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Consistency Assessments of the Land Cover Products
on the Tibetan Plateau

Liping Cai , Shanshan Wang, Lizhi Jia , Yijia Wang, Hui Wang, Donglin Fan, and Lin Zhao

Abstract—Land cover (LC) and LC change information are
essential data in terrestrial surface research. However, the LC
products are highly inconsistent, especially in the mountainous
area. Most LC assessment studies focused on the consistency of
spatial patterns, while ignoring the consistency of change and
elevation heterogeneity. In this article, four LC products were
assessed for spatiotemporal consistency on the Tibetan Plateau
(TP), including the moderate resolution imaging spectroradiometer
LC (MCD12Q1), the climate change initiative LC (CCI-LC), the
30-meter global land cover (Globeland30) and the multiperiod land
use/ LC remote sensing monitoring database in China. The impact
of elevation on the consistency of multiple LC products across
spatiotemporal scales was further analyzed. The spatial consis-
tency of the three and more products was about 70%, with higher
consistency for grassland and bare land and lower consistency for
wetland and shrubland on the TP. Globeland30 and CCI-LC were
better than others for overall monitoring, with the inconsistency of
less than 45% by Google Earth dataset validation. The temporal
change consistency of the four LC products was less than 10%. With
increasing elevation, the average spatial consistency decreased and
the LC change area and temporal change consistency increased.
There is a high inconsistency of LC changes on the TP in exist-
ing commonly used products, demonstrating the need to develop
high-quality LC products in long time series.

Index Terms—Land cover (LC) pattern, LC product, spatial
consistency, temporal consistency, Tibetan Plateau.

I. INTRODUCTION

R ESEARCH about land cover (LC) and its change has
become one of the key themes in global change and

sustainable development research, providing an entry point for
understanding the relationship between human beings and the
natural environment [1], [2]. As important terrestrial monitoring
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data, the LC provides basic information about the biophysical
properties of the earth’s surface [3], [4]. LC change has per-
turbed biodiversity [5], [6], affected carbon emission [7], and
altered the provision of ecosystem services [8], [9]. Accurate
LC change information can help humanity successful tackle a
vast of globalized challenges, such as urban expansion [10],
[11], climate change [12], [13], and disaster prevention and
mitigation [14], [15]. It is due to the widespread use of LC and
its change information that the monitoring techniques of LC
are also evolving rapidly. With the increase of LC products, the
selection of valuable products for regional studies is a common
concern.

Since the first satellite remote global LC map was produced,
with the improvement of satellite-based earth observation tech-
nology and the development of extraction algorithms, LC prod-
ucts are emerging [16], [17]. There are several common sets of
global and regional LC products. The moderate-resolution imag-
ing spectroradiometer (MODIS) LC dataset produced by NASA
with a spatial resolution of 500 m, is a continuous LC product
with a one-year interval [18]. The climate change initiative LC
(CCI-LC) dataset has a spatial resolution of 300 m with 22 types
of LC [18]. The 30-m global land cover (Globeland30) has a high
resolution of 30 m and was produced by the National Geomatics
Center of China [19]. The multiperiod land use/LC remote
sensing monitoring database in China (CNLUCC) is produced
by the Institute of Geomatics Science and Natural Resources
Research with a resolution of 30 m (http://www.resdc.cn) [20].
The availability of these LC products has provided a database for
other LC-based studies [21]. However, there are large inconsis-
tencies between different LC products due to different types of
sensors, shooting angles, deformation levels, and interpretation
methods [22]. Low precision landcover data will result in greater
errors, leading to greater uncertainty in many researches [23].
Therefore, the selection of LC products is of great significance
to regional studies.

