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Abstract

Despite progress in understanding how land use and land cover change relate to land surface temperature,
more regional studies are needed in arid and semi-arid areas. This study investigates the link between LULC
changes and LST in Baft, Sirjan, and Bardsir counties in Kerman Province, Iran, from 2000 to 2025. LST
was derived from Landsat images using the Mono- Window algorithm, with thermal zones classified into
five categories via the Natural Breaks method. Additionally, CHIRPS rainfall data obtained through Google
Earth Engine were used to analyze summer rainfall variability. Results showed that built-up areas expanded
from 21,187ha in 2000 to 25,300 ha in 2025, while bare lands and rangelands declined. Zone 5, the hottest
thermal zone, was dominant throughout, with maximum LST rising significantly from around 60°C in 2000
to 66°C in 2025. Bare land consistently exhibited the highest average LST, and built-up areas were warmer
than natural covers like rangelands and orchards. LULC distribution in thermal zones revealed that bare
lands contributed most to Zone 5, while orchards and agricultural lands mainly occupied Zones 2 to 4.
Summer precipitation showed a slight but highly variable increasing trend; however, extreme rainfall events
did not prevent the continued rise in LST. These results indicate that, under the region’s climate conditions,
surface physical properties and land cover types have a greater impact than seasonal soil moisture, and
increased summer rainfall cannot offset the warming caused by land conversion.
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Extended Abstract

Introduction

Changes in terrestrial systems directly impact regional climate and ecosystem services (1, 2). In recent decades,
LULC change has been recognized as a key factor influencing local and regional environmental and climate
shifts (5, 23, 33). Population growth, urban expansion, and vegetation degradation disrupt surface energy
balance, affecting land surface temperature (LST) (28). LST, also known as radiative surface temperature (6,
27), depends on near- surface temperature and longwave radiation exchange (37). Unlike air temperature from
meteorological stations, satellite- derived LST allows detailed spatial analysis and is vital for understanding
LULC effects (21). Remote sensing provides reliable global and regional LST data (35), supported by
numerous validation studies (3, 31, 34). Applications include monitoring urban heat islands, heatwaves, and
agricultural mapping (14). The relationship between LULC and LST is well- known: built- up areas tend to be
warmer, while water bodies and vegetation tend to be cooler cooler (13, 24, 38). Globally, expansion of built-
up areas raises LST, and vegetation loss worsens surface warming (16, 11). In Iran, studies show significant
LULC effects on LST, especially in arid regions, though some estimation challenges remain (30, 36, 15, 28).
Urban growth is a primary factor driving thermal changes (18), but the LULC- LST link can vary due to
topographic influences (12). Most previous research in Iran' s arid zones focused on pairwise LULC- LST
relationships over limited periods; this study introduces a novel approach by combining time- series satellite
data with spatial analysis to quantify each LULC class' s contribution to thermal zones. Kerman Province, with
its diverse topography, urban centers, agriculture, and rangelands, is highly susceptible to LULC changes. This
research aims to improve understanding of how different land uses influence thermal behavior in arid and semi-
arid areas, particularly across Baft, Bardsir, and Sirjan counties, which have diverse land use patterns.
Ultimately, the study seeks to quantify the role of various LULC classes in surface temperature patterns,
identify thermal hotspots, prioritize land use types for management, and support sustainable land use planning
in arid and semi- arid environments.

Material and Methods

This research was carried out in the counties of Baft, Sirjan, and Bardsir, covering 3,085,425 hectares in
Kerman Province, Iran (Fig 1). Landsat satellite images—Landsat 5 TM for 2000, Landsat 8 OLI for 2014, and
Landsat 8/9 OLI for 2025—were obtained via Google Earth Engine (GEE). All images underwent atmospheric
correction and were resampled to a 30-meter resolution. To reduce seasonal variability, summer images were
selected, and median composites were created for each year. Moreover, CHIRPS rainfall data supported
analysis of rainfall trends (refer to Table 1). The study consisted of four main phases: (1) land use/land cover
(LULC) mapping from Landsat data, (2) land surface temperature (LST) extraction using the mono-window
algorithm, (3) analyzing the spatial relationship between LULC and LST, and (4) examining rainfall trends. For
LULC classification, a hybrid approach integrating supervised, unsupervised, and decision tree methods was
employed. False-color composite bands 543 and auxiliary layers like NDVI and NDW!I improved class
discrimination. The final map comprised six classes (Table 2). Accuracy was validated with 300 reference
points chosen through stratified random sampling, referencing high-resolution Google Earth images, Sentinel-2
data, and regional maps. The Kappa coefficient measured classification accuracy. The mono-window algorithm
was used to derive LST from Landsat thermal bands, chosen for its proven high accuracy with Landsat data.
LST values were categorized into five thermal zones using the Natural Breaks Jenks method. To explore
LULC-LST relationships, the percentage contribution of each LULC class within each thermal zone was
calculated with ArcGIS’s Tabulate Area tool. Finally, summer precipitation trends were analyzed using
CHIRPS satellite data in GEE, aiming to identify climatic factors driving changes in LULC and LST.

