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Abstract

Air quality modellings are highly useful systems used to investigate the possible impact of emissions 
diffusing into the atmosphere in any area they might have on that area. There are many modelling meth-
ods whose capacities are limited by their advantages and disadvantages or the equipment they use. In this 
study, therefore, both steady-state models (AERMOD and ISCST-3) and the Lagrangian model (CALPUFF) 
are used. This study has two purposes: one is to specify performance of the models. Performances were 
determined with various statistical methods such as fractional bias (FB), mean squared error (MSE), and 
geometric mean bias (MG). The other purpose of this study is to evaluate temporal and spatial variations of 
point (P), area (A), and line (L) - sourced CO and NOx emissions in the research area by using the modelling 
methods. The district of Körfez, which is one of the districts of the province of Kocaeli, was chosen as the 
study area.

When the results obtained with modelling all P and A sources by three programs are analyzed, the 
highest annual concentration AERMOD, ISCST-3, and CALPUFF were found as 128.82, 86.96, and  
201.30 µg/m3 for CO, and 7.56, 26.31, and 6.10 µg/m3 for NOx, respectively. On the other hand, when the 
results obtained with modelling all P and A and L sources by two programs are investigated, the highest  
annual concentration AERMOD and ISCST-3 were found to be 155.12, 92.46 µg/m3 for CO, and 166.93 and 
89.98 µg/m3 for NOx, respectively. When contributions of the pollutant sources on pollution are evaluated, 
it was observed that area sources and line sources are more predominant than other sources for CO and NOx 
emissions.

It was observed by analyzing the diffusion maps that residential areas in the district are more concen-
trated. Therefore, in the study the predicted and observed values were also compared with national and 
international limit values and determined to meet these limit values. According to the results obtained by 
evaluation of performances of the models with FB, MS, and MG statistical methods, performance sorting for 
NOx emissions was found to be ISCST-3 > CALPUFF > AERMOD, while for CO emissions it is given as 

*e-mail: onurdemirarslan@artvin.edu.tr

DOI: 10.15244/pjoes/60366



84 Demirarslan K. O., Doğruparmak Ş. Ç.

Introduction

Air pollution is one of the most important environmental 
factors affecting quality of life and health. Toxic 
compounds having complex structures found in urban 
atmosphere may lead to acute and chronic health problems 
in vulnerable groups such as children and those who have 
already undergone cardiac and respiratory disorders [1-2]. 
Outdoor air pollution caused 3.2 million deaths and also 
the loss of 76 million lives all around the world in 2010. In 
addition, a significant point is that air pollution occurring 
in a region does not appear in only that region but also 
propagates, depending on the meteorological events, and 
leads to global problems (such as global warming, acid 
rain, etc.). Therefore, developing countries are working 
hard to reduce air pollution, and protect and improve air 
quality [3-4].

Various methods such as measurement, emission 
inventory, and modelling studies are used in order to 
determine impacts of air pollution caused by one or more 
pollutants found at high levels in the atmosphere on the 
receiving environment and to monitor whether pollutant 
concentrations exceed the legal limit values. Air pollution 
measurement data are important in regards comparing 
with the national and international legal limit values and 
determining whether certain pollutants exceed the legal 
limit values. On the other hand, emission inventories are 
useful tools from the point of identification of individual 
amounts of emissions diffusing into the atmosphere from 
various pollutant sources such as residential heating, 
traffic, and industry,and making comparison between 
those pollutant sources [5]. Air quality modellings are 
important for estimating the atmospheric concentrations 
of pollutants and determining their distribution. 

Development of all models contains a number of 
different steps, such as scientific evaluation, code writing, 
model validation, and sensitivity analysis [6]. Distribution 
models can calculate the air pollution concentrations by 
using emission, meteorological, and topographical data. 
Although time requirements and data entries are difficult 
for the calculations, successful estimations can be made in 
regards to distributions [7-9]. Atmospheric distribution is 
a complex process that varies depending on topography, 
meteorology, emissions, and land use. In recent years 
these data have been systematized in air quality 
modellings and increasingly used in complex estimations 
of concentrations in air. However, despite the complexities 
behind these developed models, accuracy and precision in 
the results are associated with the emission inventories 
generally used as input data in the model [10].

