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Potential of Satellite Remote Sensing & GIS for Flood 
Hazards Mapping, Monitoring & Early Warning

Learning Objectives:

Session will help in familiarizing about EO data
applications for

• Flood hazards mapping,
• Flood hazards monitoring &
• Flood hazards early warning.

https://www.emdat.be/publications

Natural Disasters 2018 2019 CRED
Centre for Research on the Epidemiology 
of Disasters - CRED

Natural Disasters Occurrence

167
2008-2017 annual average

19867,572348

South Asia & Floods

 Coastal areas currently home to 300 million people
will be vulnerable by 2050 to flooding made worse by
climate change.

More than two-thirds of the populations at risk are in
China, Bangladesh, India, Vietnam, Indonesia and
Thailand.

Destructive storm surges fueled by increasingly
powerful cyclones and rising seas will hit Asia hardest.

Rainfall Variability-Short Intense Spells

Monsoon season of 2019 Indian rivers have 
crossed Highest Flood Level (HFL) at around 37 
Level Forecasting and Level Monitoring sites. 

http://www.unisdr.org/

Monitoring, Forecasting & Risk Assessment is very important for DRR and 

meeting goals of Sendai Framework for DRR (SFDRR)

Reduce Increase

Mortality Countries with National & 
Local DRR strategies

Affected People International Cooperation

Economic Loss Availability & Access to multi 
hazard early warning systems 
and disaster risk information
and assessment

Damage to critical 
infrastructure/basic services

7 

GLOBAL TARGETS

Priority Action

Priority-1 Understanding Disaster Risk

Priority-2 Strengthening Disaster Risk Governance

Priority-3 Investing in DRR for resilience
Enhancing disaster preparedness for effective 
response and to “BBB” in recovery,
rehabilitation & reconstruction 

Priority-4
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PRIORITIES

https://www.emdat.be/publications
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Flood Hazard
• A flood is a relatively high flow which overtakes natural channel provided for runoff

(Chow, 1956).

Heavy Rainfall 
Dam Break 
Breaching of embankment 
Drainage congestion 
Storm Surge 
Glacial Lake outburst 

Kosi-2008
Chennai-2015
Kedarnath-2016
Kerala-2018
Bihar, Gujarat-
2019 

During Disasters

Limited Time
Limited Manpower/Resources
No Accessibility
Financial Constraints
Collapsed Communication
Damaged Instruments

Conventional Method ofDecision Maker

Location

Spatial Extent

Severity

Persistence

Depth

Time 
Line

Vulnerable Areas 

Relief Shelters

Shortest Routes

Precipitation

Soil Moisture

Land use

Changes in River Course

Embankment Status

Basin Characteristics

Advantages: Remote Sensing for Hydro-meteorological 
Hazards

Can operate in all weather conditions

Can provide synoptic view

Inaccessible & hazardous areas can be sensed 

Identifying the Disaster Location & Spatial Extent

Transboundary Monitoring of Events

Rapid Damage Assessment; Compare Pre and Post Disaster Changes

Satellite observations provides temporal monitoring

ACTIVE/PASSIVE

Can provide global coverage

https://link.springer.com/article/10.1007/s11069-016-2601-9

•Distinctive character
of water is its
absorption in NIR &
beyond

•Water looks blue or
blue-green due to
stronger reflectance
at shorter ƛs which
decreases as ƛ
increases.

Spectral Reflectance of Water

• Variance in water spectral patterns is detected in shorter wavelengths (blue and green)

which is related to depth of water, content of materials in suspension (chlorophyll, clays,

and nutrients), & roughness of surface.

Optical Imaging Satellites for Flood Mapping Microwave Imaging of Floods: Advantages & 

DisadvantagesAdvantage:

• Nearly all weather capability

• Day or night capability

• Penetration through the vegetation
canopy

• Penetration through the soil

• Minimal atmospheric effects

• Sensitivity to dielectric properties
(liquid vs. frozen water)

• Sensitivity to structure

Disadvantage:
• Information content is different than
optical & sometimes difficult to
interpret
• Speckle effects (graininess in image)
• Effects of topography

