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Abstract

The Earth is a complex system where living and non-living elements coexist in a delicate balance.
Climate change is the primary factor responsible for the degradation of this system over time. The
Carbon emissions far-reaching consequences of climate change impact various aspects of our lives, including the
Carbon footprint physical environment, urban settings, human activities, economy, technology, agriculture, food
GIS production, access to clean water, and public health, all of which are widely acknowledged.
Human-induced greenhouse gas emissions in these areas significantly trigger global climate
change. Hence, addressing and mitigating the environmental damage from these emissions and
the interconnected climate change phenomena is imperative. This situation is where the concept
of "carbon footprint" gains prominence in assessing the extent of this damage. Carbon footprint
serves as an essential measure in managing and curbing climate change. This study focused on
controlling and mitigating carbon emissions, one of the primary greenhouse gasses responsible
for climate change, by implementing spatial interpolation techniques based on Geographic
Information Systems (GIS). The investigation targeted the Besirli neighborhood in the Ortahisar
district of Trabzon province. Data concerning electricity and natural gas usage were acquired from
relevant institutions to perform carbon footprint calculations. Subsequently, carbon footprint
calculations were conducted utilizing the acquired data within the specified region. The resulting
outputs were systematically organized, integrated into the GIS environment, and linked to their
respective geographical locations. Eventually, region-specific carbon footprint distribution maps
were generated using selected spatial interpolation methods. These maps enabled a spatial
observation of points exhibiting variability in terms of carbon emissions, thereby highlighting the
carbon footprints evident in the region. The ultimate goal of this endeavor is to propose practical
measures for minimizing the adverse environmental impacts by suggesting strategies to reduce
and prevent carbon footprints associated with carbon emissions in the relevant areas.
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1. Introduction conditions and the combustion of fossil fuels [2].

Furthermore, the United Nations Framework Convention

Global warming is characterized by the gradual rise in
the Earth's temperature, stemming from various factors
and surpassing what is deemed normal. The primary
driver of this phenomenon is climate change, which
stands as one of the most significant and perilous global
challenges [1]. Climate change manifests both through
natural occurrences and, more significantly, as a
consequence of human activities. In this context, climate
change refers to long-term alterations in meteorological
parameters, such as temperature, humidity,
precipitation, and wind, arising from both natural

on Climate Change (UNFCCC) provides a comprehensive
definition, characterizing climate change as "a change of
climate which is attributed directly or indirectly to
human activity that alters the composition of the global
atmosphere and which is in addition to natural climate
variability observed over comparable periods."” [3].

The main factor in climate change is the greenhouse
effect. The greenhouse effect, which provides the
temperature balance of the Earth, occurs when the gases
and water vapor in the atmosphere retain the heat from
the sun to the Earth [4]. The most critical component of
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the greenhouse effect is greenhouse gases. Some of the
greenhouse gases added to the atmosphere by various
human activities are CO, COz, H20, NO, CHs, NO2, and Os.
CO2, which retains the most heat, significantly impacts
climate change. The increase in the need for energy in the
world due to increasing industrialization with the
industrial revolution has increased the use of fossil fuels,
especially carbon-based ones.

On the other hand, changes in land use have occurred,
soil structure has deteriorated, and deforestation has
emerged. These negativities have increased the emission
of COz, the most important greenhouse gas. As a result of
these activities, the primary source of which is human
beings, the amount of COz in the atmosphere has
increased and started to accumulate with rapidly
increasing COz emissions. This situation has led to the
carbon cycle disruption that provides the world's climate
balance and temperature changes [5]. This warming of
the Earth and the accumulation of gases released into the
atmosphere have formed the basic fundamentals of
climate change [6].

Climate change has multiple and diverse negative
impacts on the earth and people. The severity of these
impacts increases over time. In the latest assessment
report prepared by the Intergovernmental Panel on
Climate Change (IPCC), it is stated that with climate
change, there will be sudden changes in the intensity and
duration of weather events, and sea levels will rise [7].
When we look at the present day, it is seen that with the
impact of human activities, severe increases in
temperature values have started, while decreases in cold
temperatures have also occurred [8]. On the other hand,
many regions face the threat of desertification due to
drought caused by decreases in precipitation. On the
other hand, the combination of heat and drought
conditions increases the risk of forest fires [9]. Rising sea
levels cause damage to the structures and arrangements
in the coastal zone and the people in this region. Another
negative impact of climate change is on seasons. Shifts in
the seasons affect agriculture in the first degree, causing
the time balance in the growing cycle of crops to be
disrupted [10]. In addition, climate change, which affects
the ecological balance, jeopardizes the lives of many
species and reduces biodiversity [11-13]. Socio-

