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Abstract

Land surface temperature map based on spectral mixture analysis be-
tween MODIS and ASTER

A method to retrieve land surface temperature(LST) is proposed in the thermal
infrared (8-12 pum) from MODIS and ASTER data. Firstly, spectral mixture analysis
was conducted between MODIS and ASTER VNIR channels and the result showed
that the overall accuracy was about 5 %. Secondly, the band average emissivities are
calculated using spectral response function of MODIS sensor and published spectral
data of terrestrial materials in wide rages of atmospheric and surface temperature
conditions. Thirdly, LST is calculated using generalized split-window algorithm us-
ing the coeflicients from regression analysis of radiative transfer simulations pro-
posed by Z.Wan[Wan, 1996]. Comprehensive validation and error analysis has been
made to evaluate the performance of the new LST algorithm using NASA /MODIS
LST product (MOD11) and AMEDAS data. The maximum error in retrieved LST
values are 1K. Results show that the new approach used with MODIS and ASTER
data offers an improved retrieval of LST.
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1 BBUSIC

IR (LST) (FHIRAIC B 1T 2 B 2L X — D &H, ZucHE) ko
Bz XL T 57280, HIBRBIECOBRBE 2 3Hi ¢ 2 2 OICEE R /N7 X ¥ T
Hb., 2D, NEOBINIEESE, K, B, HBRRIY L EolEs
WEFD & OHIFFH K F > [Schmugge, 1991], KBEL X)L TOBRREEE =% 1) »
T w7 T2, "D S BRNDIERE 36 DF v v 2L T, [Fl-—HIM
% H# HBLHT Z 52 MODIS DFMDEXTH % [Petiteolin, 2002], LrL, %2
143 fRBE DS 250-1000m & FLESHER S & & 20 &, MBI D #EME 2 R RE % IEHEIC
RZ2ZENTERL, —HT, FLU K Terra ICEFH ST\ % ASTER [,
A0 & BRI DI EAT % 15-90m D 220 fiEee CHMlTE %28, 17 HiZ—
FEL oM 28T E R WY, BEICELN TR LEIFRY — DR
BONETH S, FICT7P 70 LX) Il RERFICE LTI, WHEITRE
F—IRBEEZZTCORPNZE=2 ) v 7L v Bl S 3 EM o H
FEEL W, e T, KRR ERE - RO ERED 2 RICB W T FL—FA 7D
BRI % MODIS & ASTER ZH#H5eRIC V2 Z L iZ, 72 7HuS oML
MEE=F Y U JIZBWTHATH 5. BEENICE L 72 a8 iRob & 2R
NDF ¥ v FILDFETL% Tablel I8 F, MODIS X A[ELERND 2 F ¥ > L
T 250m DZEMRRE 2 R D, —J5, BuRStD 9 £ 8-12um D RARE & HEIEN
2k L, AR RS X 2RI 7 <, 9.75um fBED A Y v DRI
XoT2oDMFERICTITSND, Fr 2L 20F 8- um BEBHL, F v~
TV 31 L 3213 10-12pum BZ2BH L T 5,

Table 1
Comparison of technical specifications between Terra MODIS and ASTER in chan-
nels suitable for land surface monitoring. Bandwidth is in micrometers.

MODIS ASTER
Band Bandwidth IFOV Band Bandwidth IFOV
4 0.545 - 0.565 500m 1 0.520 - 0.600 15m
1 0.620 - 0.670 250m 2 0.630 - 0.690 15m
2 0.841 - 0.876 250m 3 0.760 - 0.860 15m
6 1.628 - 1.652 500m 4 1.600 - 1.700  30m
7 2.105 - 2.155 500m 5 2.145 - 2.185 30m

20 3.660 - 3.840 1km

29 8.400 - 8.700 lkm 11 8.475 - 8.825 90m
31 10.780 - 11.280 1km 13 10.25 - 10.95 90m
32 11.770 - 12.270 1km 14 10.95 - 11.65 90m

HEKIELE (SST) % LST %2 558 CHUHI L 7 7 i iiE s S #EE T 5 72012



X, RAFEEHEBROBSEE2EZ 20835 5. KEAXHE & IZHEE -
SEVEBINS F COMICHEIET 2 RAMEEEIC L D ZR I INHBR T,
IKZERE XAV VI X BN, =7 a i k 3k, 5o ks
AV =L EDH B, BEHER L, BRI 3 B O U o ElA L
TERIN, UROFEER, REOOME, RE, HEE, @Mk T2iLL,
025 1 DHDfE% &£ % [Labed, 1991].

