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1. Introduction

For the last two decades, rapid urbanization coupled
with accelerating climate change have highlighted the
importance of collaborative research infrastructures
(RIs) and data sharing to enable more efficient urban
drainage systems (UDS). Acknowledging this process,
the EU granted funding to the Co-UDlabs project
under the INFRAIA framework of the Horizon 2020
programme (https://co-udlabs.eu/). Co-UDlabs inte-
grated research infrastructures and innovation activ-
ities in UDS to address increasingly relevant public
health, flood risk and environmental challenges.

As part of its activities, in 2022 Co-UDlabs orga-
nized a workshop entitled “Tapping the value of urban
drainage systems data’, at the International Water Asso-
ciation (IWA) World Water Congress held in Copen-
hagen (Denmark). The initiative brought together over
40 water professionals from Europe, North America,
South America and Australia from academia, industry
and water utilities (Figure 1).

UDS are vital infrastructures that manage the col-
lection and conveyance of wastewater and stormwater
from residential, commercial and industrial areas to
treatment plants, where the water can be safely pro-
cessed, reused where possible, or returned to the natural
environment without causing adverse impacts. These
systems are essential for protecting public health by
reducing human exposure to pathogens and for miti-
gating environmental impacts by controlling stormwa-
ter discharges, thereby decreasing pollution levels in
receiving watercourses and minimizing the risk of
urban flooding. Specifically, in this document we
use the terminology sustainable urban drainage sys-
tems (SuDS) to encompass all UDS infrastructures

which are not buried pipe infrastructure; this includes
e.g. nature based solutions (NBS) and blue-green
infrastructures.

The session was built on a ‘world café’ model (Brown
& Isaacs, 2001), a dynamic and participatory discussion
format that encourages collaborative dialogue through
rotating small-group conversations on focused ques-
tions. It included presentations that introduced state-
of-the-art research and concepts to the audience and
allowed an international exchange of information and
opinions that led to the development of recommen-
dations on data quality and assurance in UDS. The
workshop investigated three issues arising from new
field data collection, storage and analysis capabilities:
(i) data quality and assurance of ‘big data’, (ii) the use
of data to enhance system performance and ensure reg-
ulatory compliance, (iii) the opportunities and risk to
society from ‘open data’ approaches. Emphasis in the
discussion was placed on the role of data for managing
combined sewer overflows (CSO), sanitary sewer over-
flow (SSO), and SuDS, which are typical infrastructures
for the UDS community.

Ensuring high-quality data in UDS remains a signifi-
cant challenge due to sensor communication and main-
tenance issues, low data literacy, insufficient metrolog-
ical skills among field staff, and limited incentives for
evidence-based management (Blumensaat et al., 2025).
The absence of standardized formats for UDS data and
metadata further limits the reuse of existing or histor-
ical UDS datasets. Although recent advancements in
sensors, electronics and communication technologies
have eased data collection, open data practices are still
not widely adopted in the urban drainage research and
practice communities. As a result, there is a persistent
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Figure 1. Tapping the value of urban drainage systems (UDS) data workshop participants.

lack of openly available, high-quality datasets, although
public and regulatory pressure for transparency has
been increasing in recent years.

Open datasets support benchmarking, modelling,
decision-making, and innovation (Mcardle & Kitchin,
2016). In Great Britain, datasets provided by agen-
cies like the Environmental Agency (EA) in Eng-
land, Natural Resources Wales (NRW), and Scot-
tish Environmental Protection Agency (SEPA) often
lack adequate quality control, falling short of inter-
national standards and require users to implement
additional checks (Villalobos-Herrera et al., 2022).
This situation is particularly relevant for sub-hourly
rainfall data used in flood estimation and emer-
gency planning, where quality control is more
complex.

