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1  |  INTRODUCTION

The Mongolian Plateau (MP) lies in the hinterlands of 
Northeast Asia, within the transition area between the 
arid and semi- arid climate zones. A climate distribution 
pattern is formed here with the semi- humid zones in 
the north and east and the semi- arid, arid and extremely 
arid zones in the southwest; this distribution has created 
remarkable  features of vegetation cover and gradient 
changes. Grassland resources are abundant in Mongolia. 
However, drought, land degradation and extreme weather 
involving sand and dust occur frequently (Uno et al., 2006; 
Zhang et al., 2003). The ecosystem status and changes in 
the MP have an important impact on the ecological secu-
rity, regional resources and environmental sustainability 
of Northeast Asia (Bao et al., 2013; Yue et al., 2011; Zhang, 
2016).

Due to the combined influence of climate change 
and human activity, land cover changes have accelerated 
land degradation in general. According to data released 
by the Ministry of Natural Environment and Tourism of 

Mongolia in 2017, 76.8% of Mongolia's land has experi-
enced desertification to some degree: 24.1% of the land area 
has experienced slight desertification, 29.8% moderate, 
16.8% severe and 6.1% heavily degraded. Desertification 
continues to spread to other areas at a faster rate, includ-
ing to lush grassland areas such as Dornod and Hentiy 
(Asigang, 2017). In 2015, the United Nations Sustainable 
Development Goals (SDGs) explicitly set land degradation 
neutrality (LDN) as one of the sub- goals of the fifteenth 
main task. Refined multi- decadal fundamental land cover 
data products are urgently needed by decision makers 
responsible for the sustainable development of the MP. 
Currently, there are several sets of global scale land cover 
data covering Mongolia, such as the IGBP- DIScover from 
the United States Geological Survey (USGS); land cover 
data for 1998 from the University of Maryland; global land 
cover database for 2000 from the European Commission's 
Joint Research Centre; land cover data from Moderate- 
Resolution Imaging Spectroradiometer (MODIS), which 
are updated quarterly; and GlobCover from the European 
Space Agency (ESA). Researchers can extract land cover 
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Abstract
The Mongolian Plateau (MP) is in the interior of Northeast Asia, far from the 
sea, and is extremely vulnerable to climate change and the deleterious effects 
of human activity. The United Nations Sustainable Development Goals (SDGs) 
explicitly set land degradation neutrality (LDN) as one of the sub- goals of the 
seventeen main tasks. However, achieving this goal in Mongolia, a country with 
a fragile and sensitive ecological environment and a lack of high- precision land 
cover and land degradation monitoring data, is challenging. In this study, we 
established rules for remote sensing- based land cover classification and refer-
ence threshold ranges based on an object- oriented remote sensing interpreta-
tion method. Then, we obtained the refined land cover data of Mongolia from 
1990, 2000, 2010 and 2020 with 30- m resolution. The land cover classification 
of Mongolia comprises 11 categories: forest, meadow steppe, real steppe, desert 
steppe, barren, sand, desert, ice, water, cropland and built area. The overall classi-
fication accuracies, corresponding to the aforementioned data year, were 82.26%, 
82.77%, 92.34% and 81.84%, respectively. We found that the land cover showed 
an apparent law of zonal gradual change. Among them, barren land, real steppe, 
desert steppe and forest were consistently the four major land cover types. Since 
the last 30 years, barren land areas present an overall decreasing trend, showing a 
trend of shrinking to the south. Overall, real steppe presents a wavelike decreas-
ing trend, and desert steppe shows a fluctuating increasing trend. The forest area 
is relatively stable with no notable changes in spatial distribution. The dataset of 
this study fills the gaps in high- resolution land cover data for Mongolia, and it 
can provide fundamental scientific data to support sustainable development in 
the MP.
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data of Mongolia using these datasets. However, the spa-
tial and temporal resolutions of these datasets are very 
low in the MP, and there are significant differences among 
the classification systems and their accuracies (Tian et al., 
2014).

In recent years, there has been an increase in research 
on land cover interpretation and land cover change anal-
ysis in Mongolia and the entire MP using various large- 
scale remote sensing data sources. Based on ESA 300- m 
resolution land cover data from 1970 to 2005, Shi et al. 
(2013) completed land cover maps and dynamic change 
maps of the MP using human– computer interactive inter-
pretation. Using MODIS land cover data from 2005 to 2015 
with 500- m resolution, Zhang et al. (2019) conducted a 
land cover change analysis and ecological carrying capac-
ity assessment in Mongolia. Based on the ESA land cover 
datasets, Zhou et al. (2014) modified the 250- m resolution 
land cover data of the MP for 1980 and 2006. Despite the 
increase in temporal resolution, land cover datasets cov-
ering Mongolia still have coarse spatial resolution, and no 
continuous datasets have been updated across decades.

