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Article Info ABSTRACT

Objective: Accurate assessment and monitoring of temporal variations in the surface
area of temporary lakes and wetlands, particularly through the application of satellite
Research Article imagery and remote sensing data, are critical for sustainable water resource management
and the conservation of vulnerable desert ecosystems. This study aims to conduct a
comprehensive spatiotemporal analysis of Lut Lake over a 47-year period (1972-2019)

utilizing multi-sensor satellite datasets.
Article history: Methods: This research employed a spatiotemporal analysis of satellite images acquired
— between 1972 and 2019. Due to the extended temporal coverage, images from multiple
Received: 24 March 2025 sensors of the Landsat series (MSS, TM, OLI) and Sentinel-2 MSI were selected. Upon
Revised: 11 May 2025 acquisition, image quality was assessed and necessary preprocessing steps were applied,
including atmospheric correction using the Dark Object Subtraction (DOS) algorithm for
Accepted: 12 December 2025 MSS images and the Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes
; . (FLAASH) algorithm for other datasets. Subsequently, spectral indices related to water
Published: 16 December 2025 and vegetation cover-including the Normalized Difference Water Index (NDWI),
Modified NDWI (MNDWI), Automated Water Extraction Index for non-shadowed
(AWEInsh) and shadowed urban areas (AWElIsh), and the Normalized Difference
Vegetation Index (NDVI)-were applied to accurately extract water bodies. The extracted
Keywords: water extents were converted to shapefile format and analyzed within a Geographic
Information System (GIS) environment to determine changes in lake surface area.
Additionally, the Lake basin was delineated using Digital Elevation Model (DEM) data

Avrticle type:

Lake monitoring,

Lut Desert, and the ArcHydro extension in ArcGIS, revealing two main drainage channels within the
Remote Sensing, lake’s catchment area.

. Results: Analysis of Landsat and Sentinel-2 satellite imagery over the 47-year period
Water index, revealed multiple occurrences of temporary lakes in the Lut Desert with varying extents.
Vegetation index. The maximum lake surface area was approximately 209 hectares in 2019, primarily

resulting from intense flooding and overflow of the Shur River. Two main drainage
pathways were identified in the region, with the northern branch, originating from the
Shur River, playing a key role in the formation of the lake. The NDWI and NDVI indices
demonstrated superior performance in accurately delineating water bodies compared to
other indices. A decrease in lake surface area from 209 hectares in May 2019 to 191
hectares in June 2019 was also observed.

Conclusions: The study demonstrates that the application of remote sensing technology
combined with selected spectral indices constitutes an effective and cost-efficient
approach for monitoring and managing water resources in arid and semi-arid regions.
The findings can contribute significantly to natural resource management, flood risk
reduction, and infrastructure protection. Moreover, continuous monitoring of water
bodies using satellite data integrated with GIS facilitates timely and informed decision-
making by resource managers.
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Extended Abstract

Introduction

Monitoring changes in water bodies and vegetation cover using traditional ground-based methods is often
expensive and time-consuming. Satellite remote sensing enables the detection and analysis of environmental
changes over extended periods with high spatial and temporal resolution. Various digital methods, particularly
water and vegetation indices, have been developed to enhance the detection of hydrological changes. Previous
studies have employed remote sensing techniques to assess lake formation and flood dynamics using different
indices (Deus & Gloaguen, 2013; Gao, 1996; Leblanc et al., 2011; Lin et al., 2021; Onyango & Opiyo, 2022;
Wang et al., 2012). Given the importance of remote sensing in identifying water bodies and flood-prone areas, this
research aims to monitor the formation of the Lut Desert lake using Landsat and Sentinel-2 satellite imagery from
1972 to 2019. Specific objectives include analyzing the watershed, determining areas affected by flooding, and
assessing the extent of the lake in different years.

Materials and Methods

To investigate lake formation, historical records, previous studies, and satellite imagery from 1972 to 2019 were
reviewed. The United States Geological Survey (USGS) database was used to acquire imagery from different
satellite sensors, including Landsat MSS, TM, OLI, and Sentinel-2 MSI. The selection of images focused on years
with visible water bodies, ensuring high image quality and necessary pre-processing.

Various water and vegetation indices were applied to the satellite datasets to extract water bodies. These indices
included:
- Normalized Difference Water Index (NDWI)
- Modified Normalized Difference Water Index (MNDWI)
- Automated Water Extraction Index for Urban Areas (AWEInsh)
- Automated Water Extraction Index for Shadow Areas (AWEIsh)
- Normalized Difference Vegetation Index (NDVI)

The extracted water areas were converted into shapefiles and analyzed within a Geographic Information
System (GIS) environment to determine the lake’s area. Due to the limitations of the MSS sensor (1972-1984),
only NDVI and NDWI indices were applied to these earlier images. In contrast, all five indices were used for TM,
OLLI, and Sentinel-2 imagery to enhance accuracy.

Results

Analysis of satellite images over the 47-year period revealed evidence of a lake in the years 1977, 1986, 1987, and
2019. The largest extent of the lake was observed in 2019. Historical records, particularly those from Dr. Mostofi
in 1971, indicate that flooding from the Shur River may have contributed to the formation of a lake at that time,
although no satellite imagery from 1971 is available. The 1972 image showed no visible water body, but sediment
patterns suggested the presence of a dried-up lake, likely a remnant of the 1971 flood event.

The processed images confirmed the presence of water bodies in 1977, 1986, 1987, and 2019, with calculated
lake areas. Sentinel-2 imagery from April 2019 indicated a lake area of approximately 209 hectares, which
decreased to 191 hectares in later images from May. The results showed that NDWI and NDVI were the most
effective indices for accurately detecting and delineating the lake's extent.

Water indices provide valuable insights into the dynamics of lake formation and fluctuations in water levels.
The information derived from these indices can support policymakers and environmental planners in managing
natural resources and mitigating flood risks.

Conclusion

The analysis of satellite imagery from 1972 to 2019 confirmed the intermittent formation of a lake in the Lut
Desert during specific years, with the largest extent recorded in 2019 at approximately 209 hectares. In previous
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years, the lake's size was significantly smaller, around one-fourth of its 2019 extent. Factors such as evaporation,
insufficient rainfall, and the absence of consistent water sources contributed to the periodic disappearance of the
lake.

Among the various indices applied, NDWI and NDVI proved to be the most effective for detecting water
bodies. The analysis of digital elevation data and watershed characteristics identified two main waterways, with
one branching from the Shur River and significantly influencing the lake's formation. However, the contribution
of the second waterway from the western basin remains uncertain.

Historical records and satellite observations indicate that the lake is formed in response to significant
precipitation events. Given the climatic variability of the region, future occurrences of high rainfall could lead to
the reformation of the lake. If intense precipitation events continue, a larger lake could potentially form in the heart
of the Lut Desert. This study highlights the importance of satellite remote sensing in monitoring hydrological
changes and provides a valuable dataset for future research on desert hydrology and flood management.
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