The integration of real-time monitoring, data plat-
forms, and digital infrastructure in smart urban water
management offers new opportunities for data-driven
operation and planning. These systems not only
improve climate resilience but also contribute to envi-
ronmental sustainability and urban well-being (Peracek
& Kassaj, 2025). Notable examples include the Stream
initiative by UK utilities (https://www.streamwater
data.co.uk/), which fosters collaboration and inno-
vation in data use across the water sector, and the
open Sewage Map (https://www.sewagemap.co.uk/)
developed by an NGO to crowdsource and visualize
urban drainage infrastructures. Such initiatives exem-
plify how transparent, shared data ecosystems can
support smarter, more inclusive water management
strategies.

2. Assessing urban drainage system state
through data collection

Data collection enables monitoring of UDS water quan-
tity and quality parameters, providing real-time insight
into system state and performance, and environmental
impact. It also facilitates the characterization of under-
ground pipe systems and SuDS, allowing engineers to
develop and assess a broad range of numerical mod-
els of these systems. Often, UDS data exhibit dynamic
behaviours over long periods, making consistent and
high-quality data collection challenging. This process
cannot simply rely on raw data and rather requires a
structured approach that also includes accurate meta-
data to ensure accessibility and operability (Branger
et al., 2021). Numerical models of systems are essen-
tial for simulating current and future system behaviour
under various scenarios to identify and understand sys-
tem vulnerabilities, and need high-quality data for cali-
bration, testing, etc. Furthermore, as data management
evolves, technological advances such as wireless and
low-power data transmission, powerful batteries, the
Internet of Things (IoT) and artificial intelligence (AI)
are revolutionizing data collection as well as processing
and analysis methods.

Evidence from the practice of many water utilities
shows that the current situation with UDS data is far
from ideal: data quantity and quality requirements are
underestimated and undervalued, while human and
financial resources are insufficient to obtain the full
benefits and outcomes of monitoring, which require
time to be produced, checked, analysed, and used.


https://www.streamwaterdata.co.uk/
https://www.sewagemap.co.uk/

Data collection protocols form the foundation for
evaluating the effectiveness of UDS and are crucial
for asset design, retrofitting, performance optimization,
modelling, and regulatory compliance. However, this
process often involves significant costs, requiring care-
ful selection of sampling sites and monitoring equip-
ment, data communication and data transfer work-
flows as well as data analysis and data validation pro-
cess to ensure data integrity and reliability (Bertrand-
Krajewski et al., 2021; Maheepala et al., 2001). The
absence of continuous data collection, coupled with
inadequate understanding of data fluctuations, lack of
uncertainty assessment and data validation, can impact
decision-making and the long-term effectiveness of
SuDS (Salehi et al., 2020).

2.1. Participants’ perspectives

Workshop participants referred to the importance of
improving methodologies for data collection on UDS
performance in various fields, including flood risk
assessment, CSO monitoring, water quality analysis,
and the impact of SuDS. The conversation highlighted
a growing need for more automated and resource effi-
cient data collection methods, coupled with robust
mechanisms that ensure data integrity and reliability.
For example, in Denmark participants reported that
utilities and municipalities are encouraged to spend
1-2% of their budgets on data collection to validate per-
formance and improve system understanding, while in
Colombia, only basic data are collected nationally, and
validation practices are lacking.

The absence of standard terminology for a single
parameter (e.g. water levels) emerged as a major chal-
lenge, as well as standardized procedures for data col-
lection and quality assurance. This exacerbates data
quality issues through the proliferation of errors asso-
ciated with incomplete or inadequately documented
datasets, limiting access to and sharing of crucial
data and impeding the comprehensive understanding
needed to develop effective management and sustain-
able development strategies. The implementation of
standardized procedures would facilitate data valida-
tion, thereby enhancing the accuracy of modelling out-
comes and enabling stakeholders to make informed
decisions based on reliable and comparable data.

The necessity of standardized, reliable data for regu-
latory compliance cannot be overstated. However, dis-
cussions around legal frameworks and practical chal-
lenges surrounding data collection reveal nuanced con-
cerns, particularly regarding privacy and the poten-
tial misuse of information. As legal requirements for
sewer network inspections and maintenance operations
continue to evolve, attention is drawn to the dynamic
nature of data collection practices.