SST % LST OHEE I L 7 5 KAMHIEIZ 10-12pum BOHF v ¥ 2V 6 O
122 F % ¥ 3 WIZ & % split-window 2 O TIT 9 T LA3TE, AVHRR ®
MODISZIiZ L& ETEH2R VY HIZOVWTHAD TV ZLDFHFEINTE
7o, T v VROV X AHEEITIIRKMIE D 72 D I BEE T VP RA 7
077 ANNBRBEICRD, —J, 2F ¥ ¥ RIS X BHEE TIERLADKIPER D
BEOEFH L TRAMIESIR 2S5 2 LD TE S [Becker, 1990][Ottle, 1993].
SST DEIMIKNERTH 2ifEIZ, RMEDNFIFH K TH D, BEEIIF IS
L, BIARATEDNIZ E A E v ERETE % [Rees, 1992]. fE>T, split-
window £ % VL 72 PRI L 2 RAFHEDOATROLERPSMEINTED, &
B4 0.5 EUNOKEDREIE S 1T\ % [Quin, 1999]. —7, BB %
REMHIEIX, Wan 525 MODTRAN # W7o aHE#EY 2 S L —> a3 v %217
Vo, split-window 35 DIRELZ K7 - MR AU - BT O K S&FIB T <
T—=X=2{LL T 5, FeE OB O KK HF OREKZ K E TRl
N7 IERRE 2 F 2 5&F 0 N C 1 EDINORSE 2 R L T\ % [Wan, 1997],
Lo L, BB 2RI ISR % LIRS E Rk - T
W D MERER RO L EZ o b0, BEROMIEREED LST OHEEIC
CIPN/AS-Z - 2 AE

LST OHEE I L 72 RO REIICEI L Tk, FILZ207 7u—F03%
Z56NT\03%, —IF, R EMEZIS 3-5um BDF v > 2L % Tl
& R DR ZE T 55404 (Day/Night algorithm) Td % [Roger, 1998][Nerry, 1998].
Bl 21X, Li 513D AVHRR Wil 2 F TR & LST 2[R ISRk D 2 7
FERREL T3 (L, 1993]. TISI WIS & O FE TR IR %
RKDDZENTEDLWIHIHRDD 2D DD, BRSO J7 SRR %
(BRDF) £ K&K 70 7 7 A VBT H D, EEEOBEHITEEL I d L b C
I LEEHRIME ORI EDETH L. ) DI, HobUoFERE
LRV THESINI AR bVIA 77V AL, LHgESEA T3
HIcZzNno 2H DR S L9 %D J7 (Generalized split window algorithm) T
b % [Kerr, 1992][Snyder, 1998]. ZDFETIE, HH5LONRIY 7t
HWHE T HERBF O N TR0 TRy, & 2508, BUET — & fRA6HPH -
R - RIS B W TR D IA S VL 54T w5 NASA @ MODIS/LST 7'u % 7
F (BAUF MOD11 & BES) THW S5 T 3 L s H T X 2 1km Off
BRIETHY, TN ELSTVRE ZENEEIN TR [Wan, 2002],
7z, MOD11 Tl EFt 2 2D FHEIC L o TR & N D 7 — 2 23l &
T30, 06 22008 THRWI 06, BERHEGIIEICEIL
TRAREAT I THE EEDLI 2B H 0,

AWIZE T, MODIS 7—% (JABISHEBMIME) & ASTER 7—% (M2



fighe) ZAAOETHMAT 2 2 LIk D, ZEESHREDUGE & I EOHIE
Z R T, WRAREZHEE T 2MELFEE2RN T2, £7, kD%
7 ARE D = O ATELEARIE D 2 F v » )L (MODIS @ band1,2 8 &K Y ASTER
D band2,3) Z TS 7 Vo2 T, R - 18 - KA (22 R RE
250m) ZIER T 5. RIZ, 2NN LM (k- 13 - oK) ISE T 20K
WHEEART PV IA 77 6H L, SEMEHAGDLE S LICLD,
BIRNDF ¥ ¥ FOVITEBVT B ISR (250m) Z2/E T 5. RIZ, Wan &
D3R & 72 generalized split window HED K5AH1E/ ST X ¥ ZF]H L TLST O
ERITH. BBIC, MR L Z2BEHEE X 'LST & MODI11 & D Ml & N
RFEDOZLB 2 IGEET 5.

2 WRENREHEE

2.1 ARZT FVIE

2.1.1 ¥EIIZ7LETIL

MODIS O A[VT IR T v ¥ )V D225 fAHE 1 250m & IR W72, (1F
EAEDHEIZIZRILTH DS EEZTEL, AT MDEBARRTH S
[Bateson, 2000]. 250m DZEH3fRREZFKFDOF v v 2 NIEZDOTH B0,
JREE (v R X voN—) & LTI O/ NEARREREFZ ThH A HEE - +
BK (AT VSW) D =2%2F 2, AXRT PASREEITH L2 TE S, MY
SUTRLVETLEINET S E, MODISOKHARYZ FLVEKI Y KX N—
DREAR7 FNVOEEE L TRD XY ICESLTE 3,

MODIScpy =an V +app S+ais W (1)
MOD]SChQ = Q921 |4 + @99 S + Qo3 %74 (2)
ViS+w=1 (3)

0<a; <1 (4)

T 2T, MODIScn, MODIScps iE MODIS DF % v 2L 1, 2 DIKHARY
L%, V.S, W iZ MODIS & i 81T a4td: - 13 - KkofklE% 2
NENRL TS, 0 3HEATITVOE2L2TETRLVDORKEART L (T
VEXUN=)THY, FHFN(4)IcEIND LI, 0026 1 DIEZFED.

