University of Tehran Press

ECO Y DROLOGY
Home Page: https://ije.ut.ac.ir

Online ISSN: 2423-6101

Analysis of Meteorological Fluctuations and Long-Term Drought Assessment in the
Southern Coasts of Iran: An Observational and Climate Modeling Approach

Seyed Hassan Alavinia," ") Mahdi Salmanpour,2 Atefeh Abkar®

1. Assistant Professor, Department of Nature Engineering, Faculty of Natural Resources and Earth Sciences, University of
Kashan, Kashan, Iran. E-mail: s.h.alavinia@kashanu.ac.ir
2. Assistant Professor, Department of Statistics, Faculty of Mathematical Sciences, University of Kashan, Kashan, Iran. E-

mail: salmanpour@kashanu.ac.ir

3. Master's Degree Graduate, Department of Nature Engineering, Faculty of Natural Resources and Earth Sciences,
University of Kashan, Kashan, Iran. E-mail: atefeh.abkar@outlook.com

Article Info

ABSTRACT

Article type:
Research Article

Avrticle history:

Received April 07, 2025
Received in revised form May
02, 2025

Accepted June 11, 2025
Auvailable online June 22, 2025

Keywords: Drought, Climate
Fluctuations, Standardized
Precipitation Index, Climate
Models, Downscaling

Research Topic: This study analyzes drought trends at five synoptic stations along the
southern coast of Iran (Bandar Abbas, Bandar Lengeh, Bushehr, Chabahar, and Kish)
using the Standardized Precipitation Index (SPI) at two temporal scales: 12-month (short-
term) and 48-month (long-term).

Method: In this study, five synoptic stations in the southern region of Iran were selected.
For the observational data spanning the period 1985-2021, the 12-month (SPI-12) and 48-
month (SPI-48) Standardized Precipitation Indices were calculated, and seasonal and
multi-year drought and wetness patterns were identified. Subsequently, future precipitation
for the period 2023-2043 was projected under two climate change scenarios—the
optimistic (SSP1-2.6) and pessimistic (SSP5-8.5) scenarios of the CMIP6 project—using
the MPI-ESM1.2-HR climate model and the SDSM. The corresponding SPI indices were
then computed. For drought monitoring, the SPI was calculated at 12- and 48-month scales
for both observational data and the projected data using the SPEI package in R software.
Results: The overall trend of drought and wet periods indicates that severe drought events
occurred at the Bandar Abbas station in the years 1994, 2000, and 2012. In contrast, severe
wet periods were observed in this station in 1988, 1990, and 2007. Similar conditions were
recorded at the Bandar Lengeh station, with severe droughts in 1987, 2003, and 2011 and
severe wet periods in 1990, 1998, and 2006. The Bushehr and Kish stations exhibited
analogous patterns, with severe wet periods in 1990, 1998, and 2006 and droughts in 1987,
2003, and 2011. Notably, the year 1994 marked extreme conditions for all stations, while
1990 was characterized by wet periods across all five stations. Regarding future
projections, the results indicate that under the SSP5-8.5 scenario, the intensity of drought is
more pronounced in the western stations compared to the eastern stations. The 12-month
SP1 reveals more rapid fluctuations in drought conditions, making it suitable for assessing
seasonal or annual droughts.

Conclusions: The analysis of the SPI (Standardized Precipitation Index) with
observational data demonstrated that drought patterns in this region are complex and
influenced by multiple factors, including changes in atmospheric systems, oceanic
circulation patterns, and human activities. The projections of this study suggest that under
the SSP5-8.5 scenario, the southern coastal regions of Iran will face a significant increase
in the intensity and frequency of droughts. The findings of this research have important
implications for water resource management and regional planning in southern Iran. Given
the predicted rise in drought intensity and frequency, adopting adaptation measures such as
developing early drought warning systems, improving water resource management,
enhancing water use efficiency, modifying cropping patterns, promoting drought-resistant
agriculture, diversifying economic resources to reduce reliance on agriculture, and raising
public awareness about droughts and adaptation strategies is essential to mitigate the
adverse effects of this phenomenon.
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Introduction

Drought is one of the most significant climatic hazards with far-reaching impacts on water resources,
agriculture, and food security. Its severity and frequency are exacerbated by factors such as reduced
precipitation, rising temperatures, and changes in atmospheric circulation patterns. In recent years,
climate change has led to an increase in the intensity and frequency of droughts, particularly in arid
and semi-arid regions such as Iran. Due to the country’s heavy reliance on surface and groundwater
resources, drought has caused considerable damage to natural resources and sustainable development.
Continuous monitoring and forecasting of drought through various indices and climate models serve
as effective tools for water resource management and the development of adaptation strategies. Large-
scale climate models, such as MPI-ESM1.2-HR, in combination with downscaling techniques like
SDSM, can play a crucial role in accurately simulating future climate and drought conditions. This
study aims to analyze drought conditions using observational data and future climate projections under
different scenarios, with the goal of evaluating future trends and proposing appropriate management
strategies in response to anticipated climatic changes.

