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Objective: Botanical gardens are of particular importance worldwide as centers for preserving
biodiversity and as genetic and environmental reserves for education, cultural development, scientific
research, and tourism. The National Botanical Garden of Iran, with its history spanning more than half
a century and a high diversity of native and exotic plants, as well as various animal species, is
considered a unique institution in Iran and the Middle East. However, urban development in the area
has become a serious threat to its preservation over the past two decades. This study aims to reveal the
impact of urban development on the formation of heat islands within the boundaries and buffer zone of
the National Botanical Garden of Iran.

Method: In this study, Landsat 8 satellite imagery from five years (1990, 2000, 2010, 2020, and 2025)
was used to assess two indices: land surface temperature (LST) and urban thermal field variation index
(UTFVI).

Results: The temporal and spatial analysis of temperature over the 35 years from 1990 to 2025
indicated an upward trend. As a result the temperature class above 45 degrees Celsius increased from
zero percent in 1990 to 24.55 percent in 2025. The study of spatial trends in the area and territory of
the National Botanical Garden of Iran indicated that heat islands have occurred more frequently within
the garden. Accordingly, the images of the LST index in 2025 clearly showed that the highest level in
the temperature class above 45 degrees Celsius was observed in the garden area. On the other hand, the
highest level in the class below 30 degrees Celsius was observed in the garden area. An examination of
the spatial and temporal changes in the thermal comfort variance index (UTFVI) showed that over 35
years, the trend in changes in the thermal comfort index in the upper and middle classes within the
garden area increased, reaching from 37.47 and 0 percent in 1990 to 45.81 and 1.99 percent in 2025,
respectively. However, the bad, worse, and worst classes were mostly within the garden area.
Conclusions: The results of the present study clearly show the role of land-use changes and
construction in increasing heat island intensity, and the role of vegetation development in improving
thermal comfort. Considering the deterioration and drying of Chitgar Forest Park in the east and
southeast of the National Botanical Garden of Iran, which will increase the negative effects of climate
change and heat islands, authorities need to prioritize protecting and enhancing vegetation cover to
ensure ecological sustainability. Special attention should be given to maintaining diversity and the
percentage of vegetation, especially broadleaf trees, within the garden and Chitgar Forest Park, to
foster a healthier environment.
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Introduction

The analysis of land surface changes includes both natural features and those created by humans. Human
actions such as urban growth, deforestation, and industrialization have greatly altered land surfaces over
time. (Wang & Yang, 2020). Urban growth usually replaces natural landscapes with impervious surfaces such
as asphalt and concrete. This decrease in surface reflectance leads to higher land surface temperatures (LST).
Such changes reduce vegetation cover, which normally helps regulate air temperature, thereby increasing
urban heat absorption. (Liu et al., 2019). LST represents the temperature emitted from the Earth's surface,
measured in Kelvin or Celsius, and is a crucial factor in climate dynamics and human impacts on the
environment. Higher LST can influence monsoon patterns and result in unpredictable rainfall (Hasan et al.,
2025). LST serves as a crucial indicator of the land's energy and water exchange with the atmosphere,
affecting the hydrological cycle, the urban heat island effect, hydrological modeling, agriculture, and
environmental monitoring. (Duan et al., 2025; Jamaludin et al., 2025). Satellite imagery is frequently used to
estimate LST, and integrating remote sensing (RS) with GIS technologies can effectively assess, correct, and
model LST variations.

Landsat 8 and 9 TIRS images are among the most dependable satellite datasets for tracking LST
variations, thanks to their high spatial and temporal resolution and wide availability. Despite their benefits,
obtaining precise LST estimates remains difficult due to atmospheric effects, sensor calibration issues,
surface emissivity variations, and cloud cover. Consequently, selecting the appropriate algorithm and
preprocessing methods is crucial for accurate LST retrieval. Botanical gardens are vital centers for
biodiversity preservation, education, scientific research, and tourism, with worldwide importance. The
National Botanical Garden of Iran, housing around 4000 native and non-native plant species, is a unique site
dedicated to conserving genetic resources in Iran and the Middle East. Over the past two decades, changes in
urban policies and approaches have negatively impacted this garden. This study aims to investigate how
urban development influences the creation of heat islands within the garden boundaries.

