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Season’s greetings to the readers. Second wave of the Covid-19
pandemic, brought tough times and challenges to NRSC staff where
we lost one working and a few retired colleagues along with many
family members. My deep condolences to those families. | am
hopeful of a pleasant COVID free time ahead.

Inspite of odd circumstances, we (i) supported Amazonia mission
during the post launch operations (i) made ready Cartosat-3
Ka-band data reception at IMGEQS, Shadnagar (iii) successfully
evaluated auto-tracking chain by 24/7 operations of the GSAT-17
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satellite and (iv) successfully accompalished system level checks
as part of EOSO3 launch preparedness towards data planning, acquisition and
processing.

Our data acquisition stood at 15519 satellite passes with an efficiency of
99.92%, where we generated 6.91 lakhs satellite data products. 51744 data
products were disseminated through NRSC Data Centre and 97668 products
through Bhuvan web service. The integrated Bhoonidhi data dissemination
portal facilitating priced and open data was released during the NRSC user
meet. We have ensured that the older version of the User ordering processing
system (UOPS) and the new Ordering system @Bhoonidhi co-exist for
sometime for smooth transition.

The average number of hits to Bhuvan geoportal stood at 36.72 crores unique
users with 17.25 lakhs in June, 2021. More than 30 lakh sq mm (90%) of
LISS-4 MX full India mosaic for Bhuvan visualization (2019) is complete. Tamil
Nadu COVID Bed Geospatial-Intelligence application helped in tracking the beds
through out Tamil Nadu. BHUVAN has provided services to MGNREGA, IWMP,
NABARD, PM Gram Sadak Yojna, CMPDI and disaster management. The new
version of the Bhuvan Lite is undergoing T&E with the user community.

NRSC has extended the technical support for the geological assessment on
the recent Rishiganga flash flood (Feb 07, 2021) apart from DEM generation,
volumetric analysis, satellite data interpretation, landslide dam stability
evaluation & reconstruction of events and time stamping of events sequence.
We monitored the cyclone Tauktae in Gujarat and the Yaas cyclone in Odisha
for inundation. The flood hazard atlas of Bihar was released by Hon’ble Chief
Secretary, Bihar state in a virtual meeting on Mar 03, 2021. The forest fire
monitoring for Simlipal National Park & Wildlife Sanctuary in addition to 2160
forest fire alerts across the country were provided. The NDEM Ver 4.0 is
released by Union Home Secretary, Shri Ajay Kumar Bhalla, IAS, on May 21,
2021.

The continuous internal and the external surveillance audits ensure our vision
of supplying quality data products through standardized production process
and management. | am happy to note that NRSC has been at the forefront
of promoting ideas generation and knowledge sharing through its Knowledge
Exchange, Ideation, Expert lectures and Azadi Ka Amrut Mahotsav programs.

We are making all possible efforts to vaccinate our employees and their
families to build a safe working environment in the office and to minimize the
health impacts of the COVID-19. | wish you all happy days ahead.

Dr. Raj Kumar, Director, NRSC
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Figure 1.1: Z-GIF mobile app
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India is very rich in terms of faunal diversity due to its diversified
habitat and climatic conditions and is one among the 17 mega-
biodiversity countries in the world. India harbours more than 7%
of the total animal species of the world.

The Zoological Survey of India (ZSl), a premier national organization
on animal taxonomy has been significantly contributing to the
knowledge on faunal diversity of the country. ZSI and NRSC
have taken a task towards creation of digital inventory of faunal
species. The key objectives of the project entitled “Indian Faunal
Diversity Geo-Information Facility (Z-GIF)” are to strengthen the
ZS| through implementation of geospatial technologies to capture,
manage and analyze survey data for monitoring and conservation
of the country’s faunal species. In this context, the Z-GIF has been
created, which includes a mobile app for collecting faunal survey
data with geotagged photographs (Figure 1.1) as well as geospatial
data analytic tool for visualizing and analyzing the faunal species
survey data in spatial and temporal mode (Figure 1.2).

Major Highlights Z-GIF are:
 Collecting survey data in digital form with android application.

* Representation of countries faunal species data in a unified
format and single platform

* Dynamic dashboard visualization of faunal data in spatial and
temporal mode together with map, chart and graph.

e Taxonomic search and rendering
» Detailed presentation of individual species information

Major benefits include: (1) Systematic collection of survey data
in a standard format in the field with minimum human interaction.
(2) Monitoring and conserving the faunal diversity with minimum
effort and manpower.
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NDEM is a national repository of multi-scale geospatial database
coupled with decision support system tools. It is a unique
and homogenous database served for entire country with
essential database elements for addressing emergency/disaster
management in the country. NRSC has established a state-of-
art facility with structured framework with multi-institutional
participation to assist the disaster managers of all States/UTs for
preparedness, situational assessment and emergency response,
at the behest of Ministry of Home Affairs (MHA), Government of
India.

NDEM services are operational since 2013 providing timely
information along with disaster specific products for effective
decision making. Having introduced NDEM V1.0 in 2013, NDEM
has undergone several progressive changes and currently NDEM
V3.0 is in operation and available to the district level administration.

As part of continuous improvement, development of NDEM Version
4.0 is completed with enhanced disaster dashboard showcasing
all major disasters, alerts and warnings of various forecasting
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cyclonic storm Tauktae over eastcentral and adjoining southeast arabian sea: cyclone waming for Gujarat & Diu
coasts & post landfall outiook for Gusarat and Rajasthan (Red message)
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#Cyclone Track

Tauktae cyclone induced heavy rais caused inundation in low lying areas
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agencies to users at a single platform (https://ndem.nrsc.gov.in/
login.php). New Decision Support System (DSS) tools, product
catalogue, disaster event card, Indian Disaster Resource Network
(IDRN) updates etc,. are also developed and integrated in NDEM
version 4.0 (Figure 2.1 — Figure 2.4) .

The salient features of the NDEM Version 4.0 are:

* NDEM integrates near real-time alerts and warnings from
forecasting agencies (CWC, IMD, MOSDAC, INCOIS, etc.)
with geospatial database & satellite derived information and
disseminates to the central and state DM authorities for
disaster risk reduction in the country

* Enhanced geo-spatial database, new DSS tools - evacuation
plan and spatial query builder

» Regional language support for accessing the portal (5
languages including English and Hindi)

» Post Disaster Needs Assessment (PDNA) tools conceptualized
by MHA for relief and reconstruction needs

e 3D visualization of all disaster specific themes

* Mobile version of NDEM version 4.0 by including limited but
essential services like DSS tools and basic geospatial services
for ease of operations in the field

* An offline mobile application is developed which is capable of
allowing users to download maps online and further can be
used offline when there is no internet connectivity

T feedl # e we 3 ST %@  NDEM facility will be the disaster recovery site for the Integrated
TafshaT 39 Thigd 507 Fa EUEHERENN) & fou Control Room for Emergency Response (ICR-ER) being set up
TASIEUA gfaHT U Ted WS & by MHA at New Delhi.
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National Database for Emergency Management (NDEM) V 4.0 was released by Honourable Union Home Secretary, Shri Ajay Kumar Bhalla,
IAS on 215t May 2021 in the presence of Secretaries/Heads of Disaster Management Departments of all States & UTs, Chiefs of IMD, CWC,

Fig. 2.4: Mobile app
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ICESat-2 was commissioned in 2018 with primary scientific
objective to measure the cryosphere for studies related to land
ice and sea ice characteristics, but the vantage point from space
provides the opportunity to measure global surfaces including
oceans, land and vegetation.

