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Article type: Salt playas in arid regions are unique and sensitive ecosystems, playing a crucial role in
Research Article environmental balance and ecological sustainability. This study aimed to evaluate the

geomorphological change trends in the Abarkouh salt playa by employing advanced
remote sensing techniques within the Google Earth Engine (GEE) platform. The research
monitored geomorphological facies and environmental changes in the playa from 2002
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while saline, clay, and sandy lands expanded by about 23%, 66%, and 103%. Spectral
index analyses further indicated a significant decline in water levels and a significant rise
in soil salinity, both at the 1% and 5% significance levels, respectively. Notably, a key

Keywords: finding of this study is the contradiction between the spectral indices and the
Geomorphological Facies, classification maps. Despite a significant upward trend in all vegetation indices, the
Monitoring, classification maps consistently showed a decrease in vegetation cover. This discrepancy
Spectral Indices, highlights that in this arid environment, the vegetation indices are influenced by the
Supervised Classification, spectral reflectance of salt and gypsum rather than actual vegetation, leading to a false
Support Vector Machine. positive signal. The study concludes that the boundaries of geomorphological facies

within the Abarkouh salt playa have undergone significant changes, largely driven by
drought and human activities.
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EXTENDED ABSTRACT

Introduction: Playas, as sensitive and unique ecosystems in arid and semi-arid regions, play a critical role in
environmental balance, local moisture regulation, and ecological sustainability. These flat, saline landforms are
highly susceptible to changes resulting from climatic factors, particularly drought and rising temperatures, as well
as anthropogenic activities such as excessive groundwater extraction. Consequently, these areas are prone to
extensive geomorphological changes, including the reduction of water bodies, Lake Desiccation, and the expansion
of saline and clay lands. One of the most significant negative consequences of playa desiccation is the production
and emission of saline dust, which can travel long distances, leading to serious environmental hazards such as air
pollution, degradation of agricultural soils, and adverse effects on human health. Given these challenges, accurate
and timely monitoring of changes in these regions is of paramount importance. Remote sensing technology,
especially with the advent of cloud-based processing platforms like Google Earth Engine (GEE), provides a
powerful and efficient tool for analyzing changes across vast temporal and spatial scales. This platform offers access
to large datasets of satellite imagery and allows for the high-speed execution of complex algorithms. The current
study was conducted to evaluate the trend of geomorphological and environmental changes in the Abarkouh salt
playa, one of the most significant playas on the Central Iranian Plateau, from 2002 to 2024. This research examines
changes in various playa facies and analyzes spectral indices related to water, vegetation, and soil salinity to provide
a comprehensive understanding of the dynamics of this sensitive ecosystem.

Materials and Methods: This research was conducted on the Abarkouh salt playa, located in Yazd Province on the
Central Iranian Plateau. Due to its geographical location and arid climate, this playa is a prime example of an
ecosystem under stress. In this study, we used the Google Earth Engine platform for satellite image analysis. The
primary datasets included Landsat 5 and Landsat 8 satellite imagery, selected for their long-term temporal coverage
and suitable spatial resolution. The images were prepared for analysis after initial atmospheric corrections. Six
geomorphological facies were identified for classification: saline land, moist zones, water bodies, clay land, sandy
zones, and vegetation cover. Classification maps of these classes were generated using the Support Vector Machine
(SVM) machine learning algorithm. This algorithm was deemed suitable for this research due to its high accuracy
in classifying spectral data. To train the SVM model and assess its accuracy, we used ground samples collected in
2024, as well as very high spatial resolution satellite images (such as Google Earth imagery) for the year 2002. This
approach helped validate the classification results throughout the study period. In addition to classification, key
spectral indices were extracted and analyzed to quantitatively assess environmental changes. These indices included
vegetation indices such as NDVI, SAVI, EVI, and TSAVI, the MNDWI water index, the NDMI soil moisture index,
and the SI soil salinity index. The trend analysis of these indices was performed using linear regression and statistical
significance tests to determine long-term changes in the playa.

Results and Discussion: The high-accuracy classification results revealed significant geomorphological changes
in the playa during the study period (2002 to 2024). The high classification accuracy (94% overall accuracy and a
Kappa coefficient of 0.92 for 2002; 97% accuracy and a Kappa coefficient of 0.96 for 2024) confirms the reliability
of the findings. Specifically, the area of water bodies decreased by approximately 65%, and vegetation cover by
about 51%. In contrast, saline lands expanded by nearly 23%, clay lands by 66%, and sandy zones by 103%. These
results clearly indicate a trend of desiccation and desertification in the region. The analysis of spectral indices further
reinforced these findings. The trend analysis of the MNDWTI (water) index showed a significant decreasing trend,
which directly corresponds with the reduction in the area of water bodies. Similarly, the salinity index (SI) showed
a significant increasing trend, indicating a rise in soil salinity in the area. One of the study's important and
challenging findings was the clear contradiction between the spectral indices and the vegetation classification maps.
Despite a significant upward trend in all vegetation indices (such as NDVI and SAVI), the classification maps
consistently showed a decrease in vegetation cover. This discrepancy is attributed to the influence of spectral
reflectance from salt and gypsum in this arid environment, which was misinterpreted as an increase in vegetation.
This phenomenon suggests that under the extreme conditions of a salt playa, vegetation indices, even those designed
to correct for soil effects, may not be entirely effective and are, in fact, sensitive to physical changes in the land
surface, such as salt accumulation. This underscores the necessity of using combined methods, such as classification
alongside index analysis, for accurately understanding the dynamics of complex environments.
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Conclusion: The results of this study clearly demonstrate a significant decline in water bodies and vegetation cover
and an increase in saline, clay, and sandy lands in the Abarkouh playa over the past two decades. This trend, which
is also observable in other playas and salt lakes across Iran, has severe negative consequences for environmental
balance and local communities. The reduction of water and vegetation makes the playa more vulnerable to wind
erosion, significantly increasing the risk of saline dust production and dispersion. The findings of this research
highlight the strategic importance of accurately monitoring these ecosystems using advanced technologies like
remote sensing. Furthermore, the study emphasizes the need for using combined approaches for data analysis,
especially in complex environments where spectral indices may yield misleading results. It is recommended that
future studies investigate the human and hydrological factors influencing these changes and develop new and more
precise spectral indices for saline environments.

Keywords: Playa, Remote Sensing, Google Earth Engine, Spectral Indices, Geomorphological Changes.
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