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Executive Summary 

Water sensitive cities are resilient, liveable, productive and sustainable. They 

interact with the urban hydrological cycle in ways that: provide water security 

for economic prosperity through efficient use of diverse water resources; 

enhance and protect the health of watercourses and wetlands; mitigate flood 

risk and damage; and create public spaces that harvest, clean and recycle 

water. Its strategies and systems for water management contribute to 

biodiversity, community health and wellbeing, carbon sequestration and 

reduction of urban heat island effects.1 

Through the planning and delivery of a Water Sensitive Cities (WSC) 

conceptual framework, urban areas can exploit the synergies between local 

water management and urban greening while creating resilient and liveable 

neighbourhoods. This is achieved by strengthening governance 

arrangements, building community capital, and investing in multifunctional 

adaptive infrastructure. This is complemented by the provision of high quality 

and connected open spaces, protecting and enhancing the ecological values 

of the urban landscape, providing a diversity of water supply options and 

recreating a more natural water cycle that restores soil moisture while 

reducing stormwater runoff. 

Water Sensitive Cities Australia (WSCA) is research-to-practice partnership 

that supports innovation in urban water management. It builds on the 

foundation established by the Cooperative Research Centre for Water 

Sensitive Cities (CRCWSC), which collaborated with utilities, state agencies, 

councils and water practitioners to develop and test new urban water 

practices. Drawing on the knowledge, expertise and experience gained from 

the CRCWSC, WSCA provides research-to-practice services to partners and 

stakeholders to help advance water sensitive city practices. The CRCWSC 

was an Australian research centre that brought together various disciplines, 

world-renowned experts and industry leaders to transform urban water 

management in Australia and globally. A key output of the CRCWSC is a tool 

that helps cities assess their progress towards becoming water sensitive, 

 
1 http://watersensitivecities.org.au/ 

enabling them to take steps and track advancements in this goal. The WSC 

Index (WSCI) Tool is to guide governments and organisations to transition 

cities into liveable, resilient, sustainable and productive places through water 

related actions.  

A benchmarking workshop using the WSCI tool was held for Islamabad city, 

the capital of Pakistan. The workshop aimed to share knowledge among 

government departments and development organizations to assess 

Islamabad’s progress toward becoming a water-sensitive city. The activity 

was conducted through a collaborative, and democratic process of voting 

using the Mentimeter tool. A graphic scale of 1 to 5 was used for scoring 34 

qualitative indicators grouped under 7 goals for water sensitivity as follows: 

The benchmarking was conducted on 25th and 26th July 2024, in the full-day 

workshops hosted by WWF-Pakistan and co-organized by Monash 

Sustainable Development Institute (MSDI). Participants included the Capital 

Development Authority (CDA), Pakistan Council of Research in Water 

Resources (PCRWR), Pakistan Council of Scientific and Industrial Research 

Figure 1: The 7 Goals of A Water Sensitive City. 

https://wscaustralia.org.au/
https://watersensitivecities.org.au/
https://watersensitivecities.org.au/
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(PCSIR), Australian High Commission (AHC), the International Water 

Management Institute (IWMI-Pakistan), Water Aid, representatives from 

various NGOs working on urban development and GEDSI inclusion, 

professors and researchers from different universities and subject 

specialists. Each participant brought different technical and planning 

knowledge to help in information sharing and consensus development to 

rate the 34 indicators.  

The benchmarking results are presented in the circular bar chart. This chart 

represents the stages of urban water management in a typical city, from a 

focus on (only) essential services (in the inner rings) through to the delivery 

of a broader range of community outcomes (outer rings).  

 

Figure 2: Benchmarking Results for Islamabad City. 

The results reveal that Islamabad is currently far from achieving the status 

of a water-sensitive city. While the city benefits from good drainage (majorly 

owing to its natural undulating terrain), its water supply and sewage 

infrastructure remain significantly inadequate. 

The scores for each goal area in the Water Sensitive Cities Index are given 

later in the report. 

 

Figure 3: Benchmarking results for each Goal Area. 

Opportunities for improvement are also identified by considering the score 

for each goal area in the Index. These opportunities include: 

• Ensuring effective water sensitive governance by fostering committed 

leadership with a long-term vision, and promoting cross-sector 

collaborations 

• Promoting adaptive infrastructure with a focus on integrated and 

intelligent control of multifunctional water assets, ensuring their 

effective maintenance  

• Enhancing the community’s connection with water by establishing a 

sense of ownership, management, and responsibility for water assets. 

• Improving water literacy and community involvement in water planning 

and decision-making. 

• Activating connected pleasant green and blue urban spaces. 
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1. Introduction 

Water Sensitive Cities Australia (WSCA) is a research-to-practice 

partnership that supports innovation in urban water management. It builds 

on the foundation established by the Cooperative Research Centre for Water 

Sensitive Cities (CRCWSC), which collaborated with utilities, state agencies, 

councils, and water practitioners to develop and test new urban water 

practices. Drawing on the knowledge, expertise, and experience gained from 

the CRCWSC, WSCA provides research-to-practice services to partners 

and stakeholders to help advance water-sensitive city practices. The 

CRCWSC was an Australian research centre that brought together various 

disciplines, world-renowned experts, and industry leaders to transform 

urban water management in Australia and globally. A key output of the 

CRCWSC is a tool that helps cities assess their progress toward becoming 

water-sensitive, enabling them to take steps and track advancements in this 

goal. 

This methodology is based on a collaborative and engaged process whereby 

input from a diverse range of stakeholders, who are instrumental in shaping 

our cities, can support facilitated discussion and qualitative appraisal against 

a suite of indicators relating to land use, infrastructure, natural environment 

and community understanding. This can then support an easily understood 

evaluation against a range of urban performance metrics to map areas of 

focus to improve on current activities. 

The indicators relate to 7 goals:  

• Ensure good water sensitive governance  

• Increase community capital  

• Achieve equity of essential services  

• Improve productivity and resource efficiency  

• Promote adaptive infrastructure  

• Improve ecological health  

 
2 https://www.britannica.com/place/Islamabad 

• Ensure quality urban space.  

For this project, the benchmarking process was applied to Islamabad city. 

