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Desertification Information Extraction Along the
China—Mongolia Railway Supported by Multisource
Feature Space and Geographical Zoning Modeling

Haishuo Wei

Abstract—The China-Mongolia railway is the core foundation
for the construction of traffic connection in the China—Mongolia—
Russia economic corridor. Long-term desertification has brought
significant ecological risks to the railway area. Owing to the large
variety of vegetation cover in this region, desertification informa-
tion is easily confused with other weak vegetation cover informa-
tion. This article proposes a refined desertification information ex-
traction method based on multisource feature spaces and geograph-
ical zoning modeling. First, based on the geographical zoning, land
cover, and vegetation coverage data for Mongolia, the railway area
is divided into the Central provinces and their northern region, the
Eastern Mongolian Plateau, and the Southern Gobi region. Accord-
ing to the vegetation coverage characteristics and the applicability
of various feature space models to different geographical regions,
Albedo—-normalized difference vegetation index, Albedo-modified
soil adjusted vegetation index, and Albedo—topsoil grain size index
feature space models were constructed for three geographical re-
gions. Faced with new challenges presented by global warming and
the impact of monsoons on the classification and extraction of deser-
tification information, we established a desertification classification
system with six levels (severe desertification, high desertification,
medium desertification, low desertification, withered grassland,
and nondesertification) and complete desertification information
extraction. The results show that the overall classification accu-
racy of the method selected in this article is 85.21%. We further
analyzed the mechanism of this method, compared it with previous
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studies, and thereby proved that this method is feasible to extract
the fine information of desertification in large areas and complex
geographical environments.

Index Terms—Monitoring, remote sensing.

I. INTRODUCTION

HE China—Mongolia railway, which connects China and

Mongolia, is the main cross-border transportation trunk
line in the China—Mongolia—Russia region, and it is the core
foundation of transportation connectivity for the construction
of the China—Mongolia—Russia economic corridor in the Belt
and Road Initiative. The China—Mongolia—Russia economic
corridor is characterized by complex geography, fragile ecology,
and serious desertification. Mongolia is the hotspot of global
desertification [1]. In 2017, data from the Ministry of Natural
Environment and Tourism of Mongolia showed that 76.8% of the
land in the country had been desertified to varying degrees, and
this trend is still spreading at a faster rate [2]. The increasingly
serious desertification problem along the China—Mongolia rail-
way (Mongolian section), along with the environmental changes
poses a risk to the construction of transportation infrastructure
and the region’s sustainable development. Therefore, it is neces-
sary to establish a refined desertification information extraction
method to accurately assess the desertification conditions along
the China—Mongolia railway.

The China—Mongolia railway is located in arid and semiarid
areas, and its desertification information can be easily confused
with other weak vegetation cover information. It is difficult
to effectively extract desertification information in this region
[3]. This is because of the sparse precipitation and intense
evaporation, which results in scarce vegetation growth and
simple vegetation group structures. Spectral lines often do not
have typical healthy vegetation characteristics, and there are no
obvious strong absorption valleys and reflection peaks, which
makes the spectral information for vegetation obtained from
remote sensing images extremely weak and even difficult to
detect [4]. Although vegetation indexes have been widely used
to depict land degradation because of its simplicity in the early
stage [5]-[7], the vegetation coverage in arid and semiarid areas
is relatively low, which causes the soil spectrum to interfere
with vegetation indexes [8], [9]. Therefore, the application of
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a single remote vegetation information sensing method in arid
and semiarid areas is often not ideal [10].

The use of remote sensing satellites to monitor desertifica-
tion began in the 1970s [11]. Remote sensing data and index
products have become more abundant since the 1990s [12]. At
this stage, many large-scale desertification monitoring studies
have emerged, using long time-series characteristics to reflect
the Mongolian Plateau and surrounding areas. Liu e al. obtained
fractional vegetation cover (FVC), modified soil adjusted vege-
tation index (MSAVI), Albedo, land surface temperature (LST),
and temperature vegetation dryness index through the inversion
of National Oceanic and Atmospheric Administration data and
moderate-resolution imaging spectroradiometer (MODIS) data
and then obtained desertification distribution data for China
and Central Asia from 1995 to 2001 with a spatial resolution
of 1 km [13]. Unurbaatar et al. used MODIS to extract the
spatial distribution pattern of desertification for the Mongolian
Plateau from 2001 to 2010 with a spatial resolution of 1 km and
then analyzed its change trend [14]. Zhuo obtained normalized
difference vegetation index (NDVI), MSAVI, FVC, LST, and
drought index through the inversion of MODIS data, established
a monitoring index system for desertification in the Mongolian
Plateau, and then obtained a desertification status map of the
Mongolian Plateau for 2006 with a spatial resolution of 1
km [15]. These studies generally rely on the long-time-series
characteristics of satellite data and use one or more indexes to
form large-scale data products with coarse resolution. However,
these macroinformations are insufficient to reveal the status of
desertification in detail and to provide accurate data to support
the control of desertification and regional risk.