MODIS D A7 b Vorffix, IR X > THGHE 7 ASTER 7—%
ZHOTROFIETIT . &8, RHEDOTFIHIZOWTIZH & TFHEL (R
%, 1)ASTER 7—3%DF ¥ )L 2B XV 3OHARD» S, HLTHBRDH
HBIZE D VSWDLY F XU N—=%KRD, MBI 72 VET VRS ZEICK
H ASTER @ 1 HZEITHIGY 5 VSW HIEEAHIELREZE T 5. 2) MODIS
D 1 HFEICHIGT % ASTER @ 16x16 W& 7' 1 v 7§k %% £, N %



N5 Z &2k D, MODIS @ 1 HiZRICH)EY 2 VSW BRI HEE 2 R
2. 3) (1) BLU(2) 1B WTMODIS DRE A7 b )L & HFENERE LR
(V,S,W) ERBEAIE LT, /N RIc K D REETHEELY AV N—
DRFARY PV a;; ZIRET 5.

RIZ 2z [ (MODIS Dt ) (2@ 9 2121, VSW O&EA T 3 D
ﬁ%m@&wf BTGB ERX () BXY Q) D3 XE#TE I L

kb, EEEELIMNIE VT MODIS ODKE AT FILDED AD 5, F
HBTH 54707 3V OEFENREHRV, S, W B —RICRETE S, L,
ISR AR P L2 ) 4 RIS K o THED A & D 3 L < B 7 sl eE
T 2854, 205 OHiFE» SR L7 VSW OliZENFERLEIL &I 4 2 6
Wb 5, 206 DWEFEIIO>VTUL, FERENTFEODLEDTH S XK
aFHIE 2 A [Floudas, 1995], &3 (4) 2729 & 9 % VSW Ofiafabt
RMT2ILET 2,

2.1.2 TV EFRXUN—HEE

AR MNVFRIZBEWTIE, TV FXUN—DOWREBETIVDOREE X O
BUCKRE(WE L2522, TV P X UN—OREFEZHEIZE D WL 22D
BT — &%ﬁ*?%ﬁ£#%<ﬁbmfw%# iﬁ KT 57 OB
M2 Z L [Bateson, 2000). K& 7T —Z U217 72dITlF, s N
A L BRIREEDORHPEEL L v, % T, TﬁLﬁﬂw%ﬁl%&%k_%
%‘ﬁ%@?&mox«?b»@@ TzMML, %@3Eﬁci/bx/ﬂ—)
Z =R DLENITIRET 57012, RD K 9HICHE R S [Yamagata, 1997).
ZOTNTY ALE, TRTOEAMRZ ETHEAT (B ROWRZ TXTH
wal, »POoRNEMEZ b OLMIY) 252, BISMNGEART L)) L X%
GATMEZIRT 272012, BEL EOMBE DR MR D 95% & 7%
5E)ICEZAIBEZRETE2HDTH S, Bz 95%E LTWw5 D%, HFED
SAADIERIZAAIHE) bD L L, ZDVHMED & B2 DOHFANIC & 5 i
ROBZNONRET 570 TH5H, 06 3THRD I L, A - R D
GRS /NS OEZE & B HPKDI Y F XAV N—, THO KRR D
REWfEZ & B HDBTIED Y F X v oN—, SERND DR D K E Wl
ZEDRDPHAED T Y FXUN—TH 2 LEFKT 5 (Figure 1).

2.2 RGBSR AIE

VRS T, OHIRAICE T, EER e ZWEBORSHEA R b
W E e\ L v DOIEBUINERIE U(\) ZHOWTRD X I ICEHKT S Z L8
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Fig. 1. Definition of endmembers based on triangle estimation including 95% of
convex hull.

A2

SRR ISR RS OB TH 2. A, Mo ZIEBIE D ET%E, B, T,)
77 VBB EEFNFNRLCLG, T, HWERERBRT 2WEICE VLT
1E, TR @mﬁ%ﬁ&i%f%@8mmnu IBOTIFIERICEL, 1ZEA
EDYED 0.94 L LGSR % FF, 240-320K DiEZE L E 60 B TOBE]
HIFAZALITR U TRi2 0.004 FREE (0.4% DERAZ) DAL L 22 7o\ T & D39
FL L DFHANS & - THREE X 1TV % [Salisbury, 1992], #t->T, 2 (5) I
BT 7y 7B BT, % —E LR L THERGEEZKIFI R0 E
EZHIENTES, ZoREZHVIUE, X (6) ITnT LI, WHEBDOK
HHEZRT VL Y DOINERBD A D & i E 2 i IcEHE TE %,

Nz IR — 2RI (2 7 V) ISEHT 572 DICRD 2 DODIREZITIH. 1)
IR IS E O YAV R EZZ LB D 6§ —EThH 5, 2) HEYE
25 DEHIE NI TH S, INODIREDT, I 7RIVICEIT S
RIS - 13 - KO MFENERE IR Z R E LB E LU T X
IERT LI ENTE S,



A2
/{V@QkxA%+SWQk4M+JVWMkaﬂdA

= o
/WQMA
A1
A2 A2 A2
v/wum&mx+s/m»@umx+w/wukwmw
A1 A1 A1
A2
/WMMA
A1
=Ve + Se. + We, (7)

