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This study investigates the most significant synoptic patterns associated with
widespread snowfall in the eastern half of Iran. To achieve this, weather code
data and snow depth records from synoptic stations in the eastern half of the
country were obtained from the Iranian Meteorological Organization for the
statistical period of 1371-1400 (1992-2021), focusing on the months of October

Received to March. Days with simultaneous snowfall covering more than 70% of the
2023/12/06 study area were identified as widespread snowfall events. For the synoptic-
Received in revised dynamic analysis of these events, a classification method utilizing cluster
2024/02/08 analysis was employed. Maps of representative days were generated, including
Accepted variables such as atmospheric temperature, moisture flux, geopotential height,
2024/02/25 vorticity, front formation, jet stream location, omega index, and meridional and
Published zonal wind data. Additionally, trend analysis was conducted using the Mann-

Kendall test. The results revealed that three primary synoptic patterns are
2024/03/16 responsible for widespread snowfall in the study area. These patterns include:
Published online (1) high-pressure systems over Siberia and central Europe coupled with low-
2025/09/23 pressure systems over eastern Iran; (2) high-pressure systems over western Iran

paired with low-pressure systems over Sudan; and (3) high-pressure systems

over central Europe combined with low-pressure systems over eastern Iran and
Keywords:
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Afghanistan. In all patterns, the intensification of meridional flows in the
westerly winds, along with the formation of high- and low-pressure centers,

patterns, creates blocking conditions that disrupt the westerly flow and promote upward
Change Trend, air motion. The concentration of negative omega fields and positive relative
Snow cover,

Iran.

vorticity advection, coupled with the positioning of northeastern Iran in the left
exit region of the Subtropical Jet Stream, contributes to significant atmospheric
instability and widespread snowfall in the region. Furthermore, the trend
analysis indicated that, although there is no statistically significant trend in the
number of snowfall days in northeastern Iran, the overall number of snowfall
days has decreased over time.
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Introduction
In Iran, the limited availability of local moisture sources results in the majority of

precipitation originating from remote regions, including the Mediterranean Sea, the Persian
Gulf-Oman, the Black Sea, and the Caspian Sea. As these moist air masses advance inland,
they encounter the imposing Zagros Mountains, which leads to considerable rainfall in the
western, southwestern, and northwestern areas of Iran. However, by the time these air masses
reach the eastern regions of the country, such as South Khorasan, their moisture content
significantly decreases, resulting in arid climates. This phenomenon creates a gradient of
diminishing precipitation from west to east and from northwest to southeast across Iran
(Alijani, 2016). The establishment of atmospheric patterns is pivotal in determining

precipitation, particularly during the colder half of the year. These patterns are frequently
associated with atmospheric instability, humidity, and the influx of cold air from higher
latitudes. Extratropical circulations, especially those emanating from the eastern
Mediterranean and short waves of westerly winds, exert a substantial influence on the
trajectory of air masses traversing the Iranian plateau. This study aims to analyze the
synoptic-dynamic patterns associated with widespread snow cover in the eastern half of Iran
and to investigate changes in the frequency of days characterized by extensive snowfall.
Notably, no prior research has comprehensively examined the patterns and trends of
widespread snow changes in Iran, particularly in its eastern regions, utilizing station-based
data.

Material and Methods

To conduct this research, hourly data on current weather codes and snow depth during the
cold season (October to March) were collected for all meteorological stations across Iran.
Stations with fewer than 250 snow-covered days over the study period were excluded, as
they were considered non-representative of snowy conditions. Iran was divided into eastern
and western halves, with the eastern half being the focus of this study. Only six stations in
North Khorasan and Razavi Khorasan provinces met the criteria for analysis. A snowy day
was defined as one with at least 0.1 mm of snow depth and a weather code indicating
snowfall. A widespread snow day was identified when 70% of the studied stations recorded
snowfall on the same day. Based on this, 222 widespread snow days were detected in the
eastern half of Iran. Upper atmospheric data for these widespread snow events were obtained,

and cluster analysis was performed using the integration method, yielding three main
patterns. A representative day was selected for each cluster to create synoptic maps. Data on
geopotential height, atmospheric temperature, moisture flux, frontal formation, vorticity,
omega index, jet streams, and zonal and meridional winds at sea level and 500 hPa were
sourced from the National Centers for Environmental Prediction (NCEP) and the National
Center for Atmospheric Research (NCAR). Synoptic analysis was conducted over a broad
geographical range (20°W to 100°E longitude and 0° to 75°N latitude) to capture the
circulation patterns influencing widespread snowfall in Iran.
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Results and Discussion
Three dominant synoptic patterns were identified for widespread snowfall in the eastern half

of Iran: First Pattern: High pressure over Siberia and Europe, combined with low pressure

over eastern Iran (e.g., 27 January 2006). This pattern accounted for 42.22% of snow events
(95 occurrences) and exhibited an intragroup correlation of 0.65. Second Pattern: High

pressure over western Iran and low pressure over Sudan (e.g., 2 February 1996). This pattern
represented 33.33% of snow events (75 occurrences) and had an intragroup correlation of
0.70. Third Pattern: High pressure over central Europe and low pressure over eastern Iran

and Afghanistan (e.g., 10 March 1992). This pattern accounted for 24.44% of snow events
(55 occurrences) and showed an intragroup correlation of 0.61. Analysis of the trend in snow

days over the study period (1992-2021) revealed no significant trend in the number of snow
days in the eastern half of Iran. However, a gradual decrease in snow days was observed over
time. Statistical tests confirmed the randomness of the data series, with no significant trend
detected at the 95% confidence level.

Conclusion
Winter high-pressure systems, particularly the Siberian and European highs, play a crucial

role in sustaining snow cover in the eastern half of Iran. These systems often appear as large
and strong anticyclones over or near the study area, contributing to sub-zero temperatures
that stabilize snow cover. The easterly circulation associated with these anticyclones brings
polar continental air, further lowering temperatures. Additionally, moisture sources such as
the Arabian Sea, Red Sea, Caspian Sea, and Mediterranean Sea significantly influence
snowfall by providing the necessary humidity. The highlands of eastern Iran, with their
northwest-southeast orientation, enhance the uplift of air masses, intensifying precipitation
conditions. Despite the absence of a significant trend in the number of snow days, the
observed decline in snow days over time aligns with global warming trends. This study
highlights the importance of synoptic-dynamic patterns in understanding snowfall variability
and provides a foundation for further research on the impacts of climate change on snow
cover in Iran.
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