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Heat and cold waves are extreme temperature events with high potential to cause negative effects
on human health and natural and socio-economic systems depending on their duration and intensity.
Guilan province experiences heat and cold waves with different weather conditions every year.
Therefore, in this research, by presenting a specific definition of cold wave threshold, their pattern
and spatial behavior were investigated in the province. The required minimum temperature data was
prepared from the ECMWF website with a spatial resolution of 25° x 25° on a daily scale for 40
years (1981 to 2020). Then, by applying the 10th percentile threshold and 3-day sequence on the
minimum daily temperature data, cold waves were identified and their frequency of occurrence was
counted with 3, 6, 9 until 30 day sequence. In this regard, spatial statistics indices such as global and
local Moran's | and single-sample t-test were used to identify the type of pattern and their temporal
and spatial behavior. The results showed that the general pattern of the frequency of occurrence of
cold waves in all wavelengths is of a cluster type and non-random behavior dominates them. Also,
the results of local Moran's | statistic indicate that HH (high-high) and LL (low-low) patterns exist
in most cold waves with sequences of 3 to n days, and the number of zones containing the above
patterns in short-term waves is more than Waves are long term. In other words, the spatial pattern
of cold waves in longer wavelengths is also homogeneous and the whole province has a random
behavior in terms of the frequency of their occurrence. Also, the single-sample t-test of the frequency
of cold waves shows the predominant non-random behavior in short-term sequences and random
behavior in long-term sequences.

1. Introduction

Gilan province. Therefore, more detailed studies

Heat and cold waves are part of atmospheric
extreme events that cause severe damage to human
life and destroy the environment. A wave is a
period that lasts for several days to several weeks.
Heat and cold waves are considered extreme events
that occur with increasing or decreasing
temperature in cold and heat periods. Since
temperature is one of the basic elements of climate,
its sudden or short-term and long-term variations
can change the climate structure of any place.
Climatic hazards such as hot and cold waves, heavy
snow, lightning, hail, heavy showers, floods and
droughts threaten local people and travelers in
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for the purpose of identification, monitoring,
classification and spatial distribution  of
atmospheric hazards in this area are of great
importance and it seems necessary to do it.

2. Methodology

In order to investigate the cold waves of Gilan
province, the minimum daily temperature for 40
years (1980 to 2020) has been used. The minimum
temperature data were obtained from the website of
the European center for medium-range weather
prediction under ERAS5 version for 48° 32' to 50°
36' east longitude and 36° 33' to 38° 27' north
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latitude. The size of each cell is 0.25° x 0.25° and
a matrix of 10 x 10 rows and columns was formed,
which covers 100 cells in each measurement. In
this research, the temperature threshold for
detecting cold waves was the 10th percentile of the
maximum daily temperature of each cell during 40
years. Based on this, 100 temperature thresholds
were identified for 100 cells using the 40-year daily
temperature time series. In this regard, two global
and local Moran's | statistics were used to analyze
the spatial pattern of cold waves.

3. Results

The results obtained from the calculation of global
Moran’s | index on the frequency of occurrence of
cold waves in different months of the year in Gilan
province show a cluster pattern in all months and
intervals. As a result, the behavior of the frequency
of occurrence of cold waves in the area of Guilan
province is non-random, and the assumption of
randomness of the pattern is also rejected and its
non-randomness is confirmed. It should be noted
that the cluster pattern of the occurrence of cold
waves in different months of the year is established
in all three levels of 90, 95 and 99%, and the null
hypothesis that the frequency pattern of cold waves
is random is rejected and the null hypothesis based
on the cluster pattern is accepted. In this regard, the
results obtained from the local Moran's | statistic
(Anselin) on the sequence of cold waves of 3 to 30
days showed that the high-high cluster pattern
(HH) and the low-low cluster pattern (LL), in the
form of small areas and large are distributed in
Gilan province from the coast to the mountains. Of
course, the above pattern in long-term cold wave
sequences also have random behavior and the
entire province is known as a homogeneous unit. In
the case of short-term waves, this issue also
indicates the establishment of a non-random and
non-homogeneous pattern in Guilan province.
Also, the important point that was observed in the
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single-sample t-test of the frequency of cold waves
was that non-random behavior in short-term cold
waves turns into non-random behavior towards
long-term cold waves. This means that the
heterogeneity in the frequency of occurrence of
cold waves in shorter wavelengths is greater than
in longer wavelengths, and in longer waves the
whole area of the province becomes a more
homogeneous area.

4. Discussion & Conclusion

Heat and cold waves are among the risks that have
different effects depending on their duration,
magnitude and frequency as well as the exposure
of people, goods and the vulnerability of the
territory in different climates. In this research, the
calculation of global Moran's | index of the
frequency of cold waves showed that in different
months of the year, a cluster pattern dominates the
frequency of cold waves. According to the
calculated Z score values and comparing it with the
standard Z score values at the confidence level of
90, 95 and 99 or the significance level of 0.1, 0.05
and 0.01, the cluster pattern is proven at all levels.
The calculation of the local Moran's | statistic of
the frequency of cold waves in different months of
the year showed that the cluster pattern of LL and
HH is established spatially and temporally in the
area of Gilan province. As a result, it should be said
that non-random behavior in short-term cold waves
has turned into non-random behavior in the
direction of long-term warm and cold waves, and
the heterogeneity in the frequency of occurrence of
cold waves is greater in shorter wavelengths than
in longer wavelengths.
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