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INTRODUCTION
Karnataka is one of the most progressive
states in India with a registered GSDP
growth rate of 8.5% for the year 2017–18.
However, Karnataka is also one of the most
water-stressed and drought-prone states
in India. 61% of the State is considered
drought prone, which is the 5th highest
in India. Water is critical to the future
development of Karnataka. As on date,
agriculture remains by far the primary
water consumer with water drawn from
rivers and groundwater and also through
the use of water in watersheds. Rural
communities and more than 50% of the
State’s population are dependent on
irrigation.
However, over the years, the relative
importance of agriculture to the GSDP is
reducing quickly, and the demand for
water by the non-agriculture sector is
increasing rapidly. Further, there are longterm warming trends and hence increased
evapotranspiration and negative patterns
of rainfall in Karnataka due to climate
change. Studies have indicated that water
scarcity is expected to increase. Karnataka
is also facing challenges in satisfying the
growing water demand. Conflicts arise
because of the competing water demands:
agriculture and drinking water are a clear
priority but also industry and fishery
demand for their fair share.

Figure 1: WA+ was implemented in the
Tugabhadra river basin in Karnataka, India.

Sustainable water management strategies
are fundamental to support a year-round
clean and affordable water supply. These
strategies need to be based on reliable
water resources data which is often not
available.
Various
national
water
resource
assessments and plans are underway or
have been completed recently to reflect
this alarming situation. The quality of
these water resources plans depends on
adequate input data. This is not self-evident
in the water sector because generally, the
intensity of hydro-meteorological stations
is declining, and databases are not shared.
A review of investments in water resource
measurements in the international
community reveals that fewer hydrometeorological stations are functional,
despite the era of modern sensor
technology, information technology (IT)
and crowdsourcing.
Considerable progress has been made in
many countries in processing and storing
of basic geographic information systems
(GIS) data. Yet, routine access to this
information contained in servers is often
restricted to the host organisation and the
agency that “owns” the data. This limits the
benefits that could be obtained by wider
use and sharing with other agencies.
Information on water resources has to be
coherent and synchronised to provide an
integrated picture that is useful for the
assessment of the problems and possible
solutions.
The current democracy on hydrological
data does not provide the required
data necessary to all stakeholders. This
hampers the development of good
water stewardship. Dissimilar sources of
information and terminologies jeopardise
the transparency necessary for joint
decisions on water, land and ecosystems.
Hence, there is a need for independently
gathered water resources related data
sets that can be commonly understood by
all parties.

Water Accounting+ can meet this
requirement. It provides a coherent and
consistent methodology that quantifies
hydrological processes, water storage,
base flow, and the distribution of water
to various competing sectors. It also
considers the consumption of water
and the benefits and services, including
ecosystem services that result from
that consumption, and the return flow
of non-consumed water and the gap
between water demand and water
supply. A water accounting system
based on open access earth observation
satellite data for complete river basins,
including transboundary basins, called
the Water Accounting Plus system (WA+)
is therefore proposed. It goes beyond the
classical water budgets and describes
all hydrological and physical water
management processes in a river basin.
The concept of conducting country
water assessments as a means to plan
for improved national water security was
suggested in the ADB Water Operational
Plan 2011-2020. Subsequently, the Asia
Water Development Outlook 2013 made
a first attempt to quantify national water
security, using five key dimensions: (i)
household water security, (ii) economic
water security, (iii) urban water security,
(iv) environmental water security and
(v) resilience to water-related disasters.
In 2013, according to the Asian Water
Development Outlook, India was one
of the eight countries having a National
Water Security Index (NWSI) of 1, meaning
that the national water situation was
hazardous with a large gap between
current state and acceptable level of water
security. The water security situation in
India is improving but at a slow pace. In
2016, the NWSI remained at The Water
Accounting + activity and the associated
training might support and help to

improve the overall water conditions in
the region.
The key water issues in Karnataka are
irrigation (expansion), industry, domestic
supply and sanitation, groundwater,
hydro-power, fishery, droughts and
floods, and the environment (vulnerable
ecosystems). The central issues in water
management in Karnataka is securing
water for sustainable growth, food security,
poverty reduction, and minimising the
impact of natural disasters. The changing
climate will exacerbate this situation.
Essential to the concept of the ADB country
water assessments is the element of
water demand forecasting, per economic
sector (agriculture, industry, energy and
municipal), vs. the surface water and
groundwater resources for each (major)
river basin.

