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Abstract; In order to effectively integrate various land-surface processes and environmental variables retrieved by different
spatial resolution remotely sensed data, scaling issues induced by transferring for one resolution data to another have drawn
more and more attentions. Taking the Zhangye Qasis in the Heihe River Basin of northwestern China as a study site, using
the LAl map derived from the Landsat ETM + image and NASA published MODIS LAl product for the same day of the
region, an experimental study for up scaling the 30m spatial resolution LAl to 900m was conducted to quantitatively analyzes
the error transforms in the process of LAl up scaling with the final goal of establishing a new and much effective up scaling
scheme in terms of NDVI pixel decomposing techniques. It was found that less than 10.5% errors were caused by the non-
linearity of algorithms utilized in LAI up scaling, and its value is highly positively correlated with the terrain heterogeneities ,
terrain heterogeneity is the predominate causing for the errors introduced in LAl scale transferring. The maximum error

caused by terrain heterogeneity can reach to about 45% , but no error can be caused for the pure pixel LAl scale
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transferring. A new algorithm for LAl up scaling, based on above mentioned analyses, in terms of pixel decomposing
techniques of NDVI accounting for terrain heterogeneity in two key procedures, was developed for the up scaling of 30 m LA7
t0 900 m with fairly satisfied resolution. This algorithm was used to correct NASA published MODIS LAl product and
excellent results were obtained, which was back up with the fact that the corrected MODIS LAI product well consistent with

the high spatial resolution LAl map of the study region.
Key Words: scaling; scale transferring; Leaf Area Index (LAI) ; Landsat ETM + ; MODIS

WEE BB AR R R, KEA RS PRNEREIE IR EE N E—ERENER BRI ARB TR
B 5 B, AT A B BEE ES R R TEE R AR R, EREER, MPRNAR , EsaE
b, Bl R S E AT R RS HUL B AR E M, T LR 7 4395 2850 R BB o T S RS T L
B, BERIESPRERYIRAEE G KRBTSR BB PR A N UL E R B T R B
RAEBHRENRRE AWk E T EWSE, R A THES 0 R, G 8EA A RSP L%
I BB, R AN TR, 38 K 2008 R R S e [0 A, AT IR AR o, R R A R o s
Mgz et E 2 X B R E AR, REB R — R E L RS NE BRMaRY B
BIHANR B LR o R BRI R e, FAR B T R 407 1% H R B0 25 A1 4 B R E PR A1,
TR P e 15 BN IR A B A B i =

RS R AR BT 5 B 2 Bk B ARSI B s R BT Y (R, EAME 20 48 70 SR ARARTF B T HE SR
BF9L , Mayaux , Lambin E F. 455 13 4 #p2s[H#840E IE T™M $03E 5 AVHRR 30 2 MWL R SR
BT B HEAT TR SR B R B s #t, Gao X 1 Alfredo R'™ Fi {37 28 #6011 R 28 B9 A 4 B R 8, 0
MODIS AU E N 3 BREEEZN ] ETM + B8R, 323 T ETM + 5] MODIS 250m.500m F1 1000m B i 3%
R4T# K LAI R 5%, Anita Zelie,Jing M. Chen %' 1| 30m 4p3E 1% N 2LRE , BT & BE 1km 4p g
B3 NPP BRI NPP # LG 65% MR , IR B T B R B T — M R BRI, LURAH 49
# NPP HEIREE, Z. Jin,Q. Tan"' SR SEERERE A WRFMERFERFEME, ELRERF R &1
RBEXREERAR, LM TPERX LA FARERR, 908,k TESS HRSGTE BT THRHBR
BEABERREBRRMANHER LA SRR B TRUNACE 30m 40 PE% LAI #3458 T 960m, 35 I 7 %
IET NASA £7FII2K 1 km MODIS LAl ¥, B8 T RIFIIZ R, U IR T BRN IR ERE
e (KB FE AR WA o R B 010 22 S B B AT o

ASCUAHIBB TS X ol , 75 BT R B SR 2 B R 02> b R T —Rbieg LAl AR
FEESOT I B TSE X SRB Y Landsat TM/ETM + LAI fy 30m $54 3] 900m, 3 F ¥ e IE T NASA B A5
43R 1 km MODIS LA &3R5 o
1 BESHEHZ
1.1 FFSEXHER

