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ABSTRACT: 

The mechanism of the climatic phenomena and their prediction can be recognizes through 

synoptic systems' studies. In this research, the relation between synoptic patterns and the 

extremely polluted days of Mashhad is observed. For this purpose, the data of CO were 

collected from Mashhad's Department of Environment and the zoning map of the whole city 

was made by the GIS program by IDW method. Afterwards, synoptic atmospheric patterns of 

the polluted days (4
th

 December 2012 to 25
th

 November 2013) were extracted by hgt, slp and 

omega data, which were taken from NOAA organization, by the GRADS program. The 

results showed that the major source of the pollution and its intensifying density in the close 

layers of atmosphere of the earth is caused by the domination of Siberian High in two ways: 

1) High Pressure Flames 2) Ring of Fire Block 
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INTRODUCTION:  

From the time human beings started the sedentariness and living in groups and developing the 

cities, the compression of population became a considerable issue. During the time of 

population increase, industrial revolution and the increase in fossil oil utilization, the air 

pollution problem, as one of the consequences of the mass population in the metropolises, 

became a global consideration, due to this fact; air pollution was presented as the destructive 

and threatening factor for human life.Air pollution is the introduction of the particulates or 

other harmful materials into the Earth's atmosphere, possibly causing disease, death to 

humans, damage to other living organisms such as food crops, or natural or built environment 

(Parker, 1984). These materials can be in the form of gas, liquid drop, solid particle and solid, 

or they can be as ionic cluster into the air(Dore, 1999). All the pollutants can be categorized 
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based on their physical phase and chemical compound. These categories are done for the 

purpose of finding the factors of air pollution. The pollutants are divided into two groups of 

primary and secondary; the primary group consistsof Sulfur Dioxides (SO2), Nitrogen Oxides 

(NO2)and Hydrocarbons (HC), which are the pollutants that enter the atmosphere directly 

and are found in the same structure in the atmosphere either. The secondary pollutants like 

Ozone (O3) and Proxy Steel Nitrate (PAN) are of those pollutants which are formed in a 

photochemical reaction by hydrolysis and oxidation process. Moreover, some factors like 

high synoptic patterns have the intensifying role on the air pollution, and can affect cities 

pollution indirectly.  

Since the 1930 Meuse valley fog killed people in Belgium, the issue of air pollution became a 

concern for the experts, architectures and civil engineers, who made real efforts to recognize 

the sources and factors of the phenomenon. From the researches done on the air pollution 

issue , cities like: London, Los Angeles, Tokyo and Mexico City can be mentioned. Several 

countries tried to follow the investigations in order to solve the air pollution problem in their 

own countries. There are specific types of pollution that are named after a city like: Los 

Angeles and Mexico City pollution (Soltani, 1379). It can be said that the first studies about 

Tehran's air pollution was done by Rolf Alison in 1971. He examined the pollutant elements 

of Tehran's air and found the relation between these elements with specific illnesses. There 

are several cases of the numeral and statistic simulation of the air pollution like: Brzezinski's 

air pollution in 2005, which the statistic simulation was done by the recorded amount of 

exhaust of the airplanes in the military airfield in Poland. The purpose was to predict the 

amount of Carbon Monoxide (CO) in this airfield to save the officers from illnesses.Solazzo 

studied the concentration of the pollutants and their relation with the speed and the direction 

of wind in a numeral modeling to improve the parameters, in order to make a numeral air 

pollution chart for one of the cities located in valleys in a long term statistic period of time.  

