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The summer of 2019 saw many of Bangalore’s residents grappling with drinking water issues. On one 

hand, rainfall patterns are changing. On the other, there is increasing pressure on the sources of potable 

water – lakes, reservoirs, the Cauvery river, and groundwater. As the city’s population has grown, so has 

demand and consumption of water. With depleting groundwater and reduced rainfall contributing to a 

decrease in surface and groundwater availability, the management of the city’s water resources requires 

attention by citizens and policymakers alike to sustain the city of Bangalore. This situation emerges against 

the background of greater involvement of citizens in a number of urban governance issues, notably urban 

mobility and solid waste management. These are yet nascent and evolving efforts and have not 

demonstrated a conclusive form. It is against this background the guiding question for Project Hanigalu 

was formulated: –  

How might people from a locality plan together for water security? 

Initially the goal of Project Hanigalu was to design a tool for community-level water planning. Given that 

COVID-19 put a halt to field work, the goals were reframed to create a learning tool to understand how 

to plan for local-level water security. The original and revised objectives of the project are detailed below: 

Original objectives prior to lockdown: 

1. Test a participatory planning tool to facilitate dialogue among citizens, and between citizens and 

the government, on coping with climate change. 

2. Enable participation of citizens as co-sharers of the responsibility of knowing about and 

managing commons. 

3. Identify requirements and challenges of designing and implementing such a tool. 

 

The data curation for the project was completed prior to the COVID-19 lockdown. This included defining 

water security for the project purpose; finalising a framework for assessing water security (Annexure 1); a 

review of existing data on water resources and governance in Bangalore (Annexure 2); and a review of 

toolkits for water security planning (Annexure 3).  

 

Revised objectives: 

1. Identify the stakeholders, relevant data and institutional structures that impact water security for 

citizens at a ward level. 

2. Test an online planning tool to collect preferences of users with respect to water consumption, 

planning for future scenarios and coping with climate change. Further, identify challenges of 

designing and implementing such a tool. 

3. Build capacity of young adults in water security planning through engagement with the tool. 
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Hanigalu is a simulation-based learning tool. The objective of the training tool is to let students explore 

different scenarios related to water security at the local level, and explore the trade-offs and consequences 

of: 

1. Different factors affecting water security at the local level. 

2. Different strategies that can be used to better water-security at the local-level. 

 

The player begins with the starting state of the model (State 0) and makes choices that changes the state of 

the model (State 1). All the discussions after that happen with State 1. There is no iteration. The state of 

the model can be reset to State 0 and the process can be repeated. 

 
We have three aspects to the design that are intertwined: 
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1. Narrative governing the tool: The narrative that the students engage with. For instance, ‘You are 

planning for a mock ward’ or ‘You are planning for a mock city’, etc. It acts as a wrapper to tie the 

scenarios together. 
2. Scenarios: The learning objectives translate into scenarios that the students can explore. The kind 

of scenarios potentially that can be designed are dependent on the simulation model. For instance, 

if a scenario requires data that is not there, then it cannot be part of the tool. 
3. Simulation model: The simulation related to water security at the local level. The simulation 

model involves two aspects: 
a. Relationship: The relationship between different aspects (natural, socio-economic, etc) 

that impact the water security at local level are modelled. 

b. Data: These are different kinds of data that are related to water security at the local level. 

Complexity of the model, desired level of fidelity governs the granularity of the data 

required.  

Narrative 
As the goal was for the participants to contend with the complexities of water security at the local level, it 

was decided that a small city would be the appropriate boundary for the tool. At a ward-level, the challenges 

of inter-ward planning would not be apparent. And at a large city level, there are more complex 

institutional challenges that would come into play. Therefore, the context of the narrative was to be set in 

a small city. Thus, after discussions, ‘Paanipura’ emerged as the city setting the context for the tool, and it 

was conceived as a scaled-down version of Bangalore. The history of Paanipura, the kind of citizens who 

would live in it, the institutional structure governing Paanipura, and the challenges it would face were 

premised on Bangalore. The idea of using a fictional setting was also because of paucity of data; there are 

data gaps in constructing a model such as this for Bangalore. 

Scenarios  
Based on the learning objectives and the situation conceived in Paanipura, there were different scenarios 

developed for the participants to engage with. 

The three learning objectives around which the scenarios were developed are as follows: 

1. Impact of climate change on the water security planning  

2. Social inequality in water provisioning  

Tool 
Design

Simulation 
model

ScenariosNarrative

Figure 1: Aspects to tool design 
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3. Impact of infrastructure projects on water security planning  

Here we describe the process of developing a scenario to provide an example of how the design process 

proceeds: 

First, there are events conceived that pose a challenge to water security planning in a city. These events 

are drawn from current events and real-life scenarios. Consider an event: “Dry spells leads to low piped 

water supply”. 

This event is mapped to learning objectives: 

Event Learning objective Associated data parameters 

Dry spells leads to low piped 

water supply  

1 Rainfall, piped water supply, 

lake levels, ground water, 

river level 
Table 1: Mapping events to learning objectives 

Next, the event is mapped to possible strategies the participant can choose from, and the associated data 

parameters are mapped at each stage. 

 

Event Strategies 

Dry spells leads to low piped 

water supply  

Use lakes as a source of water to reduce the demand-supply gap 

Depend on tankers 

Continue as business as usual 
Table 2: Mapping events to strategies 

In Annexure 4, we provide details of all the events and their mapping to learning objectives, data 

parameters, and strategies. A total of five events, and around three to five strategies for each event were 

designed. The design is extendable – more events and strategies can be added with ease. 

Simulation Model 
Initially, different datasets related to Bangalore’s water situation were compiled. Based on the data 

availability and the need of the tool, the different categories of data identified were as follows: 

1. Data related to the profile of city – demographics, rainfall 

2. Water sources- natural sources of water to the city 

3. Water supply-supply methods of water from source to the end users. 

4. Water consumption-different category of users of water 

5. Waste water-its generation and treatment 

6. Tariffs- for different supply methods and user groups 
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Figure 2: Stylised model of the simulation 

Having identified the different parameters, the relationship between the parameters were modelled and 

verified. The detailed simulation model is in Annexure 5. 

 
The interface of the tool was designed in collaboration with Architecture for Dialogue. The goal of the 

interface design was to: 

1. Communicate the data and the inter-relationships 

2. Layer information 

3. Simple navigation 

The process was as follows: 

1. Storyboard: Initially, a storyboard of how the narrative would proceed was created. This was from 

the perspective of someone using the tool – what information they would need to anchor 

themselves and how the story would proceed. 

2. Mapping data to the story: After having created the storyboard, the next step was to map what 

data would go with different parts of the story. 

3. Creating smaller narratives: Having identified what data goes with what parts of the story, the 

smaller pieces of data were arranged so that there is a coherent internal storyline. 

4. Prototypes: Pen and paper drafts of different graphs were created. These were designed taking 

into account implementation of the graphs in the software. 

5. Iteration of prototypes and final draft: The prototypes were refined in terms of ease of 

understanding, amount of data per visual, and story flow to create the final draft. 

The interface is in Annexure 6.  
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Figure 3: Software Architecture 
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The Hanigalu tool is created as a web application using the Python-Django1 framework. Error! Reference 

source not found. illustrates the high-level architecture of the Hanigalu web-application. The Hanigalu 

simulation model is created using a systems dynamics model, created in Vensim2. The model is simulated 

for various input parameters. The output from the simulations along the chosen parameters are stored in 

a database.  

Each simulation scenario is mapped to different impact of events that affects water in the hypothetical city 

of Pannipura. The simulation scenarios are also mapped along different strategies for mitigation. The 

Hanigalu tool provides a front-end to allow players and presents events that affect Paanipura. Players then 

view and select different scenarios of development for water. The tool then queries the respective data 

according to the simulation from the database and presents the results to the player in from of charts, graph 

and explanations.  

The web-application follows a standard Model-View-Controller (MVC) architecture implemented in 

python-Django. Graphing of data is implemented using High-Charts. The data from the simulation is 

modelled as shown in Figure 3. The data is assembled as required in while displaying the impact of each of 

the strategies chosen by the players.  

