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Exploring the impacts of anthropogenic factors on vegetation cover and future
spatiotemporal trends in vegetation cover change are of great practical significance
for sustainable management of the ecological environment. This study used the
residual, trend analysis, Hurst index, and geographic detector methods to explore
the spatiotemporal trends in the effects of anthropogenic factors on vegetation cover in
Guanzhong, China from 2001 to 2018. The contributions of different kinds of
anthropogenic factors to vegetation cover were quantitatively decomposed to
identify those with the most effect. The main conclusions of the study included: 1)
Although there was a positive trend in the effects of anthropogenic factors on vegetation
cover from 2001 to 2018, this trend was projected to become negative in the future.
This transition was evident in 45.53% of the total study area, mainly distributed in the
cities of Baoji, Weinan, and Xianyang. The effects of artificial factors on reversing this
deteriorating trend in the region should be noted. 2) The factors with the greatest
influences on vegetation cover changes were popular tourist attractions, transportation,
and urbanization rates. The influences of various factors on vegetation cover showed
temporal variation, driven by societal and economic development, indicating the
complexity and diversity of the influences of anthropogenic factors on vegetation
cover. 3) Sustainable development should be promoted and the pressure on the
ecology resulting from popular tourist attractions, the transportation network, and
rapid urbanization should be reduced.

Keywords: anthropogenic effect on vegetation cover, spatiotemporal evolution, future changes in vegetation cover,
geographic probe model, factor analysis

1 INTRODUCTION

Changes to vegetation cover constitute an important component of global changes that have
occurred over the past half century (Yan et al.,, 2014; Talukdar et al., 2020). Vegetation indices
are the most intuitive method of reflecting the effects of climate change, land surface processes, and
global changes on vegetation cover (Yang et al., 2021). Popular tourist attractions, developed
transportation networks, rapid urbanization and rapid economic growth have an increasing impact
on the ecological environment, which will continue to face new threats and pressures in the future
(Bai Z. Y et al,, 2019; Zhao et al., 2019). Thus, the quantitative assessment and decomposition of the
effects of different anthropogenic factors on vegetation cover can assist in sustainable development.

Frontiers in Earth Science | www.frontiersin.org 1

May 2022 | Volume 10 | Article 831904


http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2022.831904&domain=pdf&date_stamp=2022-05-17
https://www.frontiersin.org/articles/10.3389/feart.2022.831904/full
https://www.frontiersin.org/articles/10.3389/feart.2022.831904/full
https://www.frontiersin.org/articles/10.3389/feart.2022.831904/full
http://creativecommons.org/licenses/by/4.0/
mailto:zbdong@snnu.edu.cn
https://doi.org/10.3389/feart.2022.831904
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2022.831904

Bai et al.

Anthropogenic Factors on Vegetation Cover

A z B
0 500 1,000km e z 0 100 200km
S ———
-
z 4
_:cr %’—
Northern Shaanxi
Z.
; (=
g %
Ll
7.
(.
3
Z
.S
]
[ z |
S b
T T T 3 T T T
90°E 100°E 110°E 120°E 106°E 108°E 110°E
0 25 50km
[ m—
z. Z
0 -
wi v
gl lag]
@© Provincial Resident |
'i- ©  Municipal resident -i
~” ~n
Weihe River
NDVI
o 0.9380
B 4075
T T T T
107°E 108°E 109°E 110°E

FIGURE 1 | Maps of Guanzhong, Central China. (A) the position of Shaanxi Province in Mainland China, (B) the position of Guanzhong in Shaanxi Province, (C) a
map of Guanzhong showing the spatial distribution of the Normalized Difference Vegetation Index (NDVI).