Results

The LULC maps for 2000, 2014, and 2025 (Fig 2) achieved overall accuracies of 89.3%, 88.3%, and 94.3%,
with Kappa coefficients of 87.2%, 86.0%, and 93.2%, respectively, confirming their suitability for further
analyses (Table 1 Appendix). Over the 25-year period, built-up areas expanded from 21,187 to 25,300
hectares, while barren and rangeland areas generally declined (Table 3). Croplands increased from 2000 to
2014 but decreased from 2014 to 2025, reflecting a shift from cropland use to infrastructure development.
The LST maps for these years (Fig 3) indicated that thermal zone 5—the hottest—consistently covered the
largest area (Table 4). The maximum LST rose from 60°C in 2000 to 63°C in 2014 and 66°C in 2025,
pointing to regional warming. The average LST by land cover type (Fig 4) showed barren land had the
highest temperatures (~52.0°C, 54.9°C, and 56.4°C), followed by built-up areas, with cropland, orchards,
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and rangelands maintaining lower temperatures. The distribution of land cover across thermal zones (Table
5) revealed barren land dominated zone 5, while orchards and cropland were mainly found in cooler to mid-
range zones 2 and 4. Built-up areas were mostly located in zones 3 and 4, which are mid to warmer zones.
Summer precipitation data (Fig 5) exhibited significant interannual variability with an overall upward trend,
although precipitation remained relatively low in arid and semi-arid regions.

Discussion

These sharp fluctuations reflect rising climate instability in this dry and semi-dry area and suggest a risk of
flash floods after prolonged dry spells. The concurrent rise in land surface temperature (LST), linked to
expanding urban areas and decreasing natural vegetation, confirms the classic heat island effect in arid and
semi-arid regions. Notably, bare land, rather than urban surfaces, becomes the hottest zone due to its low
albedo and minimal heat capacity, which intensifies solar radiation absorption. Interestingly, extreme
summer rainfall events have not stopped the upward LST trend, indicating that radiation and land cover
outweigh seasonal soil moisture in these latitudes. This aligns with past research in Iran’s arid zones like the
Yazd-Ardakan Plain but differs from semi-humid areas where precipitation moderates temperature more
effectively. Specifically, in Baft, Sirjan, and Bardsir, increased summer rainfall cannot offset the warming
caused by converting rangelands to built or bare lands.

Conclusion

This research highlights important considerations for land management in arid and semi-arid regions. Barren lands
are identified as the primary sources of heat buildup; thus, urban or industrial policies that turn barren areas into
impervious surfaces without adding vegetation could intensify heat. Conversely, cultivating agriculture and
gardens around hot zones can help reduce heat, especially when supported by sustainable irrigation practices.

Keywords: Thermal Zoning, Natural Breaks, Precipitation Trend, Landsat, Google Earth Engine
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Fig 3. Land Surface Temperature classification for 2000, 2014, and 2025
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Fig 4. LST variations across LU/LC classes for 2000, 2014, and 2025
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Table 1. Data used in this study

Date and Time of Image

Sensor Acquisition (UTC) Spatial Resolution Source
Multispectral: 30 m Thermal: 120 m .
Landsat 5 TM 2000 (resampled to 30 m) https://earthexplorer.usgs.gov
Landsat 8 Multispectral: 30 m Thermal: 100 m .
OLI/TIRS 2014 (resampled to 30 m) https://earthexplorer.usgs.gov
Landsat 9 Multispectral: 30 m Thermal: 100 m .
OLI/TIRS 2025 (resampled to 30 m) https://earthexplorer.usgs.gov
CHIRPS 2000-2025 5 km CI_|mate I_-Iazards Group InfraRed Precipitation
with Station Data
Table 2. Description of LU/LC classes
LULC Class Description

