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Analyses of the correlation between riceL Al and
smulated M OD IS vegetation indices, red edge position
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Abstract:

In the present study, analyses of the correlation between rice L eaf A rea Index (LA 1), hypergectal data,

Nomalized D ifference V egetation Index (NDV 1), Enhanced V egetation Index (EV 1) and the Red-Edge Position (REP)
w ere studied Hypersectral data of hybrid rice and common rice inw hole grow ing stage during 2002w asmeasured using
the A D FieldSpecUV A/N IR Spectroradiometerw ith resolution of 3 im and at the same time the riceLA |w asmeasured
The REP may be defined using the first derivative gpectrum. The three bands of the M oderate Resolution maging
Spectroradimeter (M OD IS), band 1(620 670 nm, red), band 2(841 876 nm, N IR) and band 3(459 479 nm, blue)
w ere smulated and MOD ISNDV | and EV | were calculated by averaging the continuous reflectance factor (350 1000
nm) over the gectral range of each band A strong non-linear correlationw as found betw een LA 1 of two rice varieties and
the REP. The REP, MOD IS"EV | andM OD ISNDV Iwerewell relatedw ith LA | for the common rice, but the REP and
M OD IS-EV |weremore sensitive thanM OD ISNDV | to riceLA | for the hybrid rice The reasonsw ere thatLA | of hybrid
rice became greaterw ith grow th, andM OD ISNDV Iw asmore affected by saturation, butM OD IS-EV | and REPw ere less
affected This show ed that the REP andM OD ISEV |w ill bemore effective in monitoring the riceLA |
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1 Introduction

L eaf A rea Index (LA 1), the one-sided area of leaves
per unit ground area, is a quantitativemeasure of the
surface area available for the interception of photo-
synthetically — active radiation ( PAR ) and
trangiration, and consequently is the key gatial
variable required to drive models of forest ecosystan
processes . LA | is alo one of the most mportant
variables affecting rice canopy reflectance and
therefore there is a realistic possibility of estmating
riceLA | from reanotely-sensed data

V egetation indices (V 1) have energed as important
tools in the monitoring, mapping, and reurces
management of the Earth’ terrestrial vegetation T hey
are radiom etricmeasuresof the anount, structure and
condition of vegetation, which serve as useful indicat-
orsof seasonal and inter-annual variations in vegetat-
ion The recently launched M oderate Reslution
Imaging Spectroradimeter M OD 1S) onboard the Terra
platform offers many mprovanents for land studies
andV I production These include mproved sensitivity
to chlorophyll and less contan ination by atmospheric
w ater vapor through narrow er bandw idths in the red
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andN IR, regectively. In addition, the finer pixel size
(250 m red and N IR bands) provides mproved V |
monitoring and detection capability.

In fact, different studies have already demonstrated
the potential of the optical vegetation indices to
monitor the rice grow th'**. In relation to the recently
launched MOD IS, the key instrument onboard the
Terraplatform, the expectation is that performing the
NDV I, a continuity index, aswell as the EV I, will
result in more precise and accurate measures of the
vegetative cover. W hereas, the NDV | is chlorophyll
sensitive and regpondsmostly to red band variations,
the EV | ismoreN IR sensitive and, as results of the
penetrating properties of the N IR band, is more
responsive to canopy structural variations, including
LA I, canopy type, and canopy architecture’. Some
researchers have analyzed the difference betw een the
MOD ISNDV | and EV I'¥!, and applied the MOD IS
vegetation indices in land monitoring and tree grow ing
monitoring, but they have not studied the
relationship s betw een theM OD ISV | and LA 11*”

Guyot et al (1992) suggested that the REP is
detemined by the level of red and near-infrared
reflectance, the variation of which is dominated by
change in LA I®. This suggests that the REP should
provide a useful tool for LA | estimation with the
advantages of hypergectral data outline above In
China, many workers have perfomed to study the
relationships betw een the hypergectral variables and
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LA I, pignents, etc , and they have found the LA |
waswell correlated w ith the REP' ™. A Ithough the
NDV | has been w idely used for estinating the LA | of
vegetation canopies, it is unlikely to provide reliable
estimatesof LA | in plants because of the independent
variation of canopy cover which affects the index'",
and because of saturation at relatively low LA | values
In close plants, when LA | is greater than 2 or 3, the
NDV Iwill not changew ith the LA I"*! Because rice
is different from other plants, s the saturation
problem s between riceLA | andM OD ISV |, the REP
should be researched, but fev scientificworkers have
dealt with the problens Among theM OD ISNDV |,
MODIS-EV 1 and the REP, which indices were
strongly correlated with rice LA I, thiswork becane
more and more mportant in monitoring rice grow ing

