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Abstract : A Land cover map over East Asian region (Kongju national university Land Cover
map: KLC) is classified by using support vector machine (SVM) and evaluated with ground truth
data. The basic input data are the recent three years (2006-2008) of MODIS (MODerate Imaging
Spectriradiometer) NDVI (normalized difference vegetation index) data. The spatial resolution and
temporal frequency of MODIS NDVI are 1km and 16 days, respectively. To minimize the number
of cloud contaminated pixels in the MODIS NDVI data, the maximum value composite is applied
to the 16 days data. And correction of cloud contaminated pixels based on the spatiotemporal
continuity assumption are applied to the monthly NDVI data. To reduce the dataset and improve
the classification quality, 9 phenological data, such as, NDVI maximum, amplitude, average, and
others, derived from the corrected monthly NDVI data. The 3 types of land cover maps
(International Geosphere Biosphere Programme: IGBP, University of Maryland: UMd, and
MODIS) were used to build up a "quasi" ground truth data set, which were composed of pixels
where the three land cover maps classified as the same land cover type. The classification results
show that the fractions of broadleaf trees and grasslands are greater, but those of the croplands and
needleleaf trees are smaller compared to those of the IGBP or UMd. The validation results using
in-situ observation database show that the percentages of pixels in agreement with the observations
are 80%, 77%, 63%, 57% in MODIS, KLC, IGBP, UMd land cover data, respectively. The
significant differences in land cover types among the MODIS, IGBP, UMd and KLC are mainly
occurred at the southern China and Manchuria, where most of pixels are contaminated by cloud
and snow during summer and winter, respectively. It shows that the quality of raw data is one of
the most important factors in land cover classification.
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A E FRAse FARYoY A 7]% =Y F
o] A7 Az B opet AMRE AHE gl A
g Wste] A, AEA|3IEHA =8 (bio-geochemical
cycleyS £33t A A A Aol 83 7=
Z+&0|t} (Chen and Dudhia, 2001; Dickinson, 1995).

A E ERARS] Fa40] A F wEt A -
HHom Aszolm Ao U FH| B B
=5 AFete 71394 ARERYH S £
AWy E BEFAE7F A3 Y (Hansen et al.,
2000; Wang and Tenhunen, 2004). A 57kx]2] x| 1]
B BFAFoE= 2 NOAA (National Oceanic and
Atmospheric Administration) #1734l ¥ AVHRR
(Advanced Very High Resolution Radiometer) A}5.7}
ol gxo] Yt} (eg, Defries et al, 1998; Loveland
and Belward, 1997). $-2|Uglo| A= Fola]o} 2] <]
Ao Eof] gk #Alo] FolA|HA F2mde] A
AAZEA 9 A AT AT, dets]
#J (Communication Ocean and Meteorological Satellite:
COMS)?| 717425 A A| 2ol A A& 72k
58 712 ARE F&ea Aok FHEEAT A,
2009; Hong et al., 2009).

g 52 L FRdA 183t P4 B9 8
5% P S8 PUEE MER Fohlol 9]
A9 S Azl oje e HgE AFSe] S
o] $tH(Gao et al., 2008; Rha et al., 2008; Suh and
Lee, 2004; Xue et al., 2006). SA -2yt =
USGS (U.S. Geological Survey), IGBP (International
Geosphere Bisophere Progrmme), UMd (University of
Maryland) ¥ MODIS (MODerate resolution Imaging
Spectroradiometer) 59| A|HIE FFAEE F9Y
53 8 7)FRde] ARG ARz 9 olgsn
Stk o] AREL FWES FHOE BFOF B9
BAZE TG0} Y RO FAHYLNE B
3L (AAE 9], 2007) o5 tAE v Apse] A
2 QlEl o5 ARE A &L Utk b o
AZ QL At 7] GG AL 9 FARde] =
olE S f8l 71 AWIE ERAEES W
A+ de e AUAAZRAL Aol Zast
th 53] e E HE3 Foprol A =AIE,
Atetst Bl EAst o AHAE7E 543 Wetst
3L 3] FHIHSF ARE o]E3 F713A AHAA
Z71¢] AEo] dasitt

