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Consistency of the Multiple Remote Sensing-based Land Use and Land Cover Classification
Products in the Global Coastal Zones

HOU Wan"**, HOU Xiyong"*

1. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 2. University of Chinese Academy
of Sciences, Beijing 100049, China; 3. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Chinese
Academy of Sciences, Yantai 264003, China

Abstract: Land Use and Land Cover (LULC) classification products play an indispensable role in ecosystem
assessment, climate change simulation, national geographical condition monitoring, and macro- control policy
analysis at the global scale; consistency analysis is the precondition of applying various LULC classification
products. This paper assessed the area consistency and spatial consistency of five LULC classification products -
MCD12Q1- 2010, GlobCover2009, CCI- LC2010, FROM- GLC2010 and GlobeLand30- 2010- in the global
coastal zones. The five products were compared in terms of the deviation coefficient, correlation coefficient,
error matrix, and spatial confusion of LULC types. The main findings are as follows: (1) The spatial patterns of
LULC in five products demonstrate relatively strong overall consistency, but can have significant local
inconsistency. (2) The five products are qualitatively consistent yet quantitatively inconsistent in classifying the
LULC in the global coastal zones—in terms of structure, water ranks top one, followed by forest and unused land,
next are farmland, grassland and shrubland, and lastly wetland and artificial surface, yet the exact area of each
LULC type differs among different products. (3) For the correlation coefficient, overall accuracy and Kappa
coefficient, MCD12Q1- 2010/GlobCover2009 have the minimum values, 0.8814, 67.46% and 0.5748, respectively;
while GlobCover2009/CCI- LC2010 have the maximum values, 0.9869, 81.50% and 0.7505, respectively; it is
because GlobCover2009 and CCI- LC2010 obtained from the same production organization have the same
classification system, while MCD12Q1- 2010 is different from GlobCover2009 in terms of the production
organization, data source, classification system, and classification method. (4) For the spatial confusion/
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misclassification between any two different products, grassland, shrubland, and wetland have the highest mix-up
ratios, followed by farmland and artificial surface, and lastly forest, unused land, and water; this difference is
because forest, unused land, and water have distinctive spectral characteristics and clear spatial textures, while
grassland, shrubland, and wetland have similar spectral characteristics and fuzzy spatial distributions. (5) There
are 28.81% land area in the global coastal zones with relatively low consistency, i.e., with severe spatial
confusion; specifically, the misclassification of farmland, forest, grassland, shrubland, wetland, and unused land
has direct influence on the spatial consistency of the five products. This paper is hoped to serve as a reference of
selecting data from the five available LULC products for researching coastal zones.

Key words: land use and land cover; area consistency; spatial consistency; contrast; coastal zones; global
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Tab. 1 Basic information of the five land use and land cover classification products

PR BESURHHAE  rEERIm SR SRR YT VAL il IETRE BE 1%
MCD12Q1 2010 500 MODIS IGBP(17)  phifitif P AR 716
GlobCover 2009 300 MERIS FAO(22) MMz BRI [E] )R 67.5
cCl-LC 2010 300 MERIS.SPOT-VGT FAO(22) dAEW 4K Byl aljm 70.8
FROM-GLC 2010 30 Landsat ) R Hh [ Ak 69.5
GlobelLand30 2010 30 Landsat ,HJ-1 (10) POK % o R AR Bl 80.3
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Tab. 2 Corresponding relationships of land use and land cover types in the five products

HMIAH: MCD12Q1-2010 GlobCover2009 CCI-LC2010 FROM-GLC2010  GlobeLand30-2010

1 #Hb 12,14 11, 14, 20 10, 11, 12, 20, 30 10 10

2 kit 1,2,3,4,5 30, 40, 50, 60, 70, 90, 40, 50, 60, 61, 62, 70, 71, 72, 80, 20 20

100, 110 81, 82, 90, 100

3 HHl 8,9,10 120, 140 110, 130 30 30

4 AR 6,7 130 120, 121, 122 40 40

5 i 1 160, 170, 180 160, 170, 180 50 50

6 ki 0 210 210 60 60, 255

7 AR 13 190 190 80 80

8 KFI MM 15,16 150, 200, 220 140, 150, 151, 152, 153, 200, 201, 70, 90, 100 70, 90, 100

202, 220

T R R R 2 TR I 27 R 2R R R R AR
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Fig. 1 Classification accuracy of the five land use and land cover products

