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1 | INTRODUCTION

| Lichang Yin® | Feiyan Xiao® | Mingming Zhang! | Lili Liu® |

The arid region in the northern part of China is a bridge between China and neighbouring coun-
tries in the Silk Road Economic Belt, and the severe desertification in this region restricts its sus-
tainable development. In this paper, MODIS data, including albedo, reflectance, normalized
vegetation index, and land surface temperature, were selected in 2000, 2005, 2010, and 2015
to construct a decision tree to extract spatio-temporal information of the desertified land in
the arid area. The trend in desertification and transfer directions was analysed by the GIS method,
and the dynamic characteristics of the desertification at different units (provincial administrative
unit and typical sandy land) and with different topographic factors (slope and aspect) are
discussed. Our conclusions include (a) desertification in the arid region in the northern part of
China showed improvement overall and local deterioration. The deteriorating areas were located
primarily in the western region of the Hunshandake Sandy Land, the tectonic zone of the Taklima-
kan Desert, and the Qaidam Basin; (b) the degree of desertification transfer occurred primarily at
adjacent levels; (c) the desertified area in each province showed a different trend in fluctuation,
and Maowusu Sandy Land recovered better among the 4 large sands; and (d) the desertified area
was distributed primarily along 0°-3° slopes and showed a rapid decline at increased slopes. The
change in the degree of desertification in each aspect largely was a general reversal, and the area
of the north aspect was larger than that of other areas of aspects. This study provides some the-
oretical support for the control of desertification in the Silk Road Economic Belt.
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continental bridge, where there is less vegetation and serious deserti-

fication (Li et al., 2014). The rapid expansion of this desertification

China is promoting an infrastructure development agenda actively in
the Silk Road Economic Belt, with the goal of promoting regional and
subregional economic development (Tracy, Shvarts, Simonov, &
Babenko, 2017). The Silk Road Economic Belt stretches across Asia,
Europe, and Africa (Li, Qian, Ken, Howard, & Wu, 2015b), including
65 core countries, and accounts for 41.3% of the total area of the
world (Li et al., 2014). It cannot achieve rapid economic development
without the construction of the modern ecological civilization (Li
et al., 2016). However, the ecological environment is fragile along the

Silk Road, especially midway through the second Asia-Europe

degrades the environment, leads to huge economic losses, and poses
a threat to human survival and development (Armah et al., 2011;
Reynolds et al., 2011). Therefore, neighbouring countries must work
together to address these problems (Ren & Tang, 2015). The arid
region of the northern part of China is located midway through the
second Asia-Europe continental bridge. Its desertification is self-evi-
dent and is the principal constraint on regional ecological environment
and the sustainable development of the social economy (Wang, Zhu, &
Wu, 2002). As a result, desertification in the Silk Road Economic Belt

must be prevented and controlled to construct the ecological
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civilization. The study of desertification prevention and control in this
arid region of the northern part of China can be used to provide a
reference for countries in the Silk Road Economic Belt.

