Arid Regions Geographic Studies

Hakim Sabzevari University

P- ISSN: 2228-7167

Homepage: Jargs.hsu.ac.lr E- ISSN: 2981-1910

Analysis of Iran's Rainfall Fluctuations in Drought and Wet

1. Department of Physical Geography, Faculty of Geographical Sciences and Planning, University of Isfahan,

Conditions (1991-2021)

Maryam Aria Sadr* | Dariush Rahimi?=

Isfahan, Iran. maryam.aryasadr@gmail.com

2. Corresponding Author, Department of Physical Geography, Faculty of Geographical Sciences and Planning,

University of Isfahan, Isfahan, Iran. d.rahimi@geo.ui.ac.ir

Article Information

Research Paper

Vol: 15

No: 56

P: 123-140
Received: 2023-09-18
Revised: 2023-11-11
Accepted: 2023-12-02
Published:  2024-08-01
Keywords:

o Fluctuation

« Drought

o Wet

o Rainfall

e Trend

e lIran

Cite this Article:

Aria Sadr, M., Rahimi, D. (2024).
Analysis of Iran's Rainfall Fluctuations in
Drought and Wet Conditions (1991-
2021). Journal of Arid Regions
Geographic Studies 15(56): 123-140.
doi: 10.22034/JARGS.2023.416873.1056

Publisher: Hakim Sabzevari University

© The Author(s)

10.22034/JARGS.2023.416873.1056

Abstract

Aim: Extreme rainfall fluctuations are one of Iran's environmental
challenges. The heavy rains of 2019 and the relative drought of 2018 and
2021 show the unevenness of rainfall.

Material & Method: This study utilized the daily rainfall data from 360
weather stations spanning the years 1990 to 2021, along with the synoptic
indices of the winter seasons of 2019 and 2021. The geographical range of
the data, spanning from latitude N 10-90 to longitude E ° 10-90, was chosen
to provide a comprehensive view of the Iranian climate.

Finding: The probability of drought is 42%, drought is 35.5%, and normal
conditions are 22.5%. Markov chain indicated the highest probability of
normal drought to drought at 57% and consecutive drought at 46.2%.
ANOVA showed a significant difference between the climatic variables of
wet and dry years. Observational conditions showed that in the wet year
(2019) sample year, the Siberian high-pressure center operator had more
pressure (1054 megabytes) in 2019 and 1032 mb in 2021. In the wet year,
the frequency of cyclones and the temperature difference at the level of 500-
1000 are higher, but the omega values are lower. These conditions are for the
drought (2021), the amount of pressure in Siberia, the temperature difference
between 500 and 1000 is less, and Omega is more (stable air).

Conclusion: The amount of rainfall in Iran fluctuates from year to year, and
low rainfall years occur more often than high rainfall years.

Innovation: Planners should increase the risk of water supply and
development and plan based on the minimum amount of precipitation. The
physical capacity of the country's ecology should be reviewed, and
population concentration in limited areas should be avoided to reduce the
vulnerability of the country's geographical environment.
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Extended Abstract

1. Introduction

Climate extremes (increasing temperature, extreme rainfall, drought, etc.) are a consequence of climate
change. According to the IPCC report 2007, human activities have caused global warming. As a result of
direct human intervention in climate systems, the water cycle has changed. The amount of evaporation and
transpiration changed with the change in rainfall and increase in temperature. With increased evaporation
and transpiration, the soil moisture was low, and the permeability decreased. These changes led to an
increase in the runoff coefficient and flooding. Increased heavy and moderate rainfall is another
consequence of climate change (IPCC 2022). Human activities are initiators. It is a domino with a
cybernetic function, owing to the synergy of forces. Consecutive severe droughts are another consequence
of climate change. Heavy rain and drought are climate hazards that occur consecutively in most regions of
the world. The occurrence of drought has led to the destruction of the environment, forests, pastures, and
areas of human activity. Due to the occurrence of heavy rains, the reduction of protective cover, and the
infiltration of runoff soil, the result is the occurrence of large floods. The synoptic patterns of precipitation
fluctuations showed that drought and wet conditions in Iran are caused by general atmospheric circulation
patterns on a macro scale. Positive and negative anomalies in pressure patterns are involved in the
occurrence of drought and wetness. The formation of negative pressure anomalies in the sea level and low-
altitude patterns in mid-latitudes over Iran and the formation of positive anomalies over Europe are
associated with the passage of rain-producing systems in Iran; during the negative anomaly, the height of
the mid-level of the atmosphere is on average 20 m higher than normal, and 30 mm of precipitation and
drought occur.

2. Materials and Methods

The research method was experimental, carried out using geostatistical techniques and coding in MATLAB
software. To analyze this Iranian rainfall anomaly, the daily rainfall data of 360 weather stations from 1990
to 2021 and the synoptic indices of the winter seasons of 2019 and 2021, latitude N 10-90, and longitude
E° 10-90 were used.

3. Results and Discussion

The findings showed that the probability of drought is 42%, drought is 35.5%, and normal conditions are
22.5%. The results of the Markov chain show the highest probability of occurrence of normal drought to
drought at 57% and consecutive drought at 46.2%. ANOVA showed a significant difference between the
climatic variables of wet and dry years. Observational conditions showed that in the wet year (2019) sample
year, the Siberian high-pressure center operator had more pressure (1054 hac) in 2019 and 1032 hac in
2021. In the wet year, the frequency of cyclones and the temperature difference at the level of 500-1000
are higher, but the omega values are lower. These conditions are for the drought (2021), the amount of
pressure in Siberia, the temperature difference between 500 and 1000 is less, and Omega is more (stable
air).

4. Conclusions

Rainfall fluctuations in Iran are a major challenge in managing water resources and their geographical
environments. The relatively high frequency and probability of occurrence of more than 50% of droughts
and severe spatial changes in precipitation in Iran have created a dry and desert climate. Heavy rain and
high deviations from the standard have been addedto this challenge. Iran's rainfall
regime is mostly divided between two states of consecutive and severe droughts and single maps of heavy
rainfall and years with limited normal rainfall and adjusting periods of drought. This rainfall regime has
intensified beyond territorial capacity due to climate change and human activities. For example, between
the two super-wet years of 2019 and 2021, 2020 is a moderator. The ANOVA results of Iran's annual
rainfall showed a significant difference between rainfall and the simultaneous rainfall occurrence in wet
and dry years. The results of the F-test in the analysis of variance of the average data of the wet and dry
conditions indicate a significant difference between the average data of both groups. In addition, the P-
value at the significant level of 95% gave the same results, and the average variables of station precipitation,
temperature, humidity, and pressure were equal to 850 hpa, SLP, and 500 hpa. Alpha was estimated to be
less than 0.05 in the wet and dry years, and there is a significant difference between the two years. Due to
the occurrence of climate change, natural hazards are increasing, and drastic changes in the amount of
precipitation over a short period (three years) have affected the uncertainty of precipitation and water
resources in lran to compensate for the destructive effects of climatic hazards such as floods and droughts
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in the country. Integrated and inclusive management should be adopted in the context of crises caused by
drought and heavy rain.
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