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Abstract: Land cover is recognized as one of the fundamental terrestrial datasets required in land system change and other ecosystem
related researches across the globe. The regional differentiation and spatial-temporal variation of land cover has significant impact on
regional natural environment and socio-economic sustainable development. Under this context, we reconstructed the history land cover
data in Siberia to provide a comparable datasets to the land cover datasets in China and abroad. In this paper, the European Space
Agency (ESA) Global Land Cover Map (GlobCover), Landsat Thematic Mapper (TM), Enhanced Thematic Mapper (ETM), Multispectral Scanner (MSS) images, Google Earth images and other additional data were used to produce the land cover datasets in 1975 and
2010 in Siberia. Data evaluation show that the total user′s accuracy of land cover data in 2010 was 86.96%, which was higher than ESA
GlobCover data in Siberia. The analysis on the land cover changes found that there were no big land cover changes in Siberia from 1975
to 2010 with only a few conversions between different natural forest types. The mainly changes are the conversion from deciduous needleleaf forest to deciduous broadleaf forest, deciduous needleleaf forest to mixed forest, savannas to deciduous needleleaf forest etc.,
indicating that the dominant driving factor of land cover changes in Siberia was natural element rather than human activities at some
extent, which was very different from China. However, our purpose was not just to produce the land cover datasets at two time period or
explore the driving factors of land cover changes in Siberia, we also paid attention on the significance and application of the datasets in
various fields such as global climate change, geopolitics, cross-border cooperation and so on.
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1

Introduction

The terrestrial surface of the earth is undergoing significant changes structurally and functionally, with
natural and human-driving. Towards depth understanding of these changes, land change science (LCS) was
developed based on interdisciplinary effort of human,
environmental and geographical information which are
remote sensing sciences (Gutman et al., 2004; Turner et
al., 2007; Turner et al., 2013). Observation and moni-

toring of land changes underway throughout the world
remains one of its foundational elements of LCS, which
provides valuable information for understating, modeling and assessing these changes as well as system outcomes, such as vulnerability and sustainability (Mooney
et al., 2013; Nicholas et al., 2015). Deforestation of
tropical and temperate forest (Rudel, 2008), and agricultural land expansion (Foley et al., 2011; Zhang et al.,
2015) were world widely concerned among other land
use/cover changes, which happened all over the world.
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Several regions have become important research fields
not only for the wide and intense land changes, but also
the profound impact on adjacent areas and global, such
as Amazonia (Lambin et al., 2003; Malhi et al., 2007),
and Siberia (Gutman et al., 2004; Soja et al., 2007).
Siberia is represented by a vast diversity of terrestrial
ecosystem types, including various types of temperate
forests, tundra, swamps and agricultural land (Schepaschenko et al., 2010). With the drive of increasing temperature and aridity of climate, increasing and mostly
unregulated anthropogenic impacts, Siberian terrestrial
ecosystems are undergoing integral and inherent dynamics as well (McGuire et al., 2006; Shvidenko, 2009;
Kurtsev, 2013), which affects the climate itself in turn,
and the climate condition of other regions (Vinogradova
et al., 2015), China for example. Siberia climate-land
system change induced by variation of temperature and
precipitation in Eurasian would have immediate impact
on agriculture and ecology of China, especially for the
northeast region, the greatest commodity grain base in
China adjacent to Siberia. Besides, with the deepening
of China-Russia cooperation in various fields and the
development of ′One Belt and One Road′ project, natural resources and anthropogenic behaviors changes in
Siberia should always attract our attentions.
Land cover is recognized as one of the fundamental
terrestrial datasets required in land system change and
other ecosystem related researches across the globe.
Satellite-based image became the main resources to describe regional and global land cover in the last decades.
Although there were several land use and land cover
datasets produced in Russia (Schepaschenko et al.,
2010), freely available global datasets are still preferred
concerning Siberian land system study for Chinese researchers. In recent years, several global 1 km land
cover products have been thus far produced, including
International Geosphere-Biosphere Program data and
Information System (IGBP DISCover) (Loveland et al.,
2000), University of Maryland (UMD) datasets (Hansen
et al., 2000), Global Land Cover in 2000 (GLC2000)
datasets (Fritz et al., 2003), and Moderate Resolution
Imaging Spectroradiometer (MODIS) datasets (Strahler et
al., 1999). Both the IGBP-Discover and UMD datasets
are based on satellite images of 1992–1993, while the
GLC2000 and MODIS datasets use images in 2000/2001.
Comparison shows that, if these global datasets are used
at continental or regional level, agreement on the spatial

