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Abstract: Large—scale land cover datasets comprise an important foundation of the research on land surface processes ecosystem
assessment and environmental modeling. The evaluation of existing land cover datasets provides a guide to dataset use and new
dataset production. Five kinds of global land cover datasets ( IGBP DISCover UMD GLC2000 MODI12Q1 and GlobCover
2005) over China and adjacent regions are evaluated in this paper. First the categories of five land cover datasets are trans—
lated into the International Geosphere-Biosphere Programme-dGBP scheme based on the correlation coefficients of the corre—
sponding classes which is computed according to the class definition in each land cover dataset. Second the spatial agree—
ments of the five land ¢ over datasets are analyzed using visual comparison and per-pixel comparison. Finally the classification ac—
curacy of the five land cover datasets is evaluated based on validation samples collected through Google Earth high-resolution satel—
lite images. The results show large areas of disagreement among the five land cover datasets and the overall consistency among
them is low. GLC2000 has the highest overall accuracy and Kappa coefficient whereas GlobCover 2005 has the lowest overall ac—
curacy and Kappa coefficient.
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1 INTRODUCTION

Earth surface is a complex synthesis comprising numerous
land cover types. Thus a precise and detailed description of
land cover features and dynamics is crucial for many studies;
such features include energy balance carbon cycle and biogeo—
2011) .

The development of remote sensing technology has made

scheme used by three United States global land cover products
( IGBP DISCover UMD and MODI12Q1) is the IGBP scheme

which has 17 categories of land cover types whereas the classifi—

chemical cycle of the earth system ( Chen et al.

earth surface observation convenient highly efficient and low

cost (Mei et al. cation scheme used in two European global land cover products

( GLC2000 and GlobCover 2005) is the Land Cover Classification
System ( LCCS) with 22 categories developed by Food and Agri—

culture Organization of the United Nations. A land cover map is

2001) . Satellite data have been an important
source reference for land cover mapping with the improvement in
spatial and temporal resolutions. Different types of satellite d

ata-derived global land cover datasets exist including the Inter—

national Geosphere Biosphere Programme Data and Information
System Cover—IGBP DISCover ( Loveland et al. 2000) pro-
duced by the United States Geological Survey University of Mar—
yland land cover product—UMD ( Hansen et al. 2000) d
eveloped by the University of Maryland MODIS Land Cover

a simulation and generalization of reality although it can depict
the properties of earth surface to some degree; the process of
generalization results in some error and loss of information
(Brown et al. 1999). Thus the evaluation of these existing

global land cover products is meaningful for data usage.
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Existing methods for the accuracy assessment of global land
cover datasets are the absolute and relative scale assessments.
For absolute scale assessment the accuracy of global land cover
products will be measured based on independent field data.
Ground truth data at a global or continent scale are unavailable
and the collection of field data is time consuming and expensive
particularly on such a large scale. Thus evaluating the absolute
accuracy of global land cover products is difficult and be limited
by the quality of validation data ( Foody 2002 2010) .
for the data producer only Herold et al. (2008) estimated the
absolute accuracy of four 1 km resolution global land cover prod-

Except

ucts with filed data. However the overall accuracy derived from
the error matrix at a global scale is inappropriate for specific con—
2012) . For relative

scale assessment a comparative analysis among different global

tinents or sub-—regions ( Comber et al.
land cover products is conducted to determine agreement and dis—
agreement. However differences such as satellite data source

classification system and methodologies used to develop differ—
ent land cover datasets will limit comparability and compatibility
(Giri etal. 2005; McCallum et al. 2006; Herold et al.

2008) . A comparative analysis between IGBP DISCover and
UMD ( Hansen & Reed 2000) shows that the wide and varying
sets of ancillary data sources used in different classification tech—
niques are important variables influencing the classification re—
sult. Giri et al. (2005) found that both total area and spatial a
greement between GLC2000 and MOD12Q1 vary from region to
region: ( 1) southern Siberia extending to the border of K
azakhstan Mongolia and China; (2) Tibetan plateau are two of
the five major zones of disagreement. McCallum et al. (2006)

analyzed the spatial agreement among four 1 km resolution global
land cover datasets and argued that agreement is very low in A—
sia. Liang and Gong ( 2010) studied the mapping uncertainty of
MODIS land cover products and highlighted that low producer ac—
curacy was mainly observed in mountainous areas and translation
zones. Ran et al. (2009) estimated the accuracy of the four 1
km resolution global land cover datasets over China based on a
100000) land use map of China in 2000 pro-
duced by the Chinese Academy of Sciences with an a ggregated

