diversity

Article

Climatic and Topographical Effects on the Spatiotemporal
Variations of Vegetation in Hexi Corridor, Northwestern China

Youyan Jiang 12, Wentao Du %%, Jizu Chen 10, Chunya Wang %, Jinniu Wang 34, Wenxuan Sun 13, Xian Chai 5,
Lijuan Ma ¢ and Zhilong Xu ?

check for
updates

Citation: Jiang, Y.; Du, W.; Chen, J.;
Wang, C.; Wang, J.; Sun, W.; Chai, X.;
Ma, L.; Xu, Z. Climatic and
Topographical Effects on the
Spatiotemporal Variations of
Vegetation in Hexi Corridor,
Northwestern China. Diversity 2022,
14,370. https://doi.org/10.3390/
d14050370

Academic Editor: Michael Wink

Received: 18 April 2022
Accepted: 5 May 2022
Published: 6 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Qilian Shan Station of Glaciology and Eco-Environment, State Key Laboratory of Cryospheric Science,
Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences (CAS),
Lanzhou 730000, China; jiangyouyan1981@163.com (Y.].); chenjizu@yeah.net (J.C.);
swxsyy123@126.com (W.S.)

Lanzhou Regional Climate Center, Lanzhou 730000, China

University of Chinese Academy of Sciences, Beijing 100049, China; wangjn@cib.ac.cn

Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China; wangcy9610@gmail.com
School of Foreign Languages and Literatures, Lanzhou University, Lanzhou 730000, China;
chaix20@lzu.edu.cn

National Climate Center, Beijing 100081, China; malj@cma.gov.cn

7 Zhangye Meteorological Bureau, Zhangye 734000, China; 1zxz1008@163.com

Correspondence: duwentao@lzb.ac.cn

[S I N N

Abstract: Oases, as complex geographical landscapes, are strongly influenced by both natural
variation and human activities. However, they have degenerated because of unplanned land use and
water resource development. The research of oasis changes has mostly discussed single components,
but multiple components, especially spatial changes to oasis vegetation, need further strengthening.
Land use and NDVI were extracted based on Landsat 5/8 and Mod13A3, respectively, and a transfer
matrix was constructed to analyze changes of land use in the Hexi Corridor during 2000-2020. The
significant changes in the area of each land use were also quantified. Combined with regional
temperature and precipitation, interpolated from meteorological data, the correlations between
regional temperature, precipitation, and vegetation coverage were calculated, especially in the
quantized areas with significant associations. The results showed that the area of bare land or desert
decreased, while the areas of agricultural and residential land increased. The normalized difference
NDVI of the studied oases increased at the rate of 0.021 per decade, which was positively related to
precipitation (p < 0.05), rather than temperature; of which, farmland and planted grass land were
55.65% and 33.79% in the significantly increased area. In the area of significant positive relation
between NDVI and precipitation, the ratio of grassland, farmland, and forest was 79.21%, 12.82%,
and 4.06%, respectively. Additionally, changes in oasis vegetation were determined primarily by
agricultural activities, which reflected a combination of natural and anthropic influences.

Keywords: oasis; land use; normalized difference NDVI; climate change; human activities

1. Introduction

An oasis is a small-to-medium-scale landscape maintained by a water supply in an
arid or semi-arid desert area [1]. It is also an unstable ecosystem, with the characteristic of
high habitat fragmentation. In China, oases are mainly distributed in arid and semi-arid
regions to the west of the Helan Mountians, whose area is only 5% of the total. They
support the survival of 90% of people and the economic development of 95% [2]. Therefore,
changes in the ecosystem of oases can have a considerable influence on both ecological
security and sustainable socioeconomic development [3].