Since the beginning of the 21st century, some scholars have
begun using multidimensional remote sensing information to
construct models for desertification information extraction [ 16]—
[18]. Zeng et al. used the feature space of Albedo-NDVI to
reflect the surface cover, hydrothermal combination, and their
changes in desertification areas [ 19]. They found that with the ex-
acerbation of desertification, surface vegetation suffered serious
damage, and the NDVI value decreased. At the same time, with
the decrease in surface vegetation coverage, surface moisture
decrease, and the value of Albedo increases accordingly. This
means that multidimensional remote sensing data have clear
biophysical significance. However, it cannot adequately express
the vegetation conditions in sparse vegetation areas because
of the influence of soil background on NDVI. An increasing
number of studies have tried to use different types of vegetation
indexes to extract desertification information. Qi et al. found that
MSAVI could better eliminate or reduce the influence of soil and
vegetation canopy background [20]. Feng et al. constructed an
Albedo—MSAVI feature space model based on Landsat 8 data
with a resolution of 30 m and applied it to the study of soil
salinization [21]. Different degrees of desertification produce
different topsoil textures, the more serious the desertification, the
rougher the topsoil particle composition [22]. Therefore, topsoil
grain size index (TGSI) can be used to represent the size of soil
surface particles and as an evaluation index for desertification
[23]. Munkhnasan et al. took NDVI, TGSI, and Albedo as the
representative indexes of vegetation biomass, landscape pattern,

and micrometeorology, respectively, to obtain a 30-m resolution
map of desertification and completed the dynamic analysis of
desertification in Hogno Khaan nature reserve, Mongolia [24]. In
2017, through experiments, Munkhnasan et al. found that NDVI
was weakly correlated with TGSI, whereas NDVI was strongly
correlated with Albedo, and TGSI was strongly correlated with
Albedo [25]. This provided a basis for constructing the Albedo—
TGSI feature space model. Based on Landsat 8 remote sensing
images data, Wei et al. constructed three feature space models,
including Albedo—-NDVI, Albedo-MSAVI, and Albedo-TGSI,
and analyzed their respective characteristics and applicable con-
ditions in the northwest of Mongolia [3]. The above-mentioned
studies reflect the advantages of multisource feature space mod-
eling in revealing fine desertification information, but only local
scale inversion results can be obtained, and the inversion ability
to extend to larger geographical areas is lacking. The main reason
for this is that the geographical differentiation characteristics of
the study area were not combined with the applicability of the
model. In addition, the applicability of the model was not clearly
defined.

Aiming at the fine desertification extraction problem along the
China—Mongolia railway, our article proposes a desertification
information extraction model based on the multisource feature
space and geographical partition. First, we seek the adaptability
of the model to different geographical areas, such as vegetation
and land cover, along the China—Mongolia railway. Then, we
establish the regional desertification inversion model and obtain
the desertification data products with a resolution of 30 m.
This article would provide a refined inversion method and data
product support for ecological risk control of desertification in
this region.

II. MATERIALS AND METHODS
A. Study Area

The China—Mongolia railway runs from Beijing to Ulaan-
baatar and extends to Ulan-Ude station on the Siberian railway
in Russia. It stretches from south to north within Mongolian
territory and passes through the following major cities: Zamyn
Uud (a frontier port between China and Mongolia), Sainshand
(the fourth largest city in Mongolia), Bor Undur (a world-class
fluorite production area) [26], Ulaanbaatar (Mongolia’s capital
and the largest city in Mongolia), Zonhala and Darhan (emerging
industrial cities), Erdenet (the center of copper and molybdenum
industries), and Suhbaatar (a frontier port between Mongolia and
Russia).

In this article, the selected study area is within 200 km of the
China—Mongolia railway (Mongolian section) on both sides (as
shown in Fig. 1). It includes 15 provinces: Hovsgol, Arhangay,
Bulgan, Orhon, Selenge, Darhan, Tov, Ulaanbaatar, Hentiy,
Ovorhangay, Dundgovi, Govisumber, Suhbaatar, Dornogovi,
and Omnogovi. The overall topography of the study area is
flat plateau with vast grassland distribution. It has temperate
continental climate, with obvious seasonal changes. Spring and
autumn are short, and the precipitation is low, with 70% of the
precipitation concentrated in July and August. Strong winds and
rapid weather changes are obvious characteristics of this region.
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Fig. 1. Geographic location of the study area.

The main land cover types in the southern part of the study area
are desert steppe, semidesert, and barren areas; in the northern
part, they are real steppe and forest. The main plants found
in the region are Achnatherum splendens, Populus euphratica,
Mongolia Imperata cylindrica, and other similar plants [27]. The
region is a densely populated area of Mongolia, and the main
occupations are animal husbandry and mining.