There have been many past studies on changes in vegetation
cover through exploring spatial and temporal changes in the
Normalized Difference Vegetation Index (NDVI) (Pinzon and
Tucker, 2014; Li G et al, 2019). The gradual increased societal
priority placed on ecological and environmental protection has
resulted in a focus on the impact of anthropogenic factors on
spatial patterns and future changes in vegetation cover (Yi et al,
2014; Ding and Li, 2019; Feng et al., 2021). The results of these
studies were useful to guide efforts in preventing and mitigating
vegetation cover change and for improvement of the ecological
environment. Past studies have shown that vegetation cover
change is driven by both natural and anthropogenic factors
(Cheng et al., 2015; Chen et al., 2017; Li et al., 2017; Wang

J. B et al,, 2019). The residual method Xhas been applied in the
past to separate the effects of anthropogenic factors on vegetation
cover change from those of natural factors (Wei et al., 2014;
Cheng et al., 2020; Rong et al., 2019; Wu et al., 2019; Wang J et al.,
2019). Among the natural factors affecting vegetation cover, past
studies have identified single factors such as temperature,
precipitation, and sunshine to be the most dominant (Huang
et al, 2012; Mu et al, 2012; Li J. F et al.,, 2019; Zhang Q et al,,
2019). However, changes to vegetation cover occur due to the
combined effects of multiple natural factors. Recent studies have
shown that the influence of soil moisture factors on changes to
vegetation cover far exceed those of any single factor, such as
temperature, precipitation, or sunshine (Bai M et al, 2019).
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Changes to soil moisture occur through the combined effects of
temperature, precipitation, soil evapotranspiration, and soil
moisture (Wang D. L et al,, 2013). Some studies have found
that vegetation growth is closely related to seasonal changes in
soil moisture, i.e., seasonal peaks and troughs in soil moisture are
consistent with the vegetation phenology period (Zhang, 2016).
This relationship indicates that soil moisture is an important
natural factor affecting vegetation growth. Based on previous
studies, this present study attempts to make innovative attempts
in two aspects: 1) Selection of the soil moisture factor as the main
natural factor affecting changes to vegetation cover. In addition,
the residual method was used to strip the natural factors, in order
to accurately obtain the anthropogenic effects on vegetation
cover. 2) Quantitatively separating the effects of the different
anthropogenic factors on vegetation coverage, thereby identifying
the contribution rates of different types of anthropogenic factors
to vegetation cover change.

The Guanzhong region is in central China and is an important
part of the Guantian Economic Zone and the Guanzhong Urban
Agglomeration (Guo and li, 2019). Guanzhong is densely
populated and is industrially and agriculturally developed,
with extensive transportation infrastructure, high per-capita
gross domestic product (GDP), and clusters of tourist
attractions (Ren, 2015). The continually increasing extent of
anthropogenic activities in the region has had both positive
and negative effects on the ecological environment. An
analysis of the effects of anthropogenic factors on changes to
vegetation cover in Guanzhong can be of benefit to the
improvement of the environment in Guanzhong (Figure 1)

Based on the above considerations, the research objectives of
the present study were to: 1) analyze the temporal and spatial
variations in anthropogenic effects on vegetation cover in the
Guanzhong area for the period 2001 to 2018 and to predict future
changes; 2) decompose the effects of the multiple different
anthropogenic factors on vegetation cover to quantify the
contribution of each factor type and to identify the dominant
anthropogenic factors; 3) provide an accurate scientific reference
for the management of anthropogenic impacts to achieve
sustainable development of vegetation in the Guanzhong area.

2 STUDY AREA AND DATA SOURCES
2.1 Overview of the Study Area

The Guanzhong area is in central China. Guanzhong is an
important part of the Guantian Economic Zone and the
Guanzhong Urban Agglomeration and falls in central Shaanxi
Province. Guanzhong contains the cities of Xi’an, Baoji,
Xianyang, Weinan, and Tongchuan as well as the district of
Yangling. The Qinling Mountains (Qinling Daba Mountains) lie
to the south, whereas the Loess Plateau, through which the Weihe
River flows, lies to the north. There is intense anthropogenic
activity in the Weihe River Basin. The area falls within a warm
temperate semi-humid climate zone and contains landforms of
mainly the Guanzhong Basin type (Bai, 2013). The vegetation
coverage in the southern part of the study area exceeds that in the
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northern part, whereas vegetation coverage in the central part is
lower than that in the northern and southern areas.