With the enrichment of remote sensing data sources, 
some researchers have begun to use medium-  and high- 
resolution images to obtain regional land cover maps 
of Mongolia. By using Landsat Thematic Mapper (TM) 
images, which have a 30- m resolution, as the basic data 
source, Tian et al. (2014) adopted the decision tree method 
of Quick Unbiased and Efficient Statistical Tree (QUEST) 
and visual interpretation to obtain the land cover data for 
Tov and Ulaanbaatar for 2010. Based on remote sensing 
images of the Landsat series, Buyan- Erdene et al. (2019) 
analysed land cover changes in the Mongolia Uvs Lake 
Basin from 1995 to 2015. Lamchin et al. (2016) devel-
oped a quantitative assessment method, using data from 
Landsat TM and Enhanced Thematic Mapper (ETM+) for 
land cover changes in the Hogno Khaan Nature Reserve. 
However, these studies obtained land cover data for a spe-
cific geographical unit or provincial district in Mongolia 
and did not cover all of Mongolia. In 2014, China released 
GlobeLand30, a globe land cover dataset with a 30- m res-
olution (Chen et al., 2015). This dataset contains 10 major 
land cover types, but there is no classification of grass-
land sub- types. Thus, this dataset has limitations in the 
Mongolian Plateau, where grasslands are widely distrib-
uted, but there are diverse the grassland types. Data prod-
uct availability remains a significant challenge.

To address the problem of fine extraction of Mongolian 
land cover, based on the object- oriented remote sensing 
classification method and setting multi- rules and multi- 
thresholds, the classification of land cover data of 1990, 
2000, 2010 and 2020 at 30- m resolution was accomplished 
for the first time. Furthermore, according to the char-
acteristics of vegetation cover in Mongolia, this dataset 

distinguished various grassland types in detail. In the 
object- oriented remote sensing classification method, re-
mote sensing images are segmented, and pixels with the 
same characteristics are formed into a homogeneous ob-
ject. Then, the object is used to replace the pixel as the 
basic unit of image classification (Baltsavias, 2004). In this 
way, the shapes of many kinds of ground objects can be 
defined in classification results, individual locations can 
be completely mapped, and the salt- and- pepper image 
noise resulting from poorly defined pixels can be effec-
tively avoided (Hu et al., 2012). After image segmentation 
and object construction, classification rules and reference 
thresholds must be established manually. Compared with 
the current supervised classifiers methods (maximum 
likelihoods, support vector machines, etc.), this method 
requires a strict process, stepwise procedure in the imple-
mentation stage. These refined data products are expected 
to provide fundamental support for natural resource man-
agement, climate change adaption and regional sustain-
able development decision- making in the MP.

2  |  STUDY AREA AND DATA

2.1 | Study area

Mongolia is located between 42°N, 88°E and 52°N, 120°E, 
with an area of approximately 1,566,500 km2. The over-
all altitude of Mongolia is high, and it rises progressively 
from east to west. The terrain primarily consists high 
plains. Most areas of Mongolia have a continental tem-
perate grassland climate (Batjargal, 1997; Zhuo, 2007). 
The annual average precipitation is approximately 120– 
250 mm and 70% of this precipitation occurs between July 
and August. Mongolian vegetation consists of Siberian 
coniferous forests in the north, the Central Asian steppe, 
and desert steppe in the south (Unurbaatar et al., 2014; 
Wang, Cheng, et al., 2019; Wei et al., 2008).

2.2 | Data sources

Landsat TM, ETM+ and Operational Land Imager (OLI) 
images with 30- m resolution were the basic remote sens-
ing data used in this study. Images having cloud cover less 
than 5% were selected from June to September in 1990, 
2000, 2010 and 2020. A total of 528 Landsat series remote 
sensing images were used, including 132 Landsat TM im-
ages, 264 Landsat ETM+ images and 132 Landsat OLI 
images. All images were obtained from the USGS website 
(http://earth explo rer.usgs.gov/).

Auxiliary data include: (1) digital elevation model 
(DEM) data from the Advanced Spaceborne Thermal 

 20496060, 2022, 2, D
ow

nloaded from
 https://rm

ets.onlinelibrary.w
iley.com

/doi/10.1002/gdj3.149 by C
urtin U

niversity L
ibrary, W

iley O
nline L

ibrary on [06/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://earthexplorer.usgs.gov/


344 |   WANG et al.

