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Abstract: Climate change and land use/land cover (LULC) change have received widespread
attention as the two main factors contributing to the shrinking of plant habitats. However, the
different effects of these factors on understory economic tree species are not clear. This is not
conducive to the conservation and exploitation of forest resources. Here, we used species distribution
modeling to predict the extent to which climate change and LULC change will affect changes in
suitable habitats for A. elata under different scenarios in the future. The results showed the suitable
habitat to be located in the Changbai Mountain Range in northeast China. The current area is
110,962 km2. The main variables that affect the suitable habitat are annual precipitation, LULC,
slope, and mean diurnal range. The percentage contributions are 31.2%, 16.8%, 12.8%, and 12.3%,
respectively. In the 2070s, the area of high-quality (moderately and highly) suitable habitat was
reduced by an average of 6.05% when climate alone changed, and by an average of 10.21% when
land use alone changed. When both factors changed together, there was an average decrease of 9.69%.
When climate change and land use change acted together, the shrinking area of suitable habitat did
not suddenly increase. These findings help to identify potentially suitable habitats for A. elata and to
carry out conservation and exploitation efforts to ensure sustainability.

Keywords: Aralia elata; climate change; land-use change; medicine food homology plant; suitable
habitat; species distribution; species conservation

1. Introduction

Climate change has become a global issue and is recognized as one of the causes of
negative impacts such as the loss of species diversity [1,2]. The increase in extreme weather
will continue in the future with global warming. Climate change is driving global species
redistribution, which poses a serious challenge to the survival of endangered species [3,4].
It has been shown that nearly two-thirds of all species in the Indonesian region will lose
their climatically favorable areas under future climate scenarios [5]. In addition, land
use/land cover (LULC) changes caused by human activities have been significant as a
result of the accelerated urbanization process since the 20th century. Climate change and
land use change are widely recognized as key influences on biodiversity decline and range
shifts [6]. The localized extinction of species that this causes is already widespread, and
most of the plants that are not extinct will continue to shrink their habitats due to the
combined effects of the two factors [7,8].

Species distribution modeling (SDM) is an effective tool for studying the extent of the
suitable habitat for a species and for systematic conservation efforts [9,10]. The generalized
additive model (GARP) [11,12], the domain model (DOMAIN) [13], the bioclimatic model
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(BIOCLIM) [14], the niche factor analysis model (ENFA) [15], and the maximum entropy
model (MaxEnt) [16] are commonly used for ecological responses and the distribution areas
of a species. Compared with other models, MaxEnt is widely used because of its accurate
prediction effect, wide application, and simple operation [16,17].

As an understory economic tree, Aralia elata is a small member of the family Araliaceae,
which is widely distributed in northeast China. Its roots, bark, stems, and leaves can be
used medicinally to treat rheumatoid arthritis, insomnia, and other inflammation-related
diseases [18,19]. In addition, the buds of A. elata can be eaten in spring, and are rich
in vitamins and taste delicious. In view of this, A. elata is known as a medicine food
homology plant. It has been widely planted in the northeast region, with planting areas of
102 km2, 87 km2, and 63 km2 in Hengren County, Qingyuan County, and Kuandian County,
respectively [20]. It has become a pillar industry of the local economy with remarkable
economic benefits, and its selling price is usually 50–80 RMB/kg. However, with climate
change and LULC change, the outlook for the habitat of wild A. elata is not optimistic.

Climate change and LULC change have led to the migration or shrinkage of suitable
habitats for some endangered species. Previous similar studies have not explored the
separate effects of climatic and LULC factors on suitable habitats [21–24]. In addition, few
studies have focused on the effects of climate change and LULC change on the suitable
habitat changes of understory economic tree species. Therefore, clarifying the main envi-
ronmental factors affecting the distribution of Aralia species is urgently needed in order to
clarify a protection strategy.

In order to fill these knowledge gaps in the northeast and to promote the forest
economy, we aim to achieve the following: (1) predict the suitable habitat for aralia in
the present and future, (2) determine the impacts of climate change and LULC change on
the suitable habitat of aralia, and (3) clarify the future direction of aralia as an understory
economic tree species for conservation and sustainable development and utilization.