FElygelr e 73R oF 282 A% A7E, PAL
(Pathfinder AVHRR for Land) A& (Smith et al.,
1997)E ©]-§-3F Sobrjo} AAIE T/ (A4, 1999;
4747, 2000) 3 AAY 2H7IEE 0] &3F e
ARIE FR/ (A 9], 2001) 5o A77F R
Atk B3 o139} A-21] (2009), $53] (2008) X

\ of
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S5 (20025 2005) 52 LAl E ARARARIAE 2
E (]: IKONOS, KOMPSAT-2, Landsat TM, Quickbird
T)E ol&ste ix of B A9E gdoR A
HIE-S B/, 943 €] (2009 FAPEUA]
Q1 AH[A ) vEEz| o o] A WP E-S ERFste] B
sttt el e AR RS o83 AW
& BF A7 FES dd 94 (scene) =
578 ©AME (path) @919 I9AEERH A&
G 7)) ool AW E ERAFEES] He (mosaic)
S 53 =Y EE b A XivE BRa)
BE FEstal Ak ey o] WHE 7t @] A
SEAZke] Aol Wk opuEl, @] A A lA
B Atole] A H FHAA e ERAHTE A}
A = A ol FUHR oF 8 Aol &
T Ft} (0] 9, 2009; Homer et al.,, 1997). |
= oldgt A9 AS 28 S vzl I EA
A5E o] &3 AWIE FRYHS o8t e
w, A8e] A= W AFE A AR Q15 7]
Faool|A] 848t e B9 AHIE BRe
E 71538 Aot} (Olthof ef al., 2005).

thgst AR E E5 AiE B8l S5,
135, 99, o8& 54 Fo] Aolsty ol AW
EFARE 7)okl &83h7] flaixe B3t

U

Aol Hasitt £ =wAe g 5
R BT B EESER = R
S Z-8~ofF 8ol At 7] 373 (1km)
W9l e AYE B Tl AUNE LRAR
NESIA Gt o) fstel A2 59 ool
=3t MODIS NDVI (Normalized Difference Vegetation
Index) ARZEE A - FHHoR AR 2 &
Aol NDVI A5S 75atsivh. Eeh, f-2jutelr
ARE HIE7 =& Al 7R (IGBP, UMd, MODIS) #]
WYY ERARE MiLsL, 1 4%E AUnE
Fol ol gaioTh. AWNE BR YHOoE PERF
71 €] dlel support vector machine (SVM)S ©]-&
stglon], BRAGY AFe AYRE ARE o8

sk,

oy do et lo pot o

2. Xg ¥ Ty

B AFoHE Forlol Aol AuvE RFHE
A HAAF, AWE BEAR D AFRS AR
£ o] &3t AMAFTE HT 31d(2006~2008) 5
¢rel 1km FZHEIYES 2= 169 F71¢] MODIS
NDVIE ©]£€-31%th (MODI13A2, MYDI13A2). ¥ 3]
& EFAE+ IGBP (Loveland and Belward, 1997;
Loveland e al., 2000), MODIS (Friedle et al. 2002)

2 UMd (Hansen et al, 2000) AEE ©|&3I .
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IGBPS} MODIS AW ¥5E #FAE= IGBP A4y
B oo w17 frEo® ER3 AR, 7 A
o g diF 492 EFS AEE T ST
Aoltt. ¥HH, UMd AH I E EFAEE HAATF o
Hdeog 753 NDVI 3 tFe Je€as &l 245
ER7IMES A8t 14l fFEos B/ Aotk
75S S8 493 AFE 2= GPS (Global Positioning
System)& ©]-&-3te] AHHALE T3l 5T Fe 2
= 29AU AFAE 55 ol&slh