distribution of the individual land classes decreases significantly (McCallum et al., 2006; Liu et al., 2013), indicating inherent limitations in using current global land
cover datasets. Since the variability of datasets exceeds
actual land cover changes (Defries and Townshend, 1994;
Herold et al., 2012), it is not possible to identify change
by comparing these datasets directly. Additionally, a 500
m global land cover product was developed based on
MODIS data with constant series annually since 2000
(Friedl et al., 2010), as well as a 300 m Global Land
Cover Map (GlobCover) of 2005 and 2009 (Bontemps et
al., 2011). Although with different classification system,
these datasets provided valuable information of land
cover description and dynamics since 2000. However,
lack of historical data before 2000 made our loss of
nearly 30 years land use and land cover change information from the 1970s to 2000, which could be obtained
from other satellite-based remote sensing images.
To obtain the influence of Siberian resource environments change to China, it is strategically important
to perform high-precision remote-sensing monitoring
over a long period to identify spatial patterns and dynamics of land-use and land-cover change (LUCC) of
Siberia. The objective of this study is to reconstruct land
cover datasets of Siberia over past 35 years to analyze
the spatial and temporal dynamics and reveal the drivers
of land use and land cover change over past 35 years.
There are two key monitoring areas in the reconstruction
process, including the basin of Amur River in Russia,
which is adjacent to Northeast China with similar natural conditions and different management, and banded
area along the Trans-Siberian Railway, which is affected
by significant anthropogenic disturbance and related to
geoeconomic and geopolitics problems under ′One Belt
and One Road′ strategy.

2

Data Collection and Processing

2.1 Study area
Siberia is a huge territory in Russia, which extends
eastwards from the Ural Mountains to the watershed
between the Pacific and Arctic drainage basins. Siberia
stretches southwards from the Arctic Ocean to the hills
of north-central Kazakhstan and to the national borders
of Mongolia and China. It is one of the most sparsely
populated regions on Earth. Vegetation in Siberia is
mostly taiga, with a tundra belt on the northern fringe,

LIU Tingxiang et al. High Resolution Land Cover Datasets Integration and Application Based on Landsat and GlobCover Data… 431

and a temperate forest zone in the south. There is a vast
tract of fertile chernozem soil land and abundant water
resources to be developed. In addition, Siberia is rich in
energy resources, especially in petroleum and natural
gas. Based on teleconnection pattern, changes of ecological environment in Siberia would have significant
effects on other regions, particularly China. Remote
sensing provides us an effective method to know its land
cover change information, which was one of important
topics of global change research.
2.2 Data collection
The data used in this study included European Space
Agency (ESA) GlobCover data, Landsat Thematic
Mapper (TM), Enhanced Thematic Mapper (ETM),
Multispectral Scanner (MSS) images. ESA GlobCover
data are a global land cover map (http://www.gscloud.cn/
listdata/metadata.shtml?from=&id=2&productId=368)
with 300 m resolution based on Medium Resolution
Imaging Spectrometer (MERIS), which were obtained
according to the high quality images received from
January 1, 2009 to December 31, 2009.
Siberia covers about 1457 Landsat TM and ETM images and 1735 MSS images. We collected 1020 TM and
ETM images in 2010 with the coverage more than 95%.
For areas covered with poor quality images in 2010,
supplemental data from the TM images of nearby years
or the Charge-coupled Device (CCD) multispectral data
from the Huanjing-1 (HJ-1) satellite were used. In 1975,
about 890 MSS images were collected which covered
80% of Siberia. As the high quality images in 1975 were
more difficult to obtain than in 2010, the images in the
1970s were also collected as reference data. In terms of
this, we collected about 1800 images in 2010 and 1250
images in 1975. Taking into account the issue of ice and
snow of Siberia, as well as the temporal consistency of
the datasets for change detection, the time phrase of all
Landsat images is in summer and autumn. In the north
of Siberia, the images in July, August, and September
were prior selected.
2.3 Data processing
Firstly, the Siberia region was divided to 97 grids based
on the Universal Transverse Mercator (UTM) zones,
each of which spans 6° in longitude and 5° in latitude.
The generating of land cover datasets in 1975 and 2010
was done grid by grid. The 300 m resolution ESA raster