2.2 Data Sources

The present study obtained data for NDVI from the MOD13A2
dataset of the United States Geological Survey (USGS) network
(https://lpdaac.usgs.gov/) with a spatial resolution of 1,000 m.
Data for population were obtained from the China Population
Distribution Kilometer Grid Dataset of the Resource and
Environmental Science Data Center of the Chinese Academy
of Sciences (http://www.resdc.cn/). Gross domestic product
(GDP) data were obtained from the GDP China Spatial
Distribution Kilometer Grid Dataset of the Resource and
Environmental Science Data Center of the Chinese Academy
of Sciences. Data obtained for the transport network in the study
area included national highway, provincial highway, county
roads, and railway data. Population data used in the present
study included data for residents of the municipal areas of Xi'an,
Baoji, Xianyang, Tongchuan, and Weinan, as well as national-
level population data. Vector data were obtained from the
National Basic Geographic Information Center. Data for the
distribution of popular natural tourist attractions were
obtained the Department of Culture and Tourism, Shaanxi
Province. These data included the 4A- and 5A-level natural
tourist attractions, and were for the period prior to January,
2018. Data for rates of urbanization were obtained from statistical
yearbooks of cities and counties.

3 RESEARCH METHOD

3.1 Estimation of Soil Moisture
Remote-sensed measures of land surface temperature (LST) and
the normalized difference vegetation index (NDVI) have been
widely used as estimations of soil moisture (Chen et al., 2014;
Mohammadi et al., 2017; Yue and Liu, 2019). In addition, the use
of the temperature vegetation dryness index (TVDI) to represent
the level of soil moisture offers various advantages, including
requiring less input data, simplicity, and a clear biophysical basis
within its calculation, and is calculated as (Zhang et al., 2018):
TS - TSmin

TVDI = 7Tsmax - (1)
In Eq. 1, Ts is the surface temperature of each pixel and Ts,;, and
Tsmax are the surface temperatures of the wet and dry sides of the
trapezoidal space, respectively. TVDI ranges between 0 and 1 and
is inversely related to soil moisture.

3.2 Residual Analysis

The residual method was used to isolate the effects of
anthropogenic factors on vegetation cover from those of
natural factors. This method has been widely used in the field
of geosciences (Huang, 2012; Zhang, 2016). During
implementation of the method, inter-annual NDVI and inter-
annual TVDI are used as the dependent and independent
variables  within regression analysis, respectively. The
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TABLE 1 | Sen’s trend and the Hurst index illustrating future changes to vegetation
cover by anthropogenic effects.

Hurst Sen Characteristics of future
changes
Index >0.5 >0 Continuous positive effect
>0.5 <0 Continuous negative effects
<0.5 >0 Positive to negative
<0.5 <0 Negative to positive

Note: There was no case of Hurst = 0.5 and Sen’s trend = 0.

established regression equation predicts the NDVI, and this
predicted NDVT is subtracted from the measured NDVI. The
differences is then analyzed through trend analysis (residual
analysis). The identified trend reflects the impact of
anthropogenic effects (residuals) on vegetation coverage. The
expression is as follows:

& = NDVI true value

<, Authropogeniceffects have a negative impact
— NDVI predicted value{ = 0, Authropogeniceffects hasa weak effect
> 0, Authropogeniceffects have a possitive effect

@

3.3 Trend Analysis

Sen’s trend analysis (Wang S et al., 2013; Su et al., 2019) was used
to analyze the spatial trends in anthropogenic effects on
vegetation cover in Guanzhong:

sen =M edian(
j i

Xj— X
Jj i . .

,Vj> 3
ti—t; > 127 ®)
In Eq. 3, xj and xi are timeseries data and t; and t; represent
periods during the year when Sen >0 and Sen <0, respectively; the
former and latter represent positive and negative effects of
anthropogenic factors on vegetation cover, respectively.

3.4 Hurst Index

The Hurst index (H) was proposed by British hydrologist Hurst
and has been widely used in hydrology, geography, economics,
and other fields (Qi et al., 2019; Xu et al., 2019; Zhang S. Q et al.,
2019). An 0.5 < H < 1 represents a continuous timeseries, whereas
H = 0.5 represents a random sequence timeseries and 0 < H < 0.5
represents a non-continuous timeseries. As shown in Table 1, the
spatial distributions of the Sen’s trend and Hurst index were
generated to illustrate their changes.

