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1. Intreduction

1.Introduction

Land cover refers to the synthesis of various material types as
well as their natural attributes and features on the earth's surface. Its
spatial distribution reflects the process of socio—-economic activities of
human beings, and determines the hydrothermal and mass balance on
the surface, which directly changes the hiogeochemistry cycle, land-
atmosphere moisture, energy and carbon cycle, and even climatic
change. Scientifically accurate measurement of spatial distribution
and dynamic change of global land cover is of great significance to the
research on global change.

In order to support the research on global change and the
development of earth system modes effectively, the Ministry of
Science and Technology of China has launched the MNational High
Technology Research and Development Program of China (B63
Program) named 'remote sensing mapping and research on key
technologies of global land cover® in 2010, As one outcome of the
project, GlobelLand30-2010, mapping product of global land cover at
30-meter spatial resolution derived from remote sensing images in
2010 is produced.

The dataset covers land area from 80° N to 80° 5, consists
of 10 land cover types, namely cultivated land, forest, grassland,
shrubland, wetland, water bodies, tundra, artificial surfaces, bareland,
permaneant snow and ice.

This manual is & simplified introduction to Globeland30-2010
Product, including details about data resources used for classification,
classification scheme and workflow, data organization and accuracy
assessment etc. The manual aims to provide a reference for scholars

and potential users for using the Globeland30-2010 product.
2.Data Resources
2.1 Image Data
The classification images used for data generation of
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Globeland30-2010 are mainly 30m multispectral images,
including Landsat TM and ETM+ multispectral images and
multispectral images of Chinese Environmental Disaster
Alleviation Satellite (HJ-1). Cloudless images acquired over
vegetation growing seasons within = 1 year from 2010 were
selected. In case the area missing suitable images, the time
frame is extended.

2.1.1 Landsat TM/ETM+ Images

All Landsat TM and ETM+ images are downloaded from
USGS (http://landsat.usgs.gov/) at Level 1T. Geometric and
radiometric corrections were applied to the Landsat images,
which were then registered to the WGS-84 coardinate system
and UTM projection. 9907 scenes of Landsat TM and ETM+
images were downloaded from USGS, about 80% of them were
acquired within the time frame from 2009 to 2011 (Table 1).
Figure 1 shows seasonal distribution of the 9907 images.

Table1 Acquisition Time Statistics of Landsat Image

Year 2009% 20104 20114 Others

Proportion | 30.59% 41.06% 9.14% 19.21%

| BE P4 El ElIoEIalisiokT E1 BUN BN BrEd-H

Figure 1 the Seasonal Acquisition of Landsat TM and ETM+
Images



2 Data Resources

The preprocessing of Landsat TM and ETM+ images
includes atmospheric and topographic correction. The
atmaspheric correction employed the updated version of Fast
Line—of-Sight Atmospheric Analysis of Spectral Hypercube
(FLAASH) algorithm, while topographic correction used
Smoothed COS method (SCOS).

Due to the heavy cloud in the equator and north polar
areas, Landsat? ETM+SLC-off images were used to make a
supplement. Neighborhood Similar Pixel Interpolator (NSPI} was
applied to interpolate 1354 scenes of ETM+SLC-off images to
fill the data gap of these arsas (Figure 2).

Figure 2 Coverage Area of ETM+SLC-off Images of
Globeland30-2010

2.1.2 H]-1 Satellite Images

HJ-1 is a Chinese remote sensing satellite, aiming
at environmental monitoring and disaster prevention and
reduction. HJ-1A Satellite carries multispectral camera (CCD)
and hyper spectral imager (HSI). HJ-1B satellite is loaded
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with multispectral camera (CCD) and infrared multispectral
imager {IRS) (http://www .cresda.com/).

1465 scenes of multispectral images of HJ-1 were used
to derive land cover information, covering 60% of the total
land area of the globe (Figure 3}, with the acquisition time

Figure 3 Coverage Area of HJ-1 Satellite Images of
GlobelLand30-2010

2.2 Auxiliary Data

Ancillary datasets and reference materials were used
to support sample selection, classifier training and accuracy
assessment (Table 2).

Table 2 the usage and websites of different data types

Auxiliary

Code Data Type Linkage Usage
1 Reference Data
Extract the sample
1.1 |Existing land cover data data, check the
National Land Use classification
results.

