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Population growth is a significant challenge in developing countries because it leads to the destruction of green infrastructure and urban agriculture lands around cities, resulting in dissatisfaction with the environment. This study aims to revitalize abandoned agricultural lands within city limits due to urban planning, which can be considered a kind of green infrastructure. In Tabriz, Iran, urban agriculture and urban texture coexist, and the effect of native plant-crop combinations on micrometeorological conditions and thermal comfort on agricultural land was examined. The ENVI-MET model simulated the research area, and the output parameters were validated by comparing their values to field data. The model identified seven proposed scenarios that demonstrated higher performance in improving outdoor thermal comfort. The results showed that edible functions of deciduous plants increased with canopy height and diameter, which improved thermal comfort in high-temperature conditions. Adopting this form of planting would rejuvenate abandoned agricultural fields. Consequently, outdoor thermal comfort may be improved [1.42 predicted mean value (PMV) reduction in the land without plants and a 1.37 PMV reduction in the agriculture land simulation], leading to the rehabilitation of urban agricultural lands that have lost their function in developing cities. These research findings can be utilized to help address the impacts of population growth on green infrastructure and urban agriculture lands.
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1. Introduction

The rapid expansion of urbanization over the past few decades has resulted in a range of negative consequences for urban environments, including increased temperatures and changing climates. Urban areas contribute to local climate change through the release of large amounts of heat energy, rising greenhouse gas emissions, and changes in land use. These issues have caused significant harm to the environment (Rad et al., 2017; Herath et al., 2021). To improve thermal comfort and create sustainable urban solutions, it is essential to plan initiatives that can benefit urban areas and make them more pleasant for residents (Raymond et al., 2017; Crank et al., 2018). One common method for mitigating urban heat island effects is using trees and plants in urban areas. Vegetation has multiple mechanisms that can significantly contribute to improving thermal comfort, such as reducing the amount of solar radiation that reaches urban surfaces below the canopy layer, evaporation, and transpiration [US EPA (US Environmental Protection Agency), 2008]. Although building materials like asphalt have a higher albedo value than vegetation, plants absorb less heat due to their lower specific heat capacity. Additionally, vegetation with leaves and branches shades urban surfaces to reduce the amount of solar radiation that reaches them below the canopy layer, according to Targhi and Van Dessel (2015). They enhance solar absorption and prevent long-wave radiation transmission by replacing hard urban surfaces with natural components. They help reduce the temperature of the atmosphere by trapping short-wave radiation in the near-Earth atmosphere (Wu et al., 2017). Trees are more effective in reducing the climate and ambient temperature than other plant species (El-Bardisy et al., 2016; Lee and Mayer, 2016). Developing the concept of urban agriculture is one strategy to protect and establish urban ecosystems. As a result, it is a sustainable and efficient system for supporting the city’s ecological and economic goals by restoring the agricultural landscape’s identity and sense of place (Sartison and Artmann, 2020). Prevent urban suburbs from being destroyed due to land-use changes and devastation. It can also revitalize and restore landscapes, resulting in the stability of the urban environment.

In many developed nations, urban agriculture is often viewed as a hobby and a space for community members to unwind and escape the stresses of city life. Its territory is primarily composed of sparsely populated, unused lands in densely populated urban areas. Urban agriculture is a multifaceted strategy that goes beyond a single definition. According to the FAO definition, inclusive agricultural activities contribute to food security and income creation (Nzimande, 2013). Agriculture’s territory can include both suburbs and inner cities (Burgin, 2018); its ability to incorporate the urban economy and ecology distinguishes it from rural agriculture (Peng et al., 2015). As a type of green infrastructure, urban agriculture can significantly contribute to the sustainability of the urban environment and help mitigate the impacts of urban heat islands (Ackerman et al., 2014; Hosseinpour et al., 2022).

Selecting appropriate trees to enhance micrometeorological conditions is crucial to obtaining the most effective planting design, as leaf morphology and tree species can impact green spaces and local climate change. Trees provide more shade than grass and have higher cooling advantages (Li et al., 2016), thus improving thermal comfort.

