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Abstract The increase of greenhouse into the atmosphere due to industrialization has made may be felt today,
signs of global climate change. In this process, the temperature is the most important factor except from
moisture, precipitation, the light exposure, air movements. There are not any criteria that are reached on
consensus in relation to how fast this interaction will be, how the plant species will be affected and the
difficulties that the process will bring about. Therefore, to detect any possible impacts for the research areas is
extremely important in terms of following the process. The field of research is the bartin forest district in the
western black sea region in turkey where located a field of approximately 1750 km?. The whole area is covered
by forest community (Quercus sp., Carpinus betulus, Castenae sativa, Fagus orientalis, Pinus sylvestris, Pinus
nigra, Abies bornmilleriana mixed forest form) with the rest being pseudo-maquis land. The average
temperature changes in five-year intervals for the years of 1995-2015 have been mapped by using the method of
inverse distance weight (IDW) in the environment of geographical information systems (GIS). The correlation
of temperature changes with the altitude levels has been examined. The temperatures changes in the years of
1995-2015, the primary tree species in the zone of vegetation and associated with the current problems of the
other species have been analyzed using GIS. In a total of 5209.13 ha area within the study area, it has been
determined that the highest temperature increase with an average of 0.40 degrees every five years since 1995.
The altitude of the area where the temperature is increased varies between 200 m and 1200 m. The average
temperature within the study area has increased nearly 1.2 °C. This situation was having negative effects on the
resistance of the beech especially which is the main tree of the region and the other species.
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Introduction

Knowledge about how the atmospheric composition affects the global climate is increasing day by day. Average
global temperatures will increase depending on the concentration of CO, and the other gases [1-2]. With the
increase of global warming, it is possible that the earth's forests, especially several plant and animal species, will
be affected seriously [3-4]. It also affects the determination of climate types in the earth [5]. In his 1988 study,
Schlesinger says that the temperature increase due to global warming will be about 1.2-4.2 °C [6]. Also
according to the IPCC (Intergovernmental Panel on Climate Change) report; the global temperature will
increase by at least 1,1 °C and at most 6,4 °C at the end of the century we are in [7]. Additionally, it limited the
global temperature rise to 1.5-2 °C at the International Climate Change Conference in Paris in 2015 [8].
Temperature increases will lead to important problems, especially in land cover / use classes such as forest,
agriculture and pasture [9-10].

This suggests that the common tree species specific to the climate zone may be largely restricted. When the
temperature and precipitation patterns change due to global warming, it is likely that species will also change
their adaptation to their locations [11]. Changes in the large scope can be seen for 100 years from now and later
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for all plant species and especially for tree species [12]. The reactions of the earth's ecosystems and the possible
scenarios against the global warming are not clear. Studies on species behavior and threats, especially on tree
species on forested areas, are inadequate [13]. The necessary scientific foundation and studies for the extent to
which the endemic species are affected on a basis of area under the global warming threat, current abnormalities
and the mandatory strategies and policies that should be developed against these are inadequate.

The purpose of this study is; correlating the temperature change with the elevation steps within the boundaries
of Bartin Forestry Directorate selected as research area, by determining the average temperature increase
between the years 1995-2015, especially about the effects on Fagus orientalis species. In the zones where the
temperature changes are observed, by relating the main tree types and the diffusion areas of the region to each
other, to create basic concepts about the spread of the stands with the generated temperature transition zones
map and to give suggestions for the stand health.

Data and Methods

The research area is the Bartin forest district in the Western Black Sea Region in Turkey where located a field of
approximately 1750 km?. The field of study is located between 32° 06' 43" and 32° 45' 39" East longitude and
41° 34'33" and 41° 50' 31" North latitude. The whole area is covered by forest community (Quercus sp.,
Carpinus betulus, Castanea sativa, Fagus orientalis, Pinus sylvestris, Pinus nigra, Abies bornmillleriana mixed
forest form) with the rest being pseudo-maquis land (Figure 1).

mmm mixed-broad leaved forest
heterogeneous agricultural land /
in the agricultural land with natural vegetation

the other area

Figure 1: Study area and land use classification area map of Bartin Forest District

The average temperature of the last 20 years has been obtained with the data received from three meteorological
stations. The average temperature changes in five-year intervals for the years of 1995-2015 have been mapped
by using the method of inverse distance weighting (IDW) in the environment of Geographical Information
Systems (GIS). The correlation of temperature changes with the altitude levels has been examined. The
temperature changes in the years of 1995-2015, the primary tree species in the zone of vegetation and associated
with the current problems of the other species have been analyzed using GIS.

