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ABSTRACT

Global climate change (GCC) is defined as a process that is considered the most crucial problem of the current century
and will affect all living things and ecosystems in the world. In order to specify the potential impacts of this phenomenon,
which does not seem possible to stop, it is necessary first to predict the change in climate types. Therefore, the current
study aimed to define the shift of climate classifications (according to De Martonne, Ering, and Emberger climate category)
in 2040, 2060, 2080, and 2100 for Bursa, one of the largest cities in Turkiye, according to the SSPs 245 and SSPs585 scenarios,
and compare it with its current situation. As a result, it was determined that the climate types in Bursa province would
change significantly and primarily manifest as a shift into arid climate types. It is recommended to take precautions on a
sectoral basis to avoid the devastating effects of GCC.

Keywords: De Martonne, Emberger, Ering, SSPs585, SSPs245
Introduction

Developments in the field of industry over the last century have brought many problems, especially pollution,
around the world (Ucun Ozel et al, 2019). In this past century, there have been notable changes in the struc-
ture of the atmosphere due to anthropogenic factors, especially industrial activities (Yayla et al,, 2022). These
changes have led to a significant decrease in air quality and elevated levels of pollution factors, such as heavy
metals, which can be extremely dangerous and fatal for all living things, especially humans (Aricak et al., 2019;
Kuzmina et al,, 2023). It is claimed that today, roughly 90% of the world’s population breathes polluted air (Cesur
etal, 2022). Studies reveal that about 7 million human deaths and more than 4 million premature births every
year worldwide are associated with air pollution (Ghoma et al., 2022). According to the data from the European
Environment Agency, air pollution is seen as the single biggest environmental problem in Europe (Cobanoglu
etal, 2023a). In addition, the concentration of CO,, a component of air pollution, has increased enormously as a
result of the increase in fossil fuel consumption and the spatial reduction of forests, which are carbon sinks, and
this increase has emerged as the main responsible for global climate change (GCC) (Key et al., 2022).

It is known that, in addition to changing the composition of the air, one of the most critical effects of industrial
activities is on population density. The world population, which was just over 700 million about 250 years ago,
has reached almost 8 billion nowadays. Furthermore, the urbanization ratio, which was <10% in the 1900s, is
approximately 50% today and projected to reach 90% by the year 2030. Given the authorized data, the urbaniza-
tion ratio in Turkiye reached 92.5% (Dogan et al, 2022; Isinkaralar et al,, 2022).

These developments in the industrial field have caused substantial transitions in population projections and
have fundamentally affected some balances in the ecosystem. Therefore, urbanization, which occurs due to
the concentration of the population in urban regions (Zeren Cetin et al., 2023), and GCC, which occurs due to
differences in the composition of the atmosphere (Tekin et al., 2022), have become irreversible concerns of the
world (Koc et al,, 2023).

Since all living things on Earth depend directly or indirectly on plants, GCC is seen as a process that will affect
all living things (Kog & Nzokou, 2022; Tandogan et al, 2023). Because all phenotypic characteristics of living
things are affected by their genetic structures (Hrivnak et al,, 2023) and environmental factors (Ozel et al,, 2022).
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Although the genetic structures of living things can tolerate changes
that may occur in environmental factors to a certain level, changes in
environmental factors above a certain level affect the morphological,
anatomical, and physiological characteristics of living things (Yigit et al,,
2021; Yucedag et al, 2019). Among the environmental factors, climatic
parameters, predominantly temperature, and resulting drought, which
are shown to be the most prominent effects of GCC, are the most criti-
cal parameters that determine the living conditions of living things
(Bouabdelli et al,, 2022; Feng et al, 2022). It is very difficult for living
things to tolerate permanent changes in temperature (Ati et al,, 2022;
Kog, 2021a). Animals can tolerate climatic changes through migration
and quickly settle in areas with suitable climatic conditions (Ozkazanc
et al, 2019; Kubelka et al., 2022). However, since plants do not have an
effective migration tool, it is much more challenging for them to adapt
to climatic shifts (Varol et al.,, 2021). The ability of plants to continue their
vitality, growth, and development is shaped by the influence of envi-
ronmental factors and, especially, the climate (Key et al,, 2023; Koc et al,,
2023). Therefore, shifts in climate parameters will significantly affect
plants, which are the food source of all living things and, therefore, food
resources.

