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Abstract

Climate change, topographical evolution and human activities are the main driving factors of NDVI
spatiotemporal evolution. Quantitative identification of the driving mechanism can provide support for
water conservation, artificial forest construction and soil erosion control. Taking Huangshui River Basin
as an example, accumulated temperature, accumulated precipitation and NDVI of 16-days from 2000
to 2018 were collected and manipulated based on slope trend analysis, correlation analysis and other
methods to identify the spatial and temporal distribution characteristics of NDVI in this study. The
impact mechanisms of climate factors, topography and land use on spatial and temporal distribution
characteristics of NDVI were quantitatively analyzed as well. The results show that: (1) the annual
average growth rate of NDVI in Huangshui River Basin from 2000 to 2018 is 0.28%/a. NDVI in spring,
summer and autumn also showed an increasing trend. The increasing area accounts for 38.04% of the
whole basin, which was mainly distributed in the middle and lower reaches and northwest of Huangshui
River Basin. (2) NDVI was positively correlated with accumulated temperature, accumulated
precipitation and effective accumulated precipitation of 16 days, and the areas with (extreme) significant
positive correlation accounted for 77.89%, 86.52% and 86.18% of the whole basin respectively. However,
the correlation between NDVI and 16-days accumulated temperature increased first and then decreased
from southeast to northwest in Huangshui River Basin. While the correlation between NDVI and
accumulated precipitation (or effective accumulated precipitation) gradually increased from southeast
to northwest. (3) NDVI is affected not only by altitude and aspect, but also by surface conditions
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and human factors. The areas with high NDVI are mainly distributed above 2700m above sea level.

Compared with other slope aspect, NDVI on the semi-shady slope is higher, the growth rates of NDVI

on semi-sunny slope and shady slope are the fastest, and the growth rate on sunny slope is the slowest.

The growth of NDVI on shady slope in spring and autumn is the fastest, that on semi-sunny slope in

summer is the fastest, and that on sunny slope in autumn, spring and summer is the slowest. (4) The

annual average growth rate of NDVI in arable land, woodland, grassland, water area and unused land
are 0.36%, 0.27%, 0.28%, 0.24% and 0.17% respectively. The annual average decrease rate of NDVI in
urban land use is 0.13%. Large area increase of plantation forest is an important factor for increase of

NDVI.
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Introduction

As an important component of global terrestrial
ecosystem, vegetation plays an important role in global
material and energy cycle, carbon balance regulation
and climate stability [1]. With the rapid development of
remote sensing technology and long-term accumulation
of remote sensing data, the correlation between NDVI
and biomass or dynamics of vegetation has been well
revealed [2, 3]. The study on spatiotemporal changes
of NDVI is helpful to uncover the spatiotemporal
evolution characteristics of vegetation from the side.
The biomass of vegetation was significantly affected
by climate change. The increase of precipitation and
temperature can promote the formation of spatial
heterogeneity pattern of forest dynamics [4], as well as
influence the spatiotemporal variation of NDVI [5]. The
impact of climate change on NDVI is often complex
rather than direct. For example, the influence of
temperature and precipitation on NDVI usually depends
on the characteristics of biological communities [6-8].
The response of vegetation to climatic factors varies
in different seasons. Precipitation is the main climatic
factor which affects the growth of vegetation in summer
and growing season [9, 10]. The impact of precipitation
on vegetation is related to vegetation types [11-13].
NDVI is also significantly affected by human activities
[14, 15]. The increase of plantation area has a prominent
effect on NDVI [16, 17]. Meanwhile, influenced by
topography, water content may be an important limiting
factor for vegetation in growth season in inland
mountainous areas [18, 19]. Mountain ecosystem has
complex terrain and climate characteristics, which is
likely to be strongly affected by climate change [20].
Therefore, the spatiotemporal changes of NDVI are
influenced by both natural and anthropogenic factors
[21]. Natural factors mainly include air temperature
[22], precipitation [11], topography and altitude [20],
while anthropogenic factors mainly include land use
types [23].

At present, global climate change has had a
significant impact on terrestrial ecosystems. In this
context, analyzing the temporal and spatial variation
characteristics of NDVI and its relationship with
environmental factors is of great significance for

artificial forest construction, soil erosion control, water
conservation and maintenance of regional ecological
diversity [24]. However, previous studies mostly
analyzed the impact of several natural or anthropogenic
factors on NDVI on the monthly scale with less
comprehensive consideration of the impacts of multiple
natural factors and human factors on the spatiotemporal
changes of NDVI.

