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General context :
WATER and AGRICULTURE

Storage of bore well water

Flood irrigationFlood irrigation

In India:
 Development of agriculture (green revolution) 
 Increase in food production to achieve self sufficiency
 1950-2000: Food production: 4.2x (Population 2.75x)

Through:
 Improved  potential of crops through genetics
 increased inputs to reach that potential 

(e.g. pesticides, fertilisers, mechanisation, irrigation) 2



Agricultural Census, GOI

Irrigated area Map using RS Thenkabail et 
al. (2010)

Net Irrigated area = 146 Mha

Major Irrigation    = 55 Mha

Minor Irrigation    = 91 Mha

Groundwater abstraction trends
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Groundwater pumping & ET – Ganges basin

MoES-NERC project: Hydrometeorological 

feedbacks and changes in water storage and 

fluxes in Northern India

To what extent do the large-scale, human-induced

land use changes and groundwater depletion that

have taken place in India feed back to the

hydrological and climate system at a basin scale?

Science Question
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Source: CGWB

Ganga basin GW 
data 
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Groundwater Pumping
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Groundwater System behavior
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Aquarius Radar and CTCZ Soil Moisture Time Series

Aquarius: Red

NCEP: Black

CTCZ: Blue

During Jan-Feb, high soil 

moisture estimated from 

Aquarius satellite, (not 

estimated from NCEP), 

therefore indicator of high 

level irrigation activity.
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Pumping (mm)
Fall & Rise

Falling 

Falling  

2003-2012
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Aquarius: Red

NCEP: Black

CTCZ: Blue

During Jan-Feb, no 

considerable high soil 

moisture events.
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Aquarius Radar and CTCZ Soil Moisture Time Series
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Soil Moisture Anomaly 450 mm

2.5 mm

Pumping (mm)
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Falling  

2003-2012
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Source:  Devineni et al. (2013) WATER RESOURCES RESEARCH, VOL. 49, 

2135–2145.

Type 1

Type 2

Type 3

Type 2 – The deficit of 

water storage is filled up 

during each monsoon 

year.

Type 1 – The water 

storage deficit is unlikely 

to be filled up during 

each monsoon year and 

would require a few 

monsoon years to 

overcome the deficit

Type 3 – Average 

demand is in excess of 

supply so each year is 

deficit.

Water Deficit and 
Vulnerability

Ganges 

basin

Kabini basin
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Modeling Evapotranspiration from Remote Sensing
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 The ET was estimated using S-SEBI and Triangle
methods. Five sites with about 200 plus clear 
sky images from Terra and Aqua were used during 
2009-12. It was observed that the  Triangle method 
performed well with ground observations from the 
BREB towers of Energy, Mass Exchange project of SAC, 
ISRO. 

Eswar, Sekhar, Bhattacharya (2013) Journal of Geophysical Res- Atmosphere
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2002

ET product is being generated for 
entire India from 2001-2014 at 
0.05 degree spatial resolution with 
8-day frequency. MODIS data is 
used for this purpose. An example 
of this ET product cumulated for 
the year 2002 is shown here. 

ET Product
2001-2014
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Karnataka State

Data Centric Approach in Kabini Basin

Groundwater 
level 

Greater depletion of 
groundwater levels in 
the valley 
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Soil moisture & linkage to Crop Growth
Function of -
Climate Forcing
Soil Properties

Sunflower – Kharif 2013
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Drip irrigation

Flood irrigation

Sprinkler Irrigation

Irrigation Improvements & 
Efficiency

 Crop as a sensor to estimate the water stress.

 Integration of satellite and surface 
observations to support improvements in 
agricultural water resources management
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Retrieval of LAI of Turmeric from RADARSAT-2

Crop growth in field 
vs Potential (STICS)
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2010-2013

Sprinkler Irrigation

1. Water stress from irrigation
2. Soil characteristics (e.g. soil type, nutrient)
3. Seed characteristics 
4. Pest impacts
5. Land operations (e.g. land levelling, plant 

spacing, uniformity of water application)



  Agrohydrology models

 To couple groundwater 
and crop models to 
understand the 
feedbacks/ interactions.

 To find the optimal 
irrigation which
maximizes the crop yield 
while maintaining the 
sustainable groundwater 
level.