In addition, changes in climatic parameters may affect all ecosystems as
well as humans. They may radically change living things, habitats, behav-
iors, and food habits (Varol et al, 2022a; 2022b). It is said that the impact of
GCC on forests may be devastating, and as a result, significant individual,
species, and population losses may occur (Tekin et al,, 2022). The fact that
the effects of GCC will be witnessed in almost every area has obliged
scientists to define these outcomes in their own fields and to deter-
mine the measures that can be taken by calculating the possible conse-
quences. Starting from this point, Bursa is chosen for this study because
it is one of the biggest industrial and agricultural cities of Turkiye, and
its population is constantly increasing. This study is aimed to determine
the current (2023) climate types in Bursa, the fourth largest in Turkiye,
according to different climate scenarios until 2040, 2060, 2080, and 2100.

Material and Methods

The current study was conducted in Bursa, one of the largest and
most developed provinces of Turkiye. Changes in climate categories
were defined according to De Martonne, Emberger, and Lang climate
classes according to SSPs 245 and SSPs 585 scenarios throughout the
Bursa province. The selected climate classifications are among the most
preferred scientific studies and are frequently used in studies on GCC
(Beloiu et al,, 2022; Kog, 2021a; 2021b).

In this study, climate parameters and climate class change predictionsin
four different periods (2040, 2060, 2080, and 2100) within two selected
SSPs 245 (4.5 W/m?—an intermediate) and SSPs 585 (8.5 W/m?—the
most extreme) scenarios were determined. These scenarios represent
the concentration of greenhouse gases and pollutants resulting from
human activities.

The first of the three different climate classifications preferred within
the scope of the study is the De Martonne climate classification. De
Martonne climate classification (1929), annual average temperature,
annual total average precipitation, the highest temperature averages,
and lowest temperature averages seen in January and July, respectively,
are based on the difference of these averages. The amount of annual
precipitation distinguishes between wet and dry climates. Drought is
related to the temperature, which appears as an evaporation factor, and
the amount of precipitation. De Martonne classification formulas used
within the scope of the study are given below (Akman, 1990).
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De Martonne formula: IM=P/(T+10) M
P—annual average total precipitation and T—annual average tempera-
ture (°C).

According to De Martonne climate index values, climate formulas were
applied with ArcGIS 10.5 software, one of the Geographic Information
Systems programs, and climate model index values were calculated
throughout Bursa. The reclassification process was applied according
to the calculated climate model index values (Table 1), and maps were
created according to the climate classification indices.

The second climate classification used in the study, the Emberger cli-
mate classification (Table 2), was created by the French phytogeogra-
pher and botanist Emberger (1933), and is ecophysiologically based.
Emberger focused mainly on the Mediterranean climate and the cli-
matic problems of these regions. He defined the Mediterranean climate
according to photoperiodism, the amount of summer precipitation, the
duration of the dry season, whether there are showers or infrequent
precipitation in the rainy season, and the annual and monthly variability
in precipitation amounts (Akman, 1990).

Emberger formula (°C): IE= [(100-P)/(M*—m?)] @

Table 1.
De Martonne Climate Indices

Calculated Value Climate Class

0-10 Arid

10.1-20 Semiarid

20.1-24 Mediterranean climate
24.1-28 Subhumid

28.1-35 Humid

35.1-55 Very humid

>55 Extremely humid
Table 2.

Emberger Climate Indices

Calculated Value Climate Class

<30 Arid
30-50 Semiarid
50-90 Subhumid
>90 Humid
Table 3.