1.1.1 |[Dataset of America|http:/fwww.epa.govimrlc
{NLCD):




2 Data Resources

Auxiliary .
Code Data Type Linkage Usage
1:250 000 Land Caver
1.1.2 Data of Canada (Land |http:;/mwww.geobase.ca
cover, Circa2000)
Land Cover Data of
1.1.3 Europe (CORINE Land |htip:www. eea.europa.eu
Caover2000)
Land Cover Data of
Australia (National|
1.1.4 Dynamic Land Cover httphawww.ga.gov.au/
Dataset, DLCD)
1.2 |Thematic Data
Global Lakes and
1.2.1 [Wetlands Database|http:/fworldwildlife.org/
(GLWD)
1.2.2 Wetland directory data  |http:/framsar.wetlands.org
13 Global fundamental
~  |geospatial data
Extract forest,
2 MODIS NDVI data https:/lpdaac.usgs.goy/  |shrubland,
grasslandbareland.
Extract auxiliary
information from
3 |Global DEM data water bodies and
wetlands.
Extract technical
Global eco-geography| : scheme from
4 |olassified region data http:/fwww.worldwildife.org forast, shrubland,
grasslandpareland.

2.3 Positional Accuracy

According to the introduction of technical documents on
Landsat wehsite, the geometric corrected plane root mean
square (hereinafter referred to as "BMS") error of TM/ETM+
images of Level 1T are £75 meters. The plane geometry
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accuracy tests for all TM/ETM+ images by selecting obvious
object points, with the help of Google Earth and orthophoto
images at 1m resolution are conducted before land cover
classification. 171 scenes of all the Landsat images fail to meet
the accuracy requirement in the test, thus correcting process is
conducted again with all the images so as to guarantee that the
edge join error of all Landsat images is within 1 pixel.

Global ETM+ embedded product {GeoCover2000) is used
in HJ=1 image as a controlled source for geometry rectification.
The overlapping RMS error between the rectification images and
Landsat images is less than 1.5 pixels (45m].

The overall positional accuracy is + 75 meters, with the
worst positional accuracy better than 90 meters.

3.Classification Scheme
The classification system includes ten land cover types, namely
cultivated land, forest, grassland, shrubland, wetland, water bodies,
tundra, artificial surfaces, bareland, permanent snow and ice. Please
refer to Table 3 for the illustration of each type:
Table 3 Classification of Globeland30

Code| Type | Content
Cultivated Lands used for agriculture, horticulture and gardens,
10 land including paddy fields, irrigated and dry farmland,

vegetation and fruit gardens, etc.

Lands covered with trees, with vegetation cover
over 30%, including deciduous and coniferous
forests, and sparse woodland with cover 10 — 30%,
atc.

20 Forest

Lands covered by natural grass with cover over

30 | Grassland 10%, etc.

Lands covered with shrubs with cover over 30%,
40 | Shrubland lincluding deciduous and evergreen shrubs, and
desert steppe with cover over 10%, etc.




4 Classification Warkflow

Code| Type | Content
Lands covered with wetland plants and water
50 Wetland bodms,llncludmg inland marsh, lake marsh, river
floodplain wetland, forest/shrub wetland, peat bogs,
[mangrove and salt marsh, etc.
Water |Water bodies in the land area, including river, lake,
60 bodies  |reservair, fish pond, etc.
[Lands covered by lichen, moss, hardy perennial
herb and shrubs in the polar regions, including shrub
70 Tundra tundra, herbaceous tundra, wet tundra and barren
"tundra, ete.
Lands modified by human activities, including all
80 Artificial | kinds of habitation, industrial and mining area,
Surfaces |transportation facilities, and interior urban green
zones and water bodies, efc.
Lands with vegetation cover lower than 10%,
90 | Bareland lincluding desert, sandy fields, Gobi, bare rocks,
saline and alkaline lands, etc.
Permanent Lands covered by permanent snow, glacier and
100 | snow and | )
e icecap.

4.Classification Workflow
4.1 Minimum Mapping Unit

The minimum mapping unit (hereinafter referred to as

‘MMU") refers to the smallest patch used for quality control.

Area patch larger than the size of the MMU should go through

guality control process. As for the linear features such as rivers,

the minimum width is adopted for control. The MMU varies from

type to type, which is determined by the following factors:

@ Spatial distribution of the surface features (size, density, etc.);

# Scale characteristics of the type of features;

* Workload of the human-computer interactive editing

and checking;

& Minimum accuracy requirement for classification of the
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features.

4.2 Representational Accuracy

The lowest classification accuracy refers to the minimal
accuracy guaranteed by land covers. The classification accuracy
of each type is determined by the scale requirement and difficulty
of classification.

Please refer to Table 4 for the classification accuracy and
guality control of the MMU for each land cover type.

