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Abstract

Rome is a complex metropolis. The city faces the challenge of imagining and shaping an inclusive and
sustainable future for its inhabitants. On several occasions, city policies and interventions have not
met the goal of preserving environmental resources. For their part, the inhabitants of Rome tend to
doubt the ability of institutions to take care of the city’s resources. We focus on civic environmental
monitoring led by the local independent association A Sud, aimed at assessing the environmental
status of two of the city’s rivers. From a review of applicable literature on governance, environmen-
tal and social justice and climate urbanism, we build a theoretical frame to guide our analysis. We
inquire how civic monitoring in a complex city can benefit urban resource governance and foster
urban transitions. We also explore the extent to which these initiatives have the potential to inform
or have actually informed the scientists and policymakers responsible for designing city adaptations.
Our analysis demonstrates that citizen-gathered data can enrich the scientific knowledge base and
trigger claims for interventions, bringing in information on local issues often overlooked by com-
petent institutions. The initiatives also improved individual and collective attitudes towards the city
and its resources, stimulating a sense of care and a watchful citizenship.

Keywords: citizen-gathered data; citizen science; environmental and social justice; urban
governance

I. Introduction: when citizen sensing encounters a big, complex city

Rome, the Italian capital, currently presents a number of environmental issues, such as the
degradation of green areas due to inadequate care of vertical (ie trees) and horizontal (ie
flowerbeds) urban green spaces, poor quality of water resources, intense traffic affecting
air quality and dysfunctional city waste management.1 These issues – perceived as emer-
gencies by competent authorities – have frequently stimulated reactive rather than
forward-looking planning, which has affected several dimensions of city life and amplified
urban and social malaise, especially in the peripheries.2 Nevertheless, the situation has

© The Author(s), 2022. Published by Cambridge University Press. This is an Open Access article, distributed under the terms of the
Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use,
distribution and reproduction, provided the original article is properly cited.

1 Legambiente, Ecosistema Urbano 2020 – Rapporto sule performance ambientali delle città (2020) <https://www.
legambiente.it/wp-content/uploads/2020/11/Ecosistema-Urbano-2020.pdf> (last accessed 2 November 2021).

2 C Cellamare and F Montillo, Periferia. Abitare Tor Bella Monaca (Rome, Donzelli Editore 2020).
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also triggered civic vitality,3 especially from social actors that offered new approaches to
managing the city,4 as our case studies illustrate.

An important environmental issue for Rome is that of water quality in the Tiber, the
city’s main river. The water quality of Aniene, one of the Tiber’s major tributaries, is also a
source of concern.5 The Tiber is a complex fluvial system, being the main river in central
Italy and the third longest river in the country. It suffers from the impacts from human
activities along its entire course. Even though competent authorities engage in river mon-
itoring, data on city rivers’ water quality are often fragmented and/or not up to date.
Budget constraints obstruct the systematic collection and dissemination of the results
of such monitoring.6 In addition, water availability is critical in the city. Rome has expe-
rienced several water shortages over recent summers.7 Furthermore, public green areas
are not sufficiently valorised or are even neglected,8 and soil consumption at the expense
of urban green spaces is a pressing problem.9 After a period of conflict between managing
authorities,10 the situation improved recently thanks to a reorganisation of the roles
within the competent public sector and the entrusting of management tasks to new actors
selected by public tenders.

Policies are in place with the intention of managing Rome’s resources wisely. However,
it is in the implementation phase that several weaknesses can be identified. Although the
city is committed to respecting national and European Union (EU)-level rules for attaining
environmental goals (as recently strengthened by the release of the European Green Deal11

and as foreseen in the Global Covenant of Mayors12), often high-level political agendas fade
from focus when faced with everyday city needs. In particular, the city management has
frequently been perceived as being more focused on addressing isolated problems tackled
as crises rather than on strategically orienting its interventions through a long-term
vision. Recurring issues in need of urgent solutions have distorted the city’s public plan-
ning capacity. An example of this approach is that of city waste management. In 2013, the
Malagrotta landfill, the main long-term storage site for Rome’s unsorted municipal solid
waste, was closed due to an ongoing investigation into illicit waste trafficking, a charge
that was subsequently dismissed in 2018 by the Court of first instance of Rome, criminal
chamber.13 Nonetheless, Italy was fined by the Court of Justice of the EU for violating EU
directives on waste management in Malagrotta.14 In addition, a criminal law proceeding

3 ibid.
4 C Cacciotti and L Brignone, “Self-Organization in Rome: A Map” (2018) 2(3) Tracce Urbane. Rivista Italiana

Transdisciplinare Di Studi Urbani <https://doi.org/10.13133/2532-6562_2.3.14281> (last accessed 30 October 2021).
5 ARPA Lazio, Classificazione Stato Ecologico e Stato Chimico dei Corsi d’Acqua aggiornata al triennio 2018–2020 (2021)

<https://www.arpalazio.it/documents/20124/55238/Fiumi_classificazione_aggiornata_al_trienno_2018-2020_Rev1.
pdf> (last accessed 26 October 2021).

6 In relation to the Aniene, see R Leone et al, Monitoraggio della qualità Ecomorfologica del fiume aniene (2021)
<https://www.aniene.it/progetti/39-progetto-walk-up-aniene/1645-report-finale-walk-up-aniene> (last accessed 2
October 2021).

7 ISTAT, Report Giornale Mondiale dell’Acqua (2021) <https://www.istat.it/it/files/2021/03/Report-Giornata-
mondiale-acqua.pdf> (last accessed 24 October 2021).

8 M Peca, “Per una nuova gestione delle aree verdi” in Cellamare and Montillo, supra, note 2.
9 ISPRA, Presentazione del Rapporto Consumo di Suolo (2021) <https://www.isprambiente.gov.it/it/events/

presentazione-del-rapporto-consumo-di-suolo-dinamiche-territoriali-e-servizi-ecosistemici-edizione-2021> (last
accessed 24 October 2021).

10 Peca, supra, note 8.
11 The European Union Green Deal webpage <https://ec.europa.eu/info/strategy/priorities-2019-2024/

european-green-deal_en> (last accessed 29 October 2021).
12 See <https://www.globalcovenantofmayors.org/cities/rome/> (last accessed 1 February 2022).
13 See <https://www.huffingtonpost.it/2018/11/05/tutti-assolti-al-processo-cerroni-lex-patron-di-malagrotta-e-

gli-altri-imputati-erano-accusati-di-traffico-illecito-di-rifiuti_a_23580844/> (last accessed 2 February 2022).
14 See <https://www.altalex.com/documents/news/2014/10/15/corte-ue-condanna-italia-su-malagrotta-e-

altre-6-discariche-lazio> (last accessed 2 February 2022).
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for environmental disaster is still pending regarding the management of Malagrotta.15 To
this day, the city has not found a solution for the satisfactory management of urban waste.
Walking through the streets of Rome, one can often find piles of uncollected rubbish.16

Waste mismanagement, low water and air quality and poor care of public green spaces are
examples of chronic and recurring problems that affect the capital, to which a temporary solu-
tion is found each time rather than a structural one. This fosters disapproval from the city’s
inhabitants, who are frustrated by the local governors’ inertia in addressing these structural
issues.17 The demonstrated discontent, however, has triggered contributory forms of civic
monitoring of environmental issues across the city, one of which – involving the Tiber
and Aniene rivers – will be the focus of this article. The cases are situated in a widespread
context of “urban stress”, as recently described by the European Environmental Agency.18

In this context, organised civil society became a source of environmental information for fel-
low inhabitants,19 at times complementing official information and at times substituting for it.

Starting from the framing of Rome’s challenges as “wicked problems”, we will explore
the potential that civic monitoring could have when facing such entangled issues. “Wicked
problems” are problems that result from continuously changing and interdependent fac-
tors, making them seem difficult or even impossible to solve, and in which many actors are
involved with conflicting values, citing Rittel and Webber’s definition from the 1970s.20

Theoretically, we will start from “wicked problems” to frame civic environmental moni-
toring (ie being performed by ordinary citizens) as a “small win” intervention that may
have beneficial effects on such city problems, promoting urban transitions and generating
valuable knowledge. In light of the above, our main research questions are:

• How can civic monitoring in a large, complex city such as Rome benefit urban
resource governance and foster transitions towards a more inclusive and sus-
tainable city?

• To what extent can these initiatives inform the scientists and policymakers
responsible for designing environmental adaptations in the city?