Emission and Reflection Radiometer (ASTER) Global 
Digital Elevation Model (GDEM) (http://gdem.ersdac.
jspac esyst ems.or.jp/); (2) temperature, precipitation, so-
cioeconomic and other statistical data from the statistical 
data service website for Mongolia (http://www.1212.mn); 
and (3) field investigation data of Mongolia.

3  |  METHODS

3.1 | Land cover classification system of 
Mongolia

A remote sensing land cover classification system 
was established based on the land cover conditions in 
Mongolia. The first level of land cover classification for 
Mongolia contained forest, grassland, barren, ice, water, 
cropland and built area. Based on the vegetation cov-
erage, the grassland type was subdivided into desert 
steppe, real steppe and meadow steppe. Their internal 
criteria were: ‘vegetation coverage >30%’, ‘10%  <  veg-
etation coverage  <  30%’ and ‘5%  <  vegetation cover-
age < 10%’ (Wang et al., 2018). Based on the differences 
in soil or stone quality of barren land, it was further di-
vided into two secondary categories: sand and barren. 
Cumulatively, 11 categories of land cover types were de-
fined: forest, meadow steppe, real steppe, desert steppe, 
barren, sand, desert, ice, water, cropland and built area 
(as shown in Table 1).

3.2 | Data preprocessing

Multiple steps were required to pre- process the data in 
this study. First, selected images were pre- processed, 
including radiometric and atmospheric correction. 
Radiometric correction is the process of eliminating all 
types of distortions in the image data. The radiometric 
calibration module in the Environment for Visualizing 
Images (ENVI) 5.1 was used to achieve radiometric 
correction. Atmospheric correction is the process of 
eliminating radiometric error caused by atmospheric 
influences and retrieving the true surface reflectance 
of ground objects (Zheng & Zeng, 2004). This was 
completed using the FLASSH module in ENVI 5.1. 
Prior to atmospheric correction, the sensor type, ground 
elevation, image generation time, atmospheric model 
parameters and results of radiometric correction were 
successively entered in the module. Finally, using the 
vector data from the Mongolian administrative division, 
the remote sensing images were clipped and mosaicked 
to synthesize an image map covering the entire study 
area.

3.3 | Remote sensing interpretation

(1) Multiscale segmentation

Remote sensing interpretation was performed using 
eCognition. Multiscale segmentation is the first step in 
image classification processing. It is used to divide a raster 
image into several objects according to certain rules, and 
these objects become the smallest objects to be processed 
(Ma et al., 2015). First, we selected the ‘multi- resolution 
segmentation’ algorithm and set the appropriate value 
of segmentation scale to complete remote sensing image 
segmentation. Then, we chose the ‘spectral difference 
segmentation’ algorithm, set the maximum spectral dif-
ference value, and finally, completed the segmentation of 
spectral difference.

(2) Classification of land cover types

1) Classification of water. The reflectance of water 
in the near- infrared band is low, and it often shows a 
dark tone in images (Gao, 1996; Wang, Wei, et al., 2019). 
Therefore, we used the normalized difference water index 
(NDWI) to extract information about water. The NDWI 
calculation formula is shown in Equation  1. Setting the 
corresponding threshold of NDWI can effectively suppress 
vegetation information and emphasize water information. 
Objects with NDWI greater than 0.036 were classified as 
water (as shown in Table 2).

where G and NIR are the green and near- infrared bands, 
respectively.

2) Classification of clouds and shadows. Although the 
cloud cover in each remote sensing image we selected was 
less than 5%, there were still clouds and shadows in some 
images, affecting the accuracy of the final classification 
results. We separated the clouds and shadows as indepen-
dent ‘land cover types’ and replaced them with the actual 
land cover types. Experiments showed that when the 
NDWI value is negative, most of the clouds and shadows 
could be separated. Therefore, by setting the appropriate 
NDWI thresholds, cloud and shadow information can be 
extracted effectively.

3) Classification of vegetation. The normalized differ-
ence vegetation index (NDVI) is a common tool used to 
extract vegetation information (Cao et al., 2016; Ren et al., 
2017). We classified the objects with NDVI values greater 
than 0.1 as vegetation. The equation for calculating NDVI 
is as follows:

