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Abstract: It is of great significance to study the spatiotemporal dynamics of the ecosystem and explore
the driving forces that affect change in the ecosystem in the National Barrier Zone (NBZ). Based on
multi-source remote sensing data, this paper analyzed the change in the ecosystem in the NBZ from
2000 to 2015. Natural and social economic factors were selected as the driving factors, and the change
mechanism of the ecological system in the NBZ area was analyzed by means of redundancy analysis
and other methods. The results showed the following: (1) Between 2000 and 2015, the ecosystem
changes in the NBZ are obvious. It is important to note that the grassland and urban ecosystem
increased by 13,952 and 6720 km?, respectively; at the same time, the desert ecosystem significantly
decreased by 4544 km?. (2) The human activity represented by gross domestic product (GDP) is the
main factor in the change of ecosystem change in the NBZ with a contribution of 75%, especially in
the ecological barrier of the Sichuan—Yunnan-Loess plateau with a GDP contribution rate of 83%.
(3) The changes in the ecosystems are significantly influenced by multifactorial interactions, such as
the joint contribution rate of the drought index (PDSI) and GDP reaching 0.11 in the ecological barrier
of Qinghai-Tibet plateau. (4) The ecological protection projects, such as the Green for Grain Project
in the NBZ, play a positive role, and the ecological environment is improving. The conclusions of
this paper will be used as a basic theory to contribute to subsequent research on ecosystem services,
policy making, and other aspects in the NBZ.

Keywords: National Barrier Zone; redundancy analysis; ecosystem change; driving forces

1. Introduction

Changes in the ecosystem are regarded as the basis for human survival and sustainable
socioeconomic development [1]. Timely and accurate detection of changes in the ecosystem of Earth’s
surfaces reflects the spatial distribution and structure relationship of various ecosystems [2] and
provides a foundation for a better understanding of human-nature relationships and interactions [3].
Despite changes in the ecosystems having social and economic benefits, this dynamic and complex
process usually has an unintentional interlocked multidimensional consequence upon Earth’s essential
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ecosystem functions and services at both small and large scales [4-6]. For instance, changes in the
ecosystem have been shown to have negative impacts on the environment and social economy [7].
These consequences are particularly strong in fragile ecosystem areas [8].

In recent years, rapid population growth and extensive economic development have caused
significant damage to the ecological environment of China [9]. Although the local ecological environment
has improved after treatment and restoration, it is still fragile on the whole [10]. In order to improve the
environment and prompt national ecological security, the Chinese government proposed to establish
the main function division conceptual framework in 2016 [11]. Most experts and scholars, such as
Fu Bojie, have conducted several studies to map out a test area based on the county boundary for
specific implementation and experiments, and this area was called “Two ecological barriers and three
shelters”, also known as the National Barrier Zone (NBZ) [11,12]. The NBZ is an important part of
national ecological security and is composed of different compound ecosystems [13]; therefore, how to
improve the ecological environment and adapt it to social and economic development to achieve
sustainable development is an urgent problem that need to be solved [14]. Grasping the changes
in the ecosystem from a macroscopic point-of-view is of great significance for analyzing the spatial
distribution, spatial transformation, change process, and driving forces of the NBZ [8].

To date, the academic community has conducted several studies on the changes in the ecosystem
and the driving factors; these studies have included a variety of ecosystems at different scales and a
variety of driving forces, but have especially given more attention to socioeconomic factors and human
activity [15-25]. In terms of theoretical research, the relationship among the changes in the ecosystem,
the ecological security pattern, and ecosystem services has been discussed in detail [7,16,17]. In terms
of research content, there are several practices: the changes in the ecosystem and ecosystem services
under the influence of natural conditions and human intervention were analyzed [18,19]. Based on the
changing state of ecosystem services, the trade-offs were further considered and incorporated into the
policy decision-making system [20,21]. By analyzing the ratio of driving factors to the changes in the
ecosystem, it was concluded that the main factors affecting the changes of the ecosystem in the Yangtze
economic belt are urbanization and ecological protection and restoration [22]. The driving mechanism
of the changes in Lugu Lake’s ecosystem was qualitatively analyzed based on landscape metrics,
where research showed that the expansion of human settlements and the farmland ecosystem were the
main driving factors of changes in the ecosystem [23]. Using the vegetation factor as an index, the quality
change and driving force of the ecosystem in the Inner Mongolia Autonomous Region were analyzed
via correlation analysis [24]. Research methods include indicator based tools [15], ratio analysis [22],
correlation analysis [24], regression analysis [25], and other multisource remote-sensing data models.

