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Abstract

This research aim is to identify the dynamic and thermodynamic patterns of heavy and
widespread rainfall in northwest of Iran in the period 2000-2019. The percentile method was
used to determine heavy rainfall. In dynamic and thermodynamic patterning of heavy rains,
factor analysis and hierarchical clustering methods were used. After determining heavy
rainfall patterns, two representative days were selected and 500Hpa atmospheric maps were
drawn and interpreted. Then, in the GIS software, the heavy rains in the northwest of Iran
were zoned. The results showed that in the first pattern, the main factor of air ascent and the
occurrence of heavy and widespread rainfall in the northwest of Iran is the Mediterranean
cyclone. The presence of a short front in the studied area has increased the intensity of
instability, and the establishment of blocking in the mid-level of the atmosphere has caused
the strengthening and continuation of precipitation. The results also showed that the main
sources of moisture supply for heavy rainfall in the northwest of Iran are the Black Sea and
the Mediterranean Sea. The synoptic maps of the representative day of the second pattern
showed that the primary cause of the rise of moist air and the occurrence of heavy rain in the
northwest of Iran is the merging of the Sudanian cyclone and the Mediterranean cyclone. The
existence of a short front and the blocking has caused the creation of a baroclinic atmosphere
and, as a result, the rise of air in the studied area.

Keywords: Cluster Analysis, Factor Analysis, Heavy Rainfall, Northwest of Iran, Synoptic
Analysis.
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Introduction

Precipitation is an essential and influential element of human activities so, it is considered
the main base of the researches in all environmental and economic planning. Precipitation
changes are an important indicator of climate change (Fu et al., 2016) and to evaluate climate
changes in the future, precipitation changes should be considered. The climate is a
thermodynamic system that often converts potential energy into kinetic energy (Salahi,
2020). Atmospheric hazards, especially heavy rains, lead to destructive floods and cause
many losses in human life (Moghimi, 2014) (Li et al., 2016). Precipitation occurs when moist
air and the rising factor exist together (Kaviani and Alijani, 2014). The high humidity of the
atmosphere and the injection of moisture through the wind play an essential role in heavy
rains (Harnack et.al., 1998). According to the FAO report, Iran ranks tenth in the world in
terms of the occurrence of natural disasters, and heavy rains and floods are one of them.
Heavy rains are an example of weather extremes (Farajzadeh, 2013), and their occurrence is
mainly associated with cyclone systems (Mostafaei et al., 2015).

One of the applications of synoptic climatology is the identification and analysis of heavy
rains (Alijani, 2013). By identifying and analyzing synoptic patterns, it is possible to predict
heavy and widespread rains. The heaviness of the rainfall mainly depends on the
geographical conditions of the area receiving the rainfall (Borzou and Azizi, 2015). One of
the widely used techniques in synoptic climatology is the factor analysis technique. This
technique is used in modeling synoptic phenomena such as environmental hazards. This
technique is used when we face multiple variables (with different measurement units) in
modeling synoptic phenomena. In this case, the factor analysis technique is used to reduce
the number of variables and categorize them as new factors. The purpose of the factor
analysis technique is to reduce the number of variables in favor of the factors. Due to the
process of factor analysis, with a small number of factors (linear combinations of the main
scores of the observed variables), it is possible to obtain almost all the information obtained
by a larger set of variables. Researchers such as Salahi and Alijahan (2013) have used this
technique in their studies.

Regarding the synoptic analysis of heavy rain events, different studies have been conducted
worldwide. Ahmadi and Jafari (2015), in the synoptic and thermodynamic study of the heavy
rainfall of 104 mm leading to the flood of March 14, 2014, in Bandar Abbas city, found the
presence of Sudanese low pressure and the expansion of the deep trough over Iran, Iraq,
Arabia, and the Red Sea to be effective in causing this rainfall. They also believed that the
location of Bandar Abbas city in front of the trough and the presence of vertical movements
caused the rise and instability of the air and the occurrence of heavy rain. Ahmadi et al.
(2015) in the synoptic and thermodynamic analysis of the rainfall leading to the flood of
Alborz province on July 28, 2014, found that cold air in the upper atmosphere, the presence
of a trough, moisture injection from the Caspian Sea, low pressure on the land surface and
northwesterly currents are the important reasons for the occurrence of this rainfall. They also
found that the dominant pattern in sea level before and during the precipitation event is the
Pakistan thermal low. Gasemifar et al. (2017) analyzed the synoptic patterns of heavy rainfall
in western Iran. Ahmadi and Ahmadi (2018) investigated the heavy rains of more than 50
mm in the south of Iran, in addition to the synoptic analysis of the generating systems of this
heavy rain, they also tracked the heavy rains in the south of Iran. Ahmad et al. (2015)
classified the synoptic patterns producing heavy rainfall in 5 different regions of Saudi Arabia
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during 2000-2014. They showed that the obtained synoptic patterns are different in the lower
atmospheric levels but relatively similar in the upper atmospheric levels.

