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ABSTRACT

Climate change, which is effective on a global scale, affects almost all living creatures and ecosystems directly or indirectly. 
Forests are at the top of the ecosystems that are predicted to be affected more by climate. This study intended to determine 
how the growth regions of the Anatolian chestnut in Türkiye belong to one of the utmost vital forest tree species, which 
will be affected by climate change. Within the study scope, suitable areas for the growth of the species in 2040, 2060, 2080, 
and 2100 were determined under different scenario models [intermediate (shared socio-economic pathways 245) and 
most extreme (shared socio-economic pathway 585)] and compared with the natural distribution areas of today (the year 
of 2020). As a result of the study, it is predicted that the suitable distribution areas for Anatolian chestnut cultivation will 
decrease significantly, especially after 2060–2080, and even disappear entirely by 2080, according to the extreme scenar-
ios. Even with the best scenario (shared socio-economic pathway 245), it is projected that the suitable growth regions for 
Anatolian chestnuts will decrease to one-fifth of today's levels in 2100. It may be recommended to create mixed forests 
with better-adapted chestnut varieties or origins for future conditions due to being more resilient to various environmental 
stress factors. In addition, considering the future projections, new chestnut plantations should be established in suitable 
areas for chestnut production.

Keywords: Castanea sativa Mill., climate change, habitat distribution, modeling

Introduction

Anatolian chestnut (Castanea sativa) naturally occurs in Türkiye from the Bulgarian border along the North 
Anatolian to the Caucasus, around the Western Anatolia and Marmara region. It is also locally distributed in the 
Mediterranean region, such as Alanya, Manavgat, and Isparta province (OGM, 2013). Anatolian chestnut, such 
as other chestnut species, is an important forest tree species with economic importance with its fruit and wood 
production. It grows very fast, makes a smooth and plump trunk, and has precious wood. Its wood is beneficial 
in terms of durability and decorative features. Also, it is essential for the building and furniture industry. It can 
easily penetrate polish and paint and bounds well with nails or glue. In addition to water vehicles such as fur-
niture, boats, yachts, and ships, it is primarily preferred in pier construction (Conedera et al., 2004; Kakavas et al., 
2018; Mirela, 2020).

Chestnuts contain 5–6% tannins in their shells. This feature is utilized by using it in making wood for wine barrels 
and adding wood pieces directly into the wine. It is also used in the paint industry to obtain brown color due to 
its tannin content. Edible fruits contain 5% protein, 5% fat, 40–50% carbohydrate, 40–50% moisture, and 1.5–2% 
clay. It contains more than 80% fatty acid types. Some of these fatty acids are oleic, linoleic, and palmitic. It con-
tains vitamins A, B1, B2, B3, B6, and E, as well as Ca, Mg, K, Mn, P, Na, and Zn minerals, along with high amounts of 
vitamin C in its fruit. Its fruits are transformed into approximately 150 different products, such as chestnut sugar, 
chocolate-covered chestnut, chestnut cream, and mash (Barreira et al., 2020; De Vasconcelos et al., 2010; Dinis 
et al., 2012; Serdar et al., 2018).

Anatolian chestnut tree fruit production in Türkiye is supplied mainly from natural forests. However, it is thought 
that natural forests will be significantly affected by global climate change in the near future. Under climate 
change, extreme temperature fluctuations may cause cold and chilling stress (Yildiz et al., 2014) or drought 
stress on living things in some regions worldwide (Koç, 2022a). Considering today's climate conditions, the main 
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adverse effect of climate change in Türkiye is the drought problem, 
which is thought to intensify and increase in the future (Koç, 2022a). 
Drought is one of the most vital global and regional environmental 
problems that threaten humanity's future when considering its conse-
quences (Koç & Nzokou, 2022; Koç et al., 2022; Turan, 2018; Yigit et al., 
2016). Besides this, forest fires (Talu et al., 2011), air and soil pollution 
(Cobanoglu et al., 2022; Isinkaralar et al., 2022a), and heavy metal con-
tamination (Isinkaralar et al., 2022b; Key et al., 2022) are other problems 
that are mostly created by human beings in Turkey and worldwide. 
These problems adversely affect plant species distribution in their natu-
ral growing areas and plantation sites. The situation in arid and semi-
arid areas and marginal lands are even worse (Shults et al., 2020).

Türkiye is highly vulnerable to climate change and is among “coun-
tries at risk” (United Nations Development Programme [UNDP], 2019). 
Global climate change will show itself in the Mediterranean Basin with 
increased temperatures (Koç, 2022b) and a decrease in precipitation 
(Giorgi & Lionello, 2008). Although it is estimated that many species will 
be significantly affected by these changes, it is estimated that the pres-
sure on forests will be much more severe (Talu et al., 2011). Trees with 
a long life cycle are not as easy to adapt to rapid climate changes as 
other living things (Lindner et al., 2010). This is because global climate 
change will occur at an unnatural rate. Contrary to the climate changes 
that have occurred throughout history, the global climate change expe-
rienced today will take place in a short period. Therefore, it is estimated 
that most species will change significantly in the suitable habitat area, 
and the migration mechanism of plants with a long-life cycle will be 
insufficient to keep up with this change (Dyderski et al., 2018; Varol et al., 
2022a,b). Thus, harm to essential roles and services and local extinctions 
are predicted (Keenan, 2012).

For these reasons, especially in recent years, many studies have been 
carried out on the possible effects of climate change on different eco-
systems and living communities globally, the adaptation strategies of 
species, and possible changes in climate parameters. These studies 
focus on determining the effect of the possible change on species and 
developing species conservation strategies.

This study tried to determine how the distribution area of the species 
Anatolian chestnut, which is one of the utmost valuable broad-leaved 
tree species that occur in Türkiye, can be disturbed by a potential cli-
mate change globally. According to the Shared Socio-economic 
Pathways (SSPs), produced in the 2021 IPCC sixth assessment report 
(AR6) for the years 2040, 2060, 2080, and 2100 in the WorldClim data-
base 585, and 245 scenarios of climate change globally, Bio1 (Annual 
Mean Temperature), Bio5 (Max Temperature of Warmest Month), Bio6 
(Min Temperature of Coldest Month), Bio12 (Annual Precipitation) by 
using the 2021 IPCC AR6 for the years 2040, 2060, 2080, and 2100 in the 
WorldClim database (Mendoza-González et al., 2013; Varol et al., 2021), 
were modeled with ArcGIS 10.5 software. Thus, it is aimed to determine 
how the natural distribution areas of the species subject to the study 
will change with the effects of global climate change.

