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Abstract

The Mongolian Plateau (MP) plays an important role in the global carbon cycle and has significant impacts on the ecological

security of northeastern Asia. Affected by land degradation and desertification, the vegetation cover on the MP experiences

major changes under the influence of human activity and climate change. In contrast to previous holistic studies on the MP, this

research focusses on the features of vegetation cover and divides the MP into three subregions (desert, grassland, and forest)

to analyze vegetation dynamics and identify the driving factors behind vegetation change in this region. The residual analysis

method is used and its “errors” are discussed. The results show the following. 1) The area of vegetation restoration is larger

than the area experiencing vegetation degradation, and, overall, vegetation is greening and vegetation degradation is tending to

reverse on the MP. 2) The ranking of vegetation change intensity is forest > grassland > desert subregions. 3) Climate change is

the principal control on vegetation restoration across the whole MP, including the grassland and forest regions. Human activity

similarly affects both vegetation restoration and degradation, but the effect of human activity is greater than that of climate

change in the desert region. This research confirms that vegetation restoration activity is effective in the desert subregion of

the MP.

Abstract

The Mongolian Plateau (MP) plays an important role in the global carbon cycle and has significant impacts on
the ecological security of northeastern Asia. Affected by land degradation and desertification, the vegetation
cover on the MP experiences major changes under the influence of human activity and climate change. In
contrast to previous holistic studies on the MP, this research focusses on the features of vegetation cover
and divides the MP into three subregions (desert, grassland, and forest) to analyze vegetation dynamics
and identify the driving factors behind vegetation change in this region. The residual analysis method is
used and its “errors” are discussed. The results show the following. 1) The area of vegetation restoration is
larger than the area experiencing vegetation degradation, and, overall, vegetation is greening and vegetation
degradation is tending to reverse on the MP. 2) The ranking of vegetation change intensity is forest >
grassland > desert subregions. 3) Climate change is the principal control on vegetation restoration across
the whole MP, including the grassland and forest regions. Human activity similarly affects both vegetation
restoration and degradation, but the effect of human activity is greater than that of climate change in the
desert region. This research confirms that vegetation restoration activity is effective in the desert subregion
of the MP.

Keywords : vegetation dynamics, climatic factors, RESTREND method, Mongolian Plateau, Driving fac-
tors
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1 INTRODUCTION

Land degradation can cause global environmental change via its impact on the terrestrial ecosystem, hy-
drologic cycle, energy exchange, and other processes, and represents a major global environmental problem
that encompasses regional ecological security and food security. The relationships that link fragile eco-
environments, land degradation, and poverty can restrict regional socio-economic development (Gao and
Mao, 2003; Tong and Long, 2003). The Committee for Development Policy (CDP) has developed a series
of Sustainable Development Goals (SDGs) and SDG 15 (“Life on Land”) aims to combat desertification,
restore degraded land and soil, and strive to achieve a land-degradation-neutral world by 2030 (SDGs, 2015).

Land degradation is a complex phenomenon that is associated with a reduction in land productivity, es-
pecially in arid and semi-arid areas (Kassas, 1995). Although land degradation occurs across arable land,
grassland, forests, and other areas with production capability (Liu, 1995), the essence of land degradation
is desertification (UNCCD, 1994). Yang (1997) proposed that land degradation can be seen as a reduction
in the biological or economic production capacity of land caused by excessive human activity, and that the
primary problem that drives land degradation is desertification. Zhu (1994) defined land degradation as
the decline of land productivity and the evolution of other landscapes towards desertification, caused by
unmitigated economic activity in a fragile ecological environment. Zhou and Pu (1996) suggested that land
degradation includes desertification, which is a part of land degradation. However, these different interpre-
tations of what constitutes land degradation all include the central tenet that land degradation causes a
decrease in the land productivity. Researchers have reached a consensus that land degradation has a serious
impact on global economic and social development, which will be difficult to recover from over a short period
of time (Okin et al., 2001). In addition, without any control measures, land degradation will accelerate, and
the cost of later rehabilitation will increase exponentially (Glantz and Orlovsky, 1983).

