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Water is one of the prime elements
responsible for climate and life on any
planetary system (earth)

Hydrology is the science that deals the
occurrence, distribution, movement and
properties of the waters of the earth and
their relationship with the environment
within each phase of the hydrologic
cycle.

It involves development of scientific
knowledge, Instruments and
mathematical principles to solve water-
related problems in society:

Introduction



• India Resources and Challenges

• Basics concepts in Remote Sensing

• Methods of estimation of Hydrological Parameters

• Some Hydrological Applications

• Future Direction
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Increasing population and demand from various sectors including agriculture, consumption of water is going 

to increase in coming decades and require scientific management to cater the increasing demand of water. 

INDIA: RESOURCES & CHALLENGES



India : Water Resources

Area : 2.4 % (World’s Area)
Population : 17.1 % (World’s Population)
Water : 4% (World)

Water Resources per year in BCM (%)
Average Rainfall (inc. Snowfall): 4000* (100%)

Potential Flow in Rivers: 1869** (46.7 %)
Utilizable Water Resources: 1123 (28.1%)

Surface Water         : 690 (17.3%)
Replenishable GW  : 433 (10.8%)

Water need in 2050         : 1450 (129%)
Deficit (2050) : 327 (29%)
River interlinkages : 200 (17.8%)

Revised Estimates
*Mean annual Rainfall:3880 BCM
**Avg. annual water Resource: 1999.20 BCM

Water need in India

(2010:813 bcm, 2025: 1093 bcm)



Remote sensing

Science and Technology of obtaining

the physical properties of an area from

a distance.

Synoptic global coverage, Calibrated,

Historical long term gridded products.



Measurements in Different Electromagnetic Spectrum
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Kalapna-LST RISAT-1

Resourcesat-2
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INSAT-3D

AVIRIS-NG

Kalpana



Currently, many operational satellites are in Sun-synchronous orbit –

RESOURCESAT-1, 2, 2A CARTOSAT-1, 2, 2A, 2B, OCEANSAT-2, Megha-

Tropiques, SARAL and SCATSAT-1, and in Geostationary orbit- INSAT-3D, &

INSAT -3DR

Indian Earth Observation System



Hydrology

Altimetry:
Water
level

Modeling : 
Water 
Fluxes

INSAT: 
Rainfall

Radar: 
Water 
Spread

Optical: 
Water 
Quality

MW Passive 
Radiometry: 

Soil 
Moisture

Dimensions of Satellite based Hydrology



Physical Principle of detection

• Reflection/Absorption of Water in Optical Region
• Delineation of  wetlands, Turbidity, Veg. NDVI , ET …

• Emission in Thermal Infrared Region 
• Temperature of cloud top and  land surface, Rain …

• Backscattering in Microwave Region (Radar)
• Water spread, Flood, Soil Moisture ….

• Microwave Emission (Passive Radiometer)
• Soil Moisture, Rain rate…

• Detection of time delay of  Radar signal 
(Altimetry)
• Water level, River Discharge  …..

• Detection of Gravity  (GRACE)
• Ground water ..

• Hyperfine Spectroscopy (TES)
• Isotopic Measurements..



Water absorbs a wide range of electromagnetic radiation with rotational transitions and intermolecular vibrations
responsible for absorption in the microwave (~1 mm - 10 cm wavelength) and far-infrared (~10 µ - 1 mm), intramolecular
vibrational transitions in the infrared (~1 µ- 10 µ) and electronic transitions occurring in the ultraviolet region (< 200 nm).

Spectroscopy of Water Molecules



Colours of Water  through Airborne AVIRIS-NG
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AVIRIS-NG Data

27-12-2015



Water Cycle and Hydro-meteorological Parameters

• Rainfall

• Snow melt Runoff

• Evapotranspiration

• Surface Runoff

• Soil Moisture

• Surface Water level

• River Discharge

• Ground Water



Water and Energy  Balance 



Rainfall Estimation 

Visible Infrared ( 11um )

Water Vapour (6.7 um )

INSAT-3D
15 July
0200 Hrs

Heavier rainfall is 
associated with 
cold cloud top and 
generally seen as 
thick cloud in 
visible imagery 



Gujarat Heavy Rain (23 July  2017) Observed from MODIA (AQUA) Satellite

Visible
Infrared

Observed Cumulative Rainfall (mm) in  Gujarat 
during 21-26 July 2017



Merged inundation information from

Scatsat-1 (Ku band, coarse resolution) and

Sentinel-1A (C-band, high resolution) for

24th July 2017 in parts of Gujarat.

