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In the future if the fossil fuels are continued to be used for energy generation, the CO2 emission will
expected to increase. / Fosil yakitlar kullamidigi siirece CO2 konsantrasyonu gelecekte de artmaya
devam edecegi ongoriilmektedir.
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Highlights (Onemli noktalar)

»  The highest recorded CO2 emissions, amounting to 207.97 million tons/year was in the
year 2000. / En yuksek CO2 emisyonun 2000 yilinda 207.97 milyon ton/yil dur.

»  The Marmara Region emitted the highest regional CO2 emission throughout the years with
a mean value of 54.76 million tons/year. /IMarmara Bolgesi'nin yilar boyunca ortalama
54.76 milyon ton/yil degeri ile en yiiksek bolgesel CO2 emisyonunu yaratmistir.

» Between 1990 and 2003, the contribution of Households to the ground-level CO:2
concentration had risen approximately 7%. / 1990 ile 2003 yillar: arasinda, Hanelerin yer
seviyesindeki COz konsantrasyonuna katkisi yaklasik %7 oranminda artmigtir.

»  Thetrend shows an increase in CO: pollution from road vehicles. / Karayolu arag¢larindan
kaynaklanan CO: kirliliginde net bir artis tespit edilmistir.

Aim (Amag): To assess the results of CO2 inventories and obtain the CO2 concentration distribution
in Tlrkiye in province and in district bases for the period of 1990 — 2003 by using dispersion
modelling. / 1990 - 2003 doneminde il ve ilge bazinda CO2 envanterini olusturmak ve dagilim
modellemesi yardimiyla TUrkiye il ve ilcelerindeki CO2 konsantrasyonunun dagilimini elde etmektir.

Originality (Ozgiinlik): The CO2 emission inventory and the dispersion modelling calculations in
this detail (regional, provincial, and district level) have not been done previously in Turkiye. /
Tiirkiye 'de daha once bu detayda (bolge, il ve ilge diizeyinde) CO2 emisyon envanteri ve dagilim
modellemesi hesaplamalart yapilmamistir.

Results (Bulgular): The maximum annual average ground level CO2 concentration in Marmara
Region was observed in 2001 with a 22.3 x 10° ug/m3. | En yiiksek yer seviyesi CO2 konsantrasyonlar
Marmara Bélgesi'nde 2001 yilinda 22.3 x 10° ug/m® olarak gézlemlenmistir.

Conclusion (Sonug): It was concluded that Marmara and Aegean Regions are responsible for half
of the CO2 pollution of Turkiye. / Turkiye'deki COz2 kirliliginin yarisindan fazlasinin Marmara ve
Ege Bélgeleri'nden kaynaklandigi sonucuna varilmistir.
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Abstract

The main scope of this study is to assess the results of CO2 inventories and obtain the CO2
concentration distribution in Turkiye in province and district bases for the period of 1990 — 2003
by using dispersion modelling. The collected data from households, transportation, industry, and
thermal power plants were used to estimate district base emissions for CO2. However, after
the year 2004, the collected data is not permitted to be used to estimate ground-level CO2
concentrations due to the confidentiality of the data. Following the emission inventory, the
dispersion of CO2 in Turkiye was studied by using the USEPA’s Industrial Source Complex Long
Term Model, Version 3 ISCLT3. The results of the CO2 emission inventory conducted in this
study between 1990 and 2003 showed that the CO2 emission in 1990 was 142.45 million
tons/year. Notably, the highest recorded emissions, amounting to 207.97 million tons/year, was
in the year 2000. The territorial distributions of CO2 emission have shown that the Marmara
Region emitted the highest regional CO2 emission throughout the years with a mean value of
54.76 million tons/year. It was also concluded that the Aegean and Marmara Regions are
responsible for half of the total CO2 emission in Tirkiye. The highest ground-level CO2
concentrations were always obtained in the Marmara Region. It is predicted that this condition
will still be maintained in the future if fossil fuels continue to be used for energy generation.
Between 1990 and 2003, the contribution of Households to the ground-level CO2 concentration
had risen approximately 7%. There are serious local variations in the CO2 concentrations when
thermal power plants are considered. Although the percentage seems small, the registered number
of vehicles has increased sharply since 1990. In conclusion, it can be stated that the trend shows
an increase in COz2 pollution from road vehicles.

Tiirkiye’de CO2 Emisyon Envanteri ve CO. Konsantrasyonunun Dagilim
Modeli Kullanilarak Hesaplanmasi
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Bu ¢aligmanin amaci, 1990 - 2003 déneminde il ve ilge bazinda CO2 envanterini olusturmak ve
dagilim modellemesi yardimiyla Tiirkiye il ve ilgelerindeki CO2 konsantrasyonunun dagilimini
elde etmektir. Hane halki, ulagim, sanayi ve termik santrallerden toplanan veriler ilge diizeyinde
CO2 toplam emisyonlarini hesaplamak i¢in kullanilmigtir. Ancak 2004 yilindan sonra elde edilen
veriler g¢alismalari devam ettirmek igin yeterli degildir. Emisyon envanteri kullanilarak,
Ulkemizdeki COz dagilimi, US Cevre Koruma Ajansi (EPA) tarafindan gelistirilen Endiistriyel
Kaynak Kompleksi Uzun Vadeli Modeli, Siiriim 3 ISCLT3 kullanilarak hesaplanmistir. Bu
calismada 1990-2003 yillar1 arasinda yiiriitiilen CO2 emisyon envanteri sonuglari, 1990 yilinda
CO2 emisyonunun 142.45 milyon ton/y1l oldugunu ve en yiiksek emisyonun 2000 yilinda 207.97
milyon ton/yil degeriyle hesaplandigini gostermistir. CO2 emisyonlarmin bélgesel dagilimi,
Marmara Bolgesi'nin yillar boyunca ortalama 54.76 milyon ton/y1l degeri ile en yiiksek bolgesel
CO2 emisyonu yarattigin1  gostermistir. Ayrica, Marmara ve Ege Bolgelerinden Turkiye'nin
toplam CO2 emisyonunun yaklagik yarismim atildigi sonucuna da ulagilmigtir. En yiiksek yer
seviyesi COz konsantrasyonlar1 her zaman Marmara Bolgesi'nde elde edilmistir. Fosil yakitlar
kullanildig1 siirece bu durumun gelecekte de boyle devam edecegi 6ngoriilmektedir. 1990 ile
2003 yillar1 arasinda, Hanelerin yer seviyesindeki CO2 konsantrasyonuna katkis1 yaklasik %7
oraninda artmigstir. Termik santraller g6z oniine alindiginda CO2 konsantrasyonunda ciddi yerel
farkliliklar goriillmiistiir. Oransal olarak kiigiik gériinse de, kayitlt arag¢ sayist 1990'dan itibaren
yogun bir sekilde artmistir. Ayrica karayolu araclarindan kaynaklanan COz kirliliginde net bir
artig tespit edilmigtir.
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1. INTRODUCTION (GIRiS)

