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The H2020 I-CHANGE project (Individual Change of HAbits Needed for Green
European transition) aims to actively engage citizens in tackling climate change
through citizen science practices. To this end, I-CHANGE has collaborated with
citizens and stakeholders across eight Living Labs (LLs) situated in seven countries
representing diverse geographical and climatic regions. This paper presents the
|-CHANGE Day, an event organized simultaneously in the eight LLs, with the aim
of collecting and analyzing data on air pollution and meteorological variables
through citizen science and raise public awareness on climate change and
individual adaptation measures. The paper details the methodology adopted
to facilitate the citizens' participation and the implementation of the proposed
activities in contrasting social and environmental settings, and the outcomes of
these various citizen science activities. The two main activities implemented in
the present case study were air pollution monitoring using Smart Citizen Kits
(SCKs) and comparing personal temperature and humidity perception with
observations acquired through MeteoTrackers sensors. The results show
significant community involvement and provide useful insights for enhancing
the effectiveness of international citizen science initiatives. They also highlight the
importance of a co-creative process to capture different objectives and
capabilities of LLs. Across all LLs, the activities presented engaged groups
ranging from 8 to 60 citizens, who demonstrated high levels of interest and
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effectively acquired the skills to operate the low-cost sensors. This study further
aims to facilitate the replication of the proposed campaign across other LLs in other

areas of the globe.
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1 Introduction

Climate change is one of the most pressing challenges of our
time, requiring immediate interventions at both institutional and
community levels. Rising global temperatures and the increased
frequency, duration and intensity of extreme weather events
highlight the urgent need for adaptation and mitigation strategies
that involve both policymakers and citizens (IPCC, 2021). An
interdisciplinary — approach, integrating scientific  research,
technological innovation, and community-driven initiatives is
essential for achieving long-term, sustainable climate resilience.
These approaches, especially those directly involving individuals,
offer a unique opportunity to address climate challenges to foster
behavioral changes alongside policy measures (Muki, 2015; Hecker
et al.,, 2018).

In this regard, there is a broad consensus on the contribution of
individual behaviors to climate change, and on the importance of
shifting these behaviors to enhance the efficacy of both collective and
technological mitigation and adaptation measures. For example, the
IPCC Sixth Assessment Report (IPCC, 2022) states that behavioral
change can rapidly reduce global greenhouse gas (GHG) emissions
from end-use sectors by at least 5% with policy support (high
confidence). However, achieving such attitudinal shifts remains
highly challenging, as knowledge alone is insufficient to drive
change (Sabatier, 1987; Contandriopoulos et al., 2010). Instead,
knowledge

commitment of both citizens and communities may bring a

combined with the active participation and
change that is sustained over time (Brink and Wamsler, 2019;
Khatibi et al., 2021). Hence, citizen science and Living Labs (LLs)
present valuable opportunities, as they integrate both knowledge and
engagement to foster long-term transformation. Citizen science
refers to the active involvement of the general public in scientific
research activities, either through the contribution of intellectual
effort, local knowledge, or the development of tools and resources
(European Commission, 2015; Muki, 2015; Muller et al., 2015;
Vohland et al., 2021). Such engagement has the potential to
foster a sense of ownership through awareness-rising and co-
producing knowledge, and to empower individuals by enhancing
their capacities (e.g., in environmental monitoring or climate-related
action), while also contributing to community cohesion (Jordan
et al., 2011; Collins et al., 2022; Skarzauskiene et al., 2024; Llasat-
Botija et al., 2025). LLs constitute open innovation ecosystems in
which researchers, private companies, citizens, and other societal
stakeholders collaboratively explore and evaluate tools, services, and
ideas (Santonen, 2018; Abernethy et al., 2022). In this regard, citizen
facilitates  the
interpretation of observed environmental changes, while LLs

science identification, —understanding and
provide a framework for co-designing potential solutions to the
problems identified (Bulkeley et al, 2016; Veeckman and

Temmerman, 2021).
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The I-CHANGE project (2022-2025) is a Horizon 2020 EU
research and innovation action financed by the European Green
Deal that emphasizes the role of individual and collective behavioral
change in achieving a sustainable and climate-resilient future
(I-CHANGE consortium team, 2021). By integrating citizen
science methodologies with low-cost monitoring tools,
I-CHANGE seeks to empower individuals with the knowledge
and tools needed to actively contribute to climate action. The
project operates through a network of eight LLs across Europe,
Middle East and Africa, which function as real-world experimental
environments where local communities, scientists, and
policymakers collaborate on climate-related challenges. The
participating LLs are located in Amsterdam (Netherlands),
Bologna (Italy), Barcelona (Spain), Dublin (Ireland), Genoa
(Ttaly), Hasselt (Belgium), Jerusalem (Israel), Ouagadougou
(Burkina Faso), providing a diverse set of contexts in which to
test and refine participatory climate action strategies (Figure 1).
Within the I-CHANGE LLs, citizen science is employed as a
mechanism to address societal challenges associated with climate
change and air pollution.

While previous studies have highlighted the role of citizen
science in fostering engagement (Muki, 2015; Vohland et al,
2021) and its contributions to climate action (Muller et al,
2015), few have examined how large-scale, transnational citizen
science initiatives can simultaneously enhance climate literacy,
generate high-resolution data, and drive sustained behavioral
change. Additionally, there is limited understanding of how
socio-economic and environmental conditions shape the success
of these initiatives across different geographic regions. In this
context, the first objective of the present study is the
development of a methodology to create two specific citizen
science experiments and their implementation in a citizen-driven
climate initiative across multiple geographic locations
simultaneously. The second objective is to assess the level of
particulate pollution and the level of comfort (observed
temperature and humidity compared to perception levels) of the
participants, as well as their adaptive capacities in relation to climate
with
participatory approaches, the study sought to demonstrate the

action. By combining instrumental ~measurements
feasibility and added value of large-scale, coordinated citizen
science campaigns for both scientific knowledge and community
engagement.

The paper is structured as follows: the Methods section describes
the concept of the I-CHANGE LLs and the I-CHANGE Day (ICD);
in addition, this section outlines the methodology followed in the

different initiatives implemented during the ICD, including

participant engagement, stakeholders and data collection
processes; the Results section presents the collected data and
findings from the citizen science activities and their

interpretations; the Discussion and Conclusion sections finally
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Spatial distribution of I-CHANGE LLs. Represents the location of the eight Living Labs of the I-CHANGE project and the different environmental
monitoring activities they were most involved in. Figure developed by the I-CHANGE media team within the I-CHANGE project (° DEN Institute 2022;

https://ichange-project.eu).

summarize the results obtained and debate the broader implications
of the initiative.

