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INTRODUCTION 

Although the earth is inhabitable due to the natural greenhouse effect of the at-
mosphere, human race faces global warming due to the increase in greenhouse 
gas volume induced by anthropogenic activities that increased with population 
growth as a result of the industrial revolution and subsequent developments in 
science and technology. The climate change due to global warming is associated 
with the increase in average surface temperature and climatic changes as a result 
of the rapid increase in the greenhouse gas accumulation in the atmosphere due 
to human activities such as burning fossil fuels, changes in land use, deforestati-
on and industrialization. Significant variations in extreme mean surface tempe-
ratures, ice and snow cover, precipitation, ocean temperature and salinity, wind 
types, drought, heavy precipitation and heat waves have been considered as the 
causes of climate change (Binboğa and Unal 2018; İkizoğlu 2019).

Certain greenhouse gases could be released naturally (forest fires, volcanic acti-
vities and some biological activities etc.), atmospheric emissions and concentra-
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tions could increase due to human activities (agricultu-
re, consumption of fossil fuels, etc.). Greenhouse gases 
include carbon dioxide, water vapor, ozone, nitrous oxi-
des and methane. The main source of water vapor is the 
evaporation in the oceans. Ozone is another greenhouse 
gas formed by atmospheric reactions. The greenhouse 
gases released only by human activities include chlorof-
luorocarbons (CFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6) (Argun et al., 2019; İkizoğlu, 2020).

Ecological footprint is the size of the biologically pro-
ductive land or water resources in global hectares (kha) 
required to reproduce the resources consumed by an 
individual, community or activity with current techno-
logies and the resources required dispose of the waste 
generated by these activities and management of the-
se resources (Erden-Özsoy 2015; Mızık and Yiğit 2020). 
Ecological footprint includes six categories of productive 
surface areas: carbon demand on land, forest area, crop-
land, built-up land, grazing land, and fishing grounds 
(Apaydın, 2020). Among the components of ecological 
footprint of Turkey in 2007, the largest share was that of 
the carbon footprint with 46% Carbon footprint is a me-
asure of the environmental damage induced by human 
activities based on greenhouse gas production, measu-
red in units of carbon dioxide. Carbon footprint includes 
of two main categories, primary carbon footprint and 
secondary carbon footprint. Primary carbon footprint 
is associated with the direct CO2 emissions due to the 
combustion of fossil fuels, domestic energy consump-
tion and transportation. Secondary carbon footprint is 
the CO2 emissions during the life cycle of commodities 
from production to degradation. The secondary carbon 
footprint includes the primary footprint. Imported foods 
or products should be transported by land, air, sea and 
rail until they reach the consumer. Since the waste ge-
nerated during the deterioration or consumption of the-
se products are stored and disposed of using the same 
transportation routes, the secondary carbon footprint is 
quite important. It is known that an individual’s secon-
dary carbon footprint is equal to 54% of the total carbon 
footprint of that individual. However, it is not possible to 
exactly calculate the secondary carbon footprint. (Argun 
et al., 2019; Şahin and Onurbaş 2016; Gökçek et al., 2019; 
Mutlu, 2021 ).

The aim of this study is to concretize the increasing gre-
enhouse gas emission data in Turkey on the basis of exis-
ting data in order to observe and determine the situation 
in Muğla Bodrum district.

MATERIALS AND METHODS

The determination and analysis of the current status in 
Turkey was based on TUIK data and the graphs plotted 
based on these data. 

Daily data were obtained from the Meteorology Direc-
torate in Muğla province Bodrum district, a significant 
tourist destination in the Aegean Region, and monthly 

precipitation, monthly average soil temperature at 5 cm, 
monthly average air temperature, monthly average sea 
water temperature figures were calculated for 5 years, 
and the possible effects of global warming were analy-
zed based on the resulting graphs.

