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Abstract

The biodiversity crisis caused by global warming is becoming more and more serious. Thus,
many species are facing the crisis of survival, and some species are even on the verge of extinction.
To scientifically evaluate the impact of global warming on the distribution, management and
protection of Chinese Beech, the habitat suitability of 7 Chinese Beech species was simulated based
on 853 literature distribution sites and 11 environmental factors under the current, 2070 RCP2.6
and 2070 RCP8.5 climate conditions and evaluated using ArcGIS 10.2 technology and the MaxEnt
model. The results showed that (1) three environmental factors, namely, Precipitation of the Driest
Quarter, Minimum Temperature of the Coldest Month and Mean Diurnal Range, were the key
factors that influencing the distribution of Chinese Beech; (2) the total current area of suitable habitat
of Chinese Beech was about 78615.60 km? and only about 9527.36 km? was located in protected
areas (12.12%); (3) with the continuous warming of the climate, the suitable habitat of Chinese Beech
could lose up to 59.24%, and the protected area would be decreasing continuously. Under the best
and the most extreme climate scenarios for 2070, the suitable habitat area of Chinese Beech was reduced
by 33386.90 km? and 46573.50 km?, respectively, and the protected area decreased by 2,362.22 km?
and 5,056.40 km?, respectively. (4) The highly suitable habitat was projected to move the northwest and

high altitude areas. Consequently, the protection of Chinese Beech is urgently required.

Keywords: climate change, Chinese Beech, MaxEnt, habitat suitability, protection, species distribution
pattern

# These authors contributed equally to this work.
*e-mail: jinyaohul23@163.com



2342

Xiang L., et al.

Introduction

In recent years, increasing attention has been
focused on climate change, and studies have shown
that climate is likely to rapidly change in only 10 years
[1, 2]. According to the Fifth Assessment Report of
Intergovernmental Panel on Climate Change (IPCC),
the global temperature in the 21% century may increase
by more than 1.5~2°C compared to that from 1850~1900.
The trend will continue to the end of the current
century, with the last three decades warmer than any
since 1850. The main cause of global climate change is
human activities [3]. From a regional scale perspective,
climatic conditions are the leading factors determining
species distribution [4]. Changes in temperature and
precipitation caused by climate change will affect the
distribution of suitable habitats for plants, resulting
in regional migration and niche transfer of plants.
The geographical distribution pattern of most species
changes accordingly, which has an important impact on
the entire ecosystem [5-7]. These adverse effects will
be observed under future climate change. Therefore,
species distribution models combined with GIS have
been used to predict the change trend of suitable habitat
and propose corresponding countermeasures [8, 9].

Fagus is a tall deciduous genus of trees and widely
distributed in the Pan-Arctic vegetation system. Fagus
longipetiolata is the dominant species in temperate
deciduous broad-leaved mixed forest [10, 11]. The
distribution area of the species of genus Fagus is
mainly in east Asia, western Eurasia and eastern North
America. In Europe and North America, due to its
strong climatic suitability, Fagus has become climax
vegetation [12]. Fagus species are an important forest
resource and play an important role in water and soil
conservation, biodiversity protection and land ecological
security. These trees have high scientific research
value and production potential. Meanwhile, Chinese
Beech is one of the important research objects of flora,
climate change and plant geography [13]. China has
an extremely rich variety of plants in the Fagus genus.
The study on the suitable habitat changes of the Chinese
plants under the influence of climate change can
provide evidence for the future distribution of North.
In China, Fagus species are mainly distributed in the
southern subtropical mountains, which have complex
topographic and geological conditions and a mild
and humid climate, and they present a discontinuous
distribution pattern [12]. The classification of Chinese
Beech is still not completely unified. Different scholars
have divided the Beech genus into different species
from different classification perspectives. However, it is
generally accepted that there are about 10 to 14 species
of Beech worldwide and 5 to 8 species in China [14-17].
The Chinese Beech species used in this paper include
Fagus longipetiolata, Fagus hayatae, Fagus pashanica,
Fagus engleriana, Fagus lucida, Fagus tientaiensis,
and Fagus chienii. All species are endemic to China,
and Fagus hayatae is a secondary protected plant in

China [18]. Based on the findings of these scholars,
we believe that the distribution range of the genus of
Chinese Beech may be significantly reduced in the
future climate.