12 5™ il R s 2 B T AR e

Fig. 2 Area consistency of each land use and land cover type in the five products
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Tab. 3 Area percentages and deviation coefficients of each land use and land cover type in the five products (%)
3 Y MCD12Q1-2010 GlobCover2009 CClI-LC2010 FROM-GLC2010 GlobelLand30-2010
BHEA mAEME WERE WREAL WEREK MR WERR ERESL WERE WRESL RERK
B 10.79 18.90 9.75 7.47 12.70 39.93 3.24 -64.24 8.89 -2.07
et 14.96 -23.12 22.82 17.30 17.75 -8.76 2218 14.01 19.57 0.58
Hih 14.54 98.18 3.61 -50.83 2.96 -59.71 7.28 -0.71 8.29 13.08
A 9.34 72.78 3.33 -38.33 4.37 -19.22 6.67 2351 3.31 -38.75
T 1.07 -13.69 1.29 4.41 1.76 42.49 0.29 -76.70 1.78 43.50
Kk 40.65 -2.38 41.10 -1.28 41.60 -0.10 43.00 3.28 41.83 0.47
N3 0.53 -14.95 0.30 -51.23 0.87 39.62 0.45 -27.30 0.96 53.85
A 8.14 -46.59 17.79 16.76 18.00 18.17 16.87 10.76 15.37 0.91

F14) 2 B SR R A 2k v 26 b X K s oA
I FH M 22 [B] P AH L8y, 38 A I 2D B b X S5
MHL A TR, S 4h, FROM-GLC2010 i il
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M S HEAR MY 7328 EAAAEBIMITE . 3 Ah, b aRh
AT LA R F 7 35 258 B A 7= 3RS
FHPREBE vl LUK I K AR 1 A 7= 3K B A0 kG

x4 SMLMFABEBZSHE-RERERBXRY
Tab. 4 Correlation coefficients of the five land use and land cover classification products

P MCD12Q1-2010 GlobCover2009 CCI-LC2010 FROM-GLC2010 GlobelLand30-2010
MCD12Q1-2010 1.0000 0.8814 0.8920 0.9127 0.9378
GlobCover2009 0.8814 1.0000 0.9869 0.9751 0.9859
CClI-LC2010 0.8920 0.9869 1.0000 0.9522 0.9791
FROM-GLC2010 0.9127 0.9751 0.9522 1.0000 0.9820
GlobeLand30-2010 0.9378 0.9859 0.9791 0.9820 1.0000
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Tab.5 Consistency indicators of the five land use and land cover classification products

BT I febRoe BB Mol T WA R KR AR RATE OA% K;‘;‘;

MCD12Q1-2010/GlobCover2009 PA 5664 7682  9.08 648 2033 9841 3285 9265  67.46 0.5\748
UA 62.66 50.35 36.60 18.17 16.80 97.31 57.29 42.38

MCD12Q1-2010/CCI-LC2010 PA 7339 78.45 9.14 16.05 4147 9853 82.55 92.41 70.93 0.6212
UA 6236 6611 4494 3434 2511 9628  50.29 41.76

MCD12Q1-2010/FROM-GLC2010 PA 2187 8846 2068 3211 843 9830  28.73 79.23 6824 0.5809
UA 7272 5965 4128 4492 3122 9291 3361 38.20

MCD12Q1-2010/Globeland30-2010 PA 5684 7955 2113 1262 4341 9785  59.17 86.33  69.85 0.6050
UA 6901 6081 3702 3560 2611 9507 3271 45.69

GlobCover2009/CCI-LC2010 PA 7433 6273 30.76 56.60 4094 98.81 77.04 87.49 81.50 0.7505
UA 5709 8065 3754 4321 3000 97.64 2691 86.44

GlobCover2009/FROM-GLC2010 PA 1777 6726 2135 3883 312 97.90 31.28 66.91 7142 0.6110
UA 5339 69.20 1057 1939 1398 93.58 20.98 70.53

GlobCover2009/GlobeLand30-2010 PA 5036 6026 3052 2003 2581 9691 52.35 7398 7392 0.6490
UA 5527 70.28 1327 20.16 1878 95.22 16.59 85.60

CCI-LC2010/FROM-GLC2010 PA 1684 7898 2525 5028 361 9743 2181 67.83  72.09 0.6239
UA 65.88 63.21 1025 32.88 2207 94.25 41.89 72.36

