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Snow & GlaciersSnow & Glaciers

Flood Management Flood Management 

Remote sensing provides  Remote sensing provides  
comprehensive monitoring of water comprehensive monitoring of water 
resources dynamics in the country resources dynamics in the country Climate ChangeClimate Change

Snow & GlaciersSnow & Glaciers



Automatic extraction algorithm for  generation of  Automatic extraction algorithm for  generation of  
Water Cover Fraction (Water Cover Fraction (WCFWCF) and Snow Cover Fraction () and Snow Cover Fraction (SCFSCF))

• Feature specific spectral knowledge 
base created 

• Developed hierarchical  automated 
algorithm algorithm 

• Implemented on large number of 
datasets 

• Historic  water body (2004 to 2013) 
information is hosted in Bhuvan

• Integrated in IMGEOS  scheduler to 
generate the snow, water cover 

Dynamic  information  Water Body Fraction 

Water body

generate the snow, water cover 
images in near real time . 

• Quick generation of  Water Cover 
Fraction (WCF) , Snow Cover Fraction 
(SCF) products ( fortnightly/Monthly)(SCF) products ( fortnightly/Monthly)

Snow cover



Reservoir Siltation : Capacity Loss Assessment
••Rapid silting & loss of storage results in Rapid silting & loss of storage results in 

reduction of  economic life of reservoirreduction of  economic life of reservoirreduction of  economic life of reservoirreduction of  economic life of reservoir

••Annual siltation rate of Indian reservoirs Annual siltation rate of Indian reservoirs is is 
1.5 to 3 times the designed rate1.5 to 3 times the designed rate1.5 to 3 times the designed rate1.5 to 3 times the designed rate

••> 30% of live storage is silted> 30% of live storage is silted

••RS techniques complement conventional RS techniques complement conventional ••RS techniques complement conventional RS techniques complement conventional 
Hydrographic Survey, in cost & time effective Hydrographic Survey, in cost & time effective 
mannermanner



Satellite Image (FCC) of SRSP Reservoir
Elevation-Capacity curve of SRSP Reservoir
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•Gross capacity assessed •Gross capacity assessed 
to be  2070.164 M.Cu.m. 
in year 2002  

•34.74 % capacity 
(1101.773 MCM)is lost 
since impoundment in 

5

since impoundment in 
1970. 

National Action Plan for Sedimentation 
Assessment of 124 Reservoirs



Irrigation Water Management

• Inventory of Irrigation Infrastructure• Inventory of Irrigation Infrastructure

• Canal Net work ( conveyance & distribution 
system ) mapping.Progress of Irrigation works

• Impact of structural and non-structural • Impact of structural and non-structural 
measures on the irrigation system performance 

• PIM (Water User Associations ) 

• Inventory , monitoring & evaluation of minor 
irrigation systems ( Tanks)

• Spatial irrigation utilisation patterns

Accelerated 
Irrigation Benefits Irrigation Benefits 
Programme (AIBP)



Canal network
Main canal Minor

Inventory of Irrigation InfrastructureInventory of Irrigation Infrastructure Assessment  of Irrigation Potential Assessment  of Irrigation Potential 

inin
• Main Canal 
• Branch canal
• Distributary

StructuresAqueduct
CD structureCD structure

• Distributary
• Minor
• Water Courses
• Field channels

Canal lining in 

• Aqueduct 
• Super Passage
• Pipe culverts 
• Box  culvert
• DHPC

• Chutes

Physical status 
of canals

Canal in progress

Canal lining in 
progress

• Chutes
• Drops 
• Syphons
•Off-take regulators
• Cross regulators 
• Escape regulators

Critical gaps  

Structure 
pending

• Road bridges
• Cart bridges
• Foot bridges
etc.

