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Abstract: Ecosystem conservation is one of the core elements of sustainable development. Studying
the relationship between human disturbance and the ecosystem service value (ESV) change is an
urgent need for the future. The Yangtze River Economic Belt is one of the key economic strategies
implemented by the Chinese government and is also a demonstration zone for ecological conservation.
Western Hunan is an important ecological barrier in the Yangtze basin where different ethnic groups
live together and various cultures coexist. In this study, using land-use data and spatial analysis
modeling, the changes in the ecosystem service value at five topographic gradients were evaluated.
Human disturbance and its spatial correlation with the ecosystem service value from 1990 to 2015 were
also investigated. The results demonstrated the following: (1) the proportional area of forestland and
grassland increased as the topographic gradient index increased and other types of land-use gradually
decreased; (2) The ecosystem service value at middle gradients increased over the study period; but
ESV of the lowest topographic gradient showed a significant decline and a substantial decrease, as
well as a terrain index under 0.7970; (3) The spatial analysis of human disturbance showed that more
than 90% of intense human disturbance was distributed in the area of the lowest topographic gradient
where topographic features were low-altitude and low-slope, and little human disturbance was
scattered at other gradients; (4) There was a significant spatial aggregation distribution between the
ecosystem service value and human disturbance in western Hunan, the high disturbance and low ESV
aggregation was mainly distributed in Loudi City, the area east of Shaoyang City and Zhangjiajie City
all belonged to the lowest topographic gradient, and the low-high and high-high aggregations were
mainly distributed in Huaihua City and Xiangxi Tujia and Miao Autonomous Prefecture. Population
density and gross domestic product were the main driving factors, while topography was the main
ecological factor. This study could provide additional spatial information and theoretical guidance
for ecosystem service management for sustainable development in western Hunan, China.

Keywords: ecosystem service value; human disturbance; spatial distribution; western Hunan

1. Introduction

Maintaining the harmony and peace of regional ecosystems is a basic condition for human survival
and sustainable development in itself. Ecosystems provide valuable services for humans, and it is
also influenced by humans. Human activities can heavily affect land use/cover change (LUCC) in
regions, which in turn affects ecosystem services. Ecosystem services refer to the bundle of goods and
services produced by direct or indirect ecosystem functions. The change in ecosystem services has a
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close connection with the well-being of humanity. Therefore, it has significant application potential for
regional ecosystem service value evaluation and the analysis of the response to human disturbance.
Ecosystem services (ES) are defined as the benefits that people obtain from ecosystems, which can
be through provisioning, regulating, supporting, and cultural services [1]. To enable mapping and
a comparison of ecosystem services, the concept of ecosystem service value (ESV) was defined. In
monetary terms, ESV refers to the amount of supply of ecosystem services that leads to changes in
human welfare [2]. Human disturbance refers to the direct and indirect alterations to the Earth’s
system by humans. Indicators of hemeroby associated with whole ecosystems could be an integrative
measure to quantify the impact of human activities on ecosystems [3,4]. The dependence of humans
on ecosystems is widely acknowledged [5]. Ignoring the impacts of human disturbance on ecosystems
could severely threaten the global environment and humans. Hence, as a core part of ecosystem service
management in the sustainable development of the environment, there is an urgent need to facilitate
the understanding of the dependence of ecosystem service change on human disturbance [6,7].

Human disturbance is a measure of human impact on the ecosystem, with the disturbance level
varying based on the intensity of human activity in the natural development of ecosystems [8,9]. At
present, most research on human disturbance is focused on the population scale or community scale,
and a lot of this research is about animals [10-13]. For the specific ecosystem, most of the research
focuses on vegetation areas [14,15]. When choosing human disturbance indicators, some scholars
chose the distance of the things associated with human activities as indicators, such as road distance
and farm distance [16,17]. Some scholars qualitatively described human settlements as indicators of
human disturbance [18]. Human beings live on the ground and different types of land to basically
support our daily life. Land use/cover types are relevant to the intensity of human-induced disturbance
in the environment but they have not been adequately studied. Therefore, it is meaningful to estimate
the value of human disturbance based on land use/land cover data.