2 Materials and methods

The following subsections contextualize the concepts of the
I-CHANGE project and LLs, the ICD initiative and the methods
for the different citizens science activities implemented. It is worth
remembering, here, that citizen science is, by design, a research-
oriented practice in which members of the public contribute to
advancing scientific knowledge while gaining learning and
engagement benefits. This dual aim that combines robust
scientific outputs and participant benefits has been demonstrated
across domains such as biodiversity, astronomy, and water-quality
monitoring (Lintott et al, 2008; Shirk et al, 2012; Sullivan
et al., 2014).

2.1 The I-CHANGE Living Labs

As mentioned, the eight I-CHANGE LLs (Figure 1) are situated
in diverse geographical and climatic regions, each addressing
climate-related challenges specific to their local contexts. Each LL
focuses on specific urban and peri-urban resilience themes, such as
air pollution, extreme weather adaptation, energy consumption, and
sustainable waste management and mobility, tailoring interventions
to the unique socio-economic and environmental conditions of their
respective regional and city contexts. Their interventions are shaped
by both environmental conditions and stakeholder engagement,
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fostering citizen science initiatives tailored to the needs of
each community.

The Northwest European LLs (Amsterdam, Dublin, and
Hasselt) operate in temperate maritime and oceanic climates,
characterized by relatively mild summers, cool winters, and
frequent precipitation. These cities face climate risks related to
extreme rainfall, flooding, urban heat and air pollution. The
Amsterdam LL (AMLL) focuses on urban heat, extreme weather,
and energy consumption, while the Dublin LL (DULL) emphasizes
sustainable transport and air pollution. The Hasselt LL (HALL)
promotes environmentally friendly mobility choices, aiming to
reduce emissions and mitigate citizen exposure to air pollutants
and temperature extremes.

In contrast, the Mediterranean LLs (Barcelona, Bologna, Genoa,
and Jerusalem) are situated in warm-temperate and hot-summer
Mediterranean climates, with hot, dry summers and wet winters.
These cities struggle with urban heat islands, extreme weather
events, water scarcity, and air pollution. The Barcelona LL
(BALL) addresses extreme weather events, urban heat, and air
pollution, while the Bologna LL (BOLL) investigates the role of
green infrastructure, urban morphology and sustainable transport in
affecting the spatial and temporal variability of air pollution and
temperature extremes. The Genoa LL (GELL) focuses on hydro-
meteorological risks such as flash floods and landslides, the water
cycle, heat waves and air pollution, and the Jerusalem LL (JELL)
explores extreme hydrometeorological events, the water cycle and
heatwaves. Finally, the Ouagadougou LL (WALL), located in West
Africa’s semi-arid climate, experiences extreme seasonal variation,
prolonged dry seasons, and intense rainfall leading to flash floods.
The lab primarily addresses waste management, urban flooding, and
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extreme weather adaptation in a rapidly expanding urban
environment.

The LLs were established at different stages. While the Bologna,
Dublin, and Hasselt LLs have been operational since 2016 in the
context of the previous iSCAPE Horizon2020 project (https://cordis.
europa.eu/project/id/689954) (iSCAPE project team, 2016), five
others (Amsterdam, Barcelona, Genoa, Jerusalem, and
Ouagadougou) were launched under the I-CHANGE project,
between May and July 2022, benefiting from the prior experience
of the earlier LLs. By engaging local communities in participatory
research, the I-CHANGE LLs provide valuable insights into how
climate change manifests in different urban settings and how
citizen-driven  adaptation strategies can enhance climate
resilience. Their regional diversity allows for cross-comparative
analysis of community engagement, environmental monitoring,
and policy integration, strengthening the effectiveness of citizen

science in climate action.

2.2 The |-CHANGE day

The ICD was conceived as a strategic collaborative cross-border
response to the challenges of fostering behavioral change and
advancing local knowledge on climate change impacts. Despite
increasing awareness of the climate crisis, individual engagement
often remains limited (Hall et al., 2024). Addressing this situation
requires participatory approaches that move beyond passive
information transfer (Phillips et al., 2019). By directly involving
citizens in environmental observation, data interpretation and the
co-design of scientific experiments, the ICD aimed to strengthen
public agency and encourage more sustainable practices. At the
same time, it provided a structured opportunity to collect fine-
grained, locally relevant data to better understand the impacts of
climate change and air quality, mitigation measures already in place
and their implications for both the environment and the daily lives
of citizens.

To bring this vision into practice, the ICD was held on 5 June
2024, World Environment Day, and within the framework of the
European Green Week 2024. The initiative brought together the
I-CHANGE LLs in a synchronized citizen science campaign,
designed not only to engage participants in a scientific research
activity but also to generate actionable insights and broaden the
impact of the project’s goals. The activities were intentionally
replicable and scalable, ensuring that findings could inform both
local and broader climate policies and increase the environmental
data availability. Additionally, the event provided an opportunity to
assess the effectiveness of different engagement strategies, shedding
light on best practices for fostering long-term citizen participation in
environmental monitoring and advocacy. The activities were
designed not only with these social aspects in mind but also to
obtain observations. In this context, citizen science approaches have
proven especially effective, enabling dense spatial and temporal data
collection through public engagement (Rajagopalan et al., 2020;
Clement et al., 2023), highlighting the values of local microclimate
monitoring to better understand urban thermal dynamics and their
implications for human comfort and energy use.

Different citizen science methodologies and tools were
implemented during the ICD. The event design was led by the
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Barcelona LL of the University of Barcelona through a co-creative
process carried out in an internal project workshop with the
participation of all partners. This process resulted in the co-
their
implementation details to the different local characteristics of the

design of protocols for each activity, adaptable in
LLs. In line with participatory design approaches (Muki, 2015),
researchers, local institutions, and citizens jointly defined the details
of the experiments, including the selection of monitoring sites, the
definition of walking or biking routes, and the means of
transportation. For environmental monitoring, citizens deployed
low-cost sensing technologies and received guidance on how to
operate the devices, visualize the collected data, and understand how
their contributions integrate into the project and improve local
knowledge of climate change impacts. The two main instruments
were the Smart Citizen Kit (SCK; Camprodon et al., 2019; Brattich
et al, 2020), designed for fixed monitoring air pollution and
meteorological variables, and the MeteoTracker (MT; Barbano
et al, 2024; Loglisci et al., 2024), a portable mini-station for
high-resolution ~ mobile measurements of meteorological
conditions. In parallel, citizens participated in perception-based
monitoring, using qualitative scales to record expected and
perceived thermal and humidity sensations across different urban
spaces. Complementary activities were also conducted in some LLs,
such as a Bioblitz (rapid biodiversity inventory involving volunteers
and experts; Meeus et al., 2023) and a personal carbon footprint
assessment  (self-evaluation of individual contributions to
greenhouse gas emissions), all of them being citizen science
practices that combine data collection with awareness-raising. In
addition, participants engaged in reflective practice sessions, where
each group summarized the activity by identifying evidence, a
concern, a proposal for neighborhood improvement, and an
individual behavioral change they could implement in their lifestyle.