(1)NDWI = (G −NIR)∕(G +NIR),

(2)NDVI = (NIR − R)∕(NIR + R)
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where R is the red band.
We used various threshold values of NDVI and other 

parameters to classify land covers as forest, desert steppe, 
real steppe and meadow steppe within the vegetation cate-
gory. As the canopy densities of forest are greater than 30%, 
their vegetation coverage is higher, and the NDVI value is 
relatively high. We classified objects in the vegetation cat-
egory as forests when their NDVI values are greater than 
0.5 (as shown in Table 2). Desert steppe is grassland dom-
inated by strong xerophytes, and the vegetation coverage 
is the lowest among vegetation types, and the correspond-
ing NDVI value is relatively small. By experimenting, 
we classified the objects in the vegetation category with 
NDVI values between 0.1 and 0.2 as desert steppe. The 
real steppe is grassland dominated by xerophytes, whose 
vegetation coverage is slightly higher than that of desert 
steppe. We classified the objects in the vegetation category 

with 0.2 ≤ NDVI < 0.4 as real steppe. In general, meadow 
steppe is mostly distributed along rivers, lakes and other 
water sources. Its vegetation coverage was also the highest 
among all grassland types in this study. We classified ob-
jects in the vegetation category with NDVI values between 
0.4 and 0.5 and the values of distance to water less than 40 
pixels as meadow steppe (as shown in Table 2).

4) Classification of cropland. Because the distribution 
of cropland is relatively concentrated and the shapes are 
regular, the ‘compactness’ parameter is selected to extract 
the cropland information. We classified objects with com-
pactness values less than or equal to 1.4 as cropland (as 
shown in Table 2).

5) Classification of built area. Mongolia is a sparsely 
populated country with a large population concentrated 
in the capital of Ulaanbaatar, provincial capitals and areas 
rich in natural resources. We achieved effective extraction 

T A B L E  1  Land cover classification system in Mongolia

Land cover types Landscape images Land cover types Landscape images

Forest Meadow steppe

Real steppe Desert steppe

Cropland Water

Built area Desert

Sand Barren land
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of built area information through visual interpretation 
and manual modification.

6) Classification of barren land. In the non- vegetated 
areas, high reflection is observed in the red band and low 
reflection in the green band. Therefore, information on 
barren land could be obtained using the normalized dif-
ference soil index (NDSI) (Kearney et al., 1995). We classi-
fied objects with NDSI values greater than 0.03 as barren 
land (as shown in Table 2). The equation for NDSI is as 
follows:

where MIR represents the mid- infrared band.
7) Classification of sand. Sand is generally distributed 

in areas with vegetation coverage below 5%. Owing to 
the low vegetation coverage and high reflectivity of the 
ground objects, sand generally appears as bright colours 
in remote sensing images. Therefore, ‘Brightness’ param-
eters are generally used in the extraction of sand infor-
mation (Wang, Wei, et al., 2019). We classified objects as 
sand when the sum of the blue, green, red, NIR, SWIR1 
and SWIR2 bands is equal or greater than 600 (as shown 
in Table 2).

8) Classification of desert. Desert areas are generally 
fixed and have continuous large areas. We used Google 
Maps for visual interpretation and then performed man-
ual modification.

9) Classification of ice. The snow-  and ice- covered 
areas are relatively small and mostly distributed in high- 
altitude mountains. We adopted visual interpretation 
with a man- computer interactive method to retrieve 
them.

(3) Manual modification

The automatic computational classification inevita-
bly produces mixed, incorrect and unclassified objects. 
Therefore, all classified objects must be visually confirmed 
and any misclassified objects manually corrected.

(4) Smoothing and merging

After image classification, examination and modifica-
tion, image smoothing is often needed to make the clas-
sification results more reasonable. We chose to use the 
growing and shrinking algorithm for processing. However, 
smoothing can cause narrow rivers to be incorporated into 
their adjacent land cover types. Then, the phenomenon 
of river discontinuity will occur in the land cover distri-
bution map. To avoid this mistake, we selected ‘water’ 
in the ‘Class filter’ option of the ‘growing and shrinking’ 
algorithm.

To reduce the degree of fragmentation of the classifi-
cation results, we used the ‘remove objects’ algorithm to 
combine objects with relatively small areas. Then, we used 
the ‘merge region’ algorithm to combine objects belong-
ing to the same land cover type into a large object. Finally, 
we converted the obtained data into output to produce the 
corresponding land cover classification map.

The above threshold information in Table 2 is the ref-
erence threshold. Due to the difference in the acquisition 
time and the acquisition angle of remote sensing images, 
the scene and noise are different. Therefore, the thresh-
olds of different scene regions need to be determined 
separately.

