Journal of Geological Remote Sensing 2024 2(1);57--77

Journal of Geological Remote Sensing k
KGIRSS

Iranian Geological
Remote Sensing Society

&

Graduate University
of Advanced Technology

Journal homepage: https:// jgrs.kgut.ac.ir

Investigation of the role of land use changes in spatial-temporal
variations of thermal islands (Case study: Assaluyeh port)

Ali Asghar Abdollahi'*, Sadegh Karimi?, Zahra Ahmadi®

LAssociate Professor of Geography and Urban Planning, Shahid Bahonar University of Kerman, Kerman, Iran.
2Associate Professor of Climatology, Shahid Bahonar University of Kerman, Kerman, Iran.
3Master of Geography and Urban Planning, Shahid Bahonar University of Kerman, Kerman, Iran.

Article Info Abstract

Keywords: Today, population growth and economic development are the main drivers of land use
Land use changes, and land cover changes worldwide, and these changes have been more pronounced in
thermal islands urban environments than in other regions. One of the effects of this land use change is

manifested in the urban climate, in a way that warmer cities have made human comfort

spatial distribution o ces . . .
and life difficult. Urban heating has been manifested under titles such as urban heat

of surface islands in the world; therefore, investigating the distribution of heat islands and its
tempgrat_ure, relationship with the type of land use is important in understanding urban
satellite imagery, microclimate. In the city of Assaluyeh, due to the creation and development of
Assaluyeh industrial uses, including various refineries in the oil, gas, and petrochemical sectors,

changes in its microclimate are observed, which has caused environmental problems.
One of these changes is the emergence of urban heat islands in this city. The
distribution of these islands in the city of Assaluyeh and its peripheral lands (Asaluyeh
Port) has been investigated in relation to land use and cover in this study. For this
purpose, Landsat 7 and 8 images were used on 2000.04.15, 2010.04.11 and 2020.04.14.

In addition, surface temperature maps, Normalized Difference vegetation index
(NDVI), Normalized Difference built-up area index (NDBI), and land use map were
prepared. According to surface temperature maps prepared from 2000 to 2020, the
expansion of industrial-workshop areas and their establishment in urban areas has led
to the creation of hard surfaces such as asphalt, roads for heavy machinery, and the
increased use of concrete and bricks. The increase in these levels has consequences
such as land use changes, increased temperatures in that area and the formation of heat
islands, increased NDBI, and decreased NDVI due to reduced space for vegetation.
This phenomenon in the city of Assaluyeh is dependent on two uses, including urban
use and industrial areas, which have a positive relationship and in these areas the
temperature has increased compared to barren lands; also, in areas with vegetation and
coastal areas, the temperature has decreased and has a negative relationship with the
heat island.
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Extended abstract

1-Introduction:

Today, population growth and economic development are the main drivers of land use change and land
cover changes. These changes in urban environments have been more than other regions. One of the
effects of these land use changes is crystallized in warmer cities, so that warmer cities it has made
human life difficult. Today, urban heating is manifested in the world under such headings as urban heat
islands. Therefore, it is important to study the distribution of thermal radiation and its relationship with
the type of land use in understanding the urban microclimate. Due to the expansion and development
of various uses in Assaluyeh city, particularly industrial activities such as oil and petrochemical
refineries, there has been a noticeable change in its local climate. This alteration has led to
environmental issues, one of the most significant being the formation of urban heat islands.

2- Results

The analysis of Land Surface Temperature (LST), vegetation cover (NDV1), and land use/land cover
(LULC) changes between 2000 and 2020 in the Assaluyeh region reveals significant trends related to
local climatic variations and the formation of urban heat islands. The key findings are as follows:

2-1- Land Surface Temperature (LST) Dynamics

LST maps for the years 2000, 2010, and 2020 show that in 2000, the lowest temperature (23.56°C)
was observed in water bodies farther from the coastline. This temperature heterogeneity along the
coast can be attributed to two main factors: (1) decreasing temperature with increasing water depth,
and (2) the addition of large oil and gas facilities along the coastal strip. Satellite image analysis
reveals that the temperature difference between minimum and maximum values increased from 2000
to 2020, highlighting greater climatic variability. The difference between minimum and maximum
temperatures has intensified, confirming the expansion of thermal heterogeneity and the increased
likelihood of urban heat island (UHI) formation. In 2000, surface temperatures ranged between 23.05
°C and 49.99 °C, with the average temperature 34.55while in 2020, the average temperature decreased
to 28.24 °C. This decline is largely attributed to the expansion of vegetation cover and the application
of reflective building materials such as cool rooftops (Table 1).
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Table 1: Land Surface Temperature (LST) Statistics for Assaluyeh in 2000, 2010, and 2020

