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Abstract 

One of the most important consequences of human activities in recent centuries is the air pollution in 

big cities which has various direct and indirect influences on humans and their surrounding 

environment. In terms of air and environmental pollution, Tehran is considered as one of the most 

polluted cities of the world and faces many problems.  

Using satellite pictures captured by Landsat TM, we embarked on studying pollution seasonal 

variations in Tehran and proposing a relation between this factor and the earth surface coverage. To 

this aim, criteria such as vegetation indicator (NDVI), normalized building areas indicator, and land 

surface structure were utilized. To study the level and intensity of air pollution, we used statistics 

drawn from 10 pollution meter stations in 2009 – 2012 Tehran. To extract the maps of vegetation and 

land coverage and surface temperature, in this research we used Landsat 5 satellite images with the 

method of combined supervision classification. To study the relation between pollution and land 

coverage and surface temperature, Pearson correlation matrix has been utilized. 

The results indicate the existence of the highest pollution level in autumn and winter when the 

vegetation level is at its lowest. Calculation of the relationship between the vegetation level and air 

pollution in different seasons showed the existence of a strong relationship between these two 

parameters, especially in spring and winter (0.86 and 0.94). The aforementioned facts can illustrate 

the role of vegetation in air pollution control. As for the correlation coefficient between LST
1
, 

NDVI
2
, and NDBI

3
, the results of the research indicate a strong and positive coefficient Between 

LST and NDBI, while the coefficient between LST and NDVI is weak and negative. 

Keywords: air pollution – LST – NDVI – NDBI – Tehran Province. 
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Introduction 

Air pollution is one of the most important concerns of large industrial cities, and it can be considered 

a global problem as it is not confined within political borders. According to a report issued by World 

Health Organization, more than 200 million people in the world in 2000 lived in the areas where the 

pollution level has been much higher than air quality standards (Clainser et al, 1998: 992). Critical 

pollution periods in urban settings are not usually caused by a sudden increase in the pollutant 

factors; rather they are related to specific weather conditions where the air is virtually unable to 

disperse the pollution (Owen, 2005: 1211). Thus, studying and measuring the air quality in urban 

area is of great significance (Molla Shahi et al., 2012: 94). Recent estimations show that some 45% 

percent of the world population lives in the city and this number is expected to rise to 60% percent by 

2030 (Small and Miller, 1991:1). Considering the increasing growth of urban settlements and 

physical development of the cities and also various functions of vegetation, studying its temporal – 

spatial variations is an important component of urban and suburban environment (Archi and Niazi, 

2010, 61). Vegetation in urban areas is important as it can control environmental conditions and 

energy exchange by selective reflection and absorption of solar radiations (Guard et al., 1985: 137), 

and it can also be described as an effective factor on air pollution control and human health 

(Vagrophski and Heights, 1997: 279). In recent decades, various studies have been conducted to 

monitor and discuss the role of vegetation in air pollution, and various methods, especially statistical 

methods, have been utilized for this purpose; yet most of these methods have their own deficits.  

Data taken from satellite meters exist cohesively and in a greater amount and provide better 

properties of environmental phenomena in the whole space as compared to spot locations such as 

weather stations (Legets, 2000: 233; Kogen, 2000: 219; Ongani and Kogen, 1998: 75). In the mean 

time, NDVI indicator is considered to be one of the most applied vegetal indicators in various studies 

by many scientists (Xiang et al, 2006: 366; Leiprier et al, 2000: 281; Loivan et al, 2000: 281). This 

indicator is designed to map agricultural fields, study rainfall levels, estimate the weather effects, 

measure the biomass level, check crop yields and pasture production, determine the drought 

conditions, and determine the plant power (Dabrowska et al, 2000: 1113). Since early 1980s, 

researchers obtained information related to vegetation conditions from NOAA/AVHRR polar 

satellite (Talker, 1996: 1). NDVI health indicator of vegetation density was first proposed by Talker 



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 (http://rspublication.com), rspublicationhouse@gmail.com Page 88 

 

(Talker, 1979: 130) which said “1.6 micrometer band which is highly sensitive to leaf moisture is the 

normalized state of NDVI vegetation difference (Jenson, 1996: 835)
 