Figure 2: Final Land Use Land cover map,
produced for this study according to the WA+
standard classification scheme.

METHODOLOGY
The Water Accounting Plus (WA+)
framework is developed by IHE-Delft,
in partnership with the International
Water Management Institute (IWMI),
the Food and Agriculture Organization
(FAO), and the World Water Assessment
Program (WWAP). It is a multi-institutional
effort that aims to provide a valuable
and reliable source of information
regarding the presence and utilisation
of water resources. The WA+ framework
communicates information on water
storage, flows and fluxes for a variety of
land use systems using many intuitive
resource sheets that are designed to be
understood by people with technical and
non-technical backgrounds alike.

The WA+ framework focuses on the use
of public access remote sensing data to
maintain a high level of transparency.
Remote sensing is a reliable and objective
source of data. Data products from
the National Aeronautics and Space
Administration (NASA) and European
Space Agency (ESA) are provided free of
charge for all users regardless of nationality
or intended application. Datasets of
precipitation, evapotranspiration, soil
moisture, net primary production, land
use, water surface areas and water
level datasets can be downloaded or
determined from the raw satellite data. An
overview of open access data that can be
downloaded or computed with WA+ tools
is given in Table 1.

Table 1: Input data consulted for WA+
RS data directly downloadable

More modelling needed
indirectly available

GIS data

Hydrological data

Land Use Land Cover (LULC) GlobCover

Actual Transpiration (T)

Protected Areas (A)

Ratio Fast/Slow
Runoff

Precipitation (P) - CHIRPS, TRMM

Actual Soil Evaporation (E)

Bathymetry

Surface Runoff

Actual Evapotranspiration (ET) - ETEns

ET green water
consumption (ET green)

Weather data
(meteo)

Baseflow

Soil Moisture (SM) - ASCAT

ET blue water
consumption (ET blue)

Terrain elevation
(DEM)

Storage changes

Surface temperature (LST) - MODIS

Water withdrawals (Q)

Soil Physical data

Out flow from basins

Surface albedo (alpha) - MODIS

Benefcial/non-benefcial
water consumption

Population density

Ratio SW/GW
withdrawals

Water levels (l) - Jason

Reference
Evapotranspiration (ET0)

Livestock density

Lateral GW flow

Change in gravity (delta S) - GRACE

Interception (I)

Grey Water
consumption

Groundwater
Recharge

Snow cover (cl) - MSG

Soil erosion (Ero)

Environmental flow
requirements

Cloud cover (sn) - MODIS

Dry matter production (Bio)

Depth of root zone

Leaf Area Index (LAI) - MODIS

Crop Yield (Y)

Vegetation Cover (Vc) - MODIS

Crop Yield due to rainfall
(YP)

Net Primary Production (NPP) - MODIS

Crop Yield due to irrigation
(Y_IRR)

Total Dissolved Solid

Crop water productivity (WP)

Chlorophyll

Water Productivity due to
rainfall (WP_P)

Water body area

Water Productivity due to
irrigation (WP_IRR)
Carbon sequestration (C)
Lifestock feed production
(LiveS)
Fuelwood production (Fuel)

The Water Accounting + reporting is based
on sheets, tables and maps. Maps created
from remote sensing, GIS and hydrological
models form the basis of distributed
computations on flows, fluxes and storage
changes. This data is then compiled by
Land Use - Land Cover (LULC) class. Class
average values form the skeleton for
presenting the results in tables. The results
are also shown using tributaries and rivers;
the monthly discharge at any point in the
basin with a spatial resolution of 250 m can
be computed. This practically means that
for every 250 m of a river bed, the actual
flow in that river can be estimated. The
flow changes continuously due to runoff,
baseflow, withdrawals and return-flows,
apart from storage changes in lake and
reservoirs. Tabular data are summarised
through sheets to ease the interpretation
and overview of the key processes.
Computer software has been developed
to read data from various open access
data sources and convert the input data
into hydrological and water management
information. All scripts are programmed
in the Python language that is free and
highly suitable for processing of spatial
data sets. Supporting scripts are made
for converting the information into
the standard WA+ fact sheets. More
background information can be found at
www.wateraccounting.org. The software
to perform computation and produce the
accounting sheets is available free and
open source on GitHub: https://github.
com/wateraccounting.