2. Materials and Methods
2.1. Study Area and Species Data

The study area is northeast China. The northeastern region of China includes parts of
Heilongjiang, Jilin, Liaoning, and the Inner Mongolia Autonomous Regions (Figure 1). The
Changbai Mountain region in the east has always been the richest in biodiversity in this
area and is important for regional biodiversity conservation.
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2.2. Species Data

We conducted an extensive field survey of A. elata distribution in the northeastern
region during 2021 and collected a total of 90 data records documenting aralia occurrence.
A total of 61 A. elata distribution data points were collected using the Global Biodiversity
Information Facility (GBIF: https://www.gbif.org, last accessed 21 September 2023), the
Chinese Virtual Herbarium (https://www.cvh.ac.cn, last accessed 21 September 2023),
the Teaching Specimen Resource Sharing Platform (THRSP: https://mnh.scu.edu.cn, last
accessed 21 September 2023) and published literature [25,26], for a total of 151 records. The
data tend to be highly similar due to their collection from multiple data sources. At the
same time, in order to reduce the spatial autocorrelation of the data and to ensure that the
distance between any two occurrence records is greater than 1 km, we used ArcGIS 10.6 to
de-duplicate and eliminate points that were too close [27]. Finally, the model was run using
70 A. elata emergence data records to satisfy the sample size requirement for modeling.

2.3. Climate Data

We selected 19 bioclimatic variables from the World Climate Database (https://www.
worldclim.org/, accessed on 8 September 2023) at a resolution of 1 km [28]. Future climate
variables are selected from future data projected by the BCC-CSM2-MR model of the World
Climate Database. This data is projected through Shared Socio-Economic Pathways, and
Typical Concentration Pathways Combined Scenarios (SSP) from the latest Coupled Model
Intercomparison Project Phase 6 (CMIP6). e.g., SSP126 (low forcing scenario), SSP245
(medium forcing scenario), SSP370 (medium-to-high forcing scenario), and SSP585 (high
forcing scenario). The model was able to reasonably simulate climate change trends in this
region of China [29].

2.4. Land Use/Land Cover Data

Future LULC change data in species distribution research has always been the focus
of such research [30]. The spatial resolution of the future LULC dataset is 1 × 1 km. This
dataset was obtained by Liao et al. [31] based on the Land Use Harmonization (LUH2)
datasets using the newly developed Future Land Uses Simulation (FLUS), and it has been
verified that the FLUS model performs better for predicting long-term LULC changes. The
land use data were divided into six categories: 1: woodland; 2: grassland; 3: unused land; 4:
cultivated land; 5: city; 6: water area. The future LULC change corresponds to the Climate
simulation data under four SSP scenarios.

2.5. Additional Environmental Variables

Additional data are necessary because species distribution is also affected by factors
other than climatic factors and land use factors. Although some of these factors will also
change in the future, we assume here that these variables will not change in the future.
This is because considering some variables to be static environmental variables can achieve
better, or at least no worse, modeling results than ignoring them. The importance of this is
especially significant when the dynamic variables interact with these static variables [32].
Topographical factors indirectly influence temperature, light, and moisture [33]. The
topographical factors in this study incorporated data from three variables: elevation, slope,
and slope direction. Slope and slope direction were produced using ArcGIS 10.6 software
based on the digital elevation model. Soil is an important factor for plant survival, and often
the use of soil factors can lead to better performance in species distribution models [34,35].
Soil data were used in this study for a total of five variables: soil bulk, soil clay, soil organic
carbon, soil silt, and soil pH. Human activity data were obtained from The Socioeconomic
Data and Applications Center (http://sedac.ciesin.columbia.edu, accessed on 17 July 2023).

2.6. Data Processing

A total of 29 environmental variables were collected in this study (Table A1). However,
environmental variables are often correlated with each other, and we utilized the SDXtool-
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box multicollinearity test to screen for variables that are correlated with each other in some
way. When the absolute value of the correlation coefficient between any 2 environmental
variables was greater than or equal to 0.8, the degree of contribution of the 2 variables in the
MaxEnt model was compared, and the environmental variable with the higher contribution
was retained [23]. We ultimately selected 15 environmental variables for modeling out of
28 (Table 1).

Table 1. Environmental factors used in the model and their contributions.

