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Greetings to all the readers of Pixel 2 People.

I am happy to share that the 2.7m Antenna S band Ground station
established under the India Bhutan Cooperation programme at
Thimpu, Bhutan has been inaugurated for direct reception of
payload data from INS-2B satellite for processing and application
of remote sensing data for Bhutan specific development
requirements.

The E0S-06 - OCM L1C and SCAT-3 products are made available
to users and can be accessed through the Bhoonidhi portal. The
data reception stations received 18281 passes with greater than
99.9% efficiency of Antennae Stations and generated 10.21 Lakhs satellite
products, of which 1.24 lakhs products were freely disseminated through
Bhuvan and 2.08 lakhs priced products through NDC during the first half
of 2023.

The country has witnessed extreme flood scenario in Assam and cyclone
Biparjoy in Gujarat. The DMSP of ISRO supported the mitigation efforts
of Disaster Management centres of Assam, Gujarat, Punjab, Haryana,
and Guijarat by generating flood maps and value added products in near
real time. The Joshimath Landslide event report is prepared and shared
with Uttarakhand State Disaster Management Authority and NDMA. The
Land Slide Atlas of India and Glacial Lake Atlas of Indian Himalayan River
Basins has been prepared and formally released during User Interaction
Meet 2023 organized at NRSC. The “Landslide Atlas of India” prepared
by NRSC is a rich collection of landslide inventory which will help user
departments in prioritisation of developmental activities in tectonically and
ecologically sensitive mountainous areas in India. The Glacial Lake Atlas
depicts spatial distribution of 28,043 glacial lakes of size greater than 0.25
ha mapped using high resolution Resourcesat-2 LISS4 MX satellite data of
2016-17 covering geographical area of 9,89,784 sq.km.

NRSC bags ESRI SAG (Special Achievement in GIS) award from India
for the year 2023. Thus NRSC sets a new precedent throughout the GIS
community, in application of GIS technology for landslide inventory in India.

The Bhuvan portal received average hits of 65.37 crore per month with
an average unique user base of 18.5 lakh/month. Bhuvan homepage
is integrated with user statistics dashboard depicting New Users, Hits.
Supported Ministry of Ayush for monitoring the International Day of Yoga
(2023) with mobile and web application and recorded more than 5000 total
Locations across India.

The Airborne LIDAR data acquisition and generation of Geospatial database
for FMISC, Govt. of Bihar, for part of Kosi basin in Bihar is completed that
shall aid in improved flood forecast mechanism in Kosi basin.

Visualisation of Real time and Ground Station activities of IMGEOQS is
facilitated at Qutreach & Training Facility to showcase the data reception
activities for the academia. Facility for interaction with Antarctica Ground
Station for Earth Observation (AGEQS ) is established at Qutreach Facility,
Jeedimetla as well as GP Birla Planetorium, Hyderabad. NRSC is gearing
up for showcasing the value added products from Oceansat 3 and RISAT
1A satellites. We are making continuous efforts to excel in promoting
enhanced utilization of remote sensing by delivering quality data products,
developing value added services and implementing outreach programmes.

Dr. Prakash Chauhan, Director, NRSC
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1 Spatial analysis of forest fragmentation & connectivity in Par

wildlife sanctuary, Western Ghats
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Introduction: Forest fragmentatlon — which is both scale and
observer-dependent - is perceived differently at various scales.
For any given species, a specified landscape has a different
degree of fragmentation. By reporting fragmentation at multiple
scales, resource managers can make their own choice and select
which scale best suits their field of conservation application.
Various spatial methods exist to quantify forest fragmentation
and ecological connectivity. However, these approaches require
extensive sampling and specific skills.

Methodology: The spatial distribution pattern and landscape
structure of forests in Parambikulam Wildlife Sanctuary has been
assessed using Morphological Spatial Pattern Analysis (MSPA)
and Forest Area Density (FAD). The sanctuary spanning 534.7
km2 is in Western Ghats of Kerala. The forest and land cover map
of 2019 was reclassified into the binary maps assigning the value
2 for forest pixels and 1 for other land cover pixels. MSPA is a
customized sequence of mathematical morphological operators
useful to assess forest fragmentation and connectivity at relatively
fine scales. There are seven landscape categories that can be
obtained - core, islet, perforation, edge, bridge, loop and branch.
Forest Area Density (FAD) is a simple metric of fragmentation
which is calculated as the percentage of forest pixels in a fixed-
area neighbourhood. The multi-scale assessment of fragmentation
measures the FAD at five fixed observation scales using a moving
window analysis with square neighbourhood areas of length 7,
13, 27, 81, 243 pixels. The result is a set of five maps showing
forest area density values in [0, 100] % for neighbourhood areas
over each forest pixel. A summary map showing the average FAD
value calculated across all five observation scales is seen in Fig.1,
while the proportion of forest pixels in each fragmentation class is
calculated and summarized in a bar plot in Fig.2. Both MSPA and
FAD are implemented using GUIDOS toolbox.
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Figure 1.1: Morphological spatial pattern map showing distribution of fragmentation and connectivity in Parambikulam wildlife sanctuary
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Results and Discussion: Among the seven landscape types of
MSPA, with an area of 279.7 km2, the core type had the largest
area accounting for 52.3% of the forest space. Edge type occupies
only 5% of the forest cover. Bridge forests are highly dispersed and
distributed mainly in the northern part of the protected area. The
area of the islets is very small. Bridges and loops are considered
as ecological corridors because they are linear ecological areas
with a structural connecting function. Among the forest types,
moist and dry deciduous forests are moderately fragmented, while
wet evergreen forests are highly connected. In the summary map,
interior and intact forest categories of FAD - which accounts for
66.7% and 3.99% respectively - are highly suitable for endemic
species (Fig.3). The degree of forest fragmentation across forest
types indicates prevalence of dominant, interior and intact forest
habitats for wet evergreen forests. Areas with bridge, edge,
loop, branch and islets offer highest restoration opportunities
for improving the structural and functional aspects of forest
connectivity.

Spatial map based analysis on forest fragmentation and
connectivity can provide vital inputs for identification of potential
wildlife corridor paths and hotspots of fragmentation, which is
critical information for planning and conservation assessment.
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Figure 1.2: Bar plot showing forest fragmentation at multiple scales
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Figure 1.3: Multi-scale output of forest fragmentation for Parambikulam wildlife sanctuary
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Under the National Hydrology PrOJect (NHP), NRSC has establlshed
an evaporative flux monitoring system for the country. As part of this
project, the daily Actual Evapotranspiration (AET) product has been
developed using remote sensing and meteorological observations
through energy balance and mass balance approaches. To validate
satellite-based daily AET estimates, a network of Open Path Eddy
Covariance (OPEC) System s established across the country under
different agro-ecological regions. This article describes the phase-
wise activities and the challenges encountered while establishing
the Integrated Flux Tower Observation Network (IFTON). Entire
network establishment process (site selection and instrument
installation) was completed during the challenging COVID times
with constraints for fieldwork travel.