The Hexi Corridor in northwestern China, which is a region affected by human
activities, climate change, and tectonic activities [4], is one of the most important, but
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vulnerable, oasis ecosystems in the arid and semi-arid regions of China [5] It has been
reported that the dynamic changing of the oasis area in the Hexi Corridor is closely related
to agricultural industry [6]. Moreover, combining vegetation and soil-related endmembers
time series data can enhance conventional LUCC analysis, to help fully capture land
degradation processes [7]. There is strong negative correlation between the water resource
reserves and the NDVI of the area [8]. In particular, the evolution of an artificial oasis is
closely correlated with human economic activities and the environmental carrying capacity
of oases [9]. Natural factors and human activity controlled the desertification process,
but the reversal of desertification mainly resulted from human activities [10]. In respect
to oases, the socioeconomic development and ecological/environmental coordination
among the different administrative regions within the Hexi Corridor vary greatly [11].
The expansion of cultivated land and unreasonable utilization of groundwater are the
main factors associated with the climatic and environmental degradation of the Hexi
Corridor [12]. The rapid process of urbanization and coordinated urban-rural development
have reduced the ecosystem services of the Hexi Corridor [13]. Remote sensing is an
effective way to extract spatial information, to monitor spatiotemporal variation at a
regional scale. Of which, land-use maps can describe information about land surface
coverage. Thus, this has been mostly used to analyze vegetation change. However, there
is still a need for further investigation of both natural and human influences, especially
in relation to long-term input data. In addition, the more detailed changes at local level
need to be strengthened [14]. Investigation of the ecologic and environmental problems in
the Hexi Corridor, which highlight the importance of natural and human activities as the
driving forces of oasis change, could help boost the sustainable socioeconomic development
of the region.

In this study, Landsat5/TM, Landsat8/OLIL MOD13A3, and PANDA data were used
in combination with regional meteorological observations, to discuss the influence of
climate change and human activities on oasis vegetation in the Hexi Corridor. The changes
in the vegetation of the Hexi Corridor and areas of land use in the fluctuating regions were
quantitated. In addition, DEM, population number, livestock number, settlement number,
and GDP were collected to analyze their influence on oasis change. The findings of this
work improve the understanding of the change mechanisms affecting oasis landscapes and
provide a scientific basis to support policy makers.

2. Materials and Methods
2.1. Overview of the Study Area

The Hexi Corridor, which has a length of 900 km and width of 100 km (Figure 1), is
located in the arid region of northwestern China. It is bordered by Wushaoling to the east,
the Jade Gate to the west, the Qilian and Altun mountains to the south, and the Mazongshan,
Heli, and Longshou mountains to the north. Owing to its temperate continental climate,
annual precipitation is in the range of 40-300 mm, and annual temperature is in the range
of 6.2-9.0 °C. It should be noted that annual evaporation exceeds 1500 mm in most areas.
The land use types in this region include farmland, forest, grassland, desert, water bodies,
snow or glaciers, and residential land.

2.2. Data Sources

This study used 30-m spatial resolution Landsat5/TM data acquired in 2000, Land-
sat8/OLI data acquired in 2020, and MOD13A3 data acquired during 2000-2020, which
were sourced from both the Aerospace Information Research Institute of the Chinese
Academy of Sciences (www.aircas.cas.cn, accessed on 1 February 2021) and the National
Aeronautics and Space Administration (www.nasa.gov, accessed on 1 February 2021). Addi-
tionally, 1-km spatial resolution PANDA data acquired during 2000-2020 were provided by
the National Tibetan Plateau Data Center (http://data.tpdc.ac.cn, accessed on 1 May 2021).


www.aircas.cas.cn
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Figure 1. Location of meteorological stations and DEM information in the study area.

To analyze the regional climate change, daily temperature and precipitation data
recorded during 2000-2020, at 19 meteorological stations in the Hexi Corridor, were
obtained from the Gansu Meteorological Bureau (http://cdc.cma.gov.cn/, accessed on
1 February 2021).

Digital elevation model data with a 30-m spatial resolution (ASTER GDEM V3) were
sourced from the Geospatial Data Cloud (http://www.gscloud.cn/, accessed on 1 May
2021), which is a product of jointly developed by Japan’s METI and US NASA.

