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Comparison of three regression analysis methods for application to LAI inversion

using Hyperion data

SUN Hua'*, JU Hongbo" * , ZHANG Huaiqging', LIN Hui’, LING Chengxing'

1 Research Institute of Forest Resources Information Technique Chinese Academy of Forestry, Beijing 100091, China

2 Research Center of Forestry Remote Sensing & Information Engineering Central South University & Technology, Changsha 410004, China

Abstract: This paper focuses on Leaf Area index (LAI) inversion, using EO-1 Hyperion data for Huangfengqiao forest
farm, YouXian County, Hunan Province. First, LAI was acquired using a LAI-2000 canopy analyzer at 130 sample plots
(60 m x 60 m) , with a Global Positioning System ( Trimble GPS Geo XT). Second, atmospheric correction was applied to
Hyperion data using the ground-synchronous canopy observation data. Third, effective vegetation indexes were selected to
estimate LAI, according to research on correlation between LAI, bands and vegetation indexes derived from Hyperion
imagery. Finally, an optimal estimation model of LAI was built by curve estimation, stepwise regression, and a partial
least-squares regression algorithm. Resulis show that sensitivity of ratio vegetation index ( RVI) was highest among all
model factors, followed by SARVI, ,, NDVL,, NDVI, SARVI, ,, and SARVI,,. Among all fit models, the effect of the
partial least-squares regression was best, with R* coefficient 0. 84, whereas the curve estimation effect was worst, with R
coefficient 0. 64. Model precision analysis shows that it is reliable to build the model using 5 to 6 independent variables,

and prediction accuracy of the partial least-square regression was the greatest.

Key Words: remote sensing inversion; leaf area index; partial least-squares regression; vegetation index; Huangfengqiao
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5 ) ) 422 S AR A T RS B 7 AR ik B SR A AR AR R 2 B ) BT 5 X sk A Ak B BB
HEBMASED THECRE AL LSS, B E N £, R85 LA 38802 (B 2B A R A
FERRR XA IR R LAT [ BISIERY . V40 BLAT 2 00 A5 70 A 0 5 B SR Rl 260, AT 2 8 ] S A 750 ) oA
R etk SR 2 vk 1 IE J& 22, K8 4338 S H R —Fi el 05 7 =X, 0 1 2 Fh o 3k 64T e 3 iy 20 i SC DA
Hyperion 525 IR GE  R A M Z AT T, B 20 A i d5e /N3 019 05 2 AE Al B 3 £ Mg T Je i T AR 4K
(LAT) S F5T, 355 3 B ik Irfg 2 kA 75t b, B 78 AT A 8] 1m0 U5 40 M7 3k 9 R, R 6 AT 52 38 Al Je
P R A RE B HE B T
1 HREER

B A A AR 2 IR 2 A1 R I R W T A L AR
BB AT AL 113°04" 2 113°43" 45 27°06 & 27°24”
ZME, RIGHEITFREL SR, RSk E
Eo73 ST | ST 7 S I R S S o L S N T
10122. 6 hm®, M 35 % K 86.24% , &35 Lhp
1L, BN R R 1270 m, SRR 115 m, B
AT 20—35°FE 22 0], Akt Ak O A 2R XU T _ st
fRIX AERSR 17.8°C PRI TER N 292 d; AEHI Rk 125000000 e

i 1410, 8Smm,  BEYRAHFST Y X 38 3= B AL G AT L) A B
{(mj 3 /I\ﬁ%( Igl 1 ) o Fig.1 Location of study area
2 Mel5FEE

2.1 HdlEaew

2.1.1 Hyperion 2% A0 H
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KN, HeBGEAME . 7F 60mx60m FIREHLTE Bl & 4 N E 10mx10m £ 7 ZEE PO E 10mx10m
FEJT I LAL {8, B 5 YRR A P VR R REH ) 60mx60m 36 Bl LAL {A, i 130 NEEHD , [, 7ZERE Hb 1 [
NI T MO A B, 3 | 38505 AR | M - 400 i 4 IR i i, R i %