We conducted this study to explore the distribution
pattern change and protection efficiency of the whole
genus of Chinese Beech under the background of
climate change. In this study, based on the geographical
distribution data of the genus Chinese Beech, the
MaxEnt model and ArcGIS tool were used to carry out
habitat simulations and protection efficiency evaluations
of the genus Chinese Beech.

Materials and Methods
MaxEnt Model

The MaxEnt model is a species distribution model
(SDM), and it uses the known geographical distribution
of species, combines the environmental factors of each
location to conduct analyses and calculations, and finds
the probability distribution with the maximum entropy
as the optimal distribution to predict the adaptive region
of species [19, 20]. This model is freely available on
the website (http://www.cs.princeton.edu/ schapire/
maxent/). The MaxEnt model stands out among the
many species distribution models due to its accuracy
in prediction, operational stability and convenience of
use. In recent years, the MaxEnt model has been widely
used in the prediction of suitable habitats of tree species
[21, 22]. But previous studies are mostly limited to one
or two species with more sensitive ecological niches,
and few studies have focused on the dominant species
and group building species [23].

Species Distribution Data

In this paper, species distribution records were
obtained from the global biodiversity database
(http://www.gbif.org/), the Chinese Virtual Herbarium
(http:/www.cvh.ac.cn/),  field investigation and
published literature [10-12, 24]. Because the distribution
records of Chinese Beech in some literatures are very
few and inaccurate, we conducted a field survey on its
distribution in Sichuan to ensure the accuracy of the
model. For each plant found, only one longitude and
latitude coordinate per square kilometer was taken as
an effective record. We investigated Nanjiang County
of Bazhong City, Sichuan Province, Wanglang National
Nature Reserve, Qingliangfeng National Nature
Reserve, Qixingguan District and Nayong County of
Bijie City, Guizhou Province, and made coordinates
supplement for Chinese Beech.

To sort out the species distribution records collected
for all specimens, documents and field surveys, the
longitude and latitude are directly used as the species
distribution data for species distribution records with
longitude and latitude, whereas place names are searched
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based on a Google Earth map for species distribution
records without longitude and latitude coordinates.
If records of small geographical areas are available,
then the longitude and latitude of these areas are used
as the species distribution data; however, if these
records are not available, then the longitude and latitude
of the location of the village-level administrative center
is used as the species distribution data. To improve
the accuracy of the model, after repeated and invalid
data are removed, the species distribution data are
imported into ArcGIS. A buffer zone is built around
these species distribution points with a kilometer radius.
For species distribution points with buffer overlap, only
one point is reserved. A total of 853 species distribution
points are obtained. The species distribution points were
obtained and saved in CSV format for use when running
the model.

Environmental Factors

The environmental factors used in this paper can be
divided into biological climate factors and topographic
data. The bioclimatic factors are from the Worldclim
database (http://worldclim.org/). Bioclimatic factors
are derived from monthly temperature and rainfall to
produce more biologically significant variables. These
models are often used in species distribution modeling
and related ecological modeling techniques. Bioclimatic
factors represent annual trends, seasonality and extreme
or limiting environmental factors (as shown in Table 1
from Biol to Biol9). The current climate data in the
database were developed by Hijmans et al. 2005 [25].
The future climate data are the results of future climate
simulation of the Intergovernmental Panel on Climate
Change (IPCC) based on the Global Climate Model
(GCM) under four Representative Concentration Paths
(RCPs). The deviation correction is made according to
the current climate of the global climate data Version
1.4. We downloaded global climate data Version 1.4 for
current climate (1960a-1990a) and future climate 2070
(2061a-2080a). The future climate is based on data from
the CCSM4 model and RCP2.6 and RCP8.5 scenarios
provided by the IPCC/CMIPS. The scenarios with the
lowest and highest CO, emission concentrations are
based on four typical concentration pathways (RCPs)
[26]. In the RCP2.6 scenario, by the end of the 21
century, the global average temperature will increase
by 1°C; and in the RCPS8.5 scenario, by the end of the
21% century, the global temperatures will increase by
an average of more than 2°C. The spatial resolution
of the bioclimate factor data was 30” (about 1 km).
Topographic data includes elevation data, slope data and
aspect data. Elevation data from the national acronautics
and space administration released the global digital
elevation model (http:/srtm.csi.cgiar.org/) at a resolution
of 90m. Slope data and aspect data were extracted from
elevation data with a resolution of 90 m. A total of
22 environmental factors were collected. (Table 1).

Table 1. Environmental variables.