3.5 Geodetector

The geographic detector quantitative method is used to
spatially differentiate phenomena and their driving forces.
This method is also used to detect the drivers and
underlying mechanisms of the spatial patterns of geographic
elements (Wang and Xu, 2017; Huang et al., 2019; Xiao et al,,
2021). The factor detector was used to detect the degree of
influence of the various anthropogenic factors on vegetation
cover and is quantified as Q. The value of Q is positively related
to the power of factor X to explain the spatial differentiation of
anthropogenic effects on vegetation cover. The ¢q value

Anthropogenic Factors on Vegetation Cover

TABLE 2 | Statistical table summarizing the future trend in the effects of
anthropogenic factors on vegetation cover in Guanzhong, Central China.

Characteristics of future Number of pixels Percentage%
changes

Negative to positive 10,491 18.88
Continuous negative effects 7,446 13.40
Positive to negative 25,303 45.53
Continuous positive effects 12,338 22.20
Subtotal (continuous) 19,784 35.60
Subtotal (unsustainable) 35,794 64.40
Subtotal (positive trend) 22,829 41.08
Subtotal (negative trend) 32,749 58.92
Total 55,578 100.00

indicates that a factor X explains 100¥q% of the vegetation
cover. The process to calculate Q is described in detail in the
literature (Wang and Xu, 2017).

The geo-detector model requires the input of continual
independent variable data. Therefore, the present study used
the ArcGIS natural breakpoint method to convert the six types
of artificial factors into continual data, after which the data were
reclassified into ten categories (Figure 2). The pre-processed
factors were then added to the geo-detector model, and 18
operations (2001-2018) were performed to obtain the
influences (contribution rates) of anthropogenic factors on
vegetation coverage in each year in the Guanzhong area from
2001 to 2018, expressed as Q in Table 3.

4 RESULTS

Changes to vegetation cover occur because of the combined
effects of natural and anthropogenic factors (Wei et al., 2014).
The present study used the residual method to separate the effects
of natural factors, represented by the soil moisture factor, on
vegetation cover from those of anthropogenic factors.

After isolating the anthropogenic effects on vegetation cover,
the temporal and spatial variations in the anthropogenic effects
on vegetation cover in Guanzhong for the period 2001 to 2018
were analyzed and future changes were predicted. The effects of
the multiple different anthropogenic factors on vegetation cover
were then decomposed to quantify the contribution of each type.
Finally, the dominant anthropogenic factors were identified. The
specific steps followed were as follows:

1) Eqgs 1, 2 were applied to 18 years (2001-2018) of NDVI and
Temperature Vegetation Dryness Index (TVDI) data and the
residual method was used to isolate the effects of
anthropogenic factors on vegetation cover from those of
natural factors.

2) The temporal changes in the effects of anthropogenic factors
on vegetation cover in Guanzhong from 2001 to 2018 were
identified (Figure 3) based on regional statistics (mean value).

3) Sen’s trend analysis was applied to the 18 years of changes to
vegetation cover in Guanzhong due to anthropogenic effects
to identify the trend in spatial change (Figure 4).
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FIGURE 2 | Results of reclassification of factor data for Guanzhong, Central China showing distributions of (A) cities, (B) urbanization rate, (C) transportation
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4)

5)

The Hurst formula was applied to the 18 years of changes in
vegetation cover in Guanzhong from 2001 to 2018 due to
anthropogenic effects. This allowed the generation of the
Hurst distribution of anthropogenic effects on vegetation
cover (Figure 5A). The trends in changes to vegetation
cover because of anthropogenic factors were superimposed
and classified with the results of the Hurst index to identify
future trends in effects of anthropogenic factors on vegetation
cover (Figure 5B). ArcGIS software was used to generate the
statistical summary of future changes in vegetation cover.

The anthropogenic factors with dominant effects on
vegetation cover were identified. The geo-detector model
was applied to identify the influences of various
anthropogenic factors on vegetation cover. Six factors,
namely population density, GDP, transportation networks,
popular tourist attractions, city distribution (prefecture-level),
and urbanization rate were selected as the dominant effects of
anthropogenic factors on vegetation cover change. These
factors were selected through an extensive review of the

literature and were based on data for the survey area and

their quality.