2.3. Research Methods

The data processing and analysis flow are displayed in Figure 2.

2.3.1. Analysis of Land Use Types

Classification of the land use in the Hexi Corridor was performed on the basis of the
Landsat5/TM, Landsat8/OLI, and digital elevation model data. The original images were
first preprocessed, by means of orthophoto correction, geometric correction, radiometric
calibration, atmospheric correction, mosaic and clipping, cloud removal, and shadow
processing. Generally, machine-learning approaches, hybrid methods, fuzzy theory, and
other methods were the means of obtaining land use information. On the basis of the
landscape classification system, supervised classification and manual correction were used
to categorize the land use in the Hexi Corridor during 2000-2020 into the following types:
farmland, forest, grassland, residential land, bare land or desert, water bodies, and snow
or glaciers. Three hundred random samples were extracted to validate the classification
of two different images, whose interpretation matched reality, with total accuracies and
Kappa coefficients of 87.67% and 0.857 in 2000, and 89.33% and 0.872 in 2020.

A transition matrix can depict in detail the spatial structure and transformation direc-
tion of different land use types for different time sequences. This facilitates an accurate
understanding of the direction of change of the type, structure, and distribution ratio of
land use [15]. The land use classification of the Hexi Corridor during 2000-2020 underwent
data fusion, and then an intersection analysis was performed to obtain the transition data
for each land use type, to create a land type transition matrix of the overlapping areas.


http://cdc.cma.gov.cn/
http://www.gscloud.cn/
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Figure 2. Data processing and analysis flow chart.

2.3.2. Index of Landscape Pattern Indexes

To investigate the changes of landscape pattern over the past 21 years, number of
patches (NP), mean patch area (AREA), landscape shape index (LSI), aggregation index (Al),
Shannon’s diversity index (SHDI), and contagion index (CONTAG) were calculated [16].

2.3.3. NDVI Change Trend Analysis

The maximum value composite method was used to maximize the bimonthly synthetic
standard vegetation index, and to obtain annual normalized difference vegetation indexes
(NDVIs). Then, following removal of zero and negative values, the annual NDVIs for
different vegetation types were obtained by overlaying vegetation maps.

A linear regression analysis was conducted, to simulate the spatial variation of the
annual NDVIs for the different vegetation types in the target area [17,18]. The calculation
formula can be expressed as follows:

g _nx Yi1jx NDVL— Y ,jYj NDVI 0
slope — . N2
nx Yy (B /)

where 1 refers to the cumulative number of monitored years, NDVI; is the NDVI per year in
year j, and 0, signifies the slope of the trend line. A value of 65j5p, > 0 (6510pe < 0) indicates
that the trend of the NDVI change over n years is increasing (decreasing).

The Theil-Sen Median and Mann-Kendall test were combined to perform a long-term
sequence analysis of vegetation change [19-21]. The Mann—Kendall test has been effectively
applied in temporal sequence analyses in the fields of hydrology and meteorology. The
Theil-Sen median can be used to assess whether temporal sequence data show an upward
or downward trend [22,23]. The median of the slope in n (n — 1)/2 data combinations was
calculated in the trend analysis. The calculation formula can be expressed as follows:

NDVI;— NDVI;

SNDVI = Median ] —

@
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where 2000 < i <j < 2020. A value of Sypyr > 0 (Sypvr < 0) indicates that the NDVI is
increasing (decreasing).

