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Table 1 The eight aggregated classes for CCI-LC and GlobeLand 30 land cover classification products
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K B A 2 X R 22 /N B 590 LAY B2 i 309,
N3 Hb 3R P ORS BE R PRS2 0 26 X 15 22 7E 526 LA
AR 22 /N 15960 . M FEAS 3k 2 H R A A 1Y)
3G (2493 0004 ), A0 M FH P O8RS B 0] RS 7 48
PR ZEAE 0.5% LA bl 2236308 1.5% , i i H =
K R PR BE B 4 X R 25 /T 300, b fE 2% B2 ik
159, AN ik Hh & FH P RG B R o) DRS04 0o 152 22 /18

- - s
S
of i - B
wf o K

F0.6% bR 228300 6% LAk A RIFHFE T X T %
IS RUNE BE 8 Am 0 FE AR 5 0 UM AN TR 0 R 4y
JEBENLAFE T, 25 2 (1 ] FRURG B2 X AR o 17 ek
P55 28 R0 ) T AR A 6, TR B /N 1% AT
BEAS S BB R AR . YA AR B 43513551 600.1 300
F12 300 B, Bk b | N 3 b 3% R0 Ml 0 ) EDRS FE A
GRFRE | LIS F) ) EDRS BE a XP iR 22 /N F 4%

120

100

FEFEAA FIS FRA RS

R

e

THIEIREEE %
5

of : - By
-20 + ! ~ N
6 l l(I)OOI2O‘00 I 3(‘)00.4600. 5(‘)OOI6(500
S

(b) I ERFEREREAS 260284k

UKV R A KB R REAR K IO 25 0L, T B R SRR IR FE A i)
B3 HAUHEETHEEEREERENETWL

Fig.3 Changes of accuracy index with sample size under simple random sampling

PEITX 11 M REA AT, 43 Sl e 10, 11, +++, 50
A FEREAS B 5T (R R ) SREAS 510 1 210, 1 331, 00,
6 050) , 4Nl 6 it s, BEAAE T A9 & A 28 80 B S0 PR 4G
95 25 F Uk 3 M, Bk b 50 TR R P T M N T M
2, 10 b F0ON 3 b 2% 0 B S PE A 00 5 ARG AR
FLCPER IR A5 0 . YA A B S FEAS Y 3 4%
I (2 25 M REABTT , 3 025 A S AREA) , B Hb JH P A

JEE i) PRURS B2 2 % iR 22 /N T 500, bR ifE2E R T 5%,
A M TN T L 3 A P R TR R ) RS JEE 4 X iR 22
KT 1070, bR 22 KT 24 06, B AR AS B 35 51 3198
REAC B9 5%, R0 M A0 M R RS R R DR
JEE 010 2 0 R 22 AR AR B o X U WA R T T AR R
INONT 200) BB 5 2L T Bk e 5 %8, R
B2 AR T R BV E R 5



1M T UKOR A 4 B e S o B S AG B T VR X HE 201
120 120
100 100
80

FHPRERE%
5

120

100

80

60 f

40 |

FHPREEE 1%

20 r

120

100

60 F

A

i

A ————— |

| §-

RS RE%
5

: . B 0f 5 - B
i - {mith i | . R
+ Ak -20 | }\:ﬁiﬂ%
0 1 060 2000 3000 4000 5000 6000 0 1 O(I)O 2000 3000 4000 5000 6000
A E [EZ/S
(a) FPS EEREREAS B AR L (b) THlERE B A B A ik

UK RN RS LRI, T R AR A R)
B4 REMETHERETRRERASHEWL

Fig.4 Changes of accuracy index with sample size under systematic sampling

120

100 +

{BH T HEH AR - w

e

ﬂﬁ%ﬁ%ﬁ%ﬁmﬁmmﬁmﬁf

Wﬂ HWHH I P T—

UK LR R A FE T R A R B0 45 5 3 1 R 2R QR B A A )
5 SEBENMETHEEERBEAENTNL

Fig.5 Changes of accuracy index with sample size under stratified random sampling

120

= B - VEHb . AREHLE L = HEh - VEHb - AREHLE
100 |
_____ T L LT LT -] %;“iqvj££L£ Nretivtsscitam
""" ¥ T = 60:
,,,,, 2
g 40 T
=
20 |
O L
-20
10 20 30 40 50 10 20 30 40 50
TR TR R B TR
(a) FPRS EEREAEAS B AR 1L (b) Tl EVKE BERERE A B As Ak