Code Environmental Variable

Biol Annual Mean Temperature

Bio2 Mean Diurnal Range

Bio3 Isothermality

Bio4 Temperature Seasonality

Bio5 Max Temperature of Warmest Month
Bio6 Min Temperature of Coldest Month
Bio7 Temperature Annual Range

Bio8 Mean Temperature of Wettest Quarter
Bio9 Mean Temperature of Driest Quarter
Biol0 Mean Temperature of Warmest Quarter
Bioll Mean Temperature of Coldest Quarter
Biol2 Annual Precipitation

Biol3 Precipitation of Wettest Month
Biol4 Precipitation of Driest Month
Biol5 | Precipitation Seasonality (Coefficient of Variation)
Biol6 Precipitation of Wettest Quarter
Biol7 Precipitation of Driest Quarter
Biol8 Precipitation of Warmest Quarter
Biol9 Precipitation of Coldest Quarter
Dem Elevation

Slope Slope
Aspect Aspect

Boundary Data of the Study Area

China’s boundary data are based on the 1:400,000
basic vector data for China from the national center for
basic geographic information (http:/www.ngcc.cn/).

Protected Area Data

Boundary data of for the national nature reserves
were obtained from the Resource and Environmental
Science Data Center of the Chinese Academy of
Sciences (http://www.resdc.cn).

Processing of Species Distribution Data
Environmental Factor Processing

The ArcGIS 10.2 projection tool (http:/www.esri.
com/software/arcgis/) was used for all environmental
factor (including bioclimatic factor data and topographic
factor data), and the boundary vector data of China’s
1:400,000 scale are projected and unified based on the
WGSI1984 coordinate system. All environmental factors
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were resampled using the ArcGIS 10.2 resampling tool,
and all environmental factor had a uniform spatial scale
with a unified resolution of 30” (about 1 km).

Using the ArcGIS 10.2 clipping tool, all
environmental factor (including bioclimate factor data
and topographic data) were clipped according to the
boundary vector data of China’s 1:400,000 scale so
that they had a uniform boundary.Then, slope data and
aspect data were extracted from processed elevation
data by using the slope extraction tool and aspect
extraction tool in ArcGIS 10.2. The slope and aspect
data will maintain the same coordinate system, spatial
scale and boundaries as the processed elevation data.
In this study, we reclassified the aspect data through
ArcGIS 10.2 so that the value range of the slope data
was an integer between 0 and 8. Each value represents
one direction, where 0 is flat without slope and values
1-8 correspond to due north, northeast, cast, southeast,
south, southwest, west and northwest.

Factor Filtering Performed for the Model

Correlations are observed among environmental
factors, and these correlations will have a certain
impact on the simulation results of the model [27].
Therefore, to improve the accuracy of the prediction
results of the model, 22 environmental factors need to
be screened. First, all the environmental factors values
of each species distribution point were extracted by
the Extraction tool in ArcGIS. Each point is extracted
to obtain 22 values, and the saved values are export
as a .CSV file. Then, R software is used to conduct a
correlation analysis on the environmental factor values
of all species distribution points, and the results are
shown in Table 2.

For two factors whose absolute value of correlation
exceeds 0.8, one factor is selected and the remaining
environmental factors are considered to have a low
correlation [28]. Based on the constraints of extreme
weather on species, the environmental factors that
remain are Bio2, Bio3, Bio5, Bio6, Bio7, Bio8, Biol4,
Biol5, Biol6, Biol7, aspect, and slope. Finally, ArcGIS
10.2 is used to convert the filtered environmental factors
into ASCII format, and the species distribution data
in CSV format were imported into MaxEnt 3.4.1,
and the model was then run.

Parameter Settings

Each tree species was predicted under different
climatic conditions. All model parameters remain
the same. For the imported environmental factors,
the aspect was selected as the classified data type and
the rest were classified as the continuous data type.
All model features were checked with the linear feature,
quadratic equation feature, product feature, key feature
and automation feature. The random test percentage was
25%, the regularization multiple was 1, the maximum

iteration number was 5000, the maximum background
value was 10000, and the repetition number was 10.
The verification method was cross validation. The other
values were set to default values.