Islamabad, the capital and tenth largest city of Pakistan, with a population of 

1.5 million, lies at the northern end of the Potohar Plateau, nestled against 

the Margalla Hills. Its topography is highly undulating. The geographic area 

of the capital is 906 km2 and average elevation of the area varies from 500 

to 700 m above mean sea level. The Margalla Hills, a national park, is home 

to diverse flora and fauna, including the endangered Margalla leopards.2 

Being part of Potohar plateau, hydrogeology of Islamabad is very complex. 

At shallow depth, the dominance of clay/shale lithology restricts the 

infiltration from precipitation as well as seepage from natural streams. The 

prevalence of sand is very rare. Groundwater is found in the layers of 

gravel/boulder having varying thickness with alternate bedding of clay/shale. 

This characterizes Islamabad aquifer as multilayer. It receives natural 

recharge mainly through precipitation at the foot of Margalla hills and 

provides groundwater supply in the sectors lying downstream. 

 

Islamabad is a meticulously planned city, and it is organized into eight zones: 

Administrative, Diplomatic Enclave, Residential, Educational, Industrial, 

Commercial, Rural, and Green Areas, each with its own shopping and public 

park.  

 

Islamabad’s microclimate is influenced by three man-made lakes: Rawal, 

Simli, and Khanpur Dam. The climate of Islamabad is typically monsoonal 

having rainy hot summers and cold winters. Monsoon season starts from the 

month of July and lasts till September. The average annual rainfall is about 

1,303 mm. There are a number of streams, which originate from the Margalla 

https://wscaustralia.org.au/
https://watersensitivecities.org.au/about-the-crcwsc/
https://watersensitivecities.org.au/about-the-crcwsc/
https://watersensitivecities.org.au/
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hills, passes through the city and finally drain the surface runoff into Soan 

river.  

 
In Islamabad, the Capital Development Authority (CDA) is managing major 

water supply through Simly Dam and Khanpur Dam whereas; about 30% 

supply is being provided from groundwater through 190 tubewells in 

selected sectors of Islamabad. Private and municipal wells are also being 

used to fulfil the water requirements of the capital city. Presently, the peak 

water supply of about 141 million cubic meter (85 million gallon/day) is 

insufficient to manage water demand of about 407 million cubic meter 

(MCM) and there is a shortage of about 110 MCM (66 MGD) for domestic 

water supply in urban area. According to recent census by Pakistan Bureau 

of Statistics, urban population of Islamabad city has increased from 1.01 

million (2017) to 1.108 (2023) with the growth rate of about 1.59% (PBS 

2023). However, the available water resource base is the same or constant. 

Owing to the shortage of surface water supplies, the pressure on limited 

groundwater resource has gradually increased. Presently, groundwater is 

depleting at a rate of about 1 m per year in Islamabad and about 1.5 m in 

Rawalpindi (Sohail et al., 2019). The increase in built-up area is further 

shrinking natural groundwater recharge zones.3 

 
3 https://pcrwr.gov.pk/wp-content/uploads/2023/09/Hydrological-Assessment-of-Surface-and-

Groundwater-Resources-of-Islamabad-Pakistan.pdf 

 

Figure 4: CDA water supply distribution system for Islamabad 

An assessment of existing holistic water resource management in Islamabad 

is essential for the sustainable development within the city. Moreso, an 

adaptation of water sensitive city approach (i.e. options and strategies), can 

facilitate mitigating most of the water issues in Islamabad while improving 

climate resilience and enhancing the liveability of its citizens. Contextually, a 

Benchmarking activity was done for Islamabad city to assess the city’s 

current standing in terms of water sensitivity. This report sets out the 

benchmarking results as a baseline understanding for further planning by 

the administrative and governing departments of Islamabad City.
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2. WSC Index Tool 

Many cities and towns face pressures of climate change, population growth 

and rising urbanisation. WSC recognise the fundamental importance of 

managing water resources and water systems services to enhance a city’s 

liveability, resilience, sustainability and productivity. Less clear is how an 

individual city or municipality can understand its current performance, and 

how water can contribute to these outcomes.  

To address this gap, the CRCWSC developed the WSC Index, to help cities 

measure their performance and identify where they may improve their water 

sensitive practices. The Index is a functional, reliable and scientifically robust 

tool for benchmarking urban areas against 34 indicators that characterise a 

WSC. It has undergone 2 years of testing and validation with industry 

partners, supplying reliable evidence to use in seeking project funding or 

approval, and to track progress over time. It has also been applied in around 

80 LGA and cities in Australia and internationally. 

The WSC Index indicators relate to 7 goals: 

Figure 5: 7 Goals of A Water Sensitive City. 

An accredited facilitator presents and explains the Index during workshops, 

bringing together experts, professionals and other interested groups. 

Workshop participants typically include representatives from councils, water 

authorities, and state government agencies. The workshops allow 

participants to start developing the collaborative relationships necessary to 

bring about real change.  

These workshops ensure participants think about WSC concepts and 

principles in the same way. Participants start by scoring the indicators 

individually, and then they discuss their scores, allowing participants to 

present their perspectives and question each other. All participants then 

agree on a final score for each indicator. The Index then translates these 

final scores into several measures of city status, to show the city’s progress 

towards greater water sensitivity. In this way, the Index helps participants 

identify what the city needs to improve.  

The provider prepares a benchmarking and assessment report, which 

presents comprehensive results. This report also summarises the workshop 

discussions and the evidence supporting the ratings. The benchmarking 

results are also available on a web interface. 
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Figure 6: 7 Goals And 34 Indicators of A Water Sensitive City. 
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 Rating Process 

Define the region 

The Index was applied to Islamabad City. 

Engagement design 

In preparation for the rating process, the facilitators met with representatives 

and stakeholders from the Capital Development Authority (CDA), Pakistan 

Council of Research in Water Resources (PCRWR), the International Water 

Management Institute (IWMI-Pakistan), and professors and researchers from 

different universities to introduce the WSC indexing process and plan the 

workshop. Plans were developed to ensure that representatives from each 

relevant organization would attend the workshop. 

Workshop Set-up 

The second phase centers on organizing and preparing for the workshop. 

WWF-Pakistan, as the provider, coordinated with participants by sending 

essential materials such as rating guides. Four note-takers were engaged 

and briefed on their roles. Additional tasks included updating the slide packs, 

printing knowledge materials, sending invitations, and preparing a run sheet 

to ensure smooth workshop execution. 

