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Introduction

In recent decades, climate change has intensified the frequency and severity of natural hazards,
including droughts, which significantly impact environmental and socioeconomic systems. Drought
monitoring is essential for mitigating its adverse effects, yet its dynamic nature and delayed impacts
make it challenging to predict. Traditional meteorological drought indices, such as the Standardized
Precipitation Index (SPI) and the Standardized Precipitation Evapotranspiration Index (SPEI), are
widely used for drought assessment. However, relying solely on meteorological data can be
insufficient due to data scarcity and spatial limitations of weather stations. Remote sensing techniques
have emerged as a complementary approach, providing spatially comprehensive and timely
information for drought monitoring. Various satellite-based indices, such as the Normalized
Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), Vegetation Condition Index
(VCI), Temperature Condition Index (TCI), and Vegetation Health Index (VHI), are used to assess
vegetation stress and drought conditions. This study aims to compare the effectiveness of
meteorological and satellite-based drought indices in monitoring drought conditions in Zanjan
Province, Iran.

Methodology
The research utilizes a combination of meteorological and satellite-based indices to analyze drought
conditions over a 19-year period. The meteorological drought indices used in this study include SPI
and SPEI, which were calculated using precipitation and temperature data from 11 synoptic weather
stations. These indices were computed for different time scales, including 1-month, 3-month, 6-month,
9-month, and 12-month periods, to capture both short-term and long-term drought variations. The
meteorological data were processed using MATLAB software, and the resulting drought
classifications were mapped using GIS techniques.
To complement the meteorological analysis, five satellite-based drought indices were extracted from
MODIS (MOD13Q1) imagery:
e NDVI (Normalized Difference Vegetation Index) measures vegetation health by comparing
the difference between near-infrared and red reflectance.
e EVI (Enhanced Vegetation Index) is similar to NDVI but incorporates additional atmospheric
corrections to improve sensitivity in dense vegetation areas.
e VCI (Vegetation Condition Index) evaluates vegetation stress by normalizing NDVI values
over a historical time series.
e TCI (Temperature Condition Index) assesses temperature anomalies to indicate heat stress in
vegetation.
e VHI (Vegetation Health Index) combines both VCI and TCI to provide a comprehensive
measure of vegetation health.
The correlation between meteorological and satellite-based indices was evaluated using Pearson’s
correlation coefficient (r). The spatial distribution of drought severity was mapped using GIS and
TerrSet software, and the relationship between indices was analyzed to determine which indices best
represent drought conditions in Zanjan Province.

Results and Discussion
The results of the study reveal distinct drought patterns in Zanjan Province over the 19-year study
period. The SPI and SPEI indices indicate that most years were classified as normal, with only 2019
experiencing excessive rainfall. However, drought conditions were observed in multiple years, with
SPEI identifying severe drought in 2008, 2011, and 2022, while SPI recorded drought events in 2007
and 2022. The difference in drought classification between SPI and SPEI highlights the influence of
temperature on drought assessment, as SPEI incorporates evapotranspiration effects, making it more
sensitive to temperature fluctuations.

The spatial analysis of drought severity based on meteorological indices showed that different
regions of Zanjan Province experienced varying drought intensities. The northern and central parts of
the province were more prone to drought, while the southern and western regions exhibited less severe



Journal of Ecohydrology, Volume 12, Issue 1, 2025 615

drought conditions. These spatial variations emphasize the need for localized drought monitoring
strategies to address regional differences in drought vulnerability.

Among the satellite-based indices, NDVI exhibited the highest correlation with meteorological indices,
with a coefficient of determination (R2) of 0.82, indicating a strong relationship between NDVI and
SPI/SPEI. This finding suggests that NDVI is a reliable indicator of drought conditions, as it
effectively captures vegetation stress caused by precipitation deficits. In contrast, VHI demonstrated
the lowest correlation (R? = 0.57), suggesting that it may be less effective in detecting drought
conditions in this region. The moderate performance of VCI and TCI further highlights the variability
in satellite-based indices, as their effectiveness depends on the specific environmental conditions of
the study area.

The temporal analysis of NDVI trends showed that vegetation conditions deteriorated during
drought years, with significant declines in NDVI values observed in 2008, 2011, and 2022. These
findings align with the meteorological drought classifications, confirming that remote sensing data can
provide valuable insights into drought impacts on vegetation. Additionally, EVI, which incorporates
atmospheric corrections, exhibited a strong correlation with meteorological indices, making it a useful
alternative for drought monitoring. However, EVI showed slightly lower sensitivity in areas with
sparse vegetation, indicating that its applicability may be limited in arid and semi-arid regions.

Conclusion

The study demonstrates the significance of integrating remote sensing data with meteorological
indices for comprehensive drought monitoring. The high correlation between NDVI and
meteorological drought indices suggests its suitability for assessing vegetation stress due to drought.
The findings highlight the importance of using multiple drought indices to capture different aspects of
drought events, ensuring more accurate and reliable drought assessment. These results can aid
decision-makers in implementing timely drought mitigation strategies and optimizing resource
management in drought-prone regions.
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