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Abstract: In the context of ecological civilization construction in China, interregional ancient trees
are important natural and cultural resources, and it is vital that they are effectively protected and
utilized according to their spatial distribution and regional conditions in order to provide a balance
between local economic development and the ecological environment. This article analyzes the
spatial heterogeneity of 26,842 ancient trees and explores the underlying natural and human factors
by using geoinformatics–based techniques (i.e., the nearest neighbor index, kernel density, spatial
autocorrelation, and the geographically weighted regression model) in Henan Province, Central
China. The research findings conclude that: (1) The interregional ancient trees show positive spatial
autocorrelation, and the aggregation effect in Western Henan is the most significant. (2) The growing
environment and elevation exert a more obvious influence on the spatial pattern of interregional
ancient trees. (3) The main influencing factors per region are different, for example, historical culture
in Western Henan, water source and elevation in Southern Henan, and the growing environment
in Eastern Henan, while ancient trees in Northern Henan have a weak relationship with each factor.
This research facilitates political strategy making for sustainable development and the protection of
interregional ancient trees.

Keywords: ancient tree; spatial variation; influencing factor; geoinformatics; Henan

1. Introduction

Human–nature harmonious coexistence is gradually becoming a major strategy in eco-
logical civilization construction and the ideal of building a “beautiful China”, alongside the
transformation and reconstruction of the global economy [1,2]. Ancient trees have received
worldwide attention due to their considerable contribution to biodiversity conservation, for-
est restoration efforts, human societies, and cultures [3,4]. Protecting ancient tree resources
plays a vital role in human–nature harmonious coexistence according to local conditions [5].
Firstly, during their extreme longevity, ancient trees have undergone a strong selection
process both in natural and built environments. As a result, they retain valuable genes of
endangered species, which play a key role in genomic diversity and adaptive capacity over
centennial environmental cycles [6–8]. Secondly, ancient trees have created many benefits
at the ecosystem level. As an important part of the ecosystem, ancient trees are a unique
habitat for the conservation of threatened species [9,10] because they can affect ecological
factors such as temperature, humidity, and soil quality to resist and buffer climate warm-
ing [11–13]. Thirdly, ancient trees are equally important to human production and life due
to their provision of specific materials for human beings. The leaves, flowers, fruits, seeds,
skins, and branches of some ancient trees are important materials for traditional medicine
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and food in China. For example, Ginkgo offers multiple economic values and vernacular
uses. The edible nuts, rich in nutritional value, have been enlisted in various dishes and
desserts [14]. Additionally, the leaves and seeds are used in traditional Chinese medicine
to treat diseases such as cough and asthma [15]. Fourthly, ancient trees serve as important
material carriers to display and inherit local culture. They have typical landscape value due
to their unique trunks, branches, and leaves [16,17], as well as them being endowed with
certain religious and folklore connotations in special sites, such as temples, ancestral halls,
and villages, to load certain emotions of local people [18–20]. Despite these benefits, ancient
trees are a slowly emerging property of nature and humans and require many centuries
to generate [21]; therefore, their unique benefits cannot be recovered without an extensive
passage of time. During these decades, ancient trees have declined at an alarming rate in
many parts of the world, which is attributed to urbanization, agricultural intensification,
and a lack of planting, management, and awareness of the development of ancient tree
populations [22,23]. Central China, with many ancient trees, is undergoing a phase of
rapid urbanization, which has had a remarkable effect on the original living environment
and distribution of ancient trees. Based on the above, ancient trees provide insights into
a local human–nature relationship, and that the natural environment (e.g., topography,
hydrology, and vegetation) and social factors (e.g., history, culture, and human activities)
have a marked impact on ancient trees and their spatial distribution [24,25]. Therefore,
this paper will provide an important reference for the protection of ancient trees through
studying the spatial pattern of ancient trees and their influencing factors based on the
human–land relationship using a geoinformatics-based approach.

Due to the comprehensive characteristics of ancient tree resources, the current research
mainly involves the definition and evaluation criteria of ancient trees [26,27], pest control
rehabilitation of specific species, etc. [28,29]. Scholars have also researched the excavation of
culture and landscape connotations involved in ancient trees [30,31]. Given that the survey
of ancient tree resources has successively been carried out across these years, research
on the spatiality of ancient trees and the underlying influencing factors has gradually
increased [3,16,26]. In recent years, many statistical techniques have been developed to
probe into spatial variations in the relationships between spatial variables in the fields of
geo-statistics and spatial modeling [32,33]. Geographically weighted regression (GWR), as
one of the most powerful geoinformatics–based tools for exploring spatial heterogeneity,
has been more widely used in geography, ecology, forestry, and other disciplines [34,35].
GWR is an extension of the traditional regression analysis method for local rather than
global parameter estimation, which takes the spatial structure of the data into account in
the model, so that the regression coefficients become a function of the geographic location
of the observation points, then solves this spatial non-smoothness problem [36].