Workshop 

A two-day workshop was held on July 25th and 26th at the Serena Hotel in 

Islamabad. Approximately fifty participants from government departments, 

development agencies, NGOs, and academia attended.  

The workshop was structured around the 7 goal areas of the Index. Scoring 

of each goal area followed a similar process (see figure 7): 

1. The facilitator explained the intent of the individual indicators  

2. Open discussion and clarifications of the indicator and its scoring 

3. Live polling through the Mentimeter platform 

4. Review results and consensus reached among the group. 

 

Figure 7: The indicator scoring process. 

The 3 indicators (Goal area 6) were scored first, as a familiarisation exercise 

for the scoring process. The workshop was conducted in two days, on the 

first day, social and governance indicators were scored, while on the second 

day, scoring of the bio-physical indicators was done.  

 Interpreting WSC Index Scores 

The Index scores can be interpreted in several ways: against each of the 
goals and indicators, and through 3 diagnostic lenses. These lenses are 
summarised below and can be used to benchmark the water-related 
outcomes between future years, other comparable cities (internationally) or 
aspirations to improve IWM outcomes. 

Water Sensitive City Goals 

This presents the results in terms of strengths and weaknesses against each 
of the 7 goals. Each goal is assessed on a score out of 5 based on an 
average of the contributing indicators, with 5 representing outcomes which 
fully support a water sensitive city. 
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City–state Benchmarking 

City–state benchmarking maps the percentage attainment for progress 

against each of the city states in the Urban Water Transitions Framework 

continuum, being: 

• Water Supply City 

• Sewered City 

• Drained City 

• Waterway City 

• Water Cycle City 

• Water Sensitive City. 

This is not presented in a linear fashion as a city can achieve multiple city 

states at the same time. These results are presented as both percentages 

attained against individual city states and as circular bar plot.  

The Urban Water Transitions Framework is further explained in Appendix A. 

Water Sensitive Outcomes 

This lens assesses the city against the 4 outcomes of a water sensitive city: 

liveability, sustainability, productivity and resilience. 

Resilience in this context is defined as the capacity to maintain water system 

services under acute or chronic disturbances, through adaptation or 

recovery. Sustainability is the capacity of water system services to deliver 

benefits for current and future generations. Liveability is the capacity of the 

water system to deliver a high quality of life for communities (such as thermal 

comfort, aesthetics, amenity, connection to place, etc.). Productivity is the 

capacity of the water system services to generate economic value. 

Outcomes are scored out of 5, with scores based on average workshop 

scores of the indicators which most influence each outcome. Individual 

indicator ratings can contribute to multiple WSC outcomes. For example, 

improving the rating for the indicator ‘diversify self-sufficient fit-for-purpose 

water supply’ related to provision of alternative water supplies would 

improve both resilience and sustainability outcomes. 

Water Sensitive Practices 

The final lens looks at the 3 pillars essential to delivering water sensitive 

services, and scores these out of 5. The pillars are: 

• Cities as water supply catchments – An urban area serves as a 

potential water supply catchment, providing a range of different 

water sources at a range of different scales, and for a range of 

different uses. 

• Cities providing ecological services – A city or town provides 

ecosystem services and a healthy natural environment, thereby 

offering a range of social, ecological and economic benefits. 

• Water Sensitive Communities – Cities and towns have water 

sensitive communities where citizens have the knowledge and 

desire to make wise choices about water, are actively engaged in 

decision making and demonstrate positive behaviours 
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3. Evaluating Performance 

 City–State Benchmarking 

The benchmark results for Islamabad are shown in figure 7. Percentage 

attainment varied from 83% as a Drained City down to 0% as a Water 

Sensitive City. This section summarises the key elements that contribute to 

the overall percentage attainment of each city–state. 

 

Figure 8: Benchmarking Results for Islamabad City. 

 

33% attainment of Water Supply City state  

Islamabad scores 33% in terms of its Water Supply City rating. 

Approximately 71% of the city has access to water, with 95% coverage in 

urban areas. In contrast, peri-urban areas depend on tankers, with only 30% 

receiving a public water supply. To address these issues, the CDA has 

installed 102 filtration plants throughout the city and provides subsidies for 

tankers in all sectors. Despite these efforts, challenges persist with water 

quality and the depletion of groundwater aquifers. 

 

67% attainment of Water Sewered City state  

Approximately 90% of households in Islamabad have access to a sewage 

collection system, but there are no treatment facilities available. As a result, 

untreated wastewater is discharged directly into freshwater nullahs and 

streams. 

 

83% attainment of Drained City state  

Islamabad is rated 83% as a Drained City, owing to its natural topography, 

which supports a gravity-based drainage system. The city's efficient 

stormwater and surface water runoff systems ensure that seasonal rainfall 

events typically do not disrupt daily activities. Life and property are generally 

well-protected. However, during the monsoon season, some sectors 

experience flash floods, prompting coordinated response efforts to manage 

these events. 

 

72% attainment of Waterway City state  

Islamabad features several natural and man-made green and blue spaces, 

such as Shadra, Margalla Hills National Park, and Lake View Park. Green 

spaces and parks are developed in each sector which are typically 

accessible within a 1 km radius or 15 minutes walking distance. Additionally, 

water-related amenities are affordable and available to citizens across 

various income groups. 

However, there are challenges in water management and policy 

implementation. Although a national water policy exists, it is not fully 

enforced at the city level. The Water Act for Islamabad remains unapproved, 

and the CDA bylaws primarily focus on water conservation rather than 

comprehensive water management. Various government entities handle 

water resources differently, and long-term sustainable water management is 
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not consistently integrated into planning and development decisions. The 

CDA also faces budgetary constraints that impact its effectiveness. 

Furthermore, there is a lack of public ownership and responsibility for water 

infrastructure. Many residents perceive water management as solely the 

government's responsibility, and there are no formal platforms for fostering 

shared ownership at the household or community level. 

6% attainment of Water Cycle City state  

Islamabad is rated 6% as a Water Cycle City. While several initiatives have 

been launched to highlight water issues, it remains a lower priority amid the 

broader challenges faced by developing nations. There is a lack of distinction 

between water management and water governance among practitioners, 

and decision-making positions often lack appropriately skilled personnel. 

Long-term sustainable water management practices are not consistently 

integrated into planning and development decisions. 

 

Data sharing between departments and organizations is inadequate, leading 

to significant bureaucratic hurdles and poor interdepartmental consultation. 