Monitoring and assessing desertification helps identify the
dynamic characteristics of different degrees of desertification (Vogt
et al.,, 2011) and has been an important method in the scientific pre-
vention and control of desertification (Millennium Ecosystem Assess-
ment Council, 2005). However, because of the dynamics and
complexity of desertification, it is difficult to monitor it (Dawelbait
& Morari, 2012; Eswaran, Lal, & Reich, 2001). Wide range remote
sensing (RS) with large amounts of information has been used widely
to monitor desertification (Barzani & Khairulmaini, 2013; Holm,
Cridland, & Roderick, 2003; Nicholson, Tucker, & Ba, 1998; Sastry,
Ganesha Raj, Paul, Dhinwa, & Sastry, 2016; Sepehr, Hassanli,
Ekhtesasi, & Jamali, 2007). Tottrup and Rasmussen (2004) analysed
grassland desertification in Senegal using NOAA/AVHRR NDVI data;
Reiche et al. (2012) discovered the state of grassland desertification
in Xilinguole using field survey data and ASTER images. Wang, Song,
Yan, Li, and Jiali (2011) used Landsat MSS\TM/ETM RS data as their
information source. Information about desertification in the northern
part of China was extracted by visual interpretation, and the dynamic
changes in its desertification from 1975 to 2010 were analysed. The
results showed that the region of desertification development and
reversal occurred primarily in the semiarid area of the agropastoral eco-
tone, and the key areas of desertification control were the ecotone
between agriculture and animal husbandry in the eastern part of the
northern part of China. Luo, Xu, and Ren (2013) selected MODIS data
to construct a decision tree based on albedo, NDVI, and reflectance
to extract Ordos sandy desertification, and their results showed that
MODIS data reflected land desertification on the regional scale accu-
rately. Meng et al. (2012) also based their study on MODIS data com-
bined with albedo, LST, FVC, TVDI, and other indicators to establish a
decision tree to extract information about the Hulunbeier Sandy Land
with an accuracy of 89%. Compared with other satellite data, MODIS
data with medium resolution have the characteristics of freeness, wide

coverage, high time resolution, and rich late product and are more suit-
able in monitoring desertification in the macroscopic range (Badreldin &
Goossens, 2013; Zolotokrylin et al., 2016).

Therefore, 2000, 2005, 2010, and 2015 MODIS synthesis product
data, including albedo, reflectance, the normalized vegetation index
(NDVI), and land surface temperature (LST), were selected to build a deci-
sion tree to extract spatio-temporal information about the desertified
land in the arid region of the northern part of China. Further, the
spatio-temporal evolution of desertification over the past 15 years was
analysed with the GIS spatial analysis technique to provide a theoretical

basis for desertification control in the Silk Road Economic Belt.

2 | MATERIALS AND METHODS

2.1 | Study area

The arid area is a region with low precipitation and soil moisture con-
tent, which includes primarily arid, semiarid, and semihumid climate
areas (Turkes, 1999). The arid region in the northern part of China,
one important part of the arid land in central Asia, is a seriously fragile
ecological region (Yao et al., 2013) that lies between 36°44'-49°57'N
and 73°26'-123°55'E. It includes the west of the Daxing'anling
Mountains, the north of the Kunlun Mountains-Qilian Mountains, and
the Great Wall line (Li, Zhao, Zhao, & Zhang, 2011b; Sun, Liu, & Lei,
2016). To ensure the integrity of the administrative boundary of the
study area, six provinces (Xinjiang, Gansu, Qinghai, Ningxia, Shaanxi,
and Inner Mongolia) comprised the study area (Figure 1). In this region,
the main vegetation types are temperate grassland and desert, with poor
natural conditions and rare precipitation. The desertification problem is

very prominent here and includes eight deserts and four main sands.
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The data sources used included (a) MODO9A1 8d (reflectance) and
MCD43A3 8d (albedo) with a resolution of 500 m derived from USGS

Data sources
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FIGURE 1 Map of the study area
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(https://Ipdaac.usgs.gov). The track numbers were h23v04, h23v05,
h24v04, h24v05, h25v03, h25v04, h25v05, h26v03, h26v04, h26v05,
h27v04, and h27v05; (b) MODNDIM(NDVI) and MODLT1M(LST)
monthly synthetic products (7, 8, and 9), with resolutions of 500 m
and 1 km, were derived from the geospatial data cloud (http://www.
gscloud.cn); and (c) DEM data with a resolution of 250 m came from
the international scientific data service platform, the Chinese Academy
of Sciences Computer Network Information Center.

Data preprocessing: the MRT software was used to mosaic and
transform the project (convert SIN projection to Albers Equal Area and
WGS84), convert the format (.hdf to .geotiff format), and resample (sam-
pling mode for nearest neighbour, resolution of 500 m) the MODIS
reflectance products (7th band) and albedo products (white sky band of
0.3 ~ 5 um). The cell statistics tool in ArcGis was used to maximize the
reflectance and albedo data by month. A raster calculator was used to
calculate the average layer of reflectance, albedo, NDVI, and LST for 7,
8, and 9 months. LST data were resampled to a resolution of 500 m. Four

layers were fused to obtain single-layer multiband data in ENVI.