3.4 | Precision evaluation

In total, 1654 sample points were collected. Among them, 
we selected 429 points representing various land cover 
types for field verification. From the Degree Confluence 
Program (DCP, http://www.confl uence.org/), we collected 
512 latitude and longitude crossing points. Furthermore, 
713 verification points with high resolution were collected 
from Google Earth. Since 2013, our research team has con-
ducted 10 field trips to Mongolia. During the field trips, we 
determined the latitude and longitude coordinates of the 
verification points using hand- held GPS and verified the 
land cover type visually or based on prior knowledge. To 
maintain the uniform distribution of verification points 
and make them more representative, we set one verifica-
tion point every 40 km in the field investigation route. For 
high- resolution images from Google Earth, we determined 
the coordinates of the verification points and classified the 

(3)NDSI = (MIR −NIR)∕(MIR +NIR)

T A B L E  2  Interpretation rules and reference thresholds used in 
land cover classification

Land cover 
types Rules and reference threshold

Forest NDVI > 0.5

Meadow 
steppe

0.4 ≤ NDVI < 0.5; Distance to water < 40 pixels

Real steppe 0.2 ≤ NDVI < 0.4

Desert steppe 0.1 < NDVI < 0.2

Barren lands NDSI > 0.03

Desert visual interpretation

Sand Blue + Green + Red + NIR + SWIR1 + SWIR2 ≥ 600

Cropland Compactness ≤ 1.4

Built area visual interpretation

Ice visual interpretation

Water NDWI > 0.036
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corresponding land cover types using Google satellite im-
ages. For verification points from DCP and Google Earth, 
we applied an approximately uniform distribution cover-
ing all of Mongolia. Based on the above data, confound-
ing matrices (Green, 2009) were constructed for different 
years. We then acquired producer, user and overall clas-
sification accuracy (Foody, 2002; Mengistie et al., 2013).

4  |  RESULTS

4.1 | Land cover distribution pattern and 
its change

Figure  1 shows the latest land cover data of Mongolia 
(2020) as an example of land cover distribution. The area 
under each land cover type and the percentage of the total 
area of Mongolia covered by each of them are shown in 
Table  3. The area change curves of different land cover 
types are shown in Figure 2.

In the past 30  years, barren land, real steppe, desert 
steppe and forest have consistently remained the four 
major land cover types. Barren land in Mongolia has 

experienced a process of ‘decreasing– increasing– greatly 
decreasing’ area. In other words, the area under barren 
land, as a whole, presents a decreasing trend. According 
to the characteristics of vegetation coverage, we divided 
grasslands into three types: desert steppe, real steppe and 
meadow steppe. Most of the grasslands is real steppe or 
desert steppe. The meadow steppe area is small, covering 
less than 2% of the total area of Mongolia. From Table 3, we 
can find that real steppe is always the largest area of grass-
land type. In 1990, real steppe is principally in northern 
and central Mongolia. It accounts for 26.42% of Mongolia's 
overall land area. In 2000, real steppe is chiefly in north- 
eastern Mongolia, north of Arhangay and Bayanhongor, 
accounting for approximately 29.04% of Mongolia's over-
all land area. It shows a significant increase in area from 
1990. In 2010, real steppe is principally in the north and 
northeast of Mongolia, accounting for approximately 
24.67% of the total land area. Compared with 2000, the 
area of real steppe decreased. In 2020, real steppe is prin-
cipally in northern Mongolia and accounted for approx-
imately 27.56% of the total land area. Thus, real steppe 
in Mongolia have experienced a process of ‘increasing– 
decreasing– increasing’ area. Overall, real steppe presents 

F I G U R E  1  Land cover distribution map of Mongolia in 2020
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a slight increasing trend. Desert steppe is mainly in north- 
western, central and north- eastern Mongolia in 1990, ac-
counting for 14.78% of Mongolia's overall area. In 2000, 
desert steppe is principally in north- western Mongolia in 
isolated blocks and in central and northern Mongolia in 
continuous blocks. Compared with 1990, the area under 
desert steppe increased in 2000. In 2010, desert steppe is 
principally in western Mongolia in the form of belts, and 
it is concentrated in central and north- eastern Mongolia 
in the form of blocks. The coverage of desert steppe had 
decreased since 2000. In 2020, desert steppe is mainly 
in north- western and central Mongolia, accounting for 
20.99% of Mongolia's overall area. In the past 30 years, the 
area under desert steppe in Mongolia has demonstrated 
an ‘increasing– decreasing– slightly increasing’ trend. 
Overall, the area under desert steppe shows a fluctuating 
increasing trend. It has also shown a trend of continuous 
northward expansion from the south.

