
A QSWAT assisted DPSIR approach 

to assess water challenges in Indian 

communities under data limitation

GROSS T, BREITENMOSER L, HUGI C, AUMEIER B, BELLO -DAMBATTA A, 

CADENA A, CIKUREL H, CRUDDAS, P, SADR SMK, 

SHEVA Y, KAZNER C

UNDERSTANDING CHALLENGES TO DEFINE SUSTAINABLE 

DRINKING WATER SOLUTIONS



2

OVERVIEW

1. Background 
• Developments influencing water resources in India

• Urban vs. rural drinking water situation

• Institutional set-up of Indian water sector

2. Methodology
• DPSIR at riverbasin and community scale

• Riverbasin modelling with QSWAT 

• Two case sites in Karnataka

3. Results

• QSWAT model set-up and verification

• Water situation analysis

• Implications for drinking water

4. Conclusions and outlook
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DEVELOPMENTS INFLUENCING WATER 

RESOURCES IN INDIA
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DISPARITIES IN DRINKING WATER SITUATION 

URBAN VS. RURAL

©
 S

m
ee

ts

©
 K

az
n

er

In
d

ia
 U

R
B

A
N

In
d

ia
R

U
R

A
L

Household 
connections

Standposts

Tubewell, 
handpumps

Wells, protected 
springs

Unprotected 
source, shallow 

handpums, canals

% of urban households % of rural households

Data used: Government of India (2011)



6

Unprotected 

source, shallow 

handpumps, 

canals

Wells, 

protected 

springs

Tubewells, 

handpumps

Standposts

Household 

connections, 

individual & 

multiple

©
 K

a
z
n
e
r

A

B

C

D

E

©
 E

m
ily

©
 a

d
p
u
lp

.c
o
m

©
 v

jn
n
s
.c

o
m

NRDWP targets 2017 2022

Rural households with 

access to piped water 

from treated source

≥ 50% ≥ 90%

Minimum water supply

(per person and day)
≥ 55 L ≥ 70 L

IMPROVING DRINKING WATER SUPPLY

National Rural Drinking Water Programme (NRDWP)

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=hTcCnYDkLSsrZM&tbnid=lC8aGz0HBzu1CM:&ved=0CAUQjRw&url=http://whereisdevelopment.wordpress.com/2013/09/14/the-pursuit-of-happiness/&ei=H3vRU8-FNcXcOej_gcAG&bvm=bv.71778758,d.bGQ&psig=AFQjCNHJ8VnnRhP78Jr953GLYDgs9FKM7Q&ust=1406323841969220
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=lOhb1oJ6f-AzpM&tbnid=J9m3Nc0OosT-JM:&ved=0CAUQjRw&url=http://vjnns.org/wasp/?attachment_id=1014&ei=d3XOU-7VBImYPaLXgKAI&bvm=bv.71198958,d.bGQ&psig=AFQjCNER4c_3hvjxqr93fJZ597GnKAYI3A&ust=1406125757930361
http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=75zUWNatDdnhsM&tbnid=0N4iY_5JdaB4VM:&ved=0CAgQjRw&url=http://www.adpulp.com/no-place-is-safe-from-corporatization/&ei=xnTOU62pA4r_ygO8roDYCg&psig=AFQjCNGsazou1mvQPTzLDDGo5o8dpaQwSQ&ust=1406125638123431


7

MANY COOKS INVOLVED
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EFFECTIVITY AND COST-EFFICIENCY 

From sectoral to system view

Interdisciplinary and multi-sectoral  coordination for 

effective and cost-efficient drinking water solutions 

Selection of effective solutions requires knowledge on 

water quality state under current and future conditions, 

e.g. until 2022 (NRDWP), 2030 (SDGs) and longer

Cost-efficient solutions for society (community, 

riverbasin, nation) demand for multi-sectoral 

coordination at relevant scales



9

Methodology
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RIVERBASIN, COMMUNITY, TECHNOLOGY

DPSIR, QSWAT AND WetSuit

Concept: 

Drivers-Pressures-State-

Impacts-Response 

(DPSIR)

Riverbasin model: 

QSWAT

Technology selection: 

WetSuit

Presentation by Mr. 

Seyed Sadr
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WATER SITUATION IN COMMUNITIES 

Riverbasin cause-effects chains with DPSIR

Original DPSIR framework: EEA 1999



12

WATER SITUATION IN COMMUNITIES 

Integration of drinking water infrastructure 

On the integration of infrastructure: Kossida et al. 2009
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DPSIR AND WATER MODELS

Open source toolset applied

• Physically based, spatially distributed

• Water quantity and quality (nutrients, 

sediments, pesticides, bacteria etc.)

• Yearly, monthly, daily modelling

• Integration of point- and non-point pollution 

sources as well as sectoral water use

• Simulation of changes (climate, land use etc.)

SWAT: Soil and Water Assessment Tool

http://swat.tamu.edu

Newly released QSWAT: Integration SWAT with open source QGIS

QSWAT: Plug-in to QGIS

http://swat.tamu.edu/software/qswat
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DPSIR AND WATER MODELS

Integration of infrastructure 

On the integration of infrastructure: Kossida et al. 2009

SWAT input 
parameters

SWAT output 
parameters

Can be estimated 
based on SWAT 
outputs (e.g., health 
models, ecosystem 
services concept etc.)