Various modelling approaches can be used for 
modelling of atmospheric distributions of pollutants [11]. 
Capacities of the modelling methods can vary. Although 
only a certain number of mathematical formulas run on 
background of each model, differences occur in estimations 
and programs calculate different results. Therefore, one 
aim of the present study is to specify performances of the 
models by using both steady-state models (AERMOD and 
ISCST-3) and the Lagrangian puff model (CALPUFF). 
For this aim, results of the models were compared with 
the results of measurements performed with the active 
method in the mobile measurement vehicle available in 
the research area and, then, performances were determined 
with various statistical methods. Considering the studies 
made in recent years, it can be seen that statistical methods 
have been widely used. The greater number of analysis 
methods used for any study performed, the greater the 
accuracy coefficient of the result considered to be achieved 
[12]. Based on this approach, in this study fractional bias 
(FB), mean squared error (MSE), and geometric mean bias 
(MG) methods were used as the statistical method. The 
other aim of this study is to evaluate temporal and spatial 
variations of point (P), area (A) and line (L) -sourced 
CO and NOx emissions in the research area by using the 
modelling methods. 

The district of Körfez, which is one of the districts 
of the province of Kocaeli, was chosen as the study area. 
Its population reached 129,110 in 2008 – up from about 
2,000-3,000 in the 1960s [13]. Population growth has led 
to a boom in construction activities, an increase in the 
number of vehicles and traffic density, and an increase in 
the number of industrial plants. These outcomes remain 
some the main causes of air pollution in the district. 
Exposure to air pollutants leads to serious side-effects. 
Therefore, it is important to take the necessary precautions 
for monitoring and reducing the pollutants. 

It is expected that the results obtained by this study 
will contribute to the evaluation of advantages and 
disadvantages of AERMOD, ISCST-3, and CALPUFF 
models, and to the studies aimed at determining air quality 
in the study area.

Material and Methods

Study Area

The district of Körfez, which is the study area (Fig. 1), is 
one of the seven districts of Kocaeli located in the Marmara 
Region, and its surface area is 398 km2. The district was 

CALPUFF > AERMOD > ISCST-3. However, since it is not correct to distinguish between performance of a 
model for an application and that of another model accurately, performances of the models were interpreted 
according to the results of this study and literature review.
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built on a plain. It has a greenspace ratio of approximately 
40% while its settlement ratio is 60%. Population density 
is high at the coastline and decreases gradually as one 
moves inland. It has 15 villages, 11 neighborhoods, 
and a total of 865 street and main roads. The number of 
buildings and residences in the district center are 14,150 
and 29,128, respectively. There are 3,864 business offices 
(including industrial organizations) in the district. It is a 
logistics location not only for its industry but also port and 
piers existing within its structure. In addition to all these, 
the District of Kocaeli is a passageway between Europe, 
Asia, and the Middle East through the railway, the D-100 
highway, and the TEM motorway [14].

Modelling Methodology

Atmospheric Transport Models

AERMOD
The AERMOD modelling program used in the study is 

an experimental, refined, Gaussian steady-state model and 
can calculate plume distributions in order to evaluate the 
inert pollutants emitted into the atmosphere from different 
sources in terms of air quality [16-18]. AERMOD makes 
distribution calculations by using the meteorological 
characteristics of the study area, including data such as 
chimney height and diameter, emission temperature, 
pollutant exit velocity and air temperature turbulence, and 
wind speed and direction, and can be used in rural and 
urban areas, plain and complex terrains, and in multiple 
sources such as point, line, area, and volume [8-18]. The 
AERMOD program needs hourly surface and upper air 

layer data in order to be able to make these calculations 
[9]. The program includes algorithms that can calculate 
the Planetary Boundary Layer parameters with data such 
as friction velocity, Monin-Obukhov length, transmission 
speed and temperature scale, mixing height, and surface 
heat flux. Furthermore, this program can be used in studies 
conducted at simple and plain terrains as well as complex 
terrains [9-19]. AERMOD is composed of two scripts 
including AERMAP (a terrain data preprocessor) and 
AERMET (a meteorological data preprocessor).

ISCST-3
This model is based on Gaussian plume equality, 

which is the simplified form of the three-dimensional 
transmission-distribution equation, and it can calculate the 
pollutant concentrations at ground level annually, daily, 
and hourly by using area-specific hourly meteorological 
data. In addition, the model can use real-time variable 
meteorological conditions and elevated source data. The 
program can predict the concentration or accumulation 
values in each source-receptor combination and, for this 
aim, it can include into the calculations the effects of 
topographical structure of the terrain, source properties, 
variations in pollutant emission rate, reduction in 
pollutants, and buildings on Plume distribution [20-
21]. The most important advantage compared to other 
distribution models is that it is relatively easy to use and 
the meteorological data file required for the model is 
relatively small. And its disadvantage is that information 
on the structure of the atmospheric boundary layer and 
estimation of the associated turbulent distribution process 
are not included in the model [22]. 

