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ABSTRACT 
As an indicator of climate change, the change of vegetation cover directly reflects the ecosystem 
dynamics of the region. In this paper, the spatial and temporal characteristics of vegetation cover 
in the headwaters of the Fen River and the effects of temperature, precipitation, GDP and 
population on the changes of vegetation cover were statistically analyzed by using the Theil-Sen 
median slope and the Mann-Kendall test and Pearson's correlation coefficient from 2000 to 2020. 
The results showed that: (1) from 2000 to 2020, the vegetation cover of the Fen River headwaters 
showed an overall upward trend, and the mean value of NDVI was 0.55. The fluctuation increased 
from 2000 to 2011; the significant increase was observed from 2011 to 2013; and the fluctuation of 
the value of NDVI from 2013 to 2020 was relatively small  0.01p  . (2) Climate change affects 
changes in vegetation cover. On the time scale, the 2000-2020 mean NDVI values are positively 
correlated with temperature and precipitation, but the correlation is not significant 
 0.053 0.05, 0.185 0.05p p    . On the spatial scale, vegetation cover was weakly negatively 
correlated with air temperature as a whole, while positively correlated with precipitation as a whole. 
(3) The influence of human activities on vegetation cover was dominant, NDVI and GDP were 
positively correlated, with only 5.13% negatively correlated in the central and northeastern part of 
the region, and NDVI and population were strongly positively and negatively correlated, with 
alternating distribution in the study area. (4) The vegetation cover of the Fen River headwaters 
area shows an increasing trend, but there are still ecological and environmental problems, and it is 
necessary to continue to improve the implementation of the relevant ecological protection policies 
in order to achieve the goal of sustainable development. The results of the study can provide 
scientific references for the restoration of vegetation cover and protection of fragile ecosystems in 
the transition zone of semi-arid and semi-humid climate. 
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1. Introduction  

Vegetation plays a major role in terrestrial ecosystems and is very sensitive to environmental 
changes and is an indicator of ecological changes [1]. Vegetation can prevent rainwater from striking 
the soil surface directly, reduce the impact force of raindrops, and decrease the rate of soil erosion. 
Therefore, vegetation cover has the effect of erosion prevention, water and sand reduction, and the 
restoration of vegetation cover can prolong the time of slope flow production, increase infiltration, 
and reduce the production of flow and sand production [2-3]. In addition, vegetation cover can 
protect biodiversity, mitigate climate change and provide ecological services. Therefore, monitoring 
and evaluating the change of vegetation cover has certain theoretical and practical guiding 
significance for soil erosion management, ecological environmental protection, resource utilization, 
and future environmental decision-making [4-7]. 

Due to the spatial and temporal heterogeneity of vegetation changes, it is difficult for traditional 
measurement methods to monitor vegetation dynamics on a large scale and in real time. Remote 
sensing technology has gradually been applied in the monitoring of ecological changes at large 
scales [8]. In 1973, the normalized vegetation index (NDVI) was proposed and widely used in the 
monitoring of large-scale vegetation dynamics changes, which is the most classical and effective 
index reflecting the vegetation cover and growth status [9]. The index is influenced by climate, 
topography, human activities and other factors. Among them, temperature, precipitation, humidity 
and seasonal variations are considered as important climatic factors affecting the spatial 
distribution of vegetation NDV1 [10]. Among them, the changes in environmental factors such as 
temperature and precipitation due to climate change have led to changes in physiological activities 
such as flowering, budding, and growth of plants, or changes in the areas where plants are adapted 
to grow, which exacerbate the aging process of plants and lead to vegetation degradation [11-13]. 
With the warming of the climate, the growing season of vegetation has changed. For example, the 
flowering period of some plants is advanced and the growth cycle of leaves is prolonged, leading to 
changes in vegetation cover, while warmer temperatures lead to glacier melting and sea level rise, 
which in turn affects the distribution of vegetation in coastal areas [14-15]. More seriously, extreme 
weather events such as extreme droughts [16], heavy rains [17], storms [18], and dust storms [19] 
can cause damage to the vegetation cover, resulting in poor vegetation growth or outright death, 
or even desertification, while excessive precipitation may lead to overproduction of vegetation and 
affect the stability of the ecosystem. And the ecological changes caused by climate warming may 
lead to the extinction or migration of certain plant species, affecting the diversity of vegetation 
cover [20]. 