In the past 20 years, vegetation growth has
increased distinctly in most parts of China [25] owing
to the role of green programme and other large-scale
eco-construction projects in controlling ecological
degradation [14, 26, 27]. Huangshui River Basin is
located in the transition zone between Qinghai Tibet
Plateau and Loess Plateau. As a sensitive area to climate
change and human activities, the ecosystem is relatively
fragile, and vegetation change has always been the
focus of people’s attention [28, 29]. In this study, NDVI,
climate data, DEM and land use data from 2000 to 2018
were collected to investigate the temporal and spatial
evolution characteristics of NDVI. In the time scale
of 16 days, the influence relationship between NDVI
and 16-days accumulated temperature, cumulative
precipitation, effective  cumulative precipitation,
topography and landform and land use change was
further clarified, which provided strong support for soil
erosion control and ecological barrier construction in
the Slope of Huangshui River Basin.

Material and Methods
Study Area

Huangshui River is a first-degree tributary of the
Yellow River, which flows through Qinghai and Gansu
provinces. The main stream has a total length of
374 km with drainage area of 17733 km?. The study site
covered most of the Huangshui River basin from the
upper reaches of Minhe County, with a main stream
length of 278 km and a drainage area of 15,558 km?.
The study area ranges from 36°02°N-37°28'N and
100°42°E-103°01’E, which has the plateau arid and
semi-arid continental climate (Fig. 1). From 1960 to
2017, the annual average precipitation was 381.1 mm,
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Fig. 1. Location and DEM of the Huangshui River basin.

and the annual average temperature ranged from 3.1°C
to 7.9°C [29]. 76.1% of the study area has NDVI values
higher than 0.6. Since the 1970s, a large number of
artificial forest construction projects have been carried
out in Huangshui River Basin, such as the Yellow
River water and soil conservation ecological project
and comprehensive management of soil and water
conservation. By 2017, the forest arca accounted for
38.36% of the basin area [28].

Data Sources and Processing

The basic data needed in this study mainly include
MODI13QI1-NDVI data, meteorological data, land use
data and DEM data. MODIS-NDVI data is the product of
NASA'’s earth observation system with spatial resolution
of 250 m x 250 m and the time resolution of 16d.
The time span of MODIS-NDVI is from 2000 to 2018.
The data set is of high quality and can be used to deal
with water, cloud and heavy aerosols. It is widely used
in NDVI related research. The NDVI time series data
set is obtained by preprocessing MODIS data format
and projection transformation by MRT. Meteorological
data derived from China Meteorological Data Service
Center. Daily temperature and precipitation of 6 weather
stations in Huangshui region and its surrounding areas
from 2000 to 2018 are selected. The accumulated
temperature (>=10°C), accumulated precipitation and
effective precipitation of every 16 days are interpolated
by IDW tool of ArcGIS 10.5 platform. The obtained
grid data has the same spatial resolution as NDVI. DEM
data are from National Geomatics Center of China with
a spatial resolution of 30 x 30 m, which can be divided
into four types: semi-shady slope (45°-135°), sunny
slope (135°-225°), semi-sunny slope (225°-315°) and
shady slope (315°-45°). The land use data of 1980, 2000

102°0'0"E 102°30'0"E

and 2005 are also from National Geomatics Center of
China, and the data of 2017 are from the Department of
Natural Resources of Qinghai Province. Through arcgis
10.5, land use is divided into six types: cultivated land,
woodland, grassland, water area, urban land and unused
land.

Methods

This paper analyzes the temporal and spatial
variation of NDVI and its relationship with
environmental factors in Huangshui River Basin. Firstly,
the temporal and spatial variation characteristics of
NDVI were analyzed by correlation analysis and slope
trend analysis to clarify the variation characteristics of
NDVI sequence in interannual, seasonal and 16 days.
On this basis, the relationship between NDVI and
environmental factors was analyzed. The accumulated
temperature, accumulated precipitation and effective
accumulated precipitation of every 16 days are taken
as the key factors to analyze the impact of climate
factors on the spatial and temporal variation of NDVI
at the interannual and seasonal scales. This paper also
analyzed the impacts of terrain, geomorphic factors and
land use factors on the spatial and temporal changes
of NDVI according to the results of terrain area,
aspect, land use types and landscape pattern changes
respectively (Fig. 2).

Trend Analysis

Slope trend analysis method refers to analysis of
temporal change trend and intensity of vegetation
index by the unary linear regression analysis method,
which can reflect the spatial distribution characteristics
of temporal change trend of NDVI [8, 12, 30].
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Fig. 2. Technology Roadmap.

The significance level of these variables was evaluated

by F-test. To assess the extent of temporal change of
NDVI or other variables, we divided it into five levels
(Table 1).

