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   ABSTRACT:      

The study of synoptic systems helps in recognizing the mechanism through which weather 

phenomena occur and can be predicted. The present research studies the relationship between 

synoptic patterns and the number of days of severe air pollution in Tehran that led to a two-

day closing of the capital city. For this purpose, the original data on air quality in Tehran 

from 2
nd

 to 6
th 

of December 2012 at 12 stations measuring air pollution in Tehran were 

obtained from  The Air Quality Control Company and then using the re-analysis data from 

NCEP / NCAR, Omega and pressure level maps (500 to 1000 hp) were drawn in Grads and 

synoptic patterns were analyzed during the mentioned days. The results showed that the 

spatial distribution of emissions, the highest and lowest pollutant in North West, South West 

and South East stations were PM10 and CO respectively. In the central and north east parts, 

the highest and lowest shares belong to Nox and CO. Study the relationship between 

concentration of pollutants and synoptic patterns demonstrated the reasons of atmospheric 

stability conditions that led to severe increase in pollutants were descending dynamical high-

pressure conditions of Siberia from North-East of Iran, negative omega, the location of 

occluded-low blocking system and anti-cyclone conditions over the area under study. 
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INTRODUCTION:  

 The analysis of synoptic conditions is really important in identifying the factors impacting 

air pollution; especially that air pollution is within the context of our modern lives and is 

considered one of the controversial issues in environmental studies and has spread out to 

other parts of society (Vark et al., 2011). 

Air pollution is defined as the penetration of one or several air polluting materials in forms of 

solid, liquid, gas radioactive or non-radioactive radiations into the air with a number duration 

that would change its quality in a way that it becomes harmful to human beings, other 

creatures and even buildings. In other words, pollutant particles are those that can change the 

natural structure of the air (perkeniz, 1993). 
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 During the recent years, due to the environmental changes throughout the world, and 

subsequent to that, the increasing release of the greenhouse gases, the conditions for big 

changes in weather, acid rain falls and especially severe air pollution are easily provided. In 

Iran, and specifically in its industrial cities, due to the use of carbonic and fossil fuels and the 

growing population, the increase in the number of vehicles and energy usage, the emission of 

atmospheric pollutants has an increasing trend which could be a warning situation for future 

generations. Tehran is considered as one of the world’s metropolises with a population of 

about 12.8 million (Amar.org).Thus, the rise in movements and the growth of industry and 

traffic has made Tehran one of the most polluted cities in the world (Graedel et al., 

1993).According to the report by the World Bank, in the year 2005, 9900 people died in 

Tehran because of breathing the air including pollutants NOx and PM10 and PM10 alone 

caused the death of 6200 people in 2009. 

With a glance at the statistics we can say that annually many residents of Tehran die because 

of breathing the pollutants especially during the cold months of the year, and this is really 

lamentable. The pollution in December 2012 which existed almost for a week in Tehran 

explicitly shows the critical conditions. At that time, schools and government offices were 

mandatorily closed. Such interruption which sometimes happens several times in a year can 

harm economic, social, industrial, educational and other sections of the society. So, with the 

existence of such conditions related to short-term severe pollution that threatens the lives of 

thousands of people and that costs fortunes, it is necessary for scholars and experts to study 

this issue. In the current study, the advantage with other studies is that it focuses on analyzing 

and finding the roots of air pollution in a one-week period and it tries to identify the synoptic 

patterns of these days, and to determine how these patterns affect increasing the air pollution 

and the consistency of air stability.  

There have been many studies carried out in this field throughout the world, many of which 

considered long-term periods of pollution. Here we briefly look at some of them.  

Solaza et. al. (2009) studied the concentration of pollution and their relation with speed and 

direction of wind in a numerical model to improve parameters for a numerical configuration 

of air pollution in a city situated in a valley for a longer-term period (Solazzo et al., 

2009).Gaga et. al. (2012) analyzed the spatial air pollution in the research Analyzing the Air 

Quality of one of the cities in Turkey by case studying (Eftade et al., 2012).These studies 

were mostly focused on spatial analysis and the concentration of atmospheric pollutants. In 

another study “Analyzing the Effects of Climatic Factors in the Formation of Polluted Air 

Core in Northwest of Tabriz”, factors such as topography, steepness, wind, etc. regarding the 

improper disposition of factories were studied. 