221 |

The selection of indices of the degree of desertification and the estab-

Classification system

lishment of a classification system are the basis of desertification
research (Hu, Dong, Lu, & Yan, 2011). This contributes to an objective
and scientific understanding of the evaluation of the dynamic process
of desertification (Luo et al., 2013). We selected NDVI, albedo, reflec-
tance, and LST. NDVI reflects the vegetation growth status (Tucker
et al., 2005), and the albedo reflects the surface energy balance (Schaaf
et al., 2002). The reflectance and LST indicate surface dry and wet con-
ditions (Sobrino, El Kharraz, & Li, 2003).

According to the existing desertification classification system (Li,
Han, Xu, Ma, & Huang, 2006) and the actual situation in the study area,
the degree of desertification was divided into very severe desertifica-
tion (VS), severe desertification (S), moderate desertification (M), light

desertification (L), and nondesertification (N). Shifting sandy land, Gobi

and wind erosion (residual hills) were assigned to VS, semifixed sand
(mound) was assigned to S, bare sandy areas were assigned to M,
and fixed sand (hill) was assigned to L.

222 |

A decision tree is a mathematical method that summarizes training

Decision tree construction

samples to generate decision trees or rules and then uses those rules
to classify new data (Friedl & Brodley, 1997). Multisource RS data
and a variety of indicators can be used fully to improve classification
accuracy (Jia, Han, Lv, Wang, & Donggi, 2011; Li, Liu, & Yuan,
2011a). The georeferencing tool in ArcGIS was used to match the dis-
tribution map of China's desertified land in 2014 with the study area
vector boundary. According to the principle of representation and uni-
formity, 250 modelling points, including 200 training samples and 50
test samples, were selected. The value of each point of the four indica-
tors was obtained by extracting multi values to point in ArcGlIS. In gen-
eral, the more serious desertification, the lower the vegetation
coverage, NDVI smaller, on the contrary, the greater the albedo and
reflectance (Zeng, Xiang, Feng, & Xu, 2006).

In this paper, we first analysed the relationship between LST,
reflectance, and desertification. The training samples data showed that
the LST values of VS, S, M and L are more than 7 °C, and the reflec-
tance values are more than 2300, which can effectively divide the
most part of N. For the other areas of the study area, the NDVI was
as the main indicators of the redivision. Most of the NDVI of VS,
including shifting sandy land, Gobi and wind erosion, was below 0.1,
the small part was between 0.1 and 0.16, but the albedo of Gobi was
less than 240. The NDVI values of S and M were between 0.1 and
0.3, with most of the former between 0.1 and 0.16, and most of the
latter between 0.16-0.3. The NDVI values of L were primarily between
0.16 and 0.4. For the overlapped parts of NDVI, we again analysed the
differences of albedo, reflectance, and LST to determine the threshold
and constructed the decision tree (Figure 2). Then the model was con-

structed and run in ENVI, and the accuracy of the classification results
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FIGURE 2 Decision tree for extraction of information on desertification in the study area. Note: N denotes nondesertification, VS very serious
desertification, S serious desertification, M medium desertification, and L light desertification. Lst denotes land surface temperature, rf7

reflectance, Alb albedo, and NDVI the normalized vegetation index
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was verified. The Kappa coefficient was 0.86, which satisfied the
research requirements. The final result was as follows.

The RS image classification accuracy test is an indispensable
aspect of RS classification technology (Gan, Wang, Wang, & Fu,
1999). The Kappa coefficient Cohen (Cohen, 1968) proposed to
evaluate the results of RS image classification has been used widely
in classification (Luo et al., 2013). The calculation formula is as follows:

n n
N 3 Pii- 3 (Piy"Pyi)
K—_i=t _ i=1 (1)
N?= 3 (Pi"Pyi)
i=1

where K is the Kappa coefficient; P,; and P;, are the total number of
pixels in the row and column of the i type, respectively; Pii is the num-
ber of samples of the i type that are classified correctly; N is the total
number of samples; and n is the number of types.