As the system is implemented in Django, the architecture is modular and thus, new apps and modules can 

be added, such as the ability to include sanitation or the ability to integrate the same into a course-

management-system. 

 
Curriculum design involves the following elements: 

1. Briefing: The background given to the students before the simulation 

2. Role description: 

3. Simulation run 

4. Debrief 

The curriculum includes all the notes to the facilitator and additional information that the facilitator can 

use to design briefing and debrief sessions. The curriculum is attached in Annexure 7. 

 

 
1 Django Project: https://www.djangoproject.com 
2 Vensim: https://vensim.com/vensim-software/ 
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Toolkit Brief process Online link 

Water Security Monitoring Toolkit 1. Focusing on the status of water 

resources (quality and quality, surface 

and groundwater, availability, and uses), 

now and in the near future (trends), and 

on the magnitude and likelihood of 

issues and/or risks 2. Measuring 

progress and performance of water 

activities against targets and expected 

outputs/outcomes 3. Assessing the 

performance of water institutions and 

actors (regarding resource allocation, 

service delivery and regulation, risk 

mitigation, etc.) 

 

https://www.winrock.org/wp-

content/uploads/2018/05/20171010_Winrock_SWP_Toolkit-

6.pdf 

Sustainable Water Partnership: Water 

Security Planning 
1. Discuss water security planning and 

its purpose 2. Describe the key practices 

that should guide water security 

planning 3. Define the water security 

planning space 4. Present the tasks of 

the planning process 5. Provide pre-

implementation considerations.  

 

https://www.winrock.org/wp-

content/uploads/2018/05/20170512_Winrock_SWP_Toolkit-

3-2.pdf 
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World Bank: Toolkit for the 

preparation of drinking water 
The design of the Toolkit is based on 

the Government of India’s (GoI’s) 

concept note, institutional framework 

and a scope of work for Support 

Organisation. The core content of the 

Toolkit includes an assessment of the 

social environment, a supply/ demand 

assessment and opportunities/possible 

ways of addressing identified drinking 

water security issues. Key features of 

the planning process leading to Village 

Water Security Plans are: 

1.Establishment of meaningful 

partnerships 

through convergence 

2. Participatory assessment and analysis 

3. Assessment of the social environment 

4. Technical inputs during the process 

5. Environmental concerns 

6. Institutional and financial 

sustainability 

 

 

 

https://www.wsp.org/sites/wsp/files/publications/WSP-

India-Toolkit-for-Preparation-of-Drinking-Water-Security-

Plan.pdf 
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eWater Toolkit Aquacycle is a total urban water balance 

model gaming tool that estimates water 

demand, stormwater yield, wastewater 

yield, evaporation, imported water use, 

stormwater use, and wastewater use for 

a particular site. It provides a 

preliminary assessment of the 

performance of both conventional and 

innovative water system designs. 

https://toolkit.ewater.org.au/Tools/Default.aspx 
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Governance 
Arrangement 

 Region Model Process Impact 

Public 

Organisation 

Completely 

State owned 

Nanded, 

Maharashtra 

Municipal Grey 

Water recycling 

regulations 

In February 2010, the town of Nanded in 

Maharashtra issued orders to revise its 

development control regulation to 

include grey water recycling systems. The 

byelaws are applicable to all housing, 

commercial and industrial premises more 

than 2000 sq metres or if the water quota 

is more than 60,000 litres/day. In these 

regulations, the waste from the toilets 

needs to be separated from grey water – 

bath and kitchen waste and taken into a 

separate discharge system. This grey 

water is then to be recycled and reused 

for non-potable purposes. The house or 

institution owner, who has done grey 

water recycling, will be entitled to a 

rebate in the water, sewage tax. This is 

after the municipal officer is satisfied that 

the building or residential structure “has 

successfully reduced their potable water 

consumption by a specific percent”. 

Significantly reduced 

water scarcity in the 

area and encouraged 

residential colonies 

and industrial 

organisations to 

separate grey water to 

receive tax rebates. 
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Public Public 

Partnership 

Alliance 

between 

various 

Government 

organisations 

Madhya Pradesh Community-

managed water 

supply scheme 

The CWASC (registered under the 

Madhya Pradesh Society Act of 1973) was 

responsible for planning, designing, and 

executing the water supply system of its 

choice and collecting user charges once 

the system became operational. In all 

three cases, the CWASC selected a 

reservoir with a gravity-fed distribution 

network. The government agency 

provided bulk water, technical assistance, 

and consultation when needed. The 

projects did not involve NGOs to 

mobilize the communities. However, in 

Gwalior and Jabalpur, the municipal 

corporations relied on intermediaries on 

an ad hoc basis whereas in Indore, DUDA 

assigned a community officer to the 

project. In keeping with its pro-poor 

approach, connection charges were 

removed and replaced with service 

charges (capital costs and user charges) 

that could be paid in instalments 

depending on the users’ capacity to pay. 

The project mandated a minimum of one-

third women in the user committees 

 

mailto:info@fieldsofview.in


 

info@fieldsofview.in 

Public Private 

Partnership 

Concession 

contract 

between 

municipalities 

and companies 

Several 

municipalities in 

France 

   

Concession 

contracts 

between 

municipalities 

and companies 

complemented 

by regulatory 

agencies 

Thames PAM 

Jaya (TPJ) and 

PAM Lyonnaise 

Jaya (PALYJA), 

the municipality 

of Jakarta and the 

Jakarta Water 

Supply regulatory 

Body (JWSRB) in 

Indonesia 

   

Design, Build, 

Operate, 

Finance- 

contract 

between a 

consortium of 

private 

companies and 

a public 

regional water 

board 

Delfluent in the 

Netherlands 
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Build, operate, 

transfer -

contract 

between a 

private 

company and 

the 

government 

The Yuvacik 

Reservoir in 

Izmit in Turkey 

and the Turkish 

government 

   

Private 

Companies 

Business 

enterprises 

    

Civil society-

Public 

Organisation 

Private 

initiative 

supported by 

the (local) 

government 

Karachi, Pakistan Orangi Project- 

sanitation 

Known as one of the most successful 

NGO sanitation provision projects, this 

community-owned, community-managed 

infrastructure upgrading program has 

helped over one million people to 

improve sanitation.  By using local labour 

and micro finance, they paved the lanes 

over sewers following natural drainage 

channels. The municipal authority built 

large mains sewers in the settlements to 

support the development. 

The project has 

strengthened the 

position of women in 

the communities by 

encouraging 

participation in 

community affairs. 

Also, by lowering the 

portion of family 

income spent on 

medical bills, it has 

allowed more money 

to be spent on other 

needs such as food, 

education, and 

housing. 
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Civil society-

Private 

Partnerships 

Alliance 

between NGO 

and private 

company 

    

Civil Society 

Organisations 

Completely self 

governed 

Mussoorie and 

Devprayag 

Water management 

during water crises 

Residents in both Mussoorie and 

Devprayag cope by diversifying their 

sources and accessing water directly from 

natural sources in times of crisis. With 

climate change bringing additional 

uncertainty, having multiple options to 

rely on seems all the more desirable, and 

even necessary. People in the two towns 

have varied ways of coping, owing to 

differences in geographical features and 

socio-political conditions. In Mussoorie, 

residents fall back on accessing water 

stored in public tanks or springs, 

whichever is closer. Many respondents 

said they also cope majorly by storing 

water in as many containers as they can. 

Community has been 

able to develop its 

own means of 

anticipating, 

preparing and 

combating water 

crises situation 

without the help of 

the municipal 

support. 

 Cuttack, Orissa Water and 

sanitation 

intervention- 

involving women 

self help groups 

In the 4 settlements, it was found that the 

water of the deep tube wells and hand 

pumps provided by the government 

agencies, though adequate was not of 

potable quality as it had very high iron 

content. Here the 

The women of the 

community have 

played the central role 

in this initiative. 

The construction of 

individual toilets was 
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focus of the project was on digging of 

new wells and the improvement of the 

existing ones by introducing low cost 

technology which helped in reducing iron 

and making the water potable. 