Methods

Study Area
In the current study, the Anatolian chestnut field distribution database 
within the boundaries of Türkiye is used (Euforgen, 2020). Modeling and 
mapping current (year 2020) and potential distribution regions were 
done with ArcGIS 10.5 software (ESRI, 2016). Positional information on 
the Anatolian chestnut used in the current project and the project loca-
tion is given in Figure 1.

Anatolian chestnut establishes mix stands especially coniferous spe-
cies in Marmara and northern Anatolia in Türkiye. In additional, it has 
a natural distribution locally in the Aegean region (Ovacık, Ödemiş, 
Simav, etc.) and the Mediterranean region (in Antalya (İbradı, Selge), 
Isparta (Merkez, Sütçüler), it is generally cultivated (Kulaç et al., 2014, 
2017). It is locally located in Diyarbakır (Kurp-Islam village) as a small 
group.

Input Data
WorldClim data are widely used in species distribution modeling stud-
ies. Bioclimatic variables are expressed in a total of 19 different variables 
on this platform (Mendoza-González et al., 2013; Panagos et al., 2017). 
Since the purpose of modeling studies is to make the most accurate 
estimation with the least criteria, in this study, it is frequently used in 
such distribution modeling studies in order to make modeling with the 
least criteria and to maximize the success rates of the model. It is stated 
that it represents the future spread of chestnut in the best way (Qin 
et al., 2017); four bioclimatic variables were used. These are Bio1, Biol5, 
Biol6, and Biol12 representing annual mean temperature, max temper-
ature of the warmest month, min temperature of the coldest month, 
and annual precipitation climate parameters, respectively (Table 1). The 
demonstration of stratocumulus by the aerial element of the Center 
National de Recherches Météorologiques model version 6 (CNRM—
CM6-1) 2.5 minutes spatial resolution climate model (Varol et al., 2021) 
was used in the study.

The present time map for the chestnut and the variables explaining 
possible future changes were taken from the WorldClim project (ver-
sion 2.1) website (Hijmans et  al., 2005), reclassified in ten different 
intervals through ArcGIS 10.5, and made available for the creation 
of scenario maps throughout the twenty-first century. The latter was 
performed in two SSPs within two-time slices. These setups express 
the pollutant's molality and greenhouse gases caused by anthropo-
genic activity, affirmed by the sixth assessment report (Hausfather, 
2019). The selected most extreme scenario achieved 8.5  W/m2 
by 2100 (SSPs 585), while the intermediate scenario increased to 
4.5 W/m2 (SSPs 245) simultaneously. Four-time slices were examined 
for each SSPs: average for 2021–2040, 2041-2060, 2061-2080, and 
2081-2100. In total, two scenarios were forecasted for four different 
periods (SSPs 245 and SSPs 85 scenarios for 2040, 2060, 2080, and 
2100 separately).

The climate parameters for the Anatolian chestnut, the subject of the 
study, are that the annual average rainfall is between 600 and 1500 mm, 
the annual average temperature is between 9°C and 15°C, and the 
annual maximum average temperature value is 27°C, and it also shows 
a natural distribution from 0 to 1200 meters above sea level (Gomes-
Laranjo et al., 2006; Heiniger and Conedera, 1992). Based on these crite-
ria, the climate parameters (Bio1, Bio5, Bio6, Bio12) of the SSPs 245 and 
SSPs 585 scenarios were analyzed using ArcGIS 10.5 software within the 
scope of the study. The obtained maps were reclassified according to 
the conformity classification criteria, and maps showing the changes in 
the current situation and the natural range until the end of 2040, 2060, 
2080, and 2100 for Anatolian chestnut according to the climate change 
scenarios were obtained.

Results

According to the SSPs 245 scenario applied in this study, the model 
results gained according to the 2020 and future (years 2040, 2060, 2080, 
and 2100) projections are mapped in Figure 2, and the numerical values 
of the areas mapped in Figure 2 are given in Table 2.
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When Table 2 values are examined, the most suitable distribution area 
for Anatolian chestnut is approximately 44 880.6 ha, and the suitable 
distribution area is approximately 134 106.7 ha. According to the sce-
nario of SSPs 245, the very suitable distribution areas are estimated to 
decrease to 28 409.5 ha in 2040, 8026.2 ha in 2060, 1504.6 ha in 2080, 
and 217.4 ha in 2100. It is estimated that today the suitable areas for 

growing Anatolian chestnuts will increase to 321 177.1 ha in 2040, and 
decrease to 56 726.1, 43 750.1, and 33 616.8 ha in 2060, 2080, and 2100, 
respectively.

If the total study is examined, 5.75% of them are very suitable for future 
studies, the working rate of the areas that are very suitable for growing 
Anatolian chestnuts will be 3.64% in 2040, 1.03% in 2060, 0.19% in 2080, 
and it is predicted to decrease to 0.03% in 2100. Therefore, it is predicted 
to decrease to 0.19 and 0.03% in 2100.

When compared to the total study area, 17.18% of the area under 
study is currently suitable for Anatolian chestnut growth. This ratio will 
increase to 41.15% in 2040, then decrease rapidly to 7.27% in 2060, and 
it is estimated to decrease to 5.61% in 2080 and to 4.31% in 2100.

As seen in Table 2, according to the scenario of SSPs 585, it is estimated 
that the Anatolian chestnut distribution region will decrease sig-
nificantly in the following years. Today, the most suitable distribution 

Figure 1. 
Current (2020) Distribution Area of Anatolian Chestnut (Castane sativa) in the Study Boundary.

