shekhar Chaturvedi, Secretary, Ministry of New and Renewable Energy, New Delhi 

 Shri Alok Kumar, Secretary, Ministry of Power, New Delhi 

 Shri Tarun Kapoor, Secretary, Ministry of Petroleum & Natural Gas, New Delhi 

 Shri Alok Tondon, Secretary, Ministry of Mines, New Delhi 

 Dr. Anil Kumar Jain, Secretary, Ministry of Coal, New Delhi 

 Shri Rajiv Bansal, Secretary, Ministry of Civil Aviation, New Delhi 

 Shri K. Rajaraman, Secretary, Dept. of Telecommunications, New Delhi 

 Shri Govind Mohan, Secretary, Ministry of Culture, New Delhi 

 Dr.Inder Jit Singh, Secretary, Ministry of Development of North Eastern Region, New Delhi 

 Shri Nagendra Nath Sinha, Secretary, Department of Rural Development, New Delhi 

 Shri Ajay Tirkey, Secretary, Department of Land Resources, New Delhi 

 Sh. Naveen Tomar, Surveyor General of India, SOI, Dehradun 

 Shri Atul Karwa (IPS), Director General, National Disaster Response Force, New Delhi 

 Smt. R. V. Suchiong IAS, Chief Secretary, Meghalaya 

 Shri S. Rakesh, Chairman-cum-Managing Director, Antrix Corporation, Bengaluru 

 Dr. Pawan Kumar Goenka, Chairperson, InSPACe 

 Dr. Raj Kumar, President, ISG and Director, NRSC, Hyderabad (Convener) 
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Symposium Steering Committee (SSC) 

 Dr. Raj Kumar, President, ISG & Director, NRSC, Hyderabad (Chairman) 
 Shri. Nilesh M. Desai, President, ISRS and Director SAC, Ahmedabad (Alt. Chairman) 
 Shri Tapan Misra, Ex. Officio President, ISG & ISRS 
 Dr. Y.V.N. Kirshnamurthy, Registrar, IIST, Thiruvananthapuram and Vice President ISG 
 Dr. Shailesh Nayak, Director, NIAS, Bengaluru, Former Secretary MoES 
 Sh. S Somnath, Director-IIST, Thiruvananthapuram 
 Dr. V.K. Dadhwal, Former Director-IIST, Thiruvananthapuram 
 Shri T.P. Singh, Member, InSpace and Director-BISAG, Gandhinagar 
 Shri. P.L.N. Raju, Special Secretary cum Director RSAC, Govt. of Assam and Joint Secretary, 

ISG 
 Prof. Raghavendra P. Tiwari, Vice-Chancellor, Central University, Bathinda 
 Professor Raj Kumar, Vice Chancellor, Panjab University, Chandigarh 
 Prof. (Dr.) Jaspal Singh Sandhu, Vice Chancellor, Guru Nanak Dev University, Amritsar 
 Dr. Arvind, Vice-Chancellor, Punjabi University, Patiala 
 Dr. Shantanu Batwadekar, Director-EDPO, ISRO, Bengaluru 
 Dr. Anil Bhardwaj, Director-PRL, Ahmedabad 
 Shri Rajesh Khandelwal, Director-DECU, Ahmedabad 
 Dr. Prakash Chauhan, Director-IIRS, Dehradun 
 Dr. S. P. Agrawal, Director, NESAC,Umiam, Shillong 
 Dr. Srinivas Kumar Tummala, Director-INCOIS, Hyderabad 
 Dr. V.M. Choudhary, Director-MNCFC, New Delhi 
 Dr. I.M. Bahuguna, DD, EPSA, SAC, Ahemadabad 
 Dr. Lokesh Kimar Sinha, Director SASE, Chandigarh 
 Dr. CS Jha, Chief General Manager, Regional Centre’s(RC), NRSC, Hyderabad 
 Smt. Sandhya VenuGopal Sharma, Director-Antrix, Bengaluru 
 Shri Rajendra Singh Garkhal, Director General, GSI, Kolkata 
 Dr. Tapati Banerjee, Director, NATMO, Kolkata 
 Dr. P.S. Acharya, Head, NRDMS & NSDI, DST, New Delhi 
 Shri Rajesh Mathur, Director, ESRI India, New Delhi 
 Sh. Anoop Singh IFS, Director General, FSI, Dehradun 
 Prof. (DR.) Adarsh Pal Vig, Chairman, PPCB, Patiala 
 Dr. Shakil Ahmed Romshoo, Vice Chancellor, IUST, Awantipura, Anantnag, J&K 
 Dr. Balwinder Singh Sidhu, Commissioner Agriculture, Punjab 
 Dr. B.S. Dwivedi, Director, ICAR-NBSS&LUP, Nagpur 
 Dr. Rajesh Vashisht, Director, Agriculture, Punjab 
 Shri. Mohinder Singh, Chief Conservator of Soil, Punjab 
 Dr. V S Arya, Director, HARSAC, Hisar, Haryana 
 Dr. V K Sehgal, Professor, Division of Agricultural Physics, IARI, New Delhi 
 Shri Dharminder Sharma, IFS, Managing Director, PSFDCL 
 Shri Parveen Kumar, IFS, PCCF, Dept. of Forest & Wildlife Preservation, Punjab 
 Dr. Brijendra Pateria, Director, Punjab Remote Sensing Centre, Ludhiana (Convener) 
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Symposium Organizing Committee (SOC) 
 Dr. Brijendra Pateriya, Director, Punjab Remote Sensing Centre, Ludhiana 

(Chairman) 
 Dr. Sarvesh S Palaria, Vice President ISG, Ajmer 
 Shri Shashikant A. Sharma, Secretary, ISG, Ahmedabad 
 Dr. R.  P. Singh, Chief Editor, JoG, SAC, Ahmedabad 
 Dr. Sameer Saran, Vice President, ISRS, IIRS, Dehradun 
 Dr. Hitendra Padalia, Secretary ISRS, IIRS, Dehradun 
 Dr. Mehul R Pandya, Joint Secretary ISRS, SAC, Ahmedabad 
 Shri Jayaprasad, P., Treasurer ISG, SAC – Ahmedabad 
 Dr. Praveen Kumar Thakkur, Treasurer, ISRS, IIRS, Dehradun 
 Shri. R. J. Bhanderi, Exe. Member, ISG Ahmedad. 
 Dr. C. P. Singh, Secretary, ISG Ahmedabad Chapter, Ahmedabad 
 Dr. Ajay Mathur, Jt. Secretary, ISG-Ludhiana Chapter 
 Shri. Harpinder Singh, Treasurer, ISG-Ludhiana Chapter 
 Shri. P K Litoria, PRSC, EC-Member, ISG-Ludhiana Chapter 
 Dr. Sunil Garg, PAU, Ludhiana, EC-Member, ISG-Ludhiana Chapter 
 Dr. Som Pal, PAU, Ludhiana, EC-Member, ISG-Ludhiana Chapter 
 Dr. Manoj Kumar, PAU, Ludhiana, EC-Member, ISG-Ludhiana Chapter 
 Dr. Sukhjeet Kaur, PAU, Ludhiana, EC-Member, ISG-Ludhiana Chapter 
 Dr. P K Kingra, Chairman, ISRS-Ludhiana Chapter 
 Dr. R K Setia, Vice Chairman, ISRS-Ludhiana Chapter 
 Mr. S K Sahoo, Secretary, ISRS-Ludhiana Chapter 
 Dr. Navtej Singh Bains, Director of Research, PAU, Ludhiana 
 Dr. J S Mahal, Director of Extension, PAU, Ludhiana 
 Dr. Jatinder Kaur Arora, Executive Director, PSCS&T, Chandigarh 
 Dr. Nachiket Kotwaliwale, Director, ICAR-CIPHET, Ludhiana 
 Dr. Sujay Rakshit, Director, Indian Institute of Maize Research, Ludhiana 
 Dr. B V C Mahajan, Director, PHPTC, Ludhiana 
 Dr. Shammi Kapoor, Dean, CoBS&H, PAU, Ludhiana 
 Dr, H S Sidhu, Borlaug Institute for South Asia (BISA), Ludhiana 
 Dr. V.K. Verma, Head, NRE Division, PRSC, Ludhiana 
 Dr. D.C. Loshali, Head, FLU Division, PRSC, Ludhiana 
 Dr. Sanjeev Chauhan, HoD, Forestry and Natural Resources, PAU, Ludhiana 
 Dr. Om Prakash Chaudhary, HoD, Soil Science, PAU, Ludhiana 
 Dr. J P Singh, HoD, Soil & Water Engineering, PAU, Ludhiana 
 Dr. Mahesh Kumar Narang, HoD, Farm Machinery and Power Engineering, PAU, 

Ludhiana 
 Dr. Prabhjyot Kaur, HoD, Department of Climate Change & Agricultural 

Meteorology, PAU Ludhiana 
 Dr. Shashikant Patel, Scientist, PRSC, Ludhiana 
 Ms. Amanpreet Kaur Benipal, Scientist, PRSC, Ludhiana 
 Shri. Amardeep Singh, PRSC, Ludhiana 
 Dr. Anil Sood, Secretary-ISG-SC, Ludhiana Chapter (Convener) 
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Symposium Organizing Sub-Committee 
Registration Committee  

 Dr (Mrs.) P K Kingra, PAU, Chairperson  

 Dr (Mrs.) Samanpreet Kaur, PAU, Co-Chairperson 

 Dr. (Mrs.) Nisha Vashisht, PAU, Member 

 Mrs. Reenu Sharma, PRSC, Member 

 Mr. Arvind Kumar, PRSC, Member  

 Ms. Amanpreet Kaur Benipal, PRSC, Member  

 Ms. Barinder Kaur,  PRSC, Member  

 Ms. Yukti Prashar, PRSC, Member  

 Ms. Baljit Kaur, PRSC, Member  

 Ms. Preeti Zinta,  PRSC, Member 
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Implementation of machine learning-based thresholding 

algorithm with improved NDBI differencing algorithm to detect 

the built-up changes from a multi-spectral dataset 

Nusrat Ullah Hasani and Avnish Varshney* 

India Meteorological Department, Mausam Bhawan, Lodhi Road, New Delhi, Delhi 110003, 

India 

 

ABSTRACT 

Multi-temporal satellite images empower changes in built-up areas over time for better urban 

growth and planning, and disaster management. An improved normalized difference built-up 

index (NDBI) differencing algorithm was found an effective algorithm to identify the built-up 

changes in a short span of time using multi-temporal satellite images, compared to the 

conventional post-classification multi-class change detection algorithms. However, kernel-

based thresholding algorithm requires manual inputs to split improved NDBI difference image 

to the binary image for identifying the overall built-up changes. To completely automate the 

entire framework, in this study machine learning-based algorithm has been used to segment 

improved NDBI difference image. The new proposed framework has been implemented on 

Landsat-8 multi-temporal images to detect the overall built-up growth in the Indian capital city 

Delhi and its surrounding region for a period of 8 years. 

 

 

Semantic Segmentation of High Resolution Satellite images: a 

Deep Learning Approach 

Madhumita, D., and Bharath, H.A. 

Ranbir and Chitra Gupta School of Infrastructure Design and Management,  

Indian Institute of Technology Kharagpur, West Bengal – 721302, India 

*Corresponding author e-mail: madhumitadey@kgpian.iitkgp.ac.in 

 

ABSTRACT:  High-dimensional geospatial data visualization has gained much importance in 

the recent decades. But to analyse it, traditional technologies used in machine learning are not 

convincing enough and thus to switch to a sub-domain of machine learning called deep learning 

that has gained popularity because of its accuracy and high dimensional data analysis power. 

Its convergence with the geospatial data analytics shall prove to be a boon to the researchers 
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working in the domain of geospatial data. Geospatial information is mostly used in the global 

mapping process of widespread satellite images. However, heterogeneity of the data makes it 

infeasible for global scale mapping. And therefore, to handle this problem is to partition the 

entire world into several regions. Semantic segmentation is one such technique and is widely 

used for information extraction from satellite images. The technique essentially refers to 

segmenting the input image pixel into multiple semantic regions, that is, to assign a semantic 

pixel category to each pixel in the image. In this context, we propose a semantic segmentation 

method that utilizes the spatial information of the high-resolution remote sensing data. The aim 

is to leverage the openly available data to automatically generate a larger training dataset with 

more variability and can be used to build more accurate deep learning models. Proposed deep 

automatic extraction can capture context and a symmetric expanding path to enable precise 

localization. The most characteristic property is the upsampling part that has feature channels 

that allow propagation of context information to higher resolution layers and makes the 

expansive path roughly symmetric to the contracting path yielding a U-shaped architecture. 

Mean IOU (mIOU) is used as the performance matrix and results yield 0.79. Since the model 

is trained on a small training dataset, which makes the deep learning model prone to overfitting. 

Training on such a small set of images makes this a challenging task. It follows thatvalidation 

dataset metrics obtained after training will signify the model’s general adaptabilityon other 

datasets of other segmentation tasks. 

Keywords: Deep Learning, Semantic Segmentation, Feature Extraction, Remote Sensing 

 

Statistical modeling for predicting reference evapotranspiration 

using long-term meteorological data for Ludhiana district of 

Indian Punjab 

 

Mahesh Chand Singh1 and Amritpal Digra2* 
1Department of Soil and Water Engineering, Punjab Agricultural University 

2Punjab Remote Sensing Centre, Ludhiana, 141004, Punjab, India. 

*Corresponding author’s e-mail: amritpaldigra30@gmail.com 

 

Abstract  

A study was undertaken to develop regression models for predicting reference 

evapotranspiration (ETo) on seasonal and annual basis using long-term meteorological data 

(1970-2019). ETo was estimated to be in the range of 4.69-6.01 mm/day, 4.70-6.43 mm/day, 

2.74-3.66 mm/day, 1.49-2.27 mm/day during Spring, Summer, Autumn and Winter seasons, 

respectively, whereas it varied in the range of 3.57-4.39 mm/day on annual basis. During model 

validation period (2000-2019), the mean absolute error, root mean square error, standard 

deviation and index of agreement were recorded to be in the range of 0.01-0.08, 0.05-0.11, 

0.05-0.07 and 0.99-1.00, respectively. The statistical comparison indicated a fairly good 

mailto:amritpaldigra30@gmail.com
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agreement between the computed and predicted ETo values. Thus, the developed models would 

be useful in simplified estimation of ETo on both seasonal and annual basis for Ludhiana 

district. Such studies may be useful for predicting the futuristic crop water requirements in 

relation to the climate change scenarios and therefore in mitigating the climate change impacts 

on agricultural production. 

Keywords: Ludhiana, modeling, reference evapotranspiration (ETo), climate change 

 

 

 

AUTOMATIC DETECTION OF YARDANGS AND DUNES ON 

MARTIAN SURACE 

Nayama Valsa Scariah*, Dr.Mili Ghosh Nee Lala, Dr.A.P.Krishna 

Birla institute of Technology, Ranchi  

*Corresponding author e-mail:nayama99@gmail.com 

 

ABSTRACT 

Yardangs and dunes are the two most important Aeolian landforms in Martian surface, which 

interconnect with the Martian climate also.  In this study, sand dunes and yardangs have been 

detected on the Martian surface by using Machine Learning (ML) techniques. The histogram-

oriented gradient has been used as a feature extractor for extracting features from the images. 

Support Vector Machine (SVM) as well as Random Forest have been used as a classifier for 

Martian images. Context Camera (CTX) image and High-Resolution Imaging Science 

Experiment (HiRISE) images from Gale crater and Nili Patera region were used for this study. 

The datasets were trained as positive and negative images from CTX and HiRISE images. After 

classification a confusion matrix was developed for SVM classifier and Random Forest 

classifier. The confusion matrix was then used to evaluate a classification model's performance 

by calculating performance metrics like accuracy, precision, recall, and F1-score. Random 

forest classifier gave better results as compared to SVM for detecting both yardangs and dunes. 

94% accuracy was obtained with Random forest classifier and 91% with SVM in case of Dune 

whereas in case of Yardang, these accuracies were 93% and 89% respectively.  
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Extended Abstract 

Uttarakhand is a disaster prone state and every year it faces a huge loss in terms of natural and 

human resources. The most common disaster in the state include landslide, forest fire, snow 

avalanches, cloud burst, excessive rainfall induced flash flood etc. As per the data published 

by State Emergency Operation Center (SEOC), every year 128 people die due to natural 

disaster and according to state disastermanagement department, around 1600 peoplehave been 

killed since 2010 due to natural disaster. The recent Chamoli flood, excessive rainfall in 

Kumaon region and devastating forest fire event were covered and reported extensively by the 

researchers and media across the globe. It show the intensity of the impact of disaster in the 

state and justifies the need of immediate preventive/corrective measures to avoid the losses.  

Geospatial techniques with it proven impact can be highly effective for decision making at 

every level of disaster management. Ground based sensors viz. Automatic Weather Station 

(AWS), Automatic Rain Gauge (ARG), Automatic Snow Gauge (ASW) provide information 

on climatic parameters in real time. The data from these sensors arrive at a very short interval 

i.e. one observation at every 15 minute and amounts to a huge data repository for decision-

making. The big data nature of this data received from the sensors requires advanced processing 

and often leads to delay in decision-making process. The present study aims to provide a 

mechanism for the automation of online alert map generation and integration of GeoSMS 

approach in the geospatial workflow of disaster management. As a case study, the state of 

Uttarakhand have been selected for the implementation of the proposed architecture. There are 

150 ground sensors installed across the state, which send the data at every 15-minute interval 

in the form of a geopoint. Presently the data received from these sensors is disseminated via 

the web site http://www.mausamuttarakhand.com/ as textual information at various administrative 

levels for the current and limited future weather conditions. The wealth of data obtained from 

these sensors has the scope of extensive analytics. The present study aims to exploit the high 

volume, velocity and variety data coming from the sensors for spatial analytics (Figure 1). The 

proposed architecture allows generation of 03 hourly averaged GIS map using kriging 

interpolation for the desired weather parameter viz. rainfall, temperature and snowfall. 

Subsequently, threshold based alerts are send as geoSMS to the officials of Uttarakhand 

Disaster Management Authority in real time. The architecture also allows generation of 

mailto:kamal@iirs.gov.in
http://www.mausamuttarakhand.com/
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prediction maps for the next six hours in near real time. The proposed architecture will not only 

improve the time delay during decision making in disaster scenario but will also provide maps 

obtained from online analytics of the sensor data, which will help in understanding the weather 

variability during the disaster event. 

Keywords: Big Data, disaster, sensors, GIS analytics, interpolation 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Proposed Architecture for the automation of disaster geoalert 

 

 

Study of CNN deep learning model for temporal remote sensing 

data processing to map rabi crops 
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Abstract 

Convolution Neural Network (CNN) is a deep learning approach that has become an area of 

interest to the researchers for solving complex problems. With the evaluation of CNN, 

extraction of deep features for accurate classification of remotely sensed images has gained lot 

mailto:mraganksinghal@gmail.com
mailto:ashish@ipu.ac.in
mailto:anil@iirs.gov.in
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of momentum. This research work uses CNN deep learning model for mapping rabi crops 

(mustard and wheat) using temporal remote sensing data. The mappings of mustard and wheat 

classes have been conducted using multispectral temporal images obtained from Sentinel 

2A/2B between the dates 1st Nov 2019 and 24th Feb 2020 of Banasthali, Rajasthan region. 

The CNN model created in this research work uses several layers along with 5 activation 

functions (relu, sigmoid, tanh, elu and selu) for finding out which activation function gave the 

best result for the proposed study. Batch size has been examined from 1 to 50 in the multiple 

of 5 and epochs have been tested from 1 to 10 for a training data of 50 samples for each class. 

The optimal value with a batch size of 5 and epochs of 30 has been calculated as best suited in 

this study as the accuracy was getting constant. A sample output of mustard class has been 

shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

Fig. 1. Mustard class output using CNN approach 

The implementation of CNN model for classification shows better results as compared to the 

traditional approach as the CNN algorithms are learning algorithms. This also helps in handling 

the heterogeneity within a class. A comparison has been conducted using Modified Possibilistic 

c-Means (MPCM) fuzzy algorithm for the classification of the same set of classes. F-Score, 

Kappa and Overall Accuracy have been calculated to show how the proposed approach has 

been outperformed and the level of classification accuracy achieved. The comparison of the 

classification using Modified Possibilistic c-Means fuzzy algorithm with that of the 

classification using CNN model has been shown in Table 1 representing F-score, Kappa and 

Overall Accuracy. 

 

Table 1: Accuracy Assessment through F-Score and Overall accuracy 

Using CNN classification 

Class Precision Recall F-Score Kappa Overall Accuracy (%) 

Mustard 1.00 1.00 1.00 1.00 100.0 

Wheat 1.00 0.91 0.95 0.90 95.0 

Mustard 

Wheat 
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Using MPCM classification 

Class Precision Recall F-Score Kappa Overall Accuracy (%) 

Mustard 1.00 0.65 0.79 0.18 96.0 

Wheat 1.00 0.45 0.62 0.90 95.0 

 

Keywords: Convolution Neural Network (CNN), Deep feature extraction, multispectral image 

classification, Soft Classification 
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DEVELOPMENT OF COMPOSITE DROUGHT INDEX AND 

ITS COMPARISON WITH THE INDIAN DROUGHT 

MONITORING PROTOCOL FOR KARNATAKA 

Alka Rani1*, Vinay K. Sehgal1, Rajkumar Dhakar1 and R. Kaur1 

1ICAR-Indian Agricultural Research Institute, Pusa campus, New Delhi – 110012 

*Corresponding author e-mail:Alka.rani1@icar.gov.in 

1. INTRODUCTION 

Drought is one of the devastating natural disaster affecting economy, environment and human 

or animal life (Huang et al., 2006). Drought is classified into four types depending upon their 

impacts i.e. meteorological, agricultural, hydrological and socio-economic (Tsakiris, 2007). 

India is amongst the most vulnerable drought prone countries in the world. Out of 3.29 million 

km2 of geographical area in India, about 1.07 million km2 of land is subjected to different 

degrees of water stress and drought conditions (Mishra and Desai, 2005). Karnataka is one of 

the highly drought-prone state in India with the drought occurrence frequency of 11-12 years 

out of 16 years (2000-2015) (Manual for Drought Management, 2016). The agricultural 

drought is the type of drought where reduction in precipitation or decline in soil moisture leads 

to the crop failure. Several indices are used for the characterization of agricultural drought. In 

this study, we have developed a composite drought index (CDI) using the remote sensing data 

for agricultural drought assessment of Karnataka state and evaluated its performance against 

the Indian drought monitoring protocol. 

2. MATERIALS AND METHODS 

In this study, Karnataka state having 152.1 lakh hectare of drought prone area was selected 

(Manual for Drought Management, 2016). The Composite Drought Index (CDI) was developed 

by integrating the indices pertaining to precipitation i.e. Standardized Precipitation Index (SPI), 

vegetation i.e. Normalized Deviation Vegetation Index (NDVI) anomaly and 

evapotranspiration i.e. Evaporative Stress Index (ESI). The details of these indices and the data 

source for its computation are given in the Table 1. These indices were computed at 5 km 

spatial and monthly temporal resolution. 

Table 1. The data source for indices used as input in the CDI 

Index 
Calculation 

method 

Referenc

e 
Parameters 

Data 

name 

Tempora

l period 

Standardize

d 

Precipitatio

Precipitation 

fitted  to 

incomplete-

McKee et 

al. (1993) Precipitation 

CHIRPS 

from 

Climate 

1981 to 

2017 

mailto:Alka.rani1@icar.gov.in


National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   11 
 

n Index 

(SPI) 

gamma 

probability 

distribution, 

transformed to 

normal 

distribution, z-

score taken as 

SPI 

Hazards 

Group 

Evaporative 

Stress Index 

(ESI) 

Standardized 

anomalies in the 

ratio of actual to 

potential 

evapotranspiratio

n, generated with 

the thermal 

remote sensing 

based 

Atmosphere-Land 

Exchange Inverse 

(ALEXI) surface 

energy balance 

model 

Anderson 

et al. 

(2016) 

Evapotranspiratio

n 

ESI 

product 

from 

NOAA 

2001 to 

2017 

NDVI 

anomaly 

Z
NDVI 

= 

𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼̅̅ ̅̅ ̅̅ ̅̅

𝜎𝑁𝐷𝑉𝐼
 

Kulkarni 

et al. 

(2020) 

NDVI 

MODIS 

MOD13C

2 

2000 to 

2017 

 

 

Principal Component Analysis (PCA) with weightage assigned using first principal component 

was used to develop Composite Drought Index (CDI) as given below: 

CDI = a × SPI + b × NDVI anomaly + c × ESI 

where a, b and c are respective weights computed through PCA. The CDI was classified using 

Mckee et al. (1993) classification scheme as shown in the Table 2.  

Table 2. Classification scheme of Composite Drought Index (CDI) 

CDI Classification (Mckee et al., 1993) 

-0.99 to 0.99 and above Near normal 

-1.0 to -1.49 Moderate drought 

-1.5 to -1.99 Severe drought 

<-2.0 Extreme drought 
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The crop mask was taken from the Land Use Land Cover map of the year 2013 representing 

normal year from MODIS (MCD12C1) was applied on the CDI so that the pixels having crops 

should only be considered for its validation. The CDI was developed only for the kharif 

cropping season. Validation was done by computing its correlation with district-wise crop yield 

data for kharif season obtained from Department of Agriculture Cooperation and Farmers 

Welfare. The classified CDI was compared with the drought declared by the government 

obtained from the Farmers’ portal and the agricultural drought computed as per the 

methodology given in the Manual for Drought Management (2016).  

3. RESULTS AND DISCUSSION 

For evaluation of agricultural drought, the maps of three years i.e. 2002, 2010 and 2015 

representing extreme drought year, normal year and moderate drought year, respectively are 

depicted in the figure 1. The pixel-wise weights were computed using PCA with the overall 

mean weight of 0.29, 0.34 and 0.40 for SPI, NDVI anomaly and ESI, respectively over all the 

districts of Karnataka for the months ranging from July to September. The correlation of these 

indices with crop yield are given in the Table 3.  

 

Table 3. Correlation coefficient of drought indices with crop yield of Karnataka 

 

Index July August September October Overall 

ESI -0.02 0.14 0.31 0.30 0.15 

NDVI anomaly 0.36 0.50 0.65 0.64 0.49 

SPI-1 0.29 0.27 0.25 -0.05 0.15 

VCI 0.36 0.50 0.65 0.64 0.49 

CDI 0.33 0.39 0.45 0.50 0.42 

 

From Table 3, it was found that CDI of the October month has highest correlation with the crop 

yield. Therefore, CDI of the October month was compared with the drought declared by the 

government, drought as per Manual for Drought Management (2016) and crop yield deviation. 

It was found that the developed CDI was able to capture drought severity at finer spatial 

resolution with good matching of spatial pattern with crop yield deviation as compared to the 

drought declared by the government and standard protocol given in the Manual for Drought 

Management (2016). 

Figure 1. Comparison of CDI with drought declared by the government, Indian drought 

monitoring protocol and crop yield deviation 
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Year 

Composite 

Drought Index 

(CDI) of October 

month 

Drought 

declared by the 

government 

Manual for 

Drought 

Management 

(2016) 

Crop yield 

deviation 

2002 

(Extreme 

drought 

year) 

  
  

2010 

(Normal 

year) 

    

2015 

(Moderat

e drought 

year) 

    

Drought 

classificat

ion 

legends  
 

 

 

4. CONCLUSION 

The CDI being based on remote sensing data was able to capture drought situation at granular 

level, below the scale of a district/block. The CDI was able to capture drought situation as well 
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as normal situation in the study region, as reported from ground reports. The developed CDI 

related better to crop yield deviation at district-level than that of the drought assessed by the 

standard methodology of “Drought Management Manual - 2016”.  
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Assessment of Drought Conditions over Kashmir Himalaya using 

Decile Drought Index and ERA5 Reanalysis data  

Heena Shafi*, Jasia Bashir and Shakil Ahmad Romshoo 

 The aim of this study is to analyse the characteristics of droughts over a period of 39 years 

from 1981 to 2020, using ERA5 over the Kashmir Himalaya, India. The study further tried to 

evaluate the efficiency of ERA5 for representing the temperature and precipitation regimes 

over the mountainous region of the Kashmir Himalaya. ERA5 LAND Reanalysis data for the 

baseline period (1981-2020) was validated against the observed climate variables derived from 

6 meteorological stations in the region using the statistical tests of Correlation Coefficient 

(CC), Relative Bias (RB), Root Mean Square Error (RMSE) and Nash Sutcliffe coefficient 

(NS). Temperature projections from the ERA5 were found to be in good agreement with the 
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observations showing the average CC of 0.63 and the Kokernag station showed the highest 

(0.90) and Kupwara station the lowest (0.40). The statistical evaluation of the ERA5 dataset 

revealed the average RB of 0.19 with Kupwara station showing the highest RB (1.2) and 

Kokernag station the lowest RB (0.-0.21). An average RMSE Error of 2.33 was observed and 

the highest RMSE for Kupwara (3.51) and the lowest for Gulmarg (0.56). The usefulness of 

the ERA5 is further supported by the average NSC of 0.84. The precipitation projections on 

the other hand showed poor agreement with the observations. The average CC of 0.59, RB of 

-0.21, RMSE of 236.16 and the NSC of -0.81 was observed between the simulated and 

observed precipitation. Deciles Drought Index was used for characterizing the frequency and 

severity of the meteorological drought in the study area using the annual mean precipitation. 

The index was validated with stream flow data of the Jhelum observed at Srinagar. Out of 39 

years, 12 years were identified as drought years with increasing frequency and severity which 

is an indicative of climate change. The study will help us to develop sound policies to mitigate 

and adapt to the changing climate in the Kashmir Himalayas and also help us to understand the 

emerging climate change scenario.  

Keywords: Deciles Drought Index-Reanalysis data-Kashmir Himalaya 

 

 
 

Assessing the soil Erosion changes in the Greater Himalayan 

watershed using ICONAmodel 
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Abstract 

Soils of the cold arid region of Kargil are quite distinct from those of the other regions in the 

Himalaya due to the differences in climate, topography, vegetation and its lithology. Depending 

upon the slope and rugged topography of the region, the extent of soil erosion varies from 

moderate to very severe. The purpose of this study was to use the ICONA (Institute for the 

Conservation of the Nature) model to assess the risk of erosion and to identify the vulnerable 

areas to soil erosion in the Greater Himalayan region (Suru and Zanaskar basins) and their 

change between 1992 –2020 using the ICONA model. In the model, the soil erodibility map 

was obtained from the slope and lithofacies layers generated using digital elevation model 

(DEM) and geological map - Land use and land cover and NDVI maps were generated from 

Landsat TM (1992) and Landsat OLI (2020). These geospatial input layers were used in GIS 

environment to generate the soil protection map and soil erodibility maps. The erosion risk map 
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of the year 1992, showed that the moderate erosion class occupies the highest percentage of 

erosion risk (58%) the high erosion risk class occupies a significant portion of the study area 

(38%) and only 4% of the area is under the low erosion risk class. While as the erosion risk 

map of the year 2020, showed that the moderate erosion class occupies an of area (54%), the 

high erosion risk class occupies a significant portion of the area (40.6%) and only 6% of the 

area is under the low erosion risk class.  The results suggest that from 1992 to 2020 moderate 

erosion risk area has decreased in the region, While the area under severe and low erosion 

classes have increased. The reason for such changes can be due to the increased plantation and 

agricultural activities during these years. However, the road and infrastructural activities that 

have increased in the region can be the cause of increase in low and high erosion classes. The 

model provides the reliable framework for the identification of potential soil erosion-prone 

areas in the region and the information generated in this research is vital for developing 

strategies for the mitigation of land degradation so that the vulnerable lands are better utilized 

for the overall socio-economic development of the study area.  

Keywords: Lithofacies, Soil erodibility, Soil protection, Erosion risk, ICONA model. 

 

 

 

Socio-hydrological aspects of event-based flood hazard in Assam, 

India 
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The state of Assam, situated in the northeast of India faces devastating recurring floods during 

the monsoon. Despite the suffering of the local population due to perennial flooding being 

visible and well documented, it has not been possible to devise effective measures to mitigate 

the adverse effect of this flood till now. From the novel approach of Socio-hydrology, the study 

intends to investigate the coupled human-water dynamics in the context of perennial Assam 

floods; and to characterize, categorize and quantify the prevalent anthropogenic factors and 

vulnerabilities associated with perpetual flood inundation using geospatial techniques, 

inundation modeling, and field surveys. In that regard, the daily flood hazard data of the years 

2018, 2019, and 2020 from the Assam State Disaster Management Authority (ASDMA) were 

collected and analyzed using a multi-criteria decision-making approach. Comparison of these 

datasets and their validation with field-based surveys indicate that most of the damages were 

done by the flood waves coming during the mid-week of July and lasting for around two weeks. 
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Most of the districts face another flood wave during the last week of June which precedes the 

main flood wave and lasts for one week. Some of the northern districts such as Dhemaji and 

Lakhimpur can also be subjected to a third flood wave occurring during the mid-week or last 

week of September. The duration of inundation and intensity of damages were observed to 

have very distinct and often counter-intuitively inverse correlations among each other. For 

example, the district of Dhemaji was observed to have a long inundation period yet less 

intensity of damage whilst the district of Dhubri with a relatively low inundation period has 

faced severe damages. It was observed that the areas with the most unanticipated and extensive 

inundations were inside former wetlands that have been encroached and currently utilized for 

residential, fishery, and agricultural activities where embankments were breached to cultivate 

pieces of land. The study further intends to develop a holistic human-water framework for 

quantifying the vulnerability and resilience of the local population against flood-induced 

hazards which can be useful during relief distribution as well as managing and planning rescue 

operations.    

 

 

Assessment of the Impact of Extreme Weather Conditions on 

Parts of Indian Sundarban Biosphere Reserve using Google Earth 
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Abstract 

Climate change and extreme weather conditions trigger various erosive processes in the 

coastal ecosystem leading to significant damage. Unsustainable human activities leading to 

unhealthy climatic conditions affect coastal areas like the Sundarbans, by causing severe flood 

inundations and fluctuations in soil salinity hampering agricultural dynamics. In the last two 

years, Sundarban areas have been facing several extreme cyclonic activities, namely, Amphan 

and Yass. The remote sensing and GIS techniques have been used for monitoring the shoreline 

change from 1991 to 2021 with ten year intervals. Flood inundation is calculated using Google 

Earth Engine (GEE) cloud-computing platform with the help of Sentinel-1 Synthetic Aperture 

Radar (SAR) data, which is mostly used for real-time flood inundation monitoring. Shoreline 

change is a major threat due to global rise in sea-levels and recurrent natural calamities. Erosion 

and accretion are the dynamic processes responsible for the changing shoreline. Sedimentation 

increases the land area but the tidal effect and sea-level rise significantly influence the coastal 

dynamics too. The Sundarban mangrove forest areas are more vulnerable to human activities, 

mailto:jatib@mail.vidyasagar.ac.in
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climate change interactions and disasters. Strong tidal activities, long-shore currents and waves 

continuously modify the shoreline and change the shape of many parts of the coastal area. 

Remote sensing and GIS techniques can be used for analysing shoreline changes and for better 

understanding the geomorphology of the coastal region. Currently, shoreline change analysis 

is a broad area of interest for coastal resource management. In the GEE cloud computing 

platform, two different time data were used for the flood inundation study. Pre-cyclonic Data 

of Amphan was from 20th April 2020 to 30th April 2020, while the post-cyclonic data for the 

same was between 18th May 2020 and 31st May 2020. Pre-cyclonic Data of Yass was from 

20th April 2021 to 30th April 2021, while the post-cyclonic data for the same was between 23th 

May 2021 and 6th June 2021. This data was used for monitoring the flooded area in GEE cloud 

computing platform. The cyclonic activities of these two super cyclones mostly affected the 

coastal region and the mangrove forest, which acts as a natural barrier for protecting the coastal 

area from shoreline shifting, vegetation degradation, flood inundation, fluctuations in salinity 

and ultimately damage to crops. The sigma values of the Sentinel 1A and 1B data were used 

for high contrast between Land Use Land Cover (LULC) classes, like water bodies, vegetation 

and soil content of the area. The RGB images of the Sentinel-1 data were used for monitoring 

the areas flooded due to cyclonic activities in Four selected blocks of South 24 Parganas, West 

Bengal. The results obtained from Sentinel 1A and 1B were structured into RGB format. This 

study aims to identify the areas affected by flood and the consequent LULC changes in the 

Sundarbans Region. Many parts like Ghoramara Island, Sagar Island, Bokkhali, Henry Island, 

L-plot and G-plot have lost portions of land but on the other hand Lothian Island, Half-Fish 

Island and many parts of the eastern area accreted due to sediment deposition by the rivers. The 

accretion was high in Lothian Island, Half-fish Island and some parts of Sagar Island but the 

erosion was also observed in many parts of this study area. The Lothian Island lost around 

18.92 sq. km area due to erosion while 45.97 sq. km area was gained due to accretion. Jambu 

Dweep (Island) has lost around 50% of its area and the densely habited Ghoramara Island has 

lost 39% of its land cover in the last thirty years. The area flooded due to Amphan approximates 

around 753.15 sq. km in the flood inundation map. Similarly, the area flooded due to Yass is 

estimated to be around 537.59 sq. km. Sagar Island and Namkhana blocks were the most 

affected areas by Amphan (2020) cyclone while Yass Cyclone (2021) has affected Sagar Island 

and Pathar Pratima blocks the most; making these two supercyclones as the dominant players 

in coastal vulnerability and shoreline changes. The study information can be used for mapping, 

monitoring and identification of flood inundation in the study region, which in turn would help 

in post-cyclonic disaster management activities, emergency response and development of 

strategies for reducing vulnerability.  

Keywords: Cyclone, Coastal Vulnerability, Shoreline Change, Management and 

Monitoring, Synthetic Aperture Radar (SAR) data 
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    Fig.1 Location map of this study area.               Fig.2 Shoreline changes from 1991 to 

2021.  

 

Fig.3 Chronological Variations in Accretion and Erosion Activities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   20 
 

 

 

 

 

 

 

 

 

 

Fig.4 Calculation of Area inundated by Flood due to Amphan and Yass Cyclones 

respectively, using Google Earth Engine. 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 LULC changes due to Amphan and Yass cyclone. 
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Spatiotemporal analysis of Land Surface Temperature owing to 

NDVI: A Case Study of Vadodara District, Gujarat 

Sharmistha Bhowmik (Research Scholar)*, Bindu Bhatt (Professor) 

MAHARAJA SAYAJIRAO UNIVERSITY 

Abstract:  

Expeditious extension of LULC in the name of development is the root cause of global 

warming. Replacement of natural resources owing to expansion of manmade erections are 

accountable for the increase in LST of Earth’s topography. The impression of change in LULC 

is reflected in LST. To seize the rising temperature, implementation of new plan of actions for 

urbanization are utmost requisite. This paper examines the change in LULC and its 

spatiotemporal impact on LST in Vadodara, which is situated in the bank of river Vishmamitri 

River. Vadodara an arid region has three main seasons and these are summer, monsoon and 

winter. The climate is characterized by hot summer and dryness in non-rainy season. May is 

the hottest month while January is the coldest month. The annual rainfall of the district is 475.2 

mm.  Hence, to analyze we used multi-spectral and multi thermal Landsat TM and ETM+ 

satellite images to monitor the evaluation of LULC and its impact on LST from 2001(pre-

monsoon) to 2021(pre-monsoon). The study explores to what extent observed LST can be 

examined for by vegetation cover measured through NDVI from2001 to 2021. To achieve this 

an analyzation of co-relation is performed between LULC and LST and by using spectral 

indices comprising NDVI with the help software like of ARCGIS 10.2 and Erdas Imagine 

2014. It had been observed that a considerable increase in LST in Vadodara was 58.338°C 

(Max) and 21.9014°C (Min) in 2001(pre-monsoon) to 60.844 °C (Max) and 24.6784 °C (Min) 

in 2021(pre-monsoon) which is just about 2°Cincrease in Max and 3 degrees increase in Min 

for LST in past 20 years. It was also observed that there is an inverse relationship between LST 

and NDVI. The value of NDVI it is observed that it changed from 0.380711(H) and -

0.59322(L) in 2001 to 0.551(H) to -0.351193(L) in 2021. The mean value of LST increased 

value from 2001 to 2021 and mean of NDVI decreased from 2001 to 2021. Moreover, SMI 

places a vital role to investigate and verify the relation between LST and NDVI. Henceforth, 

to verify SMI was also calculated and it was noticed that places with high LST value and low 

NDVI value contained less soil moisture and places with less LST value and high NDVI values 

contained more soil moisture. Thus, it can be concluded that, if urban planners and decision 

makers implement suitable land use strategies then Earth’s topography can be protected from 

adverse effects of urban heat by planting adequate and appropriate trees in bare soil and beside 

the impervious areas, thus the expansion of UHI can also be controlled. Moreover, by the help 

of SMI values it will also be beneficial for agricultural sector. 