An additional challenge lies in the scarcity of finan-
cial and human resources allocated to data collection
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and analysis. It is particularly pronounced in smaller
municipalities and developing nations. One participant
from South Africa reported that the prohibitively high
cost of sensors and transmission systems are problem-
atic. This further exacerbated by unfavourable currency
exchange rates, which impede widespread deployment
despite growing data needs. This is hampering the
acquisition of adequate data needed for a comprehen-
sive, transnational assessment of UDS performance.

2.2. Insights and recommendations from
Co-UDlIabs

One of the main issues with data collection is the lack of
immediate rewards for the effort, making it vulnerable
to budget cuts. The cost of data collection is usually neg-
ligible compared to the investments or rehabilitation
costs of urban drainage systems. While the investment
cost is a one-time expense, the monitoring and main-
tenance costs can become significant throughout the
asset’s lifecycle.

In contrast with this trend, in England a regula-
tory requirement (UK Government, 2021) has resulted
in substantial funds, of > 1 bn British pound sterling
(GBP), being allocated for continuous water quality
data collection at every CSO. Estimates suggest that, on
average, it will cost around GBP 50,000 to gain access,
install electricity supply, and build a kiosk containing
multiparameter water quality sensors and communi-
cation equipment for near real-time measurement and
data transfer. Additionally, equipment maintenance vis-
its every few months to ensure sensor accuracy will
result in an estimated annual cost to water utilities of the
order of GBP 300 million once the installation program
will have been completed in 2035.

Despite these investments, collected data often fall
short of providing all necessary information. Although
many reliable low-cost sensors are now available, the
costs associated with placing and maintaining sensors
in hazardous environments remain high. Indeed, in
the long-term, human resources for maintenance and
calibration are the most expensive cost.

Data collection is often characterized as chaotic,
with issues such as low reliability, significant bias,
unquantified uncertainties, and insufficient validation
singled out as recurrent. Despite the availability of
advanced methodologies, poor and inconsistent data
quality remains a major problem. Factors such as staff
skills, motivation, and local challenges are also as rel-
evant for this kind of activities as is the size of the
involved organization. Regulations need to evolve to
take account of such data uncertainty (Schellart et al.,
2025).

In many cases, there is a significant skills gap
between those who collect the data and those who use
it. This disconnection means that data collectors often
lack a clear understanding of whether the data they
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generate are suitable for the intended purpose. Improv-
ing communication among the different stakeholders
involved in the data lifecycle could help bridge this
gap, ensuring that data are collected and utilized more
effectively.

Improving communication and ensuring that good
methodologies and practices are consistently applied
could help address these challenges, leading to more
reliable and useful data management in both small and
large water utilities (Bertrand-Krajewski et al., 2021).

3. Ensuring data quality in utilities and at
national scale

Data quality checking is critical to ensure that the col-
lected data are accurate and reliable. To address this
challenge, constantly evolving methodologies and tech-
nologies are needed in UDS. Data validation is an
essential first step to prevent errors from propagat-
ing through modelling and decision-making, thereby
improving the reliability of the results (Branisavljevi¢
et al., 2010; Deletic et al., 2012). Frequent data valida-
tion can reveal the underlying causes of incorrect or
missing data, thereby improving measurement proto-
cols and preventing the propagation of errors to subse-
quent records (Clemens-Meyer et al., 2021).

Temporal and spatial resolution issues further
impact data accuracy, especially in small-scale urban
catchments (Piadeh et al., 2022). End-users should be
aware of these constraints. In any case, it is recom-
mended that data analysis be accompanied by detailed
documentation on the parameters and methods applied
(Clemens-Meyer et al., 2021).

3.1. Participants’ perspectives

The workshop participants highlighted some common
issues related to data quality assurance, such as the lack
of standardization, data collection inconsistent prac-
tices, validation tools, insufficient resources, and inad-
equate documentation.