Gaga analyzed the special air pollution in Turkey in 2012 in a research under the title of 

"Evaluation of the Air Quality" by using representative sampling in a city of Turkey. These 

studies were more based on the spatial analysis and the atmospheric pollutants. In a research 

with the title of "The Effects of Climatic Factors on the Formation of Polluted Air Core of 

Northwest of Tabriz", the factors like Topography, precipitation, wind and their relation to 

unsuitable location of the factories were studied.  Abedini went through the effects of Strong 

sustainability focus on air pollution in the valley towns like Tehran. Another project done by 

Safavi, was concentrated on Geographical factors on air pollution in Tehran. Afterwards the 

pressure patterns, influential on the air pollution, were studied by the maps of the polluted 

days with the cluster method. The relation between pressure distribution and air pollution 

concentration in Tehran was done by Alijani. Based on this research, the polluted types are 

more frequent in autumn. Analysis of synoptic patterns of the air pollution inversion levels in 

Tehran City was done by Lashkari. Moreover, Mohammadi studied the relationship between 

climatic factors and air pollutants in Tehran and deaths caused by heart disease in a five-year-

time (1999_2003). Obviously, in the majority of the researches, the focus was on the climatic 

factors.Roshan worked on the impact of air pollution on climate fluctuations in Tehran, 
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which showed the change of climate of Tehran in two periods of pollution, as the temperature 

increased and climate changed toward hot and humid condition. Recently, the air inversion 

was more the subject of studies, which happens during the cold months in industrial and 

polluted cities. Yavari worked on the inversion levels of pollution in Tehran, and utilized the 

pressure maps and Omega levels of 300 to 900 hPa to find the density pollutants and their 

spatial distribution in Tehran. Density of pollutants, which enter the atmosphere directly, is 

related to atmospheric situation and the process while the pressure pattern changes happen 

(Blas, 1998). The environment changes completely happen by the pressure pattern changes 

(Comri, 1995). The intensity of Heat Island and inversion levels, or the direction and 

concentration of winds and pollutants are totally controlled by the pressure 

patterns.Salimistudied the role of atmospheric synoptic patterns on air pollution in Tehran 

and reached to the conclusion that the existence of a ring of fire block from the western and 

Siberian High and providing the dynamic air drop, can cause the air pollution phenomenon in 

Tehran. Mashhad is known as the second metropolis of the country, and receives 20 million 

pilgrims from Iran and other countries. Due to this fact, scientific study about this city for 

providing a healthy atmosphere for the pilgrims is inevitable.  

 

MATERIALS AND DISCUTAION METHODS: 

In this research, firstly the maps of air pollution location stations were prepared by the GIS 

program for 12 districts. Secondly by the IDW interpolation method, zoning process was 

done for Carbon monoxide element. For this zoning process, the data of CO element were 

used which were collected inMashhad's Department of Environment in 2010. Afterwards, 

synoptic atmospheric patterns of the polluted days (4th December 2012 to 25th November 

2013) were extracted by HGT, SLP and OMEGA data, which were taken from NOAA 

organization, by the GRADS program, and the dominant patterns were explained. 

 

Studied District: 

Mashhad is the capital of KhorasanRazavi province with 300 kilometer space and the second 

largest city of Iran after Tehran. It is located on the northeast, 36˚16'N 59˚37'E (Image 1). It 

is 970 meters above the sea level. Moreover, the city is located in a district with the low 

potential of air evacuation. Mashhad is considered as the second populated city of Iran with 

2.5 million inhabitants. Based on the official statistic, there are more than 430000 motor 

vehicles, which mostly use fossil oil, and also in the industrial parks the major fuel is the 

fossil oil. 
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IMAGE 1: Geographical location of Mashhad 

 

Discussion: 

Temperature Inversion of Mashhad Metropolis: 

Mashhad is located in a plain between the heights of Binalood (Southwest) and HezarMasjed 

(North and Northeast). During the night, cold and heavy air of the heights descends to the 

lower levels and to the plains, so the hot air rises to the top of the city. In this situation the hot 

air locates above the cold air which is called inversion. The temperature inversion acts like an 

obstacle to the vertical movement of the air, which makes stability for the city weather. 

Moreover, the pollutant elements caused by the transportation vehicles and industries enter 

the atmosphere and centralize in it, which gradually become denser. Due to the centralization 

of the pollutants in the city atmosphere, respiration condition becomes harder for people; in 

addition, it can spread various diseases. The temperature inversion affects the smog formation 

process, and helps it to maintain from several hours to several days. Mashhad encounters 270 

to 300 days of temperature inversion a year (main pattern of Mashhad's Climate, 2002). 

