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Abstract: In the p resen t study, analyses of the co rrela t ion betw een rice L eaf A rea Index (LA I) , hyperspectal data,

N o rm alized D ifference V egetat ion Index (NDV I) , Enhanced V egetat ion Index (EV I) and the R ed2Edge Po sit ion (R EP)

w ere studied. H yperspectral data of hyb rid rice and common rice in w ho le grow ing stage du ring 2002 w as m easu red using

the A SD F ieldSpec UV öVN IR Spectro radiom eter w ith reso lu t ion of 3 nm and at the sam e tim e the rice LA Iw as m easu red.

T he R EP m ay be defined using the first derivat ive spectrum. T he th ree bands of the M oderate R eso lu t ion Im aging

Spectro radim eter (M OD IS) , band 1 (620～ 670 nm , red) , band 2 (841～ 876 nm , N IR ) and band 3 (459～ 479 nm , b lue)

w ere sim u lated and M OD IS2NDV I and EV I w ere calcu lated by averaging the con tinuous reflectance facto r (350～ 1000

nm ) over the spectral range of each band. A strong non2linear co rrela t ion w as found betw een LA I of tw o rice variet ies and

the R EP. T he R EP, M OD IS2EV I and M OD IS2NDV I w ere w ell rela ted w ith LA I fo r the common rice, bu t the R EP and

M OD IS2EV Iw ere mo re sensit ive than M OD IS2NDV I to rice LA I fo r the hyb rid rice. T he reasons w ere that LA I of hyb rid

rice becam e greater w ith grow th, andM OD IS2NDV Iw as mo re affected by satu rat ion, bu tM OD IS2EV I and R EP w ere less

affected. T h is show ed that the R EP and M OD IS2EV Iw ill be mo re effect ive in mon ito ring the rice LA I.
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1　 In troduction

　L eaf A rea Index (LA I) , the one2sided area of leaves
per un it g round area, is a quan t ita t ive m easu re of the
su rface area ava ilab le fo r the in tercep t ion of pho to2
syn thet ica lly act ive rad ia t ion ( PA R ) and
tran sp ira t ion, and con sequen t ly is the key spa t ia l
variab le requ ired to drive m odels of fo rest eco system
p rocesses[ 1 ]. LA I is a lso one of the m o st im po rtan t
variab les affect ing rice canopy reflectance and
therefo re there is a rea list ic po ssib ility of est im at ing
rice LA I from rem o tely2sen sed data.
　V egeta t ion ind ices (V I) have em erged as im po rtan t
too ls in the m on ito ring, m app ing, and resou rces
m anagem en t of the Earth’ terrest ria l vegeta t ion. T hey
are rad iom etric m easu res of the am oun t, st ructu re and
condit ion of vegeta t ion, w h ich serve as u sefu l ind ica t2
o rs of seasonal and in ter2annual varia t ion s in vegeta t2
ion. T he recen t ly launched M odera te R eso lu t ion
Im aging Spectro rad im eter (M OD IS) onboard the T erra
p la tfo rm offers m any im p rovem en ts fo r land stud ies
and V I p roduct ion. T hese include im p roved sen sit ivity
to ch lo rophyll and less con tam ina t ion by atm o spheric
w ater vapo r th rough narrow er bandw id th s in the red

and N IR , respect ively. In addit ion, the finer p ixel size
( 250 m red and N IR bands) p rovides im p roved V I

m on ito ring and detect ion capab ility.

　 In fact, d ifferen t stud ies have a lready dem on stra ted

the po ten t ia l of the op t ica l vegeta t ion ind ices to

m on ito r the rice grow th [ 2, 3 ]. In rela t ion to the recen t ly

launched M OD IS, the key in strum en t onboard the

T erra p la tfo rm , the expecta t ion is tha t perfo rm ing the

NDV I, a con t inu ity index, as w ell as the EV I, w ill

resu lt in m o re p recise and accu ra te m easu res of the

vegeta t ive cover. W hereas, the NDV I is ch lo rophyll

sen sit ive and responds m o st ly to red band varia t ion s,

the EV I is m o re N IR sen sit ive and, as resu lts of the

penetra t ing p ropert ies of the N IR band, is m o re

respon sive to canopy structu ra l varia t ion s, includ ing

LA I, canopy type, and canopy arch itectu re[ 4 ]. Som e

researchers have analyzed the d ifference betw een the

M OD IS2NDV I and EV I[ 5 ] , and app lied the M OD IS

vegeta t ion ind ices in land m on ito ring and tree grow ing

m on ito ring, bu t they have no t stud ied the

rela t ion sh ip s betw een the M OD IS2V I and LA I[ 6, 7 ].