economic concepts such as human health, migration,
tourism, transportation, water resources, forestry,
fisheries, energy, agriculture, and animal husbandry are
also effective in climate change [14]. The situations that
arise from all these situations affecting climate change
and being affected by change constitute the main source
of carbon emissions into the atmosphere. With the
increasing carbon emission and accumulation, the
world's stable balance is being damaged. Figure 1 shows
the graph of COz emissions in the world between 1990
and 2020, prepared based on World Bank data [15].
According to the graph, CO: emissions are generally
upward, but entered a downward trend in 2020. The
reason for this is thought to be the pandemic experienced
that year. On the other hand, Figure 2 shows a map of
countries' carbon emissions produced from World Bank
data [15]. Looking at the mabp, it is seen that China, the
USA, Canada, Germany, India, and Russia are the
countries that stand out with high carbon emissions. The
countries with the lowest carbon emissions are located
in South Africa.

Many approaches are put forward to reduce CO:
emissions, which have the largest share in climate
change. One of these is economic stagnation and a
slowdown in growth. It has been observed that the
slowdown in the economy due to the collapse of Soviet
Russia, the 2009 crisis in the United States and the
pandemic in 2020 reduced carbon emissions. However,
this is not a preferred approach as it negatively affects
the welfare level [14]. Another approach is to reduce
intensive carbon production. Especially in developing
countries, carbon emissions from electricity and heat
generation are high due to production processes [16].
Therefore, the preference for renewable energy sources
in production will reduce carbon production. On the
other hand, practices such as improving efficiency,
preferring renewable energy sources and imposing a
carbon emission tax are considered one of the main
approaches to reduce energy consumption using fossil
fuels [17, 18]. Finally, the use of carbon capture and
sequestration systems to remove carbon emissions from
the atmosphere resulting from the combustion of fossil
fuels is suggested as a preferable, although complex and
costly, approach [2].
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Figure 1. Global COz emissions for the period 1990-2020.
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Figure 2. Average COz emissions by country for the period 1990-2020.

A quantitative indicator is used to understand better
the adverse effects of carbon emissions that affect the
world and people and determine the environmental
damage it causes. This indicator, called carbon footprint,
is a guiding source for activities to prevent and reduce
carbon emissions.

1.1.Carbon footprint

Carbon footprint is the measurement of greenhouse
gases emitted into the atmosphere by a person, a specific
activity or a country due to transportation, heating
activities, energy consumption or every product and
service purchased, in CO: equivalent [19]. With the
concept of carbon footprint, the damage to the
environment is defined. The carbon footprint, calculated
in units of carbon dioxide, is generally used to measure
the trace of the damage left by a person in nature and the
environment (Figure 3).
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Figure 3. Activities representing carbon footprint.

The concept is generally analyzed under primary and
secondary carbon footprint. Primary carbon footprint is
the environmental damage directly caused by one's daily
habits. It measures the amount of CO: generated by
activities that wuse fossil fuels, such as energy
consumption through household items and the use of
vehicles. The secondary footprint is characterized as the
measure of COz emissions from the production phase of

all products used until they are destroyed [20]. For
example, vehicles used daily or on vacation fall under the
primary carbon footprint status. The damage caused to
the atmosphere by the car or airplane is part of the
person's carbon footprint [21]. The car used daily also
appears as a secondary carbon footprint. All the
resources spent for the production of that vehicle and all
the resources that vehicle parts will spend until they
disappear from the world constitute the person's
secondary carbon footprint.

