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Global water
stress

= 25 countries — housing
one-quarter of the global
population — face
extremely high water
stress each year, regularly
using up almost their
entire available water
supply

= India has 18 percent of the
world’s population, but
only 4 percent of its water
resources, making it
among the most water-
stressed in the world.
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Days per year that max temperature exceeds 35°C |

RiSing gIObaI 0 days | 150+ days

(0197 Cities with max temperature above 35° C for at least 150 days per year

temperatures

= Excessive heat will hit
resource-strapped cities and
the urban poor the hardest

= Cities with the least resources
to adapt will be among the
hardest hit by higher levels of
warming.

= More than a 100 cities in
India are predicted to face
150 days or higher of
extreme heat at 3° C of
warming
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eeeeeee————e———— Urbanization and Water Stress

New Development (in km?) Over Various Recharge Potential Areas
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Where are we building out cities
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WASH and Healthy Space Challenges &
Faced by Vulnerable and Disadvantaged Urban Communities in India

-.—--

l_lvellhoods depe};dent on water -
s caft/e rear/ng fishing etc - affected

- D

Dischafge of black water
(untreated sewage) into the
waterbody

Discharge of grey water
from the city

Usage of polluted
water for domestic use

i Insufficient and inadequate
sanitation services

Stagnatlon of water and unsafe i 4

%///// /11

Exclusion of the needs
of physically challenged,
elderly, women etc

&~ Solid waste dumped in and
along the water




India’s Water Scenario in Nutshell

= India’s Water Sector Scenario India is blessed with an
abundance of water resources and large rivers, but still it is
currently facing the terrifying possibility of becoming a water
scarce country by 2025.

= India is placed at 120th amongst 122 countries in the
water quality index, with nearly 70% of water being
contaminated

= 600 million Indians face high to extreme water stress and
about 0.2 million people die every year due to inadequate
access to safe water

= The water requirement by 2050 is likely to be 1,180 BCM,
whereas the present-day availability is 695 BCM

= Cities are key in addressing climate change through
integration of water energy nexus & climate resilience
strategies into local development planning.
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Scales of Water Management

(Watershed) Region/ Faraway

Source: WRI! India
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AIM for Smart Water Management

Data Analytics and Tools Policy, Finance and Governance

Protect, conserve, restore and manage water systems

Scale Region/ Faraway City/ Nearby Local/ Inner City
C. Climate resilient and adaptive WASH
A. Natural water ecosystems B. Integrated water resources management systems (infrastructure and services)
Circular
Regenerative et Rainfall / Surface/ Used water/ Equitableand @ Management/
N 2lig s stormwater subsurface Wastewater safe access availability
Resilient
Equ itable Regulate Protect Treated Replenished Treated Equitable Reliable Water quality fit
for purpose

Managed use Conserve Stored Stored Stored Universal Efficient use

Treat and Restore
rejuvenate

Used (fit for Used (fit for (Re)used (fit for
purpose) purpose) purpose)

Projects, Tech Solutions Community Stewardship and Coalitions

SMART




SMART WATER NETWORK

One and two way
Communication
' Vibration sensors « NB-foT + SCADA
Temperature sensors y A3 + Fibre Optic

& +  Monitoring of mechanical assets © WPANs .+ Edge

Advanced Process Control | ' High frequency pressure

transient sensor
Advanced retwork calming

«  Tranguiaton of source locations
Q + Preventative asset falure

Acoustic sensors
*  Near redd time leak

' detection capabilities
+  Reduces the risk of asset failure

+  Impraves the find and fix time
+ Reduces volume of water lost

- Advanced Mefering
\ Infrastructure

*  Near real time customer
consumption infarmation

+ Advanced data analytic: for
greater insights into consumption,
leakage and asset performance

+  Improves customer experence

Water Quality sensors | Z
< pH
+ Chlonne

« Turbidity
+ Water Temperature
« Dissolved oxygen

* Metal content

Geographical
considerations

«  Customer

+ SOCIGECONOMIG

* La ape

*  PRegional Challenges
*  Local Authorities

«  Urban and rural complexity

Tall building boosters

unwarranted system pressure

* Improves ¢

ISTOMeEr Service deivery

Fibre Optic Sensing |

+  Predictive asset monitoring,
sensing and control

+  Leak detection, 3rd party
Intrusion, asset secunty

+  Distributed acoustic senging
Distributed temperature
sensiry

A Systems Thinking approach
fo Smart Water Networks

= Advanced sensing, control and automation

- Powerful Al and Machine Leaming influences
« Establishes a CALM network approach