Table 4 the Lowest Classification Accuracy and MMU of
Globeland30-2010

Serial T Minimum Spot of Quality
Number ype Constraint (Width)

1 Cultivated land |B*6 pixels

2 Forest B8*8 pixels

3 Shrub land [10*10 pixels

4 Grassland  [10*10 pixels70%

5] Wetland  |9%9 pixels

a —— Plgnar water: 3*3 pixels; linear water: 3—pixeal
width
lo implement according to the MMLU of

7 Tundra guality constraint for meadow, wetland, bare

land and bushwood.
Rural-urban fringe zone: B*8 pixels;
Artificial scattered cluster artificial cover: 4*4 pixels;

8 Surfaces |roads and residential area distributed along
the roads: 5—pixel width
9 Bareland B*6 pixels
Perennial .
10 . 3%*3 pixels
snow or ice

4.3 Hierarchical Classification Workflow
The Globeland30-2010 product was derived using a



4 Classification Warkflow

hierarchical extraction method. Each land cover type was
classified one by one, with the constraints of the mask of other
land cover types. The warkflow is to extract only one land cover
type at a time, and then mask the class after the extraction. The
classification is carried out for the next land cover type, and then
mask, until all classes were derived.

The order of land cover type extraction is as the following:

1) Water bodies

2) Wetland

3) Artificial surfaces

4) Cultivated land

5) Permanent snow and ice

6) Bareland, forest, shrubland and grassland

7Y Tundra

References l S T™ IrnagesJ
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Figure 4 Hierarchical Classification Strategies per Type

Merge

4.4 Single—factor Classification Method

All single—factor land cover types adopt the method based
on "Pixel-Object-Knowledge" (POK). This method includes
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three steps, namely pixel classification, object filter and human-—
computer interactive check and verification, in order to exploit the
advantages of each classification algorithm to the full, and make
full use of various knowledge and human experience to enhance
the classification quality.

(1) Pixel Classification

According to the characteristics of the spectrum, texture
and other features of each land cover, this step selects the
pixel classification algorithm, which can realize the extraction of
relatively high accuracy. Through analyzing the difficulty in type
extraction, optimizing the process of classification technology,
controlling the quality of the training sample, the classification
accuracy of pixel methed is enhanced.

The classification methods for the pixel method include
MLC, SVM, threshold value method and its improved method,
etc. Selection is implemented after images and reference
materials, algorithm effectiveness, classification efficiency and
other factors being taken into overall consideration.

The classification result of the pixel method contains a large
volume of small pixels as well as incomplete and discontinuous
units.

(2) Ohject Filter

This step carries out object segmentation of multiple scale
to each scene of multispectral images, and the segmentation
scales include 10, 20, 30, 50, 100 pixels, etc. According to the
spatial geometry shape and size of land cover types in each
scene of images to be classified, select the segmented object
with appropriate size and filter the classification result of the pixel
method.

The filter adapts the threshold value method and counts the

10
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pixel number ratio of segmented object. If he classification object
exceeds threshold value (generally, 60% to 70%), then the unit
will be selected; otherwise filtered.

Through object filter, the salt and pepper phenomenon of
the pixel classification methad can be eliminated. Meanwhile,
the mapping unit of classification result is consistent with the
shape of actual land cover. However, the phenomenon of certain
mapping unit error and negligence exists, which requires human-—
computer interactive check and verification.

(3] Human—-computer Interactive Check and Verification

Based on the developed integrated service platform of
multisource reference materials, this step adopts the way of
human—computer interaction to check the classification result
of object filter, eliminating error mapping units and supplements
neglected mapping units. Main contents of check and verification
include: edit error and neglected mapping units by making use
of the vector results of multiple scales rather than drawing
the outline of mapping units; determine the key checking area
rapidly by making use of the distribution knowledge and rules
of the land cover: enhance the pertinence of artificial check
through calculating mapping units with quality problems by dint
of reference materials. For example, wetlands are distributed in
areas with the gradient of less than 3° generally, any mapping
unit with the gradient of larger than 3° can be screened by
making use of this rule, so as to check and verify with emphasis.

5.The GlobeLand30 Product
5.1 Coordinate System

GlobelLand30-2010 dataset adopts the following reference
coordinate system.
# Coordinate System: WGS84
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#® Reference Ellipsoid: WGES84 Ellipsoid
® Projection: UTM Projection

* Joning: 6° Zoning

5.2 Data Tiles

Globeland30-2010 product is organized in tiles:

® 60° N-60° 5:5° (ltitude)*6” (longitude);

4 60-80° NandB0-80° S:5° ({latitude)*12° (longitude).