ACTIVE SENSOR

https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=QuickBird&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NE2TGdhaIWj3CDvOX52kSUzb9DF4ACR2FlY2RsrOyMDGGzDSCicVA5uPv3vOlc7d2jjeVmJFbfsOGetHQegHzZwWKbvlYZo0ixtOGQs5LZosLPgcrIbnAC7flmrzzBTAGA8DXQCjbAdWIUQLz6yOMwfSUmga83OChcfjY1J59KwVT3QB3EmmVmCGJ1EHV8mR34q9OiwzOloi0MhyNFIFYDUnpQAktvk0qdOcZDqqdubYUG0hzFnE7bbwW3HEhvUazbRc_AnegNT4-v7Yk1_A3ePrO3gGcL27qAY9ASj1KR-kvdQNvRI9AHQPYKObpgVl5TVliyrdQYpO4OZFwkNeokO4K__W5jmYn67JElxJhP_G9dEV3O7RGNO8uPTQOYRnKWOULM-ETCjL-wqpP5TV3RaxB_AftvMDgq4eWv4BAAA&npsic=0&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYIJQ
https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=QuickBird&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NE2TGdhaIWj3CDvOX52kSUzb9DF4ACR2FlY2RsrOyMDGGzDSCicVA5uPv3vOlc7d2jjeVmJFbfsOGetHQegHzZwWKbvlYZo0ixtOGQs5LZosLPgcrIbnAC7flmrzzBTAGA8DXQCjbAdWIUQLz6yOMwfSUmga83OChcfjY1J59KwVT3QB3EmmVmCGJ1EHV8mR34q9OiwzOloi0MhyNFIFYDUnpQAktvk0qdOcZDqqdubYUG0hzFnE7bbwW3HEhvUazbRc_AnegNT4-v7Yk1_A3ePrO3gGcL27qAY9ASj1KR-kvdQNvRI9AHQPYKObpgVl5TVliyrdQYpO4OZFwkNeokO4K__W5jmYn67JElxJhP_G9dEV3O7RGNO8uPTQOYRnKWOULM-ETCjL-wqpP5TV3RaxB_AftvMDgq4eWv4BAAA&npsic=0&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYIJQ
https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=QuickBird&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NE2TGdhaIWj3CDvOX52kSUzb9DF4ACR2FlY2RsrOyMDGGzDSCicVA5uPv3vOlc7d2jjeVmJFbfsOGetHQegHzZwWKbvlYZo0ixtOGQs5LZosLPgcrIbnAC7flmrzzBTAGA8DXQCjbAdWIUQLz6yOMwfSUmga83OChcfjY1J59KwVT3QB3EmmVmCGJ1EHV8mR34q9OiwzOloi0MhyNFIFYDUnpQAktvk0qdOcZDqqdubYUG0hzFnE7bbwW3HEhvUazbRc_AnegNT4-v7Yk1_A3ePrO3gGcL27qAY9ASj1KR-kvdQNvRI9AHQPYKObpgVl5TVliyrdQYpO4OZFwkNeokO4K__W5jmYn67JElxJhP_G9dEV3O7RGNO8uPTQOYRnKWOULM-ETCjL-wqpP5TV3RaxB_AftvMDgq4eWv4BAAA&npsic=0&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYIJQ
https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=QuickBird&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NE2TGdhaIWj3CDvOX52kSUzb9DF4ACR2FlY2RsrOyMDGGzDSCicVA5uPv3vOlc7d2jjeVmJFbfsOGetHQegHzZwWKbvlYZo0ixtOGQs5LZosLPgcrIbnAC7flmrzzBTAGA8DXQCjbAdWIUQLz6yOMwfSUmga83OChcfjY1J59KwVT3QB3EmmVmCGJ1EHV8mR34q9OiwzOloi0MhyNFIFYDUnpQAktvk0qdOcZDqqdubYUG0hzFnE7bbwW3HEhvUazbRc_AnegNT4-v7Yk1_A3ePrO3gGcL27qAY9ASj1KR-kvdQNvRI9AHQPYKObpgVl5TVliyrdQYpO4OZFwkNeokO4K__W5jmYn67JElxJhP_G9dEV3O7RGNO8uPTQOYRnKWOULM-ETCjL-wqpP5TV3RaxB_AftvMDgq4eWv4BAAA&npsic=0&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYIJQ
https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=TanDEM-X&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NG2TGdhaIWj3CCfOX524SUzb9DF4ACR2FlY2RsrOyMDGGzDSUicVA-Px53Ou7rlbG8dQiRXViS0-SfSjIPSDekZyRm95yJJ6fsMJpSEneZ2GOZ-B7cXvpm87oxn4dZqqxdOWAMZoEOgCGEUzMHMhGnhqtu0ZkBZC06ifOVh4PD5ySo-eNuKxLoA7TtUSTPE4auMyOfIbsVeFpUZbSwQamrbmlAFYzZxCgOWCVZqdTIblzAwbqiVEaxpxqyn8ZhzRQTVGa5ku_gRvQKp9fX_syS_g7vH1HTwDuN6ZV4OeAJR6hPdZl7mhV6AHgO4BrHUYywktrgmdV-n2GTqBmxcJD3mBDuGuvKzNszE_XZMluJII_43roSu43SUxJll-6aFzCM8YpcRZnAm1oCzvK071oKzuNo89gP-wnR8CTm7B_wEAAA&npsic=-896&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYITw
https://www.google.co.in/search?sa=X&biw=1694&bih=921&q=TanDEM-X&stick=H4sIAAAAAAAAAHWRvU7DMBSFsQQIHJAqIyEUIVExILb8NG2TGdhaIWj3CCfOX524SUzb9DF4ACR2FlY2RsrOyMDGGzDSUicVA-Px53Ou7rlbG8dQiRXViS0-SfSjIPSDekZyRm95yJJ6fsMJpSEneZ2GOZ-B7cXvpm87oxn4dZqqxdOWAMZoEOgCGEUzMHMhGnhqtu0ZkBZC06ifOVh4PD5ySo-eNuKxLoA7TtUSTPE4auMyOfIbsVeFpUZbSwQamrbmlAFYzZxCgOWCVZqdTIblzAwbqiVEaxpxqyn8ZhzRQTVGa5ku_gRvQKp9fX_syS_g7vH1HTwDuN6ZV4OeAJR6hPdZl7mhV6AHgO4BrHUYywktrgmdV-n2GTqBmxcJD3mBDuGuvKzNszE_XZMluJII_43roSu43SUxJll-6aFzCM8YpcRZnAm1oCzvK071oKzuNo89gP-wnR8CTm7B_wEAAA&npsic=-896&ved=0ahUKEwjAyqq1ldbWAhXFq48KHbXEAoUQ-BYITw
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Parameters affecting the backscatter