The primary purpose of urban agriculture is to respect the potential of healthy life, create relationships with nature in the city, and pursue three goals: enhancing the ecological structure of the land, restoring social effectiveness, and growing the city’s economy (Partalidou and Anthopoulou, 2017). The goal of this study is related to abandoned agricultural lands being urbanized. Some agricultural lands are urbanized after being abandoned and later incorporated into urban planning (e.g., house construction; Tzoulas et al., 2007; Grădinaru et al., 2015; Fayet et al., 2022). Evaluating how current and future abandoned farmlands can contribute to social and environmental policy goals requires assessing how these trajectories develop. Multi-functional landscapes, including economic diversification through recreational activities, have often been described as valuable options for revitalizing urban agricultural lands. Altieri (1989) described sustainable agriculture as a system that maintains production over time without depleting resources through the use of low-input technologies that diversify production. Modifying crop cultivation patterns, such as crop combination with trees, and increasing food supply and ecological function in urban agricultural areas are steps toward this goal. Therefore, seven scenarios with varied planting patterns compatible with the region were simulated in ENVI-Met software to examine microclimatic and thermal comfort indicators. For each scenario, the PMV index, Ta (c), and PET (c) were calculated. The outcomes of this research will help mitigate the effects of heat islands in urban areas, improve residents’ thermal comfort, and guide landscape designers and urban planners in managing urbanization growth challenges by rehabilitating urban agricultural lands.



2. Material and method


2.1. Study area and methods headings


2.1.1. Thermal comfort index

Thermal comfort refers to people’s feelings of contentment in a specific area when they are both intellectually and physically comfortable (De Dear, 1998). The temperature equilibrium between the body and the environment relates to thermal comfort. Because the human body in this condition does not feel cold or hot (Watson, 1983), the PMV index, developed by Fanger (1970), is one of the most significant indices in assessing physiological temperatures, and it is used to forecast the population perception of a group subjected to the same microclimatic circumstances. This index has a seven-point range from −3 to +3, with 0 representing a neutral temperature experience and four positive numbers suggesting physiological stress during the hot season (Matzarakis and Mayer, 2000; Wimalarathne and Perera, 2019), as well as A higher positive sign value indicates increased heat stress, while a higher negative sign value indicates increased cold stress (UNI. Ergonomia degli ambienti termici, 2006). This concept’s foundation is based on the principle that the human body attempts to achieve thermal balance with its surroundings, which means that heat is acquired or lost in the process. This strategy is based on two indicators: environmental circumstances and personal characteristics. Air temperature (Ta), mean radiation temperature (Tmrt), specific humidity (RH), air velocity (V), and atmospheric pressure all contribute to environmental quality. Human characteristics include a person’s metabolism rate, clothing level, type of physical activity, weight, and age (UNI. Ergonomia degli ambienti termici, 2006).

Physiologically equivalent temperature (PET) allows an individual to evaluate the effect of a wide range of outdoor thermal comfort on personal experience (Lin et al., 2010). The thermal comfort index is calculated in enclosed spaces without physical activity and using conventional clothing at temperatures ranging from 18 to 23 degrees Celsius (Matzarakis et al., 1999). This indicator’s validation examinations in various climatic conditions in open urban areas revealed the most substantial relationship with the satisfaction of thermal comfort (Fabbri, 2013).




2.2. Study site

The site is in Hokmabad (an urban agriculture region), Tabriz is a city in the northwest of Iran, and the capital of East Azerbaijan Province; it is the fourth largest city in Iran and is situated at an altitude of 1,350 m at the junction of the Quri River and Aji River (Breuste and Rahimi, 2015; Rahimi, 2016). According to the Iranian Census Center, this county has a land area of 2,270 km2. Summer average temperatures range from 14 to 30°C, and winter temperatures range from 5 to −4°C (Ministry Governorate of East Azerbaijan Province, 2008; see Figure 1).
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FIGURE 1
 Tabriz location, Google map of the study area.


For the simulation, June 30, 2020, was chosen as one of the warmest days of the year. The East-Tabriz Meteorological Station provides meteorological data such as minimum and maximum temperatures (Ta), relative humidity, wind speed at 10 meters, and wind direction. The information entered into the ENVI-MET software is shown in Table 1. The 3-hourly measured T, relative humidity, and water vapor pressure values at the weather station “East of Tabriz” on the simulation day are shown in Figure 2.



TABLE 1 Input data applied in simulation, speed at the meteorological station “East Tabriz” on June 30th, 2020, in the period 10:00–18:00 LST.
[image: Table1]
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FIGURE 2
 Three hour measured values of Ta, relative humidity, and wind.




