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Extratropical cyclones, characterized by their frequency, duration, and intensity, serve as the
primary drivers of mid- and high-latitude precipitation across the Mediterranean during the
winter and autumn months. For this research, climatic variables obtained from the ECMWF
network, featuring a temporal resolution of 6 hours and a spatial resolution of 0.25° x 0.25°,
spanning from 1979 to 2016, were utilized. Additionally, precipitation data from four basin
stations sourced from the Asfezari database for the same period were analyzed. Initially,
geopotential height, temperature, humidity, and jet stream data for rainy days were extracted
using MATLAB. Subsequently, a cyclonic center extraction algorithm was applied to
identify cyclonic centers from the geopotential height data, based on the conditions that the
geopotential height is at a minimum and the geopotential gradient is at a maximum. From the
geopotential height matrix of rainy days (361x441x498), four distinct atmospheric patterns
were identified through cluster analysis. The temporal and spatial frequency of these
patterns, as well as the average temperature of cyclonic centers, were analyzed for the cold
season months. The results indicated that the first pattern, identified as the Mediterranean
trough pattern, is the most frequent, occurring 42% of the time. This pattern is characterized
by the presence of a high-level system acting as a barrier, which deepens the low-level
Mediterranean system and extends its axis toward the Red Sea. The interaction between low-
level and high-level systems enhances instability, resulting in the highest precipitation levels
among the identified patterns. Conversely, the fourth pattern, termed the western wind trough
pattern, exhibits the lowest frequency at 10%. This pattern is characterized by a trough over
the Caspian Sea; however, a high-level system in the southern region inhibits the entry of
low-level systems, thereby confining cyclonic activity to the northern portion of the study
area. Consequently, the isobars in the northern region assume a more orbital configuration,
leading to a decreased influx of cyclones and, as a result, lower precipitation amounts
compared to the other patterns. The analysis further revealed that cold-core cyclones
accounted for 60% of occurrences in winter and 40% in autumn, while hot-core cyclones
constituted 62% in winter and 38% in autumn. Notably, the frequency of hot-core cyclones
increased relative to cold-core cyclones in winter, whereas an inverse trend was observed in
autumn. Over the past decade, both the frequency and intensity of cyclones have diminished
compared to the preceding two decades. In terms of cyclogenesis locations, the western part
of the study area has consistently emerged as the most active region. Moreover, cyclogenesis
activity exhibits a gradual increase from autumn to winter as the cold season progresses.
These findings underscore the dynamic nature of extratropical cyclones and their significant
role in shaping precipitation patterns across the Mediterranean region.
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Introduction

Extratropical synoptic systems, which govern the meteorological patterns of mid- and high-
latitude regions, are integral to global atmospheric dynamics. Among these systems,
extratropical cyclones are especially significant as they facilitate the transfer of heat and
moisture toward the poles, thereby mitigating the temperature gradient between the equator
and the poles. Cyclones are typically characterized by either a maximum relative vorticity
core or a minimum sea-level pressure core. They are classified based on geographical
features, formation mechanisms, location, depth of intensification, and internal core
structure. Cyclone activity is closely linked to increased pressure gradients, relative
humidity, and upward atmospheric motion, all of which significantly influence
precipitation patterns in regions such as the Mediterranean and Iran Research has indicated

that Mediterranean cyclones, particularly during the cold season, are pivotal in determining
precipitation across Iran, especially in the northwest. The highest frequency of cyclonic
activity in the mid- and high latitudes of the Northern Hemisphere occurs during the winter
and autumn months. Although previous studies have investigated the role of cyclones in
various types of precipitation, this study seeks to identify the dominant cyclonic patterns
and their relationship with cold-season precipitation utilizing high spatial resolution data.