Fig. 1. Topview image of the study area [15].
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CALPUFF
CALPUFF is a meteorology/air quality modelling 

program developed by the Atmospheric Studies Group 
and also tested by the U.S. EPA, which is suggested for 
general scale applications in case long-distance transports, 
coastal areas, or complex surface area effects exist [23-24]. 
The program is a non-steady state puff distribution model. 
It can calculate impacts of meteorological conditions 
that vary over time as a result of area effect on transport, 
removal, and chemical conversions of the pollutants [25-
26]. Furthermore, the program also includes algorithms 
based on the distribution coefficient approach and dry-wet 
accumulation model [27]. CALPUFF splits the pollutants 
into a large number of different cells (puff) and each cell is 
influenced regardless of terrain conditions, meteorological 
conditions, chemical conversions, accumulations, and, in 
particular, time intervals [28]. The CALPUFF modelling 
program consists of three main components, including 
CALMET, CALPUFF, and CALPOST [23].

Input Data Used

The data summarized in Table 1 were entered to 
modelling programs as input.

Meteorological Data

The models used in this study use annual data on an 
hourly basis as the meteorological data. In these models, 
meteorological data up to a maximum of five years can 
be used. Five-year data (2005-09) has been used in the 
study, thinking that the use of more meteorological data 
will enhance the accuracy in the forecast [29]. The hourly 

meteorological data recorded by “Lakes Environmental 
Software” were used in the ISCST-3 model. These data 
include hourly temperature, wind velocity, wind direction, 
air pressure, cloud height, and precipitation measurements 
per day. The obtained meteorological data were processed 
by the RAMMET View program, which is a pre-processor 
of the ISCST-3 modelling program. Because the mixture 
heights were not valued, these data were calculated by 
RAMMET View, which is a pre-processor program. 
Wind data were processed by the WRLPLOT, which is 
a processor under the ISCST-3 model. The wind rose 
obtained with the assistance of this program for 2005-09 
is shown in Fig. 2. AERMOD and CALPUFF models use 
the meteorological data used for the ISCST-3 modelling 
program and upper air meteorological data. These 

Table 1. The input data used in the dispersion model.

Input Data Program

AERMOD ISCST-3 CALPUFF

Land use %40 rural, %60 urban %40 rural, %60 urban calculated by CALPUFF

In Rural Area;
%50 cultivates land, %50 grassland

In Rural Area;
%50 cultivates land, %50 grassland calculated by CALPUFF

Receptors 1,250 uniform cartesian 1,250 uniform cartesian 1,250 uniform cartesian

Surface roughness length 0.62 0.62 calculated by CALPUFF

Albedo 0.2145 0.2145 calculated by CALPUFF

Bowen rate 1.89 1.89 calculated by CALPUFF

Distribution coefficient Urban Urban calculated by CALPUFF

Terrain coefficient Simple+complex Simple+complex calculated by CALPUFF

Time option 24 h and annual 24 h and annual 24 h and annual

Map dwg extension dwg extension dwg extension

Meteorological data 2005-2009
hourly surface and upper air met data

2005-2009 hourly surface air met 
data

2005-2009 hourly surface 
and upper air met data

Source data
- Point sources
- Area sources
- Line sources

- Point sources
- Area sources
- Line sources

- Point sources
- Area sources

Fig. 2. The wind rose, prepared by WRLPLOT.
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meteorological data obtained from these programs were 
provided by CALMET (which is a pre-processor of 
CALPUFF) and AERMET View (which is a pre-processor 
of AERMOD) modelling programs.

Emission Sources

In this study, point sources of CO and NOx emissions 
were assessed for 20 and 15 industrial plants, respectively, 
in the territorial district. The data related to the industrial 
plants and their emission rates were obtained from the 
Kocaeli Provincial Directorate of Environment and 
Urbanization. The used data are the number of factory 
chimneys, the height of a factory chimney (m), flue gas 
velocity (m/s) and temperature (K), inner diameter of the 
chimney (m), and pollutant concentration (g/s). It has paid 
attention to the use of 2008 data, but the reports covering 
2009 and five years prior have been evaluated since 
available emission reports for all facilities do not belong 
to 2008 [30].