Concerning the enjoyment of satellite images and NDVI indicator, various studies have been 

conducted all around the world some of which include: 

Matzka and Maher (1999: 4565 - 4569) showed that berry leaves in urban and suburban areas can be 

used as indicators of air pollution, while their level of absorption depends on the distance between 

tree and the source of pollution. In their research, Schwan et al (2008: 1555 - 1564) also showed that 

trees with wide leaves play the role of a natural filter for absorption of the air pollution. Morinio et al 

(2003: 2967 - 2977) studied the pollutant factors on the leaves of trees such as oak, buttonwood and 

evergreen to prepare the map of air pollution caused by vehicles in Rome, Italy. Hanich et al (2003: 

5125 - 5133) used leaves of maple trees around the Lioben areas of Austria to study the settlement of 

pollutant materials caused by a short period of few months. Gautma et al (2005: 2201 - 2211) showed 

the three tree species’ of cedar, oak and bottle brush trees in crowded conjunctions and near bus 

stations and very steep roads face more pollution.  

For more studies in this field, we can refer to Sterzischk (1966: 7 - 12) in Poland, Morris et al (1955: 

3441 - 3450) in Germany, Xiang et al (2006: 3041 - 3052) in China, Heller et al (1998: 17767 - 

17774) in Poland, and Davilla et al (2006: 3922 - 3928) in Rome, Italy.  

In recent years, Iranian scientist have also started paying attention to problems caused by air 

pollution and the capabilities of using satellite images and they have conducted a few researches in 

this field some of which are in a research titled “a study of the role of location and morphology in the 

air quality of Tehran using GIS and satellite images”, Nazarian et al (2007: 17) used Landsat 7 

satellite images to prepare a map of the distribution of Tehran’s air pollution. 

In their research, Molla Shahi et al (2012: 93 - 108) began magnetometric zoning of the air pollution 

level in 22 areas of Tehran using the modern magnetic susceptibility through gathering samples from 

three tree types in Tehran streets. The final results indicated that south eastern areas of Tehran (areas 

14 and 15) were the most polluted ones and the berry tree had the highest absorption level of all the 

other trees.  

Hejazi et al (2012: 161) began studying aerosols in Tehran air using bands of MODIS images. They 

used linear regression to study reflection caused by aerosols and arrived at the conclusion that the 

pollution level in the central areas of the city is much higher than other areas.  
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This research seeks to study seasonal fluctuations in the level of Tehran’s air pollution and asses the 

relationship of the matrix between vegetation indicator, surface temperature indicator, and the 

indicator of the areas with buildings in the level of pollution fluctuations. To this end, Landsat TM 

satellite images and combined monitored classification method were utilized. 

 

Area Studied 

  

In terms of location, Tehran is situated between 35 degrees and 34 minutes to 35 degrees and 50 

minutes of Northern latitude and 51 degrees and 2 minutes to 51 degrees and 36 minutes of Eastern 

longitude. The average height of this province from the level of open seas is 1200 meters (Iranian 

Statistics Center Website, 2011). 

 

 
Figure 1: the location of the area studied in Landsat TM satellite images 
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Data and methodology 

The data used in this research were drawn from the hourly statistics of 10 active pollution meter 

stations in Tehran province (Table 1). 

Table 1: information about the pollution meter stations studied in Tehran  

period Height  longitude          latitude      Station name                          Row 

2008-2011 1562 51    29 35   48 Agdasieh 1 

2008-2011 1402 51    23 35   44 Geophysic 2 

2008-2011 1064 51    25 35   36 Rey 3 

2008-2011 1464 51    18 35   45 Poonak 4 

2008-2011 1289 51    30 35   43 Golbarg 5 

2008-2011 1177 51    29 35   37 Massodieh 6 

2008-2011 1331 51    29 35   44 Mantagheh 4 7 

2008-2011 1184 51    21 35   41 Mantagheh 10 8 

2008-2011 1064 51    23 35   40 Mantagheh 11 9 

2008-2011 1464 51    23 35   38 Mantagheh 16 10 

Source: Air Quality Control Institute           

To evaluate the influence of surface temporal island and study the land level coverage, Landsat 5 TM 

satellite images with the resolution of 30 meters on February 18, 2013; July 7, 2013; October 12, 

2012; and May 5, 2012 were used. In this research, we used bands 5-1 and also 7 for their good 

spatial differentiation and temporal 6 band to study the surface temperature.  