The amount of carbon emissions is obtained by
determining the carbon footprint. Therefore, both
concepts are interrelated. When we look at the literature,
it is seen that there are many studies on carbon footprint
from different disciplines. The studies aim to determine
the carbon footprint of an individual, community, or
organization worldwide, that is, to measure the amount
of carbon emissions they emit to nature. Lee [22] aimed
to measure carbon footprint left to nature based on direct
and indirect consumption in Taiwan. Song et al. [23]
investigated the amount of carbon emitted directly and
indirectly by individuals in the process of scientific
studies. In this context, they concluded that literature
review and writing process have a high carbon footprint.
Lombardi et al. [24] proposed the concept of urban
carbon footprint and revealed its relationship with global
climate change. Within the scope of the concept, he
evaluated climate strategies and put forward suggestions
for their development. Chen et al. [25] evaluated the
reflections of the textile industry on climate change by
performing carbon footprint and water footprint
calculations to evaluate the environmental impacts of
cashmere fabric. Huang and Tang [26] produced carbon
capacity models by investigating the carbon footprint
caused by tourism in the Heilongjiang region of China. As
a result of the outputs obtained from the models, they
revealed that the environmental impacts of tourism-
related carbon footprint are small and acceptable.
Uzunali and Yazic1 [27] conducted a comparative study to
evaluate the effects of the COVID-19 pandemic on carbon
emissions. In this context, the environmental impacts of
Turkey's carbon footprint before and after COVID-19
were comprehensively analyzed and social and economic
consumption habits were emphasized. Another study
was conducted by Islam et al. [28] on the construction
sector. The impact and importance of material selection
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on the environment are emphasized by evaluating the
carbon emissions of different building materials on
nature. In addition to these studies, it is possible to come
across many studies evaluating the amount and effects of
different concepts, materials, and sectors on the carbon
footprint in nature [29-37].

1.2.Policies for carbon footprint

Various protocols and standards have been
developed internationally for carbon footprint
calculation. The Kyoto Protocol, the Paris Agreement, the
ISO 14064 standard established by the International
Organization for Standardization (ISO) for limiting
greenhouse gas emissions [38], The Greenhouse Gas
Emission Protocol (GHG) put forward by the World
Business Council for Sustainability and the World
Resources Institute (WRI) [39, 40], and the assessment
reports published by the Intergovernmental Panel on
Climate Change (IPCC) guide carbon footprint
calculations and mitigation strategies.

The Kyoto Protocol is a part of the United Nations
Framework Convention on Climate Change (UNFCCC).
This protocol, which serves the same purpose as the
UNFCCC, includes obligations set forth depending on the
level of development of the industrialized countries that
are parties to it. The main purpose of the Kyoto Protocol
is to prevent global warming and reduce its effectiveness
and negative effects. Within the scope of the measures
taken for this purpose, it aims to reduce the carbon
footprint by limiting greenhouse gas emissions [41].

The Paris Agreement was also organized as a part of
the UNFCCC. With this agreement, which was signed due
to the Kyoto Protocol not progressing as expected, new
targets were put forward in terms of global warming and
climate change. The agreement, which aims to control
greenhouse gas emissions and achieve zero emission
levels by 2080, also aims to reduce the carbon footprint
by providing financial support [42].

The International Organization for Standardization
(ISO) is established to conduct studies to determine
technical and non-technical standards. ISO gathers
standards for environmental management under the
umbrella of ISO 14000. The ISO 14064 standard
published in this context describes the measurement,
monitoring, reporting, and evaluation of greenhouse gas
emissions. In line with these objectives, the standard
aims to contribute to developing carbon footprint
reduction strategies [43].

The Greenhouse Gas Emission Protocol (GHG)
provides a framework for calculating, reporting, and
managing greenhouse gas emissions resulting from
electricity consumption and the activities of
organizations. In this context, GHG provides an
environment for reducing the carbon footprint [44].

The Intergovernmental Panel on Climate Change
(IPCC) was established by the World Meteorological
Organization (WMO) and the United Nations
Environment Programme (UNEP). The IPCC, whose main
purpose is to combat climate change, comprehensively
evaluates the global climate change problem worldwide,
and expresses the role of the carbon footprint resulting

from greenhouse gas emissions. The reports presented
aim to reduce the carbon footprint with
recommendations and strategies to reduce greenhouse
gas emissions from different sectors such as energy,
industry, agriculture, and transportation.

All these protocols and standards aim to make the
future sustainable by effectively combating climate
change. At the point where these objectives converge is
the reduction of the carbon footprint based on carbon
emissions.

1.3.Carbon footprint and GIS

Geographic Information System (GIS) is a technology
and discipline used to store, manage, analyze and
visualize spatial and non-spatial data [45]. The ability of
GIS to organize data based on location helps to make
more accurate decisions. For this reason, it can be
integrated into the studies of many different disciplines.
One of the areas where GIS can be used effectively is
carbon footprint applications, which play an important
role in climate change. Utilizing the effective storage
feature of GIS in carbon footprint applications, which
include a large number of data and different types of
parameters, facilitates the management of complex data.

