
	[image: ]



[bookmark: _Hlk213102668]Analysis of Urban Thermal Comfort in Puxinanã/PB and creation of Garden Benches as a Measure of Socio-environmental Promotion

Raquel Gomes da Silva
Estudante vinculada a Escola Cidadã Integral Técnica Plínio Lemos
R. Costa e Silva - Centro, Puxinanã - PB, 58115-000
quelot4@gmail.com

Flávia Alexandra Santos de Almeida
Estudante vinculada a Escola Cidadã Integral Técnica Plínio Lemos
R. Costa e Silva - Centro, Puxinanã - PB, 58115-000
flaviaalexandrasantosdealmeida@gmail.com

Andrea dos Santos Dantas 
Estudante vinculada a Escola Cidadã Integral Técnica Plínio Lemos
R. Costa e Silva - Centro, Puxinanã - PB, 58115-000
andreasantos2022321@gmail.com

Andressa da Silva Guimarães Moura
Mestre em Biotecnologia, Doutoranda do programa de pós-graduação em desenvolvimento e inovação tecnológica de medicamentos – DITM
Universidade Federal da Paraíba – UFPB
Professora vinculada a Escola Cidadã Integral Técnica Plínio Lemos
R. Costa e Silva - Centro, Puxinanã - PB, 58115-000
profa.andressabio@gmail.com

ABSTRACT
The present study evaluated the influence of urban tree cover on thermal comfort at Ecit Plínio Lemos School, located in the municipality of Puxinanã (PB), with the aim of understanding how different levels of vegetation coverage affect air temperature and local microclimate conditions. The research was motivated by the need to scientifically analyze the relationship between arborization and thermal comfort in a semi-arid context, where high temperatures and the scarcity of green areas directly impact quality of life. For this investigation, the Atmosphere and Biosphere protocols of the GLOBE Program were applied to conduct standardized measurements of air temperature, surface temperature, relative humidity, and tree characteristics across three sites with varying degrees of vegetation cover. Data collections were carried out on consecutive days, at the same time, following standardized measurement and recording procedures.The results indicated that the most vegetated area recorded the lowest temperatures (28 °C and 27 °C), while the area without trees presented the highest values (29 °C and 27.8 °C), confirming the moderating role of vegetation through shading and evapotranspiration processes. Areas with intermediate vegetation cover showed median temperatures, demonstrating a gradual and directly proportional relationship between tree density and microclimatic cooling. Beyond environmental benefits, the study highlights the social and inclusive potential of planting native and semi-arid-adapted fruit tree species, which can contribute to food security and provide nutritional support to vulnerable populations, such as individuals experiencing homelessness. Based on the results, future perspectives include the implementation of garden benches and the planting of fruit trees in public spaces as strategies for thermal mitigation, carbon sequestration, and socio-environmental promotion. It is also recommended to expand temporal and spatial sampling, incorporate additional variables (such as solar radiation, wind, and soil temperature), and employ complementary GLOBE protocols (Soil and Land Cover) to enhance analysis and strengthen the connection between science, education, and community engagement.
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1. Research Questions / Research Problem
The municipality of Puxinanã, located in the Agreste region of Paraíba, currently faces a conflict between the need for urban arborization aimed at environmental comfort and the structural problems resulting from the inappropriate selection of tree species. The central issue of this study lies in the removal of trees, especially Azadirachta indica (neem), a species widely present in the city. This removal represented an attempt to mitigate damage caused by the extensive and deep root system of this tree, which affected sidewalks, walls, and water supply networks (Marchioni et al., 2022). However, the suppression of vegetation cover led to an increase in average local temperatures and a reduction in thermal comfort, intensifying the effects of urban heat islands. The lack of adequate environmental planning, combined with the scarcity of green areas and high temperatures, directly compromises quality of life and environmental balance in the region.
Historically, the process of urban arborization in Brazil has been marked by political and technical decisions that have not always considered ecological and social aspects in an integrated manner. Over the decades, species selection has been guided primarily by aesthetic criteria (Betoni, 2022; Marchioni et al., 2022) and, in some cases, by implicit mechanisms of social control. This process has resulted in urban landscapes dominated by exotic or socio-environmentally inefficient species. Inadequate planning leads to conflicts between built spaces and vegetation, generating structural problems and, consequently, reducing the ability of trees to provide essential ecosystem services (Marchioni et al., 2022; Milano & Dalcin, 2000).
Recent studies indicate that, in several Brazilian cities, the planting of fruit trees has been deliberately avoided (Marques et al., 2024). The most common technical justification for this exclusion is the need to prevent litter on public roads, fruit accumulation, and the attraction of undesirable vectors (Milano & Dalcin, 2000; Rodrigues & Aoki, 2022). However, underlying this technical rationale is a socially exclusionary dimension, as it restricts free access to food for vulnerable populations, such as people experiencing homelessness. This practice reveals a bias in urban planning, contradicting the principle of the human right to food and nutritional security, recognized as fundamental by the Brazilian Federal Constitution (Souza, 2020).
The literature indicates that arborization with fruit-bearing species constitutes an effective strategy for socio-environmental promotion and public health (Lima & Costa, 2024; Marques et al., 2024). In addition to supporting healthy and free food access for vulnerable populations, this practice aligns with the guidelines of the Food and Agriculture Organization of the United Nations (FAO), which recommends planting fruit trees in urban and peri-urban environments as part of efforts to eradicate hunger (Sustainable Development Goal 2) (FAO, 2016, cited in Rodrigues & Aoki, 2022).
In this context, the microclimatic changes observed in Puxinanã prompted an interest in understanding, through the methodology of the GLOBE Program protocols, the influence of urban arborization on air temperature at different locations within a school environment. Such investigation is essential, since, according to Dorigon and Pagliari (2013), it is necessary to choose the right tree for the right place in order to maximize ecosystem benefits—such as thermal comfort—without compromising urban infrastructure (Milano & Dalcin, 2000).

