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Automated water bodies extraction algorithms were developed for
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datasets. Spectral knowledge based hierarchical automated algorithm was
developed for quick processing of satellite data and to extract water bodies
information in near real time. and the water bodies layer generated is hosted
as Water Bodies Information System (WBIS) on Bhuvan portal. WBIS facilitates
visualization of temporal water spread and water spread analytics.

This technical document describes briefly on input satellite data,
methodologies for extraction of water bodies and publishing on web and
limitations and use of datasets.
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About -WBIS ]

Size of water bodies for which
information is provided

Water bodies reference
(Pre-identified)

Satellite data

Accuracy - Water spread Area

Information provided

>2 Ha

>50Ha - 11938 No.
5-50Ha - 122629 No.
2-5Ha - 73447 No

Satellite Data

Optical Sensors

Resourcesat-2 AWiFS(56m) -5 Days
Resourcesat-2 LISS IlI(23m) -24 Days
Microwave Sensors

* RISAT-1 MRS (18m) - 24

» RISAT-1CRS(36m)

Around 95%

Size of water
body

>50 Ha

> 2Ha

>10 Ha
>50Ha

(i) Water spread boundary, area statistics

(i) Water spread analytics

Disclaimer and conditions for Use

Frequency of
observation

Once in 5 Days
Oncein 24 days

Once in 24 Days

Available data

(no systematic
coverage)

Satellite derived information is only Surface Water Spread. Other attribute namely capacity is a derived parameter.

The limitations and use of the WBIS : (i) Information is provided as captured by the satellite data. Clouds may
hamper the availability of information. (ii) Accuracy depends on size, shape of water body and the spatial resolution
of the sensor, efficiency of automated algorithms (built on knowledge base) {iv) WBIS highlight patterns, trends and
variability in water quantity at individual, regional scales. It is suggested for field validation where ever anamoly is
observed. (v) Identification and areal extent of Glacial lakes and water bodies in Himalayas, small urban water
bodies are not depicted accurately in wbis.

3|Page



Water Bodies Information System (WBIS)-2.0
Technical Document

1. Introduction

Satellite sensors can capture the scenario of surface water features at frequent intervals,
facilitating mapping and monitoring of surface water bodies at regular intervals. There are
several water bodies in India in the form of major/ medium reservoirs, irrigation tanks,
lakes, ponds, which are primarily used for agriculture and drinking water purposes. Variation
in water spread occurs as a function of rainfall amounts, intensity of rainfall, etc. over
season / year. Satellite data utilization for inventory, mapping and monitoring of water
bodies over larger areas is a popular technique for generation of temporal database
databases.

2. Satellite Data

Indian Remote Sensing (IRS) Missions like Resourcesat-2, RISAT-1 are the main source of
satellite data for monitoring changes in water spread. The following are the details of the
sensors utilized for the study.

Satellite—Sensor Spatial Repetivity
Resolution
Resourcesat-2 AWIiFS 56m 5 Days
Resourcesat-2-LISS |11 23m 24 Days
RISAT-1 -MRS 18m 23 Days
Risat-1- CRS 36m As per the
request

3. Satellite Data Processing

Spatio temporal water bodies’ database has to be generated by processing large number of
multi-temporal satellite data sets. Automated water bodies extraction algorithms were
developed by NRSC for quick processing of satellite data processing in Integrated Multi
Mission Ground Segment for Earth Observation (IMGEOS) IMGEOS from multi-sensor
datasets. Thus, the water bodies layers derived are integrated into a common geospatial
database. This information is depicted through Water Bodies Information System (WBIS)
for spatial dynamic data visualization and analysis with respect to individual water body, and
also at regional levels. Brief methodology for satellite data processing and development of
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water bodies information system is described in this document. Satellite /sensor inputs for
WBIS are provided below :

Satellites / Sensor based Inputs for WBIS

Satellite Data Size of water Frequency of

Optical Sensors body observation

Resourcesat-2 AWIFS(56m) -5 Days >50 Ha Oncein 5 Days

Resourcesat-2 LISS lII{23m) -24 Days > 2 Ha Oncein 24 days

Microwave Sensors

* RISAT-1 MRS (18m) - 24 >10 Ha Oncein 24 Days

* RISAT-1 CRS(36m) >50Ha Available data
(no systematic

coverage)

3. Automated algorithms for extraction of surface water bodies

Water bodies database has been generated with a combined use of Reourcesat-2 AWIFS,
LISS 1l (optical data) and RISAT-1 MRS, CRS (microwave data) for which automated
algorithms have been developed & made operational in IMGEQS in near real time.

