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Introduction: Air pollution is one of the main problems of industrial and
large cities like Tehran, due to its harmful effects, especially on human health.
Materials and methods: Based on the intensity and continuity of the standard
air pollution index during 2004-2020 for 112 cases in Tehran, the principal
component analysis method was applied in T-mode and clustering of days
for similar 500hPa geopotential height changes were provided. The synoptic
patterns leading to these different pollution cases were obtained.

Results: The study ofthe mentioned days shows the activity of five atmospheric
patterns with the frequency of 47, 28, 12, 13, and 4%, respectively.
Conclusion: The first pattern happens during the cold season, associated with
the simultaneous placement of the atmospheric ridge along with Siberian
high-pressure system. The second group, which occurs mostly in summer
and during late spring, is controlled with the predominant ozone pollutant.
The main activity of the third pattern occurrences in summer and late spring,
which is associated with the presence of monsoon Indian low-pressure on the
southeastern regions in Iran. The fourth pattern, which occurs mostly in spring
and autumn, associates with the establishment of dynamic low pressure in the
western regions of Iran and Iraq, as well as the establishment of the thermal
low-pressure system in the central part of the country. The last group is a local
pattern that occurs due to the passage of the gust front and the shear of the
wind field dust rise in the Tehran.

Introduction

in large and industrial cities and the increase in
air pollution sources, such as cars and industrial

Air pollution has always been one of the most
important issues in industrial and large cities of
the world, including Tehran. Statistical analysis
shows that the number of polluted days and the
amount of air pollution is increasing across the
world, and this is due to the increase in population

places [1, 2]. The World Health Organization
identifies air pollution as the cause of several
million deaths each year [3]. It is projected that
~87% of the worldwide people live in areas
surpassing the World Health Organisation's
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(WHO) air quality standards for yearly mean
ambient PM, . (10 mg/m’) [1]. Recent studies of
the Global Burden of Disease (GBD) assess that
ambient PM2.5 exposure is a main factor risk
factor to local and worldwide burden of illness
[4-7].

Meteorological conditions and changes in the
physical and dynamic properties of the atmosphere
play an important role in changes in air pollution
[8-11]. Meteorological parameters which can
affect the way atmospheric pollutants change are
including wind shear and direction, atmospheric
vertical temperature structure, humidity, and solar
radiation [12-14]. For example, the absence of
wind with appropriate intensity and temperature
inversion that prevents convective movements can
cause the accumulation of atmospheric pollutants
in the lower layers [15]. Due to the importance
of this issue, many studies have been conducted
on the relationship between meteorological
conditions and atmospheric parameters with
air pollution. For example, investigated the
effect of synoptic patterns and boundary layer
characteristics on the increase of particulate
pollutants with an aerodynamic diameter greater
than 10 micrometers (Particulate Matter: PM, )
in Changsha, China [16]. In this study, it has
been shown that increasing the intensity of
this pollutant is associated with increasing the
stability of the atmosphere and the establishment
of an anti-cyclonic pattern. Also, with increasing
wind speed, increasing the height of the mixed
layer, and decreasing the depth of the temperature
inversion layer, the amount of this pollutant
decreases. Using a model, investigated the effect
of local and synoptic atmospheric patterns on
PM,  atmospheric pollutants in Naples, Italy [17].
The results show that low wind speed, temperature
inversion as well as the absence of significant
rainfall for at least a week led to increased air
pollution in this area. Also investigated the effect
of meteorological parameters on the persistence
of severe atmospheric pollution in Chengdu Plain,
which has several sources of off-site pollutants,
in a case study [18]. The results of this study
show that low air temperature and wind speed,

higher surface pressure, and relative humidity, the
occurrence of temperature inversion, especially
in the layers close to the surface, aggravate air
pollution. In addition, it has been stated that not
only surface factors but also the structure of the
boundary layer plays a role in the vertical release
of pollutants.

Among air pollutants, in addition to PM, and
PM, ., the harmful effects of ozone should not be
ignored. Ozone is one of the most important air
pollutants near the earth's surface. The transparent
layer of ozone, or in other words, the thin blue
band that surrounds the Earth's atmosphere, has an
important role in life over the Earth's atmosphere.
So that only with this protective coating, human
life on Earth can continue. But the presence of
ozone near the Earth's surface has a severely
destructive effect on the mucous tissues and
respiratory organs of living organisms. Usually, in
warm weather and without clouds, the conditions
for photochemical production of ozone are more
favorable. Also, low wind speed and downward
motions cause this pollutant to be trapped in the
surface layer [19]. The relationship between the
thickness of the boundary layer and the amount of
ozone in it has been investigated by [20]. In this
study, it is stated that the amount of this pollutant
changes with the variation of the thickness of the
boundary layer at different hours of the day and
corresponding to the number of sunny hours. As
the height of the boundary layer increases, so
does the amount of ozone, and vice versa. This
is because, in the thicker boundary layer, the air
near the surface mixes with the air richer with
the ozone of the higher layers, and the amount of
ozone near the surface increases. There have also
been many studies on the relationship between
ozone formation and atmospheric temperature
[21-23]. In general, ozone concentrations do not
appear to be dependent on temperatures below
27°C but are strongly dependent on temperatures
above 32°C [24].