CCI-LC2010/GlobelLand30-2010 PA 46.76 7246 2815 23.46 3558 95.96 46.20 73.23 74.79 0.6629
UA 66.82 6573 10.03 3093 3533 9542 41.93 85.76

FROM-GLC2010/GlobelLand30-2010 ~ PA 6250 67.46 2833 2098 2430 9279  34.21 63.84 7135 0.6126
UA 2282 7646 2487 4230 394 9537 1617 70.07

JE B v, PRHI AR I MR 22, B H RN 32 b 3R 4
1%, Bty FEARM AT HIRAR . BRI

(1) KA Ry A= 7= 25K R0 oG FE AR L 3
& T 92% , H: v GlobCover2009/CCI-LC2010 ¥ 5%
541 98.81%F1197.64%

(2) AR Hb B Az 77 508 B2 A P oRg AR e T
50% , H: Hf' MCD12Q1- 2010/FROM-GLC2010 (%) 2
72 G K E J2 88.46% , GlobCover2009/CClI-L.C2010
149 FH RS B 2 80.65% , 241 Ry e iy

(3) A FH Ml 1 A 7 KGR 4R = T 63% , Horp
MCD12Q1-2010/GlobCover2009 #x & , N 92.65% ;
MCD12Q1-2010 5 H:Ath = & (GlobCover2009 , CCl-
L.C2010 . FROM-GLC2010 i GlobeLand30-2010) &
I b4 FH P ORS B2 43931 J2 42.38% L 41.76% . 38.20%
F145.69% , Y EARME , HARdl & 76 70% LA I

(4) &% #H, MCD12Q1-2010/FROM-GLC2010 .,
GlobCover2009/FROM- GLC2010 Fi CCl- LC2010/
FROM-GLC2010 1y 4 7 # 5 BE 73 %1l /2 21.87%
17.77%71 16.84% , ¥4 Jp AR , oA 41 & 7F 46%~
75% 22 [] ; FROM- GLC2010/GlobeLand30- 2010 7
FH RS B2 2 22.82% , Jy eI AE , HoAth 28 45 7% 53%~
73%2 [1]

(5) Fxt A% , MCD12Q1-2010/CCI-LC2010
1 GlobCover2009/CCI-LC2010 fi4 4= 7= 3545 i 43 ]
J& 82.55%F177.04% , 1 S (H , HAN A 1E 60%
DATF s Nt bR %) FH FoRG BERRASLAIR, 4K T- 58%, Hor
FROM-GLC2010/Globel.and30-2010 f{f%, 4 16.17%.,

(6) FLHb ) Az 77 2065 BE R POAS BE B I T
45% , H:th MCD12Q1-2010/GlobCover2009 4 4= 7
K5 B & 9.08% , CCI-LC2010/Globel.and30-2010 [
FH P RS B2 2 10.03% , 24 K S IR 1B

(7) WEA b () Az 7 20KG B R PoRS B 390K T
57%, H:" MCD12Q1-2010/GlobCover2009 511,
43504 6.48%F1118.17%.,

(8) £1%FiiEHL , MCD12Q1-2010/FROM-GLC2010
GlobCover2009/FROM- GLC2010 F1 CCl- LC2010/
FROM-GLC2010 1y 4 7= & K B #RARAL , 70 51
8.43%.3.12%01 3.61% , HAYZH &7 20%~44% 2 [A] ; 1
Hh B4 PR BE AR AR, 2407 36% L), HHft FROM-
GLC2010/GlobelLand30-2010 1%, 24 3.94% .,

3.3.2 PN LI 282 2 (VR 4o T

5 i b R FH I 55 53 25 7 o VR 7R ORE LU 1 -
A 535 RN IS L an 18] 3. S5 R R « S A
b AT AL A R R R b (R TR VA R
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T AR 2 R A TR IE D 2R L B AR AR S 7 S 1 - b A T 3 2580 AR AR R e 2 7 i vh AR B (O T
FEPPAN F= M TRl 28R E b . BT, LA 3(a) M, ft {38 MCD12Q1-2010 £l GlobCover2009 2 [a] AR 1B X &,
FiE A ARAR FE MCD12Q1-2010 A £ A /78 35 2570 YA AR IR 7E MCD12Q1-2010 f 542571 [+, GlobCover2009 Hi4$- 1~ 7l