•• A
pplying the WA+ procedure to
estimate, on a monthly scale, the
available and exploitable water
resources for the selected river basin
in Karnataka. Monthly and yearly
accounts are produced for the selected
historic years for the period 2009-2014
(2010, 2011, and 2014).
•• Serving as an input into the future
Country Water Assessment plan and
complement the National Water Status
Report 2014 by providing additional
recommendations based on water
security diagnosis.
•• P
roviding inputs for the Asia Water
Development Outlook, and
•• T raining and capacity building on the
WA+ system, including but not limited
to basic hydrology, GIS, remote sensing
data, WA concepts and interpretation
of WA+ results.
As part of this project, many training
sessions were provided. Software and
tools used are open source and have been
transferred to the primary recipient
organisations at the end of the project.

OBJECTIVES OF WORK
The Objectives of work of this project was
to support the Karnataka Water Resources
Department, ACIWRM and ADB India in
the development/update of the future
National Water Resources Development
Plan of Karnataka by:

Figure 3:Total yearly Actual Evapotranspiration
data for the wet year 2010 (Ensemble ET
developed by IHE-Delft on bases of seven
different RS-based ET products).

The WA+ project for Karnataka had a total
duration of 2.5 years. The work started in
May 2016 and ended in May 2018. In this
project, we applied the Water Accounting
+ procedure to the Tungabhadra river
basin in Karnataka (Figure 1) on a monthly
scale with a spatial resolution of 250 m.
3.1 Key Deliverables

•• S
tandardised WA+ sheets 1-6,
tables and maps uploaded on www.
wateraccounting.org data repository
with open access, for three selected
years in the period 2000-2014 (wet, dry
and average year) with a monthly timescale, for the Tungabhadra river basin
in Karnataka.

•• I n the second stage, it has been agreed
to also generate sheet 7 (Ecosystem
services) as part of the WA+ analysis of
Karnataka basin
•• W

ater
Security
Diagnosis
(i.e.
interpretation of the produced sheets)
•• R

eview report of
international experts

national

and

•• Input into Country Water Assessment
should it be undertaken in the future
•• Input into Asian Water Development
Outlook
•• T raining and capacity building in the
WA+ system
•• Scripts and tools transferred to the
main recipient organizations
•• Inception and final reports.

Figure 4: Temporal evolution of the water balance in the Tungabhadra basin for the analysed years
(2009-2014).

TRAINING AND
WORKSHOPS

»»

The following training schedule was
devised after consultations with the ADB
project leader and the local contact point
in the Ministry of Water Resources:
•• Inception mission (Bangalore): 18-23
May 2016
»»

Introduction to WA+;

»»

Discussion action plan

•• I
nception
WA+
workshop
for
government officials (Bangalore): 23
January 2017 (80+ participants)
»»

Introduction to WA+ framework;

»»

Progress report on WA+ activity

•• F irst training session (Bangalore): 24-28
January 2017

Training for technical staff (35
participants). Topics: WA+ fact
sheets, Fundamentals of Water
Accounting, how to download
RS data and use the WA+ Python
tools, Water consumption (E, T,
I), beneficial and non-beneficial
consumption, theory of green and
blue water, fact sheets 1 and 2.

•• Second Training session (Bangalore):
9-12 July 2018
»»

Training for technical staff (40
participants). Topics: refresher
WA+ basic concepts, WA+ results
interpretation, Remote Sensing, (RS)
evapotranspiration, computation
of WA+ sheets for the Tungabhadra
basin, RS crop yield estimation,
water productivity and sheet 3.

KEY OUTPUTS
The conditions of the selected river
basins were analyzed during 2009-2014
and three historical years were selected
for a detailed study: 2010 (wet year),
2011 (dry year), and 2014 (average year).
The brochure describes (1) the activity
performed (data collection and analysis,
training), (2) the major outputs obtained
from the piloting of the Water Accounting
+ framework, and (3) recommendations
for water management options and
possible water savings.
The main observations are:
•• T he South-West part of the basin receives
the most rainfall (up to 4,000 mm/yr).
•• T
he Tungabhadra basin has a
monsoonal climate and most of the
runoff is generated within a few
months per year.
•• The actual Evapotranspiration (ET) is
high close to the coast (where rainfall is
also high) reaching up to 2,000 mm/yr.