The approach to answering said questions starts from delineating a theoretical frame
based on (urban risk) governance and participation, environmental and social justice, (par-
ticipatory) climate urbanism and the overarching notions of “small win” interventions and
“wicked problems”. A second phase of this study entails an empirical engagement with two
case studies. In particular, one author of this study21 was able to observe the Tiber moni-
toring campaign “RomaUP”, as the author acted as a trainer on the legal implications of
citizen science for the approximately fifty participants in that campaign. The other
authors of this study have been directly engaged in running the two initiatives.

15 See <https://www.ilfattoquotidiano.it/2018/06/04/discarica-malagrotta-caso-tumori-il-gip-di-roma-non-
archivia-nuove-indagini/4403309/> and <https://www.radioradicale.it/scheda/659072/processo-a-manlio-
cerroni-e-a-francesco-rando-per-disastro-ambientale-discarica-di> (last accessed 2 February 2022).

16 See <https://www.euronews.com/green/2021/07/13/uncollected-rubbish-piles-up-on-the-streets-of-
rome> (last accessed 1 February 2022).

17 See <https://www.scmp.com/magazines/post-magazine/travel/article/2156737/good-bad-and-ugly-sides-
rome-city-can-be-eternally> (last accessed 1 February 2022).

18 See <https://www.eea.europa.eu/publications/92-826-5409-5/page037new.html> (last accessed 6 February
2022).

19 See <https://www.eea.europa.eu/publications/assessing-air-quality-through-citizen-science> (last accessed
6 February 2022).

20 H Rittel and M Webber, “Dilemmas in a General Theory of Planning” (1973) 4(2) Policy Sciences 155.
21 Within the framework of the “Sensing for Justice” project (SensJus), investigating the potential of citizen

science as a source of evidence in environmental litigation and as a tool for environmental mediation;
SensJus project page <https://sensingforjustice.webnode.it/> (last accessed 10 October 2021).
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A Sud is an independent Italian association situated in Rome and founded in 2003.22 A
Sud relies on donations from individuals and foundations, and it often participates in
national and EU calls for funding. The association performs research, training and inter-
ventions in the environmental and climate fields. It provides tools to communities that are
facing environmental conflicts (eg engaging them as volunteers in environmental moni-
toring campaigns). A Sud views citizen science as useful for acquiring data and information
on the environment that can leverage institutional actions.23 The possibility of observing
citizen science training provided by A Sud in conjunction with experts, interactions with
participants and attendance at a data collection session on site enriched the study with
first-hand data. These early observations refined the research questions and the approach
to theory.

In the following sections, we first set the scene by briefly defining the key theoretical
notions that guide our case analysis. Subsequently, we describe and analyse the two case
studies. We discuss how the study of these initiatives sheds some light on our research
questions. Lastly, we sketch some tentative answers to the research questions and avenues
for future research.

II. The theoretical lens: from urban governance to citizen sensing

1. Governance in complex urban environments
The overarching theoretical frame of this study is that of governance and specifically the
urban governance literature. Indeed, from this (rich) body of literature we take concepts
such as “complex city”, “civic participation”, (perceived or actual) “governance failure”
and “lack of implementation”. Key here is the notion of “governance” from Borraz and
Le Galès,24 who define it as a process of “coordinating actors, social groups, and institutions
to attain particular goals, discussed and defined collectively in fragmented, uncertain envi-
ronments”. This notion of “fragmented” and “uncertain” spaces resonates with the
assumption that cities are complex systems.25 This complexity is even more visible if
one considers that cities are “networks of social interaction embedded in physical space”.26

Under this perspective, the city not only represents a physical space but also a set of inter-
actions. Problems stemming from public policies that struggle to meet the demands of
different groups are framed as “governance failures”.27 Exactly such failures are fertile
ground for the rise of forms of civic innovations, such as the cases we discuss here.

Service provision is central in urban governance as one of the key functions of the city
system. It also includes care for green areas, water resources and waste. Environmental
monitoring by city authorities could be conceived of as a public service. However, the exist-
ing literature on urban governance and public service innovation does not deal at present
with instances where forms of public services are provided by local people rather than by
appointed institutional or private actors. This can be seen as a form of expanding the tra-
ditional notion of public service in a horizontal and decentralised way. Our article brings
up this discussion as an opportunity to innovate the approach to public services provision
by embracing contributions from the grassroots. Reliance on civic monitoring can also be

22 A Sud webpage <https://asud.net/team-e-mission-en/> (last accessed 10 October 2021).
23 P Carsetti et al, Giù al Tevere: monitoraggio civico ambientale partecipato a Roma (2022)<https://asud.net/giu-al-

tevere-dossier-sullattivita-di-monitoraggio-partecipato-del-fiume-tevere/> (last accessed 20 August 2022).
24 O Borraz and P Le Galès, “Urban Governance in Europe: The Government of What?” (2010) 7 La nouvelle

critique urbaine <https://journals.openedition.org/metropoles/4297> (last accessed 2 February 2022).
25 S Ortman et al, “Cities: Complexity, Theory and History” (2020) 15(12) PLoS ONE <https://doi.org/10.1371/

journal.pone.0243621> (last accessed 2 February 2022).
26 ibid.
27 Borraz and Le Galès, supra, note 24.
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seen as a “new strategy of governing”,28 not inviting people to participate but actually
embracing and supporting existing forms of spontaneous civic intervention in order to
truly achieve “polycentric” governance.29

Making a parallel with what is stressed in the literature on risk governance, stakehold-
ers need to join forces to tackle complex and uncertain problems.30 This is applicable to
(environmental) risks as much as to complex city matters. The described polycentric gov-
ernance is especially desirable in cases of “wicked problems”. In our cases description, we
illustrate how the city’s problems that we discuss are highly divisive, entangled and
untamed, which can cause institutional difficulty in addressing them. Despite a paucity
of relevant literature, practitioners and researchers are increasingly linking urban issues
framed as “wicked problems” to community monitoring as a resource for informing strat-
egies and interventions.31 We aim to enrich such emerging discussions with our
contribution.

As Termeer and Dewulf suggest,32 “wicked problems” can (also) be tackled through a
“small win” approach. These authors develop a framework for understanding governance
change deriving from bottom-up, accumulative processes of change (ie “small wins”) that
differ from large-scale, high-gain (but also high-risk and often slow) interventions. Civic
monitoring as a form of complementing existing public services and (at times) contesting
mainstream approaches and demanding changes can be framed as a “small win” that could
potentially instil incremental change in the system. This perspective – to our knowledge –
is rarely addressed in the literature (among the few studies going in this direction we rec-
ommend the work of Gabrys et al on “just good enough data”).33

Our “small win in reaction to wicked problems” frame is situated in a specific field of urban
governance that encompasses environmental and social justice and (participatory) climate
urbanism literature. Citing Bulkeley,34 we look at the cases studied with a view to an
expanded notion of “climate urbanism” in which “the challenge of addressing climate
change is recognised as deeply connected to wider issues of sustainable development
and social justice”. The environmental justice perspective in its earliest days already rec-
ognised the interrelation between environmental and social justice. Indeed, contaminating
and environmentally damaging activities often threaten less advantaged communities to a
greater extent than more advantaged ones, contributing to reinforcing the economic and
social inequality already in place.35 This happens not only in the Global South (this being a
relative notion), but also in urban peripheries. Increasingly, such struggles are also linked
to climate politics. In our article, we will build on these highly intertwined bodies of lit-
erature and link them to discourses on citizen science.

28 C Ansell and J Torfing, Handbook on Theories of Governance (Cheltenham, Edward Elgar 2016).
29 P Wehling, “From Invited to Uninvited Participation (and Back?): Rethinking Civil Society Engagement in

Technology Assessment and Development” (2012) 9 Poiesis Prax <https://doi.org/10.1007/s10202-012-0125-
2> (last accessed 2 February 2022).

30 O Renn, Risk Governance: Coping with Uncertainty in a Complex World (Abingdon-on-Thames, Routledge 2008).
31 See speech by M Balestrini <https://urbannext.net/solving-wicked-problems/> (last accessed 4 February

2022).
32 C Termeer and A Dewulf, “A Small Win Framework to Overcome the Evaluation Paradox of Governing Wicked

Problems” (2019) 38(2) Policy and Society <https://doi.org/10.1080/14494035.2018.1497933> (last accessed 4
February 2022).

33 J Gabrys et al, “Just Good Enough Data: Figuring Data Citizenships through Air Pollution Sensing and Data
Stories” (2016) 3(2) Big Data & Society <https://doi.org/10.1177/2053951716679677> (last accessed 6 September
2021).