Key Words: Land Use Landcover, Land Surface Temperature, NDVI, SMI, Urban Heat. 
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Globally water pollution is a major issue that affects the environment as well as human health. 

Over the years, the constant growth of human civilization and resource exploitation have 

tremendously affected the natural water resources in terms of pollution. In Indian context also, 

the situation has worsened in past several years. However, the large rivers have gathered 

attention for their pollution level such as Ganges, Yamuna etc. But the small rivers have always 

remained neglected. Many of these small rivers which flows through the heart of small Indian 

cities and towns are now becoming sewer drains and dumping grounds. One such river is 

Rispana in Dehradun which was once a perennial river that originates from a small spring from 

Lal Tibba peaks of Mussorie hills. It drains the central region of Dehradun and joins Suswa 

river which in turn flows into Ganga river. It was once life line of Dehradun city but now its 

quality has declined to that level that it is even not suitable for bathing what too speak of 

drinking water. The river is facing encroachment and high levels of pollution. Government and 

various NGO’s are putting best efforts for the revival of the river but much to be done for 

proper estimation of pollution at various hotspots along the river stretch. Although scattered 

studies and reports can be found regarding water quality parameters of this river but in most 

cases the upstream portion of the river has been neglected. Therefore, this work is focused on 

the physio chemical analysis of this river to check the contamination levels in the upstream 

region. The water samples were collected from three suitable locations which were identified 

from satellite map. Sampling period has been adopted as pre, during and post monsoon time. 

The challenges were faced regarding this project were water availability during pre-monsoon 

and risky hilly paths to collect water samples. After collection of water samples, following tests 

were conducted: pH, Turbidity, Hardness, Chloride content, Total Dissolved Solids and 

Dissolved Oxygen. It was found that the water quality parameters were in highly non-

compliance with permissible limits near slum areas in upstream zone. Domestic sewage 

pollution has been found responsible for enhanced chloride content and low dissolved Oxygen.  

Solid waste disposal and illegal sand extraction are further causing problems for this river. This 

work will help attention of Government and private agencies in pollution abatement. 

Keywords:  Rispana, Water Quality, Pollution, Sewage, TDS, Chlorid 
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RAPID FLOOD INUNDATION MAPPING AND IMPACT 
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Abstract:  

The present study focuses primarily on the rapid mapping of flood inundated area using high 

resolution Synthetic Aperture Radar (SAR) data during 2019 floods and the impact assessment 

in the Ghaggar basin. Further, a comprehensive analysis has been carried out by Global 

Precipitation Mission (GPM) data to investigate the intensity and frequency of precipitation 

over the basin. Multi-temporal, dual-polarized (VH & VV) Sentinel-1 (SAR) data have been 

used for mapping the flood inundated area. SAR data is very useful and most preferred for 

detecting flood inundated area in all weather and day/night time. In this study, binarization 

technique was applied to separate satellite image pixel values into flooded and non-flooded 

group. Threshold for backscattering coefficient (σ0) between -22 to -30 dB and -10 to -20 dB 

have been applied for both the polarised band (VH & VV) to extract the maximum flood pixels. 

It was also observed that flood extent was in its peak during July 20 to 23, 2019 and on July 26 

to 27, 2019 and impacted a large part of agricultural and urban patches during this time. The 

zonal statistics are calculated to find the inundated area over study region. The results have 

been validated against a Radasat-1 image and found an accuracy of 82% in both polarizations. 

VH polarization has been found high accuracy than VV polarization. The finding reveals that 

~9600 hectares and ~2700 hectares of land have been affected in Patiala and Sangrur districts. 

The results revealed that paddies were mostly inundated by flooding with low elevation and 

low slope. From the proposed approach, it is evident that the SAR data along with GIS can be 

used efficiently for mapping of flood inundated area.  

 

KEY WORDS: Flood, SAR, GPM, Backscattering Coefficient, Ghaggar Sub-basin 
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Abstract:  

The study presents the downscaled temperature and precipitation projections over Upper Indus 

Basin (UIB), under different climate change scenarios ending 21st century. The multi-model 

climate projections for the baseline period (1980-2005) were validated against the observed 

climate variables from the available meteorological stations using various statistical tests, viz., 

Coefficient of Correlation (CC), Relative Bias (RB), Root Mean Square Error (RMSE) and 

Nash- Sutcliffe Coefficient (NSC). The temperature projections from GFDL CM3.1 were in 

good agreement with observed data showing a RB of -39%, RMSE of 1.5 and NSC of 0.5. The 

study also highlighted larger bias in precipitation projections compared to the temperature 

projections. Although GFDL CM3 performed well amongst all the participating models, 

however the bias was still significant and was hence improved using the Aerts and Droogers 

statistical downscaling approach. The average RB of the modelled temperature was 

significantly reduced from of -39% to 2.9%, the average RMSE was reduced from 1.5°C to 

0.3°C with a considerable improvement in the NSC from 0.7 to 0.9. For the precipitation, the 

RB of ~81% was significantly reduced to 13%, the average RMSE was reduced from 7.5 to 4.1 

and NSC was improved from -7.8 to -1.0.  

Based on the GFDL CM3 climate model simulations, the temperature is projected to rise by 

~4.8°C and 6.5 °C whereas the precipitation shall decrease slightly by 8% and 8.2% by the late 

21st century under RCP4.5 and RCP8.5 respectively. The Chenab basin is predicted to 

experience lower warming (3.5°C and 4.8°C) than the Jhelum basin (3°C and 5.2°C) by the 

late 21st century under the RCP4.5 and RCP8.5 climate change scenarios. The highest warming 

of 4.8°C and 6.5°C by late-21st century under the RCP4.5 and RCP8.5 is projected for the Indus 

sub-basin in the Ladakh region. However, the precipitation is projected to decrease marginally 

by ~0.84% and 3.4% by the late 21st century under the RCP4.5 and RCP8.5 scenarios 

respectively. The Chenab basin and Indus sub-basin in the Ladakh, on the other hand, are 

projected to witness a significant decline in precipitation by 8% and 8.7% by 2100 respectively. 

The projected change in climate would have significant impacts on various ecosystem services, 

products and the dependent livelihoods and it is therefore hoped that the high-resolution climate 

projections would be useful for impact assessment studies to inform policymaking for climate 

change adaptation and mitigation in the Jammu, Kashmir and Ladakh regions.  

 

Key Words: Upper Indus Basin; Statistical Downscaling; Climate Model; Climate Projections 
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Abstract: 

Earthquakes are unique natural hazards having disastrous consequences particularly in the 

built-up areas. Studies show that collapsing buildings and structures during an earthquake can 

cause huge social, economic and human losses. Keeping in view the geographic location and 

demography of capital city of Srinagar situated in seismic zone V having a population of >1.5 

million and its great significance in terms of social, economic, cultural and administrative point 

of view, it is crucial to assess the structural vulnerability of structures based on the use of 

various physical parameters. Analytical Hierarchical process (AHP) and Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS) model based on the expert opinions were 

used and the city was categorised into five broad zones as "Very highly", "Highly", "Moderate", 

"Low" and "Very low"  vulnerable zones. Approximately 247909 buildings were mapped in 

the city covering 69 administrative wards of the city, spread over an area 247 km2, using high 

resolution Quick bird satellite imageries. Analysis of the mapped building infrastructure 

showed that ~8% of the buildings in the city are single storey, ~50% of the buildings are double 

storey and ~42% of the buildings are triple storey. However, hardly a few buildings (0.12%) 

have more than 3 floors. Moreover, ~3% of the buildings in the city (n=6794) are irregular 

shaped having either vertical or horizontal irregularity. About 65% of the buildings in the city 

(n=165810) have the possibility of pounding in the eventuality of an earthquake because the 

building density in the city is very high. The results indicate that some of the interior residential 

neighbourhoods of the city are highly vulnerable to earthquakes and immediate measures need 

to be taken to make these structure secure and earthquake resistant. The analysis revealed that 

~80km2 area of the city (32.5%) which includes 10 neighbourhoods have Very Low 

Vulnerability; 81km2 area of the city (33%) which includes 17 neighbourhoods have the Low 

Vulnerability; 69km2 area of the city (28%) which includes 19 neighbourhoods has Moderate 

Vulnerability; 14km2 area (5.7%) which includes 14 neighbourhoods has the High 

Vulnerability and 3.2km2 area (3.2 %) which includes 9 neighbourhoods have Very High 

Vulnerability. The inner city has the highest vulnerability due to high building density, 

pounding possibility, narrower roads with less or no open spaces while as the neighborhoods 

at the periphery of the city have newer constructions, relatively wider roads, low building 

density, and thus have lower earthquake vulnerability. On the basis of the analysis of the 
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results, it is recommended that a detailed mitigation plan needs to be developed for initiating 

earthquake risk reduction measures in the Srinagar city. 

Key words: Earthquakes, Vulnerability, Srinagar city, AHP, TOPSIS 
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Abstract: 

Although Ocean ecosystems are one of the most stable and climate resilient, oceanic dead zones 

begin to form when excess nutrients, nitrogen and phosphorus in particular, enter coastal 

waters, making the environment conducive for exponential growth of phytoplankton. 

Population explosion of these phytoplankton lead to severe oxygen deficit in the waters, 

making it anoxic and hypoxic. This results in dying of marine life, while some better adapted 

species survive but with mutated growth. Dead zones usually occur near to the coastal areas 

where agricultural and industrial activity spill nutrients into the water and compromise its 

quality accordingly. The major sources of nutrients are eroded sediments and fertilizers from 

surface run-off as well as domestic and industrial wastes discharged into the water bodies. 

Although, some dead zones occur naturally, but anthropogenic activities are major players in 

creating them and their increased prevalence since the 1970s when dead zones were detected 

in Chesapeake Bay off Maryland, United States, as well as Scandinavian Kattegat Strait,the 

mouth of the Baltic Sea, the Black Sea and the northern Adriatic. A 2008 study 

(scientificamerican.com) found more than 400 dead zones worldwide, which includes dead 

zones in South America, China, Japan, southeast Australia and elsewhere. Focusing on 

geological evidence, minimum-oxygen "dead zones"were not a naturally recurring event in 

estuarine ecosystems, including Chesapeake Bay. Many coastal ecosystems experience a 

progression where periodic hypoxic events become seasonal and then, if nutrient inputs 

continue to increase, persistent. Earth’s largest dead zone, in the Baltic Sea, experiences 

hypoxia year-round. Dead zones are observed in the open tropical North Atlantic at shallow 

depth (Karstensen et al. 2015), just below the mixed layer. The dead zones are generated in 

either cyclonic or anticyclonic mode water eddies (Karstensen et al. 2015). Both types of eddies 

are prone to high surface productivity (Karstensen et al. 2015). 

Tropical Indian Ocean is one of the few coastal areas on Earth to host both natural oxygen 

minimum zones (OMZs) and human induced coastal dead zones (cmi.princeton.edu) where 

oxygen concentrations reach hypoxic levels (< 63 mol=kg O2 ). Reported cases of intense 
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coastal dead zones have increased dramatically over the last few decades in the Indian Ocean 

(Breitburg et al., 2018). In 2001, an intense event occurred along the western coast of India, 

which nearly collapsed shrimp fisheries (Wajih et al., 2009) — an essential component of 

India’s economy. Additionally, expansion of OMZs under climate change can bring oxygen-

poor waters near to the surface (Resplandy, 2018; Busecke et al., 2019). This can alter the 

exchanges between oxygen-starved OMZ waters and coastal shelf waters prone to dead zones. 

Due to Oxygen minimum zones (OMZ) hypoxia is prevalent in ArabianSea (summer/fall) 

season, and in Bay of Bengal(Winter/spring) season, which directly affects the coastal 

ecosystem (cmi.princeton.edu). 

To identify, evaluate and monitor the dead zones, use of remote sensing satellite data is 

important, in conjunction with autonomous floats, and ship-based oxygen measurements. 

Remote sensing can play an important role in identifying, monitoring and even fixing this 

expansion of ocean deserts. Raman et al. (2016) have used Sea Surface Temperature (SST) and 

chlorophyll data of time period 1998-2007, from spaceborne missions to demonstrate the 

identification of ocean deserts in the Arabian Sea and Bay of Bengal. Further extending this 

research we are working on satellite data in monitoring in-situ detection of dead zone in both 

high temporal & spatial resolution, which will be beneficial for effective and efficient 

management of coastal environments. 

 

 

 

 

 

 

 

 

 

Algal blooms in green colour in the Arabian Sea captured by OCEANSAT-2 OCM [Source: 

ioccg.org]  
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Abstract: 

Soil water exhibit substantial variation in time and space, therefore rapid acquisition of spatial 

and temporal information on soil moisture remains vital for agricultural, hydrological, 

climatological and other environmental studies. Synthetic aperture radar (SAR) has provided 

various opportunities in agriculture sector due to its penetration capacity which gives it edge 

on optical sensors for estimation of soil moisture. Crop growth stages play a major role in 

deciding the interaction of radar wave with water molecule present in soil. Therefore, our study 

is focused on determining the sensitivity of Sentinel-1 backscattering with calibrated in-situ 

soil moisture at different Normalized Difference Vegetation Index (NDVI) of crops in the parts 

of Ludhiana (Punjab). We selected 32 grids of 100 m x 100 m near Urna village (Samrala) in 

Ludhiana with dominant crop paddy during Kharif season and wheat during Rabi season. 

Within the 100m x 100m grids, five points were generated (four points at corners and one in 

center). Soil moisture was measured from 160 locations at regular interval using the Steven’s 

HydraGO soil moisture probe in synchronous with ascending and descending satellite pass of 

Sentinel-1. The Sentinel-1 Interferometric Wide (IW) mode Ground Range Detected (GRD) 

GRD product and Sentinel 2 (Level 2A) were resampled to 100 m pixel size followed by 

extracting the normalized backscattering values in VV channel from Sentinel 1 and also 

deriving the NDVI values from Sentinel 2 corresponding to sampling sites. The measured in-

situ soil moisture data was calibrated with volumetric moisture content calculated from 

measured gravimetric soil moisture and bulk density. The relationship between measured soil 

moisture and backscattered values was studied at different NDVI values (<0.2, 0.2-0.3, 0.3-0.4 

and >0.4). Results showed that soil moisture was significantly positively correlated with 

backscattering values of VV channel at NDVI of <0.2, 0.2-0.3 and 0.3-0.4 (sowing, tillering 

and heading stage for paddy and sowing, crown root initiation and jointing stage for wheat). 

The coefficient of determination (R2) at NDVI <0.2 was maximum (0.64) but it decreased with 

increasing NDVI values. There was no significant relationship between soil moisture and 

backscattering values of VV channel at NDVI>0.4 (flowering, grain filling and maturity for 

paddy and anthesis, grain filling and maturity for wheat). These results indicate that VV 

channel of Sentinel-1 (C-band) was found sensitive towards field scale soil moisture at early 

crop growth stages (NDVI < 0.4). Therefore, C band may be useful for estimation of soil 

moisture during early crop growth stages.  

mailto:b2bohra1995@gmail.com
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Estimation of Wheat Yield at Field Scale using Satellite Remote 

Sensing 
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Rajesh Vashisht2, B Pateriya1 
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Abstract: 

Rice and wheat are most important crops for the livelihood for millions of people in India. 

Early prediction of crop yield is important for planning and taking the policy decisions. 

Moreover, the estimation of crop yield at field scale is critical for national food security and 

sustainable development of the agriculture sector. Conducting trials with various combinations 

of agricultural inputs for estimating the crop yield is time consuming and expensive. With the 

launch of satellites, remote sensing data is now extensively used for crop growth monitoring 

and estimating crop yield on nearly real time basis. The use of satellite images along with 

geospatial tools in crop mapping is useful for studying the crop growth variation and crop yield 

in a particular season and their spatial distribution. There are very few studies in which digital 

agriculture based techniques (like satellite remote sensing, sensors and machine learning 

techniques) have been used to estimate the crop yield at farm level. A number of methods are 

used for crop yield estimation from satellite remote sensing. We used the spectral indices based 

models coupled with meteorological data and semi-physical model based on radiation use 

efficiency to estimate the wheat yield in the Ludhiana district of Punjab. The Green Chlorophyll 

Vegetation Index (GCVI) as a proxy for crop-health extracted from Landsat 8 and air 

temperature from ERA5- Land Hourly Data at 0.1° X 0.1° during 17 December to 22 April of 

the years 2013-18 were used. The air temperature was used to calculate the temperature 

difference (TD) and Accumulated Growing Degree Days (AGDD) over different time periods. 

Multiple regression was used to study the relationship among measured yield from crop cutting 

experiments, GCVI, TD and AGDD. Results showed that wheat yield may be estimated from 

GCVI, TD and AGDD with correlation coefficient of 0.65 and mean absolute error (MAE) of 

0.27 t/ha.  A semi-physical model based on radiation use efficiency which compute biomass of 

crop for a given time step from sowing to harvest for a crop using periodical photosynthetically 

active radiation (PAR), fraction of incident PAR which is intercepted and absorbed by the 

canopy (fAPAR), water scalar (Wscalar), temperature scalar (Tscalar) and maximum radiation 

use efficiency was also used to estimate the wheat yield. The MAE was 0.48 t/ha for estimated 
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and measured yield for the year 2017-2018. The study has demonstrated that wheat yield can 

be estimated at finer scale using Landsat satellite data and meteorological parameters coupled 

withsemi-physical model based on radiation use efficiency  

Keywords: Crop yield, Landsat, Semi-physical Model, Wheat  

 

Forecasting yield of crops by using crop simulation models and 

earth observation systems 

 

Sony Bora*, P K Kingra, R K Setia, R K Pal, Som Pal 

 

Abstract: 

There is a large degree of spatial discrepancy in agricultural production across the world. The 

abiotic stresses like temperature (high/low), water (drought, flooding), fertility (nutrient 

deficiency), salinity, radiation (UV, ionizing radiation) and chemicals are becoming the major 

threat in hampering agricultural production. According to world estimates on an average, 71% 

yield losses in agricultural crops are caused by abiotic factors. These comprise high 

temperature, salinity, drought, low temperature etc. There is also a high chance that a crop 

would encounter water stress due erratic rainfall conditions and steady drop in ground water. 

Regional crop yield prediction thus becomes very important for national food security and the 

sustainable development of agriculture. Under climate uncertainty, crop yield estimation and 

forecasting at regional and global scales is critical. Crop growth models are useful in simulating 

and predicting the growth and development of crops under various biotic and abiotic stresses 

but limited to a single point scale. The major challenge in using mechanistic crop growth 

simulation models at the regional scale is getting the spatial information on model input 

parameters. Furthermore, incorporating remote-sensing data into a data assimilation method 

could reduce crop growth model uncertainty and ensure that predicted values are closer to 

measured results. Remotely sensed data prove quite efficient in providing observations on crop 

growing condition over large areas at regular intervals and at a range of spatial scale, thus 

making it useful in large-scale crop modelling. The use of remote sensing data in conjunction 

with a crop-growth model and a data assimilation method is proving to be a viable strategy for 

monitoring crop growth and grain yield since it solves the flaws and complements the benefits 

of prior efforts.In view of this a comprehensive review has been done for evaluating 

agricultural technological advancements and predicting crop responses to current and future 

climatic forcing. 
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ADVANCED REMOTE SENSING TECHNIQUES TO 

MONITOR CROP RESIDUE BURNING 

Yashi Singh*, Sony Bora, P K Kingra, R K Setia, Som Pal 

Abstract: 

Crop residue burning has become prominent in Punjab. Its impacts are being observed at both the 

local and regional scales. As an important source of gaseous and particulate emissions, crop 

residue burning affects air quality and contributes to global warming. It has severe climatic 

implications as it leads to increase in temperature and decrease in relative humidity in rabi 

season.  The wide ranging impacts of crop residue burning have intensified the need to quantify 

their extent at all the scales. Crop residue burning can be monitored timely in large regions as 

the fire points can be recognized through remotely sensed image via thermal infrared bands. 

Remote sensing has proven to be an effective tool for monitoring burning activities. Various 

types of onboard sensors and some civilian satellites use the spectral and temporal 

characteristics of the earth's surface as a result of human activity that can be imaged and 

monitored at spatial and temporal scales. Burning of residues in October and November causes 

large clouds of smoke to form over Punjab regions, and is probably one of the main reasons 

for the increasing levels of air pollution in these areas. User manual detection and estimation 

is tedious, time consuming and inconvenient, so remote control detection techniques and GIS 

have proved efficient to estimate burnt areas on pictures and forest fires. In order to assess the 

area affected due to burning and its climatic and environmental implications, proper monitoring 

through satellite data with mapping algorithms, remote sensing techniques as well as statistical 

analysis is needed. Since the burning of crop residues has a serious impact on climate and the 

environment, a concrete review has been done to necessitate the assessment and mapping of 

the area affected by straw burning. 

 

 

 

A SPATIO-TEMPORAL ANALYSIS OF CHANGING TRENDS 

IN RAINFALL PATTERN 

A CASE STUDY OF KUTCH DISTRICT 

 

Lakhan Jain*, Bindu Bhatt 

The Maharaja Sayajirao University, Vadodara, Gujarat (2021) 

Abstract: 

Changing trends captivate millions of analytical minds. It grabs even more when impact on 

human lives and properties are involved. One of the major concerns of our time is changing of 

weather patterns which led worse impact on amount of precipitation and indirectly on economy 
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and growth of region. Essentially, the challenges in several nations is to reach the whole 

population with adequate amount of water per day. Even the country like India, which has 

thousands of rivers, streams, lakes, ponds etc. unable to reach the whole population and listed 

as thirteenth most water stressed country in the world by WRI (2019), as it depends on an 

highly uneven event for its >86% annual rain during monsoonal months (June-September). 

Nation’s western-most district, Kutch, which holds the title of the largest district in India by 

area, >5000 times larger than the smallest one has been bearing from changing trends in rainfall 

for long time, which led worse impact on region’s economy and growth. The region receives 

90% of its annual rain during monsoonal months followed by Post-monsoonal and Pre-

Monsoonal months. Whereas, it receives approx. 440mm of annual rain (average). The 

distribution within the district is far uneven as Southern and South-central part receives 

abundant rain, while Western and Northern part receives least to no rain. The region has 

experienced extreme events several times. Even the consecutive years experienced contrasting 

events like drought and flood. 

 

The present study aims to analyse the Spatio-temporal Pattern of rainfall for 1961- 2018 for 

the Kutch district subsume remote sensing techniques and IMD long term daily gridded (High 

Spatial Resolution, 0.25 X 0.25 degree) rainfall data. In addition verification of hypothesis via 

Mann-Kendall test (Non-Parametric test) and estimation of Sen’s Slope, which is used to 

determine the trend in time series. 

 

Keywords: Rainfall, Kutch, trend, Remote sensing, IMD. 

 

 

 

Development of infrared lidar for remote sensing clouds during 

rain 

Bhavani Kumar Yellapragada*, Madhavadas Mangapathi 

*Corresponding author e-mail: ypbk@narl.gov.in, madhavadas@narl.gov.in 

 

Abstract: 

LIDAR is an optical profiler that generally works during clear sky periods.  Lidars operation 

during disturbed weather conditions is rare (1). An Infrared lidar sensor was developed 

indigenously at NARL site to profile clouds and rain during thunderstorm periods. The lidar 

operates in slant mode through a window and make measurements continuously during 

cloudburst periods. Compared to Milli-Meter (MM) wave radars, laser radars offer high 

resolution cloud measurements.  High spatial and temporal measurements are needed to 

understand the microphysics, dynamics and structure of clouds. Good spatial resolution 

mailto:ypbk@narl.gov.in
mailto:madhavadas@narl.gov.in
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measurements of low level cloud can be obtained from ceilometers.  However, commercially 

available ceilometers fail to provide high temporal details of cloud due to limitation of their 

signal acquisition electronics.  The indigenously fabricated lidar at NARL site was an advanced 

research system, the first of its kind in country, which has been developed to understand the 

low-level cloud dynamics during rain. 

 

 

Figure 1 Lidar measurements during rain period at NARL site 

 

The developed lidar employs a Nd:YAG laser that operates at its fundamental spectrum in the 

Infrared band  and works in pulsed mode. A spare optical tube assembly (OTA) is employed 

in the experimental work for collecting the backscattered infrared photons. A high degree of 

alignment made between laser and OTA units to collect light photons from far ranges. An 

adjustable conical pin-hole system is employed in the present work, which permitted lidar to 

function in daylight period. A silicon avalanche photodiode (APD) is used in the demonstration 

work for optical sensing and signal conditioning. Thin-film interference (IF) filter doublet and 

a peltier cooled APD supported the lidar measurements at room temperature conditions. An 

Ethernet interfaced single channel transient recorder unit employed in the receiver 

measurements, which digitizes signal at 40 MHz rate. The experimental data were recorded at 

one-second sampling with 3.75 m range resolution. The pump laser uses an in-line optical 

attenuator that switches at 20 pulses per second. The laser radar probes the atmosphere at a 

slant angle through a window of the lidar room. Figure 1 illustrates picture of demonstrated 

lidar at NARL site.  
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Figure 2. Infrared lidar measurements of cloud and rain during thunderstorm period over 

NARL site through a window.  

The lidar first measurement during thunder clouds and rain is shown in Figure 2. Figure 2 

contains two panels. The first panel illustrates the range time intensity map generated using the 

lidar data that collected between 1200 and 1300 Hrs LT on November 2018 at NARL site. The 

data plotted in Figure 2 correspond to 7.5 m range resolution at one second time sampling. The 

other panel of Figure 2 indicates the height profile of lidar range corrected signal (RCS) that 

obtained at 1203 Hrs LT, which has been shown indicate the lidar signal strength during cloud 

conditions.  One can notice from Figure 2 the downward movement of thunderstorm cloud 

deck with time, which further leads fall of rain over land.  One can see rainfall as varying 

streaks of intensity with range. Different color bands shown in Figure 2 indicate the variations 

in the intensity of lidar RCS. The red color band indicates the peak value that represents the 

thunderstorm cloud base. The yellow-orange represents heavy rain events, whereas the shades 

of Green and Blue color indicate light rain. The lidar signal overlap occurs at a range of around 

100 m, which is 50 m above ground level. The lidar has capability to operate at high temporal 

and spatial resolutions to understand the thunderstorm cloud dynamics.  

 

Reference: 

1. Development of lidar sensor for cloud-based measurements during convective conditions 

R. Vishnu, Y. Bhavani Kumar, T. Narayana Rao, Anish Kumar M. Nair, A. Jayaraman 

Proc. SPIE. 9876, Remote Sensing of the Atmosphere, Clouds, and Precipitation VI 
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Ritesh Mujawdiya1, 2,*, Dheeraj Kumar1, and R. S. Chatterjee2 

1Indian Institute of Technology (Indian School of Mines) Dhanbad, Jharkhand, 826004. 
2Indian Institute of Remote Sensing, Dehradun, Uttarakhand, 248001. 

*Corresponding author’s email: riteshmujawdiya@gmail.com  

 

     Abstract: 

Time series multispectral thermal infrared data from VIIRS Black Marble Daily At-sensor 

TOA Nighttime Lights product (VNP46A1) were utilised to detect surface coal fires over 

the extensive region of Gondwana coalfields of India. Thermal infrared bands M13 and 

M15 were utilised in this study. M13 band is recorded in the wavelength range of 3.97-4.13 

µm in the mid wave infrared region and band M15 is recorded in the wavelength range of 

10.26-11.26 µm in the long wave infrared region of electromagnetic spectrum, therefore a 

large difference between the brightness temperature for surface coal fire areas in both bands 

exist. Median composite images were obtained for both bands using time series data of 

November 2018. Improved quality was observed in median composite images as compared 

to the single images. A ratio image was obtained using median composite images of both 

bands to enhance the coal fire induced surface thermal anomalies. K-means clustering was 

applied on the ratio image to extract the thermal anomalies.  

Keywords: coal fire, VIIRS, Gondwana coalfields, brightness temperature 

1. Introduction 

Spaceborne remote sensing data has been widely used for the detection of thermal anomalies 

due to coal fires in coalfields of India [1]. Medium spatial resolution thermal sensors have 

been a focus of such studies. Medium spatial resolution thermal sensors are limited to 

relatively small swaths and are not suitable for the detection and monitoring of coal fires at 

the regional scale. These sensors also suffer from the unavailability of good quality data 

over a period of time. However, wide swath spaceborne sensors such as Suomi National 

Polar-orbiting Partnership Visible Infrared Imaging Radiometer Suite (SNPP VIIRS) 

overcome both limitations. VIIRS has a swath width of 3060 km and a high temporal 

resolution with full daily coverage both in daytime and nighttime which makes it very 

suitable for regional mapping and monitoring of coal fires. Accessibility to dense time series 

and multispectral nighttime infrared images makes VIIRS desirable for the coal fire induced 

thermal anomaly detection.  

2. Study area and data used 
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The study area for this research is parts of the Gondwana coalfields of India. The study area 

extends from 16.88 dd to 25.13 dd in latitudes and from 77.74 dd to 87.60 dd in longitudes. 

A total of 45 Gondwana coalfields have been covered by this study area. The major coal fire 

affected coalfields are Jharia, Raniganj, South Karanpura, North Karanpura, East Bokaro, 

West Bokaro, Singrauli, Ramgarh, etc. 

3. Methodology  

According to Wien’s displacement law, the peak of the curve between spectral radiance 

emitted by a blackbody object and wavelength, shifts towards shorter wavelengths with an 

increase in the temperature of the object [2]. Therefore, the radiance recorded for surface 

coal fires in band M13 is higher than that of band M15. The brightness temperature in VIIRS 

VNP46A1 product is provided in the form of digital numbers. The physical brightness 

temperature images for the bands M13 and M15 were obtained by using rescaling 

coefficients provided with the product. For the M13 band, scale and offset values are 0.0025 

and 203 respectively while for band M15, scale and offset values are 0.0041 and 111 

respectively. Cloudy pixels were removed by using band M15. A temperature of 265 K was 

taken as a threshold. Pixels in both bands where the temperature of the band M15 is below 

265 K were identified as cloudy and subsequently masked [3].  To obtain median composite 

images, all brightness temperature images for each band were stacked separately. Every 

pixel formed a time series vector in the image stacks. By taking the median value of every 

time series vector, image stacks were reduced to median composite images. The band ratio 

image was generated by taking a ratio of the median composite brightness temperature 

images of bands M13 and M15. Thermal anomalies were extracted by employing the k-

means clustering technique. The optimal number of clusters was taken as 6. The optimal 

number of clusters was calculated using the Elbow method.  

4. Results 

The proposed algorithm was applied for the parts of the Gondwana coalfields of India. 

Improved detection accuracy was observed with the median composite ratio image for the 

surface coal fires. The surface coal fire map is shown in Figure 1. Results for the Jharia and 

Raniganj coalfields were validated with previously published studies and ground truth 

observations collected during field surveys. Application of K-means clustering algorithm on 

the median composite ratio image, successfully segmented out the coal fire induced surface 

thermal anomalies from the background. 
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Figure 1: Surface coal fire map obtained using the proposed algorithm by using the data of 

November 2018. The base map is a VIIRS NIR band of November 2018. 

5. Conclusion 

The VIIRS data is used for regional mapping of thermal anomalies, efficient time series 

application due to high temporal resolution, and availability of night-time images. The 

median composite images showed improvement over a single image in terms of avoiding 

false observations due to bad weather, undetected clouds, and sensor artefacts. The band 

ratio technique successfully enhanced the surface thermal anomalies induced by coal fires. 
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Punjab is one of the major paddy growing states in India .There are many studies about the 

acreage assessment of paddy using optical and microwave data but there are very few studies 

on identifying the sowing dates of paddy using multi-date Sentinel-1-VV polarised Synthetic 

Aperture Radar (SAR) data and Sentinel-2 multispectral instrument (MSI). We used the 

Sentinel-1-VV SAR data (C band, VV polarization, Ground Range Detected (GRD) product, 

12 days temporal resolution) from June to November, 2020 and Sentinel-2 (September 2020) 

for detecting the trends in sowing dates of paddy in the Ludhiana district of Punjab. In order to 

remove the radiometric and geometric errors, Sentinel-1-VV SAR data was pre-processed 

(Calibration, Multilook, Terrain Correction, Filtering and Linear to dB conversion steps) using 

Sentinel Application Platform (SNAP) software. The hierarchical decision rule based 

classification based on backscattering values from sowing to maturity stage was used to 

identify the paddy sowing dates. The low σ°VV backscatter values (-19 to -16 dB) were found 

during sowing/transplanting stage, whereas it gradually increased (-13 to -11 dB) during 

maximum tillering stage. The σ° values were again decreased (around -14 to -15 dB) during 

heading stage which may be due to smooth surface generated by peak vegetative stage. 

However, the σ° values increased during floweringinitiation and grain filling stage, but it 

slightly decreased during maturity stage. The accuracy assessment was carried out using 

ground truth observations during different months and also from Sentinel-2 MSI. The overall 

accuracy was 90% with Kappa coefficient of 0.89 using ground truth observations and 89% 

using Sentinel-2 MSI data. It was found that paddy was sown in 15.5 % area of Ludhiana 

district before 14 June 2020, 51% area during 15 June to 26 June 2020 and 18.6 % area during 

27 June to 08 July 2020. The detection of pattern in sowing dates may help in reducing the 

uncertainties by providing Spatio-temporal information to crop models and improving the 
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accuracy of yield predictions. These results may also help the decision makers for framing the 

policies regarding crop residue burning management and water depletion in Punjab.  

 

Keywords: Paddy, Punjab, Sowing dates, Sentinel-1, Sentinel-2 

 

 

 

Assessing the channel migration of Sutlej River in Punjab Using 
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Riverbank erosion is an important geomorphological process in which the bank lines are shifted 

and bars within the stream are migrated.The continuous shifting of river course and erosion 

introduce vulnerable conditions on physical as well as social environment thereby leading the 

farmers/people to migrate from rural agricultural area to urban industrial area in search for 

livelihood. Moreover, the loss of land due to erosion is permanent and has a long-term impact 

on the economy of the region and its people.Like all the other rivers in Punjab, Sutlej River is 

one of the major rivers of Indus systems and it constantly shifts its course. Due to its general 

gradient, the Sutlej River along with its tributaries runs through a braided course causing 

widespread erosion. During 1988, 2010, 2018 the parts of Punjab suffered major flood 

occurrence. Pertaining to bank erosion due to floods, this study focuses on the channel 

migration of Sutlej River (during 2000 and 2018) using multi-temporal imageries of Landsat 5 

and Landsat 8 satellites. We used modified normalised differences water index (MNDWI) to 

identify the river and extraction of itsbanks. The riverbank morphological change was analysed 

by interpreting the transects constructed at an interval of 1km. We considered the year 2000 as 

base year. The riverbank lines were analysed to quantify the degradation, erosion and to locate 

the high erosion zone along the Sutlej River bank.The Land Use/Land Cover was used to 

identify the loss of land in different categories like agriculture, build-up, wetlands and forests. 

A shift was noticeat several places along the course of river. There was a shift of approximately 

onekm across the left bank of the Sutlej River near North West of Jalandhar district. Along the 

Harike Wetland at Harike Pattan area, a change of 470 m and 770 m river migration was 

observed along left and right bank of the river between the years 2000 and 2018, respectively. 

There was a 600 m shift of the river channel (left bank) has been observed along Firozpur and 

Fazilka Districts. These results showed that, the level of the landscape degradation and 

modification of geomorphologic processes has been increased in the past decades. The study 

demonstrates the strength of geospatial approach for rapid assessment of riverbank erosion of 

alluvial channels. The understanding developed about the migration behaviour of the Sutlej 
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River in the last two decades will help the authorities for taking appropriate mitigation 

measures and also planning river management strategies. 

Keywords: Migration, MNDWI, River Bank, Sutlej River 
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Rice–wheat is the major cropping system of the Indo-Gangetic Plains (IGP) in India. The major 

constraint in rice-wheat cropping system is the available short time between rice harvesting 

and sowing of wheat and any delay in sowing adversely affects the wheat crop. It is widely 

perceived that farmers find it the easiest and the most economical way of getting rid of the rice 

stubble through burning which is adversely affecting overall sustainability of the rice-wheat 

cropping system. The burning of crop residues results in the emission of many harmful gases 

which have adverse implications not only on the atmosphere but also on land surface 

characteristics and human health.We studied the effect of crop residue burning on land surface 

temperature (LST) in the Amritsar district of Punjab during 1 October to 9 November 2021. 

The crop residue burning locations were extracted from MODIS and VIIRS fire product, and 

the LST from MODIS LST product. Land use/Landcover data was used to identify the residue 

burning spots in cropland of the study area. The data was divided into five time periods: Week 

1 (1-8 October), Week 2 (9-16 October), Week 3 (17-24 October),Week 4 (25 October -1 

November) and Week 5 (2 -7 November). Crop residue burning in the study area was in the 

order: Week 5> Week 3>Week 2 > Week 4> Week 1. The average difference in LST of crop 

residue burnt and non-burnt area was 1.66, 1.26, 0.43, 0.33 and 0.53 °C during Week 1, Week 

2, Week 3, Week 4 and Week 5, respectively. The peaks of crop residue burning and also the 

peaks of LST didn’t match during this short period. The average LST of surrounding built-up 

area was higher than the LST of crop residue burnt areas. These preliminary results suggest the 

crop residue burning may negatively affect soil microbial activity by increasing soil 

temperature and also on LST in the surrounding areas. However, analysis of data over longer 

period is required to understand the impact of crop residue burning on land surface temperature, 

air temperature and associated meteorological factors to frame the policies for climate change 

resilience through sustainable management of crop residues. 

Keywords: Crop Residue burning, Land Surface Temperature, Punjab 
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Abstract 

A semi-automated method has been developed for land degradation mapping using multi 

sensor data by applying an object based classification approach. The data was initially 

classified in two broad categories i.e., Degradation and Non Apparent Degradation (NAD) and 

subsequently followed by extraction of different land degradation classes from the degraded 

region using subtractive approach. The complete module is developed in Python environment. 

The object-based approach generates homogenous objects using segmentation, which is the 

key component for the object-based classification. The semi-automated approach utilized 

multi-year optical satellite data (IRS-P6 LISS-III), microwave (RISAT-1 SAR) data (single 

scene of kharif season of the year 2012) and Cartosat-1 Digital Elevation Model (DEM) over 

Kanpur Dehat district, Uttar Pradesh, India. Degraded and NAD objects were separated out 

using Normalized Difference Vegetation Index (NDVI) using three seasons (rabi, summer and 

kharif) data. Ancillary information such as forest region available from Forest Survey of India 

(FSI) were used to separate degraded forest region from the degraded objects. 

One of the primary causes of land degradation is increase in soil salinity. Salinity is 

fundamentally the chemical property of the soils. It occurs mostly in cultivated lands due to 

excessive irrigation. Brightness value of the object attribute was used for the extraction of 

salinity from the degraded objects.  