4.1 Temporal Changes in Vegetation Cover

due to Anthropogenic Factors

As shown in the timeseries of effects of anthropogenic factors on
vegetation cover in Guanzhong from 2001 to 2018 (Figure 3), the
effects of anthropogenic factors first increased and then decreased,
whereas the overall intensity of anthropogenic impacts decreased.
The mean effects of anthropogenic impacts on vegetation cover in
2001, 2007, and 2018 were —0.05, 0.03, and 0, respectively. The fastest
rate of change in vegetation cover due to anthropogenic effects
occurred from 2001 to 2004, after which impacts gradually
decreased. The maximum positive effect of anthropogenic factors
on vegetation cover occurred in 2007, following which the effect
decreased with regular fluctuations. The effects of anthropogenic
factors on vegetation cover were once again negative in 2014,
although the effects transitioned to positive with fluctuations in

2015 onward.

Frontiers in Earth Science | www.frontiersin.org

May 2022 | Volume 10 | Article 831904


https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles

Bai et al. Anthropogenic Factors on Vegetation Cover

TABLE 3 | Effects of different anthropogenic factors on vegetation cover in Guanzhong, Central China from 2001 to 2018 (a summary of Q values).

Q value urbanization rate transportation population density popular tourist city distribution GDP
attractions
year
2001 0.3149 0.2767 0.2494 0.3354 0.2658 0.2322
2002 0.3040 0.2659 0.2385 0.3368 0.2891 0.2577
2003 0.2681 0.2385 0.2320 0.2907 0.2418 0.2406
2004 0.2335 0.2711 0.2784 0.3053 0.2178 0.2608
2005 0.3074 0.3007 0.2552 0.3726 0.2974 0.2811
2006 0.2559 0.2706 0.2830 0.2788 0.2366 0.2561
2007 0.2560 0.2855 0.3266 0.2394 0.2172 0.2701
2008 0.2192 0.2120 0.2218 0.2128 0.2062 0.2109
2009 0.2367 0.2795 0.2866 0.2514 0.2441 0.2490
2010 0.2416 0.2069 0.2071 0.2041 0.2106 0.2063
2011 0.2465 0.2284 0.2180 0.2602 0.2902 0.2258
2012 0.2174 0.2388 0.2230 0.2809 0.2095 0.2297
2013 0.2251 0.2108 0.2055 0.2582 0.2370 0.2051
2014 0.2488 0.2140 0.2043 0.2294 0.2178 0.2091
2015 0.3061 0.2630 0.2861 0.3127 0.2861 0.2995
2016 0.3040 0.2931 0.3018 0.2789 0.2793 0.3072
2017 0.3107 0.2900 0.2863 0.3085 0.2591 0.3821
2018 0.3785 0.3518 0.3438 0.3959 0.3043 0.3463
and 64.4% of the total area, respectively. This result indicated that
0.03 the effects of anthropogenic factors on vegetation cover in
x 002 Guanzhong are predominantly unsustainable and show a trend
é oibi that is opposite to that of current development. This assertion is
2 A SEar supported by the fact that the area under which there are
S 000 — e pyear
2o 2002 Tos 2008 2010 2012 N W;s 2020 currently positive effects of anthropogenic factors on
g 0ot - N vegetation cover will transition to negative effects in the future.
g -0.02 = 0.0005x2+ 2.1318x- 2143.2 Figure 5B shows the future changes to vegetation cover due to
£ 003 R?=0.69 —e— sctiial distributicn anthropogenic factors. The results show an overall negative trend
- in the effects of anthropogenic factors on vegetation cover, with
g 004 - - -~ nonlinear prediction areas showine n. s d ses d ing for 58.92
] g negative and positive trends accounting for 58.
= -0.05 . ..
: and 41.08% of the total area, respectively. Combining these results
006 ¥

with those of the Hurst distribution (Figure 5A) indicated that
the areas showing continuous positive effects on vegetation
coverage of anthropogenic factors accounted for 22.20% of the
total area. These areas were mainly distributed in northern and
southern Guanzhong, with greater positive effects in the north.
Areas showing continuous negative effects, accounting for
13.40% of the total area, were distributed along the Weihe

FIGURE 3 | Temporal variations in the effects of anthropogenic factors
on vegetation cover in Guanzhong, Central China.