Effective Precipitation

At the pixel scale, correlation analysis method
is used to study the response relationship between
NDVI and accumulated temperature, accumulated
precipitation and effective accumulated precipitation
of every 16 days from 2000 to 2018. Then the response
relationship at the pixel scale is accumulated to the
basin scale to analyze the correlation [23, 31, 32]. In
order to evaluate the correlation between NDVI and
temperature and precipitation, we divided it into eight
grades (Table 2).

Table 1. Change trend classification table.

The effective precipitation can be calculated by
formula [33]:

EP = iUPi
i=1

..where, P, is the monthly precipitation and U represents
the effective utilization coefficient of precipitation [34].
Different monthly precipitation corresponds to different
p values (Table 3).

Landscape Pattern Analysis
Fragstats4.2 was used to calculate Class area

(CA), Edge density (ED), Number of patches (NP),
Largest patch index (LPI) and Mean patch size (MPS)

Trends Slope Significance Trends Slope Significance

Extremely significant decrease <0 p<0.01 Extremely significant increase >0 p<0.01
Significant decrease <0 0.01<p<0.05 Significant increase >0 0.01<p<0.05

No significant change <0 p>0.05 No significant change >0 p>0.05
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Table 2. Correlation classification table.

Relevance Range Relevance Range
Extremely significant negative correlation -1<R<-0.7 Extremely significant positive correlation 0.7<R<1
Significantly negative correlation -0.7<R<-0.5 Significantly positive correlation 0.5<R<0.7
Low degree negative correlation -0.5<R<-0.3 Low degree positive correlation 0.3<R<0.5
Weak negative correlation -0.3<R<0 Weak positive correlation 0<R<0.3
Note: R is the correlation coefficient
Table 3. The effective utilization coefficient of precipitation.
Monthly precipitation/mm <5 5~30 30~50 50~100 100~150 150~200
U 0 0.85 0.80 0.75 0.65 0.55

Note: when the monthly precipitation is greater than 200 mm, it is calculated as 200 mm.

and to overlay the land use data of 2000 and 2005 in
2017. Arcgisl0.5 was used to overlay land use data of
2000, 2005 and 2017 to obtain land use type transfer
matrixes of 2000-2005 and 2005-2017. The degree of
fragmentation, complexity and irregularity of landscape,
and the impact of human activities on landscape pattern
were analyzed [35].

Results
Temporal and Spatial Characteristics
Time Change

From 2000 to 2018, the spatial mean of annual
NDVI in Huangshui River Basin ranged from 0.297
to 0.351, with an average annual increase of 0.28%
(Fig. 3a). The spatial mean of NDVI in spring, summer
and autumn of each year increased by 0.46%, 0.54%
and 0.58% per year respectively (Fig. 3b). The spatial
mean of NDVI in summer of each year was the largest,
followed by spring and autumn (Fig. 3b). The 16-days
NDVI time series showed an upward trend, ranging
from 0.021 to 0.681. The increasing trend of NDVI was
the fastest in spring, and the decreasing trend of that
was the fastest in autumn, while in summer the NDVI
changed smoothly (Fig. 3c).

Spatial Change

From 2000 to 2018, the areas with annual average
NDVI less than 0.3 were mainly distributed in the
middle and lower reaches of Huangshui basin, the north
and south of Haiyan and the middle of Huangyuan
(Fig. 4a). The area showing an increasing trend of
annual NDVI accounted for 38.04% of the river
basin, which was mainly distributed in the areas with
low NDVI. The area with a decreasing trend of that
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Table 4. Statistical table of temporal change trends of NDVI annually and seasonally in Huangshui River Basin (%).
Trends Year Spring Summer Autumn
Extremely significant decrease 0.95 0.74 2.07 0.45
Significant decrease 0.30 0.45 0.80 0.72
No significant change 60.71 66.14 58.59 59.60
Significant increase 8.03 10.72 6.11 9.99
Extremely significant increase 30.01 21.95 32.43 29.24

accounted for 1.25%, which was mainly distributed
in the middle valley of Huangshui River Basin
(Table 4, Fig. 4 ¢). The areas with annual average NDVI
in summer greater than 0.3 accounted for 95.41%,
while those in spring and autumn were relatively low
(Fig. 4 b-d). The areas with an increasing trend of
annual NDVI in spring, summer and autumn accounted
for 32.67%, 38.54% and 39.23% of the river basin
respectively, which were mainly distributed in the
middle and lower reaches and northwest of Huangshui
River Basin. The areas showing a decreasing trend
of those accounted for 1.19%, 2.87% and 1.17%
respectively, which were mainly distributed in the
Central Valley of Huangshui River Basin (Table 4;
Fig. 4 f-h).