Based on the Bartin Forestry Directorate's borders, average temperatures over the past 20 years have been
obtained from the temperature data gathered from three meteorological stations (Bartin, Ulus, Amasra) located
in the region. For the years of 1995-2015, average temperature values were calculated at intervals of five years.
The average temperature of each five years is mapped using the IDW method in the GIS environment. The IDW
interpolation technique is a commonly preferred method of generating grids by interpolation from sample point
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data (Figure 2). It is based on the principle that adjacent points on the surface to be interpolated have more
weight than the distant points. This technique makes a surface interpolation according to the weighted average
of the sample points by decreasing the weight as it moves away from the point to be interpolated. Weighted
moving averages is a widely used approach for interpolation. Variants of different weighted functions have been

used, but IDW has become the most common form of GIS systems. IDW is a complete intermediate value
generator (interpolator) so that it reinforces the values of the data [14-15-16].
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Figure 2: Inverse Distance Weight (IDW) prenciple
Results and Discussion

In a total of 5209.13 ha area within the study area, it has been determined that the highest temperature increase

with an average of 0.40 degrees every five years since 1995 (Figure 3). The average temperature difference
between 1995 and 2015 was calculated as 1.28 degrees.
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Figure 3: Tempature avarages for every five years since 1995
When the five-year average temperatures are examined, it is determined that the stands located in Ulus and its
nearby in the east of the study area are the forest areas with the highest temperature increase (Figure 4).
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Temperature zones
High

Figure 4: Average temperature increase zones (1995-2015)
The average elevation is 400 meters. When examined as a forest area, 534.99 hectares of beech stands, 161.22
hectares of fir stands, and 36.93 hectares of hornbeam stands are pure in the region (Figure 5).
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Figure 5: Elevation map (left), pure natural stand (right)

The largest area of mixed stands is consist of beech-dominated mixed stands (1125.69 ha). The total area of the
other mixed stands is 1099.57 ha. Other mixed stands is consist of hornbeam, black pine and other broad-leaved
species (Figure 6).

In relation to Castanea sativa, Katircioglu et al. [17], in the scope of the project conducted between 2006-2010,
where cancer cases are evaluated in 2010, provided information about the chestnut tree-related cancer cases
heaving into sight and biological fight methods against this In the study, it was stated that the cancer related
disease in the Western Black Sea Region spreads naturally. The assumption claiming that the cancer spread
naturally in chestnut trees as a consequence of the increase in temperature detected in the region is highly
probable. Atesoglu et al. [18], in 2014, found that the insect damage caused by P. curvidens within the
boundaries of the Ulus Forestry Directorate between 2007-2011 was excessive primarily in pure, then in
dominant stands. Between 2007-2011 the daily minimum maximum and average values as meteorological data
and temperature values related to the flight time of the insects, especially in March April and May were
examined. In this context, it has been found that the temperature increase in the region increases the beetle
activation and causes more damage on the fir stands. Studies conducted in the region confirm that the increase in
temperature due to global warming has adversely affected tree species.
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Figure 6: Mixed natural stand*
*Gn: Carpinus betulus; Kn: Fagus orientalis; G: Abies bornmilleriana; M: Quercus sp; Ck: Pinus nigra; Cs:
Pinus sylvestris Ks: Castanea sativa; Dy: Other leafy

Conclusions

In this study, the distribution of tree species within the boundaries of the Bartin Forestry Directorate was
associated with the average temperature increase between 1995-2015. Within the study area, the influence limits
of the temperature increase dependent on the global climate change have been determined. In general, the
following conclusions have been reached:

v' The average temperature within the study area has increased nearly 1.2 °C.

v This situation will have negative effects on the resistance of the beech especially which is the main tree
of the region and the other species.

v" The cancer cases is seen in the chestnut stands in the region are spreading naturally due to the increase
in temperature.

v In addition, fir bark infestation in the past years within the study area which is directly proportional to
the increase in the average temperature in the region. This situation confirms that different adverse
effects on other tree species can be observed.

v" The measures can be taken to prevent direct or indirect damage caused by global warming to our
forests should be increased. The controls should be intensified and more frequent observations should
be made.
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