Also, some Iranian studies have been conducted
on air pollution in greater Tehran, which are
divided into two main groups. In the first group,
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the increase in air pollution index is due to the
stability of the atmosphere and the consequent
confinement of pollutants due to incomplete
combustion of fuel and other pollutants [10].
The second group is related to the increase of
the pollution index due to the rise of dust in the
region or the advection of dust from the ground
outside the region of Tehran to this region [25].
Many case studies have been conducted in
connection with these two different mechanisms
of increasing the pollution index in Tehran, but
the long-term and simultaneous study of these
patterns have not been investigated. For example,
studied the spatial distribution of atmospheric
pollutants in Tehran in 2005 [10]. In this study,
using the principal component analysis method,
five synoptic meteorological models based
on the amount of air pollution in Tehran have
been introduced. The results of correlation of
pollutants with each pattern show that in the
conditions of heat low pressure develops over the
central part of Iran and high-pressure penetration
from the northeast accompanying with middle
tropospheric zonal pattern with dry southerly
winds, the concentration of pollutants increases.
While the occurrence of precipitation and
westerly high-speed winds reduce air pollution
in Tehran. Also, have studied the changes in
the concentration of atmospheric pollutants for
several specific periods in the duration of 2004-
2007 [26]. The results of this study indicate that
carbon monoxide shows two maximum values,
one in the morning and one at night in Tehran.
These polluted days are associated with severe
temperature inversion and increased surface
pressure. Other studies from the first group
include the study of investigated the average
of synoptic patterns based on the occurrence of
different concentrations of carbon monoxide
in summer and autumn in Tehran during 2001-
2006 [27]. The results of this study showed that
the development of high pressure on the Caspian
Sea, the passage of the trough line, or zonal
currents of the middle level of the troposphere
reduce atmospheric pollution in Tehran. While
the formation of thermal low pressure in the

southeastern parts of the Caspian Sea and the
high-pressure tongue in the south of the Alborz
mountain range along with strengthening the
ridge cause an increase in the potential of air
pollution in Tehran. Also, have studied the
synoptic characteristics of atmospheric systems
that have led to the occurrence of severe pollution
during the period (1999-2008) in Tehran using
the manual method [28]. The results of this study
showed that pressure patterns for days with
severe pollution in Tehran, although occurring in
different seasons, but there are similar in terms
of the type of weather system and location. In all
cases studied, the formation of the high-pressure
system cited on the Zagros and southern Alborz
and thermal low pressure in the northern Alborz
with mid-atmosphere ridging along with calm
wind conditions and a very sharp reduction in
the boundary layer depth in Tehran are specific
synoptic features of all these polluted days.

In the field of studying the occurrence of dust
in the region of Tehran area or the southeast and
southwest of Iran as well as Iraq, many studies of
synoptic perspectives and simulations have been
done using numerical models. In some cases,
the dust is advected from the south, east, and
southwest of Iran, as well as Iraq to the Tehran
region. For example, studied the identification
of the best algorithm for dust occurrence in
the southwest of the country by using Miller
method and the Modis data [29]. Also, the
dust storm of June 12, 2014, was simulated in
Tehran using the WRF-Chem model and it
was stated that the MADE-SORGAM scheme
had a good performance in simulating the dust
concentration [30]. In this study, a dust storm
event on the first to third of April 2015, which
affected the Persian Gulf and the southeast
of the country, was simulated by using the
WRF-Chem model. The model is examined
using three-station information. The results
of this study showed that the performance of
the AFWA schema in simulating the behavior
of dust particles is appropriate in terms of the
particle distribution.
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Atmospheric patterns are classified manually
before automated methods with the help of
computers, and this method is more familiar
to meteorologists. Its main problem is the
possibility of personal mistakes in classification
and heavy and intensive work. However, its main
advantage is the application of the experience
of skilled experts in the classification process
[31]. With the advancement of science and the
emergence of powerful computers in the world
of science, manual (intrinsic) methods have
given way to automatic (objective) computer
methods. Contemporary automatic classification
methods have been extensively studied by [32].
One of the correlation-based methods is the most
popular method due to its efficient classification
with a computer pattern recognition algorithm.
However, this method requires the researcher to
make mental decisions such as the size and number
of network points, determining the number of
map patterns, and correlation thresholds that
affect intragroup similarity and intergroup
differentiation. Hence, suggested abandoning
the term "objective classification" and replacing
it with automated methods called computer-
assisted classification [33, 34]. However, it looks
that there is no single classification method being
the best and proposed one [35]. Also, it was
concluded that each classification method has
advantages and disadvantages, and the choice
of the appropriate method depends on balancing
the research needs, the researcher's skills, and the
nature of the data [36].

Atmospheric  synoptic  patterns  directly
or indirectly play a very important role in
environmental phenomena by allowing the impact
of mesoscale processes [37]. These phenomena
include, for example, flash floods, dust emissions,
and an increase in atmospheric pollutants such

as ozone depletion [34]. It was obtained 19
atmospheric patterns for a ten-year period in the
eastern mediterranean using both manual and
computer-assisted methods [34]. However, a day-
to-day comparison of classifications for the three
common types of these patterns shows a large
difference between the two clustering methods.
The "environment- to- circulation" approach has
been tested on three environmental processes:
air pollutants, dust emissions, and floods [32].
The results show that the weak pressure gradient
associated with increasing ozone content makes
classification difficult for both methods. Patterns
related to dust emission show the importance
of studying the formation of the cold cyclonic
system rather than pressure gradient analysis.
Also, in the case of floods, it is important to study
the patterns of upper atmosphere levels due to
study severe convective processes than to study
the patterns of the lower atmosphere. Also, used
the analysis method of the main components of
atmospheric patterns and studied the case of the
period of 2000 to 2018 which led to an increase
in atmospheric pollutants in Tehran [9]. In this
study, the severity and persistence of severity in
terms of pollution were chosen. However, the
selected days did not include ozone pollutants
as well as any presence of the gust front system
with a short lifetime of about one day. Due to
global warming and the dependence of increasing
atmospheric pollution by ozone pollutants with
rising temperature, it is necessary to consider
these specific atmospheric patterns associated
with ozone pollutants. Therefore, ozone pollutants
have also been studied in this study.

Materials and methods

To determine the weather patterns leading to air
pollution or the cause of persistence and increase

Table 1. Air Quality Index (AQI) Values based on PSI

0to 50 51-100 101-150
Clean or good Moderate o1 Unhealthy for
healthy sensitive groups

151-200
Unhealthy

201-300
Very unhealthy

300-500
Hazardous
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ofairpollutantsin Tehran, itis firstnecessary touse
the information of the amount of these pollutants
for example the PSI (Pollutant Standard Index)
to identify days with polluted air. The PSI index
i1s a measure of air pollution, which is between
zero and five hundred. Based on the value of this
index, air quality is classified into five groups:
clean, healthy, unhealthy, very unhealthy, and
hazardous (Table 1). Therefore, in the study
period (2004-2020), based on the number of air
pollutants in the Greater Tehran area, including
PM,,, CO, NO,, SO,, and O, pollutants were
identified using the PSI index and according
to Table 1, the polluted days were identified. It
should be noted that since 2010 when the number
of hazardous pollutants of suspended particles
with an aerodynamic diameter of smaller than
2.5 micrometers (PM, ,) was also measured and it
was added to the information used due to identify
contaminated days.

