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Abstract. Environment that contains information on geographical functions is one of the most intensive
application areas of Geographical Information Systems (GIS). Availability of decisions related to the
environment, identify the factors that affect the environment, spatial analysis and detection and monitoring of
environmental changes, environmental factors are measured with GIS mapping.

In our country, one of the most important environmental problems appears through rapid population growth,
unplanned urbanization and industrialization is air pollution. A geographic information system (GIS) is a
computer-based tool for mapping and analyzing geographic phenomenon that exist and events that occur on
Earth. GIS technology integrates common database operations such as query and statistical analysis with the
unique visualization and geographic analysis benefits offered by maps. In general, a GIS provides facilities
for data capture, data management, data manipulation and analysis, and the presentation of results in both
graphic and report form, with a particular emphasis upon preserving and utilizing inherent characteristics of
spatial data. The ability to incorporate spatial data, manage it, analyze it, and answer spatial questions is the
distinctive characteristic of geographic information systems. So, to use GIS as a tool in solving and to
realizing problems of air pollutions has been right solution.

In this study, between 2000-2008, air pollution that consists of Particulate Matter (PM) and Sulfur Dioxide
(SO2) is examined in Kutahya and the values of the density of the city center are created as thematic maps
using GIS. In parallel with an increase in natural gas usage since 2006 has been observed improvements in
values of PM and SO2. Thematic maps generated are compared.
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1. Introduction

Today, the borders of scientific branches are expanding continually; therefore, interdisciplinary common
subjects exist that can be solved efficiently together. In this perspective, with many developing technologies
in their structure which is improving and developing continuously, Geographical Information Systems (GIS)
serve a wide range of subjects.

GIS is an information system that works with spatial or geographic coordinate data [1]. The use of GIS
spatial data in the interpretation of air pollution is a new development. [2, 3]. Maps of spatial distributions of
SO2 in Istanbul metropolitan were created by Tayanc[4].by using kriging method and he identified the
problematic areas.

Mapping urban air pollution nevertheless faces many problems. The complex geography of emission
sources and the equal complexity of dispersion processes in an urban environment mean that levels of air
pollution typically vary over extremely short distances, often no more than a few tens of meters [5]. On the
other hand, data on both emission sources and pollution levels are often sparse. As a result, maps of urban air
pollution tend to be highly generalized, and estimates of exposure to air pollutants subject to serious
misclassification. The spatial analysis and overlay techniques available in GIS also provide powerful tools
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for pollution mapping. [6] Because GIS monitors parameters of pollution consistently and allows spatial
analysis for questioning, it is seen as the most effective technological tools.

In this study, in Kutahya, sulfur dioxide (SO,) and particulate matter (PM) values that denote air quality
values were used and maps of air pollution were formed for the years 2006-2007 by analyzing with GIS.
Pollution levels changes over time were examined and the results were compare with air quality standards of
Turkish Air Quality Control Regulations, AB, WHO and US EPA.

1.1. Climate and air pollution sources

Atmosphere pollution consists of joining with meteorological factors and negative topographer structure.
The geographical embodiments which prevent air circulation are effective pollution[7]. Atmospheric dirts
spread from right resources to the environment allow horizontal and vertical movements which are the
meteorological factors [8].

Examined the topography of the province, the apparent character of the region's surface in terms of
figures where is on the threshold of Interior western Anatolia consists of plateaus and plains. Both series of
mountain and hill and the pit fields extend the northwest - southeast direction in accordance with the general
character of the threshold. The two steps can be distinguished by the different altitudes in plateaus of
Kutahya. 1000-1250 meters corresponds to low plateaus and 1250-1450 meters corresponds to high plateaus.
When meteorological information is analyzed, the characteristics of each type of climate among Aegean,

Marmara and Central Anatolia are possible to see. The climate is a type of transition between the dry climate
and humid climate.

Table. 1: Long-years averages and extreme meteorological data in Kutahya
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Source: Provincial Directorate of Meteorology of Kutahya

As shown in Table 1, in Kutahya, the average temperature is 10,7 (<C), total rainfall is 544,4 (mm), the
average relative humidity is 64%, wind direction is north-northwest and average duration of sunshine 5 hours
and 48 minutes.
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Reaching important levels of air pollution in our province, especially in the winter months, as well as
plant and animal life in the human health is threatened. In our province, warm-up period is approximately 6
months and fuels used for heating during the winter months as the air pollution plays an important role.

Listed as the most important causes of air pollution in Kutahya:
Topographic structure of the city

1.

o gk~ wbd

c N

9.

Meteorological conditions,

Unplanned urbanization,

The use of poor quality fuel,

Incorrect combustion techniques,
Activities of Industry and Industrial Plants,

Central heating boilers and stoves lack of appropriate design and failure to their periodic
maintenance,

Increase in per capita energy consumption,
More than motor vehicles,
Deficiencies in isolation and construction quality.