Table 1. 
The Variables of the WorldClim Bioclimatic Variables Used in the Study 
(Mendoza-González et al., 2013; Panagos et al., 2017)

Labels Used Bioclimatic Variables

Bio1 Annual mean temperature

Bio5 Max temperature of warmest month

Bio6 Min temperature of coldest month

Bio12 Annual precipitation
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Figure 2. 
Distribution of the Current and Future Status of the Areas Suitable for Anatolian Chestnut Distribution According to the SSPs 245 and SSPs 585 
Scenarios.
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region for Anatolian chestnut growth is approximately 44 880.6 ha, and 
the suitable range is about 134 106.7 ha. According to the scenario of 
SSPs 245, the most suitable distribution regions will decrease to 17 356.9 
and 1287.5 ha in 2040 and 2060, respectively. These areas will disappear 
entirely after 2080. It is estimated that the number of areas suitable for 
growing Anatolian chestnuts today will decrease to 69 685.2, 41 158.2, 
18 995.5, and 4481.4 ha in 2040, 2060, 2080, and 2100, respectively.

Evaluating the total working area, 5.75% of the area subject to the study 
is very suitable today, while the ratio of the areas that are very suitable 
for Anatolian chestnut growth will decrease to 2.22% in 2040 and 0.16% 
in 2060 is foreseen. Compared to the total study area, 17.18% of the 
subject area is suitable for Anatolian chestnut growth, while this ratio 
will increase to 8.93% in 2040, 5.27% in 2060, and 2.43% in 2080. It is 
estimated to decrease to 0.57% in 2100.

In the other conformity modeling that draws a more pessimistic picture 
(in conformity modeling with the maximum temperature averages of 
the hottest months), the model results obtained according to the cur-
rent and future (2040, 2060, 2080, and 2100) projections by the SSPs 245 
scenario are mapped and shown in Figure 3. The numerical values of 
the areas mapped in Figure 3 are given in Table 3.

Based on the SSPs 585 scenario, the distribution of the Anatolian chest-
nut area will decrease significantly in the following years, as given in 
Table 3. Today, while the very suitable distribution area for Anatolian 
chestnut is approximately 44 880.6 ha, and the suitable range is about 
134 106.7 ha, according to the scenario of SSPs 245, the most suitable 
distribution ranges will decrease to 17 356.9 ha in 2040 and 1287.5 ha in 
2060. These areas will disappear entirely after 2080. It is projected that 
the suitable areas for Anatolian chestnut growth today will decrease 
to 69 685.2, 41 158.2, 18 995.5, and 4481.4 ha in 2040, 2060, 2080, and 
2100, respectively.

As can be seen in Table 3, considering the maximum temperature 
averages, based on the scenario of SSPs 245, the area of Anatolian 
chestnut distribution is estimated to decrease significantly in the fol-
lowing years, and from 2080 there will be no suitable areas for this spe-
cies distribution. Today, the most suitable distribution area for growing 

Anatolian chestnut is approximately 44 880.6 ha, according to the SSPs 
585 scenario, while these areas are predicted to decrease to 17 356.8 
ha in 2040, 1287.4 ha in 2060, and will completely disappear from 2080. 
Compared to the total study area, 5.75% of the area subject to study is 
suitable for growing Anatolian chestnuts today. It is estimated that the 
ratio of areas very suitable for growing Anatolian chestnuts to the work-
ing area will decrease to 2.22% in 2040 and to 0.16% in 2060.

Discussion and Conclusion

In the study, the changes in suitable areas for Anatolian chestnut culti-
vation have been examined in the future, depending on the predicted 
temperature and precipitation changes due to global climate change. 
As a result of the study, different scenarios were evaluated, but it is 
predicted that in all scenarios, especially after the years 2060–2080, 
the suitable distribution areas for Anatolian chestnut growth will 
decrease significantly and even disappear from 2080, according to 
some scenarios. Even according to the best scenario, the areas suit-
able for growing Anatolian chestnuts are predicted to fall to one-fifth 
of today's levels.

Global climate change is considered a process that will lead to signifi-
cant changes in climate parameters. It is predicted that global climate 
change will increase the rates of natural calamities and ecological 
degradation such as drought, desertification, forest fires, floods, and 
erosion, and the most important effects will be temperature increase 
and decrease in water resources (Chugunkova and Pyzhev, 2020; Talu 
et al., 2011).

Türkiye is among the countries highly vulnerable and “countries at risk” 
to climate change (UNDP, 2019). Türkiye's average annual temperature 
will rise throughout the whole of the period by the time 2100 all the 
countrywide for future climate projections; especially in the Aegean 
region, it is predicted that the amount of temperature increase may 
rise to 6˚C (Dalfes et  al., 2007). The estimation of the summer rainfall 
in Türkiye's southern half will significantly decline than the northern 
side (Talu et al., 2011). Since the natural distribution areas of Anatolian 
chestnut are centered in Türkiye's northern coastal areas, these types 
are expected to be affected most by this process.

Table 2. 
Current and Future Status of the Suitable Areas for Anatolian Chestnut Distribution (Shown in Figure 2) According to the SSPs 245 and SSPs 585 Scenarios

Spatial Distribution Relevance

Years

2020 2040 2060 2080 2100

SSPs 245 Hectare (Ha) Not suitable 60 1546.7 430 947.4 715 781.7 735 279.3 746 699.8

Suitable 13 4106.7 321 177.1 56 726.1 43 750.1 33 616.8

Very suitable 44 880.6 28 409.5 8026.2 1504.6 217.4

Percent (%) Not suitable 77.07 55.21 91.70 94.20 95.66

Suitable 17.18 41.15 7.27 5.61 4.31

Very Suitable 5.75 3.64 1.03 0.19 0.03

SSPs 585 Hectare (Ha) Not suitable 60 1546.7 693 491.9 738 088.3 761 538.5 776 052.6

Suitable 134 106.7 69 685.2 41 158.2 18 995.5 4481.4

Very suitable 44 880.6 17 356.9 1287.5 0 0

Percent (%) Not suitable 77.07 88.85 94.57 97.57 99.43

Suitable 17.18 8.93 5.27 2.43 0.57

Very suitable 5.75 2.22 0.16 0 0
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Figure 3. 
Distribution of the Current and Future Conditions of the Areas Suitable for the Spread of Anatolian Chestnut According to the Suitability Model, 
Including the Maximum Temperature Averages of the Hottest Months and the SSPs 245 and SSPs 585 Scenarios.
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Studies have shown that European beech (Fagus sylvatica L.) and Norway 
spruce (Picea abies L. Karst.) populations in Europe may decrease with 
the climate change effect by 2100 (Eurostat, 2020; Hanewinkel et  al., 
2013; Ruiz-Labourdette et al., 2013). Similar results have been obtained 
in studies on different tree species. The studies also claimed that 
there might be a 56% reduction in the potential distribution range of 
European beech (F. sylvatica) (Thurm et al., 2018).

