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ARTICLE INFO ABSTRACT

The mechanism governing heavy snowfall is complex and follows physical and dynamic
laws. To investigate the structure of the atmosphere during heavy and widespread
snowfall in Iran between January 29 and February 3, 2017, Era-Interim gridded data
from the European Centre for Medium-Range Weather Forecasts (ECMWF) with a
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formation of positive anomalies in the subpolar regions between eastern and
Keywords: northeastern Europe has strengthened the atmospheric cold chain. On the other hand, the
Polar vortex, anomalous formation of the polar vortex and the creation of a meridional potential
vorticity gradient, torpor gradient has been accompanied by the southward flow of this quantity, causing
leeward cyclone, the formation of two cold trough cores, one over the northern half and the other over the
Hazards southern half of Iran. The pressure pattern indicates the formation of extremely dynamic

high pressure in the windward part of the Zagros Mountains, which has caused a
windbreak on the opposite side and in the leeward part of this mountain. The analysis of
omega values showed that the main currents in the vertical profile of the atmosphere in
the windward parts of the Zagros Mountains were descending, while in the leeward
areas, the speed of the upward currents continued to the upper troposphere.
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1. Introduction

Heavy snowfall events during the cold season are of great importance in terms of the amount of snow
and the length of its duration for surface and groundwater resources, agriculture, etc. Still, on the other
hand, they lead to many problems and damage [3]. The extent of events caused by heavy snowfall has
consequences in various sectors, including destroying buildings and facilities and disruptions in
transportation, agriculture, industry, and energy and fuel distribution [6]. Therefore, by identifying and
being aware of atmospheric circulation patterns at the synoptic scale, the intensity, continuity, and
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frequency of climatic parameters, including snowfall, can be analyzed and investigated; it can also
play an important and effective role in crisis management. The general circulation of the atmosphere
exhibits various patterns over time and space. However, extreme changes in atmospheric factors have
disrupted these patterns, resulting in temperature changes, humidity, pressure, and Global precipitation
across various regions. One of these changes can be in the characteristics of snowfall in snow
catchment areas. Improving our understanding of the mechanisms behind these events on synoptic and
intermediate scales is crucial for enhancing the nation's meteorological knowledge and short-term
weather forecasting. The factors driving heavy rainfall vary by region and must be identified based on
each area's climate [5]. In Iran, extratropical patterns during the cold season introduce chaotic weather,
including frost and rain from cold, moist air masses. Snowfall plays a crucial environmental role,
impacting the ecosystem differently than other forms of precipitation. Heavy snowfall during winter is
essential for surface and underground water resources and agriculture, but it also causes various
problems and damage.

2. Materials and methods

We first obtained snowfall statistics from the Iranian Meteorological Organization to investigate the
weather conditions that caused heavy snowfalls in Iran from January 29 to February 3, 2017. Since the
snow height data were not accurate enough, the snow height output was prepared using ERA-Interim
gridded data with a resolution of 0.125 geographic degrees for the desired period. In the following, to
investigate and analyze the synoptic and dynamic conditions of the days with heavy snowfall, we
referred to the website of the National Center for Environmental Prediction/Atmospheric Sciences
(NCEP/NCAR) to obtain daily data on surface pressure (SLP), geopotential height (Hgt), zonal wind
components (Uwnd), meridional wind (Vwnd), air temperature (Air), vertical velocity (Omega), and
tropopause pressure at the intersection of 2.5 x 2.5 degrees, and the corresponding maps were drawn
and analyzed.

3. Discussion and results
Investigations revealed that the heavy snowfall in Iran during the specified period resulted from large-
scale interactions, with a significant influence from the upper and middle atmospheric levels.
Consequently, efforts were made to analyze outputs across various atmospheric levels.

3.1. Investigation of geopotential height and level of 500 hectopascals

The January 29, 2017 surface map at 500 hectopascals shows meridional winds from latitude 30
and north, with a ridge axis dominating Europe, alongside blocking omega, negative vorticity, and
convergence in the region, exhibiting vorticity strengths between -4 and -10 per second.

3.2. Investigating the geopotential height anomaly and the state of the polar wave at 500
hectopascals

According to the pattern of the polar ice anomaly maps, during late January and early February
2017, the polar ice of the Northern Hemisphere broke up. One of the vorticity cells is active over
Eurasia, with a low-pressure center over the Caspian Sea; it is located in the Caucasus Mountains and
northwest of Iran.

3.3. The state of wind speed is 500 hectopascals, and the potential temperature is 320 degrees
Kelvin

In the wind speed map at the level of 500 hectopascals on January 29, there is a strong high
pressure over Europe, which has caused cold and dry air to flow into Iran, especially in the north and
northwest.

3.4. Examining the status of the vertical profile of omega values

A vertical profile prepared along the middle latitude of 34°N from January 29 to February 3, 2017,
for days with snowfall in Iran, shows that on January 29, air rises over the Hindu Kush highlands and
descends over the eastern Mediterranean and the Zagros Mountain range.

4. Conclusion

The polar vortex's strong anomaly and subsequent breakup have impacted the region's atmosphere
under current conditions. With the breaking of the polar ice sheet, which formed two very strong
ridges, one over Europe and the other over the North Pacific Ocean, the representative ice sheet



Analysis of the structural and dynamic nature of the atmosphere ...| Chehreara Ziabari et al. 275

stretched to 35 degrees north latitude. With its penetration into the region, the cold weather and the
resulting instability have dominated the area. Investigations showed that the occurrence of heavy snow

in Iran is the result of the interaction between polar convection and the increase in potential
convection.
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