On the other hand, applying advanced methods based
on location with its analysis capability provides a more
comprehensive regional understanding of the effects of
carbon emissions. In this context, GIS is an effective and
powerful tool for monitoring the sources of carbon
emissions, observing their distribution, analyzing and
calculating carbon footprints, and presenting all of these
all these location-based. Another advantage of GIS is its
mapping capability. Thanks to its superior visualization
power, it enables the production of maps from the
outputs obtained from the analysis, helping to better
understand and interpret the results. Thanks to the
carbon footprint maps produced in the GIS environment
after analyzing carbon emissions, the spatial distribution
and potentials of emissions can be revealed. On the other
hand, easy monitoring of the emission situation by
utilizing maps guides decision-makers in implementing
policies for reducing and preventing emissions. As a
result, the use of GIS in carbon foot printing studies
contributes to achieving sustainability goals by helping
the implementation of emission reduction strategies.

2. Material and Method

2.1. Method

Analysis for the selected study region was carried
out in the following steps (Figure 4):

e Determination of the study area

e Obtaining data from relevant institutions

e Organizing data and associating with the location

e Determination of the carbon footprint for each
building in the selected pilot region

e Presentation of maps

e Producing the carbon footprint distribution map in
ArcGIS 10.8 using spatial interpolation methods
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Figure 4. Methodology.

2.2. Study Area

This study was conducted in the Ortahisar district of
Trabzon Province, located in the Black Sea Region. Besirli
District No. 1, an urban and densely populated
neighborhood, is considered the district's application
area. 160 buildings were selected as a sample from the
region, and data for 2019 on electricity and natural gas
consumption were obtained from the relevant
institutions. Figure 5 shows the study area.

2.3.Data supply and geographical database creation

In order to calculate the amount of carbon emissions,
the data on the electricity consumption of 160 buildings
in 2019 were obtained from Coruh Electricity
Distribution Joint Stock Company, and the data on
natural gas consumption was obtained from Aksa
Karadeniz Natural Gas Distribution Joint Stock Company
in Microsoft Excel format. The data were transferred to
the GIS environment and matched with the buildings
they were related. At this stage, ArcGIS 10.8 software was

used. The matched data were transferred to the
geographic database and made ready for application. The
edited data is shown in Figure 6.

2.4.Carbon footprint calculation methods

Intergovernmental Panel on climate change (IPCC)
shared methodologies that calculate greenhouse gas
emissions in 3 different tiers [46]. The stages indicate the
complexity of the methodology. The carbon footprint is
calculated using Tier 1, Tier 2, or Tier 3 methods,
depending on the complexity of the data and
methodology required [46]. Tier 2 and Tier 3 are often
referred to as higher-tier methods and are considered
more accurate than Tier 1 because they value more
information and yield more data [46, 47]. The method to
calculate the carbon footprint may vary in general. For
example, when calculating carbon emissions, the Tier 2
method can be used when electricity consumption is
considered, and the Tier 1 method can be used for
emissions caused by natural gas consumption [48, 49].
To briefly explain the methods;

Figure 5. Study area.
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Figure 6. Data that contains electricity and natural gas information associated with location.

Tier 1: Calculations made using the standard emission
factor determined according to the amount of fuel
consumed and fuel type [46]. It uses emission factors and
other parameters described in the IPCC manual. This
method has some simplifying assumptions and may

combine some external data with its findings. This
method requires two data pieces: the fuel consumed and
the standard emission factor. The calculation for Tier 1 is
as shown in Equation 1 [46]:

Emission GHG, FUEL (kg GHG) = Fuel Consumption (T]) x Emission Factor (Kg GHG/T]) (D

Tier 2: Calculations made using country-specific
emission factors determined according to the amount of
fuel consumed and combustion technology that varies
from country to country, operating conditions, control
technology, maintenance quality, and the age of the
equipment used while burning fuel [46, 48]. It has the
same approach as Tier 1 but uses country-specific
emission factors and other parameters. Country-specific

emission factors and parameters are better suited to that
country's forests, climate zones, and land use systems.
Some of these parameters are the quality of the fuel, its
carbon content, and the combustion technology used
[47]. This method requires two data. These; the amount
of fuel consumed and the country-specific emission
factor for each fuel. The calculation for Tier 2 is as shown
in Equation 2 [46]:

Emission GHG, FUEL (kg GHG) = Fuel consumption (T]) x Emission Factor (Kg GHG/T]) (2)

Tier 3: These are calculations that require more detailed
data and expertise, such as the thermal power of
combustion plants and feeding type. It contains more
complex models and requires more data. It was
developed to increase the results' transparency and the
data's integration with the model. It is generally accepted
that it calculates more accurately than the lower stages.
The Tier 3 method calculates the fuel consumption and
emission factor specific to the facility. For this reason, it
is considered that the calculation is close to the truth. The
method considers the fuel consumption values and the
distance traveled by vehicles or the load carried in ton-
km units and calculates with appropriate emission
factors [46, 50].

