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Dynamics, GOFC-GOLD) . [EPrEAZ12! (Food and Agricultural Organizations, FAO) L)
Je A BREGE LN 2248 (Global Terrestrial Observing Systems, GTOS) “53t[E &1E, BT
A PIAP S IR L b 4Bk B g B AR5 5, DU AR PR R o e 1 - M Bl e ™
MWFFE™, T 2014 4FIL R R AT T —& 428k + M 98 2 GLC-SHARE  (Global Land
Cover SHARE), %2 IR 23 6] J5 Y GlobCover-2009 4 F 5 B, SR HIB Rl A AR
o o 2 A e P A RN () ) R R 4 M Bl 5 s A TR AR S B T 4 RS T P A el 40
LR,
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Tab. 1 Characteristics of multi-source land cover datasets

e A B [ 23 [ 53 Pe VeSS
GLCC AVHRR 1992.4-1993.3 1 km B2, deahbe
UMD AVHRR 1992.4-1993.3 1 km W o JE SRR
GLC2000 SPOT-4 1999.11-2000.12 1 km AR MR A2k
MODIS LC MODIS 2001.1-2002.12 500 m LR, N TR g
GlobCover MERIS 2004.12-2006.7 300 m E[HiUg=gi N
MODIS VCF MODIS 2000 250 m mYEE
MODIS Cropland Probability MODIS 2000 250 m )
AVHRR CFTC AVHRR 1992.4-1993.3 1 km LHRE

(Global Land Cover Map) “7;
(6) 35 [ HL > K4 gl 37 1 4 BROME #3522 35 35 %038 MODIS VCF  (Vegetation

Continuous Field) ¥

(7) R FGIARHBIN ST 2T R AR B 3 A2 454iE MODIS Cropland Probability™;

(8) & [ Ly B 2= R a7 1) 4 BRARMI%E 22 8 35 245 AVHRR CFTC (Advanced Very
High Resolution Radiometer-Continuous Fields of Tree Cover) ", {5 ZRAR7E T2 A ) i
B (REmEArre) Fnkpe CEaxignt) MBS RE R,
2.2 HETALE

H T TR Z UG BRE TAER TR, & e 20k ik 8 M HA AR A M A br 2
2 RN 6] 2 BRI - M B R SR IR A AR N, P A B, AR O g — ik
NIEBZ N Sinusoidal #%5% , HASEVEHY (180°W~180°E, 55°S~90°N), HIAGL & %
G3AT A TR ) 55°8 LATE X3 ; @ I FH e 4B S B Ao 48— %45 1 km 23 [H]

[ mf, S 7 T A AVHRR %2 AVHRR CFTC MEFIH4MERE S AT
CFTC £ vh 35 BUAR A 1Y 1 o 780 A7 Tab. 2 Reclassifying rules for leaf type and leaf longevity of

HEPIRIR LR AR SOl R AR

LRI AR I AVHRR CPTC ks kil
AIFAT, BRI A R  E oo o -
PR W SEERARAR R P o o
EOFRM LI R, e o B s
TR 2 B

3

Z 5+ A BE B RG i B ARk —Fh g g 2 16 A R A A R 2R A R 5 H
Wror R ARG Z MBI P A i, A JLRORTR 5328 R G000 - b 3 i 80t DR A 7 il 5 b 28
W —EAE AR 2R RGN b0 S m g s S 8R4 . A ST —Fh I A2
e EAH B UEHE Fl A 7 B, Jf45 4 MODIS VCF., MODIS Cropland Probability, AVHRR
CFTC S4B, SEEixt 5 & 4k - b wBdm 45 i R Rl 4



2226 i B 2E 734
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z'gjcﬁ I-l';J Fﬁﬁﬁﬁiiﬁﬂ @)EH , 3‘{': Tab. 3 Land cover legends defined by life forms and leaf attributes
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) LR SUT — A B T R e
WK ZRG, I 1226 (3£3), N NN FOYiN Erot 2
A R GE LT R AR R AR A
D B 958215 B AR A KR AR e
Wit @ 4% T B REAR I I Wi
R U R RAE
32 HAEESEHEY s - - ]

M A 2 0 B o o ] ]
SRS 45 R 5 R 2 ] s e )
BI85 3 9 — i Bt A 22307 ik o e
A T R A0 2 I o o

BINERIRLNE . ASCAELT 34
JE T35 RE SCT RS AN R A
WS Hbrrds (EYPIESFEIE) 2 E AR SCHE M.