Model Accuracy Evaluation

A receiver operating characteristic curve (ROC) was
generated for all models. The accuracy of the model was
measured by the area under the receiver operator curve
(AUC) [29]. The ROC curve was formed by taking the
false positive rate as the abscissa and the true positive
rate as the ordinate. The closed area formed by the
ROC curve and abscissa was the AUC. The higher the
value of AUC, the more accurate the model will be. The
evaluation criteria of the AUC value were as follows:
AUC between 0.5 and 0.6, fail; 0.6~0.7, poor; 0.7~0.8,
fair; 0.8~0.9, good; and 0.9~1.0, excellent [30]. Jackknife
was used to analyze the single factor contribution rate.
The output model results were in logical value format,
in which the output was the probability value of species
distribution (0~1). The output file format was ASCII.

Suitable Habitat Division
and Hot Spots

The operation results of MaxEnt include the potential
distribution simulation diagram of each species in the
current and future climate scenarios [23, 31]. The value
represents the probability of species distribution. The
larger the distribution probability value, the higher the
habitat suitability. To make the results more reliable,
this study deleted the suitable habitat with occurrence
probabilities lower than 0.75, and only the highly
suitable habitats with an occurrence probability higher
than 0.75 were analyzed and discussed. In addition,
ArcGIS 10.2 was used to conduct a spatial superposition
analysis on the results of various species of Chinese
Beech under the same climate conditions. By combining
the highly suitable habitats of 7 species under the same
climatic context, the highly suitable habitat distribution
of Chinese Beech was obtained. The intersection tool
in ArcGIS was used to obtain the intersection of three
highly suitable habitats as the hot spot distribution area
of Chinese Beech.

Changes in Suitable Habitats

The distribution of suitable habitats is often
irregular, and the boundary is not easily determined.
Therefore, we use the change of the geometric centroid
of suitable habitat in different scenarios to represent the
change direction and change distance of the suitable
habitat of the genus Chinese Beech under the condition
of climate change. The geometric centroid suitable
for habitat was found by calculating the longitude
and latitude of geometric centroid in the ArcGIS10.2
attribute table [28, 29].
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(Bi05); Fagus pashanica was mainly affected by three
environmental factors: average daily temperature
range (Bio2), driest quarterly precipitation (Biol7)
and coldest monthly minimum temperature (Bio6);
Fagus engleriana was mainly affected by three
environmental factors: average daily temperature
range (Bio2), lowest monthly temperature (Bio6) and
driest quarterly precipitation (Biol7); Fagus Iucida
was mainly affected by three environmental factors:
driest season precipitation (Biol7), slope (slop) and
wettest season precipitation (Biol6); Fagus tientaiensis
was mainly affected by three environmental factors,
namely, precipitation seasonal variation coefficient
(Biol5), lowest temperature in the coldest month
(Bio06) and average daily temperature range (Bio2);
and Fagus chienii was mainly affected by driest season
precipitation (Biol7), slope (slop) and wettest season
precipitation (Biol6).

Plenty of studies have demonstrated that temperature
and precipitation are key factors that determine species
ranges [5, 36, 37]. In the present study, according to the
contribution rate and frequency, the three environmental
factors driest season precipitation (Biol7), coldest
month minimum temperature (Bio6) and average
daily temperature range (Bio2) were the dominant
environmental factors that restrict the distribution of
species within the genus Chinese Beech. Likewise,
Fang et al. found that the growing season temperature
regime was the most important climatic factor affecting
the geographical distribution of Chinese Beech in
China, and the precipitation was the key factor limiting
its distribution in the northern boundary [38].

Highly Suitable Habitat under Various Climatic
Conditions

ArcGIS 10.2 was used to merge all 7 species in
the current and 2070 RCP2.6 and RCP8.5 climate
scenarios, and the high potential areas obtained by
the model calculations were merged. Highly suitable
habitats in China were observed under the current and
2070 RCP2.6 and RCP8.5 climate and environmental
conditions for Chinese Beech (Figs 1-3).

The current highly suitable habitat of Chinese
Beech was mainly located at the junction of Sichuan
and Gansu, Shaanxi, Chongqging and Hubei provinces
and in the south-central and northeast parts of Sichuan
Province. Moreover, these areas scattered in Guizhou,
Hunan and Guangxi provinces, along the Guangdong
province border area, and in eastern Zhejiang province
in southern China, and small distribution areas were
observed in northeastern Yunnan province, and
Taiwan, Jiangxi, Fujian and Anhui provinces. The total
distribution area was about 78615.60 km?.