large-scale ( 1:

classification scheme. Wu et al. (2008) estimated the accura—
cy of croplands of four 1 km resolution global land cover datasets
100000) land use map of
China in 2000 produced by the Chinese Academy of S ciences

over China based on a large-scale ( 1:

they found that the cropland accuracy of four global land cover
datasets over China varied from region to region. Niu et al.
(2012) assessed the accuracy of permanent wetlands of Glob
Cover 2009 based on Chinese wetlands in 2008 produced through
visual interpretation by the Chinese Academy of Sciences. Gao
and Jia (2012) analyzed the spatial and quantitative agreement
between MOD12Q1 and GLC2000 in China and the result shows
that the accuracy of water grassland cropland and barren are
high in both global land cover products.

In this paper the accuracy of five global land cover prod—
ucts ( IGBP DISCover UMD GLC2000 MODI2Q1 and Glob—
Cover 2005) over China and adjacent regions was evaluated.
First categories of the five global land cover datasets were con—

verted into the IGBP scheme based on the correlation coefficients

of the corresponding classes which were computed according to
the class definition of each land cover dataset. Second spatial a—
greements among five global land cover datasets were analyzed
through visual comparison and per—pixel comparison. Finally

the classification accuracy of five land cover datasets was evalua—
ted with independent validation samples c¢ ollected through

Google Earth highresolution satellite images.

2 STUDY AREA AND DATA
2.1 Description of study area

The study area is located 0°N—70°N and 40°E—170°E
including China and adjacent regions. In the study area the t
emperature zones are tropical —sub-ropical temperate warm
temperate and cool temperate from south to north. The climates
are monsoon climate and continental climate from east to west
the elevation increases evidently from east to west and the ter—
rain changes mainly because of the effect of mountains and plat—
eaus. All these elements result in the complex land surface and
rich landscape of the area. The population of study area is more
than 50% of the total world population. This high population
density resulted in destructive human activities particularly in
recent decades. Rapid industrialization and urbanization serious—
ly influenced the earth surface. China has been one of the most
frequent regions studied in terms of land use/cover change in the

world.
2.2 Global land cover datasets

Five global land cover datasets were downloaded for free
from a Web site and reprojected to Lambert conformal conic p
rojection. Detailed information on the five land cover products is
described as: (1) IGBP DISCover 1 km resolution global land
cover product ( 1992—1993) ; (2) UMD 1 km resolution global
land cover product ( 1992—1993) ; (3) GLC2000 1 km resolu—
tion global land cover product (2000) ; (4) MODI2Q1 1 km
resolution global land cover product (2001) ; and (5) GlobCov—
er 2005 300 m resolution global land cover product ( 2005—
2006) . Table 1 shows the characteristics of the five global land
cover datasets.

Urban and water areas are too small to be well classified u
sing coarse—resolution satellite data. Thus methods used to e
xtract urban and water information differ for each global land cov—
er product. In IGBP DISCover urban and water areas come from
the Digital Chart of the World by the Defense Mapping A gency
( Loveland et al. 2000) . The UMD product uses the same ur—
ban data as IGBP DISCover but the water layer is a water mask

made for the MODIS sensor ( Hansen 2000) . In

GLC2000 over China urban data are classified based on a visual

et al.
interpretation of the SPOT vegetation data in August whereas
water data were extracted using unsupervised classification along
2005) .
ter areas in MOD12Q1 were classified using classification tree a—
2002) . For Glob Cover
2005 water was masked with land/ocean boundary in a Medium

with the remaining classes ( Xu et al. Urban and wa-

long with other classes ( Friedl et al.

Resolution Imaging Spectrometer whereas urban areas were de—
termined using supervised classification ( Bicheron et al.