2.3. Simulation model

ENVI-Met, a tridimensional model that studies the interactions of the surface, vegetation, and atmosphere and provides simulations for the microscale dimension, is one of the most well-known tools for urban climate modeling (Gusson and Duarte, 2016). This tool allows for the research and monitoring of the effects of urban design and architecture on outdoor microclimates (Simon et al., 2020). Envi-Met is well-known for its ability to predict variations in solar radiation by creating buildings and materials in the context of a specific place (Middel et al., 2014). This program also calculates the impacts of vegetation, such as the potential temperature of leaves, considering photosynthetic rates, soil moisture content, and local evaporation rates (Bruse, 2004). One of its significant advantages is that it reproduces the major atmospheric processes that affect microclimate, such as wind, turbulence, radiation fluxes, air temperature, and relative humidity, using fundamental thermodynamic and fluid mechanics rules (McRae et al., 2020). From a microclimate perspective, the simulations consider daily cycles in complex urban structures, including buildings and plants of various forms and sizes (Celis and Frederico, 2018). ENVI-Met has been used in several studies to predict near-ground air temperatures and to help understand the impact of urban form on microclimate (Tsoka et al., 2018; Aslam and Rana, 2022).

As a result, the simulation ignored the effect of these parameters, which means that altering these variables could change the thermal comfort conditions. Four groups of plant species that serve a helpful purpose in urban agricultural regions were chosen for this study’s simulations. Utilize a variety of plants, such as trees, shrubs, and groundcovers. They were simulated, including plant groups: 1-green space (simulation of the urban agricultural area with crops); 2-shading trees (coniferous and deciduous); 3-shrubs. The Leonardo V4.4 sub-model was used to extract two-dimensional maps and weather data generated by the ENVI-Met V4.4.6 software. The PMV index was extracted using the Biomet V1.5.exe sub-model. In addition to the availability of a variety of recommended bio-metrological indicators, this study focuses on the physiologically equivalent temperature (PET) as a useful thermal indicator for analyzing the components of the chosen outdoor environment (Höppe, 2002). Rayman 3.1 software was used to present and calculate this data (Matzarakis et al., 1999, 2007).



2.4. Scenario design

With an emphasis on using native species because of their physiological and morphological features that improve climate conditions and cause urban sustainability, which is an ideal way to restore the urban agricultural lands that are being destroyed, the selected plants and design scenarios in this study were generally chosen with consideration of climate and regional conditions. These scenarios were divided into three plant groupings. This research examined six different types of species in three other groups, including green cover (A) and shading trees, including coniferous and deciduous trees (deciduous trees with edible functions, such as Quercus alba (B1) from the Fagaceae and Malus domestica (B2) from the Rosaceae), evergreen trees (Cupressus arizonica (C1) from the Cupressaceae and Platycladus orientalis (C2) from the Cupressaceae), and shrubs (E). All of the evergreen trees in the simulation were conifers. These trees were designed for seven different scenarios. The first six scenarios (A, B1, B2, C1, C2, and E) analyzed the species and environmental circumstances. In contrast, the eighth scenario was the optimal function of a species–crop combination that caused thermal comfort to improve (Table 2). Furthermore, these planting patterns were designed densely with a gap between the tree canopies to allow for wind flow. Using the LEONARDO application to compare the micrometeorological indices of the different scenarios with a base scenario that featured no trees and a green cover scenario (a simulation of agricultural land with crops), The simulation output files were imported into the BIOMET application, which is a tool within the Envi-Met software, to determine the thermal comfort index (PMV) and other parameters (Figure 3). These patterns and planting combinations were picked from existing patterns in urban agriculture and natural plants in the region; the effects of each of these patterns and species have never been investigated previously.



TABLE 2 Plant characteristics information.
[image: Table2]
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FIGURE 3
 General methods of study.





3. Results

The comparison was made among seven scenarios in 8 h, from 10:00 to 18:00. The results demonstrated that in all scenarios, there was a reduction in the mean T and PMV index, which improved thermal comfort conditions as compared to the base scenario (without plant and crop). Furthermore, it resulted in a decrease in physiological equivalent temperature (PET) in the surrounding area. Output parameters demonstrate that successful species promoting thermal comfort have a broad leaf area and a high height. They also have a broad canopy to help absorb the sun’s rays and circulate airflow, so deciduous trees have a better function than evergreen trees. This result was obtained on the hottest day of the year. Furthermore, each group contains two types of species. Finally, select the best species from each group and create a combination scenario, considering the result: The combination of these includes A, B1, and C1.


