Advanced Technologies in Water Efficiency

homepage:https://atwe.razi.ac.ir Online ISSN:2783-4964 ,\'\/

Razi University

Analysis of drought characteristics (severity, duration, magnitude) in lIran
based on multivariate standardized drought index

Sara Rezaei! @, Jafar Masoompoor Samakoosh 22 @), Morteza Miri®
1 M. Sc. of Climatology, Department of Geography, Faculty of Literature and Humanities, Razi University,
Kermanshah, Iran. E-mail: sararezaee4030@gmail.com
2 Corresponding Author, Associate Professor, Department of Geography, Faculty of Literature and Humanities, Razi
University, Kermanshah, Iran. E-mail: j.masoompour@razi.ac.ir
3 Assistant Professor, Soil Conservation and Watershed Management Research Institute (SCWMRI), Agricultural
Research Education and Extention Organization (AREEO), Tehran, Iran. E-mail: morteza.miri64@gmail.com

ABSTRACT

Drought is a costly natural hazard with wide-ranging consequences for agriculture, ecosystems, and water resources. The present study aims to
investigate droughts in Iran using multi-variable indices. The data used includes soil moisture network data and monthly precipitation from the
MERRA center over a 43-year period (1980-2022). Based on soil moisture and precipitation data, the results of a drought calculation in Iran
demonstrated that droughts occur throughout the country with varying degrees of severity and weakness. Their occurrence has become a
permanent feature of the country's climate, particularly in recent decades. The analysis of Iran's drought chronology revealed that, according to
the MSDI index's range, most of the country's droughts are weak and moderate. It was also discovered that as time scales increase, the
frequency of droughts decreases while the continuity, magnitude, and severity increase.
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1.Introduction

The weather has an ongoing impact on human living and working environments. Drought is a natural disaster that ranks first in frequency of
occurrence, financial losses, and even human casualties among natural disasters that endanger humans and their environment. Due to its
complexity and imperceptibility, this phenomenon—aone of the primary and recurring features of various climates—has significantly impacted
the human environment more than any other hazard. Its effects can also accumulate gradually over time and last for years afterward.

Drought manifests across diverse climatic zones. Despite this, its characteristics, such as severity, duration, and magnitude, vary by location,
and its occurrence is more common in arid and semi-arid areas. As a result, due to their geographic location, countries like Iran, which are
found in arid and semi-arid regions, have long faced this risk and its effects.

Drought cannot be avoided, but if its nature and characteristics are researched and understood, we may be able to forecast when it will occur,
lessen its adverse effects through planning and preparation, and perhaps even control it.

2. Methodology

The political region of Iran is the subject of this study (Figure 1). Soil moisture and monthly precipitation are among the data used. The
necessary data, which included 516 precipitation files and 516 soil moisture files with a spatial resolution of 0.5*0.66 in NC format, as well as
drought and its characteristics calculated for all points, were acquired from the MERRA website for 43 years (1980-2022) to conduct this
research. Iran's droughts were estimated over 3, 6, 9, 12, and 24 months using the MSDI. The characteristics of droughts, such as frequency,
duration, severity, and magnitude, were computed, analyzed, and presented as a map in addition to examining the actual droughts.
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Figure 1. Map of the study area
This index's operational framework is an expanded version of the single-variable SPI that focuses on the joint distribution of soil moisture and
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precipitation and can characterize the conditions of agricultural meteorological droughts across various periods. This index uses a combination
of SSI and SPI to determine when a drought starts and ends. SPI is typically used to diagnose the start of a drought, while SSI's behavior is
used to interpret its continuation.

Table 1.Classification of MSDI values (Aghakouchak and Hao, 2014)

Index value Severity of drought
Very weak drought -0/1to - 0/49
Weak drought -0/5t0-0/7
Moderate drought -0/8to0 -1/2
severe drought -1/3 to -1/5

3. Results and discussion

Analyzing the drought characteristics for 1546 points across Iran revealed that the frequency and number of drought periods decrease as the
time scale increases. In contrast, the values of other traits—such as continuity, intensity, and magnitude—also rise as the time scale increases.
Put another way, droughts with more continuity, magnitude, and severity occur as the time scale increases. The increase in drought
characteristics with increasing time scale, in terms of magnitude, duration, and severity, has been highlighted in studies by Nouri and Homai
(2020) and Torabinejad et al. (2023). Geographically, the southeast and eastern parts of Iran have seen the highest frequency of droughts
throughout the 43 years; in the southeastern part of the country, which is centered on the provinces of Sistan and Baluchestan, Kerman, and
Hormozgan, there have been 28 to 34 periods of drought in 3 months. Conversely, the least amount of drought occurred in the northern coasts
during the short-term periods of three and six months, with six to twelve periods, and in the coasts of the north and the southwestern region of
the country during the long-term periods of twelve and twenty-four months, with two to six periods.

The provinces of Sistan Baluchistan, Kerman, and Hormozgan in the southeast, as well as the far east of Khorasan Razavi and South provinces
in the east of the country, experienced the worst droughts in terms of severity. Severe droughts lasting 12 or 24 months are concentrated in the
southwest, in Bakhtiari and Chaharmahal, Kohgiluyeh and Boyer Ahmad, and part of Khuzestan.

The findings from the computation and analysis of the duration and magnitude of droughts in Iran over the period under discussion indicated
that, for two features, the country's northern regions, centered on the north coasts, mainly Mazandaran province, had more prolonged and
severe droughts than other regions within the time scales of three and six months. By looking at the country's southwest from the perspective
of location over periods of 12 and 24 months, the provinces of Fars, Bushehr, south of Kohgiluyeh and Boyer Ahmad, and Khuzestan province
make up the central core of the most prolonged and most extensive droughts.

4. Conclusions

Based on soil moisture and precipitation data, the results of a drought calculation in Iran demonstrated that droughts occur throughout the
country with varying degrees of severity and weakness. Their occurrence has become a permanent feature of the country's climate, particularly
in recent decades. The analysis of Iran's drought chronology revealed that, according to the MSDI index's range, most of the country's droughts
are weak and moderate. It was also discovered that as time scales increase, the frequency of droughts decreases while the continuity,
magnitude, and severity increase. Geographically, the country's southeast and east saw the highest frequency of droughts, while its northern
coast—mainly the province of Mazandaran—and southwest—where the provinces of Chaharmahal & Bakhtiari and Kohgiluyeh & Boyer
Ahmad—saw the lowest frequency. The maximum severity of drought in the country is -1.93 on the 3-month scale in the southeast and -2.2 on
the 24-month scale in the southwest. Two of the study's notable findings are the continuity and high magnitude of the droughts that struck the
country's north and southwest. Thus, the most extensive droughts, with values between -16 and -31 on short-term scales and between -35 and -
68 on 12- and 24-month scales, have happened in the country's north and southwest, respectively. These results suggest an overall decrease in
soil moisture and precipitation in these regions.
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