Land degradation is driven by a combination of human activity and climate change. Global warming has
decreased the growth of vegetation in some regions (Wieder et al., 2015), and reduced vegetation productivity
to some extent (Asseng et al., 2015). Temperature, precipitation, wind speed, and other climatic factors
influence regional soil, vegetation, and other surface characteristics, leading to climate-related vegetation
degradation (Guo et al., 2012). Compared with climatic factors, it is difficult to quantify the direct impact
of human activity on vegetation change. Rapid population growth, industry development, animal husbandry,
and ecological restoration projects all have some impact on vegetation change. All anthropogenic activity,
such as deforestation, mineral exploitation, and improper land use, as well as emissions of industrial and
domestic waste, and greenhouse gas emission, break the balance of natural ecosystems and result in serious
ecological and environmental problems (Fleskens and Stringer, 2014; Liu Q. et al., 2014).

The Mongolian Plateau (MP) is located in the hinterland of Eurasia, which spans arid, semi-arid, and semi
humid climate regions. This unique geographical location makes the eco-environment of this region especially
vulnerable to interference from external factors. The MP is often used to study land degradation because the
region is sensitive to both human activity and climate change, and also faces the problems of desertification
and vegetation degradation (Zhang et al., 2008). The MP plays an important role in the global carbon
cycle, and its ecosystem status and changes have an important impact on the environment of the whole of
northeastern Asia (Zhang, et al., 2009; Zhang, et al., 2003). Changes to the eco-environment of the MP
will affect carbon sinks in the surrounding regions, as well as further afield, through dust transmission. In
recent decades, in the context of global warming and excessive reclamation, overgrazing, poor protection,
soil degradation, and desertification of the MP have increased, resulting in severe pressure on the ecological
environment (Liu, et al., 2016). Consequently, financial resources and policy measures have been implemented
in an attempt to protect and improve the ecological environment of the MP, and these countermeasures have
been relatively effective. However, soil degradation and desertification in the region remain very serious
problems, and directly threaten the ecological security of China and the whole of East Asia (Mi et al., 2015;
Fujiwara et al., 2007). Using the MP as our research focus to study vegetation change has important and
urgent practical significance for regional vegetation restoration and ecological security in Southeast Asia.

There are regional differences in the extent and impact of the various factors that influence vegetation change.
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Smaller scale causes of vegetation degradation on the MP have been somewhat overlooked due to the focus
on larger regional effects in previous research. Therefore, it is necessary to develop a clearer picture of the
factors that drive vegetation dynamics in the different types of ecosystems on the plateau. In this study, we
aim to determine the nature of vegetation change and identify its key drivers across the whole plateau and
in each of its subregions (i.e., the desert, grassland, and forest subregions).

2 MATERIALS AND METHODS

2.1 Study area

From southwest to northeast on the MP, the pattern of vegetation cover grades from desert to grassland to
forest, and the plateau shows dramatic spatial and temporal variations in land cover (Liu, 1993). According
to the Global Aridity Index dataset, which is based on UNEP’s (1997) aridity degree classification, the MP
can be divided into an arid area (including an extremely arid area), a semi-arid area, and a semi humid area
(including a humid area). The desert, grassland, and forest are located mainly in the arid, semi-arid, and
semi humid areas, respectively (Miao et al., 2014). Although climate change, especially precipitation changes,
have affected the boundaries of these climate zones to some extent (Jeong et al., 2011; Sternberg et al., 2015),
they have remained relatively stable on the whole. Here, we divided the MP into three subregions, namely
desert, grassland, and forest, in reference to the UNEP (1997) aridity degree divisions. The distribution of
land cover is shown in Figure 1.

The desert subregion (DSR) is located in the southwest of the MP and has an annual mean precipitation
of <200 mm. The main land cover is bare land and sparse vegetation (65%) and grassland (32%). The
grassland subregion (GSR) is located in the central and northern portions of the plateau, and receives
annual precipitation of between 200 and 400 mm. This is a subregion of the Eurasian grassland, which
is one of the largest grassland ecosystems in the world (Batima and Dagvadorj, 2000). The main land
cover is grassland (90%) and farmland (4%). The forest subregion (FSR) receives annual precipitation of
approximately 400 mm, and the forest landscape is fragmented across this region (Bohannon, 2008). The
main land cover in this region is grassland (41%), forest (34%), and farmland (18%).

2.2 Data

1) Land Cover

We obtained the land cover data from the MCD12Q1 dataset (Collection 5.1). These data have a spatial
resolution of 500 × 500 m, cover the period between 2001 and 2015, and can be downloaded from the USGS
Land Processes Distributed Active Archive Center. Based on the vegetation characteristics and our research
objectives, here, we selected the land coverage classification developed by the Global Land Cover by National
Mapping Organizations (GLCNMO).