The number of map tiles in Globeland30-2010 is 853 (Figure
5). The range of one map tile is a rectangular area, 7500 meters
{ 260pixels | extending from the minimum bounding rectangle
made up of 4 angular points of defined map tile.

Figure 5 GlobelLand30-2010 Product Tiled Diagram
5.3 Data Composition and Format

5.3.1 Contents of Data Package
Globeland30-2010 data tile consists of five parts, namely

classification result file, coordinate information file, index map file
of classification images, metadata file and illustrative file. Among
them:

—— Classification result file: refers to the file storing the
classification information of land covers,

12



5.The GlobelLand30 Product

—— Coordinate information file: refers to the file recording
the coordinate information of classification result data.

Index map file of classification images: refers to the
vector layer file recording the range and acquisition time of each
scene of classification images.

Metadata file: refers to the file recording the metadata
information of classification result:

—— lllustrative file: refers to the file describing the
classification result data and explaining the data copyright.

5.3.2 Classilication Data Format

The raster data format s adopted for the storage of the
eartn's land cover classification data, with the non—destructive
GeoTIFF compression format and the 256 indexed color pattern
of the B Bit. The pixel value of the raster images represents
certain type of the earth's land coverage; see Table 3 for the
specific corresponding relationship between the pixel values and
the types.

5.3.3 The coordinate information file format

TIFF WORD format is adopted for the storage of the
coordinate information. The specific format sample is as follows:

N35_30_2000LCO30. tfw the file name

30. 000000000000000

0.0

0.0

-30. 000000000000000

203088.91200000001 The east direction coordinate of the
upper left of the image, not any projection zone No. is added.

3884658 3599999989  The north direction coordinate on
the upper left of the image

13
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5.3.4 The document of classification of images connected with chart
SHP farmat is adooted for the classification of images

connected with chart (Shape file format), including the layer of the

classification images connected with chart and the subdivision

range layer; see Table 5 for its attribute table structure.

Table 5 the file data model of classification of images connected

with chart
Geometric e .
Layer Type Type Layer Identification| Attribute ltems Data Type
Sensor Integer
Imageas [ Resolution Integer
Connected|  Plane | TM /ETMScene | pé;;h.f:mJ Hgller':[h‘t e
with Chart - g
_ _ _ Date Date type |
T Hollerith typeThe
Subdivision Plane MapSheetRange | MapSheetName .I = 3
Range length of 16

5.3.5 Metadata file

XML format is adopted for metadata file; see the Appendix
for the attribute items included.

5.3.6 Documentation

PDF format is adopted for the storage of the documentation.

5.4 File Designation and Organization

5.4.1 The Rules for the Subdivision

The rules for the data of GlobeLand30-2010 subdivision
naming are as follows:

The abbreviation of north or south latitude (1 bit) +6° zone
Number (2 bits)+"_"+ the initial latitude (2 bits)+ "_"+ the age of
the products (4 bits) + LC (the abbreviation of land cover)+ the
resolution (3 bits) + Among them, North latitude is abbreviated to
"N*, South latitude is abbreviated to "S";

6° zone Number: the zone number value of the 6° zone

where the figure is located. For the image crossing two 6°

14



5.The GlobelLand30 Product

subdivision zones, its central longitude shall be put as the central
longitude of the base 6° zone, and the number shall be put as
the base zone number.

Starting latitude: put the latitude value of the edge line at the
lower left corner of the figure in the northern hemisphere, and
put the latitude value of the edge line at the top right corner of
the figure in the southern hemisphere, as shown in the figure.

“— The starting

latitude of
the figure
The starting >
Iatitude of The northern The southern
the figure hemisphere hemisphere

Figure 6 the Schematic Diagram for Image Subdivision's
Starting Latitudes in Northern Hemisphere and Southern
Hemisphere

Year of product: refers to the year of the earth's surface
products, for example 2000, 2010, etc.

Resolution: it is only accurate to the whole number of 1
meter, for numbers less than 3 hits, 0 shall be added to the front,
like 30 Meter shall be indicated by 030.

For example: Image of N19_25_2000LC030 means the 30—
meter land cover data in the rectangle area between 25° and
30° north latitude in zone 19 of north hemisphere (range of
108° —114° east longitude} in the year of 2000.

5.4.2 Data Organization

GlobelLand30-2010 data subdivision products are stored
according to a separate directory, whose catalogue is named by
the subdivision name. All the documents stored in the directory
include the classification results document, the coordinate
information document, the basic classification images connected
with chart document, the metadata file and the descriptive
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documents etc.