As area resources, residential areas of the district were 
assessed. The residential areas were divided into 4 different 
areas because the construction rate of the district is 60% 
and the green area rate is 40%. The approximate areas  
of residential areas 1, 2, 3, and 4 as calculated on the 
map were 1,100,121.7, 2,206,175.5, 893,721.1, and  
1,118,526 m2, respectively. The pollutant emission 
rates from these sources were calculated based on the  
population and the amounts of different fuels consumed 
for residential heating in each area [31], based on the mass-
based [32] emissions factors of the U.S. Environmental 
Protection Agency.

Regarding the district’s line sources, the TEM 
highway, which is approximately 25 km long, and the 

D-100 State Road, which is approximately 20 km long, 
were evaluated. The numbers of vehicles traveling these 
roads daily were derived from existing reports [33]. A 
“Line source” option is available for the calculation of 
distribution of emissions from the roads in AERMOD and 
ISCST-3 programs. Nonetheless, the “line source” option 
in version 5.8 of the CALPUFF VIEW program prepared 
by Lakes Environmental Software 2003~2010 is different 
from the options in AERMOD and ISCST-3 programs. The 
“line source option” in the CALPUFF VIEW 5.8 program 
is defined as a “Buoyant Line Source.” As an example, the 
source for the use of this option can be turned over the air 
vents on the caps of steel-iron smelting plants. Thus, the 
CALPUFF program was not employed for computing the 
distributions emerging from linear sources. 

The line, area, and point sources entering the modelling 
program are presented in Fig. 3. 

Observation Method

Measurements of CO and NOx concentrations 
were performed with the active method. CO and NOx 
concentrations taken from the station are as daily means 
and measurement results are for one year (December 
2007 to November 2008). The method of measuring the 
concentration of CO is the infrared absorption principle 
associated with gas filter, while the method for measuring 
the concentration of NOx is the chemiluminescence 
method.

Statistical Method

Results of estimations and results of measurements 
were compared using different statistical methods in order 

Fig. 3. Point, area, and line sources in Korfez District [15].
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to be able to determine the performances of the modelling 
programs. The methods used were: “fractional bias (FB),” 
“mean squared error (MSE),” and “geometric mean bias 
(MG).”

The FB method was given in Equation 1, which 
Co and Cp are the observed concentration and predicted 
concentration values, respectively. The ideal value  
for FB is 0; however, the interval for the obtained  
results may be between –2.00 (overestimation) and +2.00 
(underestimation) [34-37]. According to Chang and  
Hanna (2003), suitability of a model could be mentioned 
if FB value were calculated between -0.7 and +0.7  
[38]. 

 

                     (1)

The other method of comparison is the mean squared 
error (MSE) given in equation (2). Results obtained here 
are dimensionless. It means that model and measurement 
results get closer to each other if the result is found to be 
less than 0.5.

                  (2)

Another comparison method is the “geometric 
mean bias (MG)” given in Equation (3). MG value is 
linear and, here, degree of error of geometric mean is 
represented rather than the arithmetic mean. In the results, 
MG<0.25 represents underestimation and MG>4 shows 
overestimation, and this value should be 1 for a good 
modelling [39].

           (3)

Results and Discussion

Modelling Results

CO Distributions

Distribution modelling of CO was performed two 
different ways, including modelling of emissions 
composed of point+area+line (P&A&L) sources with 
AERMOD and ISCST-3, and modelling of emissions 
composed of point+area (P&A) sources with AERMOD, 
ISCST-3, and CALPUFF. The results obtained and the 
distribution maps are given in Figs 4-6.

Having analyzed the modelling results, it is observed 
that the highest concentration values calculated by each 
program at different times are different from each other (Fig. 
4). When the results obtained with modelling of all P&A&L 
and P&A sources are investigated, it is specified that the 
highest concentration values calculated by ISCST-3 at all 
times are less than those results given by other programs 
used for comparison. On the other hand, it is determined 
that the program giving the maximum concentration 
value varies with the time option. It is specified to be 
CALPUFF according to the annual concentration results, 
and AERMOD according to the daily concentration results.

When contributions of the pollutant sources on 
pollution are evaluated with respect to the annual max. 
concentrations, it was observed that point sources, area 
sources, and line sources are predominant with a rate of 
17.61%, 45.62%, and 36.76%, respectively, according 
to the AERMOD program; point sources, area sources, 
and line sources are predominant with a rate of 33.08%, 
40.86%, and 26.05%, respectively, according to the 
ISCST-3 program, and point sources and area sources 
are predominant with a rate of 12.18% and 87.81%, 
respectively, according to the CALPUFF program. These 
results indicate that area sources with respect to CO are 
predominant according to each of the three programs, 
although numerical values calculated according to the 
modelling programs change. 

