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ABSTRACT

Air quality modeling domain covers 128 km2 area in the city center of Rize. Emission 
inventory has been done for point, line and area sources in modelling domain. PM

10
 

emissions from 5 factories, 3 major roads and domestic heating of 47 districts have 
been included in inventory. According to the inventory results, total PM

10
 emission 

is calculated as 1226.85 tons/year. Area sources were biggest emission source with 
1056.25 tons of PM

10
 emissions yearly. To determine the spatial distribution of PM

10
 

concentration, air pollution modeling has been applied by using AERMOD model. 
Meteorological data were obtained from Turkish State Meteorological Service. ASTER 
GDEM files were used as topographical data. Model results indicated that PM

10
 

related air quality can be considered as unhealthy for sensitive groups and unhealthy 
in some days in highly populated areas. Maximum daily PM

10
 concentration, 

predicted by AERMOD model, was 342 µg/m3. 

Keywords: Air quality modeling, emission inventory, model validation, PM
10

, Rize
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INTRODUCTION

Depending on the geographical structure of a region, the meteorological factors 
and the types of pollutants, air pollution is the significant environmental problem 
in urban areas. The World Health Organization (WHO) announced that every year 
approximately 2.7 million deaths can be attributed through air pollution. Owing to 
the high density of industrial and residential areas, and added to it the heavy traffic, 
the natural cleaning process of the atmosphere cannot be effectively achieved. As 
a result, the air pollutants remain persistently in the atmosphere and get dispersed 
to other places. In order to understand the effect of the mentioned processes in 
the atmosphere on human health and environmental balance, the emission sources 
should be analyzed separately and exercised in a modeling study (Onat et al, 2004). 

Over the past decades, long-term exposure of humans to nonlethal air pollutants 
and the effects of air pollutants on global and regional atmospheric cycles have 
been studied intensively. Especially, ozone (O3), total suspended particulates (TSP), 
particulate matter (PM), nitrogen dioxide (NO

2
), sulfur dioxide (SO

2
), carbon 

monoxide (CO), lead and other toxins have been the special focus of investigations 
due to their health impact (Kirk-Othmer, 2007). Studies performed related exposure 
to urban ambient PM

10
 (mass concentrations of particulate matter-PM <10 µm 

aerodynamic diameter) with an increased risk to sufferers of respiratory and 
cardiovascular diseases (Dockery and Pope, 1996).

Given the difficulty and expense of obtaining ambient air pollutant measurements 
over a large region, plume dispersion modeling is an attractive alternative for the 
assessment of the impacts of air pollutant emissions on air quality in urban areas. 
 AERMOD (USEPA, 2004) was the most preferred and suitable for modeling the 
dispersion of airborne contaminants in urban areas. Like all dispersion models, 
AERMOD requires an emission rate for each pollutant emitted at each source in the 
model in order to calculate downwind concentrations (O’Shaughnessy and Altmaier, 
2011). 

Rize, the north-east city of Turkey, located in the Black Sea Region, has air pollution 
problems as a result of coal combustion in winter time and tea factories emissions. 
In this study, AERMOD Model was applied to predict emissions from tea factories, 
dense residental areas and main roads in Rize. 

MATERIALS & METHODS

Study Area

Study area, in which air quality modeling has been performed, covers city center of 
Rize. Rize is located on the Black Sea coast, in the northeastern part of the Turkey. 
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Satellite image of modeling domain is given in Figure 1. Study area covers 128 km2 (16 
km × 8 km). Urban areas are mostly located near shoreline. Forests are seen as moving 
towards to inner parts. Central provenance of Rize has a population of 104991 people 
in year of 2013 according to the Address Based Population Registration System. 
Modeling area is under the influence of temperate climate. Winter season is not so 
cold especially in the city center. As regards to 65 years meteorological observational 
data, average temperature of Rize is 14.2 °C. Total annual rainfall is 2238.8 kg/m2 yearly. 

Figure 1. Satellite image of study area.