The selection of participants for the -CHANGE Day activities
was based on the existing stakeholder networks of each Living Lab,
following the quadruple helix approach that integrates academia,
civil society, public authorities, and business actors. Depending on
the local context, participation was facilitated either via a key
stakeholder who acted as a bridge to an interested group, or
through the own communication channels of the LLs, such as
newsletters and community mailing lists. As a result, the
composition of participants varied across sites, reflecting both the
diversity of local socio-environmental contexts and the availability
of groups to take part on the day of the campaign.

To ensure transparency and societal impact, the outcomes of the
ICD were communicated through multiple channels. All data
collected during the campaigns were made openly accessible
through the I-CHANGE Dashboard (https://ichange-project.eu/
This
platform allowed participants in the various activities of the eight

i-change-dashboard-your-gateway-to-climate-action/).

Living Labs to view both the measurements taken by their own
group and those taken by other participating groups during
I-CHANGE Day. At the end of the activities, facilitators
dedicated time training participants in the use of the dashboard
and to discussing preliminary results. In some cases, this final part
took place in a relaxed setting (e.g., while having a drink), which
facilitated open discussion. In addition, each Living Lab reported the
findings back to their communities through tailored channels such
as newsletters, private social media groups, or follow-up sessions in

frontiersin.org
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Air Pollution Monitoring with SCKs

° Role assignation and activity setup
Stakeholder engagement
[ ] e Sensor installation and
characterization forms
o e Introductory workshop

T (1 month)

Before the data campaign

Data Campaign

(@] e Measurement period

After the data Campaign
Data download and processing

. e
Social media
o e Data analysis

[ o Data discusion workshop

. e
FIGURE 2

Implementation steps of Activity 1. Methodology followed for the
‘Air pollution monitoring with SCK" campaign.

T +1to 12 weeks

Internal discussion
Results dissemination

person with stakeholders. Beyond the local scale, the scientific
results of the project were presented to the broader research
community at the EGU2025 conference through posters, an oral
contribution, and a dedicated splinter meeting open to participants.
This multi-layered communication strategy aimed to ensure both
direct feedback to citizens and broader dissemination of the
knowledge generated.

The detailed protocols and materials are available in
Protocols S1, S2, and the details of
implementation in each LL are in Supplementary Material. As

Supplementary

part of a coordinated project effort, two groups of activities were
launched approximately simultaneously in the different -CHANGE
LLs, as detailed below.

2.2.1 Air pollution monitoring with smart citizen
kits (SCKs)

The first field campaign or activity aimed to qualitatively
compare air pollution in some I-CHANGE LLs: Bologna,
Barcelona, Dublin, Genoa and Ouagadougou. Apart from the
intrinsic scientific interest of the comparison, the main aim was
to create information for reflection and discussion among
stakeholders.

To this purpose, the participating LLs installed several SCK, an
easy-to-use and open-source environmental monitoring tool that
includes different low-cost sensors for particulate matter (PM),
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carbon dioxide (CO,), noise levels and meteorological variables,
among other indicators (Camprodon et al, 2019). Although the
accuracy of this type of sensors is lower than that of official
instruments, different studies have already demonstrated their
usefulness and validity in citizen science experiments (Conrad
and Hilchey, 2011; Brattich et al., 2020; Brett, 2022; Relvas et al,,
2025). In addition, they provide information on areas far from
official stations (usually several kilometers apart) that would
otherwise not be well represented due to the high cost of
extending the official networks (Kumar et al, 2015; Clements
et al, 2017). Despite their limitations, these sensors enable
widespread community participation in air quality monitoring,
raising public awareness and providing valuable data for scientific
research and policymaking (Watne et al, 2021;
et al., 2022).

Figure 2 summarizes the steps of the field campaign 1 with three

Mahajan

main phases: before, during and after the completion of the data
campaign. The complete activity protocol and materials can be
found in Supplementary Protocol S1. The SCKs (Camprodon
et al,, 2019) were distributed among the selected volunteers from
each LL after evaluating the possible installation sites that each one
could offer. They were installed following the recommendation
guidelines (Supplementary Protocol SI). Figure 3 shows two
SCKs installed in schools in Barcelona, as an example of the
installation.

The stakeholder engagement phase took place before the
measuring period, building on the contact networks of each LL
through stakeholder mapping and network-based recruitment. This
stage included the role definition of participants and activity setup,
combined with sensor installation and the completion of the
characterization forms. These participatory preparations paved
the way for the actual data campaign, which subsequently
consisted of a set of activities for data analysis and results
dissemination. Then the volunteer participants were asked to
answer the I-CHANGE activity assessment survey, based on
Com-B Model (Michie et al, 2011). This survey was the tool
applied in the project to assess the impact of the activities. In
addition, they also completed the sensor characterization forms
(Supplementary Protocol S1 - Figure 1) and were informed about
the details of the I-CHANGE project and the air pollution
monitoring campaign. All procedures were supervised and
assisted by the LLs staff. The measurement campaign spanned
1 month from around 5 June, ie., 22 May to 19 June 2024.
During this period, sensors collected 5-min resolution data for
CO,
variables (air temperature, barometric pressure and relative

particulate matter concentrations and meteorological
humidity). PM concentrations were measured by a Plantower
PMS5003 sensor, which categorized by size into coarse, fine and
ultrafine particles (PM;o, PM, s, PM,; with diameters d < 10 um,
2.5 um and 1.0 um, respectively). CO, concentration was measured
by a Sensirion SCD30 sensor and meteorological variables with
Sensirion SHT-31 and NXP MPL3115A26. More information about
the sensors included in the SCKs is detailed by Camprodon et al.
(2019). Since the comparison between different seasons was limited
to only 1 week, only basic statistical measures were calculated, such
as the mean, median, and percentile distribution.

After the campaign, data was processed and graphically

represented in form of time series and boxplots for a preliminary
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FIGURE 3

SM
cmizen i

Example of Smart Citizen Kit locations. SCK low-cost air quality sensor installed on the rooftop of one of the engaged schools that have participated

in the BALL activities (Col-legi Kotska, Barcelona).

discussion with the stakeholders. Data analysis for field campaign
1 was conducted by computing daily and hourly averages for the
available station data sets and representing them to better show the
variations to the participants. Additional statistical analyses were
performed to assess the correlation between time series measured at
different stations within each LL with the objective of providing a
robust and consistent justification for the observed differences.
Spearman correlation and the non-parametric (Wilcoxon, 1945)
signed-rank test were applied to the data.

2.2.2 Temperature variability across different urban
environments and their perception (MTs)

This second activity was conducted during 5 June 2024 in the
LLs of Amsterdam, Bologna, Barcelona, Dublin, Genoa, Hasselt and
Jerusalem. Its objective was to compare actual and perceived
temperatures in public spaces with previous expectations, and to
analyze these perceptions with participants, considering the social
functions and uses of these spaces.