+ Reduces Non-revenue waler

Enhances water network and

supply resilience

ses asset monitonng and

Fixed Network Pressure sensors |
« Enhances pressure monitoring and
network management capabiities

Inteliigent fire Hydrant
* Reduces unauthorised use
+ Demand and leak analys
*  Improves Water balance o I

y Flow -
«  Improving flow measurement accuracy
« Impraving water balance calculations

caleulation maintenance capabilities
= Moves towards a fix before fail strateoy
d Pump «  Improves the overail service delivery

Installing Variable frequency drives, developing smart 10 customers

control ' b1 3
« Removing unwarnanied excessive Systerm presst crithms and utising Al to optimise pumping assets
+  Redu akage and b Increasing energy effic
*  Improves operational resiliencs «  Reducing unwarranted systerm pressure S
+  Improves customer service delivery +  Reducing asset failure ta ntec

+ Reducing carbon emissions

mart Water Mana

gement
SMART

Data Analytics, Tools and loT for
PMEL

Policy, Finance and Governance

Projects and Tech Solutions

Community Stewardship and

engagement




Smart Water Management

A\ f « Analytics: Real time data and
o - o ~ analysis on wolor usage, water
(== forecasting helps in supply

Lakes and rvers

Water source and

extraction

Underground water o
- * Automated
- Groundwater access
. reduce emaronmental
C — impact
. Ali.ll’ﬂ’ mapping
L

e ———
* Online hydrology
maps: Enable
automated access,

* Ghost pipe dotection
system: Reduce thefts

* Leakage sensors:

wmwmml

=

=

« Plant monitoring.

improved officiency and

- Water Quaty
meters: Roal ime

offectvoness, Highor monfoning of waler
utilization Qualty
Water tower
* Water booster
pump systam:
Optimize energy
requirement

* Mapping and Modeling of WManagoment
Water Distribution Assets and Syatem: Identifios
Network Ity cause of

* Water Infrastructure outage based on

* Real time hydraufic modeling
waler distribution tool:

- Smart Meters
Reduce non-
revenue waler, real

[~ Sensors in sewer
line Infrastructure:

Thane’s smart water

management plan

. On-going government
Initlatives

Industrial use

« Plant monitoring
and controls
Higher officiency
and effectivenass,
Improve utiizabon
factors

* Advanced

wastewater

treatment

- Water pressure
optimizer: Ensutes

nght purnp
configuratio

o

i

TREATMENT

Production of healthy water SOURCE

- Real-time measurement of water IWRM
quality and quantity LALY - Real-time hydrological
- Bulding of an automated operation&  ~—"— —— information
oo Een sl o IohoR - Weather/rainfall prediction
- Flood analysis
- Realtime operation &

control of dams & weirs

DISTRIBUTION
Smart water network

- Realization of uninterrupted water supply
through emergency water network

+ Real-time monitoring of water flow & quality

- Provision of operational feedbacks through
water network analyses

ﬁ PUMP STATION

N~
REUSE

Operation of water-reuse facilitie
- Protection of the cyde system through the

integrated operation of WWTPs
(wastewater treatment plants) in each of
sub-basins (upstream of dams)
H RESERVOIR
CONSUMPTION
Healthy water supply

- Provision of water quality information for consumers
(as through electric boards & smartphones)

- Rechtorination

- Improvement of aged pipes
- Automnatic drain(at the event of water pollution)
- Onsite water quality management




Catchment based flood modelling and analysis
including underground stormwater infrastructures

] l Drains — existing and proposed

_ ANALYSIS

Drain capacity exceedance Vulnerable catchments

Source: WRI India




Data Analytics

Groundwater Mapping In the Upper Mithi Catchment

6 Water shortages and

Impacts of disturbance to over extraction

groundwater flows

@

Land Subsidence due to \/
depleting groundwater ;

: ‘ Poor Vegetat\on Health due
i | toSaline Groundwater

Increased Run-off / Shallow
Aquifer
4
| J
ORI R s ) Darmage to Utiities
f Z \ f e :"‘Z o [T Tl el e BT g """"" Nialu I 3 Depleting due Salinity Intrusion Depleting
syl aete ole S e e e S I e e e ried Risk to Structural Integrity of Shallow Aquifer S — Shallow Aquifer Déep
-j-j-‘~j-'-j-j-j-..'-'-:-;.-'~---BuzldlngsduetoSaImltyIntrusuon [ S Aattor
IR e Tl :'Z;:_:_::LAIA:‘..‘::::::..’::‘::.:: ".‘.‘._...'...:;;:.‘.:T:»ﬁ_'_ Salinity Intrusion .