2.2 FEBEHEEEE L

MR AES TN TAER SR T Mk O — A Bl F8 20 (NDVL) |, ERAE A B8 20 (RVL) |, H & EAE w48
H(SAVL) B HIER RSB EL(SARVI) B IE 1Y 0 — b 25 (RS B F6 40 ( MNDVI) |, 2130 5 — TR AR 348 4
NDVI(705) , = fIEGARE(TVI) % 7 MEPFE 5, FHorh SAVI A SARVI A A7 & 1E (L 0. 1,0.25,0. 35,
0.5), BRI T 13 NHEF, BRI X A Hyperion B v 7 9 B £ a2 1 s

*1 BT LAI REMERIES

Table 1 Vegetation index for LAI inversion

BT 5L FTHRA Hyperion XJ i i Bt 22 Uk
Vegetation index Formula Band of Hyperion image References
I —{L RS $T(NDVI) NDVI = Z " ;/’; - hand48 , band32 Tomoaki Miura 20062
s Pu
LU MHAE AR (RVI) RVI = o band48 , band32 Martin Schlerfa,2005 2]
. et 2 .~ P ) (1 +L
T IE R B R E (SAVI) SAVI = % band48 , band32 Peng G()ng,2003'3m
(p, —pn) (1 +1L)
S LR S R e % SARVI = b
?ﬁfﬁfyﬁ“mﬁﬁ*ﬂﬁ P, tp, +L band48 , band32 Fl band13 AR Huete, 199731
) Py =p, =Blp, =p,) , BIO.5 51
6 1F 1y ) — B IE% W~ Pr s~ Psmin
(B E /97— L 2= LA 2 NDVI = 2" Prq o Lo T Pomin band48 | band32 il band150 AR Huete,19973")
(MNDVT) P TP, Pamas ™ Pimin
2130 3 — A TR 5L P50 ~ Pos
NDVI,ps = ————— band40 , band35 MR Mobasheri ,2007 3]
(NDVI705) " prso +Pros opasen
. 120(p, —p,) —200(p, — i
= SAFEAEE(TVI) TVI = (o = pg) 5 (b = py) band48 , band32 Fl band22 Shunlin Liang, 2004 %]

2.3 AR B

Xof BY AR A AR 4 130 MR A i 2ok 3155k 22 B O3 AT AT RCE T 8, BFR 1 8 B HE R 0 BE . B
BLIEIR 80 AMAEAKE AT - 1o RS B s AR 1) PRy 42 2B AR A i a0 of A 7 1) S A B A 7K
JERIRY T AR RO Sy 3 BB T, e TR R B IR i Ze b A RIS AR A T AR s AR
SEENABAY e SPSS AR AF I AAGTH TS 28 (4 11 FMEERSHEAT 204 ; LR 38 S A gl 25 5 o T AR A5
FROCHE , S IBGZE A 111 UA 53 87 58 L K A fie /> —3fe [0 9 3 A 5 AR R AT 18 728 S A9 7 328 , X 5 326 ¢ 1989 PRI~ 42 7 i T
FRUAE BS IHASERY 5 Fi o % 3 Aty s A5 48 R EA T RS BE J A R L
2.4 AEAURGREVEAN

A 2 A F00I 7 A 3 T PO X G ) — A EE AR AR . 18 Sk F AR 25 A v 25 AR B PPAN 6 B
{H ( Model Evaluation Indicator, MEI) ** Se it 3 Ff [l 194347 5 i OB . AR .

SSe= Y (v, -7.)"

"Q_SSG
0'_

n-2
~,  RSS,
g g =

m=q
~,  RSS,
oy =—

n—m

MEI = 0. 562, + 0. 502
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A, SSe FRIR LTI Hl; o FmFREFFEY ;0 FRFEHLEEG m FRS 5 R KRR ¢ 25 1
HAS AL RSS, FoR m N2 5 ROE L5 25 705 1 RSS, Fm I TRG FERT S0 1 =m0 RS0 AI AR 1 3%
KM, SRR o R o ERIK B RN R S B ey i, RSy SRS TN R S, —
P IR B DA i b (L 5/ IS 1) 7 1 R e SRS R
3 £R551%
3.1 ihZefhitiny

WFSE BT IE FH 9 13 PR R 50 2 5 AR, O T XA 85 R E A7 LA, A g 505 LAT Bk [ml 9404,
FERLA T FoR FH SPSS R 11 R BG Tk AL A 45 SR B8 2 AL A Ih 4, B S A8 205 LAL 19
L [T AR Y D) B — A e AR 1) il 2R UL A AR