The selected sensor for the activity was a MeteoTracker (MT), an
designed  to
meteorological variables on the move (Barbano et al, 2024;

innovative  mini-weather  station measure
Loglisci et al., 2024). Participants collected mobile data by foot or
bike and combined it with subjective perceptions to analyze heat
distribution within cities. Although it is a low-cost sensor and has
some accuracy limitations, previous studies have proven its
usefulness for measuring temperature variations in urban
environments with high spatial resolution (Rajagopalan et al,
2020; Clement et al., 2023; Barbano et al., 2024). Furthermore,
the integration of local mobility and fine-scale sensors has been
shown to provide insights into intra-urban temperature variability
and the influence of urban morphology (Cabrera et al, 2021;
Colangelo et al., 2022).

Figure 4 summarizes the steps of field campaign 2, which
consisted of a brief introduction to the participants, co-design of
a route with selected stops in relevant (for them) local places and the
completion of the temperature and humidity expectations form, and

MT setup, leading then to the actual data collection and, finally, time
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for discussion. Each LL tailored the protocol activity to their local
contexts. Some LLs included additional activities such as measuring
the carbon footprint (Hasselt) or a Bioblitz (Bologna) or the use of
other devices such as a thermal camera (Amsterdam).

Before starting, it was necessary to select the location where the
activity would be held, the social entity that would facilitate the
meeting (civic center, library, botanic garden, etc.) and the level of
involvement of stakeholders, in addition to preparing the materials
that would be used. The engagement process consisted of publicity
with posters, social networks, phone calls and emailing in
collaboration with the stakeholders. The ethical aspects were
considered following the I-CHANGE protocols (Abernethy et al.,
2022; EU-PEARL, 2022; Molter and Tjelle Holm, 2022). All data
were anonymized through names specially created for the activity.

The activity was conducted as a workshop. After a presentation
about the I-CHANGE project and the objectives of the activity, the
participants reflected and selected the most relevant places for their
everyday life on a map of the surrounding area. Divided into small
groups, participants decided on the spaces to visit, classified them
according to the categories corresponding to their social uses and
individually filled the provided individual form with the expected
temperature and relative humidity though a qualitative scale
(Table 1). The participants prepared the routes and used the
setup guide to configure the MT before starting the measuring
journey. At each selected location, the participants added their in-
situ temperature perception and the corresponding sensor
measurement on the individual form and took a photograph.
Back at the meeting point, a preliminary data analysis was
conducted showing the online MeteoTracker platform (Meteo
Tracker, 2025) and sharing the different individual forms. To
conclude, each participant shared one evidence learned, one
concern, one good practice in case of extreme temperatures and
one proposal for improvement. Finally, the quantitative (sensor) and
qualitative (perceptions, reflections) information were collected by
each LL team and shared with the rest of the LLs. The details of the
activity protocol and materials are described in the Supplementary
Protocol S2.
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FIGURE 4

Implementation steps of Activity 2. Methodology and steps
followed for the ‘Temperature perception in urban environments’
activity. Supplementary Protocol S2 — Table 2 details more
information about its duration and the timeline for its
implementation.

After the workshop the participants completed the I-CHANGE
survey. Data collected and results were analyzed thoroughly, and an
inter-LL feedback meeting was organized for internal evaluation of

10.3389/fenvs.2025.1650360

the activity. A summary report with the final results was also
prepared. The key insights were shared with all the stakeholders
and disseminated through I-CHANGE social platforms and LLs
communication networks (email listings, newsletters and social
media), as described above in Section 2.2.

The
participants’ expectations on temperature and humidity, based

individual forms provided observations about
on the perception scales described in Table 1, participant’s in-situ
temperature feeling using the same scale and the in-situ
temperature and relative humidity measurements obtained with
the MT. In addition, those forms also contain information on age
and gender of the participants and the space categorization with
social uses. Descriptive statistics (mean, median, standard
deviation, and interquartile ranges) were applied to summarize
expectations and perception responses (scale 1-5) for temperature
and humidity data. Data preprocessing included the removal of
incomplete responses and the aggregation of records by Living Lab
and space category. Individual perception responses were
numerically coded and linked to the corresponding measured
temperature and relative values. Bar
scatterplots,

distribution patterns across different LLs or space categories. A

humidity plots,

and heat maps were generated to visualize

frequency analysis was conducted to compare temperature
perception responses by age group, gender and space category.
The analysis was performed in Python (version 3.11) using Pandas,
Matplotlib, Seaborn, and NumPy within a Jupyter Notebook
environment to ensure reproducibility and transparency of the
workflow. The assessment of the activity impacts was also carried
out through the I-CHANGE survey (Mezzacapo et al., 2025) and
the feedback provided by the participants.

3 Implementation of the citizen
science campaigns

The initiative engaged 219 participants (52 in Spain,
8 in Burkina Faso, 60 in Italy, 47 in Israel, 23 in Belgium,
19 in Ireland, 10 in Netherlands), deployed more than 22 MTs
and led to the installation of 20 SCKs across five Living
Labs (Table 2).

TABLE 1 Public spaces classification and temperature and relative humidity scales. Information provided to the participants regarding the classification of
the public spaces uses and the perception scales with scores to express temperature and relative humidity.

Social uses categories

E - Education facilities (kindergarten, schools, institutes, etc.)

R - Meeting spaces (parks, squares, playgrounds, pedestrian promenade, etc.)

V - Green areas

P - Sports equipment (sport center, football field, etc.)

B - Shops (bakery, butcher, shopping mall)

C - Cultural facilities (libraries, civic centers, museums, etc.)

S - Health centers, hospitals and pharmacies

M - Markets (municipal market, supermarket, etc.)

Temperature

Relative humidity

Frontiers in Environmental Science

1 - cold, 2 - refreshing, 3- tolerable, 4- hot, 5 - too hot

1 - very low, 2 - low, 3 - normal, 4 - high, 5 - very high
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TABLE 2 Overview of number of participants and instruments employed in
the ICD.

Living lab SCK MT

AMLL - 10 - walking

BALL 28 (7 devices) 24 - walking

BOLL 20 (5 devices) 12 - bike

DULL 8 (2 devices) 11 - bike and walking
GELL 16 (4 devices) 12 - bike and walking
HALL - 23 - bike and walking
JELL - 47 - walking

WALL 8 (2 devices) -
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FIGURE 5
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surface, indicating hot and dry daytime conditions, possibly
accompanied by localized instability. The corrected reflectivity
satellite image (Visible Infrared Imaging Radiometer Suite)
displays cloud cover and estimated daily rainfall (Figure 5B),
reinforcing the presence of clear skies over the Mediterranean
LLs (BALL, BOLL, GELL, and JELL), with some cloudiness
observed over the northern LLs (AMLL, DULL, HALL) and
WALL, as well as potential rainfall in the WALL and
DULL regions.