Different precision evaluation methods have different classifica-
tion criteria and meanings. The Kappa coefficient classification crite-
rion (Cicchetti & Feinstein, 1990; Feinstein & Cicchetti, 1990) is
shown in Table 1.

The test samples in Figure 1 were imported in ENVI, and the
Kappa coefficient was calculated using its confusion matrix function.
The result showed that the Kappa coefficient was 0.86. So the consis-
tency degree was optimal. This showed that the decision tree based on
MODIS data and used to extract desertification information had a rea-

sonable degree of reliability.

2.2.3 | GIS method
1. Map analysis

Map analysis is among the ways to identify trends in desertifica-
tion scientifically (Kang, Liu, & Duan, 2016). This paper first encoded
the desertification land according to severity (Table 2).

Then we used the raster calculating tool in ArcGIS to obtain the
dynamic data of different degrees of desertification. The calculation

formula is as follows:

I = lks1-Ik, (2)

where | is the code difference and I, 1 and I, represent the k + 1 and k

period desertification degree codes, respectively.

TABLE1 Kappa coefficient classification criteria

Kappa <00 0.0-0.2 0.2-04 04-0.6 0.6-08 0.8-1.0

Consistency Very Weak Mild

degree low

Medium Significant Optimal

TABLE2 Coding of degree of desertification
Code 1 2 3 4 5
Desertification degree N L M S VS

Note. N = nondesertification; VS = very serious desertification; S = serious
desertification; M = medium desertification; L = light desertification.

TABLE 3 Classification of desertification trends

Classification criteria 1>2

1=1=2

Finally, according to the value of I, desertification can be divided
into different trends: obvious development, general development, sta-
bility, general reversal, and obvious reversal (Table 3).

2. Desertification transfer matrix

A desertification transfer matrix is a better method to describe the
mutual transformation between different degrees of desertification, as
it reflects specifically the structural characteristics of desertification
changes and the direction of the transfer between the various types
(Duan, Wang, Xue, Xun, & Hai, 2013).

The general form of the desertification degree transfer matrix (Zhu
& Li, 2003) is

Ci1 Ci2 " Cin
C1 C2 " Cop

Cj= ) (3)
Cht Cn2 " Cpn

where Cj represents the area of class i desertification during period k
converted to the class j desertification in the k + 1 period; n is the total
type,andi,j(i,j = 1,2, ..., n) represent the degree of desertification dur-
ing the k and k + 1 periods, respectively.

3 | RESULTS AND INTERPRETATION

3.1 | Dynamic change in desertification

From 2000 to 2015, the average area of desertification in the study
area accounted for 36.7% of the total area, and thus, there was a
desertification phenomenon in approximately one-third of the study
area. The area of desertification had continued to decline from
157.18 million ha in 2000 to 147.36 million ha in 2015, a total reduc-
tion of 9.82 million ha (6.2%). The reduction occurred primarily in VS
(Table 4).

The different degrees of desertification, according to the size of
their area were, in order: VS > L > S > M. VS accounted for more than
50% of the desertified area, which showed a continuous downward
trend and a decrease of 13.12 million ha. L, S, and M areas showed dif-
ferent fluctuations. The amounts of change were -6.18 million ha, 7.32
million ha, and 2.16 million ha, respectively (Table 4).

From the perspective of the spatial distribution of desertification,
VS was distributed primarily in the Taklimakan desert (TKLD), Badain
Jaran desert (BDJD), Tengger desert (TGD), Ulan Buh desert (UBD),
and the eastern part of Xinjiang. L was distributed primarily in the
Horgin Sandy Land (HQSL), Maowusu Sandy Land (MWSSL), and
Hunshandake Sandy Land (HSDKSL). The distribution of M was con-
centrated in the western region of HSDKSL, and S was distributed spo-
radically in the study area (Figure 3).