Hoseynisadr et al. (2019) analyzed the synoptic mechanisms of heavy rainfall on Apr 24,
2016, in northwest Iran and found that the presence of moist air and the ascent factor caused
by the westerly waves play an important role in the occurrence of heavy rainfall in northwest
Iran. Foroutan and Salahi (2020) analyzed the heavy rain of March 19, 2019, in Minodasht
City (Iran) and showed that during heavy rain, a high-pressure system formed in Mongolia
and South China and created a strong pressure gradient and air front in Minodasht city. They
also showed that in the upper levels of the atmosphere, a cut-off low blocking is placed as an
obstacle in the way of the westerly winds and caused the westerly winds to enter Minodasht
city. Beyranvand et al. (2022) analyzed the heavy rains leading to floods in Apr 2017 in the
Boroujerd watershed from a statistical and synoptic view.

Jet streams also play a vital role in the occurrence of heavy rains. The role of the jet stream
in the occurrence of extreme rainfall in Iran was investigated by Masodyan and Mohammadi
(2011) and Zakizadeh et al. (2018). In different regions of the world, statistical and synoptic
analysis of heavy rains has been done by some researchers such as Mannan et al. (2013);
Pook et al. (2014); Needham et al. (2015); Akbari et al. (2016); Kamae et al. (2017); Waliser
and Guan (2017); Agel et al. (2018); Rabinowitz et al. (2018); Ahmad and William (2018);
Espinoza et al. (2018); Eiras-Barca et al. (2018); Lakshmi et al. (2019). Few researches have
been done regarding the identification of the sources and moisture paths of Iran's heavy rains.
However, researchers such as Gavidel-Rahimi et al. (2014); Mirmosavi et al. (2016);
Salamati Hormozi et al. (2017); Khansalari et al. (2017); Shamsipor et al. (2018); Shadmani
et al. (2018); Hoseynisadr et al. (2019); Sepandar and Omidvar (2021); Ahadi et al., (2020),
and Asghari Saraskanrood and Saeidi (2023) investigated the occurrence of heavy rainfalls
from a synoptic view and identified its moisture sources and pathways. Several studies have
been done regarding heavy rains and their moisture sources (Pourkarimian et al. 2022; Salahi
and Nasiri Qalabiin, 2023; Frotan and Salahi, 2023; Vatanparast et al. 2024). Since it is
difficult to prevent the occurrence of climatic hazards such as heavy rainfall, therefore; by
identifying the patterns that generate heavy rainfall in each region, it is possible to take the
necessary preventive measures to minimize the possible damages and also use the rainfall
optimally through their prediction. In the last two decades, North-West Iran has witnessed
many heavy rains, and in this article, its productive patterns are examined.

Material and methods

Northwest Iran includes the provinces of West Azarbaijan, East Azarbaijan, Ardabil, North
Kurdistan, and West Zanjan (Figure 1). The data used in this research include ground station
data and upper atmosphere data for 2000-2019. First, the daily rainfall data of 23 synoptic
stations located northwest of Iran were obtained from the Iranian Meteorological
Organization (www.irimo.ir). Then, the upper atmosphere data, including daily average sea
level pressure, geopotential height, zonal wind, meridian wind, omega, air temperature,
relative humidity, and precipitable water for 500hPa level, were obtained from the
NCEP/NCAR database. These data can be obtained from the website www.cdc.noaa.gov.
The range of the studied area was defined between 0 to 100 degrees east longitude and 10 to
70 degrees north latitude.
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Figure 1. The geographical location of the Northwest of Iran