4.2 Spatial Changes in Vegetation Cover

due to Anthropogenic Factors

Around 67.73% of the total area in Guanzhong has experienced a
positive change in vegetation cover over the past 18 years
(2001-2018) due to anthropogenic factors, whereas a negative
change occurred in the remaining area. Negative trends were
mainly evident in central Guanzhong in the Weihe River Basin.
There were positive trends in vegetation cover in northern and
southern Guanzhong. (Figure 4).

4.3 Future Changes in Vegetation Cover due

to Anthropogenic Factors

Figure 5A shows the Hurst spatial distribution of the effects of
anthropogenic factors on vegetation cover in Guanzhong. Areas
of persistent change and anti-persistent change in vegetation
cover were widely distributed in Guanzhong, accounting for 35.6

River. The areas in which the effects of anthropogenic factors
on vegetation transitioned from positive to negative accounted
for 45.53% of the total area and were mainly distributed in the
cities of Baoji, Weinan, and Xianyang. This result indicated the
high likelihood of a similar trend in the future. Therefore, the
positive effect of artificial interventions on vegetation should be
emphasized to reverse this trend. The areas in which negative
effects of anthropogenic factors on vegetation cover transitioned
to positive accounted for 18.88% of the total area and were mainly
distributed in urban areas and in city center. This result indicates
that there is increasing focus on the protection of vegetation in
cities (Table 2).

Anthropogenic factors are likely to have an overall negative
effect on vegetation cover in Guanzhong in the future. Therefore,
there should be increasing focus on countering this negative trend
in most areas of the cities of Baoji, Weinan, and Xianyang. A
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FIGURE 4 | Spatial variations in the effects of anthropogenic factors on vegetation cover in Guanzhong, Central China.
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comprehensive exploration of the dominant anthropogenic
factors affecting vegetation cover can assist in constraining the
negative effects of anthropogenic factors on vegetation cover.

4.4 Decomposition of the Different
Anthropogenic Factors Affecting

Vegetation Cover

There are a wide range of anthropogenic factors that affect
vegetation cover. The present study selected six factors from
the categories of population, socioeconomic factors, and
urbanization levels as the main anthropogenic factors affecting
vegetation cover, including: 1) population density; 2) GDP; 3)
transportation; 4) popular tourist attractions; 5) prefecture-level
distribution, and; 6) urbanization rate. The factor detector
module of the geographic detector model was used to identify
the contribution of each anthropogenic factor to the effect on
vegetation. The contribution of each factor was represented as the

Q value, which was visualized using a graded color scale. In the
visualization, the value of Q is positively related to the
contribution of an anthropogenic factor to the effects on
vegetation cover. Table 3 summarizes the results of the factor
detection.

As shown in Table 3, the main anthropogenic factors affecting
vegetation cover in Guanzhong were popular tourist attractions,
traffic networks, and urbanization rate. As shown in Figure 6, the
Q value did not change as the study period progressed. This
indicates that the influence of anthropogenic factors on
vegetation cover will not increase over time (the average Q in
2001 exceeded that in 2009).

In summary, the main anthropogenic factors affecting
vegetation cover in Guanzhong were found to be popular
tourist attractions, traffic networks, and urbanization rate. The
effects of each factor on vegetation cover fluctuated over time,
showing a certain degree of diversification of social development
and complexity of anthropogenic activities.
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FIGURE 6 | Radar distribution of factor Q detection of the effects of different anthropogenic factors on vegetation cover in Guanzhong, Central China. (A) Overall
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5 DISCUSSION

5.1 Temporal and Spatial Distribution of

Anthropogenic Factors on Vegetation Cover
From the temporal of anthropogenic factors on vegetation cover, these
observations highlight the complexity of the influence of anthropogenic
factors on vegetation cover, ie., the positive and negative effects of
anthropogenic factors on vegetation cover occur concurrently, resulting
in fluctuation impacts. The natural vegetation of Guanzhong has been
damaged in recent years by an increased urban population and the
associated accelerated urbanization, increase in national GDP, extended
transport networks, and frequent visits to tourist attractions. On the
other hand, the implementation of various policies has improved the
vegetation ecosystem, including grassland construction and
afforestation projects (Bai, 2013; Ren, 2015; Zhang et al,, 2018; Guo
and Li, 2019; Hu et al,, 2021). These observations also emphasize the
need for increased attention by government and society on the
sustainable development of vegetation resources. The study of the
temporal variation in the effects of anthropogenic factors on vegetation
cover and the decomposition of the effects of different anthropogenic
factors can assist in the sustainable development of vegetation resources.

