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Abstract: Large-scale land cover data is vital for the study of earth science, particularly in the
fields of earth surface processes research, ecosystem assessment, and environmental modeling.
The assessment of existing land cover datasets is instructive for dataset use and new dataset
production. The GlobeLand30 (2010) dataset over China was evaluated in this study. To obtain
more appropriate sample sizes for each class, especially sufficient sample numbers for rare clas-
ses, 1,000 validation sample units based on a landscape shape index (LSI) were selected, and the
classification accuracy of the GlobeLand30 (2010) dataset was evaluated using Google Earth
high-resolution satellite images. The overall accuracy of the GlobeLand30 (2010) dataset over
China was 77.90%, which indicated that the consistency between the GlobeLand30 (2010) dataset
and the true land cover was high, and thus it could accurately reflect the distribution of different
land cover types in China.
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1 Introduction

Large-scale land cover datasets are widely used in earth surface processes research, ecosys-
tem assessments, environmental modeling, and sustainable development planning.
GlobeLand30 (2010) was developed by the National Geomatics Center of China during
2009-2014 and is the first global land cover product at 30 m resolution. The product has
been available worldwide since September 2014™. The database categorizes land use into
ten classes (water bodies, wetland, permanent snow and ice, artificial surfaces, cultivated
land, bare land, forest, shrub land, grassland, and tundra) in accordance with a hierarchical
classification method based on pixel classification, object optimization, and proof of
knowledge!?.
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To verify the accuracy of this product, a preliminary accuracy assessment was conducted
by third-party experts based on a two-rank sampling strategy. During the first-rank sampling,
map sheet samples were selected from global map sheets, while the second-rank sampling
selected feature samples of each land cover type within each of the selected map sheets!!.
Eighty map sheet samples were selected from a total of 847 map sheets in the first-rank
sampling, and these samples were spatially distributed into five continents based on the
proportional area of each land class. A total of 159,874 pixel samples were selected for the
assessment of GlobeLand30 in the baseline year of 2010, and the overall accuracy of
GlobeLand30 (2010) data was 80.33% =+0.2%*.

There have only been a few studies of GlobeLand30 (2010) product validation in China.
To compare and assess large-scale land cover datasets in China, Yang et al. (2017) resized
the GlobeLand30 (2010) product to a scale of 300 m, and manually selected 1,063 sample
points from homogenous regions. It was found that GlobeLand30 (2010) was the most ac-
curate of the datasets investigated, with an overall accuracy of 82.39% in China®. Lu et al.
(2016) compared the accuracy of five global cultivated land datasets for the base-year of
2010. They found that the accuracy of cultivated land of GlobeLand30 (2010) was higher
than for the other four products, with an overall accuracy of 79.61% .. Obviously, different
sampling designs lead to different verification results. The aim of this study was to assess
the GlobeLand30 (2010) dataset over China with a landscape shape index (LSI)-based sam-
pling approach, to obtain a creditable accuracy assessment result, especially for the easily
misclassified heterogeneous regions.

2 Metadata of Dataset

The validation dataset has both a full name and a short namel™. It contains details of the
corresponding author, authors, geographical regions covered by the content, year that data
were acquired, the spatial and temporal resolutions of data, the number of dataset tiles, data
format and size, data files, the foundation that owns the data, data publisher, data access and
services platform, and data sharing policy. Table 1 summarizes the main metadata elements
of the dataset.

3 Methods

Different sampling designs lead to different verification results. To take account of the spa-
tial heterogeneity of the land cover, this study adopted an LSI-based sampling approach and
used Google Earth high-resolution historical images to evaluate the accuracy of the
GlobeLand30 (2010) dataset over China.

3.1 Sampling Design

Accuracy assessment is a key step in land cover mapping and is implemented by selecting
samples for which reference data will be collected and used to estimate the overall and
class-specific accuracies in the target region. Many sampling approaches (cluster sampling,
stratified random sampling, and systematic sampling) have been developed to determine the
sample size and spatial distribution according to several fundamental criteria, such as proba-
bility, cost effectiveness, and spatial balance. However, most traditional methods ignore the
spatial heterogeneity of land cover in large areas and may not obtain credible spatial sam-
plings, which include sample size and sample distribution.
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Table 1 Metadata summary of validation of globeLand30 in China with a LSI-based sampling approach

Items Description

Validation plots dataset for accuracy assessment dataset of GlobeLand30 (2010) covering China
based on the landscape shape index samples