Lang Climate Indices

Calculated Value Climate Class

0-20 Desert
20.1-40 Arid
40.1-60 Semiarid
60.1-100 Subhumid
100.1-160 Humid
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Table 4.

Areal Alteration of Climate Categories Based on the De Martonne Climate Classes

Today SSPs 245

Climate Type (2022) 2040 2060 2080
Arid 0 0 4.66 23.19
Semiarid 9.82 3335 4647 5336
Mediterranean 459 39.21 29.54 16.26
Subhumid 3345 21.71 155 5.68
Humid 10.21 5.56 3.8 1.51
Very humid 0.62 0.17 0.03 0

where M—average highest temperature of the hottest month, m—
average lowest temperature of the coldest month, and P—annual aver-
age total precipitation.

The third climate classification method applied within the scope of
this study is the Lang (Ering) Precipitation Efficiency formula (Ering,
1969) (Table 3). This method is based on the parameters of annual pre-
Cipitation amount and annual maximum temperature average. Ering
obtained rainfall efficiency classes by controlling these index results
with the distribution areas of vegetation formations (Ering, 1984).
Lang Climate Classification Formula: L = P/Ta 3)
where P—annual average total precipitation and Ta—annual average
temperature (°C).

After determining the possible changes in the climate class, the climate
change throughout the province was evaluated, and the obtained data
were tabulated and interpreted.

Results

In accordance with the scenarios subject to the study, visual (Figure 1)
and spatial changes of the climate types of Bursa province between
today and 2100, according to De Martonne climate classes in 20-year
periods, are given in Table 4.

In accordance with the De Martonne climate classes, the
Mediterranean climate type prevails in about 45.9% of the province
of Bursa, the subhumid climate type prevails in 33.45%, the humid
climate type prevails in 10.21%, and the semiarid climate type prevails
in 9.82%. In contrast, approximately 0.62% of the province has a very
humid climate type.

According to the SSPs 245 scenario, it is predicted that there will be
aridity throughout the province by 2100; arid areas, that do not exist
nowadays, will be formed as of 2060 and will be effective in approxi-
mately 23.19% of the province by 2080. On the other hand, very humid
areas will not be seen by 2080, and the areas where the humid climate
type prevails in more than 10% of the province today will decrease to
1.51% by 2080. It is predicted that the arid or semiarid climate type will
dominate at least 65% of the province by 2080.

According to the SSPs 585 scenario, a much faster aridification is pre-
dicted. Under this scenario, areas with an arid climate type, which do
not exist today, are projected to prevail in 23.19% of the province by
2080 and 69.17% by 2100. Additionally, it is anticipated that arid or
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SSPs 585

2100 2040 2060 2080 2100
10.12 0.24 9.28 23.19 69.17
5532 3094 5493 5336 2313
21.98 40.83 23.05 16.26 53
10.02 2235 10.03 568 207
2.56 547 2.71 1.51 0.33

0 0.17 0 0 0

semiarid climate types will prevail in more than 75% of the province by
2080 and more than 93% by 2100.

When Figure 1 is examined, it is predicted that the arid climate type will
begin to be seen in the middle eastern part of the province and will
gradually spread toward the west. It is estimated that the humid cli-
mate categories prevailing in the northern, southern, and western parts
of the province will disappear quickly. According to Emberger climate
classes, the alteration in climate over the period is presented in Figure 2,
and the areal shift of climate types is given in Table 5.

In accordance with the Emberger climate classes, the humid climate
type prevails in approximately 30.92% of Bursa province, and the sub-
humid climate type prevails in 69.08%. There are no arid or semiarid
areas along the city. However, by 2100, according to the SSPs 245 sce-
nario, the semiarid climate type will dominate approximately 28.23% of
the province, and according to the SSPs 585 scenario, arid climate type
will dominate approximately 5.8% of the province, and semiarid climate
type will dominate in 82.65%. Especially according to the SSPs 585 sce-
nario, it is forecasted that the semiarid climate type will dominate in
more than half of the province by 2080. Upon evaluating Figure 2, it can
be observed that the area with the highest drought risk is the center
of the eastern part of the province. According to Ering climate classes,
the climate change during the process is presented in Figure 3, and the
areal shift of climate types is given in Table 6.