Despite the relatively high accuracies provided by LC prod-
ucts through self-evaluation, some studies found a significant
inconsistency of results when verifying current LC products
using different reference datasets or samples in different places
[24]. By analyzing the spatial consistency of the five LC prod-
ucts at the global and continental levels, it is found that the
spatial consistency of the five LC sets was relatively low and
characterized by spatial heterogeneity [25]. The analysis of the
consistency of the five LC products in China revealed that the
areas of spatial inconsistency were mainly distributed in the
transition areas of topographic gradients, such as the southwest
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TABLE I
BASIC INFORMATION ON FOUR LAND COVER PRODUCTS

region of China [26]. The consistency analysis of three LC
products with a resolution of 30 m over the Indonesian region
found that the area with high consistency occupied only 58% of
the total Indonesian area [27]. The overall accuracy between the
four LC products ranged from 56.30% to 68.8% in the African
[28]. However, most of these studies focused on the consistency
of spatial patterns while ignoring the consistency of LC change.
As the highest plateau in the world, the Tibetan Plateau (TP)
is more ecologically fragile and sensitive than other regions
[29]. Under the background of global warming, the ecological
problems caused by land use change will become more obvious
[30]. Wang et al. [31] found significant LC changes on the TP
from 2000 to 2015 by using MODIS, in which bare land and
grassland areas decreased significantly, urban areas expanded
at a rate of 41.2% and glaciers concentrated in the south and
southeast retreated by about 3.4%. Using China cover LC data,
Jiang et al. found that the area of glaciers decreased from
2.72% to 2.646% and the area of rivers and lakes expanded
significantly. Wang et al. [32] found that nearly 38.8% of the
grassland on the TP underwent degradation from 2001 to 2013
by coupling remote sensing and meteorological data. However,
it is unclear whether the results of the abovementioned studies
are comparable due to inconsistencies in LC products.

Aiming at the uncertain gaps in findings on the LC on
the TP under different products, this article was to verify the
spatiotemporal consistency of four mainstream LC products
of MCD12Q1, CCI-LC, Globeland30, and CNLUCC in 2000,
2010, and 2020, respectively. Three scientific questions were
attempted to be answered: 1) LC patterns of four LC products
in the TP and their spatial consistency; 2) LC changes of four
LC products in the TP and their change consistency; and 3)
elevational difference of spatiotemporal consistency of four LC
products on the TP.

II. STUDY AREA AND DATA

A. Study Area

As the highest plateau in the world, the average altitude of
the TP exceeds 4000 m [33]. It has a huge system of mountain

Fig. 1. Location and topographic map of the TP.

ranges, which contains mountain systems and plateau surfaces
(see Fig. 1). The climate of TP is complex and diverse, char-
acterized by low temperatures, small annual differences [34].
The TP is not only the initiator and regulator of climate change
in the northern hemisphere but also has obvious sensitivity,
advancement, and regulation to the global climate. The rate
of warming in the TP region was more pronounced than in
other regions [35]. Over the past 50 years, the rate of warm-
ing has been rapid, reaching 0.4 °C/10yr [36] and the rate of
warming in winter has even reached twice the annual average
[37], [38].

B. LC Products

Four LC products (MCD12Q1, CCI-LC, Globeland30, CN-
LUCC) were chosen for consistency assessment on the TP
(see Table I). Since the MCD12Q1 has been produced since
2001, data for 2020 has not been released yet. Therefore,
2001 and 2019 data are used instead of 2000 and 2020 data,
respectively.
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TABLE II
CLASSIFICATION CONSOLIDATION SCHEME USED FOR LAND COVER PRODUCTS (THE NUMBER IS THE LAND COVER CLASSIFICATION IN EACH PRODUCT.)

III. METHODS

A. Data Preprocessing

Four LC products were distributed in different geographic
systems and spatial resolutions [39]. To compare the consistency
of the four datasets, we preprocessed the original products
by transforming projections, unifying resolutions, and merging
classification systems. The WGS84 datum and Albers projection
(the central longitude of the projection was 105°E and the double
standard latitude lines were 25°N and 47°N) were used as the
spatial framework for all data. LC products were converted into
1 km resolution using the nearest neighbor method [40], [41].
Among the four LC products, the Globeland30 product with the
least number of LC types in TP. The other three LC products
were harmonized LC classification system according to the LC
types of Globeland30. Table II showed the classification scheme
of the multisource LC products.