Another major cause of land degradation is soil erosion due to water. Water Erosion is loss of 

soil cover mainly due to rainfall and surface runoff water. In the selected district, the region 

nearer to the river was eroded due to flow of water (fluvial erosion). With the proximity 

analysis approach, fluvially eroded region was separated out using RISAT-1 SAR data.  

The undrained land parcels tend to accumulate standing water for longer durations of time on 

the surface, this condition is called water logging viz. ox-bow lakes, low-lying areas, and even 

the shallow water tables. Low-lying area is associated with waterlogged conditions. For 

extraction of low-lying area, Digital Elevation Model (DEM) was utilised. The parameters for 

the identification of sink (low-lying area) for size, depth and interval was 1000, 0.5 and 0.3 

respectively.  

The computed area from the published map and classified map shown in Table 1, which clearly 

indicates that the degraded classes extracted properly except in the case of salinity, which is 

underestimated.  
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Table 1. Area statistics of the degraded classes 

Classes Published Map (Area 

in Hectare) 

Classified Map 

(Area in Hectare) 

% Error 

No Apparent 

Degradation 

224091 (73.17%) 225497 (73.63) 0.46 

Salinity 38596 (12.60%) 22848 (7.46%) 5.14 

Water Logging 1687 (0.55%) 2309 (0.75%) 0.20 

Forest Water 

Erosion 

3567 (1.16%) 2352 (0.77%) 0.40 

Others 38309 (12.52%) 53246 (17.39%) 4.88 

 

The results (Figure 1) were validated with the Desertification Status Map (DSM) published by 

Space Applications Centre (SAC, 2018), Ahmedabad, India. The overall accuracy and kappa 

coefficient found to be 79.33% and 0.72 respectively. 

This study adopted integrated analysis of different satellites data (Optical, Microwave and 

DEM). It extracts the classes on priority basis, which was more easily identified/ extracted 

from the available classes. The subtractive approach gives the advantage having less chance of 

mixing and it narrows down the area for further classification, which gives reasonable 

accuracy. 

 

 

 

 

 

 

 

 

 

          Figure 1: Published Map                Classified Map 

 

The advantage of this approach is that the methodology is not training data sets intensive, which 

makes it fast, less tedious and cost effective. The method demonstrated over a pilot study area, 

but it can be applied over wider part of the land use/land cover area.  
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Keywords: Land-degradation, object-basedclassification, subtractive approach, NDVI, DSM, 

SAR. 
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Punjab Preservation of Subsoil Water Act 2009, a measure to conserve groundwater and soil 

moisture, requires farmers to delay the paddy sowing which in turn delays the harvest. Due to 

this delay, they are left with a very small window to prepare their fields for the winter crop 

(wheat). In such situations, burning the stubble is a quick-fix and easy solution. However, crop 

residue burning causes huge nutritional loss from the topsoil layer and affects soil moisture 

dynamics. Many studies have evaluated the effects of residue burning on air quality, but there 

are very few studies which considered the effect of crop residue burning on temporal variations 

in soil moisture. We studied the relationship between crop residue burning and soil moisture in 

different soil types of Ludhiana district of Punjab after paddy harvest and during wheat growing 

season (November 2016-December 2016 and November 2017-December 2017). The location 

of crop residue burning was detected using Visible Infrared Imaging Radiometer Suite (VIIRS) 

instrument (375 m resolution). Soil moisture corresponding to crop residue burning and non-

burning area was extracted from Soil Moisture Active Passive (SMAP) mission (1 km resolution). 

The entire area was divided into 1 km grids followed by selecting the grids with continuous 

burning, non-burning and mix (both burning and non-burning grids) during the years 2016 and 

2017. The grids were sub-divided into dominant soil texture in the area: sandy loam and 

loam/silt loam. Results showed that soil moisture was higher in loam/silt loam soils than sandy 

loam, irrespective of the years. It was higher in the continuous non-burning grids followed by 

mixed and continuously burning grids from 15 October to 15 November for the year 2016 and 
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2017. The trend continued till the second week of November during 2016 and 2017, but soil 

moisture became higher in continuously burnt grids followed by mixed and non-burnt grids 

from 16 November to 31 December for both the years. This may be due to mulching effect and 

pre-irrigation during wheat growing season. This trend was similar for both loam/silt loam and 

sandy loam soils. These preliminary results suggest that crop residue burning has direct impact 

on soil moisture and groundwater extraction in Punjab. However, a study over longer periods 

is required to understand the interrelationship amongst crop residue burning, soil moisture and 

crop yield. 

Keywords: Crop Residue Burning, Soil Moisture, SMAP 
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Cotton–wheat cropping system is important wheat-based system in South-west Punjab. During 

September 2021, cotton crop was affected by biotic stress mainly “Pink Bollworm” in the parts 

of South-western Punjab. The attack of pink bollworm during vegetative stage of the crop may 

be contained, but an attack during ball formation and flowering stage can cause a big loss. 

Remote sensing technology is a useful and effective means of recording the extent of damage 

by detecting changes in the plant canopy. Such technology may be the only practical means to 

effectively map the disease because of the large numbers of infected areas. We studied the 

effect of biotic stress namely pink bollworm in the Mansa district of Punjab during 2021 using 

Sentinel-2 imageries. Cotton was discriminated from paddy and other features in the area using 

k-means unsupervised algorithm from Sentinel-2 imageries. In order to study the effect of 

biotic stress on cotton damage, Sentinel-2 data of 24September, 29September, 4 October, and 

9 October 2021 was used. Normalized Difference Vegetation Index (NDVI) was derived for 

these dates. Based on time series analysis, NDVI thresholding classification was performed to 

classify cotton into stressed and healthy crop. It was found that average NDVI values decreased 

from 0.60 to 0.36 during 29 September to 4 October 2021 which showed the stressed condition 

in cotton during this time period. Ground truthing was also carried out to validate the results 

and the accuracy of detecting the biotic stress was 92.8% with Kappa coefficient of 0.81. These 

results showed that Sentinel 2 imagery has the potential in detection, monitoring and 

management of biotic stress in cotton.  

Key words: Biotic Stress, Cotton, Sentinel 2 
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The sustainable management of water resources is a significant element of any project relating 

to agriculture activities. Recent technological advances have brought remote sensing and 

geographic information system (GIS) techniques to the forefront as tools for management of 

water resources.  The sub-mountainous region of Punjab is underdeveloped for agriculture, a 

strategy needs to be developed for rain-fed agriculture through implementing water 

conservation and harvesting structures as these areas are prone to high erosion. Therefore, a 

study was carried out to identify the suitable sites for rainwater harvesting structures in the 

Labbar village of Talwara block in Hoshiarpur district of Punjab.  The soil vulnerability in the 

study area is high as it comes under undulating plain and flooded during the rainy season. In 

order to identify the locations for water-harvesting structures, a GIS-based approach along with 

remote sensing was adopted using weighted overlay analysis. We used soil texture, slope, 

landuse/landcover, drainage density, erosion intensity and road accessibility for selecting the 

water harvesting structures. The slope and drainage network was derived from ALOS DEM 

and landuse/landcover (including road network) from Sentinel-2. Soil map of the area was 

prepared using soil-landscape model. Based on the weighted overlay analysis in GIS, the area 

was divided into five zones for selecting the sites for water harvesting structure: most suitable, 

suitable, moderately suitable, less suitable and not suitable. The most important parameter for 

selecting the water harvesting structure in the area was slope followed by soil texture, erosion 

intensity, drainage density, landuse/landcover and road accessibility.  It was found that 4.2%, 

47.6% and 37% of the study area can be categorized as having most suitable, suitable and 

moderately suitable for water harvesting structures, respectively. These results showed that 

multi-criteria analysis in GIS along with satellite data is robust and scientific technique to select 

the sites for water harvesting structures in an area.  

Keywords: GIS, Site Suitability, Water Harvesting  
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Abstract: 

Conservation of water resource is one of the most important action across the globe. The first 

step behind water resource conservation is watershed management, this plays an important role 

because sustainable development of watershed includes management of land, surface water, 

groundwater, biota and other resources in a defined area for ecological, social, and economic 

growth. Integrated Watershed management program is an initiative from Rural Development 

Authority of India therefore to accelerate the sustainable management plans in such a way that 

conservation of resources can take place in the best possible way. This study highlights impact 

of IWMP over selected watershed of Hoshiarpur district in Punjab State in terms of land use 

/land cover change, change in crop growth and change in socio economic structure of the 

region. Multi temporal high resolution satellite datasets have been used in conjunction to socio 

economic survey at grass root level to understand implications of IWMP over this region. Geo-

statistical analyses have been carried out over the delineated watershed with a geographical 

area of around 4885.29 ha. It comprises of 7 micro watersheds and is located on the foothills 

of the lower Shiwaliks of district Hoshiarpur which is also called “Kandi” region. This area is 

highly dissected by the seasonal drains which are called choes in the local language and 

comparatively less developed as compared to the other regions of Punjab. Time series datasets 

of three timeframe from 2010-2011, 2014-2015 and 2015-2016 were subjected to analyse the 

effect of IWMP sponsored structure on the agro economic condition as well as the socio 

economic conditions in the region. Results clearly indicates improvement in vegetation cover, 

crop area brings overall development in rural socio economic structure. 

Keywords: Remote Sensing, GIS, Watershed Management 
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Abstract: 

Sustainable management of natural resources are gradually being more important because of 

the growing thrust of population over the globe. Over the years Remote Sensing and GIS has 

evolved as one of the major tool therefore to effectively manage these resources. The present 

study has been conducted over a selected area in Roopnagar district of Punjab, in respect to 

small divisions of Hydrological response units (HRUs) which are homogeneous areas of 

aggregated soil, landuse/ land cover, slope and climate. The prime reason for focusing this area 

is that it is one of the urban rural continuum zones of Punjab therefore often this area is effected 

by several socioeconomic changes and thrusts. Soil and water assessment Tool (SWAT) Model 

has been used to delineate multiple mini watersheds from a micro watershed formed along the 

foothill region in the above district. Model input dataset such as landuse/land- cover (LULC), 

soil, crop rotation, climate and other management datasets were prepared and processed as per 

the information's derived from each HRUs for the year 2020, 2010. This technique helped to 

understand the changes across the selected timeframe rigorously over the HRUs in the study 

area due to adaptation of over exploitation of resources. The HRU based management of each 

unit can help to finally lay out combating action plans which can bring in management 

measures leading to sustainable management of resources.   

Keywords: Remote Sensing, GIS and SWAT modelling 
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Development of a geo-spatial index for assessing accessibility to 

government hospitals using AHP approach - a case study in 

Andhra Pradesh state. 

Lesslie Annamalai, Arulraj M and MV Ravikumar 
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Abstract: 

Health is a basic need to lead a quality life. The health care must be within the reach of the 

citizen. The governments face several challenges in extending the reach to the entire 

geographical extent of country. India stands second largest populated country in the world. It 

covers almost 1/5th of the world’s population. Aconsiderable portion of the population lives 

in the villages and towns that would make government departments more difficult to cater the 

needs of hospital. The use of geographical information system in public healthcare studies 

helps in understanding the current state of health facilities with respect to geo-location. The 

public health surveillance is the process of data collection to understand the health facilities 

of the population of an area. This enables to analyse the collected data anddisseminate results 

in the form of geo-spatial index with a classified map. With advent of communication 

technology, the portable handheld devices like smart phones containing GPS receiver, 

camera, mobile data with internet connectivity and strong operating system enables developer 

to develop solution to cater the needs of modern data collection and store the information in 

centralized systems.The mobile app must have features to capture geo-location parameters 

using GPS receiver, capture photographs using digital camera, capture direction using 

compass, fill attribute and upload captured data using mobile data or Wi-Fi. The article 

showcases use of location based services, integrated with GIS in the data collection, 

visualization, analysis and decision makingprocess to alert government to focus on the 

areaswhere hospital are required. The attributes, geo-location parameters and photographs 

together arerecorded as data collection and also called as evidence based geo-tagging.  

The data like longitude, latitude,altitude and time stamp are captured to precisely locate 

hospitals geographically. The information like name of the hospital, address, phone, email, 

hospital ID provided by state health department, in-charge, type of hospital, timings, in-house 

pharmacy, blood bank, and identity of the data collector are some of the details captured as part 

of geo-tagging process. The captured data is organized in the JSON format. Systematic naming 

conventions are used and stored in the structured location in the mobile device. The mobile app 

enables to upload the data immediately through Bhuvan web service on availability of internet 

connectivity in the mobile device by means of mobile data or WiFi or USB tethering services. 

The solution also enables to store the data and upload them at a later stage, in case of 

unavailability of internet connectivity in the field. The uploaded datasets are received in the 

web server at the data centre. The received datasets are organized in central data repository 

enabling to retrieve them in a geo-portal, based on user defined querying mechanism. The data 
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moderation is carried out by middle level managers of health department at district level or 

block level and they are called as moderators. The moderators access dataseton geo-portal 

through secured authorized credentials for validating the collected data. The validation process 

involves examining of each record for its correctness with respect to photographs and attribute 

data entry. The consultation over phone or through visits by field officials to verify is also one 

of the options,on need basis.  

The aim is to develop a spatial index for accessibility to hospitals through a geo-spatial 

approach for Andhra Pradesh. The spatial index represents 100 to 0 values over a geographical 

extent, where 100 represents highest availability of hospital facility and values towards 0 

correspond to the least availability. The Analytical Hierarchical Process (AHP) based spatial 

multi-criteria decision making (MCDM) technique isused to integrate the factors influencing 

different hospital types,In-house pharmacy, In-house blood bank and In-house blood storage 

centres. The data captured through mobile app and stored in the central repository are retrieved 

to prepare GIS layers of different factors influencing the accessibility to hospital. The 

proximity to different types of hospitals and other layers are generated using Euclidean distance 

algorithm. The spatial Euclidean distance map represents 0 meters pixel value for the nearest 

hospital and varieslinearly with increasing distance for farthest pixel. The distance values are 

assigned with respect to the nearest hospital to the pixel. The maximum threshold distance is 

extracted from each of the spatial Euclidean distancelayers and the value is used to rescale. The 

spatial Euclidean distance map is linearly rescaled. The value of 0 distance is rated as 100 

whereas the maximum threshold distance is attributedto 0 using simple map algebra method. 

The pair-wise comparison matrix is computedgiving primary health centre more importance 

over Urban Health Centre and Urban Health Centre over Area Hospital like-wise for 

Community Health Centre, General Hospital, Other Hospital, Multi Speciality Hospital and 

Super Speciality Hospital respectively. The pair-wise weights are derived ranging from 0 to 1 

value for all GIS layers. The sum of pair-wise weights derived must be equal to 1. The 

consistency index and consistency ratio are calculated and found to be in the permissible limits. 

The weighted sum is computed using overlay analysis for the various rescaled GIS layers which 

gives single band integrated accessibility map. The ISO cluster unsupervised classifier 

algorithm is used to cluster the single band continuous data to discrete group of 5 classes. The 

discrete data is categorizedin 5 distinct classes such as very good, good, average, below average 

and poor classes.  Using spatial analysis technique, the approximate percentage of area under 

the discrete classes from very good to poor represented as 16.8%, 27.1%, 27.4%, 20.5% and 

8.3% respectively. The census information such as population and households are integrated 

with the administrative boundary layers featuring state, district, block and village for analysing 

the impact of population and households. By using LISS-III and LISS-IV sensor data of period 

2015-16, Land use and Land Cover classified map is prepared on 1:50K scale. From Land use 

and Land Cover classified map, the built-up area is extracted and found to be aapprox. 5156.41 

km2. Considering the uniformly distribution of population and household in built-up areainthe 

state,the approximate percentage of built-up area of under these  classes from very good to poor 
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represents as 36.0%, 32.9%, 19.4%, 9.1% and 2.6% respectively. Accordingly impact on the 

population (4,68,64,156 as per 2011 census) for different classes are 34.3%, 

32.6%,20.3%,10.3% and 2.5% respectively. Further, impact on the households (1,20,40,405 as 

per 2011 census) for different classes are 35.0%, 33.5%, 19.8%, 9.5% and 2.2% respectively. 

The study has revealed that 9.1% and 2.6% of the geographical built-up area are under below 

average and poor categories of accessibility to hospitals respectively. Further 10.3% and 2.5% 

of populations fall under below average and poor categories of accessibility to hospitals. 

Government must look into these areas and plan to develop them. 
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Paleo-topographic Reconstruction of Cultural Landscapes 

using GIS:   

A case study of the ancient port of Tamralipti 

 

Arya S Pradeep and M B Rajani 

National Institute of Advanced Studies, Bengaluru 

Abstract: 

Human interaction with the landscape they inhabit leaves imprints that are largely 

inconspicuous on the ground. Yet, these remain the most thought provoking among the sets of 

clues available to us in fuelling the quest to understand our beginnings. Spatial view provided 

by satellite imagery plays a pivotal part in enabling us to identify these imprints in the form of 

patterns.  

The delta of the Gangetic river system, where the river and its distributaries debouch into the 

Bay of Bengal is particularly interesting in a number of ways. Apart from being home to one 

of world’s most intense ecosystems and largest fertile agrarian landscapes, it bears vestiges of 

an ancient legacy that is veiled in mysteries of a dynamic landscape and fleeting narratives of 

a bygone past. 

In this study, a paleo-topographical reconstruction of the cultural landscape using geo-spatial 

tools has been attempted. A range of historical documents (historical literature such as 

traveller’s records dating to 5th and 7th centuries CE, maps of the Indian sub-continent published 

in the 18th and 19th centuries) and satellite imagery of the last 50 years (CORONA, LANDSAT 

) are used to identify and analyse the distribution of cultural sites that are hitherto unexplored 

to understand the impact of past environmental changes on these ancient sites located along 

one of the most dynamic regions of the Indian subcontinent; the Gangetic Delta. 

The study began with the analysis of the descriptions left by Chinese travellers such as Fa-Hien 

(5th century CE) and Hieun Tsiang (7th century CE) of the ancient port town of Tamralipti. 

Based on excavations in the past decades, the city of Tamluk has been identified with this 

ancient port.  Analysis of Google Earth imagery in the vicinity of the excavated sites revealed 

to us sites that followed a particular arrangement of square shaped concentric enclosures 

resembling forts and moats, predominantly aligned along cardinal directions. These shapes 

were identified as vegetation marks on satellite imagery. Most of them remain largely 

inconspicuous following recent developments, both anthropogenic and otherwise. This led us 

to study historic maps of the region and it was found that maps prepared and published in the 

18th and 19th centuries by English cartographers such as James Rennell and Aaron Arrowsmith 

marked several sites in the region as forts. Attempts were made to identify these sites (mostly 

rendered with old British spellings in the maps) based on the closeness in the names provided 



National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   56 
 

in these maps and current place names along with their geographic location. Subsequently, 

Google Earth imagery and CORONA satellite imagery was analysed and we observed the same 

concentric arrangements in the vicinity of the identified locations, some intact, others altered 

to varying degrees.  Finally, these sites were plotted and analysed against the geographical 

character of the region. 

The identification of numerous sites of a distinct pattern and their distribution, analysed along 

with the morphological signature of the landscape on which they remain almost undetected has 

led to certain inferences on the possible location and extents of the ancient port of Tamralipti. 

The study also reveals the coastal and deltaic changes in the vicinity of the ancient port. 

Identification of cultural heritage resources are a key component in sustainable city planning. 

This holds importance in multiple ways, the foremost of which is to empower communities to 

embrace their cultural heritage through sensible strategies of city planning by acknowledging 

these diminishing vestiges. Traditional knowledge systems embodied by these historic built 

resources, if incorporated sensibly to meet the demands of modern times, will help resolve a 

majority of the issues arising from human-environment interactions in ecologically sensitive 

areas such as the study region. 

Thus, the role played by remote sensing and GIS is imperative in the on-going efforts of the 

conservation of cultural heritage resources. 

  

Keywords: Geo-spatial analysis of Cultural Landscapes, Gangetic Delta, Tamralipti, Coastal 

geomorphology, cultural heritage resources, CORONA and LANDSAT satellite imagery 
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of Chola dynasty 
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Abstract: 

Gangaikondacholapuram (11° 11.995'N, 79° 26.295'E) is a village of Ariyalur district in the 

state of Tamilnadu. It was one of the most important capitals of the Chola dynasty. 

Gangaikondacholapuram, is well known because of the renowned temple Brhadisvara, which 

is dedicated to Lord Shiva, a Hindu deity. The United Nations Educational, Scientific and 

Cultural Organization (UNESCO) has declared this temple as one of the world heritage sites, 

it is one of the three temples inscribed as “Great Living Chola Temples” 

(http://whc.unesco.org). 

 

The Capital at Gangaikondacholapuram was established by Rajendra Chola I in 1035 AD 

commemorating the victory of Chola over the Pallava (Pichard P.1995). At present, the main 

structure of the Brhadisvara temple remains intact; but the fortified capital of 

Gangaikondacholapuram, is in ruins that are hardly recognisable. With the existing remains on 

ground it is very hard to understand the whole layout of the fortified settlement of 

Gangikpndacholapurm.  The existing scholarship on the layout of the site, one of them based 

on multispectral remote sensing analysis (Haricharan, S., Nalini, N. S, 2019) has not been able 

to identify inner moat layout and traces of the outer moat structure also remains ambiguous. 

The purpose of this research is to identify the fort layout of Gangaikondacholapuram. The 

present study has analyzed historical satellite imagery from Corona satellite series dating from 

the 1960s with the help of which, we are able to identify a layout which is also relatable to the 

description of the capital given in the Cholas inscriptions. The result of this research have 

revealed the layout pattern of the rectangular inner moat and the complete layout of concentric 

outer moat, both are visible with the help of corona imagery. The paper also goes through the 

water management system of the capital exploring the source of water to the moats as well as 

to the interior of the fort. It also discusses how water ponds and canals are connected with each 

other to supply the water to the capital. The study also demonstrate that corona images and GIS 

are useful to understand the features on the landscape in the field of archaeology. 
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Abstract: 

Satellite internet service has the potential to be one of the most transformative technologies in 

the telecommunication industry due to its capability to deliver high quality internet connection 

to a wide area of population around the world for diverse applications while remaining resilient 

towards disruptions during extreme weather and other emergencies. Moreover, it could also 

help narrow the digital divide that has plagued many rural communities globally. Despite their 

benefits, satellite internet services are not commonly used by the public due to issues with data 

latency, limited bandwidth, lack of service providers, and higher costs. With Starlink project, 

SpaceX is trying to build a low-latency and affordable broadband internet system to meet the 

internet needs of consumers around the world through the use of constellation of thousands of 

small satellites in low earth orbit working in conjunction with ground transceivers. Since it 

provides high-speed internet with a lower latency compared to traditional satellite internet 

services at an affordable pricing, Starlink could possibly be at the forefront of a revolution. The 

study attempts to analyse the impact of Starlink project on the global telecommunication 

industry mainly focussed on the user need and affordability perspective across the world 

countries. The research question for this study is based upon the claim that Starlink could 

potentially disrupt the global telecommunications industry. The methodology involves 

comparison of Starlink service with present global scenario using various datasets related to 

broadband speed, latency and pricing of the available broadband services, percentage of 

internet users and GDP per capita based on purchasing power parities across the world. Further, 

a favourability index is developed with the help of the aforementioned parameters that gives 

an overall indication of the anticipated response from world countries to this project. From the 

analysis, it is observed that Starlink service is a better choice when it comes to the internet 

speed and its low latency, as well as considering the fact that nearly two-thirds of the world 

population still have a greater need for internet infrastructure. However, Starlink pricing plans 

have higher service costs than current broadband plans, hence, 45% of the world's population 
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may not be able to afford at the rate at which they are being offered at present, which is a major 

challenge. Therefore, the study finds that the role of Starlink as a disruptive technology is 

debateable.  

 

 

Figure 1: Summary of favourability index for Starlink service 
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Abstract:  

The blanket application of fertilizer over large areas is typical in rice-wheat cropping system, 

which leads to inefficient utilization of applied nutrients and other production inputs. 

Therefore, the field-specific nutrient needs of crops should be tailored with fertilizer 

application for harnessing the optimum nutrient use efficiency of applied nutrients.Soil test-

based fertilizer application reduces the total amount of nutrients applied to a given field and 

given crop. Soil fertility maps developed using geographic information system (GIS) coupled 

with test soil crop response equation can serve as a major decision support system for precise 

fertilizer management. WebGIS is easy to use by the decision makers, and the common people. 

Therefore, a study was carried to prepare the WebGIS for spatial fertilizer recommendations 

for paddy using open source tools. A total of 220 surface soil (0-15 cm) samples were collected 

from the Pakhowal block of Ludhiana district of Punjab using grid (1x1 km) sampling. These 

samples were analysed for organic carbon, available phosphorus, potassium and sulphur using 

standard methods. Spatial variability of all these soil fertility parameters was studied using 
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geostatistics followed by overlaying of the cadastral maps. The amount of fertilizer for the 

target yield of paddy was calculated based on soil test in GIS. The open source and free 

technology OpenGeo suite was used to develop the Web GIS application. OpenGeo suite 

includes all the required software like GeoServer and PostgreSQL in a single package. The 

base layers (like road, rail, canal, drainage and settlements) were added to the database. This 

application has various tools (like Pan, Zoom, Search and Identify etc.) which a user can browse 

and search the data. The application with digital soil fertility maps and spatial fertilizer 

recommendation may help the farmers for precision application of fertilizers in each field.  

Keywords: Geoinformatics, OpenGeosuite, Spatial Fertilizer Recommendation, Web GIS 
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EDUCATIONAL INFRASTRUCTURE: A SPATIAL 

ANALYSIS OF THE EXISTING SCHOOLS IN JALANDHAR 

DOAB REGION USING GIS 
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Lovely Professional University, Jalandhar – Delhi, GT Road, Phagwara, Punjab, India 
 

Abstract:  

The paper analyses the accessibility of various classes of educational facilities in metropolitan 

regions Jalandhar, Punjab, India. It likewise examine the benefits and drawbacks of various 

classes of existing number of schools in Jalandhar, doab region. This paper also distinguishes 

the numerical accessibility of category wise schools that comes within the urban areas of 

Jalandhar district. Likewise, the paper additionally examine the spatial assessment of 

educational infrastructure (schools) in the Jalandhar city till year 2021 with the usage of GIS. 

To set up the base map of Jalandhar city, Georeferencing and digitization of administration 

limits of Jalandhar, Punjab, India has been done. Georeferencing and digitization of Ward 

limits of the city similarly has been done. The paper likewise distinguished the area of these 

existing schools utilizing the Hand Held GPS of Schools. The paper reveals the situation with 

accessibility of various types of schools in Jalandhar in the region of doab at the city level. 

Likewise, the study additionally shows the various classifications of Schools in the year 2021 

in Jalandhar under Municipal Corporation region. This paper additionally assess the current 

status of accessibility of the various classifications of schools in Jalandhar city. Schooling, 

being a colossal subject, nonetheless, the current study has been partitioned into various 

categories of the schools in Jalandhar, Punjab.  

Keywords: Educational infrastructure, GIS, schools, spatial analysis, urban area 
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Abstract: 

In the process of developing industries to increase the standard of life of the people out of 

poverty, developing nations must be very cautious in their land usage since it might impair 

food security, cause damage to the ecosystem, and create an adverse effect on the environment. 

India, as a developing country with adequate arable land, is now generating excess food that is 

sufficient for the entire population, but has lost productivity in agriculture land in recent 

decades due to a lack of suitable scientific solutions for companies. The Geographic 

Information System (GIS) has created an unprecedented world of possibilities for processing 

data from remote sensing and other sources. GIS and remote sensing offer an extensive range 

of tools for industrial area mapping, monitoring, management, and Multi Criteria Decision 

Making (MCDM) is used to precisely identify the most appropriate zone for industries. The 

current research was conducted in three blocks of the Baleswar district in northern Odisha, 

India. The goal of the study is to identify existing land use changes in regions with potential 

for industrial growth using land suitability analysis (LSA) to focus both agricultural and 

industries with long-term sustainable development. 

Keyword: multi criteria decision making, land suitability analysis, geographical information 

system, remote sensing 
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Abstract: 

INTRODUCTION: Transportation System is the key to economic growth of any country. 

India is no exception and is constructing roads at a record speed 37 Km/day (THE HINDU, 

02/04/21) to cater to its industrial and socio-economic development. In general, the developed 

countries are spanned by a very dense transport network which has driven their economies 

example abounds such as USA, UK, and China. 

GIS has been extensively used in conjunction with remote sensing data such as satellite images 

and drone data for optimal route planning(Mondal et. al., 2021) design processes, store survey 

details based on GPS data, field survey, satellite images, monitoring the construction and 

operational issues (Yunus & Hassan, 2010). In general, road alignment has been mapped in 

GIS using remote sensing data as base layer in all GIS based projects. However, a critical 

component related to maintenance of the roads has not found many GIS driven applications.  

Maintenance of roads is a key concern for smooth flow of traffic and goods for any economy 

to thrive. The maintenance part has been limitedin GIS to information collected through 

ground-based surveys, GPS location of affected road area, uploading geotagged photos shared 

by public through mobile app on GIS data or using bump integrator (Dattani et. al., 2018) to 

check for the unevenness of the roads. 

Accurate, timely and cost-effective information about road condition is key for repair and 

maintenance of road infrastructure (Nodrat et. al., 2018). The present paper focuses on one 

such innovative approach using geotagging of videos of road surface with Road layer in GIS 

with a case study devoted to a small stretch of Ludhiana city in Punjab. Geotagging is the 

process of adding geographical identification metadata to various media such as a photograph 

or video and is a form of geospatial metadata (Luo et. al., 2010) 

MATERIALS AND METHODS:The work involve taking videos of road surface in a vehicle 

along with GPS readings. The GPS readings can be taken using a GPS device or equally 

accurate available mobile apps now adays such as GPS tracker, Avenza or many other apps 

which can be downloaded free of cost on any SMART phone generally available with public. 

This in turn saves on finances for procuring any GPS device. The videos can also be taken 

through another mobile rather than investing in acquiring costly video camera. Both video and 
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GPS activity should begin at the same time for proper geotagging as common thing to marry 

both datasets (video and GPS readings) called as video geotagging is the time.  

The twin data of video focussed on road surface and its accompanying GPS coordinates can be 

geotagged in premium based software or using freeware QGIS. However, in the present work 

video UAV tracker of QGIS, a free option was exercised.Thus, expenses are generally limited 

to vehicle and manual cost. 

The workflow involves loading video and corresponding GPS file in the video UAV tracker of 

QGIS with costly GIS vector file of roads if available otherwise High-Resolution satellite 

image available free of cost can be called in the background in QGIS requiring only internet 

connection, a facility available under Base Map option of QGIS. At times, the road layer 

generated may not be accurate or updated but satellite image would be accurate in terms of 

geolocation and updated as well. Thus, satellite image available free of cost may be the proper 

choice. 

Both video and GPS must be synchronised in the module.Once synchronised,a GPS track layer 

is made available with a pointer. The pointer moves on road GIS layer or georeferenced satellite 

image in sync with video of the same location on the road.The GIS analyst can then run the 

video with the pointer highlighting the location of the road. The GIS analyst can infer from 

video the type of maintenance required (patch work or complete road to be carpeted) based on 

condition of road surface made apparent from video. The GIS analyst can also demarcate on 

the GIS layer based on observation of the geotagged video, vectors that can highlight the 

condition of road for type of maintenance required such as patch work to be undertaken or 

complete road to be carpeted. The Video part also gives the date and time of acquisition which 

can be added as attribute at the specified locations where road requires maintenance. If road is 

repaired, details of repair carried can also be part of attributes giving complete information of 

road maintenance which can come handy in future maintenance work also. 

RESULTS AND DISCUSSIONS:The study was carried in Ludhiana city for a stretch of 2.37 

Km for two dates 06-10-2021 and 19-10-2021 before and after repairs.The videos were taken 

with SMART Phone and GPS readings were based on free GPSLOGGER app installed on 

mobile. The patches required for maintenance was identified through geotagged videos of 06-

10-2021and demarcated as a GIS layer. The post repair geotagged video taken on 19-10-2021 

clearly shows that patch work was undertaken by municipal authorities on locations as 

identified on the geotagged video of 06-10-2021. 

The study in Ludhiana has demonstrated that with minimal finances based on usage of smart 

phones, free GPS application loaded on mobile and use of free QGIS software can provide 

ample information about the condition of the road and thus act as an asset for identifying the 

maintenance work required, rather than relying on costly drone data, paid software, or the slow-

paced manual surveys. 
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CONCLUSIONS:It can be concluded from the work that the condition of the road can be had 

in a contiguous fashion using videos which can be geotagged with GIS road layer or 

georeferenced satellite image for quick assessment of road surface to help relevant authorities 

plan for repair work as needed. In addition, the process is economical based on free ware GIS 

s/w, free GPS app and mobile for videos over costly video cameras.However, the approach is 

GPS based and thus, can be used where roads are broad and GPS readings can be obtained 

accurately. This, therefore, translates to the usage of the approach in areas with broad roads in 

the urban part but can be widely used across rural areas which are more open and GPS readings 

can be had accurately. 
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Abstract: 

Crop management techniques are the ensemble of methods employed to grow a crop. For rice 

crop, different sowing techniques are closely related to water management practices and 

productivity. This year, Punjab government has decided to increase the area under direct 

seeding of rice (DSR) technique instead of the traditional transplantation of paddy. This 

technology will offer certain advantages such as saving of labour and water, early crop 

maturity, low production cost, better soil physical conditions for following crops and less 

methane emission. Conventional method of rice production i.e. puddled transplanted rice in 

Punjab, is water and energy intensive, thereby, leading to increased pumping cost and water 

scarcity. Puddling is known to be beneficial for growing rice, but can adversely affect the 

growth and yield of subsequent upland crops because it breaks capillary pores, destroys soil 

aggregates, and disperses fine clay particles and form a hard pan at shallow depth. Rice 

transplanting requires 150-200 man/hr ha-1 which is about 25% of the total labor requirement 

for the rice crop production. Moreover, the unavailability of sufficient labor at appropriate time 

sometimes delays the transplanting of rice beyond optimum time, causing yield reduction. 

Hence, the productivity and sustainability of rice production systems in Punjab are threatened 

because of increasing resource scarcity. Therefore, to sustain the long-term production of rice; 

more efficient alternative methods of rice production are needed. Under these circumstances, 

the direct seeding of rice paves its way for efficient use of land, labour and water resources. 

Globally, around 23 percent rice was directly seeded in 2007, according to the study ‘Weed 

Management in Direct Seeded Rice’, published in “Advances in Agronomy” in 2011.In the 

past few decades, many state governments have been encouraging farmers to move to DSR 

because it is easier on the environment, but without much success. A study by the Indian 

Council of Agricultural Research and Indian Institute of Rice Research in 2016-17 stated that 

DSR is gaining popularity among the farmers of Raichur, Koppal and Ballari districts in 

Karnataka where water shortage is acute. There is no nationwide official data on how much 

rice in India is grown through DSR. CIMMYT (International Maize and Wheat Improvement 

Centre), estimated that about 10 per cent of India’s 44 million ha under rice cultivation is 

through DSR. 

Keeping this in view, Punjab Remote Sensing Center has made an attempt of district level crop 

forecasts for direct seeded rice (DSR) using multi-date optical and microwave remote sensing 

data, from different satellites, such as Resourcesat-2, RISAT-1, Landsat 8, Sentinel 1&2. 
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Keywords:SAR, Optical remote sensing, Google Earth Engine (GEE) 

 

Objectives 

Because timely and reliable forecasting of agricultural output is very important for decisions 

related to food crop management, procurement, storage, distribution, and marketing.  The main 

objectives of this study are:  

 To estimate area under crop. 

 To monitor temporal and spatial changes in crop cover. 

 

Materials and Methodology 

 To estimate the total area under DSR in Punjab state by using remote sensing techniques 

step by step process is given below: 

 

 
Fig.1: Methodology flow chart 

 

In this work, an attempt has been made to monitor and differentiate direct seeding and 

transplanting rice crop for the 2021 Kharif season (June 2021 to August 2021) in Punjab, India. 

Supervised/unsupervised image classification techniques have been used and agricultural mask 

has been generated by using unsupervised classification technique on the multi-spectral dataset 

along with spectral indices viz. NDVI, NDWI. Sentinel-1 & 2 Synthetic Aperture Radar 

(SAR)time-series data have been used via Google Earth Engine platform to monitor and 

quantify the spatio-temporal crop system dynamics in the region to discriminate the rice fields 

that are transplanted and direct seeded. Well established state-of-the-art machine learning 

models (support vector machine and classification, random forest and regression trees) are 

experimented on radar and optical data stack to majorly classify direct seeded rice (DSR) and 

transplanted rice across the state. The efficiency for each classifier is evaluated and results are 

validated with ground survey data. The sensitivity of radar backscatter to structural dynamics 

of rice crop is also evaluated. Field observations were conducted and mean backscatter values 

for each of the sampled fields were generated from data acquired during the season. The 
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reported dates of land preparation and estimated dates of crop growth stages were matched 

with the corresponding satellite acquisition dates. There are significant differences in 

backscatter values between transplanted and direct seeded rice. Accuracy of the classified 

results was verified and district administrative boundaries were overlaid on the final classified 

image to give the acreage estimation at district level. 

 

Results 

Results from multiple forecasts made from June to August revealedthat the total area under 

direct seeded rice (DSR) was 601.44‘000hawhich is 20.26% of net sown area under paddy for 

year 2021-22 (Table 1). Maximum area under DSR was estimated in Bathindadistrict 

(52.76‘000ha) which is 31.63% to net sown area under paddy. Whereas, minimum area under 

DSR was found to be in SAS Nagar (4.67 ‘000ha) As shown in Figure 2, the green colour 

represents DSR and the magenta colour represents Puddled rice in the classified image. The 

results show that synergic use of radar and optical data with random forest classifier yields the 

highest accuracy of 91.3%.The study also finds that for both puddled & DSR method, there are 

well observed differences in co-polarized (VV) and cross-polarized (VH).  

Table 1: District-wise area under Paddy (transplanted/Direct Seeded) in Punjab state for 

year 2021-22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Classified area under Direct Seeded Rice and Puddled Rice in Punjab state for year 

2021-22 
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Object based Classification of High Resolution Imagery 
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Abstract: 

Object based classification technique has proven to be valuable asset to the researchers 

interested in the characterisation of landforms, classification, and Land Use- Land Cover 

(LULC) map creation. Object based classification uses spectral and spatial information in 

classification. It categorizes objects based on the shape, texture, spectral characterization and 

their relationship to the surrounding objects. We used high spatial resolution PlanetScope 

image covering part of Bhunga block of Hoshiarpur district of Punjab. Main focus of the 

research is to classify the image particularly in horticultural area classification perspective and 

accuracy assessment of the same. Total 5 classes were identified in the image and overall 

accuracy of the classification was 81% (Kappa co-efficient 75.14). The results indicate that 

object based classification has good potential to extract information from high resolution 

satellite imagery. 

 

Introduction 

In characterisation of landforms, remote sensing has become an indispensable tool. A study by 

Mc Roberts and Tomppo (2007) showed that remotely sensed data increases speed, precision, 

timelines of forest inventory, and cost efficiency. Along with these it is also possible to do 

mapping of any landforms with high spatial resolution satellite images; this was not possible 

in past. In past, pixel based classification i.e. supervised, unsupervised, or combination of 

classification were carried out (Enderle and Weih, 2005). These traditional classification 

methods were analyzing image with spectral property of the pixels, there has been no role of 

spatial properties of the pixels. As availability of high resolution data increases, it may be 

possible to classify an image with consideration of spatial properties (De Jong et al., 2001; 

Dwivedi et al., 2004). The objective of the study was to classify an image with object based 

data model and analysis of the same through accuracy assessment. 

 

 

 

Study Area 

For the study, part of Bhunga block of Hoshiarpur district of Punjab has been chosen. 