Image interpretation procedure: 

Softwares ENVI 4.8 and ARC GIS 10 were used to interpret and evaluate the pictures. To extract 

temperature from the thermal band, Chen equation was used. In this method, digital numbers are 

translated to spectral light through the following formula (Chen et al, 2005: 55):  

        (1) 

In equation (1), DN is the digital number and the maximum and minimum light is calculated through 

these equations: 
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Changing spectral light to temperature in terms of centigrade is calculated by the following equation 

(Oki, 1987: 435): 

        (2) 

In equation (2), K1 and K2 are the calibration constants that are calculated in the following way: 

 Equals  

 

Equals 1.239 micrometer and this parameter is only taken into consideration when the reaction meter 

is above 50 percent. 

Extracting normalized indicators: 

The indicators used in this research include: 

Normalized indicator of vegetation: 

Roz et al (1973: 309) define this indicator as: 

  

        (3) 

To extract indicator in Landsat 5 satellite images, this equation is modified as: 

         

           (4) 

In this equation, NIR is the level of light reflection in the nearby infrared band and RED is the level 

of light reflection in the red band. Theoretically, the value of this indicator ranges from +1 to -1. The 

value of this indicator for dense vegetation tends to 1 (usually between 0.3 and 0.6) (Dalk, 1992: 23). 

Negative numbers are used for water coverage such as lakes and seas, positive numbers are used for 

vegetation, and numbers around 0 show dry or areas without any vegetation (Tonkabil, 2004: 728). 



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 (http://rspublication.com), rspublicationhouse@gmail.com Page 92 

 

The normal indicator of buildings 

NDBI indicator is the normal indicator for differentiating areas with buildings in urban zones in 

satellite pictures. This indicator is achieved by combining bands 4 and 5 of Landset satellite pictures: 

NDBI= (d (band 5) – d (band 4))/ (d (band 5) + d (band 5))            (5) 

To extract the indicator in Landsat satellite images, this equation is modified as (Voogt, 2004: 113). 

 (6) 

 

Using NDBI indicators, vegetation indicator and surface temperature indicator provides useful 

information for studying the role of surface factors in pollution expansion procedure in cities. These 

indicators have meaningful relationships with one another in terms of matrix. Considering the 

correlation between these indicators, we can take measures to determine their role in phenomena like 

air pollution (Table 2). 

Table 2 – the correlation coefficient between NDVI, NDBI, and LST 

NDBI NDVI LST  

  1 LST 

 1 0.41- NDVI 

1 0.56- 0.71 NDBI 

 

Combined monitored classification: 

As monitored classification is performed based on the maximum likelihood estimation, it can cause 

mistakes in correctly identifying urban areas from nonresidential housing areas. Thus, it is 

recommended to use combined monitored classification to prevent such problems. This classification 

is conducted in two stages (Pearson, 1990: 157):  

1- Conducting monitored classification based on maximum likelihood for land level coverage 

2- Matrix representation of areas which have not been classified correctly in the first stage 

Based on vegetation indicators (NDVI) and building indicator (NDBI) in determining the type of 

surface coverage in Tehran province, we used combined monitored classification in this study. Mont 

Carlo method is used to assess the process of earth level changeability. To this end, some 320 point 

extracted from Landsat satellite images were analyzed and assessed in terms of vegetation indicators, 

building density, and surface temperature. This has been accomplished through sequential harvests 

and in an accidental manner, using the following equation (Fabrizi, 2010: 1400): 
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                                                                                       (7) 

To correct the probable mistakes between temperature and the applied indicators, we used Pearson 

correlation matrix. Based on this, patterns related to land surface coverage such as buildings, 

vegetation, lands bereft of any buildings, and water were extracted. 

Results and discussion: 

As the vegetation level plays an important role in controlling air pollution in cities, in this research 

we use the normalized vegetation indicator to extract this parameter. Maps related to vegetation were 

prepared for four seasons of year using combined monitored classification method. These maps were 

later compared to maps of air pollution level prepared with IDW interpolation method in ARC 

GIS10.  