It is an observational fact that atmospheric CO;
concentration, mainly formed during energy
generation with combustion reactions, is increasing
continuously and will keep growing in the future
[1]. The rise of atmospheric CO. concentration
derived from global sources over time is due to its
long life [2]. The Industrial Revolution was
considered the beginning of the growth of CO;
concentration over the years [3]. This pollutant is
highly released into the atmosphere owing to
burning fossil fuels [4, 5]. The global CO; budget is
complicated and involves the CO; transfer between
the biosphere, the atmosphere and the oceans [6].
Together with CO, many other pollutants are
generated. However, CO; cannot be removed from
exhaust gases like other pollutants, and it causes the
Green House (GH) effect. It is estimated that CO;
concentration is responsible for approximately 60%
of the total greenhouse (GH) effect [7, 8].

The quantity of growth is determined by the global
carbon cycle of carbon sources and sinks or
reservoirs [9, 10]. The increasing CO- concentration
in the atmosphere means a significant CO; cycle
through the atmosphere, biosphere, and ocean [11].
The main relationship between CO, emissions and
atmospheric concentrations is mostly examined by
carbon cycle models that consider all of the
important sources and sinks [12]. The main CO;
sources are the burning of fossil fuels and changes
in land use. The main sinks of CO, are the forests
and oceans [13]. However, there are still large
uncertainties as to whether the coastal zones act as
sinks or sources [14].

The most important atmospheric exchange of
carbon is the one between the biosphere and the
atmosphere. The biosphere removes carbon from
the CO; of the atmosphere by photosynthesis. It
again releases CO; into the atmosphere during the
decay of plants [15]. The rate is equal to about 20-
25 % of the total annual human-induced CO:
emissions. Therefore, a significant proportion of
global emissions come from this source. The overall
strategy is to stabilize the atmospheric CO,
concentration, and this must include forest
protection as a key component [16].

Atmospheric climate change is taking an
increasingly important place in the policy programs
and decision-making process in both the private
sector and the public, countries have designed to
meet their national goals, are extremely diverse
[17]. The main international agreement is the United
Nations Framework Convention on Climate Change
(FCCC) [18]. 189 Parties including Trkiye have

ratified the FCCC. Tirkiye is formally in the
Convention Annex | list [19]. The main objective of
the Convention is to poise the concentration of
greenhouse gases in the atmosphere to a level that
will prevent dangerous anthropogenic emissions
[20, 21].

In December 1997, the UNFCCC Conference of
Parties (COP) held in Kyoto adopted the Kyoto
Protocol. Kyoto conference has been accepted as a
high-profile event because, for the first time,
industrialized countries adopted emission reduction
targets that are legally binding [22]. The Protocol
offers no guidelines for implementation at the
national level; rather, it provides freedom in respect
of types of national legislation and policy. There are
strict quantity norms in the Protocol. Improvement
of energy efficiency, carbon storage in forests, and
forming sustainable agriculture are some of the
important topics [23]. Tirkiye was included in the
list of countries under the Kyoto Protocol in 2009.
After the ratification of the protocol in 2009 without
any target, Turkiye began to study Climate Change
mitigation  activities under the sustainable
development plans’ strategies [24, 25, 50, 51].

In this study, the emission inventory of CO, for
Turkiye was done based on districts and provinces.
The CO; inventory with this detail has not been
done in Turkiye previously. This inventory was
prepared by considering all possible emission
sources. The basic source of CO; is fossil fuel
combustion in  households,  manufacturing
industries, thermal power plants, and road vehicles.
The carbon content and emission factors of the fuels
used were the main points for the estimation of CO;
emissions. The inventory has been calculated
between 1990 and 2003. Emissions in 1990 are
important because the Kyoto Protocol adopts 1990
as the base year for CO. reductions. The CO; uptake
rate of forests in Tirkiye based on provinces and
districts is also studied to determine the net CO;
emission and  ground-level  concentrations.
Following the emission inventory, the dispersion of
CO; was studied by using the ISCLT3 model [26].
Based on the results of modeling calculations, the
ground-level CO, concentration maps were
prepared and superimposed on the geographical
map of Tirkiye by using Geographic Information
System (GIS) techniques [27]. GIS techniques were
used to map all the information [28].

2. METHODOLOGY (METODOLOJT)

IPCC methods integrated with GIS techniques and
statistical methods were used to predict the emission
and uptake inventories. The inventories were
calculated for each district, province, and region of
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Turkiye. The following data types were gathered as
a time series between 1990 and 2003.

e The households’ number and the population in
districts

e Industries concerning its size and its place (after
2003, the data on the district base cannot be
gathered due to confidentiality)

e Type of and amount of fuel used in each source
(after 2003, the data on the district base cannot
be gathered due to confidentiality)

o Number of cars for fuel type

o Forest areas and their increments

The data for the annual fuel use from various
sources between 1990-2003 was obtained from
TurkStat (Turkish Statistical Institute), ENRM
(Energy and Natural Resources Ministry), and MAF
(Ministry of Agriculture and Forestry).

The data is gathered from many sources as
described in the related sections. After gathering,
the study period was decided. The study period is
important for the determination of the base year and
industrial development of districts in Tirkiye
because the energy consumption is one main
consideration for economic inputs. Within this
context, this study can be used locally in terms of
energy consumption and its effect on the
environment, especially on climate.

