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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Involving stakeholders is key to UWU to 
ensure a thorough decision-making 
process. 

• The case study revealed the in
terconnections among all decision- 
making factors. 

• The UWU tool is designed to simulate 
the complexity of urban water systems. 

• The tool allows to evaluate the effec
tiveness of interventions across 
scenarios. 

• This tool has the potential to facilitate 
the execution of strategic planning.  
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A B S T R A C T   

In response to pressing global challenges like climate change, rapid population growth, and an urgent need for 
sustainable infrastructure, cities face an immediate and crucial necessity to transition swiftly toward an inte
grated approach to managing urban water resources. This shift is not merely an option but an imperative, driven 
by the rapidly evolving urban landscape. In addressing this imperative, a crucial decision support tool that has 
emerged as an asset in the domain of urban water planning and management is the Urban Water Use (UWU) tool. 
This tool offers an integrated approach for strategic planning, promoting urban water conservation and envi
ronmental health through the investigation of interventions in urban infrastructure under different scenarios. In 
this study, the latest version of this UWU tool was deployed in a case study conducted in Almirante Tamandaré, 
Brazil. The objective was to evaluate how an integrated decision-making approach concerning urban water 
systems influences the efficiency and effectiveness of interventions, ultimately contributing to achieve wide
spread adoption, accessibility, and relevance of urban water services. The refined UWU tool evaluates a spectrum 
of measures across diverse scenarios, incorporating various drivers, focusing on the stakeholders’ visions for the 
locality. These visions are composed of sustainability indicators, specifying different sets of target values and 
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importance weights for each indicator. The approach followed in this study demonstrates how the effectiveness 
indexes can vary based on stakeholders’ perception. Measures under Water Sensitive Urban Design and Water 
Demand Management strategies were deployed to simulate the response of urban water systems under three 
distinct scenarios, embracing the complexities of social dynamics and of climate change. The findings of the 
study emphasize that realizing a desired vision through selected measures relies significantly on the adoption of 
an integrated approach within the decision-making process. The stakeholders’ perception of how indicators 
should be weighted while defining the vision was found to significantly impact the effectiveness range of these 
measures.   

1. Introduction 

In the rapidly evolving urban landscape, cities worldwide are con
fronted with a myriad of complex challenges. These challenges, 
including climate change, rapid population growth, and the pressing 
need for sustainable infrastructure, underscore the urgency of trans
forming how the urban water resources are approached (Bakhtiari et al., 
2020; Chhipi-Shrestha et al., 2019; Fu et al., 2017; Goodwin et al., 2019; 
Maurya et al., 2020). A paradigm shift toward an integrated approach is 
no longer a choice but a necessity (Nieuwenhuis et al., 2022; Pokhrel 
et al., 2023). The integrated approach refers to a holistic and compre
hensive way of addressing complex urban water management challenges 
(Bakhtiari et al., 2020; Fu et al., 2017; Nieuwenhuis et al., 2021). Instead 
of dealing with different aspects of urban water (such as water supply, 
wastewater, drainage, and environmental considerations) in isolation, 
an integrated approach considers all these aspects together as inter
connected components of a larger system (Nieuwenhuis et al., 2021). 
This approach acknowledges that decisions made in one area of urban 
water management can have implications and consequences in other 
areas. This concept has been recently studied in the framework of In
tegrated Urban Water Management (IUWM) (Fu et al., 2017; Kirshen 
et al., 2018; Nieuwenhuis et al., 2022, 2021; Pokhrel et al., 2023), a 
holistic strategy that holds the potential to address climate change 
(Kirshen et al., 2018; Nieuwenhuis et al., 2022, 2021) and urban water 
and sanitation service challenges (Bahri et al., 2016; Bakhtiari et al., 
2020; Kirshen et al., 2018). 

IUWM aims to promote access to water and sanitation services by 
considering the entire water cycle within urban environments. It 
champions inter-institutional collaboration, acknowledges the intricate 
links between land use and water resources, and seeks economic effi
ciency, social equity, and environmental sustainability (Bahri, 2012). 
Ultimately, the overarching goal is to improve the quality of life, 
conserve the environment, and foster collaboration among various 
institutional components, including urban planning, public health, and 
environmental sectors (Tucci, 2009). 

To harness the full potential of IUWM, it becomes imperative to 
identify the intricate interdependencies within urban water systems 
(Nieuwenhuis et al., 2021). This identification is pivotal in leveraging 
synergies, where actions aimed at improving one aspect of the system 
result in positive impacts elsewhere, and in mitigating trade-offs, where 
efforts to address one issue may inadvertently create challenges in other 
areas (Alcamo, 2019; Lv et al., 2020; Nieuwenhuis et al., 2022, 2021; 
Parikh et al., 2020; Zhao et al., 2021). For instance, the use of rainwater 
as an alternative source in households can alleviate pressure on the 
drinking water supply and reduce peak surface runoff (Campisano et al., 
2014; Nachson et al., 2022; Richards et al., 2021). However, it is 
important to consider the groundwater recharge (Nachson et al., 2022), 
otherwise the volume and type of rainwater use can potentially impact 
groundwater recharge negatively. 

Moreover, in managing integrated urban water systems, it is essen
tial to consider the uncertainties that may arise. These uncertainties 
stem from technical challenges, such as simulations of long-term plan
ning and factors like climate change, as well as socio-institutional bar
riers resulting from conflicts among various stakeholders (Bakhtiari 
et al., 2020; Nieuwenhuis et al., 2021). 

At present, the field of urban engineering tends to generate isolated, 
non-systemic technical solutions for urban water-related challenges. 
This fragmented approach significantly complicates ensuring a desired 
level of sustainability in planning and managing urban water usage 
(Bakhtiari et al., 2020; Richter et al., 2020). 

In response to these pressing challenges, decision support models 
and tools have emerged as pivotal assets in the field of urban water 
planning and management. Among these tools, such as WaterMet2 

(Behzadian and Kapelan, 2015), CityPlan-Water (Puchol-Salort et al., 
2022), and Urban Water Use-UWU (Santos and van der Steen, 2011), the 
focus of this study lies on UWU. This tool represents a significant step 
toward strategic planning for both existing and new urban de
velopments. It actively engages stakeholders and factors in uncertainties 
driven by multiple variables (Cárdenas, 2017; Costa dos Santos and 
Benetti, 2014; Destro, 2016; Ferreira, 2022; Hoepers et al., 2022, 2021; 
Richter et al., 2020; Santos and van der Steen, 2011). 