Cultivation of fruit crops mainly Kinnow, Mango, Guava, Peach, Litchi, etc. are done in 

Hoshiarpur district. In Punjab only 3.7% area is under horticulture Crops where as in 

Hoshiarpur this figure goes upto 11% which shows that this district is well diversified and has 

future scope also.  
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Material and Methodology 

In this study, we used very high resolution PlanetScope image, which has spatial resolution of 

3 meter per pixel. PlanetScope satellite operated by Planet is a constellation of approximately 

130 satellites. It is able to image 200 Million km2 of land surface of the Earth every day.  After 

collection of dataset, pre-processing steps has been performed. The key component of the 

object based classification is Segmentation. In this process, pixels in the image are grouped 

into segments or features called objects. Different parameters like minimum segment size, 

spatial radius and range radius are used; user has advantage of using these parameters based on 

the requirements. For each segments, zonal statistics were extracted. Calculation of mean, 

minimum, maximum, and standard deviation was carried out from all bands of an image for 

each segments. In object based classification, each object is defined by n-dimensional feature 

vector and classified to most likely class based on supervised maximum likelihood classifier.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

 

Results 

Planet Scope image has been classified through object based classification technique. The 

classifier was trained through nearest neighbour algorithm; it classifies the object based on its 

nearest neighbour. Nearest neighbour classifier has shown less probability of error when it 

compared to optimum error. Due to this, probability of error in nearest neighbour is less than 

any other decision rule (Murty and Devi, 2011). Total 5 classes namely, barren land and built-

up, forest, horticulture, agriculture and water body have been identified (image 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image 1: Classified PlanetScope image of part of Bhunga bloc 
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To find accuracy of the classification, accuracy assessment has been performed. Total 95 

randomly scattered points were selected for the accuracy assessment of the classification. 

Overall accuracy of the classification is 81% and Kappa co-efficient 75.14. Table 1 and 2 

represents accuracy assessment of classification with User and Producer accuracy.  

 

Table 1: Accuracy assessment table with all classes 

Class 

Baren land 

and built 

up Forest Horticulture Vegetation Waterbody 

Total 

(User) 

Baren land and 

built up 22 0 1 5 0 28 

Forest 0 15 0 2 0 17 

Horticulture 2 0 19 1 0 22 

Vegetation 4 3 0 17 0 24 

Waterbody 0 0 0 0 4 4 

Total 

(Producer) 28 18 20 25 4 95 

 

 

Table 2: User and producer accuracy with all classes 

Class 

User 

accuracy 

Producer 

accuracy 

Baren land and built 

up 78.57 78.57 

Forest 88.24 83.33 

Horticulture 86.36 95.00 

Vegetation 70.83 68.00 

Waterbody 100.00 100.00 

 

Conclusion 

This research work has shown that object based classification provides better results with high 

resolution remote sensing imagery. Produced feature class was more of homogenous which is 

distinctive than traditional pixel based classification methods. Accuracy of the classification 

seemed more accurate than stated 81%. Future scope of the research is to compare this object 

based classification technique with pixel based classification with accuracy assessment. 
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Abstract: 

Agriculture is backbone of development of Punjab, residue produced from cultivation of wheat 

isuseful for feeding the cattle up to some extent but cultivation of rice is not used for feeding 

the cattle. To get rid of the residue the farmers burns the farms which eventually goes to the 

atmosphere. Average 11606 gG (greenhouse gas) of CO2 goes to the atmosphere just because 

of stubble burning. Crop waste burning emits particulate matter (both PM10 and PM2.5) and 

greenhouse gases (GHG), which aggravate the poor air quality in Punjab and surrounding area 

besides nutrient losses. Satellite images indicates that stubble burning happens majorly in 

April, May for wheat crop and September to November for rice crops respectively. Many 

policies have been mandated in the past few years to address this challenge and resource 

conservation technologies - such as Happy Seeder and Super Straw Management System 

(Super SMS) for direct incorporation of seeds are promoted. But these alternatives have not 

been adopted widely, and the practice of burning crop waste persists. The cost of such machines 

are very high so small and marginal farmers can’t afford it. Recent developments in GIS 

technologies have the potential to provide better solutions to enhance information level to 

strengthen the decision making and it was desired that mobile application should be 

developed.In order to provide these machines on rent, Punjab government has decided to 

develop an app named i-Khet Punjab. From the app farmers can borrow the machines on rent 

directly from the Custom Hiring Centre, Cooperative Society and Individual Farmers. 
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Keywords: agriculture, app development, stubble burning 

 

Objective: 

Main objective of the study was to developamobile application for custom hiring of farm 

machinery for the Farmers.To locate the machinery in nearby area (25 km periphery) for 

custom hiring.For interactive visualization and information distribution, web GIS based 

system has been develop.To bring the farm machinery into the realms of financial reach 

of small scale farmers an to increase the on and off farm income. 

 

Tools & Methodology: 

 

The whole system consists of three tier architecture. The Android Studio 4.1.1 along with 

JAVA 1.8.0_251 programming language has been used to develop the android mobile 

application. eXtensible Markup Language (XML) was used to design the frontend. The server 

side application logic was implemented using PHP 5.6.39language and the backend i.e. the 

database was designed and created in MySQL 5.5.32. REST API and third party libraries were 

used for material design &development of the user interface (UI). Google Map APIhas been 

used for displaying the desired location data and for navigation purpose. SMS Gateway is 

implemented for the user based login through OTP and the sending booking related SMS to 

the user and service provider. The application is compatible with the android API range 21 to 

android Q.The step by step procedure addopted for developing the app has been shown in the 

flowchart.  
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Result: 

Fig.1 shows the working of i-Khet App,starting from the login screen where user and individual 

farmer can register with their mobile number then login using the credential with the OTP. 

After successful registration, they will get the confirmation. After login farmer get option to 

book machine online and offline according to therequirements. User may select service 

provider, time and date then click on find button. Service provider can accept and reject the 

booking based on availabilty of machine. The confirmation of the same has been sent to the 

user. User can cancel the booking request with proper reason. Booking history is also visible 

for both the end. 

 

Fig. 1 Screenshots of i-Khet Punjab App 

 

Conclusions: 

The application is helpful in bringing transparency between user and service provider. 

Through map user have freedom to check availibility of the machine in nearby 25 km region.  
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Abstract: 

 Land is in a continuous state of transition due to various natural and man-made processes. The 

demand for land for various competing purposes is continuously increasing with the growing 

population pressure. In Punjab, the haphazard expansion of urban areas and industrialization 

has led to significant scale changes in land use/land cover in the state. Thus, it is pertinent that 

past land-use changes were significant for urbanization to occur for the development of the 

state, resulting in increased demand for land for residential, commercial, industrial purposes, 

etc. This research work calculates land transition over the Punjab state (2000-2018) using the 

Trends.Earth (https://trends.earth) plugin of QGIS (https://qgis.org) software. Both are free and 

open-source software (FOSS). Trends.Earth calculations are based on several remotely sensed 
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data sources, and the processing is done on the cloud-based Google Earth Engine (GEE). The 

remotely sensed parameters used by the plugin for the calculations are land cover from 2000 

to 2018. 

 Punjab state statistics show that area under croplands and grasslands has decreased by 

-2.73% and -15.82% of total land area. In comparison, a tremendous increase has been 

witnessed for the artificial areas(built-up areas). It is also evident from the land transition 

matrix that 1264.13 sq km of croplands have been transformed into built-up areas. Punjab 

occupies a special place in Indian agriculture, but the urban development is taking place at the 

expense of fertile agricultural land, which should be checked at the earliest. The study results 

were in the form of maps and tabular statistics. The analysis was done with default parameters 

and can be improved by using customized data and settings. Assessment of land transition for 

a whole state is a complex geospatial data analysis task as it requires a lot of time, 

computational and trained human resources—the Trends.Earth plugin with a simple and easy 

to use graphical user interface (GUI) simplifies land transition mapping over large study areas. 

Keywords: Punjab; Land Transitions; urbanization; Trends.Earth 
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Abstract: 

Today, the soil organic carbon (SOC) content is lower than before human intervention due to 

land use changes and degradation of soils and the resulting carbon dioxide (CO2) emissions 

have played an important role in enrichment of atmospheric carbon dioxide. In order to study 

the distribution of organic carbon in different landuses, Landsat satellite data of the year 2015-

2020 was interpreted for the SBS Nagar district of Punjab. Surface (0-15 cm) soil samples were 

from collected from different landuses (cropland, forest, scrubland and plantation) during 2020. 

Ordinary kriging was used to study the distribution of organic carbon in different landuses of 

the district. Results showed that organic carbon in soils ranged from 0.27 to 0.95 % for cropland 

with an average value 0.60 %, from 0.58 to 1.15 % with an average value of 0.75% for forest 

land, from 0.60 to 0.74 % with an average of 0.67% for plantation and from 0.49 to 1.14 % 

with an average of 0.76 % for scrubland. Organic carbon in soils was in the order: Cropland 

<Plantation <Forest and Scrubland (Fig. 1). These results suggest that land use system is one 
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of the major factors affecting SOC stocks. A decrease in SOC stocks is driven mostly by 

cultivating land. The study of organic carbon in different landuses could help the authorities to 

take measures for increasing SOC stocks to mitigate the climate change, and also for 

sustainable agriculture. 

   

Keywords: Landuse, Landsat, Soil Organic Carbon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Organic carbon concentration in soils under different landuses in the SBS 

Nagar district of Punjab 

 

 

 

“Improvising the Yield Prediction of Sugarcane using Field-scale 

Evapotranspiration Estimates” 

 

Pooja Nandagopal, N R Patel 

 

Abstract: 

The unmalleable problems in field of agriculture include erratic water supply and inaccurate 

yield prediction. Evidences shows disturbances in phenological cycle due to differential water 

supply. The problem is certainly evident yet curtailable. Precise field-estimates of 

Evapotranspiration can effectively quantify the water requirement and regulate irrigation. The 

study along with estimation of water usage further moves to incorporate the findings to 

improvise the yield prediction and forecast. The base water-crop model employed is 

AquaCrop-GIS which is given input through various RS-based data and is validated using 

Eddy-Flux data and CCE (Crop Cutting Experiments) that are to be conducted in the study 
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area. The primary crop under study is Sugarcane which extracted using supervised learning 

(Random Forest Classifier)for the Saharanpur district of Uttar Pradesh. The process is to be 

driven by a combination of suitable machine learning algorithms that are to be applied on 

Energy-Balance equations for step-wise comparison and easy automation. The outcomes of the 

research include prediction and analysis of water consumption on daily basis at the field level 

and parameterizing water requirement in accurate yield prediction. 

 

 

Identification of Crops and Crop Rotation using Remote Sensing 

based Temporal Vegetation Indices in Guntur District of Andhra 

Pradesh 

 

S.K. Tiwari, M.L. Prasad Rao, G. Prasada Rao and Dr. B. Sundar 

Andhra Pradesh Space Applications Centre (APSAC), ITE&C Department, Govt. of Andhra 

Pradesh, Vijayawada, AP. 

 

Abstract: 

The satellite data based Normalized Difference Vegetation Index (NDVI) at regular time 

intervals and period provide constructive information about crops, crop condition, and cropping 

rotation. The composite temporal NDVI is vital in studying the crop at various stages of its 

growth pattern and also provide new aspects for describing the crop rotation. In this study 

aimed to identify the major crops and crop rotation based on temporal behaviour of NDVI 

profiles during Kharif and Rabi (2016-17) in the Guntur district of Andhra Pradesh. 

Resourcesat-2 AWiFS data (56m.) with 5 days temporal resolution has been used to generate 

the composite NDVI of 10/15 days (to avoid the cloud cover) and crop wise temporal patterns 

were generated. The temporal pattern of NDVI depicted at the start of the season, occurrence 

of maximum vegetative growth and senescence, It has enabled the discrimination of Rice-Rice, 

Rice-Pulses (Greengram/Blackgram), Rice-Maize/Sorghum, Cotton (Long-duration), Cotton 

(Short-duration) and Bengal gram cropping patterns. 

Keywords: Remote sensing, Crop Rotation, Crop Type, Temporal, NDVI  
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Abstract: 

This research work aims to incorporate temporal data from two different sensors – Operational 

Land Imager (OLI) sensor on Landsat 8 and Multi-Spectral Instrument (MSI) sensor on 

Sentinel-2A – for the specific Pigeon Pea crop mapping using PCM (Possibilistic c-Means) 

approach. The study area for this research work is J Bhupalpally District in Telangana State, 

India, where Pigeon Pea crop is grown in large quantities. In order to avoid spectral overlap 

with other crops, present in study area, temporal indices database has been used. The temporal 

indices data has been used from Sentinel 2A/2B and Landsat 8 satellite imageries acquired 

during 2019 -2020 duration.This dual-sensor temporal approach helps in attaining the 

requirement of continuous data availability for crop growth monitoring despite the presence of 

atmospheric disturbances. Spectral dimensionality of temporal data has been reduced using 

Class Based Sensor Independent – Modified Soil-Adjusted Vegetation Index 2 (CBSI-

MSAVI2). Advantage of CBSI-MSAVI2 method is that it extracts required bands for indices 

while taking care of maximum enhancement of class of interest in temporal data. This 

optimized data is considered as the input for PCM classifier as two different sets – temporal 

indices database only from Sentinel 2A/2B I other being from dual-sensor data.Here, training 

parameter concept has been studied to handle heterogeneity within class. This has been 

experimented while considering training samples as individual samples as mean concept in 

place of mean parameter in PCM fuzzy classifier. It is observed that when individual samples 

are taken as mean, the Mean Membership Difference (MMD) betweenPigeon Pea and Cotton 

test fields was 0.33 which is higher than 0.31 achieved using the conventional mean method. 

This indicates that better separation has been achieved between the Pigeon Pea crop and 

spectrally similar Cotton crop. An even better separation of 0.7 is noticed by taking the dual-

sensor temporal data. The heterogeneity is better handled using Individual Sample as Mean, 

since the variance obtained within Pigeon Pea field is only 0.008 when compared to that of 

0.02 achieved using the conventional mean approach.With dual-sensor data, the variance is 

0.004 for conventional mean and 0.001 for individual sample as mean approach. 

I. INTRODUCTION 

India is the largest producer and consumer of pigeon pea with annual production of 4.2 million 

metric tonnes in 2017 (Ministry of Agriculture & Farmers Welfare, 2019).The pigeon pea crop 

has the potential to reduce hunger and malnutrition while maintaining sustainable productivity 

of small holder cropping systems (Sivaraj et al., 2018). Hence, specific crop map of Pigeon Pea 
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can prove to be of an immense help in planning and decision making during the times of deficit 

or surplus production, thereby ensuring sustainability in food grain production. 

However, in a country like India, where many other crops are grown in close proximity to each 

other, there exists a problem of spectral overlap. This means that the spectral response of the 

target crops overlaps with those of the nearby crops, thereby resulting in faulty crop maps. The 

most important consideration for multi-temporal approach for crop mapping is the availability 

of data. The requirement of continuous data availability for crop growth monitoring is 

hampered by the occurrence of atmospheric disturbances. These gaps in temporal data 

sampling restricts the incorporation of  nalysed cal growth stages of crop (Steven et al., 

2003). Hence, use of dual-sensor data provides a solution to this problem.  

A single crop field could be a heterogeneous entity due to non-uniform availability of 

parameters like water, fertilizers and pesticides.Singhal et al., (2021) has found that while using 

individual samples in place of statistical parameters in fuzzy-based classifiers, the individual 

class identified has been least affected due to heterogeneity within a class. This concept of 

using individual samples as mean instead of the conventional mean approach is applied in the 

fuzzy PCM classifier. 

II. MATERIALS AND METHODS 

J Bhupalpally District in Telangana State is the chosen study area. This district covers an area 

of 2,293 Sq. Km spanning over 223 villages. 

The images acquired by the Operational Land Imager (OLI) sensor mounted on-board Landsat-

8 and dual-spectral Sensor Instrument mounted on-board Sentinel 2A/2B are to be used for this 

research study. 

The acquired imageries are pre-processed and the temporal indices database is generated. 

Subsequently, partial or complete  nalysed cal profile of Pigeon Pea crop is generated and 

the separability of target crop class from other vegetation or crops are  nalysed by means of 

indices based temporal data. Spectral dimensionality of temporal data has been reduced using 

Class Based Sensor Independent – Modified Soil-Adjusted Vegetation Index 2 (CBSI-

MSAVI2). Training data is generated from optimized temporal indices database and is 

eventually subjected through the fuzzy PCM classifier. Role of training parameters is studied 

to minimize heterogeneity within crop fields. Accuracy Assessment is carried out using the 

Mean Membership Difference (MMD) Method. The effect of incorporating dual-sensor 

temporal data is also assessed. 

III. RESULTS & DISCUSSION 

It is observed that when individual samples are taken as mean, the Mean Membership 

Difference (MMD) between Pigeon Pea and Cotton test fields was 0.33 which is higher than 

0.31 achieved using the conventional mean method. This indicates that better separation has 

been achieved between the Pigeon Pea crop and spectrally similar Cotton crop. On increasing 

the sample size from 5, 10, 15, 20, 25 and 60, the MMD values with Pigeon Pea test fields 

remains in the range 0.013 – 0.02 thereby revealing the fact that this algorithm works best even 

with minimal number of samples as low as five. When the dual-sensor data is taken as the 

input, an improvement is seen in the MMD value of Pigeon Pea test fields which is as low as 
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0.001 with mean approach and 0.0006 while taking individual samples as mean. Similarly, a 

higher value of MMD is obtained for Cotton i.e., 0.7 in both the approaches.  

The heterogeneity is better handled using Individual Sample as Mean, since the variance 

obtained within Pigeon Pea field is only 0.008 when compared to that of 0.02 achieved using 

the conventional mean approach. With dual-sensor data, the variance is 0.004 for conventional 

mean and 0.001 for individual sample as mean approach.Hence, the incorporation of temporal 

images from two different sensors yields better results in PCM classifier while taking 

individual samples as mean training parameter. 

 

Table 1 : Comparison of Mean Membership Difference and Variance values 

Parameters 

Temporal Data from Sentinel 

2A/B 
Dual Sensor Temporal Data 

Conventional 

Mean 

Approach 

Individual 

Samples as 

Mean 

Approach 

Conventional 

Mean 

Approach 

Individual Samples 

as Mean Approach 

MMD of Cotton 0.31 0.33 0.668 0.705 

MMD of Pigeon Pea 0.016 0.015 0.002 0.0006 

Variance of Pigeon Pea 

crop 
0.02 0.008 0.004 0.001 
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Abstract: 

Harvesting information is required for a number of applications for example to maximize crop 

yield, minimize any crop losses, quality deterioration, crop health assessment and phenological 

studies. This study was carried out for Psyllium Husk crop in Jalore district of Rajasthan, India. 

This region is famous for various other medicinal crop fields in addition to Psyllium Husk such 

as cumin, fenugreek, castor, etc. Thus in order to highlight the target crop, a temporal dataset 

was prepared to incorporate the whole phenology of the crop that serves as a unique signature 

for separating it from non-target crops. To improve the extraction of harvesting information by 
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refining the temporal resolution, optical data of CubeSat (3m) was utilized along with that of 

Sentinel (10m).  

The vegetation index used for the study is MSAVI2 (Modified Soil Vegetation Index) which 

reduces the impact of soil brightness on the pixel value. This is required because the crop is 

not dense and continuous in structure thus increasing the soil exposure in the ground coverage. 

Out of various dates considered throughout the season of the target crop, optimum dates were 

selected with the help of separability analysis. These dates are essential for mapping of target 

crop and are sufficient to distinguish it from the non-target crops present in the scene. Thus the 

MSAVI2 files of optimum dates were stacked together to further run a Fuzzy MPCM(Modified 

Possibilistic c-Means) classification algorithm. The dates were selected and training samples 

were marked according to the ground truth for various dates on which harvesting was observed. 

The algorithm was run to extract all the Psyllium Husk fields which were harvested on those 

dates using the phenological curves thus obtained.  

Specific crop detection was done for two forms of MSAVI2 index, first of them being the 

conventional(making use of Red and NIR bands) while the other was based on CBSI (Class 

Based Sensor Independent) approach. Apart from this, two variants of MPCM algorithms were 

tested, mean based and individual-sample-as-mean based, to compensate for the heterogeneity 

within target corp. A range of training samples were made use of and tested for the detection 

of Psyllium Husk crop. The training sample size was made to vary between 5 and 50.  

The best combination of index, MPCM approach and number of training samples were taken 

into consideration for the extraction of field harvesting information. The harvested fields from 

21stMarch 2021 to 1stApril 2021 were detected on an interval ranging from 1-4 days. It was 

observed that harvesting in various fields was done in a span of 10 days. The harvesting dates 

observed were 21st March, 24th March, 27th March and 1st April 2021. Hence temporal data for 

these dates was added and results were obtained for each harvest date. Figure 1 shows the fields 

harvested on 21st and 24th March 2021 overlaid on FCC image of the area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              Figure 1: Fields harvested on 21st and 24th March 2021 

21st March 
24th March 
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The results for both the variants of index were then assessed on the basis of MMD (Mean 

Membership Difference) and within class variance. The MMD between target and non-target 

class is supposed to be high since there must be a large gap between membership values of 

target (high) and non-target(low) classes. Whereas the MMD within the target crop itself 

should be as less as possible. This signifies that the pixels in the training and test field of the 

target crop have very close membership values. The variance within the target field should be 

minimum. It indicates the reduction in effect of heterogeneity within the target crop which may 

be a result of slight variations in the response of pixels in different parts of the target field due 

to change in availability of sunlight, water, pesticides, etc. The results of MMD 

assessment(within crop and inter-crop) are attached below in Table 1 along with the variance 

values of testing fields. 

 

Table 1: Accuracy Assessment 

Date Approach Mean Membership Values for 

Psyllium Husk crop 

MMD 

Psyllium 

Husk crop 

Variance 

Psyllium 

Husk crop Training Field Testing Field 

21st 

March 

MSAVI2 0.9725 0.9647 0.0078 0.000157 

CBSI MAVI2 0.9843 0.9804 0.0039 0.000031 

24th 

March 

MSAVI2 0.9882 0.9765 0.0117 0.0000542 

CBSI MAVI2 0.9921 0.9843 0.0078 0.0001542 

 

As it can be observed from the results, both the techniques give appreciable accuracy for 

different harvest dates in terms of MMD as well as variance. 

Keywords: MSAVI2, CBSI-MSAVI2, Fuzzy MPCM (Modified Possiblistic c-Means), 

Psyllium Husk crop  
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Abstract: 

Forecasting of accurate potential evapotranspiration (ETo) is crucial for water resources in hilly 

region, where 80% of agriculture is rainfed. Agriculture is the backbone of Indian economy 

which directly or indirectly provides more than 60% of livelihood and lifeline of agriculture 

economy. For precise calculation of irrigation water requirement accurate estimation of ETo is 

of prime importance. In developing country like India particularly in North Western Himalayan 

(NWR) region weather parameter is limited or not available for calculating ETo. In the present 

study Food and Agriculture Organization Penmen–Montieth(FAO56PM) was used to calculate 

ETo. The present study focused on utilizing different machine learning algorithm namely 

simple linear regression, ridge regression, lasso regression, support vector regression, multi-

layer perceptron model and k-Nearest Neighbor algorithm (KNN) to calculate reference 

evapotranspiration using monthly meteorological variable (Precipitation, Maximum 

Temperature, Relative humidity and sunshine hours). The study period includes 26 years 

(1985-2010) of data out of which 80% is used for training and remaining 20 % for testing the 

model. The three performance indicator were used for evaluation of suitable model was root 

mean squared error (RMSE), coefficient of determination (R2)and mean squared error (MSE). 

The result showed that ridge regression was found most suitable among different machine 

learning model. This result showed the applicability of machine learning model for forecasting 

of potential evapotranspiration in a data scarce region. 

Keywords: Machine learning, Random forest, Decision tree, Support vector regression, Model 
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Abstract: 

In the present times, with the dynamically changing climatic conditions, it becomes very 

important to monitor and estimate the acreage and production of crops to meet the requirements 

of the bulging population. Conventionally, crop classification was carried out using 

unsupervised and supervised methods which demanded a lot of manpower and time investment. 

In the past few years, deep learning algorithms have been actively explored for Image 

classification. The deep learning models have been successfully applied in several domains and 

are now being used in the field of agriculture. There could be intra-class variability 

(heterogeneity) within a crop field when observed through the satellite images which could be 

an outcome of shadow due to trees, broadcasting of fertilizers and pesticides, irregular water 

supply, etc. Therefore, statistical models have been tested and improved to produce outputs 

that handle the intra-class variability well. 

The main objective of this study was to explore the capability of deep learning models for 

finding hidden patterns in the input data for specific crop mapping. The study area chosen was 

Ludhiana district in the agrarian state of Punjab, India. The level-3 classification approach was 

adopted for the potato crop where target crops identified were early potato, mid-potato and late 

potato. The freely available Sentinel-2 optical dataset and an integrated Sentinel-1 microwave 

dataset were utilized in the study. Time-series data was used to resolve the issue of overlapping 

spectral signatures of various crops in the area. Class-Based Sensor Independent Normalized 

Differential Vegetation Index (CBSI-NDVI) was used to enhance the target crop and separate 

it from the other non-interest classes in the study area. Also, the optimum number of dates were 

selected for each target crop by performing separability analysis. The date combinations that 

gave maximum separation between the target crop class and other (non-interest) crop classes 

were selected to be optimum. These optimum dates were then used to create the training data 

that was fed into the deep learning models. Two deep learning models namely the 1D-CNN 

model and an integrated CNN-LSTM model were explored and optimized to produce classified 

outputs. The deep learning models have proved to handle the heterogeneity within a crop class 

(intra-class variability) very well which is still a challenge for a fuzzy classifier. Hence, a fuzzy 

MPCM classifier was studied against the training data to test its capability of handling the 

heterogeneity within a crop class during classification and was compared with the outputs of 

deep learning models. The outputs generated were assessed using f1-score, precision and recall. 

Apart from that, hard classified outputs were generated to visually analyze the outputs. The 
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Mean Membership Difference (MMD) was another parameter evaluated to analyze the 

classified outputs. 

It was observed that the CBSI-NDVI index proved to be reliable in enhancing a specific crop 

in the study area. The optimum dates selected using separability analysis helped to reduce the 

temporal domain. During separability analysis, four-date combinations came out to be 

optimum for early and mid-potato while three-date combinations came out to be optimum for 

late potato. A simpler CNN model architecture proved to be efficient for specific crop 

classification which consisted of two 1D-CNN layers followed by a max pool layer, a dropout 

layer, and a dense layer. The integrated CNN-LSTM model consisted of three pairs of 1D-

CNN and LSTM layers, three dropout layers, two max pool layers, and a dense layer. It was 

observed that the hybrid model resulted in better classification outputs as there was less 

misclassification as shown in the hard classified output in figure 1 for the mid-potato crop. It 

was also observed that the integrated CNN-LSTM model handled the intra-class variability 

(heterogeneity within a crop class) best when compared to 1D-CNN and MPCM classifiers. 

However, the MPCM classifier seemed to perform similar to the deep learning models for 

handling intra-class variability. In the end, it was also observed that the dual-sensor approach 

resulted in more misclassifications when compared to the single sensor approach.  

 

 
(a)                                               (b)                                            (c) 

Figure 1. Mid-potato crop in (a) FCC (b) CNN Output (c) CNN-LSTM Output 
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Abstract: 

Remote sensing based crop area mapping is challenging in diverse agricultural areas, due to 

the limited spectral bands and spatial and temporal resolutions. Multi-Spectral Instrument 

(MSI) sensor onboard Sentinel 2A and 2B satellite with 3 bands in red edge region with 20 m 

resolution have been explored to assess how the additional spectral bands could improve crop 

classification in comparison with its basic 10m bands.  The study was conducted in Dalgaon 

block of Darrang district, Assam considering wide range of crop variability in this block. Maize 

crop was taken as the target crop, where other crops were combined in one class along with 

other land use classes. Separability analysis was carried out to determine the best combination 

among the bands in terms of separability index (SI). The study showed the usefulness of the 

Band 6 (739.1nm) in the red edge region for maize crop delineation.   Among the selected 

classification algorithms, SVM provided the highest classification accuracy of 82.14% (Figure-

1)  

 

  Fig. 1. Classified map with Maize Crops and other land use classes 
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Development of a ground-based hyperspectral remote sensor for 

studies on solar-induced fluorescence (SIF) from vegetation  
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Remote sensing is a powerful technique helpful in detecting the reflective energy spectrum 

of emissive surfaces. Multi-spectral mapping operates at discrete spectral bands; however, 

the recent hyperspectral remote sensing technique allows continuous monitoring of 

emission spectra. Compact spectrometer technologies integrated with suitable front-end 

optomechanics offer high-resolution spectral (hyperspectral) characteristics of reflective 

surfaces, which is an advanced approach to the existing multi-spectral mapping/monitoring. 

 

 
Figure1.PortableSIFsensor 

A compact hyperspectral (HS) sensor was constructed at the NARL site to obtain the high-

resolution spectral characteristics of various reflective surfaces, including 

grasslands/vegetation. It is a portable passive remote sensing instrument suitable for field 

measurements. The HS sensor is equipped with azimuth and elevation controls that allow 

the sensor to orient at different solar zenith angles (SZA). The developed HS sensor is a 

mailto:ypbk@narl.gov.in
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telescope-less instrument with optical fiber connectivity and works with a grating-based 

spectrometer. The Hyperspectral resolution possible from the instrument (at a reasonable 

SNR level) is around 2nm. Figure 1 illustrates the picture of the developed HS sensor at 

NARL site. The HS sensor output is calibrated against the Oxygen absorption 

 O2–A-band, which is at 760 nm in the NIR spectrum. Using this instrument, we have 

collected various surface reflectance measurements during the sun transit period. The 

averaged reflectance measurements from multiple surfaces like concrete, sand, water, and 

vegetation are shown in Figure 2. From Figure 2, it is observed that vegetation surfaces 

show strong fluorescence in the NIR band associated very low reflective chlorophyll band 

in the visible range. However, the deep absorption of NIR spectral bands is shown by the 

water surfaces. 

 
Figure2. DifferentsurfacesreflectancemeasuredusingHSsensor 

 

Solar energy induces photochemical changes in vegetation. Chlorophyll molecules absorb solar 

photons and undergo photosynthesis and heat-loss processes. The process of photosynthesis is 

associated with instantaneous fluorescence from the excited state of chlorophyll pigment. 

Continuous monitoring of the signature ofthe fluorescence spectrum informs the physiological 
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condition of vegetation. Solar-Induced Chlorophyll Fluorescence (SIF) spectrum falls in the 

spectral range of 650-900 nm.  The developed HS sensor has been employed to remote sense 

the solar Induced Fluorescence (SIF) spectrum from vegetation surfaces/canopy.  Ground-

based hyperspectral remote sensing is a passive technique that allows measuring continuous, 

high-resolution reflectance spectrum from vegetation. This technique is free from atmospheric 

influence and offers a direct method to retrieve vegetation parameters. The emitted SIF from 

vegetation is a powerful proxy for photosynthetic activity and can study the carbon cycle.  The 

high-resolution spectrums shown in Figure 3 illustrate the measured solar irradiance and 

canopy radiance obtained using the SIF sensor. These spectrums were calibrated at 760 nm 

band, which indicates the Oxygen (O2 A) absorption spectrum. 

 
Figure 3. Measured solar Irradiance and vegetation radiance spectrums using SIF sensor. 

 

Canopy reflectance shows gradual enhancement during solar transit which has been noticed 

during experimentation.  Figure 4 was generated using canopy reflectances measured at 

different timing of the day.  These measurements were collected from the peltophorum  plant. 

Figure 4 shows the temporal variation of vegetation reflectance obtained using the sensor on 

16 February 2021. A gradual rise in reflectance at the far-red spectral band indicates enhanced 

emission of far-red light from chlorophyll pigments, which shows the increased activity of 

photosynthesis of the canopy/vegetation. Ground-based measurements of SIF provide a new 
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dimension to monitor the photosynthetic activity remotely and thereby as certain the health of 

the foliage. 

 
Figure 4. SIF sensor measured canopy reflectance and its temporal variation. 
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Abstract: 

Precious information on tree species is in high demand for forestry/agroforestry management, 

carbon-cycle estimation and further investigations on biodiversity assessment and 

environmental monitoring. Over regional or large areas, distinguishing tree species at high 

resolutions faces the challenge of lack of representative features and computational power. A 

novel methodology was proposed to delineate the explicit spatial distribution of two dominant 

tree species Azadirachta indica (Neem) and Prosopis cineraria (Khejri) at 10 m spatial 

resolution. Object-based image analysis (OBIA) is one of several approaches of remote 

sensing, which was developed to overcome the limitations of the pixel-based approaches. It 

incorporates spectral, textural and contextual information to identify thematic classes in an 

image.The aim of the present study was the assessment of area under Neem and Khejri-based 

agroforestry systems in the six selected district of Rajasthan namely Ajmer, Rajsamand, Pali, 

Jodhpur, Sikar and Nagaur. These districts are centered at 74° 24’ 57.25” E, and 26°10’ 25.81” 

N. The dataset of Sentinel-2A and Sentinel-2B for the period April to October, 2021 was 

accessed from Google Earth Engine (GEE) platform. GEE is a huge data cloud platform with 

high computing performance where a petabyte analysis-ready dataset is freely available and 

the programming interface is also quite access friendly (Gorelick et al., 2017; Kumar and 

Mutanga, 2018; Mutanga and Kumar, 2019).With the launch of the twin Sentinel-2A and 2B 

satellites since 2015, high quality data with highspatial, spectral and temporal resolution are 

now freely available. Despite the fact that individual tree crowns cannot be separated with the 

10–20 m data, the rich spectral information with bands in the visible, Red-Edge, Near-Infrared 

(NIR) and Shortwave-Infrared (SWIR) wavelengths has a high potential for tree species 

separation. An additional advantage is the very high revisit interval of the two satellites. The 

twins cover the entire Earth surface every 5 days, with even higher number of observations in 

the overlap areas of adjacent orbits.After this, for the Sentinel 2 Spectral Index , eight 

commonly used indices incorporating visible, near-infrared, and red-edge bands, including 

Infrared Percentage Vegetation Index (IPVI ) (Crippen, 1990), Transformed Normalized 

Difference Vegetation Index (TNDVI) (Senseman et al., 1996), Green Normalized Difference 

Vegetation Index (GNDVI) (Gitelson et al., 1996), the second Brightness Index (BI2) 

(Escadafal et al., 1989), Meris Terrestrial Chlorophyll Index (MTCI) (Dash and Curran, 2004), 
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Red-Edge In inflection Point Index (REIP) (Guyot et al., 1988), Inverted Red-Edge 

Chlorophyll Index (IRECI) (Clevers et al., 2000; Guyot et al., 1988), normalized difference 

vegetation index (NDVI), and enhanced vegetation index (EVI) (Huete et al., 2002) were 

calculated. Then, all the Sentinel-2 based derived indices were layer stacked to form a 

composite multispectral layer. In the next step, Random Forest (named as “smile random 

forest” in GEE) based supervised classification was done for all the six districts and area only 

under agriculture and agroforestry was extracted. Then we applied OBIA using various 

vegetation threshold values based on GPS based spectral values in the extracted agriculture & 

agroforestry area in order to separate the area under agroforestry only. For, assessing the area 

under Neem and Khejri based agroforestry systems, OBIA based on vegetation threshold was 

again applied on the earlier separated agroforestry area of the selected districts. Percent Correct 

Classification (PCC) was used for assessment of accuracy in agroforestry class on the basis of 

200 ground check points from these districts. The OBIA based analysis revealed that the area 

under agroforestry is 5906.65 sq km which is 7.99% of the total geographical area of the 

selected districts of Rajasthan. Likewise, the area under Neem and Khejri based agroforestry 

system in the selected districts come out to be 1023.425 and 1512.29 sq km, respectively which 

was 1.38% and 2.04% of the total agroforestry area (5906.46 sqkm) of the districts. The overall 

accuracy was achieved in Neemand Khejri area assessment are 77.55% and 78.62% 

respectively. 

 

Figure 1 - Methodology for Neem and Khejri area assessment on farmlands 
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Table 2: Khejri & Neem area in six selected districts of Rajasthan 

 

 Area in Sqkm Area (%)  

Neem area 1023.42 1.38 

Khejri area 1512.29 2.04 

Agroforestry area 5906.65 7.99 

Total geographical area 73855.46  
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Abstract: 

Mango (Mangifera indica L.), the king of fruits is an important part of the Indian economy. 

India is the largest exporter of Mangoes in the worldand the second-largest producer of fruits 

after China. Since mango is important for commercial farming, it is necessary to monitor the 

orchard for yield and health. By assessing mango orchards for their yield, orchard management 

practices can be altered to get the required output from the trees. Mapping mango orchards is 

an important part of monitoring. 

Many studies have been carried out to generate a mango orchard inventory. A study a was 

conducted in 2014 which used high resolution data for the generation of an inventory for 

orchards. 

For 

mango, the parameters for classification were obtained through a temporal profile of orchard 

NDVI. The study identified a need for techniques which help in the delineation of orchards 

under wide spacing, diverse agro-horticultural systems and very young orchards. Another study 

conducted on the estimation of area of orchards using pixel-based classification methods which 

stated that the accuracy of classification reduces due to spectral mixing of Mango and Sapota 

trees and the presence of young orchards. Thus, a new method needs to be developed to solve 

the issue of spectral mixing. 

Various studies show that traditional pixel-based classifiers don’t use spatial information for 

classifying imagerymaking OBIA (Object based image analysis) more efficient than these 

methods. OBIA groups pixels in the form of image objects based on the spatial relationship 

with neighbouring pixels. Image segmentation is the most important part of classifying an 

image. After segmentation, the image is classified using shape, size, spatial and spectral 

properties.This study will assess the impact of three vegetation indices; NDVI(Normalized 

Difference Vegetation Index),LSWI (Land Surface Water Index)and ReNDVI(Red Edge 

Normalized Difference Vegetation Index)on the accuracy of classification of mango orchards 

in level two classification using object-based image analysis. 

Material and Methods 

To carry out the study, Sentinel 2 imagery has been used. Sentinel 2 satellite provides 

Multispectral data in 13 bands from visible, near infrared and short-wave infrared through 

Multispectral Instrument (MSI) and has a temporal resolution of 5 days. The study area lies in 

Syana, a sub district of Bulandsher in Uttar Pradesh.Vegetation indices combine the spectral 

reflectance of two or more wavelengths to highlight a particular property of vegetation. In this 
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study, three indices will be used: NDVI,LSWIand ReNDVI. These indices are being used to 

see till what extent spectral mixing between crops and orchards can be resolved by using them 

in classification. 

Using the Sentinel 2 imagery and ground truth, a temporal profile of mango orchards and crops 

(sugarcane and wheat) had been generated for different indices. This plot was then used to 

select dates for classifying the image. Two dates were selected using the maxima and minima 

vegetation index of medium orchard class. The selected dates were then stacked and image 

segmentation was carried out. Classification was carried out by changing segmentation 

parameters and using different spectral and spatial features. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 1 Temporal profile of NDVI for Different age groups of mango orchards (young, 

medium and old) and crops (wheat and sugarcane) 

 

The temporal profile of NDVI, gives an idea of the best possible dates to be used for 

classification. Using this graph imagery acquired on 5th December 2020 and 5th March 

2021were used for classification.For level 2 classification, images were classified into five 

main classes: Building, Waterbody, Fallow land, Crops and Orchards. The threshold for each 

class was determined from the image and the temporal profile generated for crops and orchards. 