A demonstrable community water filter 

was designed and constructed to ensure 

clean drinking water for residents. This is 

being managed primarily through 

children and youth groups who ensure 

awareness generation, cleanliness, right 

usage and maintenance of this water 

structure. These structures are specifically 

designed to conserve water, replenish the 

rapidly descending water table, and do 

not require significant energy inputs. To 

prevent the contamination of well water, 

the well was covered, the surrounding 

area paved to prevent stagnation of 

overflow water and small hand pumps 

connected to the well were installed. This 

has reduced the effort required to draw 

water from the wells. 

undertaken through 

women’s self help 

groups. These toilet 

constructions have 

been designed to the 

best of capacities to be 

ecologically 

sustainable. Sanitation 

facilities were 

constructed from local 

materials. The 

finances were 

designed and 

managed between the 

user, the group and 

the NGO in a 

rotational manner so 

as to benefit the 

poorest women 

favourably. 
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Indicator Definition/Description How to measure? Academic Source Pros Cons 

Basic Human 

Needs Indicator 

Basic Human Needs Index 

measures the requirement for 

water in terms of the basic human 

needs. This includes water for 

survival, human hygiene, 

sanitation and preparation of food. 

Water for drinking(5L)+ 

Water for sanitation(20 

L)+Water for personal 

hygiene(15L)+ Water for 

preparing food(10L)= 50L 

Gleick PH (1996) Basic water 

requirements for human 

activities: meeting basic needs. 

Water International 21:83–92 

  

Water 

Availability 

Index 

Takes into account temporal 

variability of water resources, both 

surface and groundwater, and 

compares total availability to total 

demand from all sectors 

WAI= R + G − D/R + G + 

D (R=surface run off, 

G=groundwater resources, 

D=sum of all demands) 

Singh RB, Kumar D (2014) 

Water scarcity—handbook of 

engineering hydrology. 

Environmental Hydrology and 

Water Management, Taylor & 

Francis Group, New York 

  

Falkenmark 

indicator 

Measures water scarcity in terms 

of the amount of run-off that is 

available annually for human 

consumption. Based on the per-

capita consumption it categorises 

areas into no-stress, scarcity and 

absolute scarcity. 

No stress when per 

capita>1700 m3, Water 

stress when between 1000 

and 1700 m3, Water 

scarcity when between 

500m3 and 1000m3 

Falkenmark M (1998) Preparing 

for the future: water for a 

growing population. J Water 

Serv Res Technol-Aqua 

47(4):161–166 

Easy to 

measure 

No 

account of 

social and 

economic 

indicators. 

SIPE Indicator Covering the socio-economical, 

institutional, physicochemical and 

environmental dimensions of 

water scarcity 

Each dimension consisted 

of five primary indicators. 

Each primary indicator was 

made up of five secondary 

Abedin MA, Shaw R (2014) Safe 

water adaptability for salinity, 

arsenic and drought risks in 

southwest of Bangladesh. Risk, 
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indicators amounting to a 

total of 20 primary and 100 

secondary indicators. It is 

further demonstrated that 

the inclusion of five 

dimensions (physical, 

social, economic, 

institutional and natural) 

Hazards Public Policy 4:62–82. 

https://doi.org/10.1002/rhc3.12

033 

The Arcadis 

Sustainable 

Cities Water 

Index 

It assessed 50 global cities on issues 

impacting their resiliency, 

efficiency and quality and their 

impact on longterm sustainability 

in the water sector 

Resiliency in the water 

index meant proper 

management of water 

resources and water-

related risks and 

vulnerabilities 

Ray, B., & Shaw, R. (2010). 

Urban drought (1st ed.). 

Singapore: Springer. 

  

The Resiliency 

Index 

Measured in terms of water stress, 

availability of green space, water-

related disaster risk, water balance 

and water reserves. 

The indicators include 

freshwater withdrawn as 

percentage of total water 

availability, number of 

water-related disasters like 

flood and drought, 

percentage of city area 

covered by green spaces, 

the monthly deficit or 

excess of rainfall and also 

the reservoir capacity 

within 100 km of the city 

Ray, B., & Shaw, R. (2010). 

Urban drought (1st ed.). 

Singapore: Springer. 
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as compared to the total 

water supply 

Efficiency sub-

Index 

Gauges the present status and 

efficiency of water systems in 

urban areas 

Includes parameters like 

leakage loss, water charges, 

adequate and sustainable 

supply of safe drinking 

water, metered water 

supply, wastewater reuse 

and sanitation. The 

indicators for the efficiency 

sub-index are proportion 

of water lost in transit, 

percentage of households 

with metered supply and 

the tariff involved, average 

cost of per cubic metre of 

water use, total wastewater 

produced and the 

proportion of wastewater 

reused, continuity of 

service, hours of supply, 

percentage of households 

with access to safe drinking 

water and sanitation and 

the incidence of water-

related diseases. 

Ray, B., & Shaw, R. (2010). 

Urban drought (1st ed.). 

Singapore: Springer. 
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National water 

Security Index 

Developed by Asian Development 

Bank and applied to compare 

nations’ water security 

performance in Asia and the 

Pacific region 

The NWSI has five key 

dimensions: household, 

economic, urban, and 

environmental security and 

resilience to water-related 

disaster. 

Asian Development Bank (2016) 

Asian water development 

outlook 2016: strengthening 

water security in Asia and the 

Pacific. Asian Development 

Bank, Philippines 

 Broad 

scale 

measures 

that are 

difficult to 

be applied 

at the 

micro level 

Water 

Insecurity 

Index 

Has been applied at a regional level 

in India to measure water security 

The framework consisted 

of six key dimensions: 

resource, access, 

consumption, capacity, 

environment, and climatic 

stress. 

Aggarwal S., Punhani G., Kher J. 

Hotspots of household water 

insecurity in India’s current and 

future climates: Association with 

gender inequalities. wH2O The 

Journal of Gender Water. 

2014;3:34–41. 

 Broad 

scale 

measures 

that are 

difficult to 

be applied 

at the 

micro level 

Domestic 

Water Security 

Framework 

Domestic water security is the 

ability of a population to safeguard 

sustainable access to adequate 

quantities of and acceptable quality 

water for the basic household 

needs of drinking, sanitation, 

and hygiene. 

The developed framework 

has three levels of 

information for water 

security assessment: 

dimensions, indicators, and 

variables. Dimensions are 

the various broad 

components of domestic 

water security. Numerous 

indicators are used to 

Assefa, Y., Babel, M., Sušnik, J., 

& Shinde, V. (2018). 

Development of a Generic 

Domestic Water Security Index, 

and Its Application in Addis 

Ababa, Ethiopia. MDPI, 11(1), 

37. doi: 10.3390/w11010037 
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represent the dimensions 

of domestic water security. 

Variables are then 

identified to quantify the 

indicators.  The 

dimensions are: (i) water 

supply; (ii) sanitation; and 

(iii) hygiene. These three 

dimensions are represented 

by numerous 

indicators, which are 

measured via the variables 
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Event Learning Objective Associated data parameters Strategies 

Event 1: Vanishing lakes of 
Paanipura 

 

A recent study titled "Urbanisation or 

Environment in Paanipura", has 

revealed that the city has lost around 

180 lakes to encroachments and 

unplanned development. This 

haphazard growth has also impacted 

the ground water source. Currently, 

there are only 80 lakes covering 4.8% 

of the total area of Paanipura. The 

study projects a decrease of this area 

to 1.2% by 2025 if the current pattern 

of urbanisation continues. 

Impact of 

infrastructure projects 

on water security 

planning   

Recharge Pit/Plot Ratio, 

Catchment Area Lake, 

Catchment Area GW, Cost of 

artificial pond (INR/m2), 

WSSB Finance, Cost Lake 

rejuvenation (INR/m2).  

1. The PMC should mandate construction of 

recharge pits to recharge ground water for 

existing and future apartment complexes. 

2. Focus should be given in protecting the eco-

sensitive zones. Building approval process 

should be made stricter and any 

construction within the lake buffer zone 

should be strictly prohibited. Non-

compliance to this regulation should have 

legal consequences. 

3. PMC should invest in creating artificial 

ponds in other areas of the city to 

compensate for the loss of natural lakes and 

ponds lost due to encroachment. 

