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Abstract: Air quality management in rapidly urbanizing contexts requires collaborative frameworks
that balance technical solutions with inclusive governance. This study introduces the QuadAQ ap-
proach, a partnership model that identifies and engages air quality (AQ) actors across four levels:
micro (citizens directly affected and targeted by initiatives), meso (entities whose activities directly
or indirectly reduce air quality), macro (academia, NGOs, and AQ professionals), and mega (local
councils, government, media, and funding agencies). The Erasmus+ program has facilitated various
air management initiatives across Europe. Two of such projects, the CitiObs and AirForAll projects
demonstrate different partnership frameworks different from the Quad AQ approach to air manage-
ment. The AirForAll project support micro level AQ players to “act for improved air quality and
climate sustainability in your local area and in the world.” expressed through the production of a
non-technical knowledge toolkit accessible on the AirForAll digital platform, the platform affords
micro level players the opportunity to collaborate with Macro level players for air management.
This project doesn’t incorporate meso and mega level players directly and thus the collaboration
may not endure. The CitiObs project, focuses on empowering micro level players to become “citizen
observatories in distinct cities to create/enhance/or scale up inclusive and diverse citizen observa-
tions, fostering, in particular, an active role of citizens in the observation of the urban environment
using low-cost sensor technologies and wearables, with a particular focus on air quality and related
environmental measures.” Citizen Observatories are collaborative platforms for environmental
monitoring, combining citizen participation and technology. CitiObs approach is akin to the con-
ceptualized QuadAQ partnership framework as it hopes to engage “citizen science practitioners
(public and institution-based), and policymakers at the city, regional, national and EU levels in co-
design and co-creation activities, and embedding the results of those activities in a Knowledge Plat-
form.” This approach involves the mega, micro and macro level AQ players. Engaging all AQ play-
ers is an ideal framework for enduring collaboration for air management.

Keywords: Environmental planning; Air quality management; Citizen science; QuadAQ approach;
Sustainable urban development

1. Introduction

Air pollution contributes to approximately 7 million premature deaths annually,
with disproportionate impacts on vulnerable urban populations. Study [1] reports that 9
out of 10 people worldwide breathe contaminated air, leading to over 7 million premature
deaths. Research [2] further confirms this, noting air pollution kills 1 in 8 people globally
through heart disease, stroke, and respiratory conditions. Conventional monitoring relies
on a small number of fixed stations with limited spatial coverage, often unable to inform
local communities about pollutant concentrations. Reference [3] emphasizes that these
sparse monitoring networks are expensive and fail to capture pollution’s temporal and
spatial heterogeneity. The emergence of low-cost sensor technologies and citizen science
methodologies has transformed environmental monitoring and governance. However,
successful air quality management requires carefully designed collaborative frameworks
that intentionally engage diverse stakeholders across multiple organizational levels. [4-5]

SUPTM conference proceedings 2026 https://doi.org/ 10.31428/xxxxx

https://repositorio.upct.es/handle/10317/XXXX

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32

33

34
35
36
37
38
39
40
41
42
43
44
45



Proceedings 2026, 68, x FOR PEER REVIEW 2 of 4

This paper proposes the QuadAQ framework; a four-level stakeholder engagement
model for air quality management in urbanizing contexts. The framework conceptualizes
air quality actors across four distinct levels:

1. Micro Level: Individual citizens and community members directly affected by

air pollution.

2. Meso Level: Organizations and industries whose activities directly or indirectly

impact air quality.

3. Macro Level: Academic institutions, research organizations, and professional

networks.

4. Mega Level: Government bodies, policy-making institutions, media organiza-

tions, and funding agencies

2. The QuadAQ Framework

The QuadAQ framework organizes air quality management into four interconnected
tiers, each contributing unique resources. The Micro level involves citizens using local
experiences to identify pollution sources, while the Meso level includes the industries and
transport companies that generate emissions. These groups are supported by Macro level
experts, such as universities and NGOs, who provide scientific guidance, and Mega level
government authorities and private sector funders responsible for creating regulations,
policies, and allocating budgets.

There must be active collaboration across all levels rather than isolated efforts for this
approach to succeed.[6] Communities need clear channels to voice concerns to industries,
while researchers must ensure their technical expertise is accessible to local residents. Cru-
cially, government and private institutions must facilitate this dialogue and clearly
demonstrate how public and expert input directly shapes official air quality decisions and
policies towards clean environment.