Researches show that there is no specific criterion for defining heavy rains (Alijani et al.,
2010). In most climate studies, heavy rains have been studied in two ways: percentiles and
thresholds. Zhang et al. (2005) and Ghasemifar et al. (2017) determined the rainfall in the
99th percentile as heavy rainfall. The 98th and 95th percentiles were considered as heavy
rainfall by Seibert et al. (2007) and Sotoudeh and Alijani (2013), respectively. Days with
rainfall of more than 30, 94.4, and 50.8 mm per day were introduced by Alijani (2013), Vaida
and Kulkarni (2007,) and Groisman et al. (1999) respectively as the thresholds for
determining heavy rainfall. The most common method of calculating heavy rains is using the
percentile index (Halabiyan and Pourgazi 2015; Alexander et al. 2006). Estimates from trial
and error showed that if the percentile is selected above 99 and the area covered by heavy
rainfall is more than 30%, the conditions of convergence will provide a suitable justification
for heavy rainfall (Mofidi et al. 2007; Alijani et al. 2010; Sotoudeh and Alijani 2013). In this
article, the days when at least seven synoptic stations located in the northwest of Iran had at
least 20 mm of rain at the same time were selected, and according to this criterion, 27 days
of heavy rain were identified. Then, the trend of heavy annual rainfall in the Northwest of
Iran was drawn by the Excel software. After obtaining the upper atmosphere data from the
National Oceanic and Atmospheric Administration (NOAA) website, the factor analysis
technique was used to reveal the effective factors in the heavy rains in northwest of Iran. The
main aim of the factor analysis technique is to identify unobservable factors based on a set
of observable variables. The factor is a new variable that is estimated by the linear
combination of the main scores of the observed variables based on Equation 1:

Fj=Y WjiXi=Wj1X 1+Wj2X2+...+WijpXp

(1)

W are factor score coefficients and, P is the number of variables. After carrying out the factor
analysis technique and determining the main factors, using hierarchical cluster analysis,
heavy rains in northwest Iran were modeled, and two main heavy rain clusters were extracted.
The day with heavy rainfall with the most station coverage in each cluster was chosen as the
representative day of each pattern. For that day, sea level pressure (SLP), 500 hPa
geopotential height (HGTsoo), Precipitable Water (PW), Relative Humidity (RH), vorticity,
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vector wind, V-wind, U-wind, Stream humidity, Air temperature, Omega, the convergence
of humidity, Hovmoller diagram, Jetstream, and rainfall zoning maps were drawn and
interpreted. Then, with the inverse distance weighting (IDW) interpolation method in the GIS
environment, the heavy rains in the northwest of Iran were zoned and analyzed. In the
synoptic analysis of environmental hazards such as heavy rainfalls, sea level pressure (SLP),
and 500 hPa geopotential height (HGTso0) are mainly used. These two variables may not be
able to explain the synoptic facts of environmental hazards. So, in this article, in addition to
SLP and HGTso, eight other variables such as PW, RH, Vorticity, Vector wind, V-wind, U-
wind, Air temperature, and Omega are also used which have been processed with the factor
analysis technique, therefore, increasing the number of variables and also considering the
coverage of precipitation in the synoptic analysis of heavy rainfalls is one of the innovations
of this research.

Results and Discussion

Figure 2 shows the trend of changes in the occurrence of heavy rains in the northwest of Iran.
According to this figure, in 2004 and 2014, the occurrence of heavy rains was more than in
other years. The trend of changes in the occurrence of heavy rains in the northwest of Iran is
almost constant in the long term (it has a very weak downward slope) and indicates the lack
of significant changes in the occurrence of this natural hazard from the past until now. Table
1 shows the characteristics of the patterns obtained, including the number and percentage of
days of heavy rainfall representative of each pattern. According to this table, 70.37 days with
heavy rainfall in the northwest of Iran are included in pattern number 1 and 29.62 in pattern
2.

y =-0.0203x + 42.144
R*=10.0122

N of events
|
|
|
|
|
|
>l
|

Figure 2. The trend of changes in the occurrence of heavy rains in the northwest of Iran

Table 1. The characteristics of the patterns of days of heavy rainfall in the northwest of Iran

Pattern Percentage Number of The The The
Number of event eventdays | representativ | representativ | representativ
days of each of each e year of the | e month of e day of the
pattern pattern pattern the pattern Pattern
1 70.37 19 2003 4 16
2 29.62 8 2006 2 3
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Table 2 shows the results of the Kaiser-Meyer-Olkin (KMQO) measure and Bartlett's test of
Sphericity. The Kaiser-Meyer-Olkin measure of Sampling Adequacy is 0.628, and the sig
value of Bartlett's test of Sphericity is also zero. Kaiser (1974) and Meyer et al. (1977) set
the minimum value of KMO to be 0.5 to perform factor analysis, and the implementation of
factor analysis is considered unobstructed if KMO is equal to or greater than 0.5. Crany and
Kaiser (1977) also determined the value of KMO for factor analysis to be 0.6 or more. Since
the KMO value obtained for the investigated variables is 0.628 and the sig value of Bartlett's
test of Sphericity is zero, therefore it can be said that the investigated data can be factorized.