Emission Inventory: The IPCC methods were used
to estimate national inventories of greenhouse gas
emissions resulting from human activities. The
primary technical guidelines for national
inventories are based on the IPCC Guidelines [4, 5].
The IPCC establishes a standard framework for the
categorization of emission sources. According to
the IPCC, activities that originate naturally and do
not create net greenhouse gas emissions are
intentionally excluded from this study.

The general formula according to the IPCC for the
CO; emission is given as:

CO2 emissions =X Fuel consumption in energy
units (TJ) for each sector *
Carbon Emission Factor *
Fraction Oxidized * Convert
Carbon Emission to CO..

Road Vehicles: The amount of fuel consumed on the
roads of each district of Turkiye was calculated by
using the following formula (Equ. 1).

a

H =5x9x|:a (1)
B D

A : The number of households in districts

B : The number of households in the province

C : The number of cars in the province

D : Total number of car

H.: Fuel consumption in the district according to fuel type a (tons)
F.: Fuel consumption by car according to fuel type a (tons)

a : Gasoline or diesel

Households: The regional fuel consumption factors
were used per household to estimate the total
amount of fuel consumption in districts, provinces,
and regions for the years 1990-2010. (Equ. 2). The
following equation was used:

C=AxB 2)

A : The number of households in districts (households number/region)
B : Regional fuel consumption factors per household (tons/household)
C : Fuel consumption in districts (Meteorological parameters are
considered) (tons/region)

Manufacturing Industries: In this study, different
types of data were gathered from the SIS and MOE.
These data are:

e The number of manufacturing industries
according to the size of establishments between
1990 and 2003 in each district [29].

e The total energy consumption (TOE) of the
manufacturing industries in Turkiye according to
the size of establishments [30, 31, 32, 33, 34, 35].

e The fuel consumption within the manufacturing
industries across each province [36].

e The overall fuel consumption by manufacturing
industries in Turkiye [37].

The annual fuel consumption across districts'
manufacturing industries was estimated using the
following formula (Eqgn. 3).

D:AXC Gt:EanxE 3)
B C

A : The energy consumption factor of the manufacturing industries
according to its size (TOE)

B : Total number of manufacturing industries according to their size
C : Total number of manufacturing industries in provinces according
to its size

D : The energy consumption factor of the manufacturing industries in
provinces according to its size (TOE)

Dn: The normalized energy consumption factor of the manufacturing
industries in provinces according to their size

E : The number of manufacturing industries in districts according to
their size

F : Total fuel consumption in provinces (tons)

Gt: The fuel consumption in manufacturing industries in districts
according to their size

t :year (1990 — 2010)

GIS Techniques: The following scaled maps, given
in Table 1, were digitized.

Their projection was Lambert Conformal Conic
[38].
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Table 1. The digitized scaled maps (Sayilastirilnus 6lgekli haritalar)

Maps Scale Description
Provinces 1/1 000 000 80 provinces (Diizce taken as Bolu)
Districts 1/1 000 000 911 districts
Lakes™ 1/1 000 000 All lakes and Dams
According to 4 classes: Empty Land, Poor
Forest™ 1/1 000 000 Forest, Intermediate Forest, Good Forest
According to 3 classes: Railway, Highway,
Roads™ 1/100 000 Others
Thermal Power Plants™ - According to X and Y coordinate

Sources: ! Water Hydraulic Works; 2 Ministry of Agriculture and Forestry; * General Directorate of
Highways;  Turkish Electricity Generation - Transmission Corporation

Uncertainty Analysis: In this study, the probability
density function of the annual emission is assumed
as the normal distribution, and the range of
uncertainty is expressed within 95% confidence
intervals according to the IPCC Good Practice
Guidance [39].

The probability density function of the differences
of the mean values for the emissions of districts,
provinces and regions in years X and Y is also
normal with the following equations. Here, y is the
base year series and x is the series of any year
between 1991 and 2003 (Eqn 4. - 9.)

mean = X —y (4)

- 1N — 1N

X=—>X,;y=—2Y, 5
N Zl YT Zl ©)

standard deviation= (S} +S;)"'* (6)

where,

2 _ 13 ez TN
SX—NE(Xi X),Sy_NE(Yi Y) (7)

then, the standard error of the mean (SEM) is given
as:

standard deviation 8)
JN

finally, the uncertainty interval from the set of data
is estimated using classical method [39, 40].

mean = SEM x t i ¢ (9)

SEM =

N : Sample Size

df : Degrees of freedom

t0.05,df : Student t-table value for (N-1) degrees of freedom and 95%
of the confidence interval
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Figure 1. Forest, Roads, Lakes, and Thermal Power Plants in TUrkiye (Ttrkiye'deki Ormanlar, Yollar, Géller ve
Termik Santraller)

Forest Inventory: The net uptake of CO; is usually
calculated by estimating the total forest area and the
annual increment of biomass [4, 5].

The IPCC method for CO, uptake is defined as (Eqn
10. - 13)):

B=1xD (10)
TB=Bx @+ RF) (11)
CS =TB x 0.45 (ton C/ton dry biomass) (12)
U =CSx44/12 (13)

B : The volume of biomass (tons)
I : Annual increment (m3)

D : Dry biomass density (tons/m?®)
TB: Total biomass including roots
RF : Root Factor (%)

CS : Carbon Storage (tons)

U : CO; uptake (tons)

ISCLT3 Dispersion Model: The basis of the
ISCLTS3 dispersion model is the steady-state GPE
(Gaussian Plume Equation) [41]. The fundamental
parameters for calculating the concentration of
pollutants in the surrounding air at ground level are
the emissions from the sources into the atmosphere,
the meteorological variables, topography, and the
parameters describing removal and transformation
processes [42]. Then the results were superimposed
to the GIS maps of the districts and provinces. The
primary purpose of GIS in this study was to show
the variations and changes in the districts and
provinces as seen in Figure 2.