Irrig.potentialIrrig.potentialCritical Critical % physical % physical 

Critical gaps  

Irrig.potentialIrrig.potential
createdcreated

Critical Critical 
gap areasgap areas

% physical % physical 
progressprogress

Balance irrigation potential  



Physical Status of Canals

Glimpses of Irrigation Infrastructure through Cartosat satellite data

Upper Wardha Upper Wardha

Upper Wardha

Sidhata Sidhata



Critical gaps (Canal reaches) 
Glimpses of Irrigation Infrastructure through Cartosat satellite data

Sindh Phase-IISRSP-II Sindh Phase-II
Sardar Sarovar Project

Gap  in head reach of  Sub Minor 

GosikhurdGosikhurd

Discontinuity on RBC Gap in Chenchwel Minor

Sindh Phase-II
GosikhurdGosikhurd

Sindh Phase-II

Gap in distributary Gap in distributary Work in progress in  D1 of  Ukaila canal



Critical gaps (Structures)

Glimpses of Irrigation Infrastructure through Cartosat satellite data

Gundlakamma Rajghat

Pending  Highway Road crossing  On  RMC Pending railway crossing on BIjrawtha Dy

Kansjore
UKP

No offNo off--take to Lat/6  from DY 17take to Lat/6  from DY 17Pending Aqueduct on LMC
BACK



LBMCCartosat-1 data acquired Irrigation Potential ( Ha)

Upperwardha Project, Maharashtra State

Assessment of Irrigation Potential Created  in AIBP funded irrigation Projects in India

LBMCCartosat-1 data acquired 
during May-June, 2007 
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Balance I.P 

AIBP Component  :
RBMC

Cartosat derived canal networkCartosat derived canal network

Satellite assessed  Irrigation Potential  created is slightly  lower  than field  reported



Irrigation Infrastructure Monitoring- AIBP

• Developed technique using satellite data for time stamping of 
Phase – I

No of projects  : 53 • Developed technique using satellite data for time stamping of 
irrigation infrastructure progress and I.P creation

• Cartosat satellite data based monitoring in 103 irrigation 
projects was carried out successfully

Effective compliance monitoring

No of projects  : 53
AIBP target : 54 .5  L ha 
No of States : 18

Study indicated large
deviation (>25% ) in field
reporting in 15 projects

Effective compliance monitoring
Reconciliation of I.P created 

• Policy Decision taken for Internalisation of Technology
• Easy to use AIBP monitoring  through Bhuvan module  

developed   by NRSC. Mobile app is integrated into the module.
reporting in 15 projects

developed   by NRSC. Mobile app is integrated into the module.
User Manual Prepared

• Provided  training to 30 CWC officers 
implementation by CWC is in progress in 13  projects

Phase – II
No of projects  : 50
AIBP target : 8 .5  L ha implementation by CWC is in progress in 13  projects

upscaled to remaining 150 projects
AIBP target : 8 .5  L ha 
No of States : 14

Main canal

Structures Physical statusCanal network Critical gaps  
Study indicated deviation
(>10% ) in field reporting
in only 6 projects

Main canal
Aqueduct



Satellite based Online Monitoring of AIBP projects using 
BHUVAN Web services

Posting of location
specific comments

Field photo

specific comments

Internet

Posting of field photo /
info through Mobile
Application

Canal network status

Technical guidance by NRSC
through online discussion forum

User Manual
Online Reporting of Physical and Financial progress 



Canal Command Areas : Performance Canal Command Areas : Performance EvaluationEvaluation
Performance indicatorsNagarjunasagar Left Canal 

Command Area ( NSLC)

Cropping Pattern  
Area under crop    
rrigation potential utilized

Command Area ( NSLC)

Irrigation potential utilized
Irrigation Intensity
Crop Production    
Water Utilization  Index Water Utilization  Index 
Water  Use Efficiency 

Ident i f ic at ion of Canals 
w i t h Di f ferent ia l / Poor 
Per for m anc e over T im e 
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In-Season Inputs for Improved Water Distribution Impact of  Improvement Interventions

19951993 19951993
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IRS P6 LISS 
IV MX data Tank command 

NaktaNakta Tank Command, Tank Command, KabirdhamKabirdham District, District, ChattisgarhChattisgarh StateState