—( N19 25 _2000LC030.tif

—{ N19_25_2000LCO30.tfw

Catalog Name —{ng 25 2000LC030 MAT.xml

|
| | |
N19 25 2000LC0O30 | ‘N19_25_2000LCD3D_IMG.shp |
|
I

—{N19_2S_ZUOOLCUBD_ReadME.pdf

Figure 7 the Data Organization Example of Globeland30
In order to facilitate the data copying and downloading, the

subdivision data are compressed, forming a zipped file, the name
of which is the same as the catalogue.

6.Accuracy
In order to objectively evaluate the classification accuracy of
GlobelLand30-2010, units such as Tongji University in Shanghai,
Chinese Academy of Science, Chinese Acadermy of Agricultural
Science and Chinese Academy of Forestry etc., are invited to
conduct a third party accuracy evaluation.

6.1 Sampling Scheme

For accuracy assessment, a two-level sampling scheme
was adopted. The first level is the frame sampling, with map
tiles taken as the sampling unit. The secand level is the feature
sampling, with a selected pixel in the tile as the sampling unit.
Through calculating the sample size of each sample unit and
reasonably distributing samples with regard to spatial variability, a
considerable quantity of samples are used to test the accuracy of
land cover classification.

During the first—level sampling, the guantity of sample tiles

to be selected is calculated according to the assessment model.

16



6.Accuracy

The quality evaluation of each selected tile is conducted through
the second-level sample model. In the second-lavel sampling,
the quality status is judged by calculating the sample guantity
of each class ni i = 1, 2, 3---10), testing each unit, getting the
statistic results and calculating the confusion matrix and the
perimeters of each class.

6.2 Accuracy Assessment

According to the map tiles and map area of each continent,
eighty tiles, which are calculated according to the sampling
formula, were selected from the total 853 tiles for accuracy
assessment. The map guantity of each continent is assigned
according to the proportion of the land area in each continent,
among which, Asia has 26 tiles, Europe 6, Africa 18, America 25
and Oceania b.

The second-level sampling of the features hased on the
80 map samples in the first level is conducted, and the sampling
results of the features of each subdivision by processing each
map unit are gained. The reference materials mainly include
Google Earth high resolution images, TM images, DCP (Degree
Confluence Project) verified points, online authentic landscape
photos, etc. Sampling points are independently judged by three
groups of technical staff. After analyzing and comparing with the
reference materials, every sampling point is judged and marked
by "completely right”, "completely wrong" or "uncertain’.

All in all, nine types and over 150,000 test samples
are evaluated in terms of accuracy. The overall accuracy of
GlobelLand30-2010 reaches 83.51%. The Kappa indicator is
0.78. The accuracy of each type is as the following (Tundra is not
included).

17



'-..t.__
R %
' _GlobeLand3d
-re

95.00%
90.00%
B5.00%
B0.00%
75.00%
70.00%
65.00%
60.00%
55.00%

EO'OO%CUMEM Forest  Grassend  Shnblnd  Wedand  Water  Arificial  Bersland Permanent snow

Bodas  Suaces andic
Figure 8 Accuracy of Each type in GlobelLand30-2010

Confusion Matrix of accuracy can be seen in Table 6.
Table® Confusion Matrix of Accuracy Evaluation in GlobelLand30-2010

Classified Type

Oued | T Grass [ St | Wet | Water | Al | B [ Pemarert | Aol

Land nd | bnd | lnd | Bodis |Sufaes i Srowkles|  Sum

C“La"‘mmd 28016 | 1333 | 1346 | 624 [125| 75 | 143 |#16| 2 | 32079

Forest | 2373 |52538| 3202 | 993 [ 760 | 46 | 135 (223 41 | a0

‘ms 1503 | 2176 |21241| 890 | 216 | 54 | 92 |s46| &7 | 26865

sﬁb 62 | 821 |12 [7a04| 29 | 11 | 15 |mal 7 | e

powal| WU | ae | igs | aon | es |soe2| 2o | 7 |es| 1 | mi7e
Type land

Weter | o | sos [ 188 | 27 138 |sme| 13 |48 5 | s
Bodies
Artic

g 600 | 206 | 265 | 108 | 15 | 20 276w | 12 | 429

Baeand | 181 | 188 [ 472 |1 | 8 | 14 | 8 (ses7 72 | &0
Pananent

sondiel 0 | 4| Moo 0| 0|1 69 | ew
Classred

s | 35729 | 69034 | 27628 10210 6382 | 6767 | 3169 |7315| 816 | 164070

Mote: The accuracy assessment of the tundra type is not conducted.