Feedback
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R² = 0.8842

0

1

2

3

4

5

0 10 20 30 40 50 60 70

B
o

re
 w

e
ll
 y

ie
ld

 (
L

/s
)

Groundwater depth (m)



R
echarge

R
echarge

P
um

ping

Groundwater Model

Crop Model

S
p
a
tia

lis
in

g
 c

o
u
p
le

d
 m

o
d
e
l

Coupled STICS + AMBHAS-GW

2

 

GW 

Inflow
Draft

Recharge

Sy h/t
Water table fluctuations 

GW 

outflow

Recharge

Precipitation

Evapotranspiration

Runoff

θ/t

Groundwater 

Model

Soil moisture 

balance model

Soil moisture changes 

GW 

Inflow
Draft

Recharge

Sy h/t
Water table fluctuations 

GW 

outflow

Recharge

Precipitation

Evapotranspiration

Runoff

θ/t

Groundwater 

Model

Soil moisture 

balance model

Soil moisture changes 

GW 

Inflow
Draft

Recharge

Sy h/t
Water table fluctuations 

GW 

outflow

Recharge

Precipitation

Evapotranspiration

Runoff

θ/t

Groundwater 

Model

Soil moisture 

balance model

Soil moisture changes 

Crop model

Parameterization of crop in DHMs 

23

 Approaches to parameterize soil+ 
crop parameters for the selected 
model grid in DHMs. 



Sustainability & adaptation 
assessment  of current and 
alternative  agricultural 
systems in the context of 
global changes.

INTEGRATED 
MODELLING PLATFORM

 

Interdisciplinary models 
Project - AICHA

water-food-energy nexus

Assessment of sustainability of irrigated 

agriculture must take into account the 

interactions and feedback between crop 

growth, water resources availability and 

economic drivers at the farm scale.

Models should include farmers decision 

rules to be able to explore the possible 

adaptation of farming systems to environmental 

changes.



Example: Estimated net anthropogenic nitrogen inputs 
to the world’s main river catchments

Source: Sutton et al., 2013

Water Quality – Nitrates
25



Sampling Borewells were distributed 
throughout the watershed, taking into 
account the heterogeneity with 
respect to land use,soil type etc.
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Water Quality – Nitrates in groundwater 

(Berambadi watershed - Kabini basin)
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Soil Plant scale - pore water nitrate in root zone
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How to upscale the nitrate concentrations ? 28
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 Greater denitrification in Black soils

What would be the 

impacts of future rainfall 

on denitrification?
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Strong growth of electricity 
consumption

South of
Deccan Plateau:
Deep GW
In spite of
good rainfall

30% of electricity is for 
GW pumping – (equivalent 

of about  50 nuclear reactors !)
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Hydrological Modeling (conventional)

Optical RS
(e.g. IRS-LISS)

Soil/crop 
parameters

Weather 
variables

DHM

Runoff, Recharge, 
Root zone soil moisture

AET

SSM

Root zone soil moisture, 
AET & recharge at plot scale

for entire watershed

M
o

d
e

l
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Modeling with Remote Sensing & 
Assimilation

MODIS

Active 
microwave

Passive 
microwave

AET

SSM

SSM

Soil/crop 
parameters

Weather 
variables

DHM

Runoff, Recharge, 
Root zone soil moisture

AET

SSM

Data assimilation/parameter estimation
Improved root zone soil moisture, 

AET & recharge at plot size 
for entire watershed
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Optical RS
(e.g. IRS-LISS)

TRMM/
GPM SAR



Observatories

• What controls the resilience, response and recovery of a hydrological system to

perturbations of climate and land-use changes?

• How can sensing technology and modeling be integrated for simulation and

forecasting of essential hydrological variables?

• How can theory, data and mathematical models from natural- and social- sciences

be integrated to simulate, manage river basin/catchments goods and services ?

Hydrological observatories in the world

Kabini basin observatory-

Response of tropical 

ecosystems to global 

changes in Southern India

CEFIRSE LMI

33

Kabini CZO



Kabini CZO
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Cosmos & Steven’s Hydra probes                         
@ Singanallur, Kollegal TQ

Cosmos, Steven’s Hydra probes & OTT               
@ K Madahalli, Chamarajanagar TQ.

Eddy flux tower @ Beechanahalli, 
Gundlupet TQ.



Integration of Satellite, Sensors & ICT tools

Pardossi et al., 2009

Integration of satellite, surface observations 
Bigdata & IoT to support  improvements  in 
agricultural water resources management.

 Soil moisture can be retrieved through 
remote  sensing & combined with 
calibration from  ground ‘capacitance’ 
sensors – upscaling of this approach 
though smart sensors is a way to take the 
idea from ‘bench to field’.

 Crop as a sensor to model & assess the 
role of critical controlling parameters 
including water stress.

 To find the optimal & precision irrigation 
which maximizes the crop yield and to 
provide the timely electricity to pumps.
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CHAMARAJANAGAR MYSURU

MANDYA KOLAR

SOIL MOISTURE TRENDS IN KARNATAKA - SMOS 
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MAPSM: Merged Active and Passive Soil Moisture
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