IV MX data Tank command 
jurisdiction
Idetnfied 
through field 
maps and LISS 

IP: 126 ha

Designed 
Irrigation: 81 ha

maps and LISS 
IV data)

IRS P6 LISS III 
data

IRS P6 LISS III 
data

Year

Kharif

Non 

Rabi 
2005

Kharif 
2004

Year

Paddy
Non 

Paddy Total

2004-05 57.86 11.94 69.80

2007-08 66.61 8.16 74.77

Year

Rabi

Paddy
Non 

Paddy Total

1616 of 7of 7

Kharif 
2007

Rabi 
2008

2004-05 0.00 38.94 38.94

2007-08 0.00 42.97 42.97



Tank / Minor Irrigation Water Management
Kharif 04 Kharif 07

Multi-year satellite data helps in evaluating 
Kharif 04 Kharif 07

Multi-year satellite data helps in evaluating 
impact of developmental programs – through 
generation of agriculture and water related 
performance indicators

Mandi

KupwaraKupuwara

Mandi

Rabi 05 Rabi 08

Kabir Dham

Mandi

Kabirdhan The satellite data based evaluation considers the temporal change 
(from 2004-05 to 2007-08) in Water spread area, Season-wise cropped 

Improve

No Change
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Bangalore 

Ganjam

Gajapati

GajapathiGulbarga

Mahabubnagar
Bangalore(R)

Ganjam
(from 2004-05 to 2007-08) in Water spread area, Season-wise cropped 
area, Principal crop condition & Annual irrigation utilization
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The satellite data based evaluation covered
742 Minor Irrigat ion schemes in 9 Dist ricts spread 

Overall Performance of 742 Tanks

No. of Tanks
0

Annual Irrigat ion Ut i lizat ion

742 Minor Irrigat ion schemes in 9 Dist rict s spread 
over 6 States
• Total CCA covered - 1,01,788 hectare
• Two years of study 

2004-05 (Pre) and 2007-08 (Post) 



Hydrologic  Modeling  for 
Water Resources Assessment and Flood ManagementWater Resources Assessment and Flood Management

1. Basin Level Water Resources Assessment Using Space Inputs (annual /monthly time-
step)

• Joint pilot study with CWC in Godavari, Brahmini & Baitarani River Basins
• Up scaled all 20 river basins : CWC will execute with the support of NRSC

2. Snow melt Runoff forecasting in 5 Himalayan river basins ( Seasonal, fortnightly)2. Snow melt Runoff forecasting in 5 Himalayan river basins ( Seasonal, fortnightly)
-User : CWC

• Seasonal forecast modeling ( April to June)
• Short term forecast modeling ( 16 daily)Short term forecast modeling ( 16 daily)

3.  Grid based Water Balance Computations (daily time-step)
• In House R& D work in Godavari & Mahanadi Basins 
• Up scaled to National level under• Up scaled to National level under

4.  Real-time flood forecasting in the Godavari Basin (sub-daily time-step)
• A real-time application in collaboration with CWC and IMD
• FF Modeling in 6 Flood prone areas• FF Modeling in 6 Flood prone areas
5. Glacier Lake hazard assessment ( event based study)
• South Lonak glacier Lake, Sikkim 



Basin-wise Mean Annual Water Resources Assessment  using  
Space Based Geo-Spatial Data and Field Hydro-Meteorological Data

Implementation at National Level 
Pilot Study Results

Currently used water resources potential estimates are old; Changes
in land use /land cover, irrigation development, GW exploitation and
varying rainfall/climate necessitated re-assessment

NRSC and CWC jointly carried out pilot studies (Godavari and Brahmani-
Baitarani river basins)

Pilot Study Results

Godavari - 113.09 BCM
(previous estimate 110.54 BCM)

Baitarani river basins)

Precipitation based Water balance approach; Thornthwaite-Mather
Water Balance Model; Monthly time step

Land Use/Land Cover, Soil, irrigation command, Climate are integrated
at Hydrological Response Unit level to compute AET, Soil Moisture andat Hydrological Response Unit level to compute AET, Soil Moisture and
runoff from precipitation