2) NDVI

The normalized vegetation index (NDVI) is a ratio parameter derived from the reflectance in the near-infrared
and infrared bands of remote sensing images, which can be used to determine vegetation coverage, biomass,
and the leaf area index (Geerken et al., 2005; Dorigo et al., 2007). The NDVI data used in this study
were obtained from NASA’s Land Processes Distributed Active Archive Center (LPDAAC). We selected
MOD13C2 (Collection 6) with a spatial resolution of 0.05° × 0.05° sampled monthly between 2000 and 2015.
The wavelengths of the near-infrared and red bands were 0.84–0.88 and 0.62–0.67 μm, respectively.

3) Actual net primary productivity (NPP-a)

The actual net primary productivity (NPP-A) data for the period between 2000 and 2014 were obtained
from the MOD17A3 product (Collection 5.5), which is provided by the NTSG (Numerical Terradynamic
Simulation Group) from the University of Montana. We converted the NPP-A units to g·C·m-2

·yr-1. The
blank (white) areas in Figure 2 indicate an absence of NPP-A data.
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4) Potential net primary productivity (NPP-p)

We used the Thornthwaite model to calculate the potential NPP (NPP-P) (Lieth and Box, 1972) as follows:

NPPp = 3000 × [1 − exp−0.0009695(V−20)],

where V is the annual actual evapotranspiration (mm), and NPP-P is measured in units of g·C·m-2
·yr-1.

The annual actual evapotranspiration data were retrieved from the MOD16A3 dataset of the NTSG, in
which the evapotranspiration values are determined using the Penman–Monteith equation (Mu et al., 2007).
The parameter used to estimate the NPP-P; i.e., the actual evapotranspiration, depends on solar radiation,
temperature, precipitation, air pressure, and wind speed. Blank spaces on the evapotranspiration map
(Figure 2) indicate an absence lack of data.

2.3 Methods

1)Linear regression model

We used linear trend analysis of the NDVI, NPP-A, NPP-P, and NPP residuals time series to investigate
vegetation growth. The slope (a ) was used to express the change trend, and the p value was used to
express the significance level of the change. The linear trend analysis was then extended to a grid scale. We
calculated the slope according to Dai et al. (2014) as follows:

a =
∑n

i=1 (xi−x)(yi−y)∑n
i=1 (xi−x)2

,

where a is the trend (slope) of the change, with a positive (negative) value indicating an increasing (decreas-
ing) vegetation trend. Taking NDVI as an example, x is the average NDVI value, xiis the regional average
NDVI value in the ithyear, and y is the year. We classified the resultant slope values into four categories:
significant increase (a > 0,P < 0.05); non-significant increase (a> 0, P > 0.05); significant decrease (a < 0,
P < 0.05); non-significant decrease (a < 0, P > 0.05).

2) The RESTREND method

We used the residual trend analysis (RESTREND) method to explore the degree and scope of the effect of
anthropogenic and climatic factors on regional vegetation (Evans and Geerken, 2004; Ma et al., 2017).

NPP-A, which is directly observed by remote sensing and selected from a set of remote sensing datasets,
monitors the real growth conditions of local vegetation. NPP-A records the combined effects of human
activity and climate change.

NPP-P is calculated from the actual annual evapotranspiration measurements, and this index represents
the NPP value under ideal conditions with no human activity; that is, the NPP-P value influenced only
by climatic factors. The change in NPP-P can be interpreted as reflecting a climatic control on vegetation
dynamics. A positive value of the NPP-P change rate indicates that climate change is beneficial to vegetation
recovery, whereas a negative value indicates a detrimental effect.

The residuals of (i.e., differences between) the NPP-Aand NPP-P values are defined as the residual NPP
value (NPP-RES) and can be interpreted as reflecting the influence of human activity on the value of NPP:

NPP-RES = (NPP-P) – (NPP-A)

Using the RESTREND method, the NPP-p reflects the absence of anthropogenic influence, while the NPP-

RES value represents only the extent to which human activity contributes to or damages regional vegetation
recovery, and is interpreted in terms of the anthropogenic influence on vegetation dynamics. A positive value
of the NPP-RESregression slope indicates that human activity has been conducive to vegetation recovery,
whereas a negative value indicates that human activity has caused degradation.

