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The MISTRAL project develops a dynamic, AI-enabled toolkit for Health Impact Assessment 
(HIA), to anticipate the health and socioeconomic effects of environmental exposures in 
industrial urban areas. Central to MISTRAL is the co-creation of interactive HIA dashboards 
through participatory processes that actively involve citizens, policymakers, and local 
stakeholders. This approach ensures that decision-support tools are not only technically robust 
but also ethically grounded, socially legitimate, and context-sensitive. Drawing on 
environmental, socioeconomic, and clinical data processed through federated learning 
architectures, the platform enables privacy-preserving analytics while supporting evidence-based 
policymaking. Piloted across three European case studies - Taranto (Italy), Rybnik (Poland), and 
Hasselt/Genk (Belgium) - MISTRAL contributes to the development of a scalable Urban Health 
Impact Assessment platform. This paper positions MISTRAL within the field of citizen science, 
proposing co-creation as both a methodological and ethical framework for trustworthy AI in 
public health. It introduces a participatory governance model addressing contextual trust, 
inclusion, data governance, and actionable intelligence, and reports on the ethnographic, 
stakeholder engagement, and co-design activities implemented across the three pilot regions. 
Rather than presenting a formal impact evaluation, the paper describes the methodological 
foundations and early implementation outputs of a citizen-informed approach to trustworthy AI 
in environmental health assessment. 
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1. Introduction 
Industrial and post-industrial urban environments represent complex ecosystems where 

environmental exposures, socioeconomic inequalities, and health outcomes intersect. In such 
contexts, traditional approaches to Health Impact Assessment (HIA) often struggle to capture 
the dynamic and multi-dimensional nature of risk, particularly when considering vulnerable 
populations and long-term chronic disease burdens [4]. The MISTRAL project addresses this 
gap by developing a dynamic, AI-enabled toolkit for Health Impact Assessment, designed to 
anticipate the health and socioeconomic impacts of environmental exposures in industrial urban 
areas [11]. Central to this effort is a citizen science-driven co-creation approach [1-3], which 
actively involves communities, policymakers, and stakeholders in shaping both the data 
collection processes and the resulting decision-support tools. 

The project is implemented across three European case studies - Taranto (Italy), Rybnik 
(Poland), and Hasselt/Genk (Belgium) - all characterised by historical exposure to industrial 
pollution. These settings provide a unique opportunity to explore how participatory 
methodologies can enhance the relevance, legitimacy, and usability of AI-based health policy 
tools. MISTRAL contributes to the emerging paradigm of citizen-informed artificial intelligence 
[6-8], where data-driven models are not only technically robust but also socially grounded, 
ethically aligned, and responsive to local knowledge systems. 

2. Conceptual Framework: Citizen Science and Trustworthy AI in HIA 

2.1 Citizen Science in Environmental Health 

Citizen science in health extends beyond data collection to encompass co-design, co-
analysis, and co-interpretation of results [2]. In complex and polluted urban contexts, this 
approach plays a crucial role in bridging the gap between scientific modelling and lived 
experience.  

Within MISTRAL, citizen science is operationalised through a co-creation model, in 
which stakeholders are engaged throughout the entire lifecycle of the AI system, from the 
definition of variables and data collection processes to the design, interpretation, and validation 
of dashboard outputs. This continuous involvement transforms participants from data providers 
into active contributors to knowledge production [1,3]. 

2.2 Trust as a Multi-Level Socio-Technical Construct  

In the context of AI-enabled Health Impact Assessment, trust cannot be reduced to 
algorithmic accuracy or technical performance [6,8]. Rather, it emerges as a multi-dimensional 
and relational construct, shaped by interactions between technologies, institutions, and 
communities [7]. Building on this perspective, MISTRAL conceptualises trust across three 
interconnected levels: 

- Institutional trust, grounded in collaboration with public authorities, health institutions, 
and policymakers, ensuring alignment with governance frameworks and policy 
relevance 
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- Interpersonal trust, developed through direct engagement with communities via 
workshops, public events, and participatory activities, fostering mutual understanding 
and sustained dialogue 

- Epistemic trust, related to confidence in data, models, and outputs, supported by 
transparent methodologies, structured data collection (e.g. surveys), and explainable 
analytical processes 

These dimensions reinforce one another: for instance, transparency in data practices 
strengthens both citizen engagement and institutional credibility. In this sense, trust is not 
treated as a prerequisite or an outcome of the system, but as a co-produced process, 
continuously negotiated through participation, transparency, and shared interpretation. 