In addition, human activities such as large-scale deforestation, urbanization, agricultural 
cultivation and expansion, and engineering construction can cause significant changes in vegetation 
distribution and type. Traditional farming practices, such as shifting cultivation and deep plowing, 
have increased land productivity to a certain extent, but they have also led to soil erosion and 
vegetation destruction, and over-cultivation and over-grazing are important causes of vegetation 
degradation [21]. With the growth of population, people's demand for land and resources is 
increasing, resulting in a large amount of land being reclaimed and overgrazed, which leads to a 
decrease in vegetation cover and an increase in soil erosion. In addition, with economic development 
and population migration, the urbanization process in some areas has accelerated, and urban 
expansion has led to large-scale deforestation and destruction of natural vegetation, and the 
construction of a large number of buildings, roads, and other infrastructure in the process of 
urbanization has also caused damage to land and vegetation [22-23]. Furthermore, industrialization 
and resource exploitation have also affected the vegetation cover [24-25]. Industrial production 
requires a large amount of energy and a large amount of resources are exploited, which not only 
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destroys the vegetation cover on the ground surface, but also leads to problems such as land 
subsidence and water pollution. 

Fen River is located in Shanxi Province, China, and is an important water source protection 
area in Shanxi Province, which is famous for its unique natural landscape and rich water resources. 
The headwaters area of Fen River has a high terrain, complex and diverse geomorphology, and its 
ecological environment is relatively pristine, with high vegetation cover and rich plant resources 
[26]. Assessing the impacts of climate change and human activities on the change of vegetation 
cover in the Fen River headwaters area is of great significance for the management of the Fen 
River. 

The headwaters area of the Fen River belongs to the semi-arid and semi-humid region, which is 
an important part of the Loess Plateau ecosystem in China, and plays a crucial role in the 
prevention and control of desertification, environmental protection, and maintenance of regional 
sustainable development. According to the Ecological Functional Area Planning of Shanxi Province, 
the Fen River headwaters area is positioned as an ecological functional area for water conservation 
and biodiversity protection. There have been a series of ecological and environmental problems in 
the Fen River headwaters area, such as vegetation degradation, land sanding, soil erosion and so 
on. At present, driven by the policy of �ecological civilization and beautiful China�, the ecological 
environment of the Fen River headwaters area has been improved and the vegetation has been 
restored, so it is imperative to analyze the changes in the spatial and temporal patterns of 
vegetation cover in the Fen River headwaters area, and to explore the driving force of the formation 
of the spatial and temporal patterns of vegetation. However, there are fewer studies on the driving 
mechanism of vegetation cover changes in the Fen River headwaters. In view of this, this paper 
selects Ningwu County, Wuzhai County and Bali County as the study area to carry out the 
following studies: 
1) Analyze the spatial and temporal change characteristics based on the vegetation cover data from 
2000 to 2020. 
2) On this basis, the impacts of climate change and human activities on the vegetation changes at 
the headwaters of the Fen River were investigated, and the influence coefficients of the factors of 
vegetation cover were derived. 
3) Understand the response process of vegetation to climate change and human activities, and 
make scientific and effective ecological protection and management suggestions for the driving 
factors. 

2. Overview 

In the species of climate change and human activities on vegetation cover, most scholars have 
carried out relevant studies, and based on NDVI data, the vegetation cover of different regions has 
been studied. Literature [27] used GA-SVM model combined with NDVI to analyze the change of 
vegetation cover in Weihe River affected by climate change and human activities, and the realistic 
impact of human activities was smaller than climate change, and the model reproduced the 
evolution between NDVI and rainfall and temperature. 

In terms of time span, literature [28] analyzed the vegetation NDVI data of the Haihe River 
Basin for 13 years by Sen and Mann-Kendall model, Hurst index, and partial correlation analysis, 
and the vegetation cover in the region changed in a growth mode, with the growth rate decreasing 
in the later period. Literature [29] analyzed the relationship between human activities and climatic 
factors and vegetation cover changes with a span of 15 years by three methods: segmented linear 
regression, bivariate partial correlation analysis, and factor analysis using a medium image meta-
model, and the study was analyzed both temporally and spatially. Literature [30] explored the 
vegetation cover change in Ethiopia on the basis of 15 years time series, temperature and rainfall 
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affected the vegetation cover differently in time and space while human activities were the major 
influencing factors. Literature [31] analyzed the vegetation cover changes in the Yellow River Basin 
over 18 years using a geoprobe supported by time series NDVI and weather data, weather and 
vegetation cover changes showed spatial heterogeneity, and rainfall was the main factor. Literature 
[32] analyzed the vegetation cover changes in the Yangtze River Basin over a period of 19 years 
using NDVI and climate data, and the coverage increased dynamically, showing spatial high in the 
middle and low on both sides. Literature [33] analyzed the change of vegetation cover in sandy 
land spanning 19 years under climate change and human activities based on NDVI data, and 
segmented the impacts of climate change and human activities using residual analysis, and rainfall 
and temperature showed significant impacts, while land cover type had no impact. Literature [34] 
analyzed the response of vegetation cover change to climate change and human activities in the 
Hulun Lake Basin using the residual trend method and under the 38-year spatial and temporal 
dimensions, during which forests, wetlands, and croplands had the highest vegetation cover, and 
grassland vegetation degradation was severe, with rainfall having the greatest impact. The above 
studies comprehensively analyzed the changes of vegetation cover in different regions considering 
NDVI data, weather data, human activities, topography, etc. Weather data were mostly rainfall 
and temperature, while human activities were dominated by grazing and so on. 