Calibration of model runoff with field measured river discharge

Water Resources availability is computed with model computed runoff

Brahmani-Baitarani –35.129BCM
(previous estimate 28.477 BCM)

Water Resources availability is computed with model computed runoff
and upstream abstractions (irrigation water use, evaporation
losses, domestic, industrial and live stock consumptive use)

The National Scale extension proposal forwarded to CWC/MoWR
(2013-16 & 2.18 Crore)

NRSC (along with Regional Centers) and CWC to jointly execute the
study

Elevation Soil Irrigation 
Command

Land use Census TemperatureRainfall



Flood Forecasting
Development of  Medium Range Flood Forecast Model for the Godavari Basin

Landuse Sub-basins

Development of  Medium Range Flood Forecast Model for the Godavari Basin
DEM Soil Texture

• Satellite derived (56m) land use maps 

DEM

DEM (SRTM)

• Satellite derived (56m) land use maps 
• Soil Textural Grid at 1:250,000
• Spatial rainfall grids are used ( 272 stns.)
• Model is calibrated and validated with  

observed CWC data of  2000 and 2001

Computed Discharge

Observed Discharge

Flood Stage

observed CWC data of  2000 and 2001
floods. 

•• Real-time testing is done during 2010 -13
floods using 3 hour hydro-meteorological
data. Forecasted flood hydrograph isdata. Forecasted flood hydrograph is
compared with the observed flood and
found very good match.

• Flood forecast lead time is increased from 30 hours to 42 hours in this study 

Flood Forecast Hydrograph at Perur

• Flood forecast lead time is increased from 30 hours to 42 hours in this study 
• More accurate flood peak computation (90% accuracy is achieved).
• Flood hydrograph at any river confluence can be computed. 
• Flood alerts were given to CWC and DMSP during the   2013 monsoon season.
- Inundation simulations were done using ALTM DEM   of Sabari Floodplains.



Estimation of Grid-wise, Periodic Water Balance Components Through Hydrological Modelling

Daily Water Balance Components at 9 min Grid level 
1 Jun - 15 Sep 20131 Jun - 15 Sep 2013

Daily Mean (India) Water Balance Components
01 Jun – 15 Sep, 2013

Daily Mean (India) Runoff Coefficient 
01 Jun – 15 Sep, 2013



Using Energy Budget approach

ChenabInput data used Source

Snowmelt Runoff Forecasting in Himalayan basins using RS inputs

Chenab

Sutlej
Beas

Bhuntar

PremnagarSnow Cover Area AWiFS / MODIS satellite data

Glacier Cover Area AWiFS satellite data

Land Surface Temperature MODIS satellite data (8-Day LST product MOD11A2)

Incoming Solar Radiation f(elevation,slope,aspect,Julian day, lat., long.)

Yamuna

Sutlej

Alaknanda

Bhagirathi

Uttarkashi

Bhuntar

Bhakra

Hatnikund

Net Longwave Radiation f(LST) - (MODIS satellite data, 8-Day LST product 

MOD11A2)

Snow Albedo MODIS satellite data (Daily SCA Product MOD10A1)

Land Cover AWiFS satellite data

Rudraprayag
Hatnikund

Snow persistence Index MODIS satellite data (8-Day SCA Product MOD10A2)

DEM Cartosat / SRTM data

Discharge, Rainfall data CWC- Field data

65843 watt-hour

Insolation during 1-8 May 2013 Land Cover

529 watt-hour

Basin Seasonal 
Forecast

Apr - Jun 2013 
(MCM)

Seasonal Snowmelt Forecast issued for the period April-May-June  2013

AWiFS data showing the snow cover area during 2013

Snow cover during 1-8 May 2013Snow Albedo during 
1-8 May 2013

(MCM)