However, it is difficult to accurately quantify the driving force when studying changes in the
ecosystem. New techniques are continuously developed as powerful tools for improving the ecosystem
pattern and driving mechanism results. Compared with other methods, redundancy analysis and
variance analysis are sorting methods of regression analysis combined with principal component
analysis, and redundancy analysis is also an extension of multiresponse regression analysis.
These methods can not only quantify the independent contribution of each factor, but also rank
the correlation between each factor [26].

Based on the current status, this paper finds that there are relatively few studies on the
spatiotemporal dynamics and driving forces of changes in the ecosystem in the NBZ over a long
period of time. To this end, our study takes the NBZ as a case study, adopts the redundancy
analysis and variance analysis methods, analyzes the spatiotemporal dynamic and driving forces
of the changes in the ecosystem from 2000 to 2015, explores the relationship among natural factors
(precipitation, air temperature, vegetation coverage, vegetation net primary productivity, leaf area
index, water production, and drought index), the socioeconomic factors (population, GDP) and the
changes in the ecosystem. We believe that the conclusions of this paper will be used as a basic theory
to enrich the depth of relevant research such as ecosystem services and ecological regionalization and
provide some references for the government.
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2. Materials and Methods

2.1. Study Area Overview

In recent years, the ecological environment of China has been fragile, trending towards overall
deterioration and partial improvement [10]. In order to safeguard national security, the Chinese
government proposed “Two ecological barriers and three shelters”, also known as the National Barrier
Zone (NBZ), consisting of the ecological barrier of the Qinghai-Tibet plateau, the ecological barrier of
the Sichuan-Yunnan-Loess plateau, the northern sand-prevention shelter, the northeast forest shelter,
and the southern hilly and mountainous shelter (Figure 1).
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Figure 1. Research area of the NBZ. (al) Tarim sand-prevention belt; (a2) Hexi Corridor sand-prevention
belt; (a3) Inner Mongolia sand-prevention belt; (b) the ecological barrier of the Sichuan-Yunnan-Loess
plateau; (c) the northeast forest shelter; (d) the southern hilly and mountainous shelter; (e) the ecological
barrier of the Qinghai-Tibet plateau.

The Qinghai-Tibet plateau is Asia’s water tower and plays an important role in global climate
regulation. The region is also a sensitive area for global climate change response, and faces rapid glacier
melting and grassland degradation. The ecological barrier of the Sichuan—Yunnan-Loess plateau is
located near the Hu Line, which belongs to the environmentally fragile interlaced area of agriculture
and animal husbandry, where the problems of soil erosion and vegetation degradation are very serious.
The northern sand-prevention shelter includes three parts: the Tarim sand-prevention belt, the Hexi
Corridor sand-prevention belt, and the Inner Mongolia sand-prevention belt, whose main functions
are being windproof and providing sand-fixation and grassland protection. As an important forest
resource and biodiversity conservation base in China, the northeast forest shelter plays an important
role in water conservation and biodiversity conservation. As the watershed and source of the Yangtze
River basin and the Pearl River basin, the southern hilly and mountainous shelter ensures the main
function of the basin and plays an important role in protecting the ecological security of South China
and Southwest China. It is of great significance to study the changes in the NBZ ecosystem and driving
mechanism to improve the ecological environment and maintain national security.

2.2. Data Source and Preprocessing

Data on land use, population, and GDP were obtained from the Data Center for Resources and
the Environmental Sciences of the Chinese Academy of Sciences (www.resdc.cn/) from 2000 to 2015,
with a resolution of 1 km per five-year period. Referring to the third national land survey and land
classification, this paper analyzes and determines the types of land use in the national barrier areas
and establishes an ecosystem classification system, which is oriented to ecosystem services based on
the previous research results of changes in the ecosystem [2,23]. The classification results include six
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ecosystems: the farmland ecosystem, which includes paddy fields and dry lands; the forest ecosystem
consisting of woodland, shrub, and other woodlands; the grassland ecosystem consisting of grassland
and desert steppe at various levels; the river ecosystem, consisting of rivers, lakes, permanent glaciers
and snow fields, reservoirs, ponds, and beaches; the urban ecosystem, which includes urban land,
rural residential areas, and other building sites; and the desert ecosystem, which includes sand, desert,
bare soil, and rock. The precipitation and temperature data from 2000 to 2015 were obtained from the
daily data set of the China surface climate data from the China Meteorological Data Network V3.0.