2.3 Integrating AI and Citizen Science 

The integration of AI and citizen science raises challenges related to data quality, privacy, 
inclusion, and stakeholder representation [6]. MISTRAL addresses these challenges through a 
combination of technological and participatory strategies. On the one hand, a federated and 
privacy-preserving infrastructure ensures secure data processing and compliance with data 
protection regulations. On the other hand, structured engagement processes - such as 
stakeholder mapping, iterative workshops, and co-design sessions - help mitigate asymmetries 
and support inclusive participation. 

By aligning advanced AI techniques with citizen-driven processes, MISTRAL 
demonstrates how trustworthy AI in public health can be operationalised as a socio-
technical system, where robustness is achieved not only through technical safeguards but also 
through meaningful stakeholder involvement [10]. 

3. Methodology 
Building on this conceptual framework, MISTRAL operationalises citizen science and 

multi-level trust through an integrated methodological approach in which data collection, model 
development, and stakeholder engagement co-evolve within a shared socio-technical system. 
Rather than following a linear pipeline, the project adopts an iterative and co-creative process 
that progressively refines both analytical outputs and societal relevance. 

At the core of this approach is a multi-dimensional data ecosystem [5]. MISTRAL 
combines primary data from the ZEPHYR study - including clinical assessments, lifestyle 
information, and biological samples - with secondary data from retrospective health records 
within the TRAMONTANA study. These are enriched with environmental exposure indicators 
derived from satellite data and sensor networks, as well as socioeconomic variables capturing 
deprivation and urban dynamics. Integrated within a unified framework, these data enable a 
holistic analysis of the interplay between environmental stressors and health outcomes, moving 
beyond single-exposure models toward cumulative and context-dependent risk assessment. 

Citizen engagement was informed by a two-year ethnographic study in the Tamburi 
neighbourhood of Taranto (participant observation, interviews, participatory and body mapping, 
photo-ethnography), which identified research fatigue alongside strong social networks 
supporting recruitment. These findings informed a 2023 stakeholder mapping exercise across all 
pilot regions and subsequent public meetings, workshops, roundtables, and co-design activities 
in Taranto, Rybnik, and Belgium. 
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The integration of heterogeneous and sensitive data raises important ethical and technical 
challenges. To address these, MISTRAL relies on a federated learning infrastructure in which 
data remain locally stored while models are trained collaboratively [9]. This approach ensures 
compliance with data protection requirements while preserving analytical capacity. Privacy-
preserving techniques, including homomorphic encryption and secure multi-party computation, 
further strengthen system robustness [9]. Within this infrastructure, AI models are developed to 
support predictive and scenario-based analysis. By incorporating spatial and temporal dynamics, 
they estimate current health impacts and simulate future outcomes under different 
environmental and policy conditions. The framework also enables counterfactual analysis, 
supporting “what-if” scenarios relevant for decision-making.  

A distinctive feature of the methodology is the integration of technological development 
within a continuous participatory process designed around three complementary dimensions of 
trust: institutional trust, interpersonal trust, and epistemic trust. Institutional trust was fostered 
through collaboration with local health authorities, municipalities, and policymakers. 
Interpersonal trust was developed through direct engagement with communities via public 
meetings, workshops, and ethnographic fieldwork. Epistemic trust was supported through 
transparent data collection procedures, stakeholder consultation, and the communication of 
analytical outputs. Within this framework, citizens, healthcare professionals, civil society 
organisations, and policymakers contributed not only as data providers but also as active 
contributors to knowledge production. Their involvement informed the identification of relevant 
variables, the interpretation of findings, and the co-design of dashboard functionalities. 

The outputs of this process are translated into interactive, AI-enabled dashboards that 
support dynamic Health Impact Assessment. These tools allow users to visualise data, explore 
scenarios, and engage with evidence in an accessible and actionable way, functioning as 
boundary objects between scientific analysis and policy practice [10]. Overall, MISTRAL 
advances HIA by combining federated data infrastructures, AI-based modelling, and citizen co-
creation within a scalable and ethically grounded framework. 