The UWU decision-support tool is designed to select measures that 
promote the conservation of urban water resources and environmental 
health. It achieves this by facilitating integrated performance assess
ments across water supply, wastewater, and urban drainage systems, as 
well as their interactions with the environment (Santos and van der 
Steen, 2011). 

Since its initial development in 2011 (Santos and van der Steen, 
2011), the UWU tool has undergone significant enhancements. These 
refinements aim to foster greater integration, address the complexities 
inherent in urban water systems, and actively engage urban water 
stakeholders in the decision-making process (Cárdenas, 2017; Costa dos 
Santos and Benetti, 2014; Destro, 2016; Ferreira, 2022; Hoepers et al., 
2022, 2021; Richter et al., 2020). 

On the other hand, and despite the availability of these notable 
strides, Brazil still grapples with the challenge of achieving universal 
urban water services, particularly concerning wastewater (Brasil-SNS, 
2022a) and urban solid waste (Brasil-SNS, 2022b). Although Brazilian 
planning instruments, like the National Basic Sanitation Plan – PLAN
SAB (Brasil-SNSA, 2013) and the Term of Reference for the Elaboration 
of Municipal Sanitation Plans of the National Health Foundation (Brasil- 
FUNASA, 2018), encourage an integrated approach encompassing all 
components of urban water systems, significant projects adopting such 
integration remain limited. 

Given this context, the hypothesis of this study is that, by jointly 
applying principles of systemic thinking and strategic planning, it is 
possible to design and manage urban water systems holistically, thereby 
contributing to the universalization of services. To test this hypothesis, a 
comprehensive case study in Almirante Tamandaré, located in the 
southern region of Brazil, was conducted. The study evaluates the per
formance of water conservation and environmental health interventions 
using the latest version of the UWU decision-support tool. The objective 
of this study is to assess how an integrated approach to decision-making 
variables in urban water systems influences the efficiency and effec
tiveness of interventions, ultimately contributing to the universalization 
of services. In this endeavor, the refined UWU tool was employed to 
consider a combination of drivers across various scenarios and evaluate 
a series of measures—both individually and in groups. Central to this 
assessment were four distinct visions, each representing stakeholders’ 
perspectives, concerning key sustainability indicators such as water 
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supply system coverage, wastewater system coverage, and pollutant 
concentrations in the urban river. 

In summary, this research sits where pressing world problems meet 
innovative solutions. It navigates the intricate landscape of urban water 
management, where sustainability is the compass guiding the path. It 
indicates that the integration of IUWM principles, the UWU tool, and the 
case study in Almirante Tamandaré collectively offer an opportunity to 
achieve universal urban water services and to address the complexities 
of the urbanizing world. In a time where the pursuit of sustainable urban 
development is paramount, this study sheds light on the transformative 
potential of integrated water management in reshaping the urban en
vironments of tomorrow. 

2. Materials and methods 

Fig. 1 provides an overview of the application of the Urban Water 
Use (UWU) decision-support tool in the case study. The methodology 
employed in this study begins with a focus on the Sustainability In
dicators. These indicators offer insights into the current water sustain
ability situation by considering factors such as river flows, population 
density, water consumption patterns, and more. Each indicator is not 
merely observed; instead, it is assigned a specific Importance Weight. 
This weighting system enables a ranking and prioritization of the in
dicators based on their significance in the overall water sustainability 

context. 
A fundamental aspect of the methodology involves the creation of 

Scenarios. These hypothetical situations enable the exploration of 
diverse future conditions, prompting questions like “How would water 
management be influenced by a surge in population?” or “What impli
cations arise from alterations in annual rainfall?”. With these scenarios 
in hand, attention turns to the intervention strategies section, such as 
WSUD (Water Demand Management) and WDM (Water Demand Man
agement). Here, a range of actionable measures is examined to enhance 
water management, spanning activities like rainwater harvesting and 
reduction of wastage. Finally, the evaluation of the effectiveness of any 
adopted measures is conducted using Effectiveness Indexes. These in
dexes assess the extent of coverage provided by water supply and 
wastewater systems, alongside the quality of urban river water, offering 
a comprehensive post-implementation assessment. The methodology 
flow ensures a thorough, step-by-step approach to sustainable water 
management within urban areas. 

2.1. Study area 

The study area is located in Almirante Tamandaré municipality, 
situated in the southern region of Brazil, in Paraná state, more precisely 
in the Metropolitan Region of Curitiba, the capital city of the state. 

Placed above a karst aquifer, Almirante Tamandaré has a difficult 

Fig. 1. Application of UWU decision-support tool in case study.  

T.R. Hoepers et al.                                                                                                                                                                                                                              



Science of the Total Environment 912 (2024) 168865

4

relief and is located at the upstream of river basins (Barigui, Passaúna, 
Assungui, Atuba and Capivari) with a high degree of anthropization. 
This municipality was chosen because of the complexity of its current 
urban water situation, as it has not yet achieved universal access to 
urban water services. For instance, the water supply system has a high 
rate of water loss (54 %) compared with the Brazilian average (40 %), 
and the coverage of the wastewater sewage system in the urban area is 
58 % and 55 % in the Barigui basin (Brasil-SNS, 2022a,c), slightly above 
the national average (51.2 %) but below the average for Paraná state 
(75.2 %). It is crucial to highlight that the sewage system in Brazil is not 
combined, with wastewater and rainwater being drained by separate 
systems. 

Almirante Tamandaré’s urban area is mainly located in the Barigui 
river basin; therefore, this basin was chosen as the focus area of the 
study. Fig. 2 shows the land use map of the Barigui River basin in 
Almirante Tamandaré. This map was prepared using QGIS free software. 

2.2. Urban water use (UWU) decision-support tool 

The UWU decision support tool assesses the efficiency of water 
conservation and environmental health measures using a holistic 
approach to urban water systems. Based on this intention, the UWU tool 
works by comparing how these systems respond to pre-selected groups 
of measures in different scenarios in relation to sustainability indicators 
that shape the vision of stakeholders for a location. 