22T, U(N) 13 MODIS D IEBMUIEEBIE %, e,()), es(V), eu(N) 13AE4 - £
B KOBHBEZ ZNZENEL T35, flid - 1B - KOBET—5 1%, %
NFNUHIET BB LDF—F AR INVIFIA TV AT L2,
B, ik 3 KDARTZ P VITEZART LI A4 75 EOWIGEIRIZHE
WS, A7 PLVOEERRBICHDLETY v 7)) v I R{TW, KF v v %
WVAGEDRESE - 13 - KOV e e e, #z T 5,

2.3 HBFMEREHEE

MR ER EEHEE 1213 Wan 5 235 L TV % generalized split window % H
% [Wan, 1996]. Z#UT X % EHRITRE T, IA T Xk HIc5E2 515,

1—
€

TS:C+(A1+A2

€
+A3€—2) + (B1 + B - +Bge—2)

2

22T, A BIUOCRBRRRATOBEEKARREICEIS>TEE 288 %, ¢ =
0.5(€31 + ) BOUNIC Ac =631 — 32 T, 31,60 1 FT YV FIL31EBELL32D
S BEEE, Tay, T V& F ¥ > %L 31 8 X O 32 OREEERIEM (K) 28 L <
W5, ZORTHEARNITIE NOAA/AVHRR TR 51T 5 SST DifEE ik %
BEIICIGH L 72 D Th %, EARMIZIX, Becker 5 235d%E L 72 split-window
FBICWRZMZZHDTHD, A D1 TIEEWREICR > T3 2 2%
Th 5., 1ERDBETIZBMMAD 46 FEFE TL2EHTE VDI, B
oML kD, BllA6EETOEMEDD LT EMNOREE
ZRAE L T % [Wan, 1996]. EBROFHRIC Y 72 > T EHFEIN B O R 2 51 5
7o, B (0725 63 B % T 9 BRE) BE/KZESRE (0225 6.0cm £ T 0.5cm
eI ) - HiZEmi Sl (273-304K % € SK flfd) D& & L 1cdh 602 L DRz

2 MODIS spectral library http://www.icess.ucsb.edu/modis/EMIS /html/em.html

Ae T31 + T32 1—c¢ Ae T31 — T32




RKOTVy 77y 77 —70 (LUT) 2R L TE &, WAk X > Tz
TEILERBERD B E V) LTS, kB, TOREZENTSC
S L34 v —%y FEHELTAINTED, Dr. Wan 22614
BAFLES,

3 FEALET—5 &L UmLE

FEATICHE L 72 7 — 2 1%, 2001 4F 6 H 4 HFHT 10 IR 49 57 (BHIRER) 1
o S 172 MODIS 8 K OV ASTER 7—% TH 5. MODIS IFH HAIZ I 25,
e, ASTER IZHFEEZTLE LAHIPFAZEREL TED, MODIS DR
HiPH D IZIFTE TITALE L TV 5 (Figure 2).

MODIS 7— % 1%, $EUREAEFERMIIIFIATCRAE S 747 — % %2 IMAPP(International
MODIS/Airs Processing Package) ¥ 7 b7 =7 4 ICK DU L 72 L X)L 1b 77—
L7, £, EEMADORELREFRICE SIS bow-tie & FIEL 5 H]FE
DHIEZfT> 7z, KIZL )V b T—FNICEEN S > AT LMEHRZ VT,
Frr2N12137 Y7 VA (W/m?-pm-str) 1T, T ¥ ¥ )b 29,31,32 (3HHEE

TLEEME (K) 1o 88 L 72, ®ef2lc, 10km 7 4 Y HCE 6 15 N o7 E G %

AT, BEBREIC X200 7)) v 7R T, SRR LR 1 STl

IEL 7o, HUMPEERSR & ORNIEBIRZMER L 72 & 2 5 x, y v s ic

LHZEDO TR SN DT, 71y MlilEZ{To7. &E, Zho—#HD
TEREIEHRAEVIDMR T 27 = 79 —E RIS THT) TEMNTES S,

ASTER 7—#% 13 ERSDACS IZB W TR S LT3 L)L 1b 7r %7 b (iR
SERAHIE, AR 2 v, Y27 AEREAVTF vy 2023137
7 ¥V A (W/m2-pm-str) 12242 L 7z [ERSDAC, 2001]. X2, MODIS & [HEkD
FiEE VT, WEBOMEREREZ W OB RIEZfTo 72, RiC, ERMLAEA
8% (NDVI) %% Fiv> T ASTER & & MODIS Hif§ & DTy —v =y
FvrzITv, ROMBDE R EZRH L7, 20, fEALE
713 ASTER DEZELT, x HIANC 15 HZE, v FHIC 18 HE, JLiEgmic
RonrzoT, 7%y MiEZ{T\», MODIS & OXBHEK (1600x1600 [
F) 2L, U0 M LEHOEIRICSH 72 o> TE, AR, JKHE, M, &
i, WA, W, R E Vo, EFEBEICHEET 2 LEBEZONDIZLAED
TH B X AR ST & 9 IER L .

3 Dr. Z. Wan ® X —)L'7 F L A wan@icess.ucsb.edu

4 Wisconsin K%M & — 2 ~_— http://cimss.ssec.wisc.edu/
> WebMODIS http://webmodis.iis.u-tokyo.ac.jp/

6 ASTER GDS http://aster.ersdac.or.jp/
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Fig. 2. Terra MODIS image over east part of Japan main island acquired at 10:49
(JST) on June 4 2001. The rectangular area shows the ASTER coverage observed
at the same time.