Basically, the ISCLT3 model inputs have been
divided into two parts: “Runstream File” and
“Meteorological Input File (STARDATA)”.
The Runstream File contains modeling options,
source location, receptor information,
meteorological properties, and output options.
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Figure 2. Determination of source and receptors for districts and provinces in Turkiye (Tirkiye'de ilge ve iller
icin emisyon kaynak ve yutaklarin tespiti)

The meteorological Input File contains wind speed,
wind directions, mixing height (morning and
afternoon values), and stability classes depending
on many meteorological parameters such as
sunbathing and cloudiness data. The meteorological

variables are very important parameters in air
pollution modeling. Each meteorological variable
(an example is given in Table 2.) was studied
carefully on a province basis.

Table 2. Selected meteorological parameters for some provinces (Baz iller igin secilmis meteorolojik
parametreler)

Mixing Height (m)
Temperature (°C) Zam Zom Wind Speed (m/s)
Minimum|Maximum|Minimum [Maximum|Minimum|Maximum [Minimum|Maximum
Value 4.3 19.5 166.2 784.1 911.0 2020.0 0 189
Province | Erzurum | Mersin | Diyarbakir| Istanbul | Samsun |Diyarbakir| Hakkari | Canakkale

The usage of each meteorological parameter has
some criteria. Mixing heights are determined
according to the EPA standards [26] as given in
Table 3. The stability classes have different mixing
height calculations for the model. The annual

value (Zpm) mixing heights were obtained from the
synoptic meteorological stations’ measurements.
Wind roses were plotted to show the frequency
distribution of wind direction for each province
(Figure 3).

average morning value (Zam) and average afternoon

Table 3. EPA Standards for Mixing Height (EPA Karisim Yiiksekligi Standartlari)

Stability Class A B C D E F
Mixing Heights 1.5xZpy Zpy Zom (Zenrzam)I2 Zam Zam
Model Evaluation: There isn’t any CO; data of the nearest CO, measurement stations

concentration measurement station in Turkiye.
Therefore, the CO; concentration over Turkiye is
estimated by using the measured CO, concentration

around Trkiye by using the Kriging Method [43].
These data are used to compare model outputs using
statistical methods.

ANKARA

ISTANBUL
19

ZMIR

1995 S

1995

Figure 3. Wind roses of Ankara, Istanbul and Izmir provinces, 1995 (Ankara, Istanbul ve Izmir illerine ait riizgar
gulleri, 1995)
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Dlugokency et al. [44] have used such types of
approaches. Besides the trend analysis, “R? values”
and “Correlation Coefficient” relationship between
thetwo data sets were also tested [45]. The
statistical methods are listed as follows: K-mean
cluster analysis is used to identify the irrelevance of
the value in the series [46]; Cronbach Alfa (o)
Reliability Analysis determines the internal
consistency of the model [47] and Mann-Kendall
Rank correlation test is a non-parametric method
used to identify any potential increasing or
decreasing trends in the series [48].

3. RESULTS AND DISCUSSIONS (SONUCLAR
VE TARTISMA)

3.1. Emission Inventory (Emisyon Envanteri)

The CO, emission inventory is the basic
requirement of the ISCLT3 model. The fuel
consumption data at district, provincial, and
regional levels have been studied in detail to prepare
the input data for the modeling program. This
inventory covers four types of sources. The sources
are industrial, residential, road transportation, and
energy production.

According to the inventory results of districts,
the iskenderun district of Hatay province, Afsin
district of K.Maras province, and Uskiidar district
of Istanbul province have emitted the highest
quantity of CO, in Tiirkiye. iskenderun has the
highest CO, emission for the durations of 1990-
1998 and 2002-2003 with 5.7, 7.4, 7.1, 7.0, 10.8,
10.9, 10.4, 7.2 and 8.5 million tons, respectively. In
2000 and 2001, the highest levels of CO, emissions
were observed in Uskiidar (7.5 and 8.1 million tons,
respectively).

In the provincial emission series, the maximum
annual CO; emission was observed in Istanbul with

an average value of 30 million tons per year
between 1990-2003. The amount of increase in the
CO; emission of Istanbul in 2003 compared with
1990 (base year) was 47.3%. The future increase in
the emission of Istanbul will obviously continue and
will probably reach 80 million tons in 2020. The
second highest CO, emissions were observed in
Ankara, {zmir, Hatay, and Manisa provinces with
12.3 (in 2001), 16.5 (in 1999), 12.1 (in 1997), and
8.3 (in 1994) million tons, respectively. The
primary reason is the high fuel consumption in
thermal power plants and industries present in these
provinces.

During this study, GIS techniques were used to
obtain the changes in the emission series in
graphical forms. The CO emissions from districts
and the CO; emission from provinces are given in
Figure 4 for 2003.

Analysis of the regional results, as illustrated in
Figure 5, in the Marmara Region shows that the
highest CO, emission was 65.8 million tons in 2002.
The percentage emission increase as compared to
the base year was found as 54.4%. The contribution
of households, industries, power plants, and road
vehicles in this region to the annual total CO;
emission of Tirkiye is 13.9%, 7.8%, 6.3%, and
4.1%, respectively. In the Aegean Region, the
annual average CO; load from all the sources is
around 40 million tons. Thermal power plants
produce the highest levels of emissions. The CO;
emissions from thermal power plants range from
a minimum emission value of 11.9 million tons in
1990 to a maximum value of 21.8 million tons in
1999. The maximum emission increase compared to
the base year is observed to be 77.0% in 2000. The
contribution to the annual CO; emissions was 4.7 %
for households, 6.3% for industries, 10.8% for
power plants, and 2.3% for road vehicles in that
year.

Figure 4. The CO, emission from provinces and districts for 2003 (2003 yili il ve ilgelere ait CO2 emisyonu)
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In the Central Anatolia Region, the emission trend
has been increasing since 2000. The total annual
emission is around 30 million tons. The highest total
emission is observed in 2000 with a value of 35.6
million tons and the lowest emission value is
observed as 24.3 million tons in 1990. The
maximum emission increase relative to the base
year is 46.5%. According to the inventory results
between 1990-2003, the annual CO; loads of
households, industries, power plants, and road
vehicles are 18.6, 4.9, 3.3, and 6.3 million tons,
respectively. It is evident from the annual averages;
the highest emission comes from households. The
annual contribution of the households to the total
CO_ emissions in this region is around 10.0 %.