Fig. 4. The modelling results for CO a) daily, b) annual.

  

Fig. 4. The modelling results for CO  

0 

300 

600 

900 

1200 

P A L P&A&L P&A M
ax

. C
on

ce
nt

ra
tio

n 
 (µ

g/
m

3 ) 

P A L P&A&L P&A 
AERMOD 171,34 651,27 1031 1166,07 810,88 

ISCST-3 335,24 290 274 349,01 336,1 

CALPUFF 140,88 692,67     693,37 

Daily 

0 

50 

100 

150 

200 

P A L P&A&L P&A M
ax

. C
on

ce
nt

ra
tio

n 
 (µ

g/
m

3 ) 

P A L P&A&L P&A 
AERMOD 49,59 128,47 103,53 155,12 128,82 

ISCST-3 70,02 86,48 55,13 92,46 86,96 

CALPUFF 17,21 124,08     201,3 

Annual 

a) b)



89Determining Performance and Application...

Fig. 6. Estimated distributions of CO emissions (P&A) a) AERMOD-daily, b) ISCST 3-daily, c) CALPUFF-dail , d) AERMOD-annual, 
e) ISCST 3-annual, f) CALPUFF-annual.

Fig. 5. Estimated distributions of CO emissions (P&A&L) a) AERMOD-daily, b) ISCST 3-daily, c)AERMOD-annual, d) ISCST 3-annual.
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When the distribution maps were analyzed (Figs. 5 
and 6), it was determined that both P&A&L- and P&A-
sourced CO emissions center around the area N2 in the 
distribution maps.

NOx Distributions

NOx emissions in the study area are composed of all 
three sources, including point, area, and line. Therefore, 
P&A&L sources were modelled with AERMOD and 
ISCST-3 programs, and emissions composed of P&A 
sources were modelled with AERMOD, ISCST-3, and 

CALPUFF programs. The results obtained and the 
distribution maps are given in Figs 7-9.

Having analyzed the modelling results (Fig. 7), it has 
been observed that AERMOD has a higher concentration 
value according to the results obtained by modelling of 
P&A&L sources. On the other hand, the ISCST-3 program 
calculated a higher concentration value according to 
the results obtained by modelling of P&A sources. It is 
observed that AERMOD and CALPUFF VIEW programs 
give approximately the same values for the annual time 
option.

Fig. 7. The modelling results for NOx a) daily, b) annual.

Fig. 8. Estimated distributions of NOx emissions (P&A&L) a) AERMOD-daily, b) ISCST 3-daily, c)AERMOD-annual, d) ISCST 
3-annual.
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When contributions of the pollutant sources on 
pollution are evaluated with respect to the annual maximum 
concentrations, it was observed that point sources, area 
sources, and line sources are predominant with rates of 
4.4%, 1.64%, and 93.9%, respectively, according to the 
AERMOD program; point sources, area sources, and line 
sources are predominant with a rate of 28.53%, 2.11%, and 
95.68%, respectively, according to the ISCST-3 program, 
and point sources and area sources are predominant with 
a rate of 46.19% and 53.80%, respectively, according to 
the CALPUFF program. These results indicate that line 
sources with respect to NOx are predominant according to 
each of the two modelling programs. 

When the distribution maps are analyzed (Figs 8 and 
9), it is determined that both P&A&L- and P&A-sourced 
NOx emissions center around the areas N1 and N2 in the 
distribution maps.

Evaluation of Model Performances

Daily maximum concentrations of the estimated and 
observed values were used for the statistical methods 
used for evaluating program performances. Daily 
concentrations were preferred rather than the annual 
concentrations, although measurement results were for 
one year because a considerable amount of data loss was 
observed when measurement results for one year were 

investigated. This was considered to influence evaluation 
of performance. In order to specify the estimated 
concentration for comparison, coordinates of the point 
where the active measurement was performed was 
determined and concentration values at the receiving point 
corresponding to this coordinate were taken as a basis in 
the model programs. The results obtained are given in 
Table 2.

When the results obtained by modelling all of 
P&A&L and P&A sources are investigated by referring to  
Table 5, it is observed that FB values vary between 
-1.3~1.8, MSE values between 0.2~17.05, and MG 
values between 0.01~5.37. It can be seen that both 
overestimations and underestimations exist according to 
the modelling programs and type of pollutant when the 
acceptable range for each statistical method is investigated 
in the same table. The difference between the modelling 
programs and the observed value was also encountered 
in the studies conducted previously [34, 36, 38, 40]. 
Conditions that may cause differences in this study can be 
explained as per the following.