Assign class algorithm, a knowledge-based classifier was used for classification. After 

classification, accuracy assessment was carried out and error matrix was generated. 
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Result and Discussion 

 

 
 

Fig:2 Level 2 Classification using NDVI stack of 5th December 2020 and 5th March 2021  

 

According to the error matrix generated after classification, image stack with NDVI showed 

an overall accuracy of 89% with Kappa coefficient of 0.85. This result is similar to the result 

of Mango orchard classification carried out by R.Hebbar et al in 2014.ReNDVI stack also 

showed an overall accuracy of 89% with Kappa coefficient of 0.84. LSWI stack showed an 

overall accuracy of 86% with Kappa coefficient of 0.81. Although LSWI gave the least overall 

accuracy amongst the three scenarios, the user’s and producer’s accuracy for orchards was 

highest at 97% followed by ReNDVI at 95%. NDVI images gave user’s and producer’s 

accuracy of 79% and 100% respectively.Thus, using LSWI and ReNDVI for mango orchard 

mapping is more advantageous compared to using NDVI.Using the outputs from this study, it 

is possible to classify the orchard class further into different age groups. 
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Abstract: 

 Land is in a continuous state of transition due to various natural and man-made processes. The 

demand for land for various competing purposes is continuously increasing with the growing 

population pressure. In Punjab, the haphazard expansion of urban areas and industrialization 

has led to significant scale changes in land use/land cover in the state. Thus, it is pertinent that 

past land-use changes were significant for urbanization to occur for the development of the 

state, resulting in increased demand for land for residential, commercial, industrial purposes, 

etc. This research work calculates land transition over the Punjab state (2000-2018) using the 

Trends.Earth (https://trends.earth) plugin of QGIS (https://qgis.org) software. Both are free and 

open-source software (FOSS). Trends.Earth calculations are based on several remotely sensed 

data sources, and the processing is done on the cloud-based Google Earth Engine (GEE). The 

remotely sensed parameters used by the plugin for the calculations are land cover from 2000 

to 2018. 

 Punjab state statistics show that area under croplands and grasslands has decreased by 

-2.73% and -15.82% of total land area. In comparison, a tremendous increase has been 

witnessed for the artificial areas(built-up areas). It is also evident from the land transition 

matrix that 1264.13 sq km of croplands have been transformed into built-up areas. Punjab 

occupies a special place in Indian agriculture, but the urban development is taking place at the 

expense of fertile agricultural land, which should be checked at the earliest. The study results 

were in the form of maps and tabular statistics. The analysis was done with default parameters 

and can be improved by using customized data and settings. Assessment of land transition for 

a whole state is a complex geospatial data analysis task as it requires a lot of time, 

computational and trained human resources—the Trends.Earth plugin with a simple and easy 

to use graphical user interface (GUI) simplifies land transition mapping over large study areas. 

Keywords: Punjab; Land Transitions; urbanization; Trends.Earth 
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technologies 
 

Arvind Kumar 1*, Anil Sood1 and Brijendra Pateriya1 

               Punjab Remote Sensing Centre, Ludhiana141004 

                                     *Corresponding author e-mail:ak02150@gmail.com 

 

Abstract: 

Stubble burning is become one of the major problem of environmental pollution. Due to wide 

availability of harvesting tools and techniques, large amount of crop residue is produced. This 

becomes vulnerable issue in northern states of India mainly Punjab and Haryana. Therefore to 

assess the quantum of severity, it is important to monitor the exact area under crop residue 

burning. Manual detection and estimates are time-consuming, inefficient, and impractical, 

numerous researchers have turned to geospatial technologies to estimate residue burnt area. 

Keeping in view, an attempt was made in this study to estimate the burnt area under Paddy 

crop in Punjab for the years 2020 and 2021, we have used multi-date, multi-sensor (sentinel 2 

and IRS) satellite data. Result revealed that there was a decrease of 13.82 per cent burnt area 

during 2021 when compared it with the year 2020.  

 

Introduction:- 

In north India Punjab and Haryana are the main states where most of the paddy fields were 

burnt during the season. Sangrur, Ludhiana, Patiala, Firozpur, Amritsar and Tarn Taran are the 

major districts where most of the fields were burnt. Remote sensing with Geographical 

Information System (GIS) can be used as an effective method in determining the stubble burn 

area at regional and global levels (Escuin et al., 2008; Murphy et al., 2008; Pradhan, 2001). 

The burned area mapping aims at detecting and delineating the scars left by fires by the usage 

of their spectral signature. 

 

Study Area:- 

The state of Punjab in India, a part of Indus plain, covers a geographical area of 50362 sq. Km. 

It lies between 29⁰ 32’ & 32⁰ 31’ N latitude and 73⁰ 52’ & 76⁰52’ E longitude.  

 

Methodology:- 

For the analysis of burnt area under paddy, multi date and multi sensor data were used for the 

period of 15th September to 30th November during the year 2020 and 2021. Supervised 

classification using maximum likelihood classifier was used to find out the burnt area. To 

eliminate the area other than rice crop, rice crop mask was applied on the data.Normalized 

Burnt Ratio (NBR) was also calculated, 

 

https://www.sciencedirect.com/topics/computer-science/geographical-information
https://www.sciencedirect.com/topics/computer-science/geographical-information
https://www.sciencedirect.com/science/article/pii/S2405844019367544#bib6
https://www.sciencedirect.com/science/article/pii/S2405844019367544#bib16
https://www.sciencedirect.com/science/article/pii/S2405844019367544#bib18
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectral-signature
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Result and discussion:- 

The results revealed that the total area under rice residue burning in Punjab is estimated to be 

1795.60 thousand hectares in 2020 and 1547.38 thousand hectares in 2021 which is 13.82 

percent less than previous year.Among different districts, the Sangrur district had maximum 

area under burning (178.73 thousand hectares), followed by Patiala (177.93 thousand hectares). 

While minimum burnt area was observed in Pathankot district (6.55 thousand hectares) in 2020 

and the same trend continues during the year 2021 i.e. maximum area is in Sangrur (154.36 

thousand hectares) followed by Patiala (135.90 thousand hectares) and minimum area is in 

Pathankot (4.84 thousand hectares). The maps and table of the analysis is given below. 
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Conclusion:- 

It is clear that the burnt area in Punjab was decreased by 13.82 percent in 2021 as compared to 

2020 due to the continuous joint efforts of the Government for farmer friendly policies, as 

subsidy provided to farmers on purchase of residue management machinery and allied 

departments in convincing the farmers about the ill effects of the residue burning.  
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Abstract: 

Visible-NIR-SWIR Spectroscopy can provide important information about any substance by 

relating the interaction of electromagnetic radiation as a function of wavelength to its chemical 

composition and physical properties. All the vegetation species contain the same basic 

constituents such as chlorophyll and other light-absorbing pigments, water, proteins, starches, 

waxes, and the structural biochemical molecules such as lignin and cellulose. These 

components contribute to the reflectance spectra of vegetation and create absorption features 

based on the molecular interactions. These absorption features provide a valuable tool for 

detecting the abiotic stresses in crops and may help in the differentiation of different nutrient 

deficiencies. In general, spectral signatures are useful for detecting stresses in plants when 

single stress is involved in affecting crop growth. When more than one stresses are involved in 
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affecting crop yield, discrimination of stresses based on spectral responses become challenging. 

There are very limited studies in which spectral wavelengths have been  detected to 

discriminate abiotic stresses in plants. Therefore, we identified the important wavelengths for 

detecting the abiotic stress in maize. A field experiment with maize was conducted at Punjab 

Agricultural University, Ludhiana. The experiment was laid out in three replicates in a split 

plot design with three irrigation treatments (IW/CPE 1.0, 0.75 and 0.5) in main plots with 5 

nutrient treatments (T1 = 100% NPK, T2 = 75% NPK, T3 = 50% NPK, T4 = 100% N, T5 = 

100% NP) in subplots during 2020. The raw spectra collected during August 2020 were pre-

processed to remove water absorption bands and continuum removal technique was applied on 

the reflectance spectra. The important wavelengths were identified with the help of local 

minima method, which scans the spectra from left to right and find the absorption wavelengths 

using two parameters i.e., minimum separation and prominence. We optimized these 

parameters using grid search approach and applied over the reflectance spectra and continuum 

removed spectra. The local minima method identified several absorption wavelengths, which 

are then filtered using a simple yet innovative approach involving forward and backward 

differencing and comparing it with the current index. This step removes those wavelengths that 

lies within 10 nm range of any wavelengths in any treatment, thus producing only a small 

number (approximately 5–8) of important wavelengths. These wavelengths correspond to 

unique absorption feature that could be related with plant physiological and biochemical 

parameters. First, we applied this method over spectra of all nutrients in pair wise approach, 

which returned only those wavelengths in each nutrient treatment that are unique and not found 

in another treatments. At IW 1.0, 100% NPK has unique absorption feature at 1212 nm, 1228 

nm, 1286 nm, and 1324 nm, 75% NPK has unique absorption feature at 862 nm, 2039 nm, 

2091 nm, and 2303 nm, and 50% NPK shows unique absorption at 848 nm, 951 nm, and 1001 

nm. Similarly, K deficient crop (100% NP) has unique signature at 1091 nm and 2284 nm, and 

P deficient crop (100% N) can be uniquely differentiated at 702 nm, 787 nm, and 1763 nm. We 

see that these wavelengths are sufficiently distinct and show the dissimilarity amongst all 

nutrient treatments at IW 1.0. Furthermore, at IW 0.75, 100% NPK has unique absorption at 

863 nm, and 1326 nm, 75% NPK has unique absorption at 2012 nm, and 2240 nm, 50% NPK 

shows unique absorption at 839 nm and 890 nm. Similarly, K deficient crop (100% NP) and P 

deficient crop (100% N) has unique absorption signature at 2347 nm and 2288 nm respectively. 

At IW 0.50, 874 nm, 1241 nm, and 1328 nm were identified as important wavelengths for 

100% NPK, whereas only 1152 nm was identified as important wavelength. There was no 

uniquely identified wavelength in 50% NPK. Moreover, 100% NP has one unique feature at 

980 nm, and 100% N shows unique absorption at 1477 nm, and 2341 nm. These results show 

that at specific wavelengths one nutrient stress could be differentiated from other nutrient 

stresses or one water stress could be differentiated from other water stresses. However, when 

a combination of stresses is involved, such as IW 1.0 – 75% NPK, IW 0.75 – 75% NPK and 

IW 0.75 – 75% NPK, it is very challenging to identify specific wavelengths to differentiate 

them. Similarly, we applied the proposed method over irrigation treatments and found a few 

wavelengths which can be used for differentiation of different irrigation treatments under 
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specific nutrient stresses, for example, at 100%NPK, IW1.0 has 988 nm, 1212 nm, 1228 nm, 

and 1982 nm, IW 0.75 has 863 nm, and IW0.50 has 672 nm, 839 nm, 874 nm, and 1241 nm. 

Table 1 represents the unique wavelengths identified for different water treatments. 

Table 1: Unique wavelengths identified from reflectance spectra using proposed 

approach for detecting nutrient stresses at defined water stress in maize  

Water  

Treatme

nt 

Nutrient Treatment 

100%NPK 75%NPK 50%NPK 100%NP 100%N 

IW 1.0 
988, 1212, 

1228, 1982 

862, 988, 

2039, 2091 
951 1091, 2284 1763 

IW 0.75 863 
704, 1961, 

2012, 2240 

468, 672, 

698, 890, 

905, 988 

2311 
672, 1777, 

2288 

IW 0.5 
672, 839, 

874, 1241 

469, 486, 

839, 891, 

956 

1792 
469, 748, 

1795 

890, 1001, 

1477, 1789 

Moreover, in the visible range of the electromagnetic spectrum, the highest reflectance was in 

100% N treatment followed by 100% NP, 50% NPK, 75% NPK and 100% NPK treatments. 

The peak of reflectance was found at around 550 nm (from Continuum Removed spectra) for 

N corresponding to the green region of the visible spectrum. Two typical absorption 

wavelengths were centred around 480 nm and 680 nm. Between 400 nm – 700 nm, 100%N 

and 50%NPK treatment shows higher reflectance compared to 75%NPK and 100 %NPK at 

430 - 460 nm and 660 – 695 nm. At 830, 940 and 1140 nm, the P deficient crop (100% N), 

showed lower absorbance (more reflectance) than those for normal plants. 100% NP shows 

varying behavior in visible and NIR regions due to deficient K is taken from potash rich soil in 

the study area. To further understand the behaviour of abiotic stresses, we will also identify 

common wavelengths where all treatments have absorption phenomena but have different 

reflectance. We will also explore the relation between plant, soil properties and identified 

wavelengths to formulate the general rules for detecting nutrient or water stress in plants. 

 

Keyword: Abiotic Stress; Absorption features; Preprocessing techniques; Spectroscop 
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Abstract: 

The recent applications of unmanned aerial vehicles UAV technology in the field of agriculture 

has opened up new opportunities of improving the agricultural system particularly for small 

land holdings and mixed cultivation pattern existing in hill agriculture like in the case of north 

eastern region (NER) of India. A number studies have been carried out on utilizing cost-

effective and reliable UAV remote sensing for hill agriculture in the region. Exercises were 

carried out such as for crop discrimination, crop damage assessment and crop stress detection 

with RGB and multispectral sensors onboard UAVs. Parraot Sequoia sensor containing four 

bands with central wave length Green (550nm), Red (690nm), Red Edge (735nm), Near 

Infrared (790nm) and Micasense Rededge MX sensor having central wave length Blue 

(475nm), Green (560nm), red (668 nm), red edge (717 nm) and near IR (842 nm) were 

deployed on UAV platforms viz.,  DJI Matrix 600 and  DJI Matrix 210 and  has been found to 

be effective in crop discrimination and crop damage assessment at farm level based on 

variations in spectral response. 

A survey was conducted in the Mukhap and Muleih village under Laskein C&RD block in 

West Jaintia Hills district of Meghalaya for discrimination of horticultural crops considering 

the presence of multiple and mixed cropping pattern. The time period was chosen such that 

there was maximum difference in terms of vegetation growth, one during pre monsoon and 

another during peak monsoon period. The height of the UAV was maintained at 120 m. At this 

height ground resolution obtained was about 6cm.  Four vegetation indices were used. Viz., 

NDVI, NDRE, GNDVI and GRVI to study the relative advantages for discrimination of 

different crops in the study areas along with other associated features. NDVI and GNDVI 

showed nearly similar spectral response, where bamboo areas were having adjacent values with 

orange and banana. Separability among the crops marginally improved with the use of NDRE. 

The percent variations of orange to bamboo were 14 and 19 for NDVI and GNDI against 49 in 

case of NDRE.   Similarly, percent variations of banana to bamboo were 7 and 15 for NDVI 

and GNDI against 27 in case of NDRE.  

Another exercise was carried out in Morigaon district of Assam to assess the pest infestation 

by Brown Plant Hopper (BPH) Nilaparvata lugens (Stal in Boro paddy (summer paddy). The 

survey was conducted in four villages viz., Naramari, Mikirbheta, Bhurbandha and Jaluguti 

reporting severe infestation by the insect.  It was observed that at early infestation, round, 

yellow patches appear, which eventually turn brownish due to the drying up of the plants. The 

infested fields could clearly be identified in the images based on the tonal variations with the 

healthy rice fields. Rice plots having more than 50% infestation were delineated and 
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categorized as completely affected, less than 50% infestation was categorized as partially 

affected (Fig. 1).  

Another study was carried out with ICAR Research Complex for North Eastern Hill Region 

(NEHR), to develop spectroscopic based techniques for discrimination and identification of 

acidity induced abiotic stresses (toxicity of exchangeable aluminum, iron and deficit in 

Phosphorus) in maize crop grown in the hilly ecosystems of NER. Various bio-physical and 

bio-chemical properties were measured from the standing crop during the last three seasons 

were periodically measured. Along with crop bio-physical and bio-chemical properties, 

periodic reflectance measurements were recorded using ground spectroradiometer as well as 

UAV. 

 

Fig.1 Infestation paddy fields as seen in the UAV images 

24 indices/sensitive bands were correlated with the bio-chemical and bio-physical properties 

of the maize plant at different stages of growth across treatment combinations (stress free, N 

and P stress conditions).  Red, Green, Red edge and Near Infra red band of multispectral sensor 

mounted on UAV were used to derive Normalized Difference Vegetation Index (NDVI) for 

the observation plots. Three classification algorithms viz., SVM, RF and RC were deployed to 

quantify to level of stress due to nitrogen/phosphorus deficiency (Fig. 2)  
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 Fig.2 Stress identification with different classification approaches 

We presented only a few potential applications of UAV based remote sensing relevant for hill 

agriculture.  Results from our works indicate that such approaches can aid in improving the 

detailed assessment and monitoring of crops in a much effective way.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   108 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Theme – 8 
Geo-smart City Planning 
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Abstract: 

About three percent of the world’s land is roofed by cities. Urbanization or conurbation is an 

index of transformation from traditional rural economies to modern industrial one. It’s an 

escalating concentration of residants in urban unit. During the previous five decades India’s 

population has grown two and a half times, but it’s increased nearly 5 times in urban India. 

Having lived and passed through the stages or areas of agricultural and industrial societies, we 

now live in an information society. Geomatics is a combination of the basic essential concepts 

of Geodesy and Geo-information and it comprises a good wide range of the fields, which also 

includes tools and techniques employed in surveying, mapping, remote sensing, Geographic 

information systems (GIS), global navigation systems by satellite (GPS), geography, planning 

and decision making in almost all areas- infrastructure, environment, demography, urbanism, 

health, sociology, economics, tourism, administration, transportation and plenty of others. It 

represents a natural consequence of the accelerated development of information technology. 

As a consequence of the rapidly increasing population and industrialization, society has 

become more complex for the government and other organizations and these two factors have 

led to many city planning changes, a number of being congested modes of transport, unplanned 

settlements, sanitation hazards like the spread of infectious diseases, rampant pollution and the 

consequent environmental degradation, unplanned and irregular waste management. 

Therefore, almost all the governmental organisations and its related bodies all round the world 

plan to execute rapid changes that are efficient and eminent for all. When the pressure on 

agricultural land is high and its incomes is low, and the rate of population growth in most of 

the developing countries of the world is excessive, so urbanization, the process through which 

cities grow, and higher percentages of the population comes to live in the cities, is inevitable. 

With the advent of smart city initiatives and town planning, city administrations and 

municipalities make use of all the possible digital technologies to the fullest, like maps is one 

of the best available options to determine the spatial data. Mapping techniques linked with 

location intelligence can provide the mandatory data required for city administrators to plan, 

develop and govern the cities effectively. Geospatial technology and its related components 

together could play a decisive role in every area of city administration like traffic, public 

utilities, health, infrastructure etc. These information systems offer interpretation of physical 

(spatial) data and other socio-economic data, and thereby provides a crucial linkage within the 

overall planning process of cities, that makes it more effective and meaningful. Geodetic 

activity for engineering projects provides accurate solutions for positioning, setting out, 

control, mapping so as to cover basic needs of land administrative information and higher 

cognitive process for the local authorities.  

Keywords: urban, geo smart, city planning, mapping, geospatial data 
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Abstract: 

Irrespective of level of development of any country, many countries are facing one of the most 

important challenges: the adequate development of sustainable cities. With the progress to 21st 

century, development in India has gathered momentum with a population of more than a billion 

humans inhabiting the country. Economic activities coupled with the thrust on infrastructure 

development to meet the requirements of unprecedented population growth and migration into 

urban centers has resulted in extensive urbanization with a rate of almost 3 % annual growth 

of urban population. Consequent to this, urban and peri-urban areas are expanding with a 

change in land usage. 

Urbanization is essential but it has to be corrected for the unplanned growth it has witness. 

Subsequently socio cultural, health and quality of life have affected. We prefer greenery and 

water landscape in vicinity now due to increased accessibility and affordability but still when 

it is talked about 53 % is urbanized in that we failed to address green space, waterscape 

requirement, An ecological service provider. 

The importances of the ecological services were much understood during the pandemic 

situation, wherein now paradigm shift is anticipated in the objectivity of the urban and regional 

planning. The importance of the open spaces, green spaces, and waterscapes are now 

prioritizing for the health and quality of the life for the dwellers.  

The present study is focused on the temporal change of the land cover and its integrated 

waterscapes of the Vadodara urban development authority region(VUDA), Vadodara Gujarat. 

The study uses the landscape ecology matrices approach for the understanding the integrated 

impact on the landscape transformations. The temporal study is conducted on decadal interval, 

spanning over the 30 years change. (1990-2021).  

The study concludes that considerable patch level transformation has taken place. Reducing 

interaction length, decreasing areal extent, consolidation of the patches etc, are the impact 

observed in the temporal changes. Indications from these temporal changes, helps us to 

understand the neighborhood interactions, by providing the quantitative values of the urban 

heterogeneity.  

 

Keywords: Ecological services, VUDA, Waterscapes, Urbanization.  
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Land Use /Land Cover Simulation Using Open-Source GIS 

(MOLUSCE plugin of QGIS) for Surat Urban Development 

Authority-SUDA 

Sweata Katwala*, Arjun Nellore  

CEPT University, Ahmedabad India 

 

An urban growth model is a type of numeric model that involves economics, geography, 

sociology and statistics to explore the mechanisms of urban evolution and feedback of the 

urban system. It has become a topic of major research and it has been studied widely in a 

number of scientific sectors. In this context the word expansion is defined in the Cambridge 

Dictionary as the process of creating building to cover area of land. In recent year, urbanization 

has increased rapidly in both urban and suburban area. One of the main reason for urban growth 

is increasing population numbers, population is recognized as a driving force behind 

environmental change and is uniquely simple to quantify along with the basic level of resources 

that is required per capita on survive(Meyer, 1992). The extent of urbanization determines the 

pattern of the change in land use and land cover (LULC). From the past few years the land use/ 

land cover has become a major issue at the global and regional level. Several techniques have 

been used to provide an estimation of (LULC). Open source software platforms are 

progressively becoming widely used in the public and private sectors. In Geographical 

Information System (GIS), open source software packages such as QGIS are actively being 

developed. More importantly, customization and further development is possible since 

developers create specific plug-ins with flexibility. 

One of the interest techniques is MOLUSCE. AAS released MOLUSCE (Modules for Land 

Use Change Evaluation) at FOSS4G 2013. MOLUSCE is a user-friendly plug-in for QGIS 2.0 

and above. MOLUSE is designed to analyse, model and simulate land use/cover changes. The 

plug-in incorporates well-known algorithms, which can be used in land use/cover change 

analysis, urban analysis as well as forestry applications and projects. MOLUSCE is well suited 

to: analyse land use and forest cover changes between different time periods, model land 

use/cover transition potential or areas at risk of deforestation; and simulate future land use and 

forest cover changes. 

In this research MOLUSCE was used to detect the change of land use between period of time 

(2000 & 2020) for Surat City and measure it by many variables such as slope, aspect, roads, 

railway, towns, villages, central business district and restricted areas. This study is also 

included a prediction of (LULC) in the future, which is important to help urban planners in the 

process of decision making. 

The main aim of this study is to examine land use and land cover (LULC) change between 

2000 and 2020 and to estimate expected changes in the future (2030) along with performing 

the site suitability to find the potential areas that can develop into industrial hubs the Surat City 
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.The specific objectives are to detect change in LULC between 2000 and 2020, to produce a 

thematic maps of the study area and carry out  classification comparison in order to detect the 

size of change using the google earth engine(GEE)platform, to train the model to perform 

calibration ,validation and use cellular Automata simulation model to project change in LULC. 

Three methods that is the artificial neural network (ANN), Multi criteria evaluation (MCE) and 

logistic regression (LR) were used for the transitional potential modelling.  

 

 

Land Use Land Cover Change and Urban Heat Island Spatial 

and Temporal Relation in Bathinda City, Punjab 

Gurvinder Singh*, Dr.Ajay Roy,  

Lovely Professional University, Jalandhar India 

* Corresponding Author E-mail :gsd125051@gmail.com 

Abstract: 

The Urban Heat Island is a concept where the large built up area of any metropolitan part is 

heated up and becomes much hotter in comparison to the surrounding rural environment. This 

difference is due to the discrepancy in the heating and cooling of the urban and rural areas. 

Land surface temperature is the skin temperature of earth surface phenomena. It is the feeling 

of how much hot the surface of the earth. It depends on the different LULC categories. Land 

use Changes are very dynamic in nature and needs to be monitored at regular intervals for 

sustainable development.  

This study is focussed on the Land Use Land Cover Change and Urban Heat Island spatial and 

Temporal Relation in Bathinda city, Punjab. The present study is an analysis of land surface 

temperature and land use land cover change over a period of 30 years in Bathinda city, Punjab. 

The study is primarily based on multi-temporal (1990, 2000, 2010, 2020) Satellite imagesof 

Landsat8, Landsat7 and Landsat4-5 and attribute data from census of Indiawas used to study 

the Relation of LULC changes and urban heat island. 

Land use analysis for different time periods has been undertaken by supervised classification. 

The Landsat satellite imageries were classified for the major LULC classes (water, vegetation, 

and agriculture, built-up and open land). The study reports large scale changes in the particular 

period of times in land use/ land cover area in Bathinda city. These changes can be attributed 

to rapid urbanization development. 

In Bathinda city, built up area and vacant area was increasing in the time period of study. The 

low ratios of reflected incident solar energy, near absence of vegetation, high built-up area are 

some of the factors contributing to the formation of Urban Heat Islands.Compared with the 

surface temperature of all the land cover features has increased over the years and the increase 

in temperature was higher for built-up features. The increase in temperature was higher in the 

direction where land use has been changed from agriculture, open land and vegetation to urban. 

Agricultural land was decreasing because most part of agriculture field transformation is in the 

mailto:gsd125051@gmail.com
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form of built-up area and vacant land (essentially land acquired for construction and 

subsequently such vacant areas are converted into built up area).  

The changes in the land use cover mainly in the urban areas have aggravated the problems of 

Urban Heat Island; therefore Urbanisation has proven to be partially responsible for the rise in 

average temperature of the urban area. The variation in climatic and topographic conditions, 

urban spread, industrial expansion, vegetation types and patterns and other land use land cover 

features have markedly influenced the Urban Heat Islands. 

Key Words:  LULC, UHI, LST, Geospatial analysis, Landsat       

 

 

 

Simulating Urban Growth Using Cellular Automata Markov 

Chain Model – In the Context of Spatio Temporal Influences 

Linda Theres B1, Selvakumar R1, Sakthivel R2 
1School of Civil Engineering, SASTRA Deemed to be University, Thanjavur. 

2Department of Geography, University of Madras, Chennai. 

*Corresponding Author E-mail:lindatheres@civil.sastra.ac.in, 

selvakumar@civil.sastra.edu,sakthivel.r449@gmail.com 

Abstract 

As an emerging developing country, one of the uncompromising issues faced is rapid and 

cluttered pattern of growing urban environment. This imparts impedances in urban planning 

and development and hence becomes a difficult to handle sector. This has also been overcome 

by advancements in technology, especially in the field of Remote Sensing (RS) and 

Geographical Information System (GIS). It provides data, tools and methods to perform 

exploratory spatial data analysis (ESDA) to address the problem in hand. For planning 

perspective, study should be made to predict the urban sprawl for future time periods. A 

promising model for time series analysis and prediction is CA-Markov model. It is a hybrid 

model of cellular automation and Markov chain model. This paper compiles the results of study 

undertaken to measure and predict urban sprawl in Salem city, Tamil Nadu. 

Landuse/Landcover (LU/LC) datasets for 2001, 2010 and 2020 were prepared using Support 

vector machine. The classes considered were vegetation, built-up, others (barren and fallow 

land) and restricted (waterbodies, mining, forests and hilly terrain) Markov model was applied 

to create transition potential and transition area matrix and suitability images were generated 

using Cell Atom module in Terrset software. From the LU/LC of 2001 and 2011, the sprawl 

for 2020 was predicted and validated using the original LU/LC. Once desired level of accuracy 

was obtained, urban sprawl was predicted for 2030. 

Keywords: Urban sprawl, Support Vector Machine, Transition matrix, CA-Markov model 
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A Spatio-Temporal study of Land Surface Temperature and 

Urban Heat Island in Gwalior, India 

Mohit Singh*¹, Dr Surya Prakash² and Dr Babu Nallusamy¹ 

¹Department of Geology, Central University of Karnataka, Kalaburagi, Karnataka-585367. 

²National Institute of Disaster Management, Ministry of Home Affairs, Govt of India, Rohini, 

Delhi -110042 
*Corresponding Author E-mail:mohitaswa2222@gmail.com 

 

Abstract 

Heat island refers to the increased surface temperature in an area compared to the surrounding 

areas, similarly the term “Urban Heat Island” is related to the increased surface temperature 

conditions in the urban areas compared to the surrounding areas due to rapid urbanization and 

its derived results. Urbanization activities tends to change the land use land cover pattern which 

in turn results in irregular changes in the temperature. Building material like asphalt, concrete 

absorbs more heat from solar irradiance which in turn tends to increase surface temperature 

indirectly.  Over the past few decades Gwalior city has observed fast urbanization because of 

the migration of rural population from surrounding districts due to the availability of better 

opportunities for health, education, business, employment etcetera. The primary objective of 

this study is to understand Spatio-Temporal changes in the pattern of Land Surface 

Temperature (LST) and Urban Heat Island (UHI) phenomenon in relation with changes in Land 

use Land cover (LULC) over the period of two decades from 2000 to 2020.  Multi temporal 

Landsat data of May (summer) month covering Gwalior city obtained from USGS earth 

explorer website, is used in the study. Land indices like Normalized Difference vegetation 

Index (NDVI) and Normalized Difference Built-up Index (NDBI) are calculated and 

correlation is established with LST. UHI phenomenon is analyzed by LST profile lines in 

different directions across the city. An appropriate mitigation plan is suggested for the city to 

curb the increasing temperature condition.  

Keywords: - Urban Heat Island (UHI), Landsat, Land Surface Temperature (LST), Land 

Use/Land Cover (LULC), Normalized difference vegetation index (NDVI), Normalized 

Difference Built-up Index (NDBI). 
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Measuring Citizen Centricity of Smart Cities using Accessibility 

and Walkability Indices  

Mrinmoy Dhara1, Krishnkant Kumar1, Pushpalata B. Shah1 
1Scanpoint Geomatics Limited, Ahmedabad, Gujarat, India 

 

Extended Abstract 

The ‘100 Smart Cities Mission’ of India is planned with an end goal to drive economic growth 

and improve the quality of life of people. Most city dwellers spend a significant amount of time 

in travel to-and-fro to their workplaces. Weekends are also consumed in reaching to markets, 

stores, gyms, playgrounds and medical services. This calls for a study and analysis of how 

accessible are stores and services in neighborhoods by foot or cycles. Walkable neighborhoods 

also reduce pollution from greenhouse gas emissions generated by vehicles. Walking is the 

nearest activity to the perfect exercise. 

Most citizens would prefer to move to locations which offer the sheer convenience of being 

able to walk from their homes to nearby metro stations, bus stops, restaurants, jobs, schools, 

and other community amenities. The proximity of daily necessities becomes a measure of good 

city life for the citizens. In India the colocation of residential societies with the road-facing 

buildings having shops and offices is slowly catching up.   

The current paper presents the multi-criteria decision analysis approach adopted for calculating 

the walkability indices for a city from the perspective of Health care facilities. The study area 

selected is Dehradun. The model focuses on city parameters like population density, road 

intersections and transit-stops with weightages being assigned to inter-related components. For 

e.g. when looking at the health care perspective, the distance between a health unit and the 

druggist is also weighted according to walking distance. In Dehradun, it is found that the old 

city area has high index value i.e. of 8-9 with a maximum walking distance of nearly 400m to 

reach a type of health facility. On the contrary , the new city area in the south west corner of 

the city not only has high population density but also low walkability i.e. between 1.3- 2 with 

a minimum walking distance of nearly 3.5-4 km. to reach a medical facility be it a medical 

shop. 

Moreover, a comparative study is carried out within the scope from the viewpoint of two more 

amenities viz. general conveniences and recreational facilities. These amenities define the basic 

structure of a smart city plan. In our study it was found that Dehradun has a highest walkability 

index of nearly 9 in all the three type of amenities studied. However, the maxima shifts a bit 

away from the center of the city towards Lakhhi bag (9), Dhammawala (9)& Race course (8.46) 

for general and recreational amenitiesrespectively. However, Ghantaghar remains constant in 

the high walkability regime over all the three categories. 
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In addition, a weighted study for all three groups were also carried out. Health facilities were 

given the highest weightage with 4.5 on a 10 scale with general amenities and recreation being 

at 3.5 and 2.0 respectively. The analysis leads to a conclusion that there are a few areas within 

the city which need immediate attention; being at a low index for all amenities. Mohbewala 

and Arcadia 2 are some of those areas with a weighted walkability for all 3 categories at 1.28 

& 1.38 respectively. Additionally, areas like Arcadia 1 and Mothrowala which have high 

population count as well as density and the upcoming areas of the city are having low health 

walkability index in the range of 3.8 with a little higher general (6.3,6.3) and recreational 

amenity scores (5.8, 5.4) comes into moderate weighted walkability regime with a score of 5. 

Meanwhile areas like Ghantaghar as mentioned earlier, Tilak road, Dhammawalahave a high 

weighted walkability of 8.66, 8.68 and 8.73 respectively. All three of are slightly low on 

recreational amenities very well explained by their location being at or near the center of the 

city as this part of Dehradun is very congested and leaves no room for planning new 

recreational set-ups. 

Further a model is proposed which includes the sequential flow, inputs required, and steps for 

pre-processing of data or data preparation, provision for domain expert defined weights and 

ranks to post processing. The final result will include a map with walkability indices and the 

list of places / wards where accessibility is not favorable with additional categories like 

education taken into account. 

These indices can form the basis for planning urban sprawl or area-based development projects. 

The indices for walkability and accessibility can also be used for ranking the upcoming 

SMART CITY projects and providing insights for mid-course corrections. Generating Smart 

City Indices module will soon be available on the IGiS product of Scanpoint Geomatics 

Limited.  

Keywords: Smart Cities, Walkability Index, Multi Criteria Decision Analysis, Amenities 

 

Geospatial Assessment of Urbanization effects on Green Spaces 

and Land Surface Temperature: A Case Study of Jalandhar City 

Yukti Prashar*, Reenu Sharma, Sumit Gujjar and Brijendra Pateriya 

Punjab Remote Sensing Centre, Ludhiana 
*Corresponding Author E-mail:yuktiprashar0@gmail.com 

 

Abstract: 

Rapid urbanization is changing the land-use in developing country like India very fast. 

Jalandhar is third highly populated and largest city of Punjab has experienced tremendous 

urbanization since independence. Urbanization is transforming land to urban area. It may have 
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an impact on the climate and weather, potentially leading to the development of UHI. The 

phenomena of differing urban and rural temperatures are known as UHI. Urbanization at a high 

degree may become an issue for environmental degradation. Jalandhar has recently become a 

third highly populated city with continual economic and industrial development. Jalandhar city 

is also facing a variety of environmental problems such as air pollution, UHI and waste 

management. The decrease of vegetation in urban areas is the primary cause of these 

environmental issues. Many urban green spaces have been demolished and replaced with 

commercial areas. The thermal impact of urban green space has become a hot topic, with many 

studies looking into the relationship between the thermal environment and the evolution of 

green space.  

LST is one of the variables that can be detected and measured using thermal infrared radiation 

from the earth's surface or cover. LST regulates heat surface and water exchange. Remote 

Sensing and GIS technology can estimate adequately the temperature of the land cover by 

means of Remote Sensing. The effect of urban expansion is estimated using remote sensing 

techniques. The goal of this study is to use remote sensing and GIS technology to examine 

urban expansion. The study investigates the correlation between LST and NDVI.  

The aim of this research is to look at the spatio-temporal urban expansion in Jalandhar City, as 

well as its effects on urban green space (UGS) and thermal Land Surface Temperature (LST) 

variation, between 2000 and 2020. 

The research was conducted exclusively on the basis of secondary data. (USGS earth explorer) 

acquired satellite data for two time periods, 2000 and 2020. LANDSAT 4-5 (MSS and TM) 

and LANDSAT8 data are used (OLI-TIRS). NDVI and emissivity are calculated using optical 

bands, red band, and infrared band. The brightness temperature is estimated using the thermal 

band. LST is analyzed using emissivity and brightness temperature. The Mono-Window 

technique is used to consider atmospheric transmittance with LST. To extract urban expansion 

an UGS, images are classified using supervised classification. Finally, a correlation between 

LST and NDVI is discovered. 

The results showed that Land Use Land Cover, the greatest substantial change was found. 

Urban expansion occurring area of 72.38 km2 in 2000, 87.21 km2 in 2020 and urban green 

spaces occurring 28.76 km2  in 2000, 14.40 km2 in 2020. When we compared urban expansion 

and urban green spaces during the period 2000 and 2020, it found urban expansion increasing 

while UGS is decreased it indicating population growth. 

The distribution of LST can be influenced by the composition and structure of urban green 

spaces. The result showed that from 2000 to 2020 LST is increased while UGS is decreased. 

In addition; spatial correlation is used to analyze the linear correlation between UGS and LST. 

The correlation between LST and NDVI indicates the negative correlation. The result showed 

that density of trees, public parks, plantation and water bodies help to decrease LST. 

The LST, Urban Green Space, and their relationship were explored in this study. The LST is 

calculated using the Mono-window approach, which works well with single-band thermal data. 
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To analyzed LST in Jalandhar City, Landsat 5 TM and Landsat 8 data from 2000 to 2020 were 

chosen. To improve accuracy, atmospheric transmittance will be taken into account in the 

Mono-window algorithm. From 2000 to 2020, the calculated result shows that the Land surface 

temperature values grew as the proportion of built-up land climbed while the proportion of 

green space decreased drastically. The findings of this study could be used in future urban 

planning. The importance of green space in the city cannot be overstated. It is one of the things 

that contribute to the city's aesthetic appeal. Land usage will become more complex and 

functional in the future. Other parameters, such as population density, can be utilised to 

measure the effect on LST in addition to built-up area and water bodies. Other factors should 

be considered when studying the LST. As a result, the goal of this study is to propose a 

foundation for urban design planners. 

 

Key words: Urban Expansion, Urban Green Cover, NDVI, Land Surface Temperature, UHI 

 

 

 

Recent Urban LULC changes in Srinagar City and its 

environmental consequences 

Irat Imtiyaz*, Midhat Fayaz and Shakil Ahmad Romshoo  
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This paper studies the urbanization patterns of three selected wards (uptown, downtown and 

intermediate) of Srinagar city of Kashmir and its impact on the environment. The on-screen 

digitization was carried on the high resolution Quick bird imagery at a scale of 1:1000 at two 

points in time i.e., 2011 and 2020 to detect the changes in the three urban LULC categories, 

viz., open spaces, green spaces and impervious surfaces. The analysis revealed that the green 

spaces and open spaces have shrunk while the impervious surfaces have increased significantly. 

The impervious surface area in the uptown ward has increased from 182 ha in 2011 to 192 ha 

in 2020.In the intermediate ward, the impervious surface has increased from 147 ha to 148 ha. 

The least change was observed in the downtown ward where impervious area has increased 

marginally from 15.37 ha to 15.39 ha because of the least potential for horizontal expansion 

due to negligible open spaces. Also, the areas of open spaces and green spaces have decreased 

from 48 ha to 46 ha and 64 ha to 59 ha respectively in the uptown ward. In the intermediate 

ward, the area of green spaces has decreased from 96 ha to 95 ha while the open spaces have 

remained unchanged. The green spaces in the downtown ward have decreased from 1.31 

hectares to 1.29 hectares. There are no open spaces in the selected downtown ward which is 

highly urbanized ward of the city. It was also seen that the uptown ward contains the highest 

green spaces per person which is 86.47m2per person followed by intermediate ward containing 
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39.27m2per person and least in the downtown ward which is 1.5 m2per person. The population 

density is highest in downtown ward (420.59per hectare) and least in the uptown ward (37.56 

per hectare). The intermediate ward has a population density of 68.10 per hectare. Also the 

road network densities were 17.27 per km, 24.28 per km and 0.09 per km in uptown, 

intermediate and downtown wards respectively. The extent of blue space is highest in the 

intermediate ward (3.54 ha) followed by uptown ward (0.006 ha) and there is no blue space in 

the downtown ward of the city. Moreover, the decadal growth rate in the number of buildings 

is highest for the uptown ward (18.56%) and least in the downtown ward (0.38%) and in the 

intermediate ward, it is 6.73% during this decade. The reason being that the presence of open 

and green spaces is highest in the uptown ward and hence more there is scope for urbanization. 