data with United Nations Food and Agriculture Organization′s Land Cover Classification in Siberia were converted to International Geosphere-Biosphere Program
(IGBP) classification system (Table 1) and the resolution of which were resampled to 250 m. The reason of
conversion was to create land cover datasets to compare
with MODIS land cover data with the same spatial
resolution of 250 m, which is one of the main purpose to
develop this datasets. The conversion method is the
nearest neighbor.
The Landsat images were processed through removing strips, image enhancement, image mosaic, and projection transformation until reaching the requirement of
interpretation.

3

Methods

The human-computer interactive interpretation method
was used to interpret the Landsat images in 1975 and
2010 of Siberia. In the interpretation, the ESA GlobCover data in 2009 were used as the base database, the
Landsat images as well as the Google Earth images in
2010 and other auxiliary data were used to modify the
base database to generate land cover database in 2010.
Then the land cover database in 2010 were used as a
base layer to reconstruct the land cover data in 1975
with Landsat MSS images.
From the documentation comes with the ESA data,
the data accuracy in Siberian region was lower than
those in other mid-latitude areas. Due to the fragmentation and patchiness of data itself as well as the large area
of Siberian region, we used some strategies to improve
the efficiency of data processing:
(1) Focus on regions where land cover dynamics may
occurred, that is the regions likely affected by human
activity or natural factors.
(2) The 1∶1 000 000 scale topographic map data including urban area maps, transport maps, etc. were collected to assist interpretation.
(3) The ecological zone data were used to increase
the ability of distinguishing different land cover types.
(4) When certain areas can not be interpreted clearly
using TM or MSS images, the Google Earth images of
corresponding period were used as reference.
(5) The field survey point data in Siberia and corresponding photos (Fig. 1) were used to build interpretation
template, and to verify the accuracy of the interpretation
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Table 1

Conversion between ESA land cover classification and IGBP land cover classification
ESA land cover classification

ID1

Post-flooding or irrigated cropland (or aquatic)

11

Rainfed cropland

14

Mosaic cropland (50%–70%)/vegetation (grassland/shrubland/forest) (20%–50%)

20

Mosaic vegetation (grassland/shrubland/forest) (50%–70%)/cropland (20%–50%)

30

Closed to open (> 15%) broadleaved evergreen or semi-deciduous forest (> 5 m)

40

Closed (> 40%) broadleaved deciduous forest (> 5 m)

50

Open (15%–40%) broadleaved deciduous forest/woodland (> 5 m)

60

IGBP land cover classification
Cropland
Cropland/natural vegetation Mosaic

ID2
12

14

Evergreen broadleaf forest

2

Deciduous broadleaf forest

4

Closed (> 40%) needleleaved evergreen forest (> 5 m)

70

Evergreen needleleaf forest

1

Open (15%–40%) needleleaved deciduous or evergreen forest (> 5 m)

90

Deciduous needleleaf forest

3

Closed to open (> 15%) mixed broadleaved and needleleaved forest (> 5 m)

100

Mixed forest

5

Mosaic forest or shrubland (50%–70%)/grassland (20%–50%)

110

Woody savannas

8

Mosaic grassland (50%–70%)/forest or shrubland (20%–50%)

120

Savannas

9

Closed shrubland

6

Closed to open (> 15%) (broadleaved or needleleaf, evergreen or deciduous) shrubland (< 5 m)

130

Closed to open (> 15%) herbaceous vegetation (grassland, savannas or lichens/mosses)

140

Grassland

10

Sparse (< 15%) vegetation

150

Barren or sparsely vegetated

16

Closed to open (> 15%) broadleaved forest regularly flooded (semi-permanently or temporarily)
—fresh or brackish water

160

Closed (> 40%) broadleaved forest or shrubland permanently flooded—saline or brackish water