Open Path Eddy Covariance System is a set of fast and slow
sensors (Figure 1). Sensor combination has been designed to
collect the observations related to the physical and chemical
properties of atmosphere-related processes of the surface fluxes,
such as air temperature, relative humidity, wind, gas concentration,
soil moisture and soil temperature, and net ecosystem exchange.
Technical specifications of the system were finalized considering
the latest available technology worldwide to measure these
observations. The establishment of a new OPEC flux tower
needs to be carefully planned and positioned in order to ensure
flux measurements of high quality, which is representative of the
ecosystem. The first steps to be considered are the tower design
and location, which are often defined by ecosystem type, power
availability, statutory permissions, and infrastructural limitations or
accessibility (Rebmann et al). Care was taken to locate the tower
where the existing flux towers were not present.

Understanding the concept of the flux footprint is essential for
proper planning and execution of an Eddy Covariance experiment.
The flux footprint is the area ‘observed’ by the instruments on
the tower. The height of flux-measuring sensors, the surface
roughness of the crop in the ecosystem, and the thermal stability of
the surface layer of the atmosphere that influence the fetch area of
the flux tower are the few parameters which decides the footprint.
Flux footprint analysis was carried out for each location before
site finalization. Discussions were held with potential institutional
partners across the country for identification of suitable sites with
security and upkeep of the stations and seamless data collection.
Ten locations situated in different agro-ecological regions with
varied cropping patterns and agricultural practices were finalized.

Under National Hydrology Project, for the procurement of flux
towers, a two-part tendering process was followed. Central Public
Procurement Portal (https://eprocure.gov.in/) developed by NIC
was used for the same. The tender document was prepared, and
necessary internal administrative approval was obtained from
various Committees. The bid for the "Procurement of Open Path
Eddy Covariance System for the geo-spatial data analysis under
NRSC studies" was floated in the Central Public Procurement
Portal of NIC on 9 Mar 2020 and Purchase Order was released on
30 Jun 2021.

MoUs were signed with the ten identified collaborating partner
institutions across the country. Pre-installation field visits were
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carried out for all the finalized locations. For each site, the actual
location for installing the flux tower was finalized by considering the
field conditions and accessibility in consultation with the partner
institutions. After the pre-installation field visits, materials and
sensors were delivered to each finalized location. With the logistic
help of partner institutions, civil works for erecting fencing, tower
and its platform was completed at all the locations by October
2022. Sensor installation activities were carried out between
November 2021 and January 2022 simultaneously across India.
From January 2022 onwards, all ten flux towers started functioning
and collecting data across the country (Figure 2).

Creating a near-real time database from the simultaneous
observations from the ten locations is essential for effective
monitoring of the system and data utilisation. Data from the ten
flux towers are transferred through the GPRS modem to the NRSC
server. Bhuvan Team enabled a secure data transfer gateways
for seamless data transfer. The fast sensors record data at 10 Hz
frequency, while the slow sensors record at 5 minutes interval.
The first level of data processing happens through the on-board
software of the data logger. The transferred data is being archived
systematically on the NRSC servers.

A dashboard was developed with the help of Bhuvan Team for near
real-time data visualization from ten flux towers. Open-Path Eddy
Covariance Flux Tower Dashboard was made live in the Bhuvan-
NHP portal (https:/bhuvan.nrsc.gov.in/nhp/et-flux-dashboard)
under the ET module. The snapshots of the dashboard are shown in
Figure 3. Near real time Evapotranspiration, Net Radiation, Rainfall,
Air Temperature, Relative Humidity, Mean Wind Speed and Wind
Direction, Top Soil Moisture and Soil Temperature observations are
integrated to the Flux Dashboard.

The Flux Tower data will be used for different ecosystem-level
studies on carbon, water, and energy transfer. These observations,
combined with remote sensing and field observations, will be
useful for up-scaling of surface fluxes and soil moisture to a
regional scale. Collected data will be utilized for carbon exchange
and climate change studies as well.
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(350G # wera 2TR)
Figure 2.1: OPEC Cofiguration with Various sensors
(Flux Tower at Hyderabad)
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Figure 2.2: Established Flux Tower Network across the country

03.07.2023 & THRUGHE, STATFIR H HU TG U7 SrRihH
ISRO Induction Training Programme at NRSC, Balanagar on 03.07.2023
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Flood depth maps represent the maximum depth of flooding at any
given location. Timely information on the floodwater depth helps
during emergency response and post-event damage assessment.
Floodwater depth can be simulated using hydraulic modeling and
terrain-based approaches like Height Above Nearest Drainage
(HAND) model. Both models require detailed hydrological, hydro-
meteorological and other inputs. In recent times, satellite-based
flood inundation extent and Digital Elevation Model (DEM) are
being combined to generate the flood depth maps. In this study,
an automated chain process is developed in QGIS environment to
estimate the flood depth using satellite-derived flood inundation
and Copernicus Forest and Buildings removed DEM (FABDEM).
The results are validated using the flood depth derived from MIKE
model for Godavari flood event. In 2022, flood depth is derived
for flood events in Assam using Sentinel-1 G-band SAR image of
22nd May 2022 and ALOS PALSAR L-band SAR image of June
22nd, 2022, and for Bihar using EOS-04 (RISAT-1A) C-band SAR
image of 31st August 2022.

Sigma naught images were generated from the raw SAR images
using the product metadata, and flood water layer was extracted
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Figure 3.1: Methodology chart
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using threshold technique. Image processing techniques like
filtering, smoothing, resampling were applied and the flood
boundary cells were identified. The satellite-derived flood layer has
gaps which would affect the depth estimation and hence these
were filled to have continuity in the flood pockets. Processing of
water layer is required as accuracy of water raster plays a major
role in flood depth estimation. Extensive image filtering/sampling
techniques were applied to clean the image. The elevations at the
boundary cells were extracted and assigned to the Domain Cells.
Using GRASS Tool growing distance algorithm in QGIS, Euclidean
distance was calculated for each pixel. The flood water depth was
estimated by subtracting the elevation at the flood boundary and
its corresponding elevation values from the DEM. Methodology is
shown in Figure-1. Figure-2 shows the flood depth calculated for
various flood events in 2022.

Flood depth was calculated using FWDET tool based on image
processing techniques. It is a fast and reliable method and requires
less resources and computational time when compared to standard
hydrological tools. However, accuracy of the flood depth depends
on the resolution of the DEM and satellite-derived flood layer. This
research study augments the satellite-based inputs for relief and
rescue management during riverine flooding in the country.
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22.05.2022 Bl FATR, TEH & UTH ¢ & TTgAdl

Flood depth near Kampur, Assam as on
22.05.2022

22.06.2022 Bl AS[e, 3T & UIE a1¢ &t TTerar

Flood depth near Majuli, Assam as on
22.06.2022

e &t T (F4) Flood depth (cm)
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31.08.2022 Fl AR, HER & U aE i TTeeAdl
Flood depth near Bhagalpur, Bihar as on
31.08.2022
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Figure 3.2:

@ 13.06.2023 i TTIRUGE!, AGTR & THA-A1T TH2TE HI 956 )
ISRO-NOAA F2F Meeting at NRSC, Shadnagar on 13.06.2023
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Flood Affected Area Atlas of India - Satellite-based Study
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(Tea®) daR far g |