Although, there is presence of a lot of open and green spaces in the uptown ward which has a 

moderate ameliorating impact on the urban environment decreasing the heat island effect and 

the air pollution. However, the urbanization is increasing in these areas without a proper urban 

planning which poses threat to the environment. From the above indices, it can be concluded 

that the uptown ward is environmentally better among the selected wards while the downtown 

ward is highly urbanized and hence environmentally least sound and the urbanization is 

increasing at a fast rate leaving adverse impacts on the environment there. The results calls for 

the need of environmentally sustainable urban planning.  

Keywords: Urbanization, Urban health, Srinagar, Green spaces. 

 

Urban Growth Dynamics in cloud platform using CA-Markov 

model 
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Cities have occupied three percentage of the Earth’s surface and they are expanding in a very 

fast and unpredicted rate. More than fifty five percent of population lives in cities and is 

expected to reach sixty eight percentage by 2050. Understanding the spatial growth of cities is 

very essential for proper planning, and sustainable development of the urban environment. The 

largest and most populous city of Uttarakhand, Dehradun, has witnessed massive spatial 

growth not only in the core areas, but also in the suburbs and outskirts of the city over the past 

decades. Being a ‘Counter Magnet’ city of the National Capital Region (NCR), Dehradun is 

being developed as a smart city in the Himalayas to reduce the population explosion in the 

Delhi metropolitan area and to help the ease of migration. Cloud based platforms like Google 

Earth Engine (GEE) offer exciting opportunity in term of temporal satellite data and cloud 

based processing. Advanced algorithms like CA-Markov are very effective and popular for 

studying urban growth dynamics. In the present study, the land use/ land cover (LULC) in 

mailto:abhinava.iirs.isro@gmail.com
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Dehradun has been classified in Google Earth Engine cloud platform using Landsat data and 

random forest algorithm. The years 1990, 2000, 2010 and 2020 were selected for preparation 

of the LULC map. An urban sprawl matrix technique is used for analyzing the urban sprawl 

pattern and the geographic trend. CA-Markov model has been implemented in GEE for 

predicting the future LULC scenario of  

Dehradun city.  

Keywords: Urban sprawl, CA-Markov, google earth engine, LULC 
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Abstract: 

A reliable crop yield forecast system is an imperative for a range of applications,such as, crop 

management, resource mobilization, commodity trading, logistic, insurance, etc.The study 

attempted to develop a novel regional wheat yield forecasting system by assimilating remote 

sensing derived LAI and weather forecast into crop simulation model (CSM) i.e. InfoCrop-

wheat, using minimum observations as model inputs.The developed forecasting framework 

consisted of fourcomponents, viz., (1) retrieve LAI from multi-spectral remote sensing images, 

(2) assimilate LAI into modified InfoCrop model, (3) Incorporate bias corrected WRF 

modelled weather forecast and (4) computer coded prototype system for spatial 

implementation. The LAI was retrieved through inversion of PROSAIL RTM from Sentinel 

2A MSI and Landsat-8 OLI imageries and validated using in-situ LAI measurements of 

farmers’ fields. The CSM was modified to test assimilation of RS derived LAI (RS-LAI) 

through “Ensemble Kalman Filter” (EnKF) and “Forcing” strategies at multiple time-steps. 

The RS-LAI was not only used to correct/replace model simulated LAI but other model state 

variables were also adjusted accordingly. A major challenge of adjusting crop phenology based 

on RS-LAI was also attempted. The WRF weather forecast was bias corrected using both non-

weighted and weighted adaptive bias correction approaches. Thereafter, weighted adaptive bias 

corrected weather forecast (WABC) was incorporated into modified model-LAI assimilation 

framework and using generic crop management inputs. Finally, the study demonstrated a 

workable prototype of field scale wheat growth and yield forecasting system under limited field 

data availability.  The prototype can be scaled-up for wheat and other crops for predicting real-

time crop condition and yield losses at farmers’ field for a range of applications, notably, crop-

insurance, resources allocation, targeted agro-advisories and triggering contingency plans. 
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Abstract: 

Introduction 

Land Surface Temperature (LST) is a significant climatic variable and defined as how hot 

the "surface" of the Earth would feel to the physical touch in a particular location. LST of 

different surface area is different due to surface reflectance and roughness of different land 

use/land cover (LULC) types (Hou et al. 2010). Recently, due to rapid urbanization, the 

characteristics of land surface types are being changed (Li et al. 2017). Normalized difference 

vegetation index (NDVI) is a vegetation index which is generally used in LST-related study. 

The LST–NDVI relationship is controlled by a number of factors like dense vegetation, sand 

dunes, water bodies, dry soil, exposed rock surface, wetland, building materials, etc., and 

hence, it is too complex in nature (Zhou et al. 2011).With the advent of satellite images and 

digital image processing techniques, now it is possible to calculate spatial variation of LST 

and NDVI. The aim of this study is to determine the spatiotemporal variation of LST and 

NDVI from Landsat 8 sensor for the lower bhavani basin for the months of January, February 

and March for8 years (2014, 2015, 2016, 2017, 2018, 2019, 2020 and 2021) integrating 

Google Earth Engine (GEE) as a web-based remote sensing platform and GIS. 

Keywords: Land Surface Temperature, Remote Sensing, Landsat 8, Google Earth Engine 

 

Materials and Methods 

Sixteen cloud-free data from Landsat 8 sensor from 2014 to 2021 for the months of 

January, February and March have been used to investigate the spatiotemporal variation of 

LST and NDVI for the lower bhavani basin. The LST and NDVI have been retrieved from 

Landsat data sets using the indetail code in Google Earth Engine and exported to ArcGIS 

environment for further computations. 

NDVI 

Normalised Differential Vegetation Index (NDVI) is a normalised band ratio of Near-

Infrared (NIR) and Red (R).  
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NDVI = (NIR – RED) / (NIR – RED)                                    (1) 

LST 

 Following expressions were used to estimate the Land surface temperature  

1. Digital Numbers to spectral radiance 

Lλ=ML*Qcal +AL 

2. Spectral radiance to brightness temperature  

BT = K2 / ln (k1/ Lλ + 1 ) - 273.15  

3. Proportion of Vegetation  

PV = {NDVI – NDVI min} / {NIR max – NDVI min} 

4. Land Surface Emissivity  

LSE = 0.004 * PV + 0.986  

5. Land Surface Temperature  

LST = (BT / 1) + W * (BT / 1.4380) * ln (LSE) 

Results and Discussion 

The annual average minimum LST ranged from 9.43 °C in 2015 to 22.39 °C in 2014. The 

annual average maximum LST ranged between 39.23 °C in 2015 and 45.92 °C in 2020. The 

overall maximum average LST value (42.49 °C) and minimum LST (18.18 °C). 

LST – Different surfaces 

The mean variation of LST with respect to the land use and cover (Fig.2) was computed for the 

year 2014 and 2019 and presented in Fig.1.  It is evident from the figure that the high LST 

zones are surrounded by built-up area and fallow surface, whereas the low LST are water bodies 

and dense vegetal cover. The maximum mean LST was observed in the fallow land in both 

years 2014 (35.90 °C) and 2019 (39.49 °C). Agriculture and forest area exhibited similar trend 

of LST value ranging from 28.48°Cto 32.22 °C. Water bodyexhibited surface temperatures 

(27.85 °C) that are lower in comparison.  

 

 

 

 

 

 

Fig 1. LST variation of different surfaces during 2014 and 2019 
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(a) (b) 

Fig. 2Land use land cover of Lower bhavani basin during 2014 (a) and 2019 (b) 

Conclusion  

The results show that LST of the study area has been gradually increasing over the 

years. The rise of LST is mainly for the conversion of land and also for the climate change to 

some extent in the unchanged land area. From the study, it is seen that as the NDVI increases 

LST value has come down and vice versa. Thus monitoring LST helps in adopting suitable 

policies to overcome or minimize the problems triggered by increase in land surface 

temperature. 
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Abstract: 

Land degradation is the state and process of decline in productivity of land primarily in terms 

of bio-diversity and economy. It may result from various causes including climate change and 

human dominance/interference leading to ecosystem disturbance. It is an issue of global 

concern and threatens productivity of land, water, biodiversity, ecology, economy, and people. 

India, with 2.4% of global land area is homeland for around 18% of global human population 

(Census of India 2011) and supports more than 8% of world’s agriculture (FAO 2019).  More 

than 69% of the country’s area falls under dry lands. The blend of high population, high tillage 

and diverse agro-climatic conditions creates a scenario of excessive pressure on land and raises 

the risk factor for degradation of land in India. Hence, monitoring of land degradation, 

understanding its dynamics and making efforts to control land degradation is very crucial. As 

per the atlas published by Space Applications Centre, Indian Space Research Organisation, 

29.77% (96.85 Mha) area of the India was undergoing land degradation during 2018-19, and a 

cumulative increase of 3.32 Mha area is reported since 2003-05, which constitutes 1.01% of 

geographic area of country (SAC 2021). 

Vulnerability assessment for land degradation is essentially the identification and 

quantification of pressure on land due to various parameters or factors affecting the quality of 

land. The proximate causes of land degradation are demographic, climatic, biophysical and 

geological parameters. In this study, assessment of Land Degradation Vulnerability (LDV)is 

carried out using hierarchy based indexing method and analysis using geospatial and statistical 

techniques. Further, the outcome of LDV map is used for selecting an area falling under high 

vulnerability zone to prepare action plan for Land Degradation Combating (LDC). 

Ahmadnagar district in Maharashtra is selected as the study area for this work. The LDV map 

is prepared at 1:50K scale and LDC action plan map is prepared at 1:10K scale. 

Demographic data, soil data, Land Use Land Cover (LULC), Land Degradation Status (LDS), 

climate data are the major input datasets used for assessment of LDV. Village level primary 

census data and amenity data were used for deriving Socio-economic index map. Rainfall and 

temperature data were used to derive aridity index map. IRS LISS3 datasets were used to derive 

LULC and LDS maps. Soil data and LULC map were used together to derive land utilisation 

index map. Further, these intermediate outputs were integrated to derive LDV Map. 
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Based on the outcome of LDV map, a sub-watershed is selected for preparing action plan for 

LDC. For this purpose LULC, LDS, land capability and ground water prospect maps were used 

for integrated geospatial analysis. Further, the combination of parameters from all input layers 

were compared/ analysed for suggesting action plans for combating land degradation.  

The outcome of the study reveals that around 22.19% of the study land area falls under high 

vulnerability, and 67.84% area falls under moderate vulnerability. The area under very low, 

low and very high vulnerability totals less than 1.5%.The LDV map of Ahmadnagar is shown 

in figure-1. 

The major action plan suggested are adoption of Agro-Horticulture/Agro-Forestry/Mulching 

practices (51% of the total area) and Afforestation with Soil Conservation measures (31% of 

the total area). Other suggested action plans are to follow High Yielding Practices (7.12%), 

Afforestation with Contour Bunding/Joint Forest Management (3.55%), Social Forest and 

Silvipasture Development (3.5%), Short Duration Pulses practice, etc. The geographical 

representation of the action plans suggested for combating land degradation is shown in figure-

1. 

This study is a demonstration of geospatial techniques in assessment of risk of land 

degradation, prioritising the areas under high level of risk and further preparation of action 

plans for combating land degradation. Such analysis may serve as a robust base data for the 

policy makers conceptualizing and implementation of action plans on the ground to combat 

and reverse the process of land degradation. 

 

Figure-1: Land Degradation Vulnerability and combating plan map of Ahmadnagar 
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Abstract: 

Spatial information of soil carbon storage at local, regional level is essential for soil quality 

and environmental management. Efficient and effective use of Geospatial technology tools  

modelling to assess the amount and map spatial distribution of the carbon stock in soils on high 

resolution is crucial in estimating changes in the terrestrial carbon dynamics and management 

options for carbon-storing in reporting land degradation neutrality. In present field study, the 

distribution of SOC and SOC stocks in surface soil depth in command area of Arjun Sahayak 

Canal, covering 157630 ha Area of Hamirpur, Mahoba and Banda districts of Uttar Pradesh, 

India using a digital soil mapping approach were examined. The soil samples  for estimation 

of SOC, soil organic carbon stock, bulk density and soil pH were collected from 2 standard soil 

depths (0-15 and 15-30 cm) from 231 sampling points using stratified random sampling method 

on LISS-IV satellite data  and interpolation method in GIS  was used to draw the SOC stock 

mapping. The total soil organic stock in the study area was ranged from 5.78 Mg ha-1 to 37.79 

Mg ha-1. The present high resolution SOC maps will help to assess and monitor the future 

carbon stock study and soil health. 
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Abstract: 

Forest is major natural resources which play an important role in maintaining ecological 

balance. Spatial distribution of the vegetation trends and their responses to climatic 

parameters is laid upon in this study. To analyze the vegetation trends using the Mann-

Kendall test (τ) we have used MODIS products of LAI for the span of 2000-2020.The 

Climatic variable trends (i.e. Precipitation, Temperature, and Solar radiation and Soil 

moisture) were analyzed from Terra Climate datasets by using the Theil-Sen median slope 

for the same span of time. Pearson’s Correlation(r) was computed for establishing 

relationship between vegetation and Climatic drivers. The results showed that there was 

significant decline of greening trend in forest pixels computed by LAI (10.73%) datasets for 

the span of 2000-2020. It is observed that mostly changes were seen in settlement areas due 

to human alterations in the form of deforestation, shifting cultivation and human induced 

land use conversion for urban expansion.The impact of change in vegetation cover on the 

climatic parameters is seen as an increasing trend of temperature by 99.97%, increase in 

Precipitation by 59.84 % and eventual decrease in Soil Moisture by 6.03% for 2000-

2020.The trend of Climatic parameters observed above can be perceived as a potential threat 

to the vegetation in the North-East region that can be caused by non-judicious deforestation 

and poor forest management. 

Introduction: 

Vegetation-atmospheric interaction represents a dynamic coupled system which exchanges 

energy, carbon, water vapour and momentum between the land surfaces and the overlying 

air (Pielke et al., 1998;Foley et al., 2000). The global distribution pattern of vegetation cover 

and climate is closely related and this signals the long existing ecosystem-atmosphere 

interaction. Decadal studies have clearly depicted a depreciation the terrestrial biome by 

influencing the climatic parameters and land use pattern (Tucker et al., 2001).Although 

Precipitation and Temperature is considered as basic climatic drivers for growth and 

development of healthy vegetation along with their scattering needs, it becomes inevitable 

for accounting on several other drivers of climatic study including soil moisture, solar 

radiation and upon concentration of CO2 which do plays serious role  into (Parida et al., 

2020). 
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Study Area:  

The study area was carried in the North-East Indian regions Except Sikkim comprising huge 

forests area.Barring Sikkim, the region lies roughly between 90º and97 º east longitudes and 

between 22º and 29.5º North latitude. Thus, a major part of the region lies within temperate 

Zone but depending on altitude, some parts of the region experience tropical or sub-tropical 

type of climate while some other parts enjoy temperate climate. The whole of the North-

Eastern region comes under the influence of the monsoon type of climate which means that 

rainfall is received mainly during the months of May-June to September-October. Due to 

high rainfall, soils in the mountainous and hilly region are highly leached and acidic whereas 

soils in plains are alluvial and very fertile. Depending on climate and soil types, different 

types of vegetation can be found in this region ranging from tropical deciduous types which 

shed leaves in winter to temperate and alpine types which are evergreen. 

Data Used and Method:  

For this study, the satellite datasets used are MODIS products of Terra vegetation namely 

LAI (MOD15A2H) and LULC, climate data including (Precipitation, Temperature, Solar-

radiation, Soil-Moisture) from TerraClimate and various Landsat-5, Landsat-8 datasets 

along with Sentinel-2A for validation of the vegetation cover. Mann-kendall tests were used 

for vegetation trends and Theil-Sen Slope was used for Climatic trend Analysis. Pearson’s 

correlation was used to establish relationships between the climatic and vegetation 

parameters. 

Result:  

The results of vegetation trends with climatic parameters obtained depicted a positive 

correlation of LAI with Precipitation, Temperature and Soil Moisture and subsequently 

addressing a negative relation with Solar radiation. LAI datasets which resulted greening 

trends of forest contributing by 23.99% and browning pixels trend to be 10.73%. This results 

due to shift in climatic parameters trends from earlier  period (1982-2000) to later period 

(2000-2020).This can be significantly seen across the trends computed for temperature, 

Precipitation, Solar radiation and Soil moisture contributing to global warming which 

adversely affect the vegetation. Moreover, Cropland greening trends of LAI pixels for 2000-

2020 is found to be 74.53% with the browning  pixels accounting for about only 4.31% least 

of all classes (that is, forest, cropland and grasslands).These conversions are mainly driven 

by human need and greed-more land, more resources ,more development. Considerably, 

Grassland constituted in the North-East states showed the browning trends for LAI pixels 

to be 12.07% which may be due to the rapid industrialization of bamboo, broom providing 

means of livelihood to the people over the region. Owing to the mountainous terrain, 

cropping pattern depends traditionally upon shifting cultivation for the Social-Cultural life 

of tribal communities. Thus fluctuation in forest cover for the region is mainly due to Slash-

and-burn practice. 
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Abstract: 

The vegetation is the most crucial component on earth that maintains ecological equilibrium 

and regulates the energy and gas exchange with the atmosphere. Spatio-temporal and up-to-

date information on vegetation dynamics at various spatial scales is imperative in 

understanding the interactions between the human, biosphere, and atmosphere. Among the 

various facts, mining activities are one of the foremost causes of vegetation degradation or 

deforestation. Here, we employed the Landsat series satellite data over the span of 32 years 

(1988–2020) to estimate vegetation trends over the mining clusters of Jharkhand (JH) and 

Odisha (OD) states by using the Mann–Kendall (MK) test (τ). The study was conducted in the 

two focal periods, viz. earlier period (1988 – 2004) and later period (2000 – 2020). The annual 

normalized difference vegetation index (NDVI) mosaics were created by calculating the 

median NDVI value of all available scenes for the period 1 May to 31 of December within a 

year corresponding to the active vegetation period in the study region. The time-series NDVI) 

was derived in the google earth engine (GEE) cloud platform, and then the MK test was 

performed in R-CRAN software on NDVI datasets (only pixels with NDVI > 0.2 and < 0.9 

were taken). The outcomes of the study exhibited that ~ 641 km2 and 778 km2were under the 

negative trends (negative τ value) during 1988 – 2004 and 2000 – 2020, respectively (at p-

value<0.1) over the JH and OD states. Areas under the positive trend (positive τ value) were 

estimated at ~ 54918 sqkm and 97291 sqkm in two focal periods, respectively. The majority of 

the negative trend patches were associated with mining, deforestation, settlement, construction 

sites, roadways, etc. Additionally, the increase in the intensity of mining activities has led to 

the huge destruction of vegetation in the later period (2000-2020) than the earlier period (1988-

2004). However, the key climatic parameters (rainfall, temperature, downward radiation, and 

soil moisture) had less control over the long-term vegetation trends. The findings of the study 

shall be valuable to the policymakers, environmentalists, government bodies, non-profit 
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organizations, etc. to formulate and implement the various sustainable development programs 

over the mining-dominated regions in terms of mine-reclamation. 

Keywords: Mining activity, ForestDegradation, Landsat, NDVI,Mann–Kendall (MK) test 
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Abstract 

Dang districtof Gujarat is major victim of the soil erosion due to heavy rainfall and higher slope 

which in turn causes land degradation. Soil erodibility is one of the important factorsin 

determining soil erosion using USLE, RUSLE and many other models. Thus, there is need of 

determination of soil characteristics required for estimation of erodibility of representative 

soils. The present study highlights the use of geospatial technologies in mapping of soil 

erodibility in Dang district of Gujarat. 

The soil erodibility of the Dang district is ranging from 0.18 to 0.44, the high value for the high 

silt content while the low value for the minimum content of silt. The highest value of soil 

erodibility factor was found in soil sample of Satbabla village which contains 52.36% sand, 

30.26% silt and 17.38% clay, while the soil erodibility factor was lowest for sample of Borkhet 

village which contains 48.1% sand, 14.29% silt and 37.61% clay and also has lowest 

percentage of silt as compared to all other samples. The 44.5% area with high erodibility value 

(>0.34) showed higher susceptibility of soils to erosion while 24.3% area with low erodibility 

value (<0.29) showed comparatively lower susceptibility of soils to erosion. Field or laboratory 

measurements are difficult, costly, and often impractical for many hydrologic analyses. This 

multidisciplinary approach aid in decision making and can save time when planners are 

required to assess the land use management policy with respect to soil erosion.   

Keywords: Soil erodibilty; Soil erosion; Watershed; GIS 
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Abstract:  

The blue flag beach tag is one of the iconic, world’s most recognized voluntary award for 

beaches and marinas. The blue flag tag is given to beaches that have maintained a certain 

environmental, education, safety and accessibility criteria. The blue flag tag has been awarded 

for 10 beaches along the India coast in the year 2020-2021. The 10 beaches are listed and shown 

in figure1. These beaches are to maintain a status on water quality, cleanliness and safety 

conditions. The present study is carried out to monitor the environmental parameters of the 

blue-flag beaches using satellite observations and available modelled data sets. The stability of 

the coast in terms of erosion and accretion is an important environmental parameter to assess 

the blue flag beaches. The seasonal and annual trend in the shoreline change along the blue flag 

beaches are estimated using time series images of LISS-4. ICESAT-2 data are used to estimate 

the beach topographical profiles and temporal data are analysed to estimate the morphological 

changes. We have estimated and analysed water quality parameters such as suspended 

particulate matter (SPM), chlorophyll (Chl-a) concentration using Landsat-8 dataset for the 

time frame 2019-2020.Statistical parameters of ocean waves are estimated and analysed using 

2015-2018 European Centre for Medium Weather Forecast (ECMWF) datasets.The temporal 
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images of Landsat-8 L2 data are processedandanalysed in the estimation of seasonal and annual 

changes of the sea surface temperature along the coastal waters of Blue flag beaches. 

 

The range of satellite derived SPM is observed to vary between 10-80 gmm-3, Chl-a 

concentration is in the range of 2- 10 mg m-3 at the coastal waters of blue flag beaches. SPM 

and chl-a concentration is maximum at shivrajpur and ghoghla beach. Maximum SST is 

observed during the pre-monsoon season at Kappadbeach (32.04 °C) and minimum SST 

(21.28°C) during the post-monsoon season at Shivrajpurbeach.The significant wave height is 

maximum at Kasarkod beach. Further, the variability of these parameters during pre-monsoon, 

monsoon and post-monsoon seasons were inter-compared. The monitoring of the blue-flag 

beaches finds its importance in assisting the policy makers to maintain the environmental 

conditions in par with the Blue flag tag. 

 

 
 

Figure 1: Blue-flagged beaches (red-dot) along the Indian coastal region. 1)Shivrajpur beach 

2) Ghoghla beach 3) Kasarkod beach 4)Padubidri beach 5) Kappad beach 6) Eden beach 7) 

Kovalam beach  8) Rushikonda beach  9)Golden beach 10) Radhanagar beach 
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Geographical Distribution of Ichthyofaunal diversity in the River 

Ganga 
 

Syed Shabih Hassan 

Environmental Biology Laboratory, Department of Zoology, Patna University, Patna-800005 

Email- fish_ab@rediffmail.com 

 

Abstract: 

The River Ganga is lifeline of the Indian subcontinent, rises from an ice cave in Gangotri in 

the Himalayas at an altitude of 4100 metres above mean sea level and empties into the Bay of 

Bengal. The Ganga basin is India's largest river basin, draining many Indian states. In India, 

the Ganga has long been an important source of diverse fish catch composition. The River 

Ganga is home to a wide variety of vegetation and animals, including fish fauna. Between 

Haridwar and Farakka, a field survey was undertaken at twelve selected locations across a 

distance of 1500 km. Between Haridwar Bijnor and Narora, fishing intensity and fish diversity 

were determined to be minimal, with a maximum of 34 species encountered throughout the 

survey. The main catch up to Narora is Bagrids and Cirrhinus species. The Ganges water is 

enhanced at Kanpur by the confluence of a few tiny tributaries, resulting in an increase in both 

the richness (56 species) and abundance (15 times that of the higher sections) of fishes in the 

river. At Allahabad, there was a further increase in both richness (69 species) and catch (twice 

that of Kanpur). At Allahabad, where a major component of the fisheries was encountered, 

the fish catch was most representative. With rising fish capture diversity and number of 

fishermen, a total of 78 fish species have been identified in the Ganga stretch of Varanasi, 84 

in Buxar, 106 in Patna, 113 at Bhagalpur and 124 in Farakka. As a result, upstream and 

downstream of Ganga River system, a rising pattern of all the characteristics of a fish 

population is frequently observed. In some areas of the river, a shift in the distribution pattern 

of few fish species was also noticed including decline of commercially important carp species. 

The habitat data for fish species offers information on the condition of the river stretch and 

the morphometry of the water bodies in the study region. The level is designed for a corridor-

level examination of the aquatic ecosystem in relation to fish habitats. GIS stream networks, 

similar to those used for waterbodies, are included in the data. River waterbodies were derived 

using Landsat satellite interpretation to show the spatial proximity of diverse land uses to the 

Ganga. The database was used to locate barrages, dams, fish ladder, fishpass/fishways, 

associated floodplains/wetlands, and transient lentic water bodies in the Ganges. The Ganges 

fishery, as well as the socio-economic situation of riparian fishermen, is being harmed by the 

shifting course of the river, siltation, declining water level and fish productivity including 

emergence of low-value fishes.The findings can be used to track biodiversity and plan future 

conservation efforts in the river Ganga. 

Keywords:  Ichthyofauna diversity, geographical distribution, habitat, River Ganga 
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Architecture of MetaData harvesting Standards 
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Abstract: 

All around the world, organizations are gradually taking into consideration the implementation 

of open source software and open data standardization. Under geospatial concept, from past 

two decades a significant increase can be seen and analyzed in the field of open source software 

and standards. One of the vital components for the configuration of a geographic spatial data 

infrastructure at a local, national or global level is the geographic information catalog server. 

The Open Geospatial Consortium (OGC) is an organisation that determined on developing and 

defining open standards for the geospatial community to allow interoperability between various 

software, and data services.  In terms of geospatial data interoperability it can be considered as 

the concept of sharing of spatial data among different systems or products which intend to 

provide an effortlessly handy service for users. Metadata Standards are significant as they 

present users with enhanced analysis capabilities as they provide essential information about 

the quality, use and genesis of the information being offered. Standards allow the conception 

of consistent and quality metadata. The objective of this paper is to review current approaches, 

provide some inside on the software implementation of Meta data harvesting catalogs, and 

show the applicability of these catalogs in real world scenarios. 

Keywords: Catalogs; Metadata; OGC; Geographic information; Open GIS; SDI 

 

Semantic Web GIS Architecture using Open Source Technology 
 

Sonam Verma1*, Shashikant Patel1, Baljit Kaur1, Pradeep Kumar Litoria1, and 

Brijendra Pateriya1 

*Corresponding Author Email: vsonam996@gmail.com 

Punjab Remote Sensing Centre, PAU Campus Ludhiana, India1 

 

Abstract: 

The expanding fame of the distribution of geo-spatial data on Internet has prompted the 

improvement of Web GIS applications. Web GIS, as the blend of the Web and geographic data 

framework (s), has developed into a new emerging discipline since its commencement from 

last three decades. A Web GIS framework offers various GIS administrations for visualization 

and analysis of spatial information on the Web. There are many open- source web GIS software 

available on the Internet and they vary in terms of ease of use, technology, complexity, support, 

etc. Web GIS applications are used to, query, investigate, distribute and analyze the spatial data 
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from any place to all over the world at any time. The 2-Tier architecture of Web GIS includes 

a server and a client, where server is a Web server, Database, GIS Software and Web browser 

as a client. Typical 3-tier architecture allows a flexible separation of the Logic Layer 

(Application Tier) from the Data source/ Data Layer (Database Tier) and the Data presentation 

Layer (Client Tier). Under 3-tier architecture, the client or the application sends an HTTP (s) 

request to the web server. The web server forwards the request to the application server. The 

application server then responds to the request by forwarding it to the appropriate map server 

and manages the load amongst the map servers. The Map server then further synthesizes the 

request and performs the appropriate GIS function while retrieving the data from the data 

server. Web GIS is adopting the OGC (Open Geospatial Consortium) standards like WMS 

(Web Map Service) and WFS (Web Feature Service) to enable the visualization of map layers 

and their features from diverse sources.  This study reflects the importance of different web 

GIS architecture and their importance in implying web GIS application development and 

architecture design. 

Keywords:  Web GIS Architecture, Open-source, WMS, WFS, OGC. 
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Abstract: 

 

The Geospatial Delhi Limited (GSDL), a Govt. of NCT of Delhi Company formed in order to 

provide the geospatial information of National Capital Territory of Delhi (NCTD) to the 

Government of National Capital Territory of Delhi (GNCTD) and its organs such as DHFW, 

DDA, MCD, DJB, State Election Department, DMRC etc., for the benefit of all citizens of 

Government of National Capital Territory of Delhi (GNCTD). 

This paper describes the Geospatial technique utilization by the DHFW, DDMA & other 

GNCTD offices on COVID-19 fight related various operational things i.e. quick accessing to 

the patient location, creating the containment zones, blocking the containment areas, sending 

the basic survival amenities to patients in areas in Red, Orange Green containment areas etc. 

The Geospatial solutions includes Covid Patients location geotagging, Cases distribution 

mapping and reports, Web Based Geo portal and mobile application. The Web based Geo portal 

(WBGP) has been developed as a map based spatial decision support system (SDSS) for real 

time Covidcases, containment zone etc. spatial data visualization and demarcationto 

management of the COVID-19 epidemic situation.The WBGP heaving the inbuilt information 

searching tools (identifying of location, nearest utilities locations, distance measurement etc.) 

for easiness to handle it to make the precise decisions for department operations. 

Spatial data to GMPDW includes Covid Cases, Quarantine Centers, Lockdown Spots, Health 

Centers, Dedicated Covid Hospitals, Isolation Centers, Covid testing Centers, MCD Wards 

with population info, Localities, Police Stations areas, Assembly Constituency, Administrative 

District, Landmark locations & basic amenities (Police Stations, Schools and Fire Stations 

etc.). 

 

 

KEY WORDS: Web Based Geo Portal (WBGP), SpatialDecision Support System (SDSS) 
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Lockdown on Land SurfaceTemperature in Delhi 
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Abstract 

As the urbanscape is changing dynamically, many issues related to the urban environment are 

emerging. One of these is the issue related to the Land Surface Temperature (LST). However, 

due to the lockdown imposed during the COVID-19 Pandemic, many anthropogenic activities 

were at a stand-still. As anthropogenic activities like vehicular movement, air pollution, 

industrial pollution etc. influence the LST values of a city, the absence of these activities must 
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have affected LST. The present study contemplates the effect of lockdown during the COVID-

19 pandemic on the spatio-temporal change in LST values in Delhi National Capital Territory 

(NCT) and the urban built-up extent of Delhi. Landsat 8 TIRS LST data of March 24 2018, 

April 3 2019, March 29 2020, April 25 2018, April 28 2019, and April 30 2020 were used to 

compute the daytime LST value in Delhi NCT using the Radiative Transfer Equation. Whereas, 

for the night time, LST values were taken from the MODIS LST product for the same dates. 

The Landsat-8 OLI data for the same dates was used to compute the Normalized Difference 

Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI). The study correlates the 

values of LST with NDVI and EVI before and during the lockdown. Which were found to have 

a moderate negative correlation that increased during the lockdown due to lesser anthropogenic 

activities. The district-wise spatio-temporal variation in the day and night LST values for Delhi 

NCT and Delhi Urban Extent was observed. A change of mean LST values of -15% and -6% 

was observed in day and night time LST values in Delhi NCT. Similarly, a change of -15.49 

and -7% respectively was observed in Delhi Urban Extent. Further, to understand the effect of 

reduction of LST values on thermal comfort in the city, the Urban Thermal Field Variance 

Index (UTFVI) was calculated and analysed for the districts of Delhi-NCT. An overall increase 

in thermal comfort was observed in the maximum districts of Delhi NCT. As the study is based 

on various indices and models for observing LST, this can be replicated in other cities to enable 

data-driven and much informed decision making. 

Keywords: Land Surface Temperature, COVID-19 Pandemic, Normalized Difference 

Vegetation Index, Enhanced Vegetation Index, Urban Thermal Field Variance Index, Thermal 

Comfort 

 

 

 

Google Earth Enabled COVID-19 Dynamics for Nagpur, India 
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Abstract: 

The COVID-19 pandemic is considered as the direst global health cataclysm of the century and 

the extreme challenge that the humankind encountered. The architecture of social culture 

gravely arbitrates the spread of the infection and, in the absence of vaccines, the regulation of 

social paradigms, social distancing emerges to be the most adequate and competent means of 

mitigation. Regardless of existing technologies and medical science, the spread has continued 

to deluge. 
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This study focuses on comprehensive appeal to envelope the prevailing pandemic “COVID-

19” scenario in city of Nagpur, India through spatial temporal technique. An attempt has been 

contrived to develop a handy digital web service with help of GIS on platform of Google Earth. 

Google Earth being a freeware, ensures obstacle free transmission of information regarding 

COVID-19 in the community hence proved to be beneficial to cope up with communication 

gap. Other than COVID-19 cases, the study also includes the digitization of containment zone, 

quarantine centres, hospitals, testing labs and importantly epicentres in the vicinity. Hospitals 

and testing labs dedicated towards COVID-19 are specially digitized with dashboards 

addressing the required information like contact, location, capacity details of the hospitals and 

testing labs.  

Different technologies emerged as a response to the current pandemic, Geographic Information 

Systems (GIS), Global Positioning Systems (GPS) applications surfaced as enhancement in the 

global health tools. The spatial temporal analysis is supplement to the essential tools for 

awareness, prevention, knowledge and mitigation of various diseases, but the extent of 

applications regarding respective technologies for COVID-19 scenario in India is 

limited.Communication through map-based applications offers accessible information to 

people around the world and their communities. This improves data clarity and helps 

authorities propagate information. 

This study elaborates the application of GIS, GPS over a common datum and further 

representing the data on Google Earth platform providing access to all the users. Google earth 

is a freeware computer program that renders 3D representation of earth. The study defines a 

collaboration of techniques adopted to represent all the essential minute data factors regarding 

COVID-19 over a small region, which can be further employed to propose the mitigation, 

preventive strategies framework and resources allocations regarding the pandemic COVID-

19.The representation strategies adopted in the present study for COVID-19 scenario in India 

will help procure the beneficial information to assist and encourage government monitoring 

and prediction regarding spread of virus across the region.  

The main aim behind development of the service is the efficient distribution and representation 

of information related to the current prevailing pandemic among the peoples which includes 

entities such as total cases, active cases, recovered cases, death cases, epicentre of cases, 

quarantine centres, containment zones, hospitals and testing labs in the Nagpur city dedicated 

for COVID-19.For such, the main obstacle is the access of data for common people to the 

service. Therefore, to overcome the obstacle, freeware program Google Earth is used which is 

accessible to peoples all over the world. A wide population of India is accessible to 

Android/iOS (iPhone Operating System) Smartphone which can run Google Earth application.  

The utmost feature of the service is the feasibility of user location. A respective user can 

identify his location on the map and get cognizant regarding the prevailing situation of the 

pandemic in the vicinity. 
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This handy digital surveillance service will be helpful to administration, governance, business 

etc. to strategize its policies during Covid-19 pandemic. This web service can be further 

replicated in other parts of the country for efficient management and resource allocation during 

the prevailing pandemic conditions. The respective spatial technique can be implied globally 

by each region so that transmission of the virus/diseases can be monitored. Travelling 

restrictions can be implemented at earliest if virus/disease is contagious as in case of COVID-

19 virus. On small scale, travel route can be modified by artificial intelligence based on the 

intensity of virus spread over a respective area. User input can also be considered for frequent 

updation of the data. Government bodies can be accommodated easily for monitoring purpose 

so that further steps can be planned and executed. Technology can also be updated so that 

traffic routes can be modified by artificial Intelligence to avoid certain areas or region which 

might be heavily contaminated by virus/ disease if possible. Spread pattern monitoring will 

leads towards quick responsive action. Imposition of lockdown for the region can be pre 

planned depending on the affected area hence avoiding economical loss for the entire region. 

 

 

 

 

 

 

 

 

 

Figure: Google Earth Enabled COVID-19 Dynamics for Nagpur, India 
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Implementing Geospatial Data backed command centers to attain 

Covid19 spread analysis at a subdistrict level in the state of 

Punjab 

 

Ayushi Mishra, Utkarsh Singh, Ajoy Sharma (IAS), Ravi Bhagat (IAS), 

Parminder Singh, Jasminder Singh, Anoop Kaur, Rahul Sharma, Rahul Kumar, 

and Bala Subramaniyam Selvam 

Objective: 

To create an integrated technology interface between administrators, rapid response teams, 

citizens tested positive with localised sub district level view on the transmission analytics of 

covid19. The overall suite contains data for all onboarded hospitals so that patient queries at 

helplines can be guided and infrastructure decisions be based on the local transmission of 

covid19 within a district or village, and also the availability of resources in the region. This 

necessitates ensured interoperability of disparate siloed data sources to provide a cohesive 

360 degree view of the situation. 

Abstract: 

At a time when the cases were rising and there was impending fear about the pandemic 

reaching remote parts of the country, Punjab powered by DronaMaps is leveraging advanced 

geospatial analytics to reach every patient at the locality or village level and guide a large 

Rapid Response Team (Asha workers) on the ground-- a scalable technology interface 

between citizens and decision makers without losing sight of individual patients. The solution 

works at two levels, first, at the macro level with both the digital and physical control room 

tracking bed availability, oxygen, helplines, and analytics built in for predicting the future 

trends. This feeds a WhatsApp chatbot based two-way communication pathway. In addition, 

the command center monitors the vitals/symptoms of each case reaching out on WhatsApp 

chats and connects them to medical professionals. This is the data collection and 

dissemination procedure, the command center itself is designed to be proactive, it provides a 

holistic 360 degree view of the current status by integrating different data sources covering 

patients, healthcare infrastructure, and adapts to new challenges like mucormycosis and 

oxygen shortage by creating interoperability in siloed datasets. Automated alerts are triggered 

if the number of cases reach beyond five in any locality. 

The core dashboard suite includes: Bed Availability dashboard with real time information 

about various types of beds like L2, L3. We can get a macro level picture for the entire state 

and can also drill down on the status of bed availability by each hospital. The oxygen 

Dashboard focuses on ensuring that any deficit of oxygen is dealt with swiftly, districts with 

high consumption but limited supply are highlighted and alerts are triggered. In addition, the 
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dashboard is integrated with live tracking of oxygen trucks with complete details of their 

operations. Punjab is leveraging advanced geospatial analytics to guide a large Rapid 

Response Team on the ground-- a scalable technology interface between citizens and decision 

makers without losing sight of individual patients. Patients at high risk receive more frequent 

visits from RRTs, symptoms and need for doctors are tracked on an application interface. 

This leverages our strength of a large workforce on the ground and makes it possible to reach 

the remotest places in the state. 

 

A strategy simulator is created for assessing the impact of policy decisions like 

implementation of stay-at-home order, lockdowns, or containment zones based on data 

models that are specifically calibrated for each district. As the Command and Control center 

was already integrating data around different types of hospital beds, oxygen consumption, 

and testing. 