2.1, XtE5E Y M2

BolAlof X o] Fo] XANE EFE 218 Fig |
I A2 PR AFE TSN AR FH B
A2 ©AloA= MODIS NDVI AF& 8 (collection),
W3t (merge), &/ (composite) ' EA (correction)
#4583t} MODIS NDVI &&= “Sinusoidal”
A FIdge g2 AAF 998 494 7= &+
gsto] 7t slae] FAAPEE} 37 A€ok MODI3
(Terra)® MYDI3 (Aqua) AFRE 27t 169 F7|2
A= QAR 7 AR Aololl= 89U 9] At Jlor
2 FAREE BT o8 W AR =S =Y
21tk MODIS NDVI AH&EE A WEo & 3671 (h:
0~35), E5 WaFo = 187 (v: 0~17)] W& (1,200
x 1,200 pixels) EFY (tile or granule)® Ew o] Ut}
B AFoME B4 T0°E~180°E, E9] 90°N~&$]
60°S o] WS AT gygog A3l MODIS EY
% h20~h3570~v149] AEE FH 3T AEFH
717k 39 (2006~2008)°]H, X|WH]E EF Holo
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= %5 $13A% AA (Plate Carree
o7 A FPFarh NDVI A&
o] ggoll= 7t sk FEAZ KR (quality flag)s Bt

& FESI] ol A8e H+
< A&sh= WS ol&ste] Y F712 A
o o] EFA AsE A6t
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Y,

NDVI 259 23
8& = FEe NDVI AR 7EE 9l 27
= NESALL, ©]5 9A A= NDVI AR

Agale] A2 342 BAET

2.2. NDVI &H

Fig. 2= NDVI B4 A& 7 dAE=E Yepd
ot} 4712 A3 NDVI A9 BAHS 9
NDVI¢} 8| Al g 7t 8o FHA4HE &8
T} NDVI 249 7] wj7d-& 24 WEe] Al .37k
A A& S o83t Aot &, TY Aol &2
e TY 539 AL Add e HEdEe) &
dslitte JS ol8dte] A5 skie] e Edst
= Zlolth. wEbA o] WL 7} sfie] FAARRE
7IREO.Z 1) AIZHA A&Ao] wE A shae] g
9 BAI 2) A2A G Bxe= FE el NDVIO|
3 7EHEAES Fgshs 27K Wyes A2%
NDVIE HAg} o, of7]o|A] ¥4 1km ©)d &
TR AR S I AR Fol 23k 44 Ao
4% He2 dASA] ke ZoF st

A AR A= S SaE 7|EeE A
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Fig. 1. Block-diagram for the land cover classification over East Asian region using support vector machine.
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decision of
research area

ftp://e4fl0u.ecs.nasa.gov
MOD13A2, MYD13A2

MODIS NDVI
(2006~2008)

using MRT
(MODIS reprojection tool)

using “Master”
LAI & LC

monthly composite

using QC_flag
good quality pixels Ave.

¥

mask waterbodies

L/W mask

¥

iteration
with increased R

discontinuity check

temporal

extra correction

Coastal missing
x 0.5 no
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within R area

Urban and etc...

Urban and built-up
Permanent wetlands, marshes

Perennial snow, ice, tundra

Barren, desert, very sparsely vegetated

Fig. 2. Block-diagram for the NDVI correction process.

215 7]7ke] NDVI EZARE golsle] F 7]7ke]
Ag FHo] 43 9ol 3t} F A7 AHEH
o2 A 32E A FAFG I3 7|7+

K3
b e
NDVI & et F4o| W e dA sa
E HAA gerh F WA A= dAl ki
o} U3k 89 ¢l2sAE AMGTE AMAD o
AR (r=5,7, 9 A2 A4 FF vk we} 3
ol 9714 S7h Well aFZ skt A s ol
EAske A5 7F stk e] A vl sk 7t
SHFOZ dA stas BAS 7k 1A dAE F
B9 e vEA sthe] FFE IRlsty BE A
BA slavt vAE uf 7px] 12v9Ale] BA A S
e}, oo, SR G2 TA] B AR Fofl g
HAL AYH 5L aEE ¥ e (¢
A BAAGAN] 50% #oZ AN