When an NDVTI is tested using the Mann-Kendall test, the NDVI of a certain temporal
sequence is regarded as a set of independently distributed sample data, and parameter Z
serves as the attenuation index of the NDVI pixel. The calculation formula can be expressed
as follows:

$>0
\/s(5>
Z = 0,$S=0 , (3)
S+1
oL $<0
n—1 n
S = Zj:1 Zi:j 1 5¢n(NDVI; — NDVI;), @)
1, NDVI;—NDVI; >0
Sgn(NDVI; — NDVI;) = 0, NDVI;— NDVI; =0, (5)
—1, NDVI;— NDVI; <0
nn—1)2n+5
5(s) = ié ) 6)

In Equations (3)-(6), NDVI; and NDVI; represent the NDVI for years i and j, respec-
tively, n represents the length of the time sequence, and Sgn is a symbolic function. The
value range of statistic Z is [—0o, co]. At a given significance level o, values of | Z| >uy_,/»
indicate significant change in the studied sequence at the « level. u is a statistic. Here,
Z = £2.58 is the significance level of « = 0.01, Z = +0.96 is the significance level of « = 0.05,
and Z = £1.65 is the significance level of & = 0.10. In this study, a significance level of
« =0.05 was taken to assess the significance of the transformation trend of the NDVI
time sequence.

2.3.4. Correlation Analysis

The correlation coefficient between the NDVIs and the climate factors based on a pixel
was calculated, as follows:

i (xi vi—Y)
\/zz 1 (x; —X) \/Zz 1 (vi —

where variable i represents the annual serial number, 1 is assigned the value of 21, x;
represents NDVI data for the i-th year, y; is the climate factor for the i-th year, X and ¥/ are
the mean values of variables x and y, respectively, and Ryy is the correlation coefficient
between the NDVI and the climate factors. The Mann-Kendall test was used to assess
the significance of Ry, and to determine its positive and negative correlation thresholds.
The analysis was based on the correlation between the annual NDVI, precipitation, and
temperature of each pixel.

@)

3. Results and Analysis
3.1. Land Use and Land Cover Change Analysis

As shown in Figure 3, during the study period, snow cover and glaciers were primarily
concentrated in high-elevation regions (>3500 m) in the Qilian Mountains. Water bodies
included three inland rivers and a number of reservoirs. Forest mainly occupied areas at
elevations of 2300-3300 m in the Qilian Mountains. Farmland was mainly distributed in
the surroundings of the middle and lower reaches of the rivers. Grassland was divided
into natural grassland and artificially planted grassland; the former was located primarily
in upstream regions, while the latter was located in middle and lower parts of the river
basins. Bare land or desert land covered the largest area in the Hexi Corridor. From 2000 to
2020, the area of land use change was 6.87% of total area.
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Figure 3. Land use in the Hexi Corridor: (a) 2000, (b) 2020 and (c) changed area.

Table 1 presents a transformation matrix of land use change in the Hexi Corridor
from 2000 to 2020, showing the percentage of the area occupied by each land use type.
In 2000, the areas of bare land or desert, grassland, farmland, and forest accounted for
68.08%, 21.60%, 5.75%, and 3.05% of the total area, respectively, whereas the area of water
bodies, residential land, and snow or glaciers accounted for 0.59%, 0.47%, and 0.46% of the
total area, respectively (Table 1). In comparison with 2000, the areas of bare land or desert,
grassland, forest, and snow or glaciers in 2020 had decreased to 67.28%, 21.50%, 3.04%,
and 0.45% of the total area, respectively; whereas the areas of farmland, residential land,
and water bodies had increased to 6.40%, 0.68%, and 0.64% of the total area, respectively.
The increases in the area of farmland and residential land represent changes of 0.65% and
0.21%, respectively, whereas the decrease in the area of bare land or desert represents a
change of 0.8%. Over the past 21 years, 1.73% of the total area of the Hexi Corridor has
been converted from bare land or desert to grassland, while 1.69% of the total area has been
converted from grassland to bare land or desert, 0.64% of the total area has been converted
from bare land or desert to farmland, and 0.17% of the total area has been converted from
farmland to bare land or desert. The interconversion between bare land or desert and forest
was equivalent.
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Table 1. Transfer matrix of land use types in the oases of the Hexi Corridor from 2000 to 2020.