The ICESat-2 carries a single instrument namely Advanced
Topographic Laser Altimeter (ATLAS), which is configured with
two lasers (Primary and backup). The wavelength of the laser
light is 532 nm, which corresponds to green region of the visible
spectrum. The fast firing laser from ICESat-2 platform yields one
transmitted laser pulse for every 0.7 m (2.3 ft) along the satellite’s
ground path. During which, photons in the order of trillions leave
the ATLAS sensor, transit through the Earth’s atmosphere and
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finally few dozens of surface reflected photons will be counted
back in the ATLAS telescope. The time difference between the
start of transmission and reflection will enable to compute the
range; which is used to estimate the surface feature height above
a reference ellipsoid.

National Snow and Ice Data Centre disseminates data. Level
2A product of ICESat-2, namely, ATLO3 contains geolocated
ellipsoidal height for each geotagged photon. A geolocated photon
event is represented by a record of latitude, longitude, ellipsoidal
height and its corresponding confidence value. From a series of
photon events, along-track elevation profiles can be generated that
represent surface heights of the ground feature.

ICESat-2 photon data has been used to determine canopy height,
which is most widely used parameter in determining the volume
and value of biomass of an area.

The study area is a part of Kangra district of Himachal Pradesh
(Figure 3.1a), which is dominantly shrouded with Ban Qak
(Quercusleu cotrichphora) species that confines to the elevation
range 900 m to 1200 m and are generally open canopied with
short bole. Field assessments reported by Palampur forest
division (2019) have mentioned the canopy height in the range
of 20 to 22 m for this species in this region. Figure 3.1b shows
the corresponding profile constituted from the surface reflected
photon data.

Photons reflected from the top of canopy and ground surface were
separated using Gaussian Mixture Model which is a soft clustering
technique that assumes that there exists certain number of
Gaussian distributions, and each of these distributions represents
a cluster. Figure 3.1c shows the zoomed profile for the area
earmarked with red color box from the profile illustrated in Figure
3.1b. Photons reflected from the top of the canopy and ground
surface were evident from this profile (green and red dots in Figure
3.1c). From the profile analysis it is understood that the difference
between the ground hit photons and canopy hit photons are in the
range of 21-22 m and this accuracy is close to the measurements
mentioned in field assessment of canopy height. Currently, the
methodology is being extended to study the tree heights (Mallotus
philippensis and Shorea robusta) in the parts of Himachal Pradesh
and Uttarakhand states.
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Fig. 3.1a: Satellite data overlaid with ICESat-2 photon data
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Fig. 3.1c: Part of profile zoomed
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Trees QOutside Forest (TOF) plays an important role in ecosystem
services such as carbon sequestration apart from being one of
the major livelihoods of the rural population. TOF are defined as
trees (trees and shrubs) on land which are not defined as forest
and other wooded land. Accurate assessment of TOF resources is
an essential input for formulating sound strategy towards planning.
The Object Based Image Analysis (OBIA) has shown promising
results for analysis of High Resolution Satellite (HRS) data, but
the post classification refinement is tedious and time consuming.
Recently, Deep Learning (DL) has emerged as state-of-the-art
machine learning technique, which achieved breakthroughs in
variety of pattern recognition tasks including image classification,
object detection and semantic segmentation. Several studies have
shown promising results for analysis of HRS data with DL for
mapping of permanent features like buildings, plantations, trees,
roads etc.

In order to explore the potential use of OBIA and DL methodology
for assessment of TOF, a feasibility study was carried out in the
study area consisted of Bengaluru city covering a geographical
area of about 750 sg. km. HRS data (1.0 m) from Cartosat-2
satellite was used in the study. After pre-processing of the data,
preliminary classification was carried out using object based
classification for generation of first level TOF map. A grid of 512 x
512 size was overlaid on the classified data and 15% of the grids
were selected for further refinement of the TOF map using visual
interpretation for creation of labelled training samples.

These labelled training samples were used for developing U-Net
based semantic segmentation with ResNet34 architecture. The
critical hyperparameter were tuned iteratively to optimize the
model to achieve better accuracy. About 80% of samples were

a) Selected Sample Grids ¢) Labeled training samples

b) Satellite Image
o oo i

Se < -'

o 4.17 MATIMET.(0BIA) BT WANT PRSP URMAD SIATD &
HERE BT 94 a) TAT 445 Ui 1S (@Wa) b) 512x512
frasTer o1 ufoaes ufafde oo ) dwa fafea (erafea) ufdmeor

EINEDET

Fig. 4.1: Preliminary TOF map generated using OBIA a) Selected
445 sample grids (White) b) Sample Image chips of 512 x 512

Cartosat-2 data (1.0m)

a)

TOF map

TOF Area = 16269 ha

&

=t 4.2; 19 o1 uferey &1 TR BRP ENUE B qHERIT BT
S (8Y Ut # EIeiw)
Fig. 4.2: TOF map generated using deep learning model
(TOF in Green colour)

pixels ¢) Corresponding labelled training samples
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used for training DL model and 20% were used for validation. The
trained DL model was applied to the entire study area for mapping
of TOF. The analysis indicated the possibility of generating labelled
training samples using limited visual editing for refinement which
considerably reduced the time taken for generation of training
samples manually. Figure 4.1 shows the location of sample grids
and annotated mask.

The outcome of the study with DL model was quite encouraging
with 88.3% classification accuracy for mapping of TOF. More
importantly, the TOF boundary was clearer requiring minimum/no
post classification visual refinement.

Total TOF estimated for the Bruhat Bengaluru Mahanagara Palike
BBMP region was 163 sq km (Figure 4.2). The feasibility study
indicated the use of the proposed methodology for assessment of
TOF in the urban region and further analysis is in progress for TOF
assessment in the rural areas.
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Satellite data Processing & Acquisition Reconfigurable Card
(SPARC) is a data ingest-cum-processing hardware developed in-
house by NRSC. It is a Peripheral Componenet Interconnect (PCl)
express card designed with Xlinx Virtex-6 Field Progammable Gate
Array (FPGA) for data acquisition and processing in real-time
environment in ground stations. It is a multi-mission hardware
capable of receiving data from all existing and near future satellites.

The main features of SPARC are:

e System-on-Chip (SoC) Architecture centred around embedded
soft micro-processor

e Supports 3 channels, at data rate up to 480 Mbps per channel

» Automatic Data-Clock Alignment (DCA)
e Frame Synchronization

* Reed Solomon decoding

e Remote Upgradability

e Time Code Translation (TCT)

These features are designed as VLSI digital circuits controlled by
embedded software.