Impact Factors
Climatic Factors

From 2000 to 2018, the area which showed
significant or extremely significant positive correlation

between NDVI and 16-days accumulated temperature
in Huangshui River Basin accounted for 77.89% of
the river basin. The area with low correlation between
the two was mainly distributed in the middle and
lower reaches of Huangshui River Basin, and the
areca showing an increasing trend of this correlation
accounted for 81.11% of the basin (Table 5, 6; Fig 5 a, ¢).
Spring NDVI and 16-days accumulated temperature
mainly showed an extremely significant positive
correlation and extremely significant increasing trend of
the correlation (Table 5, 6; Fig. 5 b, f). The area with
negative correlation between NDVI in summer and
16-days accumulated temperature accounted for 19.3%
of the basin. The area showing a decreasing trend of
this correlation accounted for 12.42% of the basin,
which were mainly distributed in the middle and lower
reaches of Huangshui River Basin and Northwest
China (Table 5, 6; Fig. 5 ¢, g). The correlation between
NDVI and 16-days accumulated temperature in autumn
was poor, but the area showing an increasing trend of
correlation accounted for 62.91%, which was mainly
distributed in the northwest of Huangshui River Basin

Table 5. Statistical table of correlation between NDVI and 16DAT annually and seasonally in Huangshui River Basin (%).

Relevance Year Spring Summer Autumn
Low degree negative correlation 0 0 6.21 0
Weak negative correlation 0 0.05 13.09 0.95
Weak positive correlation 1.44 0.73 37.66 87.06
Low degree positive correlation 20.67 4.17 28.49 11.89
Significant positive correlation 75.88 24.19 13.59 0.1
Extremely significant positive correlation 2.01 70.86 0.96 0

Table 6. Statistical table of spatial change trend of correlation between NDVI and temperature in Huangshui River Basin (%).

Correlation change trends 16DAT Spring Summer | Autumn AVT MVT MMDT
Extremely significant decrease 0 0 9.77 0 0 0 0
Significant decrease 0 0 2.65 0 0 0 0
No significant change 18.89 0.23 23.67 37.09 18.87 16.96 24.14
Significant increase 71.77 0.17 9.82 25.44 70.58 62.22 69.29
Extremely significant increase 9.34 99.60 54.08 37.47 10.55 20.82 6.57
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(Table 5, 6; Fig. 5 d, h). The spatial change trend of significant increase trend, and the trend is obviously
correlation between NDVI and the average value of higher (Table 6; Fig. 5 i-k).

16-days temperature (AVT), the maximum value of From 2000 to 2018, 86.52% of the Huangshui River
16-days temperature (MVT) or the maximum and Basin manifested a significant or extremely significant
minimum difference of 16-days temperature (MMDT) positive correlation between NDVI and accumulated
are basically the same as that between annual NDVI precipitation of 16 days (AP), and 79.34% of the area
and 16-days accumulated temperature (16DAT), which showed an increasing trend of correlation (Table 7,
first increases and then decreases from southeast to 8; Fig.6a, e). In spring, NDVI was mainly positively
northwest, but the correlation between NDVI and the correlated with 16 days accumulated precipitation
maximum value of 16-days temperature shows a very in low degree. The areas with significant positive
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Fig. 5. Continued.

correlation between the two were mainly distributed in
Ledu and Minhe, but the area with increasing trend of
correlation accounted for 99.18% (Table 7, 8; Fig. 6 b,
f). In summer, the area of weak correlation between
NDVI and accumulated precipitation of 16 days was
mainly distributed in the middle and lower reaches of
Huangshui River Basin and the south of Haiyan. The
area with a decreasing trend of correlation accounted
for 3.41%, which was mainly distributed in the lower
reaches of Huangshui River Basin (Table 7, 8; Fig. 6
¢, g). The correlation between NDVI in autumn and
accumulated precipitation was poor, but the area with

increasing trend of correlation accounted for 79.47%
(Table 7, 8; Fig. 6 d, h). The spatial change trend of
correlation between NDVI and the average value of
16-days precipitation (AVP), the maximum value of
16-days precipitation (MVP) or the maximum and
minimum difference of 16-days precipitation (MMDP)
are basically the same as that between NDVI and
16-days cumulative precipitation (AP). The correlation
is gradually increasing from southeast to northwest
(Table 8; Fig. 6 i-k).