•• E T is relatively high also along the main
river and above reservoirs. The average
value of ET in the basin in 2010 was
1,250 mm/yr.
•• O
 n a yearly scale, the water yield
(the difference between rainfall P
and actual evapotranspiration ET) is
generally positive. As expected, most
of the runoff is generated close to the
coastal areas with an excess of more
than 2,000 mm/yr.
•• In 2010, some areas close to the outlet
had negative water yields (up to -200
to -1,000 mm/yr). The additional water
consumed in these areas must come
from the runoff generated in other
areas (upstream) of the basin or from
groundwater (blue water).
•• Large variations of water yield exist
among land use groups. In protected
areas, two to four times more runoff is
generated.

Figure 5: Resource Base sheet for the Tugabhadra basin during the year 2011.

Figure 6: Resource Base sheet for the Tungabhadra basin during the year 2010.



Figure 7: Resource Base sheet for the Tungabhadra basin during the month of December 2011.

•• N
 atural areas have limited spatial extent
as the Tungabhadra basin is heavily
modified by anthropogenic activities
(mainly rainfed agriculture). More than
78% of the basin surface is covered by
agriculture and urban areas.
•• O
 n a yearly scale, the Tungabhadra
basin utilises 50% - 80% of the available
water leading to an average of 6.55
km3/yr of water that flows unutilized
downstream. Large fluctuations of
utilisable outflow (U O) exists (the U O
of the dry year is only 27% of the U O of
a wet year).
•• D
uring dry months, the utilisable
outflow is reduced to nearly 0 km3/
yr even when water is taken from
storage. In addition, during these
months, the basin is not able to meet
its environmental flow requirements
and has high rates of non-recoverable
flow (polluted water).

•• D
uring dry years, precipitation can
decrease of 10 km2/yr while ET only
decreases of 2-3 km3/yr.
•• B
 oth surface and groundwater should
be carefully monitored to avoid
potential overexploitation of water
resources.
•• Solutions for local storage of water should
be investigated to carry over water from
the wet season for both basins.
•• R
 ainfed crops are responsible for most
of the water consumed in the basin
(71%) while natural protected areas
only consume 7% of the total ET.
•• N
 on-beneficial consumption, or water
consumed without producing for
purposes other than the intended, is
around 25-30% of the total ET.
•• M
 ost of the beneficial ET generates
benefits to the agriculture sector
(60% of the beneficial consumption).
Benefits for the environment reaches
25% of the beneficial ET.

Figure 8: Evapotranspiration sheet for the Tungabhadra basin during the year 2011.

Figure 9: Agricultural services sheets for the analysed basin in 2011

Figure 10: Agricultural services sheets for the analysed basin in 2011

•• V

alues of agriculture production
and water productivity are generally
low when compared with the world
average, however, they are in line the
India average.
•• A
 s expected, irrigated areas have a
higher yield than rainfed systems.
Water Productivity ranges from 0.3 to
1.0 kg/m3, meaning that certain areas
within the basin can produce three
times the amount of yield with the
same amount of water.
•• W
ater stress, estimated as the
volumetric
difference
between
demand and supply, was estimated
for natural ecosystems. Natural
ecosystems in the Tungabhadra basin
are under water stress. More surface
water should, therefore, be allocated
to natural water bodies, and more
groundwater is needed for forests.
Please note that this report describes the
major results only, all accounting sheets
and spatial maps are made available on
our website (www.wateraccounting.org).

CONCLUSIONS
Karnataka is facing great challenges in
satisfying its growing water demand.
Seasonal water scarcity, due to the
monsoonal climate and increased water
consumption rates, are threatening
safe access to water. Water resources
are not, or might not be in the near
future, sufficient to satisfy growing
demands from competing sectors such
as agriculture, industrial and domestic.
Sustainable water management strategies
are fundamental to support a year-round
clean and affordable water supply. There
is a strong need for increasing agriculture
production for internal consumption
and for contributing to the economic
development of the region.
Competition and conflicts over access
to water in the dry season are becoming
apparent. Increasing water allocations
for economic development is only wise
if more storage facilities are created. The
flow in the dry season depends entirely on
the water stored during the wet