320 EHBEEP LM BHREXBESRNEBMNEXESE Z7% IGBP HIFAO ZRAFTIRIT
bR ARARIE IR B RE SCI IR, AR SO AR AR T 782 S JBE R/ VRIS Y 22 1] 4 SOAR 5 5%
7, FH0~100 1730 7 I8 4 A i Kcdli 4 rh 45 28 L5 BRI Y A AH OGP (L. LU
T ORIk 4ms) .

F4 RENEEZEEXHNERMOEXESERS

Tab. 4 Definition example of affinity scores for trees according to percentage of canopy cover

HA (kS| #H5F) Sipls

U5+ b 7 Bl T T e 7 35 (%) AHIEPE S E HbrR B EIER)
Hith 0 0 FUN
Bl <10 0 FUSN
KIRE AR > 15 30 FUSN
T it 40~60 50 FEN
(E SRR > 60 80 TRpk

(1) #IRECE S i o Ah A g R ATE TR B SRR SE 2L, IR H 5%
AREGFHSEIE T BRI B A RE SRR 8 B2 R/ N (L

(2) IR i L M B R R AR AR B TR B 28, I HLHUE i
IR B A > 15% , AR AMRER & B R ZRART i 14 HO ] S 5 AR B A 1 SO
Z, RGNS ARSI (AR S 20 (IO e 7 58 B8 14 e/ IMEL AT R (ELZ TR {5
WA IR A5 2R SCP R 2 RE< 10%, AR AL 5 ARSI A M43 E R 0,

(3) & IRE A i) - 3t BT 5 R M R B TR SO C R, IBAT 57k
MBI HE N 0,
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AR SOOI AR, ST IR BB A vh 4 28 R S s A AR PO E, 0B
THE 0~100, BT RGNS Frs) -
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Tab. 5 Definition example of affinity scores for cropland according to semantic rules

TR - i 2 T SCELI] MM E  HRREEDIES)
T A A 0 M
Ei?ﬁﬁ?ﬂﬁﬁ%:ﬁﬁ@%ﬁ%ﬂw%ﬂmwﬂﬂ o 20 -
Wit 5 B R AR LE 4 50 Bt
HEHbHEA R A A TEZ4 60 Ak
Bl = 100 Ak

(1) A VRECHEAE o i - 7 g e i SO 5k sg 2 VUiE, AR 4= S8k g AR ¢
PESME N 100, BIEHEHLIHER N 100%;

(2) A UERCEAE p i - B R kb A AR TR A2, R4 S HE
AR AR YRR A 2R R B BT (7 19 Eb (1) 8 5 R )3 SO 20K R TR E 5

(3) A TBEAE T ) L RS X SRR, B S5HbR
FHEMIME N 0, B2 AOER R 0.,
323 BEHBEED T MBH KRB SHMBERS X BREXESE AN+ b
R AEYIEAR B (R YM) WO, AR SORE SCIRE R 4E & T Hh
BRI 5 HAR A Z [ AR SR B, B an 6 Firam (s SCRIRIU], - FH 0~100 Y 54~
OB R A BR W E S P AR S — A s A B 2B R G SR b
BRI 2 0] (R AR 5

F6 RIBIENINE X M5 E A4 5 2 B X EMERE]

Tab. 6 Definition example of affinity scores for other legends according to sematic rules