2008) .
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Schematic diagram of the study area and the distribution situation of validation samples from 2000 to 2001

Table 1 Characteristics of five global land cover products

IGBP DISCover

UMD

GLC 2000

MODI12Q1 2001

GlobCover 2005

AVHRR

Sensor

AVHRR

SPOT VEGETATION

Terra/MODIS

ENVISAT/MERIS

1992-04—1993-03
12 monthly NDVI

composites covering

Input data

1992-04—1993-03
41 metrics derived from
NDVI and five bands

1999-41—2000-42
36 10-day NDVI DEM
and meteorological

composites

2001-01—2002-01
16-day Nadir BRDF
adjusted Reflectance
seven spectral bands

16-day EVI

2004-410—2006-06
13 spectral bands
(300 m resolution)

Classification scheme IGBP (17 classes)

IGBP ( 14 classes)

LCCS (22 classes)

IGBP (17 classes)

LCCS (22 classes)

Each continent is

classified separately by

Entire globe id

classified using a

The globe is divided

into 19 regions. China

Entire globe id
classified using a

classification tree

The world is split into

22 regions each region

Classification model K-means method and classification tree

and then stitched together. algorithm. All pixels in

classification method Water and urban were terminal node will be

masked with existing labeled to class with

data large probability

is dived into 9 region . P
K . X i is classified independently
based on climate algorithm. The pixels in i
. L . K by unsupervised
condition each region is terminal node will be X
. . clustering expect for
classified separately by labeled to class with

ISODATA method

- urban and wetland
large probability

The wide and varying sets of ancillary data used in classif-—
ying process are also important variables influencing the classifi—
cation result ( Hansen & Reed 2000). In the unsupervised
classification method ancillary data can be used to assign the
specific class labels to the cluster polygon. In the supervised
classification method ancillary data can be used to identify la—
bels of the training sample. The ancillary data used in IGBP
DISCover include digital and hardcopy land cover maps atlases
and Landsat i mages. The ancillary data for UMD are Landsat
Multispectral Scanning System images. For GLC2000 in China

the ancillary data are 1: 1000000 land use maps and 1 :

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

1000000 vegetation maps. The main ancillary data for MOD12Q1

are Landsat T hematic Mapper images.
2.3 Reference data

Land cover maps (1992 and 2001) derived from Landsat
TM image and a high-resolution image ( 2005) of Hangzhou City
are used as reference data to reveal detailed characteristics of w
ater and urban areas using five global land cover datasets at a lo—
cal scale. Features of urban and water are too small to be ¢
aptured through a comparative analysis of the entire study area.
Thus local scale comparative analysis is required to reveal the

consistency among the five land cover datasets.

http://www.cnki.net
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3 METHODOLOGY AND DATA PROCESSING

3.1 Transformation of classification scheme

The same classification scheme served as basis of the com—
parative analysis among five global land cover products. Except
for IGBP DISCover and MOD12Q1

defined in each global land cover dataset differ in terms of cate—

the classification schemes

gories range of vegetation canopy and height limitation used to
distinguish tree and shrublands. In recent studies ( Bartholomé &
Belward 2005; Giri 2005; McCallum et al. 2006)

no u niform translation rule governs all these classification

et al.

schemes.
In this study except for open and closed shrublands that
all other classes in the IGBP

scheme remained unchanged. All five land cover datasets were

were aggregated into shrublands

then converted into the IGBP scheme. In the definition of each
class only two quantitative algorithms exist: the range of vegeta—
tion canopy and tree heigh limitation. Tree height limitation is
used to distinguish shrublands and trees. The definition of vege—

tation canopy of different class is a range from 0—100% ( Han—

the be used to correlation coefficients and to establish the trans—
formation rule in this study. If the corresponding class in two
datasets has a high overlapping range of vegetation canopy their
correlation coefficients will also be high.

A
I D

where R, is the length of vegetation canopy range of a certain
class defined in the IGBP scheme R, is the length of vegetation
canopy range of a corresponding class defined in the dataset D

and R, is the length of the overlapping range of vegetation ¢
anopy of corresponding classes in the IGBP scheme and dataset
D. The correlation coefficient value is 0 1 ; if no overlapping
range exists the correlation coefficient is 0. However the corre—
lation coefficient of water urban and built-up areas as well as
that of permanent wetlands and cropland could not be computed
because no similar algorithm exists in the definition. Mixed forest
and cropland/natural vegetation mosaic are the mosaics of differ—
ent land cover types but proportions differ in five datasets such
that the correlation coefficient likewise could not be computed.

Table 2 shows the corresponding relationship and correlation co—

sen et al.

to computed

2000; Friedl
ward 2005; Bicheron

et al.

2008)

et al.

