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Abstract: Citizen science has emerged as a potent approach for environmental monitoring, leveraging the collective
efforts of volunteers to gather data at unprecedented scales. Within the framework of the -CHANGE project,
MeteoTracker, a citizen science initiative, was employed to collect and analyze meteorological measurements.
This paper presents the results of our analysis, demonstrating the effectiveness of citizen science in generating
valuable environmental data. Through MeteoTracker, volunteers contributed to a comprehensive dataset, enabling
insights into local weather patterns and trends. Our findings underscore the potential of citizen science to
augment traditional monitoring efforts and inform decision-making processes in environmental research and
management. The paper discusses the methodology employed, including data collection and statistical analysis
techniques. Results highlight the reliability and accuracy of citizen-generated data, as well as the strengths of the
MeteoTracker platform. The implications of our findings for environmental research, policy development, and
public engagement are discussed, along with recommendations for enhancing the effectiveness of citizen science

initiatives in environmental monitoring.
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1. Introduction

Citizen science involves the active participation of the public in scientific research, allowing
individuals to contribute to data collection, analysis, and interpretation [3,14]. This collaborative
approach has gained momentum in various fields, including ecology, astronomy, and environmental
science [18], due to its potential to generate large datasets and engage communities in scientific inquiry.

In the context of environmental monitoring, citizen science offers several advantages, such as
increased spatial coverage, cost-effectiveness, and enhanced public awareness of environmental issues
[11,28]. By involving volunteers in data collection efforts, citizen science projects can fill gaps in
traditional monitoring networks and provide valuable insights into local climate patterns [8]. On the
other hand, the most recognized barrier to the use of observations collected through citizen science
monitoring initiatives relates to their perceived lack of quality, since information are derived from
non-official sources, [10]; thus it is mandatory to ensure (and document) the application of solid
methodologies to verify and validate data.

The I-CHANGE project [15] stands as a notable example of leveraging citizen science in me-
teorological research. Initiated in 2021, the -=CHANGE (Citizen Actions on Climate Change and
Environment) project is based on the idea that citizens and the civil society have a central role in the
definition of environmental protection and climate action and that their direct involvement is essential
to drive a true shift and promotion of behavioral changes towards more sustainable patterns.

Then, .CHANGE aims to raise awareness on the impacts of climate change and related natural
hazards to enable behavioural change, building on top of three conceptual pillars:

¢ Improving the knowledge of climate change science and the understanding of related physical,
socio-economic and cultural processes;
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¢ Promoting the active participation of citizens in data collection in eight Living Labs (LLs), in
Europe and Middle-East and Africa, through citizen tools and sensors;

¢ Increasing the usability and interoperability of the data collected by the citizens at a broader
scale.

A key component of the -=CHANGE project was the establishment of a network of citizen
observers equipped with in situ weather monitoring instruments and meteorological sensors on the
move. Participants were provided with training and resources to set up in situ weather stations in their
local communities (schools, hiking refugee) enabling them to collect data on temperature, humidity,
precipitation, and other meteorological parameters. The data collected through the -CHANGE in
situ weather stations provided valuable insights into regional atmospheric patterns and trends for the
wider audience represented by students, teachers, hiking and biking passionate.

Additionally on the move sensors were adopted: a mini-weather station MeteoTracker (hereafter
MT), specifically designed and patented for measurements on the move, equipped with a system
(RECS, Radiation Error Correction System) that allows very high measurement speed. The mini-station
is “instantly” installed on the vehicle rooftop thanks to its magnetic base and on bikes and for other
uses by means of a specific accessory (“bike holder”). MT was chosen for its user-friendly interface,
accessibility, and ability to crowdsource meteorological measurements: by harnessing the collective
efforts of volunteers, MT facilitated the collection of high-resolution weather data across diverse
geographical regions, complementing traditional monitoring efforts.