F2 BHEWIEHS LAIREHZEITHIEER
Table 2 The best curve fitting results for LAI and Vegetation index

LizES EIR A e mlEyiys e S Il 5 7 R
Vegetation index  Linear regression model Best regression model

MNDVI Y=5.065x -0. 164 0.49 Y=0.827 -8 0.55
NDVI Y=5.332x-0.348 0.57 Y=exp(2.023-0.8/x ) 0.60
RVI Y=0.418x + 0.177 0.73 Y=1.033 exp(0.155 x ) 0.74
NDVL,s Y=4.223x + 0.427 0.53 Y=1.725 + 2.877 x>+ 0.517 »° 0.54
SARVI, , Y=5.187x + -0.508 0.68 Y=0.759 exp(1.96 x ) 0.71
SARVI, , Y=4.521x + 0.03 0.55 Y=exp(1724 +0.9/x ) 0.59
SARVI, 3 Y=4.199x + 0.092 0.48 Y=exp(1.900 -0.569/x ) 0.53
SARVI, 5 Y=3.428x + 0.61 0.35 Y=exp(1.35 +1.115/ x ) 0.40
SAVI, , Y=3.493x + 0.721 0.37 Y=exp(1.183 +1.352/x ) 0.41
SAVI, o5 Y=4.036x + 0.281 0.42 Y=exp(1.559+0.973/x ) 0.49
SAVI, 5 Y=4.428x + 0.071 0.53 Y=exp(1.7+0.924/x ) 0.58
SAVI, Y=4.032x + 0.314 0.45 Y=exp(1.055 +1.569/x ) 0.51
TVI Y=0.505x + 2.068 0.24 Y=1.818 +0.351x+ 0.492x>—0. 148° 0.30

FE 2 3BT T, N LAT 55 45 48 8 48 200 S B RRE  RVI A AR 205 LAL [MIAAR g e Rk R?)
B (2t 0.73 45800572 0. 74) ,NDVI BIHBIANR 2, TVI HRE REURAR (Lt 0. 24, =R 4esiil 0.3)
SARVI,  TRAE RBURZ (1 0.35,S JEHRZARRL 0. 40) , B RECP AT LLE 1, [PeE REUNT 0.55 A,
LAL 5 BB A8 50 B AR IEA R DL S Tt At il 22, R385 A L, X LAL 5 SAVI } SARVI i
2R BRI M B, X SAVI Reidi L=0. 35, ISR BT, 6 SARVI 5, L=0. 1, LA RO et
3.2 BHEIASH

N IRTUE 537 8 £ B A U, — P Ry Il 0 R 5 1) [ AR i 22 | [l A7 5 RIER A, 8 4 19 1 O /I, 98
YT RBEZ BN, TNE AR 2 AN B ROR Btk hr . Al 2 R TAE R e &3 im B A
AR ik 2 (A AR B AFAEAR DG | PR B AE 04T It T RS BSOS R AT AR R A0 i 22 (AL AH DGR/ N R 7
fifi AR d 2 (R ELA B A Al S 1, TR TR AT B AR S R R PR AR AR i, EXRME LR il B
BUEAHT, 34T A AR S TR0 . X T2 28 MR &, B e B gy A i y 5 A AR &« Z (1R Rl
TR FXT R R A AR T RO S . SRR AN T RIIZ 2 T A R R A
ST T 24 3 —AS AR X y SN B ORI E SR, R A IZ T2 oT R R, i
B WERWEE TR QAR R e BIA R, B R R WL 3 ik 4,
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Table 3 Results of stepwise regression

A GIPNGS R BIER R fliithriEiR 2 p IR
Model Variable Adj. R? Std. Error of the Estimate Sig.
1 RVI 0.73 0.73 0.46 187.82 0.000
2 RVI, SARVI , 0.83 0.82 0.37 162.77 0.000
3 RVI, SARVI, ;, NDVI 0.85 0.84 0.35 124.329 0.000
4 RVI, SARVI, ,, NDVI,,s, NDVI 0.87 0.87 0.33 107.050 0.000