In the study of Fen River basin, literature [35], based on NDVI, analyzed the vegetation cover 
in the upper and lower Fen River basin for 21 years with linear trend analysis and topographic 
correction, and found that the vegetation cover in the mountainous area was higher than that in 
the plateau. Literature [36] analyzed the 40-year vegetation change of the Fen River by kernel-
NDVI, three kinds of climate change (rainfall, temperature, and solar radiation), and the GGP, 
and rainfall was the main climate change factor, followed by temperature and solar radiation, and 
the GGP enlarged the greening area but exacerbated climate change in the perception of the 
vegetation. The current study is only based on single-factor human activities and common rainfall 
and temperature changes, and other types of climate change and human activities have not been 
addressed, while the Fen River is rich in water resources and has a complex topography, these 
studies alone are not sufficiently informative for management decisions. 

3. Materials and methods 

3.1. Overview of the study area 
In this study, the headwaters area of the Fen River (longitude 111°13'-120°40'E, latitude 38°29'-
39°17'N) was used as the research object, which includes Ningwu County, Bali County, and Wuchai 
County, with a total area of 6812.35 km² (Figure 1) The area is located in the transition zone 
between semi-arid and semi-wet climate, and belongs to the temperate continental climate. It is 
cold in winter and hot in summer, with a large annual temperature difference, and precipitation is 
concentrated in summer, with an average annual precipitation of 462mm, four distinct seasons, and 
an average annual temperature of 5.6°C. The main soil types are brown, brown, brown, brown, 
brown, brown, brown, brown, brown, brown, brown, brown and brown. The main soil types are 
brown soil, meadow soil, mountain meadow soil and mountain brown soil, and the main natural 
vegetation is dominated by coniferous forests and mixed coniferous and broad-leaved forests. The 
six ecosystems of �mountains, water, forests, fields, lakes and grasses� are complete. The vegetation 
cover of the Fen River headwaters is high, but human activities, such as urban and rural 
construction and irrational exploitation of mineral resources, have led to vegetation degradation in 
some areas of the region. It is important to study the drivers of vegetation cover in the Fen River 
headwaters to maintain the surrounding ecological environment. 
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Fig. 1. Map of Fen River Headwaters area 

3.2. Data sources 
The national vegetation index (NDVI) data for the period 2000-2020 were obtained from the Earth 
Resources Data Cloud Platform (www.gis5g.com). This dataset is based on Google Earth Engine 
cloud computing platform, with data from Landsat5/7/8/9 remote sensing satellites, and the 
maximum value of NDVI in a year for each pixel in the period of 2000-2020 is obtained by using 
maximum synthesis through data preprocessing and data smoothing methods. The spatial 
resolution is 30 m and the temporal resolution is year. Meteorological data such as precipitation 
and temperature during 2000-2020 were obtained from the National Meteorological Center of China 
Meteorological Administration (http://data.cma.cn). The total population and GDP data of the 
study area from 2000 to 2020 were obtained from the Statistical Yearbook; the total population 
includes rural and urban population, and the GDP includes data of primary, secondary and tertiary 
industries. 

The unified geographic coordinate system for the above data is GCS_WGS_1984, and the 
projected coordinate system is WGS_1984_UTM_Zone_48N, with a spatial resolution of 30m. 

3.3. NDVI Data calculation methods 

NDVI can assess the vegetation growth condition, which is the ratio between infrared and visible 
bands of surface reflectance measured by remote sensing technology, and the NDVI data were 
processed by using ArcGIS 10.8 software.The true value of NDVI is converted by multiplying the 
initial value of the image element of the NDVI data (Digital Number,DN) by 0.0001, and its value 
range is -0.2~+1. 

 NIRI RED
NDVI

NIRI RED

 
 





 (1) 

RED  and NIRI  are the reflectance of red (620-670 nm) and near-infrared (841-875 nm) light, 
respectively. 
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3.4. Trend analysis - Theil-Sen median slope and Mann-Kendall test 
1) Theil-Sen median slope is a robust non-parametric statistical approach to trend. It is calculated 
by the formula: 

 ,j ix x
Median j i

j i


 
    

 (2) 

  is the slope,  greater than 0 indicates an upward trend in the time series;   less than 0 
indicates a downward trend in the time series; jx  and  ix  are time series data, n is the number of 
data. 
2) Mann-Kendall test can reasonably and scientifically measure the fluctuation characteristics of 
vegetation long time series. Its statistical test method is as follows. For the time series ix  ,

1, 2,... , ... , ...,i i j n ｡ jx  and ix  are time series data, n is the number of study data. Definition of 
statistical variable S: 

  1

1 1

n n

j ii j i
S sign x x



  
    (3) 

 j isign x x  is the indicator function, according to j ix x  the plus and minus signs take the 
values 1,0 or -1. 