To study the relationship between vegetation and air pollution level in spring, the area of vegetation 

level and air pollution was extracted in various groups using combined monitored classification 

method (graphs 1 and2). 

  
Map 2 – spring vegetation zoning (NDVI indicator) in Tehran Map 1 – Spring pollution zoning in the stations studied in Tehran 

  

Graph 2 – vegetation level in spring in Tehran province Graph 1 – air pollution area in spring in Tehran province 
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Then, Pearson correlation matrix was used in the environment of SAS to calculate the relationship 

between the vegetation level and air pollution level (table 1). The final results drawn from the 

calculation of correlation matrix indicated the existence of a meaningful relationship in the reliability 

level of 99 percent with a positive and strong correlation coefficient (0.94) between the vegetation 

level and air pollution level in Tehran province. The corresponding formula is: 

y = -295.0479447ln(x) + 326.884983        (8) 

R² = 0.942149943 

Further analysis of pollution distribution map showed that the highest levels of pollution were 

reported in the southern parts of the areas studied (stations in areas 10 and 16). According to the 

maps, the vegetation level in these areas is at its poorest (map 2). 

  
Map 4 – spring vegetation zoning (NDVI indicator) in Tehran Map 3 – Summer pollution zoning in the stations studied in Tehran 

  

Graph 4 – vegetation level in summer in Tehran province Graph 3 – air pollution area in summer in Tehran province 
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reliability. It shows that vegetation is an effective factor in fluctuations of air pollution in Tehran 

province, yet concerning the level of correlation coefficient, we can draw the conclusion that there 

are other factors such as building density and land surface coverage that influence this issue. The 

following formula shows the relationship between vegetation and air pollution in summer in the city 

of Tehran: 

y = -620.7ln(x) + 1321.7         (9) 

R² = 0.5735 

Studying the pollution zoning maps also shows that the main focus of pollution in summer is not just 

in the southern areas of Tehran (stations in areas 10 and 16), yet the second focus belongs to the 

northern areas of Tehran. This indicates the role of temperature fluctuations caused by seasonal 

changes (map 4). Studying the maps of vegetation also showed that one of the probable reasons for 

high concentration of pollution in the southern areas of Tehran might be the poor vegetation level in 

those areas, while in the northern parts of the city; air pollution might be the result of high building 

density and heavy traffic (map 4). 

  
Map 6 – autumn vegetation zoning (NDVI indicator) in Tehran Map 5 – autumn pollution zoning in the stations studied in Tehran 

  

Graph 6 – vegetation level in autumn in Tehran province Graph 5 – air pollution area in autumn in Tehran province 
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Studying the correlation between vegetation level and pollution level in autumn shows a positive and 

meaningful relationship (0.68) in the 95 percent reliability level. It shows that as the vegetation level 

has decreased in autumn, the level and intensity of air pollution have not decreased, yet these 

conditions have helped stabilize the polluted situation created in summer to a large extent (map and 

graph 5). The calculated equation for the correlation coefficient of vegetation and pollution level is: 

y = -823.9ln(x) + 1443.1         (10) 

R² = 0.6879 

Studying the maps of vegetation level also indicated an intense decrease in vegetation in this season, 

in such a way that no appropriate vegetations were seen in this area and the area of weak and average 

vegetation has experienced a significant decrease (map and graph 6).  

  
Map 8 – winter vegetation zoning (NDVI indicator) in Tehran Map 7 – winter pollution zoning in the stations studied in Tehran 

  

Graph 8 – vegetation level in winter in Tehran province Graph 7 – air pollution area in winter in Tehran province 
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Due to high decrease of air temperature and deterioration of vegetation level in winter, it is expected 

that pollution level rise significantly. Calculation of Pearson correlation matrix for studying the 

relationship between vegetation and pollution level showed the existence of a strong and positive 

correlation (0.86) with the reliability level of 95 %. This fact may very well show the influence of 

vegetation on pollution level (map and graph 7). The correlation equation for winter is as follows: 

y = -198.3ln(x) + 1069.5              (11) 

R² = 0.8635 

Analysis of the vegetation map shows the severe shrink of it during winter in such a way that no good 

or average vegetation is observed; only weak vegetation is observed in a few areas (map and graph 

8). To study the relationship between land level temperature and land surface coverage and pollution 

level, steps were taken to extract annual average maps for every one of these parameters based on 

spectral monitored classification method (maps 9 to 11). 