Errors in measurement devices or data loss that cannot 
be completed can affect the modelling studies in particular 
in short-term actual measurements [41]. A successful 
modelling study depends on the detail and accuracy of the 
inventory at the emission source, as well as the precision 
of meteorological data in the study area. The reliability 

Fig. 9. Estimated distributions of NOx emissions (P&A) a) AERMOD-daily, b) ISCST 3-daily, c) CALPUFF-dail , d) AERMOD-annual, 
e) ISCST 3-annual, f) CALPUFF-annual.
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of existing inventory prepared under the conditions of our 
country is controversial. Furthermore, it is quite difficult 
to piece the available data together.

Complex topographical structure of the study area 
compared to the performance quality of the Gaussian 
modellings at plain and flat terrains causes uncertainty in 
the modelling results [42]. This is because steady-state 
Gaussian models accept that transport varies linearly as 
a function of time and space. This approach is not well 
suited for complex terrains due to non-homogeneity 
of wind areas, uncertainties contained within altitude 
values, coastal evaporation, and geographical effects [43].  
In addition, turbulence predictions made by the CALMET 
meteorological model are limited in complex terrains at 
high altitudes due to the nature of the model [44]. When 
the study area is evaluated in respect to this, the district has 

a substantially complex terrain from a topographical point 
of view. In particular, the northern parts of the district are 
surrounded by hills at a height up to 600 m, and this height 
again goes down to sea level within a distance of 5,000 m 
and may go up to a height of 600 m once again toward the 
southern parts of the district. This feature of the study area 
causes the meteorological data to become highly variable. 
This situation can explain the errors in predictions of the 
modelling programs.

The ISCST-3 program cannot model the pollutant 
distributions in case wind speeds are low (<1m/s), and in 
such a case it makes calculations by assuming the wind 
speed is at least 1 m/s [45]. When the meteorological data 
of the study area is investigated, percent of the wind, which 
is called as calm wing due to its speed lower than 1 m/s, 
was specified to be 2.02%. This situation can also explain 

Table 2. FB, MSE and MG results for predicted and observed values. 

Source type Pollutans Programs Estimation
(daily max con. µg/m3)

FB MSE MG
Acceptable range

-2⁄FB⁄+2 MSE<0,5 0,25<MG<4

P&A&L CO AERMOD 593.57 1 4 0.18

ISCST-3 278.77 2 10 0.08

NOx AERMOD 691.36 -1.3 3.54 5.35

ISCST-3 201.45 -0.43 0.2 1.56

P&A CO AERMOD 376.44 1.58 6.69 0.11

ISCST-3 169.98 1.8 17.05 0.05

CALPUFF 396.01 1.56 6.27 0.01

NOx AERMOD 9.05 1.73 12.32 0.07

ISCST-3 15.07 1.58 6.67 0.11

CALPUFF 10.61 1.69 10.2 5.37

FB - fractional bias, MSE- mean squared error, MG-geometric mean bias.
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O 128.82 86.96 201.30 757 10000

(8 hourly)
10000

(annual) - 10000
(8 hourly)

40000 
(hourly)
10000

(8 hourly)

N
O

X

7.56 26.31 6.10 33.56 
(as NO2)

200
(hourly- NO2)

40 
(annual-NO2)

30 
(annual-NOx)

300
(24 hourly- 

NO2)
100

(annual-NO2)

40
(annual-

NO2)

200
(hourly- NO2)

40 
(annual-NO2)

30 
(annual-NOx)

100
(annual- 

NO2)

*Long Term Value

Table 3. The comparison of predicted and observed concentrations of pollutants with national and international standards [51-54].
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part of the uncertainties in the modellings performed with 
ISCST-3. 

When small-scale meteorological areas (<10,000 km2) 
are used in modellings, fine details such as terrain structure 
and relationship between water mass/land come into play 
in meteorological estimations [46]. Modelling programs 
may sometimes skip these fine details. Study area where 
the modelling was conducted is approximately 510 km2 
and there is a gulf within the area and hills with variable 
heights surrounding it. Thus, it is considered that terrain 
structure and relationship between water and land, which 
are effective in the actual pollution distribution, are not 
interpreted accurately enough by the modelling programs 
used.

In this study, landform, altitude values, and land usage 
used in the CALPUFF program were downloaded from 
the WEBLAKES web site by entering the coordinates of 
the modelled area. These data were entered manually into 
two other programs as heights of receiving point. Only 
receiving point heights are used for altitude of the terrain 
in these two programs. This situation is considered to 
cause differences in the calculations [47].