5 M i T SCRLI AAICPESHE HiRRBICEIER)
Hith A& 0 B
T bRl Hi 4 25 i
T L i R e 50 FON
T L IHE AR RE21 75 T
W P 100 AR

33 BUERM A HE
331 SETHEBHHIEMESNEARATE A SCRAE T2 SR RS %,
4% 4 MODIS VCF. MODIS Cropland Probability I AVHRR CFTC %{# , ¥ GLCC.
UMD. GLC2000. MODIS LC #1 GlobCover 5245k 1 Hi 8 g 5 2 AT RS, AN
TN ekt E RS BE, OS EE YA Y SR E A B (82%), DI
HERRRIE A5 (1228), 2V D SR AR B L anE 1 s .
332 SETMBRHEEBESHITERZE (1) AR E
- i 7 e A s T AR AR SRR O E 50 R . D ¥ MODIS VCF %l B
S WA AT 56 B K/ (0~100) , VEAIZAF B RS AR A S E R/ (0~100) 6
@ 54 FIH 5 B 4 8 WloBOE 5 4% 25 R 5 ZR AR I A DG M4 F 2L J MODIS VCF %
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Fig. 1 Principle of the decision-fuse method with multi-source land cover information using fuzzy logic
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R 5 AR 30% LA B TRORAERE T, ASRARTT G, ) #IRAEE (1) IR RIS
MREAIIE ST, j) = 30, IBAZIE TR AN R AU AR ez, AHME
Syr(i, j) < 30, HBAZGICH T H AT B AU AR AR
(2) BEH/AER A
X T A b B Bl A A B AR AR AR R AR T, A SCES A A H MODIS Cropland
Probability (4% i & 43 25 %445 MODIS Cropland/Non-Cropland, A A 5 &5 1 i 78 gl £
SRR SRS S N B i [ I S S e P B B | 3 1 By 7 (1
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@ FIHI 5 & - A W R 4R vh 25 S B 5 b A4 AR DG 43 (B & HAE MODIS Cropland/
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@) %% % [# Fg 5 B M 57 K 2% 4% MODIS Cropland Probability 432 1, Cropland/
Non-Cropland %4 B T (5 FH A9 4 BR RUBE B9 B AEL, il 5000 T ek b/ AR BF 2R AL A0 1 e
FUOWJE . IR G, ) HRAR (2) HEBRIME S, G, ) = 43, ABAZG TR
(T M BT WER A i 2, EHOME ST G, ) < 43, IR ATZAGTT T B e
E[E5in

(3) HAAEYIE SR B E

Xif T - BB Al A S P AR R R %0, AR 5 B TR 4 b AR S R 4
FRVE AR 28 AR IR AR A DGR A E R e — 2500 53 R BR AR R L 2 S Y
HoAl 6 Fh2ERY, AT

. 5 .
Spa =Y S, ) (3)
M=1

A 87 G )) R EER P AT () BIAEYIE SN LEEBIBIR D IMEZ A S, G, ))
TR MAZIC G, j) MR S A YIRS LERBI A e AME ;. LE A UIE 45250
(#£3); MRESELREMBEWEIRE; i AETiTS; AT,

FIHAR (3) HEBRI S, /) BRI TR R AW SR LE, S ml a5
P 8IC G, j) AP SR,

(4) FRAREAI E MR 2

X = B Rl B IO RS OT, 455 A AVHRR CFTC YRy fi
Bim, DS EIE A+ B g E A v A R S SR R 2 R AR DG, e T R
(R PEAE AR A ) Rk CF g AR S ) 25 8, I AR AR i — 20 4]
oL NSNS

Rl B SR T R I RUR I B A A A AN R

6
N W) BN () (4)
M=1
6
Sp i)=Y, Sy, j) (5)
M=1

Kore S, 7) TS G ) o R R BE TR TT 6, ) ARSI i TR 44 ) Sy
LT FILL BAHDCHEIMEZ AL Sy G, j) BT S G, ) 53 e Bdi e M &OT G, j) AL S
TG LT ., W LL AOAHSCPESME s LT HULL 43 9 g BRI fm e (%63); ML
SEEK - MY EIEE 1 AVHRR CFTC M-BY/M-P i ; i ARoTiiTs, R IT)
PIIR=

MK (4) A (5) ATLMRH, RlGEdETSIT G, ) AR R iR )
figE, A3t SEL G, 7) A S G, ) BERARLT X g A i 28 LT A4 LL .
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FIFH 1 3R B T2 e B AR ) Z2 IR Al 5 O A5 B B 420K 1 km T Hb A DR B
££ SYNLCover (Synergy of Land Cover) WNE2 ffi7x. Hrp, & 2a Il 2b 7= 15 51 &
T AR A W A AR B i MR B B AR SSRGS A

a. SYNLCover-A:#JE A28 b. SYNLCover- B #n285

m EARERAR mm HARFMAR o IRATH

= ERAK w B R T o PEIA AR e ORI - 2
B KR RS o HA B Siv:i) = AT
TN LN HAth

K2 Apk At g A X0s SYNLCover
Fig. 2 The SYNLCover datasets with: (a) life forms, and (b) objective legends