ORF LR R A LR AR K L)
6 EEHIEF (11X11) THEEREEAENTH

Fig.6 Changes of accuracy index with sample size under cluster sampling (11X11)



202

G
2t
RE
NE

37 &

4 #H iE

Pl 2010 4F GlobeLand30 & 2 2% ¥4 , 78 v [ fiti
75 Bl X% ESA CCI-LC -+ 78 8% 7= b JT JR K 56 32t
5, WA [v) B A B A [ 3l R D =R () R AR B
JCR N R 56 25 g, 25 R0

(1) BEAS X AU KOF b A 50 25 SR A 2 5
M o AR A o gk B R R AR S 1 — 2 B (249 600 4>)
SHS AR A B Y 35T (29 3 0004, LS ME AR 56
PAORE B A 4 X iR 25450 1%, g RE AR — 2K F
(1) B ARG BE AR 1fE 2238 K, A R 290+ M7 2
RUFKSF- F i PR BE R DR BE XA AR o 45 Ol
JR T RRUASL /)N 110 2 R0 S R AR o T O AR

(2) il 7 20 B MRS BE A 52 el AN K, L X
At 1 HURMEA TR TR] o EBLSREAR S IE LT L A
JH &7 BB AL RE | 22 48 HilVRE R 43 )23 B ML A A 3 1
SAORE BE 2 X R 228N T 1% o AHR TRl O %k
A AR AR 1 SRR AN TRD R S0 2 A R AR i A /N
UNFHUSFEA R I — 2P ) X Fp 22 S s .

(3) A (] - iy 75 e 24 70y 30 45 S 6 R AR o 1) B
TR A o X i R AR B S0P 5, T AR /N Y
S AU XF RE A 5 T UK, I LR AE 43 2 B B AR
T, YRR A B IS AR A & 1 2 A% (29 2 3004~
SRR ) N Ml 1 ) PR B 1 48 X 5% 25 A 2 3 T
B it AL A FE R R G i RE AE RIS RR AR B G 48 X R
2o X TR B SR B0, 45 A A B S M K 5
48 L L S REAR 1 I Sl R A, BRIV RE A B K 3 B R
A 55 (29 50 N REFEAR BLIT, 6 050 S s FEAS)
T b TN 3 b 2 R P ORG R RIT R PRSI A X i 22
AR K .

ARG R B ] Ay LR A 56 S e Sl A
L REA R AR TR A E RIS L fE R +
b 7 T S SRS B AR v, AR O o R
AR A FIRE AR BT A /N B XA 6 45 SR A — E R
XF T DLAR BRSAORS BE Sl H B 1 B SR 5, R A A
A0 7 20T G 56 45 SR A R R R (U R AR
LS MG 6 45 R I e M L AR AN R 0 A R AR
FEVEUF o X T sUREAS R A AT DLy D B e R AR
T2 B B B 4 XFiR 2278 1% LAY, b v 22
PyR 205 o T T REREAS WAEAE B IS AORE BN
B M A AU, B X2 A et 3k B BB AR AR R Y 5
i 5 ARS8 B 1 25 A 12 3 R AS I R A 2%
X T DAAR U5 A~ 28 BRSO H A i B SEPE RS 50, B
A R T 2ORRE AR B T 0 R B A5 A Y

Wi o X F s REAS B T 40 )2 BE LA AL, At 1) ik AR
J5 20 0T BE T % AR IE 1 BB /N 1 28 B 4 T A AL 1S
A REAS AR B 2 20 2 B AL RE X T 1 AR A
JIN B 2 TR A PSR AR o IR A7 7 K R A g
U0 Ao B AN RE AR B O S RE AR 245 2L 1,
U /NI TR A S W E P RS 4% S 2R TG RS
T A BE L WP iR 22 4 R 1% bR E 22N T 5% 6
AR F S REAS B RE A B 8K AT LAY 249 2 25 50808 1) o
A LA H R T BE 23 1 0 T AR EE N 1 28 B A 56
S5 T WA E M, T DASE KRR AR BT 1 B B T
RN = N ST N N D T AN (e Y N
FEME

AWFFE LA 2010 4E GlobeLand30 /5 1y % % %4
DI REAR R I 45 R S B0 B AP — 8 N i 2
PE o AR K I % Ml T 30 TE RO i B )R R A
b TET 55 TIF 5040 T TR A 0 S G, RS B i B A AN TR A
55 7 SRR B 5 RS2 . BRI A B AL G RE
A% A BB A AT X A 50 X B 2 ) S
PE AT RE 2 3 BORE AR B 09 AR BB BRE AR 1
PR B 22 o [R] B, 1% G0 i A A d Ak B30 A 78 v
VA7 25 PG 50 31 BRI R/ 5 SO ) DX /N 17
FEA B — R S a5 R s AR R 2= 57 .
B, AR AT DL o i — 2 K R SRR 56 X 4 2 ) 5
JO M R 23 T 90 LA R A A SRS R D) R A 11
R RRG: 560 45 SR 1 T EE