Existing studies show that there are regional differences and scale effects in terms of
the impact of natural and social factors on ancient trees [24,31,37,38]. On the one hand, in
terms of regional differences, previous research has mainly focused on the number and
species of ancient trees in different regions based on simple mathematical statistics and then
explored the influencing factors of distribution qualitatively, or conducted quantitative
linear regression analysis [5,24,32,33]. The existing studies focus on the excavation of the
factors associated with the ancient trees, while less consideration is given to the influence
degree and spatial heterogeneity of the factors influencing the ancient trees. On the other
hand, in terms of research scale, the existing research is mostly conducted on a single
study area [5,25,39], which makes the ancient tree resources lack certain comparability
between the different regions [40]. However, based on the traditional ecological species–
area hypothesis, ancient trees and their factors in the area of administrative regions or cities
are quite different, resulting in deviation. Furthermore, some research scales are small or
medium based on the available ancient tree data, such as for one city or one county [41,42].
Due to the area limitations of the cities and counties where the latitude and longitude
spans are small, the differences in internal topography, climate, history and culture, and
other conditions are not significant, so it is challenging to distinguish the main drivers of
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ancient trees in different regions, which is not conducive to the protection of the ancient
tree resources in accordance with the local conditions.

In the context of ecological civilization construction and the ideal of building a “beau-
tiful China”, this study focuses on researching the ancient trees in Henan Province in
Central China, which has rich ancient tree resources with significant spatial variation.
Geoinformatics–based techniques (i.e., the nearest neighbor index, kernel density, spatial
autocorrelation, and the geographically weighted regression model) are used to explore the
basic distribution pattern, influencing factors, and interregional differences. The aims of
this study are as follows: (1) to identify the spatial distribution characteristics of ancient
trees; (2) to reveal the influence degree of six natural and human factors on the spatial dis-
tribution of ancient trees; and (3) to demonstrate the spatial heterogeneity of six natural and
human factors on the spatial distribution of ancient trees. The findings could contribute to
the conservation and management of the sustainability of ancient tree resources according
to local conditions.

2. Data and Method
2.1. Study Area

Henan Province (31◦23′–6◦22′ N, 110◦21′–116◦39′ E) is located in the central part of
China (Figure 1), with a total area of about 167,000 km2. In terms of topography, Henan is
in the transition zone between the second and third terraces in China’s topography in the
east–west direction. Henan Province is surrounded by four main mountains in the north,
west, and south with the west high and the east low. The central and eastern regions are
made up of the vast Huang–Huai–Hai alluvial plain. In terms of climate, Henan Province
belongs to the continental monsoon climate transiting from the north subtropical zone to
the warm temperate zone in the north–south direction. In addition, Henan Province has a
long history and culture. As the source of Chinese history and civilization, it has been the
country’s political, economic, and cultural center for more than 3000 years. A diversified
natural environment and profound historical and cultural deposits created rich ancient tree
resources in Henan Province. Therefore, it is of great significance to study the ancient tree
resources from the interregional perspective in Henan Province.
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Given that the interregional disparity in Henan Province is significant, this study
divides Henan Province into four regions based on climate and terrain factors, namely
Northern Henan, Western Henan, Southern Henan, and Eastern Henan. Northern Henan
is mainly located in the Taihang Mountain and the northern Huang–Huai–Hai plain area
including Anyang City, Puyang City, Jiaozuo City, Xinxiang City, Hebi City, and JiYuan City
to the north of the Yellow River. Western Henan is mainly located in the Funiu mountain
area, including Luoyang City, Sanmenxia City, and a part of Zhengzhou City to the south
of the Yellow River. Southern Henan is in the Nanyang Basin and Tongbai–Dabie Mountain
area to the south of the Huaihe River. Eastern Henan is mainly in the Huang-Huai–Hai
Plain area including a part of Zhengzhou City, Kaifeng City, Shangqiu City, and Zhoukou
City to the south of the Yellow River, specifically shown in Figure 1.

A total of 26,842 single ancient trees have been identified in Henan Province with a
density of 16.20 × 10−2 Plant/km2, belonging to 322 species and 146 genera in 59 families. The
number of ancient trees in Western Henan is the largest among all regions, with 16,475 ancient
trees, accounting for 61.38% of all in Henan Province, and the density is also the largest, which
is 34.22 × 10−2 Plant/km2. There are 3999 ancient trees in Northern Henan accounting for
14.89%, and the density is 14.28 × 10−2 Plant/km2. The number of ancient trees in Southern
Henan is 3679 accounting for 13.71%, and the density is 10.08 × 10−2 Plant/km2. The number
of ancient trees in Eastern Henan is the least, with 2689 trees accounting for 10.02%, and the
density is also the smallest, 5.07 × 10−2 Plant/km2.

