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Hyperspectral estimation model for chlorophyll content of rice canopy

WU Xu-mei, CHANG Qing-rui, LUO Li-li, YOU Ming-ming
(College of Natural and Environment, Northwest N&F University, Yangling, Shaanxi 712100, China)

Abstract; In order to establish a high-precision model to estimate rice canopy chlorophyll content in Northwest
Yellow River Irrigation Area, rice canopy SPAD and hyperspeciral data were measured in a field experiment. In this
paper, a series of Ratio Vegetation Index( RVI) , Difference Vegetation Index( DVI) , Normalized Difference Vege-
tation Index (NDVI), and Soil-Adjust Vegetation Index (SAVI) were computed by the combination of original
canopy spectra. The optimal vegetation indexes that sensitively reflected the rice canopy SPAD were screened out.
The estimation models of rice canopy SPAD in Northwest Yellow River Irrigation Area were established by using or-
dinary regression analysis method and random forest algorithm. The results showed that: (1) Using the general re-
gression analysis method, the exponential model established with RVI (D,;,, D, ) as the independent variable was
the best single-variable model to estimate rice canopy SPAD in the study area. (2) Compared with the normal regres-
sion models, the random forest model established using four vegetation indices RVI (R, Rsy), DVI (Ry, Rssg) s
SAVI (R,y, Ryg), and RVI (D, Doy) had the best prediction accuracy. The validation results showed that R*
was 0.873, RMSE was 3.221, and RE was 13.25%. Therefore, we concluded that the random forest model can be
used for the rapid and lossless estimation of rice canopy chlorophyll content in Northwest Yellow River Irrigation Area.

Keywords : hyperspectral remote sensing; estimation model; random forest algorithm; rice canopy; chlorophyll

content ; vegetation index
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Table 1 Formula used to estimate vegetation indexes
THYFE 5L 2~
Vegetation indexes Formula
AR K 2R ﬂ Dy,
RVI Ry, D),
P L EE
DVI " Ry — Ry, Dy =Dy,
I3 —fb Al B 41 Ry — Ry, Dy, =Dy,
NDVI Ry + Ry, Dy, + Dy,
R e R - R Dy D
T R AR R Al A2 A+1) it 22 (1+1)
SAVI Ry +Ry, +1L Dy, +Dy, +L

TE: Ry Ry, 28 AN M J2 0635 SN 38, Dy, (D), 2341
S AR I 200 S S R A — B L o R IE 2, AR
BEIRL = 0.5,

Note: R, and R,, refer to the canopy spectral reflectance of 2 wave-
lengths, D,, and D,, refer to the first derivative of the canopy spectral re-
flectance with 2 wavelengths, respectively. L is the soil correction param-

eter, and L=0.5 is selected in this paper.
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Table 2 Statistical description of rice canopy SPAD
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Fig.1  Correlation betweenthe original spectra, the first derivative spectra, and SPAD of rice canopy
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Fig.2 The contour map of the determination coefficient between rice canopy SPAD and

vegetation index calculated with the original spectra
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Table 3  Single variable estimation models of rice canopy SPAD

Y ZREE Train set ISUESE Validation set

TEBEHE 2L [al5 5 72 - - - -

Vegetation indexes Regression equation R? Hpiide FAgmi R? BPRGE A
RMSE % RE/% RMSE % RE/%

RVI(Rggs , Rsa0) y = 101.79¢ -4+ 0.822 5.011 18.81 0.911 4.153 17.67
DVI( Ry, Rsz6) y = 43.913¢ 102 0.814 4.855 19.92 0.773 4.033 19.14
NDVI(Rgq, Rsp ) y = - 4968.4x% - 995.41x + 27.527 0.813 4.780 19.75 0.850 4.045 17.50
SAVI(Ry0, Rs3) y = 45.741e 5006 0.828 4.907 18.81 0.863 3.911 17.62
RVI(D 316, D7) y = 58.822¢"0% 0.875 4.276 15.00 0.796 3.541 14.26
DVI( D14, D7gg) y = — 2665742.413x% + 27605.87x + 34.301 0.778 5.215 21.07 0.694 4.771 20.37
NDVI(Dp55 , D357 ) y = 5.3073x% - 33.821x + 9.1257 0.807 4.859 29.73 0.830 4.066 17.89
SAVI(Dgy , Dgp ) y = - 327678x> + 9336.6x + 34.307 0.779 5.207 21.00 0.696 4.761 20.29
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Table 4 Importance indexes of independent

variablesfor random forest
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AR Variable
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SAVI( Ry, Rsz4) 38.36398 2523.048
RVI(D 36, Dy3) 47.92609 3436.974
DVI( Doy ,D7go) 35.58877 1041.639
NDVI( D5, D35, ) 41.84236 1809.340
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Fig.3 Line chart of decision trees and model error
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Fig.4 Accuracy verification of rice canopy SPAD estimation model based on random forest algorithm
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