Source: WRI India, 2025



WATER GOVERNANCE AND MANAGEMENT IN BENGALURU

¢ INNER CITY yoo OUTER SUBURBS —————»
PIPED WATER RAINWATER WATER CONSERVATION/ FECAL SLUDGE PRICING
SUPPLY, SEWERAGE AND HARVESTING EFFICIENCY MANAGEMENT BUD Administration, Private Entities,
TREATMENT SYSTEM Public & Private Entities, BWSSB, Public & »  MoLJ (Gol), BWSSB, mm—— BBEMP, BWSSB, KIADB
BWSSB, BDA, BBMP Private Entities i Private Entities BBMF, ULB
ULB, KIADB, BEMP, BDA,
BWSSB
WATER / WASTEWATER
5 _)  WASTEWATER REUSE TANKERS
Rainwater /! Storm Water MoHUA (Gol), UDD (GoK), WRC, Transport Dept. (GoK), BWSSB,
Water Runoff Minor Irrigation Dept.(GoK), Private Tankers, R10, BBMP
Treatment L Private Entities, BWSSB, KIADB

000 - Sewage

g g ‘ ﬁ'_l'_] T ﬁ T* i - s Overflow

WD
RWH STP CETP RWH l k‘ i=—————) Lake

Private V

Private

STORM WATER Borewells
Borewells Borewells
BWSSB Private DRAINS
BBMP Entities Revenue Dept. (GoK), SURFACE WATER
. (Tanks/Lakes)
Pumped to Pumping NGT, BDA, BBMP
500 m Station Revenue Dept. (GoK), Defense

WATER QUALITY

NGT, Private Entities,

Private Entities, KSPCB, GWD-KGWA,

GWD-KGWA, BWSSB, BWSSB, BBMP, ULB,
BBMP, ULB KIADB

elevation BWSSB Ministry (Gol), Forest Dept. (GoK),
Horticulture Dept. (GoK), Minor
lrrigation Dept. (GoK), Fisheries

Dept. (GoK), ULB, Private Entities,

NGT, KTCDA, BDA, BBMP

DECENTRALISED SEPTIC
TANKS, STP, FSTP AND CETP

CPCB, MoHUA (Gol), BWSSB, ULB,
KIADB, Private Entities, I

GROUNDWATER

SURFACE WATER
(River Cauvery)

CWDT, Water Resources
Dept. (GoK), BWSSB

ROLE: POLICY/REGULATIONS | IMPLEMENTATION | ENFORCEMENT/MONITORING | MULTIPLE ROLES

NOTE: This mapping of institutions and roles is based on openly available online information and recent news articles. It pertains

River Cauvery to the Bengaluru Metropolitan Area under the jurisdiction of the Bangalore Development Authority.

100 kms away
Conceptualised by Radha Chanchani and Sahana Goswami, Designed by Safia Zahid | WRI India

Governance

Mahanaqara Pahke
BDA-Bangalore Development
Authority
BWSSB-Bangalore Water
Supply and Sewerage Board
BUD-Bangalore Urban
District

CETP-Common Effluent
Treatment Plants
CPCB-Central Pollution
Control Board
CWDT-Cauvery Water
Disputes Tribunal
FSTP-Fecal Sludge
Treatment Plants
Gol-Government of India
GoK-Government of
Karnataka
GWD-KGWA-Groundwater
Directorate — Kamataka
Ground Water Authority
KIADB-Karnataka Industrial
Area Development Board
KSPCB-Karnataka State
Pollution Control Board
KTCDA-Karnataka Tank
Conservation and
Development Authority
NGT-National Green Tribunal
MoHUA-Ministry of Housing
and Urban Affairs
MoLJ-Ministry of Law and
Justice

RTO-Regional Transport
Office

RWH-Rainwater Harvesting
ST/SP-Septic Tank/ Soak Pit
STP-Sewage Treatment
Plants

ULB-Urban Local Bodies
UDD-Urban Development
Department
WRC-Wastewater
Resources Cell

* Private Entities-include
builders/developers,
individuals, community-based
organisations, industrial and
commercial establishments,
borewell drilling/water tanker/
sludge cleaning agencies and
other businesses.