B. Data Sources

Thirty-two Landsat-8 operational land imager remote sensing
images with 30-m resolution were selected from the United
States Geological Survey website (http://earthexplorer.usgs.
gov/). The imaging data were collected between June 2015 and
October 2015, and the cloud coverage was less than 10%. The
auxiliary data included the following:

1) vector map of the Mongolian administrative divisions in
2013 and vector data of the buffer zones within 200 km on
both sides of the railway (source: Human-Earth thematic
database of Chinese Academy of Sciences, http://www.
data.ac.cn);

2) land cover data along the China—Mongolia railway (Mon-
golian section) in 2015 [28];

3) Google Earth online map;

4) field investigation data of desertification along the China—
Mongolia railway.

C. Method

1) Correlation Analysis of Geographical Differentiation Law
and Feature Space Modeling: Some studies have shown that
feature spaces have clear biophysical significance [3], [19], [21].
In Albedo-NDVI and Albedo-MSAVI feature spaces, with an
increase in desertification, the amount of surface vegetation
gradually decreases, the NDVI and MSAVI correspondingly de-
crease, and the Albedo also increases accordingly [29], [30]. In
Albedo—TGSI feature space, the more severe the desertification,
the coarser the topsoil grain size composition, and the higher the
value of TGSI [25]. Since different feature space models have
certain limitations and corresponding applicable conditions [3],
it is impossible to obtain accurate desertification information

in large area with various geographical environment by relying
on a single feature space model. Thus, this article attempts to
build specific feature space models based on specific geographic
regions in Mongolia.

According to the natural and cultural elements, such as the
topography, climate, hydrology, and population resources for
Mongolia, combined with the research results on the region-
alization of livestock pasture in Mongolia [31], [32], Li et al.
divided Mongolia into two major parts, the south and the north,
by using the 200-mm equal-precipitation line of Mongolia as the
dividing line between arid and semiarid areas [33]. Considering
the influence of topography and river runoff on the local climate,
the arid and semiarid areas in the north and south were further
subdivided. In the southern part, the five provinces where the
Altai mountains are located were classified as the Altai mountain
region, and the remaining six provinces were classified as the
Southern Gobi region. The northern part was divided into three
parts by the Hentiy mountains and Orkhon river: The Northern
forest region in the northwest, Central provinces and their north-
ern region in the middle, and the Eastern Mongolian Plateau
region in the east.

This study area mainly involves the Northern forest region, the
Central provinces and their northern region, the Eastern Mongo-
lian plateau region, and the Southern Gobi region. Combining
the background data of land cover in Mongolia and vegetation
cover data along the China—Mongolia railway, it can be observed
that the distribution pattern along the railway is generally from
northwest to southeast, from forest landscape to real steppe
and desert steppe landscapes, and then to barren landscape. It
has obvious zonal gradient law and the vegetation coverage
gradually decreases from northwest to southeast. We found
that the land cover type, vegetation coverage, and vegetation
growth state of the Northern forest region were relatively close
to that of the Central provinces and their northern region. They
are both the areas with high vegetation coverage and a large
forest ratio. Therefore, Hovsgol, Arhangay, Bulgan, and Orhon
provinces in the Northern forest region are classified as the
Central provinces and their northern region. The geographical
partition layout along the China—Mongolia railway (Mongolian
section) is shown in Fig. 2.

The Central provinces and their northern region has high
vegetation cover. This region accounts for more than half of the
country’s population and has an average altitude of about 1500 m
and arainfall of about 300400 mm [33]. The Eastern Mongolian
Plateau region has relatively low vegetation cover. The average
altitude is about 1000 m, and the annual precipitation is about
300—400 mm [33]. The Southern Gobi region has extremely low
vegetation cover. The average altitude of this region is less than
1500 m, the terrain is relatively flat, and the annual precipitation
in more than half of these areas is less than 100 mm [33].

In 2018, we finished the applicability analysis of three feature
space models (Albedo-NDVI, Albedo-MSAVI, and Albedo—
TGSI) by using Northwest Mongolia as an experimental area.
We found that the Albedo—-NDVI model was applicable to ar-
eas with high vegetation coverage and a large forest ratio, the
Albedo—MSAVI model was applicable to areas with relatively
low vegetation coverage, and the Albedo—TGSI model was
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Fig. 2. Geographical zoning map of the study area.

applicable to areas with extremely low vegetation coverage and
widespread distribution of Gobi Desert and barren land [3]. Ac-
cordingly, Albedo—-NDVI, Albedo-MSAVI, and Albedo-TGSI
were selected to extract desertification information for different
regions, respectively.

2) Feature Space Construction of Desertification Informa-
tion Extraction: Before the construction of feature spaces, the
acquired images should be preprocessed for radiometric and
atmospheric correction. Radiometric correction is the process of
eliminating various distortions attached to the radiant brightness
in the image data [34]. This article used radiometric correction
modules via the ENVI 5.1 toolbox. Atmospheric correction is
a process to eliminate radiation errors caused by atmospheric
influences and invert the true surface reflectance of surface
objects [35]. This article used the FLAASH module in ENVI
5.1 for atmospheric correction. Before this correction process,
sensor type, ground elevation, image generation time, atmo-
spheric model parameters, and other related information were
input successively into this module. Remotely sensed images
were cut and spliced with the vector boundary of Mongolian
administrative divisions and areas within 200 km on both sides
of the China—Mongolia railway. Finally, images covering the
whole study area were synthesized.

