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Figure 1: Altitude classes and distribution of the stations used in the research
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Figure 2: Spatial distribution of Iran's annual rainfall changes (a) along with significant and non-
significant areas (b) in the period of 1970-2016
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Figure 3: One-year cycles in Iran's rainfall
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Figure 5: Three-year cycles in Iran's rainfall
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Figure 6: Four-year cycles in Iran's rainfall
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Figure 7: Five-year cycles in Iran's rainfall
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Figure 8: Six-year cycles in Iran's rainfall
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Abstract

Considering the vital importance of precipitation in the environment, knowing how it changes over time
and its hidden features can be effective in optimizing management plans and environmental planning. In
the current research, an attempt was made to reveal the trend of temporal changes and cycles in Iran's
rainfall by using Esfazari data in the period from 1970 to 2016 and evaluate it in the form of a cell
analysis. The results of the surveys showed that the trend of precipitation changes in 81.4% of the
country's area was decreasing. The factors causing this decrease include changes in the mechanism and
path of Siberian high-pressure systems and Mediterranean and Sudanese rainfall systems. Investigations
revealed the existence of annual cycles that overlapped with each other in some cases and occurred in
periods of 1 to 5, 2 to 6, and 2 to 3 years. The analysis of the causes of existence of these cycles, in
addition to local factors and medium-scale systems passing through the country, proved the effect of
macro-scale atmospheric systems such as Southern Oscillation (ENSO), Indian Ocean Oscillation
(Monsoon) and Biennial Oscillation (QBO).

Key words: Iran, precipitation, regional analysis, cycle, trend, southern oscillations

Introduction

Climate change refers to significant alterations in expected patterns of average weather conditions that
occur over an extended period in a specific region or across the entire global climate. The occurrence of
this phenomenon impacts climatic elements and their internal relationships, as well as their interactions
with the surrounding environment, causing these elements to deviate from their usual and stable
conditions. One climatic element significantly affected by climate change is precipitation. Precipitation is
among the most critical climatic elements, influencing the role and distribution of other climatic factors. It
plays a vital role in the global water and energy cycle and serves as essential input data for hydrological
systems. Therefore, precise knowledge of the amount of precipitation reaching the Earth’s surface and its
variations over time is crucial for water assessment and management, particularly for land use planning,
agriculture, hydrology, mitigating flood and drought risks, and other applications.

Climate change is intensified by natural factors or human activities. ldentifying and detecting changes in
these factors and determining their causes are initial steps in climate studies, often analyzed through
trends in climatic elements such as precipitation. While establishing trends in regional climatic parameters
is common, their persistence over subsequent years can have more pronounced effects on environmental,
economic, and social components.

Materials & Methods

The study area in this research encompasses the entire territory of Iran. Iran, with an area of 1.65 million
square kilometers, is located between 25 to 40 degrees north latitude and 44 to 63 degrees east longitude.
Its maximum length, stretching from northwest to southeast (i.e., in a straight line from the base of Mount
Ararat (Bazargan border) to the Gulf of Gwadar (Pakistan border)), is approximately 2,250 kilometers,
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and its maximum width in the northeast-southwest direction (from Sarakhs (Turkmenistan border) to the
mouth of the Arvand River (Abadan)) is about 1,400 kilometers.

The data used in this study were collected and processed from two sources: gridded Asfazari data and
station-based data. The Asfazari data includes the Asfazari database, which served as the primary dataset
for calculations, map generation, and temporal analysis in the research. This database, with a spatial
resolution of 10 kilometers and covering the period from March 21, 1970, to March 19, 2016 (46 years,
equivalent to 16,801 days), was developed by Masoudian (2019). The station-based data comprises daily
precipitation parameter records from 3,423 synoptic, climatological, and rain gauge stations over the same
period as the primary data, obtained from the Iran Meteorological Organization. This dataset was used as
auxiliary data to enhance cell coverage and improve the quality of input data for precipitation trend and
cycle calculation models, alongside the primary data.

One highly effective method for analyzing long-term precipitation variations is trend analysis. In this
study, linear regression using the least squares method was employed to analyze the temporal trends of
each cell across the country. Additionally, the autocorrelation function was used to identify hidden cycles
and return periods in annual precipitation data. Autocorrelation functions are generally applied to detect
structural patterns in time series data.