2002; Bartholomé & Bel-

which was selected

sets.

efficients of different classes among five global land cover data—

Table 2 Corresponding relationship and correlation coefficients of different classes among five global land cover datasets

IGBP DISCover/MODI2Q1

UMD

GLC2000

GlobCover 2005

Evergreen needleleaf Evergreen needleleaf forest Tree cover needledeaved evergreen ( > 15%)  Closed needleleaved evergreen green forest ( >40%)
forest ( >60%) 1 (>60%) 1 0.74 0.83
Evergreen broadleaf Evergreen broadleaf forest Tree cover broaddeaved evergreen ( > 15%)  Closed to open broadleaved evergreen forest ( >15%)
forest ( >60%) 1 (>60%) 1 0.74 0.74
Deciduous needleleaf Deciduous needleleaf forest Tree cover needleddeaved deciduous ( > 15%)  Open needleleaved deciduous or evergreen forest
forest ( >60%) 1 (>60%) 1 0.74 (15%—40%) 0.74

. R Tree  cover  broadleaved deciduous closed Closed broadleaved deciduous forest ( >40%) Open
Deciduous broadleaf Deciduous broadleaf forest . . X

( >40%) ; Tree cover broadleaved deciduous open broadleaved —deciduous forest/woodland ( 15% —

forest ( >60%) 1

( >60%) 1

(15%—40%) 0.74

40%) 0.74

Mixed
60%) 1

forest ( <

Mixed forest ( <60%) 1

Tree cover mixed leaf type ( >15%)

Closed to open mixed broadleaved and needleleaved for—

est ( >15%)

Open and closed

shrublands 1

Open and closed

shrublands 1

Shrub cover closed-open evergreen
Shrub cover closed-open  deciduous ( > 15%)

0.97

Closed to open shrubland ( >15%) 0.97

Woody savannas ( tree
cover 30% —60%) 1

Woodland ( tree cover 40% —

60%) 0.83

Mosaic tree cover/other natural vegetation (20% —

70%) 0.80

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

Mosaic grassland ( 50% —70% ) / forest or shrubland
(20% —50%) 0.80

Savannas ( tree cover

10%—30%) 1

Wooded grassland ( tree cover

10%—30%) 0.83

Grasslands ( >10%) 1

Grasslands ( >10%) 1

Herbaceous cover closed-open ( >15%) 0.97

Closed to open herbaceous vegetation ( >10%) 0.97

Permanent wetlands

Tree cover regularly flooded fresh water; Tree cov—
er regularly flooded saline water regularly flooded;

Regularly flooded shrub and/or herbaceous cover

Closed to open ( >15%) broadleaved forest regularly
flooded; Closed ( >40%) broadleaved forest or shrub—
lands permanently flooded; Closed to open ( > 15%)

grassland on regularly flooded or waterlogged soil

Croplands

Croplemds

Cultivated and managed areas

PostHlooding or irrigated croplands( or aquatic) Rainfed

croplands

Urban and built-up

Urban and built

Artificial surfaces and associated areas

Artificial surfaces and associated areas

Cropland /natural

vegetation

Mosaic cropland/tree cover/other natural vegetation;

Mosaic cropland/shrub or grass cover

Mosaic cropland ( 50% —70%) / vegetation ( 20% —
50%) ; Mosaic vegetation ( 50% —70%) / cropland
(20%—50%)

Snow and ice

Snow and ice

Permanent snow and ice

Barren or sparsely

vegetation( <10%) 1

Bare ground( <10%) 1

Sparse herbaceous or sparse shrubland; Bare areas

( <15%) 0.97

Sparse herbaceous or sparse shrubland Bare areas

( <15%) 0.97

Water bodies

Water

Water bodies

Water bodies

Note: The content in

{ )7 is the correlation coefficients

«

indicates no this class in datasets.



YANG Yongke et al. : Comparison and assessment of large-scale land cover datasets in China and adjacent regions 457

3.2 Spatial agreement

The aim of spatial agreement analysis is to reveal the differ—
ences and similarities in terms of the spatial distribution situation
of different classes among different datasets. In this study spa—
tial agreements were implemented through visual comparison and
per-pixel comparison. Visual comparison can provide the spatial
variation among the five datasets from region to region subjective—
ly. Per—pixel comparison can calculate the overall agreement
(A) and per-elass agreement ( B;) among different datasets.