The general framework of UWU (Fig. 3) comprises eight main steps, 
namely: (i) diagnosis of the current data, (ii) construction of scenarios, 
(iii) definition of vision, (iv) development of intervention strategies, (v) 
selection of measures, (vi) simulations (linking the scenarios, measures, 
and vision), (vii) results assessment, and (viii) integrated evaluation. 

The final steps shown in Fig. 3, namely construction of an integrated 
strategy, an implementation plan, and previsions for continuous evalu
ation of the strategic planning, are only elaborated after decision-makers 
choose the group of measures that best meets their expectations. The 
remaining steps will be outlined in Sections 2.2.1 through 2.2.8. 

Concerning the main steps, the diagnosis of the current situation 
requires data on population, land use, current urban water services, and 
urban rivers. The scenarios are built to evaluate urban water services 
under uncertainties arising from climate change, economics, and social 
dynamics. 

The definition of vision is based on understanding the perceptions 
and desires of stakeholders for the future of the location. The indicators 
are called sustainability indicators because of the dimensions of sus
tainability that the stakeholders want to improve. The referred sus
tainability dimensions are technical, social, and environmental. The 
technical dimension is explored through the selection of measures that 
technically assess which measures are most appropriate for each loca
tion. The social dimension is explored by assessing the extent of popu
lation that will benefit from the implementation of the measures and, in 
opposition, the extent that will continue without access to urban water 
services. Finally, the environmental dimension is explored by assessing 
the impacts of urban water services on urban rivers. 

With respect to the intervention strategies, various urban water 
management approaches fall under the integrated framework. Each 
approach encompasses a spectrum of measures that can be implemented 
within the urban infrastructure or influence changes in urban water 
consumption behavior. 

Accordingly, simulations are conducted and coded in a spreadsheet, 
considering integrated urban water systems, to identify which selected 
group of measures meet the pre-established vision and in how many of 

Fig. 2. Land use map of the Barigui River basin in Almirante Tamandaré.  
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the different scenarios that occurs. The simulation results are evaluated 
in an integrated way, focusing on the performance of each group of 
measures in each sustainability indicator, under the different scenarios, 
through an effectiveness index. 

2.2.1. Diagnosis of the current data 
To assess the current state of urban water systems in the municipality 

of Almirante Tamandaré, Brazil, a comprehensive evaluation was con
ducted. This involved technical site visits, consultations with stake
holders, a review of the Municipal Basic Sanitation Plan (SMPG-PMAT, 
2022), and data from the National Information System on Sanitation 
(Brasil-SNS, 2022c). Fig. 4 shows the diagnosis of Almirante Tam
andaré’s Urban Water Systems. 

Overall, the UWU input data required are: Current population; 
Population density; Planning horizon; Produced drinking water flow; 
Per capita water consumption; Loss rate in the water supply network; 
Fixed infiltration rate; Interval of street sweeping; Urban area, Barigui 
river flow in 95 % of the time; BOD, TSS, TN and TP concentrations in 
the Barigui river; Wastewater return coefficient; Collected and treated 
wastewater flow; Current population served by the sewage system; 
Wastewater treatment plant configuration; BOD, TSS, TN and TP con
centrations in the raw wastewater; and BOD, TSS, TN and TP removal 
efficiencies of the treatment plant. These data are presented in supple
mental file. 

2.2.2. Construction of scenarios 
Scenarios are composed of drivers, such the effects of global warm

ing, the economy, and the social dynamics. In many of these factors, 

there is no possibility of human control, which results in a cycle subject 
to unpredictability (Nieuwenhuis et al., 2022, 2021; Richter et al., 
2020). 

As mentioned in Fig. 3, this is a step with stakeholder involvement. In 
this case study, two drivers were chosen by stakeholders from technical 
background to compose each scenario. The drivers are population 
growth rate (pgr) and average annual precipitation (P), being the first 
one to simulate possible social dynamics and the latter to simulate 
possible climate changes. On the first scenario it was used the current 
value of each driver for the study area (pgr(1) = 1,41%per year and P(1) =

1400mm/year), as to simulate what would occur if these current values 
of drivers would continue to be the same in the planning horizon. As a 
way of assessing uncertainties regarding the chosen drivers, the tech
nical stakeholders consulted established different values for each driver 
in second (pgr(2) = 1, 0%per year and P(2) = 1500mm/year) and third 
(pgr(3) = 2, 0%per year and P(3) = 1300mm/year) scenarios. 

2.2.3. Definition of vision 
As stated before, the vision definition is based on the perception and 

aspirations of the stakeholders for the future of the location under study, 
which are translated into sustainability indicators and their respective 
weights of importance for stakeholders. 

At this stage, various stakeholders involved include the community 
to be served, professionals from administrative, environmental, and 
social organizations, political representatives, as well as non- 
governmental organizations, among others. For this case study, con
sultations were limited to stakeholders with a technical background. 
Three sustainability indicators were select to build the vision for the 

Fig. 3. General framework of UWU decision-support tool emphasizing steps with integrated approach.  
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study area, which are (i) “Coverage of the water supply system”, (ii) 
“Coverage of the wastewater system” and (iii) “Pollutants concentra
tions in the urban river”. 

Stakeholders selected these indicators because they encompass 
technical, social, and environmental dimensions. The technical dimen
sion was considered as it enables a quantitative assessment of the vision. 
The social dimension is reflected in the ability to evaluate population 
coverage by urban water services, including drinking water supply and 
proper wastewater collection and treatment, ultimately affecting the 
community’s quality of life. Lastly, the environmental dimension allows 
for an assessment of the impacts of urban water systems on the Barigui 
river. 

To assess these impacts of pollution on the Barigui river, on indicator 
(iii) “Pollutants concentrations in the urban river”, four pollutant pa
rameters were selected, which are Biochemical Oxygen Demand (BOD), 
Total Suspended Solids (TSS), and the nutrients Total Nitrogen (TN) and 
Total Phosphorus (TP). 