B. Data Analysis

1) Classification Accuracy Analysis: The confusion matrix,
based on LC types, is still a widely used metric to assess
product accuracy [42], [43]. It includes the overall accuracy
(OA), producer accuracy (PA), user’s accuracy (UA) and kappa
coefficient to assess the accuracy of remote images [44], [45].

The corresponding information and accuracy index of pixels
between two of the four LC products could be obtained by using
the confusion matrix. OA and PA were used as the main evalu-
ation factors. OA refers to the ratio of the number of correctly
classified samples to the total number of samples. This index
measures the proportion of the overall correct classification
of test data. PA is the ratio of the number of pixels correctly
classified as class i in the data to be evaluated to the number of
pixels of class i in the reference data. The formulas are as follows:

OA =

∑r
i=1 xii

N
× 100% (1)

PA =
xii

x+i
× 100% (2)

where N is the total number of pixels, r is the number of LC
types, xii is the number of pixels correctly classified, and x+i

is the number of pixels of a particular type in the reference data.

2) Spatial Consistency Analysis: The LC consistency map
of the TP was obtained by overlaying four LC product maps of
the same year, which indicated the level of consistency among
these LC products. First, the four LC products were set to the
same number of rows and aligned by mask extraction in the
ArcGIS (v.10.8). Then, the four LC products were superimposed
in the raster calculator tool using (3) to obtain a consistent map.
Finally, the consistency map was classified as 1) the LC types
of four products in a pixel were identical, 2) the LC types of
three products in a pixel were identical, 3) the LC types of two
products in a pixel were identical, and 4) the LC types of four
products in a pixel were completely different. The formula is as
follow:

V = int(L× 1000 +M × 100 +N × 10 + U) (3)

where V is the consistency map of the four LC products on TP in
2000, 2010, and 2020; L, M, N, and U represent the LC maps of
MCD12Q1, CCI-LC, GlobeLand30, and CNLUCC on the TP
in 2000, 2010, and 2020.

3) Google Earth Validation Analysis: The Google Earth plat-
form provides high-resolution satellite images for most locations
[46]. Google Earth platform-assisted validation guarantees the
accuracy of LC product consistency verification and compen-
sates for the lack of real LC type verification. The land type
inconsistency of the four LC products was verified using 24 133
validation points in 2020 on the TP. Since the area of different
LC s on TP varies greatly, the number of validation sites selected
varies for different LC types. In addition, shrubland on TP can
easily be confused with LC types such as grassland and forest
[47]. It is challenging to correctly classify shrubland from google
platform by visual interpretation. Therefore, the remaining eight
types were selected by Google validation. Table III showed the
number of validation points for each LC type. First, the ArcGIS
(v.10.8) spatial join tool was used to link the google validation
dataset to the LC dataset. Second, the attribute table was exported
and python 3.0 was used to calculate the area of LC types for
which the LC dataset did not match the google validation data.
Finally, the percentage of inconsistent area in each LC product
were calculated.

4) Change Consistency Analysis: The land transfer matrix is
a two-dimensional (2-D) matrix obtained based on the relation-
ship of LC change in the same area at different times. It can not
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TABLE III
NUMBER OF GOOGLE VERIFICATION POINTS FOR LAND COVER TYPES

only indicate the transformation between different LC types, but
also quantitatively reflect the transfer rate of different LC types.
The formula is

Sab =

⎡
⎢⎣
s11 · · · s1n

...
. . .

...
sn1 · · · snn

⎤
⎥⎦ (4)

where sab is the specific quantitative of the conversion from LC
type a to type b in 2000–2010 or 2010–2020 and n is the number
of LC types ( n= 9).