Dataset short name ~ Samples_LSI_CHN

Authors Wang, Y. B-5868-2018, Wuhan University, wangyuchn@whu.edu.cn
Zhang, J. X. B-6210-2018, Wuhan University, jxzhang@whu.edu.cn
Liu, D. B-6783-2018, Wuhan University, alliu0815@whu.edu.cn
Yang, W. J. B-6720-2018, Wuhan University, yangwj@whu.edu.cn
Zhang, W. L. B-6084-2018, Wuhan University, zhangwl@whu.edu.cn
Geographical region  3%2'N-5333'N, 73%0'E-1352'30"E

Dataset full name

Year 2010
Spatial resolution 30m
Data format rar, .kmz Data size 88.4 MB (after compression)

Dataset and data files The ValPlotChinaGlobeLand30(2010) consists of two files. They are Samples_LSI_CHN.rar
and Samples_LSI_CHN.kmz
1. Samples_LSI_CHN.rar; this is the table and vector data. Data size is 90,576.76 KB
2. Samples_LSI_CHN.kmz; this is the sampling points’ geographic information system data
Data size is 40.25 KB

Foundation(s) National Natural Science Foundation of China (41471375)
Data publisher Global Change Research Data Publishing & Repository, http://www.geodoi.ac.cn/
Address No.11A, Datun Road, Chaoyang District, Beijing 100101, China

Data sharing policy Data from the Global Change Research Data Publishing & Repository includes metadata, da-
tasets (data products), and publications (in this case, in the Journal of Global Change Data &
Discovery). Data sharing policy includes: (1) Data are openly available and can be free down-
loaded via the Internet; (2) End users are encouraged to use Data subject to citation; (3) Users,
who are by definition also value-added service providers, are welcome to redistribute Data sub-
ject to written permission from the GCdataPR Editorial Office and the issuance of a Data redis-
tribution license, and; (4) If Data are used to compile new datasets, the ‘ten percent principal’
should be followed such that Data records utilized should not surpass 10% of the new dataset
contents, while sources should be clearly noted in suitable places in the new dataset™™

To solve this problem, Chen et al. (2016) proposed an LSI-based sampling approach™.
This method needs to calculate LSI to characterize the spatial heterogeneity of land cover at
three-levels. At the first level, a regional LSI can be calculated in the target regions and used
to estimate the sample size per region. Second, a class-level LSI must be derived for allo-
cating the sample size into classes. Finally, because the samples allocated into each class
should be distributed into geographical units according to their spatial heterogeneities, the
LSI per class must be calculated in each geographical unit. It has been proven that the accu-
racy of this method is closer to the true accuracy, with the accuracy assessment of rare clas-
ses being significantly improved!®.

Table 2 shows that the distribution of land cover in China is not uniform and the spatial
heterogeneity of land cover can be easily observed from the GlobeLand30 map. The areas of
cultivated land, forest, grassland, and bare land are similar and together account for 94.07%
of the Chinese land area. The area occupied by the remaining categories of land cover is
very small, accounting for about 6% of the Chinese land area. If the traditional sampling
approaches were to be adopted, the proportion of sampling points in the rare classes would
be very low, and the sample sizes of rare classes allocated from the limited total sample size
would be relatively small, which would lead to an unreliable accuracy assessment. The
LSl-based sampling approach was therefore adopted in this study. The sample sizes and dis-
tribution of the validation points are shown in Figure 1 and Table 2.
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As shown in Table 2, an LSI-based sam-
pling approach considers the distribution of
rare classes in China (shrub land, wetland,
water bodies, artificial surfaces and perma-
nent snow and ice) and obtains sufficient
sample numbers for rare classes and opti-
mal sample distributions in geographical
space. Thus, a more precise accuracy is
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The land cover types of the SamF_)le F_)Oint or Figure 1 Distribution of samples used in the
polygon were evaluated by validation ex- GlobeLand30 (2010) dataset over China

perts. The evaluation of the properties of the
validation samples were mainly based on
Google Earth high-resolution images. Im-

Table 2 Derived sample sizes of different land cover
classes in the GlobeLand30 (2010) dataset over China

Proportion of ~ Sample

ages of the 2010 growing season were pre- ~ Code  Classification i oz 00 gige
ferred. The basic approach taken in the 10  Cultivated land 21.34 135
evaluation was as follows: the collection of 20 Forest 2223 142
multi-source reference data, the collection of 30 Grassland 29.60 146
interpretation elements (shape, size, pattern, 40 Scrub land 1.05 116
shadow, tone, texture, site, temporal serial, 50 Wetland 0.43 62
spatial serial, and altitude), and sample inte- 60  Water bodies 1.56 9
gration. The sample assessment unit 80  Artificial surfaces 1.81 100

(SAU) for a GlobeLand30 validation 90  Bare land 20.90 124
sample was the region corresponding to a 100 Permanent snow 108 79
30>30 m pixel. For implementation, the SAU &ice 100' Lo00

is a square polygon in Google Earth format _ Tot@!