In order to define a vision for these parameters, the Brazilian legis
lation was consulted. Brazilian freshwater bodies are classified into five 
different classes, according to the quality of water required for their 
main uses, which are Special Class, with higher quality required, Class 1, 
2, 3 and 4, the latter being with the lower quality required of them all 
(Brasil-CONAMA, 2005). Regarding the Barigui River, illustrated in 
Fig. 2, it is classified as Class 2 and Class 3 along its course. Each of these 
classes has a maximum concentration allowed for a several pollutant 
parameters, including the ones selected as indicators (BOD, TSS, TN and 
TP). 

To demonstrate how the effectiveness indexes can vary depending on 
the construction of the vision, four different visions were defined for this 

case study, with two sets of target values for each indicator, and two sets 
of importance weight for them. The stakeholders established the target 
for coverage of the water supply system indicator in order to not 
decrease the currently existing coverage in the study area, equal to 100 
%. Regarding the coverage of the wastewater system, the stakeholders 
established one target to meet Brazilian legislation (Brasil, 2020), equal 
to 90 %, and other more realistic to achieve in their opinion, equal to 80 
%. Concerning the pollutant concentrations, the established targets were 
due to classifications of Brazilian legislation (Brasil-CONAMA, 2005) for 
rivers class 2 and 3. It is essential to highlight that the pollutant con
centrations are evaluated in the mixing of wastewater and surface runoff 
with Barigui river, and that all visions were defined for the planning 
horizon of 20 years. 

Concerning the sustainability indicators weights of importance to 
stakeholders, one set prioritizes the social dimension while the other 
prioritizes the environmental dimension. That is, one set granted a high 
importance to water supply coverage, while the other set prioritized 
wastewater coverage and the impacts of urban water on the receiving 
body, in this case, the Barigui River. The built visions are presented in 
Table 1. 

2.2.4. Development of intervention strategies 
As modalities of intervention strategies, there are Water Sensitive 

Urban Design – WSUD (Fletcher et al., 2015), Blue Green Infrastructure 
– BGI (Suleiman, 2021); ECOSAN (Mwase, 2006), Alternative Combined 
Systems (Hoepers, 2019; Lobato, 2020), Water Demand Management – 
WDM (Butler and Memon, 2006; Cominola et al., 2015), etc. In this 
paper, the stakeholders selected measures under WSUD and WDM 
strategies. 

Fig. 4. Panorama of current situation of Almirante Tamandaré’s Urban Water Systems.  
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Water Sensitive Urban Design – WSUD is a strategy that aims to 
prevent flooding and erosion by managing the water balance in urban 
systems, to minimize the transport of pollutants in the surface runoff by 
treating this water, to encourage water conservation in buildings and 
households by reusing water, and to preserve natural resources to use 
them as recreational urban areas (Fletcher et al., 2015). 

And Water Demand Management – WDM is a strategy that aims to 
adopt more efficient sanitary appliances, to have tariff control of urban 
water services, to regulate rational use of water, to invest in constant 
maintenance to control leaks in the network, and to invest in environ
mental education campaigns to raise awareness among water users 
(Cominola et al., 2015). 

As evident, there are similarities in certain objectives between the 
two selected strategies. Nevertheless, it is apparent that WSUD places 
significant emphasis on environmental health, whereas WDM primarily 
focuses on optimizing water consumption efficiency. Both strategies are 
in accordance with the principles relating to water conservation and the 
promotion of environmental health, which are fundamental to this 

study. 

2.2.5. Selection of measures 
From the perspective of the chosen intervention strategies, six 

different measures were selected, as presented in Table 2. The selected 
measures were based on rational use of water, control of water losses in 
the supply network, water conservation in buildings and households by 
using alternative sources, minimizing the transport of pollutants in the 
surface runoff, and increasing the capacity of the current wastewater 
system by expanding the sewage network and the existing wastewater 
treatment plant while maintaining the same treatment configuration. 

To illustrate the integrated approach with these selected measures, 
Table 2 also presents the location where each measure is implemented 
and the sustainability indicators that are affected by each one of them. 
Fig. 5 illustrate where the measures are applied in the urban water cycle. 

The adopted values were based on the following: M1 represents the 
average decrease in effective water consumption achieved during a 
drought period in the study area in 2020. M2 corresponds to meeting the 

Table 1 
Built visions.  

Sustainability indicators Unity Vision 1 Vision 2 Vision 3 Vision 4 

Target Weight Target Weight Target Weight Target Weight 

Coverage of WSS % 100 % 35 % 100 % 20 % 100 % 35 % 100 % 20 % 
Coverage of WWS % 80 % 25 % 80 % 30 % 90 % 25 % 90 % 30 % 
BOD mixing concentration mg/l 10 10 % 10 12,5 % 5 10 % 5 12,5 % 
TSS mixing concentration mg/l 60 10 % 60 12,5 % 30 10 % 30 12,5 % 
TN mixing concentration mg/l 13,3 10 % 13,3 12,5 % 3,7 10 % 3,7 12,5 % 
TP mixing concentration mg/l 0,15 10 % 0,15 12,5 % 0,1 10 % 0,1 12,5 % 

Note: WSS: Water Supply System; WWS: Wastewater System; BOD: Biochemical Oxygen Demand; TSS: Total Suspended Solids; TN: Total Nitrogen; and TP: Total 
Phosphorus. 

Table 2 
Selected measures: location versus affected indicators. 

Measure Value 
adopted Location 

Sustainability Indicators 
Coverage 
of Water 
Supply 
System 

Coverage of 
Wastewater 

System 

Pollutants 
concentrations 

in the river 

M1 
Decrease in effective 

water consumption 
10% Households 

   

M2 

Reduction of water 

losses in the supply 

network 

40% WSS 
 

- - 

M3 
Use of rainwater in the 

households 
5% of qe  Households 

 
- 

 

M4 
Reuse of water in the 

households 

15% of 

qe  
Households 

   

M5 

Use of wetlands to treat 

surface runoff 
 

UDS - - 
 

BOD removal 

efficiency ( ) 1 
85% 

TSS removal efficiency 

( ) 1 
85% 

TN removal efficiency 

( ) 1 
40% 

TP removal efficiency 

( ) 1 
15% 

M6 
Double treatment 

capacity of wastewater 

200% of 

,  
WWS - 

  

Note:  = effective per capita water consumption (l/inhab.day); ,  = treated wastewater flow (l/s); WSS 

= Water Supply System; WWS = Wastewater System; UDS = Urban Drainage System;  = Affects the 

Coverage of Water Supply System Indicator; = Affects the Coverage of Wastewater System Indicator; 

 = Affects the Pollutants concentrations in the river indicator;  1
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Fig. 5. Location of selected measures in the urban area.  