The e quations to compute A and B, are as

11
Z XY,
1

A=— x 100% (2)
S (X, V)2
1
B o= Y o0 (3)
CTX vy 2 T

where X, refers to the number of class i pixels in dataset X Y,
denotes the number of class i pixels in dataset ¥ and XY, stands
for the number of class i pixels in both datasets X and Y with the
same location. UMD has no permanent wetlands cropland /natu—
and ice whereas GLC2000 and

GlobCover 2005 have no savannas. Thus these classes are not

ral vegetation mosaic snow

involved in spatial agreement analysis. In the study area the 1
nland water cannot be separated from ocean because of the lack
of coastline data. Thus water bodies are likewise not consid—
ered. Except for these classes all the remaining 11 classes were

c onsidered in spatial agreement analysis.
3.3 Collection of validation samples

Validation samples were collected through human interpreta—
tion of high-resolution images provided by Google Earth. The a—
vailability of images via Google Earth has been a crucial data
source for land cover mapping or accuracy assessment ( Bicher—
2008; Friedl etal. 2010; Clark et al. 2010).
The advantages of Google Earth: (1) it provides free access to

on et al.

high—resolution images; (2) it provides synoptic views of the en—
tire sample plot at different angles and spatial scales; (3) the
spatial location error of its high-resolution images is low
2010) ; (4) the ima—

ges that it provides are crucial ancillary data for the interpretation

( approximately 15 £5 m) ( Clark et al.

of high-resolution i mages; (5) the timeline in Google Earth can
be used to look up land cover types at different times.

Errors are of two types: spatial and interpretation errors
which are expected in the validation samples collected from
Google Earth. Spatial error is mainly caused by the use of differ—
ent spatial coordinate systems or terrain displacements. The reso—
lutions of the five global land cover datasets are 300 m and 1
000 m. Thus the (15 +5) m spatial error ( Clark

2010) has a negligible effect on coarseresolution land cover

et al.
datasets and validation samples will be reprojected into same
projection with a global land cover dataset. Interpretation errors
are mainly caused subjective factors. For instance different in—
terpreters may have different perspectives on the same image
based on their d iscipline or background. Four rules were formu—

lated to reduce interpretation error and to ensure the homogeneity

of the validation samples: (1) Validation samples must be se—
lected from the center of a large homogeneous area and the size
of each sample should be approximately four pixels ( approximate
2 km X 2 km or 600 m x 600 m) .
1 km region ¢ omposed of 60% needleleaf forest and 40% broad-

For example one 1 km x

leaf forest can be regarded as a fixed forest when the spatial reso—
lution is 1 km. However an error emerges if all cells contained
by this r egion are regarded as fixed forest when the spatial reso—
lution changes to 300 m. Thus the size of each validation sam—
ple must be suitable for the resolution of land cover datasets.
(2) Validation samples must be selected from an area that has a
high—esolution image. (3) For deciduous and evergreen forests
the validation sample must be interpreted based on images in dif-
ferent periods. (4) Images of the corresponding location can be
used to help identify the land cover type when high—resolution im—
age interpretation is difficult.

The validation samples used in this paper consisted of two
different time periods ( 2000—2001 and 2004—2006) . Until
2000 high-resolution images have become available to the pub—
lic. In addition no ground truth data could be used to collect
samples making it impossible to collect validation samples from
1992 to 1993. Two main questions that is
where the land cover has changed from 1992 to 2001 in the study

how much and

area must be answered to confirm whether the validation sam—
ples in 2000 to 2001 can reflect the real earth surface and assess
the a ccuracy of global land cover from 1992 to 1993. Some stud—
ies ( Liu & Buheaosier 2000; Wang etal. 2001 2002; Liu

et al. 2002 2003; Tian 2003; Li 2005;

2009) showed that land cover change in China
mainly occurs in: (1) Traditional agricultural regions such as
Huang-Huai-Hai Plain

whereas cropland decreased significantly because of urbanization.

et al. et al.

Liu et al.
Yangtse Delta and Sichuan Basin
(2) Northeast and northwest regions such as farming-pastoral or
translation zones whereas forest or grassland is cultivated into
croplands. However land cover change is not evident in western
regions. The effect of the policy of cropland conversion to forest
and grassland is only e vident in the local region. Moreover the
speed of reforestation is slower than the cultivation of cropland.
The classes of land cover change in China in the 1990s are major
cropland grassland forest urban and built-up areas. Grass—
land in the north underwent serious degradation from high cover—
age to low coverage even undergoing desertification ( Li
1997) . No land cover change occurred in most areas of China.
Supposing that validation samples in 2000 to 2001 were obtained
from areas with no large land cover change the condition could
well reflect the real property of earth surface from 1992 to 1993
and could thus be used to validate the classification accuracy of
land cover products in 1992 to 1993.