Overall, the area under grasslands in Mongolia has 
shown a fluctuating and slightly increasing trend in 
the past 30 years. This may be chiefly related to climate 
change. The melting of some of the ice and snow, as the 
global climate warms, brings relatively abundant water 

resources to some river valleys and lower elevations, 
which in turn promotes the growth of vegetation and 
leads to an increase in grasslands. Alternatively, the East 
Asian Monsoon reaches Mongolia's eastern margin, bring-
ing substantial precipitation to north- eastern Mongolia 
(Wang et al., 2020) and promoting the growth of vegeta-
tion. There has been insignificant change in the spatial 
distribution of forest over the past 30 years. However, the 
area of forest in Mongolia has declined slightly. Since the 
1990s, Mongolia's economic policy has gradually changed 
from one of only trading timber with Russia (Bayarkhuu, 
2013). Its timber trade with other countries has gradu-
ally increased. With the continuous development of the 
timber industry, human logging activities have increased, 
resulting in a continual decrease in forest area. The built 
area showed an increasing trend. The city population of 
Mongolia grew by approximately 1 million from 1990 to 
2019 (National Statistics Office of Mongolia, 2020). The 
rate of increase is approximately 84.17%. This significant 
increase in urban population has accelerated the growth 
of built area. The coverage of cropland has been continu-
ously decreasing. In the early 1990s, the fundamental so-
cial and economic system of Mongolia underwent drastic 

F I G U R E  2  Change in area of various 
land cover types in Mongolia
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changes (Wei, 2015). Under the influence of a market 
economy, profits from cropland have decreased, leading 
more people to give up farming. Meanwhile, the promul-
gation of a series of laws and policies, such as the policy of 
‘Civil Freedom’ in the choice of residence and the ‘Law on 
Allocation of Land to Mongolian Citizens for Ownership’ 
increased the speed of cropland change and transfer in 
Mongolia (Buren, 2011; Dai, 2013). These are the main 
causes of cropland reduction.

4.2 | Accuracy of results

The distribution of the land cover data verification points 
in different years is shown in Figure  3. Table  4 shows 
the confusion matrices of the land cover data in differ-
ent years. Table  5 shows the producer accuracies, user 
accuracies, omission errors and commission errors of the 
obtained land cover data for different years. The overall 
classification accuracies of land cover data in 1990, 2000, 
2010 and 2020 were 84.19%, 82.12%, 81.84% and 81.84%, 

respectively. The Kappa coefficients of land cover data in 
1990, 2000, 2010, and 2020 were 0.8052, 0.7656, 0.7985 and 
0.7991, respectively. The data obtained in this study have 
greater precision and detail than the data from related 
studies (Tian et al., 2014; Wei et al., 2008; Zhang et al., 
2019).

5  |  DATA AVAILABILITY AND 
UNCERTAINTY

5.1 | Data availability

Land cover data of Mongolia in 1990, 2000, 2010 and 
2020 can be obtained from https://figsh are.com/artic les/
datas et/An_updat able_datas et_revea ling_chang es_in_
land_cover_types_in_Mongo lia/14390912, and its DOI 
is 10.6084/m9.figshare.14390912.v1 (Wang et al., 2021). 
The land cover data in the four phases are all raster data 
(.img format), with a total data volume of approximately 
266 MB. The projection method of land cover data is the 

T A B L E  3  Areas and proportions of different land cover types in different years

Year
Land cover 
type Area (km2) Ratio (%) Year

Land cover 
type Area (km2)

Ratio 
(%)

1990 Forest 127,739.50 8.17 2000 Forest 108,885.11 6.96

Meadow steppe 22,469.75 1.44 Meadow steppe 13,141.31 0.84

Real steppe 413,244.70 26.42 Real steppe 454,313.75 29.04

Desert steppe 231,261.50 14.78 Desert steppe 293,489.19 18.76

Barren lands 720,463.70 46.06 Barren lands 651,589.80 41.65

Sand 5798.05 0.37 Sand 13,610.64 0.87

Desert 9403.51 0.60 Desert 10.95 0.0007

Water 17,931.03 1.14 Water 16,739.52 1.07

Cropland 14,587.19 0.93 Cropland 10,794.64 0.69

Built area 473.29 0.03 Built area 469.33 0.03

Ice 1069.07 0.07 Ice 1408.00 0.09

Total 1,564,441.29 100 Total 1,564,441.29 100

2010 Forest 103,668.07 6.63 2020 Forest 120,888.40 7.73

Meadow steppe 25,413.07 1.62 Meadow steppe 29,994.30 1.92

Real steppe 385,907.27 24.67 Real steppe 431,160.13 27.56

Desert steppe 259,077.15 16.56 Desert steppe 328,400.07 20.99

Barren lands 748,184.75 47.83 Barren lands 599,908.33 38.35

Sand 1929.89 0.12 Sand 23,517.10 1.50

Desert 11,513.77 0.74 Desert 663.02 0.04

Water 17,762.55 1.14 Water 16,469.79 1.05

Cropland 9330.58 0.60 Cropland 10,645.06 0.68

Built area 495.89 0.03 Built area 1186.57 0.08

Ice 1058.31 0.07 Ice 1608.52 0.10

Total 1,564,441.29 100 Total 1,564,441.29 100
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Albers Equal Area Conical projection, and the spatial res-
olution is 30 m. The attribute value in each phase of land 
cover data is the code of land cover types. Among them, 
code 11 is forest, 21 is meadow steppe, 22 is real steppe, 23 
is desert steppe, 31 is ice, 41 is cropland, 51 is water, 61 is 
built area, 71 is sand, 72 is barren land, and 73 is desert.