In the period from 2000 to 2018, 86.18% of the
Huangshui River Basin showed a significant or
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extremely significant positive correlation between
NDVI and effective accumulated precipitation.
79.23% of the basin manifested an increasing trend
of the correlation (Table 9, 10; Fig. 7 a, ¢). NDVI
in spring was mainly positively correlated with
effective accumulated precipitation in low degree,
while the area with significant positive correlation
between the two was distributed in Ledu and Minhe.
The area with an increasing trend of correlation
accounted for 99.14% Table 9, 10; Fig. 7 b, f). The
area with weak correlation between NDVI in summer

and effective accumulated precipitation was mainly
distributed in the middle and lower reaches of Huangshui
River Basin and the south of Haiyan. The arca with a
decreasing trend of correlation accounted for 3.41%,
which was mainly distributed in the lower reaches
of Huangshui River Basin (Table 9, 10; Fig. 7 ¢, g).
The correlation between NDVI and effective
accumulated precipitation in autumn was poor, but
the area with increasing trend of correlation accounted
for 81.02% (Table 9, 10; Fig. 7 d, h). The spatial change
trend of correlation between NDVI and the average
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value of 16-days effective precipitation (AVEP), the
maximum value of 16-days effective precipitation
(MVEP) or the maximum and minimum difference
of 16-days effective precipitation (MMDEP) are
basically the same as that between NDVI and effective
accumulated precipitation (EAP). The correlation is
gradually increasing from southeast to northwest (Table
10; Fig. 7 i-k).

Topographic Features

According to the characteristics of topography,
climate, soil, vegetation and agricultural production,

10290'0"E

Huangshui River Basin is divided into three geomorphic
units: Naoshan area (above 2700 m), Qianshan area
(between 2200 m-2700 m) and Chuanshui area (below
2200 m). The areas with NDVI larger than 0.3 account
for 80.13%, 28.08% and 11.21% of the basin in Naoshan
area, Qianshan area and Chuanshui area respectively.
The areas with high NDVTI are mainly distributed above
the altitude of 2700 m (Table 11). The areas with NDVI
larger than 0.3 accounted for 16.04%, 15.19%, 14.82%
and 17.95% on sunny slope, semi sunny slope, shady
slope and semi shady slope respectively. In general,
NDVI of semi-shady slope was greater than NDVI of
sunny slope, followed by NDVI of semi-sunny slope
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and NDVI of shady slope (Table 12). The average
growth rates of NDVI on sunny, semi-sunny, shady and
semi-shady slopes were 0.26%, 0.3%, 0.3% and 0.28%
respectively. The growth rate of NDVI on semi-sunny
and shady slopes were the fastest and that of sunny
slopes was the slowest (Fig. 8a). In spring and autumn,
the NDVI of shady slope increased fastest, with an
average growth rate of 0.47% and 0.61% respectively.
In summer, NDVI of semi-sunny slope increased

fastest with an average growth rate of 0.57%. In spring,
summer and autumn, the growth rate of NDVI on sunny
slope was the slowest, with an average growth rate of
0.44%, 0.49% and 0.55% respectively (Fig. 8 b-e).

Land Use

The arable land, grassland and urban land are
mainly distributed in the middle and lower reaches of

Table 7. Statistical table of correlation between NDVI and AP in Huangshui River Basin (%).

Relevance Year Spring Summer Autumn
Weak negative correlation 0 0.02 15.98 0.65
Weak positive correlation 0.05 5.61 48.84 61.74
Low degree positive correlation 13.43 71.88 33.63 37.33
Significant positive correlation 86.17 22.49 1.55 0.28
Extremely significant positive correlation 0.35 0 0 0

Table 8. Statistical table of spatial distribution of temporal change trend of correlation between NDVI and precipitation in Huangshui

River Basin (%).
Correlation change trends AP Spring Summer | Autumn AVP MVP MMDP
Extremely significant decrease 0 0 0.73 0 0 0 0
Significant decrease 0 0 2.68 0 0 0 0
No significant change 20.66 0.82 34.43 22.83 20.68 20.44 20.53
Significant increase 63.54 1.45 12.12 17.12 63.10 69.80 69.10
Extremely significant increase 15.8 97.73 50.04 60.05 16.22 9.76 10.37
Table 9. Statistical table of correlation between NDVI and EAP in Huangshui River Basin (%).
Relevance Year Spring Summer Autumn
Weak negative correlation 0 0.02 16.19 0.56
Weak positive correlation 0.06 5.88 49.11 58.74
Low degree positive correlation 13.76 72.83 33.42 40.36
Significant positive correlation 85.89 21.27 1.48 0.34
Extremely significant positive correlation 0.29 0 0 0

Table 10. Statistical table of spatial distribution of temporal variation trend of correlation between NDVI and effective precipitation in

Huangshui River Basin (%).