Location of terminals in the south part of the city and the Granite Mountains in the same area 

intensify the temperature inversion. The inversion vanishes as the day becomes warmer, and 

the polluted cores get out of the city and transfer to other parts and levels of atmosphere. 

Pollution Sources of Mashhad and its Suburbs: 

As it was stated before, Mashhad, with its considerable population, is a vast center for 

different social occasions. The consequences of these population concentrations are the 

increase in transportation and traffic in the city, founding new factories and industries, and 

consequently, the increase in fossil oil consumption, which ends to releasing more polluted 

elements to the atmosphere. 

Pollution sources of Mashhad can be categorized into two groups of point and mobile 

sources. The major point pollution sources are domestic, industrial and commercial, while the 

mobile ones are cars, trains, airplanes and other transportation vehicles. As it is presented in 
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Table1, the industries, trains and gasoline vehicles are the first consumers, which can release 

a great amount of pollution into the atmosphere. On the contrary, industries and cars, which 

use gas fuel, produce the least amount of pollution. 

 

Table1: Prioritization of pollution sources based on the fuel consumption                                                       

(Master Plan for Air Pollution in Mashhad in 2002) 

 

 

 

 

 

 

 

Zoning Mashhad's Air Pollution based on Carbon Monoxide: 

The major sources of air pollution are: Carbon Monoxide, Sulfur Dioxide, Nitrogen, 

particulates and Hydrocarbon. Carbon Monoxide is considered as the most important 

pollutant due to its destructive effects on health, and increasing usage of the fossil oil in 

metropolises. In addition, most of the researches done on the atmosphere quality factors 

represented this gas as the main factor of low quality during the insanitary days. The 

researches showed that 70 percent of the released CO is produced by cars. Image2 shows the 

zoning map of Mashhad based on Co gas. Based on this image, it can be said that two 

pollution cores of CO are located in the central part of the east and the western part of 

Mashhad. The whole city is covered with the polluted air except a small area in the southern 

part with a rather clean air. 

 

 

 

 

 

 

 

Type of source priority 

industries 1 

trains 2 

Gasoline vehicle 2 

Petrol and Gasoline stations 4 

Airplanes 4 

Petrol stations 5 

Petrol vehicles 5 

domestic 5 

commercial 6 

Gas stations  6 

Gas vehicles 6 
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IMAGE2: Map of carbon monoxide pollution in the city of Mashhad (2010) 

Synoptic Atmospheric Patterns of Mashhad: 

Several synoptic patterns like West Wind, Polar Front, Siberian High, Polar Front Wind 

River and Azore High affect the northeast climate of Iran and alsoMashhad. As the studied 

area was located in the northeast of the country (Image1), the synoptic atmospheric pattern 

dominant and highly effective on the area was considered as the Siberian High. During the 

cold season, the vast lands of Siberia, which are far from water sources and not cloudy, lose 

more energy by long wave radiation. According to the fact, the close airto the Earth gets 

gradually colder and produces high pressure centers, and its first evidence was a high 

pressure core which was produced in September around the Baikal Lake. As the winter went 

on, the core spread either. Accordingly, the role of Siberian High in the air pollution of 

Mashhad was studied. As the basis of the studies and statistics of Department of Environment 

of Mashhad showed that the most of the pollution process happened in the late summer and in 

autumn, the effective role of Siberian High on the city pollution was focused on the autumn 

time. Mashhad encountered several polluted days during the two-year-studied time, and two 

periods of extremely polluted days were selected (4-6 December 2012, 25-28 November 

2013). 

 

Synoptic Patterns of 4
th

 December 2012: 

                                  
IMAGE3: Omega Pattern of 500 hp level (4

th
 December 2012) 
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IMAGE4: See Level Pressure (4th December 2012)               

 

 

By the beginning of the cold period and the repulsion of Tropical High pattern from Iran, 

especially the northern part, the outer air mass can easily enter the atmosphere of the area. 