2.5.Calculating carbon footprint

The carbon footprint is revealed by the calculated
amounts of greenhouse gas emissions COz, N20, HFCs,
PFCs, and SFs based on the COz type. Since carbon dioxide
has a 76% share in greenhouse gas emissions and is
directly related to fuel combustion, a carbon footprint
calculation based on carbon dioxide emissions has been
made in this study to make a more precise calculation
[33]. When the literature is examined, it is seen that
carbon footprint calculations are made based on
electricity, natural gas, solid fuel, gasoline, diesel, fuel oil,
and LPG data [51, 52]. This study calculated carbon
footprint with the Tier 2 method based on natural gas
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and electricity consumption data. Table 1 shows the
emission factors and net calorific values used in applying
the method.

The Equation 3 is used when calculating the carbon
footprint based on electricity consumption

Table 1. Emission factors and net calorific values used in carbon footprint calculation.

Data Unit Emission Factor Net Calorific Value
Tier-2 Electricity MWh 0,6993 ton CO2e/MWh -
ier-
Natural Gas Sm3 0,202 kg CO2e/kWh 9,59 kWh/m?
CO2 Emission (t COz2e/Year) = Energy consumption (MWh) x Emission factor (tCOze/MWh) 3)

The application used the electricity consumption
values obtained from the relevant institution for the
energy consumption data contained herein. The value in
the Turkish National Electricity Grid Emission Factor
report prepared by the Ministry of Energy and Natural

Resources has been taken as the basis for the emission
factor that changes specific to countries [52].

The Equation 4 is used when calculating the carbon
footprint based on natural gas consumption [46]:

Energy Consumption (kWh) = Fuel consumption (m?) x Net Calorific Value (kWh/m?) (4)

The natural gas consumption data obtained from the
relevant institution was used for the fuel consumption
data in the formula. In contrast, the value determined by
the Ministry of Energy and Natural Resources was used

for the net calorific value. Net calorific value is the unit of
heat energy produced by burning fuel. Using the energy
consumption data revealed, carbon emissions were
calculated with the help of the Equation 5 [46];

COz Emission (kg COz/Y1l) = Energy consumption (kWh) x Emission factor (kgCOze/kWh) (5)

Here, the value in the United Nations Framework
Convention on Climate Change (UNFCC) is used for the
emission factor.

2.6.Spatial interpolation methods

2.6.1. Kriging interpolation method

The Kriging interpolation method is a method that
allows the values of new points to be estimated by taking
the weighted average of the values of known close points.
The Kriging interpolation method determines the value
of unknown points by calculating a variance value for
each point to be estimated. It differs from other
interpolation methods because it measures the
confidence level of the estimated value with variance.
This method achieves more unbiased results than other
interpolation techniques; investigates the accuracy of the
estimation in terms of the minimum variance and the
calculation of the standard deviation of the realized
estimation [53-55].

Kriging interpolation calculates the properties of
unobserved points by reference to the properties of
observed points. The main problem in this method is to
determine the weights. The most important feature of the
Kriging method that distinguishes it from other methods
is that instead of using a standard weight, it performs the
estimation by determining a weight, and the estimation
made and the error resulting from this estimation can be
easily detected. The Equation 6 is used in the application
of the Kriging method [54];

n
Np:zpi* Ni (6)
i=1

Considering the formula; n represents the number of
points, the geoid corrugation used to calculate the Ni
value Np, the Np the sought corrugation value, and the
weight value corresponding to each Ni value used in the
calculation of Pi N [54].