3.1. Air temperature (Ta)

The Ta simulation results show that all scenarios, including scenario A, which simulates agricultural land, performed better than the base state. In the B1 scenario, a deciduous tree from the edible group’s trees has the highest Ta reduction (1.02°C) from the base (without plant) and (0.0266°C) from the A scenario. Furthermore, the best function for shading trees is related to C1 mitigation of 0.8375°C from the base and 0.837°C from the A. The bushes are associated with the weakness function. It only reduced 0.02225°C from the base and 0.02275°C from the A. Finally, deciduous trees had a better process than evergreen trees. Deciduous trees’ average was reduced by 0.78°C and evergreen trees’ mitigation by 0.481°C from the A scenario, which is related to their characteristics in this climate condition (Figures 4, 5).

[image: Figure 4]

FIGURE 4
 Plants’ effect reduces the temperature of the base (without plants), 1.8 m, 8 h (10:00–18:00) LST.


[image: Figure 5]

FIGURE 5
 Comparison between deciduous and evergreen with the base [agriculture land simulation (vegetation) and without plants], 1.8 m, 8 h (10:00–18:00).




3.2. Thermal comfort (PMV, PET)

The simulation results show that people feel more comfortable in all situations when compared to a basic state [without plants and in scenario A (simulation agriculture land)]. In the B1 scenario, a deciduous tree from the edible group’s trees has the highest PMV index reduction (1.63) from the base (without plant) and (1.57) from the A scenario. In addition to that, among the shade trees, group C1 has a mitigation of 1.43 from the base and 1.37 from A. Shrubs are associated with the operation of weakness. It only reduced 0.063 from the base and 0.0044 from the A. The shrubs are associated with the function of weakness. It only reduced 0.063 from the base and 0.0044 from the A. The PMV of a group of participants is calculated using Fanger’s formulas for a given air temperature, mean radiant temperature, relative humidity, air velocity, metabolic rate, and clothing insulation. The comfort zone is computed by combining the six elements for which the PMV falls within the suggested values. The PMV is a seven-point scale that ranges from −3 (cold) to +3 (hot) (Zambrano et al., 2006; Rezaei Rad et al., 2021). Finally, deciduous trees function more effectively than evergreen trees. Deciduous trees mean an average reduction of (1.22), and evergreen trees mean mitigation of (2.104) from the A scenario. It is related to their characteristics in this climate condition (Figure 6). The general results of the PET (°C) were similar to those of the PMV (Abdi et al., 2020), as deciduous (B1) and evergreen (C1) trees performed better. Deciduous plants’ performance was better than evergreen trees in reducing the PET (°C). Among the shade trees, deciduous ones had better performance than evergreen ones. The mean average evergreen tree mitigation temperature (°C) was 2.98°C at the base and 2.55°C in the A scenario. Against this reduction, deciduous plants effectively functioned, 56.41% from the base and 55.53% from the A scenario. Moreover, shrubs performed poorly in mitigating PET (°C; Figure 7).

[image: Figure 6]

FIGURE 6
 Plants PMV index average 1.8 m, 8 h (10:00–18:00) LST.


[image: Figure 7]

FIGURE 7
 Comparison result between PMV, Ta, PET,1.8 m, 8 h (10:00–18:00) LST.



3.2.1. Combination scenario

The acquired data revealed the significance of planting crops in urban agriculture to rehabilitate (see Figure 8). Furthermore, it has been discovered that the simultaneous use of trees and grasses is more effective in reducing air temperatures and improving outdoor thermal comfort (Lobaccaro and Acero, 2015). Considering this theory and the region’s necessity, preparing the combination theory with the best-performing species (C1, B1, and A) made this scenario effectively function on mitigation Ta, PMV index, PPD (percent), PET, and also improved thermal comfort in the environment [The T (°C) was mitigated by 0.8106 (°C) from the base and 0.8101 (°C) from the A scenario (Figure 9)]. The PMV index was reduced by (1.42) from the base and (1.37) from the A scenario (Figure 10). It also affected PET (°C) in this plant’s design reduction, 5.2 (°C) from the base and 4.77 from the A scenario (Figure 11) 0.3.4 Field measurement and validation of the results of ENVI-MET.

[image: Figure 8]

FIGURE 8
 Field simulation, 1.8 m, 8 h (10:00–18:00) LST.


[image: Figure 9]

FIGURE 9
 Best scenario to reduce temperature, 1.8 m, 8 h (10:00–18:00).