Table 2. The KMO and Bartlett's test of Sphericit

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .628
Approx. Chi-Square 259.303
Bartlett's Test of Sphericity Df 45
Sig. .000

Table 3 shows the total variance explained. According to this table, 84.42% of the total
variance of the data is explained by the three obtained factors. If in the factor analysis
technique, the total variances explained are greater than 80%, this technique is ideal for
modeling (Sharifi, 1994). Considering that 84.42% of the variance of the total data was
explained by the three factors obtained, therefore, the factor analysis technique performed
well in reducing the number of variables and was able to explain a large percentage of the
variances.

Table 3. Total Variance Explained

N Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues - ;
Component Loadings Loadings

P Total % of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %

1 4.795 47.951 47.951 4,795 47.951 47.951 3.219 32.189 32.189

2 2.115 21.145 69.096 2.115 21.145 69.096 2.930 29.303 61.492

3 1.532 15.324 84.421 1.532 15.324 84.421 2.293 22.928 84.421

Figure 3 shows the scree plot of factor scores. Based on this figure, factors 1 to 3 have
performed most in reducing the number of variables and explaining the variances. The
decrease in the slope of the graph from factor number 4 to 10 shows that these factors are
less effective in explaining the variances. Using the factor analysis method, three factors were
extracted. Figure 4 shows the dendrogram of heavy rainfalls in the Northwest of Iran, which
was obtained using the hierarchical clustering technique. Based on this figure, the
representative days of the first and second patterns, which had the highest explained variance
and the highest percentage of heavy rainfall coverage in the northwest of Iran, were analyzed
synoptically.
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Figure 4. The dendrogram of heavy rainfalls in the Northwest of Iran

Synopsis analysis of the representative day of the first pattern (Apr 16, 2003)

Apr 16, 2003, was chosen as the representative day of the first pattern. Table 4, shows the
characteristics of the representative day of the first pattern. In this table, Mean daily
temperature (c), mean daily relative humidity (%), cloudiness (octas), and daily rain (mm)
are shown for the synoptic stations of the northwest of Iran that have daily rainfall of more
than 20 (15 stations). Figure 5 shows the zoning of daily rainfall for Apr 16, 2003, in the
northwest of Iran. According to this figure, the maximum heavy rainfall occurred on the
mentioned day in the western parts of the study area, and the maximum heavy rainfall was
recorded at Urmia station in the amount of 44 mm.
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4. Characteristics of the representative day of the first pattern (Apr 16, 2003) Table

ariables Mean Daily Mean Daily Relative | Cloudiness | Daily Rain
Stati Temperature (c) Humidity (%) (Octas) (mm)
Miyane 5.8 86 8 31
Zanjan 7.1 82.8 8 31.9
Bijar 75 83 6 20
Tekab 7.2 81.8 5.5 23
Zarine 4.1 96 54 21
Sarab 0.6 92.8 8 20
Sardasht 6.8 89.7 7.1 24
Piranshahr 6.7 89.4 7.8 38
Orumiye 5.6 89.1 7.75 44
Ahar 0.6 92.8 8 20
Mahabad 7.2 86.3 75 28.7
Marage 7 78 6.5 27
Khoy 5.4 86.3 8 34.6
Kaleybar 0.2 96.6 8 32
Parsabad 7.5 83 6 20
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Figure 5. Zoning of daily rainfall for Apr 16, 2003, in the northwest of Iran

Figure 6 shows sea level pressure (hPa) and 500hPa geopotential height maps in the studied
area for Apr 16, 2003. Based on this figure, a low-pressure core with a central pressure of
1007.5 hPa has formed over the Arabian Peninsula. The 1015 hPa tongue of this low-pressure
system is extended to the west and northwest of Iran. The counter-clockwise air movement
in this low-pressure system has caused moist south and southwest currents to blow to the
northwest of Iran. In the north of Aral Lake, a strong high-pressure system has formed, and
its central pressure has reached 1047.5 hPa. The southwest tongues of this high-pressure
system have moved to the northwest of Iran and caused cold air to enter this region. The
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clockwise movement of the air in the mentioned high-pressure system has caused
northeasterly currents to blow to the studied area.