The regional CO- emission data is estimated for the
years 2004 and 2010. After year 2010, the
uncertainty value is increasing considerably as seen
in Figure 11. Therefore, the projections were
cancelled after the year 2010 (Figure 5).

In the Mediterranean Region, the results of
inventory show that the highest emission is
observed from the industries. Industries are
responsible for 57.3% of the regional CO; emission
with a value of 16.5 million tonnes in 2003. The
regional contribution to the annual CO; emissions
from all sources is around 28.8 million tons (13.8 %
of total CO; emissions). In the Black Sea Region,
the regional CO; emission trend of industries has
shown peak values for the period of 1990-2003.
These are 15.8 million tons in 1997 and 15.1 million
tons in 2003. The contribution of this region to the

annual CO- emission of Turkiye is around 12.0%.
However, in the South-Eastern Anatolia Region,
the total CO emission is approximately 5 million
tons per year. The total contribution of this region
to the CO, emission of Tlrkiye is not more than
3.0% throughout the years. The inventory of the
Eastern Anatolia Region shows a 3.0% regional
contribution to the total CO, emissions in Turkiye.
However, the CO, emission trend is increasing. In
2003, the CO, emission was 6.6 million tons.
Households are responsible for 61.5% of the
regional CO emissions because the climate is cold,
and people burn a lot of fossil fuel during winter to
warm up their houses. As an overall evaluation, the
lowest CO, emission of all the regions was observed
in 1990 and the highest in 2000. Although
the Marmara and Aegean regions are responsible
for half of the emissions of Tirkiye, the other
regions also show an increasing trend in CO;
emissions. These results can be observed easily in
Figure 6 and Table 4.

The CO; emission from industries is approximately
35% of the total emissions. The regional
contribution to the total industrial CO> emission
varies greatly from region to region. The highest
emissions  were observed in  Marmara,
Mediterranean, Black Sea, and Aegean regions with
annual average values of 12.6, 12.3, 11.6, and 9.6
million tons, respectively, for the period of 1990-
2003 (Figure 7). Domestic heating is another
important source of CO2emissions in Turkiye.
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Figure 5. Regional CO; emission trend (Bélgesel CO2 emisyon egilimi)
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Figure 6. The regional CO, emission for 2003 (2003 yil1 i¢in bélgesel CO2 emisyonu)

Figure 7. The industrial CO; emission for 2003 (2003 y1l1 endiistriyel CO2 emisyonu)

Approximately 34.22% of total CO, emissions in
Turkiye is due to households. CO, emissions from
households mostly depend on the population
density and the fuel type used for domestic heating.

Mainly, coal is burned in households for domestic
heating. In large cities, like Ankara, [stanbul, Bursa,
and Eskisehir, natural gas is commonly used for
heating wherever it is available. The highest
regional contribution to the total residential CO;
load was determined in the Marmara Region. It is
about 35%. The next region is Central Anatolia,
which accounts approximately for 25% (Figure 8).

Thermal power plants are the third important CO;
source in Tlrkiye. Approximately 20.0 % of total
CO. emission in Tirkiye is attributed to the thermal
power plants. The highest emissions for two plants
were observed in 1999 with 8.4 million tons from
Afsin-Elbistan and 6.5 million tons from Soma. The

annual average CO; emissions from the two plants
are 11.0 million tons in total (Figure 9).

Generally, local emission inventories are not
available in Turkiye. Also, no data is available for
active traffic even on the provincial level. Only the
main highways were included in this inventory to
fulfil the traffic option. The highest regional
contribution to CO- emissions by traffic is obtained
in Aegean Region, Central Anatolia Region and
with annual average values of 4.4, 5.8 and 8.3
million tons per year. According to the inventory
results in 2003, Konak district of Izmir, Cankaya
district of Ankara and Bakirkdy district of Istanbul
show the highest emission with values of 0.5, 0.7
and 1.0 million tons CO. emissions. The
approximate increments in the CO, emission of
Bakirkdy, Cankaya and Konak compared with the
base year are obtained 9.4 %, 26.8 % and 17.6 % for
the year 2003 (Figure 10).
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Table 4. The regional CO; emission between the years 1990-2010 (1990-2010 yillar1 arasindaki bolgesel COz

emisyonu)
Regional CO, Emission 1990 1991] 1992 1993 | 1994/ 1995 1996/ 1997/ 1998 1999 2000
Mediterranean 21,41 21,06 21,61 21,05 21,88 23,37 27,93 28,11 30,75/ 26,57 25,39
" Eastern Anatolia 482 487 4,96 524/ 514 541 530 535 531 5,26 5,87
§ Aegean 28,28 30,08 32,09 32,95 34,31 42,25 45,98 48,11 47,79 48,70 50,05
,5 South-Eastern 4,16] 4200 4,38 462 449 451 486 495 491 446 5,35
E Central Anatolia 24,29 25,51] 25,48 26,53 27,25 28,47| 30,56 31,63 31,33 32,32] 35,59
Black sea 16,87 17,70[ 18,70 19,07| 18,29 24,35 26,41 26,92 25,83 20,70 22,32
Marmara 42,64 43,90] 46,16 47,49 47,44 51,29 56,64 57,14 57,60 58,14 63,41
Regional CO, Emission 2001| 2002 2003 2004] 2005/ 2006 2007 2008 2009 2010
Mediterranean 24,78 25,74 28,78 30,74 32,10 33,31] 36,71 37,72| 43,16] 45,13
Eastern Anatolia 583 6,200 6,55 g 6,97 7,22 747 7,72 795 8,23 8,52
é Aegean 44,05 43,06| 40,70 — 51,81 50,78 52,00] 55,40 56,47 58,11 59,90
,5 South-Eastern 559 6,02 6,41 2 6,86 7,18 7,50 7,82 8,13 8,48 8,84
= o
€ [Central Anatolia 34,53 34,12| 35,53|( w 40,77 42,49 43,84| 45,25 46,56| 48,13 49,83
4
Black sea 21,08 23,76 26,24| o 29,61 30,71 31,68 32,58 33,35 34,83 36,46
Marmara 65,28 65,84 63,70 76,72| 79,40, 81,99 84,54 86,97| 90,27| 93,85