4. PMC should demolish gated residential 

communities which are built on major 

lakes. These areas can then be revived to 

increase the number of lakes in the city. 

5. Urbanisation is important and certain 

trade-offs are a part of the development 

process. No action needs to be taken. 
Event 2: A rise in industries 

 
Impact of 

infrastructure projects 

No. of Industries, Compliance 

% of Industries, Fine, Tariff, 

1. The State Government should release a 

mandate prohibiting the construction of 
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The new industrial policy introduced 

in 2018 has led to creation and 

expansion of industries. Industrial 

growth translated to increased 

employment opportunities. Water 

demand of industrial areas has 

increased, with the majority of 

industries depending on borewell 

water for their daily functioning. 

on water security 

planning   

Wastewater treated, Water 

Demand met -Industrial, 

Piped Water Supply. 

new borewells for the new and existing 

industries. PMC can increase the industrial 

water supply to meet the increased water 

demand. This will discourage the industries 

to depend on ground water for their 

functioning. If the mandate is not followed, 

the industries should be fined an amount 10 

times their tariff rate for illegally 

constructing and consuming water from 

new borewells. 

2. PMC should mandate reuse of treated waste 

water for all industries to decrease their 

dependence on fresh water. The treated 

waste water can be purchased from PMC at 

INR 15 per kilo litre. This is lower than the 

cost incurred by the industries for piped 

water supply i.e INR 86 per kilo litre. 

3. The industries should be given NOCs to dig 

new borewells to meet their water demand. 

Prohibiting construction of borewells will 

impact the functioning of the industries 

which will have an effect on the 

employment opportunities in the city. No 

action to be taken. 
Event 3: A pandemic situation 

 
Social inequality in 

water provisioning 

Population (LIG, MIG, HIG), 

Tanker Tariff, Demand met-

1. PMC should release an order for mandatory 

close all borewells and increase the piped 
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A deadly virus has spread causing a 

pandemic and a lockdown situation. 

PMC has reported a 10% spike in 

domestic water consumption in 

Paanipura due to the increased need for 

personal hygiene and as most people are 

working from home due to the 

lockdown. This has also put stress on the 

natural sources of water to meet the 

increased consumption rates. 

 

(LIG, MIG, HIG), Water 

Demand met -Industrial.  

water supply to meet the growing water 

demand. 

2. Apartments and residential complexes can 

hire tankers thrice in a week to meet the 

water supply-demand gap. This will limit 

the dependence on borewells and dissuade 

residences from constructing illegal 

borewells. 

3. Residences have been identified as bulk 

consumers and hence need to be catered 

immediately. The PMC can redirect part of 

industrial water supply to meet the 

domestic water demands. This might 

dissuade them from depending on 

borewells and tankers. 

4. Increase in water tariff by 5% for MIG and 

HIG categories to reduce consumption of 

water. 

5. Annual growth in population increases the 

demand for water. Also, with the current 

pandemic situation, residences should be 

allowed to use alternative water supply 

mechanism to piped water supply for their 

needs and comfort to maintain better 

hygiene. Business as usual to be continued. 
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Event 4: Drought predicted in 
Paanipura 

 

IMD predicts 2021 as a drought year for 

Paanipura with high summer 

temperatures and low rainfall. The 

department forecasts a rainfall of 582 

mm, 40% below the annual average of 

970 mm. Based on these predictions, 

PMC has decided to decrease the piped 

water supply for all income categories 

from 2021 to sustain water available for 

a longer period of time. 

 

Impact of climate 

change on the water 

security planning  

 

Rainfall, Piped Water Supply, 

Water Recharge for River, 

River water withdrawal. 

1. Standards prescribe a minimum of 135lpcd 

to be supplied for residential purposes. 

With the piped water supply decreased, the 

residences should start depending on 

alternative water supply mechanisms such 

as private tankers to meet their demands. 

2. PMC should increase their water sources to 

supply more water. Lakes should be used as 

potential sources of water to reduce the 

supply-demand gap. 

3. No other sources of water are available due 

to extreme climatic changes. PMC should 

continue to supply less water than the usual. 

This is the only way to ensure a constant 

supply of water for a longer period of time. 

No action needs to be taken. 

 
Event 5: Increased migration in 
Paanipura 

 

The city is facing a sudden in-migration 

due to new employment opportunities. 

This has led to an increase in the supply-

demand gap for the LIG population. At 

the same time reports of water borne 

Social inequality in 

water provisioning 

Impact of 

infrastructure projects 

on water security 

planning  

 

STP treatment capacity, Cost 

for increasing Treatment 

capacity, Physical Losses 

during water supply, O&M 

Costs for STP, Demand met 

(LIG, MIG, HIG). 

1. PMC should add more STPs or expand 

existing STPs to increase the treatment 

capacity and treat all the wastewater 

generated. 

2. PMC should reduce supply to HIG areas and 

redirect the water to LIG areas to meet their 

demand. 

3. PMC database shows that 20% of the water 

is lost due to physical losses in the 
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diseases are also increasing due to usage 

of polluted water from water sources. 

 

distribution network. The Water and 

Sewerage Department should invest in 

repairing/ replacing the leaking pipes to 

reduce the physical losses. 

4. With the increasing demand for water 

demand due to migration, PMC’s priority 

should be to come up with proposals to 

increase water supply for all categories. 

Catering specific to LIG and resolving 

water-borne issues will be taken into 

consideration next. 
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As discussed above the simulation model consists of two parts: relationship among different parameters 

and data. The simulation for Hanigalu was built using Vensim PLE simulation tool. The simulation uses a 

time step on month and runs for 60 months. This section provides details of different parts of the 

simulation model, the relationship between parameters and data source for the parameters.  

Simulation Model 

The Hanigalu simulation model is as shown in Figure 4. The simulation model consists of 5 parts which 

are interconnected through different parameters: 

• Supply source 

• Supply method 

• Demand 

• Waste Water 

• Revenue 

 

 

Figure 4: Hanigalu Simulation Model 

We will now go through each of the parts separately. 

Supply source: 

The supply source part of the model (Figure 5Error! Reference source not found.) models the 

relationship between rainfall, water recharge to various source, run off and transpiration losses and finally 

the water use from each of the source. The water recharge for each source depends on the rainfall, the 

catchment area and water recharge efficiency of the source. For rivers an additional parameter of 

dependency has been modelled, due to the peculiarity of water source the Cauvery river, where a part of 

the water is allocated for the city of Bangalore. The allocation is based on 50% dependency ratio of rainfall, 

hence whenever the rainfall drops more that 50% dependency level, there is relative drop in the recharge 

of the river. The max river water level is kept at the maximum allocated value, while for lake it is based on 
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the actual capacity of the lake. For groundwater due to lake of information on the capacity of groundwater 

reservoir, the capacity is assumed. 

 

Figure 5: Supply source parameters of Hanigalu Simulation 

The use of the river is based on the supply method and their share of different sources of water. These are 

modelled through PL, PG, PR for piped water using lake, groundwater and river respectively. Similarly for 

Tankers, TL and TG represent the share of water drawn from lake and ground water respectively. 

Supply method: 

For Hanigalu four types of supply method was modelled, piped water supply, borewell supply, tanker 

supply and recycled water (Figure 6). The supply methods also modelled losses seen in piped water supply 

which are physical losses, commercial losses and unbilled authorized consumption. Piped water supply and 

tanker supply are treated as inputs, and borewell water supply is calculated as difference between actual 

consumption for all users and supply of piped water and tanker water. 
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Figure 6: Supply method parameters of Hanigalu Simulation 

Demand: 

Five categories of water users are modelled in the simulation, three domestic users split by income classes 

along with industrial and other users (Figure 7). Other users include water used for parks, own use, etc. 