2.3 MY HESY ¥ XHO=E 7|EXE M4E

BAE 457 NDVIZHE 974 F82] 44 A
HAEY A8E AEIA o] #FL AHIE &+
oM JHARS] S FolaL A HESHS
SAisigtog2x, Ale] YHlE FHAsleHA A HT
5 iR 384 2 Agx gHE 98 ol8EHL
Tt (Defiies et al., 1995; Wang and Tenhunen, 2004).

=274k Bh7] #1209 43 (2010)

NDVI ()= L 3" o,NDVT

1 yes (same LC type/good quality)
N Urban and etc.. missing @ ét@ _
Il * x 0.5 S 5-good quality pixels wia
available ? RX_4?
@, = R=5,79,.
i RZ + dZ

2 Aol 1) AT HA], 2) HAA], 3) A
B, 4) WEE, 5) A AAAE, 6) A 87T,
) AA 38717 W&, 8) A AE 9 9) A 4
H&9 97 ARE A=

SVM# e ZEEF 7IHE ol&ste] solrlof
A o] AHIE EF{A LS TES o] FHA
5 (training data) 75> AAA O Z A7} Ut &
Ao eE 2 digte® Al AWuE 25 (IGBP,
MODIS, UMd)9] ¥ ZA3E o]&3th IGBPL}
MODISE 93 AHv)s G g n=ng 47
A 4 Qe v, UMdE AWIE F39] Aeje}
F7F IGBPe} 22t o|& A9 HuE fEiA = A
HIE {3olx] 45 o] dasith & AolA
+ Hansen and Reed (2000)¢] AaA-F<} 7o) 5
o A F38S A8k Table 13+ Z2o] A28k
o A4S G/ (evergreen needleleaf/broadleaf
forest), = [/ ZFTE (deciduous needleleaf/
broadleaf forest), 54| (cropland), 4] (grassland) 2
EA] (urban) 59 £33 FYI fF o= vt 7t
55, IGBPL] AU (savanna) {33 UMde] $-=
WA= (woodland)y= M2 A e Aoz 3ol
o] A5 vwatith. 22} IGBPL] HA] (wetland),
FE (snow and ice) H FA& Ao TTFE

~
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Table 1. Land cover types defined in IGBP, MODIS and UMd (Hansen and Reed, 2000; McCallum et al., 2006).

IGBP, MODIS
1 Evergreen Needleleaf Forest
2 Evergreen Broadleaf Forest
3 Deciduous Needleleaf Forest
4 Deciduous Broadleaf Forest
5 Mixed Forest (no 1-type > 60%)
6 Closed Shrublands
7 Open Shrublands
8 Woody Savannas
9 Savannas
10 Grasslands
11 Permanent Wetlands
12 Croplands (single and multiple)
13 Urban and Built-up
14 Crop/Natural Vegetation Mosaic
15 Snow and Ice
16 Barren or Sparsely Vegetated
17 Water Bodies

UMd
1 Evergreen Needleleaf Forest
2 Evergreen Broadleaf Forest
3 Deciduous Needleleaf Forest
4 Deciduous Broadleaf Forest
5 Mixed Forest (no 1-type < 25% or > 75%)
8 Closed Shrubland
9 Open Shrubland
6 Woodland
7 Wooded Grassland
10 Grassland
11 Cropland (> 80% crop field)
13 Urban and Built-up
12 Bare Ground
0 ‘Water

(cropland and natural vegetation mosaic) 5< UMdel|
A o)A e FEo|nE Blwr} E7Hs3lt). Fig
o 9o /e wyoz 7 Auel AunE 43

2 ARFate] LhErd Aotk

2.4. Support vector machine (SVM)

FAEA B A 7St dE] o] &HaL Jlom,
E5F (classification)9} 3]7] (regression)dl] 583 4
e A=s571He] dF2F R (r-project) 21

b)UMd_

e

2) IGBP.