Departments often operate in isolation and consult each other only when 

necessary, resulting in a lack of transparency. 

 

In Islamabad, the secondary benefits of water projects are often not 

quantified, and there is no concrete data on end-user potable water demand. 

The CDA's by-laws include provisions for rainwater harvesting and recharge, 

which could create opportunities for green infrastructure designers, 

developers, and service providers. 

 

0% attainment of Water Sensitive City state  

Islamabad is still a long way from achieving a self-sufficient, adaptive, and 

multifunctional urban water system. Investment in resilient infrastructure is 

inadequate. 

 

 Water Sensitive Goals 

The Index summarises the performance of Islamabad city against the 7 goals 

of a Water Sensitive City (figure 8). Appendix B also provides a comparison 

of these scores with a range of other cities and towns. 

As shown in figure 8, Islamabad city’s key strengths are: 

• Equity of essential water services 

• Productivity and resource efficiency 

• Good ecological health  

 

This reflects that in Islamabad, around 71% of residents have access to safe 

drinking water. Nearly 90% of households are equipped with sewage 

collection systems. The city’s efficient stormwater drainage minimizes 

disruptions from seasonal rainfall, though some areas may experience flash 

floods.  

Islamabad provides equitable access to green and blue spaces and the city 

is also known for its well-maintained green spaces and key ecological sites 

like Margalla Hills National Park and Rawal Lake, crucial for wildlife 

conservation. 

The CDA promotes water conservation and rainwater harvesting through 

new by-laws, which also open opportunities for green infrastructure 

businesses. However, resource recovery from water systems is minimal and 

mainly for educational and research purposes. 

As with other cities, several goal areas have room for improvement, for 

instance, the city needs to address skill shortages and reduce high turnover 

in senior positions. Full implementation of water policies and better 

integration of sustainable practices are crucial. Improvements are needed in 

data sharing, transparency, and public involvement. Community 

preparedness for extreme events is also weak, with reactive response plans 

and no individual capacity development. 
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Additionally, blue spaces suffer from waste dumping and lack connectivity 

with green spaces. Integrated water management is poor, and urban heat 

mitigation is not adequately addressed. Multifunctional benefits of water 

infrastructure are limited, intelligent control systems are rare, and 

infrastructure occasionally fails without prompt fixes. Budget constraints 

further hinder the maintenance of aging systems. 

 

Figure 9: Goal area results for Islamabad City. 

In Islamabad, the goal areas to be further strengthened are: 

• Good water sensitive governance 

• Increased community capital 

• Promotion of adaptive infrastructure 

• Quality and well-connected blue and green urban spaces 

These opportunities are further explained below. 

Ensuring good water sensitive governance 

Indicator 1.1 Knowledge, skills and organisational capacity 

To improve water management and governance, knowledge and skill gap 

should be addressed, and the high turnover of senior officials should be 

controlled for consistent achievement of long-term goals. Investing in 

innovation, capacity building, and establishing stronger connections with 

research and academia will further support effective water management and 

governance practices. 

Indicator 1.2 Water is key element in city planning and design 

Water management policies and acts should be fully implemented at the city 

level to ensure effective governance. Integrating long-term sustainable water 

practices into planning and development decisions is essential. Current 

efforts of individual champions and developmental organizations should be 

expanded and incorporated into broader regulations.  

Indicator 1.3 Cross-sector institutional arrangements and processes 

Data sharing between departments and organizations should be significantly 

enhanced. Moreover, bureaucratic hurdles should be addressed to foster 

better interdepartmental collaboration. Clear protocols should be 

established to improve transparency and coordination to break down silos 

and encourage proactive communication. 

Indicator 1.4 Public engagement, participation and transparency 

To enhance public involvement and transparency, water departments should 

increase and properly advertise public hearings and knowledge-sharing 

efforts. The government should establish a formal consultation process to 

ensure meaningful citizen engagement and proactive stakeholder 

participation. By involving various stakeholders consistently rather than on 

an ad hoc basis, the relevant departments can better address community 

needs and improve overall water management practices. 
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Indicator 1.5 Leadership, long-term vision and commitment 

To strengthen the water-sensitive cities vision, the government and CDA 

should ensure consistent senior management support and long-term 

commitment. It is also essential to provide necessary approvals and budgets 

for water initiatives and expedite by-law amendments to mandate necessary 

water management practices. 

Indicator 1.6 Water resourcing and funding to deliver broad societal value 

To address the budget constraints faced by CDA, it is crucial to enhance 

funding mechanisms and financial planning. Currently, CDA’s budget is 

insufficient, with only 15% of expenses covered by revenue, and no share 

from the National Financial Commission (NFC) Award. Additionally, CDA is 

burdened with loans and lacks a system for developing business cases for 

water-sensitive investments. It is recommended to explore alternative 

funding sources, seek additional financial support from the NFC, and 

establish a robust system for creating and evaluating business cases for 

water-related projects. 

Indicator 1.7 Equitable representation of perspectives 

According to an Asian Development Bank study, female representation in 

the water sector leadership is currently low, and minorities are 

underrepresented, with less than 3% in federal government positions. To 

address this, relevant policies and programs that promote diversity and 

integrate underrepresented groups into decision-making processes, should 

be ensured. 

Increase community capital 

Indicator 2.1 Water literacy 

Although people show interest in water, they often lack sufficient knowledge 

due to limited information. Public water consumption patterns reveal a 

nuanced understanding of household water use and conservation behaviors. 

Enhancing water literacy is crucial for improving community involvement in 

water planning, ownership, and management. Better education will also 

emphasize water's importance in developing liveable urban spaces. 

Currently, low water literacy results in problems like wastage and inefficient 

use despite water scarcity.  

Indicator 2.2 Connection with water 

To foster a deeper connection with water beyond personal use, it is 

suggested to enhance community education and engagement on water’s 

broader impact. Initiatives could include public awareness campaigns, 

educational programs highlighting water's role in environmental 

sustainability and community health, and involvement in local water 

management projects 

Indicator 2.3 Shared ownership, management and responsibility of water 

assets 

To address the current lack of community involvement in water 

management, the responsibility for water infrastructure should not be seen 

as solely a government duty. Establishing formal platforms for shared 

ownership and creating clear guidelines for community involvement could 

significantly improve the situation. Community-based policies should be 

introduced and implemented to empower citizens to manage water assets 

on private properties, such as bores. This would foster a sense of ownership 

and active participation in water management at both the household and 

communal levels. 