RSB BFSE X B E P JL I X BRI (X, BT IR (37°45" ~42°40'N,97°42" ~ 102°04'E) i F
TIPSR A R, IR ALY 14.29 7 km®, ERE VG L X B~ KA RETRIR, L3 552 8%, KUK E IS
B MAE, IR AR I ST AR, R, B B ARG, M R R s g B R T R
AR AR S B, S TR, KR AT, EUAR gL L XA R R L AR, R K
B R BORA TR HEARITRAM . o T W MR S I AR R R TR, S L BT WA TR
FIAI AR B L A5 7 TE R R B R A AR, T R = AU SR il s B, R KA 75
VLM XA BT LA, BEA AR AR . SRS SRR M b AT S R , (5 AR R A
BEEEEARY—, B, BH R, TR RN 6K £ B RE L5155 % hup.// heihe.

hitp : //www. ecologica. cn



6 3 KAE & R TR R (LA ZS T R BER 2497

weslgis. ac. en/ ! o
1.2 HERALHR LAl [
1.2.1 FEEN 2

W X AR 7 :2002 42 9 A 17 H ETM + B1R , BLIES S 40 133/33, 3 M & WA, B 240l
JUMTHLREIE 52002 429 A 14 ~21 5 MODIS 8d & &% LAI 7= 532002 4£9 H 14 ~29 H MODIS 16d 4 i NDVI j=
o SEINEE R4 LA BCE Fib 3o o5 25404 , = 2002 429 A 2 HE 13 H & 2003 48 7 ~9 A 534 B i
PIR R ML 52 30 58 S8 R A5 1Y, LAT 25 SRR IU 465 F T BR BR 48 5 5 98 J= &5 #9 ) B {X ( Tracing Radiation and
Architecture of Canopies, TRAC) F1 LI-COR ] 4 F2BYHE & 3T ( LAI-2000) BiFp (X 5. LAI B AN 3760 1
B R ROGR BRIV ETEZ R HEAT , W — A& LLAHRE 15m i 3 AR 50m B R A5 1, Wi T $9 (84 SEBn iy
LAL W SR B LB &, AR & T TR X B E B EL,
1.2.2 FUEEFAHE

4% Gilabert M A, Conese C. "Il Zhang W C, Yamaguchi Y. " # KSR E I, B 55t ETM + &
BHETTENEREMKIYUIE, REXT EIM + EHEST T JUTHEKIE, RIEAR RS UTM/WGSe4,
Zone 47N, FIF 1:5 T IE , REX SRR 1S N E S 0 PHRE R, R IEFIRZTE 0.5 MERITLUN, &
JEAEER T LATKIR AR g 0B 2550 x 2370 /N KIBAE 9 BTFE IX., 2% K S A o SR, W = T KRR 9 52
BTG . 4354 2002 4£9 H 14 ~21 H MODIS 8d & f, LAI 7= ;2002 4£ 9 B 14 ~29 5 MODIS 16d & i
NDVI 7= i BERFIRHEE] 900m B3R, 5 ETM + REFE G BB TR X E 5
1.2.3 FRBHESE

FRHE B S ORI B3l B PR IRT ) 15 4R i SR 00 , K PRI XY - 308 5 23 D R VR R PR B I AR BE 3 L T
AR KM EE 7 A5, 456 EM B B EER A LA R E AR A BB REER T K 180 4
A IC A, 6B ENVI4. 2 R4 BRI IR X 4T T 432K, KA F 75% L 1, 1831 T 30m 4335
MWRBEFE KR, 900m 532K h 30m 43K E HRAFH], 107 900m 43K (A RMFEITTX L 30m 532 E]
900 ~/M&IT) B METTHEB R LN B WER B EIFERIFC A ZBITHE R RE,
1.2.4 [AIE

LAT 335 3R R 5 2035 O JB T I 358 - TR 8 o fil oA«

RIEY LAI =0.7271 x exp(3. 0236 x NDVI) (1)
R A LAI=0.5628 x SR +0. 3817 (2)
Ehnbak LAI =0. 9428 x exp(2. 4725 x ARVI) (3)
A LAI =1.1273 x SR -0. 3468 (4)
B LAI =0. 8253 x exp(0. 3309 x SR) (5)

Hrp NDVI g H— b2 BB 3 ARVI Sy S BT B35 3™, SR N B B 3 o kiR A
RN LAI B % 0,385 L MR 8 0 T 50X 30m 439 LA,
2 RE#BRLMHEETESH