These winds, passing over the Caspian Sea, became humid and penetrated to the northwest
of Iran, bringing moisture to this region. The intrusion of the high-pressure 1022.5 hPa
tongues from the northeast and the intrusion of the 1015 hPa low-pressure tongue from the
southwest have caused the formation of a landfront in the northwest of Iran. The collision of
these two tongues has led to the advection of warm and humid southern air over the cold
northern air. It has led to an increase in air cloudiness and heavy rainfall in the northwest of
Iran so that, on Apr 16, 2003, at least 15 synoptic stations in the northwest of Iran received
more than 20 mm of rain in one day. Figure 6 also shows that at the level of 500 hPa, a strong
cold front with a central height of 5600 meters has formed over Iraq and has become a
blocking system. This blocking system has caused the westerly currents to slow down the air
continues to rise and heavy rains occur in the northwest of Iran. Northwest of Iran on Apr 16,
2003, has been placed in front of the westerly winds. In front of the trough of the westerly
winds, there is a positive vorticity advection, which provides the conditions for the lower
convergence and upper divergence of the air mass; in this case, atmospheric instability
increases and leads to heavy precipitation. Figure 7 shows that due to the presence of a cut-
off low in the west of the studied area (over Iraqg), a negative omega nucleus with a value of
-0.5 p/s has formed at the 500 hPa level, and it shows that the atmosphere of the northwest
of Iran is unstable. Figure 7 also shows that at the 500 hPa level, the vorticity is positive,
which indicates the presence of conditions necessary for moist air to rise and cause heavy
rainfall. Figure 8 indicates that the air temperature at the 500 hPa level is about -20 degrees
Celsius. This figure also shows that the dominant currents in northwest of Iran at 500 hPa
level are the southwest currents, which are in the same direction and coordinated with the
south and southwest currents of the sea surface. Figure 9 shows that on Apr 16, 2003,
precipitable water in the northwest of Iran reached more than 90 kg/m2, which indicates the
high potential of the atmosphere of the northwest of Iran to cause heavy rainfall on this day.
This figure also shows that the relative humidity of the air in the northwest of Iran is high.
Figure 10 shows the convergence and divergence of humidity in northwest of Iran on Apr
16, 2003. According to this figure, the convergence of moist air is observed in the northwest
of Iran, which has led to the rise of air and heavy rainfall.
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Figure 11. Zoning of daily rainfall for Feb 03, 2006, in the northwest of Iran

Synopsis analysis of the representative day of the second pattern (Feb 03, 2006)

Table 5 shows the characteristics of a representative day of the second pattern. Feb 03, 2006,
was chosen as the representative day of the second pattern. In this table, as in Table 4, some
weather variables are shown for the synoptic stations of the northwest of Iran that have daily
rainfall of more than 20 nm (14 stations). Figure 11 shows the zoning of daily rainfall for Feb
03, 2006, in the northwest of Iran. According to this figure, the maximum heavy rainfall on
Feb 03, 2006, increased from the northeast to the southwest and reached the highest amount
(185 mm) at the Sardasht station.
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5. Characteristics of the representative day of the second pattern (Feb 03, 2006) Table

ariables Mean Daily Mean Daily Relative | Cloudiness | Daily Rain
Stati Temperature (c) Humidity (%) (Octas) (mm)
Miyane 1 95.8 8 34
Zanjan 15 91.2 8 27
Tekab 2.2 94.6 7.8 20.8
Zarine 0.1 95.5 8 44.9
Khalkhal 3.5 96.6 8 34
Sagez 3.2 91.1 8 61
Sarab 15 93.5 8 20
Sardasht 2.5 97.2 8 185
Piranshahr 1.7 96.6 8 80
Orumiye 0.4 95.1 8 20
Mahabad 3.3 89 7.7 57
Marage 3.9 88.2 8 28
Tabriz 2.2 89.2 7.7 24.2
Sahand 1.3 90.7 7.7 21.01