34 H Bulkeley, “Climate Changed Urban Futures: Environmental Politics in the Anthropocene City” (2021) 30(1–
2) Environmental Politics <https://doi.org/10.1080/09644016.2021.1880713> (last accessed 1 February 2022).

35 R Bullard, Environmental Health and Racial Equity in the United States (Washington, DC, APHA Press 2011).
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2. “Extreme” citizen science enters the city
“Citizen science” is a contested term, but it has been defined as “the active participation of lay
people in scientific research”,36 a notion that should be understood in its diversity and plurality.37

Citizen science is an umbrella concept also including citizen sensing, a form of citizen science
characterised by a focus on sensing (through low-cost technologies or through people’s own
senses). Citizen sensing has beenmore specifically framed as “a technology, a social phenomenon
and a method entailing ordinary people acting as intelligent interpreters through : : : networks
: : : on which they actively observe, collect, analyse, report, and disseminate risk information
with the aim of influencing risk policy-making and claiming environmental rights”.38

Citizen science, as a resource and an approach appropriated by (organised) civil society,
represents an opportunity to combine scientific research with environmental protection
and with the enhancement of social and environmental justice. As underlined by Pykett
et al and other authors,39 citizen science can leverage impacts at individual, societal or
community levels. Social benefits can stem directly from the whole engagement process
through which the citizens perceive themselves as being back in control of environmental
information and are able to take decisions or make claims on the basis of this information.
Environmental justice outcomes are visible when citizens can ground their arguments on
the data gathered and when they can actually manage to be heard. This can occur through
governmental interventions, which can be framed as the policy uptake of citizen science,40

or through courts; that is, a sort of judicial uptake of citizen-collected evidence (as expe-
riences from Europe41 and the USA42 teach us).

We analyse both initiatives discussed in our study through the frame that citizen sci-
ence and the sensing literature offer. In particular, we will use the concept of “extreme
citizen science”,43 which, by other authors, has been defined as “reactive citizen science”.44

36 L Den Broeder et al, “Public Health Citizen Science; Perceived Impacts on Citizen Scientists: A Case Study in a
Low-Income Neighbourhood in the Netherlands” (2017) 2(1) Citizen Science: Theory and Practice <http://doi.
org/10.5334/cstp.89> (last accessed 5 October 2021).

37 J Kenens et al, “Science by, with and for Citizens: Rethinking ‘Citizen Science’ after the 2011 Fukushima Disaster”
(2020) 6(58) Palgrave Communications <https://doi.org/10.1057/s41599-020-0434-3> (last accessed 18 August 2022).

38 A Berti Suman, The Policy Uptake of Citizen Sensing (Cheltenham, Edward Elgar 2021).
39 J Pykett et al, “Developing a Citizen Social Science Approach to Understand Urban Stress and Promote

Wellbeing in Urban Communities” (2020) 6(85) Palgrave Communications <https://doi.org/10.1057/s41599-020-
0460-1>; A King et al, “Leveraging Citizen Science and Information Technology for Population Physical Activity
Promotion” (2016) 1(4) Translational Journal of the American College of Sports Medicine <https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4978140/>; G Ottinger, “Social Movement-Based Citizen Science” in D Cavalier and E
Kennedy (eds), The Rightful Place of Science: Citizen Science (Washington, DC, Consortium for Science, Policy, and
Outcomes 2016); A O’Mara-Eves et al, “The Effectiveness of Community Engagement in Public Health Interventions
for Disadvantaged Groups: A Meta-Analysis” (2015) 129 BMC Public Health <https://doi.org/10.1186/s12889-015-
1352-y>; R Pandya, “A Framework for Engaging Diverse Communities in Citizen Science in the US” (2012) 10
Frontiers in Ecology and the Environment <https://doi.org/10.1890/120007>; J Dickinson et al, “The Current
State of Citizen Science as a Tool for Ecological Research and Public Engagement” (2012) 10 Frontiers in Ecology
and the Environment <https://doi.org/10.1890/110236> (all last accessed 8 October 2021).

40 Berti Suman, supra, note 38.
41 D Misonne, “The Emergence of a Right to Clean Air: Transforming European Union Law through Litigation

and Citizen Science” (2020) 30(1) RECIEL <https://doi.org/10.1111/reel.12336> (last accessed 3 February 2022).
42 A Berti Suman and S Schade, “The Formosa Case: A Step Forward on the Acceptance of Citizen-Collected

Evidence in Environmental Litigation?” (2021) 6 Citizen Science: Theory and Practice <https://theoryandpractice.
citizenscienceassociation.org/article/10.5334/cstp.367/> (last accessed 5 September 2021).

43 See the ExCiteS page at UCL on Extreme Citizen Science, curated by M Haklay and his team <https://www.
geog.ucl.ac.uk/research/research-centres/excites> (last accessed 15 September 2021).

44 A Berti Suman, S Schade and Y Abe, “Exploring Legitimization Strategies for Contested Uses of Citizen-
Generated Data for Policy” in B Richardson (ed.), From Student Strikes to the Extinction Rebellion. New Protest
Movements Shaping our Future (Cheltenham, Edward Elgar 2020) <https://www.elgaronline.com/view/edcoll/
9781800881082/9781800881082.00008.xml> (last accessed 21 October 2021).
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The adjective “extreme” means that the citizen science initiative comes from the grass-
roots (ie it is developed by grassroots actors that engage others without passing through
the government, the private sector or academia), it is highly non-hierarchical (ie every
participant can play a role in every stage of the process) and it is deeply co-created (ie
the participants are engaged from the stage of problem definition up to the analysis
and dissemination of results).

In short, in extreme citizen science, ordinary people, such as individuals or organized
civil society (eg associations), shape the initiative from the very first stages to the end.
This makes it different from other types of citizen science initiatives. For example,
academia- or government-led initiatives generally engage the people after the research
design/problem identification stage and do not necessarily engage them in the phases that
come after data collection. The private sector may chip in by providing funding, tools or
data infrastructures and by sponsoring an initiative, generally asking for data in return.

These second (academia-led) and third (government-led) types of initiatives are gener-
ally more “domesticated” (embracing Law et al’s conceptualisation of “domestication”45)
in the sense that they are born in cooperation with institutions and tend to have contrib-
uting rather than challenging goals. Extreme forms of citizen science instead tend to
“challenge” the system. This concept can also mean “at the extremes” (ie citizen science
in conflictive contexts such as that of a complex city). Following King et al’s categorisa-
tion,46 extreme or reactive citizen science stems from a local and localised issue perceived as
urgent by the community. The collection of data aims at tackling exactly that problem. The
generated knowledge can empower local groups and support their activities, allowing
them to engage in discussions with scientists and decision-makers based on evidence,
eventually contesting existing environmental governance approaches.

In extreme forms of citizen science, the engaged individuals are not passive collectors
of data (or even just producers, as we become every day simply by using social media and
smartphones), but rather protagonists who can shape all phases of knowledge production.
They become central in the identification of the problem and of the methodologies to ana-
lyse it, in the construction of communication and advocacy strategies that look at policy
planning from the perspective of a sought change, up to the possibility that the knowledge
generated represents the basis of legal enforcement aimed at re-establishing social and envi-
ronmental justice.

That said, it is worth stressing that categories such as citizen science and sensing are
extremely blurred. Turreira-García et al note that – despite several projects claiming to
conduct participatory environmental monitoring – what is actually meant by “participa-
tion” continues to manifest in many different forms.47 Another possible connotation of
these initiatives would be that of “community-based monitoring”. This notion can be con-
sidered adjacent to those of citizen science and citizen sensing but having a stronger focus
on the engagement of the whole community.48

As Butkevičienė et al summarised,49 citizen science can also be framed as a form of and
accelerator of social innovation. Innovation stemming from citizen science is based on three

45 J Law et al, “Modes of Syncretism: Notes on Noncoherence” (2013) 20(1) Common Knowledge <https://doi.
org/10.1215/0961754X-2374817> (last accessed 20 August 2022).

46 King et al, supra, note 39.
47 N Turreira-García et al, “What’s in a Name? Unpacking Participatory Environmental Monitoring” (2018) 23(2)

Ecology and Society <https://www.ecologyandsociety.org/vol23/iss2/art24/> (last accessed 5 October 2021).
48 A Berti Suman and M van Geenhuizen, “Not Just Noise Monitoring: Rethinking Citizen Sensing for Risk-

Related Problem-Solving” (2019) 63(3) Journal of Environmental Planning and Management <https://www.
tandfonline.com/doi/full/10.1080/09640568.2019.1598852> (last accessed 5 October 2021).