1 2 3 4 5 6 7 8
University
of Maryland

International
Geosphere-Biosphere Programme

o golE | & ¥x3HE support vector machine (SVM)
& BR7IHOR o] &3t SVME BHAe] W
W3 S nakde] F02 AMY (mapping)shed
7F R/ AT e e HE ARl ARlE Hdist
SIEE WEw o] WHS FEllle WHoR o

ATt (Huang et al, 2002). SVMe] 71d3 548 A
HEd, g e g5AE AE (D)7F FoR T

a7 o,

¢) MODIS

10 11 12 13 14 15 16 17
MODerate resolution Imaging
Spectro-radiometer

Fig. 3. Spatial distribution of the a) IGBP, b) UMd and c) MODIS land cover map which re-classified according to the IGBP

legend code.
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D= {(xsc)x;e R c;e {-1,1}},_, (1

xi= pAd AFEoY, o 1% -1 #E 2=
WrEE w7t 3 2HS rdH. SVME =19
HAEH} ¢=-1% F=L E2ldk= 2% (hyperplane)
< Folfle A, Fod 29W T F 7Y
AEZ HAdge AE A= 2HHS F=
FHd) vl =W (maximum-margin hyperplane)S %
ot M Hold { ASEE Wt

SVME o]&at AHI &S E7al7] fslire &
o] FHAE (training dataset)’} ¥H=A] Q3
(Enkhbaatar et al, 2009; Huang et al, 2002; Yu and
Chi, 2008), 7P o]/43<l FHAEE AFHS AR
ojtt. Zejut AW IE 544 £ AFelA ERekaL
A a1 oF | km ZUHAE WIS sk Bt

A

¢

g 3] FHEARE FEh= A
At} (Foody and Mathur, 2004). ¥+ ofyz} £ A
A && s Eik ¥ FFAY #ESAE o
© 2 g7t SRASE e,
= F km o] #Z g x|o] F3]
T3 Ao wet A uH f3o] gEkd 4 Utk
2 AFME B9 AHIE EFE 9% FHEAE
S o] tite & ket 71l os AHEE o
o] AW E B7 AEEQ H2E M EF +
o] B UXsh= spae] AW E A5E FSAt
5, 5 TUAEE &8 & Jdoha e
UM T AHI R ERARS] v A BE
AgoAN FUS FEOE EFHE sES £/
gt Aoz 7PgstaL ol “ffAF AFAE (quasi
ground truthy”2 o8It} &, A B5AEE &
HALE (training dataset)=, UM A] 9L AEF F
o FRIGT a2 9 Tl gAste] $A
A AAe] AFEA ARES SVME] 9 IH|

= JEd ol

Vi*¥11 %21 Xin

Val|X12 %22 -+ Xin )
WVl [X1nX2n Xin

714 Y= A #E5AES] wideln, X= NDVIE
T ARES A4 HEEA AR widoelth n A
A E §99 F5 grisid, = A8 HESE A
89 FE YepER (=9)2 A3t B Ao
A n& IGBP 177 38 % 57 (water bodies)& Al
o3 1671 (1~16)] #e= sttt flof w2
AWy & EF 2 (support vector model)S =3}
7] 915k FEAES] FHE e Aolw, AEF 9

=274k Bh7] #1209 43 (2010)

o e

B A BEAE (VIE AU Xe) W
53}

SHN|A

o

25 XHOs 2RAE 4E # 3

9] HF8E AA N2 EF/FS ARA S A &
ZAEE T (merge)ste] MZ-S- AHIE EFA}
F2E 7539 (Kongju national university land cover
map version 2: KLC v2). Al X|H3]E EFAE O

B Y= A2 9IAY dFASAE, T

&t 72t FEEE FYSIATE Table 2= & Aol
A &3 AsARe] S FYg otk AA/
AZH AlgE 8%l o3 A §F (IGBP 17 type)
o sl #+8 UEe HFAREE FH3HE %k

Table 2. Number of he observed ground truth data according
to the IGBP land cover type.