5.2 | Data uncertainty and limitations

The land cover classification system based on remote 
sensing images is different from other non- remote 
sensing classification systems in terms of definitions such 
as forest, grassland and barren land. To avoid confusion 
with different data products with different approaches, 
users should clearly understand these class definitions. 
Because the land cover data of all the four phases in this 
dataset are based on the same classification system and 
remote sensing processing method, they can be used for 
longitudinal comparison and directly reflect the land cover 
patterns and trend changes in Mongolia. This dataset also 
is easy to use as a national scale data product and has 
resolution advantages compared with other global level 
datasets covering Mongolia.

Although the resolution is high in this product, there 
are still some challenges in obtaining accurate land cover 
information in some transition regions, such as the transi-
tions between barren land and desert steppe, and between 
desert steppe and real steppe. Grassland information in 
these regions is very ‘weak’ in spectral indices such as 
NDVI. Thus, more advanced technologies are needed to 
decrease the uncertainty in these regions.

Since 2013, our research team has made multiple field 
investigation trips to Mongolia and obtained annual field 
verification data. However, we cannot collect ground truth 
directly for 1990 and 2000 in this dataset. Therefore, the 
accuracy for that period can only be verified by searching 
for more DCP points and high- resolution Google Earth 
images close to those years. As more auxiliary data are 
collected, the quality of this series will be improved.

5.3 | Application potential

This dataset fills gaps in high- resolution land cover data 
for Mongolia. It can provide data support for the assess-
ment of land degradation and restoration in Mongolia, 
the response of climate change and surface vegetation in 

F I G U R E  3  Maps showing the distribution of verification points of land cover data
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T A B L E  4  Confusion matrices of the land cover data

Year Land cover type Forest
Meadow 
steppe

Real 
steppe

Desert 
steppe Cropland Water

Built 
area Sand

Barren 
lands Desert Ice

1990 Forest 40 3 4 0 0 0 0 0 0 0 0

Meadow steppe 0 12 1 1 0 0 0 0 0 0 0

Real steppe 0 4 104 8 0 0 0 0 2 0 0

Desert steppe 0 2 6 58 0 0 0 1 6 2 0

Cropland 0 0 0 0 3 0 0 0 0 0 0

Water 0 1 0 0 0 20 0 0 1 0 0

Built area 0 0 2 0 1 0 5 0 0 0 0

Sand 0 0 0 0 0 0 0 3 0 0 0

Barren lands 0 0 8 10 0 0 0 1 114 4 0

Desert 0 0 0 0 0 0 0 0 0 1 0

Ice 0 0 0 0 0 0 0 0 0 0 2

2000 Forest 22 0 5 1 0 0 0 0 0 0 0

Meadow steppe 0 3 0 1 0 0 0 0 0 0 0

Real steppe 1 0 151 14 1 0 0 1 16 0 0

Desert steppe 0 1 5 39 0 0 0 0 15 0 0

Cropland 0 0 0 0 6 0 0 0 0 0 0

Water 0 1 1 0 0 17 0 0 0 0 0

Built area 0 0 0 0 0 0 2 0 0 0 0

Sand 0 0 0 0 0 0 0 4 1 0 0

Barren lands 0 0 1 6 0 0 0 0 100 0 0

Desert 0 0 0 0 0 0 0 0 0 3 0

Ice 0 0 0 0 0 0 0 0 0 0 2

2010 Forest 70 0 5 0 0 0 0 0 0 0 0

Meadow steppe 3 20 3 0 0 1 0 0 2 0 0

Real steppe 1 0 36 3 0 0 0 0 1 0 0

Desert steppe 0 1 9 28 0 0 0 0 6 0 1

Cropland 0 0 1 0 45 0 0 0 0 0 0

Water 0 0 0 1 0 42 0 0 0 0 0

Built area 0 0 12 3 0 0 20 0 2 0 0

Sand 0 0 0 0 0 0 0 11 6 0 0

Barren lands 0 0 0 1 0 0 0 0 50 0 0

Desert 0 0 0 0 0 0 0 2 2 4 0

Ice 0 0 0 1 0 1 0 0 5 0 3

2020 Forest 62 1 12 0 0 0 0 0 0 0 0

Meadow steppe 2 24 2 0 0 1 0 0 0 0 0

Real steppe 0 1 37 2 0 0 0 0 0 0 0

Desert steppe 1 2 20 20 0 0 0 0 1 0 0

Cropland 0 0 3 1 48 0 0 0 0 0 0

Water 0 1 0 0 0 40 0 0 1 0 0

Built area 0 0 4 3 0 0 30 0 0 0 0

Sand 0 0 0 2 0 0 0 14 1 0 0

Barren lands 0 0 0 3 0 0 0 2 45 0 0

Desert 0 0 0 0 0 0 0 0 2 5 0

Ice 0 0 0 3 0 0 0 0 2 0 4
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Year
Land cover 
type