[image: Figure 10]

FIGURE 10
 Best scenario to reduce PMV index, 1.8 m, 8 h (10:00–18:00) LST.


[image: Figure 11]

FIGURE 11
 Best scenario to reduce PET (C°), 1.8 m, 8 h (10:00–18:00) LST.


Lee et al. (2014), Taleghani et al. (2014), Salata et al. (2016), Forouzandeh (2018), and López-Cabeza et al. (2022) validated the ENVI-Met model in research determined by comparing simulated values to field measurements. In addition, Taleghani et al. (2014), Morakinyo et al. (2017), Zhao and Fong (2017), Zhang L. et al. (2018), Zhang W. et al. (2018) validated the ENVI-Met model in research determined by comparing simulated values to field measurements. In addition, Morakinyo et al. (2017), Zhao and Fong (2017), Zhang L. et al. (2018), Zhang W. et al. (2018) measured and simulated relative humidity for validation purposes in their research. This study investigates the importance of urban agriculture land rehabilitation in managing urbanization challenges and mitigating heat island effects.

This location was chosen for simulation, and Ta and relative humidity were measured in the field. To examine the micrometeorological consequences of vegetation, simulations of circumstances with different configurations than the confirmed environment were used on June 30, 2020, from 10:00 a.m. to 18:00 p.m. at the receptor point (23, 23). El-Bardisy et al. (2016) and Sodoudi et al. (2018) used earlier research to assess the cooling potential of each of the planting patterns that were not present in this environment but were created as scenarios. To examine the micrometeorological consequences of vegetation, simulations of circumstances with different configurations than the confirmed environment were employed.

Eventually, for statistical validation of the ENVI-met model’s results, four quantitative measurements were computed: the coefficient of determination (r2), Willmott’s index of agreement (d), the values between 0 and 1, the mean absolute error (MAE), whose value must be between 0 and 1, and the root mean squared error (RMSE) that show the divergence between observed and simulated measures (Golden, 2004; Faragallah and Ragheb, 2022; Table 3).



TABLE 3 Model validation values.
[image: Table3]

D: Index of agreement [−].

MAE: Mean absolute error [−].

MBE: Mean bias error [−].

ND: Number of analyzed data [−].

Ō: Mean of the observed variable.

Oi; Observed variables for each instant j.

Pi: Model-predicted variables for each instant j.
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4. Discussion

The micrometeorological simulation findings of this study suggest that planting trees in urban agriculture reduces Ta and improves outdoor thermal comfort conditions during the day, which influences micrometeorological conditions and thermal comfort in Tabriz, Iran, as a result of the juxtaposition of urban agriculture and urban texture. There has been limited research into the function of agricultural lands, and understanding how existing and future abandoned farmlands can contribute to social and environmental policy goals, as well as whether passive or active interventions are required, requires assessing how this trajectory unfolds (Heisler, 1989; Vailshery et al., 2013; Coutts et al., 2016; Sun et al., 2017; Zhang L. et al., 2018; Zhang W. et al., 2018; Nasrollahi et al., 2020).

complement the conclusions given here. According to the findings of this study, urban green space enhances thermal comfort. Jin et al. (2017) and Lee and Mayer (2018) assessed the impacts of urban green space on daytime outdoor heat stress in various locations. According to Munroe et al. (2013), Gallemore et al. (2018), and Fayet et al. (2022) agriculturally abandoned lands have the potential to result in a variety of outcomes, including re-cultivation and natural succession. The study’s conclusions showed that different planting strategies for trees, along with the use of native species, impact the reduction of the Ta and PMV indexes, improvement of the predicted percentage of dissatisfaction, and physiological equivalent temperature, with the various planting strategies having a positive impact.


4.1. Effect of a combination of plants, a decrease in on-air temperature (Ta), and thermal comfort enhancement on abandoned urban agricultural land

When the urbanization process increases, individuals re-adapt urban space to optimize their profitability, and certain economically more viable land uses may infiltrate surrounding rural regions. As a result, farmland near cities is frequently fragmented and less economical for farming (Grădinaru et al., 2015; Fayet et al., 2022). Individuals living in urban areas rely on natural ecosystems not only outside the city borders but also within the city limits, such as urban agriculture lands (Bolund and Hunhammar, 1999), which are positively associated with human well-being and comfort, particularly human physical and mental health, as proved by various epidemiological studies (Akbari, 2002; Tzoulas et al., 2007). Rehabilitating urban agricultural land has a lot of benefits, like providing opportunities to respond to biodiversity and other environmental policy goals.

