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Abstract: To enable effective decision-making at the entire city level, both surface water and 
groundwater should be viewed as part of the extended urban water ecosystem with its 
spatiotemporal availability, quantity, quality and competing uses being taken into account. The 
Water4Cities project aims to build an ICT solution for the monitoring, visualization and analysis 
of urban water at a holistic urban setting to provide added-value decision support services to 
multiple water stakeholders. This paper presents the main stakeholders identified, the overall 
approach and the target use cases, where Water4Cities platform will be tested and validated. 

Keywords: urban water management; sensors; ICT; analytics; sustainability; water stakeholders; 
system architecture 

 

1. Introduction  

Urban water management becomes progressively more challenging in the view of population 
growth, emerging climate change stress on water resources [1], decreasing resilience of aging 
infrastructure, such as water distribution networks (WDNs) and tanks, and increasing complexity 
of water management systems [2]. Recent review on Water Distribution Systems (WDSs) 
optimization schemes [3] highlights the complexity of optimizing a WDN and reveals the major role 
of technological evolution in facilitating smart water solutions through the past three decades. A 
smart water solution would involve and integrate real-time or near-real-time remote sensing and 
control, forecasting algorithms and platforms to shape up a Decision Support System (DSS) which 
aims at sustainable resources use [4]. Despite ongoing research, there is great room for progress in 
linking water sources –surface and groundwater— to urban water systems as part of a holistic 
urban water management approach. 

Rapid urbanization, intensified agriculture and industry combined with water scarcity and 
climate change pressures that include long drought periods or extreme storm water events and 
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diminishing fresh water supplies [5], set water quantity and quality monitoring as an imperative 
component of an efficient urban water management scheme, resulting in the wider adoption of 
monitoring technologies (smart meters, sensors etc.) by water stakeholders [4,6,7]. Worldwide, 
policy instruments, such as the EC Water Framework Directive [8] and the US Environmental 
Protection Agency (EPA) Water Management Plans and Best Practices [9] are applying pressure to 
authorities of all levels to actually implement such innovative solutions. However, the deployment 
of advanced high-quality real-time monitoring activities in urban settings is not yet achieved due to 
several reasons including: i) difficulties in collecting precise and robust monitoring data due to 
sensor technologies limitations, such as limited battery lifetime and limited transmission range 
especially for groundwater monitoring [10,11]; ii) standardization issues that prohibit 
interoperability [12,13] and iii) use of simple data mining and data visualization algorithms that do 
not fully exploit the value of data collected.  

The Water4Cities project [14] will rely on sensor technologies, data and visual analytics to 
enable localization, modelling, forecasting and visualization of urban water resources (both surface 
water and groundwater), as well as urban water infrastructure, at a holistic urban setting providing 
services to multiple water stakeholders. In this line, the Water4Cities project aims to develop an 
Information and Communications Technology (ICT) platform that will enable water utilities, 
authorities and other relevant stakeholders to a) monitor in real-time critical urban water resources 
parameters; b) support their decisions for optimal urban water management of minimal 
environmental impact and c) involve policy makers, corporations and public to provide support for 
sound and balanced decision-making. 

On top of the technical limitations, there is currently a lack from the methodological viewpoint 
with respect to treating the urban water ecosystem in a holistic manner, which depicts the 
interrelationships between different components such as surface water, groundwater, wastewater, 
water reuse potential, the water-energy nexus, as well as conflicting policies and/or subsidies that 
lead to uncertain results. The Water4Cities project will contribute to a sustainable management of 
urban water by relying on three main innovation pillars: i) the design of a holistic integrated 
methodology for urban surface water and groundwater monitoring and management; ii) the 
construction of a beyond the state-of-the-art data collection mechanism for urban water monitoring; 
iii) the enablement of real-time spatiotemporal visualization of water resources for sustainable 
urban water management. 