Correlation change trends EAP Spring | Summer | Autumn AVEP MVEP MMDEP
Extremely significant decrease 0 0 0.76 0 0 0 0
Significant decrease 0 0 2.80 0 0 0 0
No significant change 20.77 0.86 31.24 18.98 20.70 20.65 20.60
Significant increase 63.63 1.50 12.82 16.23 65.00 70.71 70.43
Extremely significant increase 15.60 97.64 52.38 64.79 14.3 8.64 8.97
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Huangshui River Basin, and the unused land is mainly
distributed in Northwest (Fig. 9 a-c). From 2000 to 2018,
the NDVI of arable land, forest land, grassland, water
area and unused land in Huangshui River Basin showed
an increasing trend, with an average annual growth rate
of 0.36%, 0.27%, 0.28%, 0.24% and 0.17% respectively.
The average decreasing rate of urban land is 0.13%, and
the average annual decreasing rate is 0.112% (Fig. 10 a).
NDVI of forest land in spring, summer and autumn was

the highest among different land use types, followed
by arable land and grassland (Fig. 10 c-¢). From 1980
to 2017, the natural vegetation area was 2839 km?,
and the plantation area increased significantly with an
average annual growth rate of 184 km?. By 2017, the
artificial vegetation area increased by 3128 km?, and
the total forest area reached 5967 km? (Fig. 9 d-f).
From 2000 to 2005, the area converted from cultivated
land and grassland into forest land was 77.73 km?
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and 795.75 km? respectively (Table 13); from 2005 to Discussion

2017, the areas converted from cultivated land, grassland
and unused land into forest land were 569.14km?,
3059.13 km? and 76.15 km? respectively (Table 14).
Based on the analysis of landscape pattern, we can
see that, In the period from 2000 to 2017, the ED and
NP of land use types increased significantly, the MPS
decreased significantly, the proportion of the largest
patch of arable land and grassland (LPI) decreased
significantly, while the LPI of forest land increased
significantly (Table 15), indicating that land use change
was affected by human activities.

Analysis of the Influence of Climate Factors
on NDVI

Global climate change has had a significant impact
on terrestrial ecosystems. Relevant studies have
shown that NDVI has a significant positive correlation
with precipitation and temperature [22, 36], and the
correlation between NDVI and precipitation is higher
than that between NDVI and temperature [9, 11]. The
results of this study also indicate that the correlation
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Table 11. Statistical table of NDVI in different geomorphic units of Huangshui River Basin (%).

Geomorphic Units NDVI<0.1 0.1<NDVI<0.3 0.3<NDVI<0.5 NDVI>0.5
Naoshan area 0.7 18.17 79.23 0.9
Qianshan area 0.06 71.86 28 0.08
Chuanshui area 88.79 11.21

between NDVI and 16-days accumulated temperature,
accumulated precipitation and effective accumulated
precipitation in Huangshui River Basin is mainly
positive, and precipitation is the dominant factor in
the synergistic effect of precipitation and temperature.
Different from other studies, the correlation difference
between cumulative precipitation or effective
cumulative precipitation and NDVI was small with both
low correlations. The main reason was that the rainfall
in the study area could not meet the water demand of
vegetation in the growing season. Meanwhile, a large
number of irrigation areas were distributed in the valley,
and most water demand of vegetation can be enough

through irrigation. Therefore, the correlation between
cumulative precipitation or effective cumulative
precipitation and NDVI was low. The correlation
between NDVI and cumulative precipitation or effective
cumulative precipitation in spring was lower than that
between NDVI and 16-days cumulative temperature.
The main reason was that a large number of irrigation
areas were distributed in Huangshui River Basin,
and most of the water demand of vegetation was met
through irrigation. Therefore, the impact of precipitation
on NDVI was relatively weak, while the temperature
was not easily affected by human factors. Therefore,
the correlation between temperature and NDVI was

Table 12. Statistical table of NDVI on different slope aspect of Huangshui River Basin (%).