Figure 11: Utilized Flows sheets computed for the year 2014

Figure 12: Utilized Flows sheets computed for the year 2014

Figure 13: Sheet 5: Surface water for the Tungabhadra basins for the year 2014

season. Climate change may affect the
natural availability of water resources. It
is inevitable that the temperature rise will
enhance the actual evapotranspiration,
and hence, consumptive use of agroecosystem will increase.
The benefits of water consumption are
mainly of an agricultural nature. Many
forests in the protected areas are however
under water stress as additional water
would be needed for these ecosystems.
The grey water consumption is high,
likely due to a combination of untreated
wastewater discharge and agro-chemicals
used in the monoculture rice systems.

A portion of consumed water appears to
be non-beneficial. This is mainly related
to the extensive wet soils that are moist
from rainfall or from flooding irrigation.
Land use and agricultural planning should
get more attention, as currently, large
volumes of water are consumed without
economical services.
This pilot study is meant to make the
Governmental officials, universities and
NGOs aware of these new remote sensing
technologies. Training and capacity
building has been provided. In the future,
the Ministries should employ these
technologies and validate the results with
the conditions encountered in the field.

Figure 14: Sheet 6: Groundwater for the Tungabhadra basin for the year 2011

RECOMMENDATIONS
•• S tore more water during the wet season.
This can be achieved locally from
filling ponds, artificial recharge, local
movable gates in small embankments,
etc. Local harvesting of water will make
rural population less vulnerable to
climate change and natural disasters.
•• G
 roundwater is a great water buffer
that can carry over water from the wet
season to the dry season. Recharge
should be promoted and pumping
should be regulated in order to keep
the aquifer system fit.
•• C

onstantly monitor surface and
groundwater change as a priority to
avoid possible overexploitation.

•• P
rotect pristine forested areas and
other natural ecosystems by allocating
additional water to ecosystems.
•• Expand irrigation systems to reduce
adverse impact of erratic rainfall,
and evaluate the shift to less waterintensive crops.
•• T he environmental water requirements
should be included in the water
allocation plan. They constitute a major
component of the blue water resources
utilization.
•• P
 rovide more attention to grey water
consumption, i.e. consumptive use of
water due to pollution.
•• N
 ew maps of crop types should be
developed and kept updated to
monitor water consumption and
improvements in agriculture.

Figure 15: Sheet 7: Ecosystem service provided by the Tungabhadra basin in 2014

ACIWRM

The ACIWRM was established to become a Global Centre of Excellence by Government of Karnataka
in February 2012. ACIWRM acts as a think tank to the Government’s Water Resources Department
(WRD). It is engaged in policy analysis, research, planning, capacity building and developing the
knowledge base for gearing up the department up to its future vision 2030. The ACIWRM works
with the various departments, civil society, the private sector, farmers and water user associations
and other organizations to produce integrated advice to the WRD for managing the State’s water
resources.

KISWRMIP

Karnataka being one of the most water-stressed State’s in India, with 61% of the State’s geographical
area, the 5th highest, being drought prone in large number of years in a decade. The state has
experienced severe drought conditions, consecutively for 6 years from 2011 to 2016. Government
of Karnataka decided to develop Integrated Water Resources Management (IWRM) approach
and sought the support of Asian Development Bank (ADB) through Government of India and a
multitranche financing facility (MFF) for the Karnataka Integrated and Sustainable Water Resources
Management Investment Program (KISWRMIP) was signed and made effective on 13 July 2015 for a
period 2014 - 2021.
The investment program comprises three outputs: (i) Output 1: State and Basin institutions
strengthened for Integrated Water Resources Management (IWRM); (ii) Output 2: Irrigation
system infrastructure and management mobilized; and (iii) Output 3: project and management
systems operational. Output 1 is being implemented by ACIWRM, while Outputs 2 and 3 are being
implemented by KNNL.

Advanced Centre for Integrated Water Resources Management
(ACIWRM)
1st Floor, KSFC Bhavana, # 1/1, Thimmaiah Road, Bengaluru – 560 052
Phone: +91-80-22262042/43/44; Fax: +91-80-22262045
e-mail: registrar@aciwrm.org; director@aciwrm.org URL: www.aciwrm.org