IGBPcode Description Count
1 Evergreen needleleaf forest 2
4 Deciduous broadleaf forest 8
5 Mixed forest 5
6 Closed shrublands 1
7 Open shrublands 1
10 Grasslands 11
12 Croplands 26
13 Urban and builtup 14
14 Crop/natural veg. mosaic 3
16 Barren or sparsely vegetated 4

Total 75

3. &4t ¥ E9|

Fig. 4= IGBP, UMd, MODIS A|H 3] 752159
Al s FHE A sAFE Bl Ao
A, 2A, H9E€HTE 9 BA 59 X 5=
Azl A B3 EQdd vl E3 Y A5,
AHR} 59 FE A xpo)7t At £33 MODISE

E ARE v #EFES A EREeH,
A 8L dld oz A BRI IGBP=
e A 489 B2t FEHAE v, w3
& A5 (Y3 closed shrub)d} Al F3o] Har
7 AL Aoz Yehdth UMde T A8 E0| B
s Al BoSAY Ase) BEUF B SleR
ERon, w29} E3tge] Bxvt JiFos A
2O 2 Ve

A AR E RRAR 2 538 ANEG BA

=

i
i
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®IGBP
OUMD
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2000
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1000
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N & $ & > o o R S > > { > »
S‘b R ?s & ‘&*@ & s o ,;PQ & ‘}\,o & go"° & A
R R & & & T & RS
Land cover type

Fig. 4. A comparison of the pixel counts according to the land cover types for the IGBP, UMd, and MODIS.

ato] Fig. 50 UERASITE oo A olx Al A&
7} B AA|3h= 3k4 (triple agreement: TAYE 26.6%
o]lH, IGBPS} UM, IGBP2} MODIS % UMdS}t
MODIS ¥ A&7} UX]dk= 3}4& (dual agreement:
DAY= ZHF 10.5%, 23.3% 2 12.2%°]1 THDAGBp-uMds
DA Gsp-vopis: DAumamopss). 5 AHE7F 8 A= st
A 9= 34 (total disagreement: TD)2] H]&S oF
27%°Ith. L& A E £ FolE 283 IGBP
S} MODIS®] dA]&°] the 7 2AkgAlo] 9] AA]E

vl oF 2w EFol= E#sta T AE (IGBP,
MODIS)7} dX|et= HA HE& (TA+DAigep-monis)©)
S0%E WA ahs Ao vyt md giAl Ao
2 ARG w4 3 dded T AN f
E70] Z FiREE AddA Al A57t & A ks
ASZE Yepdth v, S S48 5 W
ok gialop B FollM titE 7 Assk AR o
2A E7E AR Yt ole J4EARe] F4,
S B ERWl uet Ao A F& BojFa

TA: Triple agreement - 26.63%

DAicsp-umd - 10.55%
. Dual agreement

DAicsp-mop1s - 23.28%
: Dual agreement

DAuma-mopis - 12.20%

: Dual agreement

TD: Total disagreement - 27.33%

Fig. 5. Spatial distribution of agreement status among the three land cover data sets (IGBP, UMd, MODIS).
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Fig. 62 17} F7] NDVI $Aztge] vy 34
o FHEEE Uehd ot #5o] vk »A
el NDVI g7HEZOA AMAY, =A] 2 195

FE A9 A% Wyt ohlet F3 @AY 9 o
T 52 FHOE T8 93} WA aTo] WA
EEFE AL B F Aok P A - L A4
2 olgd BN R84S} BE AZ a9 B
o ol%o] A2 AT + Utk