2.2. Indicator System and Data Source

This study aims to describe the spatial distribution of ancient trees and the influencing
factors by geoinformatics–based methods. The dependent variable is the number of ancient
trees for each town, and 1586 towns with ancient trees in four regions of Henan Province
are taken as research units. Many variables are tested, and six natural and human factors
(Figure 2) are selected as the independent factors in terms of the representativeness of the
indicators, the actual situation of Henan Province, and data redundancy. In natural factors,
elevation and slope are the common factors representing terrain [3,16,25]. Precipitation and
temperature data tend to result in less variation for townships in the same region [15,25],
so the closest distance from ancient trees to rivers and lakes is used to quantify the water
source. In human factors, the ratio of forest and orchard land area is used to explain the
habitats of ancient trees [26]. The long history of Henan Province has left extremely valuable
and rich cultural relics, and ancient trees are an important part of historical and cultural
resources, so it is necessary to explore the relationship between them [16,26]. POIs (points of
interest) are selected to interpret the intensity of human and economic activity. Compared to
other factors, such as population density, distance from the city center, building density, and
gross domestic product, POIs are comprehensive spatial data and do not involve the issue
of statistical caliber, which fits with the purpose of this study to identify the main factor of
the spatial distribution of ancient trees by a geoinformatics–based approach [43,44]. The
quantification standard of each influencing factor is shown in Table 1. The basic statistics of
the variables are listed in Table 2. Additionally, the results of the OLS model show that the
variance inflation factors (VIFs) of six explanatory variables in Henan Province and four
regions are in the range [1.009, 2.578] (Table 3), and the VIF values are all less than 7.5, so
there are no redundant explanatory variables.

The spatial information of ancient trees in Henan Province is acquired from the Cloud
platform for forest genetic resource information of Henan Province (2017–2020), and the types,
ages, and locations of ancient trees are reviewed and corrected. The slope and elevation
data are from the 30 m resolution data of the Digital Elevation Model (DEM). Rivers and
land use data are extracted from the remote sensing monitoring data of land use status in
Henan Province in 2020. The DEM and land use data are provided by the Resource and
Environment Science and Data Platform of the Chinese Academy of Sciences (https://www.
resdc.cn/) (accessed on 8 August 2023). Historical and cultural resources include the national
and provincial lists of important heritage conservation units, historical and cultural famous

https://www.resdc.cn/
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villages, towns and cities, and traditional villages in Henan Province, which are collected
from Henan Provincial Administration of Cultural Heritage (https://wwj.henan.gov.cn/)
(accessed on 16 August 2023). The Gaode map API (Application Programming Interface)
tool (https://lbs.amap.com/) (accessed on 24 August 2023) is used to obtain the latitude and
longitude coordinates of historical–cultural resources and POIs, and the latitude and longitude
coordinates are verified to ensure that the coordinates of the same spot in multiple lists are
consistent and not duplicated. As a result, there are 3,695,857 POIs and 3759 historical and
cultural resource spots adopted in this study.
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Table 1. Quantification standard of influencing factors.

Category Influencing Factor Quantification Standard

Natural factors
Elevation The average altitude of the town (m)

Slope The average slope of the town (◦)
Water source The shortest distance to the nearest water source (m) × (−1)

Human factors
Historical culture resource The shortest distance to the nearest historical and cultural

resource spot (m) × (−1)

Growing environment The ratio of forest and orchard land area to the
township area (%)

Human activity intensity The number of POIs

https://wwj.henan.gov.cn/
https://lbs.amap.com/
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Table 2. Descriptive statistics of influencing factors in this study.

Influencing Factor Mean Std Min Max

Elevation (m) 191.108 213.080 22.667 1597.673
Slope (◦) 6.210 3.708 0.000 32.959

Water source (m) 3258.215 2481.613 0.000 17,708.922
Historical culture resource (m) 4348.136 3016.399 48.035 26,328.819

Growing environment (%) 10.524 22.350 0.000 99.951
Human activity intensity 1359.943 1969.069 0.000 25,248.000

Table 3. The VIFs of all explanatory variables in the OLS model.

Influencing Factor Henan Province Eastern Henan Western Henan Southern Henan Northern Henan

Elevation 1.881 1.048 2.089 1.339 1.658
Slope 2.327 1.210 2.550 1.591 2.578

Water source 1.009 1.028 1.206 1.091 1.010
Historical culture 1.093 1.187 1.383 1.148 1.079

Growing environment 1.695 1.072 1.789 1.476 1.967
Human activity intensity 1.059 1.075 1.085 1.033 1.058

2.3. Methods
2.3.1. Nearest Neighbor Index (NNI)

The NNI is defined as the ratio of the actual nearest neighbor distance to the theoretical
nearest neighbor distance [45]. In general, NNI > 1 indicates that the ancient trees are
uniformly distributed, NNI = 1 indicates random distribution, and NNI < 1 indicates
agglomerative distribution. The smaller the NNI value, the more agglomerated ancient
trees are distributed, which is calculated as follows:

NNI = ∑n
i=1

min
(
dij
)

n
/

(
1
2

√
A
n

)
, (1)

where dij is the actual distance between two ancient trees, A refers to the total area of Henan
Province, and n is the number of ancient trees.