From the spatial distribution of anthropogenic factors on
vegetation cover, Central Guanzhong is characterized by a
high population density, high GDP, rapid development of
urban road networks, a higher number of popular tourist
natural areas, and more rapid urbanization rates. These factors
result in more intensive anthropogenic activities. The results also
indicated that more intensive anthropogenic activities have a
greater impact on vegetation cover.

5.2 Decomposition of the Different
Anthropogenic Factors Affecting

Vegetation Cover
The main anthropogenic factors affecting vegetation cover in
Guanzhong were popular tourist attractions, traffic networks, and

urbanization rate (Table 3). The main reason may be: Since
Guanzhong contains the provincial capital Xi’an, it is the center of
material, energy, and information exchange and transformation
in the province. In comparison with southern and northern
Shaanxi, Guanzhong contains a higher number of popular
tourist attractions, a developed transportation network, and a
higher urbanization rate. There is often a focus on the scale and
quantity of urban development, with less attention on the cost of
resources and damage to the environment. This results in
increased stress on vegetation.

The influence of anthropogenic factors on vegetation cover
will not increase over time (Figure 6), it may be the fluctuations
of various anthropogenic factors showed a certain degree of
diversification of social development and the complexity of the
impact of anthropogenic activities on vegetation cover. This
diversification and complexity indicated the need for further
future research on the effects of anthropogenic factors on
vegetation cover.

5.3 Summary of Research Results, Methods

and ldeas

A quantitative understanding of the spatiotemporal effects of
anthropogenic factors on vegetation coverage and the future
resulting trends in vegetation change are of great significance
for sustainable management of the ecological environment. The
results of the present study showed an overall positive effect of
anthropogenic influences on vegetation cover in Guanzhong
during 2001-2018. However, this trend is likely to reverse in
the future, with anthropogenic influences having an overall
negative effect on vegetation. This conclusion is consistent
with those of previous studies (Liu et al., 2013; Zhang et al.,
2018; Wang | et al, 2019). Yi et al. (2014) identified an
accelerating process of urbanization and industrialization in
the region, which they linked to a reduction in NDVI. Their
study identified the anthropogenic effects influencing this trend
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in NDVI to include overgrazing, poor forestry management,
excessive reclamation in grassland areas, and exploitation and
development of energy resources. The results of Yi et al. (2014)
are not completely consistent with those of the present study. The
differences between the two studies can be mainly attributed to
different degrees of emphasis on the effects of anthropogenic
factors on vegetation. Previous studies used qualitative
descriptors of vegetation change. In contrast, the current study
added quantifiable anthropogenic factors to the geographic
detector model and identified the contribution of each factor
to vegetation change. Similar to the present study, Zhang et al.
(2021) applied a geographic detector to quantify the
contributions of dominant anthropogenic factors to vegetation
change. They concluded that high-level tourist attractions, the
distribution of urban areas, and traffic networks were the
dominant anthropogenic factors affecting vegetation coverage,
consistent with the conclusions of the present study.

In addition, the results of the present study showed that the
analysis of the impacts of various anthropogenic factors on
vegetation coverage is prone to several challenges. These
include not fully considering some anthropogenic factors and
the difficulty of quantifying others. Future studies could consider
further anthropogenic factors within the geographic detector
model. This would allow a more comprehensive analysis of
the influences of anthropogenic factors on vegetation cover.

These factors could for example include large-scale
engineering projects, such as high-speed rail networks.
Furthermore, future studies could utilize an improved

modeling approach to simulate the effects of anthropogenic
factors on vegetation cover. This approach would overcome
the challenge of quantifying the influences of certain
anthropogenic factors. The modelling approaches that could
be used include the deep learning convolutional neural network.