The domestic users are split by income classes into LIG (Annual household income <INR 3,00,000), MIG 

(Annual household income- INR 3,00,001-10,00,000) and HIG (Annual household income > INR 

10,00,000). The domestic user the water demand is derived from BIS standard which is 135 LPCD, while 

their consumption is based on historically observed consumption. The domestic users primarily use piped 

water supply, however a significant proportion of needs are met from tanker and borewell supply. For 

industrial and other users it is assumed all their demand is met, in case on no availability of piped water 

supply they depend on borewell. 
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Figure 7: Demand parameters of Hanigalu Simulation 

 

Wastewater: 

The water consumed by different users gets converted to waste water after accounting for evaporative and 

consumption losses (Figure 8). W/WR (Waste Water to Water) ratio is used to estimate the amount of 

waste water generated. Based on the available treatment capacity, there could be increase or decrease of 

waste water level. The treated water can be used as a source of water, as done in couple of scenarios. 
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Figure 8: Waste water parameters of Hanigalu Simulation 

Revenue: 

The revenue part of the simulation consists of modelling the financial revenue and expenditure of WSSB 

and private tankers (Figure 9). The finance of WSSB depends on the water supplied to different users, and 

the tariff charged for them and cost to supply the water. The WSSB prioritises supply to domestic users 

over industrial in the business-as-usual case of the model. Similarly, tanker finance depends on the tariff 

of tanker, quantity of water supplied and the cost to supply. 

 

Figure 9: Revenue parameters of Hanigalu Simulation 
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The overall consumer expenditure is the total expenditure of all types of users, which also included cost of 

operating borewell. 

Data sources 

The actual values used in the simulation and the data sources used are provided in the Table 3 below. 

Model Validation 

Simulation based model undergoes various types of validation to ensure the simulations can be used for 

the context defined. The tests can be broadly categorized into 3 types3: 

1. Validation of structure 

2. Validation of behaviour 

3. Validation of policy implication 

Given the objective of the Hanigalu tool is to be used as a training tool, validation of policy implication is 

not suitable for the simulation.  

Validation of structure 

The simulation model passes the structure validation test, dimensional consistency test and extreme 

conditions test. The simulation is modelled as an open system, where the wastewater is not linked back to 

the water source, the degradation of water quality due to release of waste water is tackled through the 

debrief and not included as part of the simulation. Similarly, the evaporation is not directly linked to the 

rainfall. This was done under the assumption that a small city would not have substantial impact on the 

climate and would mostly be influenced by the climate change.  

Validation of behaviour 

The validation of the behaviour of the simulation to that of a real system (Bangalore) proved difficult due 

to lack of adequate historical data on most of the model parameters. For e.g. there is lack of data regarding 

water levels of different sources at different time; there is no information of the capacity of the ground 

water reservoir; there is lack of granular data with respect to consumption by different users and the 

sources they depend on. The model thus had to use data from literature, use proxies and in some cases use 

synthetic data. Given the purpose of the tool, the simulation tool with the present data helps achieve the 

objective stated for the tool. With better data availability in future, the model can be better calibrated and 

validated to be used as a planning tool. 

 
3 Martis, M. S. (2006). Validation of Simulation Based Models: A Theoretical Outlook. 4(1), 8. 
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Parameter Unit Value at 0 Source 

Simulation Setup 

Time step Month 1 NA 

Initial time Month 0 NA 

Final time Month 60 NA 

Supply Source 

Rainfall ML/(Month*m2) 4.85E-05 
Rainfall | Urban Waters, Bengaluru. (n.d.). Retrieved April 5, 2021, from 

http://bengaluru.urbanwaters.in/rainfall-56/ 

Catchment Area Ground 

Water 
m2 

741000000.

0 

BBMP. (n.d.). Retrieved April 5, 2021, from https://bbmp.gov.in/indexenglish.html ;  

Bruhat Bengaluru Mahanagara Palike. (2021). In Wikipedia. 

https://en.wikipedia.org/w/index.php?title=Bruhat_Bengaluru_Mahanagara_Palike&oldid=

1015369998 

Catchment Area Lake m2 35600000.0 

Bindiya, C., Hanjagi, A. D., Nandini, N., & Jumbe, A. S. (n.d.). ENVIRONMENTAL 

DEGRADATION OF MALLATHALLI LAKE IN BANGALORE DISTRICT, INDIA - A 

CASE STUDY. 8.; Ramachandra, T. V., & Varghese, S. (2016).  

WATER SITUATION IN BENGALURU. Technical Report, IISc, 128. 

Catchment Area River m2 
554659968.

0 
Cauvery Water Dispute Judgement 

Recharge efficiency 

Ground Water 
Dmnl 0.135 

Sekhar, M., Tomer, S., Thiyaku, S., Giriraj, P., Murthy, S., & Mehta, V. (2017). Groundwater 

Level Dynamics in Bengaluru City, India. Sustainability, 10(2), 26. 

https://doi.org/10.3390/su10010026 

Recharge efficiency Lake Dmnl 0.865 

Sekhar, M., Tomer, S., Thiyaku, S., Giriraj, P., Murthy, S., & Mehta, V. (2017). Groundwater 

Level Dynamics in Bengaluru City, India. Sustainability, 10(2), 26. 

https://doi.org/10.3390/su10010026 

Water Recharge 

Groundwater 
ML/Month 4851.7 

Sekhar, M., Tomer, S., Thiyaku, S., Giriraj, P., Murthy, S., & Mehta, V. (2017). Groundwater 

Level Dynamics in Bengaluru City, India. Sustainability, 10(2), 26. 

https://doi.org/10.3390/su10010026 
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Water Recharge Lake ML/Month 1493.5 

Bindiya, C., Hanjagi, A. D., Nandini, N., & Jumbe, A. S. (n.d.). ENVIRONMENTAL 

DEGRADATION OF MALLATHALLI LAKE IN BANGALORE DISTRICT, INDIA - A 

CASE STUDY. 8.; Ramachandra, T. V., & Varghese, S. (2016).  

WATER SITUATION IN BENGALURU. Technical Report, IISc, 128. 

Water Recharge River ML/Month 28088.2 Cauvery Water Dispute Judgement 

Dependency Dmnl 0.63 

Cauvery Water Dispute Judgement;  

Bengaluru Rainfall Data | | OpenCity.in. (n.d.). Open City. Retrieved April 5, 2021, from 

https://opencity.in/data/bengaluru-rainfall-data 

Run Off 

Evapotranspiration Lake 
% of Recharge 48 

Khobragade, S. D., Semwal, P., Kumar, A. R. S., & Nainwal, H. C. (n.d.). SIGNIFICANCE OF 

EVAPORATION IN WATER AVAILABILITY OF A SHALLOW SUB- TROPICAL LAKE 

IN INDIA. 4, 13. 

Run Off GW % of Recharge 0 Assumed 

Run Off River % of Recharge 10 Assumed 

"Lakes/Pond Water Level" ML 33980.0 WATER SITUATION IN BENGALURU. Technical Report, IISc 128. 

River Water Level ML 44835.0 Modified from Cauvery Water Dispute Judgement 

Ground Water Level ML 1617200.0 Assumed 

Capacity due to pollution Dmnl 1 NA 

Water Use Ground Water ML/Month 24479.1 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms 

Water Use Lake ML/Month 13585.8 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms 
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Water Use River ML/Month 28088.2 
Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

PL Dmnl 0.31 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

PG Dmnl 0.05 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

PR Dmnl 0.64 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

TG Dmnl 0.75 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 
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Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

TL Dmnl 0.25 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Supply Method 

Piped Water Supply ML/Month 43800.0 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Tanker Water Supply ML/Month 256.0 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Borewell Water Supply ML/Month 22097.1 

Mehta, V. K., Sekhar, M., & Malghan, D. (n.d.). Groundwater Impacts of Water 

Consumption Patterns in Bengaluru, India. 12. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-
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the-water-they-need/articleshow/62142987.cms ; 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3 

WW Use ratio Dmnl 0 Assumed 

Water Supplied ML/Month 44581.6 Calculated 

Net Water ML 0 NA 

Commercial Losses and 

Unbilled Authorised 

consumption 

% of Piped water 

supply 
24.5 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3;  

Mukherjee, M., Chindarkar, N., & Grönwall, J. (2015). Non-revenue water and cost recovery 

in urban India: The case of Bangalore. Water Policy, 17(3), 484–501. 

https://doi.org/10.2166/wp.2014.304 

Physical Losses 
% of Piped water 

supply 
25 

Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 5, 2021, from 

https://www.bwssb.gov.in/com_content?page=3&info_for=3;  