Spatial superposition was used to analyze the pixel-by-pixel
change consistency of the four LC products. Equation (5) was
applied in the raster calculator of ArcGIS (v.10.8) software to
calculate the change consistency in the four LC products. The
pixel of one and more product changes is defined as change
areas after the four LC products are overlaid. The pixel where
two or more LC products changed the same was defined as the
change consistent area. The superimposed results were filtered
with python 3.0 to get the change area and the percentage of
change consistent area

W = int(A× 1000000 +B × 10000 + C × 100 +D). (5)

In (5), W is the change consistency map for the four prod-
ucts from 2000 to 2010 or from 2010 to 2020;A, B, C, and
Drepresent the LC change maps of MCD12Q1, CCI-LC, Glo-
beland30, and CNLUCC products on the TP, respectively.

5) Elevation Heterogeneity Analysis: According to the clas-
sification system of geomorphologic atlas of the People’s Re-
public of China (1:1,000,000) [48], the TP was divided into four
altitude zones, including low altitude zone (< 1000 m), middle
altitude zone (1000–3500 m), high altitude zone (3500–5000 m),
and highest altitude zone (> 5000 m). The spatiotemporal con-
sistency of the four LC products within each elevation zone was
counted.

IV. RESULTS

A. Comparison of the Patterns of Landcover Pattern

1) Spatial Patterns: The LC types of the TP account for
similar proportion size among the four LC products, mainly
grassland and bare land, while smaller areas of other LC types
and the smallest area of artificial surfaces (see Fig. 2). The
average proportion of grasslands in the four LC products was
50.28%, 56.66%, and 55.56% in 2000, 2010, and 2020, re-
spectively. The average proportion of bare land in the four
LC products was 34.37%, 27.04%, and 27.86% in 2000, 2010,
and 2020, respectively. The area of forest was much smaller
than the area of grassland and bare land, while larger than the
area of other LC types. Water bodies, permanent snow and ice,
cultivated land, shrubland, and artificial surfaces account for less

Fig. 2. Percentage of land cover type area for four land cover products in TP
(a) 2000 (b) 2010 (c) 2020 (1 forest, 2 shrubland, 3 grassland, 4 cultivated land,
5 wetland, 6 water, 7 artificial surfaces, 8 permanent snow and ice, and 9 bare
land).

Fig. 3. Overall accuracy of the four land cover products on the TP (MCD:
MCD12Q1; CCI: CCI-LC: G30: Globeland30; LUCC: CNLUCC).

than 5%. The average proportion of water bodies in the four LC
products was 1.96%, 1.79%, and 1.92% in 2000, 2010, and 2020,
respectively. The average proportion of shrubland in the four LC
products was 1.73%, 1.72%, and 1.67% in 2000, 2010, and 2020,
respectively. The average proportion of wetland in the four LC
products was 0.86%, 0.88%, and 0.89% in 2000, 2010, and 2020,
respectively.

2) Classification Accuracy Assessment: The OA of the four
LC products in 2000, 2010, and 2020 was less than 75% (see
Fig. 3). The average OA value among the four LC products in
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Fig. 4. Producer accuracy of four land cover products on the TP (a) 2000, (b)
2010, (c) 2020 (MCD: MCD12Q1; CCI: CCI-LC: G30: Globeland30; LUCC:
CNLUCC) (1 forest, 2 shrubland, 3 grassland, 4 cultivated land, 5 wetland, 6
water, 7 artificial surfaces, 8 permanent snow and ice, and 9 bare land).

2000 was 50.74%. The highest OA between the LC products
CNLUCC and CCI-LC (56.64%), followed by Globeland30
and CNLUCC (54.75%). The average OA value in 2010 was
56.47%. The highest OA was found between MCD12Q1 and
Globeland30 (70.44%). The second-highest OA was found be-
tween CCI-LC and MCD12Q1 (59.71%), while the lowest OA
value was found between CNLUCC and CCI-LC (47.31%).
The average OA value in 2020 was 37.14%. The highest OA
(59.83%) between the LC products CNLUCC and Globeland30.
The second-highest OA (46.77%) was between CCI-LC and
MCD12Q1, while Globeland30 and MCD12Q1 had the lowest
OA (18.63%). Among the four LC products, CCI-LC and Glo-
beland30 had better accuracy, while the accuracy of MCD12Q1
was poor. The OA for the four LC products was generally higher
in 2010 than in 2000 and 2020. Therefore, the judgment of OA
of the same LC product also required a comprehensive analysis
of data over many years.