3. Case Study: CitiObs and AirForAll Projects

3.1. CitiObs Project:

CitiObs is a Horizon Europe initiative that coordinates 85 different citizen observa-
tory groups across europe. Instead of viewing residents as data collectors, the project
treats them as active partners who help design the research and advocate for a better en-
vironment.[7] This approach successfully connects different layers of society: everyday
citizens work on the ground, major research institutes like Leiden University, RIVM, IHE
Delft provide the scientific backbone, and government officials are engaged directly to
ensure findings influence laws. Even the industries causing pollution are brought into the
picture indirectly, as the project focuses on identifying exactly where emissions origi-
nate.[8]

The project uses a phased expansion strategy, starting with five lead cities before
rolling out to others to ensure these efforts last. They are securing this legacy by develop-
ing a "CitiObs Cookbook" and a shared knowledge platform, which serve as practical
guides for future initiatives. Beyond just creating tools, the project invests heavily in train-
ing everyone involved; from local communities to national policymakers. The ultimate
goal is to ensure that community-led monitoring stops being a temporary experiment and
becomes a standard, integrated part of how cities manage environmental policy.[8]
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3.2. AirForAll Project 1
AirForAll is an Erasmus+ funded project designed to help everyday people actively 2
reduce air pollution. Instead of using complex scientific jargon, the project offers a simple, 3
non-technical toolkit hosted on a digital platform that makes data collection and collabo- 4
ration easy for everyone. Because of this accessible approach, the project connects very 5
strongly with local residents, specifically through its Citizens Testing Group. However, 6
while it works well with environmental organizations, it currently operates somewhat 7
independently, with limited direct interaction with the government bodies or the indus- 8
trial companies that are actually creating the pollution. 9
AirForAll relies on its digital platform to keep knowledge accessible and uses its Cit- 10
izens Testing Group to provide a steady stream of feedback to ensure the project lasts. 11
Being part of a transnational partnership network also helps share ideas across borders. 12
However, a key challenge remains for its long-term future: unlike more policy-heavy ini- 13
tiatives, this project currently lacks strong mechanisms to integrate its findings into official 14
institutions, meaning its work often stays within the community rather than becoming 15
part of permanent government policy. 16
4. Findings: CitiObs and AirForAll Projects 17

Analysis of the CitiObs and AirForAll initiatives indicates that long-term project sus- 18
tainability is positively correlated with comprehensive, multi-level stakeholder engage- 19
ment. The CitiObs model demonstrates that including "mega-level" actors such as munic- 20
ipal and national authorities is particularly decisive for ensuring that citizen-generated 21
data is assimilated into formal governance structures. Conversely, while AirForAll vali- 22
dates the importance of "micro-level" citizen empowerment, without explicit mechanisms 23
to translate this grassroots activity into policy change, the potential for long-term institu- 24
tional impact remains short-lived. 25

A critical deficiency observed across both frameworks is the lack of explicit engage- 26
ment with "meso-level" stakeholders, specifically the industrial and transportation sectors 27
responsible for emissions. This gap represents a significant barrier to comprehensive air 28
quality management, as direct collaboration with these actors is essential for identifying 29
pollution sources [11] and understanding the specific technical or economic constraints 30
that hinder emissions reduction. 31

Ultimately, effective participatory science requires more than organic collaboration; 32
it demands intentional design mechanisms for knowledge integration. [9] For Citizen sci- 33
ence to function as a robust component of air quality management, projects must imple- 34
ment structural frameworks that systematically synthesize distinct perspectives. This en- 35
sures that community-level insights are not isolated but are effectively combined with the 36
scientific expertise and administrative authority necessary for systemic change. 37

5. Recommendations 38

e Future initiatives should move beyond isolated engagement strategies by adopt- 39

ing governance models that explicitly interlock all four QuadAQ levels (Micro, 40
Meso, Macro, and Mega). This ensures that community observations are not 41
treated as peripheral data points but are structurally integrated with scientific 42
validation and administrative oversight. 43
e Frameworks must actively engage Meso-level actors, including industry and 44

transportation sectors. Rather than adversarial approaches, establishing collabo- 45
rative forums where communities and emitters can identify technical constraints 46
and co-develop realistic reduction strategies. 47

e Initiatives must transition from temporary grant-based funding to permanent 48
institutional support to prevent loss of momentum following project closures. 49
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Embedding these participatory structures into local government operations can
ensure long-term viability.