Indicator 2.4 Community preparedness and response to extreme events 

Flash urban floods and heatwaves are the most common emergencies in 

Islamabad. Disaster management authorities should shift their focus from 

reactive responses to proactive planning. Additionally, there should be 

initiatives to build individual capacity at the household level, ensuring that 

residents are equipped to handle emergencies effectively.  
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Indicator 2.5 Indigenous involvement in water planning 

Currently, there is no formal system for community engagement in water 

management, though informal communication occasionally occurs through 

local contacts. However, religious and cultural considerations are often 

overlooked. While the relevant authorities' website offers a portal for public 

feedback, the water sector in Pakistan is heavily influenced by political 

factors. To improve this situation, it is recommended to establish a formal 

and inclusive system that incorporates community input, respects cultural 

and religious perspectives, and ensures transparent decision-making 

processes that are free from political interference. 

Ensure good quality urban spaces 

Indicator 6.1 Activating connected pleasant urban green and blue space 

Islamabad's urban planning includes well-maintained, accessible green 

spaces. However, blue spaces, which are more remote, suffer from 

deteriorating water quality due to unregulated solid and wastewater dumping 

which should be strictly regulated. Additionally, the city's master plan lacks 

effective integration between blue and green spaces, which can be 

enhanced for improved connectivity and overall urban cohesion. 

Indicator 6.2 Urban elements functioning as part of the urban water system 

To improve urban resilience and sustainability in Islamabad, the city should 

enhance its integrated urban water management practices. Developing and 

implementing guidelines for mitigating urban heat through green 

infrastructure, such as rain gardens, green roofs, and living walls, is 

essential. Expanding the use of multifunctional urban elements and ensuring 

their effective integration into public spaces will also contribute to more 

resilience. 

Indicator 6.3 Vegetation coverage 

To enhance liveability, Islamabad should focus on increasing its vegetation 

cover, which currently stands at only 21%, as reported in the PCRWR's 2023 

study, "Hydrological Assessment of Surface and Groundwater Resources of 

Islamabad, Pakistan." Expanding integrated green urban spaces can 

significantly improve environmental health and resilience. 

Promote adaptive infrastructure 

Indicator 7.1 Diversify self-sufficient fit-for-purpose water supply 

To enhance water management, Islamabad should optimize its diverse water 

sources, including surface water and groundwater, to better meet 

community needs. Additionally, improving the efficiency and reliability of 

public water supply for all residents is also imperative. 

Indicator 7.2 Multi-functional water infrastructure system 

To maximize the benefits of water infrastructure, it is recommended that the 

multifunctional aspects of existing facilities be further developed. 

Specifically, increasing public access to Simly Dam for recreational use 

would enhance its value as one of the city’s largest reservoirs, offering both 

water supply and leisure opportunities to residents 

Indicator 7.3 Integration and Intelligent Control  

To enhance the efficiency of water management, it is recommended to 

expand the use of intelligent control systems across all water-related 

infrastructure in the city. While currently limited to only 50 tube wells in ICT, 

there is growing interest in integrating these advanced systems throughout 

Pakistan.  

Indicator 7.4 Robust infrastructures  

To improve the reliability and efficiency of the existing system, the 

government should invest in strengthening water infrastructure to minimize 

minor failures. Regular maintenance and upgrades will reduce disruptions. 
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Indicator 7.5 Infrastructure and ownership at multiple scales  

To address the unregulated extraction of groundwater and its depletion over 

the years, the government should regularize decentralized infrastructure at 

all scales. There should be policies in place to ensure that consumption 

through unregulated boring at household and commercial levels is not left 

unchecked. 

Indicator 7.6 Adequate maintenance 

To enhance the long-term performance of the water system, the government 

should increase its budget allocations for the maintenance of aging 

infrastructure. While systematic failures are rare and addressed promptly, 

securing adequate funding will ensure consistent upkeep and prevent 

potential issues. 
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 Water sensitive outcomes and practices 

The WSC Index filters results based on WSC outcomes and practices are 

discussed in the following sections. 

WSC outcomes 

Water sensitive outcomes assess the performance of the urban water 

system against the delivery of Resilience, Sustainability, Liveability and 

Productivity outcomes, as described in section 2.2. 

The results in figure 10 indicate how Islamabad is performing across the 

WSC outcomes on a 1–5 scale.  

 

Figure 10: Assessment of Water Sensitive Outcomes. 

WSC practices 

The results in figure 11 indicate how Islamabad is performing concerning 

WSC practices.  

 

 

Figure 11: Assessment of Water Sensitive Practices.  
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4. Way Forward 

Summarising some of the key highlights from the benchmarking process, a 

set of recommendations are given below. Suggestions are listed under the 

3 transition pathways identified in figure 12, and do not reflect the priority of 

actions to be undertaken. These recommendations provide an overarching 

framework for consideration by the relevant government institutions and to 

guide progress towards the aspirations of a water sensitive city. 

 
 

Figure 12: Transition Pathways to Improve Water Sensitive Practices 

and Deliver Water Sensitive Outcomes. 

 

 Enabling Structures 

• Fill gaps in water management knowledge and skills among citizens 

as well as concerned government departments. 

• Improve cross-sector coordination for knowledge sharing and 

overcoming bureaucratic obstacles. 

• Strengthen leadership and commitment in relevant government 

departments to ensure long-term support and funding for water 

initiatives, fast-track approvals and amendments to water-related by-

laws. 

• Find new funding sources, improve financial planning and ROI on 

water sector investments, and develop systems for assessing water 

investment needs. 

• Increase the use of smart control systems across water 

infrastructure. 

• Invest in research and innovation  

 

 On-ground Practices 

• Implement and expand water management policies in urban 

planning and other practices. 

• Make better use of various water sources and improve the reliability 

of public water supply systems. 

• Increase public access to water infrastructure for recreational use 

and other multifunctional benefits with proper rules and regulations 

in place so that the spaces are not exploited in any way. 

• Enhance urban water management by developing guidelines for 

reducing urban heat with NbS and green infrastructure such as rain 

gardens, green roofs, and living walls. 

• Increase public hearings and knowledge-sharing efforts and 

establish formal processes for consistent citizen and stakeholder 

involvement. 
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• Develop green spaces to promote liveability and resilience. 