Changes that may occur due to climate change will result in the trans-
formation of suitable distribution areas for some tree species into suit-
able distribution areas to spread other tree species. A study conducted 
under three scenarios of climate change aimed to predict the varia-
tions in the predicted intervals and risk levels for 12 European forest 
tree species until 2061–2080 with three scenarios, pessimistic, average, 
and optimistic. The study results have shown that tree species will react 
differently to predicted climate change, and species can be separated 
into three groups. The “winners” were determined as European beech 
(F. sylvatica), silver fir (Abies alba), European ash (Fraxinus excelsior), Sessile 
oak (Quercus petraea), and European oak (Quercus robur), and the “los-
ers” as Scots pine (Pinus sylvestris), silver birch (Betula pendula), European 
larch (Larix decidua), and Norway spruce (Picea abies) (Dyderski et  al., 
2018). The study results show that Anatolian chestnut will be among 
the losers in Turkey. Studies generally reveal that species-suitable distri-
bution areas will shift upwards (Tekin et al., 2022; Varol et al., 2022a,b). 
In this case, it is estimated that the distribution areas of species such 
as pine and oak, which spread at low altitudes in chestnut distribution 
areas and are more resistant to drought, will expand their distribution 
in chestnut areas.

It is known that global climate change will affect almost all living things 
and ecosystems directly or indirectly (Gustavsson et  al., 2017; Koç, 
2022c; Meli et  al., 2017). However, the living things that will feel this 
effect most are plants. This is because plants have a limited migration 
mechanism, and this migration mechanism cannot keep up with the 
pace of climate change. Therefore, it is estimated that most of the spe-
cies' suitable areas will be significantly decreased (Booth, 2017; Dyderski 
et al., 2018; Wang et al., 2017).

The development of living things is possible when various external 
conditions are within a suitable range of values. Climatic (Cetin et al., 
2018a,b; Sevik et al., 2020a,b) and edaphic (Kravkaz et al., 2018a,b) fac-
tors are the most influential factors in the development and spread 
of plants to the earth. These factors significantly affect plant growth, 

morphological, anatomical, and phenological structure (Cesur et  al., 
2021; Koç, 2021; Koç et al., 2022; Koç & Nzokou, 2022; Ozkazanc et al., 
2019; Sevik et al., 2019; Yucedag et al., 2019). Therefore, considering that 
climate change will primarily affect the temperature and precipitation, 
which are the most important of these factors, it is natural that the 
plants are affected by this process.

However, the effect of global climate change on species is mainly uncer-
tain since many variables are expected to affect each other (Knüsel 
et al., 2019). While these factors are mainly environmental factors, such 
as climatic and edaphic factors, microecological conditions are also 
important factors affecting the distribution area of the species (Cetin 
et al., 2018a; Dogan et al., 2022; Zeren Cetin et al., 2022). Since global 
climate change will significantly change the climatic factors, there will 
be significant individual and population losses in Anatolian chestnut, 
as in other species. In this process, the genotypes that are best resis-
tant to the adverse effects of global climate change (e.g., the genotypes 
that can tolerate drought the best) will survive. Similarly, individuals and 
populations in the areas where micro-climatic conditions are suitable 
will continue to survive. However, in any case, population and individual 
losses are inevitable.

According to the scenarios examined in the article, it is revealed that 
Anatolian chestnut will decrease considerably and even come to the 
edge of extinction, especially after 2080. However, this scenario also 
occurs under the influence of many other factors. For example, it is clear 
that the impact of global climate change on pure and mixed stands 
will not be the same. Similarly, it can be said that natural populations 
with high genetic diversity will be much more resistant than plantation 
areas with much narrower genetic diversity because genetic diversity is 
the most critical defense mechanism of species against unpredictable 
biotic and abiotic risk factors (Hrivnak et al., 2017; Kardos et al., 2021; 
Topacoglu et al., 2017). In addition, it is possible that various fungal and 
insect damages, which have been effective in recent years, will increase 
even more in chestnut trees, whose resistance level will decrease due to 
the adverse effects of global climate change.

Natural forests are affected directly or indirectly by the climate change 
factor. While these direct factors affect forest tree species, indirect fac-
tors have been revealed by studies that both cause and spread some 
pests and fungal diseases, causing damage to forests in some provinces 
or regions and extinction risk in the following decades (Oberle et  al., 
2018; Toczydlowsk et al., 2020).

Table 3. 
Distribution of the Current and Future Conditions of the Areas Suitable for the Spread of Anatolian Chestnut According to the Suitability Model (Shown in Figure 3), 
Including the Maximum Temperature Averages of the Hottest Months and the SSPs 245 and SSPs 585 Scenarios

Spatial Distribution Relevance

Years

2020 2040 2060 2080 2100

SSPs 245 Hectare (Ha) Not suitable 735 653.4 752 124.4 772 507.8 779 029.1 780 316.7

Suitable 44 880.6 28 409.6 8026.2 1504.9 217.3

Percent (%) Not suitable 94.25 96.36 98.97 99.81 99.97

Suitable 5.75 3.64 1.03 0.19 0.03

SSPs 585 Hectare (Ha) Not suitable 735 653.4 763 177.2 779 246.6 780 534 780 534

Suitable 44 880.6 17 356.8 1287.4 0 0

Percent (%) Not suitable 94.25 97.78 99.84 100 100

Suitable 5.75 2.22 0.16 0 0
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Suggestions

It is known that climate change will have significant effects on approxi-
mately all living things and ecosystems. To reduce this impact, it is nec-
essary to eliminate the factors that trigger climate change by taking 
measures globally, especially using fossil fuels and carbon emissions.