Alaknanda 2,320

Bhagirathi 1,040

Beas 800

Chenab 6,520

100 %

Chenab 6,520

Sutlej 3,700

Yamuna 960
Forecast issued on 1st April

Snow cover

1 %



Inventory and monitoring of glacial lakes & water bodies in 
Himalayan region of Indian river basins

Inventory of glacial lakes/water bodies in theInventory of glacial lakes/water bodies in the
Himalayan region of Indian River basins using satellite
data (spatial extent > 10ha)

Monitoring the spatial extent changes of theMonitoring the spatial extent changes of the
lakes/water bodies (> 50ha) on monthly basis during
June to October months for 5 years, succeeding the
inventorying year

Status of glacial lakes/water bodies - 2011
Inventory of glacial lakes/water bodies - 2009

Using Resourcesat -1 AWiFS  Data 
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Glacial Lakes Water Bodies
Month

No. of 
GL/WB 

monitored

Water Spread Area

Increase Decrease No Change

Jun 178 49 20 109
Jul 125 36 17 72
Aug 153 73 23 57

Status of glacial lakes/water bodies - 2011Using Resourcesat -1 AWiFS  Data 
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Jun 267 40 126 101
Jul 217 48 73 96

Status of glacial lakes/water bodies - 2012
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78%

Jul 217 48 73 96
Aug 240 16 128 96
Sep 305 5 200 100
Oct 370 15 228 123
Jun-Oct 391 88 110 190

Total Monitored - 409



Earthen Dam/Embankment Breach Analysis (Froehlich Method)

DAM  breach Parameters computed: Average Breach Width, Time to Peak, Peak Flow, Volume of 
water stored above breach at the time of failure, etc.

Hazard Assessment of  South Hazard Assessment of  South LhonakLhonak Glacier lake in Sikkim HimalayaGlacier lake in Sikkim Himalaya

water stored above breach at the time of failure, etc.

Topographic parameters computed: River cross section profiles along the river (using CARTO 10m 
DEM), manning’s roughness parameters (using LULC of 2010).

Hydraulic parameters computed: Velocity of flow, water level,  and discharge of flow at every 
cross section, flood hydrographs for different scenarios (for assumed possible depth of water in cross section, flood hydrographs for different scenarios (for assumed possible depth of water in 
the lake), and flood inundation simulations under different scenarios.

Modelling Environment: MIKE 11 and HEC RAS

Growth of the lake as viewed by RS Satellites 

Simulated flood hydrographs for different Possible flood inundation simulation in case of  

Landsat  TM, 10-11-1989
Area: 37.32 Ha

IRS 1D, LISS III 17-11-2002
Area: 78.95 Ha

Simulated flood hydrographs for different 
depths of water in the lake

Possible flood inundation simulation in case of  
Sudden failure of the earthen dam (at 10000  m 3/s)

Summery of Results

- Depth of inundation varies from 3 to 5 m when the discharge is 10,000 m 3/s

- Peak discharge will occur within one hour in case of sudden failure of the earthen
dam.

IRS P6, LISS III 17-11-2008
Area: 98.73 Ha

IRS P6, LISS IV 03-07-2012
Area: 102 Ha.

dam.

- Outburst of the lake alone may not cause any flood problem in the area. It may have
impact if this is added to the floods caused by rainfall in the downstream of the lake.

- No prominent villages , settlements, bridges etc. were noticed within the floodplains of
the studied river stretch



Water Resources Water Resources EnggEngg -- WHAT SPACE CAN DO…..WHAT SPACE CAN DO…..

Remote Sensing
(High Resolution Imaging & Survey)

• Mapping/Monitoring

GIS + Econometric Models
(Linking Socio -economic variables )

• Targeting Beneficiaries

Airborne Systems
(LASER / Photogrametry)

• 3D Terrain Modeling

Technological 
Challenges

Societal 
Dimensions

International/
Geo-political 
Dimensions

Environmental/Environmental/
Ecological
Integrity

Footprint Analysis Inputs to User 
Agencies

Optimality

Visualization

• Pre-/Feasibility Report

• Detailed Project Report

• Project ImplementationAwareness 

25