Statistical methods have been applied to validate MT observations against the official Italian
Civil Protection weather network; the overall analysis demonstrated the high quality and reliability of
collected data. By integrating citizen-generated observations with existing meteorological datasets,
researchers could be able to enhance the spatial and temporal resolution of climate analyses [29].
Moreover, the participatory nature of the project fostered a sense of ownership and empowerment
among citizen scientists, encouraging continued engagement and collaboration [31].

2. The MeteoTracker Device

MT device is a low-cost, patented weather station (Figure 1) specifically designed for mobile
measurements, that samples several meteorological variables while moving jointly with its carrying
vehicle (mobile sensor). It is based on a patented, dual-sensor, differential, negative feedback solution
(RECS, Radiation Error Correction System), that deploys two identical temperature sensors (sensor 1
and sensor 2) having a different exposure to the solar radiation (different transmission coefficients in
the short-wave radiation band).

The difference in radiation exposure is predefined so that the difference in temperature reading
from sensor 1 and 2 can be used to compute the error caused by solar exposure.

In addition to solar radiation error correction, the RECS is used to cancel the dependency of
temperature readings vs vehicle speed caused by the variation in the ventilation flow hitting the
temperature sensor (the lower the speed, the lower the ventilation, the higher the radiation error,
the higher the corrective factor generated by the RECS algorithm). This is the negative feedback
mechanism that removes any dependency of the temperature measurement vs vehicle speed.

MT device includes temperature, relative humidity and pressure sensors and allows for the mea-
surement of the three related parameters plus six additional derived parameters: vertical component
of the thermal gradient, dew-point, humidex, solar intensity indicator (based on the RECS calculation),
potential temperature, altitude and speed (GNSS derived).

The temperature sensors are the Texas Instruments TMP117, while the relative humidity sensor
is the HDC3022 sensor with transpirant membrane on top to preserve high-accuracy even under
saturated conditions and measurement stability in the long term.

The pressure sensor is the Bosch BMP390.

MT device has a compact size (75 mm x 75 mm x 35 mm) and its mechanical features are the
results of an engineering effort aimed to maximize measurement speed and ease of installation.
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The battery life is in the range of 10-18 weeks (depending on environment conditions, air temper-
ature mainly) and a small accessory solar panel is available for removing any need of recharging.

MT is available in two different solutions: MeteoTracker “smartphone” (user-activated measure-
ment sessions by the mobile App) and “standalone” (complete automation of data collection thanks to
an auxiliary cellular and GNSS modem that activates the session based on the dynamic status of the
vehicle) and is associated with a software infrastructure for real-time data transmission to the server,
real-time and archive data visualization and a set of data services.

The software infrastructure is comprised of:

¢ a mobile App (Android and iOS) for real-time data visualization and upload to the server and
archive management;

e a full-stack suite that includes an advanced dashboard for data visualization (on map, graphs,
numeric format and other advanced features);

¢ an API service for data integration on third party platforms;

¢ an interactive map embeddable in third party websites;

* other software implementations for data processing (like the Virtual Fixed Station suite).

3. Methodology

MT weather station and the weather variables a user can monitor are described in details in the
previous paragraph as well as in [1,5,32].

Volunteers willing to use MT during their normal activities were recruited in Genoa Municipality,
one of the -CHANGE LLs, through various channels, including social media, community outreach
events, and collaboration with local schools and environmental organizations [27] in agreement with
the quadruple helix approach [21]. Engagement strategies, such as training workshops, educational
materials, and interactive data visualization tools, were employed to motivate and retain participants
[3].

The Genoa LL monitoring campaigns have focused on three different areas corresponding to the
activities of three different stakeholders.