Water Snow or Residential Bare Land The Total

Land Types Farm Land  Forest Grassland Bodies Glaciers Land or Desert Area
Farm land 5.05 0.06 0.50 0.03 0.00 0.12 0.64 6.40
Forest 0.04 2.53 0.37 0.01 0.00 0.00 0.09 3.04
Grassland 0.30 0.36 19.06 0.05 0.00 0.01 1.73 21.50
Water bodies 0.03 0.01 0.05 0.46 0.00 0.00 0.09 0.64
Snow or glaciers 0.00 0.00 0.00 0.00 0.40 0.00 0.05 0.45
Residential land 0.16 0.00 0.04 0.00 0.00 0.32 0.17 0.68
Bare land or desert 0.17 0.09 1.59 0.04 0.06 0.02 65.32 67.28
The total area 5.75 3.05 21.60 0.59 0.46 0.47 68.08 100
As shown in Table 2, the total NP increased by 15.86, but AREA decreased by 13.69%.
Taken together, considering the increase of LSI and SHDI, and the decrease of Al and CON-
TAG, it can be concluded that the connectivity of different landscape patches decreased,
indicating an obvious landscape fragmentation.
Table 2. Landscape pattern index of the entire Hexi Corridor.
Year NP AREA LSI Al SHDI CONTAG
2000 60,765 4.5492 142.6742 98.0313 1.3587 77.6839
2020 70,406 3.9263 145.2059 97.9960 1.3634 77.5832
3.2. Characteristics of Vegetation Patterns and Analysis of Vegetation Dynamics in the
Hexi Corridor
Given that the NDVI can reflect the overall condition of regional vegetation, the
spatiotemporal distributions of annual maximum NDVIs during 2000-2020 were analyzed
(Figure 4). The results ranged from 0 to 0.859, and the average value over the 21-year
study period was 0.168. Overall, the annual maximum NDVIs increased with time, and
the minimum and maximum values appeared in 2001 and 2019, respectively. In 2010,
the annual NDVI increased to the mean state during 2000-2020, indicating improved
conditions for vegetation growth in the Hexi Corridor. However, clear regional differences
were evident. The highest NDVI values were distributed in the southeast, and the lowest
values were found in the northwest. The highest annual average and maximum NDVI
values were found in the Qilian Mountains in the southeast of the Hexi Corridor, while the
lowest annual average and maximum NDVI values were found in the desert of Jiuquan,
which might reflect climatic influences, especially that of precipitation.
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Figure 4. Spatiotemporal distribution of growing season NDVI during 2000-2020.
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The land use of regions with higher annual average and maximum NDVI values
mainly comprised forest, grassland, and farmland, whereas that of the areas with lower
NDVI values was mainly desert vegetation. Over the 21-year study period, the average
NDVI of forest, grassland, farmland, bare land, and desert was 0.618, 0.486, 0.515, and
0.112, respectively, indicating that the environment for vegetation growth was better in
forest, farmland, and grassland areas than in desert areas.

3.3. Quantitative Analysis of Driving Factors of Interannual Variation of NDVI in the
Hexi Corridor

3.3.1. Spatial Patterns of Climatic Effects on Vegetation Changes

The meteorological data were gridded using multivariate regression analysis and
Kriging interpolation [24], then used to calculate the correlation with NDVI.

As shown in Figure 5a, except for bare land or desert areas, there was positive corre-
lation between the NDVI and precipitation. Specifically, 41.36% of oasis vegetation areas
were correlated positively (p < 0.05), of which 13.02% was significant at the 0.01 level. The
areas of positive correlation included grassland (79.21%), farmland (12.82%), and forest
(4.06%), distributed mainly in the south of Wuwei and Jiuquan counties, to the west of
Jinchang, and in the Qilian Mountains. A potential reason for this is that the increasing
growth of farmland and grassland vegetation in this area, together with the amount of
precipitation, had a substantial impact on the regional NDVI. Only 0.03% of areas had a
negative correlation.
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Figure 5. Correlation analysis of NDVI and (a) precipitation and (b) temperature changes in the Hexi
Corridor during 2000-2020.