In some studies, it is specified that long-term 
predictions of the modelling programs are more consistent 
than the short-term predictions [48-49]. It is considered 
that one of the reasons for the differences in calculations 
may be this situation, since comparisons were performed 
over concentrations in this study. When it is considered 
that long-term measurement results are not always 
available or reliable for reasons such as inability to 
obtain data on an annual basis as a result of difficulties 
encountered during measurements or the occurrence of 
too many disconnections, the necessity for improvement 
of this feature of distribution algorithms in the programs, 
which means increasing the reliability of short-term 
predictions of the modelling programs, is believed to be 
quite an important issue.

Having evaluated performances of the models under 
the scope of this study despite the differences between the 
modelling programs and the observed values, performance 
sorting for NOx emissions was found as ISCST-3> 
CALPUFF > AERMOD, while for CO emissions they are 
given as CALPUFF > AERMOD > ISCST-3.

Comparison of the Results 
with Limit Values

On the distribution maps we observed that CO and NOx 
emissions center around the residential areas in the district. 
Therefore, it is considered that measurement results of 
the predicted pollutant concentrations and the pollutants 
measured with active method should be compared with 
the national and international limit values (Table 3). 
In general, performance exhibited by the model also 
increases by an increase in average time options used in 
the distribution models [50]. For this reason, comparisons 
were made on an annual basis for the predicted and 
observed concentrations, and annual maximum values 
were used for the predicted concentrations while arithmetic 

mean value of all measurement results were used for the 
observed concentrations.  

When the obtained results were examined (Table 3), 
the predicted and observed CO and NOx concentrations 
are specified to provide the limit values. However, NOx 
emissions may tend to exceed the annual max values 
given in the standards in particular in areas where traffic 
is dense. This is because traffic in urban areas has an 
important contribution to concentration levels of NO2 and 
is considered to be responsible for more than half of NOx 
emissions. This situation occurs as a result of increases 
in primary NO2 emissions given out from diesel-fueled 
vehicles and photochemical reaction of traffic-originated 
NO to NO2 [55]. 

Furthermore, increasing the compression as far 
as possible for maximum fuel economy raises the 
temperature in the combustion space, thus increasing the 
NOx emissions [56]. One of the significant reasons for 
CO emissions being an outdoor air pollutant is vehicle 
exhaust [57-58]. The fundamental reason why CO 
emissions are available between the combustion products 
is oxygen deficiency. Temperature factor such as the air/
fuel rate is also effective. The transformation of CO to 
CO2 cannot happen with the decrease of reaction rate in 
the low temperatures [56]. Since the point where active 
measurement was performed under the scope of this 
study is within an area where the effect of traffic could 
not be directly monitored, and due to the adverse effect of 
temperatures on the formation of NOx and CO emissions, 
it is considered to be mandatory to monitor CO and NO2 
emissions and take necessary precautions, when needed, 
against the possibility that these concentrations may 
exceed the limit values specified in the standards – in 
particular in areas where traffic is dense.

Conclusions

This study was performed by modelling P&A-sourced 
CO and NOx emissions by the AERMOD, ISCST-3, and 
CALPUFF models, and P&A&L-sourced CO and NOx 
emissions by the AERMOD and ISCST-3 models.

As a result of the studies, when the results obtained 
with modelling all P&A sources by three programs are 
analyzed, the highest annual concentration of AERMOD, 
ISCST-3, and CALPUFF were found as 128.82, 
86.96, and 201.30 µg/m3 for CO, and 7.56, 26.31, and 
6.10 µg/m3 for NOx, respectively. On the other hand, when 
the results obtained with modelling all P&A&L sources 
by two programs are investigated, the highest annual 
concentrations of AERMOD and ISCST-3 were found as 
155.12 and 92.46 µg/m3 for CO, and 166.93 and 89.98 µg/
m3 for NOx, respectively.

When contributions of the pollutant sources on 
pollution are evaluated, it was observed that area sources 
and line sources are more predominant than other sources 
for CO and NOx emissions, respectively, according to the 
annual time option (although numerical values calculated 
according to the modelling programs change).
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When the distribution maps are analyzed, it is 
determined that CO emissions center around the area N2 
and NOx emissions around the areas N1 and N2. This is 
important because these areas contain the residential areas 
of the district. Therefore, in the study, the predicted and 
observed values were also compared with national and 
international limit values and determined to meet these 
limit values. It is a fact that EU air quality standards have 
not yet been obtained in many cities, although problems 
have been partially removed depending on certain 
precautions taken and, accordingly, national pollution 
limit values have been provided. Therefore, it is deemed to 
be important to perform such studies and specify pollution 
status in terms of taking the necessary measures for the 
future and determining the extent of the problem. 