WetSuit input 
parameters

WetSuit output 
parameters

Boundary 
conditions, 
helping defining 
SWAT/WetSuit
input parameters

WetSuit is a drinking water technology selection tool developed in the Water4India Project
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CASE STUDY SITES

Upper Tungabhadra Riverbasin

Karnataka 

State

Thirthahalli Town 

(ca. 14'000 

inhabitants) in 

Tunga

Riverbasin 

Bhadravati 

CMC (ca. 

150'000 

inhabitants) in 

Bhadra 

Riverbasin 

Subbasins

Streams
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Results & Discussion
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MODEL SETUP AND VERIFICATION

Basic data available at coarse resolutions (excerpt)

Data type Scale/resolution Description Data source

Digital elevation 

model (DEM)
1' (ca. 30 m) Topography

Aster: 

https://asterweb.jpl.nasa.gov/gde

m.asp

Land cover 5' (ca. 150 m)
Major land cover 

classes
Modis: http://glcf.umd.edu/data/lc

Soil 1:5'000'000 Major soil classes FAO world soil map: 

Weather Ca. 38 km
Meteorological 

reanalysis data

CFSR: 

http://globalweather.tamu.edu/

Population statistics NA
Government of India, 

www.censusindia.gov.in

Government of India (1991, 2001 

and 2011)

District statistics NA
Fertilizer application, 

main crops

Government of India, Shimoga 

District administration: District 

statistics booklet: 

http://www.shimoga.nic.in/stats.htm



18
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MODEL SETUP AND VERIFICATION

Climate and weather data

 High quality weather data 

(temperature, precipitation, wind, solar 

radiation, relative humidity) at high 

resolution are scarce in developing 

countries

 Global reanalysis weather data are 

available globally and have yielded 

good results in water modelling  (Fuka

et al. 2014, Dile and Srinivasan 2014)

 Here: Climate Forecast System 

Reanalysis (CFSR) available at: 

http://globalweather.tamu.edu

Resampled CFSR weather 

data

Stations with monthly

weather data

http://globalweather.tamu.edu/
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Fair to good 

agreement with 

monthly statistics from 

weather stations 

Note: CSFR locations 

do not exactly match 

with weather stations 

(up to 15 km apart)

CSFR data

Weather
station data

MODEL SETUP AND VERIFICATION

CSFR weather vs. weather stations
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MODEL SETUP AND VERIFICATION

Streamflow model vs. measured

 Insufficient data availability for calibration 

 Despite data lacks fair model output: R2 = 0.74

Modelled data, +/-sd

Babu & Kumara 2012

Flow data are 30 

year means (1980 –

2010)
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DPSIR SELECTED EXAMPLES

Drivers: Population, agriculture and climate 

Agriculture is the main source of 

income upstream of case study 

communities

Tunga RB Bhadra RB

Population

Climate change predictions 

(Shimoga, BCCI-K 2011)

JF: -13%

MAM: +11%

JJAS: +4%

OND: +8%

Climate
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DPSIR SELECTED EXAMPLES

Pressures: Land use/cover change

2002 2012 Change

Woody savannas 2912 3340 +15%

Croplands 1811 1324 -27%

Forest 1076 1196 +11%

Built-up 23 25 +8%

Other 188 125

2002 2012 Thirthahalli

Bhadravati
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DPSIR SELECTED EXAMPLES 

State: Implications for drinking water (I) 

Modelled river flow 

under current and 

projected future climatic 

conditions

 Information on water availability, also groundwater recharge, 
precipitation etc.

 Specific information for each subbasin (in this study 48 subbasins in 
Tunga and Bhadra Riverbasins)
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DPSIR SELECTED EXAMPLES 

State: Implications for drinking water (II) 

Modelled sediment load 

under current and 

projected future climatic 

conditions

 Input for drinking water technology selection (see presentation 
on WetSuit tool by Mr. Seyed Sadr)

 Many other parameters, e.g. E. coli, nutrients
 Measured data would allow for calibration!
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TOWARD SAFE AND SUFFICIENT DRINKING WATER

End-of-pipe is not enough!

Long-term     Short-term

DRIVERS PRESSURES IMPACTS

Drinking water 

treatment

Adequate wastewater 

treatment lower exposure 

to pathogens and 

contaminants

Cost recovery of water 

services
funds for repairs, 

maintenance and 

investments 

Enforcement of pesticide 

and nutrient thresholds
Lower application of 

pesticides and 

fertilizers 

STATE

 better water quality 

Service

(C) C Kazner
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Conclusions & Outlook
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CONCLUSIONS AND OUTLOOK

DPSIR to identify challenges and formulate key messages for stakeholders, 

highlighting inter-sectoral linkages 

 Viable communication and planning tool for water management

Remote sensing data, maps, sectoral statistics etc. offer input to hydrological 

models such as QSWAT for decision and policy making

 Models can be established and extended by measured data, to improve 

reliability of outputs

Inter-sectoral efforts required

 Government bodies have detailed data which can be utilized to produce 

high-resolution calibrated and validated models for decision making
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