In terms of the temperature effect (Figure 5b), 5.38% of oasis vegetation areas were
correlated negatively (p < 0.05), of which 1.65% was significant at the 0.01 level. The areas
of negative correlation were bare land and desert (53.23%), grassland (29.2%), and farmland
(16.76%); mainly distributed in the northwest of Mingqin, the southeast of Zhangye, and the
southwest of Jiuquan. This demonstrated that the vegetation change over the entire region
was affected more by precipitation than by temperature.

3.3.2. Effects of Topographic Factors on Spatial Patterns of Vegetation Changes

The changes of vegetation at the different elevations during 2000-2020 were discussed
based on DEM data. Overall, the NDVI presented an upward trend, but with obvious
spatial heterogeneity (Figure 6). For 5.66% of the total area, the NDVI increased significantly
(p < 0.05), of which 1.85% was significant at the 0.01 level. For 1.1% of the total area, the
NDVI decreased significantly (p < 0.05), of which 0.21% was significant at the 0.01 level.
Generally, the NDVI increased at the edges of the Hexi Corridor oases, while it decreased
in southern parts of the city of Dunhuang, central parts of the city of Zhangye, and central
parts of Wuwei and Mingin counties. As for the analysis of land use type, 55.65% and
33.79% of the increasing NDVI areas were farmland and planted grassland, while 73.05%
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and 13.84% of the decreasing NDVI areas were farmland and building land. The changes to
NDVI were in flat areas with >3000 m and <2000 m, but fluctuated greatly in the anthropic
area from 2000 to 3000 m. Overall, this was mainly influenced by human activities.
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Figure 6. Trend of the NDVI in the Hexi Corridor during 2000-2020.

4. Discussion
4.1. Effects of Climatic Factors on Vegetation Growth

Vegetation growth was found to be strongly correlated with climatic factors, and their
interaction was the main focus, regarding global climate change [25-27]. A normalized
difference vegetation index (NDVI) could be used to monitor and estimate vegetation
activities over different spatiotemporal scales, without damaging or altering vegetation [28].
Considering the differences in the responses of vegetation to climate variability under
various eco-environmental conditions [29], in the Hexi Corridor, the response of the NDVI
to climate change exhibited a large disparity spatially, especially for different vegetation
types. In this study, grassland and farmland showed a more obvious response than other
vegetation types to changes in precipitation, consistent with the results of other studies in
this area [30,31]. A negative impact of temperature on vegetation growth mainly occurred
in relation to bare land and desert, as well as marginal artificial grassland, attributable to
the increasing evaporation associated with warming [32].

4.2. Effects of Human Activates on Vegetation Growth

The spatiotemporal change of land use in the Hexi Corridor was found to be closely
related to local population growth and economic development. The area of artificial oases
was shown to be positively correlated with population number in [33]. According to
the data of the Gansu Statistical Yearbook, the figures for the permanent population and
settlement changed from 4.66 million with a settlement of 5641 in 2000, to 4.91 million
with settlement of 6864 in 2020; while the GDP changed from 25.68 billion to 217.91 billion
in the oases of the Hexi Corridor. Meanwhile, the night light index was also increased
from 12.62 to 49.5 (Figure 7). However, human factors, such as population changes and
increased cultivation of land, appear to have been stronger driving forces, which were
directly responsible for the changes in desertification [10]. For example, areas of forest and
grassland surrounding farmland were converted to farmland, to meet increasing demand,
resulting in serious destruction of the ecological environment, such as soil loosening
and increased wind erosion. One mitigation measure adopted to improve the ecological
environment was the step-by-step return of farmland to forest, whilst maintaining forest—
grassland conservation [34]. The change in forest area was affected by both human and
natural factors, of which logging for new housing and overexploitation of groundwater
resources were the main factors responsible for the 0.01% reduction in forest area [35].
Meanwhile, the 0.1% decrease in grassland area was primarily ascribed to overgrazing,
owing to the annual increase of livestock supporting capacity and economic development
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needs (according to the Statistical Yearbook of Gansu Province, the livestock numbers in the
Hexi Corridor increased from 9.29 million in 2000 to 14.65 million in 2020) [36]. This caused
a series of environmental problems and destroyed regional biodiversity. Overgrazing has
extensively degraded Chinese grasslands. A reduction in the stocking rate, of 30-50%
below the district averages, is required to increase the profitability of livestock production
and protect vital ecosystem services. Additionally, short-time exclusions from grazing in a
degraded desert have great potential to restore vegetation and soil properties [37].
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Figure 7. Night light index and residential areas of the Hexi Corridor in (a) 2000 and (b) 2020.