NDVI, MSAVI, TGSI, Albedo, and other surface reference
variables along the China—Mongolia railway (Mongolian sec-
tion) were inversed based on the preprocessed remote sensing
images.

The formula for NDVI is given as follows [36]:

NDVI = (NIR — RED)/(NIR + RED) (1)

where NIR is the near-infrared band, and the RED is red band.
The formula for MSAVI is given as follows [20]:

MSAVI = (2NIR + 1

_\/(2NIR +1) — 8(NIR — RED)) /2. ()

The formula for TGSI is given as follows [37]:
TGSI = (RED — BLUE)/(RED + BLUE + GREEN) (3)

where BLUE is the blue band and the GREEN is green band.
The formula for Albedo is given as follows [38]:

Albedo = 0.356BLUE + 0.13RED + 0.373NIR
+ 0.085SWIR1 + 0.072SWIR2 — 0.0018  (4)

where SWIR1 and SWIR2 are the shortwave infrared bands.

To further reveal the interrelationships among multiple feature
space variables, we randomly selected points along the railway.
The first principle of the sample points selection was taking the
study area as a whole and keeping the points evenly distributed.
Due to the different spatial area of the three geographic zones, the
number of sample points was also different for each zone. The
greater the area, the greater the number of samples. Finally, 426,
606, and 837 points were selected using the ROI Tools of ENVI
5.1inthe Central provinces and their northern region, the Eastern
Mongolian Plateau region, and the Southern Gobi region, respec-
tively, and the corresponding Albedo, NDVI, MSAVI, and TGSI
point values were extracted in turn by using the generated point
files. Then, SPSS software was used to conduct statistical re-
gression analysis of Albedo and corresponding NDVI, MSAVI,
and TGSI in each geographical division. Finally, Albedo-NDVI,
Albedo—-MSAVI, and Albedo—TGSI feature space models were
constructed for the three different geographic zones based on
the obtained quantitative relations.

3) Desertification Information Extraction: According to the
study of Verstraete and Pinty in 1996, different desertification
lands can be effectively separated by dividing the Albedo—-NDVI
feature space in the vertical direction into changing trends of
desertification [39]. The location of the vertical direction in
Albedo—NDVT feature space can be well fitted by a simple binary
linear polynomial expression. The result of the binary linear
polynomial is the desertification difference index (DDI). That
is, the DDI is an index that can be used to evaluate the degree of
desertification in different regions through a fitting calculation of
multiple bands. We used this method to divide Albedo—-MSAVI
and Albedo—TGSI feature space. Then, the corresponding DDI
was obtained by fitting the vertical directions of the two feature
spaces, respectively. The formulas are given as follows:

DDIMAX = KMAX x* NDVI — Albedo (5)
DDIMID = KMID x* MSAVI — Albedo (6)
DDIMIN = KMIN * TGSI + Albedo (7)

where DDIy;a x 18 the desertification index of the Albedo—-NDVI
feature space model of the Central provinces and their northern
region, DDIyp is the desertification classification index of the
Albedo—MSAVI feature space model of the Eastern Mongolian
Plateau region, and DDIy 1y is the desertification classification
index of the Albedo—TGSI feature space model of the South-
ern Gobi region. Multiply Kyax, Kvmip, and Kyn by the
different slopes of the different fitted lines in Albedo—-NDVI,
Albedo—MSAVI, and Albedo—TGSI feature spaces are all equal



396 IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 13, 2020

Fig. 3. Actual photograph of withered grassland in Dornogovi province,
Mongolia, during the summer growing season (Date: July 2019).

to —1. They are determined by the slope of the line fitted in the
corresponding feature space.

Based on the principle of statistics, we respectively divided
DDIyiax, DDIyviip, and DDIyy into five grades by the nat-
ural break classification method. These five levels are severe
desertification, high desertification, medium desertification, low
desertification, and nondesertification. The higher the degree
of desertification, the more the value of NDVI and MSAVI
decreases, and Albedo increases relatively, which leads to the
lower the value of DDIyax and DDIyp. And the higher the
degree of desertification, the more the value of TGSI increases,
and the higher the value of DDIyn. The natural break classifica-
tion method sets its boundaries on the natural grouping inherent
in the data, where the data values are relatively different [40].
Additionally, every classification of the case is calculated by
automatically selecting the smallest variance value. This way,
the differences within the classes are the smallest, the differences
between classes are the largest, and the optimal classification
results are obtained.

In order to obtain more accurate desertification data, it is
necessary to separate some information of naturally formed sand
from other desertification information in advance and to cate-
gorize it independently. Generally, sand has a high reflectivity
in each band except the thermal infrared band. Therefore, when
the reflectivity data of multiple bands are added, sand has the
highest value compared with five different levels of desertifi-
cation. Therefore, sand information was extracted before the
desertification information extraction. First, the reflectance of
BLUE, GREEN, RED, NIR, SWIR1, and SWIR2 bands was
added. Then, the natural discontinuity method was used to divide
them into six categories; the category with the highest value was
sand.