The western portion of the Genoa municipality, corresponding to the Leira catchment, has been
covered by Turchino Outdoor, an association formed by a group of citizens with a passion for mountain
biking. The Leira catchment covers an area of 27 km? and has experienced flash flood episodes in
1833, 1862, 1864, 1867, 1915, 1970, 1993, and 2010, resulting in significant social and economic impacts.
The Turchino gap (at 532 m), as part of the Leira catchment, plays an important role in determining
local-scale effects of the “Genoa Low,” a cyclone that forms or intensifies from a pre-existing cyclone to
the south of the Alps with an orographic effect [17] over the Ligurian Sea. Turchino Outdoor citizen
scientists have extensively monitored this area since the middle of 2022 using their own mountain
e-bikes equipped with MT sensors, collecting more than 150 tracks. Their activities have been also
documented in newspapers and media [33].

Conversely, the Genoa urban area has been monitored by MT sensors installed on public trans-
portation buses belonging to AMT Genoa, formerly known as Azienda Municipalizzata Trasporti.
AMT is joint-stock company that holds the concession for public transport in the Italian city of Genoa
and transported in 2023 more than 120 million passengers. Three AMT buses covering lines along
the coast as well as the Valpolcevera and Bisagno valleys have been active since the middle of 2023,
collecting more than 700 tracks. Valpolcevera and Bisagno valleys are among the most populated areas
of Genoa Municipality (with about 360,000 inhabitants, constituting 45% of the total Genoa population)
and have historically been affected by severe flash flood episodes (1970, 1992, 1993, 2010, 2011, and
2014), as well as a by growing impacts of heatwave phenomena.

Moving to the sea, the Consorzio Servizio Marittimo del Tigullio has monitored the area from
San Fruttuoso to Sestri Levante in eastern Liguria using its boats. The Tigullio Maritime Service
Consortium provides tourist transport throughout the Gulf of Tigullio, with year-round connections
from Rapallo and Santa Margherita Ligure to Portofino and San Fruttuoso, and seasonal departures
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from Chiavari, Lavagna, Sestri Levante, and Moneglia, especially on weekends and during periods of
greater affluence. Until the end of 2023 they were collecting 750 tracks. This area of Liguria is affected
by extreme hydro-meteorological events [12],[25], and the availability of MT sensors on these boats is
enabling a deeper understanding of complex phenomena at the interface between sea and atmosphere,
as well as sea-land thermodynamics, in close cooperation with citizens.

Statistical methods, including time series analysis, spatial and temporal interpolation, and cor-
relation analysis, were employed to analyze the collected data and verify them in order to identify
patterns, trends, and relationships among meteorological variables.

4. Results

The analysis of MT data yielded a comprehensive dataset comprising meteorological observations
from multiple locations and time periods.

The reliability and trustworthiness of low-cost sensors, in fact, are typically at stake when used
outdoors as large and sharp transitions in the environmental conditions (sudden temperature drops,
wind gusts, etc.), as well as extreme regimes (saturation, rain, and snowfall, etc.), are often demanding
for sensor accuracy [1].

The consistency and accuracy of citizen-generated data were evaluated by comparing MT mea-
surements with data from established in situ weather stations [13]. In particular, we focused on the
analysis of the temperature values retrieved from MT and those coming from the official Italian civil
protection weather network Figure 2.

Differently from most of the instrumentation designed for research purposes, the MT operates on
the move, introducing a further degree of complexity to the validation procedure [1]. To counteract this
limitation, the paths of the citizen science network of the -CHANGE project coming from the Genoa
LL were selected in such a way that these paths passed close to the automatic measurement stations of
the official weather network (hereafter OWN). The geographical selection parameter was the distance
of the MT sampling points from these stations, established as 200 or 300 meters, depending on the size
of the statistical sample, as far as measurements were on the land, while 3000 meters were adopted for
the measurements on the sea. The selected data were further processed to correct any difference in
altitude, between the MT measurement and the reference one of the OWN, using a wet adiabatic lapse
rate adjustment.

To verify the reliability of MT thermal data, scatter plots were generated by plotting the tempera-
ture readings from the sensor of the OWN on the x-axis and the corresponding one on board of MT on
the y-axis Figures 3 and 4. Each data point on the scatter plot represents a simultaneous measurement
of temperature from both thermometers.