[ 100000 <
100000 - 1000000

1000000 - 2500000

I 2500000 - 5000000
I 5000000 >

Figure 9. The CO, emission of thermal power plants for 2003 (2003 yil1 igin termik santrallerin CO2 emisyonu)
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Figure 10. The CO- emission of road vehicles for 2003 (2003 yil karayolu tagitlarinm CO2 emisyonu)

Statistical and Uncertainty Analysis: By using the
results of the statistical evaluations, it is concluded
that the correlations between CO- emission of base
year and that of each related year between 1991-
2010 are very high for regional and provincial
emission series. The highest correlation implies that
there is an association between the series. However,
the correlations of districts’ emission series
throughout the years compared to the base year are
not high as regional and provincial ones.

Another important statistical variable is the SEM,
which is the indication of the spread of the mean.
The SEM of the annual emission series is decreasing
while the number of the sample size is increasing.
Briefly, the more the data are gathered, the less the
uncertainty is observed in the measurement.
Therefore, the uncertainty in the emissions data of
the district is less than that of regions (Figure 11).

The used method in this study determines the
significance of year-to-year differences and it
considers the long-term trends in the inventories. A
key issue in the compilation of uncertainties within
inventories is the difference between the standard
error of the sample mean and the standard deviation
of the data set. The standard deviation's role in
estimating confidence interval limits relies on the
probability distribution of the data set.

Although it is recognized that there are many causes
of uncertainties, the most important ones in this
study are thought to be caused by the following:

o Application of IPCC emission factors associated

with  uncertainties since the fuel data
characteristics are changing locally and
regionally.

e The quality of the fuel consumption data is also
changing from source to source. Although the
official data sets are used for emission estimates.

e There is inconsistency in gathering the data.
Because the total fuel consumptions are obtained
from the different annual fuel consumption
reports of sectors by MOE. And it is possible to
change in the data within the following years.

o For future cases, the fuel consumption data do not
exist. Therefore, the future estimation means
some amount of uncertainties.

The uncertainties in emission estimates of
greenhouse gases are amajor concern to the
countries. And most countries state that the
uncertainty of the CO, emission is very low
compared to the other gases because of the very
small differences between the measured and
estimated CO, emission.

3.2. CO; Uptake by Forests (Ormanlarm CO2 Alimi)

The statistical data to calculate the CO, uptake over
time is not easy to obtain. The inventories are not
periodical and based on field surveys. For that
reason, all possible sources of data are to be
collected to form the CO; uptake inventories. The
IPCC supplies a common framework to categorize
CO; sinks. According to the IPCC [4, 5, 39] the
following areas should be evaluated in the
inventories to improve the comparability of the CO,
uptake inventories.

e Forest and biomass stocks: CO. removals are
estimated from biomass growth.

e Grassland conversion: CO; removals and
emissions change seasonally. The net emission or
uptake should be considered.

e Land-use change: According to the cultivated
land, it could result in either CO, emission or CO,
uptake. Satellite images, aerial photography, and
land-based surveys are the possible sources of
data. Natural forest fires (not anthropogenic in
origin) are also not considered.
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e Agricultural growing: Burning of agricultural
biomass produces CO; emissions. However, the
burned biomass is replaced by regrowth over the
following year. The net CO, uptake and emissions
are considered equal to zero.

The inventory of the annual increment of biomass
started in the 1980s and finished in 1999. The entire
forest area in Turkiye is covered. This inventory is
not periodical, and the main aim is not the determine ~ (Figure 12 and Table 5).
the increment of forest area. For that reason, there

Can, Atimtay, Tokdemir | GU J Sci, Part C, 13(1): 308-329 (2025)

are some uncertainties and errors associated with
this information. However, this inventory is the only
data source to estimate the CO; uptake of forests.

The data categorized for each type of forest biomass
are gathered from MOE at the province level. Then,
the inventory is linked by a provincial forest map.
This map is intersected with the district map in
order to obtain the inventory at the district level.

Province

OOOOOOOC’

-—C:’_ _______
lo © © €

4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000

Uncertainty Intervals

-500000

District

400000
350000
300000
250000
200000
130000
100000
50000
0
-30000

Uncertainty Intervals

Region

2 & 1590
5 & 1990
7 & 1990

1991 & 1930
1952 & 1950
1993 & 1950
1954 & 1950
1995 & 1990
1996 & 1990
1997 & 19590
1998 & 1990
1999 & 1990
2000 & 1990
2001 & 1990
2003 & 1990
2004 & 1990
2006 & 1990
2008 & 1990
2009 & 1990
2010 & 1990

2
L
L

40000000
35000000
30000000 ,
25000000 £
=
20000000-8
£
150000008
<
10000000 §
5000000 =
0
-5000000

Paired

araliklarr)

319
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Table 5. Distribution of the forest area within regions and regional CO; uptake (Orman alanlarmin bélgeler
icindeki dagilimi ve bolgesel CO2 alimr)
Empty Intermediate] Good .Total 2y || €02 Uptake
REGIONS Land |Poor Forest| Forest Forest Lake [ (unit: km ) (tons)

Mediterranean 32615 38889 8060 8952, 1302 89818 6066457
Eastern Anatolia 119927 20167 1965 2393 1878 146330 1900288
lAegean 34863 44538, 4808 4809 862 89881 5749523
South-Eastern 49815 25106 271 0 1314 76509 1093184
Central Anatolia 155657, 23086 1754 3925 3630 188052 2635381
Black sea 59616 32574 7640 15931 479 116240 16351045
Marmara 36987 20312 8970 5846 913 73027 12014619
[Total 489480 204672 33468 41856 10381 779857 45810497

Figure 12 (digitized map) and Table 5 show that, the
coastline of Turkiye is covered with forest. The
forest area is not broad enough in South-Eastern
Anatolia, Eastern Anatolia and Central Anatolia
regions. The total forest area in Tirkiye is around
280000 km?.