Therefore, based on the air quality index,
unhealthy days were identified as warnings and
emergencies. The air quality index data has been
obtained from [38]. Because each factor alone

can be effective in creating unhealthy conditions,
warnings, and emergencies, the factor that
has the highest amount of pollution index was
determined as the main polluting factor. The
study of the PSI index shows that in the period
of March 20, 2004, to Nov. 20, 2010, pollutants
of CO, PM,, and O, had the highest role in air
pollution with 66, 24, and 9%, respectively. It
should be noted that the contaminant PM, . was
not measured during this period. Also, in the
period of Nov. 22, 2010, to March 21, 2021, it
is observed that the main air pollution in Tehran
is caused by PM, suspended particles. Then,
based on the studies, with two criteria of severity
and persistence of air pollution according to
the season of its occurrence, 112 periods of air
pollution cases in Tehran in the last 17 years were
selected. Table 2 lists the characteristics of these
112 selected cases. The group number indicates
the number of synoptic patterns leading to air
pollution in the study period, which is obtained
in the continuation of the research. Each group
is analyzed on a selected day marked in blue in
the table.

Table 2. 112 Selected air pollution periods in Tehran with two criteria of severity and continuity of air pollution
during the years 2004-2020.

Experiment Group  Startin Days  Max Main Experiment Group Starting  Days  Max Main
number gdate number PSI pollutant number date number PSI  pollutant
1 1 2004- 14 167 Cco 57 2 2017- 2 128 O3
09-23 07-28
2 1 2004- 4 168 (6[0) 58 1&4 2017- 16 151 PMas
12-30 10-25
3 1 2005- 14 190 (6[0) 59 1&4 2017- 7 123 PMzs
12-30 11-15
4 1 2006- 8 137 (6[0) 60 1 2017- 8 144 PMzs
09-04 11-30
5 1 2006- 6 145 (6[0) 61 1 2017- 16 172 PMzs
09-21 12-10
6 1 2008- 4 113 PMio 62 1 2017- 5 152 PMzs
02-07 12-29
7 5 2008- 1 217 PMio 63 1 2018- 9 132 PMzs
04-06 01-05
8 3 2009- 8 381 PMio 64 1 2018- 5 138 PMzs
07-06 01-22
9 2 2008- 4 111 O3 65 1 2018- 15 177 PMzs
07-29 01-30
10 2 2009- 3 130 O3 66 2 2018- 2 150 O3
08-14 07-02
11 2 2009- 3 166 O3 67 2 2018- 2 129 O3
08-16 07-05
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Table 2. 112 Selected air pollution periods in Tehran with two criteria of severity and continuity of air pollution
during the years 2004-2020.

Experiment Group  Startin Days  Max Main Experiment Group Starting  Days  Max Main

number gdate number PSI  pollutant number date number PSI  pollutant
12 2 2009- 2 118 O3 68 2 2018- 2 117 O3
08-27 07-13
13 2 2010- 3 113 O3 69 1 2018- 4 120 PMazs
07-03 11-18
14 5 2010- 1 220 PMio 70 4 2018- 3 134 PMazs
07-16 11-28
15 1 2010- 22 157 PM:zs 71 4 2018- 3 140 PMazs
11-22 12-03
16 1 2010- 16 168 PMzs 72 1 2019- 5 128 PM:zs
12-18 01-20
17 4 2011- 15 278 PMio 73 2 2019- 3 111 O3
04-12 06-03
18 3&4 2011- 21 214 PMio 74 2 2019- 2 114 O3
05-29 06-11
19 3 2011- 21 129 PMio 75 2 2019- 1 120 O3
06-26 06-19
20 3 2011 14 109 PMio 76 2 2019- 2 119 O3
—8-14 06-23
21 1 2011- 27 140 PMio 77 2 2019- 3 160 O3
11-30 06-30
22 4 2012- 8 192 PM:zs 78 2 2019- 3 134 O3
05-11 07-04
23 4 2012- 4 201 PMio 79 2 2019- 2 126 O3
05-23 07-09
24 1 2012- 15 122 PMio 80 2 2019- 2 122 (05}
11-21 07-14
25 4 2013- 11 170 PM:zs 81 2 2019- 2 149 O3
09-29 08-01
26 1 2013- 25 165 PMio 82 2 2019- 3 139 O3
12-21 08-05
27 3 2014- 6 125 PM:zs 83 1&4 2019- 10 144 PM:zs
06-08 11-06
28 3 2014- 10 190 PMzs 84 1 2019- 8 156 PM:zs
06-24 11-23
29 3 2014- 6 129 PM:zs 85 1 2019- 5 157 PM:zs
07-21 12-13
30 3 2014- 4 129 PMzs 86 1&4 2019- 9 156 PMazs
08-05 12-20
31 3 2014- 5 133 PM:zs 87 1 2020- 3 119 PM:zs
08-12 01-15
32 3 2014- 6 133 PMzs 88 1 2020- 4 147 PMazs
09-18 01-27
33 4 2014- 7 146 PM2s 89 1 2020- 3 136 PM2s
09-28 02-28
34 1 2014- 9 142 PM2s 90 1 2020- 2 113 O3
11-13 06-15
35 1 2014- 7 134 PM2s 91 2 2020- 5 141 O3
12-14 06-24
36 1 2014- 9 152 PM2s 92 2 2020- 1 149 O3
12-26 07-01
37 1 2015- 4 145 PMazs 93 2 2020- 3 139 O3
01-13 07-03
38 1 2015- 5 137 PM2s 94 2 2020- 4 133 O3
01-26 07-08
39 1 2015- 8 157 PMio 95 2 2020- 10 161 O3
03-08 07-15
40 3 2015- 4 162 PM2s 96 2 2020- 2 110 O3
06-08 07-26
41 3 2015- 5 146 PM2s 97 2 2020- 1 129 O3
06-14 07-31
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Table 2. 112 Selected air pollution periods in Tehran with two criteria of severity and continuity of air pollution
during the years 2004-2020.