In this paper, we investigate different stakeholders΄involvement in the urban water ecosystem, 
and we present the high-level architecture of the Water4Cities platform, which provides a unique 
ICT-based solution as a response to their needs. In Section 2, we present the high-level system 
architecture, which includes a robust, energy efficient monitoring infrastructure and appropriate 
data mining and visualization tools. In this line, we describe the Water4Cities services offered to 
different stakeholders, e.g., the optimization of water management decisions, the assessment of 
existing synergies between energy and water use, and the impact of climate change on available 
water resources. In Section 3, we identify the several Water4Cities actors (utilities, regional/national 
authorities, policy makers, citizens etc.), their expected interest in Water4Cities and potential 
conflicts among stakeholders. Finally, in Section 4, we provide an overview of the target use cases 
considered in the context of the Water4Cities project and we conclude the paper in Section 5. 

2. Materials and Methods  

The overall vision of the Water4Cities project is to deliver optimized urban monitoring and 
decision support services through advanced visualization tools. The central concept of Water4Cities 
project is to provide water managers the appropriate tools that will enable them to assess the 
implications of their decisions, such as groundwater over-exploitation, trade-off between energy 
and water use, introduction of different land uses, the effects of climate change on available water 
resources, etc. Figure 1 shows the high-level architecture of the envisioned Water4Cities system. 
The architecture follows a standard 3-tier model, comprising three layers (i.e., Data layer, Platform 
Layer and Application Layer): 



Proceedings 2018, 2, x 3 of 8 

 

 
Figure 1. High Level Water4Cities System Architecture. 

• Data Layer refers to the different data sources, including real-time sensor data collected in an 
efficient manner through the IoT Gateway. Water4Cities will rely on energy efficient 
communication protocols to allow data collection even in hard-to-reach places in the case of 
groundwater monitoring. Beyond, sensor data, which will constitute the main data source for 
the project, Water4Cities will allow also the integration of existing data, such as water 
consumption data, meteorological data etc. 

• Platform Layer contains the core components of the Water4Cities system, enabling the 
processing of data to extract useful knowledge. Water4Cities will focus on the development of 
data-driven models and tools to analyse sensor data and historical or static data to assist water 
management decisions. Initially, data collected will be cleaned (from potential outliers) and be 
semantically annotated. The outputs of the data-driven analysis will be fed to appropriate data 
visualization techniques to facilitate data analysis and increase user engagement. In addition, 
the platform will provide an API toolkit enabling the exchange of information with third-party 
tools (typically process-driven tools widely used in water modelling).  

• Application Layer consists of a number of services provided through a unified GUI by the 
Water4Cities platform. This layer may include the following services: i) Data Insertion 
enabling users to contribute their data in the platform; ii) Data monitoring and visualization in 
different formats; iii) Prediction tools for the prediction of water quantity supply and demand; 
iv) Cost-Benefit analysis for interventions (e.g., planning for green infrastructure measures); v) 
Scenario simulation (e.g., simulation of climate-change scenarios); vi) Water-Energy Nexus 
Analysis; v) Water Quantity/Quality comparison over time. 

3. Results 

An important part of the analysis involves the classification of stakeholders that are critical to 
the project and should remain an integral part of it. All relevant stakeholders are mapped and 
classified, while; for each stakeholder category, their expected interest and possible conflicts with 
other stakeholder groups are presented in Table 1. This analysis provides us with a common basis 
for the presentation of the Water4Cities platform design and the actors’ involvements in the two 
Use Cases. 
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Table 1. Water4Cities Stakeholders: Main Interests and Conflicts. 

Actor Category Interest of the actors with respect to 
Water4Cities Conflicts among actors 

National ministries 
and agencies 

(for finance, energy, 
development, 
tourism etc.) 