Our initial analysis focused on assessing the agreement between the two sets of temperature
data. A visual inspection of the scatter plots reveals the distribution of data points along the bisector,
indicating a strong correlation between the measurements obtained from the two sources of data.

To quantify the agreement further, boxplots displaying the distribution of temperature difference
values between temperatures from OWN stations and those from MT is shown in Figure 5 and
statistical measures such root mean square error and p-value were calculated and listed in Table 1.
These measures provide insights into the degree of linear relationship and the overall accuracy of the
temperature readings between the two sources.

The root mean square error and p-values were within acceptable limits, indicating consistent
agreement between the two datasets.

Overall, our comparative analysis demonstrates the reliability and concordance of temperature
data collected from citizen science (MT) and conventional sources (OWN), supporting their inter-
changeability in temperature monitoring applications and highlighting the complementary role of
citizen science in augmenting existing monitoring networks.

A more in depth analysis of the data collected by the Consorzio Servizio Marittimo del Tigullio,
show a tendency to underestimate temperature by MT respect to OWN. It should be underlined that


https://doi.org/10.20944/preprints202406.0023.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2024 do0i:10.20944/preprints202406.0023.v1

50f11

the first data are recorded on board boats passing, on the sea, at most 3000 m from the monitoring
points selected by the OWN, on the land. The underestimation can be attributed to the higher thermal
capacity of the sea respect the one of the land fueling the typical sea breeze.

4.1. Figures, Tables and Schemes

Figure 1. The Meteotracker device (on the left) and an example of installation on board of a bicycle (on
the right).
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Figure 2. The Italian OWN surrounding the city of Genoa used for comparison (left) and an example of
the MT points used for the validation (right).
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Figure 3. Scatter plot for temperature data coming from MT on board of AMT vs OWN stations.
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stations.
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Figure 5. Boxplots for temperature data coming from MT and OWN stations.

Table 1. Statistical parameter for MT thermal data validation against OWN data.

Location R? p-value
Bolzaneto 09624 2.2e-16
Comago 09813  2.2e-16

IC Pegli Villarosa 0.9232 2.2e-16
Pontedecimo 0.9723 2.2e-16
Porto Antico 0.7696  2.2e-16
Passo del Turchino 0.9859  2.2e-16
Madonna delle Grazie 0.9094 2.2e-16
Mele 0.9702 2.2e-16
Rapallo 0.7618 2.2e-16

Cavi di Lavagna 0.8168  2.2e-16

5. Discussion

Despite potential sources of error, such as instrument calibration, measurement bias, and data
reporting inconsistencies, citizen-generated data demonstrated high quality and reliability when
subjected to rigorous quality control procedures [11,20]. The robustness of citizen science data was
attributed to the collective efforts of volunteers, coupled with advancements in sensor technology and
data validation techniques.

MT exhibited several strengths, including its user-friendly interface, scalability, and ability to
engage diverse stakeholders in environmental monitoring activities [24]. However, challenges, such as
data privacy concerns, volunteer turnover, and data quality assurance, were identified and addressed
through continuous improvement and stakeholder engagement efforts [26].

The insights gained from the analysis of MT data have important implications for environmental
research, policy development, and public engagement initiatives [19,22]. Citizen science can contribute
to a more comprehensive understanding of climate change impacts, facilitate adaptive management
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strategies, and empower communities to participate in decision-making processes related to environ-
mental conservation and sustainability [16].

To maximize the effectiveness of citizen science initiatives in environmental monitoring, stakehold-
ers are encouraged to invest in capacity building, technology infrastructure, and data interoperability
standards [22]. Collaboration between scientists, policymakers, and the public is essential for promot-
ing transparency, inclusiveness, and accountability in citizen science projects [6]. With these goals
in mind, I-CHANGE project is developing the so-called Environmental Impact Hub (EIH), a central
component aimed at the effective data sharing, management, and processing, while ensuring usability
and interoperability of heterogeneous data at European and global scales. The EIH serves observational
data from the I-CHANGE Living Labs, that has been ingested, standardized, quality assessed and
stored. Data can be accessed trough API (to facilitate developers) or through tools to support citizen
engagement initiatives. The support of high quality data, accomplished with standard interfaces for
data sharing enables the EIH to interoperate with existing and future data infrastructure at European
and global level, as GEOSS, Copernicus and the European Data Space [2].