Table 3 shows detailed information on the validation sam—
ples where “=" indicates that this class is absent in the land
cover dataset. Validation samples in 2000 to 2001 were used to
assess the accuracy of IGBP DISCover UMD GLC 2000 and
MOD12Q1. Validation samples in 2004 to 2006 were used to a
ssess GlobCover 2005 whereas validation samples in 2004 to
2006 were collected based on validation samples in 2000 to
2001. If the land cover type of one certain sample exhibits no

change in two periods this sample will be retained and resized to
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600 m x 600 m; otherwise a new sample will be collected to r

eplace it.

Table 3 Shows detailed information on the validation

IGBP Glob

Class name DISCover UMD  GLC2000  Cover
/MOD12Q1 2005
Evergreen needleleaf forest 37 37 37 43
Evergreen broadleaf forest 44 44 44 45
Deciduous needleleaf forest 37 37 37 31
Deciduous broadleaf forest 37 37 37 39
Mixed forest 28 28 28 25
Shrublands 69 69 20 22
Woody savannas 13 13 13 14
Savannas 5 5 — —
Grasslands 44 44 44 53
Permanent wetlands 25 — 25 25
Croplands 101 101 101 103
Urban and built-up 22 22 22 38
Cropland /natural vegetation mosaic 34 — 34 32
Snow and ice 43 — 43 35
Barren or sparsely vegetation 50 50 50 49
Water bodies 49 49 49 52

Total number 638 536 584 606

3.4 Confusion matrix

Confusion matrix is the most widely used method for accura—
et al. 2008 Ran et
2010) . This approach is a cross-tabu—

cy assessment ( Foody 2002; Herold
al. 2009; Clark et al.
lation of the map class against the field data or reference data and
can provide numerous accuracy measures the most commonly
used measures are overall accuracy producers accuracy user’s
accuracy and Kappa coefficients. These accuracy indices are

defined as

Xf,f,
Overall accuracy = izjlvz x 100% (4)
17 17
Nzxii - Z(X,+X+1)
Kappa coefficient = —= — (5)
N - 3 (XX,
;( “Xa)
X
User’s accuracy = ¥ X 100% (6)
X
Producer’s accuracy = XX 100% (7)

+i

where X, refers to the number of class i pixels that were correctly
classified X;, denotes the number of class i pixels in the classi—
stands for the number of class i pixels in the

fication result X,

reference data and N is the total number of all the pixels.

4 RESULTS AND DISCUSSIONS
4.1 Spatial agreement analysis

Land use/cover changes rapidly in the study area and the

timeframe of the five global land cover datasets ranges from 1992
to 2005. Thus in theory the real change in land cover will sig—
nificantly affect spatial agreement analysis. However some stud—
ies ( Friedl et al. 2010; McCallum et al. 2006) show that
land cover change that stems from classification method is well a—
bove the actual change level. Liu et al. (2003) argued that the
land cover area that changed in China from 1990 to 2000 ¢
omprised only approximately 0.5% of the total land areas area of
the country. In this study a comparative analysis shows that the
agreement among different land cover datasets is very low. For
example the agreement between IGBP DISCover and UMD is
only 37%

xpected. Consequently although the timeframes of the five land

whereas the disagreement level is larger than e

cover datasets differ the agreement analysis among these land

cover datasets remains meaningful.
4.1.1  Visual comparison

Visual comparison was performed both at the regional and
local scales. The regional scale comparison mainly shows the
a greement and difference among five datasets from region to r
egion. The local scale comparison mainly shows the d etailed
characteristics of water and urban areas of the five datasets.

The comparative analysis at the regional scale was divided
into two types of content according to the IGBP and generalized
16 classes in the IGBP

scheme were aggregated into eight classes: forest woody savan—

schemes. In the generalized scheme

nas grasslands croplands barren or sparse vegetation water
bodies urban and built-up areas. Forest was aggregated by ev—
ergreen needleleaf forest evergreen broadleaf forest deciduous
needleleaf forest deciduous broadleaf forest mixed forest and
shrublands.

A visual comparison analysis with the generalized scheme is
shown in Fig. 2. Six major areas of disagreement among the five
global land cover datasets are in (1) Russia; (2) Central Asia
( Kazakhstan extending to the border of Pakistan) ; (3) India;
(4) West Tibetan Plateau of China; (5) Southeast area of Chi—
na; (6) Mongolia. The forest area in UMD is less than that in
other datasets in Russia whereas croplands are less than that in
other datasets in India. UMD and IGBP DISCover have more
woody s avannas than other land cover datasets.