Figure 12 shows the sea level pressure and geopotential height of 500 hPa on Feb 03, 2006.
As seen from this figure, the 1012.5 hPa low-pressure tongue located over the Red Sea covers
the northwest of Iran. The counterclockwise rotation of the air in this system has caused the
transfer of moist air from the Red Sea and the Mediterranean Sea to the northwest of Iran.
The penetration of this tongue has caused the instability of the air in the northwest of Iran
and has provided the conditions for the rise of moist air and the creation of heavy rain. On
this day, at the 500 hPa level of the atmosphere, a deep trough can be seen, whose axis
extends from the northwest of the Caspian Sea to the south of Libya. The direction of the
axis of this trough is northwest-southeast. This trough, in Western Europe, houses a cut-off
low, whose central height has reached 5025 meters. Under the mentioned cut-off low, the
curves of the iso-hypes have been stretched towards the southern latitudes and have created
a strong trough. The axis of this secondary trough extends from the center of Tlrkiye to the
south of Libya. The topography of the 500 hPa level of the atmosphere shows that on the
right side of the mentioned trough, the curves of the iso-hypes have become more compact
and the wind speed has increased at the 500 hPa level. On the other hand, the location of the
northwest of Iran in front of the westerly winds shows the unstable atmosphere on Feb
03,2006, in the northwest of Iran. This instability can also be seen in Figure 13. In this figure,
over the northwest of Iran, a negative omega core can be seen, which indicates the baroclinic
atmosphere at the 500 hPa level of the atmosphere.
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The values of the vorticity in the studied area fluctuate between zero and one, which indicates
a positive vorticity advection in the northwest of Iran. Since the representative day of the
second pattern is in winter, the Northwest of Iran witnessed a temperature of -15 to -20
degrees Celsius at the level of 500 hPa on Feb 03, 2006 (Figure 14). The wind direction of
500 hPa level on Feb 03, 2006, was from the southwest to the northeast, which led to the
transfer of moisture from the Red Sea and the Mediterranean Sea to the studied area (Figure
14). Figure 15 shows that at the 500 hPa level of the atmosphere, precipitable water and
relative air humidity are appropriate and can lead to heavy precipitation if other conditions
exist. Figure 16 also indicates that the humid air current in the study area causes the transfer
of moist air from the moisture sources of the west of Iran (Red Sea and Mediterranean Sea)
to the study area. In terms of moisture convergence, the environmental conditions for air
ascent and transformation moisture are ready for heavy rainfall.

Figure 14. Air temperature (color) and Figure 15. Precipitable water (color) and
Vector wind (curve) at 500 hPa, for Apr 16,  Relative humidity (curve), at 500 hPa, for
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Conclusion

The results showed that spring, autumn, and winter have the most occurrences of heavy rains
in the northwest of Iran, and in the spring season, the most occurrences of heavy rains belong
to April. The trend of changes in the occurrence of heavy rains in the northwest of Iran is
stable in the long term, which indicates the lack of significant changes in the occurrence of
heavy rains in the northwest of Iran over time. The statistics obtained from the factor analysis
technique showed that this technique has an excellent ability to reduce the number of synoptic
variables and produce climatic factors. It has been able to pattern the heavy rains of northwest
Iran along with hierarchical cluster analysis. The analysis of the representative days of the
first and second patterns showed that the heavy rains in the northwest of Iran from 2000 to
2019 were associated with the formation of a strong cyclone system and the presence of a
short front on the surface of the earth. This finding is consistent with the results of the studies
of Mostafaei et al. (2015), Kaviani and Alijani (2014), Ahmad and William (2018), Carla-
Lima et al. (2009), Pook et al. (2014), Agel et al. (2018) and Barth and Steinkohl (2004). The
results also showed that in the middle level of the atmosphere, the establishment of the deep
trough system, along with blocking and the location of the studied area in the eastern half of
the trough (under the front of the trough axis), along with the values of positive vorticity and
negative omega, has caused heavy rainfall in the northwest of Iran. This result is also in
agreement with the findings of Mohammadi and Masodyan (2010), (2016), Azizi (2011),
Dargahian et al. (2014); Salamati Hormazi et al. (2017), Foroutan and Salahi (2020),
Beyranvand et al. (2022), Akbari et al. (2016), and Sanchez-Almoddvar et al. (2022). This
research showed that at the 500 hPa level of the atmosphere, the density of the curves of the
Iso-hyps indicates the presence of the jetstream, which has caused the ascent to intensify and
strengthen the heavy rainfall. This result is in line with the findings of Salahi and Alijahan
(2013), Kaviani and Alijani (2014), Shamsipour et al. (2018), and, Zakizadeh et al. (2018).
Local conditions in spring and autumn have led to heavy rainfall in the studied area, which
is consistent with the results of studies by Alijani (2013) and (2019), and Nie and Sun (2021).
This research indicated that the convergence of the maximum humidity in the direction of
the western winds entering the study area with the intensification of the humidity had
strengthened the heavy rainfall. This result is also consistent with the research results of
Lakshmi et al. (2019), Hu et al. (2022), Shadmani et al. (2018), and Alijani (2013), who
consider the humidity factor to be more important than the ascension factor for causing heavy
rains.
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