6. Conclusions

The analysis of MT data within the I-CHANGE project has demonstrated the value of citizen
science in enhancing the observational capacity of environmental monitoring networks. By engaging
volunteers in data collection and analysis efforts, citizen science initiatives can generate valuable
insights into weather patterns and climate trends at local and regional scales.

Citizen science represents a paradigm shift in how scientific research is conducted, democra-
tizing access to data and expertise while fostering collaboration and innovation across disciplinary
boundaries [4]. The success of citizen science projects, such as -CHANGE, underscores the potential
of participatory approaches to address complex environmental challenges and promote sustainable
development.

Moving forward, there is a need to further integrate citizen science into mainstream scientific
practices, policy frameworks, and educational curricula [23]. By leveraging advances in technology,
data analytics, and community engagement strategies, citizen science has the potential to revolu-
tionize environmental monitoring and empower individuals to become active stewards of their local
environments [7,30].

Author Contributions: NL, AP and MM co-conceived the research and draft the paper, NL contributed to the
MT data analysis. JI and TG conceived and developed the MT device and tools. AG actively contributed to the
I-CHANGE project and to the revision of the manuscript. All authors revised the manuscript have and read and
agreed to the published version of the manuscript.

Funding: This study was supported by the European Union’s Horizon 2020 I-CHANGE project (https://cordis.
europa.eu/project/id /101037193 /it)

Data Availability Statement: Data from the MeteoTrackers are available for visualization on the customized
platform at https:/ /app.meteotracker.com/ under the author name “genova_living_lab_x", where = is a one-to-
two digit number representing the MT ID in the location as well as under the author name "CIMA I-Change" .
Reference data can be made available upon request.

Acknowledgments: The authors are grateful to Sergio Michelini, President of the Consorzio Marittimo del Tigullio,
Giacomo Parodi, President of Turchino Outdoor, and Dr. Christian Curatolo (Azienda Mobilita e Trasporti, AMT,
Genoa) for their support in organizing the data collection via boats, e-bikes, and public buses. This research has
been supported by the project -CHANGE (Individual Change of HADbits Needed for Green European transition,
https:/ /ichange-project.eu/). The project has received funding from the European Union’s Horizon 2020 research
and innovation program under grant agreement No 101037193.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:


https://doi.org/10.20944/preprints202406.0023.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2024 d0i:10.20944/preprints202406.0023.v1

10 of 11

MT  MeteoTracker
LLs Living Labs
EIH Environmental Impact Hub

References

1. Barbano, F, Brattich, E., Cintolesi, C., Nizamani, A. G., Di Sabatino, S., Milelli, M., Peerlings, E. E. M.,
Polder, S., Steeneveld, G.-J., Parodi, A. Performance Evaluation of MeteoTracker Mobile Sensor for Outdoor
Applications. Atmos. Meas. Tech. Discuss. 2024, (in review).

2. Boldrini, E., Nativi, S., Hradec, J., Santoro, M., Mazzetti, P., Craglia, M. GEOSS Platform data content and
use. International Journal of Digital Earth 2023, 16(1), pp- 715-740.

3. Bonney, R., Cooper, C. B, Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. V., Shirk, J. Citizen science: A
developing tool for expanding science knowledge and scientific literacy. BioScience 2009, 159(11), 977-984.

4. Bonney, R., Phillips, T. B, Ballard, H. L., & Enck, J. W. Can citizen science enhance public understanding of
science? Public Understanding of Science 2016, 25(1), 2-16.

