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Extreme weather events cause serious problems in the normal course of human life due to their scope
and time span. Heavy snowfall in the Guilan coastal plain is one of the most dangerous phenomena.
In this research, three heavy snows in Guilan province during the statistical period of 1998 to 2018
(20 years) have been analyzed synoptically and satellite. For this purpose, snowfall data were
obtained from the Meteorological Organization of Guilan Province, data used for synoptic maps
from the NOAA site (NCEP/NCAR reanalysis 1) and satellite images from the Modis sensor site.
Then, with the environmental to circulation approach, the synoptic systems were identified
according to the origin of formation from a few days before to the day of snowfall. The results
showed that three heavy snowfalls were caused by the coordinated expansion of two Siberian
dynamic and thermal anticyclone and European anticyclone, bipolar blocking and European high
pressure. Also, the study of the snow area by using the Terra satellite Modis images showed that
three heavy snowfalls cover more than 70% of the province's area. Therefore, heavy snowfalls in
2005, 2008 and 2017 covered 70.94, 90.44 and 81.46 percent of Guilan province, respectively.

1. Introduction

that have occurred will greatly help in predicting
the future of the patterns as well as the necessary

Snow is one of the climatic advantages of every
region. Because its sufficient snowfall feeds
underground water tables, aquifers and surface
water network. Also, the sudden and heavy
snowfall causes life and financial risks that
mankind has experienced many losses from this
phenomenon throughout history. Heavy snowfall
in Guilan province has caused a lot of damage in
various gconomic sectors, agriculture,
infrastructure (transportation network, power
transmission network) and others. Considering the
dangers caused by the heavy snows of the last few
decades, the accurate identification of the patterns
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warnings to reduce the resulting damages. In this
research, a synoptic-satellite analysis of three
heavy snows in Guilan province has been carried
out, which are significant in terms of depth and
extent of coverage and damages.

2. Methodology

In this research, three heavy snows of Guilan
province (dates: 2005/10/02, 2008/10/13 and
2017/02/17) were selected for synoptic-satellite
analysis during the years 1998 to 2018. The data
for synoptic analyzes were received from the
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NOAA site under NCEP/NCAR reanalysisl. In
this regard, using Grad’s software, synoptic maps
were drawn from a few days before until the day of
heavy snowfall. Also, the extent of snow cover was
calculated in ENVI software through MODO021
images of MODIS sensor and normalized
difference snow index (NDSI).

3. Results

In this research, snowfall heavy days in Guilan
province on 2005/10/02, 2008/10/13 and
2017/02/17 are analyzed from a synoptic point of
view and three systems 1) the common effect of
Siberian-European Anticyclone, Bipolar blocking
and European high pressure have caused heavy
snowfall in this region of the country. Then, the
extent of the snow cover of each of the patterns was
calculated by using Modis sensor images. The
snow survey using MODIS sensor images showed
that three systems covered 70.94, 90.44 and
81.46% of the area of Guilan province with snow,
respectively. In other words, 9962/81, 12701/39
and 11440/24 km? out of 14044 km? of the province
area were covered with snow, so the amount of
snow on the last day at Rasht airport station was
measured as 145, 93 and 60 cm. The most
important issue in heavy snow is the longevity of
the systems in this area. Because due to the creation
of blocking, the movement of the system is slowed
down and the convection of cold and moist air from
higher latitudes to this area causes precipitation and
its continuation in Guilan province.

4. Discussion

Guilan province is one of the country's crashing
provinces for various reasons. One of these
phenomena that causes loss of life and property is
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heavy snowfall. Due to the diversity of the
topography of this range, the frequency and depth
of snow in its different areas is different. In some
plain stations, snowfall may not occur for several
consecutive years, but the mountainous areas of
this province benefit from snowfall every year. In
this research, using the environmental-circulation
approach, the synoptic patterns of heavy snow in
Guilan province, three patterns of Siberian-
European high pressure, bipolar blocking and
European high pressure have played a major role in
heavy snow fall.

5. Conclusion

Based on the studies conducted by researchers on
snowfall in different regions of Iran (Jahanbakhsh
et al., 2014; Molazadeh et al., 2013), the role of
Siberian and European anticyclones seems to be
very obvious and key. Of course, the formation of
fronts where the anticyclone systems collide with
the Sudanese-Red Sea low pressure systems will
intensify the snowfall. Also, the presence of the
Caspian Sea is very important in strengthening the
first to third patterns through energy transfer to the
air mass passing over it. In addition to the synoptic
patterns of heavy snowfall, satellite images of snow
extent showed that the area affected by heavy snow
using the NDSI index is over 70% of the area of
Guilan province.
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