 
 

Map 10 – distribution of Building density with NDBI indicator 

in Tehran Province 

Map 9 – annual pollution zoning in Tehran province 

 

Map 11 –Land surface temperature according to combined monitored classification in Tehran province 
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After extracting the map, we initiated the calculation of matrix relationship of these parameters with 

one another according to Pearson correlation matrix (table 3). The results show that in areas where 

large waters such as pools and artificial and natural lakes exist, NDVI levels have a very strong 

correlation (0.91) with land surface temperature (LST), while there was a negative and weak 

correlation between this indicator and NDBI (table 3).  

Exploring the relationship of the areas bereft of buildings with NDVI indicator indicated a positive 

and average relationship. The relationship of these areas with NDBI indicator shows a weak negative 

relationship (table 3).  

Calculation of the relationship between vegetated areas and NDVI indicator shows the positive and 

high relationship with this indicator (0.84), while the correlation between vegetation and NDBI 

indicator and land surface temperature (LST) is negative and average. This shows the low absorption 

of solar energy on the surface of vegetation compared to residential areas (table 3). Analysis of the 

correlation between areas with buildings in urban areas and NDBI indicator sowed the existence of a 

high and positive relationship, while the relationship between these areas and NDVI indicator and 

land surface temperature (LST) shows an average and positive correlation (Table 3).  

Table 3 – Pearson correlation matrix for the average values of NDVI, NDBI, and LST indicators 

  Temp. NDVI NDBI 

Water cover Temp. 1.00 0.93 −0.24 

NDVI 0.91 1.00 −0.46 

NDBI −0.20 −0.48 1.00 

Bare cover Temp. 1.00 0.53 −0.25 

NDVI 0.58 1.00 0.68 

NDBI −0.29 0.62 1.00 

Vegetation cover Temp. 1.00 0.84 −0.49 

NDVI 0.84 1.00 0.11 

NDBI −0.43 0.13 1.00 

Urban cover Temp. 1.00 0.52 0.81 

NDVI 0.56 1.00 0.98 

NDBI 0.81 0.95 1.00 

Air Pollution Temp. 1.00 0.97 0.87 

NDVI 0.88 0.56 0.98 

NDBI 0.87 0.98 1.00 

 

Studying the matrix correlation relationship between air pollution and NDVI, NDBI, and LST 

indicators shows the existence of a high and positive relationship between this parameter and most of 

the indicators. It can be concluded that in some areas of Tehran, the low vegetation level and high 

building density are the most important factors that deteriorate the air pollution.  

Conclusion 

Analysis of the matrix relationship between vegetation and land surface temperature indicators and 

the building indicator in Tehran province showed the existence of a strong and meaningful 

relationship between these indicators and air pollution level. Studies indicated that around 32 % of 
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the studied area has the highest temperature (20 – 25 degrees centigrade) compared to other areas. 

Upon matching this area with land surface coverage map and temperature map, it turned out that 

these areas are located in residential parts of the city. Considering the matrix relationship between 

residential areas and land surface temperature indicator and pollution level (high and positive 

correlation), it can be concluded that the temporal island in the city is one of the most important 

factors that contribute to air pollution in Tehran province.  

Generally speaking, we can say that vegetation is one of the important factors in reducing the air 

pollution and her influence in absorbing pollutant gases and producing clean air has totally been 

proved. Assessing the relationship between vegetation level and pollution level in each season 

showed that the highest levels of pollution are recorded in the seasons when the vegetation level is at 

its lowest. The results also showed that the highest levels of air pollution are concentrated in areas of 

Tehran which have the least level of vegetation. Accordingly, the southern and central areas of 

Tehran have the highest level of air pollution compared to other areas in most seasons as they exhibit 

high building density and low vegetation level. As Tehran is considered to be one of the most 

polluted cities in the whole world, one of the most important factors for reducing air pollution level 

can be the expansion of green space in areas with higher pollution rate. 
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