I1=0 -2=z1= -1 I<-2

Desertification trend Obvious development

General development

Stability General reversal Obvious reversal
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TABLE 4 Desertification statistics in the study area from 2000 to 2015: unit: million ha
Desertification 2000 2005 2010 2015 2000-2005 2005-2010 2010-2015 2000-2015
L 37.76 28.15 34.23 31.58 -9.61 6.08 -2.66 -6.18
M 14.85 15.77 15.28 17.01 0.92 -0.48 1.72 2.16
S 11.67 22.86 23.30 19.00 11.19 0.44 -4.31 7.32

VS 92.89 88.85 77.58 79.78 -4.05 -11.26 2.20 -13.12
Total 157.18 155.63 150.40 147.36 -1.55 -5.23 -3.05 -9.82

Note. N = nondesertification; VS = very serious desertification; S = serious desertification; M = medium desertification; L = light desertification.

Legend [ |Non [ Light [ Medium [Z2 Scrious [l Very serious

FIGURE 3

3.2 | Trends in desertification

During the past 15 years, the change in desertification was primarily
stable, and the area of desertification reversal was larger than that of
development. During 2000-2005, the area of desertification reversal
was 40.68 million ha, with a general reversal rate of 84.63%. This
was distributed primarily in the Gurbantunggut desert (GBTD), BDJD,
Kubugi desert (KBQD), and HQSL. The area of desertification develop-
ment was 35.32 million ha. The obvious development area was 33.7%
and was concentrated in the TKLD edge. The general development
area was concentrated in the HSDKSL (Table 5, Figure 4).

In 2005-2010, the area of desertification reversal was 43.86 mil-
lion ha. The proportion of the general reversal area was 82.53%, mainly

TABLE 5 Changes in desertification in the study area during 2000-
2015: unit: million ha

2000- 2005- 2010- 2000-
Change 2005a 2010a 2015a 2015a
Obvious reversal 6.36 7.66 6.33 9.98
General reversal 34.32 36.20 22.76 44.28
Stability 339.74 353.21 357.71 33491
General development 23.40 14.82 23.65 16.66
Obvious development 11.92 3.84 5.27 9.90

Distribution of degree of desertification in the study area from 2000 to 2015

in the GBTD, the TKLD, and the HSDKSL. The area of desertification
development was 18.66 million ha. The general development area
was 79.4% and was concentrated in the HQSL and HSDKSL edge
(Table 5, Figure 4).

In 2010-2015, the area of desertification reversal was slightly
larger than was the development area, which was 29.99 million ha
and 28.92 million ha, respectively. The general desertification develop-
ment area was slightly larger than the general reversal area, 22.76 mil-
lion ha and 23.65 million ha, respectively. The general reversal area
was concentrated in the HSDKSL, whereas the general development
area was distributed primarily in the GBTD and the south of the
MWSSL (Table 5, Figure 4).

From 2000 to 2015, the area of reversal was approximately twice
that of development, indicating that the overall trend of desertification
in the study area has been curbed, although some areas are still dete-
riorating. The reversal in desertification was dominated by general
reversal, with an area of 44.28 million ha (81.6%).

3.3 | Transfer matrix of desertification area

During the past 15 years, the transfer of desertification in the study
area was concentrated in adjacent grades (Table 6). N shifted
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FIGURE 4 Changes of desertification in study area during 2000-2015

TABLE 6 Desertification area transfer in study area during 2000~
2015: unit: million ha

Desertification
Year range degree N L M S VS
2000-2005 N 23597 892 28 523 6.09
L 193 1294 398 093 0.6
M 073 329 617 307 159
S 045 12 127 666 21
VS 41 18 155 698 7846
2005-2010 N 24812 786 079 122 257
L 11.39 1437 106 113 0.21
M 1.75 554 71 1.19 0.18
S 219 31 302 1143 312
VS 233 336 331 834 7151
2010-2015 N 25226 92 078 13 2.23
L 10.02 1786 349 112 1.75
M 1.49 201 879 141 1.58
S 218 123 274 11.09 6.07
VS 288 127 1.2 4,08 68.16