Producer 
accuracies 
(%)

Omission 
errors (%)

User 
accuracies 
(%)

Commission 
errors (%)

1990 Forest 85.11 14.89 100.00 0.00

Meadow steppe 85.71 14.29 54.55 45.45

Real steppe 88.14 11.86 83.20 16.80

Desert steppe 77.33 22.67 75.32 24.68

Cropland 100.00 0.00 75.00 25.00

Water 90.91 9.09 100.00 0.00

Built area 62.50 37.50 100.00 0.00

Sand 100.00 0.00 60.00 40.00

Barren lands 83.21 16.79 92.68 7.32

Desert 100.00 0.00 14.29 85.71

Ice 100.00 0.00 100.00 0.00

2000 Forest 78.57 21.43 95.65 4.35

Meadow steppe 75.00 25.00 60.00 40.00

Real steppe 82.07 17.93 92.64 7.36

Desert steppe 65.00 35.00 63.93 36.07

Cropland 100.00 0.00 85.71 14.29

Water 89.47 10.53 100.00 0.00

Built area 100.00 0.00 100.00 0.00

Sand 80.00 20.00 80.00 20.00

Barren lands 93.46 6.54 75.76 24.24

Desert 100.00 0.00 100.00 0.00

Ice 100.00 0.00 100.00 0.00

2010 Forest 93.33 6.67 94.59 5.41

Meadow steppe 68.97 31.03 95.24 4.76

Real steppe 87.80 12.20 54.55 45.45

Desert steppe 62.22 37.78 75.68 24.32

Cropland 97.83 2.17 100.00 0.00

Water 97.67 2.33 95.45 4.55

Built area 54.05 45.95 100.00 0.00

Sand 64.71 35.29 84.62 15.38

Barren lands 98.04 1.96 67.57 32.43

Desert 50.00 50.00 100.00 0.00

Ice 30.00 70.00 75.00 25.00

2020 Forest 82.67 17.33 95.38 4.62

Meadow steppe 82.76 17.24 82.76 17.24

Real steppe 92.50 7.50 47.44 52.56

Desert steppe 45.45 54.55 58.82 41.18

Cropland 92.31 7.69 100.00 0.00

Water 95.24 4.76 97.56 2.44

Built area 81.08 18.92 100.00 0.00

Sand 82.35 17.65 87.50 12.50

Barren lands 90.00 10.00 86.54 13.46

Desert 71.43 28.57 100.00 0.00

Ice 44.44 55.56 100.00 0.00

T A B L E  5  Producer accuracies, 
user accuracies, omission errors and 
commission errors of the land cover data
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the MP, the reasonable control of livestock husbandry in 
Mongolia, and other related studies.

6  |  CONCLUSION

Based on the object- oriented remote sensing interpreta-
tion method, this study obtained refined land cover data 
for Mongolia with a 30- m resolution for the years 1990, 
2000, 2010 and 2020 for the first time. The overall clas-
sification accuracies of the resulting land cover data for 
1990, 2000, 2010 and 2020 were 82.26%, 82.77%, 92.34% 
and 81.84%, respectively. This study finds that land cover 
has a gradual zonal change. Land cover types from south 
to north are forest, real steppe, desert steppe and barren 
land. Among them, barren land, real steppe, desert steppe 
and forest have consistently been the four major land 
cover types. The sum of the areas under meadow steppe, 
water, sand, desert, cropland, built area, ice and snow has 
always been less than 6% of Mongolia's total land area. 
Since the last 30 years, barren land area, as a whole, has 
been presenting a decreasing trend, with a trend of south-
ward reduction. Overall, real steppe presents a wavelike 
decreasing trend, and desert steppe shows a fluctuating 
increasing trend. Forest has consistently been relatively 
stable with no obvious changes in spatial distribution. 
The area under cropland has shown a continuously de-
creasing trend, while the built area has increased. This 
dataset can provide fundamental scientific data support 
for sustainable development in Mongolia. Further, the 
method used in this study can be used for land cover 
monitoring in the whole MP and even in other large areas 
of the world.
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