Existing research efforts characterizing the impacts of human activities on the eco-environment
have mainly focused on the following aspects: land surface [19,20], landscape structure [21-26],
biodiversity [27-30], and ES [1,31,32]. Despite research efforts related to ES having increasingly shifted
to the detection of the relationships between humans and ES in the context of sustainable development,
there is scant research in spatial heterogeneity [31-33]. To capture the spatial relationship with ESV
and human activities more accurately, a spatial correlation analysis model is an extremely effective
approach for analyzing spatial characteristics integrated with human factors.

The area of the Yangtze River Economic Belt is 2.05 million km?, covering 21.4% of China, and
includes 11 provinces. In 2018, the residents here made up 42.9% of China’s population and its gross
domestic product (GDP) accounted for 44.1%. The Yangtze River was issued “Guidance of promoting
the development of the Yangtze River Economic Zone which relies on the golden waterway” and
promoting the development of the Yangtze River Belt was listed as the new strategy of opening up and
developing the area [34]. This study was conducted for western Hunan, in the upper reaches of the
Yangtze River, which is the main forest region of China and an important ecological barrier zone of the
Yangtze basin. However, compared to the rich research on the Yangtze River Delta (YRD), which is
in the lower reaches of the Yangtze River [35,36], there is only scant research on the upper reaches.
The topography is complicated and the factors of topography are vital to the change of land-use
patterns. Therefore, our research sought to make a preliminary exploration toward understanding
the dependence of ES heterogeneity on human disturbance in the upper reaches of the Yangtze River
through a case study of the western Hunan, China. On the basis of topographic gradients, this study
evaluated the ecosystem service value and human disturbance in each of the 21,150 grid samples
through Python. Moreover, the study analyzed the relationship between ecosystem service value and
human disturbance from 1990 to 2015. This study is crucial in order to make appropriate ecological
economic development policies for the local Miao group and for the sustainable development of
the ecological environment in western Hunan. It also has some reference value for the ecological
development of the typical mountainous hilly region of East Asia.
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2. Materials and Methods

2.1. Study Area

The study area, which is located in the west of the Hunan Province, includes Shaoyang, Zhangjiajie,
Huaihua, Loudi City, and Xiangxi Tujia-Miao Autonomous Prefecture with a total area of 81,690 km?
(Figure 1). It lies in the center of the borders between four provinces, between 108°47” to 112°57”
longitude, and 25°58’ to 29°48’ latitude. Western Hunan, with an elevation of 50 m to 1903 m, includes
the Xuefeng and Wuling Mountains and is surrounded by the Yungui Plateau. The mountains are
covered with forests and grassy landscapes in the middle and north, which provides the main ecosystem
services of western Hunan. It has a subtropical monsoon humid climate as well as typical continental
characteristics. The annual average temperature of western Hunan is around 17-18 °C, and the annual
precipitation is 1100 to 1600 mm. By the end of 2015, there were 20.19 million residents in this region.
The GDP in western Hunan amounted to 489.7 billion, 16.09% of the Hunan Province, which is the
main area of 20 concentrated impoverished counties in the west of the province.
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Figure 1. The topographic gradients and sampling grids of western Hunan.

2.2. Data Collection

Land use/land cover (LULC) data of 1990, 1995, 2000, 2005, 2010, and 2015 were used for this
study. The data are accessible from the Data Center for Resources and Environmental Sciences, the
Chinese Academy of Sciences (RESDC). The data of the population density (POP) were also obtained
from RESDC. The data of the gross domestic product (GDP) were obtained from the National Earth
System Science Data Sharing Infrastructure, National Science and Technology Infrastructure of China.
The spatial resolution is 1 km.

2.3. Method

2.3.1. Topographic Factors Grading

The terrain niche index is a topographic index for the comprehensive description of elevation
and slope. It can fully display a certain point’s topographic condition and it is usually used to
analyze the differences between land-use structure and ecosystem service value in various topographic
conditions. A site with a lower elevation and slope has a lower terrain niche index. A site with high
elevation but low slope or with low elevation but high slope has a medium terrain niche index [37].
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This study firstly calculated the terrain niche index with the formula in each grid and then, based
on the calculation and Jenks natural breaks methods, divided the study region into 5 topographic
gradients. Topographic gradient 1 to 5 corresponded to the terrain niche index as follows, under 0.7970,
0.7970-1.1888, 1.1888-1.5460, 1.5460-1.9377, 1.9377-3.0323.