2.3.2. Kernel Density Estimation (KDE)

The KDE method uses the density function to depict the distribution pattern and
evolution trend of random variables [46]. It is used to describe the density pattern of
ancient trees in Henan Province with the help of a moving cell and obtain the diagram
of the continuous change in their density, to represent the agglomeration and diffusion
characteristics of the ancient trees.

f (x) =
1

nh∑n
i=1 K

(
x − xi

h

)
(2)

where K
(

x−xi
h

)
is the kernel function, and h > 0 is the bandwidth, x − xi represents the

distance from x to event xi. A larger value indicates denser ancient trees and a higher
occurrence probability.

2.3.3. Global Moran’s I Index

Global Moran’s I index can be used to observe the spatial correlation of ancient trees in
the whole study area based on their spatial locations [47]. The specific calculation formula
is as follows:

I =
n
So

×
∑n

i=1 ∑n
j=1 Wij

(
Xi − X

)(
Xj − X

)
∑n

i=1
(
Xi − X

)2 (3)
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where n is the number of ancient trees, and Xi and Xj, respectively, represent the ancient
trees in the ith and jth units. X is the mean value of ancient trees, Wij is the spatial weight
matrix, and S0 is the sum of the spatial weight matrix. The value of Moran’s I ranges
from −1 to 1. Moran’s I > 0 indicates a positive spatial correlation, whereas Moran’s I < 0
indicates a negative spatial correlation. If the index is close to 0, then no spatial correlation
is observed.

2.3.4. Geographically Weighted Regression (GWR)

The GWR model is proposed to effectively reflect the spatial non-stationarity of charac-
teristics in regression relationships [48]. As a local parameter estimation method, the GWR
model assigns a regression coefficient to each spatial position, which is unattainable using
the ordinary least squares (OLS) model. The GWR model can be interpreted as follows: A
continuous decay function is calculated based on the spatial distance of the element loca-
tions in a given spatial region. The weight of each element in the local regression equation
is then calculated to obtain the weighted regression equation. The Akaike information
criterion (AIC) method is based on the concept of entropy and can be obtained. Thus, in this
study, the AIC is used to optimize the bandwidth. The model is defined in Equation (4):

yi = β0(ui, vi) + ∑n
k=1 βk(ui, vi)xik + εi (4)

where yi is the number of ancient trees in the ith units, xik refers to the (n × k)-dimensional
explanatory variable matrix, βk(ui, vi) is the regression coefficient of factor k at regression
point I, n refers to the number of independent variables, (ui, vi) refers to the longitude and
latitude coordinates of the ith observation point, and εi is the residual.

2.4. Study Steps

The study steps are as follows: (1) regional division: Henan Province is divided into
four regions based on climate and terrain factors at the township spatial scale; (2) spatial
distribution pattern analysis: NNI and KDE are used to reveal the basic distribution pattern
of ancient trees in Henan Province, then Global Moran’s I is used to compare the spatial
correlation of ancient trees in different regions; (3) model assessment: AICc and R2 are used
as the indicators to evaluate OLS and GWR in terms of identifying factors of ancient trees;
and (4) influencing mechanism investigation: GWR is used to demonstrate the influence
degree and spatial heterogeneity of six natural and human factors on the spatial distribution
of ancient trees in different regions. Relevant statistics and taxonomy of ancient trees are
performed in the software Excel 2019. Regional division, data preprocessing, and model
building are performed in the software ArcGIS 10.8.

3. Results
3.1. Spatial Variation and Correlation of Ancient Trees

The average observed distance is 469.03 m among ancient trees in Henan Province,
while the average expected distance is 1673.89 m, and the NNI is 0.28 (<1). According
to standardized statistics, the Z-value is 225.60 m, the p-value is 0 (p < 0.01), and the
confidence is 99%, indicating that the spatial distribution of ancient trees in Henan Province
is agminated. In different regions, the NNI is less than 1. The most significant aggregation
is in Western Henan with an NNI of 0.28, followed by Northern Henan with 0.29. Ancient
trees are relatively scattered in Southern Henan and Eastern Henan, resulting in NNIs of
0.35 and 0.39, respectively.

The KDE results of ancient trees in Henan Province are spatialized in Figure 3. Ancient
trees in Henan Province are mainly concentrated in the Funiu Mountain and Songshan
Mountain areas in Western Henan, and the Dabie Mountain area in Southern Henan.
Ancient trees in Northern Henan are mainly concentrated in the Wangwu Mountain and
Taihang Mountain areas. Ancient trees in Eastern Henan are relatively scattered, mainly
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concentrated in areas with rich tourism resources, such as Nanjiecun Village in Luohe City
and the Taihao Fuxiling Mausoleum Cultural Tourism Area in Zhoukou City.
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Figure 3. The map of ancient tree kernel density estimation in Henan.

