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Space Technology for Structural Health Monitoring (SHM) of 
Dams and Hydropower in a Changing Climate

Dams and hydropower are essential for water supply, energy, irrigation, and flood control

Many dams are aging and were designed for past climate conditions

Climate change increases hydrological and environmental stresses such as:
Extreme rainfall and droughts

Introduction
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Extreme rainfall and droughts
Reservoir level fluctuations
Temperature variations

These extremes increase risks to dam and hydropower safety
Continuous, large-scale monitoring is therefore essential

Earth Observation and space technologies provide:
Non-invasive, long-term monitoring
Wide spatial coverage
Frequent revisit observations



Role of Space Technology in Structural Health monitoring 
of  Dams and Hydropower

 Remote and Periodic Observation
• Satellites provide frequent, repeatable coverage over large and remote dam sites.
• Enables routine inspection of reservoir areas, and catchment zones without field visits.
• Helps prioritize on-ground inspections based on observed anomaly

 Deformation Monitoring using InSAR
• Interferometric  SAR (InSAR) data to detect ground movement or dam deformation.
• Slope stability monitoring using InSAR
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• Slope stability monitoring using InSAR
 Water Resources Assessment

• Support informed decision-making for flood and drought management and surface 
water dynamics.

Land Use and Land Cover Change Analysis
Remote sensing tracks changes in land use around reservoirs and downstream areas, 

helping  assess increased risk due to urbanization or deforestation.



Remote Sensing platforms based on the operational altitudes
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Dam Distress Influencing Parameters  in different types of Dams
Source: FEMA P-911 2016b

Dam type Dam Distress Influencing Parameters 
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Embankment Dams

Concrete & Stone Masonry
Dams



Earth Observation Satellites

High Resolution Medium Resolution Coarse Resolution

Cartosat-3
(0.3m B & W and 1.1m MX)

Resourcesat-1,2 ,2A 
(LISS-3  23.5m)                        

Resourcesat-1,2 ,2A                        
(AWiFS  58m) 

Cartosat-2s
(0.6m B & W and 1.6m MX)

IRS 1C,1D, Resourcesat-1,2,2A                       
(LISS-3  23.5m) 

Oceansat-1 & 2                    
(OCM 360m)

Cartosat-2 
(1m B&W)

IRS-1A,1B     (LISS-1 72.5m) 
IRS-1A,1B      (LISS-2 36.25m)

IRS-1C,1D
(WiFS 188m)

30min

2 days

(1988-2022)
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(1m B&W) IRS-1A,1B      (LISS-2 36.25m) (WiFS 188m)

Cartosat-1 
(2.5m B&W)

LANDSAT 
(TM 30m and MSS 80m)

MODIS (AQUA/TERRA)

IRS 1C,1D PAN
(5.8m B&W) 

NOAA (AVHRR – 1Km)

Resourcesat-1,2,2A 
(LISS-4MX 5.8m) 

5 days

22 days

5 days



Geo-Platforms
http://www.bhuvan.nrsc.gov.in http://www.mosdac.gov.in

Multi-sensor, Multi-platform and Multi-temporal satellite imageries , 
Satellite based Meteorological & Ocean  standard and 
geophysical products, In-situ data, Weather forecasts data, 
Cyclone Predictions

Water Services in Bhuvan :
TWRIS , WBIS, BHUVAN 
GANGA, Sat-AIBP , Near 
Real Time hydrological
Modeling etc

Data related to missions :
SCATSAT-1, INSAT-3DR,  
INSAT3D,  KALPANA-1, 
INSAT3A, Megha Tropiques, 
SARAL-AltiKa,  Oceansat-2

Geophysical 
parameters  (for 
Hydrological Models)
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Multi-sensor, Multi-platform and Multi-temporal satellite imageries , 
Varieties of thematic maps, Geo Spatial applications for Central and 
State Governments Departments, Academia and Industry 

Cyclone Predictions

https://vedas.sac.gov.in
Applications on 
Vedas:
Earth observations ,
Vegetation and crop 
monitoring, Snow 
Cover ,monitoring , 
Hydrological Science 
and its applications

https://bhoonidhi.nrsc.gov.in/

One stop hub which facilitates the dissemination of coarse 
and medium resolution satellite data products, Data from 
IRS and NON-IRS sensors 

Data available on 
Bhoonidhi:
IRS,CARTOSAT,
Landsat 8
Sentinel 1 Sentinel 2
OceanSat 2 etc….



Water bodies No. of water bodies

> 50 ha 12,831

5- 50 ha 1,25,450

Water Bodies Information System (WBIS)
•Water Bodies Information System (WBIS) provides a dynamic data visualization and helps in analysis surface water

spread information of water-bodies from year 2012.
•Water quality indices such as NDCI and NDTI are generated and monthly composites are made available as spatial

layers.
•Elevation-Area-Capacity generation, regional analytics & water spread meter tools are also available to understand

the dynamics in water spread changes for all waterbodies at different scales.
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5- 50 ha 1,25,450

2-5 ha 86,508

1-2 ha 1,57,389

<1 ha 12,51,418+

Size wise statistics of water-bodies over entire India

https://bhuvan-wbis.nrsc.gov.in/



Water Bodies Information System (WBIS)
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Spatio-Temporal variability in Chlorophyll in water bodies are 
captured using indices such as Normalized Difference 
Chlorophyll Index (NDCI) in Kolleru Lake



Surface Water Spread Dynamics
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https://bhuvan-wbis.nrsc.gov.in/



UAV technology for Dam Safety

Case study -Dalian
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Source: https://doi.org/10.1016/j.autcon.2021.103832



Dam Deformation Studies using Interferometry
Case studies using Interferometry : 
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Source : https://doi.org/10.1109/IGARSS.2018.8517276Source: Antonio Miguel Ruiz-Armenteros et al. Source: Rejoice Thomas et al.



Hydrological Disaster Support 
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Spatial Flood Early Warning System Development for Godavari & Tapi Basins  
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Source: https://ndem.nrsc.gov.in/#/



Spatial Flood  Inundation  for  part of Godavari
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THANK YOU
Thank You
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THANK YOU