2. Materials and Methods

2.1. Research areas

The research area was chosen Kutahya province in Aegean Region with its location between 38° 70’ and
39° 80’ northern latitude and 29° 00’ and 30° 30’ southern longitude (Fig. 1) in Turkey. The altitude of the
city centre is about 969m. above the sea. According to the year 2007 ETF (Recording Household Number),
the population of the central district is 228,956. Its area is 11890 km2 with central district population density
88 people/km2.
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Fig. 1: Research area
It is shown research area in Fig. 1.

2.2 Application

The study area was chosen as the center of the city of Kutahya. Kutahya province’s air pollutions ratio
had got high values in average of the other provinces in Turkey. For thus Kutahya was chosen research area.
In Fig. 2 show that thematic map which was created for all cities in Turkey by software to export Google
Earth.
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Fig. 2: Air quallty data [9]

Measurement Monitoring Stations in 2000-2006 was 8 at the point of measurement. As of 2006,
measurements continued to 5 points. To create thematic maps, coordinates the creation of centers
Measurement monitoring station has been geocode by city map, Table 2 shows the coordinates.

Table 2: Measurement monitoring station locations and coordinates

Device Location X-COORDINATE Y-COORDINATE
Provincial health directorate 498312 4365024
Provincial directorate of agriculture 497051 4366170
Public health laboratories 498938 4366011
Provincial directorate of public works 499361 4366197
Provincial directorate of environment and forestry* 498820 4365170
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* Automatic Measurement System
Source: Provincial Directorate of Environment and Forestry (Director of Environmental Management)

Measurement monitoring station locations was shown in Fig. 1. Which neighbourhoods could be covered
by the measurements of pollution in the values of these stations, interviews with experts and the province of
Kutahya in wind direction and development have been identified with the state. Accordingly, the
measurement values of five monitoring stations in all the thematic center of goods and density maps were
created using Maplnfo software. Firstly, SO, and PM values which were created as a excel format entered to
the program for every years. Built in the neighborhood polygon layer is created in the program of province
boundaries. Measurement monitoring stations were geocode coordinates of the point layer by their names.
Associated with the station numbers in the colon is a common link was the creation of thematic maps.

Table 3: The average values of SO2 and PM (ug/m3) (2000-2007 years)

Months 2000_S0O2 | 2001_SO2 | 2002_S0Oz2 | 2003_S0O2 2004_S0O2 | 2005_S0O2 2006_S0O2 2007_S0O2
january 416 266 521 177 270 275 175 163
february 385 257 426 179 245 170 170 106
march 334 168 197 192 185 148 108 69
april 89 135 138 134 158 110 83 51
may 54 97 37 51 101 63 73 42
june 27 36 17 42 63 40 28 11
july 32 27 16 40 50 37 22 20
august 29 27 14 40 51 33 44 14
september 39 55 23 49 58 43 11 20
october 114 177 102 107 153 78 34 29
november 350 290 328 293 291 105 164 36
december 360 246 288 275 332 157 224 59
Average 186 148 176 132 163 105 95 52

(g m3): (micrograms/ cubic meters)

Months 2000_PM 2001_PM 2002_PM | 2003_PM | 2004_PM 2005_PM | 2006_PM | 2007_PM
january 125 146 253 112 170 214 163 213
february 113 143 267 105 139 118 154 179
march 96 84 135 120 114 108 83 122
april 66 70 102 91 93 83 66 103
may 51 54 41 34 49 51 57 100
june 34 24 26 30 32 31 19 49
july 32 23 22 25 27 28 18 100
august 33 30 27 29 31 23 137 97
september | 45 44 33 40 41 34 65 99
october 107 121 123 67 119 70 178 104
november | 274 134 237 250 232 97 273 118
december | 202 114 195 183 265 149 326 165
Average 98 82 122 90 109 84 129 121

(g m3): (micrograms/ cubic meters)

Table 3 at the average of the values is understood that the rate of pollution in the winter months, this rate
is higher in the summer watching the fall. We also observed a decrease in the average rate each year of SO2
pollution. As can be seen here in the great cause of pollution is considered to be the use of heating fuel and
coal of poor quality. Heating fuel in the province since 2005 is quite reduced the rate of pollution increase in
the use of natural gas. However, the average values of PM does not show much difference. Powder is also
called as the ratio of PM values, the city's topography and structures, thought to be stable unless there is a
change. The creation of thematic maps for the years 2006-2007 and the 2008 monthly average values of SO,
and PM are used. Table 4a, 4b and Table 5a, 5b also shows the values in 2006-2007.
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SO, and PM10 measured values has been compared with the limit values set by the long-term limit of the
Turkish Air Quality Control Regulations (HKKY, SO2; 150 pg/m3, PM10; 150 pg/m3), the European Union
(AB, SO,; 20 pg/m3, PM10; 40 pg/m3), the World Health Organization (WHO, SO2; 50 pug/m3), the U.S.
Environmental Protection Agency (US EPA, SO2; 80 ug/m3, PM10; 50ug/m3). The central values of
Kutahya are seen more than the standard values. MapInfo software has been entered SO, and PM10 values to
the database and maps are created with the help of the thematic map module.