Many studies have shown that the main factors affecting
changes to vegetation cover can be broadly categorized into
natural and anthropogenic factors. The effects of anthropogenic
factors on vegetation coverage can be isolated from those of natural
factors. Previous studies have isolated the effects of anthropogenic
factors on vegetation cover by removing the effects of temperature
and precipitation (Wei et al., 2014; Rong et al., 2019; Wang J. B
et al,, 2019; Wu et al,, 2019; Cheng et al., 2020). However, the
present study removed soil moisture factors as representative of
natural factors, which is argued to be a more reliable approach. Soil
moisture is an important factor affecting vegetation growth, and
soil moisture itself is affected by the combined influences of
temperature, precipitation, and evapotranspiration (Zhang et al.,
2018). The effect of soil moisture on vegetation growth exceeds that
of any single natural factor, such as temperature or precipitation.

Guanzhong is an important part of the Guantian economic
zone and the Guanzhong Urban Agglomeration. Therefore,
Guanzhong is of strategic importance in Northwest China.
Although there have been many studies on changes to
vegetation cover, studies on the decomposition of
anthropogenic factors effecting vegetation cover through the
geo-detector model remain limited.

The approach adopted in the present study of decomposing
anthropogenic factors affecting vegetation cover based on the

Anthropogenic Factors on Vegetation Cover

residual method in combination with the geographic detector model
to explore specific anthropogenic factors is not only an improvement on
the approaches taken in previous studies but has also been rarely
explored in the past (Bai, 2013; Ren, 2015; Guo and li, 2019).

6 CONCLUSION

The present study used the residual, Sen’s trend, Hurst index, and
other methods to explore the temporal and spatial variations in the
past (2001-2018) and future effects of anthropogenic factors on
vegetation cover in Guanzhong. The geographic detector model was
used to decompose the anthropogenic factors affecting vegetation
cover. These factors fell into the categories of population factors,
socioeconomic factors, and urbanization levels. Six factors, namely
prefecture-level distribution of cities, GDP, population, traffic
networks, popular tourist attractions, and urbanization rate were
selected as the main anthropogenic factors affecting vegetation cover.
The contributions of these factors to changes to vegetation cover
were discussed and the main anthropogenic factors affecting
vegetation cover were quantitatively identified. The conclusions of
the present study included:

1) The effect of anthropogenic factors on vegetation cover in
Guanzhong over the past 18 years (2001-2018) showed an
initial upward trend followed by a downward trend, although
the overall intensity of the anthropogenic effect decreased.
This result reflects the complexity of the influence of
anthropogenic factors on vegetation cover, with positive
and negative effects of anthropogenic factors on vegetation
cover coinciding, leading to fluctuations in the effects of
anthropogenic factors on vegetation cover.

2) There was a positive trend in the effects of anthropogenic factors
on vegetation cover in Guanzhong over in the past 18 years
(2001-2018). Areas showing positive effects accounted for 67.73%
of the total area and were mainly distributed in northern and
southern Guanzhong. There were stronger positive effects in
northern Guanzhong. Areas showing negative effects
accounted for 32.27% of the total area and were mainly
distributed along the Weihe River Basin in central Guanzhong.

3) The analysis predicted that anthropogenic factors would have
negative effects on vegetation cover in Guanzhong in the future,
with the areas showing negative and positive effects accounting
for 58.92 and 41.08% of the total area, respectively. The areas in
which the effects of anthropogenic factors on vegetation cover
transitioned from positive to negative accounted for 45.53% of
the total area and were mainly distributed in the cities of Baoji,
Weinan, and Xianyang. There should be an increased focus on
the use of artificial interventions to reverse this trend.

4) Popular tourist attractions, urbanization rates, and traffic
networks were identified as the anthropogenic factors with
the largest effects on vegetation cover in Guanzhong, with the
contributions of these factors to changes in vegetation cover
changing dynamically over time. This indicates that the
degrees of influence of various anthropogenic factors on
vegetation cover changed over time due to socioeconomic
development. Therefore, there tends to be a diversified
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influence of anthropogenic factors on vegetation cover. This
reflects the diversification of socioeconomic development and
the complex nature of the effects of anthropogenic factors on
vegetation cover.

There should be an increased focus on alleviating pressure on
the ecology resulting from popular tourism activities,
developed transportation networks, and rapid urbanization.
There should be an increased attention on the cost to
resources and the environment within development and an
emphasis on sustainable development.
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