  
1, 0

0, 0

1, 0

j i

j i j i

j i

x x

sign x x x x

x x

  
   
  

 (4) 

S the variance of the statistic is: 

     1 2 5
ar

18

n n n
V S

 
  (5) 

When 10n , define the standardized test statistic Z : 

 
 

 

1
, 0

0, 0

1
, 0

S
S

Var S

Z S

S
S

Var S

 

 
  


 (6) 

During the MK test, the parameter 0UF    indicates that the vegetation cover shows a 
continuous growth trend, and the value of UF is at the significance level, which indicates that it 
passes the 95% significance test. the intersection of UF and UB is within the confidence interval, 
which indicates that the NDVI is growing rapidly at this point. 

At a given significance level 0.05  , when 1.96Z  , it means that the confidence level of the 
trend is 95%, and when 1.96Z  , it means that the trend passes the 95% significance test. The 
NDVI changes were graded based on the natural breakpoints and the actual annual mean NDVI, 
and combined with the results of the MK test (Table 1). 
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Table 1. Mann-Kendall test tread categories 

Variation trend MK test for significant levels Z 
Significant reduction 2Z   

No significant reduction 2 0z    
No significant increase was observed 0 2z   

Significant increase 2Z   

3.5. Pearson correlation coefficient 
The Pearson correlation coefficient, often denoted by the letter r, measures the linear relationship 
between two random variables. The overall Pearson correlation coefficient between two variables 
is defined as the quotient between the covariance and the standard deviation between the two 
variables with the following formula: 

 
    

2 2

, X Y

X Y x Y

E x ycov X Y  


   

      (7) 

 
  

   
1

2 2

1 1

n

i ii

n n

i ii i

x X y Y
r

x X y Y



 

 


 


 

 (8) 

r   denotes Pearson correlation, P   denotes significance (two-tailed); X   and Y   denote the 
sample means of the two, respectively; 1r   denotes a perfect positive correlation, i.e., a 
relationship that satisfies  0Y aX b a   ; 1r  denotes a perfect negative correlation, i.e., a 
relationship that satisfies  0Y aX b a   ; 0r   denotes that the two are not linearly correlated. 

4. Results and Analysis 

4.1. Characteristics of the temporal distribution of vegetation cover 
The vegetation cover and its trend from 2000 to 2020 in the headwaters area of the Fen River are 
shown in Figure 2. From the figure, it can be seen that the inter-annual variation of NDVI ranges 
from 0.43 to 0.65, and the average annual NDVI value is 0.54, with an overall upward trend, and 
the trend was fitted with an average growth rate of 1% and 2r  of 0.79.In the MK trend test, it 
was shown that the mutation point appeared in 2012. The changes of NDVI in the past 20 years 
were divided into three stages as follows: (1) the vegetation cover of 0.45 increased steadily to 0.49 
between 2000 and 2011; (2) the vegetation cover increased rapidly to 0.64 between 2011 and 2013; 
and (3) the vegetation cover was relatively stable between 2013 and 2020, and the vegetation 
improved gradually. 
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Year
 

Fig. 2. Changes in mean annual NDVI at the headwaters of the Fen River, 2000-2020. (★indicates 2012 as the 

mutation point for the MK test) 

Combined with the vegetation characteristics of the study area, the NDVI is divided into four 
classes: very low vegetation cover [-0.2~0.2], low vegetation cover [0.2~0.4], medium vegetation 
cover [0.4~0.6], and high vegetation cover [0.6~1] (see Figure 3). 2000-2020, the Fen River 
headwaters had the lowest proportion of very low vegetation cover, and the vegetation cover of the 
area was dominated by medium and low cover and accounted for more than 80% of the area. In 
2000 and 2005, the overall vegetation cover in the region was dominated by medium and low cover, 
with an area of 4000 km² and a proportion of more than 80%. 2010 saw a significant increase in 
the area of high cover, which accounted for more than 50% in 2020, and a significant decrease in 
the area of low cover, which accounted for less than 5% in 2020. In terms of inter-annual changes, 
the proportion of low-cover and medium-cover areas showed a decreasing trend, while the 
proportion of high-cover areas showed an increasing trend, indicating that the vegetation cover in 
the study area has been effectively improved. 
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Fig. 3. Changes in the area of different classes of vegetation cover and their share in the 5-year period 