Experiment Group  Startin Days  Max Main Experiment Group Starting  Days  Max Main
number gdate number PSI  pollutant number date number PSI  pollutant
42 3 2015- 11 127 PMz 5 98 2 2020- 1 121 O3
06-22 08-04
43 3 2015- 4 127 PMz s 99 2 2020- 2 113 O3
07-17 08-08
44 5 2015- 1 154 PMio 100 2 2020- 2 108 O3
08-11 08-11
45 5 2015- 1 252 PMz s 101 2 2020- 3 128 O3
09-01 08-14
46 1 2015- 5 146 PMz 5 102 1 2020- 8 123 PMz s
11-05 10-12
47 1 2015- 8 134 PMz s 103 4 2020- 3 113 PMz s
11-23 10-26
48 1 2015- 23 162 PMz 5 104 1 2020- 4 135 PMz s
12-09 11-01
49 1 2016- 10 149 PMz s 105 1 2020- 4 131 PMz s
01-12 11-24
50 1 2016- 4 135 PM25 106 1 2020- 5 146 PM2 s
02-13 12-01
51 2 2016- 1 128 O3 107 1 2020- 3 133 PMz s
06-15 12-09
52 1 2016- 11 156 PMz 5 108 1&4 2020- 12 146 PMz s
11-09 12-13
53 1 2016- 6 152 PMz s 109 1 2020- 9 168 PMz s
11-27 12-27
54 1 2016- 6 154 PMz 5 110 1&4 2021- 11 174 PMz s
12-22 01-06
55 1 2016- 4 151 PMz s 111 1 2021- 6 150 PMz s
12-30 01-25
56 1 2017- 15 159 PM: 5 112 1 2021- 3 136 PMz s
01-07 02-03

Results and discussion

Study of atmospheric patterns affecting air
pollution in the greater Tehran

In this section, air pollution in Tehran is
examined from the perspective of synoptic
meteorological patterns. Atmospheric synoptic
patterns play a controlling role in local and
regional conditions, including air pollution.
To identify the environmental characteristics
of the events with increasing air pollutants in
the Tehran region, the climatological approach
of reaching the Environment- to- circulation
pattern from method has been used [32]. For
this purpose, as mentioned before, by using the
PSI index, 112 periods of obvious pollution
occurrence in Tehran in the period 2004-
2021 were identified. If the purpose of the

analysis is to find spatial synoptic patterns or
flow patterns, it is appropriate to use principal
component analysis in the T mode. However,
if the goal is to find interpolation patterns, the
use of principal component analysis in the S
mode is recommended [39]. To clustering the
patterns, it must have subgroups that have
the same spatial patterns. This is possible by
performing principal component analysis in T
mode. That is when the columns of the time
input matrix and the rows correspond to the
grid points [40]. Considering that the aim of
the present analysis is to find spatial synoptic
patterns, this study, uses the T-mode analysis
of principal components. Then the clustering
of days that are similar in terms of 500 hPa
geopotential height changes was provided. This
clustering was performed using data from the
European Center for Medium-Range Weather
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Forecast (ECMWF) [41].

Based on the number of variables for the studied
days, five different synoptic patterns were
obtained which led to the increase of pollution
potential in Tehran. It should be noted that in
these groups, except for the second group, the
main pollutant of suspended particles with
aerodynamic diameter is less than 2.5 and
larger than 10 um and the main pollutant in
the second group is ozone. The five mentioned
patterns have a frequency of 47, 28, 12, 13, and
4%, respectively, for the 112 periods studied.
In some periods, sometimes two synoptic
patterns have been involved in the increase
of pollutants. These patterns are ranked and
named based on the frequency percentage. The
results of clustering of synoptic patterns leading
to an increase in the PSI index have identified
three important sources of air pollution for
Tehran. In the first model, which is usually
the duration of long-term pollution, and the
atmosphere is very stable and occurs more in
the cold season, the pollutants include cars,
vehicles, and industrial factories. So, the cause
of air pollution comes from combustion and
incomplete fuel is formed. The second group,
which is usually a very short period of one
to two days, occurs more in the warm season
and is due to an ozone pollutant. The third
and fourth groups are related to the advection
of dust from foreign sources (southeast of the
country and Iraq), respectively. Finally, in the
fifth model, which, like the second group, has a
short duration of pollution, the polluting factor
is related to severe soil erosion from local areas
due to strong wind shear. In order to better
identify these synoptic patterns leading to
increased air pollution in Tehran, the average
pattern of these groups is studied.

The first pattern (Figs. la, b) contains the
highest number of contaminated periods
studied, and 53 out of 112 cases belong to this
synoptic pattern. In this group, usually, the
duration of the pollution period is high, and the
pollution index has high values. This pattern

is more prevalent in autumn and winter, which
is usually accompanied by the Siberian high-
pressure system. The presence of high Siberian
pressure along with the tropospheric mid-level
ridge increases the stability of the atmosphere,
downward motions, and the weakness of the
horizontal wind field. Also, due to the presence
of Siberian high onthe surface, whichisalso very
strong in some periods, the temperature near
the surface decreases. This causes temperature
inversion and increases stability, which leads
to increased accumulation of pollutants. The
pollutants are produced especially by cars
and industrial generators. With increasing
temperature and weakening of the surface
pressure, which is sometimes accompanied
by the replacement of low pressure with high
pressure, and with increasing the intensity of
the horizontal wind field, especially in the
lower levels of the troposphere, a temperature
inversion is eliminated, and air pollution
is reduced. Usually, this change in the
pattern on the surface is accompanied by the
penetration of the trough in the middle levels
of the troposphere, which generally vanishes
inversion and air pollution. This change
sometimes is so obvious that the emergency
determination reaches a healthy or clean state.