49 E Butkevičienė et al, “Citizen Science Case Studies and Their Impacts on Social Innovation” in K Vohland et al
(eds), The Science of Citizen Science (Berlin, Springer 2021) <https://doi.org/10.1007/978-3-030-58278-4_16> (last
accessed 2 October 2021).
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main dimensions (content, process and empowerment)50 and can be process-oriented and/
or goal-oriented.51 Furthermore, the type of monitoring at issue here is particularly aimed
at stimulating political innovation or political change based on the findings gathered by local
people. As noted in the literature, citizen sensing has the distinctive feature of stressing
the “claims that citizens can make with data”.52 Gabrys et al distinguish between a long-
standing typology of citizen science mostly entailing amateur monitoring of biodiversity,
such as birdwatching, and the emerging field – in which citizen sensing would be inserted –
of citizen science “invoking the political possibilities of this data”.53

We refer to the “citizen sensing paradigm” to embrace exactly this political dimension
of civic monitoring. Such a political dimension entails regarding civic monitoring beyond
what it is (ie environmental data collection by ordinary people) and considering it also as a
form of appropriation of existing technological, scientific and legal resources to demand
interventions from the institutional side.54 It stems from a sense of dissatisfaction and dis-
trust towards the way a matter is managed by competent authorities and has the clear
objective of changing the status quo. Civic monitoring can be regarded as a response to
(perceived or actual) governance failures and governmental struggles.

III. The case study: monitoring the Tiber and Aniene rivers

1. Background of the initiatives
a. Why we focus on Rome and its resource governance
In the previous section, we highlighted that our contribution tries to link discussions on
urban “wicked problems” and “small win” interventions with the scholarship on civic
monitoring as a tool to foster social and environmental justice in the city. Therefore,
we searched for an emblematic case of a complex city that both faces governance chal-
lenges in relation to its resource management and has experienced civic monitoring.
We identified Rome as a good case study as the city is an example of the highly divisive
and entangled governance issues described and is also host to a civic monitoring initiative.
Two instances of civic monitoring are selected for their intent to target exactly the
highlighted challenges in resources governance. The two cases are discussed both in their
different development patterns and in relation to broader trends in environmental citizen
science in order to assess whether such cases align with generalisable findings in the field.

b. Resource governance challenges in Rome
Water quality is a key issue for rivers in Rome. In August 2021, the Italian Regional
Environmental Protection Agency (ARPA) updated the ecological and chemical status of
the region’s waterways and reported poor ecological conditions for the Tiber.55 The worst
situation was recorded in the urban stretch of the river. This is worrisome especially con-
sidering that Italy has implemented the European Water Framework Directive,56 which
called for achieving good ecological and chemical status of waterways already by 2015.

50 H Jean et al, “Trois essais sur le rôle de l’innovation sociale dans le développement territorial” (2004) 2(6)
Géographie, économie, société 129; F Moulaert et al, “Towards Alternative Model(s) of Local Innovation” (2005)
42(11) Urban Studies 1969.

51 N Grimm et al, “The Impacts of Climate Change on Ecosystem Structure and Function” (2013) 11 Frontiers in
Ecology and the Environment <https://doi.org/10.1890/120282> (last accessed 5 September 2021).

52 Gabrys et al, supra, note 33.
53 ibid.
54 Carsetti et al, supra, note 23, 9.
55 ARPA Lazio, supra, note 5.
56 Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for the

Community action in the field of water policy, transposed in Italy by the Legislative Decree n. 152/2006.
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In addition, in 2020, the inhabitants of Rome witnessed several occurrences57 of fish
deaths in the river, located in particular near Castel Sant’Angelo, a very central area
and a prestigious touristic spot. The events occurred most often in correspondence with
heavy rains after periods of drought. The dead fish created both visual and odour nuisan-
ces.58 Analyses were carried out showing high levels of pesticides and Escherichia coli (indi-
cating faecal pollution) in the fish.59 The Green Europe Party filed a complaint with the
competent authority, lamenting that the fish deaths were due to the concentration of
harmful substances being greater than what the river ecosystem was able to absorb.
The matter is under investigation by the Public Prosecutors’ Office in Rome.60

Water quantity is also a problem in Rome as the city has experienced several water
shortages in recent summers, addressed through abstractions from the nearby Bracciano lake.
During summer 2017, the lake reached a critical threshold called the “hydrometric zero”, which
obliged the region to stop such abstractions. At present, lake water abstractions are subject to
certain emergency conditions and require prior authorisation. The capital’s water service pro-
vider, Acea,61 continues to push for the construction of purification plants to make the Tiber
water drinkable. In December 2019, Acea inaugurated a Tiber purification plant, which will serve
400,000 people living in northern Rome, who would then be able to drink the river’s
water. However, this contradicts what was reported by the strategy for the Sustainable
Development of the Lazio Region of March 2021,62 which states that it is necessary to reduce
network losses and to avoid increases in abstractions. Indeed, Rome’s aqueducts at present lose
45 per cent of the water put into the network due to malfunctions.63 To date, the drinking water
plant built by Acea is not in operation, but according to the company it will become so in the
event of a water emergency.

Lastly, the management of public green spaces is a source of problems for the city as
well. Rome’s public green areas represent 35.7 per cent of the municipal territory, the highest
among themain Italian cities.64 However, they are frequently degraded, in part due to conflicts
in green area management within the local administration.65 The judicial investigation “Mafia
Capitale” shed light on the collusion between public administration officials and private ser-
vice providers in charge of the city’s green areas.66 Green areas are also at risk of reductions in
extent and quality due to rampant urban concreting and soil consumption.67

57 Considerable numbers of fish deaths were recorded in the Tiber on 31 May, 1 June and 5 July 2020, between Ponte
della Musica and Ponte Marconi, Rome, as reported by the media, see <https://roma.corriere.it/notizie/cronaca/21_
settembre_27/morie-pesci-tevere-procura-apre-un-inchiesta-depuratori-ffb73832-1f12-11ec-a3d9-1b0f9767a5ab.
shtml> (last accessed 26 October 2021). The authors witnessed these instances being recounted personally.

58 As media reports, see <https://www.huffingtonpost.it/entry/i-pesci-morti-nel-tevere-e-lacqua-della-sindaca-
raggi_it_612f94a8e4b0df9fe270e338> (last accessed 26 October 2021).

59 ARPA Lazio, Morie di pesci nel Tevere a Roma – Giugno/Luglio 2020 (2021) <https://tinyurl.com/cdrtszkw> (last
accessed 27 October 2021).

60 As media reports, see <https://roma.corriere.it/notizie/cronaca/21_settembre_27/morie-pesci-tevere-procura-
apre-un-inchiesta-depuratori-ffb73832-1f12-11ec-a3d9-1b0f9767a5ab.shtmlf> (last accessed 27 October 2021).

61 Acea, Acea Business Plan 2020/2024 (2021) <https://www.gruppo.acea.it/content/dam/acea-corporate/acea-
foundation/pdf/it/gruppo/investitori/2021/presentazioni/presentazione-marzo-2021.pdf> (last accessed 24
October 2021).

62 Strategia Regionale per lo Sviluppo Sostenibile, Lazio, regione partecipata e sostenibile (2021) <https://
lazioeuropa.it/files/210406/dgr_170_30_03_2021.pdf> (last accessed 27 October 2021).

63 ISTAT, Report Giornale Mondiale dell’Acqua (2021) <https://www.istat.it/it/files/2021/03/Report-Giornata-
mondiale-acqua.pdf> (last accessed 24 October 2021).

64 ACOS, Relazione annuale Verde Pubblico (2019) <https://www.agenzia.roma.it/documenti/schede/relazione_
annuale_2019_cap_3_verde_pubblico.pdf> (last accessed 24 October 2021).

65 Peca, supra, note 8.
66 ibid.
67 ISPRA, Presentazione del Rapporto Consumo di Suolo (2021) <https://www.isprambiente.gov.it/it/events/

presentazione-del-rapporto-consumo-di-suolo-dinamiche-territoriali-e-servizi-ecosistemici-edizione-2021> (last
accessed 24 October 2021).
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c. The deployment of civic monitoring
In response to these challenges, the independent Italian environmental association A Sud
decided to engage various communities of interest in monitoring the environmental status
of two of the city’s rivers: the Tiber and the Aniene. These initiatives by A Sud can be
summarised as follows in terms of timeframe and funding scheme:

• The RomaUP project:68 funded by the non-profit humanitarian foundation
Charlemagne with its “PeriferiaCapitale” programme; it started in November
2020 and ended in February 2022;

• The “Walk Up Aniene” project:69 funded by ACTION,70 a cascade funding scheme
under Horizon 2020; it began in March 2021 and ended in August 2021.