SPARC accepts 3 differential data pairs (I data, Q data, Z data)
and 1 differential clock signal pair from demodulator. These signals
are NECL differential pairs and are connected to the card through
8 SMA connectors. To acquire Cartosat-3S data in Ka band
transmission where there are 3 carriers, each at 960 Mbps (RHCP
@ 480 Mbps, LHCP @ 480 Mbps), six SPARC cards are required.
For X-band transmission there is one carrier at 960 Mbps (RHCP
@ 480 Mbps, LHCP @ 480 Mbps), and two SPARC cards will be
used. SPARC cards have been installed in multiple ground stations
in addition to NRSC ground station at IMGEQS, Shadnagar and are

being used for high bit rate data reception.
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Fig. 5.1: SPARC circuit board
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Release of Flood Hazard Atlas — Bihar State
feR T57 & AFHE 9 999 g 03 9T, 2021 F R T59 % fou ag & Sifew are &F @ G w30 gU Teed @l
fergrerT foram Tar T8 1998 T 2019 & &t 274 YT 3R TeAART IWIE 3TheT F & ITAM F TR R |
Flood hazard zonation atlas for Bihar state was released by Hon’ble Chief Secretary of Bihar state on March 03, 2021, which was
prepared using 274 optical and microwave satellite datasets between 1998 to 2019
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Release of Glacial Lake Atlas of Ganga River Basin
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Glacial Lake Atlas of Ganga River Basin
was released by Shri. Pankaj Kumar,
Secretary, DoWR, RD&GR, Ministry
of Jal Shakti on 29" June 2021. The
atlas depicts spatial distribution of
4,707 glacial lakes of size greater than
0.25 ha, mapped using high resolution
Resourcesat-2 LISS4 MX satellite data of e .
2016-17 covering geographical area of 2Dr K. ivan Chairman
2,47,110 sq.km. :
| [T EET \I.||[ r!“'l'.
| ' |

ik il

GLACIAL LAKE ATLAS
OF
GANGA RIVER BASIN

Prepored under: National Hydrology Project

. MNationol Remote Sensing Centre +-
\e | Indiar Space Research Organisation :
“f" Dopartment of Spoce, Goversment of ladia nrsc
Hyderabad - 500 037
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YaT-UAvedt qicer T fmaT Launch of Bhuvan -NHP Portal

7. &, forem, afea, ofafer faum 3 sy, s g/ fedi® 29 S 2021 F 4t Ths FAR, i, S F9EA fFum, 78 G iR

T T (RSN, NS TR SfeTR) #f YT § Ja-TAu=dt (https://fbhuvan.nrsc.gov.in/nhp) TI2e 1 =R fFar T

Bhuvan-NHP (https://bhuvan.nrsc.gov.in/nhp) portal was launched by Dr. K. Sivan, Secretary, Department of Space & Chairman, ISRO

on 29" June 2021, in the presence of Shri. Pankaj Kumar, Secretary, Department of Water Resources, River Development and Ganga

Rejuvenation (DoWR, RD & GR).
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IMGEOS Earth station, Shadnagar has been established for
acquiring, processing and dissemination of IRS data. In order to
offload the ever increasing load on this station and for enhanced
coverage of North-Western region of Indian sub-continent (Figure
6.1) a new earth observation ground station has been established
at Cental Arid Zone Research Institute (CAZRI) campus, Jodhpur,
Rajasthan, which came into operationalization from August
2020 and is supporting data reception from ResourceSat-2,
ResourceSat-2A and CartoSat-2S missions.

This station is equipped with state-of-art technologies with 7.5 M
tri axis antenna system, advanced digital servo system, composite
dual polarized feed and Antenna Control Servo System (ACSS)
software, 4G demodulator and SPARC based multi mission Data
Ingest System. The fully automatic station-schedule, track the
visible IRS satellites, ingest the data and transfer the acquired raw
data to IMGEQS through 100 Mbps NKN connected by 150 Mbps
BSNL leased lines between CAZRI Campus and RRSC Campus,
Jodhpur.

The antenna system (cassegrain geometry) is mounted on a
three axes tracking mount (elevation over azimuth over train) to
position the antenna anywhere in the full hemispherical coverage
without any key hole. The system tracks the satellites in X-band
or S-band auto track mode using single channel mono-pulse
technique with S-Band auto track or program tracking as backup
modes, respectively. As the beam width in X- band is very narrow
(in the order of 0.27°), appropriate care is taken in the design of
mechanical, servo and RF systems to achieve the desired pointing
and tracking accuracies. The antenna system is designed to
withstand heavy winds. Tracking in X-band with half power beam
width of approximately 0.27° is very critical. Tracking accuracy
in the order of 0.03° is required for successful acquisition and
tracking of remote sensing satellites in X band. Antenna Control
Servo System software is a windows based GUI application for the
purpose of real time remote sensing satellite pass tracking. It does
the monitoring and control of antenna control unit and various
tracking chain sub systems.

This station is multi-mission, i.e. it can track any of IRS satellites
and can ingest payload data from them. The S and X data reception
antenna system is capable of tracking the low earth orbit satellites
in the polar sun synchronous and inclined orbits.

Data ingest systems and antenna tracking systems time is
synchronized with UTC time with the help of GPS based NTP
time server, which also provides IRIG-G serial time code, which
is mandatory for scene framing. Jodhpur Data Ingest System is
an automated multi-mission system for scheduling of satellite
pass data acquisitions, real time acquisition of satellite data during
visibility of the satellite over the ground station and transfer of
data to Data Transfer System, which in turn transfers the data to
IMGEOQS for further processing and product generation.

Currently Resourcesat-2, Cartosat-2E and Resourcesat-2A payload
data is being acquired at Jodhpur. The data products generated
with this data are in compliance with the specifications. This
station is identified for upcoming RISAT-1A raw data acquisition.

12|




: faiar Pixel 2 diger People

AMSET: 6.1: S/X &S ATHST AU Jures! oo

urkd faferdar

Table: 6.1: S/X band Data Reception System Specifications
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PARAMETERS \ SPECIFICATIONS
Frequency Range
X-Band Receive 7.910 8.5 GHz
S-Band Rx. 2.21t0 2.3 GHz
Feed Polarization
Data Reception (Rx):
X- band RHCP & LHCP simultaneous
Track Rx RHCP & LHCP selectable
S-band Data Rx RHCP & LHCP simultaneous
Track Rx RHCP & LHCP selectable
Demodulation 8PSK, QPSK, 0QPSK, UQPSK, BPSK
G/T dB/°K
Xband at 8.0 GHz | 31.5%0r better at 5° EL, clear sky
Shandat2.2 GHz | 16° or better at 5° EL, clear sky
S & X band Tracking | ..
mechanism Single Channel Mono pulse
Data Rate Up to 600 Mbps per channel
Pointing Accuracy | Less than 0.05°
Tracking Accuracy | Less than 0.025°
L Tilt: Minimum of 7° & Programmable as
Tl e per the trajectory
. , . Two motor in Azimuth,
D8 G Elevation & Train axes
. 0
Maximum Tracking éf ) ;05/ s/ :sc
Velochty Train: 6%sec
- RO 2
Maximum Tracking éf : go ;zggz
Acceleration Train: 3° -
All subsystem TCP/IP

Interfaces

o 6.1; YR SUHRTEIT & STR—URTH &5 BT Hafthd raRor
Fig. 6.1: Enhanced coverage of North-Western region of Indian sub-continent
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Unmanned Aerial Vehicles (UAV) data from different sensors
like digital, multispectral, thermal and hyperspectral cameras,
topographic and bathymetric LiDARs are used for various
RS applications like 3D city modeling, Digital Terrain Models,
mapping forest extent and plantation crops, forest biomass
estimation, landslide zonation and debris flow modeling, micro-
geomorphological studies in coastal ecosystem, evapotranspiration
measurements, irrigation scheduling crop yield estimation, pests
& diseases, precision farming, etc.