The forests are classified into three different kinds:
Bad Forest area, standard coppice area, and high
forest area. The bad forest and standard coppice
areas spread in the Mediterranean, Aegean, and
Marmara regions. High forest areas are present
densely in the Mediterranean and Blacksea regions.

The uptake of CO: in coastal zones exceeds that of
inland zones as seen in Figure 12. The CO; uptake
in the South-Eastern Anatolia, Eastern Anatolia,
and Central Anatolia regions are 1.1, 1.9, and 2.6
million tons/year, respectively. The maximum CO,
uptake is in the Black Sea region with a value of
16.4 million tons/year. The Marmara region has the
second biggest CO, uptake value which is 12.0
million tons/year. It is also observed that CO,
uptake in the Aegean and Mediterranean regions is
5.7 and 6.1 million tons/year, respectively.

[] Empty Land

[ JLake

[ Poor Forest

I Intermediate Forest
I Good Forest

Figure 12. The land cover of Tirkiye (Turkiye'nin arazi értisi)

The maximum CO; uptake values observed in the
Demirkdy district of Kirklareli province,

Dursunbey of Balikesir, Can of Canakkale are 1.16,
0.96, and 0.90 million tons/year (Figure 13).
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e

3.3. Dispersion Model (Dagilim Modeli)

The ground-level estimation of CO; concentration
has been based on CO, emission and uptake
inventory. A reliable model estimation can only be
expected with good meteorological data [47]. The
wind speed and the wind direction are important for
transferring and diluting the gases. However, other
meteorological data, such as air temperature,
cloudiness, and sunbathing are also important for
the stability or instability of the atmosphere.
Therefore, the model estimation can be considered
as the artificial state of the atmospheric
transportation of CO; [46].

For the years 1990 to 2003, the CO, ground level
concentrations are obtained separately for each
source at thedistrict level. The total CO.
concentrations at the receptor points from each

Figure 13. The CO- uptake of the provinces and the districts (il ve ilgelerin CO2 alimi)

Additionally, the continuity of each model run was
maintained by defining the receptors across the
country. The model cannot be run for the years
between 2005 and 2010. The main reason is the
inadequacy of meteorological data for district basis
model runs and emission source descriptions.

The model is only run for the projection year of
2004 by estimating and assuming many data. The
model estimations due to projections of 2004 years’
data for three big cities are given in Figure 14. The
city maps are also obtained by using their district-
level run for the entire Tiirkiye’s receptor for each
source separately by superimposing. Therefore,
after the years 2004, the uncertainty levels and the
model errors will be very high due to data
assumptions. Therefore, the model results for the
years between 1990 and 2003 are used for the
ground-level concentrations.

source were obtained by superimposing.
v
."s \
- & , \:
2 & e ; & \N 3 e
e * *

Note: Detail maps are given in Appendix

Figure 14. The ISCLT3 output for the three big cities in the predicted year 2004 (Us biiyiik sehir i¢in tahmin
edilen 2004 y1lindaki ISCLT3 ¢1ktist)

The results of dispersion modeling calculations for
CO; from different sources on an annual basis are
given below. Total ground level CO. concentrations
are given in Figure 15 for the year 1990. As shown
in Figure, it may be concluded that some regions
were affected highly by the ground-level
concentrations. In 1990, the east of Mediterranean
Region (around K.Maras province), the west of
Marmara Region (around Edirne province), the east
of Central Anatolia Region (around Kirikkale and

Kirsehir provinces) and the west of Aegean Region
(around Izmir Provinces) were determined as the
maximum polluted areas with the respective values
of 18.2, 26.0, 20.0 and 16.0 x 10°® pg/m® In
Marmara Region, the observed result seems
markedly noticeable. Although the industrial zones,
the thermal power plants, and the areas with high
population and traffic density seem to be in the
center and east of Marmara Region, high CO;
pollution was observed in the west of the Marmara
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Region. The primary reason for this outcome could
be summarized as the high transporting capacity of
the winds and mainly due to the winds blowing from
the North-East (NE) direction.

In comparison to the results from the 1990s, the high
concentration regions seemed to be changed in
1995. 8 x 10° ug/m?® contour CO, concentration line
passing over the Central and the Eastern Anatolia
Regions was also due to the high-frequency winds
blowing in the Eastern (E) and Western(W)
directions. The maximum concentrations in these
regions were obtained as 30.0 x 10%® pg/m?® in
Cihanbeyli district of Konya province and 26.0 X
10° pug/m?® in Tatvan district of Bitlis province,
respectively. In 1998, Zonguldak province and
Kastamonu province in the Blacksea Region and the
intersection region of Ankara, Konya, and Eskisehir
provinces in the Central Anatolia Region were also
highly polluted areas with the respective maximum
CO; concentrations that were 38.0 and 24.0 x 10°
ug/m®. The CO pollution is also increasing
gradually in 1999 and 2000. The Aegean, Central
Anatolia, Blacksea, and Marmara Regions were

also polluted with CO; in these years. For 1999, the
maximum ground-level CO; concentrations in the
Aegean, Central Anatolia, Blacksea, and Marmara
Regions were 24.0, 24.0, 30.0, and 36.7 x 10° pg/m?,
respectively. The respective concentrations for
2000 were 26.0, 25.0, 38.0, and 26.0 x 10° ug/m® as
seen in Figure 16. The results indicate that there
was a significant decrease in CO; concentration in
2002. The Marmara (around Kirklareli province)
and Eagean Region (around Manisa province) were
the highest polluted areas.

Although the total CO, emission in 2002 and 2004
was as high as that in 2000 and 2001, the average
ground level CO; concentration in these years was
lower than in other years. This outcome can be
attributed to the local winds as well as other
meteorological conditions, like precipitation. In
other words, the contribution of some nearby
sources to the concentration of some receptor points
in the district could be determined as zero or very
small value owing to the transportation of the
pollutant into the different areas by wind.