% % 30k (References) :

[1] Chen Jun, Chen Jin, Gong Peng, et al. High resolution global
land cover mapping[J]. Geomatics World, 2011,9(2) : 12-14.
[BRZE PR BS54 . A Bk i 30 78 3 o 40 P 5 0 S o 1R1 [T ).
My FRAE B, 2011,9(2) :12-14.]

[2] LiXiaobing, Chen Yunhao, Yu Feng. Global and regional cov-
er mapping from remote sensing data: status quo, strategies
and trends[J]. Advance in Earth Sciences, 2004, 19(1): 71~
8O.[ZEWELT, BR W, My . kT 08 SR A 42 3R % X3+
Hb R £ 1 15 BUR s A S LT s ERRA 2R, 2004,
19(1):71-80.]

[3] Grekousis G, Mountrakis G, Kavouras M. An overview of 21

global and 43 regional land-cover mapping products[J]. Inter-
national Journal of Remote Sensing, 2015, 36 (21) : 5309—
5335. DOI: 10.1080/01431161.2015.1093195.

[4] Chen Jun, Chen Jin, Liao Anping, et al. Concepts and key
techniques for 30 m global land cover mapping[J]. Acta Geo-
daetica et Cartographica Sinica, 2014,43(6) : 551-557.[ R %,
AR, BT, 5 L A BR 30 m M 2 B 3 Rk I 0 A AR R
[J]. 24k , 2014,43(6):551-557.]

[5] Foley J A, DeFries R, Asner G P, ef al. Global consequenc-
es of land use[J]. Science, 2005, 309(5734) : 570-574. DOI:



14

T UKOR A - i 7 e R

7 il ELSE PR SR T T

203

[6]

[7]

[10]

[11]

[16]

[18]

10.1126/science.1111772.

Zell E, Huff A K, Carpenter A T, e al. A user—driven ap-
proach to determining critical earth observation priorities for
societal benefit [J]. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 2012, 5(6) :
1594-1602. DOI: 10.1109/JSTARS.2012.2199467.

Sterling S M, Ducharne A, Polcher J. The impact of global
land-cover change on the terrestrial water cycle [J]. Nature
Climate Change, 2013, 3(4): 385-390. DOI: 10.1038/ncli-
matel1690.

Coppin P, Lambin E, Jonckheere I, ez al. Digital change de-
tection methods in natural ecosystem monitoring: a review[J].
Analysis of Multi-temporal Remote Sensing Images, 2002:
3-36. DOI: 10.1142/9789812777249 __0001.

Croke B F W, Merritt W S, Jakeman A J. A dynamic model
for predicting hydrologic response to land cover changes in
gauged and ungauged catchments[J]. Journal of Hydrology,
2004, 291 (1-2) : 115-131. DOI: 10.1016/j. jhydrol. 2003.
12.012.

He C, Okada N, Zhang Q, et al. Modeling urban expansion
scenarios by coupling cellular automata model and system dy-
namic model in Beijing, ChinalJ]. Applied Geography, 2006,
26(3-4):323-345. DOI: 10.1016/j.apgeog.2006.09.006.
Herold M, Mayaux P, Woodcock C E, ez al. Some challeng-
es in global land cover mapping: an assessment of agreement
and accuracy in existing 1 km datasets[J]. Remote Sensing of
Environment, 2008, 112 (5) : 2538-2556. DOI: 10.1016/j.
rse.2007.11.013.

Giri C, Zhu Z, Reed B. A comparative analysis of the global
land cover 2000 and MODIS land cover data sets[J]. Remote
Sensing of Environment, 2005,94(1):123-132. DOI: 10.1016/
j.rse.2004.09.005.

Verburg P H, Neumann K, Nol L. Challenges in using land
use and land cover data for global change studies[J]. Global
Change Biology,2011,17(2):974-989. DOI:10.1111/§.1365-
2486.2010.02307 .x.

Gong P, Wang J, Yu L, et al. Finer resolution observation
and monitoring of global land cover: first mapping results with
Landsat TM and ETM+ data[J]. International Journal of Re-
mote Sensing, 2013, 34 (7) : 2607-2654. DOI: 10.1080/
01431161.2012.748992.