UAV Data Acquisition: Fixed wing/ Multirotor UAVs are deployed
along with digital/ multispectral cameras for data acquisition.
The UAV data of very high resolution (GSD: 3-4cm) is acquired
using a Sony Alpha 5100 Digital Camera of 20 Megapixels (6000
x 3376) from an altitude of 120 mto acquire stereo images with a
forward overlap and sidelap of 70%. Multispectral data is acquired
for three sites using Micasense Red Edge multispectral camera of
1.2 Megapixels (1280*960) operating in five spectral bands viz.,
blue (475 nm), green (560 nm), red (670 nm), red edge (720 nm)
and near infrared (840 nm) at GSD of around 8 cm. Additionally the
multispectral sensor is calibrated using reflectance panel before
every flight.

Ground Control Points (GCPs): The GCPs in the form of pre
targets of dimensions 0.5m X 0.5m / 1m x 1m are fixed on
the ground prior to the UAV data acquisition and the points are
surveyed using survey grade GPS receiver. A base station is setup
in the study area and the data is post processed in the relative
positioning/DGPS mode using carrier phase observables to derive
the coordinates of the GCPs with an accuracy of better than 2 cm.

UAV Data Processing: The Exterior Orientation Parameters (EOPs)
of the UAV images are included in EXIF information and they
are obtained from onboard GPS receiver and MEMS based INS
sensors. With EOPs and GCPs bundle block adjustment is carried
out.

The Structure From Motion (SFM) algorithm is used to derive
3D information of objects from 2D images and the matching of
corresponding points/features are realized using Scale Invariant
Feature Transform (SIFT) algorithm, since SIFT is robust for large
scale variation in the images, view angle and illumination.

The Multiview Stereo (MVS) matching technique is employed
on stereo images with more than 70% overlap in both along and
across directions to generate dense point cloud and surface
model. The Axelsson filter is used for Digital Surface Model (DSM)
to DTM. The high resolution orthoimages are generated through
differential ortho-rectification process.

UAV Product Generation: From digital and multispectral camera
images, DSM, DTM with DEM posting of 15¢cm/30 c¢cm and
orthoimages with GSDs varying from 4-10 ¢cm are generated. The
Orthoimage generated from digital camera images for a part of
Tumkur town is shown Figure 7.1.
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Fig. 7.1: Digital Camera Orthoimage (GSD:4 cm) — part of
Tumkuru, Karnataka
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Fig. 7.3: Orthoimage, FCC, (GSD:8cm) - part of Palawancha,
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Rural road connectivity is a vital component of rural development
since it promotes access to economic and social services in rural
areas. PMGSY aims to provide all weather road connectivity in
rural areas of the country. Figure 8.1 gives the overall methodology
adopted in the project. The final database are uploaded on the
Bhuvan geoportal (https://bhuvan-app1.nrsc.gov.in/pmgsy/home)
for visualization (Figure 8.2).

The conventional data source for rural roads is the village
(cadastral) map, which is generally available at 1:4,000/ 1:6,000
scales and also at 1:2,000 scale in some parts of the country.
These maps are essentially generated by ground based survey
methods (using field chains, conventional theodolites, plane table,
survey etc.) majority of the available maps contain information
details surveyed 40 years back or/even more. Geoinformatics is
used for capturing, storing, checking, integrating, manipulating,
analyzing and displaying spatial data, which are referenced to
the earth for solving complex planning, decision making and
management problems.

The spatial database has been generated on road connectivity with
respect to habitations and the status is determined based upon the
length of the roads. A margin of +5% error in the plain areas and
+8% error in the hilly terrain regions is considered as acceptable.
The percentage variation provides an estimate of the variation in
the length of the road constructed. The percentage variation in
Online Management Monitoring and Accounting System (OMMAS)
is calculated as given in the following Equation:

Percentage Variation

(OMMAS length-GIS length)
(OMMAS length)

The habitations are measured by creating a buffer varying from
500m to 5000m in plain areas and 1.5 km to 5 km in hilly terrain
regions. The habitations falling outside the 500 m/1.5 km buffer
is considered as habitation unconnected to corresponding roads.

*100

Furthermore, number of habitation connectivity with more than
500 m/1.5 km but having % variation within limit are considered
as roads having habitation error but not length variation error. The
number of roads with such errors are provided in Table 8.1.

Table 8.1: Habitation unavailability under OMMAS database

SIEINIEECEREEEE] summary

UATHTTY H TSH Hf FE&AT 70771 Total number of roads in OMMAS 70771
FRATT Ft TS F G a3 TSH 3390 Roads lacking habitation information 3390
AT HI TS S B afEddi w STEER B 1538 Roads lacking habitation information in mapped 1538
T TS TS roads
AT T # T TSH F aR § STary Roads lacking habitation information in unmapped

. . g 1852 1852
et gear o FEr roads
E@Tﬁ zé,qmqg%wﬁ I ¢ SfeT o e \Fj:r?;?oza:;pgrhabltatlon error but not length o
T TS foE ot § oTHag I § 30999 Total roads having habitation unconnected error 30999
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Understanding the road conditions and driving behavior is
important for road safety, road damage control and urban planning.
However, it is challenging to get this information especially in the
developing countries with reasonable frequency due to the high
cost and unavailability of proper equipment.

This research focuses on the value of collective knowledge that
integrates the data generated by inexpensive but widely available
sensors like smart phones placed in a car. Taking the advantage
of collective intelligence recorded by cheap and widely-available
smart phones, this work proposes a probe data platform for
sensing, detecting and visualizing road roughness and driving
behavior using smart phones and cloud computing (Fig.9.1 & 9.2)

This work focuses on developing a platform for 1) gathering
road sensing data from low-resolution devices, 2) analyzing
road condition and driving behavior such as sudden acceleration,
sudden braking and quick handling, and 3) visualizing the result
of data analysis in various modes for better understanding of
them. The proposed platform collects sensing data from smart
phones that have inbuilt GPS, triaxial accelerometer and gyroscope
sensors together with time stamp.

Raw sensor data waveform as recorded by the smart phone is
shown in Figure 9.3.

While International Roughness Index (IRI) is the widely accepted
indicator of road surface condition, IRl considers parameters that
smart phone-based data collection cannot cover such as the
movement of suspensions. This work uses Pseudo Roughness
Index (PRI) to estimate the road surface condition. The overall
classification of road surface conditions is as depicted in the
Figure 9.4.

The black dots in Figure 9.4 of the video points may be clicked to
play the video as shown in the Figure 9.5 on Bhuvan portal.