Figure 15. Total ground level CO; concentrations in 1990 (1990'da toplam yer seviyesi CO2 konsantrasyonu)

According to the annual ground level
concentrations of CO; estimated from the
industrial sources, the CO, concentrations in
Marmara Region, especially Istanbul province,
were always the highest throughout the years. The

values obtained were 14.30 in 1995; 8.02, 8.71, 7.4
in 1998; 7.0 in 2000; 14.0, 8.0 pg/m® in 2002. In
fact, the industries in Istanbul Province have
accounted for 35% of the total industries in the
country. The total numbers of industries employing
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trend. About 33.3% of the (10+) industries are

more than 10 and employing more than 500 people

located in Istanbul area. However, the number of

(500+) industries located in Istanbul area is less,

about 15-20%.

are shown in Figure 17. The data presented in these
figures clearly illustrates that the total numbers of
industries in both categories show an increasing

Figure 16. Total ground level CO; concentrations in 2000 (2000'de toplam yer seviyesi CO2 konsantrasyonu)
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Figure 17. Number of the industries according to its size in Turkiye [30, 35] (Tirkiye'de bilyiikliklerine gére
sanayi sayisi)

Between 1990-1993, the industries contributed
approximately 28% of the total CO, emission. This
percentage has increased to approximately 35% in
2003.

Between 1990 and 2003, the contribution of
Households to the ground-level CO. concentration
had risen approximately 7%. Compared with the
overall results, the Marmara Region was also highly
polluted with CO, from the households. The
primary reason is the high population of the
Marmara Region. In the 2000 census, the
population of Turkiye was 67.8 million people and
approximately 26% of this population was living in
the Marmara Region [49].

There are serious local variations in the CO,
concentrations when thermal power plants are
considered. Between the years 1990 and 2003, the
contribution of thermal power plants to the total
CO-, pollution was approximately 20%. Moreover,
there was no thermal power plant in the South-
Eastern Anatolia Region and Eastern Anatolia
Region for the period of this study. Therefore, the
concentration of CO. measured in these regions was
the result of the transport of the pollutant from the
other regions by winds.

Dispersion of ground-level CO, concentration was
also studied for road vehicles. Although high
ground-level CO; concentration was not observed
due to road vehicles during the period between 1990
and 2003, some dispersion results gave high
ground-level CO. concentrations. The highest
polluted region was determined to be the Marmara
Region throughout the years. Between the years
1990 and 2003, the contribution of road vehicles to
the ground-level CO, concentration was
approximately 15%. Although the percentage seems
small, the registered number of vehicles has
increased sharply since 1990. In conclusion, it can
be stated that the trend shows an increase in CO>
pollution from road vehicles.

3.4. Evaluation of Model Results (Model Sonuglarinin
Degerlendirilmesi)

The determination of the model performance is very
important because several assumptions made during
the prediction of the ground-level CO;
concentrations may cause some significant errors.

In order to decrease this error, the concentration
data sets are compared statistically by observed
values. The observed values are estimated by using
CO; station measurements around Turkiye. There is
no CO. concentration measurement station in
Turkiye. The CO; concentration over Tirkiye was
obtained by using the Kriging Method [43]. The
total number of CO, measurement stations around
Turkiye is 12. Some station data were not included
in the calculation of observed values due to missing
data. The grid base average CO- concentrations over
Turkiye have risen approximately 1.5 ppm/year.
The highest CO; concentration interval which is the
difference between the minimum and maximum
concentration over Tirkiye was observed in the
years 1997 and 1999 with a value of 5 ppm.

The observed CO; concentration over Turkiye is
estimated by using the measured CO, concentration
of the nearest stations around Tuirkiye on grid bases.
These values, however, are the upper atmospheric
values. When the data are considered by using K-
Cluster Analysis, the 1995, 1996, 1997, and 1998
data formed a homogeneous group. If the data set
for 2002 is excluded, then the highest Cronbach
Alfa Reliability values, which is 0.93, are obtained
between the two data sets. The correlation
coefficients between series also show that omitting
the data from 2002 increased the relationship
between series to 0.88, which shows a high
relationship between the two series. Trend analyses
of the series, using the Mann-Kendall Rank
correlation test shows that the observed series have
a statistically significant increasing trend, and the
predicted series shows no trend with 2002 data.
However, without 2002 data, both predicted and
observed series show a statistically significant
increasing trend according to the 0.05 significance
level. Therefore, it can be concluded that the
findings of the study are very reliable and
acceptable.

3.5. The comparison of the study (Calismanin
karsilastirilmast)

The inventory of this study has been also considered
with many sources, and it is concluded that even the
predicted emissions for this study are very close to
the National Inventory Report as given in Figure 18.
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Figure 18. The comparisons of study with other inventories (Calismanin diger envanterlerle karsilastiriimast)

4. CONCLUSIONS (SONUGLAR)

The CO. emission inventory and the dispersion
modeling calculations in this detail (regional,
provincial, and district level) have not been done
previously in Turkiye. This type of study is very
important, especially for regional and provincial
development programs of the government.
Therefore, this study could be used by
policymakers, provincial authorities, air dispersion
modelers, national inventory reporters, and some
scientists. The results of the CO, emission inventory
conducted in this study between 1990 and 2003
showed that the CO, emission in 1990 was 142.45
million tons/year and the highest recorded
emissions occurred in 2000, reaching a value of
207.97 million tons/year for the period of this study.
The Marmara Region consistently has the highest
CO; emissions, averaging 54.76 million tons per
year. It was also concluded that Marmara and
Aegean Regions are responsible for half of the CO;
emission of Tirkiye. The predicted CO, emissions
for the years 2004 and 2010 are also showing an
increasing trend.

The highest ground-level CO, concentrations have
been obtained in the Marmara Region for years
under study. The maximum annual average ground
level CO concentration in this region was observed
in 2001 with a 22.3 x 10® pg/m3 The results
obtained must be correlated with measured values.
However, there isn’t any CO> measurement station
in Tirkiye. The measured CO, concentration data of
the nearest stations around Turkiye (Hungary (2),
Italy (3), Romania (2), Kazakhstan (2), Malta (1),
Kirgizstan (1) and Israel (1)) were used to estimate
the synoptic CO, concentration over Turkiye.
Without 2002 data, both predicted and observed

series were statistically correlated and it was found
that there was an internal consistency between them.
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