2. Introduction / Theoretical Framework
The influence of urban arborization on average urban temperature is a highly relevant topic in light of the challenges posed by the global climate crisis (Marchioni et al., 2022). The contemporary context is marked by the intensification of extreme events, such as heat waves, which compromise urban quality of life and reinforce the need to adopt Nature-Based Solutions (NbS) and strengthen green infrastructure as strategies for building more resilient cities (Marchioni et al., 2022; Fraga, 2021).
Urban arborization represents one of the main components of this infrastructure, as it provides essential ecosystem services for both the population and the structural balance of cities. Among its most significant functions are microclimate regulation and mitigation of the urban heat island effect, characterized by higher temperatures in densely built areas with limited vegetation (Milano & Dalcin, 2000). Through shading and evapotranspiration, trees directly contribute to reducing air temperature, with potential decreases of up to 5 °C in compact urban areas (Fraga, 2021). The need for such interventions becomes even more evident in cities located in the Brazilian semi-arid region, where temperatures are naturally high and green spaces are scarce.
Studies conducted in the semi-arid region of Paraíba, particularly in the immediate region of Princesa Isabel, reveal a deficit in the Green Area Index per Inhabitant (GAIH), with values below the minimum of 15 m² per inhabitant recommended by the Brazilian Society of Urban Arborization (SBAU) (Brazilian Society of Urban Arborization, 1996). This lack of vegetation cover significantly reduces the provision of ecosystem services, directly affecting population health and well-being. Projections indicate that, if the minimum index were achieved, carbon stocks and environmental valuation could increase by up to 26 times on average, reinforcing the urgency of expanding urban green areas.
Addressing this deficit requires strategic planning and efficient urban space management. Arborization should not occur randomly but should be conducted as a systematic, continuous process guided by objectives that maximize environmental, social, and economic benefits (Dorigon & Pagliari, 2013; Milano & Dalcin, 2000). The systematization of information on ecosystem service provision is therefore essential for sustainable urban development and can be enhanced through the use of standardized scientific protocols, such as those of the GLOBE Program.
The GLOBE Program (Global Learning and Observations to Benefit the Environment) is an international citizen science and environmental education initiative that integrates land-based measurements conducted by students, educators, and citizens in collaboration with scientists. According to the GLOBE Program (2014), the Biosphere protocols encompass the study of living components and interactions between organisms and the environment. These protocols aim to quantify vegetation, land cover, carbon cycling, and landscape change, providing a technical framework for ecological dynamics analysis. Among the main protocols is the Biometry Protocol, which involves measuring and classifying vegetation at land cover sample sites by determining tree height and circumference, as well as assessing canopy and ground cover. The resulting data support classifications such as Moderately Undisturbed Cover (MUC) and enable structural vegetation analyses, including density, biomass, and solar radiation interception capacity—factors directly related to thermal comfort and the carbon cycle (GLOBE Program, 2014).
Within this framework, the present study aims to diagnose vegetation cover in the municipality of Puxinanã and propose sustainable solutions to optimize local green infrastructure. The objective is to enhance territorial adaptive capacity and reduce climate vulnerability, contributing to more balanced, resilient, and environmentally inclusive urban planning.

