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Abstract

The air pollution problem remains, although significant improvements have been seen in urban air
quality over the last years. This study aims to show that the spatial statistic techniques can well be used
to examine and explain the air pollution levels in urban areas. The data for SOz and NO2 concentrations
are measures using passive diffusion tubes at the 67 monitoring sites in the district of Cigli (Izmir). The
tubes were exposed for a 2-week period in August 2015. For the determination of the level of clustering
for high values and low values of pollutants, Getis-Ord G* local statistics are calculated. There are five
points with high values of SOz surrounded by low values, three points of NO2, where the results are
statistically significant at the 0.10 level. The presence of the industrial zone, the form of fossil fuels used
in heating, and topography are strong determinants urban air pollution.
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1.0 Introduction

The air pollution problem remains, although significant improvements have been seen in
urban air quality over the last years. As a result of dense energy consumption, economic
development with population growth and urbanization, the levels of air pollutants have
increased and emissions of many pollutants are growing especially in metropolitan areas.
Urban population growth, combined with change in land use through urban planning
decisions, is among major reasons for the air quality problem (Mayer, 1999). Dense buildings
and population, different urban activities, the increasing automobiles ownership, and the total
number of vehicles in traffic can be generalized as the primarily reasons air pollution that
affects urban areas (Mansha et al., 2012). In addition to these urban activities, different
factors are significant contributors to reduce of urban air quality such as the reliance on fossil
fuels in warming, industrial activities and traffic, dependence on the private automobiles,
inefficient use of energy in buildings and public transportation, the use of incorrect and
incomplete combustion techniques, the degradation of open and green areas, etc. (Grsic et
al., 2014, Dimitrovski et al., 2015, Bouhouras and Basbas, 2015). Air pollution in urban areas
affects not only urban air quality, also quality of life, and public health directly (Deak et al.,
2015, Borhan et al., 2013), and these circumstances lead to shift in planning decisions.

Urban planning focuses on the use of land and design of the urban environment, thus
ensuring the development of the metropolitan areas. It aims to provide a secure, organized,
and enjoyable city life for residents of both new and existing towns, concerning building
locations, open and green spaces, zoning, transportation, and city aesthetics. Within the
urban planning process, three key elements of urban quality of life can be selected to focus
on: residential preferences, mobility and accessibility and green spaces. These three
elements are actually interlinked and overlapping because urban quality of life is the result of
network between these dimensions (El Din et al., 2013). The environmental urban quality of
life is one of the main dimensions of urban quality of life and the concept of urban air quality
has been associating with the environmental urban quality of life in urban areas (Turkoglu,
2015).

The empirical studies focusing on the relation between urban planning decisions and the
level of air pollution have been limited, although urban planning decision including population
density, site selection of industrial zones, and planning of green areas are closely related to
the observed level of the concentrations of pollutants. The results of empirical studies have
shown that the concentrations of pollutants are still increasing, and they are over the
acceptable limit values in most of the largely populated cities in especially developing
countries during the winter season (Ozcan and Cubukcu, 2015).

In parallel to these inevitable changes in urban areas, planning decisions that interfere
directly with the physical environment and current land use can be criticized as an
opportunity to increase the urban air quality, such as site selection of industrial activities.
The purpose of the study is to examine the concentrations of two common air polluters (sulfur
dioxide (SO2) and nitrogen dioxide (NO2)) with regard to the urban land use decisions. The
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spatial distributions of the pollution levels are analyzed using a well-known local spatial
autocorrelation technique, the Getis-Ord G* local statistic.

2.0 Literature Review

There exists a sizeable amount of literature on urban air quality and its effects on urban areas.
These studies vary in terms of their focus (the type of pollutant, the source of pollutant, spatial
scale, the measurement period, etc.). A number of studies examine the source of pollutant.
Bayram (2008), Incecik (1994), Colls (2002) and Fenger (2002) suggest that the primary air
pollutants in urban areas are sulphur dioxide (SO2), particulate matter (PM+o and PMzs),
nitrogen dioxide (NOz), carbon monoxide (CO) and ozone (Os). The high level of urban air
pollution is caused by a continuous increase in the number of dense population in urban
areas, the increase in the number of motor vehicles in traffic parallel to the population
variance, unplanned urbanization and industrialization in city centers, the use of incorrect and
incomplete combustion techniques in the domestic heating and industrial processes,
meteorological and topographical conditions of cities as important sources of urban air
pollution.

