Green Thermometer: Measuring the Cooling Power of Trees 
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ABSTRACT
Urban vegetation plays an important role in regulating local microclimates by reducing surface and air temperatures through shading and evapotranspiration processes. In the context of climate change and increasing urban heat, understanding the cooling effect of trees becomes essential for environmental planning and public well-being. This study aimed to analyze the cooling power of trees in an urban environment using the Green Thermometer approach, based on data collection protocols from the GLOBE Program. A qualitative and descriptive methodology was adopted, involving field observations conducted by students, temperature measurements in shaded and unshaded areas, and systematic recording of environmental conditions. Data were organized and analyzed to compare thermal differences associated with vegetation presence. The results indicated lower temperatures in areas with tree cover, highlighting the relevance of urban trees in mitigating heat and improving microclimatic comfort. The study also demonstrated the educational value of citizen science by engaging students in data collection, analysis, and interpretation. It is recommended that future investigations expand the temporal scale of measurements and integrate additional GLOBE protocols to strengthen environmental monitoring and support sustainable urban planning.
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Research Questions / Research Problem
Urbanization has intensified land surface sealing and reduced green areas, contributing to the formation of urban heat islands and increased thermal discomfort. In regions affected by climate variability, the absence of vegetation exacerbates temperature extremes and negatively impacts environmental quality and human health. Although scientific literature recognizes the cooling role of trees, there is still a need for localized data that connect environmental monitoring with educational practices.
The research problem addressed in this study concerns the lack of systematic, school-based investigations capable of quantifying the cooling effect of trees at the local scale while simultaneously promoting scientific literacy. Citizen science initiatives, such as those proposed by the GLOBE Program, offer structured protocols that allow students to participate actively in environmental research.
The guiding research question was defined as follows:
How does tree cover influence local temperature patterns, and how can the Green Thermometer approach support the investigation of urban microclimate within a school-based scientific project?
The scientific relevance lies in the generation of localized environmental data, while community relevance relates to raising awareness about the importance of urban vegetation for climate adaptation and quality of life.

Introduction
Climate change has intensified thermal stress in urban environments, increasing the frequency of extreme heat events. Urban trees have been widely recognized as natural climate regulators due to their capacity to provide shade and promote evapotranspiration, thereby reducing ambient temperatures. Despite this recognition, many urban areas continue to experience vegetation loss, highlighting the need for evidence-based environmental planning.
Within science education, inquiry-based learning and citizen science approaches enable students to investigate real environmental problems using scientific methods. The GLOBE Program provides standardized protocols that support data collection and analysis, fostering the integration of education, science, and community engagement.

Theoretical Framework
Studies have demonstrated that urban trees can significantly reduce surface and air temperatures, contributing to thermal comfort and ecosystem services (Bowler et al., 2010). Citizen science has been identified as an effective strategy for large-scale environmental monitoring and public engagement (Bonney et al., 2016). In educational contexts, hands-on scientific investigations enhance students’ understanding of complex environmental processes and promote critical thinking (Hodson, 2014).

Materials and Methods
A qualitative and descriptive research design was adopted. Data collection was carried out in an urban school environment, where temperature measurements were taken in areas with and without tree cover. The Green Thermometer approach was applied following GLOBE Program guidelines, involving the use of thermometers, environmental observation, and systematic recording of data. Measurements were compared to identify thermal differences associated with vegetation presence.

Data Analysis / Results
The analysis revealed consistently lower temperatures in shaded areas under tree canopies compared to exposed surfaces. These findings indicate the effectiveness of trees in reducing local heat and improving microclimatic conditions. The data collected by students were coherent with patterns reported in scientific literature, reinforcing the validity of the methodology.

Discussion
The results corroborate previous studies that highlight the role of urban vegetation in mitigating heat. The application of the Green Thermometer approach proved to be scientifically reliable and pedagogically effective. Limitations related to the short duration of data collection suggest the need for longer monitoring periods to strengthen future analyses.

Conclusion
The study demonstrated that trees play a significant role in regulating urban microclimates by reducing local temperatures. The integration of citizen science and school-based research provided both scientific data and meaningful educational experiences. Future studies are encouraged to expand data collection over different seasons and incorporate additional GLOBE protocols to enhance environmental monitoring and urban sustainability strategies.
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