18



7. Acknowledgement

7. Acknowledgement

The project is supported by the MNational High Technology
Research and Development Program of China (863 Program)
‘remote sensing mapping and research on key technologies of
global land cover® (project No. 2009AA122000). The project team
includes 18 members: National Disaster Reduction Center of
the Ministry of Civil Affairs, Institute of Geographic Sciences and
MNatural Resources Research of Chinese Academy of Sciences,
Institute of Remote Sensing and Digital Earth of Chinese
Academy of Sciences, Institute of Agricultural Resources and
Regional Planning of Chinese Academy of Agriculture Sciences,
Research Institute of Forest Resource Information Techniques
of China, Tsinghua University, Beljing Normal University, Nanjing
University, Wuhan University, Chinese Academy of Surveying
and Mapping, National Administration of Surveying, Mapping
and Geoinformation, Geo-Compass Geoinformation Technology
Company, etc.

In the process of data development of Globeland30-
2010, we owe great thanks to many organizations who have
provided a large amount of the classification images and
reference data, such as USGS, University of Maryland, European
Environment Agency (EPA), etc. Besides, we deeply owe our
credits to Professor Yifang Ban (Department of Urban Planning
& Environment, KTH Royal Institute of Technology of Sweden),
Doctor loannis Manakos (Remote Sensing Center for Research
and Technology Hellas Information Technologies Institute),
Professor Rolando Ocampo (Geograf | ay Medio Ambiente,
Aguascalientes, Mexico), Doctor See Linda (International Institute
for Applied Systems Analysis of Austria), Professar Songnian

19



-.-.-._'

@
@ GlobeLand30

3l=meter Global Land Cover

Li (Ryerson University), Professor Maria Antonia Brovelli (Vice
Rector for Como Campus/Politecnico di Milano), who offer great
help for conducting accuracy assessment.

We also show our gratitude to Mr. Liu Chuang, Professor Liu
Jiyvuan and Zhou giming for their instructive advice and valuable
guidance for the project.

Please visit http: //glc30.tianditu.com for the detailed
information of the products. If you want to know further about
the technical problems, please contact Professor Chen Lijun. His
contact information is as follows:

Lijun Chen Ph.D

Natianal Geomatics Center of China (NGCC)

Address: 28 lianhuachi West Road, Beijing, 100830, China

Tel: +86-10-63880216

Cellphone: +86-13641011589

E-Mail: chenlj@nsdi.gov.cn

20



Appendix

paena) s e L07 Loispgng
l Jefa afiueyaprigeT
: B IR BUDE LENSINEANS 0 J0 O SU0F 81100 | ‘ _ AU 40 "ON BU07 e ¥
LB USRI —, LW DajeIecas 88 SEnie| 7
“afiuel aprigg) e s o ) shuel aprie) siEdwo
2 oL ainmaid au Joj snotaid au Ul apnige inog saml sy
(000002 -0000% || e U alueysonyuy
2 L} BpneT] YWoN YsnBulisp o) pasn aie g, pue N, v il 1o aBues sompael ey il h
"SI0 pUCDES 8L PUB 'SUG 7 sInULL BU) 'S 7 S8y
aasdap aup 'leuUn) puoses pue anui ‘saibep &y
uilg
usaman -, Lum palesedas aue sspnubuo| z vefuel
g?ﬂﬂ%gﬁ.ﬁ_c_&_ﬂmﬁagﬁmﬂ&ﬂtﬁcm m.m.__.zu.nm_.._“_.ﬁ uaneuuoLy
000S90-0000Z/0M, | 1wouum aimyd au a0y 'snovend au i apribuo sap| 0L | Bdi Lausgon 21 2Bt uogalode)y lsaugdep ]
Loy apnpduo) 1583 ysinBunsn ol pasnh ale A, pue L
A, 'SUT Z DU00Es B U ST 7 SN0 B 'S £ 5By
sasdap AUl 'BuUo) puUonEs pue anui ‘ssibsp sy
iy uonzelud pesnsIng | £ | e ueon | Lonosloid dew sy wiEishguenens 5
863 sinpoxd su) A pesn waishs uctersig el ing | 5 | sdfusjoy | wieishs uoers] waisfg 7
spnpod wiayshs eI
BUIRIO0, 0B
YESOM 1) A PISN WSISAS SIEUIRI0CD S0USIBIE! UL 1D |4 § | ey EnCETEN b *y £
0E007000 6L 6IN e sqiouuesy| gl | edfusioy | ainoid o sweu sy BN IsaLSHepy 4
OEPUETECoD Rolle g ouueny| (9 | e ey | el N0l BLLERINDOL L
U163 Ul BLEN Jaquny
il In adh ul
I 0} sfduies swewainbay) Bu Wi | edfjmeg | essuy U swe W Do P00 | e