Table: 4a 2005 values of PM

Measuremen Public works | Provincial Provincial
t locations . directorate Public health | Ekosis Main
and housing | health . ;
and PM | . - of laboratories | Device
directorate directorate -
values agriculture
PM_1 157 171 157 168 217
PM_2 149 161 148 159 189
PM_3 85 92 85 91 163
PM_4 64 Fault 65 67 127
PM_5 58 Fault 60 63 130
PM_6 27 Fault 27 25 99
PM_7 20 Fault 17 19 83
PM_8 22 Fault 22 24 137
PM_9 32 Fault 32 34 142
PM_10 57 Fault 50 55 178
PM_11 136 Fault 133 133 273
PM_12 218 219 218 222 249
PM_aver. 85,42 160,75 84,5 88,33 165,58
Table: 4b 2006 values of PM

Public I Provincial .
Measurement Provincial . - Ekosis
locations  and work_s and health directorate Public h_ealth Main

housing . of laboratories -
PM values . directorate . Device

directorate agriculture
PM_1 176 183 175 179 213
PM_2 112 127 108 118 179
PM_3 58 66 56 63 122
PM_4 37 40 34 40 51
PM_5 20 22 19 22 100
PM_6 19 21 19 29 118
PM_7 21 24 20 23 107
PM_8 22 24 19 24 94
PM_9 30 32 29 31 99
PM_10 56 60 55 59 227
PM_11 76 83 68 71 127
PM_12 88 94 98 109 165
PM_aver. 59,58 64,67 58,33 64 1335

As shown in Fig. 3a and Fig. 3b, dust ratio is higher in the center of the city. This supports the prevailing
wind direction is north-northwest and the middle sections of the city's topography is low-height. Between
2006 and 2007 years, the data sheet in the map window shows measurement of the monthly averages for
each station. We also learn about the station information by using info tool module on map.
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Table: 5a 2005 values of SO2

Measurement Public Provincial Provincial . Ekosis
locations  and ‘éﬁ:;sng and h_ealth dire_ctorate of IF;L:)%IrI;toriZEsmh Maip
SO, values directorate directorate | agriculture Device
SO, 1 168 181 169 181 92
SO, 2 164 178 163 175 87
SO, 3 105 112 105 112 79
SO, 4 80 Fault 83 87 87
SO, 5 74 Fault 76 78 44
SO,_6 39 Fault 39 39 92
SO, 7 25 Fault 23 23 25
SO, _8 24 Fault 22 24 44
SO, 9 36 Fault 36 37 14
SO,_10 63 Fault 57 62 34
SO, 11 140 Fault 137 139 164
SO, 12 227 226 224 228 224
SO,_aver. 95.42 174.25 945 98.75 77.17
Table: 5b values of SO2

T | e | ol [T Pl e
SO, values directorate directorate agriculture Device
SO,_1 195 202 193 199 163
SO, 2 141 164 138 150 106
SO,_3 78 88 74 85 69
SO, 4 48 53 45 51 51
SO, 5 25 29 24 28 42
SO, 6 21 23 19 23 26
SO, 7 22 25 21 24 20
SO,_8 23 26 21 26 14
SO, 9 30 33 29 32 20
SO,_10 49 55 47 54 41
SO, 11 70 74 68 71 36
SO, 12 100 111 98 109 59
SO,_aver. 66.83 73.58 64.75 71 53.92
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Fig.3b: Rafes of 2007 PMs

As shown in Fig. 4a and Fig. 4b, rate of pollution is lower in the city center. Using natural gas which is
heating fuel has been early a greater number of houses in the center. Away from the center, especially in the
eastern sectors use coal as fuel for heating homes, increases the rate of pollution. Because there are more less
housing in the north-east side, pollution is observed to be low.
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Fig. 4b: Rates of 2007 SO,s ( TIN And IDW enterpoation)

3. Conclusions

As the results for Kutahya Province show in this study Kutahya city is one of the leading cities by air
pollution in Turkey. Air pollution’s reasons are which used the wrong fuel consumption, the city’s
topography and wrong urbanization.
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Make use of geographical information systems to emphasize the importance of this pollution, to reduce
pollution in the common institutions will work fast, accurate and timely availability of data will provide
support for decision-making process by providing a common base.

Visualization has always showed and recognized us to understand events. Finally this study and further
research will help local authorities to air pollution prevention and monitor.
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