No. Category Variables Description Percent
Contribution

Permutation
Importance

1

Climate factors

Bio1 Annual mean temperature (◦C) 3.6 4
2 Bio2 Mean diurnal range (◦C) 12.3 8.6
3 Bio3 Isothermally 3.9 14.5
4 Bio12 Annual precipitation (mm) 31.2 21.3
5 Bio15 Precipitation seasonality 5.9 2.3

6 LULC factors LULC
There are 6 types: (1) forest;
(2) grassland; (3) barren; (4)

cropland; (5) urban; (6) water
16.8 6.1

7
Topographic factors

Dem 3.2 8.4
8 Slope Slope (◦) 12.8 14.2
9 Aspect 1 2

10

Soil factors

T_bulk Soil bulk (kg/dm3) 0.2 0.6
11 T_clay Soil clay (%) 0.7 0.2
12 T_oc Soil organic carbon (%) 1.3 2.3
13 T_ph Soil pH 0.9 2.5
14 T_silt Soil silt (%) 1.5 2.6
15 Human impact factors Hf Human footprint 4.7 10.4

2.7. Species Distribution Model

We used a MaxEnt model to predict potentially suitable habitats for aralia under
current and future climatic conditions. MaxEnt, as a universal machine learning model,
performs well and has high predictive ability using only presence data and a small number
of samples. It also has advantages such as short computation time and simple operation.
Based on the comparison of species emergence and environmental data, it can estimate the
relative distribution of species. MaxEnt has been widely used and has excellent performance
in modeling the geographic distribution of species [36,37]. In a single model, MaxEnt is able
to generate distributions with similar accuracy to the integrated modeling approach [38].
We utilize 25% of aralia distribution data as a test set for validation and 75% of aralia
distribution data as a training set to build the model. The number of iterations is 5000, and
the model is set to repeat 10 times; Bootstrap is used as the operation type. Default values
were used for other parameters. To determine the accuracy of the model, we calculated the
area under the curve (AUC) of the receiver operating characteristic (ROC). The accuracy of
the model predictions was evaluated using the AUC values. AUC values ranged from 0 to
1. The closer the AUC value converged to 1, the better the model performed. It is generally
accepted that with an AUC greater than 0.9, the structure predicted by the model can be
adopted [39,40].

2.8. Threshold Delineation and Spatial Analysis of Suitable Habitats

It is important to select appropriate thresholds for transforming the values of the con-
tinuous distribution predicted by the model into suitable and unsuitable regions [41]. We
categorized suitable habitats into four classes based on distribution site habitat suitability
values and normal distribution parameters, µ and δ: unsuitable habitat (0, µ − δ), poorly
suitable habitat (µ− δ, µ), moderately suitable habitat (µ, µ + δ), and highly suitable habitat
(µ + δ, 1) [42]. Unsuitable habitats are areas that are unfavorable for aralia growth and
severely limited by environmental factors; poorly suitable habitats are areas where aralia
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can grow normally to some extent but that are less suitable; moderately suitable habitats
are areas that are more suitable for aralia growth but not as suitable as highly suitable
habitats; and highly suitable habitats are areas that are most suitable for aralia growth and
where there is no limitation on its growth and development.

The Getis–Ord Gi method identifies regions of statistically significant hot and cold
spots with global autocorrelation [43]. We used ArcGIS 10.6 software for hotspot analysis,
and the hot spots in the spatial region were located in the priority conservation area of aralia
under the current climate conditions. Meanwhile, in order to clarify the trend in the spatial
pattern of suitable habitats under current and future climate scenarios, the distribution
changes between the binary SDMs tool in SDMtoolbox2.5 was used to calculate the spatial
changes of suitable areas, and the centroid changes tool was used to explore the migration
of the suitable habitat center of mass.

3. Results
3.1. Model Performance Optimization and Calculation Results

We assessed the accuracy of the MaxEnt model using the AUC values. The mean
model AUC values are above 0.95 in different periods under current and future conditions,
indicating excellent model accuracy (Figure 2). Therefore, the MaxEnt model is reliable
in predicting the suitable habitat of A. elata under different scenarios and can be used to
analyze the effects of climate change and LULC change on the suitable habitat of A. elata.
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3.2. Main Environmental Variables and Response Curves

The importance of each environmental variable was determined using the jackknife
test in the MaxEnt model (Figure 3). In terms of the contribution of environmental vari-
ables, bio12, bio15, bio1, Hf, LULC, bio2 are the dominant variables with a cumulative
contribution of 87.1. In terms of the importance of environmental variables, bio15, bio2,
bio12, hf, bio1, and LULC are the dominant variables, with a cumulative importance value
of 84.2. However, the training gain, AUC, and test gain adjusted when using only bio1
in testing were lower than when using only LULC (Figure 3). This suggests that LULC is
more important for predicting outcomes. Thus bio12, bio15, bio2, hf, and LULC were the
dominant variables affecting aralia distribution. In addition, the species response curve
can reflect the relationship between the presence probability of aralia and environmental
variables (Figure 4). We take the value of the environmental variable as the appropriate
range when the probability of A. elata’s presence is greater than 0.6. Bio12 responded
positively to the probability of A. elata presence, indicating that the climatic range in which
bio12 > 201.5 mm was more suitable. Woodland was the most suitable of the six LULC
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types; the slope showed a single-peak effect, and a slope of about 2◦ was the most suitable
slope range. Bio2 responded negatively to the probability of A. elata presence, and the
climatic range in which Bio2 < 12.65 ◦C was more suitable.
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3.3. Current Suitable Habitat

