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Înternational Institute for Aerospace Survey and Earth Sciences,
Enschede, The Netherlands

Abstract

In this study, GIS spatial analysis was performed in order to identify air pollution
levels of Istanbul in relation to land use. Air quality parameters considered were
Sulphur Dioxide (SO]) and Total Suspended Paniculate matter (TSP). Spatial
correlation among 17 monitoring stations was investigated using variogram
analysis. The spatial and temporal analysis of air pollution problems was based
on ambient air quality levels in the winter season. The GIS spatial analysis
indicated that air pollution levels in the city were strongly related to land use
type.

1 Introduction

Due to the extremely high rate of immigration from other parts of Turkey,
squatter settlement development and utilization of poor quality fuels, Istanbul
has been experienced severe air quality problems in the last two decades. A
rapidly growing population and use of lower standards of housing in the city
caused more consumption of fuels. The amount of lignite burned per capita in
the city was estimated at 235 kg in 1982, but gradually increased to 615 kg in
1989.

During the past two decades, air quality in Istanbul has been the subject of
several studies. The first measurements in Istanbul were taken by Tebbens [1].
Ayalp [2] showed statistical relationships between air pollution data and
meteorological parameters. As an extension of this study, Erttirk [3] used a
statistical model using these data. Sen [4] also proposed a cumulative semi
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432 Air Pollution VIII

variogram methodology for SO] and TSP concentrations. Atmospheric
conditions in Istanbul leading to air pollution episodes were investigated by
Incecik [5]. Besides Batuk et al.,[6] interpreted the intense episodes in terms of
meteorological conditions in Istanbul. Unal et al., [7] investigated the factors
influencing the variability of SO] concentrations in Istanbul.

In this study, in order to identify air pollution levels of Istanbul in relation to
land use and, a georeferenced spatial data analysis has been performed for winter
data using the ILWIS - CIS [8].

2 Geography, climate and pollution sources

Istanbul with a population of close to ten million people is located at about 41° N
and 29°E. The total area of the city is about 5700 km̂ . The Bosphorus channel,
oriented in NNE/SSW direction and with a length of 30 km separates the city in
an Asian and European side. The Mediterranean and Black Sea control the
general climate of Istanbul. The climate of Istanbul is generally warm to hot in
summer and cold in winter. The daily means temperature is 6.5°C in winter and
21.8°C in the summer [7]. The main sources of the winter air pollution levels in
the city are domestic heating, industry and motor vehicles. According to 1995
figures about 6 million tons poor quality lignite is annually used in the city.
Furthermore more than 1 million vehicles circulate on an average daily basis in
the city.

3 Data, spatial analysis and GIS

In this study, GIS spatial analysis was used to identify air pollution levels in
relation to land use. For this purpose the average air quality levels of the 1995-
1996 winter season (from October 1 to March 31) were analyzed. The land use
data were derived from a 1995 planned land use map.

The average concentrations for the 95-96-winter season were derived by
aggregation of the daily data for the winter period, using 17 air quality stations in
the city, as shown in Figure 1. Figure 1 presents the location of air quality
monitoring and meteorological data observation points. Besides the monthly
average and maximum concentrations of SO] and TSP for the winter season were
derived for the seventeen air quality station locations and are shown in Table 1.

Geostatistics can be described as a collection of techniques for the solution of
estimation problems involving spatial variables [9,10,11]. These methods have
been used to resolve a variety of problems such as mapping. One of the main
features of geostatistics is its use of the spatial correlation in the estimation
process. The spatial correlation structure is presented using variogram models.
Before determining the variogram models for the data set the univariate statistics,
histogram and probability plot were generated for the period of 1995 to 1996.
The probability plots show that the pollution level approximates a normal
distribution. Due to the skewness of the distribution the variogram analysis was
performed on the log-transformed data set. The model results for both SO: and
TSP concentrations reflect the spatial correlation structure.
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However, due to the limit number of data points available for Istanbul City,
there is some scatter point in the variogram models. In fact the limited number of
17 existing air quality stations in the city, used in the variogram analysis, might
partly explain the scatter in the variogram [14]. The geostatistical kriging method
which overcomes some of the shortcomings of the traditional interpolation
methods and its incorporation with a georeference i.e., a GIS, was used for the
spatial estimation and modeling of the air quality.

4 Mapping of air pollution and results

In this study, the spatial distribution of air quality data was analyzed using
kriging as the gridding method. As mentioned in the variogram analysis, due to
the limited data set, selecting a unique variogram model from this data set was
difficult. In this study we presented spatial distribution of air pollution with the
result of the defaults parameters of the kriging method using the Golden
Software [13].