5. Cecilia, A., & Peng, Z. (2022). Validating a Cycle-Based IoT Sensor for Mapping Intra-Urban Air Temperature
and Humidity. In W. Bustamante, M. Andrade, & P. Ortiz E. (Eds.), Will Cities Survive?: The future of
sustainable buildings and urbanism in the age of emergency. PLEA International, Santiago, Chile (November
22 - 25,2022) Vol. 1, pp. 954-959.

6. Cohn, J. P. Citizen science: Can volunteers do real research? BioScience 2008, 58(3) 192-197.

7. Colon Robles, M., Amos, H. M., Dodson, J. B., Bouwman, J., Rogerson, T., Bombosch, A., Farmer, L., Burdick,
A., Taylor, J., Chambers, L. H. Clouds around the World: How a Simple Citizen Science Data Challenge
Became a Worldwide Success. Bulletin of the American Meteorological Society 2020, 101(7), E1201-E1213.

8.  Conrad, C. C,, & Hilchey, K. G. A review of citizen science and community-based environmental monitoring:
Issues and opportunities. Environmental Monitoring and Assessment, 2011, 176(1-4), 273-291.

11. Downs, R. R., Ramapriyan, H. K., Peng, G., Wei, Y. Perspectives on citizen science data quality. Frontiers in
Climate, 2011, 3:615032.

10. European Commission. Best practices in Citizen Science for Environmental Monitoring. CSWD(2020).
Available at: https://data.consilium.europa.eu/doc/document/ST-9973-2020-INIT/en/ pdf

11. Fraisl, D., Hager, G., Bedessem, B. et al. Citizen science in environmental and ecological sciences. Nature
Reviews Methods Primers, 2022, 2(64).

12.  Gonzalez-Aleman, J.]., Insua-Costa, D., Bazile, E., Gonzalez-Herrero, S., Marcello Miglietta, M., Groenemeijer,
P., & Donat, M. G. Anthropogenic warming had a crucial role in triggering the historic and destructive
Mediterranean derecho in summer 2022. Bulletin of the American Meteorological Society, 2023, 104(8), E1526—
E1532.

13. Haklay, M. Citizen science and volunteered geographic information: Overview and typology of participation.
In Crowdsourcing geographic knowledge; Springer, 2017; pp. 105-122.

14. Hand, E. Citizen science: People power. Nature, 2010, 466, 685-687.

15. I-CHANGE Project. Citizen Actions on Climate Change and Environment. Available online: https:/ /ichange-
project.eu/

16. Irwin, A. Citizen science: A study of people, expertise, and sustainable development. New York: Routledge,
1995.

17. Jansa, A., Alpert, P, Arbogast, P, Buzzi, A., Ivancan-Picek, B., Kotroni, V., Speranza, A. MEDEX: a general
overview. Natural Hazards and Earth System Sciences 2014, 14(8), 1965-1984.

18. Jordan, R., Crall, A., Gray, S., Phillips, T., Mellor, D., Crall, A. Citizen science as a distinct field of inquiry.
BioScience 2015, 61(3), 208-211.

19. Koedel, U, Dietrich, P., Herrmann, T., Liang, C., Ritter, O., Roettenbacher, ]J., Schuetze, EM., Schuetze,
S.V., Thoboell, J., Schuetze, C. Enhancing Citizen Science Impact in Environmental Monitoring: Targeted
Engagement Strategies with Stakeholder Groups. Frontiers in Environmental Science 2024, 12, 1375675.

20. Kullenberg, C., & Kasperowski, D. What is citizen science?—A scientometric meta-analysis. PloS One 2016,
11(1), e0147152.


https://doi.org/10.20944/preprints202406.0023.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2024 d0i:10.20944/preprints202406.0023.v1

11 of 11

21. Magalhdes, J., Guasch, B., Arias, R., Giardullo, P,, Elorza, A., Navalhas, 1., Marin-Gonzélez, E., Mazzonetto,
M. and Luis, C. A methodological approach to co-design citizen science communication strategies directed
to quadruple-helix stakeholders. Journal of Science Communication 2022, 21(04), 1-20.