Forest ecosystems are one of the ecosystems where the effects of cli-
mate change will be felt the most. The main reason for this effect at that 
high level is that the plants do not have an efficient and rapid migra-
tion ability. Therefore, many plant species' inability to adapt quickly 
enough to the impacts that will occur due to climate change to be 
experienced may cause a significant reduction in the populations of 
some species and even complete extinction for species with limited 
distribution areas. In this process, to minimize the effects on the spe-
cies, it is vital to predict potential changes in the future from now and 
take precautions in terms of the changes. For example, in areas where 
climate change effects will be more affected, it may be recommended 
to create mixed forests with better-adapted species or varieties to cur-
rent and projected conditions. Mixed forests are more resilient to vari-
ous factors than pristine forests and are advantageous in ensuring the 
continuity of the forest, even in the loss of species. Also, determining 
and using the origin of each species most resistant to drought stress 
will contribute.

As another suggestion, it should be ensured that genetic diversity is 
kept at a high level. Species have different resistance levels to exter-
nal factors, both within and between species, because of their genetic 
differences. The primary defense mechanism for forests against future 
dangers is that they have a high genetic diversity. For these reasons, it 
is vital to carry out activities to keep this genetic diversity in forests at 
the highest level.

As concluded, it was determined that suitable areas for Anatolian chest-
nut growth might disappear entirely in the future. Anatolian chestnut 
is a vital forest tree as well as an agricultural plant. Therefore, they can 
be planted in areas that will bear suitable conditions in the future, and 
their survival can be ensured. Besides, the drought effect, which is one 
of the most critical outcomes of climate change, can be overcome by 
irrigation in plantation areas. However, determining the most suitable 
species and origins, namely the species and origins of Anatolian chest-
nut resistant to drought, and using them in afforestation studies can be 
a smart solution.

This study and the various studies results carried out to date show that 
the species' distribution areas will shift upwards with the effects of 
global climate change. In this case, it is suggested that proper chestnut 
genotypes should be planted in an upper altitude range from today's 
distribution areas.

Peer-review: Externally peer-reviewed. 

Author Contributions: Design –H.C., U.C., H.S., S.K. ; Supervision – H.S., I.K.; 
Resources – H.C., U.C., H.S., I.K.; Materials – H.C., U.C., H.S., S.K.; Data Collection and/
or Processing – H.C., U.C., H.S., I.K., S.K.; Analysis and/or Interpretation – H.C., U.C., 
H.S., S.K.; Literature Search - I.K., U.C., H.S.; Writing Manuscript – H.C., U.C., H.S., I.K.; 
Critical Review – S.K., H.S., I.K.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References

•	 Barreira, J. C. M., Ferreira, I. C. F. R., & Oliveira, M. B. P. P. (2020). Bioactive 
compounds of chestnut (Castanea sativa Mill.). In Bioactive compounds in 
underutilized fruits and nuts (pp. 303–313). [CrossRef]

•	 Booth, T. H. (2017). Assessing species climatic requirements beyond the 
realized niche: Some lessons mainly from tree species distribution model-
ling. Climatic Change, 145(3–4), 259–271. [CrossRef]

•	 Cesur, A., Zeren Cetin, I., Abo Aisha, A. E. S., Alrabiti, O. B. M., Aljama, A. M. 
O., Jawed, A. A., Cetin, M., Sevik, H., & Ozel, H. B. (2021). The usability of 
Cupressus arizonica annual rings in monitoring the changes in heavy metal 
concentration in air. Environmental Science and Pollution Research Interna-
tional (Advance online publication), 28(27), 35642–35648. [CrossRef]

•	 Cetin, M., Sevik, H., & Yigit, N. (2018a). Climate type-related changes in the 
leaf micromorphological characters of certain landscape plants. Environ-
mental Monitoring and Assessment, 190(7), 404. [CrossRef]

•	 Cetin, M., Sevik, H., Yigit, N., Ozel, H. B., Aricak, B., & Varol, T. (2018b). The vari-
able of leaf micromorphogical characters on grown in distinct climate 
conditions in some landscape plants. Fresenius Environmental Bulletin, 27(5), 
3206–3211.

•	 Chugunkova, A. V., & Pyzhev, A. I. (2020). Impacts of global climate change 
on duration of logging season in Siberian boreal forests. Forests, 11(7), 756. 
[CrossRef]

•	 Çobanoğlu, H., Şevik, H., & Koç, İ. (2022). Havadaki Ca konsantrasyonunun 
tespitinde ve trafik yoğunluğu ile ilişkisinde yıllık halkaların kullanılabilirliği. 
ICONTECH International Journal, 6(3), 94–106. [CrossRef]

•	 Conedera, M., Manetti, M. C., Giudici, F., & Amorini, E. (2004). Distribution 
and economic potential of the Sweet chestnut (Castanea sativa Mill.) in 
Europe. Ecologia Mediterranea, 30(2), 179–193. [CrossRef]

•	 Dalfes, H. N., Karaca, M., Şen, Ö. L., & Güven, Ç. (Eds.) (2007). Climate change 
scenarios for Turkey. Climate change & Turkey: Impacts, sectoral analyses, socio-
economic dimensions. Publications of UNDP Turkey Branch.

•	 De Vasconcelos, M. C., Bennett, R. N., Rosa, E. A., & Ferreira-Cardoso, J. V. 
(2010). Composition of European chestnut (Castanea sativa Mill.) and asso-
ciation with health effects: Fresh and processed products. Journal of the 
Science of Food and Agriculture, 90(10), 1578–1589. [CrossRef]

•	 Dinis, L. T., Oliveira, M. M., Almeida, J., Costa, R., Gomes-Laranjo, J., & Peixoto, 
F. (2012). Antioxidant activities of chestnut nut of Castanea sativa Mill. (cul-
tivar ‘Judia’) as function of origin ecosystem. Food Chemistry, 132(1), 1–8. 
[CrossRef]

•	 Dogan, S., Kilicoglu, C., Akinci, H., Sevik, H., & Cetin, M. (2022). Determining 
the suitable settlement areas in Alanya with GIS-based site selection analy-
ses. Environmental Science and Pollution Research, 1–10. [CrossRef]

•	 Dyderski, M. K., Paź, S., Frelich, L. E., & Jagodziński, A. M. (2018). How much 
does climate change threaten European forest tree species distributions? 
Global Change Biology, 24(3), 1150–1163. [CrossRef]

•	 Environmental Systems Research Institute (2011). ArcGIS desktop: Release 10. 
Environmental Systems Research Institute.

•	 Euforgen (2020). Chestnut (Castanea sativa). European forest genetic 
resources programme.