Terrain niche index formula is as follows:

ol (2

where T is the terrain niche index; E is the elevation of a certain point and the unit is meter; S is the
slope of a certain point and the unit is degree; E is the average elevation in the study region and S is
the average slope in the study region.

2.3.2. Ecosystem Service Value Evaluation

Based on Costanza’s results [38], Xie (2003) [39] estimated the value of each type of ecosystem
service by extracting the equivalent weighting factors of ecosystem services in China. For those
occurring at the local level, the value coefficient of ecosystem services per unit area of each land-use
category was calculated based on the net productivity (NPP) in Eastern Sichuan according to Ye [40].
We used the ratio of the average NPP of Hunan province to the average NPP of China to adjust the
value coefficients of ecosystem services for this study area (parameter C in the followed formula).
We used the weighting factors of Xie (2003), which was suitable for China, as every land-use type
corresponded to different weighting factors. The ESV of a grid sample is the sum total of the product
of weighting factors and connected land type area. The formula is as follows:

ESV i = apy X VG )

ESV; = Cx Zk ZS ESVy, 3)

where VC ; is the per-hectare value coefficient of each ecosystem service s provided by each land-use
k at time ¢; ay ; is the area of each land-use k at time t; ESV; represents the total ecosystem service value
at time £; C is the value coefficient based on NPP.

2.3.3. Human Disturbance Evaluation

It is hard to use the distance of a specific object to characterize the impact of human disturbance
on an ecosystem. According to the studies of integrated models of human disturbance and land-use in
recent years, we set the human disturbance index table of different landscape types based on Chen
et al.’s study [41] and then constructed a model of human disturbance index. This study collected
spatial samples with 2 x 2 km grids. To get the human disturbance value in each period, we used
Python to calculate human disturbance in 21,150 grid samples for 6 different time periods. The
human disturbance value in one grid sample is summed by the product of the land type area and its
corresponding index. The human disturbance index equation, as used in previous studies [32,41], is
formulated as follows: S HL XS,

i=1 1 X 0i
S @)
where D is the hemeroby index; m is the number of land types; HI; is the coefficient of land type i; S; is
the area of land type i; s is the total area of the study area.
The result was then grouped into five levels using natural breaks in ArcGIS 10.4.

D=

2.3.4. Spatial Correlation Analysis

This study used bivariate Moran’s I and bivariate local Moran’s I in GeoDA Software to analyze the
spatial correlation of the ecosystem service value and human disturbance. Then we made a LISA map
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to find whether the ecosystem service value and human disturbance displayed a spatial aggregation
and to recognize the characteristics between different spatial elements. The LISA map divided the
study region into 5 categories: no significant aggregation, high-high aggregation, low-low aggregation,
low-high aggregation, high-low aggregation.

3. Results

3.1. Land-Use Changes at Different Topographic Gradients

The area proportion of different land-use types are presented in Figure 2. In this study, the
proportion varied with different topographic gradients and the land-use types in western Hunan was
dominated by forestland. For example, forestland had an average of 43% at topographic gradient 1 and
an average of 82% at topographic gradient 5. During the study period, the land-use types were found to
change as follows. First, the area of cropland, water, construction land, and unused land continuously
decreased when topographic gradients increased. For example, cropland had the largest gradient
difference in 1990, from 49.1% at topographic gradient 1 to 7.3% at topographic gradient 5. Second, the
area of forestland and grassland continuously increased when topographic gradients increased. For
instance, forestland had the largest gradient difference in 2015, from 43.1% at topographic gradient 1 to

81.9% at topographic gradient 5.
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Figure 2. Proportion of land-use area at topographic gradients.