• Focus on proactive disaster planning and enhance individual 

readiness for emergencies. 

• Invest in strengthening and maintaining water infrastructure to 

reduce disruption of service. 

• Behaviour transformation campaigns for the long-term sustainability 

of green and blue assets 

 

 Socio-Political Capital 

• Increase representation of women and minorities in water sector 

leadership and decision-making processes. 

• Enhance community knowledge about urban water management to 

improve involvement and reduce wastage.  

• Educate and engage the community on water’s broader impact 

through public awareness campaigns and involvement in local water 

management projects. 

• Create platforms/ opportunities for community management of 

water assets and develop policies for shared responsibility in water 

management. 

• Incorporate cultural and religious views in water planning and 

decision-making processes. 

• Improve water quality issues in blue spaces, connect them with 

green spaces, and enhance integration between urban green and 

blue spaces. 

• Centralize water infrastructure management to prevent groundwater 

depletion and discourage decentralized household boreholes.
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Appendix A: The Urban Water Transitions Framework 

The following is adapted from Brown et al 2016 

The Urban Water Transitions Framework (Brown et al., 2009) identifies 6 

developmental states that cities move through on their path towards 

increased water sensitivity. It can help urban water strategists define the 

attributes of more sustainable cities and identify the capacity needs and 

institutional changes required for more sustainable water management. 

Figure 13 presents the Urban Water Transitions Framework. 

 

Figure 13: The Urban Water Transition Framework (Brown et al, 2009). 

The 6 states form a continuum that can be mapped along 2 dimensions: 

• Socio-Political Drivers: the demands and expectations that emerge 

from society’s growing environmental awareness, amenity 

expectations and evolving attitudes toward water management 

• Service Delivery Functions: the increasingly diverse services 

required to address those drivers as cities transition to greater 

sustainability. 

The first 3 states of water management meet largely utilitarian expectations 

of supplying water, protecting public health and mitigating the impacts of 

floods. However, the following 3 states mark a significant shift beyond 

survival needs, towards a more sophisticated goal of greater water self-

sufficiency and reduced environmental impact. Rivers, streams and lakes are 

now seen as places for social interaction and aesthetic appreciation; 

communities are becoming increasingly proud of their sustainable water 

management practices. Innovative design solutions tailored to local contexts 

become dominant features in cities in the later transition states. Importantly, 

the framework reflects an embedded continuum, whereby later city–states 

build on infrastructure and approaches achieved in earlier city–states. 

Three pillars of a water sensitive city 

The continuum underpinning the Urban Water Transitions Framework is built 

on 3 principles (or ‘pillars’) of practice: 

1. Cities as water supply catchments 

2. Cities providing ecosystem services 

3. Cities comprising water sensitive communities. 
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The first pillar represents the concept of cities not relying exclusively on 

their natural water sources – be that rainfall runoff accumulated in 

catchments or groundwater. Instead, they should develop a broader portfolio 

of water sources, including urban stormwater, roof runoff, recycled 

wastewater, desalinated water and groundwater. In a Water Sensitive City, 

these sources would be utilised as required through a variety of 

infrastructures associated with water harvesting, storage, treatment and 

delivery.  

The second pillar envisions an urban landscape that actively supports the 

environment, rather than degrading it and draining it of resources. This can 

be achieved through innovative use of public spaces and green spaces. In 

addition to providing public amenities, these spaces could incorporate 

sustainable water management alongside other ecological services such as 

carbon sinks, opportunities for food production, and an improved micro-

climate through providing shade.  

The third pillar points to the importance of institutional capacity and social 

support for achieving sustainable urban water management. To successfully 

implement this pillar, the local institutions invested in and responsible for 

delivering water management must fully embrace technological solutions. It 

also requires a community to be informed and engaged about water, and 

actively involved in the co-management of water services. 
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Appendix B: Comparision of results with other cities and towns 

The following chart shows how Islamabad scored compared with other cities and towns in Asia, Africa, and Australia. The charts show the scores for each Goal 

area and the overall benchmark score. Comparisons are made with major metropolitan cities across regions of Asia, Africa, and Australia. 

The value of this comparison lies in identifying similar cities and towns with whom IWM strategies can be shared for mutual gain. 
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Appendix C: Workshop Notes 

Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

1. Ensure good water sensitive governance 

1.1. Knowledge, skills 
and organisational 
capacity  

2 High Practitioners do not differentiate between water management and water governance. Skills are not 
effectively utilized and there is a lack of appropriately skilled resources at decision making positions. 
There is high turnover at senior most bureaucratic positions which takes away consistency from the 
departments. There is little focus on innovation or developing capacity over new trends and 
practices. Low to very little linkages with research and academia.  
 
Supporting data available here. 

1.2. Water is key 
element in city planning 
and design  

2  High There is a national level policy but it is not being implemented in true letter and spirit at the city level. 
Water Act for Islamabad has not been approved yet. Capital Development Authority bylaws are 
around conservation only and do not become part of the Water Act. Water as a resource is taken 
differently by different government entities based on their own domain. Long term sustainable water 
management is not integrated during decisions around planning and development. There have been 
some recent developments such as CDA making rainwater harvesting mandatory in household 
planning/design.  
 
Supporting data available here: Lack of integration of long-term sustainable water management 
practices during decision making for planning and development.  
Supporting data available here: CDA had submitted his proposal to a committee working on bringing 
amendments to the existing by-laws that would make it mandatory for all house owners to construct 
recharge wells to harvest rainwater. 
 

1.3. Cross-sector 
institutional 
arrangements and 
processes  

2 High Data is not shared between departments and organizations. The process faces major bureaucratic 
hurdles and there is poor interdepartmental consultation. Lack of transparency. Departments and 
organizations work in silos and do not consult each other unless there is an unavoidable overlap.  
 
Supporting data available here. 

https://doi.org/10.1016/j.wen.2023.10.001
https://doi.org/10.1016/j.wen.2023.10.001
https://www.dawn.com/news/1742534
https://doi.org/10.52131/pjhss.2022.1001.0171
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

1.4. Public engagement, 
participation and 
transparency  

1 High Water departments have low public hearings for advertisement or knowledge sharing with the public 
let alone consultation. Meaningful citizen engagement is very poor. There is no formal/informal 
consultation process in place. Various stakeholders are involved on need basis only.   