4. Preliminary Outputs from Engagement and Co-Creation Activities 

4.1 Citizen Science and Trust Building 

The ethnographic and engagement activities generated important contextual insights 
regarding environmental health, participation, and trust. Recruitment activities conducted 
through the ZEPHYR study resulted in the enrolment of 1,021 participants in Italy, 1,331 in 
Poland, and 800 in Belgium, corresponding to more than 3,000 participants across the three 
pilot regions. Field observations and interviews highlighted the influence of economic hardship 
on environmental health experiences, with participants associating exposure with housing 
affordability, limited residential mobility, and concerns about children's health, alongside themes 
- such as place attachment and coping strategies - difficult to capture through structured surveys 
alone. Interviews further suggested that access to free health checks represented an important 
motivation for participation. Several participants reported that health assessments conducted 
within the study identified health conditions previously unknown to them. The engagement 
process also highlighted the importance of trust-building activities. Community meetings, 
stakeholder interactions, and ethnographic fieldwork provided opportunities for dialogue 
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between citizens, researchers, healthcare professionals, and institutions, supporting the 
development of institutional, interpersonal, and epistemic trust. Key stakeholders included the 
Municipality of Taranto, Puglia Region, ARPA Puglia, LUMSA University, local parish 
communities, the Municipality of Rybnik, Polish Smog Alert, and Specialist Hospital No. 3 in 
Rybnik. 

4.2 Data Integration and AI Modelling 

MISTRAL established a federated infrastructure enabling the integration of environmental, 
clinical, and socioeconomic data while preserving data privacy. Environmental exposure 
assessment was advanced through the combination of satellite data, modelling techniques, and 
sensor-based inputs, allowing the generation of high-resolution exposure indicators. Within this 
framework, AI models were developed to estimate health outcomes and support scenario-based 
analysis. The transition from static assessments to dynamic modelling represents a key 
advancement, enabling the exploration of how changes in environmental and policy conditions 
may affect health over time. At the current stage of the project, the primary contribution of the 
AI infrastructure lies in enabling integrated and privacy-preserving analysis rather than in 
providing validated predictive performance results. Model validation activities are ongoing. 

4.3 Decision-Support and Policy Relevance 

The integration of data and models is translated into interactive dashboards that support 
decision-making processes. These tools allow stakeholders to visualise complex information and 
explore alternative scenarios in an accessible way. Stakeholder engagement activities identified 
several priorities for dashboard development, including transparency, accessibility of 
visualisations, relevance to policy decisions, and the ability to connect environmental 
information with everyday experiences. These insights informed the ongoing co-design process 
and the definition of future validation activities. 

4.4 Institutional and Governance Outcomes 

Stakeholder engagement also contributed to institutional outcomes. In Taranto, structured 
dialogue among local institutions supported the establishment of the Interinstitutional Centre for 
Urban Health (CISU) and a Memorandum of Understanding on environmental governance, 
citizen engagement, and Just Health principles. 

5. Discussion 
Preliminary findings from the engagement and implementation activities suggest that 

integrating citizen science with AI-driven Health Impact Assessment (HIA) is feasible in 
complex urban contexts. By combining participatory approaches with advanced data 
infrastructures, the project enhances the relevance and usability of health assessments. 

From a methodological perspective, MISTRAL advances HIA by enabling dynamic and 
scenario-based modelling, allowing policymakers to explore potential impacts of interventions 
before implementation. At the same time, the use of federated infrastructures shows how data 
privacy can be reconciled with collaborative analysis. Challenges remain, however, including 
the complexity of data harmonisation across heterogeneous sources, the need for sustained 
participatory engagement, and differences in digital literacy affecting inclusiveness. This paper 
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does not provide a formal evaluation of the impacts of the MISTRAL platform. Rather, it reports 
on the methodological foundations, stakeholder engagement processes, and early 
implementation outputs that are expected to inform future validation and impact assessment 
activities. Future work will examine the usability, acceptance, and policy uptake of the platform 
through dedicated evaluation activities. 

6. Conclusion 
MISTRAL proposes and operationalises a methodological framework for combining 

citizen science and AI within Health Impact Assessment. By integrating ethnographic research, 
stakeholder engagement, federated data infrastructures, and co-design processes, the project 
contributes to the development of policy-relevant and trustworthy decision-support tools. A 
central insight is that trust is embedded in the design of the system, emerging from the 
interaction between stakeholders, data, and models. The resulting approach enables more 
accessible and actionable use of evidence, strengthening the link between science and policy. 
While further work is needed to address issues of scalability and inclusiveness, MISTRAL 
provides an initial framework that may inform future implementations of citizen-informed AI 
for environmental health governance in comparable urban contexts. 
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