In comparative terms, RomaUP involved fewer participants than Walk Up Aniene, despite
spanning over a longer time. RomaUP was also more affected by the Covid-19 pandemic
than Walk Up Aniene where, since the area being monitored was much smaller, the local
people engaged could still monitor and even rediscover the park near to their homes all the
more during the pandemic. Furthermore, RomaUP was just concluded at the time of our
study, whereas Walk Up Aniene already delivered results. RomaUP was also more complex
at a technical level than the Walk Up Aniene project.

Both projects can be considered forms of civic, participatory environmental monitor-
ing, falling within the categories of so-called “citizen sensing”, “community-based moni-
toring” and, more broadly, “citizen science”. The inhabitants of Rome, regardless of their
qualifications or experience, have been engaged in monitoring the water quality of their
rivers upstream (in designing the research), on the ground (collecting water samples) and
downstream (in the analysis of the results). The monitoring can be considered “extreme”
or deeply participatory citizen science precisely because it was run by the people (ie the
organized civil society, represented by the association A Sud and all the engaged volun-
teers, who shaped the processes of design, creation and implementation of the initiative
and then of analysis and advocacy), for the people (ie it supported environmental and social
justice claims voiced by the local communities) and with the people (the leading association
A Sud involved local ordinary citizens and activists as the main protagonists and benefi-
ciaries).71 However, we acknowledge the fact that the funding for both initiatives did not
come from the citizens themselves (eg self- or crowd-funding), but rather from a non-
profit foundation (RomaUP) and from a Horizon 2020 scheme (Walk Up Aniene), indicating
that the initiatives were not purely grassroots-driven. They in fact entailed a (light) form of
institutional support, at least from the perspective of the funding.

The initiatives are manifestations of the theoretical category of “reactive” citizen sci-
ence as aimed at gathering evidence that is potentially useful for supporting the claims of
(urban) communities at the margins (ie those most disproportionally affected by the city’s
resource degradation). Those societal fringes engaged in the initiatives showed distrust
towards how competent institutions managed the city’s rivers. In particular, people
reported a lack of institutional transparency, the persistence of information monopolies
and institutional inertia. All of this pushed local inhabitants to “cross-check” the quality of
the rivers’ waters.

Throughout the two initiatives, A Sud was mostly in charge of organisational coordi-
nation and scientific sense-making as, during the process, existing scientific

68 RomaUP webpage <https://asud.net/progetti/romaup/> (last accessed 3 September 2021).
69 Walk Up Aniene webpage <https://asud.net/walk-up-aniene/> (last accessed 3 September 2021).
70 ACTION project webpage <https://actionproject.eu/> (last accessed 3 September 2021).
71 For a recent discussion of science by, with and for ordinary people stemming from a case study, see Kenens

et al, supra, note 37.
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methodologies were adapted to make them more accessible to ordinary citizens and to
make the overall monitoring initiative more inclusive. A Sud’s mission is to be a facilitator
for community action by providing the tools, advocacy and skills to run monitoring on the
ground and eventually to trigger legal interventions and policy discussions. The stages
that led to the projects can be summarised as follows:

• Phase I: After a study of Rome’s environmental issues by the A Sud research
team, a focus group was set up with citizens and representatives of committees
and associations active in the field,72 with the aim of mapping the demands and
interests from the grassroots. The shared need to acquire the skills to carry out
environmental monitoring activities in their territories emerged.

• Phase II: The next phase was characterised by the completion of a questionnaire
by the participating citizens, committees and associations to determine their
skills in environmental monitoring and their previous experience. In this case,
the answers were heterogeneous: there were those who had already carried out
monitoring activities and for this reason wanted to carry out new projects,
while others were fascinated by the process but did not have any practical expe-
rience with civic monitoring.

• Phase III: From this collective brainstorming, the RomaUP project was born,
which today carries out both civic monitoring of the Tiber waters together with
Rome’s Committee for Public Water (“Coordinamento Romano Acqua Pubblica”)
and implements a training course for citizens interested in carrying out partic-
ipatory environmental monitoring. After the first training on monitoring, the
participants are offered the (optional) possibility to actually perform water
monitoring and also to attend a planning and design course so that they can
independently create other initiatives in their territories. Walk Up Aniene,
for example, started as a spin-off from the RomaUP project.

In the next two sections, we describe the background and the main outcomes of the two
projects. In the discussion, we juxtapose the initiatives and compare them in light of our
research questions.

2. The RomaUP Tiber monitoring initiative
The RomaUP initiative aimed at improving the engagement of local people in watching
over the status of their local resources, in particular by monitoring the Tiber. Local inhab-
itants joined in with the monitoring, as they were worried for their river based on scien-
tific data already available73 and on the widespread perception that competent institutions
were not doing enough to assess the river’s status. Civic groups sensitive to environmental
issues from other areas of the city also joined the project. Therefore, participants were
mostly people who already cared about environmental issues in general or who lived along
the river and felt concerned regarding its degradation. They believed that public monitor-
ing was performed only in a limited number of spots and with limited intervention
capacity.

One of the biggest concerns that motivated the participants to monitor the river quality
stems from the fact that the local water utility, Acea, had already built a purification plant
(which serves the northern part of the city) to make the Tiber’s water drinkable and had

72 Such as civic organisations active in the reacquisition of green spaces, the promotion of sustainable mobility,
better waste management, water resources and forest preservation, as well as foundations interested in financing
activities put in place by local realities.

73 See, among the others, ARPA Lazio, supra, note 5.
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pushed for the construction of other similar plants. Therefore, it appeared urgent to
acquire some basic information about the river’s water quality. Furthermore, participants
were even more motivated due to the fact that during the year 2020 there were recurrent
fish deaths in the Tiber. These were perceived as very anomalous events for a large river
like the Tiber – demonstrating a high level of ecosystem degradation – and they increased
the sense of distrust among the local citizens towards the institutional governance of
the river.

Local committees, associations and individual citizens joined in with the monitoring
using tools such as that displayed in Figure 1. Approximately ten organizations and
approximately fifty individual participants took part in the monitoring, although A Sud
aimed at engaging at least 100 people. Thus, A Sud also worked on organising public ini-
tiatives for engaging more local inhabitants.74 In the end, the social uptake of the initia-
tive75 was lower than what was desired, partially due to the restrictions associated with
the COVID-19 pandemic. Indeed, the first monitoring corresponded with the first day of
the lockdown in Rome. In the lockdown period and its aftermath, people tended to remain
isolated, limiting their social relationships. Thus, it was difficult for A Sud to involve new
people.

Nonetheless, the project attracted the attention of other civic groups, such as Agenda
Tevere,76 an association promoting the joint management of the river with local actors
through a “river contract” scheme. A “river contract” is a scheme through which the inter-
ventions of public administrations, water management services, private actors, associa-
tions and other organised local actors are coordinated to achieve the objective of river
preservation and flourishing. The gathering of collective knowledge relating to a river
can be a component of implementing a river contract. Interestingly, the establishment
of a “river contract” had already taken place for the Aniene back in 2002.

In order to define the monitoring strategy, the civic actors engaged a river ecologist
who was also experienced with citizen science. Remarkably, the expert was engaged by
the civic groups and not vice versa (ie the scientist driving the initiative who engages

Figure 1: Instrument to monitor the temperature, conductivity and other parameters of water at a sampling point
north of Rome (photograph by A Sud).

74 See <https://asud.net/events/event/tevere-monitoraggio-acque-evento-19-novembre-isola-tiberina-
roma/> (last accessed 14 February 2022).

75 For the notion of “social uptake” juxtaposed to that of “policy uptake”, see Berti Suman, supra, note 38.
76 Agenda Tevere webpage <https://www.agendatevere.org/> (last accessed 5 October 2021).
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the citizens, which is the more common pattern, as can be witnessed for citizen science
projects in the health domain such as Genigma77 and Stall Catchers78). The participants
jointly decided that they wanted to estimate the diffuse pollution of the river’s water,
so the monitoring sites were chosen to characterise the entire urban stretch of Rome
as homogeneously as possible. The only exception was the sampling point located in cor-
respondence with the intake of the Grottarossa drinking water plant, which was identified
in order to monitor the quality of water captured, purified and then fed into the water
network for the drinking water supply. In total, eight monitoring sites were selected,
all located within the Grande Raccordo Anulare (the ring road surrounding Rome). One
of them was set at Ponte Salario on the Aniene in order to evaluate the contribution
of this stream to the Tiber.