A visual comparison analysis with the IGBP scheme is
shown in Fig. 3. Shrublands in GLC2000 and GlobCover2005 are
less than the other three land cover datasets. Deciduous needle—
leaf forest in GLC2000 and GlobCover 2005 are more than that
of the other three land cover datasets. Spatial agreement among
the five land cover datasets has a strong relationship with the o—
riginal classification scheme used in each dataset. Datasets with
the same original classification scheme have better spatial a
greement than those with a classification scheme that is different
from the original. Misclassification b etween grasslands with
barren or sparse vegetation mainly o ccurs in Kazakhstan and
Mongolia. Misclassification among forests with croplands mainly
occurs in Southeast China and I ndia. Misclassification of the
five kinds of forest mainly occurs in Russia. Misclassification

between shrublands and other kinds of forest is minimal.
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Fig.3 Comparative analysis of five kinds of forest in the IGBP scheme at the regional scale

Fig. 4 shows a visual comparison of water bodies urban

and built-up areas at a local scale with reference data. Compared
with land cover map ( TM 1992)
in Hangzhou City is underestimated but the area of water bodies

the urban and built-up area

is overestimated. Large areas of croplands were misclassified into
grassland in UMD. In addition
larger than expected. Compared with land cover map ( TM

the area of woody savannas is

2001) the area of the west lake was exaggerated in GLC2000

and west lake should be located southwest of Hangzhou rather
than where it was shown in GLC2000. Urban and built-up areas
were seriously overestimated in MOD12Q1. Urban areas and water
bodies in GlobCover 2005 exhibit good agreement with the high—
resolution image of 2005 except that some forests southwest of

west lake were misclassified as urban and built-up areas.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.4 Comparative analysis with reference data at the local scale

4.1.2  Perpixel comparison

Per-pixel comparison is a supplement to visual comparison.
Instead of a subjective description per-pixel comparison can d
epict the spatial agreement among different land cover datasets
quantitatively. Overall agreement and per—class agreement were
computed between IGBP DISCover and UMD GLC2000 and
MODI2Q1. As described above

classification is well above the actual change level

land cover change caused by
thus achie—
ving overall agreement and per-elass agreement among all four 1
km resolution land cover datasets ( IGBP DISCover UMD

GLC2000 and MODI12Q1) . The resolution of Glob Cover 2005
differs from that of other land cover datasets and was thus exclu—

ded from per-pixel comparison.
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Fig.5 Area and spatial agreement of 11 classes

Fig. 5 shows the area and spatial agreement of 11 classes a
mong different land cover datasets. The difference in area of 11

classes in five land cover datasets is large. Per-class agreement

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

a mong different datasets varied significantly from class to class.
Overall agreement is 36. 93% between IGBP DISCover and
UMD. Barren or sparse vegetation had the highest agreement
(59.35%) whereas all remaining classes exhibited an agree—
ment below 50% . Although urban and built-up areas used in
UMD were taken directly from IGBP DISCover the agreement is
only 15.14% and is mainly affected by the spatial error caused
by the reprojection process. Overall agreement is 36. 67% be—
tween GLC2000 and MOD12Q1. Agreements of croplands and
barren or sparsely vegetation are 58.66% and 58.04% respec—
tively whereas the agreement of the remaining classes is lower
than 5 0.00% . Overall agreement of IGBP DISCover UMD

GLC2000 and MODI12Q1 is only 11. 30%  with barren or

sparse vegetation having the highest agreement at only 29.54% .
4.2 Accuracy evaluation

Five confusion matrices of the five global land cover datasets
were established with the validation samples. Limited by the
length of the paper five confusion matrices are not shown here.
Four accuracy measures: producer’s accuracy user’s accuracy
overall accuracy and Kappa coefficient which were computed
from confusion matrices

Table 4.

Fig. 6 shows the user’s accuracy of 11 classes in five land

are shown in Fig. 6 Fig. 7 and

cover datasets. Users accuracy of urban and built-up areas in
five land cover datasets are all above 90% . Users accuracy of
evergreen broadleaf forest croplands and water bodies are all a
bove 60% . User’s accuracy of deciduous broadleaf forest mixed
forest shrublands

ence is large between different land cover datasets.

and savannas are very low and the differ—

Fig.7 shows the producer’s accuracy of 11 classes in five
datasets. Except for the producer’s accuracy of water bodies the
producer’s accuracy in the five land cover datasets is above
85% . The producer’s accuracy of other classes in five land cover
datasets exhibited a large variation. For example the producers
accuracy of croplands ranged from 73.35% to 89.39% and
that of evergreen broadleaf forest from 30% to 73.57% . Ever—
green needleleaf forest and woody savannas had the lowest

producer’s accuracy.