The slope of the linear regression fit of the NDVI, NPP-P, and NPP-RES time series can be either >0 or
<0. Taking all permutations of the NDVI, NPP-P, and NPP-RES slope values into account, we can generate

4
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eight potential scenarios that reflect the main driving factors controlling vegetation change and these are
detailed in Table 1.

3 Results

3.1 Regional NDVI dynamics

Vegetation recovered on the MP between 2000 and 2015, and the area in which restoration was statistically
significant exceeded that in which degradation predominated in each subregion during three equal subperiods
(Table 2).

3.1.1 DSR

In the DSR, the overall change was more severe for the whole 2000–2015 period than that in each subperiod.
The NDVI area with a statistically significant change (significant restoration and degradation) is larger than
the sum of the NDVI changes from each period. The significant restoration area is more than 25% in the
DSR between 2000 and 2015, and the vegetation recovery area is always larger than the degradation area
during each period. This shows that vegetation activity was enhanced and the DSR experienced a period of
vegetation restoration (Figure 3).

3.1.2 GSR

In the GSR, the extent and proportion of vegetation change over the entire period between 2000 and 2015 was
greater than that in each subperiod (Figure 4). The significantly recovered area was more than 31% of the
GSR. The area with vegetation restoration was always larger than that with degradation in any investigated
time period. This shows that, overall, vegetation recovery occurred in the GSR over the study period.

3.1.3 FSR

Vegetation dynamics were more intense during the entire 2000–2015 period than in each subperiod in the
FSR (Figure 5). The significant restoration area was more than 50% in the FSR. The significant recovery area
was larger than that of the significant degradation area in each period, which shows that overall vegetation
recovery occurred in the FSR over our study period.

4) Comparison of the three subregions

The most active period of vegetation dynamics in the DSR was 2010–2015, with 9.58% of the statistically
significant area changes in this region. The most active period of vegetation dynamics in the GSR and FSR
was 2000–2005, which accounted for 9.33% and 18.78% of significantly changed areas, respectively, of the
total areas of each subregion.

The overall trend across the three subregions was of vegetation recovery. The ranking of areas with sig-
nificant restoration was: FSR (51.52%) > GSR (31.88%) > DSR (25.73%); and the ranking of areas with
significant degradation was: FSR (2.57%) > DSR (0.53%) > GSR (0.33%). This shows that the FSR is the
subregion with the most fluctuations in vegetation change on the MP, with the highest proportion of the area
experiencing significant recovery and degradation. The GSR and DSR remained relatively stable, showing
an overall improving trend. On the whole, the improvement indicated by the NDVI occurred mostly in the
south and east of the study area.

3.2 Driving factors of vegetation change

Our analysis of the different driving factors that affect vegetation dynamics showed that the highest propor-
tion of vegetation restoration area occurred in the FSR (39.24%), then the GSR (23.03%), and finally the
DSR (1.88%). The highest proportion of vegetation degradation was the FSR (9.48%), followed by the GSR
(6.69%), and then the DSR (1.06%). In general, the area with significant vegetation restoration was larger
than the area with significant vegetation degradation. At the same time, the intensity of regional vegetation
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change was also FSR > GSR > DSR. The FSR was the area that experienced the most dramatic vegetation
change on the MP, and the DSR showed the least change in vegetation (Figure 6).

These results are broadly consistent with vegetation dynamics on the MP that were based on our NDVI
evaluation in section 3.1.

Vegetation restoration under climatic influence was the main driving force behind vegetation restoration in
the GSR and FSR, accounting for 18.24% and 13.98%, respectively, in each subregion. Human activity had
a similar effect on vegetation restoration and degradation: 1.02% and 0.94%, respectively, in the DSR; 6.63%
and 4.41%, respectively, in the GSR; and 9.30% and 12.21%, respectively, in the FSR. Only the effect of
human activity on vegetation restoration in the DSR was greater than that of climate. This indicates that
some vegetation restoration initiatives in this area are generating effective outcomes (Table 3).

4 Discussion

4.1 Errors in the residual method

The vegetation change trend, evaluated with respect to the driving factors and NDVI indicator, showed
restoration in the MP and each in subregion, but there were some differences in the restoration ratios
between those two evaluation methods. This section focuses on this phenomenon, which can partly explain
the “Errors” listed in Tables 1 and 3.