According to the results obtained by evaluating 
performances of the models with FB, MS, and MG 
statistical methods, performance sorting for NOx emissions 
was found as ISCST-3 > CALPUFF > AERMOD, while for 
CO emissions they are given as CALPUFF > AERMOD > 
ISCST-3. However, it is not correct to distinguish between 
performance of a model for an application and that of 
another model accurately, although such a result was 
obtained within the scope of this study. This is because the 
model selection depends on information such as specific 
properties of the study area (its meteorology, topography), 
content of information to be obtained by programming 
(whether short-term predictions such as hourly, daily, 
or long-term predictions such as annual ones are to be 
obtained), existing data entries (sublayer meteorological 
files, upper layer meteorological files), type of pollutant 
to be modelled, type of source, and range of distribution. 
However, interpretations can be made with respect to 
usage of the models. It is harder to use the Lagrangian 
puff model since it requires more data entries, a better 
computer, and more effort, although Gaussian models 
are easy to use, require less user decision, and can be 
performed with a cheaper computer [11]. In addition, 
AERMOD and ISC steady-state models are suggested by 
the U.S. EPA for close ranges (<50 km) and CALPUFF 
Lagrangian puff model for long ranges (>50 km) [37].

Use of such modellings has been inevitable at the 
present time in the sense that air quality in the study is 
determined using mathematical methods and mapping, 
without the use of expensive and demanding methods such 
as measurement; in particular, future planning activities 
have been made; it can be specified how air pollutants 
measured within the scope of the clean air action plans are 
distributed and where they can travel furthest. However, 
some limitations exist also in this method. 

One of these limitations is emission factors used to 
calculate emissions. Adapting the data of America and 
Europe to emissions factors for Turkey is useful in cases 
where there is no other option. However, these factors, 
which may vary from one process to another due to 
differences in technology as well as raw materials, should 
be prepared for each region. This will make the results 
more reliable. Another limitation is lack of meteorological 

and topographical data of the study area. In particular, 
an inadequate number of meteorological stations and 
missing and/or incorrect data taken from the stations do 
significantly affect the modelling results. Furthermore, 
topography of the region may be inadequate in identifying 
the urbanization rapidly and irregularly evolving in 
our country, although it enables us, as a functionality 
of the modelling programs, to download information 
from satellite data to the computer via internet and run 
them. Therefore, whether the topographic data used for 
modelling is updated emerges as having an important 
impact on the results of modelling. Predictions of these 
models can be improved by obtaining actual data for input 
parameters [59-60]. Also, problems can be eliminated by 
combining the model results with the measurement results.

Under the scope of this study, being traffic-sourced 
emissions not modelled in the CALPUFF VIEW 5.8 
program, one of the programs used in modelling was seen 
as a major shortcoming. Furthermore, area and volume 
sources that can be used instead of line sources are limited 
by the number 200, and this is restrictive in modelling 
studies of areas where two ways are available with a total 
length up to 50 km, just like this study. For this reason, it 
will be appropriate to add into such a program supported 
by the EPA those applications that can model traffic-
sourced emissions. Also, data used in this program are 
quite complicated and difficult to obtain for our country. 
Conversion of meteorological and topographical input data 
obtained in the conditions of our country to the formats 
that can be used in particular by the CALMET program 
is a very demanding and time-consuming task. In order 
to overcome this problem, region-specific meteorological 
data can be obtained by WEBLAKES, distributor of the 
CALPUFF VIEW program; however, this introduces 
additional costs for the studies. As a solution, it is 
considered to be convenient to produce plug-in software 
that will ensure the program to be used equally worldwide 
and can run the program with an input data as simple as 
AERMOD, particularly. On the other hand, the CALMET 
program provided together with the CALPUFF VIEW 5.8 
version has not an application to plot a wind rose by using 
available data, in contrast to the meteorological utility 
programs such as AERMET and RAMMET. This does 
not give the opportunity to make a comparison with wind 
roses obtained by two other programs. In conclusion, it 
can be deemed to be a disadvantage for the programs not 
having a saving option. Saving the study on the computer 
at certain periods by the program will allow the program 
to be closed and loaded at any time.
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