National Remote Sensing Centre (NRSC) has been mapping and
monitoring flood inundation during major floods and cyclones
across the country as part of the Disaster Management Support
Programme (DMSP) of Indian Space Research Organisation
(ISRO). Digital archives of the same have been created. These
historical flood maps are useful for identification of flood-affected
areas. NRSC/ISRO has prepared the Flood-affected Area Atlas for
India using the available historical satellite datasets spanning over
25 years (1998 to 2022) in association with the National Disaster
Management Authority (NDMA).
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Disclaimer: Flood affected area map is a cumulative of flood inundation areas mapped from multi-date satellite data acquired and processed during 1998-
2022 covering major flood & cyclone events. Flood inundation may include rain water accumulation / flood water in low lying areas. Estimated flood extent
depends on availability of satellite data, it's date of overpass and coverage over flooded areas. Some of the Flash flood events could not be mapped due to
non availability of satellite data in short duration. Flood affected area estimated in the study excludes river portion, permanent water bodies, salt pan and
aquaculture lands in flood plains. Hence, actual flooded area may be more than the area estimated by satellite images.
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District/state-wise flood-affected area statistics have been presented
along with the State Maps and India Map in the Atlas. Digital spatial
maps are hosted on National Database for Emergency Management
(NDEM) geoportals of ISRO. The Atlas would be useful as an
information resource for policy makers, planners and civil society
groups towards flood risk evaluation, sustainable development and
flood mitigation efforts in India. This atlas will be a valuable tool
towards preparing disaster management action plans at state level
and for disaster risk reduction measures in the country.

Satellite-based study on flood-affected area in India estimates that
about 15.75 Mha area is affected by floods at varying extents,
covering 24 states. Of these, Bihar, Assam, Uttar Pradesh, Odisha,
West Bengal are chronically affected. Coastal states are affected
due to heavy rains and cyclones.

The Flood Affected Area Atlas was formally released by Shri Gajendra
Singh Shekhawat, Hon’ble Union Minister, Jal Shakti on 11th March,
2023 at Vigyan Bhavan, New Delhi during the 3rd Session of National
Platform for Disaster Risk Reduction (NPDRR) - 2023.
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Shri Gajendra Singh Shekhawat, Hon’ble Union Minister, Jal Shakti, has
released Flood Affected Area Atlas - satellite based study during 3rd Session
of National Platform for Disaster Risk Reduction (NPDRR) - 2023.
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Training Workshop on Hydrologic Unit Model for India (HUMID) on May 9-11, 2023 at RRSC-Nagpur
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On 6th Feb 2023 at 4:17 pm (local time), a massive earthquake
(Mw 7.8) struck southern Turkey and western Syria. The epicenter,
located nearly 38 km west of the city of Gaziantep, caused
widespread damage and deaths in the region. The earthquake
was followed by numerous aftershocks, including an unusually
powerful Mw 7.5 aftershock (Figure 1). Approximately 14 million
people were affected by this earthquake, with ~59,000 confirmed
deaths. It is fifth deadliest earthquake in 21st century and the
fourth costliest earthquake so far.

Earthquakes are the consequence of movement along the tectonic
plates. Turkey lies at the intersection of three tectonic plates
(known as triple junction) that make up the Earth’s crust - the
Anatolian, Arabian and African plates. Arabian plate is moving
northwards into Europe, causing the Anatolian plate to be pushed
out westwards. The African plate which is separated from Arabian
plate by Dead Sea fault, pushes the Anatolian plate further towards
north (Figure 1). The location of the present earthquakes is within
the vicinity of a triple junction between the Anatolian, Arabian, and
African plates. This tectonic set-up of Turkey is one of the most
actively-deforming regions in the world and has a long history of
devastating earthquakes.

In orderto understand the extent of ground movement caused by the
earthquake, a SAR Differential Interferometric (DInSAR) analysis
was carried out. Pre and post-earthquake Sentinel-1 descending
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Figure 5.1: Tectonic boundary map showing first and second earthquake as well as aftershocks in Turkey (Source: The Economist)
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pass data acquired on 29 January 2023 and 10 February
2023, respectively were used to carry out DInSAR processing.
Deformation phase fringe map of the region was generated as
shown in Figure 2. Large and close-spaced deformation fringes
are seen over Osmaniye, Gaziantep, Kahramanmaras indicative of
significant ground movement (Figure 2).

Several major cities of the region suffered massive damage. Pre
and post-earthquake very high resolution Google Earth imagery
over cities like Kahramanmaras and Antakya shows the nature and
extent of infrastructure damage caused by the earthquake (Figure
3). Antakya city, though away from the epicenter, suffered severe
damage to buildings mainly due to liquefaction. Similarly, cracks
on the ground were also visible in the satellite image indicating fault
propagation. The earthquake is also an eye-opener to the damage
consequences. A similar magnitude earthquake occurring within
the Indian Himalayas can lead to severe damage in near future.

o 5.2: eTHAUTH H ST, HETHTARY Wgl &l wdet Fam f@mn e & S "geayot S faeqor o1 e &1 8 | T (- ter-fsfer)
o 7 Tkl o o TR S-qETeH (~ 2.8 FoiY) &t gzl H SuUrg § w3 o = # gedt 3t gag & faeuor o gRild € | 9%y g ¥ g g R
A STHT feTor o6 ond &4 € |
Figure 5.2: Interferogram showing close fringes over Osmaniye, Kahramanmaras cities indicative of significant ground deformation. The

coloured (cyan-yellow-magenta) fringes show the deformation of the surface of the Earth in the direction of the view from the satellite in
units of the radar half wavelength (~2.8 cm) between colour cycles. Open fringes away from epicenter indicate less ground deformation.
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Figure 5.3. Pre and post-earthquake Google Earth imagery over Kahramanmaras city shows the nature and extent of building damage
(Yellow arrows point towards collapsed building due to ground shake)
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National Remote Sensing Centre NRSC is the Primary User
Interface of ISRO for Space Borne and Airborne remote sensing
data which is of high utilization value for the Government sector,
the scientific community, the data analysts and the academic
sector. The applications vary from Natural Resources Assessment
and Monitoring, Ecosystem based applications to carrying out
Research and Development.

Synthetic Aperture Radar, SAR is an active Coherent Imaging
System which can operate at the Microwave frequencies on
all-time and all-weather basis. Polarimetric SAR data has a vast
application potential in the field of agriculture, forestry, oceanic
applications, oil-spill detection to name a few. SAR polarimetry
is a renowned tool for providing highly useful information about
the region of interest In SAR based remote sensing, the measured
scattering properties of the target pertain to the radar operational
frequency, the look angles and the transmit and receive (TX/RX)
polarizations used .Compact hybrid pol SAR like RISAT-1,E0S-04
operates in Circular Transmit Linear Receive(CTLR) mode. CTLR
offers reduced complexity, cost, mass and data transmission
rate of the SAR system while retaining the relevant polarimetric
information of the target. Full/Quad pol SAR like RADARSAT-2,
EOS04 involve coherent transmission and reception of both H and
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Figure 6.1 : EOS-04 General Four Component Unitary Model Based Decomposition Mode: FRS-1 SLC Quad Pol;
Date of Imaging: 12 /04/2022 Area: Ahmedabad (SARPOLTOOL in the QGIS Environment)
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¢ Texture-Based Analysis

e The Radar Vegetation Index (RVI)
Estimation

 Grey-Level Co-occurence Matrices(GLCM) can be generated
for neighbouring distances and in the specific directions

e Processing of oil slick data .In order to distinguish between
oil-spill and look -alike signatures using CTLR hybrid & full pol
SAR

* Intuitive Support for EOS-4 products exclusively

* False Colour Composite (FCC) Generation

¢ Mosaicking of Beamwise SLC products

 Customized filters for enhancing the Image Quality

e CFAR based integrated Ship Extraction on EOS-4 Products.