In Iran, Abedini (abedini, 1999) studied the effect of strong stability on the concentration of 

air pollution in cities situated in valleys (Tehran). In another study, Safavi et.al analyzed the 

geographical factors in Tehran’s air pollution and influential pressure patterns on it based on 

the maps of polluted days according to clustering algorithms. In that research, the pollutants 

exist in higher amounts during fall. The Analysis of Synoptic Patterns of Severe Inversions in 

Tehran is the title of the research done by Lashkari (lashkari et al., 2006). Muhammadi 

studied the relation between climatic elements and pollutants and deaths caused by heart 

diseases between 1999 and 2003. 

As it can clearly be seen from most of the studies done, the emphasis on climatic elements 
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is of interest by many researchers. Roshan ET. al. (2009) analyzed the effect of air pollution 

on climatic fluctuations in Tehran whose result is that Tehran’s climate in two periods of time 

has been in the form of a rise in temperature and climate change towards a warm and humid 

condition. During the recent years, the issue of inversion which occurs in the cold months in 

industrial and polluted cities has been studied more and more. Yavari ET. al. (2012) analyzed 

the density of the pollutants and their spatial distribution throughout Tehran in the article 

Inversion Levels in Tehran Using Pressure and Omega Maps of Levels 300 to 900 hp. 

 

MATERIALS AND DISCUTAION METHODS: 

In the current study two types of data have been used to determine the relationship between 

elements and components. The first studied data is that of main air pollutants which have 

been taken from 12 air pollution measurement stations from Tehran Quality Control 

Company on a daily basis (airtehran.ir). The selected pollutants included suspense particles: 

PM10, Pm2.5, carbon monoxide CO, nitrogen dioxide NO2 and sulfur dioxide SO2 and the 

density of each element is drawn separately using graphs for each of the five selected region. 

Afterwards, the average of these elements for this period was calculated and the stations for 

these five regions (northeast, northwest, southeast, southwest and the city center) were drawn 

regarding spatial distribution in the computer program Surfer so that the main cores of 

pollution becomes clear. The second type of data was the daily reprocessed data of different 

atmosphere levels with clarity of 2.5*2.5 degrees from station NCAR/NCEP in a framework 

between 20 to 80 degrees of eastern longitude and 10 to 70 degrees of northern latitude in a 

time period between November 28 to December 4 (NOAA) .According to the environmental 

to cyclical approach of the study, the maps for synoptic patterns for polluted days and some 

days before were drawn. 

 

RESULTS AND DISCUSSION: 

At first, the map of the location of pollution measurement stations in Tehran was drawn using 

Surfer (map no. 1).Then, using the averages of the pollutants in each station, the maps of the 

pollution for four days (2, 3, 4 and 5 December 2012) were drawn using Surfer and they were 

analyzed afterwards. 

      
Fig. 1 Location map of pollution measurement stations in Tehran. 
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Maps 2 to 5 show the spatial air pollution pattern in Tehran. According to these maps, there 

are two concentrated pollution cores in Tehran one of which is located in the northeast and 

another is at the southwest of the city. The amount of pollution is really considerable is 

December 2 and 3 which compared to the days after, is severe. Due to the synoptic patterns 

on one side, and the topographical role of the city in the northeast which is like a dam 

blocked from three sides on the other side, the pollution is much more serious than other parts 

of Tehran. 

 

 
Fig.6. Map of Omega 500 HP 
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Fig.7. Map of Omega 1000 HP 

 

Based on maps 6 and 7, the omega map levels of 500 and 1000 hp, there is a strong omega 

core located on Tehran and regarding the positivity and intensity of the omega, there is a 

strong descending and subsequently reflowing current that has created air stability over the 

studied are in Tehran. When stable, there is a covering atmospheric roof over the area and 

from one side the dynamic descent of the air and from the other side the production of 

pollutants beneath this roof makes the air in Tehran severely polluted. 