According to the Ering climate classification, while most of Bursa prov-
ince (72.9%) shows a semiarid climate class type, only 3.74% has an arid
one. According to the SSPs 245 scenario, the arid climate type will pre-
vail in more than half of the province by 2060, and the arid climate type
will prevail in more than 65% of the province by 2100. On the other
hand, according to the SSPs 585 scenario, an arid climate type will be
observed in approximately 93.45% of the province by 2100. According
to this scenario, the semiarid climate type will be confined to only a
small part of the province near the central areas in 2100.

Discussion

The current study results reveal that there will be noteworthy changes
in climate types along Bursa province in the future. This change will
occur in the form of climate types turning into arid climate types. This
change in the climate types of the province is expected to have dif-
ferent effects on almost every field, from the change in the distribu-
tion zones of plant species to the energy needs of the province. As is
known, climate not only shapes people’s physical environment but also
affects human life, all kinds of social and economic activities, and the
formation of habitats for all living things. The effect of climate is seen in
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Table 5.
Areal Alteration of Climate Categories Based on the Emberger Climate Classes

SSPs 245
Today
Climate Type (2022) 40 60 80
Arid 0 0 0 0
Semiarid 0 6.7 11.02 56.62
Subhumid 69.08 84.07 8249 4144
Humid 3092 9.23 6.49 1.94

many areas, from people’s clothing preferences to all kinds of economic
processes to societies' language and cultural development. It is even
stated that the climate significantly affects people’s psychological states
(Canturk & Kulag, 2021; Dogan et al,, 2022; Kog, 2022; Sevik et al,, 2021).

The fact that climate is a factor that affects all living things on Earth
makes climatic changes also important. It is known that the structure
of the atmosphere has changed in the last century due to the influence
of various anthropogenic factors, especially industrial activities (Savas
et al, 2021), and the rate of gases such as CO, and methane (Elsunousi
etal, 2021; Isinkaralar, 2023a; 2023b), as well as various elements in the
atmosphere has increased (Karacocuk et al,, 2022). This change has
caused climate change on a global scale, and urbanization and climate
change due to industrial activities have become irreversible problems
worldwide (Ghoma et al,, 2023; Key et al., 2023).

At this stage, it is emphasized that GCC must be confronted and that
possible changes in every field must be identified, and measures must
be taken to reduce the destructive effects of the process (Varol et al,
2022a,b). For this purpose, it is necessary first to determine the effects
of the process and climatic changes. As revealed by this study, cli-
mates across Bursa will rapidly shift towards arid climate types. Similar
outcomes were achieved in various projects conducted in different
provinces on the topic. Cetin (2020) stated that in Mersin, according
to the RCP 8.5 scenario in 2070, the arid climate type will dominate in
approximately 0.44% of the province, and the semiarid climate type will
dominate in 80.5%. Similar results were found in reports conducted in
dissimilar provinces in Turkiye, such as Mugla (Cetin et al., 2023), Diizce
(Kog, 2021a), and Bolu (Kog, 2021b).

Our country, Turkiye, is one of the nations that will be most influenced
by GCC. T is among the “countries at risk,” with claims that the tem-
perature will rise until 2100, and this escalation may extend 6°C (Turan,
2018). This situation will have an impact on many regions. For example,
as a result of a study conducted in Mugla, it was reported that biocom-
fort areas would change significantly. In this study, it was revealed that
according to the SSPs 585 scenario, cold and cool areas, which currently
cover approximately 46.09% of the province, will completely disappear
in 2100, and approximately 68.78% of the province will be located in
hot areas (Cetin et al,, 2023).