This paper adopted the professional meteorological interpolation software ANUSPLIN [27] with
batch interpolation of the above national meteorological elements with a resolution of 1 km/d. The leaf
area index was derived from the Gevo2 dataset (https://land.copernicus.eu/global/products/lai) and the
drought index came from the global drought data set (http://climexp.knmi.nl/selectfield_obs2.cgi?id=
someone@somewhere). The normalized vegetation index was derived from the GIMMS NDVI 3gv1.0
dataset (https://ecocast.arc.nasa.gov/data/pub/gimms), and the monthly data maximum was combined
into an annual data set through batch processing. Net primary productivity and water production
were respectively simulated by the CASA model and InVEST module and have been used to analyze
ecosystem service tradeoffs and synergies in the NBZ [9]. Finally, the resolution of each driving factor
was unified into 8 km after resampling.

2.3. Research Method

2.3.1. Transfer Matrix

The transfer matrix method is derived from the quantitative description of the system state and
the state transfer in the system analysis, which can comprehensively and concretely describe the
structural characteristics of regional land use change and the changing direction of each land use
type [28]. The specific calculation method is as follows [29]:

— Ak k+1
Ci><j = Ai><j x 10 XAin (1)

In the formula, A¥ . and AX*! represent the system types of the two periods, respectively, and Cix;
iXj ixj
refers to the system change matrix from period k to period k + 1 and represents the change types and
spatial distribution of the ecosystem types.

2.3.2. Redundancy Analysis

Redundancy analysis (RDA) is a direct gradient analysis method, that is an extension of multiple
linear regression; this method is mainly used to explore the relationship between univariate or
multivariate variables and multivariate variables in a statistical way [26] and can independently
maintain the contribution rate of each variable [30,31]. RDA is the projection of sample points onto a
two-dimensional plane composed of two sorting axes to form a sorting diagram, which reflects the
characteristics of variables through the scattered form of the sample points and the distribution in
the quadrant [32].

In this paper, redundancy analysis was conducted under the Canoco4.5 software environment [33],
and the correlation between the ecosystem and driving factors was calculated and analyzed by using
the sequence diagram.

2.3.3. Analysis of Variance (ANOVA)

Various dependent variables and independent variables in complex systems are interrelated
and mutually restricted. ANOVA is used to decompose the total variance into the variance of each
component after data analysis in order to determine the mutual influence, significance, and optimal
value of factors under complex conditions [34,35]. ANOVA is an effective method for analyzing the
relationship between various environmental conditions and response variables in ecology [36]. In this
study, the Vegan pack in RStudio was used for ANOVA [37] in order to decompose the purpose of
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decomposing the contribution rate of the redundancy analysis into an independent contribution rate of
factors and the interaction between factors, and further quantitatively analyze the influence of driving
factors on the changes in the ecosystem pattern.

3. Results

3.1. Changes in the Ecosystem Pattern in the National Barrier Zone

The largest proportion of the ecological system area in the NBZ is the grassland ecosystem
and the forest ecosystem, accounting for approximately 39% and 27%, respectively. The grassland
ecosystem is mainly distributed in the ecological barrier of the Qinghai-Tibet plateau, covering an
area of 647,616 km? and accounting for 52.79% of the total grassland ecosystem. The forest ecosystem
is mainly distributed in the northeast forest shelter and the southern hilly and mountainous shelter,
with areas of 388,032 and 191,616 km?, respectively. The river ecosystem is the most widely distributed
in the ecological barrier of the Qinghai-Tibet plateau, accounting for 54% of the total river ecosystem.
The farmland ecosystems are mainly distributed in the northern sand-prevention shelter and the
ecological barrier of the Sichuan—Yunnan-Loess plateau, accounting for 31.2% and 25.4% of the total
farmland ecosystem, respectively.