The land use map was reclassified into the eleven main land use classes in the
city i.e., industrial, small industry and storage, commercial, institutional, forest,
recreational, military, residential (high density, medium density, low density).
The analysis was carried out for an area of 430 knf that includes the operational
air quality stations in 1995-96 in the city (Figure 2). In order to make a spatial
analysis, air pollution concentrations were converted from Surfer to the GIS -
ILWIS Software. The high density residential, commercial and industrial areas
are mostly located on the European side, rather than the Asian side of the city
(Figure 2). In order to find the winter air pollution levels per land use unit, the
average SO] concentration was calculated per land use unit. Figure 3 indicates
that the highest concentration occurred in the European side within the industrial
land use unit. The second highest concentration was found to be in the central
business districts (CBD) and high densely residential areas in close proximity of
the industrial areas. The lowest average concentration occurred evidently in the
Asian side within the forest area. The lower densely residential area located near
the forest have the second lowest concentration level. The highest winter TSP
concentrations also occurred in the industrial area (Figure 4). The military area
and medium density residential area show the second highest TSP levels. The
military area is located between industrial and high or medium density
residential areas. Therefore the second high concentration can observed in the
military area in additional to their own emissions due to the large building
heating. The lowest TSP concentration was obviously encountered in the forest
area and the low-density residential areas. Besides, it can be seen that the
medium density area has a slightly higher average TSP concentration than the
densely residential area. This result can be explained by the location of this area,
which is in vicinity of the industrial and densely residential areas. In addition,
mobile air pollution sources such as road traffic may affect these concentration
levels. The location of the highly polluted area is mainly within the industrial,
the commercial and the residential area in the European side of the city for both
pollutants.
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434 Air Pollution VIII

The level of pollution that can cause harm is identified by air quality
standards. The most frequently used reference guidelines are those of the WHO,
EPA and the European Union (EU). The air quality standards are based on the
different reference exposure time period for each pollutant such as daily, annual,
hourly, etc. The EU standard has the limit value for SO] and TSP concentration
for the winter season (1 October to 31 March). Therefore, the winter SO] and
TSP concentrations were compared with the limit concentration of EU standards
to test the exceeding level. The winter season limit concentration is given as 130
jug/m̂  for SO] and TSP in the EU guidelines. The annual limit concentration is
40-60 pg/ nf for SO] and 60-90 ug/ nf for TSP in the WHO guidelines. The
winter season pollution level was also analyzed using the WHO guidelines. The
exceeding levels were observed in the whole city for both the pollutants. The
SO] concentrations, exceeding the EU standards are mostly observed in the
European side of the city. The exceeding concentration area covers also the
district of Kadikoy on the Asian side. The other districts on the Asian side are
under the limit (Figure 5). Exceeding areas are those with the land use types i.e.,
high-density residential and commercial land use units (Figure 2). Areas
exceeding the TSP air quality standard are indicated in Figure 6. The major part
of exceeding areas is in the European side. The areas include the industrial,
commercial and high-densely residential as shown in Figure 2. It must be
observed that, also the higher traffic densities in the industrial and residential
areas are observed mostly on the European side rather than the Asian side of the
city. This also explains in part the differences observed between the two sides.
The dispersion map of TSP levels over Istanbul City in the winter season shows
the highest exceeding TSP concentration is observed mainly in an area
encompassing the districts Bayrampasa and Gungoren. Zeytinburnu and Fatih
districts re the next highest polluted districts (Figure 7).

The analysis of the location of the exceeding pollution level was put into
perspective with meteorological and parameters. Wind speed and direction are
important factors in the analysis of the location of areas with exceeding air
pollution levels. Meteorological variables, e.g., temperatures, wind speed and
direction etc., were analyzed in three meteorological stations namely Goztepe,
Florya and Kirecburnu as shown in Figure 1. Dominant wind direction was
determined as North, Northeast and East-Northeast in the three stations. Figure 8
shows the dominant wind direction for the two stations (Goztepe, Florya) which
are located in the Asian side and the European side respectively. As expected
that a negative correlation between the mean air monthly temperatures and
pollution levels were found. This explains the high concentration levels in the
winter season because of the operating of the space and building heating
systems. The average wind speed is 2.4 m/s in Florya on the European side and
the average wind speed is slightly higher in Goztepe meteorological station in the
Asian side of the city (2.9 m/s). The average wind speed is 2.4 m/s in Kirecburnu
station, located in the northern edge of the city.
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5 Concluding remarks

Air pollution problem in Istanbul has received wide public attention and has
remained as the focal point among the environmental problems. Mean daily
SO] and TSP concentrations higher than national air quality standards have been
recorded many times. Recently, due to the stringent emission reduction air
pollution levels were decreased.