Based on scientific advice from the engaged river ecologist (but also due to budget con-
straints impeding more frequent measurements), each month, starting from March 2021
and continuing for one year, volunteers monitored water quality using portable and
easy-to-operate water kits (see Figures 1 and 2). They gathered data on chemical and phys-
ical parameters such as conductivity, total suspended solids, pH (ie potential of hydrogen,
measuring the acidity or alkalinity of water), temperature and turbidity.79 Data on these
parameters were collected as they provide basic information about the characterisation of
a water body. Any change from a standard range may indicate some disturbance in the
system. In addition, data on nitrates, phosphates and ammonium ions (NH4

�) were also

Figure 2: Water sampling in the southern part of Rome, close to the Acea purification plant (photograph by A Sud).

77 A citizen science initiative aimed at studying the genomic alterations in cancer cells under the guidance of a
scientific team from CNAG-CRG in Barcelona <https://genigma.app/en/el-proyecto/> (last accessed 16 August
2022).

78 Citizen science for speeding up Alzheimer’s disease research initiated by Cornell University, USA, <https://
stallcatchers.com/about> (last accessed 16 August 2022).

79 Carsetti et al, supra, note 23, 38.
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measured, which are alarm parameters indicating a potential critical condition associated
with oxygen deficiency (ie anoxia). This deficiency is a particularly concerning condition
for the entire river ecosystem and it was considered by A Sud to be a potential cause of the
fish deaths that had occurred in the river, as described earlier.80 The monitoring cam-
paigns carried out by RomaUP have partially confirmed the hypothesis that “anoxic bub-
bles” (ie conditions of the absence of oxygen in water) could have caused these fish deaths.
However, given the characteristics of the river in the sections monitored, A Sud also rec-
ognises that these instances could have been triggered by a series of concomitant factors.81

Finally, the water samples collected by the participants have also been analysed – this time
through laboratory analyses – to assess whether there were traces of glyphosate (which
was found once in the samples) and herbicides. These are harmful substances that are
widely used in agriculture and often also in urban contexts.

In terms of the actual deployment of the initiative, the monitoring of the listed param-
eters was carried out according to the methods developed by Fresh Water Watch,82 a global
citizen science project from Earthwatch Europe aimed at researching and protecting fresh-
water resources. This is remarkable as it shows that even small-scale, local forms of civic
monitoring can take inspiration from and be amplified by larger-scale citizen science ini-
tiatives. Each sampling from RomaUP is uploaded on the platform of the Fresh Water
Watch Citizen Science Observatory.83 This makes the local data visible to wider audiences.

3. The Walk Up Aniene monitoring project
Building on the larger RomaUP initiative, local civil society actors, such as the non-profit
Insieme per l’Aniene,84 with the guidance of A Sud, developed the Walk Up Aniene project.
The initiative aimed at monitoring the status of the Aniene throughout the Nature Reserve
of the Aniene Valley.85 The project was supported by the Horizon 2020 ACTION pro-
gramme. This shows a virtuous circle entailing further interventions stemming from
an existing and more established civic monitoring reality. Walk Up Aniene has facilitated
the engagement of approximately 100 participants from the city of Rome (all joining the
training and half of them also joining the monitoring), demonstrating greater social
uptake compared to RomaUP.

The main driver of the initiative was the fact that data on the environmental status of
the Aniene were fragmented and/or not up to date, mostly due to the lack of economic
resources for the systematic collection and dissemination of river data.86 From the need to
deepen existing knowledge on the status of the reserve, Walk Up Aniene aimed at building

80 It should be noted that A Sud in its report stresses that the parameters chosen for monitoring were not
specifically aimed at identifying the causes of the numerous fish deaths that occurred. A Sud underlines that
the root cause of the deaths cannot be determined only with participatory or laboratory-based chemical analyses,
as also other conditions should be considered, such as climatic conditions, and that the exact point where the
mortality phenomena began should be identified and analysed; ibid, 38.

81 ibid, 50.
82 Fresh Water Watch webpage <https://freshwaterwatch.thewaterhub.org/about> (last accessed 5 October

2021).
83 See <https://freshwaterwatch.thewaterhub.org/our-data/explore-our-data> (last accessed 3 November

2021).
84 Insieme per l’Aniene webpage <https://www.aniene.it/> (last accessed 8 September 2021).
85 The reserve is established under the Regional Law n. 29/1997, available at <https://www.consiglio.regione.

lazio.it/consiglio-regionale/?vw=leggiregionalidettaglio&id=9334&sv=vigente> (last accessed 2 October 2021).
It covers 630 hectares and is located along 15 km of the Aniene’s riverbanks in its last stretch within the city of
Rome before it flows into the Tiber. The reserve is a central ecological corridor for fluvial fauna and flora within a
highly urbanised area characterised by degradation of local ecosystems.

86 Leone et al, supra, note 6.
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a civic knowledge base in order to highlight priorities for action and elements to be taken
into account for management policies.

After training the participants, the project ran systematic and continuous sampling of
the Aniene river shaft (ie the riparian area and immediate surroundings) using two survey
instruments: the “Evaluation Sheet of the Ecomorphological Quality” of a watercourse87

and the “Fluvial Functionality Index”.88 Applying both methods and comparing the results
improved data granularity and accuracy. By joining and simplifying both survey instru-
ments into one accessible observation questionnaire, Walk Up Aniene made it easier
for ordinary people to collect information on the status of the riverbanks, a task previously
performed only by researchers. This multiplied the granularity of the measurements, now
covering river stretches along the entire reserve. As participants had received training on
standard scientific methods for water sampling (these methods had been adapted to be
undertaken by ordinary people), they were able to perform state-of-the-art measurements
that are comparable to those performed by professional scientists.

In terms of social uptake and scientific quality of the initiative, the citizens’ participation
has been shown to be quick and successful both in terms of numbers of people engaged as well
as in terms of the quality of the data collected. Walk Up Aniene proved to be an efficient
engagement strategy to reach those citizens who were concerned for the reserve or were
interested in the broader topics covered (urban nature preservation, ecology research, civic
monitoring, etc.). In this endeavour, the depth of the network of the promoters and their
capacity to reach local inhabitants, community leaders, local committees and schools have
been fundamental. The presence of an active local association taking care of the park pro-
moted the engagement of local dwellers who, being unable to travel much due to the
COVID-19 restrictions, could rediscover nature close to their homes.

The participants used tools commonly used in the field of monitoring (observation
questionnaires, mobile technologies; ie the Epicollect application89) to build up the database
on the status of the Aniene. Although data quality in citizen science projects is frequently
called into question,90 the quality control processes carried out on the collected data showed
these data to be fully satisfactory, achieving 85 per cent reliability according to the final report
of the initiative.91 Furthermore, the results of the individual evaluation sheets for each sam-
pling point showed discrete correspondence, which can be read as an indication of the accu-
rate acquisition of knowledge on how to conduct the monitoring during the training prior to
the fieldwork. Furthermore, the civic monitoring scheme that was followed proved to be an
easily replicable operational model in other locations.

The results of the data collection for Walk Up Aniene show better river quality and
functionality in river sections that are more distant from the city centre, whereas the envi-
ronmental status of the river and its banks are more compromised in the more urbanised
areas and at the confluence with the Tiber.92 This confirmed the concerns of the partic-
ipants that river degradation is probably due to the numerous illegal dumpsites and

87 Regione Lazio, Compendio di Ingegneria Naturalistica per docenti e professionisti (2015)<http://www.aipin.it/wp-
content/uploads/2020/10/I_Parte_Compendio_IN_FINALE_compressed.pdf> (last accessed 1 October 2021).

88 Agenzia per la protezione dell’ambiente e per i servizi tecnici, Indagini ambientali nei siti contaminati (2007)
<https://www.reteambiente.it/normativa/9825/> (last accessed 5 October 2021).

89 Epicollect webpage <https://five.epicollect.net/> (last accessed 5 October 2021).
90 Berti Suman, supra, note 38.
91 Percentage reliability is calculated by dividing the total operating time by the number of failures over a given

period. The full data set of the monitoring is available at <https://five.epicollect.net/project/walk-up-aniene/
data> (last accessed 5 October 2021). More information on the data quality and reliability can be found in the final
report, see Leone et al, supra, note 6.