Note. N = nondesertification; VS = very serious desertification; S = serious
desertification; M = medium desertification; L = light desertification.

primarily to L with an area of 8.41 million ha, accounting for 42.1%
of the area transferred. L converted primarily to N, with a transfer area
of 21.53 million ha, accounting for 85.5% of the area converted. M
transferred primarily to L, with a transfer area of 4.9 million ha,
accounting for 58.8% of the area converted. S converted primarily to
VS, with an area of 2.01 million ha, and VS converted primarily to S,
with an area of 8.49 million ha, accounting for 39.9% of the area con-
verted. L, M, and VS shifted primarily to a lower degree of desertifica-
tion, whereas N and M shifted primarily to a higher degree of
desertification (Figure 5).

7] General reversal [ stability
[ General development [l Obvious development

32 m Very Serious  m Serious ~ Medium = Light mNon

Area\million ha
N = DI—\ L i
onNOBRO B
o

Non Light Medium Serious Very Serious

FIGURE 5 Desertification area transfer in study area between 2000
and 2015. Note: Positive value indicates the value of transferring
into and negative value indicates the value of transferring out

34 |
34.1 |

According to the administrative boundaries of the provinces, this paper

Desertification change based on different units

Provincial administrative unit

used a zoning statistical tool to obtain the desertified areas of the dif-
ferent provinces. Overall, the size of the desertified area was, from
largest to smallest: Xinjiang, Inner Mongolia, Gansu, Qinghai, Ningxia,
and Shaanxi. The average percents were 50.3%, 32.3%, 10.7%, 4.2%,
1.7%, and 0.7%, respectively. VS dominated in Xinjiang and Qinghai,
S and M dominated in Inner Mongolia and Gansu, whereas L domi-
nated in Ningxia and Shaanxi (Figure 6).

The change in the desertified areas in the six provinces differed.
The desertified area in Qinghai and Xinjiang increased slightly, which

was attributable primarily to S, whereas the desertified area in the other
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FIGURE 6 Desertification area in six provinces

four provinces decreased. The reduced area of desertification in
Shaanxi Province was mainly L and M, in Ningxia Province M and S, in
Gansu Province VS, and in Inner Mongolia primarily VS and L
(Table 7).

342 |

The four main sands were typical sandy land in the study area, and the

Typical sandy land unit

change in their degree of desertification affects the ecological and eco-
nomic development of the surrounding areas. The HQLD border
comes from Wang, Zhang, Ma, and Zhu (2016). The boundary of the
HSDKSL is derived from Li, Meng, Bao, and Yin (2015a). The boundary
of the MWSSL is derived from Hu et al. (2013). The HLBESL border
comes from Bai (2013).

The changes in the degree of desertification in HLBESL, HSDKSL,
and HQSL largely were stable, with a proportion of more than 60%,
and in MWSSL, there was general reversal primarily. The general rever-
sal ratio of each sandy land was higher than was the general develop-
ment ratio. The proportion of obvious reversal also was greater than
was the obvious development ratio. The difference between the pro-
portion of reversal and development was highest in MWSSL, which indi-

cated that it was recovering the best of the four main sands (Table 8).

35 |
factors

Desertification change based on topographic

Slope and aspect are important terrain factors that affect the

erosion, handling, and accumulation of surface sand (Hu, Dong, Lu,

TABLE 7 Change in areas of desertification and dominant type in six
provinces

Leading
2000- 2005- 2010- 2000- desertification

Province 2005a 2010a 2015a 2015a degree
Shaanxi - - + - L+M
Ningxia - - - - M+S
Gansu - - + - VS
Inner Mongolia = + = = VS +L
Qinghai + + - + S
Xinjiang + - + + S

Note. VS = very serious desertification; S = serious desertification;
M = medium desertification; L = light desertification. +/- represents an
increase/decrease in desertification area.