Flood inundation change analysis (6-

10 July Vs 22-26 July 2017) over

Gujarat and neighboring regions

using Scatsat-1.

Floods



Rainfall Estimation 



Soil Moisture
Soil moisture is the water stored in the soil
and is affected by precipitation, temperature,
soil characteristics.

Soil moisture influences meteorological and
climatic processes as it is an important
component in land water balance

Remote sensing Methods

Visible : Albedo (Less sensitive)

Thermal Infrared: Temperature, Thermal
Inertia (Cloud cover)

Active Microwave: Backscatter Coeff. Dielectric
Prop. (Limited Swath, Roughness, Veg. cover)

Passive Microwave: Brightness Temp.
Dielectric Prop. ( Low Resolution, Veg. cover)



Multi Frequency Based Surface Wetness  Estimation

Relationship of emissivity over spectrum of microwave 

frequencies for different fraction (f) of surface water 

content (Source: Basist et al. 1998)
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Surface Wetness = 0 [TB (2) - TB ( 1)]  +   1 [TB ( 3) - TB( 2)]

 1,  2 and  3 are  19, 37 and 85 GHz Frequency

Source: Entekhabi  D. et al. 2010 





Global soil moisture map from SMAP’s combined radar and radiometer instruments, 
averaged between 4 May and 11 May 2015,

Source: Lettenmaier, D. P. et al. 2015

SMAP Mission



SMAP and AMSR-2 Observation of Brightness
Temperature (Horizontal Polarization) on 23
August 2016 over Flooded region of Ganga River
in Northern India

6 GHz 7 GHz 10 GHz

18  GHz

1.4 GHz

22  GHz 36  GHz 89 GHz

GANGA RIVER  FLOOD 2016



Floods



Sentinel-1 SAR Data, 21-August 2016

Patna

Water spread  in Ganga river in 2016



Surface Flooding as Observed from Passive Microwave 
Measurements from SCATSAT-1 Satellite

Source: ISRO Story  of  the week (01 Aug. 2017)



Surface Flooding as Observed from SCATSAT-1 Satellite 
during 2017



Flood Forecasting

Forecasting (72 
hours) Brahmaputra 
river Inundation 
using WRF-Hydro

Spatial variability of 
River  Discharge



Surface Water Level



Ukai 

reservoir

Water surface depth spread for 

various discharge patterns 

Tapi River

Water surface elevation profile variations 

along the Tapi river from Ukai dam to 

Surat city
Date Discharge, Cumec

29-Jul-13 10955
2-Sep-13 30836
7-Oct-13 37853

11-Nov-13 2000
16-Dec-13 800
20-Jan-14 1900
24-Feb-14 1300
31-Mar-14 2100

Legend

d PF 3

Value

High : 31.7969

Low : 2.47955e-005

20.0 

0.1

Water depth, m



Flood wave in Ganga, Kosi, Brahmaputra rivers retrieved using Jason – 3 altimeter 
And its comparison with decadal measurements from Jason-2 dataset (2008-2016) 

Solutions from Radar Altimetry



Reservoir Water Availability from Radar Altimetry





River Water Level Estimation using SCATSAT-1

Water level retrieved over 18 virtual gauging stations using SCATSAT-1 

backscatter data (01-12-2016 to 22-12-2017) :

(a) Adityapur (b) Basantpur (c) Panposh (d) Purushotampur (e) Ghatsila

(f) Gomali (g) Kantamal (h) Kashinagar (i) Tikarapara (j) Tilga (k) Pathagudem

(l) Polavaram (m) Mancherial (n) Burhanpur (o) Mandleshwar (p) Hoshangabad

(q) Satrapur (r) PG Penganga. Gauging sites Catchment areas

(a) (b) (c) (d) (e) (f)