As shown in the Figure 9.5, there are different types of road —
metalled (Pucca) and Kuchha road. The software also calculates
the length of the bad condition road in the different categories of
the road types and thus helps in the estimation of the cost of the
material required to maintain the bad road in the city, village or
district.
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Bhasan Char is a tiny and newly developed island in the estuary of
Ganges-Brahmapurtra-Meghna river system, located about 5 km
south-west of Sandwip island under Chittgong sub-division and
about 32 km west of mainland Chittagong, Bangladesh (Figure
10.1). Most of the islands situated in the above-mentioned estuary
are highly unstable and undergoing active geomorphological
processes. The Bhasan Char island emerged in 2003 as a tiny
arcuate mud-flat in the north-east of the Meghna estuary from
the delta sediments deposited by the river Meghna. The extent of
the island varies between 22°19'31'N to 22°24'42'N latitude and
91°2126°E to 91°2615°E longitude with an area of approximately
30 sq km and average elevation of 2.84 m above mean sea level.
The island is still undergoing considerable landmass changes and
natural consolidation processes. In the present study time-series
satellite data from Landsat 7 (ETM+) and Landsat 8 (OLI) data
from 2001 to 2020 were analysed along with historical events of
cyclone developed over Bay of Bengal, for morphological change
assessments and cyclone vulnerability.

Cyclone details (date, landfall location, sustained wind speed,
storm surge height damage) from 2000 onwards were collected
from the available literatures. Land Water Mask (LWM) was
calculated using band combinations or NIR and green as follows:

LWM = NIR / (GREEN + 0.0001) * 100

Where NIR and GREEN represent the spectral values of the near
infrared and green bands, respectively.

Figure 10.2a depicts the evolution of the island without any definite
shape during 2001-2002. In 2002, the shape remained similar to
that of 2001 with little increase along its boundary (Figure 10.2a).
In 2003 the landmass reduced and the orientation became NE-
SW which remained similar in 2004 also. After 2004, there was
a clockwise movement along the NE-SE direction by about 700
m (Figure 10.2b). The orientation continued till 2008. During
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2009-2011 there was not much shift (Figure 10.2c) and only
the landmass increased in the southern portion of the island. The
aggradation in the south continued till 2012 and during that time
a new oval shaped landmass, separated from the main island,
evolved in the south-east direction (Figure 10.2d). In 2013, the
island expanded in the north-west direction which continued
till 2014. In 2015, there was little reduction in the landmass,
especially in the south-east direction (Figure 10.2d). In 2016, the
overall landmass reduced all around, and more so in the eastern
side of the main island as well as in the newly developed lobe in the
south-east. The process continued till 2018 when the landmass got
further reduced especially in the south-eastern part (Figure 10.2¢).
In contrast to the earlier years, during 2019 the landmass again
increased, especially along the northern direction and continued
till 2020. However, the landmass remained almost unchanged in
East-West direction.

Analysis of historical events of cyclones over coastal Bangladesh
reveals that most of the cyclones generally occur in early summer
(April-May) and late rainy season (October-November).The intense
storms move across shallow continental shelf resulting in surge-
induced piling up of water along the coast. Since 1900, about
42 major cyclones had their landfall at Cox’s bazar, Patuakhali,
Noakhali, Chattogram, Teknaf, Sonadia, Sandwip and Kutubdia
island followed by Sundarbans (18 cyclones). The storm surges
from powerful cyclones recorded upto 12-13 m at the head of
the Bay of Bengal where the coastline becomes restricted.
Nevertheless, the tropical cyclone frequency, intensity and impacts
are particularly high in the coastal region of Bangladesh. This is
also due to its geographical location and funnel-shaped coastal
area, which is vulnerable to tropical cyclones and storm surges.

Further, the presence of coastal rivers, canals and creeks in this
region makes it vulnerable to storm surges that are likely to be
enhanced due to the rapidly changing climate and rising sea levels.
Another unique feature of the region is the re-curvature of the
tropical cyclones over the Bay of Bengal towards north or northeast,
instead of west or northwest, causing high cyclone frequency in

&= 10.1; W9 IR &7
Figure 10.1: Location of Bhasan Char
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this region. The newly formed Bhasan Char island is located near
Sandwip and equally vulnerable to the cyclones originating from
Bay of Bengal. From the track analysis of the past 100 years, it
is observed that two of the major cyclones viz. Komen (2015)
and Roanu (2016) have traversed across the island. Historical
data of cyclones that had landfall over coastal Bangladesh reveals
maximum wind speed of 85-260 kmph and the storm surge height
from 0.6 to 7.1 m. As the mean elevation of Bhasan Char is only
2.84 mitis possible that the storm surge of these magnitudes may
create extensive flooding and erosion in large portion of the island.

From this study it is evident that formation of Bhasan Char started
during 2001 itself as against 2003 what is reported in most of
the studies. Several transformations are apparent over the years
and it is still in the young stage, the morphology of which is
continuously changing due to river hydro-dynamics and sediment
load. Historical cyclone data analysis reveals that the islet is highly
vulnerable to the tropical cyclones that develop over Bay of Bengal
during summer and post monsoon periods. Being a very low-lying
area, the chances of flooding during monsoon and cyclone is
obvious.
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Fig. 10.2: Changes in the perimeter of the Bhasan Char island over the years
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The spatial and temporal variability of the thermal fronts and
chlorophyll-a in the northern Bay of Bengal (BOB) were studied
using time series of MODIS daily Sea Surface Temperature (SST)
and weekly chlorophyll-a concentration during 2012-2018 to
investigate the locations of intense fish catch activities in the
continental shelf and shelf break regions as inferred from NOAA
Visible Infrared Imaging Radiometer Suite (VIIRS) night time boat
detection products. An edge-detection algorithm was applied to
each of the SST image sets to identify thermal fronts in which a
gradient of 0.3°C/pixel (~0.075°C/km) was chosen following to a
sensitivity analysis.

These thermal fronts at daily scales were aggregated at weekly
scale for estimation of thermal front density. A least square based
harmonic analysis procedure was adopted to estimate mean
climatology and seasonal harmonics of thermal front density and
chlorophyll-a data sets. Our study has shown that the thermal
fronts in the continental shelf and shelf break regions are highly
persistent with intense seasonal cycle dominated by annual
frequency. Persistent TFD (Thermal Front Density) are occurring
in the region between the 10 and 50 m isobaths in the continental
shelf and along the western continental shelf break regions
(Figure 11.1). The seasonal cycle accounts for 80% of the total
variability of the TFD time series while non-seasonal contribution
is around 20% which suggests that the predictability of the TFD is
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Fig. 11.1: Climatology of thermal front density (in %) map for the northern Bay of Bengal
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significantly high at monthly time scale. The peak (high) values of
TFD are occurring in November and lasts up to March. The regions
of high persistent TFD have high abundances of chlorophyll-a
concentration and productivity. The mean circulation patterns
derived from a regional ocean circulation model was used to
provide a possible connection between the formations of thermal
front with the circulation modulated by local topographical feature.
TF along the continental shelf break adjacent to the Odisha coast
(on the western side) are associated with the prevalence of shelf
currents system which inhibits coastal warm water transported to
the open ocean, and drives small scale upwelling at open ocean
side with marked signature of thermal gradient (the thermal fronts)
at the surface. Inside the shelf, around the 10-50 depth contours,
occurrences of intense meandering of small-scale circulation
patterns embedded with eddies at the confluence of convergence
of ocean ward coastal current together with isobaths shelf currents
system that favours the formation of intense thermal fronts and
high productivity. The locations of the intense fishing activity as
observed by VIIRS global boat detection data coincide with the
high persistent TFD regions. This further indicates that these
regions are known to the fishermen community as the areas of
high fish aggregation. All this information together established the
fact that this region is highly persistent in terms of thermal fronts
and productivity and can be considered as a perennial potential
fishing zone.
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The Zoological Survey of India Geo Information Facility (Z-GIF) mobile and desktop applications were successfully released on
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Pocket Bhuvan allows users to visualise satellite data and overlaid
infrastructure layer, Point of Interest (POI) data on smart phones.
This application can be viewed in both vector and raster mode with
historical satellite datasets. Application also provides the facility
to add the POI data from the user with better caching and offline
utility. Thus mobile/tab friendly Pocket Bhuvan ensures unique
uSer experience.