The distribution of interregional ancient trees shows positive spatial autocorrelation
in Henan Province. The result of Global Moran’s I of ancient trees in Henan Province is
0.2694 > 0, and the Z-value is 21.23, passing the 99% confidence test. The space autocorre-
lation of ancient trees in Southern Henan is the most significant, and the result of Global
Moran’s I is 0.3803, followed by Western Henan where the Moran’s I is 0.2573. The spatial
correlation degree of ancient trees in Northern Henan is relatively weak, and that in Eastern
Henan is the weakest, resulting in Moran’s Is of 0.1164 and 0.0991, respectively. The ancient
trees are mainly scattered in Eastern Henan and have a continuous distribution only on the
border with Western Henan. Most of the towns with more ancient trees have neighbors
with fewer ancient trees in Eastern Henan.

3.2. Influencing Mechanism Investigation

The results of the GWR model are compared with those of the OLS model to explore
the influencing factors and their spatial variation in Henan Province. As shown in Table 4,
the R2 and adjusted R2 of GWR are 0.525 and 0.406, respectively, while those of OLS are
0.189 and 0.186. The AICc value (−4076.4359) in the GWR is much smaller than that in the
OLS model (−3763.839), and the model condition values in the GWR are all smaller than
30, indicating that collinearity is not present. The comparison results of the two models in
different regions show a similar rule to that of Henan Province. In conclusion, compared
with OLS, the GWR model is more scientific and applicable to analyzing the factors affecting
the spatial heterogeneity of interregional ancient trees in Henan Province.

The regression coefficients of the selected driving factors calculated by the GWR
model are shown in Table 5. The signs of the maximum and minimum values of the
regression coefficients for all the variables are different. This indicates that the various
influencing factors on the spatial distribution of ancient trees in Henan Province and its
four inter-regions are complex. Based on the comparison of all regression coefficient means,
elevation, slope, water source, historical culture, and growth environment are positively
correlated with the spatial distribution of ancient trees, while human activity intensity is a
negative factor. The above variables are ranked as follows: growth environment > elevation
> historical culture > slope > human activity intensity > water source.
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Table 4. Model analysis and comparison.

Region Indicator GWR OLS

Henan Province
AICc −4076.436 −3763.840

R2 0.525 0.189
R2 Adjusted 0.405 0.186

Northern Henan
AICc −1417.151 −1301.154

R2 0.553 0.313
R2 Adjusted 0.511 0.302

Western Henan
AICc −577.457 −532.820

R2 0.302 0.068
R2 Adjusted 0.197 0.055

Southern Henan
AICc −968.510 −880.280

R2 0.715 0.328
R2 Adjusted 0.601 0.313

Eastern Henan
AICc −2797.614 −2748.854

R2 0.452 0.133
R2 Adjusted 0.298 0.123

Table 5. Statistics of influencing factor regression coefficients in the GWR model.

Regions Factors Min Median Max Mean Std

Henan

Elevation −2.293 0.183 3.104 0.238 0.551
Slope −0.453 0.004 0.806 0.019 0.161

Water source −0.157 0.005 0.840 0.013 0.074
Historical culture −0.559 0.010 1.473 0.082 0.221

Growing environment −6.309 0.096 24.642 0.323 1.741
Human activity intensity −1.776 0.011 0.451 −0.019 0.217

Eastern Henan

Elevation −1.554 0.084 0.748 0.042 0.444
Slope −0.071 0.002 0.093 0.000 0.030

Water source −0.046 0.001 0.083 0.002 0.022
Historical culture −0.043 0.001 0.107 0.004 0.021

Growing environment −6.355 0.199 31.444 1.028 3.222
Human activity intensity −0.121 0.013 0.327 0.039 0.078

Western Henan

Elevation −0.236 0.208 1.170 0.363 0.455
Slope −0.346 0.084 0.487 0.065 0.230

Water source −0.202 0.038 0.174 0.022 0.079
Historical culture −0.142 0.260 1.109 0.356 0.324

Growing environment −0.172 0.093 0.735 0.083 0.158
Human activity intensity −0.993 −0.036 0.241 −0.106 0.308

Southern
Henan

Elevation −0.004 0.540 3.040 0.771 0.708
Slope −0.145 0.011 0.446 0.006 0.070

Water source −0.123 0.028 0.795 0.058 0.137
Historical culture −0.135 0.005 0.231 0.012 0.049

Growing environment −2.606 0.069 14.385 0.339 1.839
Human activity intensity −0.096 −0.016 0.357 0.008 0.079

Northern
Henan

Elevation −0.158 0.089 0.141 0.087 0.041
Slope −0.032 0.001 0.190 0.005 0.028

Water source −0.039 0.005 0.103 0.001 0.020
Historical culture −0.375 0.015 0.076 0.001 0.081

Growing environment −0.432 0.063 0.591 0.133 0.204
Human activity intensity −0.098 0.005 0.027 −0.018 0.045
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3.3. Specific Explanations of Influencing Factors
3.3.1. Elevation