S1ONP0I4 Ble(] J8A0D) PUET |BQO|D) 84l O B1BDRI8|A 8l [ 3|9eL
ejepedy :xipuaddy

21



.....'0.

i T

GlobeLand30
Marﬂmuﬂm =

aund ey

i aidly 10 ALY 153MLINOS
FLBILELY Cil govewnuay) | auied o jo FUCHSEANHINGS Bl
SELUIION 8|
and
adhy 10 JALLDD 158MUINCS
SHBP00EY Cil SUFISSNAY Il
[eOLLUMU L] | S IET X O .
SERUIIOND 8|
mE EPG.EE:_
Wl ) UOOBLLLICJLI SIELIRIOOO U 10 1BULOJ U1 110 14 adfy sy @EUPOCO 10 S SeIooD 00, | uogewwopy | 9l
spgHep WD T | N T kN
1anpoad Jaaco pue| sl 4o spoll abeio)s abew syl ' aleLu] Jawny) pue
JBAOT DUE| JO
W1oeg sinpoud sup oy pasn jeuso ey eyl | ¢ | edduusgon JuoyABe L 1ewoaliew BrogpueT vl
062 10 08 N0 1Y adhy
ElEp J0 LoWN|osa) LoANOSEHE L
= ‘spnpod 1o puel 8ol o) jo vanniosal ey oy sy © | vy | ah s peds €
‘DLOZ 430002
ooz 52 14oNS ‘U1 pefly a0 o) papeau st iead e sl sonpoud| ¥ Ehﬁ_ . Ewabﬂa S Jeg, 4l
EIED JBA0O pUg| BUY Jo poled 8L} Ino Bullly UBLA ) i
SIBIBN 000005 ESSOSOE AU o eisuco anppne s no 4| L | edhuusioy AL UEISUO7) SIEUIRIOTT X Ll
_ _ JIEISUOG SAYPRE 8] ’
s Fleupioco lonpox ey Agpasniunay] | ¢ | eddupuagon | Jun sjeupioco ay VPR [BIUET) oL
S £ A Uous s sauliep s spriifuo) 1ses
MLLL DU SNRBLI 150 LENUGSD 7SN QL. FAR A v | ey |eonBuo iusd | TR T} G
[ ey Jaquiny
adlf u HsiBuz L
Sl Joy acures sjuewainbey full4 ighuan| sdiieeg | sssuuyuaweN s LL e

S10NP0I4 B1B(] JOADD) DUEBT BQO|D) B JC RIBDEISIN OY)  / 9|qe]

22



Appendix

"UCRECYISSE 7] 8U 10 POUB LDBS LI 88N UDemis
Ausfizw [emoe sy o) Buiplosoe o (4 218 L-TH
L= WL L Buipniou spiusxs o) uoneayissen
1 W pasn Asleun LW 8L IN0GE BIED 8L N0 |4

e Lwagoy

Auabew
LoneayIssER 8|

aamogaew|

CHLavEr

£il

ey

[BILBLLING 8]

AUNK1 AL 0 JaLLCD
152305 L 18 Jucd
A 40 SEIEUIRIOCD 3L

pIOisEqUAnCS

4

S5 0LZ00Er

il

iy
[EUBILINU £

AN L 0SB
1583Ln0s 24 18 Jucd
X J0 S3RUIRIOCT BY |

SOpISEIHNOS

\ELBLER

£l

add
[ELBILINI B

8oy 8L 40 J8Lwoo
JsEBLLIoU BU) 38 Jiiod
A J0SERUIPIOCD Bl

PUCAsEILRON

\9ELBLER

il

i
[CAETTEN

SN 8L 0 IS0
15E8LI0U 8L 12 Jiod
¥ J0 SERUIPION Bl

SAYISEILLON

&

EYCLEELY

£l

ey

[BILBLLINU £

anid ay
10 LGS 15RO
a1 u0d A Jo
seleupoco 34

PUCRSBRALHCN

02

L LBEBLEY

£il

adfy

[BILBLLINU B

anid auy
10 B0 15RO
aup e wod Y o
SBJRUI00 3|

SFSEAALNGS

6l

B 40 ejdes

spiawannbay Guyy

e

adf] e

BSAULT U atley]