3. Materials and Methods
The study was conducted in the municipality of Puxinanã, located in the Agreste region of Paraíba. The main objective was to analyze the influence of arborization on average air temperature and relative humidity by comparing environments with different levels of vegetation cover. To achieve this purpose, the Atmosphere and Biosphere protocols of the GLOBE Program (Global Learning and Observations to Benefit the Environment) were applied, enabling standardized environmental data collection and supporting scientific analysis and integrated environmental education.
The research involved measurements of air temperature, surface temperature, and relative humidity, conducted according to the Atmosphere Protocol. Three distinct observation sites were selected: an area without arborization, an area with dense tree cover, and an area with sparse vegetation. Measurements were performed using a chemical thermometer positioned at chest height and attached to the observer’s wrist, who remained stationary for three minutes to allow temperature stabilization.
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	After this interval, a new reading was performed one minute later; if the difference between the readings exceeded 0.5 °C, the procedure was repeated until the value stabilized. Data collection took place over three consecutive days, always at the same time, in order to ensure data comparability. In each measurement, information regarding the date, time, place and temperature obtained was recorded, complemented by notes in a logbook. 	Simultaneously with the atmospheric measurements, the Biosphere Protocol was applied, with emphasis on the Trees Protocol, through the GLOBE Observer Trees application, which aims to quantify and characterize tree cover. The trees selected for analysis were located in the schoolyard and were measured according to the standard of the GLOBE Program, using a height of 1.35 m to determine the Diameter at Breast Height (DBH). Trunk circumference was measured with a tape measure, and all data, including photographs and geographic coordinates obtained via GPS, were recorded on the GLOBE platform. This information helped in the identification of species and in the understanding of the distribution of vegetation in the school space, allowing the relationship of tree characteristics to the local microclimate.
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	Throughout the process, simple and low-cost instruments were used, such as a chemical thermometer, tape measure, notebook, logbook, cell phone for photographic records and access to the GLOBE platform, as well as a shovel, container and scale for collecting and weighing soil samples when necessary. After collection, the data were organized in electronic spreadsheets and analyzed comparatively between wooded and non-wooded environments, seeking to identify significant variations in temperature and relative humidity of the air. This analysis allowed us to understand the influence of afforestation on urban thermal comfort and the importance of vegetation cover in microclimatic regulation at Ecit Plínio Lemos in Puxinanã/PB.

 4. Analysis of data/results

		Places with a greater presence of trees have milder temperatures. Site 2, with the highest afforestation, had the lowest temperatures on the two days analyzed. This confirms that the vegetation cover exerts a moderating effect on temperature, thanks to shade and the evapotranspiration process. The absence of trees is associated with increased temperatures. Site 1, without trees, recorded the highest temperatures, evidencing the effect of heat islands in areas devoid of vegetation. Areas with intermediate afforestation had median temperatures. Location 3 confirms the gradual relationship: the smaller the number of trees, the higher the temperature.
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		The presence of trees has been shown to significantly reduce the ambient temperature, contributing to thermal balance and mitigating the effects of heat islands. Thus, Site 2, characterized by greater afforestation, presented better thermal comfort conditions, evidencing the relevance of urban afforestation for local climate regulation. However, there is a need for further studies with a larger number of samples and variables, in order to obtain more conclusive results. Based on these results, the students proposed the creation of a carbon sequestration garden bench as a strategy for mitigating climate change. This proposal aims not only to reduce the ambient temperature, but also to capture carbon dioxide (CO₂) from the atmosphere. So far, the physical prototype has not been developed, only a 3D model prepared with the use of artificial intelligence.
Figure: Carbon sequestro bench-garden model developed by AI. [image: ]
Source: Project author (2025).



