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Extensive land cover changes, coupled with climate change in recent
years, have led to increased land surface temperature (LST), subsequently
elevating evaporation rates and reducing available water resources. This
study aimed to evaluate the impact of afforestation projects on the trends
of the Normalized Difference Vegetation Index (NDVI) and land surface
temperature (LST) in Dasht-e Azadegan County, Khuzestan Province.
Landsat 5, 7, 8 and 9 satellite imagery over a 25-year period (before and
after afforestation) was utilized. Following land use mapping via
supervised classification and the Random Forest algorithm, NDVI and
LST (derived using the Single-Channel Algorithm) were extracted. The
kappa coefficient and overall accuracy were 0.96 and 89.7%,
respectively, that showed very good accuracy of the produced land use
map.Trend analysis was performed using time-series graphs and
statistical methods. Results indicated that afforested and irrigated
agricultural areas significantly increased the regional mean NDVI.
Despite a rising trend in air temperature during the study period, the LST
in afforestration area increased 0.35 centigrade. But the LST trend was
not statistically significant. LST in afforested areas was lower than LST
in rangelands. This effect is primarily driven by shading and
evapotranspiration mechanisms. However, the cooling intensity varied
depending on factors such as vegetation density, albedo, and proximity
to moisture sources. Afforestation can serve as an effective management
strategy for enhancing vegetation cover, moderating microclimate, and
reducing thermal stress in hot and arid regions.
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EXTENDED ABSTRACT

Introduction: Increased land surface temperature (LST) is a major consequence of land-use change and human
pressures in arid and semi-arid regions. Khuzestan province, due to its arid and hot climate, industrial
development, and extensive land cover changes, has faced intensifying urban heat island effects and
environmental stresses in recent years. Landsat satellite imagery, due to its suitable spatial resolution, free access,
and long-term archive, is considered one of the most important data sources for monitoring land cover changes
and thermal parameters. The main target of this research is to estimate and analyze changes in NDVI and land
surface temperature in some of the fenestration of Khuzestan province using Landsat5, 7, 8 and 9 satellite imagery
and to investigate the role of afforestation in moderating land surface thermal conditions. The implementation of
afforestation programs has been proposed as a management strategy for mitigating thermal conditions, improving
vegetation cover, and increasing ecosystem sustainability.

Methodology: This research employed Landsat 5, 7, 8 and 9 satellite imagery, capturing periods both before and
after the establishment of key afforestation projects. All data processing was conducted using the Google Earth
Engine platform and ArcGIS software. To ensure robustness in temporal analysis, images with minimal cloud
contamination were selected across multiple seasons and years. The spatial extent of the planted forests was
delineated by generating a land use/land cover map. This was achieved through a supervised classification
approach, utilizing various spectral band combinations and the Random Forest machine learning algorithm. The
NDVI was derived from the red and near-infrared bands to serve as a primary indicator of vegetation vigor and
density, enabling a detailed analysis of spatio-temporal greening patterns. Time-series plots of NDVI were
constructed for each afforestation site to visualize and assess trends over the study period. Land surface
temperature (LST) was retrieved using the established Single-Channel Algorithm. This technique leverages the
differential atmospheric absorption in two adjacent thermal infrared bands to accurately correct for atmospheric
effects and derive surface temperature. LST values were extracted for all land cover classes, and comparative
analysis was performed to evaluate temperature changes before and after afforestation.

Results and Discussion: Analysis of the Landsat time series revealed that afforestation and agricultural expansion
in the Dasht-e Azadegan region over the past 25 years have substantially increased the regional average NDVI.
Notably, these green covers exerted a significant moderating influence on land surface temperature. While a clear
warming trend was observed in near-surface air temperature over the 25-year period, this trend was not statistically
significant for LST within the afforested patches. This finding points to a distinct cooling effect attributable to the
planted forests.

The moderating impact on LST is primarily driven by biophysical mechanisms such as shading and
evapotranspiration. However, the strength of this cooling effect varied spatially and was mediated by several
factors, including vegetation density, surface albedo, proximity to water sources, and the inherent characteristics
of the semi-arid climate. Interestingly, some sparsely planted areas with lower albedo even exhibited higher LST
compared to surrounding rangelands or urban zones. In contrast, densely vegetated, irrigated agricultural fields
showed a distinct negative temperature trend. A counterintuitive finding was that urban areas in this study
displayed a milder temperature increase compared to many natural, dryland surfaces. This phenomenon, noted in
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other semi-arid cities, may be explained by factors such as shading from buildings, the use of high-albedo
construction materials, extensive irrigated urban greenery, and the higher thermal capacity of moist urban soils
relative to the dry, bare soils typical of the surrounding natural landscape.

Conclusion: This study demonstrates that integrating satellite remote sensing with cloud-computing platforms
like Google Earth Engine provides a powerful and efficient methodology for assessing the environmental impacts
of afforestation. The observed rise in NDVI and concurrent mitigation of LST in planted areas underscore the
potential of strategic afforestation to improve local microclimates and alleviate thermal stress in hot, dry regions
such as Khuzestan. These findings offer a scientific foundation for informed land management and future
afforestation planning aimed at enhancing ecological resilience and sustainability.
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Table 1 - Characteristics of the satellite image time series used

Bands Sensor Row Path Time period Satelite
Band 3, 4, 6 ™ 38 166 1999-2013 Landsat 5
Band 3, 4, 6 ETM+ 38 166 2013-2014 Land sat 7
SR B4,SR B5,B10 OLI/TIRS 38 166 2014-2022 Land sat 8
SR B4,SR B5,B10 OLI-2/TIRS-2 38 166 2022-2024 Land sat 9
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Figure 4- Changes in Land Surface Temperature within specific afforestation parcels
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Table 2- properties of the land surface temperature trend across various land use

Parcel/Landuse Maximum Minimum Cv
Afforested Areas 70.0 35 155
Rangeland 73.0 6.8 16.6
Agriculture 62.2 5.0 13.6
Urban 53.9 3.7 13.0
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Table 3- Slope of the land surface temperature trend across various parcels

Parcel Sen (clyear) slope P value
AA 0.022 0.201
AC 0.0137 0.08
obl 0.0051 0.762
obh2 0.015 0.293
BZ 0.023 0.169
TAl 0.0157 0.311
JZ1 0.0065 0.23
JZ2 0.0052 0.32
JZ3 0.0076 0.176
JZ4 0.0078 0.177
SV 0.017 0.296
SN1 0.022 0.152
SN2 0.012 0.416
SN3 0.0131 0. 417
GK1 0.0133 0.403
GK2 0.022 0.21
NC 0.016 0.254

Agriculture -0.0009 0.88

Urban 0.0078 0.532

Rangeland 0.0103 0.518
Air Temperature 0.012 0.0001
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