2.6.2. Inverse distance weighted interpolation
method (IDW)

Inverse Distance Weighted interpolation is a type of
deterministic method used for multivariate interpolation
with scattered points known as Inverse Distance
Weighted (IDW). In this method, the values assigned to
the unknown points are calculated by a weighted average
of the values available at the known points with a simple
algorithm [56]. While calculating, the anchor points close
to the cut-off points have a more significant effect on the
calculation, while those of the far points are less [53]. In
short, the IDW interpolation technique is based on the
fact that on the surface to be interpolated, nearby points
have more weight than distant points [57]. In addition,
this method is used to define constantly changing data
belonging to the same field. Shaperd's is the most widely
used and well-known IDW method [57, 58]. Shaperd's
Equation 7 is as follows:

fay) =y w )

In this formula, n is the number of scattered points on
the surface, fi is the function that defines the sampling
points, and wi is the weights.
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3. Results

3.1. Calculating the carbon footprint in the selected
pilot region

For the selected pilot region, Besirli District No. 1, the
carbon footprint was calculated using the electricity
consumption data as a reference. Since the data obtained
belongs to 2019, 0,6993 was taken as the emission factor
in the calculations. The energy consumption data for
each building is multiplied by this emission factor to
obtain the carbon emissions of the buildings and added
to the database. An example of the values obtained is
shown in Figure 7, and the carbon emission amount map
obtained from electricity consumption data is shown in
Figure 8. When Figure 8 is examined, the amount of
carbon emissions in the study area varies between
565,200 and 235492,82 tons; it is seen that carbon
emission is relatively high in some buildings and less
than in others some buildings.

Looking at this map, it can be concluded that carbon
emissions are high-medium level in this selected region;
some buildings emit very high carbon emissions and
have a large carbon footprint, as well as buildings that
emit less.

For the selected pilot region, Besirli District No1, the
carbon footprint was calculated using the natural gas
consumption data as a reference. Since the data obtained
belongs to 2019, 0.202 was taken as the emission factor
and 9.59 as the net calorific value in the calculations. For
each building, natural gas energy consumption was first
calculated by multiplying the natural gas fuel
consumption with the net calorific values. Then, the
carbon emission of the buildings was obtained by
multiplying the emission factor with the obtained value
and added to the database. An example of the values
obtained is shown in Figure 9, and the carbon emission
amount map obtained from natural gas consumption
data is shown in Figure 10. When Figure 10 is examined,
itis seen that the amount of carbon emission in the study
area varies between 469,177 and 146208,914 kg; it is
seen that carbon emission is relatively high in some
buildings and less than others in some buildings. Looking
at the map, it can be concluded that carbon emissions in
this selected region are at high-medium levels, as in
electricity, but are at higher levels than electricity-
induced carbon emissions; there are buildings with very
high carbon emissions and high carbon footprints, as well
as buildings with low emissions.
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Figure 9. Example result display of carbon emission amount accordlng to natural gas consumption data.
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Figure 10. Distribution map of carbon emission amount according to natural gas consumption data.

3.2. Mapping the carbon footprint with spatial
interpolation methods

In this study, which was carried out to determine the
carbon footprint, set up scenarios accordingly, and
increase awareness, the resulting product is maps
produced with spatial interpolation analyses based on
GIS. At this stage of the study, using the carbon footprint

calculation results, carbon emission distribution maps of
the selected region were produced using spatial
interpolation analysis.

In the study, first of all, a natural gas carbon footprint
distribution map was produced. Kriging (Figure 11) and
IDW (Figure 12) analyses were performed separately,
and the results were mapped.

Carbon Footprint Distribution Map Based on Natural Gas-- Kriging ‘

* Natural Gas CO2 Emission Amoun

02 Emission Values - Kriging (kg)
<VALUE>

16.713,67 - 20.000

20.000 - 30.000
=30.000 - 40.000
=40.000 - 50.000

——
0 0045 000 0.18

=50.000 - 59.534,66

038

Figure 11. Carbon footprint distribution map based on natural gas according to Kriging analysis.

Looking at Figure 11, it is seen that the carbon
emission based on natural gas, according to the Kriging
analysis, has increased gradually in the parts
corresponding to the south-central part of the selected

pilot region. Especially in the eastern part of the region,
there is a lower carbon emission compared to other
places; Similarly, in some areas corresponding to the
western parts of the region, it can be said that the carbon
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footprint is at a better level than in other areas. Generally,
there is moderate carbon emission in the middle part of
the region. As a result, when an evaluation is carried out
in general, it can be concluded that the selected region is
in a medium-high risk position regarding carbon
footprint.