Figure 1. Muğla province and Bodrum district on the 
map of Turkey

RESULTS AND DISCUSSION

The distribution of greenhouse gas emissions in Tur-
key 

In Turkey, the total greenhouse gas emission was 220 
(Mt) CO2 equivalent in 1990, and it increased to 508 mil-
lion tons (Mt) CO2 equivalent in 2019. It was 523.9 mil-
lion tons (Mt) CO2 eq. in 2020, an increase of 3.1%. The 
increase was 238.14% during the 30 years between 1990 
and 2020. The total greenhouse gas emission per capi-
ta was 4 tons CO2 eq. in 1990, 6.2 tons CO2 eq. in 2019. 
and 6.3 tons CO2 eq. Thus, the increase was 1.575 fold 
in the 30 years between 1990 and 2020 (Figure 2). Fig-
ure 3 demonstrates total greenhouse gas emissions by 
industry in 2020. The energy industry led the emission 
ranking with 70.2%, followed by agriculture (14%), indus-
trial manufacturing and consumption (12.7%), and waste 
industry (3.1%). Energy industry emissions increased by 
163.1% in 2020 when compared to 1990 and by 0.6% 
when compared to the previous year, reaching 367.6 
Mt CO2 eq. Industrial manufacturing and consumption 
emissions increased by 190.5% when compared to 1990 
and by 14% when compared to the previous year, reach-
ing 66.8 Mt CO2 eq. (TUIK, 2020).

The Kyoto Protocol was based on 6 greenhouse gases. 
These greenhouse gases and their CO2 equivalents are 
presented in Table 1 (GWP Global Warming Potential). 
CO2 equivalent reveals the heat-trapping coefficient of 
the greenhouse gas when compared to the same volume 
of CO2. Thus, the impact of all greenhouse gases could be 
standardized, facilitating the comprehension of emissi-
on calculations. Based on this chart, the most dangerous 
greenhouse gas is sulfur hexafluoride (SF6), and the least 
dangerous greenhouse gas is CO2. However, the reality is 
the opposite since CO2 emissions are quite higher when 
compared to other greenhouse gases (TUIK, 2020).



Figure 2. Total and per capita greenhouse gas emissions 
between 1990 and 2020 in Turkey (CO2 eq.) (TUIK, 2020)

Figure 3. Greenhouse gas emissions in 2020 in Turkey by 
industry (TUIK, 2020)

Conversion of million tons of greenhouse gas (GHG) 
emission into million tons CO2 equivalent;

Million tons (GHG) * GWP = Million tons CO2 equivalent

In Figure 4, the total greenhouse gas emissions in 2020 
in Turkey are presented based on the Kyoto protocol. It 
could be observed that 78.9% of total emissions (523.9 
million tons (Mt) CO2 equivalent) was CO2, 12.2% was 
CH4, and 1.1% was fluoride gases (HFCs, PFCs, SF6).

In Turkey, forestation activities should be improved to 
reduce greenhouse gas emissions that increase every 
year. Furthermore, carbon footprint should be calcula-
ted for each province [Tier 1, Tier 2, Tier 3 Approaches 
(from simple to specialized approach)], the current status 
should be determined and further measures should be 
investigated based on population growth predictions.

Figure 4. Greenhouse gas emissions in 2020 in Turkey by 
gas type (TUIK, 2020)

Interpretation of the current status of climate change 
based on Bodrum meteorological data

Figure 5. The monthly average temperatures in Bodrum 
in the 5-year period

The analysis of the Bodrum meteorological data revealed 
that the temperature differences between the seasons 
gradually decreased during the 5-year period as seen in 
the monthly average air temperature graph presented in 

Figure 5. Especially during the summer and winter, the 
decrease in the temperature differences is accepted as a 
result of climate change.

Figure 6. Mean monthly precipitation in Bodrum in the 
5-year period
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Table 1.  The principal greenhouse gases in the Kyoto 
Protocol and CO2 equivalents
Gases Global Warming Potential (GWP)
CO2 1
CH4 25
N2O 298
HFC 124 -14800
PFC 7390-17700
SF6 22800
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Bodrum meteorological data revealed that monthly pre-
cipitation varied during these 5 years. The precipitation 
regime was more irregular when compared to previous 
years. The summers were drier, and precipitation was ir-
regular in the winters. In recent years, precipitation incre-
ased significantly in spring and autumn, demonstrating 
that Bodrum district was directly affected by global war-
ming or climate change (Figure 6).

Global model simulations based on multiple scenarios 
predicted that global mean water vapor accumulation 
and precipitation will increase during the 21st century. 
In the areas where this increase was predicted, precipita-
tion variations could be higher across the years. Models 
demonstrated that in warmer climates, evaporation will 
increase due to the increase in global average precipita-
tion and the frequency of heavy rainfall events. On the 
other hand, it was predicted that precipitation will incre-
ase in certain areas, while decreasing in others, and there 
could be decreases in ground flow and soil moisture due 
to increased evaporation in areas where precipitation 
would increase. Seasonal and latitudinal shifts are predi-
cted in precipitation after certain arid and semi-arid areas 
will get more arid. In general, precipitation may increase 
in summers and winters at high latitudes. Precipitation in 
winter may increase in mid-latitudes, tropical Africa and 
Antarctica, while it may increase in south and east Asia 
during summer. A sustained reduction in winter precipi-
tation is expected in Australia, Central America and sout-
hern Africa. According to Hadley Center climate models 
and others, significant reductions in precipitation, water 
resources and flows are expected during the century, 
especially in the Eastern Mediterranean basin and the 
Middle East (Turkes, 2008, Atreya and Kaphle, 2020).