•	 Eurostat (2020). Industrial roundwood by species: Export in euro.
•	 Giorgi, F., & Lionello, P. (2008). Climate change projections for the Mediter-

ranean region. Global and Planetary Change, 63(2–3), 90–104. [CrossRef]
•	 Gomes-Laranjo, J., Peixoto, F., Wong Fong Sang, H. W. W. F., & Torres-Pereira, 

J. (2006). Study of the temperature effect in three chestnut (Castanea sativa 
Mill.) cultivars’ behaviour. Journal of Plant Physiology, 163(9), 945–955. 
[CrossRef]

•	 Gustavsson, L., Haus, S., Lundblad, M., Lundström, A., Ortiz, C. A., Sathre, R., 
Truong, N. L., & Wikberg, P. (2017). Climate change effects of forestry and 
substitution of carbon-intensive materials and fossil fuels. Renewable and 
Sustainable Energy Reviews, 67, 612–624. [CrossRef]

•	 Hanewinkel, M., Cullmann, D. A., Schelhaas, M.-J., Nabuurs, G.-J., & Zimmer-
mann, N. E. (2013). Climate change may cause severe loss in the economic 
value of European forest land. Nature Climate Change, 3(3), 203–207. 
[CrossRef]

•	 Hausfather, Z. (2019). CMIP6. The next generation of climate models explained. 
Carbon Brief [Internet], 2.

•	 Heiniger, U., & Conedera, M. (1992). Chestnut forests and chestnut cultiva-
tion in Switzerland. In Proceedings of the International Chestnut Confer-
ence. (pp. 175–178). Morgantown, WV: West Virginia University.

•	 Hijmans, R. J., Cameron, S. E., Parra, J. L., Jones, P. G., & Jarvis, A. (2005). Very 
highresolution interpolated climate surfaces for global land areas. Interna-
tional Journal of Climatology, 25(15), 1965–1978. [CrossRef]

•	 Hrivnák, M., Paule, L., Krajmerová, D., Kulaç, Ş., Şevik, H., Turna, İ., Tvauri, I., & 
Gömöry, D., & Gömöry, D. (2017). Genetic variation in tertiary relics: The case 

https://doi.org/10.1007/978-3-030-30182-8_18
https://doi.org/10.1007/s10584-017-2107-9
https://doi.org/10.1007/s11356-021-13166-4
https://doi.org/10.1007/s10661-018-6783-3
https://doi.org/10.3390/f11070756
https://doi.org/10.46291/ICONTECHvol6iss3pp94-106
https://doi.org/10.3406/ecmed.2004.1458
https://doi.org/10.1002/jsfa.4016
https://doi.org/10.1016/j.foodchem.2011.09.096
https://doi.org/10.1007/s11356-022-24246-4
https://doi.org/10.1111/gcb.13925
https://doi.org/10.1016/j.gloplacha.2007.09.005
https://doi.org/10.1016/j.jplph.2005.06.020
https://doi.org/10.1016/j.rser.2016.09.056
https://doi.org/10.1038/nclimate1687
https://doi.org/10.1002/joc.1276


Forestist 2023: 73(3): 247-256
Cobanoglu et al. Potential Growth Areas of Anatolian Chestnut

255

of eastern-Mediterranean Abies (Pinaceae). Ecology and Evolution, 7(23), 
10018–10030. [CrossRef]

•	 Isinkaralar, K., Koc, I., Erdem, R., & Sevik, H. (2022b). Atmospheric Cd, Cr, and 
Zn deposition in several landscape plants in Mersin, Türkiye. Water, Air, and 
Soil Pollution, 233(4), 1–10. [CrossRef]

•	 Isinkaralar, K., Koç, İ., Kuzmina, N. A., Menshchikov, S. L., Erdem, R., & Aricak, 
B. (2022a). Determination of heavy metal levels using Betula pendula Roth. 
under various soil contamination in Southern Urals, Russia. International 
Journal of Environmental Science and Technology, 19(12), 12593–12604. 
[CrossRef]

•	 Kakavas, K., Chavenetidou, M., & Birbilis, D. (2018). Chemical properties of 
Greek stump chestnut (Castanea sativa Mill.). Natural Product Research, 
6(4),1-4.

•	 Kardos, M., Armstrong, E. E., Fitzpatrick, S. W., Hauser, S., Hedrick, P. W., Miller, 
J. M., Tallmon, D. A., & Funk, W. C., & Funk, W. C. (2021). The crucial role of 
genome-wide genetic variation in conservation. Proceedings of the National 
Academy of Sciences of the United States of America, 118(48), e2104642118. 
[CrossRef]

•	 Keenan, R. J. (2012). Adaptation of forests and forest management to cli-
mate change: An Editorial. Forests, 3(1), 75–82. [CrossRef]

•	 Key, K., Kulaç, Ş., Koç, İ., & Sevik, H. (2022). Determining the 180-year change 
of Cd, Fe, and Al concentrations in the air by using annual rings of Corylus 
colurna L. Water, Air, and Soil Pollution, 233(7), 1–13. [CrossRef]

•	 Knüsel, S., Conedera, M., Bugmann, H., & Wunder, J. (2019). Low litter cover, 
high light availability and rock cover favour the establishment of Ailan-
thus  altissima in forests in southern Switzerland. NeoBiota, 46, 91–116. 
[CrossRef]

•	 Koç, İ. (2021). Using Cedrus atlantica’s annual rings as a biomonitor in 
observing the changes of Ni and Co concentrations in the atmosphere. 
Environmental Science and Pollution Research International, 28(27), 
35880–35886. [CrossRef]

•	 Koç, İ. (2022a). Comparison of gas exchange parameters of two maple spe-
cies (Acer negundo and Acer pseudoplatanus) seedlings under drought 
stress. Journal of Bartin Faculty of Forestry, 24(1), 65–76.

•	 Koç, İ. (2022b). Determining the biocomfort zones in near future under 
global climate change scenarios in Antalya. Kastamonu University Journal of 
Engineering and Sciences, 8(1), 54–59.

•	 Koç, İ. (2022c). Determining the near-future biocomfort zones in Samsun 
Province by the global climate change scenarios. Kastamonu University 
Journal of Forestry Faculty, 22(2), 181–192.