 

  
Fig.8 map of sea level pressure                     

 

       
Fig.9 500 hp geopotential height map                      
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According to figure (8) which is the average sea level pressure, there is a high pressure 

blockage from northeastern fronts with the direction northwest-southeast over Tehran which 

has been separated from the Siberian high pressure air current that entered Iran some days 

before. This blocking core created a stable weather in Tehran and made the pollutants remain 

over the city and thus pollution occurred for several days. The Siberia high pressure is one of 

the high pressures that comes to Iran in fall from north and northeast and is influential on the 

climatic pattern of the country. According to the map of the pollution drawn for some days 

before the severe pollution (29 November to 4 December), it can be seen that the Siberian 

high pressure current entered Iran from northeast and spread and created a high pressure 

center with a core of 1024 hp over Tehran. This core made the air in Tehran gets compressed 

and stopped it from becoming unstable or ascending and this made it polluted.  

Based on 500 hp same-level altitude maps which are of the most important and most efficient 

atmospheric maps in synoptically analysis, and according to figure (9) it can be seen that 

there is a descent on the studied area of which Tehran is in the back section. These conditions 

represent the dynamic descent of the air from the northern parts of the Caspian Sea towards 

Tehran. The geopotential altitude of Tehran is 5700 hectopascals. 

 

 
Fig.10 Figure pollutants in the northwestern parts 

 

 
Fig.11 Figure pollutants in the northeastern parts 
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Fig.12   Diagram of pollutants in the southwestern parts 

 

 
Fig.13 Diagram pollutants in the southeastern parts 

 

 
Fig.14. Diagram pollutants in the central parts 

 

By analyzing the diagrams 10-15 it can be seen that in northwestern, southwestern and 

southeastern parts, the main element of the pollution is PM10 and in northeastern and central 

parts, NOx is the dominant element. Also, the least proportion is for CO. The most pollution 

concentration is in the west and northeast of Tehran. Based on the analyses, the beginning of 

0

50

100

150

200

250

03-Dec04-Dec05-Dec06-Dec

co

no2

no

nox

pm10

pm2.5

so2

o3

0

50

100

150

200

250

03-Dec04-Dec05-Dec06-Dec

co

no2

no

nox

pm10

pm2.5

so2

o3

0

50

100

150

200

250

300

350

03-Dec04-Dec05-Dec06-Dec

co

no2

no

nox

pm10

pm2.5

so2

o3



American Journal of Sustainable Cities and Society                                                    Issue 3, Vol. 1 January 2014 

Available online on http://www.rspublication.com/ajscs/ajsas.html                                            ISSN 2319 – 7277 

R S. Publication, rspublicationhouse@gmail.com Page 797 
 

the serious pollution was from December 3 to 5 of 2012 and since December 6
th

 it has 

decreased and this coincides with the quitting of the high pressure current.  

 
According to figures 15-18, to analyze the effect of the Siberian high pressure on Tehran’s air 

pollution, the map for the average temperature of the studied days in 850 hp levels is drawn. 

Based on these maps, the same-temperature line of 280 degrees Kelvin is spreading from the 

northern altitudes to southern altitudes of Iran and this current continues to spread for several 

next day’s up to a point in two days later that it appears as a cold weather core above Tehran. 

On this basis, the map for the 700 hp level for the average temperature of November 30 to 

December 4 is created. By analyzing the average temperature of levels 850 and 700 hp, we 

can say that an inversion has occurred. 
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CONCLUSION: 

The results of the study show that the highest concentration of the pollutants is in the 

northeast and southwest of Tehran. In the northeastern part, the highest concentration during 

the four days of the study belongs to NOx and the lowest concentration is for the element CO. 

The other core located in southwest is PM10 which has devoted the highest proportion of the 

pollution to itself. In this core, the lowest proportion is for CO. In other parts of Tehran, too, 

PM10 exist in considerable amounts. Based on synoptic patterns of omega and geopotential 

maps, temperature average, sea level pressure (SLP) and analyzing them for several days, we 

observed that the main reason of the severe pollution in Tehran lasting for several days is the 

entrance of the Siberian high pressure from northeast of our country and locating of a high 

pressure core in southwest of the Caspian Sea. This created a bar tropic atmosphere above the 

penetrated area and with the multiday existence of this high pressure core (anticyclone), 

subsequently a stable condition was created over Tehran which caused inversion and 

pollution. The atmospheric condition of Tehran is the descending high pressure core, ground 

level of the location of factories, airports and heavy traffic. Also, other sections which use 

fossil fuels release the polluting elements to the atmosphere and because the air cannot move 

due to the Siberian high-pressure core, this has made the air in Tehran highly polluted. 
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