While common, manual verification of collected
data often faces resource constraints and procedures
based on ‘cut-off values are usually used. At the water
utility level, data quality assurance involves calibration,
maintenance, parametric methods and algorithms to
detect wrong, abnormal and doubtful values, possibly
coupled with statistical analysis, as well as remote access
for convenient control of automated recording systems.
Some utilities employ technical and standardized pro-
cedures to maintain data integrity. However, coverage
by trained and dedicated personnel is limited. In Spain,
practices vary widely, with some utilities comparing
model results to measurements, while others lack any
formal assurance.

National data centres, such as meteorological ser-
vices, play a crucial role in appointing data man-
agers to ensure compliance with minimum require-
ments for uploaded data, but resource constraints often
limit the effectiveness of verification. The availability
of UDS information varies by country. Advocating for
open data policies should encourage transparency and
benchmarking by facilitating data sharing and infras-
tructure assessment. Enforceable regulations, commu-
nity engagement, adequate governance, and training
and education are essential to disseminate and maintain
data integrity. These measures are crucial to ensure the
resilience and effectiveness of urban drainage systems
amid evolving environmental and social needs.

In general, these issues suggest that better data man-
agement practices are needed to ensure the quality
and consistency of data, while increased data collection
with guaranteed quality and reliability improves system
understanding.

3.2. Insights and recommendations from
Co-UDlabs

Data validation in water utilities often faces limita-
tions due to a lack of trained personnel or resources.
Understanding the reasons behind these limitations is
crucial for overcoming them. Firstly, regulators may
not mandate data validation or provide commonly
accepted codes of practice. Even when required, author-
ities may not conduct sufficient checks. Additionally,
human resources are a significant factor, with shortages
of personnel or expertise being common issues. If the
final use of the data is unclear from the outset, there
are insufficient incentives for proper collection and pro-
cessing. Consequently, data management may fall to
personnel without the necessary skills.

Improving data quality requires not only technical
expertise and a clear understanding of the purpose of
data collection and quality metrics but also addressing
governance-related obstacles and ensuring the reliabil-
ity of the collected data. Operators generally consider
the quality of monitoring data to be good and use it
primarily for real-time system monitoring and incident
detection (Figure 2). However, monitoring data is rarely
used for compliance or long-term planning, likely due
to regulatory disconnects rather than distrust in the
data (Rieckermann et al., 2024). Low motivation and
weak incentives to act, as well as insufficient require-
ments to achieve better data quality have also been
mentioned as limiting factors.

Finally, maintaining a target level of data quality
requires significant time and personnel, making it a
costly task. Decision makers should acknowledge this
from the beginning, as they need to allocate all neces-
sary resources to properly manage the data. Only such
an investment will ultimately improve the quality of
services provided by the UDS.
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How often are the data evaluated for performance assessment?

Never

Irregularily

Annually

Several times a year

Once a month 6.70%

Daily
In near real time

0.00% 5.00%

8.10%

8.10%

10.00%

N =135

28.10%

10.40%

12.60%

25.90%

15.00% 20.00% 25.00% 30.00%

Figure 2. Frequency of data evaluation for performance assessment. Source: Rieckermann et al. (2024).

4. The advantages and disadvantages of
default ‘open-data’ approach in UDS

Recent advances in open data have significantly
expanded access to meteorological records, river basins,
groundwater levels, water bodies chemical and biolog-
ical status, and other large-scale datasets. Much of the
UDS traditional infrastructures (i.e. sewer systems and
their ancillaries) lie underground and are controlled by
numerous public utilities and operators, making data
sharing complex due to the different software imple-
mentations and a lack of national and international
data standards. Utilities often hesitate to release data
publicly, citing security and public relations concerns
(Nedergaard Pedersen et al., 2021). Accessibility varies
across the board: GIS data is more widely available than
operational data, highlighting disparities in data avail-
ability and the need for greater consistency in open-
ness practices. The situation is even more complex with
decentralized SuDS infrastructures owned by numer-
ous diversified and independent owners.