170

Permanent wetland

11

Closed to open (> 15%) grassland or woody vegetation on regularly flooded or waterlogged soil —
Fresh, brackish or saline water

180

Artificial surface and associated area (urban area > 50%)

190

Urban and built-up

13

Bare area

200

Barren or sparsely vegetated

16

Water body

210

Water body

Permanent snow and ice

220

Snow and ice

15

No data (burnt area, cloud, …)

230

No data (burnt area, cloud, …)

17

Open shrubland

7

0

Note: ESA land cover classification refers to classification system of European Space Agency (ESA) Global Land Cover Map (GlobCover) data with ID1, and
IGBP land cover classification is classification system of International Geosphere-Biosphere Program data and Information System with ID2

results.
To verify the accuracy of the land cover data, indoor
verification as well as field validation were used in this
study. We assumed that random sampling point evaluation can represent the accuracy of the datasets if the
number of points was enough. Firstly, a number of land
cover polygons were selected by random sampling in
each land cover type. Then, land cover type of every
selected polygon was checked according to Google Earth
images with high resolution (Fig. 2). In order to compare
the accuracy, the land cover types of GlobCover data
were also checked based on the same samples.

4

Results

4.1 Data accuracy
According to the accuracy verification method, results

were shown in Table 2.
Table 2 shows accuracy variation from different land
cover types. The accuracy of cropland was influenced
by cropland/natural vegetation mosaic. The accuracy of
permanent wetland was also affected by water body and
snow and ice. Other vegetation types were distinguished well. Urban and built-up was one of the focuses of attention, the accuracy of which was greatly
improved.
Instead of using the mean accuracy value of the 16
land cover types in Table 2 involved, we used the
weighted average method to evaluate the total precision. The areal proportion was regarded as the weighting coefficient and the total precision can be expressed
as:
A = ∑ai × pi

(1)

LIU Tingxiang et al. High Resolution Land Cover Datasets Integration and Application Based on Landsat and GlobCover Data… 433

where A refers to global precision of datasets, ai refers
to the precision of each land cover type i, and pi refers
to the areal proportion of each land cover type i. The
global precision of land cover data in 2010 was
86.96%. The global precision of GlobCover data was
77.60%. The results showed significant improvement to
GlobCover data for our processing based on Landsat
images.
4.2 Land cover status in Siberia
Application of the methodology described above has
resulted in the new land-cover map of Siberia in 1975
and 2010 at 250 m resolution (Fig. 3), with the land
cover type code in Table 2. A total of eight major
land-cover types were identified, namely: deciduous
needleleaf forest, barren or sparsely vegetated, woody

Fig. 1 Field survey routes and photos we collected

savannas, savannas, mixed forest, cropland/natural
vegetation mosaic, water body, and permanent wetlands. From Fig. 3, forest was dominant in Siberia especially the deciduous needleleaf forest, which spans
almost the entire middle and south part of Siberia. In
the near polar areas, the land cover type was barren or
sparsely vegetated. In the transition zone from forest
to the sparse vegetation, the Woody savannas was the
main land cover type. It should be noted that the savanna here is different from the tropical savanna, it is
a mixed-type of trees and grass. And based on the
percentage of canopy, the wood savannas and savannas could be distinguished. Furthermore, the northern
islands were covered by snow and ice throughout the
year, which formed a particular geographical landscape.
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Fig. 2 Random sampling point verification based on Google Earth images
Table 2

Land cover accuracy test table of Siberia in 2010
Code

Area
(104 km2)

Area percent
(%)

Number of
test point

Water body

0

27.61

2.13

Evergreen needleleaf forest

1

9.67

0.75

Evergreen broadleaf forest

2

0.04

Deciduous needleleaf forest

3

Deciduous broadleaf forest

Land cover type

GlobCover data

Our data

Correct test
point

Accuracy
(%)

Correct test
point

Accuracy
(%)