Under the RCP2.6 climate condition in 2070, the
highly suitable habitat of Chinese Beech is mainly
located in the south-central and northeastern part
of Sichuan province, the junction of Sichuan with
Gansu, Shanxi and Chongging, and the western part of
Hubei province. Moreover, these areas area scattered
in the borderland of Guizhou, Hunan, Guangxi and
Guangdong, the northeast of Yunnan province, the
junction of Zhejiang and Fujian provinces, and the
junction of Anhui and Hubei provinces, and a small
distribution is observed in Jiangxi province. It was worth

10N
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Fig. 1. Highly suitable habitat of 7 species of Chinese Beech under the current climate (1, Sichuan; 2, Gansu; 3, Shaanxi; 4, Chongqing;
5, Hubei; 6, Guizhou; 7, Hunan; 8 Guangxi; 9 Guangdong; 10 Zhejiang; 11, Yunnan; 12, Taiwan; 13, Jiangxi; 14, Fujian; 15, Anhui; 16,

Tibet; 17, Shandong.)
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Fig. 2. Highly suitable habitat of 7 species of Chinese Beech under the RCP2.6 climate scenario in 2070 (1, Sichuan; 2, Gansu; 3,
Shaanxi; 4, Chongqing; 5, Hubei; 6, Guizhou; 7, Hunan; 8 Guangxi; 9 Guangdong; 10 Zhejiang; 11, Yunnan; 12, Taiwan; 13, Jiangxi; 14,

Fujian; 15, Anhui; 16, Tibet; 17, Shandong.)
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Fig. 3. Highly suitable habitat of 7 species of Chinese Beech under the RCP8.5 climate scenario in 2070 (1, Sichuan; 2, Gansu; 3,
Shaanxi; 4, Chonggqing; 5, Hubei; 6, Guizhou; 7, Hunan; 8 Guangxi; 9 Guangdong; 10 Zhejiang; 11, Yunnan; 12, Taiwan; 13, Jiangxi; 14,

Fujian; 15, Anhui; 16, Tibet; 17, Shandong.)

noting that a new highly suitable habitat appears in the
eastern region of Tibet under this climate condition.
The total distribution area was about 45228.70 km?.
Under the RCP8.5 climate condition in 2070,
the highly suitable habitat of Chinese Beech was
mainly concentrated in northeast Sichuan province,
south-central and southern China, south Shaanxi

province, southeast Gansu province, north Chongqing
municipality, northwest Hubei province, northeast
Yunnan province and eastern Tibet. Moreover, these
areas area scattered in Taiwan, Guangxi, Guangdong,
Hunan, Jiangxi, Zhejiang and Anhui, and a small
distribution is observed in northeast Shandong province.
The total distribution area was about 32,042.10 km?.
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Fig. 4. Suitable habitat and altitude of 7 species of Chinese Beech under different climatic conditions.

Highly Suitable Habitat Change

A superposition analysis was performed as shown
in Fig. 4. Northeast and south-central Sichuan province,
south Shaanxi Province, southeast Gansu province,
north Chongqing municipality, and northwest Hubei
province are the hot spots of Chinese Beech. In addition,
compared with the current climate situation, the area of
highly suitable habitat of Chinese Beech is decreasing
in the future climatic environment (Table 4). Under
RCP2.6, the area decreased by about 33386.90 km?,
or 42.47%. Under RCP8.5, the area decreased by about
46573.50 km? and 59.24%. Hot spots with highly suitable
habitat distribution cover only about 13,832.70 km?.
In high-altitude areas, such as eastern Tibet, a new
high-altitude suitable habitat appeared, and in high-
latitude areas, such as northeastern Shandong Province,
a new high-altitude suitable habitat also appeared.

The geometric centroids of the highly suitable
habitat of Chinese Beech under the three climatic
conditions were calculated, and change were observed.
Compared with the geometric center of mass under the
current climatic conditions, the geometric center of
Chinese Beech moved by about 284.66 km northwest in

Table 4. Changes in the area and center of mass of Chinese Beech.

the RCP2.6 scenario in 2070 and by about 472.81 km
northwest in the RCP8.5 scenario in 2070 as shown in
Fig. 5.

The ecological niche view holds that species or
populations occupy relatively stable ecosystem positions
and relationships with other populations over a certain
time and space [39]. This stability may be broken when
environmental factors change. From small species
to large ecosystems, the organizational structure
and functions will change to adapt to changes in the
environment. The plants are sensitive to global climate
change [40].

Zhang studied the potential distribution area of
Pinus massoniana under projected climate change,
indicating that the distribution area of P. massoniana
will gradually migrate to the north [41]. Li predicted
by the model that the suitable distribution area
of Larix gmelinii may vacate China in 2100 [42].
Liu simulated the distribution pattern of fir plants in
the future climate change scenario and found that
the suitable habitat of fir plants moved northward
[43]. All of these are consistent with the conclusion
that the suitable habitat will move northward under
the different climate change scenarios in the future.