The exiting process of the Tropical Highfrom the northern parts, starts toward the lower 

latitudes, and Mashhad Metropolis is one of the areas which encounters the process sooner 

than the other parts. 

Omega patterns are the ones which their negative amount shows the rising condition, and the 

positive amount shows the falling. Based on the 500 hp level omega pattern, it can be inferred 

that the falling pattern of the air mass was dominant on vast parts of north and northeast parts 

of the country and also on Siberia. On the one hand, flames of these falling patterns 

penetrated into the Northeast and Mashhad. On the other hand, based on the see level 

pressure pattern on the same day, high pressure pattern, which its central core pressure was 

located on Siberia and was estimated as 1035 hp, was spreading and penetrating to the 

northeast parts of the country; moreover, its 1020 hp pressure flame was located in this area. 

Based on the omega synoptic and see level pressure patterns, it can be concluded that the 

major reason of the air pollution of 4
th

 December 2012 should be traced as the outer factor. 

Mashhad is on the one hand, the second city with the highest fossil oil consumption, high 

traffic amount and industrial parks, and on the other hand, Siberian High is located above this 

area, which causes falling phase and an atmospheric compression that prevent the advection 

process. Due to this fact, the atmospheric pollution becomes denser near the Earth surface, 

which causes extreme polluted days during this period of time. 
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IMAGE5: Geopotential Height Pattern       

 
Based on the geopotential patterns, the atmospheric streams are identified, and it can be 

inferred that in the northeast part of Iran, the northeast streams are from Siberian High. It 

emphasizes on the conclusions taken from the see level and omega patterns. The main core of 

high pressure flame penetration can be traced here. In addition, this part of the country is 50 

meters lower in level in comparison to the southern part, and this fall in height level is caused 

by the reduce of the Siberian High streams in this district. 

Synoptic Pattern of 25
th

 November 2013: 

 
IMAGE6: Omega Pattern of 500 hp level (25

th
 Nov. 2013)           
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IMAGE7: see level pressure (25th Nov. 2013)         

     

 

As it is presented in the omega pattern (Image 6), in 25th November 2013, for the whole 

country the amount was positive and falling condition. 500 hp omega level demonstrates the 

northern stream in Iran. The stream source is identified, which shows that a core of a Ring of 

Fire was located on the north, northeast and northwest parts of Iran from Siberian High core.  

This core provided Barotropic situation for the district's atmosphere, which prevented the 

convective movements of the Earth surface and provided a stable, high pressure situation. 

Siberian High core was approximately 1035 hp, and specifically when it was located at the 

back of a deep western descent, it reached to its highest level of intensity. 

 

CONCLUSION: 

Mashhad, as the second metropolis of Iran and its vast tourism, has encountered the 

dangerous air pollution phenomena recently. This city is the center of different social 

activities, industries, numerous factories and heavy traffic; moreover, based on the pollutant 

elements, industries, trains and gasoline vehicles are at the first and second rate, while the gas 

vehicles are at the sixth rate. Totally, Gasoline and coal consumption is the major factor of 

Mashhad's air pollution.Regarding the zoning maps of Carbon Monoxide in Mashhad 

Metropolis, two polluted cores in the central eastern and western parts are available, while a 

small southern part of the city is clean. The studies showed that the atmospheric pattern was 

highly effective on Mashhad's air pollution. When the Siberian High was dominant over the 

city, or was dominant as the Ring of Fire Block or high pressure flame, the pollution elements 

assembled in the southern atmosphere of the city. Due to this fact, air advection stopped and 
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the subsidence process was dominant. Consequently, the density of the pollution increased 

drastically in the lower levels of atmosphere, and continuously pollutants were added to the 

thin atmosphere of the city. In both situations of the polluted days, Siberian High was 

considered as the major factor. 
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