3T B A R ST T 4 UAE BT A DR TR FAS D LU BB B R £ RV
KA SARVIO. 1,NDVLys ,NDVI, #J LAFE ) 4 PR A 22 i 2ad B0 WA #EA T 05 fe . B R
HAREHRYETIN, R ABIER R® B2 B, AR B HY 28 4 NI IS TR RE BB R 8 0. 87 BIER R® Ol
0. 87 MEIERY R* Fl R® REHIF A S WADLE DL RE 5 55 —A> D ThT BB A6 AR T A ek S Bty 840, i s e 2 22 Bl 2 Dk
D RN 4 A AGTHARERZE R 0,33 [BIE D7 R4 5 A R A AR N AR F ARG 1) (Rl A5 20 A
ANEA BN TRD  (HRH  E PEAERAE /N T 0. 001, RPHE 46 519 R 80k 0 AMBIR, 1A R AH G R 4

F . IR A A5 #2145 RVI, SARVIO. 1, NDVL,, FIl NDVI % 4 4> [ 785, 728 & [0] 0 R 50 3% 4
Fr7s
F4 BRFEASMELEERNGITE
Table 4 The final model statistic results of stepwise regression
- 1E7ﬁ‘{ﬁf“l"]@ﬂ]}‘?-ﬁ R ACVEE ¢ -
Varicble Unstandardized coefficients Standardized coefficients T ASig,
B Std. Error Beta

#%U Constant -1.068 0.219 -4.879 0

RVI 0.213 0.034 0.436 6.354 0

SARVI,, 1.331 0.514 0.211 2.592 0.012

NDVI,s 1.144 0.378 0.198 3.024 0. 004

NDVI 1.652 0.474 0.234 3.487 0

R 4 e dEbRE I A R B AL H o iy« B S EHRCA Z 50 BRSS9 128 28 [l B A
Y= -1.068+0.213RVI+1.331NDVI+1. 144NDVL, +1. 652SARVI,

A 1) 5 AR 2] AE 5T XA TR AR FE 50 LAT 5 RVI, SARVIO. 1, NDVI705, NDVI &5 & 1IEAHG
3.3 /D mIH S Hr

e /N —- €% (Partial Least-Squares Regression, PLS) &—F 8 ) Z 0G0 M ik, e 2 ook v a1 3
SIAT SHURUAR SE AT R 32 184 43T B T RE AN s T — R 38 e P i e /1N 3 1] UE1 3 A 3k B9 72
B FHENVETE PR (VIP) 256 748 5 AR B RE 1 S A8 R A I R R A 7748 S 0 8 , Bk B 3 YRV AE IR - 1 e Rl i ok
FEIR GBI, P R RN B R BN, A58 3 AU R A AT a5 2R (3R 5)

®5 WRAZREASTER

Table 5 Calibration and validation results of PLS regression

BiAy FIAAL B X J5 22 ER R Y Jr 2 R R R

- p2
Model Variables Entered Cumulative X Variance  Cumulative Y Variance R? Adj. R
I MNDVI, NDVI, RVI,NDVl, 0.881 0.890 0.883
2 MNDVI, NDVI, RVI,NDVL,, SARVI, 0.903 0.896 0.887
3 MNDVI, NDVI, RVI, NDVLys, SARVI, ,, SARVI, 55 0.934 0.897 0.887
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FEREA At B A 7 AR RS BRI /N T 1 MR (#2) o X4 6 AT i
AT AR, N S T 50, ARV AE R ik B 4 ASLUE , B AR G 0 SRR RE 1 R PR AR a1 SRR R 11 1
W T a2 | e 245 31 3 A fe /N [T AR 7R

Y=-1.060+0. 484MNDVI+2. 092NDVI+0. 223RVI+1.551 NDVI,,

Y=-1.113+0.255MNDVI+1. 593NDVI+0. 207RVI+1. 145NDVI,, +1. 297SARVI, ,

Y=-1.11+0.291 MNDVI+1. 57NDVI+0. 199RVI+1. 152NDVL, +2. 4SARVI, , - 1. 072SARVI, ,.

3.4 AR IE VARG 56 14

AR B FH PR AR 30 3 DR 1 T T it T FR A K 12r ] -

ORI TR, IR 42 A BB B b, 2 [

K SRR BN 5 S PR (R A7 AE B RO ZRAEBL = o |

BXRA IR T 3 AT 6 MR Soal

BURIHS2: SRIEhiEss o AOMURIFRMESER MEL 2y ]

BP9 1 BN 20, 207 ), S rsds S é cEEsfifdsiier
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Table 6 Modeling precision of three regression analysis methods
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