! ’ \ 3 Blue-Green Interventions

— .

Hybrid Blue-green- grey solutions

» Integration of natural (green/blue) and engineered ~ ' \ % @ River Tral
(grey) infrastructure to harness benefits from both - !
systems. @ Retention Pond

« Combines resilience and ecosystem services of
green infrastructure with the reliability and
capacity of grey infrastructure.

» Optimizes stormwater management adapting to
varying rainfall patterns and urban landscapes.

» Supports climate change adaptation while enhancing
urban aesthetics and public health.

 Smart sensors, IoT, and data analytics monitor
performance and coordinate operation of hybrid
systems for efficiency and responsiveness.




Blue-Green Interventions

i

Marol Urban Forest Projec




Community Stewardship

 Builds trust and accountability
through open communication and
transparency.

 Involves communities in planning
and decision-making to ensure
solutions fit local needs.

« Encourages behavioral change for
water conservation via awareness
and real-time data feedback.

« Shares water data openly,
empowering residents to monitor and
support water systems.

» Leverages partnerships with local
groups to integrate traditional
knowledge and mobilize
resources.

Source: WRI India, 2023



RI INDIA




CASE STUDY- INDIA

Thane’s Smart Water Management Initiative

installed 105,000+ smart water meters with
Automatic Meter Reading (AMR) technology

to volumetric
billing
= Repair of 7,500+ leak points

Water savings of 10 million liters/month
Targeted 15% reduction in NRW

8-10% drop in household consumption in pilot
zones

60% fewer billing disputes

25—30% revenue increase via accurate billing

Source: https://thanesmartcity.in/smart-water-meters/



Puri’s “Drink from Tap” Mission

M

= First city in India to provide round-the-clock,
quality drinking water directly from taps in

2021, benefiting 2.5 lakh residents, including
vulnerable communities.

= Ensure IS 10500 quality water is available for
drinking and cooking without further treatment
= Integrate state-of-the-art technologies with
strong community participation and
governance.

» Reduce leakages and Non-Revenue Water
(NRW) from 47% to below 15%.

= Advanced water treatment (imembrane

filtration) & smart IoT-enabled monitoring
(SCADA).

= Community engagement through Jal Saathis
(women-led groups), awareness campaigns, and
Source: NIUA and WATCO, The water supply story of Puri, Odisha — Drink From Tap (2022)

public dashboards.




CASE STUDY- INDIA

Puri’s “Drink from Tap” Impacts

= Universal access to safe water, especially for
urban poor and slum households.

. = . » Time savings for women, improved health, and
= — ' [ reduced plastic waste (~400 tonnes/year).

X WATER
I’ = | " Increased system efficiency and consumer
satisfaction with real-time quality surveillance.

= Critical role of long-term vision, government
commitment, and community engagement.

= Successful integration of technology, policy, and
ground-level action as a model for other Indian
cities.

= Strengthening cost recovery & exploring

alternate water sources, including treated
wastewater.

Source: NIUA and WATCO, The water supply story of Puri, Odisha — Drink From Tap (2022)



CASE STUDY- INDIA

Bengaluru- Digital Innovation for Water Security

150,000 smart meters installed
citywide as of 2025

12—15% in pilot zones

consumption dropped by 8—10%

revenue collection by 18—20%.

drought management response times by 25%.

Source: https://www.frontiersin.org/journals/environmental-
science/articles/10.3389/fenvs.2022.816824/full



CASE STUDY- INDIA

Delhi - Advanced Water Distribution Management

g o RDS wmew o 4m " Population Impact: Provides smart

| Owsiee + 10canon 7+ cocanon s RN

distribution monitoring for approximately 2
million residents in Pitampura and adjoining
Zones.

» Loss Reduction: Water loss from leakage
reduced from an estimated 35% to below 20%
in managed zones.