Mukherjee, M., Chindarkar, N., & Grönwall, J. (2015). Non-revenue water and cost recovery 

in urban India: The case of Bangalore. Water Policy, 17(3), 484–501. 

https://doi.org/10.2166/wp.2014.304 

Demand 

"Population-Bangalore" People 12300000 
Bangalore Population 2021 (Demographics, Maps, Graphs). (n.d.). Retrieved April 5, 2021, 

from https://worldpopulationreview.com/world-cities/bangalore-population 

"Population-Domestic-

HIG" 
People 1795800 

India—Share of Bengaluru’s annual household income 2015. (n.d.). Statista. Retrieved April 

5, 2021, from https://www.statista.com/statistics/658423/share-of-annual-income-in-

bengaluru-india/; CMIE, June 2020 

"Population-Domestic-

LIG" 
People 6715800 

India—Share of Bengaluru’s annual household income 2015. (n.d.). Statista. Retrieved April 

5, 2021, from https://www.statista.com/statistics/658423/share-of-annual-income-in-

bengaluru-india/; CMIE, June 2020 

"Population-Domestic-

MIG" 
People 3788400 

India—Share of Bengaluru’s annual household income 2015. (n.d.). Statista. Retrieved April 

5, 2021, from https://www.statista.com/statistics/658423/share-of-annual-income-in-

bengaluru-india/; CMIE, June 2020 
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Population growth rate % per annum 3.5 
Bangalore Population 2021 (Demographics, Maps, Graphs). (n.d.). Retrieved April 5, 2021, 

from https://worldpopulationreview.com/world-cities/bangalore-population 

"No. of Industries" industry 100000 Assumed 

Industrial growth rate % per annum 8.5  

"Water Standard (LPCD)" ML/(Month*People) 0.0041 Indian Standard (BIS):1172-1993 

"Water Demand -Domestic 

(Standard)" 
ML/Month 0.0505 Calculated 

Demand per industry 
ML/(Month*industr

y) 
0.1159 

Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

"Water Demand Rate -

Industrial" 
ML/Month 11588.8 Calculated 

Other Demand ML/Month 456.3 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

"Water Demand Rate -

Other" 
ML/Month 456.3 Calculated 

"Demand per person-HIG" ML/(Month*People) 0.0053 

Jayasankar, M. P. (2018). FUTURE WATER DEMAND FOR BENGALURU, SILICON 

VALLEY OF INDIA. 6(1), 15. ; https://bengaluru.citizenmatters.in/bengaluru-water-

resource-management-scarcity-price-day-zero-bwssb-supply-38373 ;  

Mehta, V. K., Goswami, R., Kemp-Benedict, E., Muddu, S., & Malghan, D. (2013). Social 

Ecology of Domestic Water Use in Bangalore. 15, 11. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms 

"Demand per person-LIG" ML/(Month*People) 0.0015 

Jayasankar, M. P. (2018). FUTURE WATER DEMAND FOR BENGALURU, SILICON 

VALLEY OF INDIA. 6(1), 15. ; https://bengaluru.citizenmatters.in/bengaluru-water-

resource-management-scarcity-price-day-zero-bwssb-supply-38373 ;  

Mehta, V. K., Goswami, R., Kemp-Benedict, E., Muddu, S., & Malghan, D. (2013). Social 

Ecology of Domestic Water Use in Bangalore. 15, 11. ;  
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TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms 

"Demand per person-MIG" ML/(Month*People) 0.0035 

Jayasankar, M. P. (2018). FUTURE WATER DEMAND FOR BENGALURU, SILICON 

VALLEY OF INDIA. 6(1), 15. ;  

Visakha, S. (2019, October 23). Averting Day Zero: How Bengaluru should manage its water. 

Citizen Matters, Bengaluru. https://bengaluru.citizenmatters.in/bengaluru-water-resource-

management-scarcity-price-day-zero-bwssb-supply-38373;  

Mehta, V. K., Goswami, R., Kemp-Benedict, E., Muddu, S., & Malghan, D. (2013). Social 

Ecology of Domestic Water Use in Bangalore. 15, 11. ;  

TNN. (2017, December 20). ‘10% of Bengalureans use twice the water they need.’ The Times 

of India. https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-

the-water-they-need/articleshow/62142987.cms 

"Demand met-HIG" ML/Month 9460.6 Calculated 

"Demand met-LIG" ML/Month 9743.8 Calculated 

"Demand met-MIG" ML/Month 13332.2 Calculated 

"Industrial Demand Met-

Piped Water" 
ML/Month 2977.8 

Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

"Water Demand met -

Industrial" 
ML/Month 11588.8 Calculated 

"Water Demand met -

Other" 
ML/Month 456.3 Calculated 

IDMP Dmnl 1 Assumed 

ODMP Dmnl 1 Assumed 

"Water Demand Domestic-

Unmet" 
ML 0 Calculated 

Water Demand Industrial ML 0 Calculated 
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Water Demand Other ML 0 Calculated 

Waste Water 

"D W/WR Ratio" Dmnl 0.8 

Trivedi, D. R. C., Bhardwaj, S. R. M., Agrawal, D. S., Nazimuddin, S., Malhotra, M. K., & 

Pandey, S. M. (n.d.). Sewage Pollution. Retrieved 5 April 2021, from 

http://www.cpcbenvis.nic.in/cpcb_newsletter/sewagepollution.pdf ; 

Water Quality and Wastewater, United Nations. (n.d.). Retrieved 5 April 2021, from 

https://www.unwater.org/water-facts/quality-and-wastewater-2/; 

Status of water supply and wastewater generation and treatment in Class-I cities and Class-II 

towns of India. (2010). India Water Portal. 

https://www.indiawaterportal.org/articles/status-water-supply-and-wastewater-generation-

and-treatment-class-i-cities-and-class-ii; 

"I W/WR Ratio" Dmnl 0.8 

Trivedi, D. R. C., Bhardwaj, S. R. M., Agrawal, D. S., Nazimuddin, S., Malhotra, M. K., & 

Pandey, S. M. (n.d.). Sewage Pollution. Retrieved 5 April 2021, from 

http://www.cpcbenvis.nic.in/cpcb_newsletter/sewagepollution.pdf ; 

Water Quality and Wastewater, United Nations. (n.d.). Retrieved 5 April 2021, from 

https://www.unwater.org/water-facts/quality-and-wastewater-2/; 

Status of water supply and wastewater generation and treatment in Class-I cities and Class-II 

towns of India. (2010). India Water Portal. 

https://www.indiawaterportal.org/articles/status-water-supply-and-wastewater-generation-

and-treatment-class-i-cities-and-class-ii; 

"O W/WR Ratio" Dmnl 0.8 

Trivedi, D. R. C., Bhardwaj, S. R. M., Agrawal, D. S., Nazimuddin, S., Malhotra, M. K., & 

Pandey, S. M. (n.d.). Sewage Pollution. Retrieved 5 April 2021, from 

http://www.cpcbenvis.nic.in/cpcb_newsletter/sewagepollution.pdf ; 

Water Quality and Wastewater, United Nations. (n.d.). Retrieved 5 April 2021, from 

https://www.unwater.org/water-facts/quality-and-wastewater-2/; 

Status of water supply and wastewater generation and treatment in Class-I cities and Class-II 

towns of India. (2010). India Water Portal. 
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https://www.indiawaterportal.org/articles/status-water-supply-and-wastewater-generation-

and-treatment-class-i-cities-and-class-ii; 

Waste water generated ML/Month 35665.3 Calculated 

Treatment Capacity ML/Month 15816.7 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Waste water treated ML/Month 15816.7 Calculated 

Waste Water Level ML 0.0 Calculated 

Revenue 

Cost of borewell INR/ML 8630 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Cost of piped water supply INR/ML 36707 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3 