Fig. 6. Water cycle in the urban environment.  
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average Brazilian water loss rate. M3 is related to the average amount of 
water used for watering gardens and washing external areas of house
holds. M4 pertains to half the average amount of water used for flushing 
toilets. M5 is based on the values stipulated by Von Sperling (Von 
Sperling, 2017). M6 aims to work toward the universalization of 
wastewater services. 

2.2.5.1. Groups of measures. We categorized the six selected measures 
into four distinct groups, labeled as G1 to G4. 

Each group was carefully crafted to encompass measures aimed at 
enhancing water consumption awareness (M1), reducing water loss 
rates in the supply system (M2), and increasing the wastewater system’s 
capacity (M6). This selection was formed due to previous successful 
consumption reduction endeavors, also in light of significantly higher 
loss rates in the study area compared to the Brazilian average, and to a 
notable deficiency in wastewater system coverage. 

As a result, G1 comprises the fundamental trio of measures: M1, M2, 
and M6. For the other groups, we introduced an additional measure 
related to alternative water sources in each. G2 is dedicated to the use of 
rainwater, encompassing M1, M2, M3, and M6. G3 focuses on reuse of 
water, integrating M1, M2, M4, and M6. Lastly, G4 includes the use of 
wetlands to treat surface runoff and the use of rainwater in the house
holds, involving measures M1, M2, M3, M5, and M6. 

Furthermore, we established a control group, G0, devoid of any 
measures, to simulate the system’s performance without interventions. 
Additionally, we evaluated the performance of individual measures 
when not combined with others. 

2.2.6. Simulations 

In IUWM context, Fig. 6 shows the urban water cycle and the key 
equations to estimate the flows in the systems. The urban water cycle 
involves several stages, beginning with the capture of water from either 
surface or underground sources for human consumption. Subsequently, 
this water undergoes treatment to ensure it meets drinkable and sanitary 
standards. After consumption, the resulting effluents are collected and 
transported for treatment or direct disposal into the soil or a water body 
(Carneiro, 2007). 

Rainwater runoff in urban areas is another integral part of the urban 
water cycle. Notably, urbanized regions have a higher degree of soil 
sealing compared to natural areas, limiting rainwater infiltration ca
pacity. This reduction in infiltration affects groundwater recharge while 
increasing surface runoff volumes. To mitigate this, rainwater galleries 
(conduits designed for transporting rainwater) are utilized to accelerate 
runoff, subsequently reducing travel time, and promoting increased 
maximum flow rates and advance of flow peaks. However, this accel
eration can also lead to flooding issues (Tucci, 1997). 

From these key equations, the main equations to estimate each sus
tainability indicator are the follow. Eq. (1) is used to estimate the 
coverage of the water supply system, Eq. (2) is used to estimate the 
coverage of the wastewater system, and Eq. (3) is used to estimate the 
pollutant concentration in the mixing of wastewater and surface runoff 
with the river. 

CWSS(x,n) = QP
/

QD(x,n) (1)  

where: CWSS(x,n) is the coverage of the water supply system in scenario 
“x” and in “n” groups of measures, in %; QP is the current produced 
drinking water flow, in l/s; QD is the demanded water flow in scenario 
“x” and in “n” groups of measures, in l/s. 

In Eq. (1), the produced drinking water flow (QP) is maintained, and 
the coverage of the water supply system (CWSS) will vary depending on 
the demanded drinking water flow (QD). QD will change in each scenario 
and with the application of measures, either individually or in groups. 
This is because each scenario has a different population growth rate 
(pgr), and because most of the measures (M1 – Decrease in effective 
water consumption, M2 – Reduction of water losses in the supply 
network, M3 – Use of rainwater in the households, and M4 – Reuse of 
water in the households) changes the water demand [M1, M3, and M4 
change qe (effective per capita water consumption, in l/inhab.day), and 
M2 changes ISN (water losses index in the supply system, in %)]. 

CWWS(x,n) = QWW,t(n)
/

QWW(x,n) (2)  

where: CWWS(x,n) is the coverage of the wastewater system in scenario “x” 
and in “n” groups of measures, in %; QWW(x,n) is the average produced 
wastewater flow in scenario “x” and in “n” groups of measures, in l/s; 
QWW,t(n) is average wastewater flow collected and treated by the 
wastewater system in “n” groups of measures, in l/s. 

In Eq. (2), measures M1(Decrease in effective water consumption) 
and M4 (Reuse of water in the households) will change the wastewater 
average flow (QWW). As for measure M6 (Double treatment capacity of 
wastewater), it will change the wastewater average flow collected and 
treated (QWW,t). Which means these three measures (M1, M4 and M6), 
either individually or combined with others, will affect the coverage of 
the wastewater system (CWWS). Also, the CWWS will vary in the scenarios, 
because of the different values for the population growth rate (pgr) in 
each one of them.  

where: PCB(x,n) is pollutant concentration in the mixing of wastewater 
and surface runoff with the river in scenario “x” and in “n” group of 
measures, in mg/l; PCSR(x,n) is pollutant concentration in surface runoff 
in scenario “x” and in “n” group of measures, in mg/l; QSR(x,n) is average 
surface runoff flow in scenario “x” and in “n” group of measures, in l/ 
s; PCWW(x,n) is pollutant concentration in wastewater in scenario “x” and 
in “n” group of measures, in mg/l; QWW(x,n) is average wastewater flow in 
scenario “x” and in “n” groups of measures, in l/s; PCR is pollutant 
concentration in the river (adopted), in mg/l; and Q95 is Barigui river 
flow in 95 % of the time at the monitoring point, in l/s. 