Emission Inventory
Systematic listing of all emissions released to the atmosphere, in a certain time 
period and an area with known boundaries, is called as emission inventory. Emission 
inventory is a useful tool in determining air pollution control strategies, developing 
permits and preparation of clean air acts (Elbir et al, 2000). Moreover, it is one of the 
required inputs of air quality models. In this study, pollutant sources can be classified 
in three categories: domestic heating, motor vehicle emissions and industrial sources.

In Rize, major fuels for domestic heating are natural gas and lignite coal. 26191 houses 
are heated by natural gas. It is assumed that the rest of the houses uses lignite coal. By 
taking into account of the climate conditions of city, coal consumption per house is 
considered as 1 ton / winter season. PM

10
 emission factors have chosen from AP-42 

emission inventory database published by United States Environmental Protection 
Agency (USEPA). These are 1.9 lb / 106 scf and 3.4A lb / ton for natural gas and lignite 
coal respectively. “A” represents ash value in coal (EPA, 1997). According to the 
“State of Environment Report of Rize” (2013) ash value in coal is 14% so, A=14. After 
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converting these emission factors into metric system, 30.4 kg / 106 m3 for natural gas 
and 23.8 kg / ton for coal values are used as PM

10
 emission factors. 

In order to calculate motor vehicles related PM10
 emissions in the study area, 

number of vehicles have been counted in three major roads named Menderes 
Boulevard, Cumhuriyet Street and Atatürk Street. The numbers of automobiles, 
light duty vehicles (pickup trucks and minibuses), heavy duty vehicles (trucks and 
buses) and motorcycles are determined separately. All vehicles except automobiles 
and motorcycles uses diesel fuel. Since automobiles uses different types of fuels 
(gasoline, diesel and LPG), automobiles must be classified into three categories. To 
make this categorization, TUIK Road Motor Vehicles Statistics is used to decide the 
exact number of automobiles. According to the countrywide statistics, the ratio of 
gasoline, diesel and LPG automobiles are 28.1%, 31.1% and 40.8% respectively. PM

10
 

emission factor for diesel automobiles and light duty vehicles is 0.25 gr / km and for 
heavy duty vehicles 0.95 gr / km (Colls, 1997; Schmitz et al, 2000).

There are 9 tea factories in modeling domain. PM
10

 emissions from 5 factories 
considered in this study. Data of others couldn’t be reached. Apart from tea packaging, 
factories work non-stop generally between May and October. In this study, it is 
assumed that factories work 100 days stating from June till mid-September. Since the 
emission reports of factories exist, there was no need to prepare emission inventory. 
These emissions are directly used in air quality modeling. 

Air Quality Modeling
American Meteorological Society and U.S. Environmental Protection Agency 
Regulatory Model (AERMOD) has used for PM

10
 modeling. AERMOD is a regulatory 

model preferred by EPA since 2004. It is a steady-state Gaussian plume model 
applicable in short range (<50 km) studies. Point, line and area sources can modeled 
with AERMOD (Faulkner et al, 2008; Gibso et al, 2013). AERMOD model’s executable 
files are free and can be downloaded from EPA web site. However, using these 
executables quite difficult, therefore AERMOD GUI (version 8.5.0) developed by 
Weblakes Inc. has been used in this study. 

AERMET, meteorological preprocessor of AERMOD, requires hourly surface and upper 
air meteorological observations (Bhaskar et al, 2008). Meteorological data obtained 
from Turkish State Meteorological Service for the year 2010 were used in this study. 
Wind profile in 2010 showed the similar pattern with the long term observations that 
is why this year is selected. Since there exist only surface meteorological data, upper 
air estimator used to produce upper air meteorological file. Another preprocessor 
of AERMOD model is AERMAP which is used to model topography of modeling 
domain. It calculates terrain heights for each source and receptor point in modeling 
boundary (Kakosimos et al, 2009). Topographical data were download from ASTER 
GDEM web site. Because digital elevation data from ASTER satellite images have 30 
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meters spatial resolution, they are preferred instead of using SRTM3 data that has a 
resolution of 90 meters. 