4.2. Characteristics of spatial distribution and changes in vegetation cover 
In this study, the Sen trend degree of vegetation NDVI was calculated for the period of 2000-2020 
and M-K test was performed, and the results are shown in Figure 4. The changes of NDVI were 
categorized into four increasing trends: significantly decreasing, non-significantly decreasing, non-
significantly increasing, and significantly increasing, with the areas of 104.02km², 262.30km², 
2111.48km², and 4334.54 km². The overall change of vegetation cover in the Fen River headwaters 
area showed an increasing trend, and the area of increasing trend accounted for 94.62%. 
Significantly increasing areas are mainly distributed in the central and southern parts of Bali and 
Ningwu counties, non-significantly increasing areas are mainly in the central part, and significantly 
decreasing areas are mainly distributed in the northeastern part of Ningwu County.During the past 
20 years, the decrease of low vegetation cover in Wuchai County is the most obvious, and the 
increase of high vegetation cover in Bali County is the most obvious, and the vegetation cover 
along Luga and Guanxian Mountains has been relatively good. 
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Fig. 4. Spatial distribution of vegetation cover and its changes in the headwaters of the Fen River 



6632 YOU AND ZHANG 

4.3. Driver correlation analysis 

4.3.1. Correlation analysis between NDVI and temperature. As shown in Figure 5a, there is a 
significant positive correlation between NDVI and air temperature on the time scale 
 0.470, 0.05r P   .Overall, the peaks and troughs of the NDVI trend appeared almost 
simultaneously with air temperature, indicating that the changes in NDVI had a positive feedback 
on the changes in air temperature. As shown in Figure 5B, on the spatial scale, the correlation 
coefficient between vegetation cover and air temperature was around the value of 0. The area of 
the region with negative correlation was 3608.5 km² accounting for 52.97%, which was mainly 
distributed in the west and east of the region, and the negative correlation was stronger in the edge 
areas. The positive correlation between vegetation NDVI and air temperature is 47.03%, mainly 
with 0-0.2 coefficients, distributed in the junction of three counties in the central part of the region, 
Luya Mountain and Guanxian Mountain area. 
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Fig. 5. Correlation between vegetation cover and temperature factors at the headwaters of the Fen River, 2000-

2020 

4.3.2. Correlation analysis between NDVI and precipitation. As shown in Figure 6a, there was a 
significant positive correlation between NDVI and precipitation on the time scale 
 0.492, 0.05r P  .With the change of precipitation, the NDVI values also showed peaks and 
troughs, indicating that the change of precipitation positively affected the change of NDVI. As 
shown in Figure 6b, on the spatial scale, vegetation cover and precipitation as a whole showed a 
positive correlation in 83.29% of the area, with the correlation coefficients mainly in the range of 
0.5-1 in the northwest and 0.2-0.5 in the east. NDVI was negatively correlated with precipitation 
over 16.71% of the area in the region, with correlation coefficients of -0.2-0, concentrated in the 
central part of the study area. Strongly negative correlation areas with correlation coefficients of -
1-0.4 are mainly scattered in the central and northeastern parts of the study area. 
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Fig. 6. Correlation between vegetation cover and precipitation factors at the headwaters of the Fen River, 2000-

2020. 

4.3.3. Correlation analysis between NDVI and GDP. As shown in Figure 7a, on the time scale, 
GDP shows an increasing trend from year to year, and NDVI values also show a fluctuating increase, 
and the overall trend of the two is consistent with a significant positive correlation 
 0.866, 0.05r P  ,It showed that the increase of GDP promoted the increase of vegetation cover. 
As shown in Figure 7b, at the spatial scale, the overall positive correlation between NDVI and 
GDP was observed in the headwaters of the Fen River, with an area of 6,462.54 km², accounting 
for 94.87% of the area. Among them, 5.13% of the area had a correlation coefficient of 0.5-1, 
demonstrating a strong positive correlation. The areas with negative correlation between NDVI 
and GDP were mainly dispersed in the central and northeastern parts. Overall, NDVI and GDP 
show extremely strong positive and negative correlations, with only a few regions in the center 
showing weak correlations. 
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Fig. 7. Correlation between vegetation cover and GDP factors at the headwaters of the Fen River, 2000-2020 

4.3.4. Correlation analysis between NDVI and population size. As shown in Figure 8a, NDVI is 
significantly negatively correlated with precipitation on the time scale  0.750, 0.05r P   . As 
shown in Figure 8b, at the spatial scale, 34% of the area was negatively correlated and was mainly 
distributed in the northwestern part of the study area, dominated by agricultural land. 66% of the 
area was positively correlated and was widely distributed within the study area, mainly dominated 
by forests. Overall, NDVI showed very strong positive and negative correlation with the total 
population, and was alternately distributed within the study area. 
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Fig. 8. Correlation between vegetation cover and total population factors at the headwaters of the Fen River, 