3.2 MGET—9 B LUORRT—%

HIZTANREE DIRGE 7 — % & L C NASA @ MODIS/LAND # 4 =¥ A F— A fE
W OHERRE 7v 4 7 + (MOD11) Z AF: L7 7. HDF-EOS 7 #—<v b

7 NASA/GSFC http://redhook.gsfc.nasa.gov/imswww /pub/imswelcome/



NICHHI S LT 285D 5 — &wﬁém%ﬁmﬁ,%vzzwm%iﬁw
DIFED T — 2 R EH L, sinusoidal XA & S5 EE AT FERE A 1 RS
fal 7z, JRT—% (MK - ﬁﬂﬁﬁ)abf,Momsme%ﬁm%
F N5 BT ATERL O PR 11 IO « HHXRE T — 8 2R RT DT XY R X
DAFL.

4 BFBEREIUVEER

4.1 AT FVIIREDRER

4.1.1 MODISD IV FX v N—DEH

9, ASTERT—2DF ¥ 2N 2B LN3DHAGARD S, Fellm L 2Tk
ZHWTVSW DIy R AU N=%KR®D, ASTER O 1 HZEIZHIET 5 VSW
MBI REE (LUT VSWHIR) Z 5 L 7. KiZ, ASTER @ VSW Hif§%,
16x16 D70y 73 A4 X EICHMEEE &2 2 itk D, Wtd % MODIS
D 1MZFEIZIGT 2 VSWHIERE L7, 24L& MODISOF » ¥ L1, 2D
MlcE/ Nk z AT 2 itk h oy F X N—2RH L7 (0 (9), (10)).

MODgp, =240V +102.4 S+27.5 W (r = 0.81) (9)
MODcps=1221V + 754 S+81W (r = 0.89) (10)

inJunmﬁmTW%%ﬁ@ju%m%mu&xwgfﬁbUﬂiﬁmmm
), O EOMBBIRD TG 6 e, £y FX v =3k 3 =A% MODIS
FT=F DA ETIZDTHAS L, Figure 3D X 927 ->7, MODIS 7—
Y DWMFED AL, ASTER ZH\Wi- 2 7 e v gfific ko THRB I N =AF
EDOHMNAIEL TWE Z E3bh 5, Z4Ui MODIS DHFEICEE S 7+
WBFEL TV E W) IREZEMNT 2FEHRTH 5. £/, ZABOIMINIC

BHEPEHAAAEL T X HICHZ D, AR a2y ¥ — 13K miE»H
NDHEZR L T B 70, SMINTFELET 2 Kild 40000 KD 9 B E4 100 R
ETh 2,

27 RNREIT) ETOHERIZ, 1)V, S, WZRZNOELT7E &)L
e, 2) MHTHIFHICEZ SA TV, 3) FHER O L WHgIc 8\
B aaA TR, O3 RZHZT X912 ASTER DOfEHTHIFH % #5%E 9 % 46
EWidh 5, ¥ 61E, BEORKEFRIIALELIRMCE L TIERICE O T, &
G TOLHBRIZBWTIEHEEDO LY F XV N—DRE AT b LD
WAIFMEI NG, £, BEEOKRRIZIEFITEVOT, BERZ 28501
i, ARIFHEETH 21FTH0ICKEE L THBENTL ZHIHELH SN
5. F1, NEEHICESoTVSWOIZY FX U N—DEERMEL 5. K%
T L T BHEIFAICEWTIX, A7 bLI4 759 LDOHIEDORER, f#

10
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Fig. 3. Endmember triangle on scatter plot between MODIS channel 1 and 2. Bright
values show the high frequency abundance of that pixel.

FrelRonfED Ty B XU N— 350 (LTER, $HEEZ2 &) 12, TI#E
DIy RAUN—=Fary7)—FIZ, KDZY F XU N—13KIZEKELZ WD
L2 ENHSER o, LIT, v F XU N—=1Z2o0nTiE, MEFHEK,
Bizary7)— b LEBERTELDEEZ B,

4.1.2 IV F AV N—OBEE

HHINe Y FA Vv N—DZB 2 BEET % 72912, MODIS & ASTER @
HEHIRICE T, A7 3V Z & OFAR EAHBIREZ T L 72 (Table 2). 3%
72H|%, ASTER 25 E L 72 VSW iR &, KDz 755 MODIS 7 —
8 %2 TR L 72 VSW & & OffT, 20 “Fe Pl (RMSE) Z Ko 7z,
KIBOBEREI R O, AL HEBIZIFR L TH D), effE Lotz
X A5% 0%, MHBAREDS 0.95 FREE & Ao 7z, 22 fEREASE V> MODIS &
ASTER ZHlAGOLETHVRE Z LICLD, BOKEDEFILBHEENETH
5 EDBHERTE .

Table 2
Evaluation of classification accuracy by simple percent agreement value.