Between 2000 and 2015, the ecosystem of the NBZ changed significantly. The increase of grassland
ecosystem is the most obvious, changing from 1,212,928 km?2 in 2000 to 1,226,880 km? in 2015, with an
increase of 13,952 km?, accounting for 0.45%. The urban ecosystem increased by 6720 km?, increasing
the ratio by 0.21%, so the urbanization process was accelerated. The farmland ecosystem and river
ecosystem increased slightly, and the respective proportions of the increased area were 0.068% and
0.076%. The desert ecosystem decreased significantly; the area decreased by 4544 km?, and the area
proportion decreased by 0.15%, mainly in the northeast forest shelter. The forest ecosystem remained
basically unchanged, with a change range of less than 0.01%.

The NBZ ecosystem distribution from 2000 to 2015 is shown in Figure 2. There are significant
differences in the changes in the ecosystem in different areas of the NBZ, as shown in Figure 3. The forest
ecosystem increased within the ecological barrier of the Sichuan—Yunnan-Loess plateau, with an area
of 768 km?, accounting for 0.19%, while the area within the northeast forest shelter decreased by
576 km?, accounting for 0.08%. The grassland ecosystem increased by 1280 km? in the southern hilly
and mountainous shelter, with an area increase of 0.45%, while the area in the northern sand-prevention
shelter decreased by 5248 km?, with an area decrease of 0.6%. The ecological barrier of the Qinghai-Tibet
plateau decreased by 1792 km?, with an area decrease of 0.21%. The farmland ecosystem in the ecological
barrier of the Sichuan-Yunnan-Loess plateau decreased by 3648 km?, accounting for 0.1%; the area of
the southern hilly and mountainous shelter decreased by 1280 km?, accounting for 1.66%. The area of
the farmland ecosystem in the northern sand-prevention shelter increased by 6016 km?, accounting for
0.7%. The urban ecosystem in the ecological barrier of the Sichuan—Yunnan-Loess plateau increased
by 1536 km?, accounting for 0.38%, mainly in the middle and north of the region. In the northern
sand-prevention shelter, the area increased by 3712 km?, accounting for 0.43%. The desert ecosystem
decreased by 3904 km? and 0.45% in the northern sand-prevention shelter, and decreased by 768 km?
and 0.12% in the northeast forest shelter. The change in the river ecosystem was the most obvious in
the ecological barrier of the Qinghai-Tibet plateau, where the area increased by 1600 km?, accounting
for 0.17%, and in the ecological barrier of the Sichuan—Yunnan-Loess plateau, where the area increased
by 576 km?, accounting for 0.14%.

The transition matrix analysis method was used to explore the transition relationship between
ecosystems, as shown in Figure 4. The ecological environment in the NBZ was improved, with 1.54%
of farmland ecosystems and 0.65% of desert ecosystems transferred to forest and grassland ecosystems,
respectively. Thanks to the implementation of the policy of Grain for Green Project policy in this region,
0.66% and 1.32% of the farmland ecosystem in the ecological barrier of the Sichuan—-Yunnan-Loess
plateau were converted into forest ecosystem and grassland ecosystem, respectively. The encroach
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phenomenon in the northern sand-prevention shelter is obvious; that is, there is mutual flow between
the desert ecosystem and other ecosystems. From 2000 to 2015, 0.81% of desert ecosystems was
transferred to grassland ecosystems, while 0.58% and 0.29% of grassland ecosystems and farmland
ecosystems were transferred to desert ecosystems, respectively. In addition, 1.17% of the farmland
ecosystems was transferred to grassland ecosystems in the northern sand-prevention shelter to prevent
and control desertification, which has had a significant effect. However, the desertification problem still
cannot be ignored because of arid and semiarid climate conditions and long-term unsustainable
land use (e.g., overgrazing, extensive rainfed herbaceous crops, woody crops, irrigated crops
linked to groundwater exploitation) [38]. The distribution of river ecosystems in the barrier area
is scattered, and what deserves high attention is that 1.32% of river ecosystems was transferred
into desert ecosystems, especially in the northern sand-prevention shelter, accounting for 2.25%;
therefore, water resources urgently need to be improved. It should also be noted that 1.12%
and 1.45% of the farmland ecosystems in the northern sand-prevention shelter and the ecological
barrier of the Sichuan—Yunnan-Loess plateau have been separately transferred to urban ecosystems,
increasing urbanization and obvious expansion of the building land.