　 Guyo t et a l. ( 1992 ) suggested tha t the R EP is

determ ined by the level of red and near2infra red

reflectance, the varia t ion of w h ich is dom inated by

change in LA I[ 8 ]. T h is suggests tha t the R EP shou ld

p rovide a u sefu l too l fo r LA I est im at ion w ith the

advan tages of hyperspectra l da ta ou t line above. In

Ch ina, m any w o rkers have perfo rm ed to study the

rela t ion sh ip s betw een the hyperspectra l variab les and
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LA I, p igm en ts, etc. , and they have found the LA I
w as w ell co rrela ted w ith the R EP [ 9～ 11 ]. A lthough the

NDV I has been w idely u sed fo r est im at ing the LA I of

vegeta t ion canop ies, it is un likely to p rovide reliab le
est im ates of LA I in p lan ts becau se of the independen t

varia t ion of canopy cover w h ich affects the index [ 1 ] ,

and becau se of sa tu ra t ion a t rela t ively low LA I values.

In clo se p lan ts, w hen LA I is grea ter than 2 o r 3, the
NDV I w ill no t change w ith the LA I[ 12 ]. Becau se rice

is d ifferen t from o ther p lan ts, so the sa tu ra t ion

p rob lem s betw een rice LA I and M OD IS2V I, the R EP

shou ld be researched, bu t few scien t if ic w o rkers have
dea lt w ith the p rob lem s. Am ong the M OD IS2NDV I,

M OD IS2EV I and the R EP, w h ich ind ices w ere

strongly co rrela ted w ith rice LA I, th is w o rk becam e
m o re and m o re im po rtan t in m on ito ring rice grow ing.
　T he ob ject ives of th is study w ere (1) to invest iga te

the co rrela t ion s betw een the rice LA I and

hyperspectra l reflectance da ta, M OD IS2NDV I,

M OD IS2EV I and the R EP, and ( 2) to dem on stra te

tha t the R EP and M OD IS2EV I are m o re sen sit ive than

M OD IS2NDV I to rice LA I.

2　M a ter ia l and m ethods

2. 1　F ield site
　 T he experim en t w as conducted in a paddy field

loca ted a t the Zhejiang U n iversity experim en ta l fa rm ,

H angzhou, Ch ina (30°14′N , 120°10′E) in 2002. T he

m ean annual p recip ita t ion w as 1320. 9 mm and the

m ean annual tem pera tu re w as 16. 2℃. T he rice
variet ies selected in the study w ere X ieyou 9308
(X IEY ) and X iu shu i110 (X IU S ). X IEY is hyb rid

rice, X IU S is comm on rice. T he sandy loam paddy

so il had the fo llow ing p ropert ies: pH 5. 7, o rgan ic
m atter w ith 16. 5 gökg and to ta l N w ith 1. 02 gökg.

2. 2　Spectra l ref lectance m ea surem en t
　T he canopy spectra l reflectance of d ifferen t n it rogen

levels w ere m easu red by A nalyt ica l Spectra l D evices
(A SD ) (F ieldspec ○R ) UV öVN IR ( 350～ 2500 nm )

Spectro rad iom eter a t d ifferen t stages. T he rice canopy

Spectra and LA I w ere ob served on Ju ly 12th, 17th,

23rd, 30th, A ugu st 5th, 22nd, 31st, Sep tem ber
11th, 20th, 28th, O ctober 3rd, du ring clear and

w indless days; and alw ays carried ou t betw een 10: 00

and 11: 45 (Beijing t im e). T he 25°f ield of view of the
sen so r w as tow ard the nadir, 1. 0 m to the rice

canopy. T he 10 spectra l reco rds w ere averaged to

yield a spectra l reflectance fo r each sam p le. T he

ab so lu te reflectance facto r w as ob ta ined by u sing a
w h ite Spectra lon panel w ith spectra l reflectance

m easu rem en ts of the rice canopy befo rehand and

afterw ards.