« Ship positions saved as shape file that can be shared easily

and Pedestal Height
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Figure 6.2: Sigma Naught Backscatter —-Mode :FRS-1 Quad Pol L2A Date of Imaging: 26/09/2022 Area: Rome
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Figure 6.3: Outputs Generated by SARPOLTOOL
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Figure 6.4: SAR Missions supported by SARPOLTOOL
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V signals. And thus present a complete understanding about the
target area but the trade —off is the high cost of architectural
complexity and reduced swath.SAR missions like Sentinel-
1A/1B, Radarsat-2 and RISAT -1,E0S-04 operate in C-band in
single, dual, quad and hybrid polarimetric modes. Upcoming SAR
missions like NISAR are designed to operate in L&S Band with
full, hybrid and dual polarimetric modes..Thus, there arises a
primary requirement for development of Radar Toolboxes which
can support SAR data assimilation and analysis.

SARPOLTool-v2.1 is an in-house developed software application
for performing polarimetric analysis and extraction of basic
functional parameters using SAR data.

It is a User-Interface based Software providing support for Multi-
Mission SAR data of RISAT-1, RISAT-1A/E0S04, Radarsat-2,
Sentinel-1, NOVASAR, L&S Airborne SAR and Chandrayaan and is
embedded with QGIS for visualisation and analysis. It is designed
to carry out Polarimetric processing of Full —Quad Pol and Hybrid
polarimetric processing. It is designed to generate Polarimetric
Decomposition outputs for Full Quad and Hybrid PoISAR data
along with other salient functionalities.

The user may download the QGIS Application and add the
SARPOLTOOL v2.1 as a Plugin and the tool is configured in the
environment and ready to use . SARPOLTOOL v2.1 is available
to Registered Users through NRSC Bhoonidhi portal with new
upgradations and add-on functionlities on a regular basis.
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"Young Scientist Programme" or "YUva Vigyani KAryakram", YUVIKA, is ISRO's learning and awareness creating platform designed for
younger school students (9th passed) with a preference to rural areas for assimilating basic knowledge on Space Technology, Space
Science and Space Applications. The programme is aimed at creating awareness about the emerging trends in science and technology
amongst the youngsters, who are the future building blocks of our nation. ISRO has chalked out the programme to "Catch them young".
YUVIKA is also expected to encourage more students to pursue career in Science, Technology, Engineering and Mathematics (STEM) based
research. Yuvika is a 2-week residential programme organized by CBPO, ISRO during summer vacations for pan-India school students.

A total of 39 students registered at NRSC for the programme. The distribution from different states is: Telangana — 12, Andaman &Nicobaar
— 7 Jharkhand - 10, Chandigarh — 7, Sikkim - 3.

In this programme following activities, competitions and group tasks were organized to ignite the curiosity of the students.

 Knowledge lectures — Space Science & Technology and their applications

 Hands-on sessions on Model Rockets Assembly & Launch, Cansat, Robotics, Astronomy, Space Suits

* Visits to IMGEOS, CAL VAL, Library, M/s Dhruva Space, M/s SkyRoot Aerospace, Birla Science Centre

« Interaction with NRSC Scientist at Antarctica, VSSC Scientists at Thumba Rocket Launch Station, NESAC Drone scientists at Shillong

e Demo on UAVs

 Competitions like Quiz, Geospatial Team challenges, sports & others

« Sessions on Yoga, Personality Development

* Edutainment programmes like Interactive games, Indoor Games, Camp Fire, Cultural programmes, DJ, visits to Charminar, Ramoji Film

City, Statue of Equality

The programme was inaugurated on 16th May through video conferencing and concluded on 26th May, 2023. Chairman ISRO and Director,
NRSC addressed the students. The students were finally issued their prized possession of the event: The Yuvika 2023 Certificate.
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The early microwave remote sensing data conS|sted mostly
of single polarization, usually of plane polarization. Just like
panchromatic data in optical sensing, the mono polarization data
has had severe limitations, esp. for usage in natural resource
studies which all remote sensing data are meant for. Then came a
giant advancement in the form of multi-polarization data, i.e., tri-
pol. or quad-pol. data.

This short outline-paper discusses the concept of hyper-
polarization possible matrices and other parameters.

Introduction: Microwave Remote Sensing had humble beginnings.
It can be said that it started, as far as satellite microwave Remotely
Sensed data are concerned, with ERS — | satellite, which provided
VWV polarization Synthetic Aperture Radar data. Any single band or
polarization data has severe limitations because natural features
have inherent variabilities, which can be described only scantly
by such dimensionally constrained data. To solve the limitations,
scientific community used to generate temporal composites and
then carry out analyses. It appeared, the problem was solved to a
certain extent.

However, the way the Earth surface features interact with microwave
signal can be better accounted by data of more ‘dimensions’, in
microwaves usually of multi-polarizations. In today’s scenario
(2021), tri-pol. and quad-pol. data are familiar to analysts who
use active microwave data. This enhanced the capabilities of the
analysts — better techniques and algorithms have been formulated
and still algorithms are being designed.

The analysis with multi-polarization data requires arrays (vectors)
and matrices. One of the fundamental matrices used in the context
of full polarimetric data is Sinclair matrix, also called scattering

matrix:
S//// S//V

sl/// SW

where S refers to back-scatter coefficient and p, q refer to
transmitted and received polarizations, where p, g =H or V. It may
be said that symbolic convention in Microwave Remote Sensing
uses S for complex valued back scatter coefficient and o° for real
valued back-scatter coefficient.

Hyper-Polarization:Though enormous successes have been
achieved with tri-polarization and quad-polarization radar data,
matrices and parameters derived from the data, the successes
don’t limit or exclude the possibility of designing/fabricating more
advanced Synthetic Aperture Radar hardware for more than four
polarization combinations and thereafter the polarization richer
data can be used for applications, viz., crop discrimination, forest
type mapping, rock type mapping, etc. Like the Hyperspectral
Remote Sensing in optical/infrared Remote Sensing, microwave
polarization characterization of different Earth surface features
is also a possibility and if multi-pW frequency as well as hyper-
polarization data will be available, then it will be even better.

Consider a radar transmitting a plane polarized microwave in a
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polarizationl o, where 0<o<n/2 in radians (i.e., in degree
measure, 0°=a<90°) and B receives in a polarization 3, where,
again 0=p=<n/2. o as well as o3 are measured with the horizontal.
Then the backscatter coefficient is denoted by S , (or in the case
of real valued back-scatter, the symbol, 6°_, can be used).

This concept can be extended further. An advanced Radar can
transmit microwaves of different polarizations ranging from
horizontal H (=0) AB, 2AB, 3AB... the vertical V (=7/2 or 90°)
and reception also in different polarization combinations. Once the
back-scatter coefficient data are acquired/generated, results in n x
n Sinclair matrix for every point, which may be called Sinclair —
Prasad et al. matrix, given by

) SH,H SH, Ap SH,ZAB SH,BAB"' SH,V
SA[S,H SABAB SAB, 2B, SAB, 3AB""" SAﬁ' v
SZAB, H SZAB, AB, SZAB, 2B, SZA[}, 3AB, "T" SZAB,V
Sun Sy " S, onp, S e S n Sy

It turns out that, for more than one polarization, the square matrix

is of size nxn, where
w2 90"

3B (rad) @B

With the matrix so constructed, a number of utilizable parameters
can be formulated, one of which is listed below.

n=1+

Phase & Phase Difference: Fora complex valued multi-polarization
data, for that matter any complex quantity
.S'mg = RE(SEE} + jfm(.‘j'mg}

with j as the imaginary unit, tangent of the complex phase ¢ is
defined to be: Im(S,p)

"~ Re(Sqp)
where «, and (3, refer to the transmitted polarization and received
polarization angle state, each in the angle range [0, w/2].