The second pattern (Fig. 1 ¢, d) covers 32 of
the 112 study cases and is related to the major
ozone pollutant case that usually occurs at high
summer temperatures. It should be noted that
this group has a continuous period of short-
term pollution, but the type and mechanism
of pollutant formation is different from other
groups. So, here this specific case has been
studied and analyzed in more detail. In summer,
the air quality index is usually in a good status;
therefore, changing the air quality to unhealthy
conditions or warnings in this season should
be assessed and considered. The structure
of this synoptic pattern of this group shows
dominant low-pressure surface and subtropical
high. Due to the extreme heat, especially in
the afternoon, convective motion is formed,
and the height of the boundary layer is well
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mixed, even reaching the middle levels of the
troposphere. This mixing of the atmosphere
near the surface with higher levels with
more ozone is caused to increase the amount
of this pollutant and in some periods can
even has caused the "warning" issues. This
pollutant mostly causes air pollution in the
hot season, and since the heat of the air
causes the formation of ozone, its amount
increases with increasing temperature. In
this synoptic pattern, air pollution is reduced
by weakening ridge and low pressure which
is accompanied by a decrease in temperature
and an increase in wind speed.

The third model (Fig. 1 e, f) includes 14 of the
112 study cases. This pattern, which is mainly
dominant during summer and late spring,
indicates the presence of Indian monsoon low
pressure pattern on the southeastern regions
of Iran. This causes severe dust activities in
the desert and arid regions of the southeast
and east of the country. The extension of
this low pressure to the eastern and central
regions of Iran causes dust to move from
these arid and desert areas to the central and
Greater Tehran area and leads to an increase
in the pollution index in these areas. Since
at this time in the central regions of the
country including Tehran, is affected by the
prevailing ridge, the suspended transported
particles of dust remain in the region. In
this model, by weakening the ridge and
penetrating the trough from the western
borders, air pollution is reduced. So, because
of decreasing stability or by influencing
high pressure from the north of the country
and increasing wind because of changing
the pressure gradient pattern air pollution is
decreased. It is also necessary to weaken the
source of pollution in the desert areas of the
east of the country, which will be improved
by reducing the activity of Indian monsoon
low pressure system.

The fourth pattern (Fig. 1 g, h), which occurs
mostly in spring and autumn, shows the

deployment of dynamic low pressure in the
western regions of Iran and Iraq, as well as
the deployment of thermal low pressure on
the central regions of the country. In this
model, upward motions and instability in
Iraq and the western regions of the country
cause dust to rise from arid and desert
areas, especially from Iraq. Suspended dust
is transported to other areas and the city of
Tehran if there is a suitable horizontal wind
field. In this model, as soon as the wind field
shear is reduced, the source of pollution is
weakened, and the amount of air pollution
is reduced by weakening the ridge. With the
eastward movement of the trough located in
Iraq and the west of Iran, the atmospheric
stability decreases, and if there is enough
moisture, the number of pollutants decreases
quickly and considerably with the occurrence
of precipitation.

The last pattern (Fig. 1 1, j), which includes
only 4 of the contamination periods studied.
It is a local pattern that occurs due to the
passage of the gust front and the existence
of wind field shear causing dust rise in the
Tehran region. In this model, the lifetime of
this pattern is usually one to two days. With
the sudden wind shear in the lower levels of
the troposphere due to the passage of the gust
front, the status of the air pollution index
from clean or healthy changes to unhealthy
at once. In this model, as soon as the gust
front passes and the wind shear decreases,
the dust rising from the region decreases, and
with the westerly wind, the suspended dust
particles depart the Tehran region. Here are
the general characteristics of each of the five
resulting synoptic patterns. To express in
more detail each of the patterns, a sample of
each pattern has been analyzed and examined.
These selected days have been marked in
blue in the table. The selected days related to
the first, third, and fourth groups in the study
of have been brought [9]. Therefore, only the
selected day of the second and fifth groups
have been analyzed.
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Fig. 1. The Pattern of mean geopotential height field at 500 hPa in geopotential meters (left), along with sea
level pressure in hectopascals (right) for members of each group.
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Synoptic analysis of air pollution from the second
group: period 2018-07-02 to 2018-07-03

The polluting factor in this period of pollution, which
occurred in the hot summer season with a maximum
air quality index of 150 and on the alert border, was
ozone. As the synoptic pattern of the surface and the
mid-level of the troposphere shows, with the formation
of surface heat low pressure, and upper tropospheric
subtropical high, a hot and stable atmosphere dominates
the region (Figs. 2a and 2b). Also, due to the extreme
heat during these days, convective motions are formed
in the afternoon and the height of the well-mixed layer
has even reached the level of 550 hPa (Fig. 3). This
mixing of the atmosphere near the surface with higher
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layers that contain more ozone, as well as the heat of the
air that causes the formation of ozone, has increased the
amount of this pollutant even to the warning level. This
pollutant causes more air pollution in the hot season and
its amount increases with increasing temperature. In this
period, as shown in Fig. 4, with increasing temperature
from 2018-07-01, an increase in the amount of ozone
occurs in the atmosphere near the surface; so that on
2018-07-02, PSI value reached a maximum of 150.
As shown in Figs 5a, 5b, and 5c, with the decreasing
trend of temperature from 2018-07-02 to 2018-07-04,
the amount of ozone (Fig. 5d) also decreases to the
amount of 52. Therefore, on days when ozone is the
main pollutant, air pollution decreases with decreasing

temperature and increasing wind speed.
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Fig. 2. Geopotential height field at the level of 500 hPa (blue lines, in terms of geopotential meters), along with sea

level pressure (black lines, in terms of hectopascals). a: the first day of the period, b: the second day of the period.
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Fig. 3. The skew-T chart at Mehrabad station at 1200 UTC on the second day of July 2018. The Skew-T chart
for Mehrabad station has been performed from [42].
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Fig. 4. Diagram of maximum and minimum temperature changes in the period of 2018-06-01 to 2018-07-15 in
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Fig. 5. a, b, c: Surface air temperature field (in terms of degrees Celsius) from 2018-07-02 to 2018-07-04
respectively, d: The average daily value of air quality index.
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Synoptic analysis of air pollution from the fifth
group: period 2015-08-31 to 2015-09-01