Further analysis of the spatial distribution of NDVI change associated with the differ-
ent vegetation types indicated that vegetation (or crop) growth increased in grassland and
farmland areas, was relatively stable in forest areas, but decreased slightly in bare land and
desert areas. In other regions, vegetation growth exhibited no obvious changes. Under the
background of global warming, the vegetation growth in the Hexi Corridor has increased,
while the area of farmland, especially that involved in crop growth, has increased since
2007, because the high consumption of water for agricultural production in the middle and
lower areas of the river basins has been effectively constrained by governmental control
of water resources. Correspondingly, the downstream bare land and desert vegetation
presented a slight increase during the study period.

Human activities have had a positive impact on vegetation productivity in the Hexi
Corridor, mainly in the oasis areas, which primarily reflects artificial irrigation, fertilization,
and other management measures [38]. Irrigation water productivity and food production
should be improved through promoting water-saving irrigation technology, maintaining
the current use of fertilization, agricultural films and agricultural pesticides, and improving
the use efficiencies of agronomic inputs, instead of increasing their amount [39]. On the
basis of vegetation change, PANDA night light data, and land use type, the relationship
between the changes in oasis vegetation and human activities has been discussed. The
results showed that the dynamic changes of oases in the Hexi Corridor were influenced
mainly by agricultural activities, supplemented by the effects of natural factors, which is in
accord with other similar regions [40—43].

5. Conclusions

Changes in land use and vegetation are the direct outcome of interactions between
human activities and the natural environment. The spatial pattern of land use change
represents the intensity and mode of the human-land relationships at different region
scales. On the basis of the analysis of land use types in the Hexi Corridor, this study found
that the area of certain land use types (i.e., bare land or desert, grassland, forest, and snow
or glaciers) decreased from 2000 to 2020, while the areas of farmland, residential land, and
water bodies increased.
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Generally, vegetation growth improved continuously during 2000-2020; however,
there were obvious regional differences, i.e., the highest (lowest) values of growth were
found in the southeast (northwest) of the region. In the area of marked increasing NDVI,
farm land and planted grass land were 55.65% and 33.79%, respectively. In the area
of marked increasing NDVI, farm land and construction land were 73.05% and 13.84%,
respectively. Vegetation changes at different elevations fluctuated more in the areas with
frequent human activities.

Changes in vegetation were more affected by precipitation than by temperature;
41.36% of oasis change had a marked positive correlated with precipitation, while 5.38%
of oasis change was negatively correlated with temperature. Based on the analysis of the
statistics of the Gansu Statistical Yearbook, settlement numbers, and night light index, it
was determined that human activities have gradually come to dominate the NDVI changes
in farmland, residential land, and artificial grassland areas.

In China, a number of policies were implemented to improve the ecological environ-
ment in oases, whose effect was evaluated by means of remote sensing. The findings of
this study highlight the great importance of enhancing the protection and management of
existing areas of grassland and forest around bare land or desert areas, by means of both
rational use of water resources, and strengthening awareness of ecological protection.
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