In AERMOD model, 47 area sources are defined. Moreover, 3 line sources for main 
streets and 5 point sources for factories are entered to the model. Area and point 
sources have adjusted as variable emission sources. Area sources were effective in 
winter season (from 15th of October to 15th of May) and point sources were effective 
during summer months. Receptor points have placed in a rectangular grid with a 500 
m distance among adjacent receptors. Output maps have created by considering 
Turkish Air Quality Index for PM

10
 (Table 1).

Table 1. Turkish National Air Quality Index for PM10

Air Quality Index  PM10 concentration (µg/m3) (24 hours ave.)

Good 0-50

Moderate 51-100

Unhealthy for Sensitive Groups 101-260

Unhealthy 261-400

Very Unhealthy 401-520

Hazardous >521

Model Validation
After air quality modeling, result have validated by comparing predicted 
concentrations (P) given by AERMOD and observed concentrations (O) 
measured at Rize Air Quality Monitoring Station in 2010. Although there 
exist several parameters for model evaluation, fractional bias (FB) (eq.1) and 
index of agreement (d) (eq.2) are the most widely used and suggested ones. 
FB ranges from -2 to 2 and perfect fit model has a FB value of 0. Model is 
acceptable if -0.5 ≤ FB ≤ 0.5. The index of agreement has a range of 0 and 1 
(best value). Model, with a d value close to 1, is acceptable. In below equations 
n represents number of data (Sivacoumar et al, 2001; Sokhi et al, 2006; Behera 
et al, 2011). 
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RESULTS & DISCUSSION

Emission Inventory Results
In this study, PM

10
 emission inventory has prepared for central provenance of Rize for 

the year 2013. Emissions from domestic heating (area sources), traffic (line sources) 
and factories (point sources) are included in inventory. Emissions from area sources 
are calculated for each district. Total natural gas consumption is 34697873 m3 per 
winter season. Since there are 26191 houses using natural gas, it is calculated that 
each house uses 1324.8 m3 natural gas. Therefore, 44336 houses burn lignite coal for 
domestic heating. For total of 47 district, there is 1056.25 tons/year PM

10
 emission to 

the atmosphere. Only, 1.05 tons of PM
10

 comes from natural gas burning houses. Due 
to space limitation, inventory results for area sources are not given here in district 
base. On the other hand, total results of inventory are represented in Table 2. It is 
also measured that, 13.45 tons/year PM

10
 emission are released from motor vehicles. 

Emissions from 5 factories count for 157.15 tons/year. 

Table 2. PM
10

 Emission Inventory Results

Source PM10 Emission (ton/year) ‰

Domestic heating (lignite coal) 1055.20 0.860

Domestic heating (natural gas) 1.05 0.001

Motor vehicles 13.45 0.011

Factories 157.15 0.128

Total 1226.85 1.000

Air Quality Modeling Results
In order to represent air quality modeling results, Turkish Air Quality Index 
classification is used whenever possible. When the concentration values are small, 
default coloring schema of AERMOD model is applied. Averaging period for PM

10
 

is 24 hours in this index, therefore model is run for this averaging time. So as to 
understand the contributions of each pollutant source, PM

10
 pollution distribution 

graphics are created for point, line, area and total sources separately. For 24 hours 
averaging period, model results for area, line, point and total sources are given in 
Figures 2, 3, 4 and 5 respectively. 
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Figure 2. PM
10

 distribution from area sources (24 hours averaging time)

Figure 3. PM
10

 distribution from line sources (24 hours averaging time)

Figure 4. PM
10

 distribution from point sources (24 hours averaging time)
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Figure 5. PM
10

 distribution from all sources (24 hours averaging time)

For 24 hours averaging period, AERMOD model has predicted that, maximum PM
10

 
concentrations from area, line and point sources are 339 µg/m3, 24 µg/m3 and 11 
µg/m3 respectively. For all sources together, maximum concentration is calculated 
as 342 µg/m3. It should be pointed out that, Figure 2 and 5 are nearly identical. It 
is clear from the results that, area sources are main contributor of PM