(g) (h) (i) (j) (k) (l)

(m) (n) (o) (p) (q) (r)



Evapotranspiration Estimation

SMEGHRn ++++= 

net radiation = net shortwave    +     net longwave

Net radiation (Rn) = Sensible (H) + soil heat (G)+ latent heat flux or ET (LE)

−+−= 44
ssaa TTSSRn 

Energy balance 



Evapotranspiration

Source: Goroshi  et al. 2017



Source: Goroshi  et al. 2017

Evapotranspiration



The remote sensing data along with ground survey information provides information on the
geology, geomorphology, structural pattern and recharge conditions which ultimately define the
groundwater regime.

Ground Water
Rajiv Gandhi National Drinking Water Mission



Lineaments Valley Fills

Abandoned Flood Plain Palaeochannels

Dykes Folds

Water Resources



The time varying gravity field
mapping helps in monitoring of
hydrological mass redistribution
through their integrated
gravitational effect. GRACE
Mission sense changes in gravity
field by the twin GRACE
satellites, and GPS networks.
GRACE observations provides
changes in vertically integrated
stored water, which includes
variations from snow pack,
glaciated areas, surface water,
soil moisture, and ground water
at different depths

Gravity Recovery And Climate Experiment (GRACE) Mission 





GRACE data application: 

Groundwater

•Withdrawals for irrigation and other uses are depleting the groundwater

reserves of Rajasthan, Punjab and Haryana at a rate of 4.0 ± 1.0 cm yr-1

equivalent height of water, or 17.7 ± 4.5 km3 yr-1.

•During the study period, 2002-08, 109 km3 of groundwater was lost.



Overall groundwater storage change rate across India (2003–2016) and Hydrogeological map
of India (modified after Central Ground Water Board, 2002).



Shift in phenology due to  early irrigation in 

Punjab (1981-2000)
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(Singh et al. 2006,  Current Science)



Shift in phenology due  to Govt. Policy and Water Act. 2009  

induced delay in irrigation in Punjab (2001-2010)

Observations of soil moisture from Passive Microwave Radiometer 

showing reduced soil moisture in first fortnight of June after Punjab 

Preservation of Subsoil Water Act in 2009 .

(Singh et al. 2017 Journal of Water and Climate Change)



Inland water bodies seen from 

RISAT-1 SAR 

RISAT-1 Synthetic 

Aperture Radar 

Observations

Water Spread Delineation



WETLANDS 

➢ Wetland (of > 2.25 ha) maps of entire country has been 
generated at 1:50,000 scale using IRS Satellite data.

Mangroves

Coral reef

National 

Wetland Atlas

Atlas on 

HALs

Atlas on 

Ramsar Sites 

of India



Water Quality Assessment

(Govind Sagar Dam:  AWiFS 14 Jan 2013 ) (Indira Sagar Dam:  Landsat  19 Jan 2018 )



Inversion for Water quality parameter retrieval over Chilka
lake using AVIRIS

FCC Fractional coverage

Sand Silt Algae

Water Height Water Quality parameters

Chl CDOM SSC
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Water Turbidity Changes in Ganga River during Pre and Post Lockdown 

Varanasi



Water Turbidity Changes in Ganga River during Pre and Post Lockdown 



Long term changes in  Gandak river
(Data: April, Landsat series) 

1990 1995 20052000

20152010 20172016





Detection of SGD near  Okha Region, Gujarat



New study shows the Amazon makes its own rainy season

( Jonathon and Team , PNAS , 2017)
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Pradhan et al. J. Earth Syst. Sci (2019)
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Future Direction

• Development of dedicated constellation

of Hydrological satellites.

• Improved methodologies for retrieval

of various hydrological parameters

from satellite data.

• Assimilate the information in physically

based distributed hydrological models

• Near Real time Monitoring and Forecast

of extreme events and Web based Data

dissemination.





Thank You