30 LAl REHHAHHRB T “ ik LA 1S (LAID) f1“ & B3, LA ' (LAIL) ,LAID & ETM +
B LAT (HE 5 V- B SRAE D) 900m A= i), BE_H KA 18 (40 MODIS) K TuH LAI (AR %S T 57
A& /METE(IN TM) LA (BB ARFHE ", BTLA LAID 15 900m 4} PR LAT B BLSLAE . LAIL ZR E 4% Bt
SrPRERIEG R IR LAL B85 30m 438 LAT 8 vk 5 0 A B 900m 433k 2 45 R 18 B9, 900m 48
Beds PR RARRE 30m MBS SR FHERAEINSS R, LAID 5 LAIL {92 B3R 900m 2 e LAI = 38 1 R
W, REESN Bt R RS R LAIR i RE T LAID, 7EEhRR A, BN X IR e LAID 5@ ¥ =

O L% HPRAARE RS SUNmNL. B, 83, 2006.

hitp : //www. ecologica. cn



2498 £ K5 % K 28 %

BB, TS PR R B RO LAIL (BB RIIR 2, T BB R R 83 LAIR, S HH
AY¥E LAl (R IE . LAID #0 LAIL HE AR F .

LAID = %iLAI,. = %if,.(VI,.) (6)
LAIL:f,.(%) (7)

A, VIR MRS LS () N BB 52X RIRY LA 383K
2.1 BkpFELk

7 LA ) R R, K (6) (7)) R VIMHE , 2 B FEUBRGE, XTI LA REHEK W
25T BLLL NDVI Hy 54t SEhm i R kAR R M5 RE A9 LAT SRR 2, 900m 4} 3R NDVI HH35 R R Wi

I,
Bl
Z{ Rnir(i)wi - Z{ Rred(i)wi
NDVI, = = = (8)
Z{ Rnir(i)wi + Z{ Rred(i)wi
LAIL =f,( NDVI,) (9)
B2
" R... =R ...
NDVI — nir(i) red(i) ; 10
v Z{ Rnir(i) + Rred(i) ( )
LAID* =ﬁ(NDVID) (11)
NDVI__.. =NDVI,, - NDVI, (12)
LAI . =LAID * —LAIL (13)

Riciy » Ruaiy 73 BIJE: 30m 43 ProR B 15478 25 AR LT AT Y6 I B I S5 3R, w, 2 900m 4 B 2R B 45 v 45
— MEITCB =K E 4t NDVI AN LAIL 2BER) 0 S2BR 1 F o NDVI i LAI B91H8{H, NDVI,,LAID® 35
EIBEAEL IR ER NDVI, LAl {6, NDVL, LAL,,  RELIEL T K NDVI, LAl iRE, BEXEHE
LAID " RIFF(6) I LAID , B H R E R RET ENIRE,

HEHRR FTAB BRI P R LAI B{EB K, N 5. 169, i R BEH) LAI {E 8 0, X HENRAHE
I LAl (B & B KRR 2, BT AR BUR RS A RBEH A (12) (13) #4735, A 43 28 33 B 2 45 ot
TR LTAMFI LG S St B IE A R AR A BRI S5 3R , R AVEH :0. 366 ,0. 081, X BE ;0. 402.,0. 334, A& 45
FINE 1 PR

06
_ OO8 Yy aNDVIsE NDVIerror bLAI{R% LAl error .
|- — * *
5 007 RRRE 5 05 . .
u £
5 006 . . 5 oal .
3 005 L + = . *
:}E 0.04 | . . % 03 L
I 0031 . . K02 e *
= 002k . < .
Q 001 |-» orE g
0 \ L I I . 0o L L L I Iy
0 0.2 04 06 038 10 0 02 0.4 06 08 10
A4 Hu 1] Crop percentage AL Crop percentage

1 HIERiERE
Fig. 1 Errors caused by non-linearity of the algorithm in LAJ reversion
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Table1 NDVI parameters

S RIEH A R m HOE SRl
Farm crop Broad-leaved forest Shrub Grass Coniferous forest Gobi &Waters

NDVI(j) 0.632 0.313 0.157 0.247 0.238 0.05

NDVI( min) 0.307 0.01 0.01 0.01 0.01

NDVI( max) 0.897 0.88 0.625 0. 608 0.739
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I H Item £/ME Min B AAE Max #1{E Mean RAEZE Sid.
MODIS LAI MODIS LAI products 0 5.100 0.382 0.456
MODIS LAIR Corrected MODIS LAl 0 6.196 1.467 1.312
LAID Distributed LAI 0 5.538 1.321 1.145
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