10
 pollution 

in modeling area. Eminettin, Çarşı, Piriçelebi, Yeniköy and Ekremorhon are the most 
polluted districts according to the pollution distribution maps. In these districts, 
air quality index even reaches the 4th level, which is “Unhealthy” (Figure 2 and 5). 
Mostly populated regions are generally on shoreline and the air quality in these areas 
is categorized as “Unhealthy for Sensitive Groups” and “Moderate”. PM

10
 emissions 

from 26191 houses, burning natural gas, was only 1.05 tons/year however, 44336 
houses, using lignite coal, was 1055.20 tons/year. It can be concluded that, lignite coal 
burning in domestic heating is the prime source of air pollution in Rize. 

Since the peak emissions of line and point sources fall in the “Good” air quality level, 
their distribution maps are displayed with AERMOD’s default color schemas (Figure 3 
and 4). Emission of motor vehicles shows a peak distributions in Reşadiye, Portakallık 
and Engindere districts however, their concentrations is much lower as compared to 
the domestic heating emissions (Figure 3). Peak emissions from point sources have 
been observed in Taşlıdere and Hamidiye districts (Figure 4) but it should be noted 
that only 5 of the 9 factories included in model. 

To represent the general air quality in Rize, 1 year averaging period also included 
in model run. PM

10
 distribution from all sources with 1 year averaging period is 

represented in Figure 6. Eminettin, Piriçelebi, Çarşı, Yeniköy, Tophane, Ekremorhon 
districts has highest PM

10
 concentrations in yearly basis. The peak PM

10
 concentration 

is 106 µg/m3. 
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Figure 6. PM
10

 distribution from all sources (1year averaging time)

Model Validation
Model results are validated against daily concentrations measured in Rize Air Quality 
Monitoring Station (n=338). Measured values of 2010 were download from Turkish 
Air Quality Monitoring Network web site since the meteorological data were again 
for 2010. 

In order to decide whether our model is acceptable or not, fractional bias (FB) and 
index of agreement values are calculated. For an acceptable model FB must fall 
between -0.5 and 0.5 and d should be close to 1. FB is calculated as -0.29 and d is 
found as 0.65. These FB and d values are found similar in other studies in literature.  
Behera et al. (2010) stated that, FB values are calculated in the range of 0.30 and 0.89 
and d values are found between 0.47 and 0.76 in an air quality modeling study in 
Kanpur City in India. Sokhi et al. (2006) has applied air quality modeling to predict 
ozone concentrations in London. For two different modeling periods they have 
found FB as 0.49 and 0.13. d values of the same study was 0.69 and 0.70. Righi et al. 
(2009) stated that their model results have FB value of 0.21 and 0.17 for two stations. 
They also indicated that d value of their model are 0.63 and 0.44. In the light of all 
these knowledge, our model can be considered as acceptable.



FP
10

7

891

Figure 7. Predicted and observed PM
10

 values for Rize

CONCLUSION

Within this study, the PM
10

 concentration of the 16x8 km area is estimated by 
AERMOD Model. The PM

10
 emissions in the region are examined with the inventory 

of emissions. The results show that the effectual PM
10

 emission is caused by 
consequence of the domestic heating. The reason can be due to the high density 
of the residential areas and the usage of lignite coal. With modeling based on only 
domestic sources, the estimated maximum PM

10
 concentration value is set as 339 μg/

m3. We observed that the air quality index in the populated areas in Rize center was 
categorized as “Unhealthy for Sensitive Groups” and “Moderate”. In some districts 
such as Eminettin, Çarşı, Piriçelebi, Yeniköy and Ekremorhon were observed as the 
most polluted districts where air quality index even reaches the 4th level, which is 
“Unhealthy”. This study shall be useful in projecting the future studies related to the 
health risk assessment and the clean air actions for city center population.
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