Have a strong interest in improving water 
management services in the country; 
Responsible for policy coordination, 

guidance and ensuring that all aspects 
relevant to achieving Water4Cities 

objectives and for sustaining the 
improved services to the required level 

are dealt with high efficiency 

Short term interests (political 
or financial gains, meeting 

coverage targets etc.) 
conflicting with long term 

interest of sustainability and 
as a consequence with NGOs 
which fight for this purpose 

Authorities 
(regional, local) 

Obtain further information and 
knowledge that will guide the 

implementation of practices aiming at the 
sustainable exploitation of water in line 
with high consumers’ water services in 
their respective region the national and 

the EU legislative and institutional 
framework; Reduce water stresses 

associated with climate change, while 
generating business opportunities for 

SMEs 

Local authorities’ 
decision-making water 

policies may conflict with 
neighboring regions under 

the frame of competitive 
water resources exploitation 

and/or with national agencies 
due to unequal funding 

distribution for innovative 
and optimized water supply 

solutions 

Public/Private 
utility companies 
(water/electricity 
suppliers, utility 
engineers etc.) 

Benefit from lower operating costs, 
cost-effective and environmental-friendly 
practices, and improvement in their water 

services overall regime; 
Gain further information and knowledge 

about present and future decisions for 
water sustainability issues 

Private water utilities 
compete public in terms of 
the quality of their water 
services and customer’s 

satisfaction over quantity, 
quality and economic status 

of the supplied water 

Private Sector 
(food/chemical 

industries, energy 
production/ 
ICT/Urban 

planning companies 
etc.) 

High interest among private enterprises 
which depend on a reliable supply of 

good quantity and quality water in order 
to operate their businesses; 

High interest for tourist companies in 
terms of their customers’ satisfaction 

about water services; High interest among 
ICT companies in providing water 

regulators with the appropriate software 
and hardware and in standardization of 

the IoT 

Urban water supply interests 
competing with other 

interests including water for 
food, industry, tourism, 

domestic use, and nature; 
Private sector is a high-water 
consumer and an important 
polluter, so conflicts usually 
arise with NGOs and local 
authorities w.r.t. irrational 
water usage and pollution 

Private Citizens 
(Households / 

domestic use, land 
owners) 

High interest for households in receiving 
adequate supply of piped water to their 

homes at a satisfying pressure and at 
appropriate drinking quality 

Community members find 
water expensive and/or of 

low quality, which results to 
them relying on bottled 

water. 
Higher education 

representatives 
(Academia, 

Universities and 
research centres) 

Gain knowledge and deeper insight on 
issues related to water sustainability in 
order to further promote research and 
innovation in the respective scientific 

fields 

Higher education may come 
in conflict with national and 
local authorities who persist 

in old practices 
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NGOs 
environmental 

protection, 
sustainable 

development etc. 

NGOs put pressure on local and national 
authorities to adopt innovative and 

environmental-friendly water 
management practices 

NGOs come in conflict with 
local and national authorities, 

private sector and public 
utility companies about the 

consequences of 
unsustainable practices 

Stakeholders’ 
associations / 

chambers 
Professional, 

Tourist, Water 
consumer’s 
associations. 

Obtain knowledge and increasing 
awareness concerning the protection and 

sustainable exploitation of water 
resources while exploring the potential of 

innovative ICT water management 
approaches in delivering high water 

services. 

Stakeholders’ associations are 
in conflict with local and 

national authorities, private 
and public companies when 
legislations and practices are 

in contrast with their 
interests 

4. Discussion 

The relevance of stakeholder mapping is established through the project case studies. Each 
case study has a different focus and faces different environmental and/or anthropogenic pressures. 
The diversity of the case studies ensures that the Water4Cities solution is not designed for a specific 
system but can be implemented in a wide range of urban environments, thus making it widely 
applicable.  

 

 

Figure 2. Skiathos W.D.N. denoted in black with its main drilling denoted in blue. 