3.2. Temporal and Spatial Changes of the Ecosystem Service Value at Topographic Gradients

The ecosystem service value, changing with time and topographic gradients, are shown in Table 1.
From 1990 to 2015, the ecosystem service value of western Hunan had an overall increasing trend,
except for the ESV at topographic gradient 1. For example, the average ESV in each hectometer
at topographic gradient 2 increased from 105,075.0 yuan to 105,384.0 yuan, which was the highest
growth among all gradients with a general change of 309.0 yuan per hectometer over the past 25 years.
Furthermore, the lowest growth was given at topographic gradient 5 with an increase of 223.0 yuan
per hectometer increase. From 1990 to 2000, the ESV at topographic gradient 1 to 4 rose slowly, while it
continuously fluctuated at topographic gradient 5. From 2010 to 2015, the ESV at all gradients slipped
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with the largest decrease of 432.3 yuan per hectometer at topographic gradient 1 and the smallest
decrease of 116 yuan per hectometer at topographic gradient 3.

Table 1. The change of the ecosystem service value at topographic gradient (yuan/hm?).

Gradient 1990 1995 2000 2005 2010 2015 Change
Gradient 1 94,488.7 94,687.0 94,698.5 88,591.8 94,890.7 94,458.4 -30.3
Gradient 2 105,075.0 105,275.0 105,369.0 97,7271 105,512.0 105,384.0 309.0
Gradient 3 111,180.0 111,282.0 111,424.0 103,729.0 111,556.0 111,440.0 260.0
Gradient 4 113,383.0 113,411.0 113,604.0 106,800.0 113,773.0 113,650.0 267.0
Gradient 5 116,178.0 116,165.0 116,425.0 111,888.0 116,585.0 116,401.0 223.0

3.3. The Spatial Distribution of Human Disturbance

The intensity of human activities affects changes in land-use structure, which leads to changes in
the ecosystem service value. The calculation results of human disturbance in western Hunan showed
that the human disturbance index in 1990 and 2015 is 0.596522 and 0.597902, respectively, indicating a
very significant upward trend. The spatial distribution characteristics of human disturbance in the
study period were obtained by calculating the human disturbance index of 21,150 spatial grids in
western Hunan (Figure 3). The results showed that the degree of human disturbance is relatively
low in most areas of western Hunan, while the areas of large disturbance are mainly concentrated in
construction land and cropland. From 1990 to 2015, the areas with a high disturbance degree tended
to gradually expand, and the expansion trend was more significant after 2005. In Figure 3, there
was an obvious regional agglomeration of high human disturbance distribution, especially in Loudi
City, eastern Shaoyang City, and some other places. These agglomeration areas had the common
characteristics of low altitude and gentle slope, which meant they were distributed at topographic
gradient 1. The spatial analysis between areas with high human disturbance and different topographic
gradients showed that topographic gradient 1 was dominated by high human disturbance grids,
which took up 91% of the area in six periods. Meanwhile, the terrain niche index of topographic
gradient 1 was lower than 0.7970, indicating its low elevation and low slope characteristics. It is a
densely inhabited area by human beings. It is the area most suitable for human activities, development,
and utilization. The topographic gradient has a great influence on human disturbance, and human
disturbance decreases with the rise of the topographic gradient.

3.4. Spatial Relationship between ESV and Human Disturbance

The global spatial correlation and spatial data test results of ESV and human disturbance are
shown in Table 2 and Figure 4. The Moran’s I index in 1990 and 2015 was —0.2897 and —0.2917,
respectively. If the absolute value of Z value is greater than 2.58 when under 99% confidence, the
original assumption should be accepted. That is to say, the data has more than 99% probability for
spatial correlation. The higher the absolute value of the Z value is, the better the effect of spatial
clustering is. In Table 2, we can see a strong negative correlation between human disturbance and
ecosystem service value in western Hunan from 1990 to 2015. Moreover, Moran’s I index and the Z
value’s absolute value increased over the past 25 years, indicating that the spatial correlation effect of
ESV and human disturbance tended to increase.
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Figure 3. Spatial distribution of human disturbance in western Hunan.
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Figure 4. Global Moran’s I index between ecosystem service value (ESV) and hemeroby index (HI) in
western Hunan.
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Table 2. Moran’s I index and the significance of spatial correlation.