The like and cross polarized phase difference can reveal soil,
vegetated fields, urban area etc. in multi-polarized data. Whereas
in quad-polarization data the phases are limited to four, here in
hyper-polarized data, the options are n2 in number and there is
a big possibility of characterizing not only the broad themes like
agriculture, bare soil, rocks, forest etc. but also of different sub-
types such as crop type like paddy, sugarcane; sub-varieties of
the features (for example, different varieties in paddy) could be
another follow up.

Conclusions/Possible  Applications: Hyperspectral Remote
Sensing data, which has become popular since a few years,
has constraint of cloud cover, as is well known. Since hyper-
polarization data are also of microwave category, cloud and other
weather related phenomena are not problematic unless the weather
becomes severe.

The application of hyper-polarization data can be used in various




IR
Pixel 2 People

# o S werar &, o = AmfTavn, atae s, S/
TGl €1 X R FAW/ 3T YaFE R By ST T €| 98-
YieRToT 2T il ot # Sge sy & 3w ot o wehelt § 1

ool
1. G&H-TGT TR 1R Weafea gor Taed, wars & 3aret iR
2fae St af=r, Al fasfammea Iw

Remote Sensing applications, including, but not limited to, forest
mapping, geological applications, agriculture/soil, military, outer-
space Remote Sensing explorations. Several Radar Vegetation/
Other Indices can be formulated. Finer inferences compared to
multi-polarization data could be expected.
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AY @A & foIg o STrar @ 1 wRa #, Reve S o sugi e
IR Ot yga & fag fGdfes quek R (SAR) &1 98 9AM W
ST fohan 7T B | 39 31l Gl gtendr, Ugfd 3fik et IuanT
% SMYR W 957 g Tl & | 3 3T I IL¥F oI, HRA #
25760.47 a1 fat, T T O1ge (22.87° N# 24.59N, 71.50°
E § 73.33022.87°) ® | 41t o1 U T o folq o sraeiien
IYUR-04 wael-28 foxafsa 2e1 (ARD) &t Iunifiran o fameryor
we (Ra1)

JehEhe 3G o JHglfestT &l 75 3R GR Uer =l 6t ugam
23-29 FI ShEhex I & FIY U 3olid iR (Kd 2) & 79 &
H T | 6631 foig =il T gat U e ot dereche Bfd W Her
a7 | Google Earth Pro (GE) # 3=-fa%gd vaRia 3uug el
T IYANT Tk R 1T AT 9 160 Yga T4 frei # & 103 &
TR Ueell F ufeafd & gy (et 3) & 71E | gredifes, 57 firet = e
THERTEGAY foETs, ST 7ed €4 § I8 Mgl (FHRE @ gfe) &
yfafAfee @t ¢ 1| 9% sifafed, sregga &4 & 135 el § dr
Be1 & fSieemt uan el 9t et (I% H gfe) | Fafd sremma § 9k
ATl T T AT Sl T Tl Sgd SIS T ¢, aud a
SR 7egH U4 gl & § 9R §9a & sraciien o forg 21 &t amar
I 3@ g, T Feiand afes ot (Ra 4) |

A § 35 Ycd aTel Wed &l § 9 Ul @l gete gdT e
% g g eread $2Nug-04 dad-2at fazafva a1 (Temel) &t
&TFAT 1 UGRId e ¢ | S31TY 31 & &1 i @l gem d
TelhaT § 3R GUR & gohaT ¢ | Ifeh [4f9a Res TR Oet 1 wa
A &t Gelerar &l UIfad @i ¢, SEfeq 39 3rea § urt 71
I gfe & HRUT ht ST & feiy <1 3 <y 6t i g g

Remote sensing techniques, such as object-based image analysis
(OBIA), machine learning algorithms, and spectral analysis,
are commonly used to detect and map solar panels from aerial
or satellite imagery. In India, synthetic aperture radar (SAR)
has been extensively studied for solar panel identification using
remote sensing. The accuracy of these studies varies based on
the methodology and data utilized. This study aims to analyze the
usability of EOS-04 Level-2B Analysis Ready Data (ARD) for solar
panel detection in a sample site (22.87° N to 24.54° N, 71.50° E
to 73.33%) in Gujarat, India, covering 25760.47 Sq. Km (Figure 1).

Thresholding of the backscatter product was carried out and
the solar panel locations were identified with a peculiar speckle
(Figure 2) and a backscatter range of 23-29. A grid consisting
of 6631 point locations was overlaid on the backscatter image.
Verification using high-resolution optical satellite images in Google
Earth Pro (GE) confirmed the presence of solar panels in 103 out
of the 160 identified grids (Figure 3). However, 57 grids showed
false positives, primarily representing large warehouses (error of
commission). Additionally, 135 grids in the study area contained
solar panels that were not detected (error of omission). Though
the overall accuracy of the solar panel detection in the study is
not very satisfactory, however looking at the ability of the data to
capture the solar panel in the dense and moderately dense urban
area, the overall accuracy was high (Figure 4).

The study demonstrates the potential of EOS-04 Level-2B Analysis
Ready Data (ARD) for accurately detecting solar panels in moderate
to high-density urban areas. Enhancing the spatial resolution of
the EOS data could further improve accuracy. As various factors
impact the accuracy of solar panel detection, further research is
recommended to investigate the causes of higher error of omission
observed in this study.

Table 8.1 : Satellite Data Specifications

.. Beam Product @ Resolution .. Date of e .
Mission Sensor , Polarizaion . el Utilizaion
Mode Type (spatial) Acquisition
EOS-04 StripMap SAR | GRD HH 11/09/2022 | Solar Panel

detecion

f@-8.1: TSR & 9T H Sraeifehd $1TH-04 ST
Figure 8.1:E0S-04 data as visualised in the Part of Gujarat

d-8.2: g3 grer W 9R Gt s
Figure 8.2: Solar Panel Speckle on EOS Data
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UREcHl & Heardd & ol STamr @l afe Tdeqor e
T g1 URURS grEerMithed Hago Y THT o4 aTd,
TAIE g A 2 ¢ | 39 ¥ § of-wfe aeie aumaTd ok
forwmrerctt gfaer wgm et 8 1 ot Stamrg &t Fars- - e
Hd, ST &l TSR AT &l YR wed & forg Hgeayot
2 g foree! SUgINT STAT=g & e, SIelRig a1 JHT, &HdT &
fraor ofiR Uder SaTE (STef W) & S17&Y Ut & faaeor # feman
ST GehdT g | I8 31T dled REd seiifFaiar @ (KERS)
& AT TR I AR & WSRIT &A1 H HH & he &
forg y-wnfae Wi &1 SuanT weeh SIfSewan STaR™ dae
(FRL) e 3R &d-&7dT &d UG & & folg foam mar g |
G STEATRIE ol fToT FeAteds & HealeH TTid & qirigl 7gh i
fopan 71T 8, S Ueh Wi ag-SeRd aie ufaisrn €, fSiget fAmtor
gy 1953 H farar T |