In Eq. (3), for the parcel that represents the surface runoff, measure 
M5 (Use of wetlands to treat surface runoff) will directly affect the 
pollutant concentration in surface runoff (PCSR). Measure M3 (Use of 
rainwater in the households) will affect both the PCSR and the average 
surface runoff flow (QSR), because of the amount of water used in 
households is not becoming surface runoff anymore, but rather is 
becoming an effluent collected by the wastewater system. Both drivers 
that composed the scenarios, population growth rate (pgr) and average 
annual precipitation (P), affect the surface runoff pollutants concentra
tion. For the wastewater parcel of Eq. (3), three measures affect the 
pollutant concentration in the mixing of wastewater and surface runoff 
with the river (PCB), measures M1 (Decrease in effective water con
sumption), M4 (Reuse of water in the households), and M6 (Double 
treatment capacity of wastewater). As said before, measures M1 and M4 
will change the wastewater average flow (QWW). Measures M4 and M6 
change the pollutant concentration in wastewater (PCWW), the first by 
modifying the pollutants concentration in the effluent and the latter by 
providing treatment to a larger wastewater flow. The wastewater parcel 
is also affected by population growth rate (pgr), which is a driver in the 

PCB(x,n) =
[(

PCSR(x,n)⋅QSR(x,n)
)
+
(
PCWW(x,n)⋅QWW(x,n)

)
+(PCR⋅Q95)

]/(
QSR(x,n) +QWW(x,n) +Q95

)
(3)   
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scenarios. 
It is important to highlight that other equations used in the simula

tions are presented in the supplemental file. 

2.2.7. Results assessment 
At this step, it is possible to evaluate the intervention results with 

respect to the selected indicators. Each indicator elucidates the ramifi
cations of implementing measures, either individually or in combina
tion. Given that the simulations were conducted using an integrated 
approach, it is feasible to discern the manner in which an applied 
measure within one system can significantly impact other interrelated 
systems. 

2.2.8. Integrated evaluation 
The integrated evaluation is carried out through the analysis of 

effectiveness indexes (EI) of each group of measures in each constructed 
vision. 

The EI measures the performance of each group of measures, or the 
measures acting individually, in relation to pre-established vision, or in 
the four pre-established visions in this case. This performance is evalu
ated in different scenarios, which represent the possible uncertainties of 
long-term planning. The group of measures, or the measures acting 
individually, that achieve the vision in a greater number of scenarios 
will have a greater EI. 

The EI of each group of measures, under the three different scenarios, 
and in each of the four constructed visions is calculated through Eq. (4). 

EIk,v =
∑si

i=1
Ni,k,v⋅Wi,k,v (4)  

where: EIk,v is the effectiveness index of “k” group of measures; si are the 
number of selected sustainability indicators; Ni,v: is the number of sce
narios in which the sustainability indicators “i” achieved the vision “v”; 
Wi,v: is the sustainability indicator “i” weight in the vision “v”. 

The higher EI each group of measures achieves, the more efficient it 

is. From 0.00 to 0.59, is a poor efficiency, from 0.60 to 1.19 is an 
insufficient efficiency, from 1.20 to 1.79 is a reasonable efficiency, from 
1.80 to 2.39 is a good efficiency, and from 2.40 to 3.00 is an excellent 
efficiency. 

3. Results and discussion 

Regarding the sustainability indicators that compose the vision, the 
performances results from groups of measures, and from measures 
acting individually in the different scenarios are presented in Tables 3 
and 4, respectively. It is worth remembering that stakeholders attributed 
values more easily attainable to visions 1 and 2 compared to the values 
attributed to visions 3 and 4, as presented in Table 1. 

When comparing the results of each measure acting individually 
with group G0, which simulates what would happen in the planning 
horizon if nothing were done, it can be observed the effects of each 
measure on sustainability indicators, as appointed by Table 2. 

It is worth mentioning that measures M2 (Reduction of water losses 
in the supply network) and M6 (Double treatment capacity of waste
water) were capable of achieving one or more visions in some of the 
scenarios. This is mainly due to social dynamics considered, as scenarios 
with lower population growth rate and, consequently, with lower water 
demands, facilitate the achievement of visions. It is possible to observe 
synergies between systems with regards of the application of M4 (Reuse 
of water in the households), as this measure obtained better perfor
mances compared to G0 in all scenarios of almost all indicators, except 
for the concentration of TP. The later has improved by this measure only 
in the first scenario. While M3 (Use of rainwater in the households) 
shows slightly poorer results in the first scenario compared to those of 
G0, with regards to pollutants concentrations. This indicates a possible 
trade-off between the systems when M3 (Use of rainwater in the 
households) is applied. It is recommended to conduct a sensitivity 
analysis of the scenario variations in future work to indicate the sensi
tivity of these measures to these variations. 

Based on the four visions (Table 1) and considering the multiples 

Table 3 
Performance of groups of measures (GM) in different scenarios (SC).  

GM Sustainability indicator Unity SC. 1 SC. 2 SC. 3 Scenarios where the vision (V) was achieved 

V 1 V 2 V 3 V 4 

G0 

Coverage of WSS % 76 % 82 % 67 %  0  0  0  0 
Coverage of WWS % 41 % 45 % 37 %  0  0  0  0 
BOD mixing concentration mg/l 17,21 15,96 18,99  0  0  0  0 
TSS mixing concentration mg/l 53,63 52,22 55,86  3  3  0  0 
TN mixing concentration mg/l 8,77 8,64 8,88  3  3  0  0 
TP mixing concentration mg/l 0,39 0,36 0,43  0  0  0  0 

G1 

Coverage of WSS % 109 % 118 % 97 %  2  2  2  2 
Coverage of WWS % 92 % 100 % 82 %  3  3  2  2 
BOD mixing concentration mg/l 9,03 7,86 10,78  2  2  0  0 
TSS mixing concentration mg/l 44,05 42,71 46,27  3  3  0  0 
TN mixing concentration mg/l 8,28 8,17 8,38  3  3  0  0 
TP mixing concentration mg/l 0,22 0,19 0,26  0  0  0  0 

G2 

Coverage of WSS % 115 % 125 % 102 %  3  3  3  3 
Coverage of WWS % 92 % 100 % 82 %  3  3  2  2 
BOD mixing concentration mg/l 9,04 7,70 10,48  2  2  0  0 
TSS mixing concentration mg/l 44,12 39,32 39,95  3  3  0  0 
TN mixing concentration mg/l 8,28 8,14 8,33  3  3  0  0 
TP mixing concentration mg/l 0,22 0,18 0,24  0  0  0  0 