Radar observation parameters:

Frequency/Wavelength

Polarization

Incidence Angle

Surface and terrain parameters:

• Roughness (in relation to 

frequency)

• Terrain relief / viewing geometry

• Dielectric properties

Combination of wave length, incidence
angle and polarization play a major role in
influencing the interpreter’s ability to
segregate flood areas from the non-
flooded ones.

Microwave Satellites for Flood Mapping

https://www.unavco.org/instrumentation/geophysical/imaging/sar-satellites/lib/images/sar_satellite_missions.png

ESA

CSA

JAXA

ISRO

Italian Space Agency (ASI)

Korea Areospace Research Institute (KARI)

Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR)

Instituto National de Técnica Aeroespacial (INTA)

NASA

Comision Nacional de Actividades Espaciales

Optical Imaging

IRS data:10-Jul-2002 Radarsat :10-Jul-02

OPTICAL MICROWAVE

Cloud

ACTIVE SENSOR

Microwave Imaging

Detection of Flooded Areas: Monsoons

Can operate in all weather conditions

Regional Assessment & Comparison of Flood Inundation
Can provide synoptic view

Before & After Event Comparisons

MODIS

Terra and Aqua;

Terra's N-S 10:30,

Aqua S-N 13:30;

Swath 2,330 km.

Moderate Resolution Imaging

Spectroradiometer (MODIS) on
NASA’s Terra satellite

September 7, 2010

July 19, 2010

Flood Inundation Delineation-Methodology Flood Inundation Delineation-Methodology

1 0

http://terra.nasa.gov/
http://aqua.nasa.gov/
http://modis.gsfc.nasa.gov/
http://terra.nasa.gov/
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Flood Damage Assessment

Flood Routing
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