Method

This study analyzed temporal and spatial temperature variations using the Land Surface Temperature
(LST) index over the National Botanical Garden of Iran from 1990 to 2025. Data were obtained from
Landsat 5 and 8 satellite images acquired in 1990, 2000, 2010, 2020, and 2025. Additionally, urban thermal
comfort (UTC) was modeled using the urban thermal field variation index (UTFVI). The UTFVI is a widely
adopted index for evaluating the thermal environment of cities, accounting for thermal ecology and urban
comfort. It categorizes urban regions into six distinct thermal ecology zones, ranked from most to least
favorable conditions.

Results

The study area's land use map categorizes land into four main types: barren lands, built areas, roads, and
vegetation, covering the years from 1990 to 2025. An accuracy assessment revealed an overall accuracy of
90% in 1990 and 92% in 2025, with kappa coefficients of 0.87 and 0.89, respectively. Over the 35-year span,
significant land-use changes occurred. Built areas and roads grew by 28.87% and 7.96%, while barren lands
and vegetation declined by 21.71% and 15.25%. The data indicated a notable increase in temperatures from
1990 to 2025. The results indicated a rising temperature trend within the Botanical Garden. In 1990, no
temperatures exceeded 45 °C, but by 2025, temperatures exceeding 45 °C accounted for 24.55% of all
temperature categories. The proportions for 2000, 2010, and 2015 were 1.19%, 3.9%, and 11.65%,
respectively. The data showed that the most significant increases occur in both the highest and lowest
temperature classes, whereas other ranges show no clear pattern. Spatial analysis of the Iranian Botanical
Garden highlights more frequent heat islands. The 2025 LST images confirm that the highest temperatures
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fall within the <45 °C class, with the >30 °C class being most dominant inside the garden. The analysis of
the thermal variance index (UTFVI) over 35 years revealed increases in excellent and average thermal
comfort from roughly 37.47% and 0% in 1990 to approximately 45.81% and 1.99% in 2025. Spatial analysis
of the National Botanical Garden showed that the average, good, and excellent thermal comfort classes are
more common within the garden, whereas the poor, worse, and worst classes are mainly outside. As the
garden's green space expanded, indices for good-to-excellent comfort levels grew, especially in the central
and northern parts. Conversely, lower-comfort classes tended to develop in surrounding areas, notably in the
southern and eastern regions, with patches appearing in gardens in the northern areas.

Conclusions

The current study confirms that uncontrolled urban expansion has led to the formation of heat islands
around the garden. A 35-year trend analysis reveals rising temperatures, which align with periods of nearby
construction. Over 90% of this heat exposure occurs within the garden area, posing a threat to plants
imported from colder climates. Conversely, efforts to protect and enhance vegetation within the garden have
led to more days with temperatures below 30°C, highlighting vegetation's role in cooling urban areas. The
increase in heat islands is most pronounced in the northeast and southwest of the garden, partly due to the
degradation of Chitgar Forest, the drying of its stands, and the construction of the Shahid Hamedani
Highway. Spatial analysis shows that zones within the garden generally have higher proportions of good-to-
excellent thermal comfort, whereas areas outside tend to fall into lower classes. As green space has expanded
over the past three decades, rising temperatures have correlated with habitat development, and index ratings
have improved as surface area has increased. These findings emphasize the influence of green space on
temperature regulation. The study also indicates that extensive construction around the National Botanical
Garden has amplified harmful heat conditions, posing a significant threat to its future as a national
monument. To ensure ecological sustainability, urban development, population policies, and resource use in
District 22 of Tehran need to be adjusted. It is essential to restrict further construction while maintaining and
enhancing vegetation cover, particularly broad-leaved trees, within the garden and in Chitgar Forest Park. As
Landsat 8-9 and 5 satellite images were used in this study, incorporating Sentinel satellite data is
recommended for more accurate analysis of vegetation cover and surface temperature changes. Comparing
the results of others with this study could yield even more precise insights.
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