This period of pollution with a lifetime of one day has
occurred from the late of 2015-08-31 to the mid-day
of 2015-09-01 due to the passage of the gust front.
During this time, there was an unstable atmospheric
condition due to the passage of the mid-tropospheric
trough. Also, with the existent of dominant surface
low pressure in the central part encountering the
high-pressure tongue penetration from the northern
band of the country, a considerable pressure gradient
has been occurred (Figs. 6a and 6b). The wind shear
in the lower levels of the atmosphere (Figs. 7a to
7d) has occurred suddenly causing a dust storm in
the region. As the wind field pattern shows, from
the 850 hPa level (Figs. 7c and 7d) to the 700 hPa
level (Figs. 7a and 7b) wind direction from east to
the southwest has changed. In addition, its amount
has also increased significantly, and considerable
wind shear has occurred in the dust storm area. In
this situation, the air quality status has reached from
the healthy index to the emergency index with an
average daily value of 252, which was the main
pollutant of PM, . However, at the time of the dust
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Fig. 6. Geopotential height tield at the level ot 500 hPa (blue lines, in terms ot geopotential meters), along with sea level
pressure (black lines, in terms of hectopascals), a: 00UTC on 2015-08-31, b: 18UTC on 2015-09-01 (during the peak
period of pollution), c: 00 UTC on 2015-09-01 (during the peak period of pollution) and d: 18UTC on 2015-09-01.

storm, the average hourly rate of some pollution
measuring stations has shown the value of the air
quality index up to about 2500. Figs. 8a to 8d show
the potential vorticity penetration (PV streamer) or
in other words, the intrusion of stratospheric air into
the higher layers of the troposphere (300 hPa level).
PV streamer is associated with the dynamical forcing
for upward motions, reducing the static stability of
the troposphere and strengthening the low-level
wind field. This increases the potential for storm
occurrence. Areas with more decreasing changes in
static stability are located below the southern side
to the east of the PV streamer, and smaller changes
in static stability are observed in other regions [43].
Periods of air pollution associated with this synoptic
structure usually have a short lifetime of about one day;,
with dust particles being removed from the area by
decreasing wind shear and formation of the westerly
winds. Storms of June 02 and June 6, 2014 in Tehran,
which caused many fatalities and financial losses, also
had such a same identical structure. However, because
the pollutants quickly left the region with the strong
westerly winds, this type of storm has a short lifetime
on average. Also, the air quality index for these days
has been reported as 80 and 81, respectively.
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Fig. 7. Horizontal wind field (vector, in meters per second) at the level of 700 (a, b) and 850 hPa (c, d) along with the
amount of horizontal wind (shaded areas), the blue-colored vector used for better detection of wind shear field.
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Fig. 8. Potential vorticity at 300 hPa (in terms of PVU), a: 00UTC on 9/6/1394, b: UTC 18 on 2015-08-31
(during the peak period of pollution), ¢: 00UTC on 2015-09-01 (during the peak period of pollution), and d:
18UTC on 2015-09-01.
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Conclusion

In this study, air pollution in Tehran in the last
17 years, which includes 112 periods of obvious
occurrence of air pollution, was studied from
the perspective of synoptic and thermodynamic
meteorological patterns. The study of the
mentioned days shows the activity of five
atmospheric patterns with a frequency of 47, 28,
12, 13, and 4%, respectively. The first model,
with a number of 53 out of 112, has the highest
number in the study period. In this pattern, which
1S more common in autumn and winter, the
duration of the pollution period and the pollution
index have high values. In this group, the presence
of Siberian high pressure along with ridge and
decreasing temperature near the surface increases
the stability of the atmosphere, which leads to
an increase in the accumulation of pollutants
produced near the surface. In this model, the
reduction of atmospheric pollutants will occur
by increasing the temperature and weakening the
high pressure and the mid-level ridge. However,
in better case of passing the mid-tropospheric
trough, which is accompanied by increasing the
intensity of wind field, especially in the lower
levels can reduce the pollution. If the trough
penetration in the middle levels of the troposphere
is accompanied by sufficient humidity, the pattern
will be eliminated due to wind increase and rain.
Sometimes this change is so significant that
the atmosphere is in a state of alert can change
to a healthy or clean state. The second pattern,
with the main ozone pollutant, occurs at high
summer temperatures with a heat low-pressure
at the surface accompanied by a subtropical high
ridge in the mid-troposphere. Because, the high
air temperature causes ozone to form, its value
increases with increasing temperature. Because
of the extreme heat, especially in the afternoon,
also due to the formation of convective motions,
the mixing of the near-surface atmosphere with
higher levels that have a higher amount of ozone,
increases the amount of this pollutant, which
sometimes even reaches the warning level. In this
group, air pollution is reduced by decreasing the

temperature and increasing the wind speed, which
occurs when ridge and surface low pressure are
diminished. The third pattern, which is mainly
active in summer and late spring, occurs during
the presence of the Indian monsoon low-pressure
system in the southeastern regions of the country.
The presence of this low pressure causes severe
dust in the desert and arid regions of the southeast
and east of the country. With the strengthening of
India's monsoon low pressure, the dust of these
areas has increased and its transportation from
these arid and desert areas to the central and
Greater Tehran area leads to an increase in the
pollution index in these areas. During this time,
in the central regions of the country, in the middle
level of the troposphere, there is a pattern of the
ridge, which causes the persistence of suspended
particles of transported dust. Reduction of
suspended particles in this group occurs by
weakening the ridge and penetration of the mid-
tropospheric trough from the western borders of
the country and because of decreasing stability.
Also, by high-pressure penetration from the
northern of the country and increasing wind due
to changing the pressure pattern, the pollution
could be reduced. In addition, it is necessary
to weaken the source of suspended particles,
which occurs with a decrease in the activity of
the Indian monsoon low pressure. The fourth
model shows the development of the dynamical
low pressure in the western regions of Iran and
Iraq, as well as the formation of the thermal low
pressure on the central regions of the country. In
this pattern, which occurs mostly in spring and
autumn, upward movements near the surface in
Iraq and the western regions of the country cause
dust to rise from arid and desert areas, especially
Iraq. Suspended dust is transported to other areas
and the city of Tehran when there is a suitable
horizontal wind field. In this model, as soon as
the wind field shear decreases in the soil uplift
zone, which is accompanied by the weakening of
the mid-level ridge, the amount of air pollution
decreases and with the eastward movement of the
mid-tropospheric trough, the atmospheric stability
decreases. Sufficient humidity reduces the
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number of pollutants rapidly with the occurrence
of precipitation. The last group is a local pattern
that occurs due to the passage of the gust front and
the shear of the wind field dust rise in the Tehran
region and has the lowest number in occurrence
frequency. In this model, the lifetime is usually
one to two days. With the sudden wind shear
occurrence in the lower levels of the troposphere
to the passage of the gust front, the status of the
air pollution index from clean or healthy changes
to unhealthy or alarm and emergency at once. In
this model, as soon as the gust front passes and
the wind shear decreases, the dust rising from the
region decreases, and with the westerly wind, the
suspended dust particles leave the Tehran region.