These studies demonstrate the relevance of planting patterns in improving environmental thermal comfort and rehabilitation of urban agricultural land with prevalent crops. As a result, tree species for this study were chosen based on their nativeness to this region and divided into four groups focusing on different roles in this habitat: Shading trees include two types of species that require deciduous trees to operate well during the six hottest months of the year and coniferous trees to perform successfully during the six coldest months. In addition, wind direction and the shadowing of trees in various planting patterns cause alterations in the Ta and PMV indexes, as well as increased thermal comfort with the PET. The density and patterns of the plants were the same in all scenarios. Furthermore, the same cover tree planting pattern is a significant component in reducing the PET index; therefore, a combination pattern with the best-functioning plants is preferable to a one-species design. This study did not look at the number of rows, but the findings are in line with earlier studies on the importance of planting design and how it affects the environment’s thermal comfort and shading patterns. Shade trees are recommended in the summer, spring, and autumn but are useless in the winter, according to Hwang et al., 2011. As a result, they advocated for deciduous trees. Skelhorn et al. (2014) discovered that planting 5% of mature deciduous trees can reduce temperatures by 1°C. In addition, Cheung and Jim (2018) demonstrated that controlling solar radiation is the most significant component in enhancing thermal comfort during hot seasons. Where trees are planted, as shown by Yahia et al. (2018), the physiologically equivalent temperature (PET) is reduced by up to 14°C in specific places and by an average of 4°C across the overall area. The fundamental reality of lowering the temperature and increasing thermal comfort related to the tree canopy and tree arrangement leads to sensible heat reduction and temperature variation (Zhang L. et al., 2018; Zhang W. et al., 2018; Balany et al., 2020). According to the research, the use of urban green structures, particularly trees, helps to mitigate UHI by reducing air temperature, the amount of which varies depending on the specific environment. In this study, deciduous trees had the most significant influence on Ta reduction, while evergreen trees had the least. However, in this study, when compared to the base scenario, deciduous trees reduced air temperature by 0.78°C, the PMV index by 1.28, and PET by 4.70°C, while evergreen trees reduced air temperature by 0.48°C, the PMV index by 0.77, and PET by 2.90°C. The pattern of deciduous trees combined with evergreens and crops reduced the T, and this type of planting performed well in lowering the PMV and PET indexes, making people feel more at ease. Furthermore, the relative humidity in the environment was affected differently by evergreen and deciduous trees. The outcomes thus showed that evergreen and deciduous trees serve different purposes in various planting patterns with varying wind directions, with cooling performance varying in various tree rows. Although this study was intended to assess this effect during the summer, it should be noted that deciduous trees have a different impact on thermal comfort during the winter.




5. Conclusion

Urbanization is one of the most significant challenges facing developing countries, and its mismanagement can lead to many problems. Tabriz is one of Iran’s fastest-growing cities, and urbanization has caused the blending of agricultural and urban lands, resulting in the destruction of agricultural lands.

This research focuses on rehabilitating urban agricultural areas in Tabriz, Iran. It examines the impact of the number of tree species on climate characteristics and the arrangement of trees and crops on thermal comfort in a section of farms in Hokmabad, Tabriz’s urban agricultural land. The micro-meteorological model ENVI-met V4 was used to conduct numerical simulations for eight different scenarios, and the results showed that farmland trees had several benefits when used as deciduous plants that produce fruit, including mitigating Ta, PMV, and PET. Furthermore, deciduous tree species have a greater potential for reducing air temperatures than evergreen tree species, and changes in leaf and crown morphology, particularly crown volume, may result in species differences in altering the urban microclimate. The goal of this study is to demonstrate how agricultural lands that were previously utilized for farming have been rejuvenated and how incorporating trees (evergreen or deciduous) provides them with an ecological role. Consequently, the abandoned area and surrounding ecosystem will be revitalized. These findings can serve as a model for landscape architects and urban planners to improve their landscape layouts and designs, create a more sustainable city, rehabilitate urban agriculture areas, and manage regional micro-meteorology.



6. Limitation

The primary limitation of this research was the unavailability of the original version of the ENVI-Met software, requiring us to use the free version. As a result, it was not possible to evaluate and assess large portions of the city, and the simulation was limited to an average scale of 50 × 50 × 40.
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