Another set of studies examine the type of pollutant. Briggs et al. (2008), Mayer (1999),
Ahmad and Aziz (2013) focus on nitrogen dioxide (NO2) that is a secondary pollutant and
derived from especially motor vehicles. Brauer et al. (2003) and Nerriere et al. (2005) focus on
particulate matter (PM10 and PM2s) as an urban air pollutant causes a decrease in the level of
air quality, while the level of individual exposure to pollution increases in urban areas. Dalyan
and incecik (2002), Pinto et al. (1998) and Bayram (2008) focus on sulphur dioxide (SOz) that
decreases air quality dramatically in high dense residential areas and industrial areas and is a
substantial and widespread pollutant.

In the literature, a number of studies examine the measurement period of urban air
pollutants. Mukerjee et al (2012), Reche et al. (2012), Zhu et al. (2011), and Vallius et al.
(2004) examine the measurement studies carried out only one period (summer or winter)
during different periods. Similarly, these studies suggest that the level of air pollution differs
according to the measurement period. Shendell et al (2012), Kocaman (2010), Coskun
(2008), Monkkonen et al (2004),Shi et al. (2003) and Wehner et al. (2002) focus on the
measurement studies carried out both summer and winter in the same year during different
periods (one week, two weeks, one month, three months, etc.). In comparison to the
measurement results of summer period, the level of urban air pollution (SO2 and PM1o) is
higher in urban areas in the winter period because of the use of coal in domestic heating,
incorrect combustion techniques. According to the measurement results of summer period,
the level of air pollution (NO2 and Os) increase depending the increase of motor vehicles in
traffic due to the decrease of population in cities and photochemical reactions in the
atmosphere.

The scale and scope of the studies vary. Lee et al. (2013), Lin et al. (2013), Zbieranowski
and Aherne (2012), Evci (2009) and Yang et al. (2005) focus on regional studies worldwide.
The results of these studies differ according to the size of study area, land use, meteorological
and topographical factors and population density in the regions. Fan et al. (2012), Mansha et
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al. (2012), Mukerjee (2012), Pits et al. (2008), Moore et al (2007) and Querola et al. (2001)
focus on urban studies which observe the level of urban air pollution in different cities all
around the world. They suggest that the concentrations of air pollutants in urban areas
increase various factors such as because of dense building and population, widespread use
of automobiles instead of public transportation, the location of industrial facilities near city
centers and the negative effects of land use decisions on the level of air quality.

Despite the size and variety of studies on urban air pollution, the usage of spatial statistics
has been extremely limited. This study aims to show that the spatial statistic techniques can
well be used to examine and explain the air pollution levels in urban areas

3.0 Methodology

In this study, a well-known local spatial autocorrelation technique, Getis-Ord G* local statistic
(Getis and Ord, 1992, Ord and Getis, 1995), is used to examine the spatial concentrations
of SOz and NO: differ across the study area. The spatial autocorrelation explains a
dependency between variables in neighborhood locations or a systematic pattern of values
across the locations on a map (Griffith, 2009). Also, the spatial autocorrelation measures the
correlation of a variable with itself through space and it can be positive or negative. Positive
spatial autocorrelation occurs when similar values occur near one another. Negative spatial
autocorrelation occurs when dissimilar values occur near one another (Gunaratna, 2013).
The Moran coefficient (MC) and the Geary ratio (GR) are the most commonly used
quantitative global indices in spatial autocorrelation, and they each produce a single index
to examine the spatial distribution of point data with an attached variable value. However, in
the case of local spatial autocorrelation techniques, an index value is produced for each
point data, and the hypotheses are tested at the point point, or local level. For the
determination of the level of clustering for high values and low values in the study area,
Getis-Ord G* local statistics are calculated. In the local version of G statistics, the z-scores
of these points show where hot spots or cold spots exist in the study area. The hot spots
have a high variable value surrounded by points with low values, and cold spots have a low
value surrounded by points with high variable values. The Getis-Ord G* local statistics for
spatial autocorrelation for point i (G%) can be written as (Cubukcu, 2015, Getis and Ord,
1992, Ord and Getis, 1995):

2 WX,
G* ’

T~
2%
j
where n is the number of sample size, wj is the spatial weight between i and j points, d is
the distance and x; is the variable value of j point.