TABLE 8 Change in ratio of degree of desertification in typical sandy
land in 2000-2015: unit: %

Sandy land General General Obvious Obvious
type Stability reversal development reversal development
HLBESL 92.43 5.64 1.93 0.00 0.00
HSDKSL 60.60  23.53 15.70 0.15 0.02
HQSL 81.79 15.99 1.21 0.59 0.42
MWSSL 3420 51.88 10.50 324 0.18

Note. HLBESL = Hulunbeier Sandy Land; HSDKSL = Hunshandake Sandy
Land; HQSL = Horgin Sandy Land; MWSSL = Maowusu Sandy Land.

Song, & Zhenhai, 2010), and thus are important in the study of
desertification.
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In this paper, we used the slope extraction function in ArcGIS to

Slope

extract the slope from the DEM and divided it into six levels according
to the existing desertification slope classification (Ma et al., 2010) and
the slope condition of the study area.

From the distribution of the desertification slope, the desertified
area showed a rapid decline with increased slope in 2000-2015.
Desertification was distributed primarily among 0°-1° and 1°-3°
slopes, with an average area of 94.21 million ha and 45.85 million ha,
respectively (61.7% and 30.0%). They were dominated by VS. This
was followed by the 3°-5° slope, with an average area of 7.3 million
ha (4.8%) that was dominated by VS and L. The desertified area in
other slopes was small and dominated by L (Table 9).

From the annual change rate of desertification at different slopes,
2005-2015a, 0°-15° of the annual change rate in desertification were
negative and more than 15° of the annual change rate in desertifica-
tion were positive. This indicated that below 15° of slope, the
desertified area continued to decrease and above 15° of slope, the

desertified area continued to increase.

3.5.2 |

The aspect was extracted from the DEM of the six provinces in north-

Aspect

ern part of China using the slope extraction function in ArcGIS.

From 2000 to 2015, the area of general reversal of each aspect in
the study area was the largest, and its average area was up to 5.53 mil-
lion ha, among which, the area of general reversal in the north was the
largest, at 7.18 million ha, whereas it was the lowest in the southeast,
at 4.5 million ha. The areas of obvious development and obvious rever-
sal were relatively less from 2000 to 2015, and in the south and south-
west, the area of obvious reversal was significantly higher than was
obvious development, and their areas were nearly the same, both in
the west and southeast. However, in the north, northeast, east, and
northwest, the area of obvious development was slightly higher than
was obvious reversal (Figure 7).

Overall, the type of desertification in the study area at different
aspects largely was general reversal from 2000 to 2015, with the order
of area general reversal > general development > obvious development
> obvious reversal in the north, northeast, east, and northwest,

whereas the order was general reversal > general development >
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TABLE 9 Desertification changes at different slopes from 2000 to 2015

Area (million ha)

Annual change rate of desertified area (%)

f;?lgz 2000 2005 2010 2015 Average 2000-2005 2000-2010 2000-2015
0-1° 94.51 96.62 93.71 92.00 94.21 0.45 -0.08 -0.18
1=38 48.84 45.84 45.01 43.72 45.85 =il -0.78 -0.70
3-5° 8.27 7.28 6.85 6.79 7.30 -2.39 -1.72 -1.20
5=7" 2.83 2255 221 2.26 246 =155 =247/ -1.34
7-15° 2.24 251 2.03 1.98 219 2.37 -0.97 -0.78
>15° 0.42 0.78 0.58 0.60 0.60 17.62 391 298

General reversal General development

m Obvious development m Obvious reversal

Area\milion ha
-

3

2

00 00 e e Bt e

Aspect

FIGURE 7 Change in trend in areas of desertification at different
aspects from 2000 to 2015

obvious reversal > obvious development in the southeast, south,

southwest, and west.