Financial supports

There was no funding for this work.

Competing interests

The authors declare that there are no competing
interests.

Acknowledgements

We thank the Iran Air Quality Control Company
with web page http://air.tehran.it/ for providing the
air quality data.

Ethical considerations

Ethical issues have been completely observed by
the authors.

References

1. Apte JS, Marshall JD, Cohen AJ, Brauer M.
Addressing global mortality from ambient PM, ..

Environmental science & technology. 2015 Jul
7;49(13):8057-66.

2. Butt EW, Turnock ST, Rigby R, Reddington
CL, Yoshioka M, Johnson JS, Regayre LA,
Pringle KJ, Mann GW, Spracklen DV. Global
and regional trends in particulate air pollution
and attributable health burden over the past 50
years. Environmental Research Letters. 2017 Oct

18;12(10):104017.

3. Beelen R, Hoek G, van Den Brandt PA,
Goldbohm RA, Fischer P, Schouten LJ, Jerrett
M, Hughes E, Armstrong B, Brunekreef B.
Long-term effects of traffic-related air pollution
on mortality in a Dutch cohort (NLCS-AIR
study). Environmental health perspectives. 2008
Feb;116(2):196-202.

4. Feigin VL, Roth GA, Naghavi M, Parmar
P, Krishnamurthi R, Chugh S, Mensah GA,
Norrving B, Shiue I, Ng M, Estep K. Global
burden of stroke and risk factors in 188 countries,
during 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013. The
Lancet Neurology. 2016 Aug 1;15(9):913-24.

5. Lanzinger S, Schneider A, Breitner S,
Stafoggia M, Erzen I, Dostal M, Pastorkova A,
Bastian S, Cyrys J, Zscheppang A, Kolodnitska T.
Associations between ultrafine and fine particles
and mortality in five central European cities—
Results from the UFIREG study. Environment
international. 2016 Mar 1;88:44-52.

6. Huang RJ, Zhang Y, Bozzetti C, Ho KF, Cao
JJ, Han Y, Daellenbach KR, Slowik JG, Platt
SM, Ganonaco F, Zotter P. 495 Haddad, ASH
Prévot. High secondary aerosol contribution to
particulate pollution during haze event in China.
Nature. 2014;514:218-22.

7. Spencer S. Global Burden of Disease 2010
Study: a personal reflection. Global Cardiology
Science and Practice. 2013 Jul 1;2013(2):15.

8. Chen Z, Chen D, Zhao C, Kwan MP, Cai J,
Zhuang Y, Zhao B, Wang X, Chen B, Yang J,
Li R. Influence of meteorological conditions
on PM, , concentrations across China: A review

of methodology and mechanism. Environment
international. 2020 Jun 1;139:105558.

9. Khansalari S, Ranjbar-Saadatabadi A,
Mohammadian-Mohammadi L, Gozalkhoo M.
Seasonal variability of atmospheric patterns
leading to air pollution in the metropolis of
Tehran. Journal of Air Pollution and Health. 2019
Jun 29;4(2):109-20.

http://japh.tums.ac.ir



70 S. Khansalari, et al. Clustering of different atmospheric patterns ...

10. Khansalari S, Ghobadi N, Bidokhti A, Fazel-
Rastgar F. Statistical classification of synoptic
weather patterns associated with Tehran air
pollution. Journal of Air Pollution and Health.
2020 May 26;5(1):43-62.

11. Zheng C, Zhao C, Zhu Y, Wang Y, Shi X, Wu
X, Chen T, Wu F, Qiu Y. Analysis of influential
factors for the relationship between PM, . and
AOD in Beijing. Atmospheric Chemistry and
Physics. 2017 Nov 13;17(21):13473-89.

12. Chen D, Xie X, Zhou Y, Lang J, Xu T, Yang
N, Zhao Y, Liu X. Performance evaluation of
the WRF-Chem model with different physical
parameterization schemes during an extremely
high PM, , pollution episode in Beijing. Aerosol
and Air Quality Research. 2017 Jan;17(1):262-
77.

13. Liao T, Wang S, Ai J, Gui K, Duan B, Zhao
Q, Zhang X, Jiang W, Sun Y. Heavy pollution
episodes, transport pathways and potential sources
of PM, ; during the winter of 2013 in Chengdu
(China). Science of the Total Environment. 2017
Apr 15;584:1056-65.

14. Yin Z, Wang H, Chen H. Understanding
severe winter haze events in the North China Plain
in 2014: roles of climate anomalies. Atmospheric
Chemistry and Physics. 2017 Feb 2;17(3):1641-
51.

15. Kallos G, Kassomenos P, Pielke RA. Synoptic
and mesoscale weather conditions during air
pollution episodes in Athens, Greece. InTransport
and Diffusion in Turbulent Fields 1993 (pp. 163-
184). Springer, Dordrecht.

16. HeGX, YuCW,LuC,Deng QH. Theinfluence
of synoptic pattern and atmospheric boundary
layer on PM  and urban heat island. Indoor and
Built Environment. 2013 Oct;22(5):796-807.

17. Fortelli A, Scafetta N, Mazzarella A. Influence
of synoptic and local atmospheric patterns on
PM,, air pollution levels: a model application to
Naples (Italy). Atmospheric Environment. 2016
Oct 1;143:218-28.