6. Conclusion

Air quality management in rapidly urbanizing contexts requires collaborative frameworks
that engage diverse stakeholders across multiple organizational levels. The QuadAQ framework
provides a useful conceptual tool for understanding and designing multi-level stakeholder engage-
ment. This paper demonstrates that comprehensive multi-level engagement, as exemplified by Citi-
Obs, creates stronger mechanisms for long-term sustainability and policy integration compared to
more limited engagement approaches. Future air quality initiatives should prioritize comprehen-
sive multi-level engagement, explicit policy integration, engagement of meso-level actors, invest-
ment in capacity building, and establishment of mechanisms for long-term sustainability.[10]

The transition toward more inclusive and collaborative air quality governance represents a
significant shift from traditional, centralized approaches toward more participatory models of en-
vironmental knowledge production and decision-making. As European cities continue to grapple
with air quality challenges, the QuadAQ framework provides valuable guidance for designing col-
laborative air quality management initiatives that can create meaningful, lasting improvements in
urban air quality and public health.

Funding: This research received no external funding.

Acknowledgments: The author received no specific administrative, technical, or material support

for this work.
Conlflicts of Interest: The author was involved with the AirForAll project. This affiliation did not
influence the analysis or results of the study.

References

1.  Bainomugisha, E.; Ssematimba, ].; Okure, D. Design Considerations for a Distributed Low-Cost Air Quality Sensing System for

10.

11.

Urban Environments in Low-Resource Settings. Atmosphere 2023, 14, 354. https://doi.org/10.3390/atmos14020354

Gold, D.R., & Samet, JM. (2013). Air pollution, climate, and heart disease. Circulation, 128 21, e411-4.
https://doi.org/10.1161/CIRCULATIONAHA.113.003988

Kumar, P., Morawska, L., Martani, C., Biskos, G., Neophytou, M., Di Sabatino, S., et al. (2015). The rise of low-cost sensing for
managing air pollution in cities. ENVIRONMENT INTERNATIONAL, 75, 199-205. https://doi.org/10.1016/j.envint.2014.11.019
Schade, S., Herding, W., Fellermann, A., Kotsev, A., Gerboles, M., & Borowiak, A. (2019). Joint Statement on new opportunities
for air quality sensing - lower-cost sensors for public authorities and citizen science initiatives. Research Ideas and Out-
comes.https://doi.org/10.3897/R10.5.E34059

Mabhajan, S., Luo, C., Wu, D., & Chen, L. (2020). From Do-It-Yourself (DIY) to Do-It-Together (DIT): Reflections on designing a
citizen-driven  air = quality = monitoring framework in  Taiwan. Sustainable  Cities and  Society, — 102628.
https://doi.org/10.1016/j.5cs.2020.102628

Kirk Emerson, Tina Nabatchi, Stephen Balogh, An Integrative Framework for Collaborative Governance, Journal of Public Ad-
ministration Research and Theory, Volume 22, Issue 1, January 2012, Pages 1-29, https://doi.org/10.1093/jopart/mur011

CitiObs. (2024). The Project. Available online: https://citiobs.eu/the-project/ (accessed on 23" September 2025).

Leiden University. (2024). CitiObs — Enhancing Citizen Observatories for Healthy, Sustainable, Resilient and Inclusive Cities.
Available online: https://www.universiteitleiden.nl/en/research/research-projects/social-and-behavioural-sciences/centre-for-
science-and-technology-studies/citiobs —enhancing-citizen-observatories-for-healthy-sustainable-resilient-and-inclusive-cities
(accessed on 23rd October 2025).

Nature. (2024). Update Air Quality Management to Support Meaningful Public Participation. Available online: https://www.na-
ture.com/articles/s43247-025-02818-9 (accessed on 15th September 2025).

Clarity. (2024). Air Quality Management 2.0: Introducing a Model for Collaborative Partnerships that Effectively Fight Air Pol-
lution. Available online: https://www.clarity.io/blog/air-quality-management-2-0-introducing-a-model-for-collaborative-part-
nerships-that-effectively-fight-air-pollution (accessed on 23 October 2025).

Harvard Kennedy School. (2024). Strategies for Enhancing Air Quality and Public Health through Low-Cost Sensors. Available
online: https://datasmart.hks.harvard.edu/strategies-enhancing-air-quality-and-public-health-through-low-cost-sensors (ac-
cessed on 21st December 2025).

12
13
14
15
16
17

18

19
20

21
22

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

44
45
46
47
48
49
50
51