92 The results are visualized in a series of graphs contained in the final report and accessible at these links:
<àhttps://bit.ly/grafici_qualità_ecomorfologica>, <https://bit.ly/grafici_componenti_ecosistemiche> and <https://
bit.ly/webmap_WA_Aniene> (all last accessed 3 November 2021).
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settlements along the urban riverbanks. Interestingly, the results enabled an understand-
ing to be gained regarding which factors had the greatest impacts on the final evaluation
of the environmental status of each stretch or bank, making it possible to hypothesise
causes and corrective actions to be taken. Among other things, the data show that the
quality of the riparian vegetation is the most affected system in the overall area studied,
and it is also the factor contributing the most to general environmental quality.93

The civic monitoring delivered a complete picture of the riparian river area (see
Figure 3), highlighting places of greatest importance for the conservation of the river envi-
ronment, those at the greatest risk of deterioration and hydrogeological instability and
those of greatest ecological value.94 Such data are expected to facilitate a science-based
dialogue with competent institutions in order to inform and steer interventions in the
Aniene Valley. In particular, the production of a final report based on the initiative’s find-
ings that includes recommendations95 will help to better focus future research and advo-
cacy actions directed at authorities. This knowledge could be particularly useful to those
public and private entities that in the future will design and implement interventions
within the Aniene basin. Such data could also be valuable in shaping decisions in relation
to the ongoing experimentation regarding a river contract and its scaling up to the whole
river basin.96 Lastly, the results of the initiative could be useful for suggesting further
investigations to be carried out by (citizen) scientists and by competent authorities.

IV. Discussion

1. The potential of the “citizen sensing paradigm” to accelerate urban transitions
The theoretical frame introduced at the opening of this article enabled us to define the
“citizen sensing paradigm”, which is the engagement of ordinary people in environmental
monitoring not (only) out of scientific curiosity but also for advocacy, underlying an inten-
tion to push for (governmental) interventions, while building knowledge from the ground
up. This all occurs in a context of distrust towards institutions that seem to struggle (at
least in the people’s eyes) with tackling the described “wicked problems”. Both monitoring
initiatives observed had a distinctive drive for policy impact, and this is particularly visible
in the recommendations produced for the public administration by Walk Up Aniene.97

Therefore, a first key finding of our analysis is that citizen sensing can be a way to demand
interventions, especially of policymakers and decision-makers, and to suggest alternatives.
This is in line with the conclusions reached by Gabrys et al, who discuss how citizen data
give rise to alternative ways of addressing collective environmental problems.98 In our
view, initiatives such as those discussed in this article could trigger a virtuous process
of social innovation. Furthermore, although not foreseen by the initiatives at the moment,
these claims could also be advanced in judicial fora (eg supporting the ongoing public
inquiry into the fish deaths of the Tiber).

Another relevant perspective taken from our theoretical frame is that of “small win”
interventions. The initiatives observed are relatively small-scale, situated instances that,
however, are able to produce evidence for change, or at least to demand this change to occur
based on the evidence that ordinary people have collected. This finding also echoes what

93 Leone et al, supra, note 6.
94 ibid.
95 ibid.
96 On the Aniene river contract, see <https://contrattodifiumeaniene.wordpress.com/> (last accessed 5

October 2021).
97 Leone et al, supra, note 6.
98 Gabrys et al, supra, note 33.
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Figure 3: Interactive map of the geomorphological status of the Aniene (open access).

542
A
nna

Berti
Sum

an
et

al

https://doi.org/10.1017/err.2022.28 Published online by Cambridge University Press

https://doi.org/10.1017/err.2022.28


has been argued by Gabrys et al.99 The successful example of Walk Up Aniene is already
triggering other civic monitoring initiatives across the city and may initiate a virtuous
circle of similar activities. Moreover, river contracts based on collective knowledge-
making could begin to multiply. The key finding under this frame is that civic monitoring
can be an incremental intervention that stimulates solutions.

Both final reports of the initiatives cited show how the two civic monitoring processes
have a transformative potential (ie the possibility of influencing the governance of the city’s
resources towards a more sustainable and inclusive city model). This is “only” a potential,
not an actual transformation. Yet the initiatives have already offered to the scientific
world and the political sphere knowledge that could be valuable in the design of environ-
mental control and remediation schemes. The reports point to civic monitoring as an effi-
cient early-warning system to report anomalies and environmental risk factors to the
authorities, who are often unable to deploy comprehensive oversight.100 Future develop-
ments stemming from the initiatives in the coming years will prove or disprove this state-
ment (eg whether the data produced will actually steer city authorities).

Furthermore, the production of knowledge from the ground up can contribute to the redef-
inition of the future of a community, starting from local instances and shifting patterns of stag-
nant governance. Instead of giving up on their own ability to shape the city’s future, through
the collection of scientific evidence related to health and environmental problems the partic-
ipants could develop or regain a sense of belonging to their territories and strengthen their
identity and democratic vocation, all while overturning entrenched dynamics of power.

Both of the points just stressed are linked to another finding: that of citizen sensing at
the “extremes” that becomes an act of resistance of communities exposed to environmental and
social injustices. We can affirm that, through these initiatives, citizens adopted a role in pro-
moting the well-being of their city, they felt reconnected to (lost) spaces and they could –
although minimally – contribute to reducing urban distress. Civic monitoring can stimulate
a city’s transition towards a more sustainable and inclusive future101 by stimulating care for
the city’s resources and building social relationships, beyond just producing scientific results.102

In light of this last point, another finding relates to how the initiatives influenced indi-
vidual and collective attitudes. Questionnaires filled in by the participants before and after
joining the Aniene monitoring scheme demonstrated that people increased their knowl-
edge of the Nature Reserve of the Aniene Valley, and this changed their perception of it in
a positive way. Participants also reported an increased inclination to visit the reserve and
to pay attention to and report environmental degradation. Therefore, we can affirm that
the initiative generated a sense of care and of responsibility towards local resources.
Furthermore, the participants affirmed that their trust towards those civil society organ-
isations acting for the protection of the reserve was improved after joining the initiative.
In the case of RomaUP, the low number of participants actually involved makes it more
difficult to assess any beneficial effects at an individual and collective level.

Lastly, and with an eye to the collective dimension of citizen sensing, the initiatives
fostered and were themselves social innovations. The case studies analysed appear to be
both process- and goal-oriented initiatives that accelerated an ongoing transition of
the city towards a more sustainable and inclusive way of managing its resources.
Conceivably, in the city of the future, governance (including environmental monitoring)

99 ibid.
100 Carsetti et al, supra, note 23, 38; Leone et al, supra, note 6.
101 N Grimm et al, “The Impacts of Climate Change on Ecosystem Structure and Function” (2013) 11 Frontiers in

Ecology and the Environment <https://doi.org/10.1890/120282> (last accessed 5 September 2021).
102 F Lederbogen et al, “City Living and Urban Upbringing Affect Neural Social Stress Processing in Humans”

(2011) 474(7352) Nature <https://pubmed.ncbi.nlm.nih.gov/21697947/> (last accessed 5 September 2021).
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would be truly polycentric and thus also would rely on the “collective intelligence” of local
actors and caring communities, as in the studied cases.

2. The scientific and public benefits of the initiatives
The scientific robustness of the initiatives was strengthened by the fact that professional
scientists also joined the civic efforts for defining the scientific protocols of the initiatives
and adapting them for use by ordinary people. This enhanced local expertise and refined
the data collection strategy. The data produced showed high reliability (ie 85 per cent reli-
ability for Walk Up Aniene, as the final report notes).103 In particular, scientists helped the
citizens to identify which parameters were relevant for monitoring (see Figure 4) and how
to make this monitoring comparable and even better (in terms of granularity; ie level of
spatial detail) than that of the competent authorities. The initiatives not only triggered a
process of care by the people involved, but also a curiosity for science, boosting the skills of
the inhabitants who gained abilities that will be a social resource for the future.

The citizen scientists could monitor areas that were overlooked by competent authori-
ties for a variety of reasons (mainly lack of time and resources). Indeed, participants

Figure 4: Water sampling for nitrate and phosphate in the southern part of Rome after the construction of the Acea
purification plant (photograph by A Sud).

103 The full data set of the monitoring is available at <https://five.epicollect.net/project/walk-up-aniene/
data> (last accessed 20 August 2022). More information on the data quality and reliability can be found in
the final report, see Leone et al, supra, note 6.
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explored each month not only the most common access points to the Tiber and Aniene
such as the central segments reachable by bike path, but also those where access is more
difficult (eg being possible only by passing through occupied lands or by cutting through
vegetation with a sickle). Overall, this information asset fills existing gaps in scientific and
public knowledge and could be of value both for scientists and for policymakers.