18. Zeng S, Zhang Y. The effect of meteorological

elements on continuing heavy air pollution: A
case study in the Chengdu area during the 2014
spring festival. Atmosphere. 2017 Apr;8(4):71.

19. Zhang L, Yan W, Xie Z, Cai G, Mi W, Xu
W. Bioaccumulation and changes of trace metals
over the last two decades in marine organisms
from Guangdong coastal regions, South China.

Journal of Environmental Sciences. 2020 Dec
1;98:103-8.

20. Reddy KK, Naja M, Ojha N, Mahesh P, Lal
S. Influences of the boundary layer evolution on
surface ozone variations at a tropical rural site in

India. Journal of earth system science. 2012 Aug
1;121(4):911-22.

21. Rasmussen DJ, Fiore AM, Naik V, Horowitz
LW, McGinnis SJ, Schultz MG. Surface ozone-
temperature relationships in the eastern US: A
monthly climatology for evaluating chemistry-
climate models. Atmospheric Environment. 2012
Feb 1;47:142-53.

22. Bloomer BJ, Dickerson RR, Vinnikov K. A
chemical climatology and trend analysis of ozone

and temperature over the eastern US. Atmos.
Environ. 2010;44:2543-51.

23. Bloomer BJ, Stehr JW, Piety CA, Salawitch
RJ, Dickerson RR. Observed relationships
of ozone air pollution with temperature and
emissions. Geophysical Research Letters. 2009

May;36(9).

24. Paulson SE, Flagan RC, Seinfeld JH.
Atmospheric photooxidation of isoprene part 11:

The ozone-isoprenereaction. International Journal
of Chemical Kinetics. 1992 Jan;24(1):103-25.

25. AbdiVishkaeeF, FlamantC, CuestaJ, Flamant
P, Khalesifard HR. Multiplatform observations
of dust vertical distribution during transport over
northwest Iran in the summertime. Journal of
Geophysical Research: Atmospheres. 2011 Mar
16;116(DS5). doi:10.1029/2010;d014573.

26. Shariepour Z, Aliakbari Bidokhti A. An
Investigation on the status of troposphere NO2
over Iran during 2004 to 2012. Journal of
Environmental Studies. 2014 Apr 21;40(1):65-

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2021); 6(1): 54-71 71

78.

27. Ranjbar Saadatabadi A, Mohammadian
Mohammadi L. Study of mean synoptic
patterns based on the occurrence of different
concentrations of co-pollutants in summer and
autumn in Tehran. 2010. Natural Geography
Research, No. 72, pp. 111-128.27.

28. Ranjbar Saadatabadi A and Ghasabi Z. A
study of the synoptic patterns on the days with
sever air pollution in Tehran. Journal of Climate
Research. 2011;1390; 1390(5): 40-56 (abstract in
English).

29. Kheirandish Z, Bodagh Jamali J, Rayegani
B. Identification of the best algorithm for dust
detection using MODIS data. Journal of Natural
Environmental Hazards. 2016; 1397;7(15): 207-
220. doi: 10.22111/jneh.2017.3363. (abstract in
English)

30. Nikfal A, Ranjbar Saadatabadi A, Karami S,
Sehatkashani S. Capabilities of the WRF-Chem
model in estimating the concentration of dust — A
case study of a dust storm in Tehran. Journal of
Environmental Sciences. 2015; 1396;15(1): 115-
126. 15(1), pp. 115-126. (abstract in English)

31. Jones PD. Synoptic -climatology in
environmental analysis: A primer, Brent Yarnal,
Belhaven Press (London), 1993. No. of pages:
xv+ 195. Price:£ 37.50. ISBN 185293 1175.
International Journal of Climatology. 1994
Jan;14(1):115.

32. Yarnal B, Draves JD. A synoptic climatology
of stream flow and acidity. Clim. Res. 1993 Jul
27;2:193-202.

33.  Yarnal B, White DA. Subjectivity in a
computer-assisted  synoptic  climatology I
classification results. Journal of Climatology.
1987 Mar;7(2):119-28.

34. Dayan U, Tubia A, Levy L. On the importance
of synoptic classification methods with respect to

environmental phenomena. International Journal
of Climatology. 2012; 32(5): 681-694.

35. Huth R, Beck C, Philipp A, Demuzere M,

Ustrnul Z, Cahynova M, et al. Classifications
of atmospheric circulation patterns. Annals
of the New York Academy of Sciences.
2008;1146(1):105-52.

36. Frakes B, Yarnal B. A procedure for
blending manual and  correlation-based
synoptic classifications. International Journal of
Climatology, 1997; 17(13): 1381—- 1396.

37. Kalthoff N, Bischoff-Gauss L, and Fiedler
F. Regional effects of large-scale extreme wind
events over orographically structured terrain.
Theoretical and Applied Climatology. 2003;
74(1-2): 53-67.

38. http://air.tehran.ir/

39. Compagnucci RH, Richman MB. Can
principal component analysis provide
atmospheric  circulation or teleconnection
patterns?. International Journal of Climatology:
A Journal of the Royal Meteorological Society.
2008 May;28(6):703-26.40.

40. Huth R, Beck C, Philipp A, Demuzere M,
Ustrnul Z, Cahynova M, et al. Classifications
of atmospheric circulation patterns. Annals
of the New York Academy of Sciences.
2008;1146(1):105-5240

41. Dee DP, Uppala SM, Simmons AJ, Berrisford
P, Poli P, Kobayashi S, Andrae U, Balmaseda MA,
Balsamo G, Bauer DP, Bechtold P. The ERA-
Interim reanalysis: Configuration and performance
of the data assimilation system. Quarterly
Journal of the royal meteorological society. 2011
Apr;137(656):553-97. doi:10.1002/q;.828

42. WWW.weather.uwyo.edu.

43.  Schlemmer L, Martius O, Sprenger M,
Schwierz C, Twitchett A. Disentangling the
forcing mechanisms of a heavy precipitation
event along the Alpine south side using potential
vorticity inversion. Monthly weather review.
2010 Jun;138(6):2336-53.

http://japh.tums.ac.ir