Index 1990 1995 2000 2005 2010 2015

I value -0.2897 —-0.2884 —-0.2894 -0.2850 -0.2915 -0.2917
p value 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010
Z value —72.6391 —-72.1620 —72.0876 -71.7869 —73.4907 —-73.4970

The results of the spatial differentiation analysis of the local spatial clustering effects of ESV and
human disturbance can be seen in Figure 5. The number of grids with spatial clustering effects in western
Hunan accounted for more than 17% of the total when under 95% confidence; this amount steadily
increased over the past 25 years. In the study periods, it continued to increase from 1990 to 2005, and
then decreased slightly. The grids with a high-low aggregation effect accounted for a large proportion
in the total number of grids with a clustering effect, and the high-low aggregation was more obvious
at topographic gradient 1. Generally speaking, most of the grids that had an agglomeration effect
were distributed at topographic gradient 1. In 1990 and 2015, the ratio of the high-low agglomeration
grid numbers at topographic gradient 1 to the number in the whole study region was 0.9581 and
0.9583, respectively. It can be seen that the agglomeration effect of high human disturbance and a low
ecosystem service value at the topographic gradient 1 slightly increased, and the overall trend was
upward, especially from 1990 to 2005. The ESV decreased as human disturbance increased, and it
followed with a significant agglomeration. The main areas with a high-low clustering effect were Loudi
City, eastern Shaoyang City and eastern Zhangjiajie City. There were four prefecture-level cities with a
concentrated distribution at topographic gradient 1, of which three cities had an obvious high-low
clustering effect. Only the high-low spatial agglomeration of Huaihua City is relatively weak. Loudi
City and eastern Shaoyang City were also the main agglomeration areas with high human disturbance.
The agglomeration areas with high human disturbance presented a significantly low ecosystem service
value. It can be seen that the ecosystem service value would decrease with an increase in human
disturbance. The area of other clustering effects was small, as the low-high clustering effect and the
high-high clustering effect mainly occurred in Huaihua City and Xiangxi Prefecture.

. . 0 50 100 N
Human Disturbance - Ecosystem Services Value  wm——kilometers A

not significant [l high-high low-low [l low-high [l high-low

Figure 5. The local indicators of spatial association (LISA) cluster maps between ecosystem service
value (ESV) and HI in western Hunan.
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4. Discussion

In this research, the value coefficient model was selected to calculate the ecosystem service
value. This method is suitable for large-scale regional ecosystem service value evaluation. In recent
years, many relevant studies on watersheds and regions have adopted this method, and the value
coefficient model distinguished by landscape classification has been selected for human disturbance.
This model is convenient for large-scale grid calculation and processing of the measurement of human
disturbance and breaks the restriction of administrative divisions caused by the measurement of
reference economic factors.

4.1. The Influence of Land-Use Patterns on ESV in Different Terrain Gradients

Due to the specific characteristics, such as the difference mobility and exploit cost, different
topographic gradients could have a substantial effect on the land-use pattern and affect ecosystem
services, such as changes in the ecosystem service value. According to this study, this effect could
be seen by the inverse relation shown between cropland, water, construction land, and topographic
gradient. As the former three increased, the latter decreased. Conversely, forestland and grassland
both increased as the topographic gradient increased. Moreover, as the topographic gradient increased,
the ecosystem service value increased as well. These increases of ESV were regarded for the results of
the forestland area increase, which was discussed in many previous studies [37,42]. Western Hunan is
located in the Wuling Mountain where the topography is complex. The changes in ESV were affected
by both nature and human activities. From the aspect of nature, human activities could be limited by
topography and it could result in the limited choices of cropland and construction land, which were
more distributed in low topographic gradients [37]. Furthermore, the increase in the proportion of
cropland and construction land in every gradient and the decrease in the proportion of forestland
and grassland in every gradient will lead to the reduction of ESV. In regard to human activities, the
awareness of ecological environmental protection gradually improved in China during the study
period for a number of conservation policies were promulgated. As several pilots of returning cropland
to forestland and wetland existed in western Hunan, the area of cropland reduced while the area of
wetland increased. This change was conducive to an ecosystem service value increase. However,
urban construction was still occurring at high speed, which was shown by the changes in construction
land. Additionally, compared with the Yangtze River Delta, western Hunan had a more positive result,
for its total ESV tended to increase while it was the opposite in YRD [35].