= Operational Efficiency: Automated controls
reduced manual intervention by 40%,
decreasing response times for fault
rectification by 50%.

= Billing Accuracy: Shifted from flat-rate to

volumetric billing, reducing billing disputes
by over 60%.

= Water Supply Reliability: Documented
improvements in supply pressure and
continuity with 24/7 service in several sectors.

Source: https://openjicareport.jica.go.jp/pdf/12305603_01.pdf



CASE STUDY- INDIA

Varanasi- Smart River and Urban Water Management

= Managing the Varuna River, a critical urban
water body prone to pollution and flooding.

= Technology: Implementation of IoT sensors
and real-time data collection for monitoring
water quality and flow.

= Decision Support System (DSS): Uses
predictive analytics for flood forecasting,
pollution control, and river management.

= Collaboration: Public authorities, local
research institutions (including IITs), and
international partners jointly operate the
system.

= Replicability: A model for cities dependent on
urban rivers facing environmental and
climate challenges.

Source: https://www.slcrvaranasi.com/



CASE STUDY- KOREA

K-Water (Korea Water Resources Corporation

= WaterSharing (> Water Safsty > Water Convergence _ \_v‘b‘ = = "’ f / “, @ EstabliShed in 1967

* Pioneered integration of IoT
sensors, real-time monitoring,
= - and Big Data analytics across
Leading the advancement of the global Securing natural circulation-type ~ Managing basin water environment © PG
water industry water without environmentalload  forthe coexistence of ecosystem T water treatment plants, dams,
and humans p [} &
and distribution networks.

* Developed smart systems
for water quality
_ / | surveillance, leak detection,
L ey b 3 | ' ' movaton gt et and energy-efficient operations.

waterfrontspaces clean energy from water Pt ¥ o L] managementand waler disaster
- MataE - Advanced digital twins for
predictive maintenance and
optimized asset management.

—Ne

T

=
Securely supplying tap water Producing carbon-neutral tap water
while minimizing unnecessary

water leakage

Treating wastewater with a 100%
reclamation of contaminated water

Source: K-Water summary report- 2023



CASE STUDY- SINGAPORE

= Four National Taps: Diversified water supply
from imported water, NEWater (highly treated
recycled water), desalination, and rainwater
catchment covering around 430 million
gallons/day.

NEWater- Singapore

Treated
used

Stormwater management

water
l Treatment of used .
water at 4 water » Advanced Technologies: Integrated smart water
reclamation plants
_ grid with sensors and analytics enables real-time
‘W L3 L3 L3
J.I_ monitoring and efficient network management.
4 NEWater factories

Indirect potable use

l
— =

Collection of rainfall in 5 Desalination plants

17 reservoirs l

Transmission and
distribution network
(6,000km)

Direct non-
potable use

= Stormwater Management: Separate drainage
and sewer systems, extensive canals, and green
S300 kot bl Eoaarsan reservoirs reduced flood-prone areas from
Deep Tunnel Sewerage System (DTSS) ° . ° °
3,200 ha to just 49 ha despite urbanization.

) = Water Conservation: Target to reduce per capita
use to 140 liters/day by 2030 through pricing
reforms, efficient appliances, and awareness

campaigns.

through 660km
transmission and
distribution network

Treatment of raw
to potable water at
6 PUB waterworks

T = Water Self-Sufficiency Goal: Aim to provide 85%
of water from NEWater and desalination by
2061, reducing reliance on imports.

Source: https://www.pub.gov.sg/public/waterloop
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Challenges

giL0 § LiTRi

IND/09/18/173

Source: WRI India, 2025



Challenges (contd.)

High costs of installing digital infrastructure and
ongoing maintenance are barriers in low-income

Local governance bodies often lack capacity,
funding, or institutional frameworks to sustain
smart water initiatives in informal settlements,
risking incomplete or inefficient implementation.
= Sensors and IoT devices may not be robust enough

for harsh environments or heavy pollution, which
are common in informal settlements.

Use of surveillance and data collection in vulnerable
communities raises ethical questions around
privacy, consent, and data security.