During the field investigation along the China—Mongolia
railway in Mongolia, we found a large number of withered
grasslands distributed in some areas of Dornogovi province in
the south of the study area (as shown in Fig. 3). According to
the introduction of relevant researchers in Mongolia, when the
temperature is appropriate and water is sufficient, the withered

grassland can quickly turn green in a short time. Because with-
ered grassland is also a kind of desertification, we classified it as
an independent desertification type and separated it from other
desertification information in advance.

Vegetation indexes were divided into green vegetation in-
dexes and yellow vegetation indexes according to the physical
ecology state of withering [41]. Yellow vegetation indexes are
indicators of leaf withering and yellowing, which is used to
measure the shape change of vegetation reflection spectrum [42].
normalized difference senescent vegetation index (NDSVI) uses
the sensitivity of the shortwave infrared band to the moisture
content of vegetation [43]. When vegetation becomes decayed
and withered, the index value would increase with the decrease in
vegetation moisture content. Therefore, the information extrac-
tion of withered grassland can be carried out based on NDSVI.

The formula for NDSVI is given as follows:

NDSVI = (SWIRL — RED)/(SWIRL + RED).  (8)

4) Precision Evaluation: To verify the accuracy of the de-
sertification information extraction method supported by multi-
source feature spaces and geographical zoning modeling, 426
verification points were evenly and randomly selected along
the railway in strip, and each point was verified independently.
These points consisted of 74 points of field verification and
352 verification points extracted from high-resolution remote
sensing images. We carried out field investigations along the
China—Mongolia railway and collected data from a total of 74
field verification points, including land cover type, vegetation
coverage, and surface temperature and moisture parameters. In
addition, verification points of high-resolution remote sensing
images were uniformly selected and interpreted based on Google
Earth data and true color images of Landsat 8. Then, the con-
fusion matrix was constructed, and the producer accuracy, user
accuracy, and overall classification accuracy were calculated.
Finally, the desertification information extraction results were
compared and analyzed with the existing high-resolution land
cover data in 2015 [28].

III. RESULTS
A. Linear Relationships Between Feature Space Variables

The linear formula and correlation coefficient results of the
four characteristic space variables are shown in Fig. 4(a)—(c). It
can be observed that Albedo has significant negative correlation
with NDVI and MSAVI, with fitting degrees of 0.6805 and
0.7015, respectively. Albedo and TGSI are positively correlated
linearly, with a fitting degree of 0.6302.

B. Desertification Pattern Along the China—Mongolia Railway
(Mongolian Section)

Table I shows the K values of different DDIs. Fig. 5 shows the
histograms for DDIya x, DDIvitp, and DDIyp and the location
of the break points for classification based on the natural break
classification method. Table II shows the range of DDIyax,
DDIyip, and DDIyp values for different desertification levels.
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TABLE I
STATISTICAL TABLE OF K VALUES FOR THE THREE DESERTIFICATION
DIFFERENT INDEXES

K Value
Kwmax 16.81
Kwmip 11.67
Kwmin -1.30

Then, we completed the extraction of desertification information
and obtained the desertification data along the railway in 2015.
Fig. 6 shows the desertification distribution map along the
China—Mongolia railway (Mongolian section) in 2015. Table III
shows the desertification area and proportion. As shown in the
figure, the nondesertification areas are mainly distributed in the
northern part of the China—Mongolia railway in large blocks. It
is specifically distributed in the east of Hovsgol, the northeast
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Fig. 5. Histograms of DDI values. (a) DDIypax. (b) DDInip. (¢) DDInvIN.

of Arhangay, most of Bulgan, Orhon, and Selenge, the east of
Darhan, the northern and central parts of Tov, Ulaanbaatar, the
northwest of Govisumber, and the north and west of Hentiy.
The area of nondesertification regions is about 188 640.22 km?,
accounting for 45.32% of the total study area. Desertification
areas are mainly distributed in the south, central, eastern, and
northern regions along the railway. The area of desertification is
about 223 049.34 km?, accounting for 53.59% of the total study
area. Among them, the withered grassland is mainly distributed
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TABLE II
STATISTICAL TABLE OF THE RANGE OF DIFFERENT DDI VALUES FOR
DIFFERENT DESERTIFICATION LEVELS

DDI Level Value Range
Non-desertification >8.07
Low desertification 5.40 to 8.07
DDIyiax Medium desertification 3.88t0 5.40
High desertification 2.63 to 3.88
Sever desertification <2.63
Non-desertification >2095
Low desertification 1.39 to 2.95
DDIvip Medium desertification 0.22to 1.39
High desertification -0.51t0 0.22
Sever desertification <-0.51
Non-desertification <-0.84
Low desertification -0.84 to -0.73
DDl Medium desertification -0.73 to -0.64
High desertification -0.64 to -0.47
Sever desertification >-0.47
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Fig. 6. Desertification distribution map along the China—Mongolia railway

(Mongolian section) in 2015.

