ﬁ‘rﬁ Irrigation Sciences and Engineering (JISE)

e Vol. 49, No. 1, Spring 2026, p. 111-131
Journal homepage: https://jise.scu.ac.ir
EXTENDED ABSTRACT

Temporal and Spatial Monitoring and Evaluation of Meteorological and
Agricultural Drought in Hormozgan Province Using Remote Sensing

H. Siasar'” and M. Heydarzadeh 2

I'- Corresponding Author, Asistant Professor of Department of Agircultural, Payame Noor University, Tehran, Iran..
(Hadisiasar@pnu.ac.ir).
2- Assistant professor, Department of water engineering, Faculty of Agriculture, Minab higher Education center, University of
Hormozgan.Iran

ARTICLE INFO TO CITE THIS ARTICLE:
Artlcle history: Siasar, H., Heydarzadeh, M. 2026. 'Temporal and
Received: 05 June 2024 Spatial Monitoring and Evaluation of Meteorological
Revised: 04 January 2025 and Agricultural Drought in Hormozgan Province Using
Accepted: 26 January 2025 Remote Sensing', [rrigation Sciences and Engineering,
Available online: 05 May 2026 49(1), pp. 111-131. doi:

10.22055/jise.2025.45302.2100.

Keywords:

Drought, Google Earth Engine,

Remote Sensing, Satellite Indices,

Hormozgan Province.
Abstract
Drought has intensified in arid and semi-arid regions in recent decades, posing serious challenges to
water resources and agriculture. This study assessed agricultural and meteorological drought in
Hormozgan Province using Google Earth Engine and MODIS-derived indices from 2000 to 2022.
NDVI, VCI, VHI, and SVI were used for agricultural drought, while TCI, PDSI, SPI, and PCI were
applied for meteorological drought assessment. The results showed significant trends in VCI and VHI,
as well as in PDSI and SPI, across the studied stations. Jask and Hajiabad stations exhibited significant
positive trends at the 99% confidence level for VCI, VHI, PDSI, and SPI, while Minab showed similar
trends for VHI, PDSI, and SPI. The findings indicated that much of the province is affected by severe
to very severe drought. Overall, the combined use of satellite-based and ground-based meteorological
indices provides an effective approach for monitoring drought, although index performance depends
on local climatic, topographic, vegetation, and soil conditions.

Introduction

Drought is a natural hazard with the profound environmental, economic, and social repercussions,
particularly in arid and semi-arid regions. Hormozgan Province, characterized by its predominantly
dry and semi-arid climate, has experienced an intensification of drought conditions in recent decades.
Effective monitoring and assessment of drought in this region are indispensable for the reduction of
disaster risk, strategic agricultural planning, and informed water resource management. Conventional
ground-based drought indices, while valuable, often suffer from limited spatial coverage, underscoring
the need for complementary methods. Remote sensing technologies, particularly satellite-derived
indices, offer a robust solution by providing extensive spatial and temporal data . This study utilized
the capabilities of Google Earth Engine (GEE) platform to evaluate drought conditions across
Hormozgan Province. By integrating meteorological and agricultural drought indices derived from
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MODIS sensor data with observational data from synoptic ground stations, the research aimed to
enhance the accuracy and comprehensiveness of drought assessments. This approach bridged the gap
between ground-based and remote sensing methodologies, enabling a more holistic understanding of
drought dynamics in the region.

Methodology

This study used Google Earth Engine (GEE) platform, and MODIS satellite data to analyze key
drought indices. The agricultural drought indices considered included Normalized Difference
Vegetation Index (NDVI), Vegetation Condition Index (VCI), Vegetation Health Index (VHI), and
Standardized Vegetation Index (SVI). For meteorological drought analysis, indices such as the
Temperature Condition Index (TCI), Palmer Drought Severity Index (PDSI), Standardized
Precipitation Index (SPI), and Precipitation Condition Index (PCI) were utilized. These indices were
calculated on monthly, seasonal, and annual scales for the period spanning 2000 to 2022, using the
MOD11A1 and MOD13A1 data products (Zou, et al 2020; Wei et al., 2021). To complement satellite-
derived data, ground-based SPI data from six synoptic stations in Hormozgan Province were collected.
The dataset was thoroughly processed to achieve consistency and handle any missing data. Principal
Component Analysis (PCA) was used to determine the best temporal scales for the Modified
Standardized Precipitation Index (MSPI) at each station (Qaisrani et al., 2022). The analyses were
conducted using a suite of advanced tools, including ArcGIS, ENVI, XLSTAT, and RStudio, ensuring
a robust and comprehensive geospatial and statistical evaluation of drought conditions.

Results and Discussion

This study investigated drought variability in Hormozgan Province, focusing key synoptic stations
over the period 2000 to 2022. The results highlight notable wet and dry phases, with severe drought
conditions observed in years such as 2006 and 2010, contrasted by wetter periods in 2009 and 2019.
Principal Component Analysis (PCA) identified critical temporal windows for monitoring drought
sensitivity at each station, revealing pronounced seasonal and monthly variability. Spatial analyses
demonstrated extensive severe drought conditions from 2000 to 2018, with some signs of recovery in
recent years. The integration of the Standardized Precipitation Index (SPI) with vegetation and
meteorological indices proved effective in capturing both drought patterns and vegetation health across
the region.

Conclusions

Drought presents significant environmental challenges, both in the short and long term, particularly
in arid and semi-arid regions. This study underscored the efficacy of Google Earth Engine platform
combined with meteorological and agricultural indices for monitoring spatial and temporal drought
dynamics in Hormozgan Province over the period 2000 to 2022. The PCA and Modified Standardized
Precipitation Index (MSPI) effectively showed critical drought trends across various synoptic stations,
emphasizing the severe drought conditions that often coincide with warmer months. Agricultural
indices, such as the Vegetation Condition Index (VCI) and Vegetation Health Index (VHI), alongside
meteorological indicators, such as the Palmer Drought Severity Index (PDSI) and SPI, provided a
comprehensive framework for drought assessment. These results underscore the importance of
comprehensive drought mitigation strategies that consider the effects on agriculture, water resources,
and natural ecosystems in Hormozgan Province. The study demonstrated the value of combining
satellite-derived indices with ground-based data to enhance drought monitoring and inform effective
risk management strategies.
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Table 2- classes of agricultural drought indices based on different indices

Drought classes VHI and TCI, SPI SVI and PDSI Class PCI
VCI NDVI
Extreme wet 60 <X 2<X 4 <X
Severe wet 50<X <595 1.5<X<199 3<X<399
Moderate wet 40 <X <495 1<X<149 0.75-1 2<X<299
Mild wet 1<X<199
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<-1
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Table 3- Corralation coefficient of satellite indexes and MSPI index in different time periods of
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