The mean values of PA varied greatly among LC types in the
TP (see Fig. 4). The highest mean PA values were found for
grass (70.71%, 69.98%, and 44.32% for 2000, 2010, and 2020,
respectively). The mean PA values of bare land were 39.32%,
54.06%, and 51.06% in 2000, 2010, and 2020. The shrubland,
wetlands and artificial surfaces had the lowest average PA.
Among nine LC types, the mean PA values were higher for
grassland (71.78%) and bare land (51.06%), while very low for
artificial surfaces (4.95%) and shrubland (0.71%). The mean
PA value for the four LC products was generally higher in 2000
(27.85%) than in 2000 (21.81%) and 2020 (17.62%).

3) Spatial and Multiple Location Consistency: The spatial
consistency of a single LC type on the TP varies greatly (see
Fig. 5). Grassland had the highest spatial consistency. The
grassland of consistency with two or more products occupies
74.83%, 80.48%, and 78.97% of the total area of TP in 2000,
2010, and 2020, respectively. The spatial consistency of bare
land, water bodies, forests, and permanent snow and ice on the
TP ranged from 40% to 70%, while the spatial consistency
of cultivated land and the artificial surfaces was lower, both

ranging from 10% to 25%. The spatial consistency of wetlands
and shrubland was extremely low, both below 10%. The lowest
spatial consistency was found in shrubland, with two or more
products simultaneously indicated as shrubland in 2000, 2010,
and 2020, accounting for 2.15%, 1.69%, and 2.07% of the total
TP, respectively.

The spatial consistency of TP shows that the high consistency
of four LC products is mainly distributed in the northern and
eastern parts of the TP (see Fig. 6). In 2000, 2010, and 2020,
31.9%, 38.67%, and 32.39% of the area of four products in
one pixel had the same LC type, respectively. We analyzed the
consistency of LC on the TP with a 75% confidence level (75%
confidence level means that at least three products have the same
LC type in the corresponding pixel), with high confidence levels
for 77.11%, 74.67%, and 73.46% of the area in 2000, 2010, and
2020, respectively. However, for the remaining approximately
20% or more of the area, there is still much room to improve the
accuracy of the LC remote sensing interpretation products.

4) Google Earth Verification: The four land cover products
have different effects on the monitoring and evaluation of LC
on the TP (see Fig. 7). Different LC products can be used
for monitoring different LC types on the TP. MCD12Q1 was
effective in monitoring grassland, cropland and bare land with
inconsistencies of 5.85%, 55.56%, and 16.42%, respectively,
while it could not be effectively applied to permanent snow and
ice, artificial surfaces, and wetland monitoring. CCI-LC has a
better monitoring effect on water bodies and artificial surfaces,
while a poor monitoring effect on cultivated land. Globeland30
was effective in monitoring forest, wetlands and artificial sur-
faces. Among the four LC products, low average inconsistency
was found for Globeland30 (35.69%) and CCI-LC (40.78%),
while both MCD12Q1 and CNLUCC had inconsistencies over
55%.

The inconsistency varies widely among LC types. Grasslands
had the lowest average inconsistency (9.98%), while forest
(24.53%), bare land (25.15%), and water bodies (30.64%) had
less than 35% inconsistency. The inconsistencies of permanent
snow and ice (60.49%), artificial surfaces (69.45%), cultivated
land (76.38%), and wetland were all above 60%.

B. Comparison of the Patterns of Landcover Change

1) Range of Variation: The LC change maps of the four LC
products in 2000–2010 and 2010–2020 were overlaid raster-by-
raster to obtain the LC change maps of the four products in the
TP (see Fig. 8). We defined the changed area as the total area
where at least one LC product has changed. From 2000 to 2010
and from 2010 to 2020, the area of LC change is about 56.16%
and 57.01% of the total area on TP, respectively. LC change have
become slightly more pronounced than in the previous decade
on the TP.