In this study, average 1995-96 wintertime SO] and TSP levels were analyzed
for Istanbul. Data from seventeen air quality and weather monitoring locations in
the study area were used. Spatial correlation among the station data was
investigated using variogram analysis. Daily data were aggregated to monthly
and seasonal values in order to get an overall picture of air pollution levels over
Istanbul. A standard kriging technique was, in first instance, used to generate
tentative maps on levels of air pollution for the area. These maps were compared
with air quality standards. Furthermore, air pollution levels in the city were
related to land use type using GIS spatial analysis methods. Air pollution levels
can be seen quite different in both sides of the city. Due to higher population,
industrial and traffic densities, the European side is more polluted than the Asian
side. More than 60% of the population lives on European side of Istanbul City.
The land use units such as industrial, residential (high density) and trading center
areas, indicate the highest air pollutant concentration levels. Meteorological
conditions (e.g., wind speed, wind direction, temperature,) obviously affect the
spatial distribution of air pollutant levels over Istanbul. The use of a Geographic
Information System approach permit a georeferenced environmental assessment,
and an accurate mapping of air pollution problems to be made.

Figure 1: The location of the air quality and meteorological stations in
winter season.
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436 Air Pollution VIII

Table 1. The monthly average and the maximum concentration of SO] and TSP
in all stations in the 1995-96 winter season

Montn

October'95

November'95

December'95

January'96

February'96

March'96

Maximum
Mean
Std. Deviation
Maximum
Mean
Std. Deviation
Maximum
Mean
Std. Deviation
Maximum
Mean
Std. Deviation
Maximum
Mean
Std. Deviation
Maximum
Mean
Std. Deviation

su/(ug /m j)
1 U88. U
#3.4
94.5
696.0
760.0
776.5
727.0
736.5
90.2
469.0
742.3
74.9
762.0
762.6
109.5
33̂ .0
77^.9
63.5

i &r(ug /m j;
J//.U
57.7
34.6
530.0
722.7
97.5

57(9.0
&P.J
727

367.0
9P.6
629

870.0
727.7
1 12.0
272.0
#4.7
57.7

LajidUse Map ofThe Study Area,l 995-96

Institutional

Military

Forest

Commercial

LJ Low density residential

I 1 Medium density residenl

iil High density residential

HI Industrial

[~l Other land uses

Figure2: The land use of the study area.
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Air Pollution VIII 437

Average S02 Concentration per Land Use Unit
(1995-96 Winter)

I I Forest: 94 2mc.gr/m3
I I Lew Density Residential: 96 mic.gr/m3
I I Other Landuses: 123 mic.gr/m3
[ I Recreational: 125 mic.gr/m3

Institutional: 128 mic.gr/m3
Medium Density Residential: 131 mic.gr/m3

S Military Area: 134 mic.gr/m3
Commercial: 137 mic.gr/m3

H High Density Residential: 139 mic.gr/m3
Industrial: 140 mic.gr/m3

Figure 3: Average 882 concentration per land use in the 1995-96 winter season

Average TSP Concentration per Land Use Unit

(1995-96 Winter)

Forest: 75 nuc.gr/m3
Low Density Residential: 76 mic.gr/m3

Recreational: 102 mic.gr/m3

Institutional: 108 mic.gr/m3

Other Landuse: 116rrdc.gr/m3

Commercial/High Density Residential: 117 mic.gr/m3

Medium Density Residential: 119 mic.gr/m3
Military Area: 124 mic.gr/m3

Industrial: 125 mic.gr/m3

sea

Figure 4: The average TSP concentration per land use unit
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438 Air Pollution VIII

| 11: less than the standard
Hi 2: exceeding the standard

10000

Figure 5: The distribution of exceeding SO2 concentration in 1995-96 winter season

I |l: less than the standard
2: exceeding the standard

Figure 6: The distribution of exceeding TSP concentration in 1995-96 winter
season
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Dispersion of TSP Concentration in 1995-96 Winter

<5Dmic.gr/rn3

15D-6Dmic.gr/rn3

J6D-7Dmic.gr/hi3

7D-8Dmic.gr/m3

8D-1DD mic.gr/m3

lDD-120mic.gr/m3

l2D-125mic.gr/m3

l25-13Dmic.gr/rn3

l30-150mic.gr/rn3

l5D-17Dmic.gr/m3

l7D-18Dmic.gr/m3

fl8D-19Dmic.gr/m3

l9P-21Dmic.gr/m3

Figure 7: The distribution of the TSP concentration over the city in the winter
season

N

27%

Figure 8: The dominant wind direction in the winter season
(a) Goztepe Station, (b) Florya Station
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W. J. W/r fo//Cô ./̂ ôc.2.pp.l75-187, 1959.
[16] Scorer, R. S. (editor), Meteorology of air pollution. Ellis Horwood limited.

London. UK, 1990.

                                                                 Air Pollution VIII, C.A. Brebbia, H. Power & J.W.S Longhurst (Editors) 
                                                                 © 2000 WIT Press, www.witpress.com, ISBN 1-85312-822-8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 