0 1,250 2,500km
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Figure 2. Ecological distribution map of the NBZ from 2000 to 2015.
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Figure 3. Percentage map of ecosystem in NBZ from 2000 to 2015. (a) The northern sand-prevention
shelter, (b) the ecological barrier of the Sichuan—Yunnan-Loess plateau, (c) the northeast forest shelter,
(d) the southern hilly and mountainous shelter, (e) the ecological barrier of the Qinghai-Tibet plateau,
(f) the National Barrier Zone.
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Figure 4. Ecosystem transformation in the NBZ from 2000 to 2015.
3.2. Driving Mechanism of Changes in the Ecosystem in the National Barrier Zone

The complex driving mechanism of changes in the ecosystem is composed of natural and
socioeconomic factors. Among them, natural conditions such as climate and water resources are the
constraints and conditions caused by changes in the ecosystem, and human activities are the main
reason affecting changes in the ecosystem [39].

In this paper, temperature and precipitation, which are the representative factors of the natural
environment, are selected, and the drought index and water yield, calculated by the combining
temperature and precipitation models are taken as supplements. The influence of natural factors on
the changes in the ecosystem in the NBZ is quantitatively analyzed based on three factors: vegetation
coverage, net primary productivity, and the leaf area index. The social and economic factors that affect
ecosystem change can be divided into direct factors and indirect factors. The former includes population
change, technological development, economic growth, and political and economic policies. The latter
includes urbanization degree, land use intensification degree, land ownership, and land input [40].
Due to the special geographical location of the NBZ, the data are difficult to obtain, and the political and
economic policy, land ownership, and other indicators are difficult to quantify; therefore, we ultimately
selected the population and GDP to quantitatively study the impact of social and economic factors on
changes in the ecosystem. Based on the above nine factors, this study explores the driving mechanism
of changes in the ecosystem in the NBZ.

3.2.1. Analysis of Driving Factors of Changes in the Ecosystem in the National Barrier Zone

Analysis of natural factors (Figure 5): There are significant differences between the regions.
Between 2000 and 2015, precipitation in the NBZ increased slightly, from 540.13 mm in 2000 to
688.92 mm in 2015, with an annual average precipitation of 570.86 mm in 16 years. The average
annual temperature of the NBZ varies little, and the annual average temperature of 16 years is 3.68 °C.
The average temperature of 18.1 °C in the southern hilly and mountainous shelter is the highest, and the
average temperature of the ecological barrier of the Qinghai-Tibet Plateau is —2.84 °C. In 16 years,
the normalized vegetation index (NDVI), vegetation net primary productivity (NPP), and leaf area
index (LAI) all showed a fluctuating growth trend: the NDVI increased from 0.343 to 0.352, the NPP
increased from 360.74 to 394.03 gmm~2yr~!, and the LAl increased from 1.22 to 1.27. The southern hilly
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and mountainous shelter has the highest mean value, while the northern sand-prevention shelter has
the lowest mean value. The change of drought index is complicated, and the occurrence of drought
has some potential relation with the regional temperature and precipitation. The drought index (PDSI)
showed an increasing trend in the northern sand-prevention shelter, reaching 4.44 in 2015. The water
yield (WY) in the NBZ showed a trend of fluctuating growth, from 64.24 mm in 2000 to 187.5 mm in
2015. The interannual fluctuation is obvious in some regions: the minimum value of the annual water
yield in the southern hilly and mountainous shelter was —111.69 mm in 2011, and the maximum value
was 722.52 mm in 2015.
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Figure 5. Chart of driving factors from 2000 to 2015. (a) The northern sand-prevention shelter, (b) the
ecological barrier of the Sichuan—Yunnan-Loess plateau, (c) the northeast forest shelter, (d) the southern
hilly and mountainous shelter, (e) the ecological barrier of the Qinghai-Tibet plateau, (f) the National

Barrier Zone.

Socioeconomic factors (Figure 5): Between 2000 and 2015, the GDP of the NBZ increased
significantly, from 243,200 yuan/km? in 2000 to 2,072,300 yuan/km? in 2015, with a growth rate of
7.52/a. The population in the NBZ shows an increasing trend, with a growth rate of 0.005/a, and the
population distribution in the area is extremely uneven, which affects not only the uneven distribution
of the farmland and urban ecosystems but also some driving forces, such as the GDP. The southeastern
part of the ecological barrier of the Sichuan—Yunnan-Loess plateau is the most concentrated area with
the highest value at 24,926.1 people/km? and with a value of 0 in the no-man zone.