Discussion of Results

The analysis revealed that the precipitation parameter exhibits a decreasing trend across 81.4% of Iran’s
total area. Conversely, an increasing trend is observed in 18.6% of precipitation cells nationwide. In this
context, it is critical to note that given the declining trend in precipitation values over most of the Iranian
Plateau in recent decades, it can be concluded that Iran is becoming increasingly arid.

The geographical distribution of areas with continuous decreasing or increasing trends is fragmented,
appearing as isolated zones across different regions of the country. One of the largest areas with
decreasing precipitation trends is located in the northeast and east, near the provinces of Semnan, North
Khorasan, Razavi Khorasan, South Khorasan, and Yazd. The annual precipitation reduction in these
regions ranges between 1 to 5 mm/year. These areas are dominated by the Siberian High-pressure
system during the cold season, which serves as the primary driver of frontal precipitation in these regions.
The number of cells with increasing trends in annual precipitation data is significantly smaller than those
with decreasing trends. These areas form small "islands" surrounded by regions of declining trends and
are scattered across the country.

An evaluation of precipitation cycles across Iran using the autocorrelation function identified three
regions where multi-year cycles occur. The first region is in the eastern Alborz Mountains, where unique
geographical positioning and the passage of unstable systems of varying origins result in 1- to 5-year
cycles. The second region spans central Iran toward the eastern borders, where 2- to 6-year cycles are
observed. The third region encompasses the Zagros Mountain range, which exhibits 1- to 5-year cycles.
While scientists attribute multi-year cycles to large-scale oscillations such as ENSO (El Nifio-Southern
Oscillation), quasi-biennial oscillation (QBO), and orbital currents, the role of local factors in shaping
precipitation cycles cannot be overlooked. For instance, proximity to the Persian Gulf and the leeward
slopes of the Zagros Mountains (experiencing rain shadow effects due to their sheltered position)
contribute to significant variability in precipitation cycle patterns. Thus, alongside large-scale
atmospheric systems, local and neighboring factors also play a critical role in modulating precipitation
cycles.

Conclusion

In general, Iran's precipitation climate and, consequently, its environment have progressively become
drier over time. Evaluations of the spatial distribution of data trends and their significance across the
country revealed that the precipitation parameter has exhibited a decreasing trend in 81.4% of Iran's total
area. The causes of reduced precipitation in these regions are not uniform and are linked to local and
environmental characteristics, changes in atmospheric and precipitation systems, and even global-scale
systems.
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In the eastern and northeastern regions, as well as the central parts of Iran, the intrusion and persistence of
the Siberian High pressure system during the cold season have significantly impacted precipitation trends.
Specifically, the westward advance of the Siberian High has blocked the path of rain-bearing systems
toward northeastern Iran, drastically reducing precipitation in these areas. Conversely, when this high-
pressure system retreats eastward, the movement of precipitation systems toward eastern and northeastern
Iran has led to increased rainfall in these regions.

In northwestern Iran, local factors, including changes in slope convection processes alongside shifts in the
trajectory and weakening of precipitation systems passing through the area, have contributed to reduced
rainfall. In the southern, southwestern, and western regions, the primary drivers of precipitation are moist
southern air currents originating from the Persian Gulf, the Sea of Oman, the Indian Ocean, the Bay of
Bengal, and the Red Sea, as well as Mediterranean systems traversing these areas, influenced by the
region’s topography. The occurrence of global warming and subsequent changes in atmospheric pressure
and altitude over the Sudan region and the Red Sea, combined with shifts in Mediterranean system
pathways, have exacerbated droughts and reduced precipitation in southern and southwestern Iran.

An analysis of recurrence cycles in the country’s precipitation data revealed the presence of 1- to 6-year
cycles. These cycles are active in different regions and influenced by local, mesoscale, or large-scale
factors. Elevation, the trajectory of precipitation systems, and monsoon systems are the three primary
drivers of multi-year cycles in Iran. Additionally, overlapping cycles in certain regions have created
multi-year cyclical patterns. Due to overlapping regions across different cycles, three distinct periodic
cycles—1 to 5 years, 2 to 6 years, and 2 to 3 years—were identified in Iran’s precipitation patterns. These
cycles can be explained through interactions with ocean-atmospheric oscillations and mesoscale systems.
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