Figure 7. Monthly mean soil temperature at 5 cm in Bod-
rum by year

The average monthly soil temperature at 5 cm increased 
in the spring of 2018 (in April-May) when compared to 
the same period in the previous years in Bodrum district 
in Muğla. Soil temperature depends on the capture and 
reflection of solar energy. A portion of solar radiation is 
captured by the earth’s surface and the remaining is re-
flected back to the atmosphere. As the air temperature 
increases, the soil temperature increases as well. The im-
pact of global warming on the increase in soil tempera-
ture is significant (Figure 7).

The fluctuation in soil temperature is associated with 
changes in minimum and maximum air temperatures 
and solar radiation (Rathore et al., 1998).  Nakadai et al., 
2002 reported that soil CO2 emissions are significantly as-
sociated with the temperature at 5 cm above the surface 
and at 0 cm, but not with the temperature below 10 cm. 
On the other hand, Coşkan et al.  2017 stated that there 
was a temperature change in the lower layers of the soil, 
albeit a quite slow one. Furthermore, Nakadai et al. 2002 
reported that environmental CO2 levels generally in-
crease after sunset and gradually decrease after sunrise. 
Kim et al. (2015) reported that higher temperatures (12 
and 22 °C) significantly increased CO2 production in peat 
soil (Akbolat and Coşkan, 2020).

Figure 8. Monthly mean seawater temperatures by year 
in Bodrum district

The average monthly seawater temperature data for 
Bodrum district in Muğla province are presented for the 
5-year period in Figure 8. In April-September 2018, an 
increase was observed in seawater temperatures when 
compared to previous years, which continued until Oc-
tober (around 27oC). This could be a direct reflection of 
seasonal climate change. If the increase in seawater tem-
peratures continue, species in the habitat could change, 
certain species could become extinct and harmful new 
species could develop in the marine flora and fauna.

The rise in air and seawater temperatures is estimated to 
continue in the new millennium. Furthermore, the rise 
in seawater temperatures due to the melting of glaciers 
will lead to floods, erosion and increased transportation 
of sediment. Also, as the glaciers melt, houses, roads, air-
ports, pipelines will be destroyed by landslides in these 
regions (Erdoğan et al., 2008). In addition, optimum 
temperature, light, air humidity and air movements, 
nutrients, water, air and microorganisms in the soil pos-
itively affect life and forest growth. Extreme severity in 
these parameters could lead to damages due to frost, 
fire, drought, topple, and those caused by plants and ani-
mals (fungus and insects). However, as long as there is no 
human intervention, all ecological factors are balanced 
within “natural cycles” (Muğla Province Environmental 
Status Report, (2021).
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CONCLUSION

The annual increase in greenhouse gas emissions leads to 
the depletion of the ozone layer, global warming and cli-
mate change. Without preventive measures, events such 
as droughts, desertification and erosion could accelerate, 
agricultural production could decrease in the following 
years, and the existing water resource problems could 
exacerbate in Turkey, leading to scarcity of drinking and 
utility water, flooding in coastal areas, deterioration of 
the flora and fauna diversity, harmful species (viruses and 
bacteria) and epidemics may increase. Therefore, today, 
smart homes, sustainable waste management, forestati-
on, production of some chemicals reduction and/or pro-
hibition etc. has become a priority worldwide.To prevent 
these problems, greenhouse gas emissions should be in-
vestigated, and measures should be adopted for a more 
liveable and self-sufficient world by countries, regions, 
and provinces. For this purpose, future greenhouse gas 
emissions should be predicted.

In the current study, the increasing greenhouse gas 
emissions in Turkey were investigated based on Bodrum 
district in Muğla province, and the increases in air, seawa-
ter, and soil temperatures at 5 cm, and the precipitation 
irregularities were identified.

Dissemination of renewable energy sources for heating 
and power generation, employment of electrical energy, 
expansion of green buildings and new generation hyb-
rid motor vehicles, and reduction of unnecessary energy 
consumption are quite important for the sustainability 
of the world. Further researches should be continued to 
have clear data about climate change.
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