According to the weather records from official data available on
Weather Spark website', the LLs located in Southern Europe
registered moderate atmospheric temperatures. Barcelona
recorded a warm day with 2-m air temperatures between 20 °C
and 24 °C under mostly sunny skies with noticeable wind, while

Genoa experienced slightly milder temperatures (21 °C-22 °C) with

Synoptic situation during 5 June 2024. (A) Sea Level Pressure daily mean from NCEP-NCAR Reanalysis (source: NOAA Physical Sciences Laboratory,
Boulder Colorado, https://psl.noaa.gov/). (B) Visible Infrared Imaging Radiometer Suite (VIIRS) Corrected Reflectance imagery (NASA/NOAA Suomi
National Polar orbiting Partnership satellite) satellite image with the surface daily precipitation (AMSR2). Source: NASA Worldview application, https://
worldview.earthdata.nasa.gov, part of the NASA Earth Science Data and Information System (ESDIS).

The synoptic situation from National Oceanic and
Atmospheric Administration reanalysis (NCEP) for 5 June
2024 indicates a broad ridge at 500 hPa extending over
southern Europe and the Mediterranean, associated with
warm air masses, while colder air dominated northern
Europe under a pronounced meridional gradient (Figure 5A).
This configuration implies a southwesterly mid-level flow over
Spain, enhancing upward motion locally. At the surface, a
strong Atlantic high pushed a cold front through northern
Europe, favoring cloudiness and unsettled weather over
the Netherlands, Belgium and Ireland. Also, at surface level,
an anticyclone centered over the Mediterranean favored
sunny and dry conditions across southwestern regions
(Italy and Israel) while a low over the Spain contributed to
localized instability. For Burkina Faso, the reanalysis shows a

warm air mass at 500 hPa associated with a thermal low at the

Frontiers in Environmental Science 08

partial cloud cover. Bologna, further inland, was warmer at 26 °C
with clear skies and a minimum temperature of 17 °C. In
contrast, northern European cities had significantly cooler
conditions; Dublin saw a maximum temperature of 13 °C and
a minimum of 7 °C with cloudy skies and light rain, while
Amsterdam and Hasselt reported similar mild temperatures
of 15 °C and 16 °C, respectively, with little to no precipitation.
Meanwhile, Jerusalem experienced a warm and dry day,
with temperatures reaching 32 °C and a nighttime minimum of
24 °C wunder clear skies. Ouagadougou weather conditions
showed a temperature between 26 °C and 37 °C and mostly
clear skies.

1 https://weatherspark.com, last accessed 18/06/2025
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FIGURE 6

SCK spatial distribution. Location of the SCK sensors in each LL (blue crosses) over an ESRI satellite base layer. The sensors selected for the
comparison are the ones indicated with a text label (LL name + sensor number).

3.1 Air pollution monitoring with smart
citizen kits (SCKs)

The low-cost sensors were installed following the co-design
process, and the spatial distribution was strongly influenced by
the interests and background of the participating stakeholders,
as well as the technical requirements of the SCKs. Therefore,
results were strongly influenced by the spatial distribution
(Figure 6)
during the limited period of study. Although a total of
20 SCKs participated in this campaign, only 10 (two per LL),
are presented here.

and the particular environmental conditions

A detailed scientific analysis of the air pollution measurement
campaign is beyond the scope of this article; however, some
interesting results that reinforce the importance of the citizen’s
involvement and local characteristics have been highlighted.
Figure 7 shows the evolution of PM,s concentration in the
atmosphere between 4 June at 00 UTC and 6 June at 24 UTC, in
the different LLs.

Frontiers in Environmental Science

PM, 5 concentrations showed large spatial and temporal variability
among the LLs during the ICD and the days before and after due to
different meteorological and morphological factors at each LL. Two
locations in Barcelona clearly exemplify the differences, as
BALL2 recorded higher values (median 5.0 pg/m® range 0.0-80 pg/
m?), as it was located on a city center street with high traffic density,
especially during rush hours. On the other hand, although BALL1 was
located close to a touristic green area (park), the limited access of private
cars and the larger distance to the street diminished PM,s
concentrations (median 1.5 pg/m’, range 0.0-18.5 pg/m’). The lower
limit of the range reflects the lack of sensitivity of the PMS5003 sensor
for very low values, in agreement with Brattich et al. (2020). Similar
differences were observed in Dublin, though without reaching such high
peak values as those observed in BALL. DULLI was installed near the
Irish Sea and recorded lower values (median 2.5 pg/m’, range
0.0-11.5 pg/m®) than DULL2, which was inland in a suburban area
(median 7.0 pg/m’ range 0.0-25.9 pg/m’®). The highest values were
recorded in Ouagadougou (median 7.0 pg/m’, range 0.0-269.5 pg/m’ in
WALLI and median 14.0 pg/m’, range 0.5-128.5 pg/m’ in WALL2),

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1650360

Esbri et al. 10.3389/fenvs.2025.1650360
Barcelona
80
—_ Locations a)
[
‘e 601 — BALL1
2 — BALL2
2 404
0
g 20
o
O- T T T T T T ; 3 T T T T
04/00 04/06 04/12 04/18 05/00 05/06 05/12 05/18 06/00 06/06 06/12 06/18
Time (day/hour)
Genova
— 1201 Locations b)
)
‘e — GELL1
2 80 — GELL2
Q404
z
0 A oS
04/00 04/06 04/12 04/18 05/00 05/06 05/12 05/18 06/00 06/06 06/12 06/18
Time (day/hour)
Ouagadougu
300
—_ Locations C)
‘e 2251 — WALL1
2 — WALL2
= 1507
0
g 751
- *Mwm_ ) MM
O- T T ;5 T T T T T T T T
04/00 04/06 04/12 04/18 05/00 05/06 05/12 05/18 06/00 06/06 06/12 06/18
Time (day/hour)
Dublin
301
s~ Locations d)
s
€ — DULL1
204
2 — DULL2 W
< 104
G w
o
0- T : 3 T T T T T T T T T
04/00 04/06 04/12 04/18 05/00 05/06 05/12 05/18 06/00 06/06 06/12 06/18
Time (day/hour)
Bologna
301
= Locations e)
?
€ — BOLL1
201
2 — BOLL2
o 10
g |
0
0- T T T T 5 T T T T T T
04/00 04/06 04/12 04/18 05/00 05/06 05/12 05/18 06/00 06/06 06/12 06/18
Time (day/hour)
FIGURE 7

Observed atmospheric PM, 5 concentrations in 4-6 June 2024 period in five Living Labs in the I-CHANGE project. Data is presented with 10-min
resolution for two stations of each LL. Vertical green lines separate the 3 days. The y-axis of each panel is adjusted to the observed values.

probably related to drier conditions combined with occasionally local
surface-level instability and traffic, which can raise the dust due to the
unpaved roads, allowing the resuspension of dust particles (Nana et al,,
2012). These conditions are typical of the dry pre-monsoon phase in the
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region (Bou Karam et al., 2009). Locations in Bologna showed similar
median values (median 3.1 ug/m? range 0.0-17.3 pug/m’ for BOLLI and
median 4.4 pg/m’, range 0.0-171.0 pg/m’ for BOLL2), with large
temporal variability, in some cases including quick and short
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FIGURE 8

Observed atmospheric CO, concentration variation from the 4-6 June 2024 in four |-CHANGE Living Labs. Data is presented with 10-min
resolution for one station of BALL, WALL, GELL and BOLL. Vertical green lines separate the 3 days.

increases in PM, 5 concentrations due to local factors for reasons that
have yet to be carefully analyzed. Finally, peaks observed in Genoa could
be related to road traffic jams affecting differently the two locations
(median 8.0 pg/m’, range 0.0-72.0 pg/m® for BOLLI and median
5.6 pg/m’, range 0.0-124.1 pg/m’ for BOLL2).