TABLE III
DESERTIFICATION AREAS AND THEIR PROPORTION ALONG THE
CHINA-MONGOLIA RAILWAY (MONGOLIAN SECTION)

Level Area (km?) Proportion (%)

Non-desertification 188,640.22 45.32
Withered grassland 21,322.74 5.12
Low desertification 50,013.64 12.02
Medium desertification 53,816.09 12.93
High desertification 92,112.81 22.13
Severe desertification 5784.06 1.39
Sand 4524.05 1.09

Total 416,213.61 100.00

in the Gobi region to the southeast of the railway in broken
strip shapes. It is specifically distributed in the southwest of
Suhbaatar and the east of Dornogovi, and a small number of
explosive points are distributed in the western border area of
Dornogovi. The area of withered grassland is about 21 322.74
km?, accounting for 5.12% of the total study area. The low-
desertification areas are mainly distributed in the northern and

TABLE IV
CONFUSION MATRIX OF THE DESERTIFICATION DATA

Withered

Level Non Low Medium  High Sever Sand
grassland

Non 96 0 0 3 0 0 0
Withered 5 45 0 6 3 0 0
grassland

Low 9 3 51 3 0 0 0
Medium 6 3 3 42 3 0 0

High 0 3 0 0 63 3 3

Sever 0 0 3 0 3 42 3

Sand 0 0 0 0 0 0 24

central parts along the railway. It is specifically distributed in the
western border and the southeastern part of Bulgan, the north
central part of Selenge, the western part of Darhan, the central
and southern parts of Tov, the southwest and east of Hentiy,
the northwest of Suhbaatar, and the northeast of Dundgovi. The
area of low desertification is about 50 013.64 km?, accounting
for 12.02% of the total study area. The medium-desertification
areas are mainly distributed in the central and eastern parts
along the railway. It is specifically distributed in the southern
border of Tov, the northern and central parts of Dundgovi,
the southeastern part of Govisumber, the southeastern part of
Hentiy, the southwestern part of Suhbaatar, and scattered areas
in the northern and eastern parts of Dornogovi. The area of
medium desertification is about 53 816.09 km?, accounting for
12.93% of the total study area. The high-desertification areas are
mainly distributed in the south of the railway. It is specifically
distributed in the central and southern parts of Dundgovi, the
south border area of Govisumber, the most of Dornogovi, and
the southwest of Suhbaatar. The area of high desertification is
about 92 112.81 km?, accounting for 22.13% of the total study
area. The severe desertification areas are mainly distributed in
the central part of Dornogovi in strip shapes and sporadically
distributed in the central part of Dundgovi in small blocks. The
area of severe desertification is about 5784.06 km?, accounting
for 1.39% of the total study area. Sand is concentratively dis-
tributed in the central part of Dornogovi and sporadically in the
central part of Dundgovi. Its distribution is concomitant with
the areas of severe desertification. The area of sand is about
4524.05 km?, accounting for 1.09% of the total study area.

C. Accuracy Assessment

Table IV shows the confusion matrix of the desertification
data. Table V shows the producer accuracies and user accuracies
of the desertification data. The results show that the overall
classification accuracy of desertification data is about 85.21% for
2015. The Kappa coefficient is 0.8235. The producer accuracies
of severe desertification, high desertification, medium desertifi-
cation, low desertification, withered grassland, nondesertifica-
tion, and sand are 93.33%, 87.50%, 77.78%, 89.47%, 83.33%,
84.21%, and 80.00%, respectively. The user accuracies of severe
desertification, high desertification, medium desertification, low
desertification, withered grassland, nondesertification, and sand
are 82.35%, 87.50%, 73.68%, 77.27%, 78.95%, 96.97%, and
100.00%, respectively.
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TABLE V
PRODUCER ACCURACY AND USER ACCURACY OF DESERTIFICATION DATA
ALONG THE CHINA-MONGOLIA RAILWAY (MONGOLIA SECTION)

Producer Accuracy User accuracy
Level %) %)
Non-desertification 84.21 96.97
Withered grassland 83.33 78.95
Low desertification 89.47 77.27
Medium desertification 77.78 73.68
High desertification 87.50 87.50
Sever desertification 93.33 82.35
Sand 80.00 100.00

IV. DISCUSSION

According to the desertification distribution pattern along the
China—Mongolia railway (Mongolia section) for 2015, the de-
sertification areas were concentrated in the central and southern
parts of the region and sporadically in the northern areas. The de-
sertification areas of different degrees have obvious transitional
distribution, and the desertification degree gradually aggravates
from northwest to southeast. According to the distribution map
of land cover along the China—Mongolia railway in 2015 ob-
tained by Wang et al. [28], it can be found that the vegetation
coverage along the railway decreased gradually from northwest
to southeast, and the landscape pattern also showed a transitional
trend from forest to desert steppe and then to barren land. This
is consistent with the characteristics and transitional trend of
desertification distribution along the railway obtained in this
article.