Martial and Method

This study examines drought variability along the southern coasts of Iran using data from five synoptic
stations—Bandar Abbas, Bandar Lengeh, Bushehr, Chabahar, and Kish—located along the Persian
Gulf and the Gulf of Oman. The region, characterized by a hot and arid to semi-arid climate with
average annual rainfall around 200 mm, is influenced by several atmospheric systems, including dry
air masses from the Arabian Peninsula, humid monsoon flows from the Indian Ocean, and Sudanese
systems. These contribute to climatic variability and make the region highly sensitive to drought.
Monthly precipitation data from 2000 to 2023 were obtained, quality-checked, and used to calculate
the Standardized Precipitation Index (SPI) at 12- and 48-month timescales using the SPEI package in
R. SPI, based on gamma distribution fitting, is a robust tool for detecting drought severity across
temporal and spatial scales. To assess future drought risk, projections from the CMIP6 MPI-ESM1.2-
HR climate model were used under two emission scenarios: SSP1-2.6 (low emissions) and SSP5-8.5
(high emissions). Model outputs were statistically downscaled using SDSM to station-level resolution.
SPI values were then computed for the projected period (2023-2043) to evaluate potential drought
patterns under changing climate conditions.

Results

This study analyzed the Standardized Precipitation Index (SPI) at 12- and 48-month scales for five
synoptic stations in southern Iran (Bandar Abbas, Bandar Lengeh, Bushehr, Chabahar, and Kish),
using observational data from 1985 to 2021 and projected precipitation under two climate change
scenarios: SSP1-2.6 (optimistic) and SSP5-8.5 (pessimistic) for the period 2023-2043. Results show
that droughts predominantly occur in summer, while wet periods are more frequent in winter. The SPI-
12 captured short-term fluctuations and revealed an increase in the frequency of moderate to severe
droughts across all stations in the past two decades. The SPI-48 reflected long-term climatic trends,
with persistent droughts observed in the 1990s and early 2000s, often linked to large-scale climatic
drivers like ENSO, NAO, and monsoon variability. Stations like Bandar Abbas and Chabahar showed
similar drought patterns due to common atmospheric influences, while Bushehr exhibited unique
behavior due to increased evaporation linked to warming. Future projections indicate more intense and
frequent droughts under SSP5-8.5, especially after 2030, with long-term SPI values dropping
significantly, suggesting structural water stress. Conversely, under SSP1-2.6, some recovery in SPI
values is projected after 2040. The findings highlight the vulnerability of southern Iran’s coastal
regions to climate-induced drought intensification. Without mitigation, regions like Bandar Lengeh
may approach semi-arid conditions. However, emission reductions under optimistic scenarios could
stabilize precipitation patterns and reduce future drought risk, emphasizing the need for adaptive water
resource management and international climate cooperation.

Conclusion
This study aimed to analyze historical and future drought trends in southern Iran using the
Standardized Precipitation Index (SPI) at 12- and 48-month scales. Historical data and future
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projections under two climate scenarios—SSP1-2.6 (optimistic) and SSP5-8.5 (pessimistic)—were
used. Results indicate that under the pessimistic scenario, the region will likely experience a
significant increase in drought frequency and severity, particularly after 2035. Historical SPI analyses
showed intensified long-term droughts, especially after 2000, influenced by shifts in atmospheric
systems, oceanic patterns, and human activities. The 48-month SPI was particularly effective in
identifying long-term water stress, notably in Kish, where groundwater decline is evident. The
findings are consistent with global and regional studies linking climate change to intensified droughts
through rising temperatures and changing precipitation patterns. However, some studies suggest
localized increases in extreme rainfall, highlighting the importance of spatial and methodological
differences. The study also emphasizes the importance of monsoon variability and high-pressure
systems in shaping drought patterns, particularly contrasting impacts in Bushehr and Chabahar. The
use of advanced CMIP6 models, including MPI-ESM1.2-HR, confirmed a potential 30% SPI decline
under SSP5-8.5. These results underscore the urgent need for adaptation strategies in water resource
management, agriculture, and public awareness to mitigate climate-related drought risks.
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1. Shared Socioeconomic Pathways
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1. El Nifio-Southern Oscillation
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1. Madden-Julian oscillation
2. Southern Oscillation Index
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1. Tipping Point
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