Cost of Tanker INR/ML 50000 Assumed based on BWSSB Tanker supply tariff 

Cost of WW supply INR/ML 36707 

Assumed, given the sanitation cost is already part of BWSSB's tariff; BWSSB sells treated 

water for Rs 360 per tanker | Deccan Herald. (n.d.). Retrieved April 5, 2021, from 

https://www.deccanherald.com/city/bengaluru-infrastructure/bwssb-sells-treated-water-

for-rs-360-per-tanker-750358.html 

Tariff HIG INR/ML 33000 

Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3;  

BWSSB Water Tariff, available on 

http://data.opencity.in/Documents/DocumentCloud/bwssb-water-tariff.pdf 

Tariff LIG INR/ML 11000 

Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3;  

BWSSB Water Tariff, available on 

http://data.opencity.in/Documents/DocumentCloud/bwssb-water-tariff.pdf 

Tariff MIG INR/ML 23500 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3;  
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BWSSB Water Tariff, available on 

http://data.opencity.in/Documents/DocumentCloud/bwssb-water-tariff.pdf 

Tariff Industrial INR/ML 116000 
Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3; 

Tariff Tanker INR/ML 100000 
Soon, a fix for water tanker tariffs | Deccan Herald. (n.d.). Retrieved April 5, 2021, from 

https://www.deccanherald.com/city/soon-a-fix-for-water-tanker-tariffs-722579.html 

Tariff WW INR/ML 51707 

Assumed, given the sanitation cost is already part of BWSSB's tariff; BWSSB sells treated 

water for Rs 360 per tanker | Deccan Herald. (n.d.). Retrieved April 5, 2021, from 

https://www.deccanherald.com/city/bengaluru-infrastructure/bwssb-sells-treated-water-

for-rs-360-per-tanker-750358.html 

WSSB Finance INR 
-

3771119922 

Derived from BWSSB, Bangalore Water Supply and Sewerage Board. (n.d.). Retrieved April 

5, 2021, from https://www.bwssb.gov.in/com_content?page=3&info_for=3; 

Scenario Specific 

Recharge Pit/ Area of Plot Dmnl 0.0029 

Sharma, D. (2010, August 2). Plumbers in demand, Bangalore struggling to get RWH right. 

Citizen Matters, Bengaluru. https://bengaluru.citizenmatters.in/2228-water-harvesting-

plumbers-wanted-2228 ; 

Karnataka Act No. 5 of 2011, The Bangalore Water Supply and Sewerage (Amendment) Act, 

(2011). 

https://www.bwssb.gov.in/document/home2/RWHGAZATTENOTIFICATIONS.pdf 

Cost of Pond creation INR/m2 1684.8 
Punia, N. R. (2010). HUDA plans lake in Sec 24. The Indian Express. 

https://indianexpress.com/article/cities/chandigarh/huda-plans-lake-in-sec-24/ 

Cost of Lake rejuvenation INR/m2 863.7 
Development of Lake Conservation Projects, Karnataka. (n.d.). Retrieved 5 April 2021, from 

https://idd.karnataka.gov.in/storage/pdf-files/22.Prefea_lake_cons.pdf 

Price Elasticity of Demand Dmnl -0.365 

Sebri, M. (2014). A meta-analysis of residential water demand studies. Environment, 

Development and Sustainability, 16(3), 499–520. https://doi.org/10.1007/s10668-013-9490-

9 ; Fernando, R. (2018). Price Elasticity of Demand for Pipe-Borne Water: A Pre-Requisite 

for Solving the Water Problem in the Colombo City. OUSL Journal, 13(1), 43. 

https://doi.org/10.4038/ouslj.v13i1.7399 

mailto:info@fieldsofview.in


 

info@fieldsofview.in 

Capital cost for STP INR/MLD 17042857 

Cost estimation for planning and designing of decentralised wastewater treatment system. 

(n.d.). Retrieved April 5, 2021, from https://www.cseindia.org/cost-estimation-for-

planning-and-designing-of-decentralised-wastewater-treatment-system-2073;  

STP’s project cost vary in different schemes | Nagpur News—Times of India. (n.d.). Retrieved 

April 5, 2021, from https://timesofindia.indiatimes.com/city/nagpur/STPs-project-cost-

vary-in-different-schemes/articleshow/21063105.cms; 

Cost of 50 KLD STP. (n.d.). Richa Environmental. Retrieved April 5, 2021, from 

https://www.richaservices.com/cost-of-50-kld-stp 

O&M cost for STP INR/MLD/Month 57121.2 Majumder, A., & Fellow, E. (n.d.). STP Technologies & Their Cost Effectiveness. 28. 

Investment for reduction of 

physical losses 

INR for 10% 

reduction 
5870000000 

Bengaluru Water Supply and Sewerage Board reduces water loss by 10 per cent—The 

Economic Times. (n.d.). Retrieved April 5, 2021, from 

https://economictimes.indiatimes.com/news/politics-and-nation/bengaluru-water-supply-

and-sewerage-board-reduces-water-loss-by-10-per-cent/articleshow/67751092.cms 
Table 3:  Data used in the simulation and its source 

Note: All the websites were accessed in the month of November 2020 
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Figure 10: Hanigalu tool introduction page interface  

 

 

Figure 11: Hanigalu tool city narrative interface 
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Figure 12: Hanigalu tool- create plan interface 

 

 

Figure 13: Hanigalu tool - State of water in Paanipura interface (State 0) 
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Figure 14: Hanigalu tool - Event and Strategy interface 

 

 

Figure 15: Hanigalu tool - Change in state of water interface (State 1) 
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Hanigalu- introduction to the tool  
The drinking water crisis in many parts of Bangalore during the summer of 2019, was just one reminder 

about the intersection of urban governance and management of a natural resource against the background 

of climate change. This is happening in a governance context where citizens often tend not to appreciate 

their important role in the management of various urban resources and services. 

 

Constitutional provisions exist to involve citizens in the governance of a city, but we know that the 

utilization of these spaces has remained stunted. Similarly, methods and tools for citizen participation have 

remained largely underdeveloped. It is against this background that the project plans to pilot a training 

tool to engage and train young adults in understanding the aspects related to water security planning. 

 

Hanigalu is a simulation tool developed to build capacity among young adults in water security planning 

by exploring different scenarios and trade-offs related to water security at the local level. 

 
Briefing 

1. Introduction to the role the participants are playing. 

a. Ideas for roles: 

• Participants are part of different ward committees and can propose together 

strategies to the government. We could provide certain features of their wards 

so that that plays into their decisions. 

• Participants are given two mandates: Equity and Sustainability and have to plan 

for the city’s future keeping both in mind. 

 

b.      Introduction to the trade-off matrix 

Event parameters   Strategy  

Category Parameters 1 2 3 4 5 

Sources of 

water  

River      

Groundwater      

Lakes      

Water 

supply 

methods 

Piped supply      

Borewell      

Tanker      

Recycled 

water 

     

Water 

demand and 

supply  

Domestic      

Industrial      

Access to 

water  

LIG      

MIG      

HIG      
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PMC 

finances  

Profit      

Loss      

Sustainable  Yes      

No      

Equitable  Yes      

No      
Table 4: Trade-off matrix 

3. Introduction to the tool  

4. Overview of the ‘Story of the City’ 

 
Simulation play 

1. Participants go through the strategies and choose a strategy. The participants can replay the 

same event to explore other strategies.  

2. Optional: 

a. Participants repeat it for X times. 

 
Debriefing 

1. Use the ‘Strategy Choice’ sheet to know what the teams chose. 

2. Below mentioned are the debrief pointers related to the events. 
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Event Strategies Debrief pointers 

Event 1: Vanishing lakes of 
Paanipura 
 

A recent study titled "Urbanisation or 

Environment in Paanipura", has 

revealed that the city has lost around 

180 lakes to encroachments and 

unplanned development. This 

haphazard growth has also impacted 

the ground water source. Currently, 

there are only 80 lakes covering 4.8% 

of the total area of Paanipura. The 

study projects a decrease of this area to 

1.2% by 2025 if the current pattern of 

urbanisation continues. 

 

The PMC should mandate construction of 

recharge pits to recharge ground water for 

existing and future apartment complexes. 

• Factors involved in recharge of ground water through recharge 

pits.  

• Aspects of ground water balance in different areas. 

• Aspects of pollution due to placement of recharge pits. 

• Extent to which recharge pits help in recharging ground water. 