Reduced compared with Less than the present Direction of Distance
Type Area (km?) the present o p change relative to the to present center
(km?) ’ present center of mass of mass (km)
Present 78615.60 0.00 0.00
RCP2.6 45228.70 33386.90 42.47 northwest 284.66
RCP8.5 32042.10 46573.50 59.24 northwest 472.81
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Fig. 5. Geometric center of mass of 7 species Chinese Beech highly suitable habitat under various climatic conditions.

Protection Efficiency

A spatial analysis was carried out using
the intersection tool and by overlaying the vector
boundaries of national protected areas as shown
in Figs 6-8. The results showed that the current
highly suitable habitat area of Chinese Beech is
about 78615.60 km?, and only about 9527.36 km? is
located in the protected area, for a protection rate
of 12.12%. Under the climate of RCP2.6 in 2070, the
highly suitable habitat area of Chinese Beech is about
4522870 km?, and about 7165.14 km? is located in the

protected area, for a protection rate of 15.84%. Under
the climate of RCP8.5 in 2070, the highly suitable
habitat area of Chinese Beech is about 32,042.10 km?,
and about 4470.96 km? is located in the protected
area, for a protection rate of 13.95 %. The hot spot
area of Chinese Beech is about 13,832.70 km?, and
about 1,683.06 km? is located in the protected area, for
a protection rate of 12.17%. Overall, the protection rate
of Chinese Beech is low (Table 5).

In recent years, the survival and development of
Chinese Beech are faced with difficulties such as seed
dispersal, serious man-made damage and extensive
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Fig. 6. Protected area of 7 species of Chinese Beech highly suitable habitat under the current climatic conditions.
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Table 5. Area and protection rate of Chinese Beech.

Type Area (km?) Protected area (k) Proteg;)c;n rate Red;lceegrgsoer;lf?;rer(liz )with Less tharE (;(});e Present
Present 78615.60 9527.36 12.12 0
RCP2.6 45228.70 7165.14 15.84 236222 24.79
RCP8.5 32042.10 4470.96 13.95 5056.40 53.07
Hot spots 13832.70 1683.06 12.17
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destruction of old trees due to global climate change,
long-term interference of human activities and weak
self-renewal ability of population [18, 38]. Our results
showed that, with the continuous increase of greenhouse
gas emissions and the continuous warming of climate
and environment, the hot spot area of Chinese Beech
was only 13,832.70 km?, and the highly suitable habitat
areca will constantly decrease and the protection rate
is low. The highly suitable habitat of Chinese Beech
would be reduced by 59.24%, which corresponds to
a protection rate of only 13.95%. The above research
suggested that a large range of suitable areas of
Chinese Beech would be unprotected for a long time,
and these areas were very conducive to the distribution
and growth of the plant, so these areas should be paid
enough attention in the future protection planning.

Although Chinese Beech is likely to migrate to
the north and high-altitude areas in response to climate
change, we doubt whether Chinese Beech will be able
to migrate to these new highly habitable habitats by
2070 from the perspective of actual natural migration.
Therefore, it is necessary to consider strengthening
the protection of Chinese Beech. Next, the natural
migration rate of Chinese Beech can be investigated
to identify whether a gap occurs between its actual
and theoretical potential. In addition, we can try to
reconstruct an artificial population of Chinese Beech in
the most suitable habitat in the future, so that it can be
more effectively protected.

Conclusion

Trees from Fagus genus are of ecological and
economical importance in China. The projected
climate change will apparently impact its distribution,
growth and development in the future. Therefore, to
have a better understand of the potential geographic
distribution of Chinese Beech is particularly important
for forest ecosystem and environmental protection.
In the present study, precipitation of the driest quarter,
minimum temperature of the coldest month and mean
diurnal range were the top three most important
climatic factors determining the distribution of Chinese
Beech, both under the current conditions and different
climate scenarios. In the future, a decrease of 59.24% of
the highly suitable area will likely happen due to climate
change. The highly suitable habitat was projected to
move northwestward and to high altitude areas. On
the other hand, currently only 12.12% of the total area
is protected, which could be increased in the future.
The present study highlights the fundamental impacts
of climate change on tree species distribution and
forests ecosystem, and provides valuable information
for forests management.
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