4.1. Greek Case Study: Water demand management  

The Greek demonstration site is located in Skiathos Island, which belongs to the complex of 
Sporades at the Aegean Sea and the prefecture of Thessaly. Skiathos is a small hilly town of 5000 
inhabitants. Main economic activities of Skiathos society are tourism and agriculture. Skiathos 
water supply is served by groundwater, drilled by a main drilling (Figure 2). Recently, more 
drillings, 5 at total, have been added to reinforce water supply. Water demand in the island depicts 
high seasonal variability. Past research has shown that its intense seasonality is thoroughly linked 
to weather variables—namely, mean temperature, high temperature, precipitation and wind 
speed—and demographic variables, most importantly the touristic activity [15,16]. Taking into 
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account that gross water withdrawals also include non-revenue water, water resources demand is 
also proven to be linked, through leakage, to technical characteristics of the network such as bursts, 
age of the network, number of customer connections, length of network, pressure in the network, 
etc. [17].In the context of the Greek pilot, the Water4Cities will be interconnected with the existing 
software tools, designed and customized for Skiathos WDN supported by the EU funded FP7 
project ISS-EWATUS [18]. ISS-EWATUS spatio-temporal tool [19] enables surveillance and 
operation of the WDN depicting some subroutines a) all water meters mapped, b) access to water 
meter profile, c) access household historical data and d) assess of optimal pressure PRV profile 
based on the water demand forecast. In this line, the Water4Cities will be interconnected with the 
existing ISS-EWATUS tools used for water monitoring to provide added value capabilities to the 
current tools, by developing new decision support services for supporting a holistic approach on 
decreasing water needs (leakage, demand, pressure driven demand and energy) and providing an 
integrated scheme of monitoring and controlling water supply in terms of quantity and quality. 

 

Figure 3. Ljubljana Use Case Area. 

4.2 Slovenian Pilot – Water Reuse &NBS planning 

The Slovenian case study will focus on the Ljubljana Urban Region (LUR), the central region of 
Slovenia with Ljubljana, the capital of Slovenia (Figure 3). The urban area of the Ljubljana City 
spreads between two main rivers – the Ljubljanica River and the Sava River, which is the main 
Slovenian river. The urban and agricultural area between the two rivers is a living and working 
place for almost 500.000 Slovenian inhabitants. LUR has a long history of various flood protection 
measures due to its vulnerability to flooding. Despite these measures, many parts of the urban area 
of the City of Ljubljana are still heavily threatened by the floods, due to intensive urbanization, 
surface run-off increase as well as climate change effects.  

The Slovenian use case will rely on existing platforms based on NUKLEUS tool developed by 
LUZ, incorporating modelling and monitoring data of the LUR, such as Rivers Data (location, Flow 
Rate, Water Level), Soil Data, Underground Water Level Data, Slope Data, Data of urban water 
distribution systems – water utility networks (Capacity, Age, Location), Meteorological Data, Urban 
Land Use Data (current, predicted). Some of the developed platforms are open to public and some 
are used only by municipality of Ljubljana and their public utility companies. In the context of the 
Slovenian pilot, the Water4Cities will be interconnected with the existing Nukleus GIS systems 
used for water monitoring and urban planning. In this line, Water4Cities will provide added value 
capabilities to the current tools, by developing new decision support services for the identification 
and analysis of possible NBSs and related costs and benefits, the maintenance of water 
infrastructure and the empowerment of citizens through crowdsourcing capabilities. 
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5. Conclusions 

Despite, the ongoing research work in the area of smart water management, the deployment of 
advanced high-quality real-time water monitoring tools and services in urban settings is still far 
from being achieved due to several reasons including difficulties in collecting precise monitoring 
data, lack of interoperability standards and use of simple data mining and data visualization 
techniques that do not fully exploit the data value. As a response to this challenge, in this paper, the 
Water4Cities approach is presented, encompassing the high level system architecture and the target 
pilot case studies.  The Water4Cities approach aims to develop novel, beyond state-of-the-art 
mechanisms for water sensor data collection as well as sophisticated data mining algorithms and 
data visualization techniques to support two real use cases focusing on water demand management 
and water reuse and urban planning. The implementation of the platform and the pilot 
demonstrators is currently work in progress by the Water4Cities consortium partners. 
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