2000-2020 

5. Discussion and conclusions 

This paper explored the change characteristics of vegetation cover and its driving factors in the 
Fen River headwaters area during 2000-2020, and found that the overall NDVI in the Fen River 
headwaters area showed a fluctuating upward trend between 2000 and 2020, a result that is 
consistent with the conclusions of Ma Xiaohong and Zhang Huixia et al. on the change of vegetation 
cover in the Fen River Basin. Among them, the annual average NDVI in the region was above 0.5 
after 2008, which increased significantly in Ningwu County, mainly due to the fact that the relevant 
departments of Shanxi Province introduced a number of policies to support ecological protection, 
management and restoration in this year, such as one of the five major ecological protection policies 
in Shanxi Province - �Revision of the Master Plan of Ningwu County�, which promoted the Fen 
River source management and adapted to the needs of tourism development. 

The change of vegetation cover in the Fen River basin is caused by a combination of climate 
change and human activities, in which temperature, precipitation and GDP are positively 
correlated with NDVI, and the number of population is negatively correlated with NDVI. An 
appropriate increase in temperature will promote the release of water from plant leaves, accelerate 
transpiration, and maintain water balance, as well as increase photosynthetic utilization, thus 
favoring vegetation growth. Precipitation is a key source of moisture for plant growth, and when 
there is sufficient precipitation, the soil is moist and favorable for plant growth. 

The relevance of human activities is stronger than climatic factors. The result that human 
activities have a contributing effect on the change of vegetation cover in the Fen River headwaters 
area is consistent with the findings of Zhang Hongwei et al. The main reason is that in 2008, the 
government arranged corresponding supporting financial funds of more than 160 million yuan to 
implement the Shanxi government's Fen River Basin Protection, Restoration and Governance 
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Master Plan, which promoted the improvement of the ecological level.The GDP continued to grow 
exponentially and significantly after 2010, which is mainly due to the fact that the Fen River source 
area was mainly dominated by agriculture and coal mining industry from 2000 to 2010, while in 
the 2011-2020 stage is dominated by eco-agriculture and eco-tourism, which also shows that human 
beings have been paying attention to the coordinated development of economy and environment. 
The areas with negative correlation between the number of population and vegetation cover are 
distributed in the northwestern part of the country, where most of the land use is farmland, which 
is also a human settlement, and where there are many people and little land, which damages the 
soil. While the area with positive correlation is widely distributed and dominated by forests, more 
than 130,000 mu of afforestation patches have been constructed in the upper reaches of the Fen 
River in 2007, and the increase in the number of population, i.e., the labor force, promotes the 
construction and development of planted forests, which in turn improves vegetation cover and 
promotes the sustainable development of the region. 

This study also has the following shortcomings: the influence factors of vegetation cover changes 
were explored through two aspects of climate and human activities, and more influence factors will 
be selected for comprehensive analysis in the following. Predicting the future vegetation changes 
while the subsequent study will use the time series prediction model and so on to predict the 
vegetation cover and keep focusing on the dynamic changes in the region, to provide decision-
making suggestions for the ecological protection of the Fen River headwaters area. 

To summarize, the vegetation cover of the Fen River headwaters area showed an overall 
increasing trend from 2000 to 2020, and through the Sen trend analysis and M-K test, the highest 
percentage of the area with significant increase (94.62%) was obtained, and the vegetation cover 
condition was restored and improved. The change of vegetation cover in the Fen River headwaters 
area is the result of the combined effect of human activities and climate change, but the main 
driving factor is human activities. Among them, NDVI was positively correlated with precipitation 
as a whole, and negatively correlated in local areas; NDVI was insignificantly negatively correlated 
with air temperature as a whole; with the increase of GDP, the NDVI value gradually increased, 
and both of them were significantly positively correlated. These results help to reveal the response 
of vegetation changes to climate and human activities in the headwaters of the Fen River, and 
provide assistance for vegetation restoration and improvement. 

Funding 

This work was supported by the Innovation and Entrepreneurship Training Program for College 
Students in Shanxi Province (20240625). 

About the Authors 

Aming You was born in Dingzhou, Hebei Province, China, in 2002. She currently studying at the 
School of Resources and Environment, Shanxi University of Finance and Economics. Her main 
research direction is vegetation ecological remote sensing. 

Xiaolong Zhang was born in Hunyuan county, Shanxi Province, China, in 1988. He obtained a 
doctor's degree from Institute of Botany, Chinese Academy of Sciences in China. He currently 
working at the School of Resources and Environment, Shanxi University of Finance and Economics. 
His main research direction is Plant ecological adaptation and vegetation ecological remote sensing. 



6638 YOU AND ZHANG 

References 

[1] Chen, S., Zhang, Q., Chen, Y., Zhou, H., Xiang, Y., Liu, Z., & Hou, Y. (2023). Vegetation change 
and eco-environmental quality evaluation in the Loess Plateau of China from 2000 to 2020. Remote 
Sensing, 15(2), 424. 