2. 3　L eaf area index m ea surem en t
　A fter the spectra l reflectance w as m easu red, the

LA I w as m easu red u sing the fo llow ing w ay
imm edia tely.

A öa = W öΞ, A = a ×W öΞ
W here A is the w ho le leaf area; a is the part ia l leaf

area; W is the dry w eigh t of w ho le leaf; Ξ is the dry

w eigh t of part ia l leaf.

　 a is ca lcu la ted u sing M ap Info P rofessiona l 6. 0.

2. 4　Sim ula ting MOD IS-ND V I and MOD IS-EV I
　T he m easu red spectra l reg ion ranged from 350 nm

to 2500 nm , a t reso lu t ion of 3 nm. T he spectra l reg ion

ranged from 350 nm to 1000 nm w as selected from the

m easu red spectra l reg ion ranged from 350 nm to 2500

nm to decrease the size of da ta and to m ain ly con sider

the rela t ion sh ip betw een LA I and spectra l reflectance

from 350 nm to 1000 nm.
　Spectra l respon se funct ion s w ere u sed to sim u la te

p lo t reflectance in red w aveband, M OD IS band21 (620

～ 670 nm ) , a near2infra red w aveband M OD IS band22
(841～ 876 nm ) and a b lue w aveband M OD IS band23
(459～ 479 nm ) and to ca lcu la te the M OD IS2NDV I

and M OD IS2EV I.

N D V I =
ΘN IR - ΘRed

ΘN IR + ΘRed
(1)

　EV I = (1 + L )
ΘN IR - ΘRed

ΘN IR + C 1ΘRed - C 2ΘB lue + L
(2)

W here ΘN IR , ΘRed and ΘB lue are the su rface reflectance fo r

the respect ive M OD IS bands. L is a canopy

background ca lib ra t ion facto r tha t no rm alizes

d ifferen t ia l red and N IR ex t inct ion th rough the

canopy. C 1 and C 2 are the w eigh ing facto rs fo r the

aero so l resistance. T he coefficien ts adop ted in the EV I

algo rithm are, L = 1, C 1 = 6, and C 2 = 7. 5[ 13 ].

2. 5　Com puting the REP
　 L abo ra to ry experim en ts have dem on stra ted a

po sit ive rela t ion sh ip betw een the w avelength of the

red2edge po sit ion (R EP ) and the ch lo rophyll con ten t

of leaf sam p les[ 14 ] , bu t a t tem p ts to rela te the

ch lo rophyll con ten t of com p lete canop ies to the R EP

have m et w ith on ly part ia l success. It w as show ed, by

m odeling, tha t a t the canopy level, m ovem en t of the

red2edge is con tro lled by LA I.

　T he R EP m ay be defined u sing the first deriva t ive

spectrum. T he first deriva t ive of spectra m ay be

ca lcu la ted by the fo llow ing equat ion [ 15 ].

Θ′(Κi) = [Θ(Κi+ 1) - Θ(Κi- 1) ]ö2∃Κ (3)

w here Θ′ is the first deriva t ive spectrum , Κi is

w avelength and ∃Κ is the d ifference of tw o

w avelength s.
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　 D ata ana lysis concen tra ted on the rela t ion sh ip s
betw een rice LA I, the hyperspectra l reflectance da ta,

M OD IS2NDV I, M OD IS2EV I and R EP.

3　Results and d iscuss ion

3. 1　Correla tion s between r ice LA I and hyperspectra l
ref lectance da ta
　F igu re 1 show ed tha t the reflectance w as grea ter in
N IR w avelength w hen rice LA Iw as grea ter. R ice LA I

varied from 0. 3 to 8. 3 fo r X IU S and from 1. 29 to 9. 7

fo r X IEY.