22. McKinley D.C., Miller-Rushing A.]., Ballard H.L., Bonney R., Brown H., Cook-Patton S.C., Evans D.M,,
French R.A., Parrish J., Phillips T.B., Ryan S.E, Shanley L.A., Shirk J.L., Stepenuck K.F., Weltzin ].F., Wiggins
A., Boyle O.D,, Briggs R.D., Chapin III S.E.,, Hewitt D.A., Preuss PW. and Soukup M.A. Citizen science
can improve conservation science, natural resource management, and environmental protection. Biological
Conservation 2017, 208, 15-28.

23.  Miller-Rushing, A.J., Primack, R. B., & Bonney, R. (2012). The history of public participation in ecological
research. Frontiers in Ecology and the Environment 2012, 10(6), 285-290.

24. Overdevest, C., Orr, C. H., & Stepenuck, K. F. (2004). Volunteer stream monitoring and local participation in
natural resource issues. Human Ecology Review 2004, 11(2), 177-185.

25. Parodi, A., Ferraris, L., Gallus, W., Maugeri, M., Molini, L., Siccardi, F., & Boni, G. (2017). Ensemble cloud-
resolving modelling of a historic back-building mesoscale convective system over Liguria: the San Fruttuoso
case of 1915. Climate of the Past 2017 13(5), 455-472.

26. Rotman, D., Preece, J., Hammock, J., Procita, K., Hansen, D., Parr, C., & Lewis, D. (2012). Dynamic changes in
motivation in collaborative citizen-science projects. In Proceedings of the ACM 2012 conference on Computer
Supported Cooperative Work, Seatle, Washington, USA (February 11 - 15, 2012), pp. 217—226.

27. Shirk, J. L., H. L. Ballard, C. C. Wilderman, T. Phillips, A. Wiggins, R. Jordan, E. McCallie, M. Minarchek,
B. V. Lewenstein, M. E. Krasny, and R. Bonney. Public participation in scientific research: A framework for
deliberate design. Ecology and Society 2012, 17(2), 20 pages.

28. Silvertown, J. A new dawn for citizen science. Trends in Ecology & Evolution 2015, 24(9), 467-471.

29. Smith, B., Rodriguez, S. Spatial Analysis of High-Resolution Radar Rainfall and Citizen-Reported Flash
Flood Data in Ultra-Urban New York City. Water 2017 9, 736.

30. Somerwill, L., Wehn, U. How to measure the impact of citizen science on environmental attitudes, behaviour
and knowledge? A review of state-of-the-art approaches. Environmental Science Europe 2022, 34(18)

31. Vasiliades, M.A., Hadjichambis, A.C., Paraskeva-Hadjichambi, D., Adamou, A., Georgiou, Y. A. System-
atic Literature Review on the Participation Aspects of Environmental and Nature-Based Citizen Science
Initiatives. Sustainability 2021, 13, 7457.

32. Zanetti, C., Carraro, M., De Marchi, M., and Pappalardo, S. E. Volunteered geographic information for
mapping urban climate and air quality: testing and assessing ‘Sniffer bikes” with low-cost sensors. Int. Arch.
Photogramm. Remote Sens. Spatial Inf. Sci. 2023, XLVIII-1/W1-2023, 555-561

33. Lascienza va anche in bicicletta, il progetto della Fondazione Cima. Available online:
https:/ /www.rainews.it/tgr/liguria/video/2023/06/raccogliere-dati-sul-clima-in-bicicletta-il-progetto-della-
fondazione-cima-afl7abd9-7244-40ad-8326-f072363426a7.html

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202406.0023.v1

	Introduction
	The MeteoTracker Device
	Methodology
	Results
	Figures, Tables and Schemes

	Discussion
	Conclusions
	References