Based on the data of aralia distribution points and various environmental data, we
obtained the distribution ranges for poorly, moderately, and highly suitable habitats in
the current period (Figure 5). Under the current environmental conditions, the area of the
suitable habitat for aralia in northeastern China is 110,962 km2. Of this, 24.54% was in
moderately suitable areas; 6.63% was in highly suitable areas; and 68.83% was in the largest
areas of poorly suitable habitat but were more dispersed overall. The moderately suitable
habitat was located outside of the highly suitable habitat. The cold- and hot-spot analysis
showed that the suitable habitats were concentrated in the eastern districts and counties.
The counties in the central plains are cold spots.
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3.4. Future Suitable Habitats

The prediction results of suitable habitats of A. elata in different situations in the future
are shown in Figure 6. In the future, its suitable habitat will remain mainly in the eastern
part of the northeast region. When focusing on the possibility of future climate change,
influenced by climate change and LULC changes, we found that most of the current
total suitable habitat for A. elata showed shrinkage, and a few areas showed increases
(Figure 7). When focusing on moderately and highly suitable habitats, we found that the
suitable habitat for A. elata showed shrinkage in all scenarios. Under the four future climate
scenarios, moderately and highly suitable habitats were reduced by 16.95%, 11.61%, 3.30%,
and 6.88%, respectively (Table 2). In the low emissions scenario, the area of suitable habitat
shrinkage due to climate change is smaller than the area of suitable habitat shrinkage due
to LULC changes. The opposite is true under the high emissions scenario. The average
reduction in the area of suitable habitat due to climate factors is 6.05% and the average
reduction in the area of suitable habitat due to land use factors is 10.21%.
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Table 2. Percentage change in moderately and highly suitable habitats in different situations in
the future.

Different
Scenarios

Future Climate Scenarios Average
PercentageSSP126 SSP245 SSP370 SSP585

Climate
change −3.11% −6.50% −8.18% −6.41% −6.05%

LULC change −16.13% −14.80% −5.15% −4.74% −10.21%
Climate and

LULC change −16.95% −11.61% −3.30% −6.88% −9.69%

The expansion of moderately and highly suitable habitats was mainly in the eastern
part of Liaoning Province, while the eastern part of Heilongjiang Province and some other
scattered areas were the main areas of A. elata habitat shrinkage (Figure 8). In addition,
some of the suitable habitats distributed in the Heilongjiang region were more stable under
the low-emission scenario and shrank under the high-emission scenario in which only
climatic factors varied. The opposite is true where only LULC changes. The suitable habitat
shrinks in the low-emission scenario and stabilizes in the high-emission scenario. Overall,
the extent of suitable habitat shrinkage is mainly located in some low-elevation areas,
showing an inward contraction across the existing suitable habitat. The increase in suitable
habitat was mainly concentrated in Liaoning Province.
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At present, the suitable habitat of A. elata is located south of Jilin City, Jilin Province
(Figure 9). The geographical coordinates are 127◦6′25′′ E and 42◦52′55′′ N. In the SSP126
scenario, the center of mass migrated in a northwesterly direction under the influence of
climate change only, in a southwesterly direction under the influence of LULC change
only, and in a southwesterly direction under the combined influence of both factors. In the
SSP245, SSP370, and SSP585 scenarios, the center of mass shifted to the southwest. Under
conditions influenced only by climate change, the center of mass shifted furthest in the
SSP245 scenario. Under conditions influenced only by LULC change, the center of mass
shifted furthest in the SSP370 scenario.
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4. Discussion
4.1. Effects of Environmental Variables on the Distribution of A. elata

Environmental drivers broadly influence changes in plant distribution [44]. The main
factors affecting the survival conditions of aralia as a small tree in the current environment
are annual precipitation, seasonality of precipitation, and average diurnal range. These
bioclimatic variables also play an important role in the distribution of other plant species
in the northeast [42]. This may be due to the large temperature difference and low winter
precipitation in the northeast. This also suggests that plants respond differently to climate
change, i.e., water availability has a greater impact on plant survival than changes in
temperature [45]. This is reflected in many plants, and the suitable habitat of Daphne
mucronata is likewise strongly influenced by precipitation [46].