1.5. Leadership, long-
term vision and 
commitment  

1.5 High The Capital Development Authority has promoted the water sensitive cities vision through 
establishing rainwater and recharge interventions across Islamabad and making them mandatory in 
the by-laws.  There is a lack of majority senior management support and a long-term vision and 
commitment due to instability and short-term service of relevant authorities. However, water 
champions are also present who are working in their respective domains but lack support from the 
leadership in the form of approvals or budgets.  
 
Supporting data available here: CDA had submitted his proposal to a committee working on bringing 
amendments to the existing by-laws that would make it mandatory for all house owners to construct 
recharge wells to harvest rainwater. 
 

1.6. Water resourcing 
and funding to deliver 
broad societal value  

1 High The budget for CDA is not sufficient as only 15% of spending is covered by revenue. Islamabad is 
getting no share from the NFC (National Financial Commission) Award. CDA is running very low on 
financial capacity (loan burden). There is no system in place to develop business cases for water 
sensitive investments. 

1.7. Equitable 
representation of 
perspectives  

1 High According to a study by the Asian Development Bank, female leadership is low in governance 
arrangements and decision-making in the water sector. No integration of minorities in policy-level 
discussions. General statistics depict that less than 3% of minorities are working at positions in the 
federal government (Peace and Development Foundation). This represents the overall situation 
across the board.  

2. Increase community capital  

2.1. Water literacy  

 

2 High Very low water education and literacy among citizens. Behavioral issues are observed such as water 
wastage and inefficient systems despite scarcity.  
 
Supporting data available here: Public water consumption patterns and conservation 
behaviour reveals a nuanced understanding of household-level water 
usage in Pakistan. 

https://www.dawn.com/news/1742534
https://www.adb.org/publications/women-water-and-leadership
https://doi.org/10.1111/wej.12930
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

2.2. Connection with 
water  

2.5  Medium People's connection with water is low. They do consider its importance for choosing their 
neighbourhoods. However, there is a lack of appreciation beyond personal use.  

2.3. Shared ownership, 
management and 
responsibility of water 
assets  

1  High People think water is the sole responsibility of the government. There is no ownership of public water 
infrastructure at household and communal level. No formal platforms are available for creating 
shared ownership.  
 
Supporting data available here: The hierarchy of authority is difficult to figure out in this turbid system. 
CDA and MCI work hand in hand but responsibility of water governance and management stays 
with the government only. No ownership for public water infrastructure is available at household and 
communal level. 

2.4. Community 
preparedness and 
response to extreme 
events  

2 Medium There are disaster management authorities at the national and provincial levels. However, response 
plans are generally shared on a reactive basis. These do not involve proper drills and long-term 
preparedness. There is no individual capacity development at the household level.  
 
Supporting data available here: Disaster management is more about preparedness than response. 
The Pakistani government created institutions responsible for disaster preparedness and response 
at the national, provincial, and local levels but they are more focused on timely responding to 
disasters instead of preparing for them beforehand. 

2.5. Indigenous 
involvement in water 
planning  

1.5 Medium There is no formal system but there are incidences where informal communication happens at the 
departmental level through locals. Religious and cultural aspects are usually ignored. There is a 
portal at the PCRWR website where people can voice their concerns. However, Pakistan's water 
sector is politically influenced. 

3. Achieve equity of essential services  

3.1. Equitable access to 
safe and secure water 
supply  

2 Low According to a PCRWR report 'Drinking Water Quality in Pakistan: Current Status and Challenges 
(2015)', approximately 71% of Islamabad has access to safe water. Around 95% of urban areas 
have water supply, whereas, rural areas rely on tankers with only 30% of their area receiving a public 
water supply. Capital Development Authority (CDA) has installed 102 filtration plants across the city 
to ensure seamless water supply and access for the citizens. Water quality tests are also conducted 
on a regular basis. The CDA also gives subsidies on tankers in all of its sectors.  

https://www.dawn.com/news/1521124
https://www.dawn.com/news/1707390
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

The data available also states that within Islamabad city there are measures/initiatives taken by CDA 
providing either water supply or water filtration plants within 1 km vicinity to improve the access to 
safe drinking water to the residents of urban areas (area focussed for the scoring exercise). 
 
Supporting data is available here. 

3.2. Equitable access to 
safe and reliable 
sanitation  

3 High About 90% of the households in Islamabad have a sewage collection system with no treatment 
facility available.  

3.3. Equitable access to 
flood protection  

3.5 High Islamabad is a well-planned city where stormwater drainage and surface water run-off systems are 
efficient. Seasonal rainfall events usually do not disrupt everyday activities, and the life and property 
of the citizens are well protected. In a few sectors of Islamabad, flash floods are experienced during 
monsoon season, where a coordinated response is taken.  

3.4. Equitable and 
affordable access to 
amenity values of water-
related assets  

3 High Within Islamabad, some natural and man-made green and blue spaces are present e.g. Shadra and 
Lake View Park.  Such places are mostly accessible within a 1 km range or a 12-15 minute walk 
(Examining equity of walking accessibility to green spaces: A case study of Islamabad, 2023). 
Moreover, the water-related assets/ amenities are also affordable for citizens from diverse income 
groups. 

4. Improve productivity and resource efficiency  

4.1. Benefits across 
other sectors because 
of water-related services  

3.5 Medium For Islamabad, in most cases, secondary benefits are not quantified e.g. data on water-borne 
diseases is maintained but its connection with the water quality is not established. Similarly, savings 
from avoiding urban floods and lesser use of air-conditioning are monitored sporadically at the 
institutional level but there is a data gap at the city scale. Additionally, Capital Development Authority 
and related departments invite stakeholders by making a case and presenting quantified benefits for 
investment planning. 

Broader community benefits from water-related services are recognized. For example, there is a 
consensus among the people that the provision of clean drinking water through water filtration plants 
installed in most of the sectors is the reason for low cases of water-borne diseases. Similarly, natural 
terrain and construction of drains helps to manage urban flooding resulting in protection from floods. 
However, no significant work has been done on the quantification of the broader benefits. 

https://pcrwr.gov.pk/wp-content/uploads/2023/08/Drinking-Water-Quality-in-Pakistan-Current-Status-and-Challenges.pdf
https://doi.org/10.1016/j.asej.2023.102556
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

4.2. Low GHG emission 
in water sector  

2 High  The water supply system of the city has been designed on gravity flow thus requiring no energy and 
therefore causing no GHG emissions. However, electricity is utilized for the pumping and treatment 
of water. The source of this electricity is the supply from the national grid which generates a major 
portion of the electricity from fuel-based sources that emit fairly high GHG emissions. However, CDA 
welcomes the idea of using solar systems for its operations such as the filtration plants and plans to 
utilize it for future projects.  
 