[2] Hu, Y., Zhang, F., Luo, Z., Badreldin, N., Benoy, G., & Xing, Z. (2023). Soil and water conservation 
effects of different types of vegetation cover on runoff and erosion driven by climate and underlying 
surface conditions. Catena, 231, 107347. 

[3] Shi, P., Li, P., Li, Z., Sun, J., Wang, D., & Min, Z. (2022). Effects of grass vegetation coverage and 
position on runoff and sediment yields on the slope of Loess Plateau, China. Agricultural Water 
Management, 259, 107231. 

[4] Tang, C., Liu, Y., Li, Z., Guo, L., Xu, A., & Zhao, J. (2021). Effectiveness of vegetation cover pattern 
on regulating soil erosion and runoff generation in red soil environment, southern China. Ecological 
Indicators, 129, 107956. 

[5] Cai, Y., Zhang, F., Duan, P., Jim, C. Y., Chan, N. W., Shi, J., ... & Ma, X. (2022). Vegetation cover 
changes in China induced by ecological restoration-protection projects and land-use changes from 2000 
to 2020. Catena, 217, 106530. 

[6] Han, T., Lu, H., Lü, Y., & Fu, B. (2021). Assessing the effects of vegetation cover changes on resource 
utilization and conservation from a systematic analysis aspect. Journal of Cleaner Production, 293, 
126102. 

[7] Li, Y., Cao, Z., Long, H., Liu, Y., & Li, W. (2017). Dynamic analysis of ecological environment 
combined with land cover and NDVI changes and implications for sustainable urban�rural 
development: The case of Mu Us Sandy Land, China. Journal of Cleaner Production, 142, 697-715. 

[8] Almalki, R., Khaki, M., Saco, P. M., & Rodriguez, J. F. (2022). Monitoring and mapping vegetation 
cover changes in arid and semi-arid areas using remote sensing technology: a review. Remote Sensing, 
14(20), 5143. 

[9] Lu, Q., Zhao, D., Wu, S., Dai, E., & Gao, J. (2019). Using the NDVI to analyze trends and stability 
of grassland vegetation cover in Inner Mongolia. Theoretical and Applied Climatology, 135, 1629-1640. 

[10] Jin, H., Chen, X., Wang, Y., Zhong, R., Zhao, T., Liu, Z., & Tu, X. (2021). Spatio-temporal 
distribution of NDVI and its influencing factors in China. Journal of Hydrology, 603, 127129. 

[11] Chaudhry, S., & Sidhu, G. P. S. (2022). Climate change regulated abiotic stress mechanisms in plants: 
A comprehensive review. Plant Cell Reports, 41(1), 1-31. 

[12] Pareek, A., Dhankher, O. P., & Foyer, C. H. (2020). Mitigating the impact of climate change on plant 
productivity and ecosystem sustainability. Journal of Experimental Botany, 71(2), 451-456. 

[13] Afuye, G. A., Kalumba, A. M., & Orimoloye, I. R. (2021). Characterisation of vegetation response to 
climate change: A review. Sustainability, 13(13), 7265. 

[14] Tun, W., Yoon, J., Jeon, J. S., & An, G. (2021). Influence of climate change on flowering time. Journal 
of Plant Biology, 64(3), 193-203. 

[15] Osland, M. J., Grace, J. B., Guntenspergen, G. R., Thorne, K. M., Carr, J. A., & Feher, L. C. (2019). 
Climatic controls on the distribution of foundation plant species in coastal wetlands of the 
conterminous United States: knowledge gaps and emerging research needs. Estuaries and Coasts, 42(8), 
1991-2003. 



IMPACTS OF CLIMATE CHANGE AND HUMAN ACTIVITIES ON 6639 

[16] Ding, Y., Xu, J., Wang, X., Peng, X., & Cai, H. (2020). Spatial and temporal effects of drought on 
Chinese vegetation under different coverage levels. Science of the Total Environment, 716, 137166. 

[17] Liu, N., Harper, R. J., Dell, B., Liu, S., & Yu, Z. (2017). Vegetation dynamics and rainfall sensitivity 
for different vegetation types of the Australian continent in the dry period 2002�2010. Ecohydrology, 
10(2), e1811. 

[18] Palm, K., Vodde, F., Tullus, T., Engelhart, J., & Jõgiste, K. (2022). Impact of different storm severity 
levels and post-storm management on understory vegetation richness, diversity and composition 19�
20 years after wind disturbance. Forest Ecology and Management, 524, 120506. 

[19] Sofue, Y., Hoshino, B., Demura, Y., Kai, K., Baba, K., Nduati, E., ... & Sternberg, T. (2018). Satellite 
monitoring of vegetation response to precipitation and dust storm outbreaks in Gobi Desert regions. 
Land, 7(1), 19. 