It is stated that climate change will impact almost every area and may
cause momentous and devastating alterations worldwide (Tekin et al,,
2022). The living group that will be most affected by this process is
shown to be plants. Because plants’ development and all their pheno-
typic characteristics are formed by the interaction of their genetic struc-
ture (Hrivndk et al,, 2017; Kurz et al,, 2023) and environmental situations
(Erdem et al, 2023a; 2023b; Tandogan et al., 2023). Therefore, environ-
mental factors mainly influence plant development (Cobanoglu et al,

SSPs 585
2100 40 60 80 2100
0 0 0 0 5.8
28.23 45.06 2375 63.35 82.65
68.6 52.52 7241 34.95 11.36
317 242 3.84 1.7 0.19

2023b; Sulhan et al, 2022; Yigit et al,, 2023). Not having an effective
movement and migration apparatus makes trees vulnerable to shifts
that will appear due to GCC (Varol et al,, 2021). For this reason, it is indi-
cated that the most devastating impacts of climate change will show
themselves on plants with long life cycles.

Itis noted that the primary cause of GCC is human-induced alterations
in the atmospheric structure, especially industrial actions (Isinkaralar
et al, 2023a; 2023b). Many studies emphasize that the concentrations
of atmospheric pollutants such as CO,, heavy metals, and particulate
matter have increased significantly in recent years (Elsunousi et al,
2021; Istanbullu et al., 2023; Kog et al,, 2023; Sevik et al,, 2015). Therefore,
to diminish the consequences of GCC, it is vital first to reduce the cause,
and the first step to be taken for this is to reduce fossil fuel consump-
tion. However, this does not seem possible because the world's energy
need is continuously growing, and worldwide energy consumption in
2030 is estimated to be 60% more than now (Kilicoglu et al,, 2021).
For this reason, numerous scientists stated that the potential out-
comes of GCC should be defined, and protections should be taken
(Varol et al,, 2021).

It is known that the most devastating outcomes of GCC will be on
plants. Therefore, it is emphasized that priority should be given to stud-
ies in the field of forestry, possible suitable distribution area changes
should be determined in advance, and the migration mechanism
needed by the species should be provided by human hands (Ning et al,,
2021; Tekin et al, 2022). Agricultural product options suitable for new
climate types should be evaluated in agricultural areas. Apart from this,
the trees' response to environmental parameters is closely connected
to the genetic makeup of the tree species, and because tree species of
the same species have diverse genetic assemblies, they can respond to
similar growth surroundings and stress situations at altered levels (Ozel
et al, 2021a; 2021b; Yigit et al, 2016). Hence, determining the origins
that best resist and adapt to the stress reasons that will appear due to
drought and, using them in afforestation activities and choosing these
origins in agricultural products is extremely important in terms of adap-
tation to GCC.

Recommendations

In conclusion, it is predicted that arid climate types will begin to be
seen in the middle eastern part of the province according to all three
climate types and will gradually spread toward the west. The humid cli-
mate types prevailing in the province’s northern, southern, and western
parts are estimated to disappear quickly. Therefore, climates through-
out Bursa will rapidly shift toward arid climate types. This situation will
significantly affect agricultural and forest areas. It is recommended that
the relevant institutions consider the study’s results and that necessary
precautions be taken in agricultural and forest areas.
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It is impossible to stop GCC under present environments, and it is esti-
mated that this alteration will impact almost every area. For this cause,
stakeholders from different sectors need to prepare strategies and take
precautions to contribute to the process and be affected at the least
level. Some of these recommendations include providing energy needs
from renewable energy sources, economical use of natural resources,
especially water, choosing plant genotypes with lower water demands
in forestry and agriculture, including process-related projections in for-
estry studies in management policies and plans, and using drought-
resistant plant species and varieties adapting to new climate types in
agricultural areas. These recommendations should be combined with
the study results, and implementation plans should be created. For
example, it is recommended to carry out afforestation activities in for-
est areas with species compatible with drought and the soil structure
of the region and to start planting agricultural products that are more
drought-resistant, at least on a trial basis.
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