Some scholars tried to extract desertification information by
interpreting land cover types. That is to say, from the perspective
of landscape pattern, desert steppe and barren land are classified
as desertification land types. Although the land cover type
map and desertification status map are not of the same type,
desertification inevitably causes the changes in land cover types
and produces special land cover types. Therefore, the current
desertification condition can be indirectly reflected by land cover
type map to a certain extent. The desertification data obtained
in this article were compared with the land cover data along
the railway from Wang et al. for 2015 [28]. The results showed
that the area of desertification land obtained by remote sensing
image interpretation accounted for 46.68% of the total area,
which was lower than the desertification rate of 53.59% obtained
in this article. Because land cover monitoring is insensitive to
some weak information in arid and semiarid areas, it is easy
to underestimate the desertification land cover. Compared with
land cover mapping, the desertification information extraction
method constructed in this article can depict detailed desertifi-
cation information.

The results were also compared with the desertification dis-
tribution data released by the Mongolia government in 2017 [2],
which showed that the general desertification rate of Mongolia
was 76.8%. In this article, the research area is approximately
distributed longitudinally in central Mongolia. Almost half of the
study area is in the north with widespread forests and grasslands,
and another half of the study area is in the south with Gobi Desert

spread wide. Therefore, the real desertification rate of this region
should be lower than the general desertification rate in Mongolia
(76.80%). Because of the land cover characteristics mentioned
above, we can infer that about half of the land should suffer from
desertification of different degrees in this study area, and thus it
is very close to our result of 53.59%.

During the field investigations along the China—Mongolia
railway (Mongolian section), we found a large amount of
withered grassland distributed in some parts of the Gobi area.
Because of the high temperature and low precipitation, most
of the vegetation in Gobi cannot survive, and a large number
of grasslands were in a withered and yellowing state. How-
ever, with global warming, the temperature during April and
September in Gobi is conducive to vegetation growth. If the
precipitation during this season is relatively sufficient and con-
centrated, the withered grassland can quickly turn green in a
short time. The desertification distribution map shows that the
withered grassland is mainly distributed in the southeastern
region along the railway. This may be associated with the East
Asian monsoon from the Pacific Ocean. It brings relatively
appropriate precipitation to the eastern and southeastern regions
of Mongolia. Furthermore, the monsoon makes it possible for
the withered grassland in the above-mentioned areas to turn
green and ensures that withered grassland can always stay in
the yellow state in summer, rather than completely withering
and dying. The leaf color of withered grassland is yellow, the
chlorophyll content is very low, and the water content is low. This
is why the commonly used greenness vegetation index (such
as NDVI and MSAVI) and Albedo are difficult to effectively
extract. Due to its similarity with barren land in water content and
greenness, most studies on desertification information extraction
unilaterally misclassified it as high-desertification areas. United
Nations Convention to Combat Desertification Combating De-
sertification defines “desertification” as land degradation in arid,
semiarid, and dry subhumid areas, caused by factors that include
climate change and human activities [44]. Under the influence
of global warming, large areas of green vegetation in Gobi
dry up and turn yellow in summer and further degenerate into
withered grassland. Therefore, the withered grassland can be
classified as desertification land. The withered grassland has
the possibility of turning green and regeneration, and even if
it does not turn green, it is still significantly different from
barren land and other levels of desertification land. Therefore, it
should be classified as a new and separate type of desertification
land in Mongolia. Thus, this article proposed a desertification
classification system that included six levels, i.e., severe de-
sertification, high desertification, medium desertification, low
desertification, withered grassland, and nondesertification. The
accuracy of desertification classification could be increased by
effectively extracting withered grassland information.