In our study, the suitable habitat of A. elata was mainly distributed in the Chang-
bai Mountain area. Under future climate change scenarios, the suitable habitat will shift
southward, mainly due to the loss of suitable habitat in parts of Heilongjiang (Figure 8).
However, the influence of climate factors and LULC factors on the suitable habitat changed
in different climate scenarios. The area in which suitable habitat will be lost due to LULC
factors is greater in the low-emission scenario, and the area in which suitable habitat will be
lost due to climatic factors is greater in the high-emission scenario. This is easily explained
by the fact that LULC changes in low-emission scenarios lead to permanent changes in
LULC types, which fundamentally change the suitable habitat for the species. This is con-
sistent with previous research showing that LULC change is a major threat to biodiversity
in the future [47]. However, as emissions in the various climate scenarios increased, climate
factors reverted to being the primary influence on the suitable habitat. This may be due to
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the fact that the influence of climate on species’ suitable habitats is more comprehensive,
and as the magnitude of changes in climate factors increases, climate change factors will
become the main factors affecting species’ suitable habitats [48]. However, when the two
factors are superimposed, LULC change may reduce species’ resilience to climate change
by affecting species’ range changes, interspecific relationships, and abundance and thus
species’ resilience to climate change. Conversely, climate change may affect the ability of
species to cope with LULC change [49]. It has been shown that LULC changes may amplify
or buffer the distributional changes expected from climate change impacts, depending
largely on the species [50,51]. It is worth noting that in the SSP370 scenario, the area of
suitable habitat lost from the combination of the two factors is lower than the area lost from
the effects of climate or LULC alone. This also illustrates both the non-cumulative effects of
LULC and climate change on biodiversity, with uncertainty in the relationship between the
two environmental factors. Exploring the interactions between LULC and climate change
will help policymakers to optimize conservation measures [52,53].

Although climate and LULC are the main factors influencing the distribution of species,
the detrimental effects of human activities cannot be ignored [54]. The human activity
factor ranked sixth among the important factors in the current suitable habitat of A. elata,
accounting for 4.7% of the contribution. As a plant with a narrow distribution range in
nature, A. elata has considerable medicinal and economic value. Excessive picking once
threatened the wild population of A. elata [55]. Moreover, growth in human activities will
lead to increased habitat fragmentation, which will indirectly affect the suitable distribution
range of species [56]. It has been shown that species with smaller ranges may be more
vulnerable than those with wider ranges [57]. Consequently, narrowly distributed species
may be replaced by widely distributed species due to the risk of biological homogenization
arising from human activities [58]. The formulation of conservation, development, and
utilization policies should also take reasonable account of the impact of human activities.

4.2. Conservation Priorities and Optimal Planting Regions

Based on the species distribution model, we predicted the distribution map of the
suitable habitat of aralia in northeast China under current and future climatic conditions
and analyzed the environmental factors affecting the suitable habitat of aralia, in order to
support decision-making surrounding aralia conservation and sustainable development
and protection [59]. The results showed that the MaxEnt model performed well and
predicted the degree of influence that climate change factors and LULC factors will have
on the suitable habitat of A. elata.

We need to weaken the negative impact of different factors on the living environment
for effective protection of A. elata [60]. Obviously, in the low-emission scenario, LULC
changes pose the greatest threat to the suitable habitat of A. elata. In the SSP126 and SSP245
scenarios, the area is reduced by 16.13% and 14.80%, respectively (Table 2). Therefore, it is
necessary to avoid landscape fragmentation of the suitable habitat [61]. The current results
show that the suitable habitat is mainly distributed in the eastern part of northeast China
under the current climatic conditions. Within this region, the Changbai Mountain area in
eastern Liaoning Province has the largest area of highly suitable habitat. In view of the fact
that climate change factors are global factors, there are limited ways of addressing climate
change in local areas. We can pay more attention to the climate impact factors and potential
migration areas of A. elata [51].