Congalton R G, GulJ, Yadav K, et al. Global land cover map-
ping: a review and uncertainty analysis[J]. Remote Sensing,
2014, 6(12): 12070-12093. DOI: 10.3390/rs61212070.

Wu Wenbin, Yang Peng, Zhang Li, e/ al. Accuracy assess-
ment of four global land cover datasets in China[J]. Transac-
tions of the CSAE, 2009, 25(12) : 167-173.[ %= 3¢k, Wt7,
SR, A DU A B B R B A e R DA RS A
[J]. 4l TH2 24, 2009, 25(12): 167 - 173.]

Ran Youhua, Li Xin, Lu Ling. Accuracy evaluation of the
four remote sensing based land cover productions over China
[J]. Journal of Glaciology and Geocryology, 2009, 31 (3) :
490-500.LHA 4L, 25507, 1 E . TOAR A 4Bk 1 km + Hb
it B4 o DB R 2 B 4 L)L Kk R, 2009, 31(3) -
490-500. ]

Liu Qionghuan, Zhang Yili, Liu Linshan, ez al. Accuracy

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[28]

[29]

[30]

evaluation of the seven land cover data in Qiangtang Plateau
[J]. Geographical Research, 2017, 36(11) : 2061-2074.[ Xl
BEUC, SREREL, XML, A5 b b B R TR S R
RS BT [T]. 3R 5T , 2017,36(11) : 2061-2074. ]

Liu Xulong, He Chunyang, Pan Yaozhong, et al. Accuracy
assessment of thematic classification based on point and cluster
sample[ J]. Journal of Remote Sensing, 2006,10(3):366-372.
(XU, & B, WML, 45 . 18 R 20 O L i o5 B
FEA KG9 15 WA [T]. A4l 2006, 10(3) : 366-372.]
Foody G M. Status of land cover classification accuracy assess-
ment [J]. Remote Sensing of Environment, 2002, 80 (1) :
185-201. DOI: 10.1016/S0034-4257(01)00295-4.

Wulder M A, Coops N C. Satellites: make earth observations
open access [ J]. Nature News, 2014, 513(7516) : 30. DOI:
10.1038/513030a.

Moristette J T, Privette J L, Christopher O, et al. A frame-
work for the validation of MODIS land cover products[J]. Re-
mote Sensing of Environment, 2002, 83(1/2): 77-96. DOI:
10.1016/S0034-4257(02)00088-3.

Foody G M. Harshness in image classification accuracy assess-
ment[J]. International Journal of Remote Sensing, 2008, 29
(11): 3137-3158. DOI: 10.1080/01431160701442120.
Tsendbazar N E, De Bruin S, Herold M. Assessing global
land cover reference datasets for different user communities
[J]. ISPRS Journal of Photogrammetry and Remote Sensing,
2015, 103: 93-114. DOI: 10.1016/].isprsjprs.2014.02.008.
McCallum I, Obersteiner M, Nilsson S, ez al. A spatial com-
parison of four satellite derived 1 km global land cover datasets
[J]. International Journal of Applied Earth Observation and
Geoinformation, 2006, 8 (4) : 246-255. DOI: 10.1016/j.
jag.2005.12.002.

Fritz S, See L., McCallum I, ez a/. Highlighting continued un-
certainty in global land cover maps for the user community[J].
Environmental Research Letters, 2011, 6(4): 044005. DOI:
10.1088/1748-9326/6/4/044005.

Tchuente A T K, Roujean J L, De Jong S M. Comparison
and relative quality assessment of the GLC2000, GLOBCOV -
ER, MODIS and ECOCLIMAP land cover data sets at the
African continental scale [J]. International Journal of Applied
Earth Observation and Geoinformation, 2011, 13(2): 207~
219. DOI: 10.1016/j.jag.2010.11.005.

Olofsson P, Foody G M, Herold M, et al. Good practices for
estimating area and assessing accuracy of land change[J]. Re-
mote Sensing of Environment, 2014, 148: 42-57. DOI:
10.1016/j.rse.2014.02.015.

Stehman S V. Impact of sample size allocation when using
stratified random sampling to estimate accuracy and area of
land-cover change[J]. Remote Sensing Letters, 2012, 3(2):
111-120. DOI: 10.1080/01431161.2010.541950.