Major features of Pocket Bhuvan for user are:

Add content - registered Bhuvan users can login and collect
the POI data and send to the Bhuvan server

Explore nearby places — can search nearby hotels/restaurants,
shopping, transport, commercials/religious places, residential
places etc.

Know the current location

Share the user location to others

Get directions — routing between start and destination places.
Can search the places from service or searched history or can
choose the place from map

Get latest updates of Bhuvan

Major Highlights

Works in both offline and online mode
Auto-update of mobile app

Search from history

Storing the cached map data in encrypted format
Detects network speed

10:34 @

Fig. 12.1: Pocket Bhuvan




ZThitps://bhuvan-app3.nrsc.gov.in/mobile_app/bhuvan_mobile_app.
php? proj_code=116. & foran ST Gl 81 3O B &
fU T3 Tl F U & AT Ft STIAT FT AEVIRAr art
£ 3 TR & e, 39 o7e/ fHaT ST HahaT 2|

TTHRAIRT WP :

m U==TUE v4.4(min), T TRIT
SIESIH Ugius wfsar
BIEISR EED A
e A 2 et

[t can be downloaded from hitps://bhuvan-app3.nrsc.gov.in/
mobile_app/bhuvan_mobile_app.php?proj_code=116.The
installation requires to allow installation of apps from unknown
sources and after installation, it can be disabled.

Software Stack:

Work Component | Technology used

Mobile app _ . . _
development Android v4.4(min), native environment
IDE Android studio

Mobile spatial )

Visualisation O0SMdroid

Programming Advanced Java, XML, PHP
Postgres SQL, SQLite

Minimum 2 GB

Database

Storage

TR Y9 & o7 3R fewe (FiEuAn) =Ron-| iasmr &
Ted, THINUTH T 72 W&l T et (quedt) § e
12 o1@ T A 3% 20,000 TC GeAiHT F1 JIA F SAHGA
F F fOU JUNE Yon 7| 39 WET F FE IR-gedie
R FH-IFT F T FUd F TeTH F H Jeg F N
o &t gfg H Herdr | A0l & q8d, doMAT WER &
YT AN v & fou UF wEd oTeed & uider &
T S 134 ¥ 1fF quedt oo 30 ot & fou Jomar §
gl ehe, 9, 2, ORI o Yo ey @ feyarefi,
AFIT 3R ATSH F O UF UFigd aed &t oRwer
F T B HIAES Uosyd ® STaefi & gudy w1 & fou
foemfae frar T € 2 99 tfedy @ 49 fFu 70 9wEe &

Under Commissioner & Director of Municipal Administration
(CDMA) Phase-I project, NRSC provided solution to carry out
property assessment of more than 12 lakhs existing and 20,000
new assessments in 72 Urban Local Bodies (ULBs). This helped
CDMA in identifying many un-assessed & under-assessed
properties and supported in increase of revenue. Under phase-
Il, an integrated application is envisaged for Commissioner and
Director of Municipal Administration, Government of Telangana
for geotagging, visualization and moderation of all assessments,
portions, trades, advertisements and cell towers in Telangana for
30 districts comprising of more than 134 ULBs. Mobile application
is developed to support geotagging and web application is
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¥ Whtrvan Bhuvan CDMA Phase-2: Dashboard Welcoron et Logot W A~
' Indian Geo-Plattarm of ISRO National Remate Sensing Centre ab et
Report : Callaction Raport Select Category : Assessment
District : RANGAREDDY
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August 3rd 2021, 32215 pmy Recorda: 10 =
Assets Total Existing Total New New New Totol Assets
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TSiertoT, et T 2R ATSM & TrdT & & fou fasfhd developed to support registration, visualization and moderation of
fFar T 21 134 JuoHt T g i€ s Q’W’ﬁr T mapped profiles. Data received from the CDMA and NIC belonging
T 22T F THGA [HAT ST & 3R HAEG  TAeT & Y to 134 ULBs are integrated and provided as services to mobile.

T o e 2

Major features are:

T fdeivan € - ‘ ‘ « Interface for registration and authorization for CDMA officials
© IS F 4 WU g e shrar @ for with 4 levels of users.
SRt 3ﬁ-{.5 T & A | . e Dashboard with collection reports, registration status and

district wise statistics.

* T T Ay e waﬁ s ﬁ""{ wiete #1 T Hofr « Public view for moderated properties and web services for
. 3 a9 @?ﬁ?{ﬁ % fou 3 armf f 2 fou YREE W= sharing data to state departments.
m@é{ I(ﬁaﬁﬁ‘l? 3 * Training of Trainers (ToT) for the officials from CDMA & NIC.

;_@r ;‘? aﬁmgg&ir Wi':;’; 'afﬁlgq;;;' iﬂ%ﬁ Till date more than 4.3 lakh assessments are geotagged. This

Ut & fou g sFEeT 3 HETg SR 2T I exercise enables for creation of unique database and helps in
F Tt § Ao F B review of all assessments & GIS based town planning for ULBs.
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Fig. 13.2: CDMA assessments visualization
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App Wit Rich User Experence High Resolution imagery + POl

BhuvanLite a platform independent application is developed with the motto of “Utility with Simplicity”. It works well with Android as well
as i0S mobile users. BhuvanLite is faster and lighter version for public with improved search, satellite image and base map. It also
provides distance & directions and facilitates sharing. BhuvanLite is a Progressive Web Application along with device level caching and push
notifications. Location permission will also enable use of tracking mode facility on GPS enabled devices. It's a make in India solution along
\with Map My India Services.