102

77

75.49

84

82.35

95

70

73.68

90

94.74

0.00

4

1

25.00

4

100.00a

606.49

46.76

99

83

83.84

90

90.91

4

6.65

0.51

102

80

78.43

93

91.18

Mixed forest

5

51.88

4.00

106

71

66.98

99

93.40

Closed shrubland

6

0.17

0.01

62

44

70.97

58

93.55

Open shrubland

7

0.37

0.03

83

58

69.88

77

92.77

Woody savannas

8

105.01

8.10

114

75

65.79

94

82.46

Savannas

9

98.19

7.57

92

65

70.65

87

94.57

Grassland

10

5.47

0.42

67

41

61.19

57

85.07

Permanent wetland

11

25.42

1.96

103

53

51.46

73

70.87

Cropland

12

12.60

0.97

102

42

41.18

72

70.59

Urban and built-up

13

1.21

0.09

77

12

15.58

72

93.51

Cropland/natural vegetation mosaic

14

49.22

3.79

101

65

64.36

84

83.17

Snow and ice

15

3.69

0.28

68

39

57.35

58

85.29

Barren or sparsely vegetated

16

292.81

22.58

102

78

76.47

81

79.41

Notes: ′correct test point′ means number of correct test point. ′a′: evergreen broadleaf forest was concentrated in the southeast of Siberia with small area, only a few
test points were selected

In order to recognize the detailed status of land cover
information, we calculated the area and areal proportion

of each land cover type in 2010 based on the land cover
map above, which were shown in Table 2. For the total
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1.30 × 107 km2 land, nearly half of the Siberia (46.76%)
was covered by deciduous needleleaf forest corresponding to the spatial analysis. The barren or sparsely
vegetated land also accounted for a large part with an
area of 2.93 × 106 km2 accounting for about 22.58% of
the whole Siberia. The Woody savannas and the savannas are also the major land cover types, with 1.05 ×
106 km2 and 0.98 × 106 km2, respectively. The other land
cover types like mixed forest, cropland/natural vegetation mosaic, water body and permanent wetland were
not typical land cover types in Siberia. The percentage

Fig. 3 Land cover maps of Siberia in 1975 and 2010

of cropland, grassland and the urban and built-up were
0.97%, 0.42% and 0.09%, respectively, indicating that
the region was less affected by human beings.
4.3 Land cover changes from 1975 to 2010 and
driving factors in Siberia
From 1975 to 2010, land cover changes in Siberia did
not show any widespread conversions or significant spatiotemporal characteristics. In general, about 57 944 km2
land cover has changed from 1975 to 2010, accounting
for only 0.45% of the total area. Compared with the land
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cover changes occurred in China studied by Liu et al.
(2014), the land cover changes in Siberia was extremely
small, which may be attributed to the less human activities.
In order to illustrate and clarify the driving factors for
the land cover changes occurred in Siberia from 1975 to
2010, we calculated the land cover transition matrix
based on ArcGIS software. In this study, we did not involve land cover types with total area less than 1000
km2 when we analyzed the results as it was too small to
be ignored. The results indicated that the mainly
changes are the conversion from deciduous needleleaf
forest to deciduous broadleaf forest (21 128 km2), deciduous needleleaf forest to mixed forest (15 920 km2),
savannas to deciduous needleleaf forest (7246 km2),
which suggested that the natural disturbance played a
dominant role in changing land covers in Siberia from
1975 to 2010. From another perspective, the forest conversion occurred mainly in the southernmost areas of
Siberia which may be caused by the vegetation phenology changes due to the global environmental change.

5

Discussion and Application

Though the land cover change was studied widely
throughout the world, this paper discussed the land
cover datasets and land cover changes in Siberia from
our perspective. We not only produced the fundamental
land cover datasets, but also noticed the change of regional land cover. Nevertheless, some land cover conversions were detected which mainly occurred between
different forest types, giving an evidence that the dominant driving factors of land cover changes in Siberia
were natural factors rather than human activities comparing with China.
However, our purpose in this paper was not just produce the land cover datasets at two time period or explore the driving factors to land cover changes in Siberia. We paid more attention on the significance and application of the datasets in various fields such as global
climate changes, geopolitics, cross-border cooperation
and so on. The applications of our datasets focus on the
following three aspects.
(1) Siberia has rich natural resources, such as land
and forests, and a huge amount of ecosystem services
value, which are the precious wealth of the Russian
people and have produced positive effect on global eco-