G3 

Coverage of WSS % 129 % 139 % 114 %  3  3  3  3 
Coverage of WWS % 94 % 102 % 83 %  3  3  2  2 
BOD mixing concentration mg/l 8,78 7,63 10,50  2  2  0  0 
TSS mixing concentration mg/l 43,79 42,47 45,99  3  3  0  0 
TN mixing concentration mg/l 8,25 8,14 8,35  3  3  0  0 
TP mixing concentration mg/l 0,21 0,18 0,25  0  0  0  0 

G4 

Coverage of WSS % 115 % 125 % 102 %  3  3  3  3 
Coverage of WWS % 92 % 100 % 82 %  3  3  2  2 
BOD mixing concentration mg/l 7,62 6,43 9,31  3  3  0  0 
TSS mixing concentration mg/l 22,13 20,33 23,02  3  3  3  3 
TN mixing concentration mg/l 8,21 8,08 8,28  3  3  0  0 
TP mixing concentration mg/l 0,21 0,17 0,24  0  0  0  0  
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scenarios, the effectiveness indexes of each group of measures or mea
sures acting individually were calculated, as presented in Fig. 7. 

While important for assessing the influences of an integrated 
approach, it can be verified that most of measures working individually 
do not have a good efficiency, which is the case of rational use of water 
(M1 - Decrease in effective water consumption), use of alternative water 
sources (M3 - Use of rainwater in the households and M4 - Reuse of 
water in the households) and treatment of surface runoff (M5 - Use of 
wetlands to treat surface runoff), that all had the same performance as 
the control group G0. Even the other two measures (M2 - Reduction of 
water losses in the supply network and M6 - Double treatment capacity 
of wastewater) that performed better than the control group were still 

not enough to guarantee high effectiveness. 
Now evaluating the groups of measures, G1 obtained the least 

effective performance of all groups. When comparing this group to the 
others, it is the only one that does not contemplate the use of alternative 
sources of water. This may indicate the importance of this measure 
category in achieving the desired sustainability. Nonetheless, it is 
important to highlight that in order to use this category of measure, it 
may be necessary to work on its acceptance by the population, as indi
cated by Malisa et al., 2019 case study, where part of the community 
were reluctant to the idea of reusing water. 

Regarding groups G2 and G3, they obtained the same EI in each 
relative built vision. It should be noted that both groups are composed of 

Table 4 
Performance of measures acting individually (M) in different scenarios (SC).  

M Sustainability indicator Unity SC 1 SC 2 SC 3 Scenarios where the vision (V) was achieved 

V 1 V 2 V 3 V 4 

M1 

Coverage of WSS % 84 % 91 % 75 %  0  0  0  0 
Coverage of WWS % 46 % 50 % 41 %  0  0  0  0 
BOD mixing concentration mg/l 15,53 14,39 17,15  0  0  0  0 
TSS mixing concentration mg/l 51,88 50,59 53,94  3  3  0  0 
TN mixing concentration mg/l 8,55 8,44 8,65  3  3  0  0 
TP mixing concentration mg/l 0,35 0,32 0,39  0  0  0  0 

M2 

Coverage of WSS % 98 % 107 % 88 %  1  1  1  1 
Coverage of WWS % 41 % 45 % 37 %  0  0  0  0 
BOD mixing concentration mg/l 17,21 15,96 18,99  0  0  0  0 
TSS mixing concentration mg/l 53,63 52,22 55,86  3  3  0  0 
TN mixing concentration mg/l 8,77 8,64 8,88  3  3  0  0 
TP mixing concentration mg/l 0,39 0,36 0,43  0  0  0  0 

M3 

Coverage of WSS % 80 % 86 % 71 %  0  0  0  0 
Coverage of WWS % 41 % 45 % 37 %  0  0  0  0 
BOD mixing concentration mg/l 17,26 15,84 18,73  0  0  0  0 
TSS mixing concentration mg/l 53,68 48,83 49,59  3  3  0  0 
TN mixing concentration mg/l 8,80 8,64 8,86  3  3  0  0 
TP mixing concentration mg/l 0,39 0,36 0,42  0  0  0  0 

M4 

Coverage of WSS % 89 % 96 % 79 %  0  0  0  0 
Coverage of WWS % 42 % 46 % 38 %  0  0  0  0 
BOD mixing concentration mg/l 16,95 15,72 18,70  0  0  0  0 
TSS mixing concentration mg/l 53,35 51,96 55,56  3  3  0  0 
TN mixing concentration mg/l 8,73 8,61 8,85  3  3  0  0 
TP mixing concentration mg/l 0,38 0,36 0,43  0  0  0  0 

M5 

Coverage of WSS % 76 % 82 % 67 %  0  0  0  0 
Coverage of WWS % 41 % 45 % 37 %  0  0  0  0 
BOD mixing concentration mg/l 15,78 14,54 17,54  0  0  0  0 
TSS mixing concentration mg/l 31,80 30,43 33,66  3  3  0  0 
TN mixing concentration mg/l 8,68 8,55 8,79  3  3  0  0 
TP mixing concentration mg/l 0,38 0,35 0,42  0  0  0  0 

M6 

Coverage of WSS % 76 % 82 % 67 %  0  0  0  0 
Coverage of WWS % 83 % 90 % 74 %  2  2  1  1 
BOD mixing concentration mg/l 10,73 9,44 12,64  1  1  0  0 
TSS mixing concentration mg/l 34,97 44,36 48,21  3  3  0  0 
TN mixing concentration mg/l 6,95 8,37 8,62  3  3  0  0 
TP mixing concentration mg/l 4,84 0,22 0,30  0  0  0  0  

Fig. 7. Effectiveness Indexes (EI) of group of measures and measures acting individually regarding the four built visions.  
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measures of rational use of water, control of losses in the supply 
network, use of alternative sources and increase in wastewater treat
ment capacity. The difference between them lies in the alternative 
source of water to be used in households, with G2 using rainwater and 
G3 reusing water as alternative sources. 