3.2.2. Analysis of the Driving Factor Contribution Rates and Correlations

The contribution rates of the driving factors for changes in the ecosystem in the NBZ based on
redundancy analysis are shown in Table 1. Combined with the results of the sequence of driving
factors in Figure 6, the comprehensive redundancy analysis shows that from 2000 to 2015, the changes
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in the ecosystem in the NBZ were mainly driven by social and economic factors, with the contribution
rates of the GDP and population (POP) being 0.75 and 0.65, respectively.

Table 1. Contribution rate of driving factors in the NBZ.

Driving Forces = GDP POP PREC WY LAI NDVI NPP PDSI TEMP
a 0.79 0.66 0.22 0.13 0.25 0.35 0.42 0.09 0.02
b 0.44 0.63 0.08 0.02 0.10 0.32 0.21 0.05 0.04
c 0.48 0.46 0.33 0.28 0.10 0.11 0.02 0.12 0.06
d 0.78 0.11 0.13 0.14 0.28 0.38 0.23 0.13 0.17
e 0.83 0.72 0.01 0.00 0.01 0.05 0.02 0.08 0.06
f 0.75 0.65 0.52 0.45 0.27 0.45 0.55 0.06 0.11

Notes: (a) The northern sand-prevention shelter, (b) the ecological barrier of the Sichuan-Yunnan-Loess plateau,
(c) the northeast forest shelter, (d) the southern hilly and mountainous shelter, (e) the ecological barrier of the
Qinghai-Tibet plateau, (f) the National Barrier Zone.
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Figure 6. Redundancy analysis ranking map. (a) The northern sand-prevention shelter, (b) the

ecological barrier of the Sichuan—Yunnan-Loess plateau, (c) the northeast forest shelter, (d) the southern

hilly and mountainous shelter, (e) the ecological barrier of the Qinghai-Tibet plateau, (f) the National

Barrier Zone.
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With the increase of GDP in the NBZ, the investment in ecological protection projects was further
increased. There is a close correlation between the urban ecosystem, river ecosystem, and cultivated
land ecosystem and various driving factors of the NBZ. Comparing the ecological barrier of the
Qinghai-Tibet plateau, the northeast forest shelter, and the southern hilly and mountainous shelter,
the influence intensity of the temperature is higher than the precipitation in north China, while the
influence intensity of precipitation is higher than the temperature in south China.

The contributions of driving factors in different regions are also significantly different.
The contributions of NDVI, POP, GDP, and temperature (TEMP) in the northern sand-prevention shelter
are significant, and the total contribution rate is 99.9%; the contribution rate of the GDP (0.79) is the
largest, followed by POP (0.66). The correlation between the GDP and POP and the farmland ecosystem
and urban ecosystem is very high, indicating that the driving mechanism of ecosystem changes in this
region is relatively simple, climate change is relatively regular, and the influence of human activities
on the change of ecosystem pattern in this region is dominant and stabilized. The largest impact on
the changes in the ecosystem in the northeast forest belt is GDP (0.48), the smallest is NPP (0.02),
and the contribution rate of all driving factors is greater than 0.01, forming a driving mechanism
together. The correlation between the farmland ecosystem and urban ecosystem and all driving factors
is high in this region, while the correlation between the desert ecosystem and all driving factors is low;
the precipitation (PREC) (0.33) has an impact on all driving factors, indicating that precipitation in this
region varies greatly and that drought has a serious impact on vegetation growth. The GDP (0.78) still
has the greatest impact on the changes in the ecosystem in the southern hilly and mountainous shelter.
Additionally, the contribution rates of the NPP, NDVI, and LAI are very high, which is directly related
to the large distribution of the forest ecosystem in this region. The grassland ecosystem and urban
ecosystem are closely related to all driving factors, and the social and economic factors (POP, GDP)
have a high influence on the river ecosystem. It is worth noting that TEMP has an impact on all driving
factors in this region, but that PREC has a low impact, which indicates that the precipitation variation
range in this region is small and that water can guarantee the growth of vegetation especially under
drought conditions. POP (0.63) and NDVI (0.32) contributed the most to changes in the ecosystem of
the ecological barrier of the Sichuan—Yunnan-Loess plateau. Due to the implementation of policies,
such as the Grain for Green Project, the river ecosystem, grassland ecosystem, and forest ecosystem in
the region are highly correlated with the POP, NDVI, and NPP, while the relationship between the
farmland ecosystem and each factor is low. The ecological barrier of the Qinghai-Tibet plateau is the
region where human activities have the greatest impact on changes in the ecosystem. The respective
contribution rates of the GDP and POP are 0.83 and 0.72, and the contribution rates of the PPEC,
NPP, and other factors to the driving mechanism in this region are less than 0.05. The influence of
socioeconomic factors on the forest ecosystem and river ecosystem is especially large, but it has little
effect on the grassland ecosystem.