3.1. Processing of Resourcesat-2 AWIFS/LISS lll data

Space-borne multi-spectral satellite images are analyzed using supervised/unsupervised
classification techniques available in any image processing softwares. The parameters for
image classification are provided manually for each of the scene and the process is repeated
for all. This process is time consuming and manual interpretation is required for
identification of thresholds and assigning clusters to water feature class. Automatic
algorithm developed by NRSC (S. Subramaniam, A.V. Suresh Babu and P.S. Roy 2011) for
quick processing of satellite data was used for generation of spatial water layers. This
automated algorithm is a spectral knowledge driven hierarchical, multi-logic algorithm
developed after spectral characterization and transformation to mathematical relationships
viz. band ratios, band thresholds & other combination of relationships across the spectral
data of four bands 0.52-0.59 um (Green), 0.62-0.68 um (Red), 0.77-0.86 um (NIR) and 1.55-
1.70 um (SWIR) . The principles used for automatic water feature extraction are: Water has
lower reflectance in the Visible-SWIR spectral region compared to other surface cover
features; Very high contrast between Green & NIR (except turbid water pixels) and Green &
SWIR due to the absorption of NIR & SWIR reflectance by water ; Reflectance of water in NIR
is lower than that of Red band.
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Algorithm is well tested over larger datasets across the country and is scene independent,
which is operationally used for extracting water feature. A typical satellite derived water
bodies layer is shown in Figure.1.

h.
oy

Figure.1l. Example showing Resourcesat-2 AWIFS image and the corresponding water layer

3.2. Processing of RISAT-1 MRS / CRS Data

RISAT-1, a microwave satellite data has been used in addition to Resourcesat-2 AWIiFS and
LISSS 1l for taking of advantage of microwave imaging in case of cloud cover and also to
have additional frequency of coverage for generation of fortnightly / monthly water layer.

RISAT-1 MRS sensor (18 m resolution and 128 km swath) has systematic coverage over India
in C Band, dual polarization (HH, HV) mode. Back scatter coefficient (o,) was estimated for
each of HH, HV images and this information was used for the generation of knowledge base,
and to develop an algorithm for identifying water pixels. Methodology consists of
Knowledge base creation for water and non water features and characterization of
microwave response in terms of of back scatter coefficient (o,), identification of thresholds
for back scattering coefficients to enable water pixel detection. Legacy database on water
bodies was also used for improving the thematic mapping accuracy. (Ref.5). A typical
satellite derived water bodies layer is shown in Figure.2.
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Figure.2. Example showing RISAT-1 MRS image and water layer

3.3. Productization in IMGEOS

IMGEOS is a ground segment infrastructure designed as a multi layer architecture having
User Services, Data reception & Processing systems and Storage along with Security and
Monitoring components to meet the increasing demand of varied types of satellite data
products acquired from all IRS Earth Observation missions. In IMGEOS the data product
generation chain is triggered by work-orders from User order processing system (UOPS). The
chain comprising of dedicated processing systems controlled by Data product work-flow
manager (DPWFM), generates products as per the defined processing level. The Information
Product Generation System (IPGS) is a newly added work-flow in IMGEOS to automatically
generate water layers from standard products of Resourcesat-2 AWIFS, LISS I, RISAT-1 MRS
and CRS sensors in near real time. Every day 1-2 passes of AWIFS sensor data covering
Indian region are processed in near real time to generate scene based water layers. These
layers are used to generate fifteen day composite mosaic for entire country. The major
elements under IPGS production chain are Product generation Initiation through Work
Order generation, Information Product Generation System, Product Dissemination to FTP,
Chain Monitoring and Routing through DPWFM and EMCIPGS System and Software
architecture. IPGS software is a new component in IMGEOS consisting of Information Layers,
Mosaic generation and Scheduler software. The layer and Mosaic generation software is
developed and optimized in IMGEOS framework with standardized interfaces for
automation and error handling in production chain using open source tools. The
synchronization of Mosaic generation and time composition are achieved using system level
daemon services. The IPGS scheduler is capable of distributed scheduling to take advantage
of available processing nodes.
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4. Water Bodies Information System (WBIS)

Water Bodies Information System (WBIS) is developed using web technologies like Vue JS,
Leaflet and eCharts for data visualization and map elements. Raster data is automatically
pooled from time-series water layers into a PostGIS enabled Postgres database. Java script
and REST APIs are provided using node.js. and Cassandra for generating the statistics of a
individual water body, regional (River Basin, River Sub-basin, State, District) Mapnik was
used as rendering Engine.