4 | DISCUSSION AND CONCLUSIONS

4.1 | Discussion

The decision tree based on MODIS data was used to calculate the
desertification area of the study area in 2000, 2005, 2010, and 2015.
They were 157.18 million ha, 155.63 million ha, 155.40 million ha,
and 147.36 million ha, respectively. On the national scale, compared
with the statistical data of China desertification (Tu, Li, & Sun, 2016),
the errors of the classification area were 9.12%, 8.51%, 8.53%, and
3.26%, and the overall trend between the two is consistent. On the
regional scale, the study of desertification in typical areas shows that
the desertification area in HQSL continued to decrease from 2000 to
2010, which is consistent with the results of Duan et al. (2013) and
Li et al. (2006) through interpretation of TM/ETM image. In the aspect
of desertification change, Kang et al. (2016) used the MODIS data to
construct the decision tree for analysing the desertification status in
the central and western regions of Inner Mongolia and pointed out
that the desertification of the MWSSL showed a stable reversal from
2000 to 2014 and the desertification of the HSDKSL was unstable.
This study is in good agreement with that. In summary, the analytical
method of this paper is suitable for desertification monitoring in the
macroscopic range.

The driving factors of desertification land type change can be
divided into natural factors and human factors. The average wind

speed, temperature, and precipitation in natural factors have an

important influence on land desertification (Wang, Reng, & Ma,
2009). In the northern part of Xinjiang, there was a continuous
warming in the past 15 years (Fang, Yue, Chen, & Sun, 2011), which
accelerated the melting of glaciers and caused the growth of the veg-
etation in the area, inhibited the expansion of desertification and pro-
moted the reversal of desertification. However, the rapid reduction of
glacier and permanent snow is not conducive to the conservation of
water resources and the sustainable development of ecological envi-
ronment in regional socio-economic development (Liu, Xun, Dong, &
Zhang, 2010). Human factors such as the implementation of a series
of desertification control projects, including returning farmland to for-
est and grass, forbidden and forbidden logging, and the Three North
Shelterbelt project, have resulted in effective control of desertification
trends in MWSSL and HQSL (Kang et al., 2016; Wang et al., 2011). In
further studies, the effects of precipitation, wind speed, wind direction,
population, and land use on desertification in the study area can be
quantitatively analysed by Geodetector (Wang & Xu, 2017) and other
methods and provide scientific reference for ecological environment

management.

4.2 | Conclusions

With the implementation of the Silk Road Economic Belt construction
strategy, human activities in arid regions of the northern part of China
will increase significantly (Li et al., 2014), and dynamic monitoring of
desertification will become significantly more important. In this paper,
we used MODIS data to construct a decision tree based on multiple
indicators, and to extract information on desertification during the four
periods. The precision was 85.6%, which indicated that the decision
tree constructed in this manuscript was suitable for dynamic monitor-
ing of desertification in the study area. We analysed the dynamic char-
acteristics of desertification during the four periods in six provinces in
the northern part of China by desertification map analysis and a
desertification area transfer matrix. The results showed that (a) the
overall desertification process in the arid region of the northern part
of China is becoming better, but some areas are getting worse. The
areas of deterioration were located primarily in the western region of
HSDKSL, the tectonic zone of the TKLD, and the Qaidam Basin; (b)
the degree of desertification transfer occurred largely at the adjacent
level; (c) the desertified area of each province showed a different trend
of fluctuation. Further, MWSSL recovered better among the four main
sands; and (d) desertified areas were distributed primarily on 0°-3°
slopes (~ 90%) and showed a rapid decline at increased slopes. The

change in the degree of desertification for each slope primarily was
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general reversal, and the area of the north aspect was larger than were
the areas of other aspects.

The desertification situation in the arid region of the northern
part of China is still very serious, and the areas in which it is obvi-
ously developing should be the focus of desertification control. The
government can develop strict environmental protection regulations
that, when combined with effective sand control and ecological pro-
tection measures, will improve the ecological environment of the
entire region.
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