Epidemiological indicators like Ro and doubling time are calculated for each district to keep 

tabs on the pace of the spread. 
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Governance encompasses the processes by which organizations are directed, controlled and 

held to account.  It includes the authority, accountability, leadership, direction and control 

exercised in an organization. GIS provides a common platform for data sharing, which 

enhances workflow, decision making, and coordination across the state, central and local 

government. GIS also brings transparency and accountability to government initiatives by 

engaging citizens through dynamic, interactive maps. With the implementation of AMRUT 

missionreplaced the JnNURM in 2015 focuses on ensuring water supply, sewerage & storm 

water management, urban transport, and capacity building measures has led to the development 

of various smart cities in India.Though Smart Cities have the potential to improve the quality 

of life indicators, this potential can only be effectively realised when we are able to answer the 

complexities that contribute towards progressing along those indicators. With the growing 

emphasis on data driven decision making, the inclusion of spatial characteristics within 

datasets, adds a new layer of understanding to the problem and aids innovative problem 

solving. Thus with GIS based Smart City Solutions, the government and allied agencies can 

better define and analyse every aspect of smart city processes – starting from conceptualization, 

planning, development and also ensure proper functioning. With the increase in urbanisation, 

citizens face many challenges such as public transport, waste and sanitisation, housing 

facilities, health care facilities, water supply, infrastructure management etc.  

According to the Gandhinagar smart city proposal report 2017 in a citizen survey conducted, 

70% of the people face issues in transportation hence this research aims to provide accessible, 

safe, affordable, sustainable transport systems in Gandhinagar city. The research objectives are 

to analyse the existing mobility and road network structure using block density, street density 

and intersection density along with link node analysis and finding alpha index and beta index. 

To identify and suggest suitable areas for charging infrastructure using multi criteria decision 

analysis (MCDA) by taking into consideration the FAME-II policy implemented.To propose 

new cycling infrastructure by locating new cycle sharing stops and identifying suitable roads 

for cycling lanes by considering the opinions from transport expert, planning expert and 

residents of the city using Likert scale analysis.To identify accident prone zones and visualizing 

correlation between different features and developing a prototype for accident severity 

prediction model which helps government to reduce accident casualties by providing 

immediate emergency response system. The research focuses on applying geospatial 

technology for governance and decision making, emphasising use of spatial datasets, tools, and 

techniques for providing geospatial solutions to governance problems, issues and challenges. 
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Decision making through spatial analysis using vector and raster-based data models, model 

building, developing tools set for governance through real-time studies. 

 

 

 

 

 

 

 

Fig 1: Potential Sectors for locating EV charging stations 

 

 

 

 

 

 

 

Fig 2: Suitability map for providing cycling lanes 

 

WEB-GIS BASED DASHBOARD FOR REAL-TIME DATA 

VISUALIZATION & ANALYSIS 
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The GIS (geographic information science) field has grown exponentially over the last few 

decades mainly within the context of the pervasiveness of the internet, bears witness to a rapid 

transition of its associated technologies from stand-alone systems to increasingly networked 

and distributed systems as geospatial information becomes increasingly available online. With 
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its long-standing history for innovation, the field has adopted many disruptive technologies 

from the fields of computer and information sciences through this transition towards web 

geographic information systems. 

WebGIS is powerful analytical and mapping functionality articulated within a web browser. 

Today, WebGIS comes in many forms from consumer navigational maps to versatile location 

analytics tools that allow for user-directed analysis and content discovery. The inclusion of 

real-time data from networks can extend WebGIS-based instruction to every user. 

To understand and discover insights from data, data visualization is required. To find 

relationships among hundreds or thousands of variables, visuals elements are useful. To create 

meaningful visuals of data, some techniques must be considered. When selecting, representing 

and summarizing data, its size and composition play an important role. Data analytics requires 

adequate graphic representation and using temporal data, multidimensional data, 2D area plots 

and hierarchical representation, can demonstrate how data can be made visual. 

In present study, web-gis based interactive dashboard is created for real time data visualization 

and analysis. 

Methodology: 

 In present study the tools used for implementing Web GIS are QGIS, HTML, CSS, JavaScript, 

jQuery, PHP, POSTGRESQL etc. HTML and CSS are used for designing the different 

elements on web pages in the dashboard. POSTGRESQL is object-relational database which 

stores the spatial data to visualize on the Map. PHP is used for database connectivity to 

visualize the real-time data i.e. connectivity of POSTGRESQL database with web page. 2D 

charts are implemented on the dashboard for real time data visualization. The flowchart given 

below represents the methodology for creating dashboard.  

 

 

 

 

 

 

 

 

 

Fig.1 Methodology 
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Results and Discussion: 

The online dashboard shows the graphs for area benefitted and number of beneficiaries for the 

all activities as well as map for each activity which can be filtered year-wise and district-wise.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Web-GIS Based Interactive Dashboard for Dept. of Soil & Water Conservation 

Conclusion: 

User friendly Web GIS dashboard is developed for Real-time Data Visualization and analysis. 

User can visualize the work carried out in any particular district, they can also view images on 

click of particular point. Decisions can be taken by users for further analysis based on the gaps 

found on the map. 
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Geoserver like standard servers provides information to clients but as the name suggests it 

serves maps and related data in various formats. Geoserver is a map server based on Java that 

facilitates viewing and editing of hosted geospatial data. This paper identifies the need of 

automation of publishing and editing tasks related to Geoserver. There are various tasks that 

needs repetitive human intervene and hence can be automated using Python programming 

language. Publishing Web Map Service (WMS) from a vector shape file at particular time of 

day with name of layer as date, publishing multiple WMS layers from a raster data source in 

one go, and Publishing WMS on the basis of wild-character search are few discussed scenarios 

in this paper. Python accesses Geoserver through its RESTful (REpresentationalState Transfer) 

interface to retrieve information or make changes. Thus RESTconfig Application 

Programming Interface (API) has significantly changed the approach of Web-GIS application 

development.  

So for publishing WMS from a vector shape file, initially geoserver instance is accessed using 

Geoserver RESTconfig API. A workspace and feature store is created on geoserver using 

python’s constructor. Name of the WMS layer is renamed as system’s date using datetime 

library. An XML (Extensible Markup Language) file is parsed to REST API using PUT method 

of HTTP (Hypertext Transfer Protocol) for publishing style. Finally the complete python 

application is bundled as single executable package. The executable package is setup in batch 

scheduling of the server’s operating system for daily execution at particular time of day.  

Second task of publishing multiple WMS layers from a raster data source requires accessing 

file system before accessing Geoserver instance. File system is accessed and all the files with 

raster format in folder are iterated over to publish over geoserver as WMS layer. Geoserver 

instance is read using python constructor to create a coverage store and parse an XML file for 

publishing style. For Publishing WMS on the basis of wild-character search, all the files in 

folder is retrieved and saved in a wordlist in python. Wordlist is searched using regular 

expression library for required patterns in name of file. Finally files with matched filename are 

published as WMS on geoserver with application of style. Thus even hundreds of files from 

any data source can be published or manipulated in minutes on geoserver using Python and 

REST API interface. 

Keywords: REST API, Geoserver, Automation, WMS 

     

mailto:aarti.kochhar92@gmail.com


National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   154 
 

 

 

 

 

 

 

 

Theme - 13 
Geo-smart Water Resources 

 

 

 

 

 

 

 

 



National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

   

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
   155 
 

Influence of topographic features on flood characteristics in 

Himalayan catchments 

 

Lasyamayee L. Sahoo1*, A.K. Dubey2 and S. Dutta3 
1Research Scholar, Department of Civil Engineering, Indian Institute of Technology 

Guwahati, India, l.lasyamayee@iitg.ac.in 
2Scientist – SE, Space Applications Centre, Ahmedabad, India 

3Professor, Department of Civil Engineering, Indian Institute of Technology Guwahati, India 

*Corresponding author e-mail: l.lasyamayee@iitg.ac.in 

 

Flood management is more effective when the causative factors and influencing features of 

resulted floods are well understood and analysed. The Brahmaputra river basin which is 

selected as the study area for this work, extends in eastern range of Himalayas, also identified 

as crisis ecoregions, biodiversity hotspot, mega diversity. The tributaries of Brahmaputra river 

basin are lifelines to the population in the downstream as well many indigenous flora and fauna. 

Complex topography of this region results in extreme precipitation which leads to catastrophic 

floods. This region creates and injects more moisture into atmosphere through local 

evapotranspiration-precipitation cycles in addition to normal monsoonal winds. Such large 

river basins also influence the nearby basins due to its complex behavior. The large scale floods 

with frequent inundation events control the hydrological characteristics of the region and 

affecting the socio-economy.  

In this work, effort has been made to find correlations between the flood peaks and different 

topographic features of the basin. The area is climatologically highly sensitive, hence statistical 

analysis of 100 years’ dataset for precipitation (observed) and discharge (simulated) is carried 

out to analyze the decadal change in basin’s behavior with respect to different climate 

scenarios; and statistical measures like standard deviation, skewness, kurtosis, anomalies are 

calculated. The Mann-Kendall’s test and Sen slope analysis were used to check if any trend 

present in the datasets. The topography of the basin is highly diversified with a limited 

variability in the climate. This river basin has an elevation of 100 m to more than 3500m as the 

basin extends over flood plain area to mountainous region of the great Himalayas. This 

complexity in terrain offers an opportunity for studying the impact of different topographic 

features on discharge. The features considered here are drainage area of the catchments, 

elevation, slope and aspect (direction of slope) of the watershed. These characteristics are 

extracted using GIS tools (ArcGIS 10.8). The ALOS World 3dDSM (Digital Surface Model) 

datasets with 30m resolutions were used for the analysis. The discharge data used here are 

simulated datasets collected as the output of RISE (Rice Irrigation System Evaluation) model. 

Flood discharges with two years return period, exceeding the bank full discharges are 

considered to be interrelated with the topographical features; thus the most influencing factors 

of resulting devastated floods are brought out for discussion. The work was focused at 
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catchment scale to improve the accuracy considering the fact that the catchments are not having 

identical physical characteristics and may not react in similar way to different climatological 

responses. However, the methodology was applied to fifty-six sub basins of the Brahmaputra 

river for deriving a concluding remark at a large scale. 

 

 

 

 

Impact of loss of natural drainages and wetlands on hydrological 
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In this study, an attempt was made to analyze the changes in the drainage and spatial extent of 

water bodies and wetlands of the Srinagar city using CORONA imagery and SOI topographic 

maps of 1965 and Google Earth images of the year 2017. All the water bodies/wetlands and 

the drainage network in the city during both the time periods were manually delineated using 

on-screen digitization. It was observed that the natural drainage length in the Srinagar city has 

decreased by ~179 kms showing a decrease of 21% during the observation period. The total 

extent of water bodies in 1965 was ~35 km2 which in 2017 reduced to 23 km2. The wetlands 

have decreased by ~70%, the built-up within the water bodies has increased from 0.44 km2 to 

4.48 km2, the aquatic vegetation has increased by 8.10% and open water surface has decreased 

by 13.14% during the period from 1965-2017. As a result of the loss of the natural drainage, 

degradation of wetlands and water bodies, the city faces acute water logging problems during 

rainfall which exacerbates the flooding situation in the eventuality of floods as witnessed 

during 2014 extreme flooding event. Further, during the frequent urban storm runoff events, 

the city faces recurrent water logging and the consequent traffic jam and other related problems. 

There is need for rejuvenating the natural drainage network in the city to minimize the adverse 

impacts of unplanned urbanization in the city 
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Abstract: 

Geographic Information System (GIS) contains enormous data on geographic, socioeconomic, 

physical, and biological variables across multiple spatial and temporal scales. Web-based 

Geographic Information System (Web GIS), a combination of GIS and Internet technologies, 

which brings one step closer to visualization of the complex patterns and relationship of 

heterogeneous data that, describes real-world Situations in a visual, dynamic and interactive 

format, which is pertinent to monitoring of various indicators. This Paper starts with a detailed 

evaluation of open source Web GIS technology to develop an interactive web Portal for Water 

resource information dissemination. This Paper examines the out-of-the box Web GIS 

application "Water Resources Information System of Punjab" which optimizes gathering, 

storing, retrieving, analyzing of water resource dataset, and provides interactive user interface 

to visualize results with integrated non spatial information. The Developed System contains 

spatial layers with associated attribute information pertaining to Dams, Reservoirs, 

Watersheds, Watershed Basins, Watershed Regions, Ground Water Levels with sampling 

locations, Canal Network, Drainage Lines, along with administrative boundaries and transport 

layers. This serves a much improved experience for the end-user dealing at any level in water 

resource management, research and engineering with integrated basic to advance level 

analytical tools in the system. Web GIS enabled platform provides effective communication 

between different stakeholders, citizens, and decision makers from both public and private 

sectors. Thus, it opens up the possibility of state level catering to sharing and sustaining needs 

of non-expert user especially of rural people in a highly cost-effective manner. The paper 

presents the potential strength of open source technologies in the development of Web enabled 

Water Resources Information System of Punjab. 

Key Words: Web GIS, Open Source, Water Resource, Spatial Information 
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Abstract: 

Remote sensing technique has emerged as an effective tool for systematic survey, analysis, and 

better management of natural resources and understanding the morphological changes and 

terrain analysis. Morphological analysis of a watershed provides a quantitative description of 

the drainage system which is an important aspect of the characterization of watersheds 

(Strahler, 1964). Morphometric analysis requires measurement of linear features, areal aspects, 

gradient of channel network and contributing ground slopes of the drainage basin (Nautiyal, 

1994). The remote sensing technique is a convenient method for morphometric analysis as the 

satellite images provide a synoptic view of a large area and is very useful in the analysis of 

drainage basin morphometry.  

The surface configuration of the Uttarkashi-Gangotri area can be analyzed with the help of 

different morphometric techniques like relative relief, dissection index, drainage density, 

drainage frequency and average slope, nature of long profile, sinuosity index etc. to find out 

the characteristics of Uttarkashi-Gangotri terrain. Bhagirathi valley presents a well-developed 

watershed in which snow, glaciers, running water and mass gravity movements are the 

important factors in sculpturing surface geometry. Efforts have been taken by the 

Geomorphologists since the first half of the twentieth century to find out techniques which will 

specifically evaluate the status of a landform in the entire gamut of an evolution process. 

Qualitative assessments were practiced beforehand, but they could not reveal the exactness of 

the landform character. Thus a trend of quantification has been in progress in order to draw 

very indifferent and imperative inferences. The science of morphometry has evolved in this 

regard comprising the aspects of identifying landform status as well as drainage network 

relationship. The quantitative assessment as well as morphometric methods are applied and 

measured from the topographical maps, which provide us with detailed information about the 

landform. 

The Uttarkashi-Gangotri area within the Bhagirathi Basin is a representative of polygenetic 

and multicyclic landscape characterized with distinct glacial, glacio-fluvial, fluvial and tectonic 

landform units with many complex-compound-composite drainage peculiarities. The area 

under investigation predominantly belongs to the domain of glacial landforms developed 

during the last glacial period (Pleistocene) cold climate and presently being worked over by 

glacial, periglacial and fluvial processes with decreasing intensity southward. Glaciers are 
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dynamic and fragile ice bodies on the landscape and are products of the climate and climatic 

changes. Change in climate is clearly reflected in mass and temperature changes of glaciers.  

The study area has a great diversity of landscape with many striking contrasts of 

landform which is the combined effect of structure, process and stage.The entire area is 

characterized by some important erosional and depositional features, which indicate the 

rejuvenation of landscape as well as tectonic movement of the entire area. The topographical 

expressions of multicyclic landscape of the terrain are valley in valley, U-shaped valley, 

numerous waterfalls, nick points etc in river channel. From the basis of different type of soils 

and geomorphic processes (glacial, glacio fluvial and fluvial) of the region, it is clear to us that 

the entire study area is representative of a polygenetic landscape. At the lower elevation where 

glacier melts there are some depositional landforms created by glacial as well as glacio fluvial 

dynamics like terminal, lateral, ground and surface moraines, earth pillar, out wash plain etc. 

The present landforms are results of polycyclic endogenetic and exogenetic processes operating 

at varying intensities through time. Erosional and depositional glacial – periglacial features are 

well developed all around the study area. The another important depositional features are talus 

cones, snow-avalanche fans, snow-bridges, dead ice mounds, debris deposited by terminal, 

lateral, media, ground and surface moraines, boulders and bogs where as the another erosional 

features are truncated spurs with shorn-off faces, aretes, horns, pyramidal and conical peaks, 

serrated crests of ridges, cirques, glacial troughs, smooth rock walls, steep head walls, crags 

and tails, rock steps in the longitudinal profiles at the junction of tributaries, waterfalls, rock 

basins and glacial lakes etc. All along the Gangotri glacier, several longitudinal and transverse 

crevasses were formed along which ice blocks have broken down. 

KEY WORDS: Morphological changes, terrain analysis, remote sensing, polygenetic 

landscape 
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Abstract: 

Estimating excavation quantity for construction in a challenging terrain surface is quite 

complicate. Thus, modelling the natural terrain from survey data and excavation profile from 

excavation plan in GIS helps to estimate the quantity of soil to be excavated and filledwith 

better accuracy. Also, it is possible to visualize the exact 3D model of excavation profile with 

respect to the natural terrain. In this study, cut and fill quantity for an intake structure and coffer 

dam was estimated using ArcGIS Prosoftware.Triangulated Irregular network (TIN) was 
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created for pre and post cut/fill scenarios(Figure 1) using appropriate GIS tools. Surfaceswere 

created using the TIN of same cell size for calculation (Figure 2).The Cut Fill tool of ArcGIS 

software calculates the volume using the formulae, Volume = (cell area) * ΔZ, Where the cell 

area is the spatial resolution of the DEM used and ΔZ is the difference in z value between the 

pixels of two surfaces at that location. This tool was used for volume calculations for 

excavation/filling (Figure 3). This method takes very less time and cost than any manual or 

software computations. This enables contractors to decide on the precise volume for costing. 

Keywords: GIS, Excavation, 3D Volume 

 

 

 

 

 

 

Figure 1: Plan of Excavation profile and coffer dam (Post cut/fill scenario) 

 

 

 

 

 

 

 

Figure 2: Terrain of Intake and Coffer dam based on Excavation profile 

 

 

 

 

 

Figure 3: Cut and Fill region 
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Abstract: 

Evapotranspiration (ET) is considered as a key component in the interaction between the Earth 

surface and atmosphere. ET cannot be determined easily for a large scale due to the 

heterogeneity of the earth surface. In this study, remote sensing based single source surface 

energy balance (SEB) method has been used to determine the daily ET. Surface Energy Balance 

Algorithm for Land (SEBAL) was developed by Bastiaanssen et al., (1998) is used for the 

study.SEBAL methods required very less observed data i.e. wind speed, air temperature, 

reference ET, relative humidity and vapour pressure. Landsat OLI data is used for the study. 

Daily meteorological data at Hisar (42132) and New Delhi (42185) is collected from India 

meteorological department (IMD). 13 cloud free satellite data is collected for the year 2014 

and 2015 over Delhi-Haryana region India (147-40 path-row). It is found that the open water 

body has a high evapotranspiration rate. The agricultural land, grassland are at the second place 

and barren land is at the lowest evapotranspiration rate.R-square is 0.91 and RMSE is 1.03 

mm/day at Hisar IMD station.Results indicate that SEBAL method can be used for calculating 

daily ET at pixel level and for determination of its spatial distribution. 

Keywords: Evapotranspiration, SEBAL, Landsat OLI 
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Abstract: 

Monitoring of surface water level changes is essential for the hydrological and water resource 

management related studies as they help to understand the trends and variations in pre and post 

monsoon. Reservoir and lake water level change is an effective indicator of climate change, 

because of its dynamic balance between water input and loss. Traditional satellite-based radar 
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altimeters normally monitor water level changes of large reservoirs and lakes (>1 km2) around 

the world. With the advancement of satellite development, NASA recently launched Ice, Cloud 

and Land Elevation Satellite (ICESat-2) onboard Advanced Topographic Laser Altimeter 

System (ATLAS)which makes it possible to monitor water level changes for small reservoirs 

and lakes (<1 km2).ICESat-2 ATL13 product provide information of inland water surface 

heights, using multi-beam approach, consisting of three pairs of strong and weak beams data 

products containing geolocated photon and height data, which are used for worldwide water 

level estimation. In this study, water level changes from 3 largest reservoirs in Indus River 

Basin namely Ranjit Sagar Dam, Pong Dam and Bhakra Damwere derived from ICESat-2 

during the period 2018 to 2021 with 29 observations validated with near real-time gauged data. 

The heights of surface water level, computed from strong beams(gt1r, gt2r, and gt3r) and weak 

beams (gt1l, gt2l, and gt3l) and validated with Central Water Commission’s gauged data, 

indicated that Ranjit Sagar Dam (strong beam RMSE = 0.5 and weak beam RMSE = 0.5) show 

higher accuracy. While Pong Dam (strong beam RMSE = 3.7 and weak beam RMSE = 3.9); 

and Bhakra Dam (strong beam RMSE = 2.9 and weak beam RMSE = 3.9) show observed 

variation of about 15 to 20 meters. Overall, satellite derived laser altimetry ICESat-2 can be 

useful for estimating reservoir water level. 

 

Keywords: Water Level, Spaceborne laser altimetry, ICESat-2, ATL13, Validation 
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Abstract: 

Freshwater resources are the utmost necessity of human society. Nonetheless, space-time 

variational information of the area of freshwater bodies, the water stored and the water quality 

is surprisingly limited. The existing approaches for monitoring the surface water extent of 

water bodies are limited in the spatial and temporal extent of record and frequency. Spectral 

index derived from multispectral to distinguish surface water bodies are most used and relied 

on technique. This study compares the eight most prevalent remote sensing indexes used for 

surface water delineation. It includes Normalised Difference Vegetation Index (NDVI), 

Normalized Difference Water Index (NDWI), Normalised Difference Moisture Index (NDMI), 

Modified Normalized Difference Water Index (MNDWI), Normalised Difference Turbidity 

Index (NDTI), Automated Water Extraction Index (AWEI), Superfine Water Index (SWI) and 
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Multi-Band Water Index (MBWI). The indexes are calculated over Landsat-5 MSI images to 

which we have manually digitized surface water extent mapped in national wetland inventory 

mapping of 2006-07 pre and post-monsoon season for assessment. For generalization, we have 

selected water bodies from 20 scenes across India with equal proportion in pre and post-

monsoon seasons covering all wetland types(artificial and natural). The performance of the 

index is evaluated based on a non trivial quality disagreement and Percentage Difference Area 

Index (PDAI) and not through kappa or overall accuracy. For dynamic thresholding index 

algorithms, AWEI was found to be the best performing index higher than MNDWI. While, 

MNDWI performed best for fixed global threshold algorithms for water detection. We found 

MNDWI> -0.25 is the best performing threshold value for water detection. We study the 

variation of threshold across different wetland types, soil types, wetland area and seasons. 

Keywords: Surface water extent, Remote sensing index, MNDWI, PDAI 
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Abstract: 

Lakes play an important role in managing the ecological balance. By understanding the long 

term phytoplanktons primary production, changes in ecological state can be estimated. With 

the advancement of remote sensing techniques monitoring of inland water bodies have shown 

potential improvement especially in data scarce areas. Remote sensing therefore gains 

increasing awareness for researchers and decision makers to monitor water quality more 

effectively. Time series historical data from Landsat gives strong potential for estimating 

blooms both for hindcast and forecast records. Here, we assessed the phytoplankton 

chlorophyll a concentration for the period for 1984-2006 in Lake Tegel (Germany). In this 

study we have used a series of established models, using both single and multiple bands, to 

compare and estimate the performance in monitoring the time-series of chlorophyll-a 

concentration. Reflectance images from Landsat-5 Thematic Mapper at the mentioned spectral 

ranges were downloaded from Google Earth Engine (GEE). The GEE combines a multi-
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petabyte catalog of satellite imagery planetary-scale analysis capabilities and it is a useful tool 

for time series-analysis. The models that were used includes combination of blue only, green 

only, red only, blue & green, green and red, red & blue, red & near-infrared, and combinations 

of more than two bands. It was found that the green and near-infrared bands are highly sensitive 

to chlorophylla concentration, and could provide extra merits in its remotely estimation than 

using other combinations. This study could be helpful in advancing studies (eg. image fusion, 

spectral unmixing, time-series estimation with temperature variations etc.) related to lake bio-

optical parameter estimation by using satellite remote sensing. 

Keywords: phytoplanktons, chlorophylla, Landsat, cloud computing 
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Geospatial techniques have become an indispensable scientific tool for mapping and 

monitoring of natural resources and have been used in watershed management. Morphologic 

analysis of a watershed provides a quantitative description of the drainage system, which is an 

important tool for the characterization of watersheds. In the present study geomorphologic 

analysis of four neighboring micro-watersheds in the foothills of Shivalik was carried out. The 

different morphometric parameters of four micro watersheds had been computed for different 

aspects in the present study. Quantification of the morphometric parameters for each micro 

watershed was classified into three categories such as linear, areal and relief aspects. The Basic 

parameters like basin area, stream order, stream number, lengths of streams of different order, 

bifurcation ratio, basin perimeter, basin length etc. were measured using Arc-GIS software. 

Based on drainage order, the MW1 and MW2 were classified as fourth-order micro watersheds 

whereas MW2 and MW4 were classified as third-order micro watersheds. The bifurcation ratio 

of the lower order shows a higher value, which indicates the high dissection in the upland area 

except MW1 where structural control is observed. 

The length of overland flow in micro- watersheds studied is more or less equal and varied from 

0.032-0.044 km. The Small value of overland flow length in this study predicts that quicker 

and large surface runoff enters the stream even for less rainfall. The study area was 

characterized by undulating hilly topography and steep slopes. High value of drainage density 

in the present study indicates that the study area is highly dissected and also affects the basin 

response time of rainfall-runoff and infiltration. Elongation ratio, Circulatory ratio and form 
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factor were used to define the basin shape. Higher value of circulatory ratio of MW1 predicts 

its circular shape as compared to other micro watersheds. Smaller value of form factor for 

MW2 and MW4 again predicts them as elongated basins. The analysis of all the these aspects 

of drainage basin predicts that the micro-watersheds of Shivalik foothills are highly susceptible 

to runoff and soil erosion and necessary measures to protect the area from water and soil erosion 

is required. 

Keywords: Geomorphologic analysis, morphometric parameters, micro-watershed, Shivalik 

foothills 
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Abstract: 

In this study we evaluatedthe global and regional glacier inventories viz., RGI, GAMDAM and 

ICIMOD, with the newly-generated Kashmir University Glacier Inventory (KUGI) for the 

three sub-basins of the upper Indus basin, north-western Himalaya, comprising of 2096 glaciers 

covering ~3300±117.8 km2. The KUGI was prepared using on-screen digitization from the 

Landsat data supplemented by a Digital Elevation Model (DEM), Google Earth images and 

limited field surveys. The KUGI comprises of 154 glaciers in the Jhelum, 328 in the Suru and 

1614 in the Chenab basin, corresponding to the glacier area of 85.9±11.4 km2, 487±16.2 km2 

and 2727±90.2 km2 respectively. Majority of the glaciers (81%)are smaller (<1 km2) in size 

whereas, the maximum glacier coverage (63%) is harbored in glacier with1-5 km2 size. 

Topographically majority of the glaciers, both in terms of number (~86%) and area (~91%), 

are situated at 4500-5500 m asl except for the Jhelum basin where the glaciers are mostly 

majority of the glaciers are situated between 4000-5000 m asl altitude. Similarly, ~78% of 

glaciers covering ~84% of areaare harbored in slopes ranging from 10-30°. It was also observed 

that the northerly aspects host more glaciers than the southerly aspects. Comparative analyses 

of the inventories revealed that the GAMDAM (𝑅𝐴
𝐵=0.75) and RGI (𝑅𝐴

𝐵=0.73) glacier 

inventories are relatively more consistent with the KUGI. Considerable discrepancies were 

observed in the debris-covered and shadowed glaciers particularly in the ICIMOD inventory.  

The study demonstrated that there are significant errors and mismatches between the evaluated 

glacier inventories largely due to the methodological approaches adopted, misinterpretation of 

seasonal snow-coverparticularly on the glacier headwalls at high altitudes, shadowed and 
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debris-covered glaciers. It is hoped that the KUGI with the improved accuracy supported by 

the limited ground truth and the glacier outlines supplemented with additional data on debris-

cover, snowpacks and other glaciological parameters, that are either missing or incorrect in the 

existing databases would become a useful contribution available to the large research 

community for various glaciological, hydrological and climate change applications in the 

Himalaya. 

Keywords: Glacier inventory; Himalaya; Database 
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Abstract:  

Groundwater is one the major sources of natural water being exploited excessively in recent 

times in India. Thus, it is very essential to monitor the groundwater spatial and temporal 

variability of groundwater quality. Geo-Statistical Interpolation using GIS is being considered 

as the best and most advanced method for the interpolation and prediction studies of 

groundwater level pollution and quality, and is adopted universally. In this research work, 

ordinary Kriging with logarithmic data transformation was used to interpolate and predict the 

spatial variation of groundwater quality parameters such as: EC, TDS, pH, Na+, Ca+2, Bi-

Carbonate, Fluoride, Chloride, Sulphate, and Nitrate. Data were related to 48 well locations in 

the Dungarpur tehsil. Data was transformed and normalized using Logarithmic Transformation 

Method and Semivariograms were drawn and analyzed for selecting the suitable model. The 

best Semivariogram model was obtained based cross validation and on the lesser RMSE 

criterion. The results showed that the best semivariogram model based on RMSE varied for 

each water quality parameter. Exponential model for log transformed data was found suitable 

for EC, TDS, Na+, TH etc. Similarly, for Ca+2 Spherical model for log transformed data was 

found suitable. For, Chloride Gaussian Model for log transformed data was found suitable. 

Exponential Model for original or no transformation was found suitable for Fluoride, Sulphate 

and Nitrate parameters. Also Gaussian Model for non-transformed data was found best suitable 

for pH and Bi-Carbonates. 
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Keywords: Interpolation, spatial distribution, Geo-statistical, groundwater quality, Kriging, 

Semivariogram, Cross-Validation, Root Mean Square Error (RMSE), Exponential, Gaussian, 

Logarithmic, Transformation. 
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Study the Effects of Meteorological Parameters on Surface Water 

Loss in Rispana River Basin UsingCloud Computing Technique 
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Abstract 

Surface water dynamics contribute significantly in the hydrological cycle and are susceptible 

to climate change and human activity, particularly in the agricultural zone. As one of 

Dehradun's most populous places, the surface water resource of the Rispana River has 

sustainable value for agricultural activity, ecological stability, and socio-economic growth.The 

current study will investigate the effects of climatic aspects as well as temporal variability on 

the surface water bodies of this river.Google Earth Engine is used in the present study to gather 

information on the seasonal surface water variability of the Rispana River Basin over a three-

decadal timeframe (1990 to 2020).Climatic variables such as precipitation, evapotranspiration, 

radiation, and temperature, as well as change in vegetation cover, are investigated for the three 

decades to understand the trend of surface water loss over the entire basin. The study highlights 

that in recent decades, the maximum as well as average area, and seasonal variability of surface 

water in the basin have reduced drastically. Also, the precipitation, temperature, and 

evapotranspiration showed a positive correlation with declining surface water area. 

Understanding the changes in water body regions and the factors that govern them may aid in 

the identification and implementation of sustainable water management strategies in 

agricultural, industrial, and domestic applications. 

Keywords: Cloud Computing; Meteorological parameters; Correlation; Factor analysis; 

Indices 
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Abstract:  

The concerns about fresh water resources and its quality are soaring worldwide because of 

increase in population and urbanization. The foreseen effects of water scarcity are going to be 

the biggest challenges of the current century. Ground water supports river base flow, wetlands, 

terrestrial vegetation etc. Many regions heavily depend upon groundwater resources for their 

survival for irrigation, consumption and industrial purposes. With global changes in the 

meteorological conditions and anthropogenic impacts, it is important to map this valuable 

resource for sustainability. Monitoring terrestrial hydrology through in-situ point based 

measurements does not provide the complete picture, further it is expensive and time 

consuming. The Central Ground Water Board (CGWB), India, has almost ~24,000 in-situ 

observation wells across the country (CGWB 2014). However, the spatio-temporal coverage 

of the monitoring networks does not represnt adequate information to track the groundwater 

storage with time. Although accurate monitoring of groundwater variation is challenging 

through space borne measurements, satellite based measurements can be effectively utilized to 

generate a proxy dataset for understanding the variability of ground water anomalies over time. 

Satellites can accurately measure the surface water variations, such as water level, water extent 

by making use of radar altimetry and optical imagery respectively. Further, other important 

components like soil moisture, canopy water equivalent, and snow water equivalent can be 

estimated by making use of land surface models. GRACE derived geophysical signals have the 

potential to capture the impact of all above mentioned parameters along with the impact due to 

subsurface mass variations. However, complete hydro-geological knowledge of the terrestrial 

system is required for the assessment of ground water anomalies from GRACE derived signals. 

The aim of this work is to map the trend in the total water storage and groundwater in the 

country during the last two decades i.e. 2002-2020. We have also tried to identify the hot spots 

where the trend is diverting/slowing and assess the groundwater depletion/replenish rate over 

the region of interest. Figure shows the trend of ground water over Indian landmass using 

GRACE derived total water storage after correcting the GLDAS modelled dataset during (a) 

2002-2020 and (b) 2002-2010. In the northern Indian region a large negative anomaly in excess 

of 2 cm/year was observed during the study period, whereas slightly positive anomalies close 

to 1 cm/year were observed in the southern Indian region. The time series analysis was also 

carried out for different time scales to understand the impact of possible policy change or land 

use land cover (LULC) pattern on the long-term change. The negative trend in the northern 

portion that was highly prominent in the initial study time (2002-2010), subsequently got 

slightly reduced in the later time portion of the study. Whereas in some of the regions of 
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southern India a reduction in groundwater was observed in comparison to earlier time periods. 

In Western Indian regions like Gujarat, that shows an increasing trend earlier (probably due to 

Narmada canal) getting slightly compensated later. In the coming decades when climate change 

is expected to influence the hydro-climatic especially in the Indian subcontinent, such remote 

sensing based observations will help in the policy based decisions to utilize these resources 

optimistically for sustainability.   

 

Keyword: GRACE, Total Water Storage, Ground Water, Trend analysis 

 

 
 

Figure: Ground water trend over Indian region using GRACE derived total water storage after 

correcting the GLDAS modelled dataset during (a) 2002-2020 and (b) 2002-2010.  
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Long-term data of depth to water level is necessary to the resolution of many complex problems 

dealing with groundwater availability. Moreover, the behaviour of ground water system can be 

easily visualized using Geographical Information System (GIS) and this is easy for many 

people to understand. There are very few studies in groundwater behaviour have been studied 

using classical and spatial statistics. In order to efficiently utilize this resource for ensuring 

long-term sustainability in agriculture and food security, there is a need to study the ground 

water behaviour spatially in the three regions of Punjab (North-east, Central and South-western 

Punjab). The location data of monitoring wells of Department of Water Resources, Govt of 

Punjab and Department of Agriculture, Govt of Punjab from 2001-2019 was brought in 

Geographic Information System (GIS) and the depth to water level against each location was 

joined in GIS. The data was analysed using Mann-Kendall (MK) test and spatial statistics. Results 

showed that depth to water level in the three zones of Punjab was in the order: Central >North-east > 

South-west.  Mann-Kendall and Sen's slope estimator statistical tests indicated a significant 

decrease in depth to water level over the years in the three zones. Spatial statistics showed the hot 

spots during pre-monsoon 2019 in these three zones and these were mainly in Barnala, Jalandhar, 

Moga, Patiala and Sangrur districts. Spatial interpolation of depth to water level data over the years 

supported these hot spots. These results are useful for monitoring and sustainable management of 

water resources in Punjab 

 

Key words: GIS, Punjab, Water level 

 

 

 

 

 

 

 



National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
172 

 

Estimation Of Evapotranspiration Using Google Eeflux Andit’s 

Validation. 

*R Deepan2, Som Pal Singh2, Sharad Kumar Gupta1, P K Kingra2 and 

Jatinderpal Singh2 
1Punjab Remote Sensing Center, Ludhiana 

2Department of Climate Change & Agricultural MeteorologyPunjab Agricultural University, 

Ludhiana 
*Corresponding author e-mail:deepan-2067017@pau.edu 

  

Evapotranspiration (ET) is one of the most important parameter in agriculture and to water 

management and irrigation requirement. Under the present scenario of Climate change and 

Global warming, importance of ET measurement and its validation assumes a great significance. 

There are various techniques used to estimateactual measurement of ET in the field condition. 

However, researchers have developed state of the art instrument to measure it in the field 

condition and instruments of varying accuracy are available. The instrument can measure point 

value of ET for being placed at particular location in the field and therefore the spatial accuracy 

of the data is bound to reduce to a certain extent. On the other hand, the empirical estimation of 

ET has its own limitation owing to the requirement of huge data set to estimate the ET to near 

accuracy.  Google EEFlux is a web-based tool which utilizes the satellite-based information to 

provide the ET rate on spatio-temporal scale. Therefore, an effort has been put forth to estimate 

ET using the Google EEFlux for maize crop. The ET has been estimated using the Google 

EEFlux for maize crop sown in the field experiment at the Research Farm, Department of Climate 

Change and Agril Meteorology, PAU during the kharif season of 2020-21.The ET was also 

computed using Penman’s equation for PMH-1 and PMH-2 varieties of maize during the same 

period grown under three sowing environements. The dataset generated in the process was 

validated using the ET data measured in the actual field conditions by Gravimetric method. The 

relationships were developed between ET (GoogleEEFlux) and ET (empirical relationship and 

gravimetric method). There relationships indicated a significant association between the ET 

obtained by different methods. The data generated can help the researchers to fine tune treatments 

and also to reorient the irrigation and management research programs.  

Key words: ET, Google EEflux, Irrigation, Remote Sensing, maize. 
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Monitoring of surface water quality is important to obtain information related to characteristics of 

water, however, in situ measurement and monitoring of water is difficult as field sampling 

campaigns are time consuming, labour intensive, and expensive, often requiring additional 

laboratory costs for sample analysis. Remote sensing methods based on publicly available satellite 

data offers a potential solution to the obstacles encountered in the in situ monitoring of spatial and 

temporal variability of water quality related parameters. For remote sensing satellites, the surface 

reflectance computed from raw digital numbers (DN) after atmospheric correction plays an 

important role in the estimation of water quality parameters from satellite data. The most common 

image-based atmospheric correction method for estimating surface reflectance requires dark object 

subtraction, in which the pixel with smallest DN value (darkest pixel) in each band is used as an 

estimate of path radiance and is subtracted from top of atmosphere (TOA) radiance. For Sentinel-2, 

Sen2Cor processor is used for performing atmospheric corrections including cirrus clouds 

correction together with scene classification. Apart from officially adopted algorithms, ACOLITE 

is widely used for the atmospheric correction of multispectral images and is also applied for 

estimating Chlorophyll-a, Coloured Dissolved Organic Matter (CDOM) and Suspended 

Particulate Matter (SPM). ACOLITE combines the atmospheric correction algorithms for aquatic 

applications of Sentinel-2 besides Landsat-8. We evaluated Sen2Cor and ACOLITE to determine 

the appropriate atmospheric correction algorithms using Sentinel-2 for Sutlej river in Punjab. A 

total of 91 water samples were collected during pre-monsoon of the year 2019 in possible 

synchronous with the pass of Sentinel-2 and analysed for Chlorophyll-a, CDOM and SPM using 

standard methods. The surface reflectance of Sentinel-2 was derived using Sen2Cor and 

ACOLITE. These images were used to derive the surface reflectance of sampling locations. 