We classified possible scenarios as A, B, C, and D (see Table 1). Scenario A occurs when the negative effect
of climate change is greater than the positive effect of human activity, resulting in vegetation degradation.
Scenario C occurs when the negative effect of human activity is less than the positive effect of climate change,
resulting in vegetation recovery.

Results yielding scenarios B and D were defined as “Errors” here. NDVI and actual NPP are both indexes
that can reveal and track vegetation growth and dynamics, and these two indexes are closely correlated. For
example, the research of De et al. (2013) captured the spatial pattern of NPP, and the global trend of NPP
is consistent with the NDVI for the same period of time.

Rashid et al. (2016) revealed that about 68% of the global land area has positive NPP values with an
increasing trend, which corresponds closely to the 67% of the MP land area with positive NDVI values
and an increasing trend. This phenomenon provides theoretical support for our use of NDVI and NPP
in the RESTREND method to validate the driving forces of vegetation dynamics. However, there are
inconsistencies between NDVI and NPP values in some regions and situations. For example, if grassland
or forest is transformed into farmland/plantations, the actual NPP could show a huge increase because of
artificial fertilization and irrigation. Consequently, it is possible that changes in NDVI < 0 and changes in
NPP-RES> 0 could co-occur if NPP-P increases but NPP-A increases more, and vice versa. We believe that
this can explain part of the error scenarios outlined above from a data perspective.

4.2 Discussion of different vegetation types

Here, we compared vegetation restoration and degradation on the MP, and found that the relative intensity
of vegetation change in the three subregions was: FSR > GSR > DSR. For comparison, we considered
changes in different types of vegetation cover from previous research over the same time period. Research
that focused on the grassland and forest regions of East Asia showed that the mean value of carbon use
efficiency (CUE) was grassland > farmland > forest > shrub during the period 2000–2013 in China (Liu et
al., 2019). That is, the highest CUE was found in grassland, and the increase of CUE was caused mainly
by increases in precipitation, while increases in temperature inhibited the vegetation CUE. Liu et al. (2020)
studied the response of the NDVI on different types of vegetation cover influenced by climate change on
the Loess Plateau of China. Their results showed that the NDVI of different vegetation covers does not
correspond to the size of the occupied area, and that the increasing trend of the NDVI in the forested areas
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was greater than that in the grassland areas (the grass area is larger than forested area), which is similar to
the conclusion of this study.

Other spatiotemporal studies reported different results. De et al. (2013) described the relationship between
vegetation and climate over the period between 1981 and 2008 based on meteorological indicators, and found
that climate can explain nearly 54% of vegetation change.

The impact of vegetation change on climate is concentrated mainly in areas of desertification and surrounding
areas. Charney (1977, 2006) explored the possible impact of vegetation dynamics on climate, and pointed out
that desertification increases the surface albedo, reduces the soil moisture content, and reduces the surface
roughness. This leads to reduced precipitation, which would be followed by deterioration of the vegetation
and soil. Vegetation recovery becomes more difficult under these conditions (Nicholson et al., 1988), and
these impacts can then extend to the surrounding areas (Xue, 1993, 1996). The expansion of a desert region
may strengthen regional climate change, aggravating land degradation. Grassland has a greater ecological
elasticity to climate change compared with desert areas (John et al., 2013). Peng et al. (2012) proposed that,
compared with forest ecosystems in humid areas, grassland ecosystems in semi-arid and arid areas are more
sensitive to drought. Desert grassland is more sensitive to drought compared with typical grassland and
meadow grassland (Bailing et al., 2018). Therefore, there may be a negative feedback relationship between
vegetation change and climate in desert areas. Here, we observed that the DSR has the slowest observed
vegetation restoration.

Bao et al. (2015) studied vegetation dynamics and its response to regional climate change in Mongolia,
and showed that continuous warming is likely to be the main factor driving the reversal of the NDVI trend.
Furthermore, climate-related vegetation reduction and related potential desertification may aggravate other
environmental problems in East Asia (e.g., sandstorms).

The vegetation restoration associated with human activity in the desert is inseparable from vegetation
restoration measures and projects formulated by local governments. We list the policy measures and their
impacts on regional vegetation restoration after 2000 in Table 4.

Therefore, we conclude that the desert is the region of the MP most in need of vegetation restoration,
although it is also currently the area with the slowest rate of vegetation restoration. Restoration of desert
areas is effective, and the desert should be a high priority area for improving vegetation restoration.