BOTR i E AL

[£13 5oy il 19 T X6F L P 1 1 ) R 5 25 80 2 (VR VA VG 00
Fig. 3 Spatial confusion of each land use and land cover type between any two different products

JE e, B b RN 3 b R R, M R R ) b A
%, AR AR . 5% HL I PR 7K A4 AR b RN A 1
(R G TEARAE B . 25 ) SO HE 375 0 , 40 5 5 oAl
I 7 5 IS TR DX, T e e, B A s AR M P
TERFIEARARL 23 18] 70 A 54 | 76 38 I8y i s LAV
[NPGRS RN =

(1) KR — BT, ¥ T 92% , /bR o
PR ITHE R S3 AMRHFT AR 1, 525310 D PR v e
588 P R T 1A X 2 0 28 o AR P b, T A e
T G 2 R

(2) AR FHHb A — B 63%~93% 2 8], Horp
FROM-GLC2010/GlobeLand30-2010 i) 1R V& 74 if 5%
& ,MCD12Q1-2010/GlobCover2009 f1Ik , 432515 2%
TR AR FH bR A A AR

(3) Mk () — B AE 60%~89% =[] , Hirp
GlobCover2009/GlobeLand30- 2010 114 & ¥ & JiF &%
&, MCD12Q1-2010/FROM-GLC2010 1k , 4+ 25 1%
25 F RIS F R B b A5

(4) *t#E, MCD12Q1-2010/FROM-GLC2010
GlobCover2009/FROM- GLC2010 Fl CCI- LC2010/
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FROM-GLC2010 iR iE R EE A i , 29 70% 9 1R 43
kbR Ml | Bl RN R R M, A AL A R — Bk TE
46%~T75% 2 [11] , HiR 22 = FORVE T HEH IR 2 Ak
MR

(5) X AdE % , MCD12Q1-2010/CCI-LC2010
1 GlobCover2009/CCI-LC2010 FY TR I FL AR, 24
A 10% B HE 5 A B, AR 2 A 1) — UM E 21%~
6002 [], Hoi 22 = 2RI T A M R Bk 4t o3 dE
Hiu BACHE RN M

(6) FLHLIP) — BRI, S8 T 31%, HiZKIR
W E ORI T R R 0 S A ARHb R
H RN T HE

(7) %1% #E A Hb , GlobCover2009/CCI-LC2010
1 CCI-LC2010/FROM-GLC2010 i) — Sk #i , 4%
1 >4 56.60% Fi1 50.28% , H: 43 21 & #RARAK , KT
39% , MCD12Q1-2010/GlobCover2009 £ 1%, >4 6.48% ,
Mo ZSTR R F B TR TV AR 1 55 4R b RHE | 5 b N
KA HHB AR

(8) % XF 7% Hh , GlobCover2009/FROM-GLC2010
H1 CCI-LC2010/FROM-GLC2010 F IR 1 15 It F ™
#, LA EMER TR s ARl | Eh KRR H]

FHHAE E R AR A TR IE R ER R, i
FRIRVE F BRI TR M A 73 bl K AR R A
FHH 25 1 SR — R i — T R 4 | b — A -
KA IR 23 A —1BH— K AT 3 B — A3 i
TR IR LR 5 R+ b R /7 5500 2570 h—
X QiD= S
3.3.3 Z U5 b i 23 (] — B 7 A

Pl 4 BRI AT 5 - oA 7 55 0027
— SRS Al AIE O, 4 H S 5P A
7 i I ) 23 (8] 3 A AN HERT LA B

(1) 5Fhy= SR 58 £ — B0 X 3 5 BRI
R ALY 54.03% , 3 LA 7RV X R A K I
DI S it 8132 N Ea = e [ i 33 I e Y 2
R AU R AR R VR R R AR
TSV S (A AACHEL , R B 4 S0 e Bk b, i kA
PR S R SR I K O R AR K P
T R R R b, 3 2 X I S B — S RRAE
NSRRI W, 2 T509F, i LA 2s o] — B i

(2) 7o BE — S0 DX 7 4 R 4 SRR
17.16% , F 2R TN RICIAE 5 O MCOR flidb
BV S RN R MV R, b g R A A F B

P14 5 MR L 3 50 287 i — S 19 2 18] 3 A 17 B

Fig. 4 Spatial patterns of classification consistency among the five land use and land cover products
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