3.2.3. ANOVA of the Driving Factors Contribution Rate

According to the results in Table 1, it can be seen that the sum of the contribution rates of
each driving factor obtained after redundancy analysis is much higher than 1. The reason is that
the factor contribution rates of redundancy analysis are not independent and consist of two parts:
the independent contribution rates of factors and the interaction between the factors and other factors.
Therefore, it is necessary to further use ANOVA to decompose the results of the redundancy analysis,
isolate the most prominent factors to make them independent, and further quantitatively analyze the
driving mechanism of the changes in the ecosystem in the NBZ.

The significance of the correlation between each driving factor and the distribution of the ecosystem
is calculated by using the Vegan pack in the R language, and the driving factor with the highest
significance is the typical factor for variance analysis, as shown in Table 2. Only the GDP and POP are
typical factors in the ecological barrier of the Sichuan—Yunnan-Loess plateau. The typical factors of the
northern sand-prevention shelter are the GDP, POP, and TEMP. The typical factors of the northeast
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forest shelter are the GDP, POP, PREC, and PDSI. There are many typical factors in the southern hilly
and mountainous shelter, including the GDP, WY, LAIL, NDVI, NPP, and PDSI, respectively. In the
analysis of variance, we chose the four factors with the highest significance, including the GDP, WY,
LAI, and NDVI. The typical factors of the ecological barrier of the Qinghai-Tibet plateau are GDP, POP,
TEMP, and PDSI. The typical factor of the overall NBZ is only GDP, so we choose the GDP, POP, TEMP,
and PREC as the typical factors in this paper.

Table 2. Significance test of the correlation between the driving factors and ecosystem in NBZ.

a b c d e f

GDP 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.001 *** 0.004 ***
POP 0.001 *** 0.001 *** 0.001 *** 0.255 0.001 *** 0.646
TEMP 0.093. 0.292 0.166 0.996 0.002 ** 0.526
PREC 0.846 0.765 0.005 ** 0.367 0.413 0.611
WY 0.649 0.687 1 0.001 *** 0.59 0.678
LAI 0.898 0.761 0.254 0.001 *** 0.085 0.129
NDVI 0.743 0.379 0.628 0.001 *** 0.61 0.968
NPP 0.117 0.732 0.069. 0.002 ** 0.907 0.494
PDSI 0.829 0.457 0.008 ** 0.096. 0.059. 0.779

(a) The northern sand-prevention shelter, (b) the ecological barrier of the Sichuan—Yunnan-Loess plateau, (c) the
northeast forest shelter, (d) the southern hilly and mountainous shelter, (e) the ecological barrier of the Qinghai-Tibet
plateau, (f) the National Barrier Zone, “***’ factors passing the significance test of 0, **’ factors passing the significance

test of 0.001, and “."factors passing the significance test of 0.05.

Figure 7 shows the results of the variance analysis: The POP of the ecological barrier of the
Sichuan—Yunnan-Loess plateau is the most typical driving factor, with an independent contribution
rate of 0.49. The proportion of GDP and POP in the northern sand-prevention shelter is 0.44, while the
proportion of TEMP is only 0.02. The proportion of social and economic factors in the northeast forest
shelter is 0.73, and the interaction of PREC and GDP is 0.22. The ratio of GDP in the southern hilly and
mountainous shelter is 0.28, and the interaction of GDP and NDVI is 0.25. The impact of socioeconomic
factors on the ecological barrier of the Qinghai-Tibet plateau is very obvious, with the combined effect
of GDP and POP reaching 0.77. The overall NBZ is relatively balanced, where the influence of social and
economic factors is greater than natural factors. At the same time, it can be seen that the contribution
rate of each factor as the driving factor is relatively low, such as the PDSI, which did not even exceed
0.01. However, the joint action of each factor after the interaction is important, which obviously
changes the ecosystem.