Y g H, ST & G STd YR &l &l 39 & & fag
fggeR 2019 ¥ 74X 2020 (27 AIE) Ft 37T 3 GRA FroTgT
AT B Ha HA arel grEds GR(SAR) 3R A i@aed
IYUE ST & TN o1 GaTfIe 3fiX et foman man € 1 e, it
UelTa &l 7 NfehaA IRad= ATgH S/afd & o1& il ¢ | 54-
ST ALl & G STkt SeT &t STTUTSIAT & HRUT ST
#H SAR a1 &1 3uanT fopar T @ | Suvg ger § fAffd o yeR
TR 3fX qeafed fAfdat & KERS g1 Mg &t 718 got STefr=r

Periodic surveys of the reservoirs are essential to evaluate
the changes in the storage capacity due to inflow and trapping
of sediment. Conventional hydrographical surveys are time-
consuming, labor intensive and expensive, thus geospatial
techniques provide timely and cost-effective approach. Elevation-
Area-capacity curves of a reservoir are important for defining the
storage capacity of the reservoir which can be used in reservoir
operation, reservoir flood routing, determination of capacity and
water spread corresponding to each elevation (water level). This
study has been carried out on request from Karnataka Research
Engineering Station (KERS), to provide FRL contour and area
capacity curve using geospatial technology for Tungabhadra
reservoir for assessment of loss in storage capacity. Tungabhadra
reservoir is constructed across River Tungabhadra at Mallapuram
village in Karnataka and is a major multi-purpose dam project
commissioned in the year 1953.

In this study, a combination of temporal SAR and multispectral
satellite data covering Tungabhadra reservoir for the period Dec’
2019 -Nov’ 2020 (27 dates) have been processed and analyzed to
map temporal water spread areas of the reservoir. Since, maximum
changes in water spread areas corresponds to monsoon periods,
SAR data has been used in the study due to non-availability of optical
data during June-Oct Months. Cumulative Storage capacities have
been computed at each water level up to sill using Full Reservoir
Level (FRL) information provided by KERS for the corresponding

Water Spread Area of Tungabhadra River

Reservoir Water Cumulative
water level | spread area| Capacity in
SL.No. |Data Type| Date of pass (m) in Sq.km TMC
1 Optical 6-Feb-20 492.25 229.15 69.84
2 Optical 22-Mar-20 486.42 110.73 18.63
3 Optical 1-May-20 55.67 13.83 16.98
4 SAR 22-Jul-20 490.58 188.15 51.07
5 SAR 27-Aug-20 497.74 369.48 166.48
6 SAR 28-0ct-20 497.74 370.81 166.48

9@-9.1: el 3REX it W & (5901 g7 TH.T.3TR. TH.Ue.HT. ST § HIerTd aifida S3eye
Figure 9.1:Temporal Classified outputs from SAR SLC data for delineation of Tur Crop
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daet(FRL) STHFeRI @l IUGNT ohich Yedeh STt Tk IR Gt e
GEAT3T &t IO 6 7 B 1 2020 % (Y STATRIG & Sairs - &l - AT
hd IR e 7T § R g 3@ T § o ereee 2020 % HEM &
3R 166.48 TMC &t SRUT &HaT & |19 370.806 & o .
fIhaA STl YER &d &1 3R A 2020 & AL H 16.98 TMC
&l RN AT F T 55.672 T fh. AL FAAH S TR &a
STTHT ST TTIT § | STelTR <ht &ell | e o1 emehet el &
forg STetmera & ufemferdt eprar &t Jer gd-SiereRTa(3h-grmsede)
TeroT e 3R fUsel grggiithe Gaeron & &l STl ¢ | I8 31eEa
el thefta- el & H9TROT 3R STeTrerl et STSROT &arat &t TorT
& foiu gmafdes (Fifeidr) SUsrg o IUANT &l Ueh el Td-gorat fafe &
Y USRI &ear g St KERS fam & faq Stemeg-veaes aik Aoy
o= el ufshar § Sugnh g |

dates and water spread contours generated from satellite data.
Elevation-Area-Capacity Curve has been generated for the reservoir
for 2020 and it has been observed that, maximum water spread
area of 370.806 km2 with a storage capacity of 166.48 TMC has
been estimated during the month of October 2020, and minimum
water spread area of 55.672 km2 with a storage capacity of 16.98
TMC in the month of May 2020. The calculated capacity of the
reservoir is compared with pre-impoundment survey data and
previous hydrographic surveys to assess the loss in capacity of
the reservoir. The study demonstrated the use of temporal satellite
as a cost-effective method of generating water spread areas and
computation of storage capacities of reservoirs which will be
useful for the KERS department in reservoir management and
decision-making process.
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National Meet on Completion of Urban Geospatial database for AMRUT Cities under Formulation of

GIS Based Master Plan Sub-Scheme
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Y9G ol TaT o1 & g faar Sirar @ 1 3 & a9 A<t & &)
# gdepifeies afad g 9 & el A 7 gfg 3R argdl
& ST & HRYT BT &, ST Wed faehr & ufamge g | aad
T H, Friteds MR AT & THE Regdl & R &l 3Tk
FA & forg A1a afeat 3fik fdaR & faem &t udl evm & fag
DMSP/OLS Tfearret= fofdfafredt (gAet) @ suamr fomar
2 1 LA, wfifere o v (Tt 3 R & SR R e W
Sifor- o, meam ofi o # arifesd fomam 11T B | Wbt o e
T[0T 3 ST TR, TehTRI & Fehrote R faa fomar S g i shmsr: &1
UREd & gRT el & fagar &t derar & guitar S ¢ |

FATedh Bl aR IR 9T H faenfSid faar man ¢ 9 &) ee
) SRt M) e 3T 7T) HE | FHeAT FHeed ael G aIe
! TITIT TS & aTeh! TGEdl bl il H eIl Feeh &d & &ad
Y ! AT 3Nk faehrg & @i et s & forg &t
T2 ot | 3T A | SLUAEl. 2T H IUART 2015 § 2020 F

India has shown significant growth and expansion of cities / towns
as well as infrastructure like transport network. The night time
image from Visible or Near-Infrared (VNIR) band from space has
become important source for observing a series of weak emission
such as city lights, traffic flow, shipping fleets, industrial sites, gas
flares, fires etc. The nighttime light datasets have been applied
to detect urban spatial patterns, urbanization processes, human
activities and their impact on the ecological environment. The
long-term changes in night time illumination level is mainly due
to increase in city lights and vehicular movement indicating urban
growth. In the present study, DMSP/OLS night-time imagery has
been utilized to detect human settlements and corridor growth for
assessing expansion of major cities in Karnataka and Tamil Nadu.
DNB images have been classified based on level of illumination
into three major categories low, medium and high. Based on the
light diffusion property, the scattering of light is considered and
the intensity of expansion of city shown by gradual color changes.