The elevation in Henan Province is divided into mountain (>500 m), hill (200–500 m),
and plain (<200 m). The numbers of ancient trees are 9994 (37.23%), 8883 (33.09%), and
7965 (29.67%), respectively. The regression coefficient of elevation factor is 2.293–3.104 and
the mean is 0.238. In general, elevation has a positive correlation with the distribution
of ancient trees, but negative correlations are found in the Funiu Mountain, Xiong’er
Mountain, Xiao Mountain, and other mountainous areas, as well as the plain area including
Puyang City, Shangqiu City, and Zhoukou City (Figure 4). The effect of elevation on
the distribution of interregional ancient trees is similar to that in Henan Province, with
the average regression coefficients of 0.087 (Northern Henan), 0.363 (Western Henan),
0.771 (Southern Henan) and 0.042 (Eastern Henan), respectively. This shows that the
overall correlation is positive. The effect in Southern Henan is the most significant, where
there is only a negative correlation in Xindian Town in Xinye County, while others show
a positive correlation with high regression coefficients in the Dabie Mountain area. The
second regression coefficient of the elevation factor is in Western Henan with a significant
high correlation in low mountains and hilly areas around Song Mountain. The regression
coefficient in Northern Henan is generally low, but mostly shows a positive correlation,
with only a few flat regions (e.g., Fan County and Taiqian County in Puyang City). In
Eastern Henan, the high regression coefficients are mainly concentrated in the west and
south near the hilly regions.

3.3.2. Slope

In Henan Province, 14,231 (53.02%) ancient trees are distributed on gentle slopes
(5◦–15◦), followed by flat slopes (0◦–5◦, 8923, 33.24%). In areas with a slope > 5, the number
of ancient trees decreases sharply; there are only 16 ancient trees in the areas with a slope
>45. The regression coefficient of the slope variable is −0.453–0.806 (Figure 5), with a
mean of 0.019 and a standard deviation of 0.161. Therefore, there is almost a positive
and weak correlation between the slope factor and the spatial distribution of ancient
trees in Henan Province. The positive regression coefficients are in the Funiu Mountain
area, while the negative regression coefficients are concentrated around Song Mountain.
The average regression coefficient (0.065) in Western Henan is the highest, and the area
with a positive regression coefficient is relatively large and mainly concentrated in Funiu
Mountain and its surrounding areas. Meanwhile, a small number of areas show a negative
correlation in the northeastern corner of Western Henan. The average regression coefficient
in Southern Henan is 0.006, and the positive regression coefficients are mainly concentrated
in Dabie Mountain in Xinyang City, while the area with significant negative correlation is
mainly located in Nanyang Basin. The average regression coefficient in Northern Henan is
0.005. The positive regression coefficients are in gentle slope areas near the Yellow River,
while the negative correlation regression coefficients are mainly distributed near the plain
area. The mean regression coefficient in Eastern Henan is the lowest (0.001) with a small
standard deviation.

3.3.3. Water Source

There are 10,753 (40.06%) ancient trees 0–2 km away from a water source, followed
by those within 2–4 km away from a water source (8669, 32.30%), while the number of
ancient trees over 6 km away from a water source is significantly reduced (3219, 11.99%).
Figure 6 shows that the regression coefficients of water sources are −0.157–0.840, the mean
is 0.013, and the standard deviation is 0.074. The regression coefficients of water sources are
similar in different regions of Henan Province, and the average regression coefficients are
all positive. The influence of water sources in Southern Henan is the most significant (0.058),
followed by Western Henan (0.022). The average regression coefficients of water sources
in Eastern Henan and Northern Henan are 0.002 and 0.001, respectively. The negative
regression coefficients of water sources are mainly concentrated around large water areas,
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such as Nanwan Reservoir in Southern Henan, Danjiangkou Reservoir in Western Henan,
Ying River in Eastern Henan, and Qin River in Southern Henan.
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3.3.4. Historical Culture Resource

In Henan Province, there are 19,435 ancient trees within 5 km of the nearest historical
culture resource, accounting for 72.40%. A total of 10,577 (39.4%) ancient trees are within
2–5 km and 8858 (33%) ancient trees are within 2 km. When the distance is >5 km, the
number of ancient trees decreases sharply, with 6015 (22.41%) ancient trees 5–10 km and
1392 (5.19%) more than 10 km from history and culture resources. The regression coefficients
of historical culture resource factors on the spatial distribution of ancient trees are from
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−0.559 to 1.473 with an average value of 0.082, which indicates that the closer the historical
culture resources are, the more ancient trees there are (Figure 7).
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The average regression coefficients in the four regions are all positive, such as 0.356 in
Western Henan, 0.012 in Southern Henan, 0.004 in Eastern Henan, and 0.001 in Northern
Henan. The historical culture resources have the greatest influence on the distribution of
ancient trees in Western Henan. The significant positive correlations are mainly distributed
in areas rich in historical and cultural resources, such as the Songshan Mountain area in the
west of Zhengzhou City and the Yiluo River basin in Luoyang City in Western Henan, and
Xinxian County and Guangshan County in Southern Henan. There are negative correlations
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between historical culture resources and the spatial distribution of ancient trees in plain
areas where ancient trees are scattered and few, far away from historical culture resources.
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3.3.5. Growth Environment