GDP
POP GOP
\
/
{ \
( 049 012 ) 029
\
\ /
\ \/ /
d Residuals = 0.07 b Residuals = 0.10 T Residuals=0.08

Values <0 not shown Values <0 not shown Values <0 not shown

Residuals = 0.26 Residuals = 0.03 Residuals = 0.28
Values <0 not shown Values <0 not shown Values <0 not shown

Figure 7. Analysis of variance of typical factors in NBZ and each area. (a) The northern sand-prevention
shelter, (b) the ecological barrier of the Sichuan—Yunnan-Loess plateau, (c) the northeast forest shelter,
(d) the southern hilly and mountainous shelter, (e) the ecological barrier of the Qinghai-Tibet plateau,
(f) the National Barrier Zone.
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4. Discussion

(1) The ecological environment of the NBZ has improved, but the deterioration in some regions
still needs attention. For example, the forest ecosystem of the southern hilly and mountainous shelter
decreased by 0.08%, and the grassland ecosystem of the northern sand-prevention shelter decreased
by 0.61%. The forest and grassland ecosystems are at risk of degradation. Due to the climate change,
societal drivers, soil salinization, and national policies, desertification still exists [41]. The causes of
these phenomena deserve further investigation.

(2) The selection of driving factors needs to consider all aspects of human activities and the natural
environment, and the selection of driving factors in this paper needs to be further refined, such as the
strong impact of the gross product of primary and secondary industry, rather than the total GDP, on the
ecosystem. Although social and economic factors dominate changes in the ecosystem at a time when
human activities are increasing [42], the complex driving mechanism consists of multiple factors [22].
It is the focus of follow-up research to determine the key driving factors from urbanization, water
resources, topography, agricultural land expansion, and other aspects to explore the ecosystem changes,
ecosystem service balance, and cooperative relationship.

(3) The prominent contribution of the strong factors should be considered, and the interaction
between the strong and weak factors are also important and should not be ignored. For example,
the proportion of the NDVI in the southern hilly and mountainous shelter is less than 0.01, but the
interaction proportion of the GDP and NDVI is 0.25; therefore, the weak factor has the potential
characteristic of butterfly effect.

5. Conclusions

(1) The construction of the NBZ is of great significance for improving the ecological environment
and ensuring ecological security. The grassland ecosystem and forest ecosystem account for the largest
proportion in the NBZ, accounting for 39% and 27%, respectively. In the past 16 years, the ecosystem
has changed significantly, such as the grassland ecosystem increasing by 13,952 km?, the urban
ecosystem increasing by 6720 km?, and the desert ecosystem decreasing by 4544 km?. In the NBZ,
1.54% of farmland ecosystems and 0.65% of desert ecosystems were transferred to forest and grassland
ecosystems, which improved the ecological environment. This change was even more prominent in the
ecological barrier of the Sichuan—Yunnan-Loess plateau, with 0.66% and 1.32% of farmland ecosystems
transferred to forest and grassland ecosystems, respectively.

(2) The change trend of the ecosystem both domestically and abroad indicates that the regulation
and management of driving factors related to human activities will become the key problem in
ecosystem protection, restoration, and management [7]. From 2000 to 2015, changes in the ecosystem
in the NBZ were mainly driven by social and economic factors. According to the results of redundancy
analysis, the GDP (0.79) and population (0.66) contributed the most. The results of variance analysis
showed that the socioeconomic factors were still the largest, and that investments in ecological
protection projects increased with the increase of GDP in the NBZ. At the same time, there are
significant differences in the driving mechanisms among different regions; for example, the PREC
(0.33) plays an important role in the northeast forest shelter, and the NDVI (0.32) is of great significance
in the ecological barrier of the Sichuan-Yunnan-Loess plateau.

(3) Due to the different natural conditions and unbalanced social and economic development at
different scale areas, the driving mechanism of changes in the ecosystem cannot be generalized and
must be adapted to local conditions, showing that the ecosystem change has an obvious scale effect [43].
At the same time, the results of changes in ecosystem in different areas show that the implementation
of ecological protection policies, which has resulted in great achievements, such as the Grain for Green
Project [44], is a key step to allow the ecological barrier to fully function in protecting the ecological
environment in order to achieve the goal of a harmonious and stable sustainable development between
man and nature.
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