Year Min. Temp. (°C) Max. Temp.(°C) Average Temperature (°C) Standard
Deviation
2000/04/15 23.056 49.993 34.558 7.71
2010/04/11 21.814 48.69 34.345 7.71
2020/04/14 17.578 45 28.243 3.211

2-2- Vegetation Cover (NDVI) and Land Use Change

Using Landsat satellite images, quantitative and qualitative changes in vegetation cover from 2000 to
2020 were examined via the Normalized Difference Vegetation Index (NDVI). NDVI values range
from -1 to +1, with higher positive values indicating denser vegetation. Maps indicate significant
changes in vegetation, mostly due to urban expansion and related land-use changes. The minimum
vegetation covers in 2000 was about 2.21 km?, increasing to 2.66 kmz2 in 2020. Although the area of
vegetation cover in urban zones has increased, this growth is minor compared to the economic
development and income volume from oil and gas facilities. Vegetation cover highly influences surface
temperature by cooling through evapotranspiration. A negative correlation exists between LST and
NDVI, where areas with higher vegetation exhibit lower surface temperatures. NDVI data from 2000,
2010, and 2020 show initial decline followed by significant growth in vegetation cover, corresponding
to the decreasing trend in LST during the same period. Agricultural zones and green spaces in central
areas exhibit the highest NDVI and lowest temperatures, reinforcing the cooling effect of vegetation.

2-3- Built-up Index (NDBI) and Land Use Change

The Normalized Difference Built-up Index (NDBI) was used to analyze built-up areas and differentiate
them from other land uses. Values range from -1 (non-built-up areas such as bare soil) to +1 (densely
constructed urban and industrial areas). The Normalized Difference Built-up Index (NDBI) shows a
steady rise in impervious surfaces from 2000 to 2020. This trend is consistent with the conversion of
barren and rocky lands into industrial and urban areas. The most substantial built-up expansion
occurred in 2020, intensifying the spatial extent of UHIs. The findings demonstrate a strong positive
relationship between NDBI and LST, where higher built-up densities correspond to elevated
temperatures. Water bodies show negative NDBI values below -0.2. In 2000, the lowest density was -
0.7251 (water bodies), with the highest urban density at 0.24917. By 2020, urban density increased
significantly, with maximum NDBI values reaching 0.694054, indicating intensified built-up
development along the coast.
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2-3- Land Use and the Formation of Urban Heat Islands

Land-use maps for 2020 show that barren and rocky lands constitute the largest land cover, followed
by built-up areas (cities, industrial zones, oil and gas facilities) mainly near the shore, as well as
remaining water and vegetation zones. Industrial complexes, oil and gas facilities, and rocky terrains
exhibited the highest LST values, while agricultural lands and urban green spaces displayed the lowest.
Furthermore, coastal waters showed a temporal increase in temperature, mainly due to contamination
and reduced water quality, which likely elevated the thermal capacity of seawater. These findings
highlight the role of land use typology in shaping local microclimatic variations. The increase in hard
surfaces such as asphalt, concrete, and buildings, driven by industrial growth and urbanization from
2000 to 2020, is directly linked to rising land surface temperatures and formation of urban heat islands.
Spatial statistical analysis revealed a strong spatial autocorrelation (about 80%) between temperature
occurrence and industrial/residential land uses, confirming a close relationship between built-up areas
and heat island formation. Built-up urban and industrial areas in Assaluyeh exhibited higher minimum
LST values compared to other land uses, while rocky lands recorded the highest temperatures overall
due to their sun-facing slopes and greater solar energy absorption. The difference in minimum
temperatures across land uses from 2000 to 2020 reflects the urban heat island effect influenced by
expanding industrial zones. Water contamination in coastal areas increased over the study period,
raising water temperatures due to pollutants that affect thermal capacity.

3- Conclusion

The results provide empirical evidence that rapid industrial expansion, particularly in the oil and gas
sectors, has significantly altered the microclimate of Assaluyeh and accelerated the development of
urban heat islands. Although an increase in vegetation cover since 2010 has partially mitigated surface
temperatures, these efforts remain insufficient compared to the thermal impacts of impervious surface
expansion. Sustainable urban planning, preservation and enhancement of green spaces, and the
adoption of reflective building materials are crucial strategies to reduce the negative environmental
consequences of UHIs in the region. Overall, the findings emphasize the critical role of preserving
vegetation and green spaces to mitigate rising temperatures and expanding urban heat islands driven by
industrial and urban growth in Assaluyeh.
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