ARSCA N MO B A YR A TR H AR 25PN Z 18, X oA 43R 4 Hh 3wl
G (SYNLCover) 55U - g9 %44 (GLCC, UMD, GLC2000, MODIS
LC Fl1 GlobCover) 2[RI — MG, fh: O BIaEmMF8ak—5t; @ +
i 7 AR 1) P4 — 3
4.1 TtHBREBEENTEHSE—E

- b 7 B KR AR 2 BAR— B T E A A B . D 4350315 SYNLCover Al
GLCC. UMD, GLC2000, MODIS LC L 5 GlobCover ¥ ¥ 2 [A] (1) — &0, BRI £ + b
TEOREAE TPAR ] L b B 2R R A I R R BB 4 L @ B —E L
A R AR 5 A S B A W R 2 R B — SR, BRI AT A5 3112+ b 7l KaE 1
S AR — B

MeanC,=(C,,+C,.+C,y+C,,+C,)/5 (6)
K. MeanC, + MBI o WP SR —3ME:;  C. o - B ERAE a 70 5] 5 H
s ERIEEZ P —BME; of 6B BB HIEE, B GLCC. UMD,
GLC2000. MODIS LC. GlobCover Ll f SYNLCover,

P 3a A1 3b 43 ) s T AE TR XEURE |, SYNLCover F1 5 £ R + b8 pli B 41
HEPPIE SRRV H RIS RIS 2 TH 0 SR —BCHoRs BEXT Le a5 5 . Hidr, PRI Th X A
2 L BB R 2 - M B RS S T AR — BUMERS B (%), EEXT M 2 A S )
& Bk 6 - M B4R 2 (R LA i AR — SRS (%) .

(1) Bk FoRUL, 62kt oA YL SIS E R4 (1)1 3 Sk — B RS B v
T H BARZEARI P25 R — SRS B

(2) 7E 6+ BB BHREE T, SYNLCover A=Y 22K AR H AR (1) -1k
—EERS R 1, 2R 65.6%F1 59.4% , HIRAK YR MODIS LC. GLC2000.
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g 4@&

(¢ y &
S &V & KRN
¢ S @ ¢ S &
e d Q 0 le; ¢ Q 0
& &f &S S & & & &

48.08 | 64.14

56.09

GLCC

UMD

GLC2000

MODIS LC

GlobCover GlobCover

SYNLCover SRS SYNLCover

a. YA b. BRara

K3 6% T b A o B A iy A — UM B X L
Fig. 3 Overall consistencies between SYNLCover, GLCC, UMD, GLC2000, MODIS LC, and GlobCover based on
(a) life forms, and (b) objective legends

GLCC F1 GlobCover, UMD {4 ¥1TE A5 28 RUFN H B2 (19 45 SR — SO eIk, 20
Sk 48.9%F1142.6% 25 47

(3) w6 ERIEEMIM LI Bk — SR E T S, 7 R s YR SRR H
PRI Z R E, SYNLCover 5 GLCC, UMD, GLC2000, MODIS LC Fl GlobCover
WA 22 8] Y B R — SRR R B 1Y, i LA R A2 AR — B 7R 55% ), Hbs
A AR — B 50% ;47512 SYNLCover 5 GLC2000 YA 7 252U H bR2é
SR SRR, 43R 74.4%F167.4%
4.2 TiHBWRBFFH—EMH

B E M B R 4 A B ) — BT R R

nah

CT!, = x 100 (7)

t t t
na +nb - nab

K. Cr, APIERIRE D M RIRN  —EUE s o, PR T A i
BRI R W s nl B ng 23 5o - M B WA o R b R ¢ %KD a. bR GLCC,
UMD, GLC2000, MODIS LC. GlobCover, LA 5 SYNLCover H: FP AT & 19 £ % 5 4 1Y
Ha

e, BEE A 7 RO S T B A 2R B — BT LR AR (6) RS
2, Wiz C B cTl, BT,

EEFAHA (6) F1ax (7) HHEAFRIAY SYNLCover F1 5 &5 + b 78 w45 b
B YT AS IR R @ AR () 4 — B (%) X He 25 an P 4 FniEl 5 iR o