Aspect NDVI<O0.1 0.1<NDVI<0.3 0.3<NDVI<0.5 NDVI>0.5
Sunny slope 0.4 35.14 64.3 0.16
Semi-sunny slope 0.6 36.29 62.25 0.86
Shady slope 0.9 37.73 60.25 1.12
Semi-shady slope 0.4 37.8 61.22 0.58
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relatively large. The correlation between NDVI and
cumulative precipitation and effective cumulative
precipitation in spring decreases from southeast to
northwest. The main reason was that spring precipitation
is concentrated in the southeast region, which provides
a suitable environment for vegetation growth and
promotes the increase of NDVI in the southeast region
[25]. In summer, the correlation between NDVI and 16-
day cumulative temperature, cumulative precipitation
or effective cumulative precipitation was low in the
middle and lower reaches of the Huangshui River
Basin. The result is probably related to the poor water-

holding capacity of soil in this region. The increase
of summer temperature will lead to increased soil
evaporation and vegetation transpiration, and reduce
the effective soil water moisture for vegetation, which
is not conducive to vegetation growth [11]. In autumn,
the correlation between NDVI and 16-days cumulative
temperature, cumulative precipitation and effective
cumulative precipitation showed an increasing trend
compared with in spring and summer. This maybe
related with the hysteresis of NDVI response to climate
change [23]. There were differences in the correlation
between NDVI and 16-days cumulative temperature,
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Fig. 10. The relationship between annual NDVI a), NDVI in spring b), summer c), autumn d) and land use changes from 2000 to 2018.

cumulative precipitation or effective cumulative
precipitation in different seasons, which may be due
to vegetation phenology [37]. The spatial variation
trends of the correlation between NDVI and 16-days
cumulative temperature, cumulative precipitation or
effective cumulative precipitation were different. The
main reason is that the Huangshui River basin is an arid
and semi-arid region, and water demand of vegetation
is mainly supplied by irrigation in the growing season,
thus irrigation weaken the impact of precipitation on
NDVI. The terrain of Huangshui River basin drops from
northwest to southeast, which is favorable for the humid
air entrance brought by summer wind from The Pacific
Ocean, and the formation of topographic rain [38]. Due
to the rising temperature, increasing snow melt water is
also conducive to improving vegetation growth in high-
altitude mountain areas, which promotes the increase of
NDVI at high-altitude [19].

Analysis of the Influence of Topography
on NDVI

Topography affects the spatial layout of NDVI
by affecting the redistribution of water and heat
factors [25]. Relevant studies show that in the inland
mountainous areas, NDVI is high in areas with low
altitude and high precipitation, and temperature is
the limiting factor of NDVI in high altitude areas
[18]. Some studies have also shown that the change
of NDVI is closely related to human disturbance and
soil moisture [20, 38]. In this paper, it is found that
NDVI is not only affected by altitude and aspect, but
also affected by surface conditions and human factors.
The Qianshan area and Chuanshui area of Huangshui
River Basin have low altitude, good water and heat
conditions, but low NDVI. This mainly because the

Table 13. Statistical table of land use transfer matrix in Huangshui River Basin from 2000 to 2005 (km?).

Type Arable land Forest land Grassland Waters Urban land Unused land
Arable land 1955.81 77.73 774.78 26.77 142.12 0.28
Forest land 119.89 1900.3 757.21 423 7.65 10.67

Grassland 812.71 795.74 6851.96 8.09 35.16 152.71
Waters 33.68 1.129 8.746 15.58 6.62 0.06
Urban land 103.13 3.03 45.55 4.04 138.79 0.1
Unused land 0.24 14.48 151.21 0.2 0 382.33
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Table 14. Statistical table of land use transfer matrix in Huangshui River Basin from 2005 to 201 7(km?).

Type Arable land Forest land Grassland Waters Urban land Unused land
Arable land 1687.08 569.14 389.37 25.88 353.48 6.15
Forest land 72.68 2231.61 511.73 5.46 11.28 3.52

Grassland 1664.33 3059.13 3825.59 10.23 105.37 52.51
Waters 10.53 7.81 5.14 25.11 10.3 0.03
Urban land 79.33 23.39 12.72 3.57 211.26 0.22

Qianshan area is mostly covered by loess or rocky
ridge, the terrain is fragmented, which is not conducive
to the large-scale growth of vegetation. Chuanshui area
is the main distribution area of cultivated land and
urban residential construction land. The areas with high
NDVI are mainly distributed above 2700 m above sea
level, which are mainly key ecological environment
governance areas. There are Datong Beichuan river
source National Nature Reserve, Huangshui source
ecological protection area and National Forest Park
for afforestation and grass planting. A large number
of soil and water conservation projects and ecological
environment engineering construction projects have
been carried out in Huangshui River Basin. Up to 2017,
the ecological restoration area of slopes will reach
3736km? [28], which will reduce the impact of slope
aspect on NDVI. The main reasons for the different

growth rates of NDVI on different slope are different
sunshine hours. On sunny slopes, long sunshine hours,
which enhanced evaporation, reduced soil moisture
content [39], therefore, NDVI was inhibited on sunny
slope. In contrast, the semi-sun slope has a positive
effect on NDVI in summer when the hydrologic and
heat conditions are good. The shady slope is less
affected by human disturbance with low evaporation,
and the vegetation is relatively lush.