[20] Wangchuk, K., Darabant, A., Nirola, H., Wangdi, J., & Gratzer, G. (2021). Climate warming decreases 
plant diversity but increases community biomass in high-altitude grasslands. Rangeland Ecology & 
Management, 75, 51-57. 

[21] Yang, C., & Sun, J. (2021). Impact of soil degradation on plant communities in an overgrazed Tibetan 
alpine meadow. Journal of Arid Environments, 193, 104586. 

[22] Li, D., Wu, S., Liang, Z., & Li, S. (2020). The impacts of urbanization and climate change on urban 
vegetation dynamics in China. Urban Forestry & Urban Greening, 54, 126764. 

[23] Feng, D., Fu, M., Sun, Y., Bao, W., Zhang, M., Zhang, Y., & Wu, J. (2021). How large-scale 
anthropogenic activities influence vegetation cover change in China? A review. Forests, 12(3), 320. 

[24] Rahmonov, O., Dragan, W., Cabała, J., & Krzysztofik, R. (2023). Long-term vegetation changes and 
socioeconomic effects of river engineering in industrialized areas (southern Poland). International 
Journal of Environmental Research and Public Health, 20(3), 2255. 

[25] Bebbington, A. J., Humphreys Bebbington, D., Sauls, L. A., Rogan, J., Agrawal, S., Gamboa, C., ... 
& Verdum, R. (2018). Resource extraction and infrastructure threaten forest cover and community 
rights. Proceedings of the National Academy of Sciences, 115(52), 13164-13173. 

[26] Zhang, L., Li, S., Wu, Z., Fan, X., Li, H., Meng, Q., & Wang, J. (2020). Variation in runoff, suspended 
sediment load, and their inter-relationships in response to climate change and anthropogenic activities 
over the last 60 years: a case study of the upper Fenhe River basin, China. Water, 12(6), 1757. 

[27] Huang, S., Zheng, X., Ma, L., Wang, H., Huang, Q., Leng, G., ... & Guo, Y. (2020). Quantitative 
contribution of climate change and human activities to vegetation cover variations based on GA-SVM 
model. Journal of Hydrology, 584, 124687. 

[28] Sun, Y. L., Shan, M., Pei, X. R., Zhang, X. K., & Yang, Y. L. (2020). Assessment of the impacts of 
climate change and human activities on vegetation cover change in the Haihe River basin, China. 
Physics and Chemistry of the Earth, Parts a/b/c, 115, 102834. 

[29] Jiang, M., Tian, S., Zheng, Z., Zhan, Q., & He, Y. (2017). Human activity influences on vegetation 
cover changes in Beijing, China, from 2000 to 2015. Remote Sensing, 9(3), 271. 

[30] Yang, S., Song, S., Li, F., Yu, M., Yu, G., Zhang, Q., ... & Wu, Y. (2022). Vegetation coverage 
changes driven by a combination of climate change and human activities in Ethiopia, 2003�2018. 
Ecological Informatics, 71, 101776. 

[31] Deng, X., Hu, S., & Zhan, C. (2022). Attribution of vegetation coverage change to climate change and 
human activities based on the geographic detectors in the Yellow River Basin, China. Environmental 
Science and Pollution Research, 29(29), 44693-44708. 



6640 YOU AND ZHANG 

[32] Yi, L., Sun, Y., Ouyang, X., & Yin, S. (2022). Identifying the impacts of climate change and human 
activities on vegetation cover changes: A case study of the yangtze river basin, China. International 
Journal of Environmental Research and Public Health, 19(10), 6239. 

[33] Lin, M., Hou, L., Qi, Z., & Wan, L. (2022). Impacts of climate change and human activities on 
vegetation NDVI in China�s Mu Us Sandy Land during 2000�2019. Ecological Indicators, 142, 109164. 

[34] Gu, Y., Pang, B., Qiao, X., Xu, D., Li, W., Yan, Y., ... & Cao, B. (2022). Vegetation dynamics in 
response to climate change and human activities in the Hulun Lake basin from 1981 to 2019. Ecological 
Indicators, 136, 108700. 

[35] Hui, L. I., Bilong, L. I., Lili, G. E., Chenhui, H. A. N., Qian, Y. A. N. G., & Yuejun, Z. H. A. N. G. 
(2023). Temporal and Spatial Characteristics of Vegetation Evolution and Topographic Effects in 
Fenhe River Basin from 2000 to 2021. Ecology and Environment, 32(3), 439. 

[36] Niu, K., Liu, G., Zhan, C., & Kang, A. (2024). The Role of Climate Change and Human Intervention 
in Shaping Vegetation Patterns in the Fen River Basin of China: Implications of the Grain for Green 
Program. Forests, 15(10), 1733. 