Results showed that the concentration of chlorophyll-a was lower in the water samples collected 

from the river entering before Punjab, but it increased after entering in Punjab and decreased in 

the water samples collected from the contaminated drain in Ludhiana. The concentration of SPM 

was higher in the water samples of this drain followed by transboundary of the river. The 

concentration of CDOM was higher in the samples collected from the river entering before Punjab 

than transboundary of the river. Chlorophyll-a was significantly positively correlated with surface 

reflectance of green band, CDOM with blue band and SPM with NIR band. The correlation 

coefficient was higher with the reflectance derived using Sen2Cor than ACOLITE. These results 

suggest the use of good quality atmospheric corrections from preprocessing algorithms to derive 

the optically active water quality parameters from water-leaving reflectance with less uncertainty.  

Key words: ACOLITE, Sen2Cor, Sutlej River, Water Quality 
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Abstract: 

Soil and its terrain are important aspects of any study related to earth. This has created a need 

for a digital database of soil and terrain. Several methods have been proposed till date to map 

soil and terrain at local as well as regional scale and every method presents different challenges 

and advantages. This article explores different methods of soil and terrain mapping using 

remotely sensed data. These methods use different sensing mechanisms such as infrared and 

microwave. Several methods are limited to small scale verification but validated their results 

using different classification methods. Some methods are confined to a particular region while 

others focus on the global stretch. Due to the large extent of global data and local data being 

relatively negligible there seems to be heterogeneity in the datasets. The data at the local level 

mostly uses conceptual classification-based models while the global methods used numerical 

or statistical-based models. This variation in the classification method poses a problem of 

homogeneity in the global and regional datasets. To overcome this, a universal soil 

classification method could be proposed which should be based on conceptual classification 

methods rather than numerical classification methods.  

Keywords: Soil and terrain, Remote sensing, Models, Classification methods 
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Digital Image Classification of Mango and Coconut for Natham 

Taluk, Dindigul District Using Sentinel-2A Optical Data 

 Parthipan S, Venkatesh K, Sakthivel R 

Abstract: 

Remote sensing and GIS have been widely applied in agriculture. Several methods exist for 

mango classification of satellite data which can be utilized by the agricultural sector. This study 

focuses on using supervised classification approaches to classify mango and coconut 

plantations Natham Taluk, Dindigul district Tamil Nadu. Sentinel 2A acquired on 3rd February 

2018 was used for image classification. Ground truth data collection was performed through 

the Taluk. The land use and land cover of the study area were distinguished into five classes 

viz., coconut, mango, cropland, settlements and water body.Supervised image classification 

technique such as Mahalanobis Distance, Maximum likelihood Classifier, Spectral angle 

mapper and Spectral correlation mapper methods were applied over the image. The accuracy 

measures, such as producer’s accuracy, user’s accuracy, overall accuracy and kappa coefficient 

were estimated.  

The results showed that maximum likelihood supervised classifier had the highest overall 

accuracy of 51.4% while other supervised classifier such as Mahalanobis Distance (32.4%), 

Minimum Distance classifier (42.86%), Spectral Angle Mapper (42.85%), Spectral Angle 

Mapper (42.85%) and Spectral Correlation Mapper (34.53%) had lower accuracy. It is 

suggested to utilize multi-date data for classification for crop discrimination utilizing the 

unique phenology of various crops for better accuracy. 

Keywords - Mahalanobis distance, Minimum distance classifier, SAM, SCM. 
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Water resource is requisite for all forms of life. It is also a basic need for any kind of planning 

and development. Due to cumulative population, hydro-power generation, irrigation and 

industrialization the required amount for water has increased to a large extent. On the other 

hand, rapid urbanisation in India has led to land transformation without considering its 
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implications. Changing agricultural, forest lands, wetlands, creeks and rivers disrupts the 

natural process of recharging ground water. Unplanned construction and increase in impervious 

areas causes impact on stream orders which leads to shrinkage of surface water as well as 

ground water. 

The Chennai flood of 2015 caused immense loss of life and property. On the contrary, in 2019, 

the city ran out of water. Chennai’s water scarcity has increased in recent decades, driven 

largely by unplanned urbanization. 

Chennai is the sixth largest city in India with population of almost 7.1 million. Each year 

Chennai receives an average rainfall of 1400 mm. Two important southern rivers flow through 

Chennai namely Adyar and Cooum.  Population in Chennai is depended upon surface as well 

as ground water for their daily needs. 

Adyar watershed is within Chennai metropolitan area. So, rainwater areas are identified by 

using this watershed as a study area. Adyar is amongst one of the most important southern 

rivers that flow through Chennai. The river Adyar originates from Adanur Tank and drains into 

the Bay of Bengal. The river collects surplus water from about 200 tanks and lakes, with a 

combined catchment area of 686.13 km2. Adyar River and its watershed which had been 

degraded to a large extent in recent years. It was also one of the most polluted and drying rivers. 

 

The easiest technique for the city is to better enforce the existing rule on rainwater harvesting 

in buildings. Recently Indian government made rainwater harvesting mandatory in all new 

buildings. In India, rainwater harvesting has been in practice for more than 4000 years. It is a 

simple process of accumulating and storing of rainwater. From ancient times rainwater 

harvesting systems has been applied as a supply for drinking water, irrigation, and water for 

livestock. This is easy to construct from locally sourced economical materials, and it has stood 

the test in most areas worldwide. The advantage of rainwater is that the quality of water is 

usually good, and it does not need any treatment before consumption. 

 

Rainwater harvesting hold tremendous potential for diminishing storm-water runoff and 

reducing groundwater consumption, particularly in urban areas. Today, rainwater harvesting 

systems are acting as incredible support systems cities like Bangalore, Delhi which provides 

alternative to the main water supply, mostly during summers.  

 

Rapid urbanization has increased the area covered by concrete, preventing groundwater 

recharge and rainwater absorption. Widespread installation Rainwater harvesting system helps 

to strengthen the natural properties of land, helping to improve the quality of groundwater, 

raising its level, and preventing wells and tube wells from drying up. Efficient deployment of 

rainwater harvesting systems reduces surface water runoff, which eventually minimise the soil 

erosion and increasing its fertility. 
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The present study is taken to use the efficacy of the remote sensing and GIS technique for 

locating the site suitability of the rainwater harvesting structures. The appropriate choice of 

water harvesting technique depends on LULC, Soil type, Slope, Drainage density and Roads 

within the city.  

 

To delineate the watershed i.e., the study area SRTM 30 resolution data procure from USGS 

earth explorer is used. Delineation procedure is executed using ARCGIS pro software.  Further 

Land use/land cover map for the year 2019 was composed using satellite image acquired from 

Landsat – 8. This data also acquired from USGS earth explorer and has resolution of 30 meters. 

To generate LULC map supervised classification technique is used. ERDAS Imagine (version 

14) platform is used for Image processing and classification.  

 

The study area’s soil map is obtained from Food and Agricultural organization of The United 

Nations. The slope map was created from the digital elevation model (DEM) using the spatial 

analysis tool in ArcGIS-Pro software. Drainage was derived using the DEM with ArcGIS-Pro 

software. Drainage density map was composed taking into account length of drainage per sq 

km area. Road map is obtained from DIVA-GIS website. 

 

The Rainwater harvesting potential zones were evaluated by integrating all the spatial layers 

using weighted sum approach and multi-criteria decision analysis. Weighted overlay is one 

method of modeling suitability. ArcGIS pro multiplies each layer's weight by each cell's 

suitability value produces a weighted suitability value. Weighted suitability values are totaled 

for each overlaying cell and then written to an output layer. Each input raster can be weighted, 

or assigned a percentage influence, based on its importance. The cell values of each input raster 

are multiplied by the raster's weight. The resulting cell values are added to produce the final 

output raster. 

 

Before the overlying operation, individual spatial layers were reclassified to a uniform rank. 

Minimum Number represents poor groundwater potential and Highest Number represents 

excellent groundwater potential. Weights have been assigned through pairwise comparisons 

matrix based on AHP. 

 

Map is generated using weighted sum method by using all the above-mentioned parameters. 

The weighted sum map is classified into Least suitable, moderately suitable, Suitable and more 

suitable. After extracting the data from this map, Suitable site for rainwater harvesting is 

identified. 
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Multi-Criteria Decision Analysis is used to identify the suitable sites. It is most applicable tool 

to solve problems that are characterized as a choice among alternatives. MCDA method divides 

the decision into smaller parts, analyzing each part, Integrating the parts to produce a 

meaningful solution. 

 

This analysis concludes that the remote sensing and GIS are the technologies, when overlayed 

together for complex problems for watershed planning as well resources management helped 

in identifying suitable sites that are located on first, second- and third-stream orders. Suitable 

sites for water harvesting can be solution for future draught and water crises within the study 

area. 

 

 

 

Impact of aerosols on phytoplankton size class over the North 

Indian Ocean using remote sensing data 

Amit Kumar Jena and Sachiko Mohanty 

 

The influence of aeolian deposition link with ocean biological productivity is studied in terms 

of phytoplankton size classes (PSC) concentration such as picophytoplankton (CP), 

nanophytoplankton (CN), and microphytoplankton (CM) the northern Indian Ocean (NIO) 

from 18 years (2003 to 2020) by using MODIS-Aqua-derived monthly scale measurements. 

PSC biomass was calculated using a three-component ‘‘abundance" model that was regionally 

fine-tuned. The research is crucial to comprehending the situation the impact and 

characteristics of aerosol dust affects the biological productivity of the open ocean by providing 

additional necessary micronutrients particularly the Fe and SO4
2- ions, NO3

- to the surface layer 

of the marine ecosystems. Indeed dust particles are rich sources of various minerals which are 

crucial for marine life. There are six regions of episodic PSC enhancements following after 

high AOD levels (3 region in the Arabian Sea region and two region in the Bay of Bengal 

region and 1 in southern tip of India). On an annual scale the overall trend of aerosol optical 

depth (AOD) and all PSC exhibited similar distribution and are indicated the highest 

concentration of all PSC in the NIO region which gradually decreased to the southern region.In 

NIO, the spatio-temporal distribution of PSC biomass revealed a rank order of CM> CP >CN.  

Keywords: Phytoplankton size classes (PSC), Aerosol optical depth (AOD), 

Picophytoplankton (CP), MODIS-Aqua. 
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The Recent Horticulture Expansion in the Upper Jhelum Basin, 

Kashmir  
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Jammu and Kashmir (J&K) have tremendous scope for horticulture expansion; especially the 

valley of Kashmir keeping in view the appropriate agro-climatic conditions suitable for the 

promotion of temperate horticulture. Horticulture is a key sector of the economy and supports 

livelihood of 2 million people in the state. J&K annually produces between 18 and 22 lakh 

metric tonnes of fresh and dry fruit, with 80 per cent of production comprising of apples. High 

resolution mapping of the horticulture on 1:300 scale was carried out using Google Earth 

satellite images in the Upper Jhelum Basin (UJB) comprising of five watersheds (Lidder, 

Kuthar, Bringi, Sandran and Vishav) to determine the changes in the horticulture that have 

occurred between 2006 to 2020. The results obtained depicted a significant increase in 

horticulture during the period. An increase of ~175% in horticulture was observed in the 

Sandran, ~144% in the Vishav and ~50% in the Bringi watershed Similarly in the Kuthar and 

Lidder watershed, an increase of ~40% and ~38% respectively was observed over a period of 

time. The analysis revealed that the overall area under Horticulture land in Upper Jhelum Basin 

has increased from 22632 ha in 2006 to 44142 ha in 2020, a net increase of 21510 ha. 

Simultaneously, the area under agriculture land has decreased in the area during the period of 

last 15 years.The land system change in the UJB is overall driven by economic consideration 

but in some places, the land system change has occurred due to the depleting stream flow under 

changing climate.   

Keywords: Horticulture Expansion, Change Detection, High resolution image, Upper Jhelum 

Basin 
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Response of debris-covered Hoksar Glacier in Kashmir Himalaya 

to Changing Climate during 1976–2020 

 

Ubair Yaseen Shah, Khalid Omar and Shakil Ahmad Romshoo 

 

Abstract 

Using various glacier parameters like, area, snout, volume, debris cover, and Equilibrium Line 

Altitude (ELA), we assessed the response of Hoksar Glacier, Kashmir Himalaya to changing 

climate. The parameters were extracted and analyzed from the time series of Landsat satellite 

data from 1976 to 2020, augmented with extensive field surveys. The results suggested that the 

glacier area has shrunk from 1.41±0.25 km2 in 1976 to 1.02±0.12 km2 in 2020 with an inter-

decadal variability, showing an overall deglaciation of ~28% (0.64% m-1) during the 

observation period. The snout of the glacier has retreated at a rate of 3.7 m a−1, ELA has shifted 

shifted 160m upwards (4m a-1), and the debris cover has increased significantly by ~25% 

during the last 44 years. The analysis of climatic data suggests a significant rise in temperature 

and change in the form of precipitation in the area which might be the possible reasons for the 

decreasing area and snout retreat of the Hoksar Glacier. If the glacier recession continues, the 

stream flow will be severely affected, thus adversely affecting hydropower generation, and 

other water-dependent sectors in the region. 

 

Keywords: Remote sensing; Glacier recession; Debris-cover; Climate change; Kashmir 

Himalaya 

 

 

Classification of MGNREGA Crowd Sourced Assets Data Using 

Deep Learning Techniques 

Madhuri, Arulraj 

National Rural Employment Guarantee Act (NREGA) enacted by legislation on August25, 

2005 and it was renamed as the Mahatma Gandhi National Rural Employment Guarantee Act 

(MGNREGA) on 2nd October 2009. MGNREGA is implemented mainly by Gram Panchayats 

(GPs) and involvement of contractors is banned. Labour tasks are created for infrastructure for 

water harvesting; drought relief and flood control are preferred. These works protect the 

farmers from such risks and conserve natural resources. It is the Gram Sabha and the Gram 

Panchayat which approves the shelf of works under MGNREGA and fixes their priority. In 

MGNREGA there are total 18 categories of Rural Assets. 

This study focuses on classification of rural development assets developed under MGNREGA 

by Indian government. Classification task can be accomplished by using Deep Learning 

techniques and more specifically Convolutional Neural Networks. Convolutional Neural 
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Network has made great progress in the last decade. Extensive research has been done in this 

field and new techniques have been researched which have proven to be efficient in 

classification and other related tasks. 

For the image classification of the following classes : Check dam, Farm pond, Horticulture,  

Indian household latrines,  Cement Concrete Roads and Soak pits along with identifying noise 

images separately and used transfer learning. By using pre - trained DenseNet-121 to train 

further on our data. In a standard Convolutional Neural Network, the input image that is passed 

through the network to get an output predicted label in a way where the forward pass is pretty 

straightforward but DenseNet architecture is all about modifying CNN architecture. Data 

augmentation techniques such as rescaling, rotation, zoom in/out etc., is applied to tackle the 

problem of fewer amounts of data and to make model more robust. The dataset which are 

350x350 images taken for training and data augmentation procedures. Run the model for 30 

epochs using RMSprop as optimizer for the trained datasets and received a training accuracy 

of 82.40% and validation accuracy of 84.20% with training loss of 0.4962 and validation loss 

of 0.4345. 

Keywords: MGNREGA, DenseNet, Convolutional Neural Network, Deep Learning and 

RMSprop optimizer. 

 

 

Landslide Susceptibility Analysis and Prediction Integrating 

Geospatial Technology and Machine Learning 
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Abstract: 

Landslides, one of the most disastrous natural hazards, have affected aapproximately 4.8 

million people in the last decade. Landslides are caused by a complex interaction of multiple 

factors, including dynamic triggers (heavy precipitation) along with slopes, geological 

conditions, soil types, and anthropogenic disturbances. Substantial damage to life and 

property can be minimised by effective implementation of mitigation strategies. Therefore, the 

objectives of this study were:  

i. To develop a dynamic model which generates landslide susceptibility of the terrain and to 

identify the vulnerable villages and roads of the landslide-prone area using a machine learning 

model and GIS.  

ii. To generate an instantaneous prediction of landslide-prone areas, affected places, and roads 
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using real-time inputs whenever required by the disaster mitigation team as well for the locals 

and tourists.  

iii. To predict future landslides using projected rainfall and other static inputs.  

The machine learning model, which is a Random Forest, uses both static inputs (landforms, 

aspect, slope) and dynamic input (Rainfall) from the users to predict landslide susceptibility 

which would not only help in timely evacuation but also impose measures to minimise the 

damage caused to these villages and human life. This is especially useful as the remoteness of 

landslide-prone areas is a hindrance to the proper implementation of mitigation strategies. This 

would aid in early warning and mitigation strategies as well as resource allocation for further 

development. The users would be able to provide real-time inputs about the changes in their 

immediate surroundings, which further increases the viability of the study.    

This study has a novel way of integrating Random Forest Regressor with geospatial techniques 

such as GIS to predict landslides occurrences. Most existing landslide prediction models are 

based on the statistical learning models (human made output). 

This model can be applied across any terrain and can precisely define the most vulnerable 

locations within the area by reclassifying the output in GIS. 

Furthermore, the application involves using ground inputs to formulate an early warning 

system to identify villages most likely to be severely affected, allowing for real time assessment 

of the situation. The model is also suitable for future landslide prediction. It uses projected 

rainfall based on the data gathered from the last 120 years to get the required landslide danger 

zonesin the time estimated. 

The random forest using the CART algorithm was considered optimal for a multitude of 

reasons. Random forests generally perform better than other ML models in this application. 

Furthermore the CART algorithm is useful in dealing with null data points, something it’s 

alternative option, ID3, is not. Random forests also reduce the risk of overfitting the training 

data, which further enforces that the model is applicable for any high altitude terrain. 

The specificity of the location of individual villages is much more accurate in GIS which 

further adds to its credibility as a useful tool in mitigation strategies. 

This model can have a significant social impact as it would be an asset in improving response 

time to disasters, disaster preparedness, evacuation, and minimising the loss of life and 

property.  

The methodology for the study included interpreting the different landside influenced thematic 

layers in the form of arrays. Here, nine sets of input data and one set of output data were used. 

The next step was to make the data suitable for analysis, this included slicing the arrays to get 

the required values, and eventually compiling them. The next step involved proper splitting of 

data into training and testing datasets.   The Random Forest Regressor Model was then used to 

train the model on the training dataset. This model was chosen due to its efficiency and superior 

performance over other models such as logistic regression and decision trees. It also further 

reduces the risk of over fitting the data as can be seen in some cases of decision trees. Through 

hyper parameter tuning and optimization it was decided that the model functions optimally at 
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50 estimators at a depth of 100 each. After training 3 million samples in Random Forest the 

output was exported as a Tagged Image File Format and used the projection system WGS-84 

(Northern Latitudes). Final classification in GIS gives us the most susceptible areas in red. In 

order to understand the locations of active landslides and susceptible landslides impacted 

villages and roads the village point data from census have been overlaid on the given output. 

The rainfall input for the future prediction is taken to be the projected rainfall, predicted based 

on a linear trend in excel. The model then computes the future landslide prediction. 

 

In conclusion, the model has been observed to perform better as compared to the statistical 

learning model. It can accurately predict the areas with high risk of landslides. This is in 

contrast to the statistical learning model which predicts it to be a low risk zone. A real time 

prediction of landslides can be made using the ground inputs, which shows that the model can 

have early warning applications. Moreover, using GIS, the model can locate the villages and 

sections of roads which will be most affected by landslide. All these applications of the study 

make it a viable tool to be used for disaster preparedness in high altitude areas. Additionally, it 

can also assist in evacuation and mitigation responses, the usage of Random Forest makes sure 

that the model does not overfit the data, and is universally applicable to any high-altitude 

terrain. The CART algorithm implemented in the Random Forest allows for better analysis in 

dealing with absence of data, which is common in the most remote areas. The usage of GIS 

enables proper visualization of the output and site specificity. In terms of performance the 

model shows a low Mean Squared Error value of 0.79616 and a Mean Absolute Error value of 

0.65728. In conclusion, the model is an efficient way to determine the susceptibility of an area, 

ascertain the places most heavily affected by landslide, and give instantaneous prediction of 

landslides.  

 

 

City Wall of Hyderabad: A Study of its Location and Extent 

Using Remote Sensing and Geospatial Analyses 

Gaurav Kumar Pal 1*, M.B. Rajani2 

National Institute of Advanced Studies 

Hyderabad and Golconda are prominent medieval cities in Deccan India, claiming significant 

roles in shaping the transformation to the 20th and 21st century. This study focuses on defining 

the contours of Hyderabad’s walled settlement, a fortified structure built around Hyderabad 

city, the capital of Hyderabad state after the fall of Golconda in the 17th century. The city 

becomes an important factor to understand the growth of Hyderabad in Nizam and British eras. 

The core of the study is based on how different maps of the walled city dating from 18thc. to 

20th c. describe a picture of change in the settlement arena of Hyderabad. These maps signify 

the areas of development, which can be conjectured in present day Google Earth. It also 
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compares different maps to bring about information on built features in the city and 

georeference them in today’s setting so as to understand the spatial change in arrangement of 

the city. The findings of the current work can be used to conduct a detailed field survey to 

check and document if any remains still exist and what condition they are in at present. The 

study focuses on sustainable development of a burgeoning urban sprawl of Hyderabad. 

 

   

  

 

 

 

 

 

 

Hyderabad with historic features in current Google Earth imagery 

 

 

 

Integration of WebGIS with  

Remote DBMS using Web Service 

Taranpreet Singh Gulati, Harpinder Singh, P.K Litoria, Brijendra Pateriya 
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Abstract 

Web services enable communication among various applications by using open protocols and 

standards such as TCP/IP (Transmission Control Protocol/Internet Protocol), HTTP (Hypertext 

Transfer Protocol), HTML (HyperText Markup Language), and XML (Extensible Markup 

Language). Web services are XML-based information exchange systems that use the internet 

for direct application-to-application interaction. There are mainly two types of web services 

SOAP (Simple Object Access Protocol) and REST (REpresentational State Transfer). The 

study's objective is to develop an ArcGIS WebGIS application and then integrate it with data 

from a remote SQL server database using a web service. The user clicks on land parcels to 

access the unique identification. This unique ID is used to query and retrieve the 

cadastral/mutation records from a remote SQL server database using an ASP.NET web service 

(ASMX). 
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PostgreSQL, along with PostGIS, has been used as the database to store the geospatial datasets. 

Services of the geospatial data have been created in the ArcGIS Server. ArcGIS Web 

AppBuilder, a component of ArcGIS Portal, has been used for WebGIS development. ArcGIS 

Web AppBuilder helps to add themes, maps and various kinds of widgets to the WebGIS. 

The ASMX is available in the form of a URL (Uniform Resource Locator). This service is 

linked to a particular SQL server database and hosted on a remote server. Configuration and 

code are written in the WebGIS application to pass desired parameters through an HTTP 

request to invoke the ASMX. The web service returns the results of the query in the form of an 

XML. The serialized XML results are converted into string format and then parsed as JSON 

(JavaScript Object Notation). The JSON results are further converted into an HTML table for 

easy reading by the users. The cadastral/mutation records of the clicked parcel are shown as an 

HTML table on the new webpage. 

In some technical solutions, various applications and data need to integrate, but physically, 

they cannot be brought together on a common platform. In such situations, services help 

communicate between different types of applications and data sources, e.g. GIS and SQL 

Server database in this study. 

 

 

Inherit Geo-Smart for building spatial infrastructure Decision 

Support System in smart city 

Amardeep Singh1*, Robin Singh1, PK Litoria1, Brijendra Pateriya1 
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*Corresponding author e-mail:er.amar1911@gmail.com 

 

Rapid infra expansion across the world increases the demand of solutions for smart cities. Geo-

Smart is the key to provide decision support system for building spatial infrastructure in smart 

city. Smart City is need of future for better economic growth and enhancing living standards 

of citizens. Due to complexity of unorganized usage of space is major issue for densely 

populated cities majorly in India, China and Africa like under development countries. 

Organized usage of space and resources for densely populated cities, Geo-Smart provide edge 

of decision making for infrastructure smart solutions.   

Geo-Smart Decision Support System provides key edge for city planners to provide best 

solutions for smart city development. Proposed decision support system provide solution via 

inherit various geospatial dataset includes traffic, high precision smart maps, satellite imagery, 

GIS analysis, land cover and property mapping etc. with key enhancement of machine learning 

and artificial intelligence-based algorithms. Proposed decision support system also useful for 

smart city securities and mapping of large data set into knowledge base. Proposed decision 

support system provides framework to develop further geo-smart infra solutions in similar 
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circumstances. Proposed framework is flexible in nature, which providing backbone to develop 

smart decision support systems in any development environment with geospatial dataset.  

Proposed Geo-Smart Decision Support System inherit all types of geo-spatial data-sets in form 

of input, then normalize into informative key factors and fetch knowledge base from 

informative dataset with various AI or ML based algorithms and generate solutions in form of 

spatial analytics, which further helpful for decision making. Here usage of AI and ML based 

algorithms are flexible in nature and apply based on the specific solution requirement. Outcome 

of proposed Geo-Smart DSS in both spatial analytics and pictorial graph representation. This 

proposed DSS is further helpful for continuous tracking of large spatial data-set, which 

generated after development of smart city solutions for further enhancement and expansion of 

smart city with inheritance of Machine Learning Algorithms with real time spatial data-set. 

Keywords: Geo-Smart, Infrastructure, Smart City. 
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Abstract 

“In the present paper, an attempt has been made to study the detail morphometric and its 

relationship to terrain properties of Kutni Watershed which itself is part of the mega Ken Basin 

in Chhatarpur District, Madhya Pradesh. The Morphometric analysis is mathematical 

calculation of the parameter likes stream order, stream length, bifurcation ratio, and drainage 

density and so on. Study area selected is Kutni Watershed which is located in Rajnagar and 

Chhatarpur tehsil of Chhatarpur district of Madhya Pradesh state and covered between 

Longitude 79°38'13.729"E to 80°3'43.169"E and latitudes between 24°43'28.143"N to 

25°3'40.766"N and falls in the survey of India Toposheets No. 54O/16, 54P/9, 54P/13, 

63D/1.Different Morphometric parameters were calculated by spatial and nonspatial analysis 

of drainage basin with the help of Arc GIS software. IRS LISS III satellite imagery is used for 

morphometric analysis and drainage ordering. After that topographic analysis of the area had 

done with the help of attribute information of different stream order of the Kutni Watershed. 

mailto:jyoti.sarup@gmail.com


National Symposium on i-Geomatics: An integrated technology to empower citizens towards self-reliant nation 

and Annual Conventions of Indian Society of Geomatics (ISG) & Indian Society of Remote Sensing (ISRS) 

  

ISG-ISRS NATIONAL SYMPOSIUM 2021, LUDHIANA, PUNJAB 
188 

 

Result shows that a close relation between drainage morphometric parameters and the terrain 

properties. The paper highlights the key parameters of watershed such as morphometry and 

slope analysis by using Geospatial Techniques”.  
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advanced Geo-spatial Technologies 
 

Shivani Gupta1*, Subashisa Dutta2 
1,2Indian Institute of Technology Guwahati, Guwahati781039 

*Corresponding author e-mail: shivani_gupta@iitg.ac.in, subashisa@iitg.ac.in 

 

Abstract 

Vegetation is one of the most important components which affects water resource system.Many 

studies, such aswood debris quantification, geomorphological and climatic analyses, rely 

heavily on vegetation investigation. Remote sensing has widely been used to study vegetation. 

It entails the identification of vegetation patches and temporal change detection, but the 

retrieval of vegetation information is less likely to be performed due to the unavailability of 

high-resolution multispectral data. Although this is achievable with hyperspectral photography, 

it is expensive and difficult to manage over a big region due to the vast number of bands. 

LIDAR is also popular for extracting feature information; however, due to the intricacies of 

the Himalayan basin, it does not produce the desired findings and is not easily and openly 

available. For detailed vegetation studies of Himalayan River basins, there is no open-source 

approach available. 

The effort has been made to develop a technique using multispectral data and DEM of 

Difference (DoD) analysis for vegetation analysis in one of the largest basins of the Himalayan 

River, the Kameng River basin. Sentinel 2A was utilized for vegetation identification, and four 

DEMs (ALOS PALSAR, ALOS Global/3d, SRTM, and CARTOSAT) were used for DoD 

analysis, with ALOS PALSAR providing a digital terrain model (DTM) and the others 

providing a digital surface model (DSM). Combining both outcomes the height of the 

vegetation has been retrieved.As a result of the research, a better approach for vegetation 

examination has been developed, which can be used for a variety of dependent measures such 

as hazard reduction, watershed resource management, and so on. 
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Abstract 

“We forget that the water cycle and the life cycle are one.” — Jacques Yves Cousteau 

While global water demand continues increasing, the quantity and quality of water resources 

is decreasing in many regions. The Mandakini River Basin forms the combined state of Madhya 

Pradesh (MP), and Uttar Pradesh (UP), India. Water distinguishes our planet compared to all 

the others we know about. While the global supply of available freshwater is more than 

adequate to meet all current and foreseeable water demands. Here we are studies in MP region 

Part of Mandakini River Basin which is covers 389.93 KM2. It is an agricultural-dominated 

area in the food plains where groundwater plays a crucial role for agricultural purpose. In this 

scenario, sustainable management of water resources is a key priority to meet the growing 

demand for water and to achieve a safe and environmentally sustainable future supply.  

In the present study, water resource management for sustainable development is carried out 

using multi-criteria evaluation techniques. Different types of thematic maps such as land use 

and land cover, geomorphology, lithology, soil, slope, lineament, lineament density and 

drainage, drainage density maps were considered. Thus, the results will be helpful in better 

planning and management of water resources in the part of Mandakini River Basin as well as 

rainwater harvesting in different villages where there is a poor potential of groundwater to meet 

the future need of water in these villages. Remote Sensing (RS) and geographic information 

system (GIS) and their applicability in data scarce regions for water resources analysis and 

management. 

Keywords: 

Mandakini River Basin, Groundwater Potential, water resources, Remote Sensing and GIS, 

Weight overlay analysis 
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Abstract: 

Groundwater is one of the very precious natural resource on earth and is a primary source of 

life that sustains all human activities. Although it is more dynamic renewable natural resource, 

yet its availability with good quality and quantity in appropriate time and space is more 

important (Chaudhary et al., 2009). Advent of satellite remote sensing and GIS has opened new 

field of vision for groundwater studies. Remote sensing and GIS technology, with its 

advantages of spatial, spectral and temporal availability of data covering large and inaccessible 

areas within a short time (Hoffmann and Sander, 2007), has emerged as a very useful tool for 

the assessment, monitoring and management of groundwater resources (Jha et al., 2007). Based 

on the analysis of the current research status of remote sensing technology, this research paper 

summarizes the method of groundwater potential evaluation by remote sensing technology, 

and analyses the advantages and disadvantages of various methods, and points out the research 

topic and development direction of the method. 
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Groundwater; groundwater potential evaluation; Geo-spatial tools; GIS; Remote Sensing; 
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India’s Population covers 16.7 percent of the world's population and occupies 2.4 percent of 

the total land area of the world. As the economy of the country is currently witnessing rapid 

growth and it is likely to face a major challenge in the management of water resources in view 

of rising population, agriculture, industrial use, and global warming. A series of actions are 

necessary to overcome the scarcity of water. State like Punjab is facing a steady fall in their 

groundwater levels at the rate of 25-30 (cm) a year in the past two decades. According to the 

Ministry of Water Resource, the per capita availability of fresh water in India in 1951 was 

3,450 cubic meters per person and in 1999 it came down to 1,250 cubic meters and is expected 
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to decrease to 662 cubic meters in 2050. This paper attempts to focus on the sustainable water 

resource management of India. Sustainable water resource management needs innovation in 

technology, institutional and policy arrangements to deal with growing water scarcity. We face 

multiple challenges, especially a changing and uncertain future climate, and a rapidly growing 

population that is driving increased social and economic development, globalization, and 

urbanization. An integrated approach needs to be implemented in water management through 

the adoption of innovations such as water harvesting, drip irrigation, sprinkler irrigation, and 

resource conservation farming for efficient utilization of water in agriculture and Smart Water 

Systems for Water Distribution systems. The water resources management practices may be 

based on increasing the water supply and managing the water demand under the low water 

availability conditions and predicting the water resources variables by scientific tools. The role 

of GIS Data monitoring, processing, storage, and retrieval and constitutes the very important 

aspects of water resources management. It provides an understanding of the state of water 

resources and predicts the impacts of our water choices. Smart technologies can be capable of 

improving the stress of better water resource management and freshwater scarcity. 

Keywords: Sustainable, Water Resource 
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Abstract 

Groundwater vulnerability is considered as an intrinsic property of groundwater and can be 

defined as the possibility of percolation and diffusion of contaminants from the ground surface 

into the groundwater system. Population growth and excessive demands on these resources can 

result in scarcity of water in future years. During last decades, intense agriculture activities and 

fertilizer application have resulted in groundwater contamination, which has become a critical 

issue. In addition to agricultural activities, release of municipal and industrial wastes has caused 

an increase in contaminants in subsurface environment. Contamination of groundwater can 

result in poor water quality, health problems and high costs of treatment. Evaluation of 
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groundwater vulnerability is an important step in order to plan and implement any measures 

for the safety of groundwater resources against the contaminants. 

This study focusesto prepare the vulnerability maps of Chalakudy river basin by integrating 

index models such as DRASTIC, Modified DRASTIC model based on land use and the Support 

Vector Machine(SVM) model based on machine learning technique in order to model the 

groundwater vulnerability in the study area more accurately. The parameters of the indexes that 

were employed in this study are: depth to water table, net recharge, aquifer media, soil 

media,topography, impact of the vadose zone, hydraulic conductivity,nitrate concentration and 

land use. DRASTIC method is an overlay and index method. Modified DRASTIC model is 

developed by integrating the generic DRASTIC model with land use parameter and the new 

model is capable of evaluating the pollution potential of groundwater resources. The third 

model focuses on Supervised Machine Learning (ML) techniques using SVM algorithm. These 

parameters were rated, weighted, and integrated using GIS, and used to develop the 

vulnerability maps of the study area. The additional parameters such as nitrate concentration 

and land use activities reflect their influences on groundwater pollution potential.The database 

created using the above parameters are integrated into the SVM classifier where the model 

output shows the groundwater vulnerable areas in the Chalakudy river basin. 

The result of this study shows area where groundwater is vulnerable. Given the distribution of 

groundwater nitrate concentrations from the wells in the underlying aquifer, the machine 

learning based SVM model offered greater accuracy by taking input from the other two indices 

(Fig.1). The results confirmed the usefulness of these models for evaluating the groundwater 

contamination. Three models confirmed that areas with low slope, high volume of agricultural 

activities and shallow groundwater depth were the most vulnerable zones for groundwater 

contamination. Based on these results, optimized irrigation techniques and lower consumption 

of fertilizers are suggested for the vulnerable zones. The results of our study could serve as a 

scientific basis in future for sustainable land use planning and groundwater management in 

Chalakudy basin. Compared to modern algorithms like neural networks, they have two main 

advantages: higher speed and better performance with a limited number of samples (in the 

thousands).Thus vulnerability prediction using the integrated model approach yields more 

precise information than individual models. 

Keywords: Chalakudy River Basin, DRASTIC, GIS, Groundwater Vulnerability, Support 

Vector Machine 
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Fig.1 Support Vector Machine(SVM) based Vulnerability Model of Chalakudy River 

Basin.  

 

The SVMmodel shows that 16.40 %(179.74 sq.km) of the area is under highly vulnerable class, 

16.94 % (185.59 sq.km) in moderately vulnerable class and 66.64 % (730.03 sq.km) under less 

vulnerable zone.The Panchayats coming under highly vulnerable zone are 

Alur,Pariyaram,Melur,Koratty,Annamanada and Nelliampathy. 
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Abstract 

Water is the cardinal pillar of urban infrastructure. And domestic water is becoming a main 

issue in urban development of our country. Punjab is the sixth major urbanised state in India 

and according to 2011 censuspopulation  living in urban area is 37.49 percent and contributing 

nearly 60% to state’s GDP. The groundwater table has fallen at the rate of 25-30 centimetres a 

year in the past two decades;it is found that out of 5.03 million hectares of state area 4.32 

million hahas a falling water problem. The main reason for groundwater extraction is 

agricultural purposes. Out of 118 community 

development blocks, 62 blocks are over exploited and 

eight blocks are already dark areas showing no 

groundwater.Punjab has been grappling with intense 

and rapid depletion of groundwater. Government is 

largely to be blamed for the over-extraction as farmers 

extensively run pumps to draw up groundwater 

because of subsidy on electricity to the farmers. 

Agriculture is always given credit for depletion of 

groundwater in Punjab other sources such as Industry 

and domestic water usage is not taken into 

consideration. It takes drop by drop to fill a pail/Jar. 

So we should consider households as a source of 

groundwater depletion in the city. As population is  
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increasing day by day, with which urban sprawls are increasing in number with poor 

management and infrastructure new colonies are coming up with no amenities like water 

supply.  

So people use to dig submersible pumps in these areas without any hesitation. The areas 

where municipalities are providing water supply, Demand is much more than the supply and 

to fulfil the required need sustained groundwater pumping is done. . Present study maps the 

block level analysis of ground water situation from 1996 to 2018 data, which shows that how 

groundwater has depleted from 1996 to 2018. Patterns of ground water depth have been 

discerned. 

Key words: Groundwater depletion, Urbanised, submersible pumps, Patiala, Punjab 
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Abstract: 

Aeronet data has been used for the data analysis of the two countries, predominantly to show a 

comparison of AOD variation during the COVID-19 pandemic which have been responsible 

for significant changes in our climate. From the above results and discussions, it is seen that 

India though has a higher mean value than China, there has been a significant decrease (greater 

than China) in AOD value in the COVID-19 pandemic period when compared to previous year 

values. Thus, suggesting the grave impact of manmade aerosol concentration in the 

atmosphere. We can also see that different seasons, spatial regions and timelines also affect 

aerosol concentration. All the cities have different climatic conditions throughout the year with 

different elevations and human population which are the most important factors which 

determine the aerosol loading in the environment, and with the significant decrease of Aerosol 

loading in the major cities it is evident that further detailed study on the relationship of AOD 

and meteorological parameters will be quite useful for future developments and the amount of 

control measures required to decrease the aerosol loading to create a healthy environment. 
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Abstract 

 

In 2019, a report released by the Minister of Road Transport & Highways of India claims that 

the road accident situation is a more life-threatening scenario than the spread of any infectious 

diseases such as COVID-19. It suggested an urgentneed for some new measures to improve 

the road accident scenario in India based upon a comparison between loss of life because of 

COVID-19 and road accidents. A report released by World Bank also ranks India in the first 

position for road accidental deaths. The objective of this research is to analyze the road accident 

scenario as compared to coronavirus cases in India. The road accidents dataset for the years 

2014-2018 has been used from the open data platform by the Indian Government. Details for 

COVID-19 have been extracted from the website of covid19india.org and the Google cloud 

platform. Both the datasets are categorized according to several factors.  We compare the total 

number of deaths in a year due to COVID and in road accidents, percentage of road accidents 

and percentage of COVID confirmed (positive) cases, the total number of people deceased in 

different age brackets and years of life lost in both scenarios. Analysis based on these factors 

shows that although the total number of deaths in both cases equals almost 1.5 lakh, the road 

accidents hit India’s growth more severely with 60% of the working-age population being 

affected on road. However, people suffering due to COVIDwere majorly above 60 years. A 

few states depicted majority of the deaths attributed to road accidents as compared to a very 

less number of lives lost to COVID. The state wise analysis shows a direct strong relationship 

between the area and population of a state to the increase in the road accidents in the state as 

opposed to the weak direct relationship with the spread of COVID. In addition, the study used 

a standard measure of premature mortality i.e. YLL (Years of Life Lost) to analyze the severity 

of lost lives. YLLis a statistical measure that estimates how long the person would have 

survived had he not lost his life due to some cause prematurely. The YLL to accidents severely 

exceed years lost to COVID. This analysis signifies the urgent need to recognize the worsening 

situation and take the appropriate action. 
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Figure 1. (a) Age-wise distribution of deaths in road accidents and COVID, (b) Years of 

Life lost in road accidents and COVID 
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