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complex spatiotemporal patterns. This study analyzes the structural and spatial
characteristics of droughts in Iran across three temporal scales: annual, seasonal, and
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Introduction

Drought is among the most complex climatic hazards, profoundly affecting ecosystems,
agriculture, food security, and the economic status of societies. It is categorized into four types:
meteorological, agricultural, hydrological, and socioeconomic drought, each addressing
specific aspects of water resource crises. The spatial and temporal variability of drought
necessitates analyzing its spatiotemporal dynamics to understand better the factors influencing
its occurrence, spread, and intensity. While many previous studies have focused on static
analyses, significant gaps remain in examining drought's spatiotemporal dynamics. Iran,
characterized by climatic diversity and significant precipitation variations across different
regions, serves as an ideal case for studying the spatial behavior of drought. Precipitation
fluctuations and climatic changes can lead to successive and severe droughts. Although
numerous studies have addressed drought spatial and temporal characteristics, its dynamic
spatial dimensions have been less explored. The "drought central feature™ concept is an
effective tool for analyzing the spatial displacement of drought patterns and identifying long-
term trends. Examining the spatial dynamics of drought across various temporal scales can
provide a deeper understanding of this phenomenon's dynamics.

Methods

This study focuses on Iran, utilizing precipitation data from the ERAS dataset provided by the
European Centre for Medium-Range Weather Forecasts (ECMWF) since 1971 to 2021, with a
spatial resolution of 0.25 degrees. After processing these data using MATLAB, monthly,
seasonal, and annual precipitation database for the entire country was established. Analyses
were conducted in six stages: Drought Index (RAI): Employed to analyze drought, classifying
its severity into five distinct levels. Percentage of Drought Extent: Determined by identifying
the number of affected grid points. Drought central feature Model: Analyzed spatial changes in
drought using weighted relationships to ascertain the center's coordinates. Directional
Distribution Analysis: Utilized GIS tools to identify the geographical dispersion of droughts.
Temporal Trend Analysis of the Drought central feature: Conducted using simple linear
regression to assess trends over short and long-term periods. Area Variation Analysis of
Drought Severities: Applied the modified Mann-Kendall test to detect increasing or decreasing
trends in severity.

Results

The analysis of spatial and temporal drought patterns in Iran indicates that the annual drought
central feature, regardless of their extent, are dispersed throughout the country, with a notable
concentration in the southern and eastern regions. The directional distribution forms a
northwest-southeast ellipse, indicating a higher occurrence of droughts in northwest and
southeast and central Iran. In widespread annual droughts (covering more than 80% of the area),
the central feature are concentrated in central Iran. Nearly widespread droughts (covering 60%
to 80%) also appear in central Iran but tend to shift eastward and southward, suggesting a higher
incidence in the eastern and southern halves of the country. Conversely, localized and less
extensive annual droughts predominantly occur in the northwest, the Alborz and Zagros
mountain ranges, and the southeast, rarely affecting central Iran. Seasonal distribution of
drought centers exhibits a consistent directional pattern along the northwest-southeast axis. In
autumn and winter, these centers are primarily located in the southeast and central regions,
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while in spring, increased precipitation variability leads to greater dispersion. Summer analyses
are deemed less logical due to prevailing dryness and limited rainfall.

Over the 42-years, the annual drought central feature in Iran has shifted approximately 85
kilometers northeastward. A significant increase in the extent of moderate, severe, and very
severe droughts has been observed. Decadal analysis reveals that in recent decades, particularly
in the early 21st century, substantial drought coverage has occurred. Seasonal drought centers
typically migrate from central regions toward northern areas. In autumn, the center has shifted
about 147 kilometers eastward, with a substantial decrease in drought severity extent. Winter
shows a southeastward shift of 286 kilometers, accompanied by a significant increase in drought
severity extent. Spring exhibits a smaller southwestward shift (approximately 132 kilometers)
with a slight increase in drought severity extent. Overall, the dispersion and movement patterns
of drought centers in Iran are influenced by seasonal and monthly variations, predominantly
shifting along the northwest-southeast axis. These changes may result from the country's
diverse climatic and topographical factors.

Discussion

Drought in Iran exhibits variable patterns due to spatial and temporal precipitation changes.
Studies indicate significant precipitation cycles in Iran, including 2-3 years, 3-5 years, 26
years, and occasionally over 11 years. From 2000 to 2009, the annual drought central feature
shifted southeastward, with severe droughts affecting over 60% of the country's area. In the
winter of this decade, the drought center moved to lower latitudes and the southeast. Spring
also experienced an increase in drought-affected areas. November and April saw a reduction in
drought extent and a northwestward shift of the center, while December and January
experienced an increase in extent and a southeastward shift. These variations reflect the impacts
of climate change on Iran's precipitation and drought patterns.

Conclusion

This study examined the spatial and temporal variations of droughts in Iran and the
displacement of their central feature. Findings indicate that from 2000 to 2009, the annual
drought center shifted southeastward, with severe droughts impacting over 60% of the country.
In winter and spring, this shift moved toward lower latitudes and the southeast, accompanied
by an increase in severe droughts. In autumn, the center initially moved to lower latitudes, then
northwestward, indicating a reduction in drought extent for this season. Monthly analyses show
the drought center shifting northwestward in November and April, and southeastward in
December.

Keywords: Directional Distribution of Drought, Spatial Structure of Drought, Central Feature,
Drought Path Tracking.
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