•	 Koç, İ., & Nzokou, P. (2022). Do various conifers respond differently to water 
stress? A comparative study of white pine, concolor and balsam fir. Kasta-
monu University Journal of Forestry Faculty, 22(1), 1–16.

•	 Koç, İ., Nzokou, P., & Cregg, B. (2022). Biomass allocation and nutrient use 
efficiency in response to water stress: Insight from experimental manipula-
tion of balsam fir, concolor fir and white pine transplants. New Forests, 53(5), 
915–933. [CrossRef]

•	 Kravkaz-Kuscu, I. S., Cetin, M., Yigit, N., Savaci, G., & Sevik, H. (2018a). Relation-
ship between enzyme activity (Urease-Catalase) and nutrient element in 
soil use. Polish Journal of Environmental Studies, 27(5), 2107-2112.

•	 Kravkaz-Kuscu, I. S., Sariyildiz, T., Cetin, M., Yigit, N., Sevik, H., & Savaci, G. 
(2018). Evaluation of the soil properties and primary forest tree species in 
Taskopru (Kastamonu) district. Fresenius Environmental Bulletin, 27(3), 
1613–1617.

•	 Kulaç, Ş., Özbayram, A. K., Değirmenci, Z., Küçük, A. D., & Karadağ, A. (2014). 
Anadolu kestanesinde tohum büyüklüğünün çimlenme yüzdesi ve fidan 
morfolojisine etkisi. Düzce Üniversitesi Ormancılık Dergisi, 10(2), 36–42.

•	 Kulaç, Ş., Özbayram, A. K., Filiz, E., & Ersoy, E. (2017). Effects of grafting time 
and type on graft success in chestnuts. The 3rd International Symposium 
on EuroAsian Biodiversity, 05–08 July 2017 (p. 4). Minsk-Belarus.

•	 Lindner, M., Maroschek, M., Netherer, S., Kremer, A., Barbati, A., Garcia-Gon-
zalo, J., Seidl, R., Delzon, S., Corona, P., Kolström, M., Lexer, M. J., & Marchetti, 
M. (2010). Climate change impacts, adaptive capacity, and vulnerability of 
European forest ecosystems. Forest Ecology and Management, 259(4), 
698–709. [CrossRef]

•	 Meli, P., Holl, K. D., Rey Benayas, J. M., Jones, H. P., Jones, P. C., Montoya, D., 
& Moreno Mateos, D. (2017). A global review of past land use, climate, and 
active vs. passive restoration effects on forest recovery. PloS One, 12(2), 
e0171368. [CrossRef]

•	 Mendoza-González, G., Martínez, M. L., Rojas-Soto, O. R., Vázquez, G., & 
Gallego-Fernández, J. B. (2013). Ecological niche modeling of coastal dune 
plants and future potential distribution in response to climate change and 
sea level rise. Global Change Biology, 19(8), 2524–2535. [CrossRef]

•	 Mirela, L. (2020). Spread and Study of sp. Castanea sativa in Albania. Inter-
national Journal of Applied Environmental Sciences, 15(2), 109–115.

•	 Oberle, B., Covey, K. R., Dunham, K. M., Hernandez, E. J., Walton, M. L., Young, 
D. F., & Zanne, A. E. (2018). Dissecting the effects of diameter on wood decay 
emphasizes the importance of cross-stem conductivity in Fraxinus ameri-
cana. Ecosystems, 21(1), 85–97. [CrossRef]

•	 OGM (Orman Genel Müdürlüğü/General Directorate of Forestry) (2013). 
Chestnut action plan 2013–2017 (p. 56). Orman ve Su İşleri Bakanlığı.

•	 Ozkazanc, N. K., Ozay, E., Ozel, H. B., Cetin, M., & Sevik, H. (2019). The habitat, 
ecological life conditions, and usage characteristics of the otter (Lutra lutra 
L. 1758) in the Balikdami Wildlife Development Area. Environmental Moni-
toring and Assessment, 191(11), 645. [CrossRef]

•	 Panagos, P., Ballabio, C., Meusburger, K., Spinoni, J., Alewell, C., & Borrelli, P. 
(2017). Towards estimates of future rainfall erosivity in Europe based on 
REDES and WorldClim datasets. Journal of Hydrology, 548, 251–262. 
[CrossRef]

•	 Qin, A., Liu, B., Guo, Q., Bussmann, R. W., Ma, F., Jian, Z., Xu, G., & Pei, S. (2017). 
Maxent modeling for predicting impacts of climate change on the poten-
tial distribution of Thuja sutchuenensis Franch., an extremely endangered 
conifer from southwestern China. Global Ecology and Conservation, 10, 
139–146. [CrossRef]

•	 Ruiz-Labourdette, D., Schmitz, M. F., & Pineda, F. D. (2013). Changes in tree 
species composition in Mediterranean mountains under climate change: 
Indicators for conservation planning. Ecological Indicators, 24, 310–323. 
[CrossRef]

•	 Serdar, Ü., Akyüz, B., Ceyhan, V., Hazneci, K., Mert, C., Er, E., Ertan, E., Savaş, K. 
S. Ç., & Uylaşer, V. (2018). Horticultural characteristics of chestnut growing 
in Turkey. Erwerbs-Obstbau, 60(3), 239–245. [CrossRef]

•	 Sevik, H., Cetin, M., Ozel, H. B., Erbek, A., & Cetin, I. Z. (2020b). The effect of 
climate on leaf micromorphological characteristics in some broad-leaved 
species. Environment, Development and Sustainability, 1–13.

•	 Sevik, H., Cetin, M., Ozel, H. B., Ozel, S., & Zeren Cetin, I. Z. (2020a). Changes 
in heavy metal accumulation in some edible landscape plants depending 
on traffic density. Environmental Monitoring and Assessment, 192(2), 78. 
[CrossRef]

•	 Sevik, H., Cetin, M., Ozel, H. B., & Pinar, B. (2019). Determining toxic metal 
concentration changes in landscaping plants based on some factors. Air 
Quality, Atmosphere and Health, 12(8), 983–991. [CrossRef]

•	 Shults, P., Nzokou, P., & Koc, I. (2020). Nitrogen contributions of alley cropped 
Trifolium pratense may sustain short rotation woody crop yields on marginal 
lands. Nutrient Cycling in Agroecosystems, 117(2), 261–272. [CrossRef]

•	 Talu, N., Sinan, Ö., Özgün, S., Dougherty, W., & Fencl, A. (2011). Turkey’s 
National climate change adaptation strategy and action plan (D. Ş. Tapan, 
Ed.). Ministry of Environment and Urbanization.