Figure 12 shows that carbon emission based on
natural gas is more intense in the parts corresponding to
the south-central part of the selected pilot region,
according to the IDW analysis. Especially in the eastern
part of the region, there is a lower carbon emission
compared to other places; In addition, it is observed that
carbon emissions are still at better levels in some parts
of the western parts. Generally, there is moderate carbon

emission in the middle part of the region. As a result,
when an assessment is carried out in general, it can be
concluded that the selected region is in a medium-high
risk position regarding carbon footprint, as in the other
analysis.

When the analysis results of both methods are
compared, it is concluded that the IDW analysis outputs
reveal the carbon footprint results more clearly than the
kriging analysis outputs. It is more appropriate to
consider the IDW method in determining the carbon
footprint distribution based on natural gas. This situation
is because it gives more precise results in the region, and
the mathematical model gives better results in
determining the distribution of carbon emissions.

Carbon Footprint Distribution Map Based on Natural Gas-- IDW

*Natural Gas CO2 Emission Amount
CO2 Emission Values- IDW (kg)
<VALUE>

7.228,25 - 20.000

20.000 - 30.000
=30.000 - 40.000
=40.000 - 50.000

- —
0 0045 009 018

=50.000 - 98.121,95

038

Figure 12. Carbon footprint distribution map based on natural gas according to IDW analysis.

In the study, an electrical carbon footprint
distribution map was produced. Kriging (Figure 13) and
IDW (Figure 14) analyses were performed separately,
and the results were mapped.

Figure 13 shows that carbon emission based on
electricity is seen more intensely in the western parts of
the selected pilot region, according to the kriging
analysis. It is observed that carbon emissions are close to

high levels in some parts of the northern, central, and
eastern parts of the region.

Especially in the southern parts of the region, in some
parts of the central and northern parts, generally much
less or moderate carbon emissions were encountered.
Therefore, the carbon footprint is at better levels. When
an assessment is carried out in general, it can be
concluded with this analysis that the selected region is in
a medium-high risk position regarding carbon footprint.

Figure 14 shows that electricity-based carbon
emissions are at very high levels in small areas in the
eastern, western, southern, and central parts of the
selected pilot region, according to the IDW analysis.
Especially in the southern part of the region, there is a
lower carbon emission compared to other places;
Similarly, in some parts of the northern parts of the
region and the areas corresponding to the middle parts,
it can be said that the carbon footprint is at a better level
than other areas. As a result, when an evaluation is

carried out in general, it can be concluded that the
selected region is in a medium-high risk position
regarding carbon footprint.

When the results of both analysis methods are
compared, it is concluded that the IDW analysis outputs
also reveal the electricity-based carbon footprint results
more clearly than the kriging analysis outputs. The result
shows that the carbon footprint distribution based on
electricity applied, especially in this region, is more
prominent. In addition, it has been determined that the
mathematical model gives better results in determining
the region's carbon emissions distribution. Therefore,
preferring the IDW method in the evaluation seems more
appropriate.

In the Kriging and IDW analysis results carried out for
both factors, it was concluded that both methods
produced meaningful results and could be used, but
when a comparison is made between each other, IDW
analysis results would be better to choose because they
gave much better results in distinguishing the outputs.
By combining the analysis carried out for both factors in
Figure 15 and Figure 16, the areas where the selected
region is at risk in terms of both natural gas and
electricity have been tried to be shown on a single map.
Obtained maps reveal the necessity of taking measures
for carbon emissions in this region.
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Carbon Footprint Distribution Map Based on Electricity-- Kriging

*Electricity CO2 Emission Amount

CO2 Emission Values - Kriging (ton)

<VALUE> =
13.104,56 - 20.000
20.000 - 30.000

=30.000 - 40.000

=40.000 - 50.000

=50.000 - 54.036,39

——
0 00475 0,005 0,19

0285 038

Figure 13. Electricity based carbon footprint distribution map according to Kriging analysis.

Carbon Footprint Distribution Map Based on Electricity-- IDW

Electricity CO2 Emission Amount *
02 Emission Values - IDW (ton)
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2.157,44 - 20.000
20.000 - 30.000
=30.000 - 40.000
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——
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Figure 14. Electricity based carbon footprint distribution map according to IDW analysis.