2) Consistency of Change: The area where two and more
products changed consistently from 2000 to 2010 accounted for
6.49% change area [see Fig. 8(a)]. The area where two and
more products changed consistently from 2010 to 2020 was
119 698 km2, accounting for 8.15% of the total changed area
of the TP [see Fig. 8(b)]. The consistency of LC change on the
TP for 2010–2020 was slightly higher than that for 2000–2010.
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Fig. 5. Spatial consistency of single land cover types on the TP.

Compared with the spatial consistency of the four LC products,
the change consistency is extremely low.

C. Elevation Heterogeneity

The average spatial consistency of the four LC products
decreased with the increasing elevation [see Fig. 9(a)]. The area

of LC change for each elevation zone from 2010 to 2020 is
greater than that from 2000 to 2010 [see Fig. 9(b)]. LC change in
the higher elevation (high elevation and highest elevation zone)
was more pronounced than in the lower elevation (low elevation
and middle elevation zone). Similarly, the consistency of LC
change was more pronounced at higher elevations than at lower
elevations.
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Fig. 6. Spatial consistency of all types of land cover on the TP. (a) 2000. (b) 2010. (c)2020.

Fig. 7. Inconsistency of Google Earth-assisted verification of land cover types.

V. DISCUSSION

A. Factors Affecting the Spatiotemporal Consistency

The differences between LC products may be real or may
be caused by errors in time, classification methods, resolution,
and the algorithm when performing the consistency analysis. To
exclude the errors caused by the algorithm and time differences,
we analyzed the consistency of multisource products through
accuracy evaluation, spatial overlay analysis and Google Earth
dataset validation. In this article, the LC data of MCD12Q1
products in 2000 and 2020 were replaced by the data in 2001
and 2019. Although temporal differences can have an impact
on the consistency analysis of LC, the four LC products can be
ignored for consistency analysis. Because the four LC products
were superimposed, the spatial consistency of the three and more
products was 77.11%, 74.67%, and 73.46% in 2000, 2010, and
2020, respectively. The results showed that temporal differences

were not a significant factor in the inconsistency between LC
products. Similar results were found for the comparison of
consistency between GlobCover and GLCD2005 [26].

The LC classification system is an important factor that affects
the consistency of different LC products [46]. The classifi-
cation systems of MCD12Q1, CCI-LC, and Globeland30 are
established for the global LC and CNLUCC is established for
the Chinese LC. The four LC products will inevitably produce
inconsistencies when applied to the unique flora of the TP. In
addition, in order to realize interoperability among them, we
have unified the four LC products into nine LC types. Owing
to the different classification systems of the four LC products
and the different physical definitions of LC in the different
classification systems, uniting the four LC products into one
classification system will result in error propagation [49]. To
reduce the merging error, we use Globeland30 with the fewest
LC categories as the benchmark, and merged the LC types of the
remaining three LC products into nine categories. Further errors
are introduced by grouping confusion categories into similar
LC types according to the degree of confusion. For example,
in MCD12Q1, woody savannas (tree cover 30%–60%) and
savannas (tree cover 10%–30%) are both uniformly classified
as grassland. The union of LC types increases the uncertainty in
the results of the consistency assessment of the four LC products.

The spatial resolution of the LC product is also important in
affecting the consistency [50]. The classification accuracy of LC
products is significantly affected by the spatial resolution and the
spatial variation increases with the amplification of the spatial
resolution [51]. In this article, Google Earth dataset validation
found that CCI-LC (300 m) and Globeland30 (30 m) with higher
spatial resolution had better consistency compared to MCD12Q1
(500 m) and CNLUCC (1000 m) with lower spatial resolution.
Higher resolution products capture more accurately details of
the LC, while lower resolution LC products usually lose these
details such as rivers and roads. In addition, we adopted an
upscaling approach when overlaying the four LC products, using
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Fig. 8. Consistency of changes in two and more products on the TP. (a) 2000–2010. (b) 2010–2020.