A naturally suitable habitat is the basis for the healthy development and renewal of
A. elata population. In order to ensure the healthy development of the A. elata population,
the current study not only focuses on the protection of A. elata in the wild, but also on
the selection of suitable planting areas for artificial cultivation [62]. As a medicine food
homology plant, A. elata contains many bioactive products. [63]. In view of the increasing
demand for undergrowth products, artificial cultivation of A. elata has become an important
development strategy in the non-wood forest products industry. In addition, differences in
ecological environment often affect the formation and accumulation of nutrients in A. elata,
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which in turn affect the quality of A. elata products [19]. It has been demonstrated that
suitable environmental factors can improve the quality of medicinal plants, suggesting that
high-quality medicinal plants tend to be found in areas of highly suitable habitat [62]. In
conclusion, the current habitat map shows that the eastern part of Liaoning Province is the
optimal planting area for A. elata.

4.3. Uncertainty and Future Directions of Research

Our study provides a good forecast for predicting the distribution of the suitable
habitat for A. elata under future climate and LULC change scenarios. However, we would
like to point out that, due to the availability of data and other reasons, the study may
be affected by some uncertain factors. For example, the nature reserve network is often
able to play a protective role under climate change and is an important means of species
protection [64]. However, our study did not pay attention to the improvement of the
suitable habitat via the current reserve management, which may cause us to underestimate
the suitable habitat range and suitability of A. elata [65]. And there are unsuitable areas,
such as construction land and crop land in suitable habitats, which may limit the availability
of suitable habitats. In addition, it is counterintuitive that the human footprint responded
positively to the probability of A. elata presence in this study. The reason is that some
A. elata are distributed in green areas in built-up areas. The resolution of our environmental
data was 1 km, which could not reflect detailed characteristics. Despite these limitations,
our research is valuable in the sustainable protection and utilization of A. elata. This study
can help decision-makers to carry out conservation work for A. elata habitats to offset the
negative effects of climate change and LULC factors [66]. Future research can explore
more biotic and abiotic factors and synthesize the factors affecting species distribution.
The mechanisms of interaction between these factors can be gradually clarified to assist in
conservation decision-making.

5. Conclusions

The suitable habitats of A. elata are mainly located in the eastern Changbai Mountain
area. Annual precipitation and LULC factors play an important role in the current spatial
distribution of A. elata. We projected that LULC factors would have a greater influence on
the suitable habitat in the future low-emission scenario, and that climate factors would
have a greater influence on the suitable habitat in the future high-emission scenario. In the
future, the main suitable habitats in northeast China will decrease, and suitable habitats will
migrate southward on the whole. Our results can provide an effective reference for species
protection, resource development and the sustainable economic utilization of A. elata.
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Appendix A

Table A1. Potential environmental variables.

No. Category Variables Description Data Sources

1

Climate variables

bio1 Annual Mean Temperature

WorldClim v2.1
(https//www.Worldclim.org/,
accessed on 8 September 2023)

2 bio2 Mean Diurnal Range
3 bio3 Isothermality
4 bio4 Temperature Seasonality
5 bio5 Maximum Temperature of Warmest Month
6 bio6 Minimum Temperature of Coldest Month
7 bio7 Temperature Annual Range
8 bio8 Mean Temperature of Wettest Quarter
9 Bio9 Mean Temperature of Driest Quarter
10 Bio10 Mean Temperature of Warmest Quarter
11 Bio11 Mean Temperature of Coldest Quarter
12 Bio12 Annual Precipitation
13 Bio13 Precipitation of Wettest Month
14 Bio14 Precipitation of Driest Month

15 Bio15 Precipitation seasonality
(coefficient of variation)

16 Bio16 Precipitation of wettest quarter
17 Bio17 Precipitation of driest quarter
18 Bio18 Precipitation of warmest quarter
19 Bio19 Precipitation of coldest quarter

20 Land use/land
cover factor LULC Land use/land cover type

The resource and Environment
Science and Data Center

(https://www.resdc.cn/, accessed
on 8 September 2023) and

(http://www.geosimulation.cn/
China_PFT_SSP-RCP.html,

accessed on 8 September 2023)
21

Top ographic
factors

dem Elevation above sea level (m) Geospatial data cloud
(www.gscloud.cn, accessed on

7 July 2023)
22 slope Slope (◦)
23 aspect Aspect
24

Soil factors

t_bulk Topsoil bulk (kg/dm3) Soil quality data from the
Harmonized World Soil Database

(HWSD)
(https://www.fao.org, accessed on

7 July 2023)

25 t_clay Topsoil clay (%)
26 t_oc Topsoil organic carbon (%)
27 t_ph Topsoil pH
28 t_silt Topsoil silt (%)

29 Human Impact Hf Human footprint The Socioeconomic Data and
Applications Center
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