In addition to the scientific and public benefits, it is interesting to regard the initiatives
as forms of “service provision”, entailing (social) innovation in the provision of an environ-
mental service not only for peer citizens but also for policymakers. After the RomaUP train-
ing, civic actors became able to use low-cost tools to provide the service of collecting and
analysing environmental data. They also became able to spread this knowledge within
their territories and communities, providing a service for peer citizens both in terms
of training and in terms of actual support for the replication of the initiatives through
pilots, where needed. For example, Snia Park in Rome has also started air quality moni-
toring activity thanks to the acquisition of knowledge regarding monitoring tools provided
by A Sud. Foreseeable spin-off initiatives will be able to act independently based on the
knowledge acquired. However, A Sud will continue to conduct capacity-building activities
and advise local communities on running new monitoring projects.

Data on the concrete political influences of the initiatives are still incomplete, but nev-
ertheless we can make some observations on the two citizen science initiatives discussed.
For both initiatives, recommendations for policymakers have been produced,104 but the
question still remains as to whether such recommendations will be listened to by
decision-makers. At this stage, we can say that this knowledge asset could enable citizens
in the near future to pressure institutions to take greater care of river ecosystems. Being an
active part of the monitoring process has made people feel more responsible for the state
of their river and more inclined to carry out advocacy towards institutions.

Rome’s Committee for Public Water, together with A Sud, and based on the results of
the two initiatives, is exerting pressure on the Rome Municipality and Acea, the multi-
utility provider that is also in charge of water supply in Rome, urging them to take action

Figure 5: Labelling samples to be sent to laboratory, near Ponte di Ferro, south-central region of Rome (photograph
by A Sud).

104 Carsetti et al, supra, note 23; Leone et al, supra, note 6.
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as a result of the collected data. One of the lines of action will aim to block the plan for
purifying the water of the Tiber for drinking purposes because of the environmental prob-
lems detected and consequent risks for citizens’ health. Recent initiatives by Acea – such as
the DepurArt project105 – aimed at bringing the public closer to the process of water puri-
fication by turning a water purification plant into a cultural centre suggesting that Acea
recognises the importance of meaningfully engaging with the people.

Furthermore, recently, A Sud presented the data and a dossier stemming from the two
monitoring initiatives to local authorities (the Lazio Region and ARPA) and requested and
obtained the stipulation of a protocol with ARPA for collaboration on the exchange of
information. They are also replicating the same monitoring activities on other environ-
mental matrices (such as air quality) in light of recent events that affected Rome (ie urban
fires). The Lazio Region with its environment department has publicly recognised the
validity of A Sud’s monitoring106 and is pushing for ARPA to consider it as a fundamental
contributor of information on the state of the health of the Tiber, thereby enhancing the
participatory process. We will only be able to assess the impacts of these (early) interven-
tions and advocacy strategies in the future, but they already indicate that remarkable lev-
els of attention are being paid to the initiatives.

V. Conclusions, limitations and future research avenues: citizen sensing as a
“small win” intervention boosting broader transitions

In this article, we illustrate how Rome – the eternal city admired for its beauty and charm –
is nonetheless struggling in multiple dimensions regarding the environmental degradation
that is impacting its inhabitants’ well-being and their attitude towards the city adminis-
tration. Our study addressed creative forms of social innovation that start from situated
problems and that have the capacity to accelerate or even trigger broader social and envi-
ronmental justice outcomes. The problems targeted by our case studies were those of the
scarcity and poor quality of Rome’s river waters and the degradation of surrounding river
ecosystems. Interventions in our case meant collective civic monitoring of the riverbanks
and waters and the production of a knowledge pool that also has the potential to stimulate
a transition towards more sustainable and inclusive city management.

A transition does not stem automatically from knowledge creation. Therefore, we can
identify three convincing aspects that can trigger change when coupled with knowledge
creation. First, we identified the advocacy potential of the knowledge created: the partici-
pants increase their awareness but also their sense of responsibility towards local resour-
ces and start demanding interventions. Second, when public administrators realise that
more and more people care about their rivers, this can initiate a virtuous circle in which
public support is provided to the civic actors and structural cooperation is established.
Third, as civic monitoring can be seen broadly as a public service, we can imagine that
similar experiences could stimulate the embracing of polycentric governance in practice
through institutional implementation/endorsement of decentralised monitoring.

We demonstrated that civic monitoring can be beneficial not only for public adminis-
trations but also at the individual and community level. Indeed, it can shape, redeem and

105 The DepurArt project, conceived by the Acea Group, aims to transform the Fregene (Lazio) purification plant
(but later other plants as well) into a place that can be visited in order to understand the processes underlying
water purification, see press release of 9 February 2022 <https://www.gruppo.acea.it/content/dam/acea-
corporate/acea-foundation/pdf/it/gruppo/media/comunicati-stampa-e-news/2022/02/AceaCS-09022022.
pdf> (last accessed 22 August 2022).

106 Evidence can be found in the recordings of the public event organised by A Sud on 9 June 2022 with
Lazio Region <https://asud.net/un-patto-per-i-beni-pubblici-ambientali-evento-pubblico/> (last accessed 15
September 2022).
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possibly redefine the future of individuals and local communities that suffer due to river
degradation. The initiatives also have had a positive impact on individual attitudes
towards the city and its resources: they stimulated a sense of care and of attachment.
At a collective level, all of this stimulated the formation of a watchful citizenship that will
oversee the way in which the city will embrace the green transition at the local level, in
line with what has been detailed by the European Green Deal strategy.107

Furthermore, we argue that the engagement of professional scientists in the two ini-
tiatives, the preparatory training offered to the participants by A Sud and the ability for
the citizens to reach difficult-to-access places made it possible to create a robust knowl-
edge base. The data generated were comparable or perhaps even better (in terms of gran-
ularity) than those stemming from the monitoring carried out by the competent
authorities. The knowledge collected could be of interest for peer citizens but also for
the policymakers in charge of monitoring the rivers’ ecosystems. Under this perspective,
we regard citizens as “service providers” for authorities. Providing competent authorities
and communities with a large quantity of good-quality data is in itself a public and social
service for more informed policy development and interventions. This could prevent mis-
matches occurring between the data needed for policy purposes and the data currently
available.108 The citizen scientists therefore complemented official data and even filled
in gaps in such knowledge by being able to access areas that the authorities could not
(as displayed in Figure 5). Based on this knowledge asset, we expect citizens to pressure
institutions to take greater care of their rivers.

Reactive or extreme citizen science in this context becomes a fundamental advocacy tool,
strengthening the impacts of local committees and associations in their dialogue with
institutions, especially in cases such as a big, complex city like Rome, where people feel
detached from the city and its decision-makers. As Butkevičienė et al argue, addressing the
policy level is a key step in citizen science projects framed as social innovations.109

Therefore, it is important that sustainable advocacy actions continued to be promoted
once the civic monitoring and scientific processes finish.

We can now highlight some limitations of our study. The initiatives are comparable
only to a certain extent, in terms of organising group (the association A Sud), activity
(water quality monitoring) and that they both engaged a significant number of citizens
in gathering data (eg tens of people). However, whereas RomaUP had only recently con-
cluded at the time of writing this article, Walk Up Aniene had already delivered its results
quite some time ago. This makes it more difficult to draw conclusions regarding the
impacts of RomaUP’s results. However, recent developments outlined in the previous sec-
tion show RomaUP’s promising policy influences.

Our study is also limited in scope: we targeted only the city of Rome and studied only
two specific cases, whereas focusing on comparable cities experiencing similar distress to
that of Rome and similar citizen science interventions could be helpful to test and compare
our findings and conclusions. We deem that more research should be performed to refine
the theoretical notion of the citizen sensing paradigm as a “small win” intervention capa-
ble of triggering broader transitions towards more sustainable and inclusive urban gov-
ernance. A comparative study across different cities in different countries performed with
this theoretical lens in mind could be particularly enlightening. Furthermore, the engage-
ment of scholars from the urban governance and urban justice fields could enable the

107 The European Union Green Deal webpage <https://ec.europa.eu/info/strategy/priorities-2019-2024/
european-green-deal_en> (last accessed 29 October 2021).

108 C Chapman and C Hodges, “Can Citizen Science Seriously Contribute to Policy Development?: A Decision
Maker’s View” in L Ceccaroni and J Piera (eds), Analyzing the Role of Citizen Science in Modern Research (Hershey,
PA, IGI Global 2017).

109 Butkevičienė et al, supra, note 49.
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scaling up of our proposition to other areas of intervention beyond environmental moni-
toring to include – for example – urban safety, public well-being and quality of public serv-
ices. Lastly, we hope that future research will continue to empirically explore the actual
scientific, social and especially advocacy and political impact of initiatives such as those
that we studied in this contribution.
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