Data and Study Area
Izmir city is one of the largest cities in Turkey with a total population of 4.113.072
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by the year 2015. The study area is the district of Cigli. It is located in the northern part of
Izmir Metropolitan area and has a population of 176.864 by the year 2014. In the district’'s
area, there exists an industrial zone (Ataturk Organized Industrial Zone), a very large
recreational area including one of the largest zoos in Turkey (Sasali Natural Life Park), a
military zone including a military airport, a regional railway station, commercial areas and
residential areas in differing densities. The study area is represented in Figure 1.

Figure 1: The study area (Izmir, The District of Cigli)
Source: Google Earth, 2015

The data for the sulfur dioxide (SO2) and nitrogen dioxide (NO2) concentrations are
measured using passive diffusion tubes at the 80 monitoring sites, exposed for a 2-week
period in Cigli in August 2015. In the study area, totally 80 observation points are selected
using spatial systematic sampling. Because of different reasons, data from 13 of the
passive diffusion tubes were unusable and so there are a total of 67 observations in the
data set. The descriptive statistics for the observed SOz and NO2 levels, the values of
average temperature, precipitation and pressure are presented in Table 1.

Table 1: The descriptive statistics of the parameters for the monitoring sites at the district level (n=67)

Parameters Minimum Maximum Mean Std. Deviation
SOz (ug/m?) 0.40 16.00 3.88 298
NO2 (ug/m?) 57 100.9 39.41 1.51
Average Temperature (°C) 5.58 16.58 11.47

3.537
Average Precipitation (Milimeters) 0.00 152.00 3043 47.252
Average Pressure (hPa) 1004.77 1021.10 1014.87 5.793
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As seen in Table 1, the values of sulfur dioxide (SO2) concentrations vary between 0.4 and
16 pg/m3, with a mean of 3.876 pg/m3. In the center, northern and southern parts of the
study area, SO2 concentrations are higher than other parts. The intensive use of non-
natural gas (coal/wood) in the domestic heating is one of the main reasons for this
increase. The weighted spatial distribution of polluter (SO2) depending on the
concentrations is presented in Figure 2. As seen in Table 1, the values of nitrogen dioxide
(NOz) concentrations vary between 5.7 and 100.9 g/ms3, with a mean of 39.41 ug/m3. The
increase of motor vehicles in traffic in the Cigli district causes an increase in NO:
concentrations. Similarly, NO2 concentrations are higher than in the center, south and north
parts of the study area. The weighted spatial distribution of polluter (NO2) depending on
the concentrations is presented in Figure 3. As seen in Table 1, the average temperature
values vary between 5.58 and 16.58 °C, with a mean of 11.47 °C. The average precipitation
values vary between 0 and 152 mm, with a mean of 30.43 mm. The average pressure
values vary between 1004.77 and 1021.10 hPa, with a mean of 1014.87 hPa in the study
area.

Figure 2: The observed concentrations for SOz (ug/m?)
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Figure 3: The observed concentrations for NO2 (ug/md)

4.0 Findings and Discussions

The results of the Getis-Ord G* local statistics show that there are no points in the data set
with low concentrations of SOz and NO2 surrounded by higher concentrations. That is
plausible since these pollutants diffuse with air. In Fig. 4 and Fig. 5, the observation points
that have higher concentrations of SOz and NO2 concentrations surrounded with points with
relatively low concentrations are presented. Z scores of Getis-Ord G* local statistics are
presented. These points have positive Z-scores greater than 1.65, indicating that they are
highly polluted points surrounded by points with lower concentrations, and these results are
statistically significant at the 0.10 level.