Karnataka is divided into four administrative divisions namely
a) Bengaluru b) Belagavi c¢) Kalburgi and 4) Mysuru. Kalyana
Karnataka Region Development Board was established for
undertaking improvements in the region to accelerate socio-
economic development in order to bridge regional imbalance of the
Kalyana Karnataka region in comparison with the rest of the State.
DNB data has been utilized in the study for assessment of the

[llumination
Class

B HicH
B Low

MEDIUM

f&d-10.1: 2015 TG 2020 & R Fies & fg VIIRS DNB ufdfera § wre A= &1 &
Figure 10.1 1: lllumination levels derived from VIIRS DNB Image for Karnataka during 2015 and 2020
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e @ea, uftags gfawmsi & gur, =2 sifie fawm demmg
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relative growth of Kalyana and non-Kalyana regions from 2015 to
2020 period as compared to other regions. The analysis indicated
that the night time illumination levels in Kalburgi region showed
increase of 14.2 % from 2015 to 2020 while higher illuminations
were noticed in Bengaluru (22.01%), Belagavi (21.7%) and Mysuru
regions (17.8%) indicating lower growth of Kalyan Karnataka
region as compared to other regions (Fig-1). The results have
been used by the Indian Audit and Accounts Department as an
input for performance auditing.

Similar study has been carried in Tamil Nadu to analyse growth of
corridors using Night Time data. Tamil Nadu State has been divided
into Northern, Western and Southern corridors. The analysis of DNB
data indicated that the overall illumination value (Medium to High)
increased from 12.17 to 24.02 %. It was observed that Western
corridor has higher growth as compared to other two corridors.
More expansion was observed along the urban fringes of major
cities / towns. Significant increase in traffic volume was observed
on the National Highways as seen from the illumination levels.
Although the DNB datasets are coarse resolution, it can provide
valuable information about progress of urbanization. These studies
demonstrated the potential application of DNB data for policy
makers and planners in developing industrial estates, improving
transportation facilities, planning new industrial developments as
well as performance auditing.

JTYST SEH TEYA — ¢ 37T Fieh! (27 - 28 Wadl, 2023) &g & mifea
Dlsasler Risk Managemenl - Trends and Technologies held at Hyderabad (27 — 28 Feb, 2023)

Z,




RIS 4 foae (emsiaTs) - 2023
International Day of Yoga (IDY) - 2023

21 S 2023 & AfFe &R W aqam@mﬁﬁﬁav (IDY)-2023
WW|GW/M%%%%WW%WW
m%ﬁuﬁmﬁ%%ﬁm)%mm%mm
QY 31T @.) Y WehH TR Her fhy 7TY et & 1y et faeyor &

for 39 urée foemfaa e & Sy Helrerd & Tera g T ¢ |

HIH WewH Aiage U9, I & = 3R Bt & g gfasfiat
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FERHT @l faehed & T19 @A & fary fae i forar mar 2 | rdemat
&F T 3R Fifedda eva S 39, ST 37X fSrer @’ ) =1l
3R ufqfiat &t g, Gafdd a9 fesiega & 919 wEsd & SR
A TS TR 3R ST 3 FIY AAfd @1 S el & | 3T
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ferq @sa I Fary/qiteTs vem &t TS 2 |

TRITRITST g1 &l 19754 HiGTEd QU SR (Y 71T § 3R 9Ra
% 360 St & 4798687 Wil & |rer 5751 Il & o
et g1

International Day of Yoga (IDY) — 2023 was globally celebrated
on 21 June 2023. NRSC/ISRO supported Ministry of Ayush with
a) Mobile app for data collection and b) Web Portal for visualizing
the data captured along with data analytics on Bhuvan Platform,
showcasing the mass yoga demonstration to every citizen in the
world.

Cross platform Mobile app is built with having option to capture
Number of participants, Organizing Agency, Yoga Instructor
Name, Event place with address, Volunteer Name, Email & mobile
number with location and Photos. The captured information is sent
immediately to bhuvan server on availability of internet or Auto
Sync (Save & Send) when internet is available.

Web Portal is developed having option to visualize Yoga Day
events sent by mobile apps with spatial intelligence. Spatial and
Statistical view of the events are portrayed like number of locations
and participants in country, state and district level, Map view with
photos and information captured during event with responsive web
design. Ministry of Aayush is also provided with live web services/
APIs to monitor the event having all statistical information.

There is total 19754 mobile apps are downloaded by users and
5751 locations with 4798687 participants are reported from 360
Districts in India.

Open the app, Wait for GPS
add event details Accuracy below 50 m

Take two pictures
and Send

View sent details
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E0S-06 is the third generation satellite in the Oceansat series,
which was launched by PSLV-C54 on 26 November 2022. The
satellite on board carries four important payloads, viz. Ocean
Color Monitor (OCM-3), Sea Surface Temperature Monitor
(SSTM), Scatterometer (SCAT-3), and ARGOS. Data from these
sensors are useful to study Ocean circulation, biogeochemistry,
cryosphere, climatic and weather applications. The sensor SCAT-
3 is a Ku-Band Scatterometer and has heritage from Oceansat-2
and SCATSAT-1 with improved spatial resolution. The measured
normalized radar backscatter, scattering cross section (c°), from
the space-borne scatterometer, is a strong function of surface
roughness and dielectric constant of the target scatterers. The
low dielectric constant of dry snow, in contrast to relatively high
values for the water in the microwave region, allows delineating
snow from water. HH polarization data on the scatterometer has
greater sensitivity than VV, with a higher dynamic range and a
significant decrease in backscatter value. This forms the basis of
melt detection while using o° data. Scatterometer-based analysis
of snowmelt/freeze has been done by many researchers over the
Himalayas, Greenland and Antarctica.

A preliminary pilot study has been carried out to examine the
sensitivity of SCAT-3 HH o° data to measure snow over the

2023
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o 12.1: SHaQ-Had 2023 & R EOS06/SCAT3 & |IH=itdhd TSR 3G TaRI (G0) 1 AT SR Fafera weror ang e & fammar mar
2131 et et & wfafAfeieg eed ¢ wife SCATSAT 1 SHad-Teast 2019 i 37afd &l guiar g |
Figure12.1: Mean of Normalised RADAR cross section (c0) from EOS06/SCAT3 during Jan-Feb 2023 and associated variance are
shown in the left panels. The right panels represent the same but for the SCATSAT1 during Jan-Feb 2019.
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western Himalayas during the winter season (January-February
2023). The data is available swath-wise at a spatial resolution
of 25 km. These swaths were combined to generate daily global
coverage and used for the analysis. The data has relative temporal
bias between the very early phase until 6 February, 2023 and
subsequent time, which was corrected and then analysed. The
result in terms of mean and variance of c° is presented in the
figure (left column) and is compared with the data from SCATSAT-1
(right column) for January-February 2019. The maps of the winter
mean, and variance of c° are overlaid on topography contours.
The spatial pattern of the data sets is highly coherent between
the two satellites. The probability density distribution functions
(histogram) from both datasets are mostly identical, following
the left-skewed normal curve with mean -12.5 dB and standard
deviation +/-1.5dB. As shown in the figure, the high mean c° (>-
7dB) with a small variance (<0.4dB) over the high altitude region
(>3000m high) can be classified as a snow region. The region of
high mean ° (>-7dB) but high variance (>0.6dB) are melt-prone
regions. The region with low c° (<-9dB) with moderate to high
values of variance (>1dB) represents a non-snow region but is
dynamic with high temporal events. These are preliminary results
and further analysis is in progress.