Impact of Land Use Types on NDVI

Land use change can directly reflect the surface
conditions. Relevant studies show that in the pilot area
of ecological restoration, the cumulative afforestation
area has a significant correlation with NDVI [11]. The
results show that NDVI in the middle and lower reaches

Table 15. Analysis and statistics of landscape pattern of Huangshui River Basin from 2000 to 2017.

Type Year CA NP LPI ED MPS

2000 2977553 444 5.85 13.84 670.62

Arable land 2005 303109.8 459 5.1 12.43 660.37
2017 351405.3 18861 2.88 30.7 18.63

2000 280014.2 1076 0.71 11.4 260.24

Forest land 2005 283627 1112 0.66 10.35 255.06
2017 596723.1 27189 3.78 28.25 21.95

2000 865740.2 526 17.15 22.87 1645.89

Grassland 2005 871715.2 547 15.12 20.67 1593.62
2017 497407.3 27691 10.32 26.74 17.96

2000 6581.7 39 0.14 0.71 168.76

Waters 2005 5892.21 39 0.13 0.6 151.08
2017 7046.55 4269 0.02 1.6 1.65

2000 29462.94 1042 0.18 1.92 28.28

Urban land 2005 33049.08 1012 0.31 1.78 32.66
2017 69177.87 25311 1.16 8.93 2.73

2000 54901.62 250 0.79 1.77 219.61

Unused land 2005 58419.81 238 0.84 1.69 245.46
2017 34052.76 1324 0.34 1.37 25.72
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and northwest of Huangshui River Basin is increasing,
which is mainly affected by human factors [1, 19].
The spatial average range of NDVI of natural forest is
0.372-0.41, and that of plantation is 0.299-0.362. The
average annual increasing rates of NDVI of natural
forest and plantation were 0.2% and 0.33% respectively.
Although the NDVI of natural forest is larger than that
of artificial forest, its growth rate is slow. At the same
time, the increase of NDVI of plantation also benefits
from the improvement of quality and efficiency of
irrigation area, As of 2014, the irrigation arca on the
north and south sides of Huangshui River Basin was
870.6 km?, and 613.33 km? was added in the target plan
in 2020, indicating that plantation is an important factor
for the increase of NDVI. Relevant studies showed that
climate warming has a significant impact on cultivated
land production, but the impact of human activities on
cultivated land also cannot be ignored [31]. The growth
rate of NDVI in cultivated land is the largest, and this
change can be explained by agricultural activities, such
as the use of fertilizer and pesticides, the construction of
water conservation facilities, and intensive agricultural
management, which led to increases in grain yields
or biomass production, thus increasing the NDVI in
these areas [22]. However, the NDVI of urban land
shows a decreasing trend, which is mainly due to the
acceleration of urbanization and urbanization process,
and the continuous expansion of roads and residential
land [40]. Although the vegetation quality of urban land
has been improved, the large reduction of vegetation
area leads to the low NDVIL.

Conclusions

The main conclusions are as follows. First of all,
from 2000 to 2018, the average annual increase of
NDVI in Huangshui River Basin was 0.28%. The NDVI
in the middle and lower reaches and the northwest
region of Huangshui River Basin was low, but both
showed a significant increase trend. The area with
significantly decreasing trend of NDVI of Huangshui
River Basin was mainly distributed in the Central River
Valley. Secondly, NDVI has significant correlation with
accumulated temperature, accumulated precipitation
and effective accumulated precipitation of 16 days in
Huangshui River basin, and the areas with significant
positive correlation account for 77.89%, 86.52% and
86.18% respectively. However, the correlation between
NDVI and accumulated temperature, accumulated
precipitation and effective accumulated precipitation in
the middle and lower reaches of Huangshui River basin
is poor and the change trend is not significant. Thirdly,
The areas with high NDVI are mainly distributed in
Huangshui River basin with altitude above 2700 m.
Elevation and aspect have certain influence on NDVI
change, but surface condition and human factors have
greater influence on NDVI distribution in Huangshui
River basin. Fourth, the NDVI of woodland is the

largest in Huangshui River basin, followed by cultivated
land and grassland, but the growth rate of NDVI
in cultivated land is the largest. The development
of artificial irrigation technology and the large arca
increase of plantation are the important factors of NDVI
increase. This paper discusses the response of NDVI to
temperature, precipitation, topography and land use. In
the future research, the sunshine and radiation factors
in climate factors are needed to be further analyzed
and the influence mechanism of topography and soil
moisture on NDVI should be investigated.
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