Process flowchart of WBIS are shown in figure below

Draily multi-sensor

satelite dats REFERENCE
oo ot WATER BODY
POLYGONS
Body Extraction
Algorithms
Water Layers— -
path moaics —

- Raster to Vector creation
- Searchand Tag Wheode

- Removal of Noise

- WA estimation

- Export tg Postgress DB

Automated Data pooling in Server | for updation |
- Temporal segregation of polygon data
- Daily, 5 Day, 15 Day, Monthly, S5easonal time scale
- Generation of statistics
- Seasonal fregional information generation
- Auto- updation for visualisation — Magps, Graphs, Tables

Process flow chart of Water Bodies Information System (WBIS)

4.1. Data Visualization in WBIS

Water Bodies Information System is provided with the visualization of spatio-temporal
layers at fortnightly/ monthly/seasonally every year since 2012. The snapshots of
important features are shown here

8|Page



et N ey =
==
¥ Ehoosn

il (il Gao-Plilker ol BAO

tr 0 iy
- it

Hational Bemcts Seming Canie @b

e Ty [ - Al

O O O LT o Ry
¥ bhoven & -
i irgen Geeo Pgrforn of 1530 Pagtinna Barrerie bem g Crvden &i b
& Layers e
¥ | Satellite Data
E )

Hydrolagical

Administrative

| I Water Bodies

= @ Vi Bocbes

Layers arrangement : Hydrological, Administrative and Reference Satellite Data

9|Page



# Bhuvan | Water Body In %

.
%

E=4l satelite Coverage

C O | @ 192168.198.71:2020/build/development/

Ir
S Indian Geo-Platform of ISRO

® Daily Coverage

i O Fortnightly Coverage

' Month

ly Coverage

) Seasonal Coverage

Sustainability Maps

O Rabi

Summer

Postmonsoon

Rb+Sm

0]
(6]
O
O

Rb+Sm+Pm

National Remote Sensing Centre g /‘1’_“

Qw0 g :

Status of Seasonal information and waterspread sustainability data visualization

¥ Bhuvan | Water Body It x

<« C (| © 192.168.198.71:2020/build/development/#!/map/24 52 9524,74.61364746/ an| 0 g
St
2|+ Suisaimer Hagaur [ .
‘Water Body Information System (WBIS) cay
E .
Ry Dausa
oo
» RAJASTHAN 2 O B
i ‘ Karau e
Morena
= Ajrer sond
s g amai Machopur
2 Tonis 0 dalaun
i HR=2 Gwalior
3 A > Data
2 = Han
- B b Shocpur ]
Barmer Fai SR . ’
hansi >
" . 3 .
Bhitwara e %
Snivpur tioba
Rasarand
ot - S ko
4 . 2
% St & N Thamgarh
- TV Baran
Sitor e Mm
Chnata
- - - Chikiaurgarh Lo Laligur B m"f
. *, DO Ribi=eech Astornagar  Rajghat
. Ueapur - Gor dam e Guna %
— ¥ iz
Banas Kantha L S Mandsaur” 3 g
< »
“‘ =08 Pratagga : MADHYA PRADESH
‘ . : Ragarh Vidisha.
o Sater K . H Sagar Damah
Kachehin Ty g e Shiapor
Mabesana Vo 3 > .
. . Sawnirs Ratar Bnapal
Gandhinagar had . Ujan 5 = Raisen
4
Sehore.
. A ; LA —% [r—
(3 Kneds < panch Matais ¢ O hanwa . e
Surendranagar LS Dewns Rani aws
% -  Ahmadabar 3 s
: = B Hoshangabed o
it GUIARAT 1Ay - - s
4 A . 1 .
Saragar W?iw Vadodara agr P ® et
- & Chhindwara
ol . o 12225881
10| 2 remevame - ® e West Nimar (] 50 00KM o e

View of Daily water layer integration in web service (eg. 19.11.2016)

10|Page



5 Bhuvan | Water Body Int %

¢ ¢ 0019261987

p/16.2T

960306212524,77 27783203125@72

Q% O @y ¢
; Regional Analysis
R
d  Search for any River Basin, River
- Subbasin, State, District
Krishna Basin |
Show Statistics
NDHRA PRADESH
C Wmnes
_ MmL‘S:v‘}EMI
Maissocram. 4 3 .
£ | [ sovorzie - ® *| Commn  TAMILNADU i [ENCEEIET N} o e
: Leates i