　A co rrela t ion spectrum w as ca lcu la ted to h igh ligh t
sta t ist ica lly sign if ican t co rrela t ion s betw een rice LA I

and reflectance (F ig. 2). M ax im um co rrela t ion w ith

LA I w as found around 680 nm , in line w ith p reviou s

stud ies[ 16, 17 ]. F igu re 2 show s tha t the coefficien t of the

co rrela t ion betw een rice LA I and reflectance w as

sign if ican t a t the 0. 01 sign if icance level in the visib le

and N IR reg ion, becau se of the ab so rp t ion of
ch lo rophyll in 400～ 500 nm and 630～ 680 nm region s.

T he co rrela t ion coefficien t w as low er around 550 nm.

R ice LA I w as w ell po sit ive co rrela ted w ith spectrum
betw een 750 ～ 1000 nm , w ith the co rrela t ion

coefficien t being h igh ly sign if ican t. T h is w as cau sed

by m u lt ip le reflectance of leaf st ructu re in N IR reg ion.

F ig. 1　R eflectance spectrum fo r tw o

differen t rice LA I fo r X IU S

F ig. 2　Co rrelat ion spectrum betw een rice LA I and reflectance

in each of the spectro2radiom eter w avelength s fo r X IU S.

99 percen t confidence lim its show n at r = 0. 38

3. 2　Correla tion s between r ice LA I and MOD IS-

ND V I
　 A po sit ive co rrela t ion betw een rice LA I and

M OD IS2NDV I w as ob served (F ig. 3). T here w as no
co rrela t ion fo r rice w ith an LA I grea ter than 5 becau se

the co rrela t ion w ith red reflectance w as low and there

w as no co rrela t ion w ith near2infra red reflectance. By
com parison of X IU S and X IEY, fo r X IU S, the body

of rice LA I is sm all in w ho le grow th and the

coefficien t of determ ina t ion is grea ter. Fo r X IEY, rice

LA I is b igger in w ho le grow th and the coefficien t of
determ ina t ion is sm aller. Fo r LA I, w ith the

sa tu ra t ion of ch lo rophyll, NDV I w ill no t change w ith

LA I.

　N D V I = 0. 4992L A I 0. 3646　R 2 = 0. 8237 (4)

　N D V I = 0. 0553L A I + 0. 4719　R 2 = 0. 3669 (5)

　 Equat ion ( 4 ) and equat ion ( 5 ) show som e

rela t ion sh ip s betw een NDV I and LA I fo r X IES and
X IEY variety of rice.

F ig. 3　R elat ionsh ip betw een NDV I and LA Iw ith

linear and pow er regression fit ted fo r (A )

X IU S and (B ) X IEY variety of rice (n = 68)

3. 3　Correla tion s between r ice LA I and MOD IS-EV I
　A po sit ive co rrela t ion betw een rice LA I and the

M OD IS2EV Iw as ob served (F ig. 4). By com parison of

F ig. 3 and F ig. 4, the coefficien t of determ ina t ion of
EV I and LA I is u sua lly h igher than the coefficien t of
determ ina t ion of NDV I and LA I fo r X IU S o r X IEY.

T h is dem on stra tes tha t EV I can decrease the effects of
rice canopy background. T here w as no co rrela t ion fo r
rice w ith LA I grea ter than 5 becau se the co rrela t ion
w ith red reflectance w as low and there w as no
co rrela t ion w ith near2infra red reflectance.

EV I = 0. 2124L A I 0. 4369　R 2 = 0. 7382 (6)
EV I = 0. 2905L A I 0. 2705　R 2 = 0. 4439 (7)

　 Equat ion ( 6 ) and equat ion ( 7 ) show som e
rela t ion sh ip s betw een EV I and LA I fo r X IES and
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X IEY variety of rice.

F ig. 4 R elat ionsh ip betw een EV I and LA Iw ith pow er function

fit ted fo r (A ) X IU S and (B ) X IEY variety of rice (n = 68)

3. 4　F irst der iva tive and red edge posit ion
　T he first deriva t ive of the spectra w as ca lcu la ted

and F ig. 5 show ed the varia t ion s of the first deriva t ive

spectrum in the red edge reg ion. T he red edge po sit ion
w as the w avelength co rresponding to the m ax im um

value of the first deriva t ive spectrum. In early stage of

rice grow th, the po sit ion of red edge w as near sho rter

w avelength becau se rice LA I w as sm all. W ith rice
grow th the body of rice becam e grea ter and rice LA I

increased, so the po sit ion of red edge sh if ted to longer

w avelength. T he sh if t reached m ax im um w hen LA I
w as grea test in rice boo t ing

stage , and after the po sit ion of red edge sh if ted to

F ig. 5　V ariat ion of first2o rder derivat ive spectra

w ith t im e fo r X IU S of common rice in 2002

sho rter w avelength in the m ilk ing stage w ith
senescence of the leaves below rice canopy. T hese

resu lts w ere con sisten t w ith p reviou s study [ 18, 19 ].