•	 Tekin, O., Cetin, M., Varol, T., Ozel, H. B., Sevik, H., & Zeren Cetin, I. (2022). 
Altitudinal migration of species of Fir (Abies spp.) in adaptation to climate 
change. Water, Air, and Soil Pollution, 233(9), 1–16. [CrossRef]

•	 Thurm, E. A., Hernandez, L., Baltensweıler, A., Ayan, S., Rasztovits, E., Bielak, 
K., Zlatanov, T. M., Hladnik, D., Balıc, B., Freudenschuss, A., Büchsenmeister, 
R., & Falk, W. (2018). Alternative tree species under climate warming in man-
aged European forests. Forest Ecology and Management, 430, 485–497. 
[CrossRef]

•	 Toczydlowski, A. J. Z., Slesak, R. A., Kolka, R. K., & Venterea, R. T. (2020). Tem-
perature and water-level effects on greenhouse gas fluxes from black ash 
(Fraxinus nigra) wetland soils in the Upper Great Lakes region, USA. Applied 
Soil Ecology, 153, 103565. [CrossRef]

•	 Topacoglu, O., Şevik, H., Sıvacıoglu, A., & Kara, F. (2017). Genetic variations 
among and within the populations of Calabrian pine (Pinus brutia Ten.) in 
Turkey. Kastamonu Üniversitesi Orman Fakültesi Dergisi, 17(4), 691–702. 
[CrossRef]

•	 Turan, E. S. (2018). Turkey’s drought status associated with climate change. 
Artvin Çoruh university natural hazards application and research Center. 
Journal Natural Hazards Environment, 4(1), 63–69.

•	 United Nations Development Program (2019). Turkey UNDP climate change 
adaptation.

•	 Varol, T., Canturk, U., Cetin, M., Ozel, H. B., & Sevik, H. (2021). Impacts of cli-
mate change scenarios on European ash tree (Fraxinus excelsior L.) in Turkey. 
Forest Ecology and Management, 491, 119199. [CrossRef]

•	 Varol, T., Canturk, U., Cetin, M., Ozel, H. B., Sevik, H., & Zeren Cetin, I. (2022a). 
Identifying the suitable habitats for Anatolian boxwood (Buxus sempervirens 
L.) for the future regarding the climate change. Theoretical and Applied Cli-
matology, 150(1–2), 637–647. [CrossRef]

•	 Varol, T., Cetin, M., Ozel, H. B., Sevik, H., & Zeren Cetin, I. (2022b). The effects 
of climate change scenarios on Carpinus betulus and Carpinus orientalis in 
Europe. Water, Air, and Soil Pollution, 233(2), 1–13. [CrossRef]

•	 Wang, W. J., He, H. S., Thompson, F. R., Fraser, J. S., & Dijak, W. D. (2017). 
Changes in forest biomass and tree species distribution under climate 

https://doi.org/10.1002/ece3.3519
https://doi.org/10.1007/s11270-022-05607-8
https://doi.org/10.1007/s13762-022-04586-x
https://doi.org/10.1073/pnas.2104642118
https://doi.org/10.3390/f3010075
https://doi.org/10.1007/s11270-022-05741-3
https://doi.org/10.3897/neobiota.46.35722
https://doi.org/10.1007/s11356-021-13272-3
https://doi.org/10.1007/s11056-021-09894-7
https://doi.org/10.1016/j.foreco.2009.09.023
https://doi.org/10.1371/journal.pone.0171368
https://doi.org/10.1111/gcb.12236
https://doi.org/10.1007/s10021-017-0136-x
https://doi.org/10.1007/s10661-019-7833-1
https://doi.org/10.1016/j.jhydrol.2017.03.006
https://doi.org/10.1016/j.gecco.2017.02.004
https://doi.org/10.1016/j.ecolind.2012.06.021
https://doi.org/10.1007/s10341-017-0364-4
https://doi.org/10.1007/s10661-019-8041-8
https://doi.org/10.1007/s11869-019-00717-5
https://doi.org/10.1007/s10705-020-10068-8
https://doi.org/10.1007/s11270-022-05851-y
https://doi.org/10.1016/j.foreco.2018.08.028
https://doi.org/10.1016/j.apsoil.2020.103565
https://doi.org/10.17475/kastorman.333492
https://doi.org/10.1016/j.foreco.2021.119199
https://doi.org/10.1007/s00704-022-04179-1
https://doi.org/10.1007/s11270-022-05516-w


Forestist 2023: 73(3): 247-256
Cobanoglu et al. Potential Growth Areas of Anatolian Chestnut

256

change in the Northeastern United States. Landscape Ecology, 32(7), 
1399–1413. [CrossRef]

•	 Yigit, N., Sevik, H., Cetin, M., & Kaya, N. (2016). Determination of the effect 
of drought stress on the seed germination in some plant species. In M.M. 
Ismail Rahman, Z. A. Begum, H. Hiroshi, (Eds.).Plant Responses to Water Stress 
(pp. 43–62).

•	 Yildiz, D., Nzokou, P., Deligoz, A., Koc, I., & Genc, M. (2014). Chemical and 
physiological responses of four Turkish red pine (Pinus brutia Ten.) 

provenances to cold temperature treatments. European Journal of Forest 
Research, 133(5), 809–818. [CrossRef]

•	 Yucedag, C., Ozel, H. B., Cetin, M., & Sevik, H. (2019). Variability in morpho-
logical traits of seedlings from five Euonymus japonicus cultivars. Environ-
mental Monitoring and Assessment, 191(5), 285. [CrossRef]

•	 Zeren Cetin, I., Varol, T., Ozel, H. B., & Sevik, H. (2023). The effects of climate 
on land use/cover: A case study in Turkey by using remote sensing data. 
Environmental Science and Pollution Research, 30(3), 5688–5699.

https://doi.org/10.1007/s10980-016-0429-z
https://doi.org/10.1007/s10342-014-0798-2
https://doi.org/10.1007/s10661-019-7464-6