Material and Methods

This study investigates cyclonic centers during the cold half of the year, focusing on two
seasons: winter (January, February, March, and April, as atmospheric winter activity
occasionally extends into April) and autumn (October, November, December). Two
datasets were utilized: Daily precipitation data spanning from 1979 to 2016, collected from
synoptic stations across four western border basins (West Border, Karkheh, Great Karun,
and Jarahi-Zohreh), and obtained from the Asfazari database Gridded data that includes

geopotential height, humidity, and temperature at the 850 hPa level (selected due to its
relevance in allowing cyclones to penetrate Iran's topography and its association with
elevated moisture transport for precipitation), along with zonal and meridional winds at the
200 hPa level (chosen for jet stream analysis, as wind speeds peak in the upper troposphere
and lower stratosphere at this elevation). These data were sourced from the European
Centre for Medium-Range Weather Forecasts (ECMWF) for the period from 1979 to 2016.
Results and Discussion

The study identified four dominant atmospheric patterns influencing precipitation during
the cold season in the western half of Iran :Pattern 1: This pattern, accounting for 42% of

occurrences, is associated with the highest precipitation. A strong low-pressure system
over the eastern Mediterranean and Iraq, combined with moisture advection from the Red
Sea, the Persian Gulf, and the Mediterranean, leads to significant precipitation. Average
monthly precipitation ranges from 14 to 17 mm Pattern 2: Representing 33% of

occurrences, this pattern features a northeast-southwest trough axis and moisture advection
similar to Pattern 1, resulting in instability and precipitation. Average monthly
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precipitation ranges from 13 to 16 mm Pattern 3: Characterized by a Sudan low-pressure

system and a Siberian high-pressure system with a strong pressure gradient, this pattern
enhances instability and moisture advection from surrounding seas, leading to
precipitation. Average monthly precipitation ranges from 11 to 17 mm Pattern 4: The least

frequent pattern (10%), this pattern involves a trough of westerly winds and a Persian Gulf
high-pressure system, generating pressure gradients and moisture supply that result in
precipitation. Average monthly precipitation ranges from 10 to 14 mm .During the winter
season, precipitation peaks in January and March due to increased thermal contrasts, with
January being the second wettest month and exhibiting the highest cyclogenesis activity. In
contrast, February experiences fewer cyclones due to temperature homogeneity. Over the
past decade, the frequency of cyclones and the geopotential height of cyclonic centers have
increased, intensifying cyclonic activity and precipitation.

Conclusion

This study concludes that winter exhibits the highest frequency of cyclonic centers during
the cold season, accounting for approximately 53.21% of occurrences, while autumn
comprises 46.78%. Over the past decade, the average geopotential height during winter has
increased in January and March, resulting in elevated temperatures in cyclone centers. The
frequency of cold-core cyclones in winter is 60%, compared to 62% for warm-core
cyclones. In autumn, 40% of cyclones are classified as cold-core, while 38% are identified
as warm-core. In the last decade, a comparison with the previous two decades reveals an
increase in geopotential height, a rise in cyclone center temperatures, and a relative
decrease in the proportion of cold-core cyclones compared to warm-core cyclones. These
findings are consistent with the work of Alijani et al. (2015), who noted that higher
geopotential heights diminish cold air intrusion, thereby contributing to warmer conditions
in January. Such alterations are likely to influence cyclone center temperatures and
precipitation patterns. Overall, the frequency and intensity of cyclones during the cold
season have declined in the last decade relative to previous decades, aligning with the
observations of Bayat et al. (2017), who reported a reduction in cyclone frequency over the
past three decades. The strongest cyclones were recorded during the initial decade of the
study period. Cyclogenesis and cyclone passage demonstrate heightened activity in regions
such as the southern Alborz, the southern Caspian Sea, the Zagros Mountains, western and
northwestern Iran, and the eastern Mediterranean. Maximum cyclogenesis activity occurs
in January, while minimum activity is observed in October. As the cold season advances,
cyclogenesis centers exhibit strengthening across various regions. Cyclones originating in
western, northwestern, and southwestern Iran are particularly significant for western Iran.
The eastern Mediterranean and western Iran persistently remain active in cyclogenesis
during the cold season, corroborating the findings of Khosravi et al. (2012) and Bayat et al.
(2017), which identified the eastern Mediterranean and Cyprus Island as primary centers of
cyclogenesis influencing winter precipitation in Iran. These areas play a critical role in
shaping precipitation patterns in western Iran, with cyclones forming over the eastern
Mediterranean and Irag.
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