Category RMSE (%) Correlation coefficient (r)

Vegetation 4.98 0.956
Soil 4.79 0.946
Water 4.28 0.958

11



4.1.3 MODIS D VSW IR DERL

RIZH(9), (10) &7 T 3 OEFENERHRICE§ 2 &4 (2) & 273
%2 Lizkh, MODIS OfEfT#iF2ARIc B 1 5 VSW HifRZ {ER L 7 (Figure

4

~—

AT, EHEDREINTHAE D ABEHICHEB I N TWE 2 L 3bh
5, BERH V) UER AR E Vo REBESHERTETIZTRTL
Boggt LTHEINTLEIDOT, EBYDOKELEE L SHETE T
ZEEZSNS, —JT, BARDE L WILEHIAT IS 3 TE 250m D fiFRE Tl
BBzt 5 2 L3 TET, B RZAZHTICE, ARIIHEAETH S
T RlKEE LCTHHEINTLEHIMEBR NS, Zrucls, Kbz -
F « &Y ORMANER 2 EE L B RoOMMIE2Z B dTXETH
% [Sandmeier, 1997].

4.2 MBI EE o3 A7 X D 1R

4.2.1 “FEIBESERORH

WA (FhK) - (2 v 270 — 1) - RIZDWTE S NABEEA <Y M LB &
U'MODIS DINEBIBIIK 5 IR T X ) Ic o7, IWEBEE HHFEA RS b
WIZHOETIH 7Y v 72TV, F2 3029, 31, 32 DZNZFIUTDW
ThEA: - 13 - ROV R €, €, €, ZHIH L 72 (Table 3).

SEE R IIAEAE DS 0.98 BifE, KA30.99 Hitd & o7z, TIEOEE BRI
PRI 09506 09T L o7, NFEZITRXRTOATITVIZEVWTI
IRET A 2 LE, BEhiidERKEIC BTN Z Y TH B L EZ 5D,
TEOWBILEIRE WA T Y (FHh, M, ) IO wUIREREHE
WMAENELC B ERRBL TS,

Table 3
Result of band average emissivities for vegetation, soil and water.

Category  Channel 29 Channel 31 Channel 32

Vegetation 0.9843 0.9807 0.9784
Soil 0.9477 0.9697 0.9783
Water 0.9849 0.9928 0.9880

RIS (T) IR T X )i, FHAE - 158 - KO RICE SR Z &b
H2ZZEI2ED, MODIS DF ¥ v )L 29, 31, 32 1T T B ikt K5 % 18K
L7z, T v 2029 31, 2R 2 BNERERETZNZTNOVET LI LIk
D, BEHFREMIEZIT> 7, R L 72 e EREE &£ MOD11 DBEERERD 9 &
F v v 2V 31 ORIHECPE 2 & 8l 28 9 (Figure 6).
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MODI11 TIFEE L OKIRICe A 7200 Th DT, HEHFEIZO(HMA) &
FRINTV S, KR TH O TIEIC X D R 7 BE R 1F 250m DZ2R
SfFRETH D, HIRO THIBEIRE 2 T KL L 2RSS o Tw s, —
5T, MODI11 IZ & 2 B REER T, 1km OZEMOREETSH D HWERL
RSN Tway, HEIC K 2HH» S MW 2D Tlx, ATATRET
5 FGT, X0 2 U SRER 2 R T 5 2 L3 TE B,

4.2.2  HURIREE 50 OHEE

split-window & ZBH T 512472 1), K&K T — % & L iR mARE LT7
AT ZADWEE X OMRLSMmEZFH L7, &84 v F7—%% MODIS O
FRIRIENZ & b CTRGEBHEIC X ) NFFfSE L THWZ2, Wan 512 & 5 & HiEE
RS & IR & Sem BEDRE 2 F T £ I 52, BHUYS T — %23
i, MREHPSEXZ 1.om THHI NI T A YA T =9 2L 7%,
split-window iE I W 7 B4R BUE, BUHIA 10 BB ICEEBIL L TH 522 C o1
B L7LUT Z 723, BEVPRKETEI2ORRNEEKT 5, &l ERE
IRIFAT > TV, RIS S L MR AR EE A X 2 78 9 (Figure 7).

4.2.8 MBI EEHERE RS SR DO BGIE

VERR L 72 R R B & F v~ %)L 29, 31, 32 %2 MODIS LST 7u 4 7 + &
Ll U 72 (Figure 8). ML H 72 Higild ASTER & OB HEIRICE T 5
200200 HizETH D, Ak, M, KH, #HEE, W, ¥ L vwo7 % kR b
T3 2ELHEETH B,

v I RAIEDO RS %2 MODIS LST 7u 47 F L HEELTA B E, F¥ v 3
L2913 5 EREEDIC, Frv 23132 BRESEDIC, Fv 2l 320F
QR DICHEE T AR E o7z, T NDF * ¥ )L B HIRIIRE & 1E
DOHBA%Z O Z EDHERTE LD, flifit 7y MlEZIToELTYH,
T 7oHAENDE I ABREOEENEL 2. 06 DMEAEZHIE
L, BF vy 27— o HRENREZHEE T 5 72 0121F, BEHEES 2 2
L—yavzHelRAaHEDPHNEE 2 5,

