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ABSTRACT

Drought, as one of the most significant environmental challenges, poses a severe threat to food
security and water resources. ldentifying and monitoring drought-prone areas using modern
methods, particularly in the Rezi-Chai watershed, is of great importance. This study aimed to
investigate environmental indices, including Land Surface Temperature (LST), soil moisture, and
the Normalized Difference Vegetation Index (NDVI), from 2016 to 2022 using MODIS satellite
data in Google Earth Engine. In this study, the drought indices TCI, VCI, and VHI were calculated
and analyzed. The results indicated that the highest land surface temperature was recorded in the
southwest of the watershed at 303 Kelvin, while the lowest temperature was in the northeast at 293
Kelvin. Additionally, soil moisture reached its minimum in the southwest (6.73 mm) and its
maximum in the northeast (16 mm). The NDVI showed the highest vegetation cover density in the
southwest and northeast of the watershed, with a value of 0.15. The analysis of drought indices
revealed that in the central areas of the watershed, the TCI index increased thermal stress to a
value of 0.42. Furthermore, the decrease in VCI and VHI indices, with values of 0.16 and -0.03
respectively, indicated a significant decline in vegetation health in these areas. Correlation
analysis between drought indices and environmental factors showed that the VHI index had the
highest significant correlation with NDVI at approximately 0.34. Ultimately, these results
demonstrate that with increasing land surface temperature and decreasing soil moisture, drought is
intensified, causing serious harm to vegetation health.

© the Author(s).

Publisher: University of Sistan and Baluchestan

1. Introduction

Climate change has altered the hydrological cycle, affecting key components such as precipitation, runoff, and
evapotranspiration. These disruptions have led to an increased frequency and intensity of natural disasters such
as droughts and floods. Droughts -especially long-term ones- have destructive impacts on agriculture, food
security, and the environment and are considered among the most complex natural hazards. Due to the
complexity of drought and the difficulty in directly measuring its severity, various indices such as SPI, SPEI,
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and remotely sensed indices like the Vegetation Health Index (VHI) have become widely used. These indices
combine vegetation and temperature data to provide a more accurate representation of drought conditions.
Despite their development, challenges remain in accurately reflecting spatial variability. To address these
limitations, research has moved toward integrated models that combine multiple factors, including
precipitation, the Vegetation Condition Index (VCI), and the Temperature Condition Index (TCI). The growth
of satellite data repositories and advances in computational tools have paved the way for more accurate
monitoring of water balance components. Projects like the Global Land Data Assimilation System (GLDAS)
aim to support this effort by providing broad and precise data to facilitate global-scale estimates, such as soil
moisture content.

2. Materials and Methods

The Razi-Chay watershed, covering an area of approximately 180.15 kmg2, is located in Ardabil Province in the
east of Meshginshahr County, between the geographical coordinates of 48°10’ to 48°16’ E longitude and 38°29’
to 38°46'30" N latitude, falling within UTM zone 39N. The highest point in the watershed lies in the northern
section at 2,480 meters above sea level, while the lowest point is at 1,133 meters, where the Razi-Chay River
merges with the Qarasu River in the southwestern part of the watershed. In this study, drought monitoring for
the Razi-Chay watershed from 2016 to 2022 was conducted using MODIS satellite imagery (Path 167, Row
33). The dataset included Land Surface Temperature (LST), the Normalized Difference Vegetation Index
(NDVI), and Soil Surface Moisture (SSM). After preprocessing, drought indices were calculated. The
Temperature Condition Index (TCI) was derived from LST data, and the Vegetation Condition Index (VCI)
from NDVI data. The Vegetation Health Index (VHI) was then calculated by combining TCI and VCI. Spatial
zoning maps for the indices (LST, NDVI, TCI, VCI, and VHI) were generated to illustrate the drought
distribution more accurately. Finally, the correlation between drought indices (TCI, VCI, and VHI) and
influential parameters (LST and NDVI) was analyzed to better understand the relationships between surface
temperature, vegetation status, and drought conditions in the study area.

3. Results and Discussion

This study analyzed the temporal variations of drought indices (TCI, VCI, and VHI) in the Razi-Chay
watershed between 2016 and 2022. The main parameters-LST, NDVI, and soil moisture-were used to monitor
drought across the region. LST maps revealed that the southeastern parts of the watershed experienced the
highest temperatures, while the northeastern areas were cooler. However, the temporal trend of temperature
was not statistically significant (R2=0.009).

The NDVI indicated that the southwestern and northeastern areas had the highest vegetation density, while the
central regions had the lowest values, reflecting poor vegetation coverage. Although NDVI showed a
downward trend over time, this trend was not significant (R2 = 0.013).

Soil moisture was highest in the northeast and lowest in the southwest. While the overall trend was declining,
an increase was observed starting in 2021. The coefficient of determination for soil moisture regression was
0.156, indicating a weak relationship between time and soil moisture.

The TCI, derived from LST, showed that central areas experienced higher thermal stress and had lower TCI
values. However, this change was also not statistically significant (R2 = 0.026). On the other hand, the VCI,
based on vegetation health, displayed a pattern similar to NDVI, with lower values in the central regions. The
overall trend of VCI was downward and relatively significant (R? = 0.21). The VHI, a combination of TCI and
VCI, produced results similar to VCI and identified the central parts of the watershed as being more severely
affected by drought. The most severe drought across the entire region occurred in 2020. Correlation analysis
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showed a strong and significant positive relationship between NDVI and the drought indices, particularly VHI,
at the 99% confidence level. These results highlight the critical role of vegetation health in evaluating and
predicting drought. Based on this, it is recommended that management efforts such as agricultural and water
resource development be focused on the southwestern and northeastern areas of the watershed, which are in
relatively better condition.

4. Conclusion

This study identified drought-prone areas in the Razi-Chay watershed and, by analyzing various drought
indices and related parameters, found that increased temperatures and decreased soil moisture in the
southwestern parts of the watershed significantly impacted vegetation cover and drought severity. NDVI values
declined, especially in central areas, indicating high vegetation stress. Results showed that as TCI increased and
VCI and VHI decreased, drought severity worsened. Correlation analysis confirmed a strong direct relationship
between VVHI and NDVI at the 99% confidence level, and between VCI and NDVI at the 95% level, while TCI
showed an inverse correlation with NDVI. Ultimately, the findings revealed that 2020 was a particularly severe
drought year. Given the rising temperatures and decreasing soil moisture, the region’s vegetation is facing
serious challenges. These results align with findings from other researchers, such as Davoudabad Farahani et al.
(2021), who reported a direct relationship between VHI and NDVI in drought monitoring of Iran's Markazi
Province, and Davvandi et al. (2020), who confirmed the high accuracy of VHI in drought assessment.
Keywords: Drought indices, Razi-Chay watershed, MODIS satellite imagery, GEE platform.
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