MEATTUE W, AEPERIERE L. O 55805 S s B, REMAL
AI4h, SYNLCover H1 H A 4 7 Ff A P9I 25 2 R0 (1) 2 — SRS B Y )R fe i 1 . o,
SYNLCover FF 25 Mk —BMKS B H 60.23%, 5l (1) S35 —BOMks Bl 43.89%, #ih
P-4 —BUHRE BE R 54.13%, KARIA T4 —BUHoRE R 50.32%, A A1 35— S5 hs
H67.73%, Y11 TAHR ERAEAT S — R B o BdE P 0 — SR s @ BREEARIE
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(E5) miE: O©55E0E -y
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[ 5 Fofr i S P 1) 7 35— BRI
o Hir, SYNLCover Ha 44t Ak
M —BERS E Re N 29.21%; @5
S L % € e YD I eSO T
— BN EEAARAC, H R
20%; {HJ2, 5Pt JE A al A Ko
SYNLCover H /- 34 —B0HG 5 LE
TR - M B B A v ) — SR
PR T 2110%,

5

5.1 #ig
EZFEEARILEE ST, [(FE
A ARBEAE— R LIk D IR
L BIA—EtE:, IR RO
Rl EE = i, NI R TP R X
SRR AR NI R . AR SCAH SEPE
SHMERMME S A, BT T —Fh TR
R e AR e P R A ik, SEBL T
GLCC. UMD. GLC2000. MODIS
LC. GlobCover. MODIS VCF.
MODIS Cropland Probability LI &
AVHRR CFTC % £ i + #b 78 4% 5 8
LR AR, Bl T —E28K 1 km
+ M B Bl S B s 4E SYNLCover, 7E
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Data fusion and accuracy evaluation of multi-source
global land cover datasets

BAI Yan"’, FENG Min’

(1. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China; 2. Jiangsu Center for Collaborative Innovation in
Geographical Information Resource Development and Application, Nanjing 210023, China; 3. Global Land
Cover Facility, Department of Geographic Sciences, University of Maryland, College Park, MD 20742, USA)

Abstract: Accurate global and regional land cover classification datasets based on remote
sensing are of fundamental importance in research on global changes, land surface process
modeling, ecological progress, and regional sustainable development and so on. The overall
objective of this study is to present a decision-fuse method that integrates existing multi-source
land cover information into a 'best-estimate' dataset using fuzzy logic. Combined with another
three global datasets, i.e., MODIS VCF (Vegetation Continuous Field), MODIS Cropland
Probability, and AVHRR CFTC (Continuous Fields of Tree Cover), this method is applied to
five global land cover datasets (GLCC, UMD, GLC2000, MODIS LC, and GlobCover) to
generate a new 1-km global land cover product SYNLCover with desired legends, which are
properly defined in terms of plant functional types. Pixel-based comparisons among these six
global land cover datasets are performed, and results reveal that compared with five original
global land cover datasets: (1) In terms of map- specific consistency, overall consistencies of
both eight life forms and twelve objective legends of SYNLCover are the highest, accounting
for about 65.6% and 59.4%, respectively; followed by the accuracy of MODIS LC, GLC2000,
GLCC, and GlobCover in a descending order, and the lowest map-specific consistencies of life
forms and objective legends are separately 48.9% and 42.6% in UMD. Besides, among all
dataset pairs, SYNLCover agrees best with each original land cover dataset regarding the
occurrences of life forms and leaf attributes. (2) In terms of class- specific consistency, it is
suggested that SYNLCover gets the highest average class consistencies for all the five leaf
attributes, as well as major life forms except Shrubland, among which the consistency for
Others in SYNLCover is up to 67.73%. (3) For Trees, Grassland, Cropland, Water, Urban and
built-up and Others, SYNLCover shows particular improved average class- consistencies by
about 10% to 15% over the maximum consistency of original datasets, and the consistencies of
five leaf attributes in SYNLCover also increases by about 10% . This study indicates a
successful integration of multi-source land cover information into a new refined dataset with
improved characteristics scientifically.

Keywords: land cover; fuzzy logic; affinity scores; data integration; consistency assessment;
multi-source information