The regression coefficients of the growing environment on the distribution of ancient
trees in Henan Province range from −6.309–24.642 (Figure 8), with a mean value of 0.323,
and a standard deviation of 1.741. Compared with other driving factors, the growing
environment factor has the strongest influence on the spatial distribution of ancient trees,
and the spatial differences are the most significant. The regression coefficients in the four
regions are all positive, such as 1.028 in Eastern Henan, 0.339 in Southern Henan, 0.087 in
Northern Henan, and 0.083 in Western Henan. The above data indicate that the ratio of
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forest and orchard land area has a positive relationship with the distribution of ancient trees
in Henan Province and the four regions. Moreover, the high positive regression coefficients
are mainly distributed in the area rich in forest and orchard resources, while the negative
coefficients mainly exist in the urban districts and their surrounding areas, especially in
Kaifeng City and Zhumadian City in Eastern Henan, in Nanyang City and Xinyang City in
Southern Henan, in Anyang City and Hebi City in Northern Henan, and Luoyang City in
Western Henan.
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3.3.6. Human Activity Intensity

The distribution of ancient trees is negatively correlated with human activity intensity.
The regression coefficients are −1.776–0.451, with a mean value of −0.019 and a standard
deviation of 0.217. The hilly and mountainous regions of Henan Province, which have
fewer POIs and more ancient trees, exhibit a negative correlation. Conversely, the areas
with a significant positive correlation are primarily located in the densely populated urban
areas of the eastern plains (Figure 9).
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In different regions, human activity intensity is negatively correlated with the ancient
tree resources in Western Henan and Northern Henan with average regression coefficients
of −0.106 and −0.018, respectively. It is positively correlated in Eastern Henan and Southern
Henan with average regression coefficients of 0.039 and 0.008, respectively. The areas
with negative regression coefficients are mainly concentrated in the Funiu Mountain area
in Western Henan and the Taihang Mountain area in Northern Henan. The regression
coefficients are positive in areas concentrated in cities and towns, such as Luoyang City
in Western Henan, and Anyang City and Hebi City in Northern Henan. The spatial
distribution of ancient trees in most of the areas in Eastern Henan is positively correlated
with the number of POIs. The number of POIs in Southern Henan has the least influence
on ancient trees. The areas with high positive regression coefficients are mainly located in
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Shangcheng County and Xinxian County of Xinyang City, while the areas with significant
negative correlations are mainly located in Nanyang Basin and Xinyang City.

4. Discussion
4.1. Research Findings

The research findings involve three aspects: (1) identifying the spatial distribution
characteristics of ancient trees; (2) revealing the influence degree of six natural and hu-
man factors on the spatial distribution of ancient trees; and (3) demonstrating the spatial
heterogeneity of six natural and human factors on the spatial distribution of ancient trees.

The ancient trees in Henan Province display the spatial characteristics of aggregation
and are mainly concentrated in the Funiu Mountain area in Luoyang City, the Songshan
Mountain area in Zhengzhou City in Western Henan, and the Dabie Mountain area in
Xinyang City in Southern Henan. This result is consistent with other recent works [49].
The spatial distribution of ancient trees may be affected by natural and human factors.
This study uses geoinformatics–based techniques to reveal the influence degree and spatial
heterogeneity of six factors based on the “human–land relationship”.

Among the natural factors, elevation has the most significant effect on the spatial
distribution of ancient trees, followed by slope and water source. In Henan Province, the
correlation coefficient values show positive correlations between elevation and ancient
trees in general. The low mountainous and hilly areas with gentle slopes can prevent
direct and indirect human interference (e.g., deforestation, arson, etc.), mirroring similar
trends observed in Australia [50]. At high elevations (>500 m) and slopes (>15), the
number of ancient trees decreases sharply due to limited hydrothermal conditions, possible
landslides, and mudflows, which are important for the site environment of ancient trees.
The impact of water sources on ancient trees in Henan Province is not significant, which is
inconsistent with some research [15]. The reason is probably that the influence of water
sources on ancient trees’ distribution has a scale effect. Compared to China as a whole,
water sources vary less and have an insignificant effect on the distribution of ancient trees
within Henan Province.

In terms of human factors, the growing environment has the most significant influence
on the spatial distribution of ancient trees in Henan Province, followed by historical culture
resources and human activity intensity. The ratio of forest and orchard land area has an
important impact on the abundance of ancient trees in Henan Province; the results of other
studies have shown that this is a common phenomenon [26] because forest and orchard
land provide stable habitats for the growth and reproduction of ancient trees. Additionally,
many forests in Henan Province have been established as national forest parks or nature
reserves with specialized protection measures. Some urban districts, even with abundant
POIs and limited forest and orchard land, also possess a large number of ancient trees
due to their rich historical and cultural heritage, especially China’s ancient capitals, such
as Luoyang City, Kaifeng City, and Zhengzhou City. This is similar to the distribution of
ancient trees in Beijing City [16]. As an important part of palaces, royal academies, tombs,
temples, etc., many ancient trees have been preserved along with the protection of social,
historical, and cultural relics by managers. This demonstrates that the protection of urban
historical relics and culture is helpful for social and cultural history and greatly promotes
the stability of urban ecosystems.