Fig. 78 SVME elgsiet 18P A2 Holl

wE} 177] FEoE BFH3F KLC 2o 3{HEEE
Ehdl Aol o 1}?1 NA FRIEE *u‘&i =
B R, FEAS 2 SRS 5o £A7F
iaE AL E 4 A} (Fig 3). 531 sLu}L:_z]oﬂ,]
APkt 6*01 99 S 2 SHE 5oE R
HAoH, At FHO 22 9 F5 %%‘—Zl‘%zi%‘—
B = E ZJEXVM o2& el vt #
LHERs T

KLC v2¢9} IGBP AWH]E BHaige] 349 114
H| &S H]ale] Fig. 89 YERAIT) IGBPE M
goz A A AAl 7134 9 7 gt 5 A+
71BN A A B 7SR ] | AARER 7P
At o g o] &H I e ARo|7] wito|tt. 7t A
Aol §E BaHee Ao s IGBPS KLC v2

before correction

Fotrlol Ao} Aws|% 257

I

1 2 3 4 5 67 8 9 1011 1213 14 15 16 17

Fig. 7. Spatial distribution of KLC v2.

after correction

.

—

Fig. 6. Spatial distribution of July NDVI before (left, the yellow color denote noisy pixels) and after (right) correction using the

spatio-temporal continuity method.
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7b A HE2A ¥ AoE YeiEth A4S 295 AS AAAN Y EFREoE ERshe oFf 24
H, 24, A # AR 3 2 a7 SRS Ak ol sAI9 I B E3EAe] 540 &
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Fig. 8. The number of pixels according to land cover type of KLC v2 and IGBP.

Table 3. Status of the classification agreement for the KLC_v2. The “Agreed pixel number” and the “Disagreed pixel number”
denote the number of agreement pixels between obs. and KLC v2 and the mis-classified code, respectively.

IGBPcode Description Agreed pixel number Disagreed pixel number
1 Evergreen needleleaf forest - 2(1), 8(1)
4 Deciduous broadleaf forest 7 7(1)
5 Mixed forest 2 4(1), 7(1), 8(1)
6 Closed shrublands - 8(1)
7 Open shrublands - 5(1)
10 Grasslands 11
12 Croplands 19 5(2), 7(3), 8(2)
13 Urban and builtup 13 8(1)
14 Crop/natural veg. mosaic 3
16 Barren or sparsely vegetated 3 7(1)
Total 58 (77%) 17
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Table 4. Same as in Table 3 except for the IGBP, UMd and MODIS.

IGBPcode Description LC map Agreed pixel number Disagreed pixel number
IGBP - 5(1), 12(1)
1 Evergreen needleleaf forest UMd - 5(1), 8(1)
MODIS - 4(1), 5(1)
IGBP - 5(2), 93), 12(3)
4 Deciduous broadleaf forestt UMd 5 1(1), 5(2)
MODIS 6 5(2)
IGBP 1 9(3), 12(1)
5 Mixed forest UMd 1(1), 4(2), 8(1), 9(1)
MODIS 4 4(1)
IGBP - 14(1)
6 Closed shrublands UMd - 5(1)
MODIS - 5(1)
IGBP - 12(1)
7 Open shrublands UMd - 1(1)
MODIS - 5(1)
IGBP 11
10 Grasslands UMd 10 12(1)
MODIS 11
IGBP 20 4(2), 9(4)
12 Croplands UuMd 16 4(2), 6(1), 8(1), 9(4), 10(2)
MODIS 22 5(2), 7(2)
IGBP 12 7(1), 12(1)
13 Urban and builtup UMd 10 7(2), 9(1), 10(1)
MODIS 13 1(1)
IGBP 2 5(1)
14 Crop/natural vege. mosaic UMd - 8(2), 9(1)
MODIS 1 4(1), 13(1)
IGBP 1 7(2), 10(1)
16 Barren or sparsely vegetated UMd 2 7(2)
MODIS 3 11(1)
IGBP 47(63%) 28
Total UMd 43(57%) 32
MODIS 60(80%) 15
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