The objectives of this study were (1) to investigate
the oorrelations between the rice LA and
hypergpectral reflectance data, MOD ISNDV |,
MOD IS-EV | and the REP, and (2) to demonstrate
that the REP andM OD IS-EV | aremore sensitive than
MOD ISNDV | to riceLA |

2 M ater ial and methods

21 Field site

The experiment was conducted in a paddy field
located at the Zhejiang U niversity experimental fam,
Hangzhou, China (30°14'N, 120°10'E) in 2002 The
mean annual precipitation was 1320 9 mm and the
mean annual temperature was 16 2 The rice
varieties selected in the study were Xieyou 9308
(XIEY) and Xiushuill0 (XU S). XIEY is hybrid
rice, XU S is common rice The sandy loan paddy
il had the following properties pH 5 7, organic
matterwith 16 5 g/kg and total N with 1 02 g/kg
2 2 Spectral reflectancemeasurement

The canopy pectral reflectance of different nitrogen
levels were measured by A nalytical Spectral Devices
(AD) (FieldpecrR) UV A/NIR (350 2500 nm)
Soectroradiometer at different stages T he rice canopy
Soectra and LA | were observed on July 12th, 17th,
23rd, 30th, Awugust 5th, 22nd, 31st, Septeamber
11th, 20th, 28th, October 3rd, during clear and
w indless days and al ays carried out betw een 10: 00
and 11: 45 (Beijing time). The 25°field of view of the
senor was toward the nadir, 1 0 m to the rice
canopy. The 10 gectral records were averaged to
yield a gectral reflectance for each sample The
absolute reflectance factor was obtained by using a
white Spectralon panel with ectral reflectance
measuranents of the rice canopy beforehand and

afterw ards
2 3 Leaf area indexmeasurenent

A fter the sectral reflectance was measured, the
LAl was measured using the following way
imm ediately.

A/a=W/wuA=axW,/w

W hereA is thewhole leaf area; a is the partial leaf
area; W is the dry weight of whole leaf; wis the dry
w eight of partial leaf.

a is calculated usingM ap Info Professional 6 Q
2 4 SmulatihngMOD ISNDVIandMOD ISEV I

Themeasured gectral region ranged from 350 nm
to 2500 rm, at resolution of 3nm. The sectral region
ranged from 350 nm to 1000 nm w as selected from the
measured gectral region ranged from 350 nm to 2500
nm to decrease the size of data and to mainly consider
the relationship between LA | and gectral reflectance
from 350 nm to 1000 nm.

Sectral reponse functionswere used to smulate
plot reflectance in red w aveband, M OD IS band-1 (620

670 nm), a near-infrared w aveband M OD IS band-2
(841 876 nm) and a blue w aveband M OD IS band-3

(459 479 nm) and to calculate the M OD ISNDV |
andM OD IS-EV |
_ QN_LR'_QBEL
NDVI= AR + Pred (1)

Q\I IR = pRed

1+1) AR+ CiPres - Co2Psie+ L (2)
W here A r, Pres and e are the surface reflectance for
the regective MODIS bands L is a canopy
background calibration factor that nomalizes
differential red and N IR extinction through the
canopy. C: and C: are the weighing factors for the
aeron| resistance The coefficientsadopted in the EV |
algorithm are, L = 1, C1= 6, andCz= 7 5"
2 5 Camputing the REP

L aboratory experiments have demonstrated a
positive relationship between the wavelength of the
red-edge position (REP) and the chlorophyll content
of leaf samples™, but attempts to relate the
chlorophyll content of complete canopies to the REP
havemetw ith only partial success Itwas showed, by
modeling, that at the canopy level, movanent of the
red-edge is controlled by LA |

The REP may be defined using the first derivative
gectrum. The first derivative of sectra may be
calculated by the follow ing equation!*.

P(A) = [P(A+1) - P(A- 1) ]/2AA (3)
where /' is the first derivative spectrum, A is
wavelength and AA is the difference of two
w avelengths

EVI =
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Data analysis concentrated on the relationships
betw een riceLA |, the hypergectral reflectance data,
MOD ISNDV |, MOD IS-EV | and REP.

3 Reaultsand discussion

3 1 Correlationsbetween riceL A |l and hyper spectral
ref lectance data

Figure 1 show ed that the reflectancew as greater in
N IR wavelengthw hen riceLA |wasgreater. RicelLA |
varied from Q@ 3t0o 8 3forX USandfrom 1 29t0 9 7
for X IEY.