Cropland Farmlands, cultivated crops

Orchard Gardens, forests, planted trees, dense vegetation cover

Rangeland Dense and sparse pastures, shrublands

Barren land Unvegetated or abandoned lands

Built-up Urban and rural residential areas, impervious surfaces

Water bodies Water bodies (rivers, lakes, reservoirs)

Table 3. Area (hectares) and percentage of LULC classes

LULC Class 2000 2014 2025
Area (ha) Percent Area (ha) Percent Area(ha) Percent
Cropland 193,466 6.3 207,556 7.6 201,506 6.5
Orchard 19,401 0.6 20,018 0.6 19,906 0.6
Rangeland 1,114,363 36.1 1,110,422 36.0 1,117,223  36.2
Barren land 1,736,905 56.3 1,722,647 558 1,721,174 5538
Built-up 21,188 0.7 24,726 0.8 25,301 0.8
Water bodies 104 0.003 55 0.002 316 0.01

Total 3,085,425 100 3,085,425 100 3,085,425 100
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Table 4. Area (hectares) of thermal zones

7 2000 2014 2025
one Avrea (ha) Area (ha) Area (ha)
ZONE 1 74,690 79,086 71,925
ZONE 2 262,681 240,216 251,185
ZONE 3 526,155 526,091 560,946
ZONE 4 1,079,674 1,078,976 1,089,183
ZONE 5 1,142,228 1,161,059 1,112,189

Table 5. Percentage of LULC classes across different thermal zones

T;eorrr:;al Cropland Orchard Rangeland Built-up l\)/g gtiz;
2000
ZONE1 0.17 0.02 2.19 0.01 0.002
ZONE2 0.67 0.06 5.46 0.07 0.001
ZONE3 1.78 0.21 11.57 0.22 0.000
ZONE4 2.79 0.29 13.52 0.27 0.00
ZONE5 0.87 0.05 3.44 0.11 0.00
2014
ZONE1 0.18 0.02 2.17 0.01 0.002
ZONE2 0.75 0.05 5.40 0.08 0.00
ZONE3 1.92 0.19 11.49 0.26 0.00
ZONE4 3.02 0.32 13.47 0.31 0.00
ZONE5 0.85 0.06 3.45 0.14 0.00
2025
ZONE1 0.15 0.02 2.04 0.03 0.01
ZONE2 0.67 0.09 6.28 0.17 0.00
ZONE3 1.54 0.24 11.89 0.24 0.00
ZONE4 2.92 0.25 12.29 0.28 0.00
ZONE5 1.25 0.06 3.71 0.10 0.00
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Appendix:

Table 1. Classification error matrices and accuracy assessment for the years 2000, 2014, and 2025.

(A) Ground Truth (2000)

- . Barren Built- Producer’s Accurac
Classified Class Agriculture  Orchard Rangeland Land up Water  Total (%) Y
Agriculture 43 2 1 2 2 0 50 79.6
Orchard 3 44 1 2 0 0 50 88.0
Rangeland 3 2 42 3 0 0 50 87.5
Barren Land 5 2 3 40 0 0 50 85.1
Built-up 0 0 1 0 49 0 50 96.1
Water 0 0 0 0 0 50 50 100.0
Total 54 50 48 47 51 50 300
Correct Samples 268
Overall Accuracy (%) 89.3
Kappa Coefficient
%) 87.2

(B) Ground Truth (2014)

Classified Class Agriculture  Orchard Rangeland BLa fren Built- Water  Total Producer’s Accuracy
and up (%)

Agriculture 42 3 3 2 0 0 50 85.7
Orchard 0 49 1 0 0 0 50 87.5
Rangeland 4 1 42 3 0 0 50 875
Barren Land 1 3 0 46 0 0 50 78.0
Built-up 0 0 2 3 41 0 50 100.0
Water 2 0 0 5 0 45 50 100.0
Total 49 56 48 59 41 45 300

Correct Samples 265

Overall Accuracy (%) 88.3

Kappa Coefficient

(%) 86.0

(C) Ground Truth (2025)
Classified Class Agriculture  Orchard Rangeland Barren Built- Water  Total Producer’s Accuracy
Land up (%)

Agriculture 48 0 0 2 0 0 50 85.7
Orchard 0 50 0 0 0 0 50 100.0
Rangeland 1 0 45 2 2 0 50 90.0
Barren Land 3 0 2 45 0 0 50 91.8
Built-up 2 0 3 0 45 0 50 95.7
Water 2 0 0 0 0 50 50 100.0
Total 56 50 50 49 47 50 300

Correct Samples 283

Overall Accuracy (%) 94.3

Kappa Coefficient 93.2

(%)