The Spearman correlation between time series varies depending
on the LL considered. For example, the BALL and WALL stations
exhibit low to moderate correlations (p < 0.55), reflecting a weak
relationship in the variation pattern between both stations. This
suggests that local conditions have stronger influence than synoptic
meteorological conditions or common daily traffic patterns. In
contrast, other station pairs show higher correlations (p > 0.75),
reflecting that they share common temporal dynamics, possibly
driven by regional meteorological conditions or daily traffic
patterns. Nevertheless, in all cases, the two stations at each LL
their
PM2.5 concentration over the three-day period, as determined by

show statistically significant differences in median
the Wilcoxon signed-rank test. This result arises the role of local
factors that differentiate each particular station, such as proximity to
emission sources (e.g., high traffic roads, green parks).

These results highlight the need to capture local differences
using high density measurement networks, which can be achieved
through public implication in citizen science projects.

In addition to PM concentrations, most of the SCKs included a
photochemical sensor to determine CO, concentration (Figure 8).
From 4 to 6 of June, the registered values ranged between 390 and
465 ppm, which allows participants to compare with the values of
global background reference stations, such as Mauna Loa (Hawaii).
Local factors also emerged, and it can be clearly observed how the
highest values were recorded at the Cima Castagna station (GELL2)

which is located close to a large forest.

3.2 Temperature variability across different
urban environments and their
perception (MTs)

The activity was organized in collaboration between the research

institutions of each LL and local stakeholders: a bike library, civic or
scientific associations, or other public or private entities (e.g., a
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botanical garden). The work and meeting points took place in
research centers, civic centers, the city center or recreative spaces
(e.g., a pub). Participants were organized into groups to perform co-
designed tours, either on foot (in 6 LLs) or by bicycle (in 4 LLs) with
one or two MTs per group. Table 3 summarizes implementation
details of the activity in each LL, including the stakeholders involved,
the time and location of the activity, the number of participants, and
the types and lengths of the routes chosen for taking measurements
(walking or biking routes).

A total of 126 citizens participated (65% female, 26% male and
2% non-binary). Classifying the participants by age group, 19%
ranged between 18 and 30, 33% were in the range from 30 to 50 years
old and 47% were over 51 years. Data from the two younger groups
reflects that more than 50% were students or workers related to the
research centers (mostly engaged in AMLL, DULL and GELL). The
majority of the participants were citizens without previous
experience in the LL, with some exceptions in Genoa and
Dublin. In all cases, one stakeholder connected citizens with the
promoters of the activity in the LL.

The MT offered a very appealing and high-resolution way
to measure atmospheric conditions near surface, but some
technical barriers related to the individual configuration of the
MT sensors complicated the activity process and, also, the citizen
worries about the data quality and precision. In general, the
participants found this activity engaging, as it not only allowed
them to better know their neighborhood, but also to gain a different,
scientific perspective. It was also an activity in which they had the
possibility to interact with other people and share their experience,
feeling a real, concrete contribution and personal participation to
scientific research.

The meteorological data obtained with the MT sensors
during the measuring routes is summarized in Table 4, while
Figures 9, 10 show the different measuring points at the stops
chosen by the participants, classified according to the space
Table 1. in the LLs,
177 observations from the individual forms were obtained, 31%

categories in From all the routes
corresponding to meeting spaces (R), 21% to educational facilities
(E), 20% to green areas (V), 8% to both health centers (S) and sports
equipment (P), 5% to both cultural facilities (C) and markets and 2%
to shops (B).
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TABLE 3 Implementation details of the Temperature Perception in Urban Environments activity in each LL.

Living lab Meeting space Duration Stakeholders Participants

Amsterdam AMS Institute After lunch 4h Wageningen University and Research 12
AMS Institute

Barcelona Civic Center Verdum-Artesania After lunch 4h University of Barcelona 18
Civic center Verdum

Bologna Bologna city centre — CNR facilities Morning 45h University of Bologna 30
CNR

Dublin University Collage of Dublin Morning 35h University Collage of Dublin 11
Bike library

Genoa Terrace of a pub Afternoon 3h CIMA research foundation 12
Amateur bikers’ association

Hasselt Belfield campus (UCD) Morning 3h University of Hasselt 23
Avansa Limburg

Jerusalem Botanic garden Morning 3h Tel-Aviv University 39
Botanical Garden of Jerusalem

TABLE 4 Summary of the main meteorological observations of temperature perception activity.

Living lab  Measuring period (UTC) Covered area (km? Routes Temp. (°C) Heat index® (°C)
Walking Biking
Amsterdam 13:00-14:30 1 1 - 13-21 48-53 13-25
Barcelona 16:00-19:00 22 6 - 25-27 50-59 26-28
Bologna 10:00-14:30 9 - 2 25-31 47-56 26-34
Dublin 10:40-11:45 12 1 1 13-19 40-60 13-19
Genoa 16:00-18:00 20 1 2 18-26 65-91 18-28
Hasselt 13:30-14:30 2 2 2 17-25 48-66 27-26
Jerusalem 12:45-13:15 0.6 4 - 28-33 37-42 28-34

“The Heat Index (HI) is computed using the formula described in Blazejczyk et al. (2012) which only applies to T > 20 °C and RH > 40%. If the measured values are below that threshold, the HI,

equals to the measured temperature.

As shown in Figure 9, the atmospheric temperatures measured
by LL and space category highlight notable patterns across the
different LLs. In Barcelona and Bologna, the mean temperatures
across space categories showed minimal variation, less than 2 °C,
whereas in Hasselt, Genoa, and Jerusalem, temperature differences
between categories were more pronounced. Relative Humidity (RH)
data (Figure 10) further indicates that the influence of space category
on RH varies by city. Genoa, Hasselt, and Jerusalem exhibited the
widest range of RH values across space categories, while RH
remained relatively stable between spaces in Barcelona, Bologna,
and Amsterdam.