The level of openness in data dissemination is often
influenced by political and economic actors who play
a key role in determining data accessibility. The exis-
tence of open data not only fosters innovation but
could also support the growth of start-ups by provid-
ing valuable knowledge and resources for development
if appropriate regulations are set (e.g. about intellectual
property and copyright). Furthermore, the democrati-
zation of information through the availability of public
data promotes transparency and may empower citizens
to participate in decision-making processes.

4.1. Participants’ perspectives

According to participants, there is an inconsistency in
the degree of data openness in UDS due to a lack of

collaboration between utilities and researchers to elab-
orate models, enhance the decision-making process,
and analyse risks associated with water scarcity, flood-
ing, pollution and adaptation to climate change. How-
ever, a consensus emerges on the substantial advan-
tages of open data, including knowledge dissemina-
tion, validation methods, better planning processes,
benchmarking capabilities, transparency, accountabil-
ity, and cheaper and better-quality data. In Germany,
open data is becoming more common at the municipal
level, although implementation remains inconsistent.
In South Africa, political dynamics influence openness,
with cities like Cape Town promoting transparency, but
concerns about legal liability and political withhold-
ing remain significant. Furthermore, incorporation of
metadata is crucial to ensure the quality and reliability
of open datasets. These datasets would serve as tools for
educational, research, and operational purposes.

While open data fosters collaboration, innovation,
and public engagement, it also raises concerns about
security, privacy, and the potential misuse of sensitive
information. The risks of open data include conflicts
with the public, legal action, the spread of uncertainties
and errors, distrust between private companies, and the
potential for data misinterpretation. Water utilities may
be reluctant to open data due to the potential for expos-
ing their failings. Achieving the right balance between
transparency and safeguarding is essential to support
the sustainable development of UDS.

4.2. Insights and recommendations from
Co-UDlabs

Currently many water utilities and their supplier SMEs
do not clearly see the benefit of sharing data and
therefore use specialized, not open-source, software.
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Consequently, there is little effort to harmonize data. In
some instances, there is even a fear that sharing data
could compromise their competitiveness.

Data should be made public to citizens with care, as it
creates both opportunities and management challenges.
While interest in UDS is often limited to the need for
a secure environment, specific groups such as NGOs,
citizen science groups, and social media influencers
may show growing interest in understanding it. This
shift will need to be driven by political and governance
motivations, with the aim of reducing the impacts of
different hazards and informing the public on issues
such as public health.

Open data can improve transparency in governance
and decision-making, as supported by the revised
Urban Wastewater Directive (European Parliament and
Council, 2024). While public access to urban drainage
data can encourage public participation (e.g. installa-
tion of SuDS on private property, pressure to address
pollution from UDS), it must be managed carefully
to avoid misinterpretation and conflict. Clear expla-
nations, education, stakeholder consensus, and col-
laboration with local citizen groups, social scientists,
and communication experts are essential for effec-
tively using and understanding the data (Schellart et al.,
2025).

Co-UDlabs recent findings indicate that the vision of
open data is met with mixed reactions within the sector.
While real-time monitoring is widely recognized as a
valuable and achievable goal due to its clear benefits for
operational performance and incident response, opin-
ions on making CSO data publicly accessible are more
divided. Supporters see transparency to foster trust and
collaboration, yet many express concerns about data
being misinterpreted by the public, especially in the
absence of proper validation and contextual under-
standing. These concerns highlight the need for robust
data governance frameworks and targeted communi-
cation strategies to ensure that open data initiatives
enhance, rather than hinder, stakeholder engagement
and public confidence (Rieckermann et al., 2024).

