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Widespread and frequent droughts in recent decades in Khuzestan province have
emerged as a significant challenge for the region. The application of remote
sensing products for the temporal and spatial monitoring of drought can play a
pivotal role in managing this risk and mitigating its detrimental effects. The
primary objective of this research is to develop a remote sensing index for the
temporal and spatial monitoring of drought in Khuzestan province and to validate
it using meteorological drought indices derived from station data. This study
utilizes the vegetation products (MOD13C2) and land surface temperature
products (MOD11C3) from the MODIS sensor to create a drought index based on
vegetation, referred to as the Vegetation Health Index (VHI). The Standardized
Precipitation Index (SPI), which is derived from rainfall data collected at
meteorological stations during the statistical period from 2000 to 2012, was
employed to evaluate and quantify this index. The comparison between the VHI
drought index and the three-month SPI meteorological drought index values
revealed a significant correlation ranging from 0.68 to 0.75. The identification of
four years characterized by widespread and relatively severe drought in Khuzestan
province—specifically 2000, 2005, 2012, and 2015—demonstrated that the
spatial distribution patterns of meteorological drought and VVHI indicated that the
northern regions of the province generally experienced mild to moderate droughts,
while the southern regions were predominantly affected by moderate to severe
droughts. A spatial correlation matrix, based on 2,500 pixels with dimensions of
5x5 km encompassing VHI and SPI values for the selected drought years,
indicated a significant spatial correlation between the two indices. During the
widespread drought of 2000, the correlation between the VHI and SPI indices at
the provincial level was 0.47; in 2005, it was 0.35; in 2012, it was 0.42; and in
2015, it was 0.40. These correlation values were statistically significant at the 0.95
confidence level (P-value = 0.05). Consequently, the drought index derived from
vegetation cover and surface temperature products from the MODIS sensor
effectively elucidates the intensity and spatial distribution patterns of drought,
both in terms of temporal trends and spatial distribution.
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Introduction

Currently, high spatial resolution and regularly acquired satellite remote sensing data enable
accurate and timely monitoring of drought conditions on the Earth's surface. The utilization
of these data presents several advantages over traditional methodologies, including increased
sampling points, broader geographical coverage, higher temporal resolution, and reduced
costs. When integrated with data from meteorological stations, remote sensing sources can
serve as a Vvaluable tool in the spatiotemporal monitoring of drought, particularly in
agricultural contexts. Such data facilitate the assessment of water deficits experienced by a
region due to drought conditions in comparison to long-term averages. In this context, the
Vegetation Health Index (VHI) is recognized as a reliable remote sensing indicator for
monitoring agricultural droughts. This index is derived from the integration of two
vegetation cover indices, the Vegetation Condition Index (VCI) and the Land Surface
Temperature Index (TCI), enabling the evaluation of plant health in relation to water stress.
Research has demonstrated that the VHI can effectively simulate agricultural droughts and
exhibits a strong correlation with meteorological indices such as the Standardized
Precipitation Index (SPI).

Satellite remote sensing data, characterized by high spatial resolution and regular temporal
coverage, currently facilitate precise and timely monitoring of drought conditions. The
application of these data presents several advantages over traditional methodologies,
including increased sampling density, broader geographic coverage, enhanced temporal
resolution, and reduced costs. These remote sensing resources, when integrated with
meteorological station data, serve as a valuable tool for the spatio-temporal monitoring of
agricultural droughts. Through these data, it becomes feasible to quantify the water deficit
attributable to drought conditions in a region, relative to long-term averages. In this context,
the Vegetation Health Index (VHI) emerges as a reliable remote sensing indicator for
assessing agricultural droughts. The VHI is derived from the combination of two vegetation
cover indices: the Vegetation Condition Index (VCI) and the Temperature Condition Index
(TCI), and effectively reflects the health status of plants under water stress. Research has
demonstrated that the VHI can accurately simulate agricultural droughts and exhibits a
strong correlation with meteorological indices such as the Standardized Precipitation Index
(SPI). For instance, a study conducted in the Bavarian region indicated a significant
correlation between VHI, soil moisture anomalies, and crop yields. Ultimately, the
integration of satellite remote sensing data with meteorological station information can
constitute a robust framework for monitoring and managing agricultural droughts. This
approach is particularly effective for predicting and mitigating the impacts of drought,
especially in arid and semi-arid regions such as Khuzestan Province, where rainfed
agriculture predominates.

Materials and Methods

- Data Utilized

This study utilized MODIS satellite data, specifically focusing on vegetation cover products
(MOD13C2) and land surface temperature data (MOD11C3), covering the period from 2000
to 2012.

- Indices Employed
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Vegetation Health Index (VHI): The VHI integrates the vegetation cover index, represented
by the Normalized Difference Vegetation Index (NDVI), and the temperature index,
represented by Land Surface Temperature (LST). This index serves as a critical tool for
monitoring agricultural and meteorological droughts. Standardized Precipitation Index
(SPI): The SPI is derived from station-based precipitation data and is employed to assess
meteorological droughts across various temporal scales.

- Analytical Methodology

The VHI was computed using MODIS data and subsequently compared to the SPI at a
quarterly temporal scale. To evaluate the spatial correlation between these two indices, a
correlation matrix was constructed utilizing a sample of 2,500 pixels, each with dimensions
of 5x5 km.

Results and Discussion

The analyses revealed a significant correlation between the Vegetation Health Index (VHI)
and the Standardized Precipitation Index (SPI), with correlation coefficients ranging from
0.68 to 0.75. The years 2000, 2005, 2012, and 2015 were identified as periods characterized
by widespread and relatively severe drought conditions. The spatial distribution of drought
indicated that the northern regions of the province predominantly experienced mild to
moderate droughts, whereas the southern regions were subjected to moderate to severe
droughts. Furthermore, the spatial correlation matrix analysis indicated that during the
aforementioned years, the correlations between the VHI and SPI indices were 0.47, 0.35,
0.42, and 0.40, respectively, all of which were statistically significant at the 95% confidence
level.

Conclusion

In recent years, Khuzestan Province has encountered significant climatic and environmental
challenges, despite its considerable agricultural potential and abundant water resources. The
province has been adversely affected by persistent droughts, diminished rainfall, increased
evaporation rates, and inadequate management of water resources. These factors have
contributed to a decline in agricultural production, rural depopulation, and detrimental
impacts on local ecosystems. To address these issues, the application of Moderate Resolution

Imaging Spectroradiometer (MODIS) satellite data, along with drought indices such as the
Vegetation Health Index (VHI) and the Standardized Precipitation Index (SPI), has been
employed for monitoring and assessing drought conditions in Khuzestan Province. Research
indicates a strong correlation between these indices, particularly evident in the years 2000,
2005, 2012, and 2015, where the correlation coefficients between VHI and SPI ranged from
approximately 0.42 to 0.47. By identifying periods of severe drought and examining their

spatial-temporal patterns, this methodology enables effective monitoring of drought severity
and distribution. Such insights are crucial for enhancing water resource management and
agricultural strategies, particularly in the context of ongoing climate change and the
reduction of available water resources.
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9. Land Surface Temperature (LST)
10, Vegetation Helath Index(VHI)

1, Karnieli

12, VVegetation Condition Index(VCl)
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13, Temperature Condition Index(TCI)
14, http://ons.ana.gob.pe:8080/maproom/Monitoring/NDVI/VHI.htmI?Set-Language=en
15, Standard Precipitation Index (SPI)
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