The data regarding expectations from participants for
temperature and humidity across different urban spaces (reported
before the meteorological data collection) revealed relatively
moderate expectations across the seven cities where the
experiment was conducted.

The experiment showed median values that ranged between 3
(tolerable temperature/normal RH) and 4 (hot temperature/high
RH) for both expected temperature and humidity. Temperature

expectations for market spaces were higher than those for other
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categories. Green areas, health centers, education facilities, meeting
spaces, and sports equipment showed a wide variability in
temperature expectation scores.

Table 5 presents, for each LL, the average temperature and
humidity measured by participants at the visited sites,
categorized according to the perceived temperature scale. For
each perception level (1-5), the mean temperature was calculated
using all measurements from locations where participants
reported that specific value. Although all LLs used the same
categories, the associated temperature records present notable
divergences among cities (LLs). Bologna has the highest
temperature values across all levels, and Dublin the lowest.
None of the participants rated their thermal sensation in any
of the spaces as ‘Cold’, as could be expected considering the
season. In both Dublin and Hasselt, all reported sensations fall
into ‘Refreshing’ and ‘Tolerable’ categories. A correspondence
between thermal sensations and recorded temperatures can be
observed, except in the case of Barcelona, where the temperature
differences across perception levels are minimal as regards
the humidity.
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Temperatures registered with the MT. They are grouped by the space category of the visited spot (x-axis) in the different LLs (represented by
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Relative Humidity registered with MT. The same as in Figure 9 but for the relative humidity registered by the MT.

To compare differences between the expected temperature
feeling and the temperature sensation in-situ, the numeric
difference between paired ratings from the temperature scale
(Table 1) is calculated. A response is defined as ‘warmer or
cooler than expected” when there is a one-point difference
between the expected and in-situ temperature perception
scores, and as ‘much warmer or much cooler than expected’
when the difference is two points. Only on a few occasions (6% of
the total 177 observations), participants felt much warmer than

expected in the spaces visited. Approximately 40% of
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observations were perceived as expected (no difference
between the indices). When analyzing the results by gender,
the percentage of observations perceived as expected rises to
50% for men (sample of 48 observations) and decreases to 34%
for women (sample of 124 observations). Analyzing by age
groups (18-30, 31-50, and >50 years), among the 18-30 age
group, opinions are very heterogeneous, with more than 50% of
observations (sample of 30) indicating that a perception of lower
temperature than the actual one predominated, regardless of the

type of place. In contrast, among the 31-50 age group (sample of
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TABLE 5 Mean Temperature (T, °C) and RH (%) values obtained with the MT in each.

Living lab AMLL BALL BOLL DULL GELL HALL JELL
In-situ scale T RH T RH T RH T RH T RH T RH T RH
1 - Cold NA NA - - - - - - NA NA
2 - Refreshing NA NA 26,0 55 26,6 56 14,0 43 18,4 89 19,6 58 NA NA
3 - Tolerable NA NA 26,1 55 27,9 52 15,8 53 23,8 74 22,4 50 NA NA
4 - Hot NA NA 26,3 54 28,9 49 - - 23,8 72 - - NA NA
5 - Too hot NA NA 26,3 54 29,7 51 - - 259 68 - - NA NA
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Recorded Citizens Temperature expectation vs. in-situ observations. Temperature comparison between expectations and in-situ feeling for the
different spaces categories. Blue colors express a cooler sensation than expected (negative numbers) while red colors express a hotter feeling

than expected.

84 observations), nearly half of the participants perceived the
temperature category as expected.

Considering the observations across all LLs (Figure 11) by space
category, several patterns emerge. In market spaces (M), 67% of
respondents reported feeling much cooler than expected. Cultural
facilities (C) also exhibited a significant number of responses falling
into the much cooler category (38%). Areas with shops (B) stood
out, with 50% of respondents feeling warmer and an additional 25%
feeling much warmer than anticipated. Green areas and meeting
spaces were the most repeated space classification and also showed
the highest variability. For green areas, 36% of participants felt
cooler, 6% much cooler, 25% the same, 28% warmer and 6% much
warmer. Educational (E) and Health related (S) spaces demonstrated
a strong alignment with temperature expectations, with over half of
respondents reporting that they felt the same as expected (54% and
53%, respectively).

The heatmap of Figure 12 illustrates these differences across
cities and space categories, calculating the mean difference in
temperature perception scores from all the observations in each
city and space category, allowing a detailed understanding of the
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complex relationships between environmental factors and personal
expectations across different settings. Participants generally
exhibited lower-than-expected comfort levels in outdoor spaces
across most cities (red colors in Figure 12), with particularly
negative discrepancies in cities such as Dublin, Barcelona, and
Bologna. This suggests that residents of these cities are typically
exposed to more pronounced thermal discomfort than what was
experienced on the specific survey day. In contrast, Genoa displayed
a slight divergence, where participants felt cooler than they had
anticipated. Notably, green areas in Dublin stood out, as participants
reported feeling significantly warmer than expected. Similarly,
thermal comfort in sports equipment exceeded expectations, with
participants feeling more comfortable than anticipated. These
results highlighted that places where people typically spend time
standing or queuing, such as at a bus stop or in a zoo, tend to be
imagined warmer than they actually feel. On the contrary, the
general association with green areas is positive, and in some
cases, people remember the place more refreshing than it feels.
Areas near water bodies and parks were perceived as cooler, despite
only minor variations in recorded temperatures. Participants
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Temperature expectation vs. in-situ by LL. Heat map showing the
differences between temperature scores for expectation versus in-
situ feeling. The color scale is the same as in Figure 11.

expressed concern about certain urban environments in the context
of high temperatures. These include wide streets, full paved squares,
areas without vegetation, and places where people are required to
wait for some time, such as bus stops. Urban playgrounds also
emerged as a significant source of concern, as they are often
perceived as poorly adapted to extreme heat conditions. Beyond
increasing green areas, there is a clear need to review the materials
used, and to incorporate more shading elements. Tactical urbanism
strategies can also contribute to improving thermal comfort
sensation. In this sense, implementing measures that enhance the
perception of these spaces can help make daily activities more
comfortable and safer, in the other hand water and vegetation
may enhance thermal comfort
mechanisms, beyond their physical cooling impact (Oliveira
et al,, 2014; Klemm et al., 2015).

through  psychological

4 Discussion

The ICD initiative demonstrated the potential of citizen science
to generate valuable environmental data while fostering public
engagement in climate change issues across diverse contexts in
the Middle East, and Africa. The
implementation across eight Living Labs (LLs) facilitated a

Europe, simultaneous
comparative analysis of environmental perceptions behaviors and
brough a new approach on participatory environmental monitoring.