3. 5　Correla tion s between r ice LA I and REP
　T he R EP w as strongly co rrela ted w ith rice LA I,

th is non2linear rela t ion sh ip agreed w ith the

sim u la t ion s perfo rm ed by o ther w o rkers[ 20 ] , it w as

con siderab ly strongly than tha t w ith the NDV I and
reached an asym p to te a t an LA I of around 5 ( F ig. 6).

R E P = 708. 56L A I 0. 018　R 2 = 0. 7085 (8)

R E P = 709. 18L A I 0. 0151　R 2 = 0. 587 (9)

　 Equat ion ( 8 ) and equat ion ( 9 ) show som e
rela t ion sh ip s betw een R EP and LA I fo r X IES and

X IEY variety of rice.

F ig. 6　R elat ionsh ip betw een R EP and LA I

w ith pow er function fit ted fo r (A ) X IU S

and (B ) X IEY variety of rice (n = 68)

4　Conclusion s

　Com parison of M OD IS2NDV I, EV I and R EP w ith
rice LA I, M OD IS2NDV I is un likely to p rovide reliab le

est im ates of LA I in d ifferen t rice variety becau se of
the independen t varia t ion of canopy cover w h ich
affects the index. T he R EP and EV I shou ld be less
sen sit ive to change in background reflectance and

therefo re m o re reliab le a t est im at ion of LA I values.

T hese resu lts have st ill to be tested in a rice field bu t
in th is study, w here the rice LA I w as con sisten t ly

h igh, the R EP and M OD IS2EV I appear to be m o re

sen sit ive to LA I than NDV I. T hese resu lts have
im p lica t ion s fo r w o rk on spectra l sh if ts associa ted w ith
rice grow th, the R EP m ay be con tro lled by the leaf
am oun t, as m easu red by LA I, as w ell as by the

ch lo rophyll con ten t of rice leaf.
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水稻叶面积指数与M OD IS 植被指数、红边位置之间的相关分析

程　乾, 黄敬峰, 王人潮, 唐延林
(浙江大学农业遥感与信息技术研究, 杭州 3210029)

摘　要: 对模拟中分辨率成像光谱仪 (M OD IS) 两个植被指数归一化植被指数 (NDV I)、增强植被指数 (EV I) 以及红边位置
(R EP) 与水稻叶面积指数 (LA I) 进行了相关研究。利用光谱分辨率为 3 nm 的A SD F ieldSpec UV öVN IR 光谱仪获得了
2002 年两个不同水稻品种——杂交稻和常规稻整个生长期的高光谱数据, 同时对水稻LA I进行了测定。利用一阶微分计
算红边位移。模拟了M OD IS 3 个波段, 波段 1 (620- 670 nm , 红波段) , 波段 2 (841～ 876 nm , 近红外) 和波段 3 (459～ 479

nm , 蓝波段) , 并用这些波段计算了M OD IS2NDV I和 EV I。结果表明: 对于常规稻,M OD IS2NDV I、EV I和R EP 与水稻LA I

呈现出良好的相关性; 而对于杂交稻, 与水稻LA I 相关性来说,M OD IS2EV I 和 R EP 要比M OD IS2NDV I 更敏感。分析原
因, 主要是因为杂交稻同常规稻相比在生长的中后期LA I 比较大,M OD IS2NDV I容易饱和; 而M OD IS2EV I 和R EP 由于
可以消除背景影响, 增强对LA I的敏感性。因此M OD IS2EV I和R EP 可以更有效地监测水稻叶面积指数。
关键词: 相关分析; 水稻叶面积指数; M OD IS 植被指数; 红边位置
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