Source: WRI India, 2025



Way Forward
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699 flood hotspots and 287 Extreme flooding impairs the city = Routine waterlogging is a daily stressor
landslide prone areas recorded by and results in recurrent loss and in some areas, and a result of poor
BMC damage infrastructure & SWM services
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Framing the Complexities of
Urban Flooding in Mumbai
With Diverse Stakeholders

FLOOD RISK IN MUMBAI—CONSULTATIVE STAKEHOLDER WORKSHOP
A workshop for framing urban flooding issues through
analytical methods and data, ethnographic research, catalog
of personal experiences, and available financial toolkits

Executive Summary 28-29 APRIL, 2022
Brihanmumbai Municipal Corporation (BMC) hested a two-day consultative ecserigoonar :,“::m‘m =
stakeholder workshop, with support from WRI India as the knowledge partner, WORKSHOP, MUMBA)

1o engage with stakeholders who have analyzed the flooding issue from various
perspectives. The goal of the workshop was to scope the problem and develop an
informed, comprehensive, and transparent roadmap to make Mumbai
fiood-resilient, in light of new constraints and available innovative solutions.

The workshop participants comprised experts in flood risk assessment,
meteorology and hydrology, social sciences and community organizations,

urban design, architectural and development policy; BMC officials from the Storm
Water Drainage Department and Disaster Management and Mumbai Metropolitan
Region Development Authority (MMRDA); citizens impacted by Mumbar's floods;
C40 Cities; and the Asian Development Bank

The consultative discussion dove into the issues that are key to assessing and

adapling to the emerging flood risk in Mumbas, such as the changing demands on

storm water drainage due to vanous types of fiood risk (coastal inundation, perennial

risk 1o low-lyng areas, terrain close to previously natural dranage channels, and A RO
concretization) and outined the added risk for vulnerable communities, which was ‘
highiighted by first-person accounts from citizens impacted by Mumba's floods. < SE@wrion



Transforming Approach for Flood Management

Channelising flows
towards natural
landscapes/ sponge
infrastructure

-
\J ™
'1

Vel NNy

Data-driven catchment

models for flood
management and |loT based
monitoring of the SWD

Retaining walls Routine desilting of rivers & nallahs




Climate Resilient and Adaptive Toolkit for
WASH systems in small towns in India

A ULB PLANS TO
ADMINISTER THIS
TOOLKIT

Ea

Self.

LEVERAGE OPEN-SOURCE
DATA, ON-GROUND

g
OBSERVATIONS AND LOCAL 6&

STAKEHOLDER INPUT

ETTEETEM

WORKBOOK 1 WORKBOOK 2

.‘ - (B ) 2 g &
é;’ / VDHOUGHT‘ @% [ -} _J &

CLIMATE + URBAN WASH CHVA <  SPATIALDATA

CHANGE SYSTEMS (ADAPT) AND MAPPING
UNDERSTAND THE LINKAGES ADAPT THE CHVA FRAMEWORK TO THE
BETWEEN CLIMATE CHANGE AND SPECIFIC CONTEXT OF WASH AND TO

WASH SYSTEMS IN THE TOWN CONDUCT CLIMATE ASSESSMENTS

= Y
== T
-

op
e

=

MULTI- e
STAKEHOLDER ]
INPUTS =3
=

WORKBOOK 3
SaE» -
= @ 95
\/
) L&&
PRIORITIZE SET IMPLEMENT
INTERVENTIONS GOALS PROJECTS

IMPLEMENT THE CHVA FRAMEWORK,
INCLUDING ITS APPLICATION IN REFINING
ULB WASH GOALS, PRIORITIZING PROJECTS
AND IDENTIFYING INTERVENTION ZONES

L Meg,,
=
-
D
3
D |
-
—
PEER - LEARNIN
AND KNOWLEDG
WORKBOOK 4 S IE
4 & © (2 -|
FEEDBACK TRACK MONITOR AND

PROGRESS EVALUATE

ASSESS AND UPDATE CLIMATE WASH
ACTIONS AND MEASURING THE IMPACT OF
CLIMATE-RESILIENT WASH INTERVENTIONS

AND TO ESTABLISH FEEDBACK LOOPS



Roadmap for Indian Cities

IoT-enabled infrastructure
adaptive water distribution
hybrid solutions
adaptive governance frameworks climate

uncertainties and cyber risks

multi-sector collaboration
= Enhance energy efficiency in water treatment

equity and inclusion
public-private partnerships

citizen participation and behavior change

Image Source: NIUA and WATCO, The water supply story of Puri, Odisha — Drink From Tap (2022)
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