http://www.cnki.net
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For urban and built-up areas in five land cover datasets
user’s accuracy is above 90.00%  but producer’s accuracy ranged
from 42.86% to 78.95% because the urban and built-up areas in
IGBP DISCover and UMD complied with existing maps range

from 1960 to 1980 making them outdated and thus cannot repre—
sent the urban areas during the period of rapid urbanization. The
confusion matrix shows that 14. 29% urban and built-up areas
were misclassified into cropland and 8.27% of urban and built-
up areas were misclassified into cropland/nature vegetation in
IGBP DISCover whereas 15. 04% of urban and built-up areas
were misclassified into croplands in UMD. Producer’s accuracy
of urban and built-up areas in GLC2000 is the lowest among five
land cover datasets because urban and built-up areas in
GLC2000 were classified through visual interpretation such that
numerous subjective factors influenced the classification result.

The confusion matrix shows that 23.30% of urban and built-up
areas were misclassified into croplands. MO12Q1 had the highest
producer’s accuracy in terms of urban and built-up areas because
all pixels in the terminal node were labeled as the dominant
class  which can result in the overestimation of urban and built—
up areas particularly for classes around these areas that have
with similar spectral features ( Fig. 3) . Producers accuracy of
shrublands for IGBP DISCover and UMD was higher than that of
other land cover datasets because some shrublands were m
isclassified into grasslands in GLC2000 and GlobCover 2005

( Fig.3) .

was the lowest among five land cover datasets because 24. 62%

Producer’s accuracy of grasslands in GlobCover 2005

of grassland was misclassified into barren or sparse vegetation.

Accuracy of snow and ice permanent wetlands cropland/
natural vegetation mosaic and savannas are shown in Table 4.
User’s accuracy of snow and ice and permanent wetlands in five
land cover datasets were all above 82.35%; by contrast their
producer’s accuracy was very low except in GLC2000. Both
producer’s accuracy and user’s accuracy of woody savannas in
UMD were the highest among five land cover datasets because
the collection of training samples was not limited to tropical re—
gions. Areas outside of the tropical regions which have land
covers fitting the description of woody savannas were also added
to the validation sample database.

The confusion matrices show misclassification mainly occurs
between shrublands and grassland croplands and cropland/na-
ture vegetation mosaic woody savannas and savannas and a-
mong five kinds of forests. The misclassification of five kinds of
forests significantly affects the overall accuracy and Kappa coeffi-
cients. In some cases however determining the accuracy of a
land cover dataset with a generalized scheme is sufficient for data
use. Thus the accuracy of forest aggregated with evergreen

needleleaf forest evergreen broadleaf forest and deciduous
needleleaf forest as well as overall accuracy and Kappa coeffi—
cient with the aggregated scheme were also estimated in this stud-

y ( Table 5) .

Table 4 Accuracy of savannas permanent wetlands cropland/natural vegetation mosaic and snow and ice in five datasets

1%
IGBP DISCover UMD GLC2000 MOD12Q1 GlobCover 2005
Producer’s Users Producer’s Producers User’s Producer’s User’s Producer’s Users
accuracy accuracy accuracy accuracy accuracy accuracy accuracy accuracy accuracy  accuracy
Savannas 0.00 0.00 57.81 — — 5.26 3.13 — —
Permanent wetlands 45.45 90.91 — 63.64 82.35 31.82 93.33 14.73 95.56
Cropland /natural vegetation mosaic 30.30 68. 66 — 3.79 15.63 1.52 8.70 19.54 8.92
Snow and ice 37.65 98.67 — 87.65 97.93 14.81 100. 00 53.54 95.50

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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Table 5 Accuracy of five datasets with IGBP scheme and generalized scheme

/%

Overall accuracy

Kappa coefficients Forest

IGBP scheme Generalized scheme

IGBP scheme

Generalized scheme Producer’s accuracy User’s accuracy

IGBP DISCover 51.58 60.75 0.47 0.55 60.77 86.01
UMD 56.71 58.94 0.52 0.53 50.09 77.93
GLC2000 67.72 76.06 0.64 0.73 86.83 87.13
MODI12Q1 53.19 59.44 0.48 0.54 69.43 82.89
GlobCover 2005 51.12 58.33 0.45 0.51 71.83 76.89
Overall accuracy and Kappa coefficient of five land cover
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