Citizen-collected data on air quality and temperature perception
yielded significant spatial variability, highlighting the heterogeneity
of urban microclimates and confirming the capacity of low-cost
sensors (PM and CO,) in detecting local air pollution differences, in
agreement with previous studies (Snyder et al., 2013; Castell et al.,
2017). For example, differences in PM, 5 levels between sensors in
central and peripheral Barcelona or coastal and inland Dublin
aligned with local urban morphology and traffic density.

The Temperature Perception in Urban Environments activity
revealed the complexity of comparing objective microclimatic
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conditions and subjective comfort levels. The MT data confirmed
the heterogeneity of meteorological conditions in the different LLs,
obtaining very different temperature and humidity ranges across
different measuring points with higher variability within Dublin,
Hasselt and Genova but very stable conditions in Barcelona and
Bologna. While average temperature and humidity expectations
ranged from tolerable (3) to hot (4), individual perceptions
varied notably even under similar conditions. This suggests that
thermal perception is influenced not only by meteorological
parameters but also by spatial features such as vegetation, shade,
pavement type, and the social use of spaces (Oliveira et al.,, 2014;
Klemm et al., 2015). The characterization of spaces based on their
social use revealed significant heterogeneities, highlighting the
importance of urban morphology and spatial organization. These
activities also provided a platform to explore the interplay between
expectation and experience, particularly in vulnerable urban spaces
like markets, playgrounds, and bus stops. Across all Living Labs, the
social categories with more observations (green areas and meeting
spaces) showed the wider spreads with approximately 25% of the
participants expressing to have felt as expected, and a slightly higher
percentages of cooler or much cooler than expected than for warmer
or much warmer. Those results were highly influenced by the lower
than usual temperatures in some cities (e.g., Barcelona) where
participants are used to higher thermal stress and that fact
influenced their expectations. Certain space categories were
perceived exclusively as expected and cooler (such as cultural
facilities, educational spaces, markets, and sports facilities), or as
expected and hotter (shop areas). Notably, green areas in Dublin
stood out for being perceived as much hotter than expected,
highlighting their critical role in climate adaptation planning.
Moreover, gender and age influenced thermal perception,
reinforcing the need for inclusive, demographically aware
planning approaches (van Hoof et al., 2021).

While the current findings offer valuable initial insights, drawing
robust conclusions about the state of mitigation and adaptation in
cities. would require repeating the experiment across multiple
occasions in the same locations, ideally involving consistent
groups of participants. These findings underscore the value of
integrating both psychological and spatial factors into urban heat
adaptation strategies, particularly to protect vulnerable populations
such as children and the elderly, emphasizing the critical need for
well-designed environments around educational facilities, health
centers, and social gathering areas to ensure thermal safety
during periods of extreme heat (WHO Team et al, 2016;
IPCC, 2022).

In addition to the sensor-based evidence, the initiative also
contributed to raising environmental awareness and promoting
climate action. The LLs included participatory spaces during the
activities that fostered reflection and individual commitment. For
example, in MT experiment (field campaign 2) the final reflective
practice session invited participants to summarize the activity by
formulating ‘evidence’, a ‘concern’, a ‘proposal for neighborhood
improvement’, and a ‘personal behavior change’. These qualitative
exercises were not systematically collected across all sites, since
discussions took place in local languages and were difficult to
compare due to the different geographical and socio-cultural
contexts, but they proved effective in stimulating awareness and
discussion at the local level. Similarly, in BALL more than 700 school
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students participated during the I-Change Day in a campaign
associated with the deployment of SCK devices (field campaign
1), submitting anonymous proposals for individual actions to
The
suggestions highlighted classic sustainability measures such as

improve climate change mitigation. most  frequent
increased use of public transport, recycling, and reducing
electricity and water consumption, while newer proposals
addressed dietary habits, shopping practices, and the role of
digital technologies. Although not exhaustive of all LLs, these
examples illustrate how citizen science activities can extend
beyond data collection, engaging participants in critical reflection
and supporting the emergence of behavioral change (Jordan et al.,
2011; Frigerio et al.,, 2021; Khatibi et al., 2021).

Although participation levels varied across the Living Labs
(LLs), these differences were largely due to the diversity of
activities implemented, the specific requirements of each
participant group (such as age, background, and digital
literacy), and the adaptations made for each activity (e.g.,
whether participants undertook the route by bike or on foot).
Additionally, the number of volunteers (LL staff) and the local
context of each LL also played a role in determining the level of
engagement. Engagement through local stakeholders was a key
element of the project and was crucial to its overall success. In
addition,

particularly related to sensor connectivity and calibration,

several challenges emerged. Technical barriers,
limited data completeness and required sustained support
from researchers. Future applications of the protocol should
prioritize inclusive design, robust infrastructure, and co-
creation with stakeholders to enhance both scientific output
and community relevance.

These results illustrate the practical contributions of citizen
science to local climate adaptation, particularly in revealing intra-
urban environmental disparities and starting context-specific
discussions about climate resilience. While previous works
showed how citizen-collected data can complement official
monitoring and add fine-scale variability (Sirbu et al., 2015), this
study extended this evidence by demonstrating the feasibility of
conducting coordinated campaigns simultaneously across diverse
urban context. The ability to link subjective perceptions with
empirical environmental data proved essential in raising
awareness and challenging existing assumptions. These findings
are aligned with recent work emphasizing the role of citizen
science in shaping awareness and adaptive responses (Danish
et al, 2025). In this sense, ICD not only produced useful data
but also activated local reflection processes that are critical for place-

based climate policy development.

5 Conclusion

The ICD initiative implemented a methodology to address
awareness, knowledge, and action through citizen science
activities that tackled local environmental challenges, induced or
exacerbated by climate change. This approach fostered meaningful
citizen participation, where data collection not only supported
learning, debate and reflection but also encouraged concrete actions.

The initiative confirmed that citizen involvement in data

collection increases both environmental awareness and perceived
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empowerment in responding to climate threats. Citizens were not
passive observers, but active interpreters of data, translating
information into locally meaningful insights and proposed
behavioral changes.

The use of mobile and fixed sensors revealed intra-urban
differences in air quality and thermal comfort. Understanding
these variabilities is critical for
adaptation strategies, that are
morphologies and social practices (Rajagopalan et al, 2020).

local designing effective

sensitive to specific urban
Civic organizations and informal educational settings (schools,
markets, associations) played a key role in recruiting participants
from heterogenic demographics, sometimes less likely to engage in
science. Complementary activities, such as workshops or local
campaigns, extended the impact beyond the scientific goals of the
initiative.

By combining sensor-based evidence with personal experiences
and civic dialogue, the ICD proposed a methodology for carrying out
citizen science activities, that is not only scientific and technically
robust but also integrates social, cultural, and community contexts.
This approach should guide future climate resilience strategies,
particularly in urban contexts where behavioral change and
infrastructure improvements must go hand in hand. Sustained
investment in participatory data ecosystems and Living Lab
models can thus contribute to more adaptive, inclusive, and
responsive climate governance.
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