5. Advancing data in urban drainage systems

While urban drainage systems present unique chal-
lenges, valuable lessons can be drawn from other
environmental and infrastructure-related data collec-
tion programs. For instance, the World Meteorological
Organization (WMO) Unified Data Policy promotes
the open and unrestricted exchange of Earth System
data to enhance global capabilities in monitoring and
forecasting environmental processes. It emphasizes the
integration of emerging data sources, including private
sector and IoT technologies, while maintaining a com-
mitment to long-term, high-quality datasets. The policy
calls for standardized quality control and international
interoperability, advocating for open access to core and

research-relevant data to maximize scientific, societal,
and economic benefits (WMO, 2022).

In the context of European level Rls, initiatives such
as the ENVRI community (https://envri.eu/), with over
25 environmental sciences Rls across domains like
oceanography, atmospheric science and biodiversity,
are developing robust frameworks for data interoper-
ability, quality assurance, and long-term accessibility.
These frameworks emphasize standardized metadata,
open data policies, and cross-disciplinary collabora-
tions, which are critical for enhancing data reuse and
integration. However, the built environment - includ-
ing sectors like water treatment, transportation, and
telecommunications - remains underrepresented in
these efforts. Bridging this gap presents an opportu-
nity for UDS research to align with enduring, broader
environmental data ecosystems, fostering in the long
term more resilient and adaptive infrastructure man-
agement. The Co-UDlabs project has highlighted a per-
sistent gap in both the quality and openness of data col-
lection within urban drainage systems. Examples of the
work performed in Co-UDlabs include the generation
of well-documented open datasets available at the long-
term Zenodo repository, or the development of data
analysis tools such as the Urban Drainage Metrology
Toolbox or the initiative to develop a common ontol-
ogy for urban drainage data in collaboration with the
JCUD International working group on data and models
(IWGDM). As a further step toward community build-
ing and long-term improvement, Co-UDlabs promotes
the creation of the UDRAIN Working Group through
the IWA/IAHR Joint Committee of Urban Drainage to
foster worldwide collaboration among urban drainage
RIs, with the goal of exploring new strategies to enhance
data collection, quality assurance and openness.

6. Conclusions

The outcomes of the conversation between workshop
participants suggest a consensus on the critical role
of data collection in assessing and improving the per-
formance of UDS. Key findings include the need for
standardized methodologies, increased investment in
data collection infrastructure, in skilled personnel, and
the importance of reliable, accessible data for regulatory
compliance, modelling, and decision-making. Looking
ahead, there is a recognition of the evolving nature
of data collection practices, driven by technological
advancements and changing regulatory contexts.
Common concerns revolve around a lack of stan-
dardized protocols, insufficient resources for data ver-
ification, and limited systematic quality control prac-
tices. Challenges also arise in data sharing and col-
laboration, while there is a growing need for greater
transparency and enduring public access to data. These
issues hinder effective management and decision-
making, highlighting the need for concerted efforts to
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improve data reliability and accessibility in urban water
management. Training and education to develop skills
in metrology and its best practices are also a key aspect.

Regarding open data, the participants highlight a
complex interaction between the benefits and risks
of open data in UDS. While openness fosters trans-
parency, knowledge dissemination and innovation, it
also poses risks such as misinterpretations, conflicts,
and resistance from stakeholders. Addressing these
challenges requires standardized approaches, stake-
holder collaboration, education and training, and
a nuanced understanding of the socio-economical-
political dynamics that shape open data within urban
drainage systems.

The conversation at the Workshop is an example of
the relevance of UDS data approaches in public policy-
making and water management. Public regulators, pri-
vate companies, and research groups will soon have to
deal with unprecedented amounts of data: there will be
pressure to make this information openly accessible, to
overcome national differences and methodological bot-
tlenecks, and to feed data into the policies that affect
the way urban drainage, planning, and infrastructural
improvements are made. Data assurance and manage-
ment will be crucial for public and private organizations
to build mutual trust and positively influence sustain-
able, affordable, and inclusive policies in the future.
Decision makers should acknowledge this early on and
find the necessary resources to ensure adequate data
management, ultimately improving the quality of the
services provided by UDS.
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