The influence of six natural and human factors on the spatial distribution of ancient
trees shows spatial heterogeneity based on the different attributions of the four regions.
Western Henan, Luoyang City and Songshan Mountain, as important historical and cultural
intensive areas in Henan Province and even in China, have a significant influence on ancient
trees. Most of Southern Henan has a subtropical warm and humid monsoon climate with
abundant water resources, especially water-rich lakes and rivers. Therefore, ancient trees
are mostly distributed near water sources and have a strong positive correlation with eleva-
tion. In this case, ancient trees can obtain sufficient water resources and prevent flooding.
In contrast to the findings of other studies [31,51], the ancient trees in Eastern Henan show
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a weak relationship with natural factors (elevation, slope, and water source), while they
show a positive relationship with the ratio of forest and orchard area and the number of
POIs. This is mainly because there is less topography and climate change in plains, and
ancient trees are mainly located in tourist areas with good ecological environments and
supporting catering, accommodation, and other facilities. Human selection reduces the
impact of natural factors, but then the impact of human factors on ancient trees is more
serious. Therefore, the study of the spatial distribution pattern of regional-scale ancient
trees in plains should focus on the influence of human factors rather than that of natural
factors. The ancient trees in Northern Henan have a weak relationship with the six factors
due to internal diversity. Therefore, the other influencing factors of ancient trees need to be
further identified.

4.2. Political Implications

As important natural and cultural resources, ancient trees must be effectively protected
and utilized according to their spatial distribution and regional conditions. This will lead
to a better balance between economic development and ecological civilization. Specifically,
the political implications concern four aspects: (1) Western Henan has the largest number
of ancient trees and is the main collecting area of ancient tree resources in Henan Province.
The ancient trees are mainly concentrated around Luoyang City and Songshan Mountain.
Luoyang is the birthplace of ancient China. The famous Historic Monuments of Dengfeng
in “The Center of Heaven and Earth”, as one of the World Cultural Heritage Sites, is located
in the hinterland of Songshan Mountain and its surroundings. In this region, ancient tree
resources, based on their significant dependence on historical culture resources, can expand
the cultural and tourism integration mode by excavating their historical and cultural value.
(2) In Southern Henan, ancient trees are mostly distributed near rivers, so it is necessary to
prevent the influence of flood disasters on ancient trees. At the same time, regular patrolling
and monitoring of ancient trees in remote high-altitude areas should be strengthened to
protect the growing environment of ancient trees from the interference of natural disasters,
pests and diseases, and human activities. (3) In Eastern Henan, on the one hand, it is
necessary to protect the existing ancient tree resources, especially in urban districts and
densely populated areas. Parks and green spaces can be built around ancient trees as
recreational areas to achieve harmony between people and ancient trees. On the other
hand, it is suggested to increase the reserve of ancient tree resources through investigation.
(4) More detailed measures should be taken to deal with the diversity in Northern Henan,
such as strengthening the management and protection of ancient trees in the mountains
and reducing the interference of human activities in the plains.

4.3. Research Limitations

In terms of the influencing factors, this study quantified six factors (i.e., growth
environment, elevation, historical culture, slope, human activity intensity, and water
source) to delve into the mechanism of ancient tree spatiality. Due to the data availability of
individual ancient trees, stable factors such as soil quality and growth space, and random
factors such as geological disasters and historical events remain to be included to probe into
the spatial variation of ancient trees. With the advancement of data acquisition technology,
this research can further improve the explanatory power of the relationship between the
spatial distribution of ancient trees and its influencing factors from the perspective of stable
and random factors by integrating geographical, humanistic, ecological, and other factors.

5. Conclusions

Ancient trees are an irreplaceable part of regional ecological and cultural resources. In
the context of ecological civilization construction and building a “beautiful China”, it is of
great significance to explore the spatial distribution characteristics of regional ancient trees
and the underlying forming mechanism. Ancient trees in Henan Province are taken as the
research object. Firstly, Henan Province is divided into Eastern Henan, Western Henan,
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Southern Henan, and Northern Henan by township as the research unit. Secondly, the
spatial variations of ancient trees in Henan Province and each region are analyzed through
NNI, KDE, and Global Moran’s I Index. The ancient trees in Henan Province and each
region show spatial cohesion and positive spatial autocorrelation, and the aggregation in
Western Henan is the most significant. Thirdly, from the natural and human perspective, the
GWR model is adopted to analyze the degree of influence and spatial heterogeneity of six
factors on the spatial distribution of ancient trees. Elevation and ratio of forest and orchard
land area are the dominant natural and human factors, respectively, in Henan Province.
In addition, the dominant factors in each region are different, for example, historical and
cultural factors in Western Henan, water source and elevation in Southern Henan, and
the ratio of forest and orchard land area in Eastern Henan. The findings contribute to
the effective and sustainable conservation and utilization of interregional ancient trees
according to local conditions.
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