)
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Bilingual issue of P2P January was released by Director, NRSC in the presence of NCMC members
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TRUTHT y=hT U 98 NRSC User Interaction Meet - 2021

30 W I ST AN ¥ UASTRUGE AR HUF SF (FIMEUW)-2021 T A a7 TaT1 3T I3 H IR R b Fofed
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NRSC User Interaction Meet (UIM)-2021 was celebrated on 30" March in virtual mode with focus on Geospatial Solutions Potential with
Emerging Reforms. About 350 users from various user sectors participated in the event. The guests included Chief Guest Shri. Dinesh
Waghmare, IAS, Chairman and Managing Director, MSETC Ltd, Guests of Honor Shri. K. S. Sethi, Joint Secretary, Ministry of Panchayat Raj
and Dr. Neeta Verma, Director General, National Informatics Centre apart from Sri. R. Umamaheswaran, Scientific Secretary, ISRO.

o T 37 fa¥ed, T O (SRT-ET 7o), T 4T AveutT (SemT far IR I9%), o aTd, auiti Ak I e
TR, AT SHST & TR W ATEHRCH Faesh &Aarstl ol 9 gU afdAR | faug R stiaered yeviH «ft smaifsa &t
TE oft| YT, TS TARH, A, FA, AT, IR AaT SR U AR ¥ gefa STy SR R ot wefdfq fru o)

Theme based online exhibition was also organized in the webinar show casing the IRS Sensor capabilities - based on the resolutions
ranging from coarse to high, Event monitoring (ex. Kumbhmela), Time Series analysis (ex. Rewa solar panels), BHUVAN Services, Disaster
support to International Charter, Microwave data. Applications based posters on related to Disasters, Water Resources, Forestry, Agriculture,
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(https://bhuvan-app2.nrsc.gov.in/planner/plannerhome.php)
TF T A e €, St R IR § 70 nfafatat w
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Mahatma Gandhi National Rural Employment Guarantee Act
(MGNREGA) aims at livelihood security of people in rural areas
by guaranteeing hundred days of wage-employment in a financial
year to a rural household whose adult members volunteer to do
unskilled labour work. Yuktdhara (https://bhuvan-app2.nrsc.
gov.in/planner/plannerhome.php) is a geospatial planning portal
meant for facilitating gram-panchayat level planning of MGNREGA
activities across India embracing the ridge to valley concept of
watershed development.

The portal integrates a wide variety of spatial datasets to enable a
holistic approach towards planning using open source GIS tools.
It incorporates multi-temporal IRS satellite data, digital terrain and
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Fig. 14.1: Visualization of thematic layers in Yuktdhara
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thematic layers, along with other details of existing MGNREGA
asset details. The portal also provides basic GIS operations like
buffer, intersection and union to strengthen the planning approach.
Terrain profile tool is also made available to facilitate the effective
planning of stream flow related works. A PDF download tool has
been made available for the planners to share the panchayat plans
to a larger audience, thereby involving the larger public.

The portal follows a Gram-panchayat specific, step by step
planning process to allow the users to familiarize with the
landscape, identification of activity, identification of area treatment
and PDF map composition with several aspects of the panchayat.
The users can plan for both Natural Resources Management
(NRM) and non-NRM categories, with the help of open source map
editing tools. Editing plans have been made easier with undo and
redo features and plans are available to download for visualization
in other geospatial platforms.

Once satisfied with their plans, users can submit them to their
supervisor (Block, District level) for verification and approval.
Valuable feedback from various user demonstrations and hands
on sessions has been integrated to the portal to make it more

e %| goft fooToaretl T THTYT TR Bl AACT i user-friendly. Incorporation of all these features makes Yuktdhara a
F for um HEd T AT & fou U 3= @i @ highly transparent and centralized planning tool for gram panchayat
gt TRevl R FiHd ASHT STFT aATdr g1 BT 14.1 level planning for MGNREGA implementation. Figure 14.1 shows
TR § U WAl F gvaEaed & aundr g1 14.2 visualization of thematic layers in Yuktdhara. Figure 14.2 shows
franfera Tfafafy @ gt STTweqT mar 2 map visualization of planned activity.

- ¥ bhuvan Bhuvan Planner Tool "*<: Yu!d:clhara

[ Goralbari(P). Jalpaiguri(B). Jalpaiguri{D), West Bengal(S) |

This report is generated from Bhuvan-Planner Tool Application (https://bhuvan-app2.nrsc.gov.in/planner/) on 2021-06-14 10:17:53
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Fig. 14.2: Map Visualization of planned activity
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Accurate estimates of Vegetation Water Content (VWC), at high
spatial resolution will enable the ecosystem-climate interaction
studies. This parameter is in general derived indirectly from
other proxy measurements. Satellite measurements at visible
and near-infrared region mostly reflect greenness of vegetation
because of the limitation of penetrating capacity (i.e., vegetation
index reflects only the vegetation information on the top of the
canopy). Therefore the accurate VWG measurements are limited.
Satellite measurements using passive microwave radiometers are
more sensitive to variations in the characteristics of vegetation
canopy, and can be directly used to retrieve canopy VWC. VWC
is proportional to Vegetation Microwave Optical Depth (VOD) and
essentially a linear function of VOD, which is an index for extinction
of earth surface emitted or reflected microwave radiation due to
vegetation. It depends on various factors, e.g., the density, type
and water content of vegetation and the wavelength of the sensor.
Short wavelengths experience a higher attenuation by vegetation
than longer ones. As a consequence, VOD estimates from long
wavelengths are generally more sensitive to deeper vegetation
layers (e.g. stem biomass) while VOD estimates from short
wavelengths are more sensitive to leaf moisture content. Here,
we show the VOD product retrieved from the satellite sensors
namely; AMSR-2 (Advanced Microwave Scanning Radiometer-2)
and SMOS (Soil Moisture and Ocean Salinity), which operates at
short- and long-wavelengths of the microwave region.

VOD from AMSR-2: Measurements at X and Ka bands were used
from the AMSR-2. VOD was obtained with the radiative transfer
based Land Parameter Retrieval Model (LPRM), which uses
vertical and horizontal polarized microwave data. The algorithm
includes an analytical solution for VOD using the Microwave
Polarization Difference Index. This approach retrieves VOD and
soil moisture simultaneously under the assumption of a globally
constant single scattering albedo and further assumes that soil and
canopy temperature are similar. Since this assumption generally
does not hold for daytime observations and so only observations
from the descending mode were used for this analysis (1:30 a.m.
equatorial crossing).

VOD from SMOS: VOD from the SMOS radiometer, which provides
observations at L-band, also utilises LPRM. Only data from the
ascending mode were used (6 a.m. equatorial crossing) as soil and
canopy temperatures are usually more similar in the morning than
in the late afternoon although seasonal and latitudinal variations
exist. The daily SMOS VOD over 2012-2016 time period were
converted into a mean yearly daily time series. Similarly, mean
yearly daily time series of AMSR-2 VOD was calculated using the
data from 2012-2016.Thus obtained daily mean VOD over Indian
region (common data pixels) were used for plotting the time series,
as shown in Figure 15.1.