6. Discussion

The results obtained in this study clearly demonstrate the influence of urban tree cover on thermal regulation within the urban environment of the municipality of Puxinanã. Location 2, characterized by a greater presence of trees, recorded the lowest temperatures (28.0 °C on 09/23 and 27.0 °C on 09/24), confirming that vegetation cover exerts a moderating effect on the microclimate (Pinheiro & Souza, 2017). The importance of vegetation for thermal comfort is widely recognized in the literature, with atmospheric cooling being achieved mainly through two fundamental processes: shading and evapotranspiration. The former involves the interception of solar radiation by tree canopies, reducing surface heating and heat accumulation, while the latter corresponds to the use of thermal energy in the conversion of water into vapor, cooling the surrounding air and improving thermal comfort (Da Silva & De Mendonça Pimentel, 2019).
In vegetated environments, a perceptible reduction in air temperature is observed when compared to open areas, which confirms the mitigating role of vegetation on urban heat (Martini et al., 2016). Studies conducted in semi-arid regions, where thermal stress is more severe, indicate that areas under vegetative shade—known as Shaded Coverage Areas (SCA)—present milder and more stable temperature conditions. In this sense, the presence of trees not only improves the microclimate but also contributes to urban energy efficiency and environmental sustainability, as it reduces the need for artificial cooling (Zorzi & Grigoletti, 2016).
By contrast, Location 1, characterized by the absence of tree cover, presented the highest temperatures (29.0 °C and 27.8 °C), evidencing the formation of Urban Heat Islands (UHI)—a phenomenon directly associated with unplanned urban expansion and the replacement of green areas by impervious surfaces (Duarte et al., 2018). Materials such as asphalt and concrete, widely used in urban infrastructure, have high thermal absorption coefficients, storing heat during the day and releasing it slowly at night, which intensifies thermal discomfort (Mohajerani, Bakaric, & Jeffrey-Bailey, 2017). The lack of vegetation exacerbates this process, resulting in higher temperatures and climatic conditions that are less favorable to human health (Copque et al., 2011; Esteves, 2018; Lisboa et al., 2024).
Location 3, with limited tree cover, showed intermediate temperatures, reinforcing the gradual relationship between vegetation density and thermal cooling (Project Author, 2025). The intensity of the cooling effect is directly associated with the quantity, height, and density of trees (Rahman, Armson, & Ennos, 2014). Thus, locations with intermediate levels of tree cover tend to record median temperatures between treeless areas and those with dense vegetation, demonstrating that even small-scale green interventions can generate perceptible microclimatic benefits.
The analyzed data reinforce that urban tree planning should be considered a strategic tool for environmental quality rather than merely an aesthetic element (Gonçalves et al., 2018). The literature emphasizes that qualitative and quantitative information on urban forestry is fundamental to supporting sustainable urban planning (Alves, Costa, & Costa, 2023). In this context, public policies become essential. Bill No. 3,113/2023, currently under consideration in the Federal Senate, proposes the creation of the National Urban Arborization Policy (PNAU), which would make the development of municipal urban forestry plans mandatory in cities with more than 20,000 inhabitants (Federal Senate, 2023). Such measures are aligned with the Cities + Green Program, promoted by the Ministry of the Environment (Brazil, 2021), which seeks to expand urban green areas and strengthen the climate resilience of Brazilian cities.
In this manner, the results of this study reaffirm that urban arborization plays a decisive role in mitigating urban heat islands and promoting thermal comfort. Investment in adequate tree-planning strategies and policies aimed at expanding vegetation cover represents a sustainable approach to addressing contemporary climate challenges and fostering collective well-being in urban spaces.

7. Conclusion
The analysis of urban thermal comfort at Ecit Plínio Lemos, in the municipality of Puxinanã, PB, allowed to prove the direct relationship between vegetation cover density and microclimatic regulation. The results showed that the areas with a greater presence of trees had milder temperatures, while places devoid of vegetation recorded significantly higher values. These findings confirm the fundamental role of afforestation in mitigating urban heat islands and promoting thermal comfort, corroborating previous studies that highlight shading and evapotranspiration as essential mechanisms for atmospheric cooling. This work contributes to the advancement of knowledge about the microclimate in small cities and in semiarid regions, where thermal vulnerability tends to be more pronounced. By employing standardized protocols of the GLOBE Program, the study reinforces the importance of participatory methodologies in the collection and analysis of environmental data, bringing science closer to education and promoting the training of young researchers with socio-environmental awareness. The use of simple and accessible instruments demonstrated that relevant climate research can be carried out in school and community contexts, promoting social engagement and scientific learning. The results obtained support the proposal to create a garden bench for carbon sequestration, integrating ecological and social functions such as reducing ambient temperature and capturing CO₂, in addition to serving as a space for coexistence and environmental education. This initiative represents a low-cost, sustainable solution with the potential to replicate in other communities.
Future prospects
One of the main future perspectives of this project consists of the implementation of garden benches and the expansion of the planting of fruit trees in public areas of the municipality of Puxinanã. This proposal, in addition to contributing to the improvement of thermal comfort and the mitigation of urban heat islands, has an important socio-environmental and educational character. Garden benches represent a sustainable and multifunctional solution, which combines green infrastructure, carbon sequestration and social well-being, transforming urban spaces into places of coexistence, learning and environmental balance.
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