Meng Wen, Tong Xiaotong, Xie Huan, e al. Accuracy as-
sessment for regional land cover remote sensing mapping prod-
uct based on spatial sampling: a case study of Shaanxi Prov-
ince, ChinalJ]. Journal of Geo-information Science, 2015, 17
(6):742-749.[ 52, F/NAE WO, AF . T a5 [l AR 19 X
Il 2 o S T S AL R A —— LA T Bk A R 441
(7). sk 5 BRL 224, 2015,17(6) : 742-749. ]



204 O AR5 W M 537 %

[31] FengJ, Bai L, Liu S, et al. Optimization of decision-making [34] ChenJ, ChenJ, Liao A, et al. Global land cover mapping at
for spatial sampling in the North China Plain, based on re- 30 m resolution: a POK-based operational approach[J]. 1S-
mote-sensing a priori knowledge[J]. ISPRS-International Ar- PRS Journal of Photogrammetry and Remote Sensing, 2015,
chives of the Photogrammetry Remote Sensing and Spatial In- 103: 7-27. DOI: 10.1016/j.isprsjprs.2014.09.002.
formation Sciences, 2012. DOI: 10.5194/isprsarchives—XXX- [35] Wang Zhenghua, Tong Xiahua. Sampling inspect schemes for
IX-B8-103-2012. continuous lot spatial data [J]. Journal of Tongji University

[32] Wang J, Liu J, Zhuan D, et al. Spatial sampling design for (Nature Science Edition) ,2010,38(5) :749-752.[ F#r4E, #
monitoring the area of cultivated land[J]. International Journal ANEE TR A A 2 RO B SR A 4 T A8 [T ] IR R
of Remote Sensing, 2002, 23(2) : 263-284. DOI: 10.1080/ AR BRBIER, 2010, 38(5):749-752.]
01431160010025998. [36] Tong X, Wang Z, Xie H, ez al. Designing a two-rank accep-

[33] Bontemps S, Boettcher M, Brockmann C, e al. Multi-year tance sampling plan for quality inspection of geospatial data
global land cover mapping at 300 m and characterization for cli- products [J]. Computers & Geosciences, 2011, 37 (10) :
mate modelling: achievements of the land cover component of 1570-1583. DOI: 10.1016/j.cageo.2011.02.006.
the ESA climate change initiative[ C]// 2015 36th Internation- [37] Ren Huiqun. Research on sample size estimation for accuracy

al Symposium on Remote Sensing of Environment. Interna-
tional
2015:
2015.

Society for Photogrammetry and Remote Sensing,
323-328. DOI: 10.5194/isprsarchives—XL-7-W3-323-

assessment of land cover products[D]. Beijing: Beijing Uni-
versity of Civil Engineering and Architecture, 2020.[ {T 2 #f .
MR 6 AR T AR AR B T sE (DL dE e b
TR, 2020. ]

Comparison of Accuracy Assessment Methods of Remote Sensing
based Land Cover Products

Wang Bingquan'?, Ran Youhua'?
(1.Northwest Institution of Eco—Environment and Resources, Chinese Academy of Sciences ,
Lanzhou 730000, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Accuracy assessment is important for the application of land cover products. In practice, there are
many differences for sample size and spatial distribution of the reference data used for accuracy assessment, and
the impact of this difference on accuracy assessment results is not very clear. This paper validated the ESA CCI-
LC using GlobelLand30 as the reference data in China. We test the impact of sample size, sampling model, and
sample unit on the overall accuracy and various types of accuracy. The results are as following. Firstly, the sam-
ple size makes a difference to the accuracy assessment results. The overall accuracy based on point sample is
close to that of the theoretical sample size while the sample size in half (about 600 sample points) , however,
the sensitive degree of different classes of precision on the sample size is different, classes with low area weight
are more sensitive to sample size, especially stratified random sampling used in the case of small sample size.
Secondly, based on the theoretical sample size, the sampling model has little effect on the overall accuracy
whether it is the accuracy assessment of point sample or cluster sample, but it has an impact on the accuracy of
each class, especially the class with a small area weight. Finally, the stability of accuracy assessment of simple
random sampling based on cluster sample is worse than the accuracy assessment based on point sample. The in-
crease of the sample unit will increase the uncertainty of the accuracy assessment result on the basis of the theo-
retical sample size, with the increase of the sample unit, although the volatility of the accuracy assessment re-
sult becomes smaller, the result is still large compared to the point sample. Therefore, in order to reduce the un-
certainty of the accuracy assessment results of land cover remote sensing products, the sample size can be in-
creased for point sample, and the number of sample units can be increased or the size of sample units can be ap-
propriately reduced for cluster sample.

Key words: Sampling model; Sample size; Sample unit; ESA CCI-LC;Globel.and 30