4.2. Effects of Human Disturbance on ESV in Different Terrain Gradients

The results showed that a significant negative relationship existed between topographic gradients
and human disturbance; as human disturbance decreased, topographic gradients increased, which
verified that a higher degree of human disturbance was correlated with a lower ecosystem service
value, as suggested by Brentrup [8]. We can classify the land-use types into two categories according to
the degree of human disturbance. The first one includes construction land, cropland, and unused land.
This category is mainly for artificial system land. The second category is mainly for natural system land,
including forestland, grassland, and water. The costs for artificial system land would increase with
increasing topographic gradients. Therefore, human activities decreased with increasing topographic
gradients. All these factors could result in a reduction of human disturbance, and similar results were
mentioned in Wu's study [31]. Moreover, according to the field survey data, Loudi City and Shaoyang
City are both located in low gradients, and these two cities are the main agricultural production areas
in China where the level of human disturbance was relatively high and the ecosystem service value
was relatively low. There are national scenic spots and forest parks in Huaihua City and Zhangjiajie
City. These areas belong to prohibited development zones. Furthermore, there are many mountainous
areas in the region. The natural geographical characteristics of high altitude and steep slope limit
the development of urban construction. Combining the result of the ecosystem service value varied
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with topographic gradients. Although the ESV increased generally from gradient 2 to gradient 5, the
number of high disturbance and low ESV clustering grids still tended to increase. This may imply that
the speed of restoration in nature was slower than the speed of human disturbance. This result may
demonstrate that urban expansion and human construction is irreversible to some degree. However,
the low disturbance and high ESV clustering results also indicated a good local economic development
model. Therefore, in the context of the Yangtze River Economic Belt planning, we should adopt a
development model according to local conditions, and give priority to the rational and ecological
planning of these areas, so as to keep the balance between human and natural ecosystem developments.
Moreover, the ecological compensation mechanism is one of the most important references for its
planning and development [43].

In this research, the spatial response model of ecosystem services and human disturbance was
studied from an innovative perspective, which provides a data basis for regional ecological planning,
ecological compensation, and other policies. At the same time, this method can also be applied to
research on other relevant areas.

5. Conclusions

Topography and human activities can have a substantial effect on ecosystem services and
topography can also limit human activities, which impacts human disturbance. However, the
calculations of the changes in the ecosystem service value and human disturbance based on topographic
gradients are still rather little. With the help of Python, the ecosystem service value and human
disturbance of 21,150 grids in the study area from 1990-2015 were calculated, ensuring the accuracy
and reliability of data processing. As topographic gradients increased, the area proportion of forestland
in western Hunan increased while the proportion of other land-use types decreased. Among them,
the cropland proportion decreased most. Accordingly, with the rise of the topographic gradient,
the ecosystem service value per unit area increased, but the ecosystem service value of topographic
gradient 1 showed a significant decline. Moreover, based on the grid method, the spatial distribution
of human disturbance and its relationship with the topographic gradient are analyzed, which was
convenient in order to understand the spatial clustering characteristics. As mentioned above, there
was a strong negative correlation between the ecosystem service value and human disturbance value in
western Hunan. The spatial characteristics of the grading of human disturbance showed that human
disturbance in the whole area has increased in the study period. The local analysis showed that more
than 90% of the grids with a high human disturbance degree were distributed at topographic gradient 1.
Spatial clustering analysis of the ecosystem service value and human disturbance can more accurately
identify the areas where a spatial clustering effect has occurred, and provide a more accurate regional
development guidance for local decision-making and Yangtze River Economic Belt strategy. However,
this study only describes the overall circumstances, and it lacks some specific objects, such as scarcity
effects of ecosystem services. The social factors in this study could also be improved in future work.
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