A oorrelation gpectrum was calculated to highlight
statistically significant correlations betw een rice LA |
and reflectance (Fig 2). M aximum correlation w ith
LA lwas found around 680 nm, in linew ith previous
studies ™"’ Figure 2 show s that the coefficient of the
correlation between rice LA | and reflectance was
significant at the @ 01 significance level in the visible
and N IR region, because of the abworption of
chlorophyll in 400 500 nm and 630 680 nm regions
The correlation coefficient w as low er around 550 nm.
Rice LA | wasw ell positive correlated w ith gpectrum
between 750 1000 nm, with the oorrelation
coefficient being highly significant Thiswas caused

by multiple reflectance of leaf structure inN IR region
50
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Fig 2 Correlation spectrun betw een riceLA | and reflectance
in each of the gpectro-radiometer w avelengthsfor X U S
99 percent confidence Imits shownatr= Q 38

3 2 Correlations between rice LAl and MOD IS
NDV I

A positive correlation between rice LA | and

MOD ISNDV I was observed (Fig 3). Therewas no
correlation for ricew ith anLA | greater than 5 because
the correlation with red reflectancew as low and there
was no correlation with near-infrared reflectance By
comparion of XU S and XIEY, for XU S, the body
of rice LAl is gnall in whole growth and the
ocoefficient of detem ination is greater. For X IEY, rice
LA | is bigger in whole grow th and the coefficient of
detemination is smaller For LA, with the
saturation of chlorophyll, NDV Iw ill not changew ith
LA I
NDVI= Q4992 A1°%° R?= Q 8237 (4)
NDVI= Q0553 A1+ Q4719 R?’= Q 3669 (5)
Equation (4) and equation (5) show some
relationships between NDV | and LA | for X IES and

X IEY variety of rice
1.2 ¢
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Fig 3 Relationship between NDV | and LA Iw ith
linear and pow er regression fitted for (A)
XU Sand B) XIEY variety of rice (n= 68)

3 3 Correlationsbetween riceLAlandM OD IS EV |
A positive correlation between rice LA | and the
M OD IS-EV Iwasobserved (Fig 4). By comparison of
Fig 3 and Fig 4, the ooefficient of detemmination of
EV | and LA | is usually higher than the coefficient of
detem ination of NDV | and LA | for X U S or X IEY.
Thisdemonstrates that EV | can decrease the effectsof
rice canopy background Therewas no correlation for
ricewith LA | greater than 5 because the correlation
with red reflectance was low and there was no
correlation w ith near-infrared reflectance
EVI= Q2124 A1°%° R?*= Q 7382 (6)
EVI= Q2909.A1°%7® R?= Q 4439 (7)
Equation (6) and equation (7) show wme
relationships between EV | and LA | for X IES and
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X IEY variety of rice
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Fig 4 Relationship between EV | and LA |w ith pow er function
fitted for (A) X U Sand B) X IEY variety of rice (n= 68)

3 4 First derivativeand red edge position

The first derivative of the spectra was calculated
and Fig 5 show ed the variationsof the first derivative
gectrum in the red edge region T he red edge position
was the wavelength correponding to the maximum
value of the first derivative gpectrum. In early stage of
rice grow th, the position of red edgew as near shorter
w avelength because rice LA | was gnall W ith rice
grow th the body of rice becane greater and rice LA |
increased, 0 the position of red edge shifted to longer
w avelength The shift reached maximum when LA |
w as greatest in rice booting
stage , and after the position of red edge shifted to

Fig 5 V ariation of first-order derivative gpectra
with time for X U S of common rice in 2002

shorter wavelength in the milking stage with
senescence of the leaves below rice canopy. These
resultsw ere consistent w ith previous study!***.
3 5 Correlationsbetween riceLAland REP
The REP was strongly correlated with rice LA I,
this non-linear relationship agreed with the
smulations performed by other workers®, it was
considerably strongly than that with the NDV | and
reached an asymptote at anLA | of around 5 ( Fig 6).
REP = 708 56.A1°®® R?= Q 7085 (8)
REP = 709 18 A 1°%" R?= Q 587 (9)
Equation (8) and equation (9) show some
relationships between REP and LA | for X IES and
X IEY variety of rice
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Fig 6 Relationship between REP and LA |
w ith pow er function fitted for (A) XU S
and (B) X IEY variety of rice (n= 68)

4 Conclusions

Comparion of MOD ISNDV I, EV | and REP w ith
riceLA I, MOD ISNDV I isunlikely to provide reliable
estimates of LA | in different rice variety because of
the independent variation of canopy cover w hich
affects the index The REP and EV | should be less
sensitive to change in background reflectance and
therefore more reliable at estimation of LA | values
These results have still to be tested in a rice field but
in this study, where the rice LA | was consistently
high, the REP and MOD IS"EV | gppear to be more
sensitive to LA | than NDV | These results have
mplicationsforwork on gectral shiftsassociatedw ith
rice grow th, the REP may be controlled by the leaf
anount, as measured by LA I, as well as by the
chlorophyll content of rice leaf.
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