¥4 Bhuvan | Water Body In! X

& - C O | ® 192.168.198.71:2020/build/development/#!/map/16.2T7960306212524,77 277832031 25@7z Qw0 g i
[ N 4T Marmada |, Barwani =0 &= B
[ ] ) \
+ Porbanaar i -
e o e Kot i
Ry + B N T [}
“* Monthly
x e Water Spread Area status for Krishna Basin
© sustamaaty during the month of ¥ in the year
L & >50ha Sha-50ha 2ha-Sha
No of Water Bodies: 1807 Ne of Water Bodies: 15186 No of Water Bodies: 8456
Water bodies considered(Aug 20161 1608 out of 1807 11949 outof 15188 Water bodies considerediAug 201
Watter 50read. 1.57.095 b (36.3%) 0ul of 433,198 haihiax ). Walel spread. 24,555 ha (5.7%) 0ut 01 2,14,249 ha(Max.) Waler spread 134 ha (1.4%) oul
Status Count Status Count Status Count
90-100% 90-100% 37 90-100% 2
80-50% 22 i 80-80% 43 80-90% 3
70-80% 52 70-80% 80 70-80% 2
60-70% 84 | eo-70% 136 60-70% 4
50-60% 109 50-60% 245 50-60% 9
40-50% 109 | 40-50% 408 40-50% 19
30-40% 116 30-40% 533 30-40% 26
20-30% 154 | 2030% 816 20-30% 35
10-20% 180 10-20% 1362 10-20% 21
0-10% 863 | o-10% 10288 0-10% 3084
-No Data- 109 -No Data-’ 1237 -No Data-" 5251
“No coverageiciouay
Kazhikade L‘""‘D“‘}’ Erode : Cudaalors
Lakshadwasy \ 2 Namakal  Pocambalr
B Malagpuram e 14857785
L b - e+ Comtars TAMIL NADU ¥ LN 0 00 mim e
s Loste | s

Regional statistics on status of water spread

11|Page



¥ Bhuvan | Water Body |

<« C O | © 192.168.198.71:2020/build/development/# 76.22177124023438@112 a® O fg
g +
‘Water Body Information System (WBIS)
Ry A -
* Hirshail Do
i
L Gaag -
. - b {
n B LI
Malor Tank - el
~» =
. 9 s
S s
- = )
. = -
\
4 — - b2
B
P .
kd %
i e oy Prakruthi' J8 Halli Tank
: . : .
0 & . y
2| @ Novate - @ + b &
.

¥ Bhuvan | Water Body |

— C 0 © 192.168.198.71:2020/build/development/#!/map/15.066819284 aw| O %
Kahapur
g+ e .
i Water,Body Information System (WBIS) P i i b
Ry x
3 | WMl Trends
i i | Tungabhadra B Water Spread Aveaitia) @~ Capacity (Mcum) BOOSCLAdn | j
L~ Water Spread Area{Ha) Capacity Meum) s
40,000 5,000
oo
4000
30000
5,000
20000
2000
\ Ve
10000
1,000
o "“Ihm. l“h... h“ [ |h|.‘ | |“ [THHMH l 5
5 Jan 2012 12 Mar 2012 26 Nov 2012 22 Mar 2013 15 Dec 2013 21 Feb 2014 29 Aug 2014 26 Jan 2015 27 May 2015 22 Nov 2015 5 Feb 2016 20 Apr 2016 2201 2016
S 2
Display All * datain Single Day * mode
2 Veotvtass Beger Do
19 Now 2016 - o + 0 S ot m 30 e sem T

Visualization of Individual reservoir / water body

12|Page



5. Data use and disclaimer conditions

5.1. Possible use of Water bodies information in various monitoring projects

0 Studies on Water spread dynamics — hydrological drought assessment
(for National Hydrology Project)

Seasonal Water bodies information -Sustainability analysis (fisheries)
Volume estimation (for State/Central Irrigation departments)
Visualisation of water spread dynamics

O O O O

Input to hydrological models, climate /weather studies

5.2. Disclaimer and Conditions of Use

Satellite derived information is only Surface Water Spread. Other attribute namely capacity
is a derived parameter.

The limitations and use of the WBIS : (i) Information is provided as captured by the satellite
data. Clouds may hamper the availability of information. (ii) Accuracy depends on size,
shape of water body and the spatial resolution of the sensor, efficiency of automated
algorithms (built on knowledge base) (iv) WBIS highlight patterns, trends and variability in
water quantity at individual, regional scales. It is suggested for field validation where ever
anamoly is observed. (v) Identification and areal extent of Glacial lakes and water bodies in
Himalayas, small urban water bodies are not depicted accurately in wbis.
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Acronyms

IMGEOS - Integrated Multi-mission Ground Segment for Earth Observation Satellites
RISAT-1 —Radar Imaging SATellite -1

MRS — Medium Resolution Sensor

IPGS-Information Product Generation System

UOPS — User order Processing System

SAN — Storage Area Network

SWFM - Station Work Flow Manager

EMC — Enterprise Monitor and Controller

DPGS — Data Product Generation System

SWFM - Station Work Flow Manager
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