The region along the China—Mongolia railway (Mongolia
section) is located in arid and semiarid areas. Desertification
information is easily confused with other weak vegetation cover
information. Previous studies have shown that with an increase
in desertification, the surface conditions obviously change, the
amount of surface vegetation gradually decrease, the NDVI and
MSAVI correspondingly decrease, and the Albedo also increases
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accordingly [29], [30]. The more severe the desertification, the
rougher the topsoil grain size composition, and the higher the
value of TGSI [25]. This means that these surface reference
variables have clear biophysical significance and can reflect
changes in desertification. By constructing feature spaces, we
can make full use of multidimensional remote sensing informa-
tion, enhance the sensitivity of desertification information, and
improve the accuracy of desertification information extraction.
We obtained the DDI by linear fitting of the vertical position
in the feature spaces. By constructing the DDI, we realized
the transformation from the surface reference variables with
biophysical meanings into remote sensing spectral information.
Thus, we realized the quantitative calculation and automatic
classification of desertification information. However, relying
on a single feature space model can only obtain relatively
high-precision desertification information extraction results in
specific local areas with single geographical environment. If
only the Albedo—NDVI feature space model is used to extract
desertification information from the areas along the railway,
more accurate results can be obtained for the areas with high
vegetation coverage. However, NDVI cannot be well expressed
in areas with sparse vegetation because it is influenced by the
soil background (such as the central and eastern parts of the
study area), thus reducing the classification accuracy of the
medium-desertification areas. This is especially true in the south
of the study area, since this area is mainly barren land and the
vegetation coverage is very low. Thus, it is no longer suitable to
use the vegetation growth status as the criterion for judging high
and severe desertification. If NDVI continues to be used as one
of the criteria for the degree of desertification, it will inevitably
reduce the classification accuracy of the medium-, high-, and
severe-desertification areas. If only the Albedo—-MSAVI feature
space model is selected, high-accuracy results can be obtained
in the areas with relatively low vegetation coverage, like the
central and eastern parts of the study area. However, no matter
how much we improve the sensitivity of the vegetation index, the
classification accuracy of high and severe desertification areas
will not greatly improve in the southern part of the study area and
areas with extremely low vegetation coverage. So, itis necessary
to extract the desertification information from the surface soil
texture and granularity in these areas. Therefore, TGSI can be
used as one of the indicators for desertification assessment,
thereby improving the classification accuracy of areas with high
desertification level. However, if the Albedo—TGSI feature space
model is used in the northern, central, and eastern parts of
the study area with high or relatively high vegetation coverage
area, there will be a lack of vegetation biomass interpretation.
Consequently, the influence of vegetation factors on desertifi-
cation information extraction will be ignored, thus reducing the
classification accuracy of the areas with relatively low deser-
tification level. To sum up, we found that the selection of a
single feature space model cannot complete the high-precision
and refined desertification information extraction. Only by com-
bining the results of geographical zoning and making full use
of the applicability of various feature space models, building
the desertification fine inversion method based on multisource

feature space, and geographical zoning modeling, we can effec-
tively extract the weak desertification information, and obtain
the desertification information with high precision in complex
geographical environment and large areas.

Compared with previous studies on desertification informa-
tion extraction, this article selected data sources with higher
resolution, introduced a variety of surface reference variables
to construct the corresponding composite feature space model,
and improved the accuracy of desertification information ex-
traction. At present, desertification monitoring studies in the
China—Mongolia—Russia economic corridor are mostly con-
ducted using large-scale desertification information extraction
with MODIS data with a spatial resolution of 1 km. Moreover,
the data products are relatively old, mostly concentrated in
the early 21st century and the 1990s, and there have been
few new data after 2010 [13]-[15]. These findings generally
assess the spatiotemporal characteristics and changing trends of
desertification at a macroscale, but do not easily reveal detailed
status, and cannot provide direct and accurate data support for
desertification control and regional risk prevention. At the same
time, studies on desertification information extraction based on
30-m resolution or feature space models have only been carried
out in a small area and cannot be extended to expand to a larger
geographical area [19] [24] [45]. Therefore, this article used
Landsat 8 images with a resolution of 30 m as the basic data and
constructed feature space model suitable for each geographic
partition based on geographic differentiation rules to greatly
enhance the description of detailed information and improve
the accuracy. At present, there are still some problems with
this article that require further improvement. We only used the
“natural break classification method” to classify DDI without
expert experiment support. In the future, we will adopt human—
computer interaction to classify DDI, so as to improve accuracy
in some sensitive and transitional areas. In addition, currently a
few feature space variables were introduced, including NDVI,
MSAVI, TGSI, and Albedo. More reference variables like land
productivity could be involved in the further study.

V. CONCLUSION

Aiming at the scientific problem of accurately extracting
desertification information being difficult in the region along
the China—Mongolia railway, we first proposed a method for
fine extracting desertification information in large areas and
complex geographical environment. Based on the multisource
geographical data, the region along the China—Mongolia rail-
way (Mongolian section) was divided into three geographical
parts. According to the vegetation coverage characteristics and
the applicability of various feature space models to differ-
ent geographical regions, Albedo-NDVI, Albedo-MSAVI, and
Albedo-TGSI feature space models were, respectively, con-
structed for the Central provinces and their northern region,
the Eastern Mongolian Plateau region, and the Southern Gobi
region, we first obtained the desertification data with a reso-
lution of 30 m in this region, analyzed the mechanism of the
method and why withered grassland was classified as a separate
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type of desertification, and compared with previous studies
on desertification information extraction. This article proved
that it is feasible to finely extract desertification information in
complex geographical environment and large areas supported by
multisource feature spaces and geographical partition modeling.
We found that the DDI calculated by fitting the vertical direction
of the feature spaces can be used to realize the transformation
from the surface reference variables with biophysical meanings
into remote sensing spectral information and complete the quan-
titative calculation and automatic classification of desertification
information. Faced with new challenges in the classification and
extraction of desertification in the Mongolian Plateau under the
influence of global warming and monsoons, we established and
improved a desertification classification system that included
six levels (severe desertification, high desertification, medium
desertification, low desertification, withered grassland, and non-
desertification), and enhanced the accuracy of desertification
classification. This article could provide a refined inversion
method and data product support for ecological risk control of
desertification in larger arid and semiarid areas.
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