ListIEL3 L aLuen]
Ll Ejereiag

S1ONP0I4 B1B(] JOAOT) DUBT |BQO|D) BUL JO BIBDRISN 8L

Lo|ge]

23



a®®%s,,

s g T~

GlobeLand30
30smeier Giobal Land Cover

(o jeah aig au|
Zi0z v | edbesg ajegecnpoy 08
0J) PaLLI) SYNSE! [BLLUGL 3L UBUM BLUG [BUL B3 IN0 [ WialuloiEnan Janpald Vogew
- sojunyfuAdary
UCHBLLYUIOSE) pUe B W PRy LOAINRCld
Buckdeyy BUanING J0 | L Yo |4 Pnous AuedLUco auy ‘jenay neaing powsold|  OF | add Lusgory SULCCIASR 10 FonpoLy BL
LOBRASIULL DUBELS | BuUIAGALY LU [ NBAING 8L} 40 SBLUEU aU 1o |14 d
0oL
JAADUS 1B LBLLE
nEpUY] Laneg
Derealesnoiad
0 e
e acih) 558 151 B Jo e
AR sl Ul 55 B JUE SEULEL
0g'sep0q S8 Usiffig Ul ssep 151y 8 Jo sanEnp Bpno|4| o0F | ediuuegoy DU BRI 1STSSEISKS 8z
DEPIEE
DyspUERnAS
‘nEspugsse
Nz msad
‘nlspugdory
Lugisds adi B0INDS 2180 J0 BLLIDY
L z JBUINSES s
. LOQEISSER BU) 40 $58: 151 U} Jo Auenb 8L 1o |14 [BLAMINU B | Bl LOGELLIOJ Bl | e
BUNYIK B 40 SIELLIY JOI0EA BLG LM DeloauLan leuiod
dHs Wou 185 OF SUOSAPENS o Aisbew oy G| © | OCEIOH | SONOSERD. | o 4 enuoyipomogaBe %
SIBLZ 1 BLLeN Jaguny
apdueg suaLLal yhuer] | adf BSaLIY?) L Gl s
B oy by Gy L e u LLia EiRpeiay| g

S10NP0I4 B1B(] JOADD) DUEBT BQO|D) B JC RIBDEISIN O  / 9|qe]

24



Appendix

Uy ooBugal 07 | echiaupusgoy ews feug BE
. or | edh e 8 a I
IBACOpLB RO E A P H SR Sl
LLZ0RRED-0R00 £l | sdbiusgoy ¥e xeq e
LZ108859-9800 gl | ediuegoy | sequny auoydsial Bl g8
0e800L g | ediipuagoy 8po7 1804 8071804 e
1Ty
fililiag ‘Uepier peoy 05 | ediugusjoy ssaIpy SR £E
POLIRNULET] B,
BURT 0 JELua])
adiy uy TERE s
e RO 05 ueod | leynuss ey| s iy
LIOUIRIJUIOEE) pUE
Bulieyy Buiianing jo o | edipusioy | uvonfuddoosyl | suse Eukdo) IE
LONEASIIIDY [EUDGER]
Lis!IBL3 L aLuien Jagpiny
ajdues Sjuawal whuen | adf 50U L SUEY
Buip4 10y by G4 | e u LU} Eiepeiey BUag
S12NPOI4 BIE(] 19ADT) PUBT [BQOID) BUL JO BIEDEIOIA 8  / 3|ge|

25






	地表覆盖英文转曲线3
	地表覆盖英文转曲线4
	地表覆盖英文转曲线5
	地表覆盖英文转曲线6
	地表覆盖英文转曲线7
	地表覆盖英文转曲线8
	地表覆盖英文转曲线9
	地表覆盖英文转曲线10
	地表覆盖英文转曲线11
	地表覆盖英文转曲线12
	地表覆盖英文转曲线13
	地表覆盖英文转曲线14
	地表覆盖英文转曲线15
	地表覆盖英文转曲线16
	地表覆盖英文转曲线17
	地表覆盖英文转曲线18
	地表覆盖英文转曲线19
	地表覆盖英文转曲线20
	地表覆盖英文转曲线21
	地表覆盖英文转曲线22
	地表覆盖英文转曲线23
	地表覆盖英文转曲线24
	地表覆盖英文转曲线25
	地表覆盖英文转曲线26
	地表覆盖英文转曲线27
	地表覆盖英文转曲线28
	地表覆盖英文转曲线29
	地表覆盖英文转曲线30
	地表覆盖英文转曲线31
	地表覆盖英文转曲线32
	地表覆盖英文转曲线33
	地表覆盖英文转曲线2