There are five points with high values of SOz surrounded by low values (Figure 4).
Because of the intensive use of non-natural gas (coal/wood) for the domestic heating
especially in urban renewal areas located in the north—east part of the study area, the usage
of incorrect and incomplete combustion techniques in the industrial area located in the west
part of the study area and topographical conditions (Misni, 2015, Bayram, 2008, incecik,
1994, Colls, 2002, Fenger, 2002, Dalyan and incecik, 2002, Pinto et al.,1998), the level of
sulfur dioxide (SO2) concentrations are higher in these points.

There are three points with high values of NOz surrounded by low values (Figure 5). Due
to the increase of motor vehicles in traffic in the study area, dense population and building
blocks located in the center and southern parts of the study area, meteorological and
topographical factors (Briggs et al., 2008, Mayer, 1999, Ahmad and Aziz, 2013, Lee et al.,
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2013, Lin et al., 2013, Zbieranowski and Aherne, 2012, Evci, 2009, Yang et al., 2005), the
level of nitrogen dioxide (NO2) concentrations are higher in these points.

Figure 4: The hot spots of polluter (SO2) depending on the Z-scores of Getis-Ord G* local
statistics

Figure 5: The hot spots of polluter (NO2) depending on the Z_scores of Getis-Ord G* local statistics
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5.0 Conclusion

The aim of the study is to examine the concentrations of two common air polluters (sulfur
dioxide (SO2) and nitrogen dioxide (NO2)) with regard to the urban land use decisions. The
study area is the district of Cigli which is located in the northern part of Izmir Metropolitan
area. Cigli district has a population of 176.864 by the year 2014 and there exists different
land use types such as an industrial zone, a very large recreational area including one of
the largest zoos in Turkey, a military zone including a military airport, a regional railway
station, commercial areas and residential areas in differing densities in the study area. Sulfur
dioxide (SO2) and nitrogen dioxide (NO2) are selected as air polluters in the district and also
these polluters’ concentrations are measured using passive diffusion tubes at the 80
monitoring sites, exposed for a 2-week period in Cigli in August 2015. In the study area,
totally 80 observation points are selected using spatial systematic sampling. Because of
different reasons, data from 13 of the passive diffusion tubes were unusable and so there
are a total of 67 observations in the data set. As research method, the Getis-Ord G* local
statistic is selected that is a well-known local spatial autocorrelation technique in the
analyzing the spatial distributions of the pollution levels.

According to the results of this technique, there are no points in the data set with low
concentrations of SOz and NO2 surrounded by higher concentrations. Therefore, these
points with high values have positive Z-scores greater than 1.65, indicating that they are
highly polluted points surrounded by points with lower concentrations, and these results are
statistically significant at the 0.10 level.

The significant improvements have been seen in urban air quality over the last years and
these improvements as urban planning policies aim to improve the quality of life in
metropolitan cities. Despite these improvements, the level of air pollutants is still above the
acceptable level especially during the winter months. Recently, several precautions have
been introduced for the improvement of urban air quality such as the dissemination of the
usage of natural gas for domestic heating, the emission controls for the reduction of the level
of air pollutants because of dense motor vehicle in traffic and monitoring of coal sales.

There will be important steps in order to solve the urban air pollution problem and to
increase the quality of life for the citizens in urban settlement areas, such as more frequent
controls for the measurements for air quality in terms of spatial and time tables, improving
the control strategies, developing plan decisions in consideration of air corridors, the
dissemination of open and green areas, encouragement of public transportation and railway
transportation type by local governments and realizing studies to minimize carbon emissions
and to improve the air quality and controlling over facilities of industrial areas (Deak et al.,
2015, Nerriere et al., 2005, Grsic et al., 2014).

This study has some limitations. Firstly, the data used in the study pertains to a limited
number of districts in the urban area. A more comprehensive study should consider a larger
urban area with a more diverse urban setting. Therefore, the results of the current study
reveal that the levels of these two pollutions should be monitored and controlled for
improving the quality of life especially in dense urban areas. Additionally, the number of
monitoring sites is limited in terms of measuring the polluters’ concentrations in urban area.
Further studies may include the effects of urban land use decisions on the levels of urban
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pollutants with regard to various air pollutants in more measurement points throughout [zmir
city.
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