(.(kmz) and can be displayed over Google Earth images
for interpretation. Considering that there is no dominant
land cover type in the SAU or the SAU can sometimes be
isolated, a polygon of 300 m>300 m was also used to
assist the interpretation (Figure 2).

4 Results

Accuracy assessment is one of the key steps in land cover
mapping and is implemented by selecting samples for
which reference data is collected. From the classification
results and “real results”, an error matrix was constructed,
and thus accuracy indicators, such as overall accuracy,
user’s accuracy, producer’s accuracy, and the Kappa

Figure 2 The sample assessment unit

coefficient, could be calculated™™. The error matrix, also called a confusion matrix, is a com-
parison array for representing the number of cells classified as a certain category and the num-
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ber actually verified as being within that category.

In general, the columns in the array represent reference data; the rows represent the cate-
gory data classified by a remote sensing approach. There are two forms of error matrix: one
uses the number of pixels, while the other uses the percentage. Error matrix results for 1,000
GlobeLand30 (2010) sampling points in China are shown in Table 3.

Table 3 The error matrix of GlobeLand30 (2010) sampling results

Code 10 20 30 40 50 60 80 90 100 Total
10 106 15 2 4 0 2 6 0 0 135
20 8 108 14 8 0 0 2 1 1 142
30 6 13 102 12 2 4 5 0 146
40 2 0 19 88 1 0 0 6 0 116
50 1 1 1 0 55 3 1 0 0 62
60 6 1 6 4 4 72 1 1 1 96
80 14 5 3 6 0 3 67 2 0 100
90 1 1 7 3 0 1 0 111 0 124

100 0 1 0 0 0 0 0 8 70 79

Total 144 145 154 125 62 83 81 134 72 1,000

The error matrix is the basis for evaluating the accuracy of a thematic map. It is often used
to calculate the following four accuracy indicators.

(1) Overall accuracy: a comprehensive description of the entire land cover product. The
overall accuracy can be expressed as the ratio of the sum of the pixels correctly classified to
the total sample size.

(2) User’s accuracy: this refers to the ratio of the number of pixels in the actual type of
ground surface to the number of pixels in the map classification result. Therefore, it is the
row total in the error matrix divided by the number of correctly classified pixels.

(3) Producer’s accuracy: this is the ratio of the number of pixels of a certain category correctly
classified to the total number of pixels in the same category in the entire image. Therefore, it is
the column total divided by the total number of correctly classified pixels in the error matrix.

(4) Kappa coefficient: this is a statistic that measures the inter-rater agreement for qualita-
tive (categorical) items. It is generally thought to be a more robust measure than a simple
percentage agreement calculation, because it takes into account the possibility of the agree-
ment occurring by chance. The range of the Kappa coefficient is from 0 to 1, and the larger
the value, the greater the reliability of the result.

. . . Table 4 User’s and producer’s accuracy of each class
5 Discussion and Conclusion 1 5 aNC procucer S aceuracy o eacn

Class Producer’s User’s
An error matrix was established after — accuracy (%) _accuracy (%)
sample design and interpretation, and a " oo A 73.61 78.52
statistical analysis was completed. The  Forest 74.48 76.06
user’s and producer’s accuracy of each  Grassland 66.23 69.86
class could be calculated based on the  Shrubland 70.40 75.86
error matrix (Table 4). _ Wetland 88.71 88.71
For permanent snow and ice, wetland,  \water bodies 86.75 25.00
water bodies, bare land, and artificial A ificial surfaces 827 6700
surfaces, the producer’s accuracy was

. Bare land 82.84 89.52

above 80%, but it was low for forest, cul- )
Permanent snow and ice 97.22 88.61

tivated land, shrub land, and grassland.
The user’s accuracy for land cover other than grassland and artificial surfaces was generally
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higher than 75%.
The overall classification accuracy of GlobeLand30 (2010) over China is 77.90%, the
Kappa coefficient is 0.75, while the overall area weighted™! accuracy was 77.57%.
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