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Objective: In this research, remote sensing indices and SPEI climatic index over 1-
year, 5-year, and 10-year intervals were used to monitor and evaluate drought in
Khuzestan Province.

Methods: Landsat data and climatic data from 13 meteorological stations over a 30-
year period (1993-2023) were used. NDVI, LST, MNDWI, NDSI, and SPEI index
were processed. Google Earth Engine was used to extract remote sensing indices, R-
STUDIO was used to calculate SPEIL, and Python was used for statistical analyses and
plotting.

Results: The northern and eastern regions of province experienced higher drought
severity over 5-year period. NDVI indicated that vegetation increased in central areas
and decreased in the mountains. MNDWI showed fluctuations in water bodies, and
NDSI indicated a decrease in snow cover. LST showed an increase in land surface
temperature, and SPEI identified long-term drought periods at stations such as Abadan
and Baghmalek; however, improved moisture conditions were observed in
Dezful/Sardasht.

Conclusions: Remote sensing indices were more effective at detecting short-term (1-
year) changes and providing spatial data, whereas SPEI was more suitable for
analyzing long-term patterns (5 and 10 years) and identifying prolonged drought
periods. Furthermore, increased LST, decreased NDSI, and fluctuations in water
bodies indicate the combined effects of drought and climate warming in Khuzestan.
Results showed that drought was not uniform across different regions of province. The
northern and eastern regions were more vulnerable over the 5-year period, whereas
central areas were in better condition due to their proximity to water resources and

development of agricultural lands.
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Introduction

Meteorological indices such as SPI, SMDI, and SPEI, as well as remote sensing indices
including NDVI, VCI, TCI, and VHI, are commonly used for drought assessment and
monitoring. In recent years, remote sensing technology, by providing continuous, free, and
spatially extensive data, has brought about a significant revolution in drought monitoring. For
instance, Sun et al. (2023) demonstrated that temperature-based indices exhibit the most
sensitive response to drought in arid regions, while moisture-based indices rank second in
sensitivity. Furthermore, Alito and Kerebih (2024), using multiple remote sensing indices,
reported a strong correlation (0.85) between the VHI and SPI indices, indicating the high
potential of satellite data in drought estimation. Khuzestan Province, due to its specific climatic
conditions, warm and arid nature, and high dependence on water resources for agriculture and
industry, is at risk of drought. The use of remote sensing technology, particularly in
combination with indices such as SPEI, enables continuous and accurate monitoring of drought
conditions at a regional scale, which can provide decision-makers in agriculture, water resource
management, and environmental sectors with powerful tools for planning and forecasting
drought crises.

Materials and Methods

In this study, Khuzestan Province was selected as the study area. Satellite data were obtained
from the Google Earth Engine (GEE) platform. For analysis of remote sensing indices, Landsat
5, 7, and 8 imagery over a thirty-year period from March 1, 1994, to March 19, 2024, was
utilized. Satellite data for these indices were prepared for different time periods (1-year, 5-year,
and 10-year intervals), and subsequently, time series for each index were extracted within the
GEE. For drought analysis and assessment, 30-year climatic data, including monthly
precipitation and monthly temperature from Khuzestan meteorological stations, were obtained
from the Meteorological Organization. LST index, derived from Landsat imagery within GEE,
was also employed. In this research, simple and multiple linear regression analyses were used
to examine the relationships between remote sensing indices. To compare the accuracy of
climatic indices and remote sensing indices, statistical analyses were conducted for 1-year, 5-
year, and 10-year time intervals. For modeling and evaluation, GEE was used for extracting
remote sensing indices, R-STUDIO was utilized for SPEI calculation, and Python within the
Visual Studio Code (VSCODE) environment was employed for statistical analyses and diagram
plotting. To assess the effects of drought in the province over a 30-year period, remote sensing
indices including NDVI, LST, MNDWI, and NDSI, as well as the meteorological-climatic SPEI
index, were used. In the first step, the required data were collected and necessary corrections
were applied. In the second step, the desired remote sensing indices were extracted and their
time series were calculated to reveal the drought impacts corresponding to each of these indices.
In subsequent steps, PET and SPEI were calculated to examine drought effects from the
perspective of climatic data (temperature and precipitation), and also to evaluate the
performance of remote sensing and meteorological-climatic indices in better assessing this
hazard.

Results and Discussion

NDSI, MNDWI, LST, and NDVI indices were calculated for 1-year, 5-year, and 10-year
time intervals using GEE, while SPEI was processed using data from 13 meteorological
stations. The area of different classes of remote sensing indices was extracted for 1-year, 5-
year, and 10-year time periods, and the spatiotemporal changes of environmental factors
(vegetation cover, land surface temperature, water bodies, and snow cover) under the influence
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of drought were investigated. The results indicate that area of vegetation cover with good and
moderate NDVT values has increased significantly across the province over entire study period,
which may reflect the expansion of agricultural lands within the province during period under
consideration. During this period, a decrease in area of regions with poor vegetation cover, as
well as an increase in area of regions with no vegetation cover, was also observed across the
province. LST results for 1-year, 5-year, and 10-year intervals show that area of low and
moderate temperature classes has decreased over entire study period, while areas with high and
very high temperatures have increased. The area of water bodies has shown an increasing trend
over 5-year and 10-year intervals, whereas over 1-year intervals, it has exhibited variable areas
depending on the amount of precipitation, which could be attributed to reduction of surface
water resources due to drought. Snow cover area decreased from 770 km? to 514 km? over 10-
year interval. This decreasing trend in snow-covered areas is also evident over 5-year intervals.

Conclusion

Drought zoning based on SPEI over l-year and 5-year intervals indicates that drought
intensity is not uniform across different regions of the province. Over 5-year interval, the
northern and eastern regions fall within normal/moderate drought class, while the central
regions are classified as severely wet/very wet. This pattern is also partially observed over 1-
year interval. NDVI index showed that over 5-year and 10-year intervals, the area of good and
moderate vegetation cover has increased across the province, which may be related to the
development of agricultural lands in the central regions. MNDWTI index indicated that area of
water bodies has increased over 5-year and 10-year intervals, which is associated with
construction of the Karkheh and Gotvand dams in the northern regions. According to the
research findings, NDVI, MNDWI, LST, and NDSI indices demonstrated higher efficiency in
detecting short-term changes and providing spatial data compared to SPEI; however, SPEI
proved more suitable for long-term analysis. Furthermore, the increase in land surface
temperature, decrease in snow cover, and fluctuations in water bodies indicate the combined
effects of drought and climatic warming in Khuzestan Province. The results of this study
revealed that drought has not been uniform across different regions of Khuzestan. The northern
and eastern regions were more vulnerable over 5-year interval, while the central regions, due to
their proximity to water resources and the development of agricultural lands, exhibited better
conditions.
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