‘02 Emission Values - Krigin
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16.713,67 - 20.000
20.000,00001 - 30.000

= 30.000,00001 - 40.000

= 40.000,00001 - 50.000

= 50.000,00001 - 59.534,66

02 Emission Values - Kriging
VALUE=>
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20.000 - 30.000
30.000 - 40.000
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Carbon Footprint Distribution Map Based on Natural Gas-- Kriging

Carbon Footprint Distribution Map Based on Electricity-- Kriging

Figure 15. Display of carbon footprint distribution map based on natural gas and electricity according to Kriging analysis.
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02 Emission Values - IDW
VALUE=>
7.228,25 - 20.000
20.000 - 30.000
= 30.000 - 40.000
= 40.000 - 50.000
= 50.000 - 98.121,95

Carbon Footprint Distribution Map Based on Natural Gas-- IDW
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= 40.000 - 50.000

m=50.000 - 221.859,61

Carbon Footprint Distribution Map Based on Electricity-- IDW

Figure 16. Display of carbon footprint distribution map based on natural gas and electricity according to IDW analysis.

4. Discussion

The world, our living space, is a complex ecosystem
with many physical, chemical, and biological features.
The atmosphere surrounding the Earth plays a
fundamental role in sustaining life. Atmosphere contains
various gasses such as nitrogen, oxygen, carbon dioxide,
and water vapor. Thanks to these gases, they absorb the
rays from the sun and warm the world. The temperature
of the Earth is associated with climate and weather
events. Therefore, temperature changes cause climate
change. One of the primary reasons for these changes is
greenhouse gas emissions. The amount of greenhouse
gasses released into the atmosphere by the effects of
various activities carried out by people and areas, such as
industrialization, transportation, and agriculture, has
increased and is increasing over time. The fact that this
situation disrupts the natural order of the atmosphere
negatively affects global warming and prepares the
environment for climate change.

The prominent greenhouse gas in climate change is
CO2. In particular, using fossil fuels caused by land
changes, deforestation resulting from fires, and the
energy demand brought by industrialization has
increased carbon emissions. Awareness of carbon
emissions will reduce the adverse effects of climate
change and ensure that nature is sustainably transferred
to the future. In this context, the concept of carbon
footprint is used to evaluate the impact of carbon
emissions on the environment. A carbon footprint is an
indicator that measures the impact of an individual,
product, activity, or industry on carbon emissions.
Carbon footprint measurement contributes to evaluating
the environmental effects of carbon emissions,
determining the triggering factors, taking measures
against climate change, developing constructive
strategies and policies by relevant institutions and
organizations, and ensuring sustainability. Therefore,
carbon footprint is an important tool for combating
climate change.

This study aims to determine the carbon footprint in
the selected region by measuring the amount of carbon
emissions based on electricity and natural gas. 160
buildings were determined in Besirli District, No. 1 in
Ortahisar district of Trabzon province, and data on

electricity and natural gas consumption were obtained
from relevant institutions. In order to determine the
carbon footprint in the region, carbon emission amounts
based on electricity and natural gas were calculated
based on the Tier-2 method. Spatial interpolation
analysis was performed to see the region's carbon
emissions distribution. Using the ArcGIS program, a GIS
software, the distribution of carbon emissions based on
the region's electricity and natural gas consumption was
analyzed with Kriging and IDW methods, and the outputs
were mapped. The results show that the carbon footprint
due to natural gas consumption increases in the middle
and southern parts of the study area according to both
Kriging and IDW analysis. While the carbon footprint due
to electricity consumption is on the increase in the
western part of the study area in Kriging analysis, it is at
high levels in certain areas in IDW analysis, being
widespread throughout the study area. When these maps
showing the spatial distribution of carbon footprint in
the study area are evaluated in general, it is concluded
that the region is in a medium-high risk position due to
both electricity and natural gas consumption. This
situation is likely due to the high population and
settlement in the region, the intense use of the
transportation network, and the presence of many
workplaces. The main action that should be taken to
reduce the carbon emissions in the region is to raise
people's awareness. For this purpose, encouraging
people to use public transportation, promoting recycling
and ensuring that renewable energy sources are
preferred will be effective in reducing the carbon
footprint. On the other hand, as a result of the analyzes
based on both consumptions, it was understood that the
IDW method produced more precise results than the
kriging method. It is thought that this situation arises
from the mathematical models of the methods.

Carbon emissions are one of the main drivers of
climate change, which is one of the most important
problems of the world today. In this study, an application
has been realized on such an important issue. With this
study, the negative impact of natural gas and electricity
consumption on carbon footprint has been proved with
the application. In this context, it is thought that the study
will contribute to the studies on climate change and
emphasize the importance of carbon emissions.
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