RIZ, split-window %% FV THEE U 72 HiBHEE OREE 2 1T 9 . #RHTEI3 Al
Ao KIBUZ AR T R DMENN 7 8, U FRAHIE ORI 1N % L& 2
5%, % 2T, MODIS DfENTHIFHICE 5 21 OETHIERID 9 5, I
Bl Tuiwn 13 S oRmiRE S X R AAR & MODS LST 7u ¥
7 b ORI TS 72 (Figure 9). W LOHIEIT B\ T H MR IR DR
X 1EDNTH D, split-window IEDOERNEZHER TS5 2 L3 TE S, =k,
Hi R AT S & LRI & DN IZ W 2 WIRBBIEIC X 2a B3 & d72 23,
ARICHETEZIZEDMHBEIZR S R d o7z, Wan 6 23878 L T 3 i
GBI E S VW ETF = R— 220 TnE, AUFETRLELIIC
L RO 8 22 U R E 2179 2 TEwEE cHRmEE 2 e 5 2 &
DHRETH 5. SEIHVGZ AR ML 74 75 ) I3HAEDTEE DR b R
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HIcHlEI N T—FTHHDT, —RHOARITEH L7z, FHEHiZkicow
TIREDZ Y R A=, X020 ETH S, £7-, AT
ARG 2 F O 7o BIEALB IS X 2 EREUBEZ T 7208, WS 0ICETIER
W EH SN HFEAY MODIS LST TI3ZE LRk S 11T 7z (Figure 7 D4 1),
22T, ZERENHIZOWTIZI S R0 E L E 2, SHBOFEE L
72\,

5 X&H

AL TlE, MODIS & ASTER D H#LEIRIN T — 8 2 HWT AR PV
ZATV, M - T8 - KOIEES A ZER L, BEOWREZfT-72, %
DFER 5% B OB THE TE /. TIHEOMTITIZFES ) 4 RDOFE)SHhH
INTLEIY N, WhEEKBICOOLTIZHIKNZNS DEELZZIFIC »
EWH) ZEDPHSLERS K, ODFIL, ART IV FIA 75 %2R L TEL
WD F ¥ > 2L 29, 31, 32 1T/ L CREU 2R L, Uitz -
7o, BH I NS EIIMEAEDY0.98, $52550.95-0.97, KH30.99FRE L 7o
7. BRSO, EHbZ: EREAEASHZR A T 3V IS B TR U R I D s
DWAF RN T, BeFRIC, split-window i 7% F W CHBRIRE # #EE L 72, 1%
BUIBSHEEE T NI Lo TRO SN H T, 650U DEEE{bL 72 LUT %
B L TR &, HEOIFLLEZX -7, T 5% MODIS LST 7’r¥ 7 + &
L7224, HERBEIZ1EDNTH- -, AR TR LT EEZHW
U, S 2 5 R ERE 2 HEE T 2 Z LN TH 5. SR,
RIS T 2 RFEO Z S OMGE, HIERIROHIE, EREFEOM
FHZOWTHIRZED TV FPETH 5.

o

AWZEIE, BEABMHRBFIREE B - KEEHO OO 7 Y 7HRIESH % v
PO DR, 7ud 27 bO—BELTHEBELLZDDTH S, BIREN
WIS OEERT S,

References

[Bateson, 2000] Bateson, C.A., Asner, B.P. & Wessman, C.A. (2000). Endmember
Bundles: A New Approach to Incorporating Endmember Variability into
Spectral Mixture Analysis. IEEE Trans. Geosci. Remote Sensing, 38, 1083-
1094.

[Becker, 1990] Becker, F. & Li, Z. (1990). Toward a local split window method over
land surface. Int. J. Remote Sensing, 11, 19-34.

14



[ERSDAC, 2001] ERSDAC (2001). ASTER Users Guide for Level 1b Product Ver.
3.1, 32-36.

[Floudas, 1995] Floudas, C.A. & Visweswaran V. Eds. (1995). Quadratic
optimization. Klumer Academic Publishers, 217-269.

[Goita, 1997] Goita, K. & Royer, A. (1997). Surface temperature and emissivity
separability over land surface from combined TIR and SWIR AVHRR data.
IEEE Trans. Geosci. Remote Sensing, 35, 718-733.

[Kerr, 1992] Kerr, Y.H., Lagouarde, J.P. & Imbernon, J. (1992). Accurate land
surface temperature retrieval from AVHRR data with use of an improved split
window algorithm. Remote Sensing Environ., 41, 197-209.

[Labed, 1991] Labed, J. & Stoll, M.P. (1991). Angular variation of land surface
spectral emissivity in the thermal infrared: Laboratory investigations on bare
soils. Int. J. Remote Sensing, 12, 2299-2310.

[Li, 1993] Li, Z. & Becker, F. (1993). Feasibility of land surface temperature and
emissivity determination from AVHRR data. Remote Sensing Environ., 43, 67-
85.

[Nerry, 1998] Nerry, F., Petitcolin, F. & Stoll, M.P. (1998). Bidirectional reflectivity
in AVHRR channel 3: application to a region in northern Africa. Remote Sensing
Environ., 66, 298-316.

[Ottle, 1993] Ottle, C. & Stoll, M.P. (1993). Effect of atmospheric absorption and
surface emissivity on the determination of land temperature from infrared
satellite data. Int. J. Remote Sensing, 14, 2025-2037.