• Effect on ground water due to construction in eco sensitive 

zones. 

Focus should be given in protecting the eco-

sensitive zones. Building approval process should 

be made stricter and any construction within the 

lake buffer zone should be strictly prohibited. 

Non-compliance to this regulation should have 

legal consequences. 

• Process of provisioning of eco-sensitive zones in master plans.  

• Political backlash faced for no construction in eco-sensitive 

areas. 

• Effect on urbanisation when construction is prohibited in areas. 

PMC should invest in creating artificial ponds in 

other areas of the city to compensate for the loss 

of natural lakes and ponds lost due to 

encroachment. 

• Loss of biodiversity that existed around natural lakes (migratory 

birds, vegetation, geology etc.). 

• Land acquisition cost and approvals associated with the 

construction of artificial lakes. 

• Effect of artificial ponds on economy and environment.  

PMC should demolish gated residential 

communities which are built on major lakes. 

These areas can then be revived to increase the 

number of lakes in the city. 

• Effect on housing and development.  

• Socio-economic effect due to unplanned development. 

• Loss of resources to ULB due to unplanned development. 

• Cost associated with the ecological restoration work before it 

becomes a natural recharge area. 

• Lack of data on lakes. 
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Urbanisation is important and certain trade-offs 

are a part of the development process. No action 

needs to be taken. 

• Process of provisioning of eco-sensitive zones in master plans.  

• Effect due to disappearing lakes. 

• Urbanisation vs environment. 

Event 2: A rise in industries 
 

The new industrial policy introduced 

in 2018 has led to creation and 

expansion of industries. Industrial 

growth translated to increased 

employment opportunities. Water 

demand of industrial areas has 

increased, with the majority of 

industries depending on borewell 

water for their daily functioning. 

 

The State Government should release a mandate 

prohibiting the construction of new borewells for 

the new and existing industries. PMC can 

increase the industrial water supply to meet the 

increased water demand. This will discourage the 

industries to depend on ground water for their 

functioning. If the mandate is not followed, the 

industries should be fined an amount 10 times 

their tariff rate for illegally constructing and 

consuming water from new borewells. 

• Lack of data on ground water levels. 

• Lack of data on number of borewells and amount of ground 

water extraction by industries. 

• Lack of strict mandate on industries and its effect on water 

sustainability. 

PMC should mandate reuse of treated waste 

water for all industries to decrease their 

dependence on fresh water. The treated waste 

water can be purchased from PMC at INR 15 per 

kilo litre. This is lower than the cost incurred by 

the industries for piped water supply i.e INR 86 

per kilo litre. 

• National water policy- focusing on reuse of treated waste water. 

• Importance of re-use of water for achieving water sustainability. 

• Issues faced while reusing treated waste water by industries. 
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The industries should be given NOCs to dig new 

borewells to meet their water demand. 

Prohibiting construction of borewells will impact 

the functioning of the industries which will have 

an effect on the employment opportunities in the 

city. No action to be taken. 

• Relationship between typology of industries and water 

availability in a city. 

• Relationship between water intensity used by the industries and 

consideration of social goals and water needs of the city.   

Event 3: A pandemic situation 
 

A deadly virus has spread causing a 

pandemic and a lockdown situation. 

PMC has reported a 10% spike in 

domestic water consumption in 

Paanipura due to the increased need 

for personal hygiene and as most 

people are working from home due to 

the lockdown. This has also put stress 

on the natural sources of water to meet 

the increased consumption rates. 

 

PMC should release an order to mandatory close 

all borewells and increase the piped water supply 

to meet the growing water demand. 

• Effect of increased piped water on water sources. 

• Effect of pandemic situation on water demand. 

• Health impact due to dependence on borewells- water quality. 

Apartments and residential complexes can hire 

tankers thrice in a week to meet the water supply-

demand gap. This will limit the dependence on 

borewells and dissuade residences from 

constructing illegal borewells. 

• Health impact due to dependence on tankers- aspect of water 

quality. 

• Time and effort spent by LIG in interacting with municipal 

corporation and private tank suppliers in comparison to MIG 

and HIG. 

• Affordability in water supply for LIG. 

Residences have been identified as bulk 

consumers and hence need to be catered 

immediately. The PMC can redirect part of 

industrial water supply to meet the domestic 

water demands. This might dissuade them from 

depending on borewells and tankers. 

• Effect of reducing water to industries - dependence on 

industries and commercial on other sources. 

• Lack of awareness among households regarding adequate 

quantity and quality of water. 

• Concept of bulk consumers- who are these consumers, how do 

you define bulk consumers. 

Increase in water tariff by 5% for MIG and HIG 

categories to reduce consumption of water. 

• Gender and class effect on water supply.  

• Lack of awareness among households regarding adequate 

quantity and quality of water. 
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• Affordability in water supply among various income groups. 

Annual growth in population increases the 

demand for water. Also, with the current 

pandemic situation residences should be allowed 

to use alternative water supply mechanism to 

piped water supply for their needs and comfort to 

maintain better hygiene. Business as usual to be 

continued. 

• Health impact due to dependence on tankers- aspect of water 

quality. 

• Health impact due to dependence on borewells- water quality. 

• Water harvesting mechanisms to reduce dependence on 

borewells and tankers.  

Event 4: Drought predicted in 
Paanipura 
 

IMD predicts 2021 as a drought year 

for Paanipura with high summer 

temperatures and low rainfall. The 

department forecasts a rainfall of 582 

mm, 40% below the annual average of 

970 mm. Based on these predictions, 

PMC has decided to decrease the piped 

water supply for all income categories 

Standards prescribe a minimum of 135lpcd to be 

supplied for residential purposes. With the piped 

water supply decreased, the residences should 

start depending on alternative water supply 

mechanisms such as private tankers to meet their 

demands. 

• Water supply standards prescribed versus water supply 

provided.  

• Lack of awareness among households regarding adequate 

quantity and quality of water. 

• Priority of water supply within category not considered for 

residential, industrial or others. Only broad categories 

considered.  

PMC should increase their water sources to 

supply more water. Lakes should be used as 

potential sources of water to reduce the supply-

demand gap. 

• Impact of increasing source of water supply. 

• Environment implications of extracting water from other 

source. 

• Quality of water in lakes and the investment required for 

treatment. 
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from 2021 to sustain water available 

for a longer period of time. 

 

No other sources of water are available due to 

extreme climatic changes. PMC should continue 

to supply less water than the usual. This is the 

only way to ensure a constant supply of water for 

a longer period of time. No action needs to be 

taken. 

• Death of the city. 

• Day zero in a city (eg: Cape town, South Africa). 

• Water conservation practices. 

• Water security awareness among different groups. 

Event 5: Increased migration in 
Paanipura 

 

The city is facing a sudden in-

migration due to new employment 

opportunities. This has led to an 

increase in the supply-demand gap for 

the LIG population. At the same time 

reports of water borne diseases are also 

increasing due to usage of polluted 

water from water sources. 

PMC should add more STPs or expand existing 

STPs to increase the treatment capacity and treat 

all the wastewater generated. 

• Current treatment standards. Quality of water after treatment is 

low which leads to pollution. 

• Investment in technology too to improve treatment quality.  

• Impact on environment due to lack of treatment.  

• Impact on health and economy due to lack of treatment. 

PMC should reduce supply to HIG areas and 

redirect the water to LIG areas to meet their 

demand. 

• Gender and class effect on water supply. 

• Lack of awareness among households regarding adequate 

quantity and quality of water. 

• Affordability in water supply among various income groups.  

PMC database shows that 20% of the water is lost 

due to physical losses in the distribution network. 

The Water and Sewerage department should 

invest in repairing/ replacing the leaking pipes to 

reduce the physical losses. 

• Concept of NRW. 

• Water conservation practices. 

With the increasing demand for water demand 

due to migration, PMC’s priority should be to 

come up with proposals to increase water supply 

• Water supply standards prescribed versus water supply 

provided.  

• Affordability of water for all income groups.  
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for all categories. Catering specific to LIG and 

resolving water-borne issues will be taken into 

consideration next. 

Table 5: De-brief pointers for all strategies 
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