The figure clearly demonstrates and captures the seasonal
variations of VOD over Indian region. The annual variations of VOD
indicate general consensus of low values of VOD in pre-monsoon
(i.e., around 150 Julian days) followed by a steady increase of VOD
as monsoon season progresses. Relatively high values in AOD
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during the winter may be due to the fact that Indian region has an
active agricultural activity. However, the seasonal patterns remain
similar across both the datasets, but there exists difference among
the two products, which could be due to wavelength dependence.
The physical basis for the variation in the response of SMOS vis
- a - vis AMSR-2 needs further analysis, which is being explored.
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Hydrological droughts can have widespread impacts by reducing
or eliminating water supplies, deteriorating water quality,
restricting water for irrigation and causing crop failure, reducing
power generation, disturbing riparian habitats, limiting recreation
activities, and affecting a diversity of economic and social
activities. With the development in irrigation infrastructure facilities,
water management practices and increased human interventions
in the water cycle, using one indicator doesn’t provide a holistic
view of the existing hydrological drought conditions in a specific
region. Hence a composite hydrological drought index made up
of multiple independent indicators such as runoff, surface water
spread, groundwater, and reservoir storages is required to give a
full perspective of the actual severity and impact on the ground. To
combine all the indicators mentioned above, standardized indices
from each of them have to be developed. Standardised Runoff
Index (SRI) is a very commonly used climate drought index,
which generally uses gamma or the Pearson Type Il distribution.
Streamflow and runoff commonly show a greater spatial variability
than climatic variables that are used to generate drought indices.
This is because of the influence of a number of factors, including
topography, lithology, vegetation, and human management etc.
Streamflow is channelized runoff and hence most of the factors
affecting the streamflow, affects runoff too.

India being a country with diverse landscapes, climatic conditions,
land use, etc., fitting one distribution for entire country or even
entire river basin is not appropriate. Hence the selection of best
fitting distribution needs to be done in a region, based on the local
runoff data. The most commonly used distributions in literature
(Gamma Distribution, Pearson Type-lll, Normal, Log-Normal,
Generalized Extreme Value Distribution, and Pareto Distribution)
were fitted to the SRI time-series data using the Maximum
Likelihood Estimation (MLE) method. While fitting a distribution to
the data, MLE estimates the parameters for a specific distribution
that best explains the data. The distributions selected earlier are
then evaluated for the goodness of fit using the K-S test and best
distribution that fits the data is selected. Cunnane plotting position
formula is used to calculate the probabilities of the sample in
case the K-S test fails to provide the best fit within the regulated
threshold.

Once the best fit for the observations is obtained, the normal
scores transformation, also known as z-scores transformation is
applied to normalize the values and finalize the indices for individual
grids. To apply this transformation, unit normal standard deviates
of p-values obtained from best fitted distribution are calculated.
The magnitude of the z-score can be classified into categories
shown in Figure 16.1, indicating the severity as suggested by
World Meteorological Organization (WMQO). Thus, the above-
described approach, which is a combination of parametric and
non-parametric techniques addresses the variability in the runoff
generation in a diverse country like India. SRI depends on the
runoff estimated from Variable Infilration Index (VIC), which is a
semi-distributed model. The runoff used is not routed. Hence this

index may be best suitable for rain fed or less irrigated areas.
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Fig.16.1: SRI product for cumulative hydrological year till November 2018
The water crisis in Chennai and floods in Kerala and Western Ghats are clearly captured in this hydrological year
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As a part of National Science Fortnight, a Webinar was organized jointly by NRSC and AGI on ‘New geospatial data guidelines and its impact
on the nation’, on 2" March 2021. The speakers were Director, NRSC; Director, SAC; Director, IIRS; Director, EDPO; Associate Director,
NRSC; President, AGI, India and Head NGP & CEOQ, NSDI. Lead speaker was Dr. Prithvish Nag, former Surveyor General of India
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Vicarious calibration experiments over the snow fields of western Himalayas
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Fig. 17.1: Subset image(FCC) of the Gulmarg site acquired by
RS2-AWIFS on Feb 17, 2021
(the red box indicates the location of the site)

The on-orbit radiometric calibration of satellite electro-optical
imaging sensors is a critical activity that must be regularly performed
to ensure the accuracy of image data and the reliability of derived
information products. Vicarious radiometric calibration provides
a useful method for monitoring the radiometric performance of
the onboard satellite sensors. The calibration facility at IMGEQS
Shadnagar, has a limitation in carrying out calibration at very high
reflectance values (>70% ) for moderate and wide field sensors.
The snow fields of the western Himalayan regions present a great
opportunity for vicarious calibration as they satisfy conditions of
being located at very high altitudes with normally clear atmospheres
and higher spectral reflectance(>95% at short wavelength of 300-
700nm), thus providing higher signal-to-noise ratios.

Feasibility and suitability study has been carried out using 3 years
(2018-2020) temporal data collection of Landsat 8, Sentinel-2,
Resourcesat-2/2A (RS2/RS2A) and atmospheric parameters were
studied using open source data (https://giovanni.gsfc.nasa.gov/
giovanni/), for identifying the favourable window for experiments.
Spatially flat regions with uniform surface reflectance were
identified having slopes (<10°) from DEM images and Coefficient
of Variation (CV) (< 5%) for analysis of surface reflectance images
of the site. The study revealed that aerosol optical depth values are
less than 0.2, columnar water vapour values less than 0.3 cm and
maximum snow depth is found in month of February. Based on the
slope and CV analysis, a region of size of about 240m x 650m was
selected for the purpose of vicarious calibration. The selected site
coincidently falls in the Gulmarg Golf Course of Kashmir, which
at an elevation of 2,650 metres, is the highest golf course in the
world.
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Fig. 17.2: Snow target at Gulmarg Golf course
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Fig. 17.3: The averaged spectral reflectance from the site

The reflectance-based calibration method relies on in-situ
measurements of the surface spectral reflectance of a ground site
(which is both spatially and temporally stable) and an assessment
of the atmospheric optical depth and aerosol loading above the
site. The data are coupled with the known sun-target-satellite
acquisition geometries, and an exo-atmospheric solar irradiance
spectrum to constrain the 6S (Second Simulation of a Satellite
Signal in the Solar Spectrum) radiative transfer code to compute a
top-of-atmosphere (TOA) spectral radiance.

An absolute calibration campaign was conducted between 16 -
20" Feb, 2021 over selected snow site. An attempt was made to
calibrate the radiometric performance of AWIiFS-A sensor on-board
RS-2 (Figure 17.1). Figure 17.2 is the field photograph of the site.

The averaged ground spectral reflectance (close to 50
measurements) of the snow surface measured using an SVC HR-
1024 field portable spectroradiometer is shown in Figure 17.3.
The atmospheric parameters were measured using sun photometer
and ozonometer. Average TOA radiance computed from selected
area of size equal to a 4x11 pixels was compared with the TOA
radiance predicted by the 6S code with in-situ measured surface
reflected information and atmospheric characteristics. A ratio
between observed TOA radiance and predicted TOA radiance was
used to quantitative evaluation of the radiance values.

The short wave infra-red (Band 5) had greater deviation from
the predicted radiance of up to 30%. This may be due to the
low reflected signal from the target in this band (Figure 17.4).
Gulmarg snow field can be used as a potential calibration site for
the calibration of high and medium resolution sensors due to its
high reflectance and high spatial uniformity.
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NRSC conducted 9 training programmes of three to five days duration during January - June 2021 and trained 328 personal in online mode.
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As outreach activity, NRSC celebrated Science fortnight (22" February to 5" March, 2021), World water day (23 March) & conducted Space
awareness programme (57" June). 7224 students from schools and colleges participated in online awareness programme. Bus exhibition
was arranged at few schools/colleges in Hyderabad. Competitions were also organized.
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