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This study provides an integrated drought monitoring assessment for the Lake Urmia Basin
using a combination of meteorological and satellite-based indicators over the period 2001—
2024. Meteorological drought was analyzed using SPI and SPEI derived from precipitation
and thermal stress conditions, while agricultural drought dynamics were evaluated using
NDVI-based VCI, LST-based TCI, and the combined VHI index. The results indicate that
2008, 2017, 2023, and especially 2024 were the most critical drought years, where large
parts of the basin recorded SPI and SPEI values below —1.5 and VCI and VHI values below
30%, indicating severe agricultural stress. In contrast, 2018 represented the peak recovery
year, with over 70% of the basin showing NDVI values above 0.4 and TCI indicating
minimal heat stress.

Quantitative analysis shows a strong negative thermal impact, where in 2024, more than
80% of the basin experienced LST above 315 K, coinciding with VHI values falling below
20%, marking the lowest vegetation resilience of the entire study period. Spatial-temporal
comparison reveals that after 2021, climatic stress shifted from a rainfall-dominant drought
pattern to a heat-driven drought regime, reducing the ecological recovery capacity of
vegetation even in short wet spells. These findings highlight that future drought
management in the Lake Urmia region must prioritize thermal stress mitigation alongside

water resource planning.
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Introduction

Drought is one of the most severe natural hazards affecting water resources, ecosystems, and
agricultural productivity, particularly in arid and semi-arid regions. The Lake Urmia Basin
in northwestern Iran has experienced significant environmental degradation in recent
decades, largely due to recurring droughts, rising temperatures, and overexploitation of
water resources. These changes have led to the degradation of vegetation cover, reduced
crop yields, and increased vulnerability of local livelihoods. In this context, accurate
monitoring of drought conditions is essential for effective water resource management and
sustainable agricultural planning.

Recent advances in remote sensing technologies and climate indices have provided valuable
tools for assessing drought dynamics with high spatial and temporal resolution. However,
most previous studies have focused on either meteorological drought (e.g., using SPI or
SPEI) or vegetation response (e.g., NDVI), without examining the combined effects of
climatic and thermal stress. This study aims to integrate multiple satellite-derived indices—
such as NDVI, VCI, TCI, VHI, and LST—alongside the SPI index, to assess the
spatiotemporal patterns of agricultural and meteorological drought in the Urmia region. The
research also investigates the statistical correlations among these indices to identify the most
sensitive indicators for drought monitoring under changing climatic conditions.

Method

This study focuses on the assessment of meteorological and agricultural drought in the Lake
Urmia Basin from 2014 to 2024 using a combination of satellite-derived and climate-based
indices. Meteorological drought was evaluated using the Standardized Precipitation Index
(SPI), which was calculated from monthly precipitation data obtained from synoptic weather
stations in the region. The SPI was computed at an annual timescale to capture long-term
moisture anomalies, and its spatial variation was analyzed using inverse distance weighting
(IDW) interpolation in GIS.

To assess agricultural drought, multiple remote sensing—based vegetation indices were
utilized. NDVI (Normalized Difference Vegetation Index) was extracted from Landsat 8
imagery with 30-meter resolution, and used as the basis for calculating the Vegetation
Condition Index (VCI), Temperature Condition Index (TCI), and Vegetation Health Index
(VHI). LST (Land Surface Temperature) data were retrieved from MODIS products to
compute TCI and to assess thermal stress on vegetation. All satellite images were
preprocessed using Google Earth Engine and ArcGIS, including radiometric correction,
cloud masking, and temporal compositing during the peak growing seasons (May—
September).

Finally, Pearson correlation coefficients were calculated among the indices (SPI, NDVI,
VCI, TCI, VHI, and LST) to investigate the strength and direction of their relationships. The
goal was to identify which indices most accurately represent vegetation stress in relation to
meteorological drought conditions. Heatmaps and correlation matrices were generated in
Python using the Seaborn and NumPy libraries. This integrated methodology allowed for a
comprehensive analysis of both drought types and their interactions, providing insights into
the spatial and temporal dynamics of drought in an ecologically sensitive and water-stressed
region.
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Results

The results indicated a clear temporal and spatial variability in both meteorological and
agricultural drought across the Lake Urmia Basin. SPI analysis revealed that the years 2008,
2015, and 2017 were characterized by severe to extreme drought conditions, whereas 2018
showed a significant recovery with positive SPI values, reflecting a wet year. In contrast,
agricultural drought indicators (NDVI, VCI, and VHI) showed a delayed but corresponding
response to meteorological drought patterns. For example, in 2017, large portions of the
basin experienced NDVI values below 0.3 and VCI values below 35%, indicating high
vegetation stress. However, in 2018, NDVI and VCI significantly increased, aligning with
improved rainfall conditions.

Correlation analysis further revealed strong relationships between vegetation-based indices
and thermal or precipitation variables. The strongest negative correlation was found between
LST and TCI (r = -1.00), confirming that vegetation health decreases sharply with increased
land surface temperature. VHI also showed strong positive correlations with both NDVI (r =
0.86) and TCI (r = 0.90), indicating its robustness in capturing both thermal and moisture
stress. Meanwhile, SPI showed moderate positive correlations with NDVI and VCI (r =
0.55), suggesting that precipitation influences vegetation condition but is not the sole driver.
These findings underscore the value of integrated indices like VHI for effective drought
monitoring in complex climatic settings.

Conclusions

This study demonstrated the effectiveness of integrating satellite-derived vegetation indices
(NDVI, VCI, TCI, VHI, and LST) with climate-based indices (SPI) for monitoring
meteorological and agricultural drought in the Lake Urmia Basin from 2014 to 2024. The
results confirmed that vegetation health is influenced by both precipitation deficits and
thermal stress, with VHI showing the strongest correlation with other indicators (r > 0.85).
The year 2017 emerged as a peak drought period, while 2018 reflected notable recovery.
The strong inverse relationship between LST and vegetation indices underscores the
importance of including thermal parameters in drought assessments. Overall, the findings
highlight the necessity of using multi-source and multi-index approaches to improve the
accuracy and spatial sensitivity of drought monitoring, especially in vulnerable semi-arid
agricultural regions.
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