1-3 AT, 2023 % SR STel Ve JaTerd, WRd IR & iy &) & AfYeeEl & fag "RISAT-1A
GeelTge e Uit W 3 feaeia erafed ureTsa
3-day customised course on "RISAT-1A Satellite Data Applications" for the senior level officials of
Ministry of Jal Shakti, Govt. of India during March 1-3, 2023
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13 xGM2019e Geoid for High Resolution DEMs
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Geoid — The Need: Geoid is an equipotential surface of earth s
gravity field, it represents the Vertical Datum with respect to Mean
Sea Level (MSL). The shape of the Geoid is irregular and complex
due to the mass variations within the Earth.

Digital Elevation Models (DEMs) in Mean Sea Level (MSL) datum
is required for many topographic and hydrological applications
such as flood inundation modeling, disaster management, flood
forecast applications and coastal zone management.

However, Airborne or Satellite based imaging and LiDAR sensors
rely on Global Navigation Satellite Systems (GNSS) for position
and height information. The GNSS provides 3D position with
reference to WGS-84 ellipsoid. Ellipsoid heights are elevation
of point with reference to mathematical surface called ellipsoid
and doesn’t follow Earth’s gravity, whereas MSL heights closely
approximates Earth’s gravity/Geoid, hence used for Topographic
Mapping and DEM requirements especially for Flood Modeling,
Storm Surge studies and Tsunami Modeling. An accurate geoid
model is essential to convert the GNSS-derived ellipsoidal heights
to Mean Sea Level heights.

Generation of Geoids through Field Survey has an accuracy of
around 10-15 cm but it is costly and human resource intensive.
Hence precise geoid estimation using the satellite gravimetry and
global gravity potential models is necessary.

XGM2019e: Globally, various scientific organizations have
generated global gravity potential models (GGMs) including
EGM96 and EGMOS8. Latest being eXperimental Gravity field Model
XGM2019e a precursor version for the upcoming combined
EGM2020 model. XGM2019e contains spheroidal harmonics up to
degree and order (d/0) 5399, corresponding to a spatial resolution
of 2 arc-min (~ 4km).

XGM2019e Vs Field Geoid — A comparative Study: In the present
study, precise geoid undulations are computed using spherical
harmonics data from XGM2019e model over three study areas
with different terrain types namely urban, floodplain and hilly. The
details are in Table-1:

The classic Stokes Integral formula is used to derive gravity
anomalies and to compute the separation between the geoid and
WGS-84 ellipsoid. The topographic corrections are computed and
applied to the geoid computations using a topographic model,
namely ETOPO1. The ETOPO1 model uses the exact coordinates
on the earth surface and corrects for Bouger Plate approximation
which is a topography dependent correction term.

The XGM2019e based Geoid model was compared and validated
with Field Geoid values available as part of other projects.

Results: The mean variation for three study areas namely urban,
floodplain and hilly are 0.22m, 0.29m and 0.37m with a SD of
0.16m, 0.19m, and 0.23m respectively. Since the two geoids
showed a linear bias, bias correction was computed using few
Field Geoid points (FGPs) as control. After applying bias correction
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Table-1: Details of Study Area
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Statistics

Count: 356401
Minimum: 0.51467514
Maximum: 1.242195129
Sum: 108,946.6235
Mean: 0.305685516
Standard Deviation: 0.277689711

;
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Fig.13.1: Validation of XGM2019e geoid surface with field-based ground

geoid for urban & hilly study area (AOI demarcated in Blue).
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Fig.13.2:2: Bias correction computed and applied to the datasets of the study areas
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to the XGM2019e the mean variation for three study areas (urban,
floodplain and hilly) are 0.10m, 0.12m and 0.15m with a SD of
0.16m, 0.19m, and 0.23m respectively. The bias corrected geoid
measurements are validated using the remaining FGPs as check
points (Fig 2).

Conclusions: The results suggest that the gravity data from
XGM2019e model can be used to convert DEMs from ellipsoidal
heights to Mean Sea Level heights with vertical accuracy better
than 60 cm. Further with limited number of FGPs the linear bias can
be estimated and after bias correction an accuracy better than 20
cm can be achieved. Hence XGM2019¢e Geoid model can be used
in topographic mapping projects based on accuracy requirements
either with or without bias correction for conversion from ellipsoidal
heights to Mean Sea Level heights. Further, XGM2019e model
can complement field based geoids in inaccessible areas such as
forest and hilly terrains where ground surveying is very difficult
and nearly impossible.
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Most of the Indian states are endowed with large numbers of mIand
waterbodies such as ponds, lakes, tanks and reservoirs, which are
major sources of water for activities such as agriculture, domestic,
industry and fish culture. The pattern of utilisation of water from such
waterbodies varies with the activity, i.e. while agriculture, domestic
use and industry require water to be drawn, culture of fish in the
same waterbody needs the water to be retained for the duration of
fish culture. Agriculture, in most cases, gets predominance over
fish culture and hence irrigation depletes the water available in the
waterbody and impacts fish culture. This necessitates assessment
of the actual amount of water that is available for fish culture, after
drawing of water for other uses. Remote Sensing, is a valuable tool
for planning fish culture activities in large number of waterbodies
distributed over a vast area such as a state, and further GIS helps
in applying suitable models for estimating the fish productivity, the
fingerlings requirements and the potential fish yield from the water
bodies in a certain administrative unit.

A study is carried out by RRSC-C, Nagpur for Department of
Fisheries, Government of Tamil Nadu, for the geospatial planning
of fishery resources in the lentic waterbodies of Tamil Nadu state.
Geospatial database from SISDP project on the areal extents of
waterbodies is used as the baseline information, which included
44750 waterbodies of size of more than 1 Ha with a total waterbody
area of 736124 Ha. Resourcesat multispectral LISS-IV data of
three specific months (February, May and August) is used to
derive seasonal water available in the waterbodies. The selection
of specific months is very important in this planning activity, and
is dependent on the weather phenomenon-based hydrology of the
region under study. The effective water available for fish culture
in the waterbodies has been apportioned to continuous water
availability for 4, 6 and 12 months of fish culture duration. Using
insitu aquaculture parameters collected from various waterbodies,
the requirement of total number of fingerlings (young fish) to be
stocked in the waterbodies of the state is calculated at prevalent field
stocking densities. Potential fish yield from each of the waterbodies
at the given stocking and survival rates is also calculated.

Water availability for fish culture in the waterbodies of greater than
1 Ha area in the state is estimated to be 179322 Ha of permanent
water for four-month culture, 98418 Ha for 6-month culture and
116561 Ha for 12-month fish culture. Total water available for fish
culture formed 394301 Ha or 52.5% of the total waterbody area of
736124 Ha in the state. Fingerlings requirement for stocking of the
waterbodies is estimated as 12466 lakhs and potential fish yield at
those stocking rates is estimated as 338500 tons. In order for the
Fisheries department of Tamil Nadu to prioritise the waterbodies
for aquaculture intensification and waterbody conservation,
a water availability-based Aquaculture Priority Index (API) is
derived. Prioritization of districts for aquaculture intensification and
reservoirs for hatchery/nursery operations were also demonstrated
using the geo-spatial database.

This study has demonstrated the practical utility of high-resolution
multispectral satellite data for planning fish culture and prioritization
of Inland lentic waterbodies at the state level for increasing fish yield
sustainably. The study also provides a template for existing water
resource utilization to increase fish production in tune with the Blue

Revolution mission of Government of India.
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Fig.14.1: Concept of identifying effective water spread area available for fish culture from multi-temporal satellite imagery
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