logical stability and economic development (Kurtsev,
2013). In the context of global environmental change,
the natural ecological environment and regional land
industry in Siberia had experienced a series of changes
and some of which can be directly reflected by land
cover changes. Supported by the land cover data we
reconstructed in 1975 and 2010, we can describe the
temporal and spatial variation of land cover precisely in
this region from our country′s perspective. In this way,
we can have an independent understanding of global
change without relying on the global land cover products or other researchers′ results abroad. The classification systems and precision verification methods of our
own datasets are different compared to similar datasets
abroad, resulting in differences in outcomes in specific
areas. However, the difference was highly related to the
direction that the data mainly applied to. The datasets
we produced was mainly used to provide a comparable
data to the land cover data in China. At the same time,
we also hope that we can have a deeper understanding
of land cover changes in Siberia through international
exchanges and cooperation.
(2) In the past one hundred years, the Siberian region
is one of the regions where the global temperature most
significantly raised, following with the changes in precipitation and snow-cover changes (McGuire et al.,
2006). As the surface albedo is closely related with the
land cover types not only when the surface was snow
free but also when it is snow covered, the snow cover
changes and corresponding albedo feedbacks evaluation
at some extent relies on the land cover data. Meanwhile,
the Siberian region has a widely continuous zonal distribution of vegetation. Under the context of global
warming, the changes of the regional hydrothermal conditions especially the increase of the average accumulated temperature results the significantly accelerating of
the region′s natural ecosystem succession (Soja et al.,
2007), which can be reflected by land cover distribution.
This datasets could be used as an input for many Global
Circulation Models, Earth Systems Models and Integrated Assessment Models used for global and regional
climate simulations, dynamic vegetation modelling,
carbon (stock) modelling, ecosystem modelling, land
surface modelling, and impact assessments. Through
comparison between land cover maps at different time
period, we can monitor the arable land expansion timely
and evaluate the impacts of this change on China. The

LIU Tingxiang et al. High Resolution Land Cover Datasets Integration and Application Based on Landsat and GlobCover Data… 437

regional comparative researches between Russia and
China can deepen our understanding on the driving factors of the land cover changes. The land cover outcomes
also can help clarify the spatial and temporal relationship between climate change and land cover change under different political regime, which will further deepen
our understanding of global change, and thus provide a
more comprehensive and scientific support for formulating policy to response to global change.
(3) Siberia has significant geographical advantages in
the cooperation between China and Russia in various
fields, especially the common development to agricultural land and forest resources, which has become the
positive factor for developing the local economy and
expanding employment. While we remain optimistic
about the prospects, but the risk assessments are still
indispensable. The policies instability in Russia is the
biggest risk factor, while the ecological and environmental changes, the regional economic development,
extreme weather, emergencies and other factors can
change their policies to a large extent, as a result these
factors can have a direct effect on the economic cooperation. Therefore, we need to pay close attention to the
dynamic of the region and estimate the future evolution
trend of the natural and human environment, then propose management measures on our Geo-environmental
risk factors. Quickly monitoring the spatial and temporal
pattern changes of land cover in the region based on
remote sensing technology can help us predict and
simulate the suddenly change of human-land system,
and further provide the necessary foundation for building a complete comprehensive assessment system.

6

Conclusions

We reconstructed the history land cover datasets in 1975
and 2010 in Siberia at 250 m resolution based on the
Landsat images, ESA GlobCover datasets, Google Earth
images and other data. The comparison between the
random selected sampling points on Google Earth and
our datasets in 2010 showed that the total accuracy was
86.96%, which was significantly higher than GlobCover
data. The main land cover types were deciduous needleleaf forest (46.76%), barren and sparsely vegetated
(22.58%), woody savannas (8.10%) and savannas
(7.57%), accounting for about 85% of the total Siberian
region. The analysis on the land cover changes found

that only 57 944 km2 land cover had changed during
1975 to 2010, accounting for only 0.45% of Siberia.
The new datasets would be used in various fields. The
applications of our datasets focus on the regional natural
resources development, global change researches and
international cooperation between China and Russia
based on geographical advantages. The datasets would
be improved according to the feedback of implication
and comparison, so subsequent researches based on this
datasets would be carried out.
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