In this case, for the decision maker to be able to better differentiate 
these groups, it would be necessary to evaluate the economic and social 
sustainability dimensions. Concerning the social dimension, as previ
ously mentioned, the use of alternative sources may not be well accepted 
by the population, especially regarding reuse of water. In this case, it 
may indicate an advantage for G3 group that uses rainwater. In relation 
to the economic dimension, in theory the implementation and mainte
nance of a rainwater use system is cheaper than a reuse of water system. 
However, this strongly depends on the rainfall regime of the region. 
With regards to reuse of water in the households, it is also important to 
assess its effect on the hydraulic aspects of the existing wastewater 
system. For instance, in M4 (Reuse of water in the households) the 
existing sewage network will receive an effluent with a lower volume 
and a higher pollutants concentration than designed for. Hence, it is also 
essential to assess whether the current design of the network will be able 
to accommodate these future conditions with regards to the transport of 
wastewater. Therefore, it is recommended to include these assessments 
in future work. 

Concerning group G4, it is the most complete of all, using measures 
of rational use of water, control of losses in the supply network, use of 
alternative sources, increase in wastewater treatment capacity, and 
treatment of surface runoff. That said, it is not a surprise that this is the 
group with the highest EI in all built visions. 

Despite that, not even G4 achieved the vision for Total Phosphorus 
concentration in the river. In this case, it would be necessary to inves
tigate whether the increase in wastewater treatment capacity, which 
already uses a configuration with high phosphorus removal efficiency 
(UASB + flotation), or whether the adoption of a more efficient phos
phorus removal surface runoff treatment system or maybe a combina
tion of both would be enough to achieve the vision. 

In reference to the impacts of the importance weights attributed to 
each sustainability indicator by the stakeholders, these can be perceived 
by analyzing the results of EI 1 compared to EI 2, and of EI 3 compared to 
EI 4. It is important to note that the social dimension was prioritized in 
visions 1 and 3, with greater weight being given to services coverage, 
especially regarding water supply system. Thus, as most selected mea
sures aimed to improve water supply management, the groups of mea
sures achieved higher efficiency in visions 1 and 3 than they achieved in 
visions 2 and 4. 

This is even more noticeable when comparing the EI of the groups in 
vision 3 and vision 4. In this case, the target values attributed to the 
sustainability indicators that compose these visions are more ambitious, 
especially regarding wastewater system coverage and water quality in 
the Barigui River. As in vision 4 stakeholders granted higher weights for 
those indicators whose values are more difficult to be achieved, the 
proposed groups of measures had worse performance in this vision, 
because measures focus is mostly with water supply system. 

It is important to highlight a limitation of the UWU decision-support 
tool. The equations used in UWU in this work are based on average 
events. As a consequence, they do not allow to evaluate the occurrence 
of extreme events such as droughts or floods. It is also worth noting that 
the equations used aim to evaluate the water balance of urban water 
systems and do not capture the temporal features of the hydraulic and 
operational behavior of these systems. As the operation of these systems 
affects the efficiency of the applied measures, it is recommended to 
further pay attention to these omission in future work. 

However, it is important to emphasize that the UWU decision- 
support tool aims to compare the efficiency of different measures. It 
considers the complexity of urban water systems under an integrated 
approach in a non-complicated way, without the need for extensive data 
and robust modeling. In contrast, WaterMet2 (Behzadian and Kapelan, 

2015) is based on the concept of metabolism, not just water balance, and 
it use long term series for validation. As for CityPlan-Water (Puchol- 
Salort et al., 2022), although it is also based on a holistic and integrated 
framework that combines urban planning and water management to 
address the pressing challenges of urbanization and climate change, it is 
primarily centered on the concept of Water Neutrality, that involves 
offsetting an expected rise in water demand from new urban de
velopments by decreasing existing demand within the region. 

Therefore, UWU can be a relevant tool to accelerate the development 
and implementation process of strategic planning to assist with decision- 
making and contribute to achieving the universalization of services. 

4. Conclusion 

This study looks into the complexity of urban water systems which 
are influenced by social dynamics, land use, and climate change. It 
actively includes stakeholders in strategic planning of urban water sys
tems using the Urban Water Use (UWU) decision-support tool. Stake
holders are involved in establishing future scenarios with 
hydrometeorological conditions and population growth, in defining vi
sions based on their desires for the future of the location under study, in 
this case Almirante Tamandaré-Brazil, which are translated into sus
tainability indicators, and in choosing intervention strategies. 

In the case study, stakeholders defined four different visions aiming 
for universal access to urban water services. Two of these visions set 
more ambitious targets, while the other two aimed for more realistic 
goals. This revealed that as the targets became more ambitious, 
achieving high levels of effectiveness became increasingly challenging. 
In addition, the perception of the stakeholders on how to assign weight 
to the sustainability indicators when defining the vision can impact the 
range of effectiveness of measures, as happened with the group of 
measures G4, which achieved Reasonable Effectiveness Index in vision 4 
and Good Effectiveness Index in vision 3. A key finding of this work is 
the adaptability of the UWU tool in response to unmet visions. When 
strategies do not achieve the intended vision, the tool prompts a reas
sessment of stakeholder perceptions, leading to the formulation of a 
more context-appropriate vision. This adaptability underscores the 
relevance of the UWU tool in simplifying the implementation of strategic 
planning, contributing significantly toward the universalization of water 
services. Ultimately, this study validates the importance of an inte
grated, adaptive, and stakeholder-centric approach in urban water sys
tem planning. 

Moreover, the research delves into the complexity of the urban water 
system by comparing measures acting individually against the control 
group G0, uncovering synergies and trade-offs influenced by scenario 
variations, such as different population growth rates and annual average 
precipitation changes. Because of this, it is recommended that future 
work conduct a sensitivity analysis of the scenario variations to indicate 
the sensitivity of the measures to these variations. 

Finally, given the proximity of Effectiveness Indexes among all 
groups of measures in achieving each vision, it is advisable for future 
research to place greater emphasis on economic and social aspects. This 
emphasis will assist decision-makers in better distinguishing between 
these groups and making more informed choices. Nonetheless, in this 
case study the group of measures who achieved the highest Effectiveness 
Index was the group G4, composed by measures M1 - Decrease in 
effective water consumption, M2 - Reduction of water losses in the 
supply network, M3 - Use of rainwater in the households, M5 - Use of 
wetlands to treat surface runoff, and M6 - Double treatment capacity of 
wastewater. 
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Ministério do Desenvolvimento Regional - Secretaria Nacional de Saneamento, 
Brasília.  
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