[Petitcolin, 2002] Petitcolin, F. & Vermote, E. (2002). Land surface reflectance,
emissivity and temperature from MODIS middle and thermal infrared data.
Remote Sensing Environ., 83, 112-134.

[Quin, 1999] Quin, Z. & Karnidli, A. (1999). Progress in the remote seinsing of
land surface temperature and ground emissivity using NOAA-AVHRR. Int. J.
Remote Sensing, 20, 2367-2393.

[Rees, 1992] Rees, W.G. & James, S.P. (1992). Angular variation of the infrared
emissivity of ice and water surfaces. Int. J. Remote Sensing, 13, 2873-2886.

[Roger, 1998] Roger, J.C. & Vermote, E. (1998). A method to retrieve the reflectivity
signature at 3.75 pm from AVHRR data. Remote Sensing Environ., 64, 103-114.

[Salisbury, 1992] Salisbury, J.W. & D’Aria, D.M. (1992). Emissivity of terrestrial
materials in the 8-14 um atmospheric window, Remote Sensing Environ., 42,
83-106.

[Sandmeier, 1997] Sandmeier, S. & Itten, K.I. (1997). A Physically-based model to
correct atmospheric and illumination effects in optical satellite data of rugged
terrain. IEEFE Trans. Geosci. Remote Sensing, 35, T08-717.

15



[Schmugge, 1991] Schmugge, T.J. & Andre, J.C. Eds. (1991) Land Surface
Evaporation: Measurements and Parameterization. New York: Springer-Verlag.

[Snyder, 1998] Snyder, W.C., Wan, Z., Zhang, Y. & Feng, Y. (1998). Classification-
based emissivity for land surface temperature measurement from space. Int. J.
Remote Sensing, 19, 2753-2774.

[Wan, 1996] Wan, Z. & Dozier, J. (1996). A Generalized Split-Window Algorithm
for Retrieving Land-Surface Temperature from Space. IEEE Trans. Geosci.
Remote Sensing, 34, 892-905.

[Wan, 1997] Wan, Z. and Li, Z. (1997). A Physics-Based Algorithm for Retrieving
Land-Surface Emissivity and Temperature from EOS/MODIS Data. [EEE
Trans. Geosci. Remote Sensing, 35, 980-996.

[Wan, 2002] Wan, Z., Zhang, Y., Zhang, Q. and Li, Z. (2002). Validation of the
land-surface temperature products retrieved from Terra Moderate Resolution
Imaging Spectroradiometer data. Remote Sensing Environ., 83, 163-180.

[Yamagata, 1997] Yamagata, Y., Sugita, M. & Yasuoka, Y. (1997). Development of
VSW index and application (in Japanese). J. Remote Sensing Society of Japan,
17, 54-63.

16



List of Figures

Definition of endmembers based on triangle estimation
including 95% of convex hull.

Terra MODIS image over east part of Japan main island
acquired at 10:49 (JST) on June 4 2001. The rectangular area
shows the ASTER coverage observed at the same time.

Endmember triangle on scatter plot between MODIS channel
1 and 2. Bright values show the high frequency abundance of
that pixel.

Fractional coverages of vegetation, soil and water classes as
a result of spectral mixture analysis. Bright values indicate
areas of high fractional abundance of that endmember.

Emissivity spectral of vegetation, soil and water, and spectral
response function of MODIS channel 29, 31 and 32.

Comparison of land surface emissivity of MODIS channel 31
between proposed method and MOD11 product. Bright colors
show the high emissivity value of that pixel.

Land surface temperature using split-window algorithm in
MODIS channel 31 and 32 of east part of Japan main island
at 10:49 (JST) on June 4 2001.

Emissivity corrected land surface temperature of channel 29,
31 and 32 versus MODIS LST product.

Computed land surface temperature and surface air
temperature versus MODIS LST product.

17

11

19

20

21

22

23

24



List of Tables

1 Comparison of technical specifications between Terra MODIS
and ASTER in channels suitable for land surface monitoring.
Bandwidth is in micrometers. 2

2 Evaluation of classification accuracy by simple percent
agreement value. 11

3 Result of band average emissivities for vegetation, soil and
water. 12

18



34°N = —_ 0 34°N . —
136°N 138°N 140°N 142°N 136°N 138°N 140°N 142°N
(a) Vegetation (b) Soil
44°N

42°N

40°N

38°N

1

36°N

34°N I‘ - 0
136°N 138°N 140°N 142°N

(c) Water
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Fig. 5. Emissivity spectral of vegetation, soil and water, and spectral response func-
tion of MODIS channel 29, 31 and 32.
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Estimated emissivity of Channel 31 MOD11 emissivity of Channel 31

Fig. 6. Comparison of land surface emissivity of MODIS channel 31 between pro-
posed method and MOD11 product. Bright colors show the high emissivity value of
that pixel.
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Fig. 7. Land surface temperature using split-window algorithm in MODIS channel
31 and 32 of east part of Japan main island at 10:49 (JST) on June 4 2001.
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Fig. 8. Emissivity corrected land surface temperature of channel 29, 31 and 32 versus
MODIS LST product.
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MODIS LST product.
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