Fig. 9. Spatial and temporal consistency of land cover products in different elevation regions. (a) Spatial consistency. (b) Change area and change consistency (1
low altitude zone, 2 medium altitude zone, 3 high altitude zone, 4 highest altitude zone).

the CNLUCC product as a benchmark, and standardized the
spatial resolution of the LC products to 1000 m. Compared
to downscaling, upscaling can reduce the problem of mixed
pixels to some extent, ensuring that the largest proportion of LC
types are represented within each pixel. Moreover, the up-scaling
approach can further reduce the amount of data and make the
consistency analysis easy to operate. Yet the amplification effect
of the main LC types due to the ascending scale can also theoret-
ically bias the results of the LC product consistency assessment.

B. Reasons for Elevation Heterogeneity

The average spatial consistency of the four LC products
decreased from low to extreme elevations, indicating that LC
inconsistencies were more common and difficult to monitor
at higher elevations [52]. Low elevation areas are relatively
flat, with low heterogeneity of vegetation, while high elevation
topography is complex, with high heterogeneity of features at
different resolutions and high inconsistency among LC products
[53], [54]. LC changes in the high-altitude (high elevation and

highest elevation zone) were more pronounced than in the lower
altitude (low elevation and middle elevation zone). The ecolog-
ical environment in high-altitude areas is fragile, and under the
influence of temperature changes, LC changes are more obvious.

C. Recommendations on Improving the Accuracy of LC
Products

This article on the spatial consistency of nine LC types on
the TP found that the spatial consistency varied greatly among
LC types. The spatial consistency of two and more products
of grassland, bare land, forest, permanent snow and ice, and
water bodies was above 40%, while the spatial consistency of
cultivated land, artificial surfaces, wetlands, and shrubs was
below 25%. The area of grassland, bare land and forest is large
on the TP, easy to identify and relatively high spatial consistency.
The interspersed distribution between wetlands and shrubland
increases the difficulty of satellite remote sensing monitoring
[55]. The low consistency of these LC types has been confirmed
not only on the TP but also in other studies. Tsendbazar et al.
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[3] found the herbaceous wetland class had the lowest class
accuracies by validating the global annual LC products. Liang
et al. [52] found that the LC type with the most difference
in classification accuracy between Globeland30 and CCI-LC
products in the Arctic was shrubland. Due to the small size of
the patches, high internal heterogeneity, and homogeneity, it is
difficult to distinguish them from remote sensing images [56].
When map LC types, extra attention should be paid to these
special LC types. And the emergence of single-type thematic
LC series had provided new ideas for LC studies, such as
global artificial impervious area [57], high-resolution global
maps of 21st-century forest cover change [58], essential urban
land use categories in China (EULUC-China) [59], and 2010
thirty meter resolution forest map for China. The emergence of
these thematic maps provides a basis for the study of specific
LC types in future studies.

VI. CONCLUSION

To assess the spatial and temporal consistency of LC products
on the TP, we analyzed the consistency of four commonly
used four LC products (CCI-LC, GlobeLand30, MCD12Q1,
CNLUCC). The spatial consistency of three and four prod-
ucts was less than 80% in 2000, 2010, and 2020, and there
were significant differences between different LC types. Spatial
consistency was higher than 75% for grassland and bare land,
while it was lower than 5% for shrubland. Different LC products
have different monitoring effects on LC types. The MCD12Q1
is suitable for monitoring grassland, cultivated land and bare
land. The CCI-LC effectively monitor water bodies and artificial
surfaces. Globeland30 is better for monitoring forest, wetland,
and artificial surfaces. The spatial consistency is high in areas
without LC change, while the spatial consistency was extremely
low in areas with change. The consistency assessment of LC
products is a dynamic process and cannot be judged only by the
spatial consistency in a particular year, and it is necessary to
strengthen the monitoring of the changing areas on the TP.
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