5 Conclusions

Our evaluation of vegetation dynamics and the associated driving factors across the MP and its subregions
has revealed the following. The proportion of each subregion that experienced vegetation restoration during
the study period was greatest in the FSR, followed by the GSR, with the DSR showing the least restoration.
From the perspective of driving factors, overall, climate change was conducive to vegetation restoration,
whereas the amounts of vegetation restoration and degradation caused by human activity were relatively
similar. From the regional perspective, the extent of restoration caused by climate change in the FSR and
GSR was far greater than that caused by human activity, but in the DSR, restoration by human activity
exceeded that related to climate change. Restoration in the DSR was slower than that in the FSR and GSR.
As a result, the DSR should be a priority area for policy and investment. Human activity was the main
driving force behind vegetation restoration in the DSR, and thus the restoration effect of human activity is
still effective in this region. China’s government should use “the Belt and Road Initiative” (Liu, 2015) to
cooperate and establish links with Mongolia and other countries to assist desertification control and curb
regional land degradation.
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Table

Table 1 Scenarios of vegetation change and their causative factors

Slope Slope Slope Scenario and driving factors Tag

NDVI NPP-p NPP-RES

<0 >0 <0 Vegetation degradation caused by anthropogenic factors
<0 >0 Vegetation degradation caused by climatic factors A
<0 <0 Vegetation degradation caused by climatic and anthropogenic factors
>0 >0 Error 1: Vegetation degradation but both factors benefit vegetation recovery B

>0 <0 >0 Vegetation recovery caused by anthropogenic factors
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Slope Slope Slope Scenario and driving factors Tag

>0 <0 Vegetation recovery caused by climatic factors C
>0 >0 Vegetation recovery caused by climate and anthropogenic factors
<0 <0 Error 2: Vegetation recovery but both factors led to vegetation degradation D

Table 2 Proportion of NDVI change in each subregion

Period Change DSR GSR FSR

2000–2015 significant restoration (restoration) 25.73% (86.99%) 31.88%(91.81%) 51.52%(88.42%)
significant degradation (degradation) 0.53% (13.01%) 0.33%(8.19%) 2.57%(11.58%)

2000–2005 significant restoration (restoration) 3.91% (73.13%) 7.98%(64.08%) 15.62%(59.11%)
significant degradation (degradation) 1.94% (26.87%) 1.35%(35.92%) 3.16%(40.89%)

2005–2010 significant restoration (restoration) 5.50% (63.36%) 3.54%(55.10%) 4.63%(60.85%)
significant degradation (degradation) 2.38% (36.64%) 2.02%(44.90%) 3.36%(39.15%)

2010–2015 significant restoration (restoration) 6.44% (51.71%) 5.68%(69.40%) 14.49%(73.16%)
significant degradation (degradation) 3.14% (48.29%) 0.82%(30.60%) 1.89%(26.84%)

Table 3 Proportion of vegetation change area caused by different driving factors in each region

Type DSR GSR FSR

Degradation via anthropogenic factors 1.02% 6.63% 9.30%
Recovery via anthropogenic factors 0.94% 4.41% 12.21%
Recovery via climate change 0.48% 13.98% 18.24%
Degradation via anthropogenic and climate factors 0.04% 0.06% 0.19%
Recovery via anthropogenic and climate factors 0.46% 4.64% 8.79%
Error 0.09% 1.17% 2.73%

Table 4 Policy measures for regional vegetation restoration after 2000

Region Policy measures Project influence References

Mongolia The third reclamation of
abandoned farmland in
Mongolia in 2005
Strategy of invigorating
the country via the
mining industry in 2006
New edition of Mineral
Law in 2006

Promote vegetation
restoration Balance
animal husbandry and
environmental protection.

Chen et al., 2015

China Beijing–Tianjin
sandstorm control project
(2000) The second round
of GTGP* in 2007
Overall improvement of
land use in the third
round of GTGP in 2014

Overall improvement of
land use in the project
area Completed
conversion area of 2.3 ×
104 km2

Shi et al., 2009 Wei et
al., 2009
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* The GTGP (Grain to Green Program) is an important program of natural ecological system restoration
in China (Liu D et al, 2014), which aims at controlling soil and water loss, and improving the ecological
environment quality.

12



P
os

te
d

on
A

u
th

or
ea

25
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

30
99

11
.1

99
09

29
8

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

13