4.3. Low end-user 
potable water demand  

3 High There is no concrete data on the end-user portable water demand. CDA believes that the end-user 
potable water demand of Islamabad is much less than 200 liters/per person/per day because the 
water demand relies on consumption patterns and individual behavior. People will consume more 
water if the water is available abundantly. Government, NGOs and private sector organizations have 
been advocating for smart use of water over the years. General awareness of the public on the need 
to conserve water and the cost associated with the procurement of water can be considered the 
reasons for fair potable water demand. CDA has also included rainwater harvesting and recharge in 
the CDA by-laws encouraging the efficient use and storage of water.  
 
Supporting data available here: CDA had submitted his proposal to a committee working on bringing 
amendments to the existing by-laws that would make it mandatory for all house owners to construct 
recharge wells to harvest rainwater.  

4.4. Water-related 
business opportunities  

3 High Water reservoirs present in the city also serve as a recreational destination for the people and hence 
allow decent economic opportunities for the people. Similarly, CDA has included rainwater 
harvesting and recharge in the CDA by-laws which will lead to suitable business opportunities for 
green infrastructure designers, developers and service providers. Therefore, the audience agrees 
that a noticeable amount of business opportunities have been created over the years by water 
system services. 
 

4.5. Maximised resource 
recovery  

2 High Resource recovery from water systems is very low and mostly linked with educational, research or 
demonstration purposes. One example of resource recovery is the creation of compost at the 
wastewater treatment facility. Another example of resource recovery is the recycling of ablution 
water or grey water and its use for construction or horticulture purposes. There are a few more 
examples of resource recovery in Education Institutes but they are incidental and mostly for research 
purposes only.  
 

https://www.dawn.com/news/1742534
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

5. Improve ecological health  

5.1. Healthy and 
biodiverse habitat  

2 High Although Islamabad is a 'Green City', urbanization has severely damaged urban habitats over the 
years and the inhabitants have observed a continuous decline in biodiversity though not quantified 
properly. Moreover, the ecological health of our waterways is also deteriorating over time. 
 

5.2. Surface water 
quality and flows  

2 High  According to the Capital Development Authority, 95% of the surface water of Islamabad is fit for 
purpose.  According to IWMI studies, surface water quality is better than groundwater quality in 
terms of TDS content. Streams and water bodies across the city are not maintained especially at 
places where pollution from point sources is released directly without treatment. This has resulted 
in decreased species diversity and population over the years. 

5.3. Groundwater quality 
and replenishment  

3 Medium  Groundwater quality is sometimes problematic and occasionally high concentrations of nitrates, 
nitrites, BOD, COD, and microbes (in case of sewerage and wastewater contamination) are 
reported. Islamabad generally faces the issue of water quantity rather than water quality.  

5.4. Protect existing 
areas of high ecological 
value  

3 Medium Islamabad is home to two ecologically significant sites i.e. Margalla Hills National Park (MHNP) and 
Rawal Lake, which are home to unique species and are breeding and feeding grounds of various 
migratory birds. Permits are required for fishing at Rawal Lake but are not well implemented. In 
MHNP, strict regulations and court orders are in place to stop commercial tourism and encroachment 
for urban development.  
 
Data available here: CDA Master Plan 

6. Ensure quality urban space 

6.1. Activating 
connected pleasant 
urban green and blue 
space  

3 High Islamabad is planned and mostly has accessible, adequate and maintained green spaces. Blue 
spaces are distant and need attention as their water quality has deteriorated over time due to 
unmonitored solid and wastewater dumping. The connectivity of blue-green areas is missing in the 
master plan of Islamabad. 

https://www.urdupoint.com/en/pakistan/fishing-in-rawal-lake-under-approved-rights-480053.html
https://www.cda.gov.pk/pdf/masterPlanInterimReport2020.pdf
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Indicator  Rating  
0–5  

Confidence  
High/Med/Low  

Evidence  

6.2. Urban elements 
functioning as part of 
the urban water system  

1 High Integrated urban water management is poor. Urban heat is not incorporated, and no guidelines are 
available on urban heat mitigation through green infrastructure at the city scale. Rain gardens, green 
roofs and living walls are uncommon.  

6.3. Vegetation 
coverage  

3 High According to a report by PCRWR Islamabad (2023). Title: Hydrological Assessment of Surface and 
Groundwater Resources of Islamabad, Pakistan, Islamabad has approximately 21% vegetation 
cover. 

7. Promote adaptive infrastructure  

7.1. Diversify self-
sufficient fit-for-purpose 
water supply  

2 High  Multiple water sources are available and used to provide fit-for-purpose water to the communities 
i.e. surface water and groundwater. Moreover, tankers are available to provide water to citizens on 
a need basis.  

7.2. Multi-functional 
water infrastructure 
system  

2 Medium  Water infrastructure is somewhat multifunctional and provides benefits beyond the primary purpose 
of water supply. The public has limited access to Simly Dam for recreational purposes despite being 
one of the largest reservoirs in the city. 

7.3. Integration and 
intelligent control  

1 High Intelligent control systems are quite uncommon in Pakistan though interest has been shown in 
different parts of Pakistan to integrate such systems. In ICT, there are only 50 tube wells with 
automatic control systems and the government is interested in incorporating intelligent control 
systems in all water-related infrastructure of the city. 

7.4. Robust 
infrastructures  

2 Medium  Water infrastructure is not robust. Minor failures are observed sometimes but rectified in a short 
time.  

7.5. Infrastructure and 
ownership at multiple 
scales  

2 High Household level ownership is available for the household-level boreholes (decentralized system) but 
this is discouraged due to the risk of groundwater depletion as a consequence of unmanaged 
abstraction.  
In most cases, only a single authority is responsible for water infrastructure.  

7.6. Adequate 
maintenance  

1.5 Low Systematic failures are seldom observed and are rectified. Government/CDA falls short on budget 
when it comes to adequate maintenance of aging infrastructure to maintain the long-term water 
system performance.  
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