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Spectroscopy and Spectral Analysis
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Table 1 Tested varieties and their LAD
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F1 R 2000 =
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Hh 9409 HH
T 958 ]
BE 225 R
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Table 2 Input parameters and their value

ranges for PROSAIL model

Input parameters Parameter range

Chlorophyll content/(pug + cm™2) 10~80
E]e]zf;z)qulvalent water thickness/(g * 0. 017
Dry matter content/(g * cm™ ?) 0.012
Leaf area index 0.5~8
Leaf thickness parameters 1.4

Leaf inclination anele distributi Planophile, Plagiophile,
~cal inclination angle distribution Spherical and Erectophile
Solar zenith angle/ (") 30
Observation zenith angle/ (%) 0

Azimuthal difference between solar 0
and observation angle/ (")

R3 HEXHAREREHREAKX

Table 3 Related spectral index and formula

SPectral Calculation formula Source
index
NDVI (Rsoo — Re70) / (Rsoo +Rero) [13]
MTCI* (R751— R709) / (R70y — Res1) [14]
Clitacdge Riso/Rros —1 [15]
Clgreen Riso/Rss50 —1 [15]
3((R750 —R705) — 0. 2(Rz50 — Rs50) X
RTCARI/ROSAVT* (Rys50/Ri05))/1.16 (Ryse — Ryos )/ [4]
(R750 +R705 0. 16)
SR Rso0/Rezo [16]
RMSR * (+({€>73O/R70;, ) — 1) /sqrt ((Rzs0 /R7o5 ) 1]
MNDVI1 * (R7s5 —Rya5) / (Rys5 + Raus) [17]
MNDVI8* (R755 —R730) / (R7s5 T Raso) [17]
MNDVTI,: (R750 —R705) / (Ry50 + R7os — Ruus) [18]
Datt99 " (Rgso — Ry10) / (Rsso — Reso) [19]
Macc01 (R7s0 —R710) / (R7so — Reso ) [20]

* Vegetation indices combining Red-Edge informations

L 2, HpZRUKEE (leaf equivalent water thickness) .
4% & & & (dry matter content) Fl i F J& & £ ¥ (leaf thick-
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Fig. 1 Canopy hyperspectral curves under different LAD(LAI=4, LCC=40 pg * cm™*)
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Fig. 2 The comparison of regression results of between spectral indices and CCC based on simulated data
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Fig. 3 Hyperspectral curves of corn under different LAD (pla-
giophile: LAI=5.3, LCC =25 pg *+ cm ?; erecto-
phile: LAI=5.1, LCC=23 pg * em™?)
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Table 4 The regression model and validation result between

spectral indices and corn CCC with comprehensive

different LAD

Regression Validation

Spectral

index model result
Formulation R? RMSE

MNDVIS8 y=47.014¢° 60052 0.70 22.47
MNDVTI1 y=055. 29e?% 122« 0. 66 24.07
MTCI y=69. 0370 198 9= 0. 65 26.76
Clied-edge y=067. 443e" 355 9 0.63 24. 06
MNDVT,. y=23.595e% 029 12 0. 60 32.06
RTCARI/ROSAVI y="T71.765¢0 181 62 0.55 30. 12
Clgreen y=76.471e 158 1« 0. 54 30. 95
RMSR y=51.252e" 818 5 0.53 33. 66
SR y=288. 709¢"- 060 82 0.52 33.78
Datt99 y=23.024 2¢' 915 3« 0.52 28.22
Macc01 y=3.376 88178« 0.51 28. 28
NDVI y=16.975 1e 89 3« 0.47 33. 88

2.2.3 RHiEHHLEEAT G EL TG ARAGELE
RS
B 80 A E ORI LR R AR A o 55 7 [8] M- A 0 A 6 Y
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content of corn with plagiophile and erectophile
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Research on Retrieving Corn Canopy Chlorophyll Content under Different
Leaf Inclination Angle Distribution Types Based on Spectral Indices
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Abstract Remote sensing is the main approach to carry out non-invasive detection of plant chlorophyll information on the
ground/near ground, airborne and spaceborne levels. At present, spectral index for multi-band calculation has been widely used
in empirical/semi-empirical estimation of canopy chlorophyll content. Taking the difference of leaf inclination angle distribution
(LAD) between different crops and different varieties of homogeneous crop into consideration, this study analyzed the influence
of LAD on retrieving chlorophyll content, and selected chlorophyll-related spectral indices that are insensitive to the variation of
LAD and researched canopy chlorophyll retrieval model. PROSAIL radiative transfer model was used for simulating the canopy
reflectance corresponding to different leal chlorophyll content (LCC), leaf area index (ILAI) and LAD. The simulation results
showed that under the same LAl and LLCC conditions, the canopy reflectance corresponding to different LAD was significantly
different, and the canopy reflectance decreased with the increase of the average LAD. By calculating the correlation coefficient of
12 common chlorophyll-related spectral indices with CCC, the sensitivity of spectral indices in retrieval of chlorophyll content un-
der different LAD was evaluated, consequently, four spectral indices that are insensitive to variation of LAD were selected: MT-
CI, MNDVII1, Cl. e and MNDVIS. 80 measured corn samples were utilized to model and validate the estimation models of
CCC. Model establishment and verification results showed MNDVI8 was the most insensitive to variation of LAD, thus it was
the best spectral index for estimating chlorophyll content with the coefficient of determination (R*) of 0. 70 and the root mean
square error (RMSE) of 22. 47 pg * cm *. The precision of Clred-edge (R*=0. 63, RMSE=24. 06 ug * cm *), MNDVI (R* =
0.66, RMSE=24.07 pug * cm™*) and MTCI (R*=0. 65, RMSE=26. 76 ug * cm™’) retrieval model was relatively close but was
weaker than that of MNDVIS. Through analyzing the retrieval results, it was concluded that different spectral indices had differ-
ent sensitivities to variation of LAD. The preferred spectral indices generally had the best correlation and highest sensitivity to
chlorophyll content, among which MNDVI8 was least affected by LAD and can be used to retrieve CCC in corn under different
LAD types. Although retrieval capabilities of MTCI, Cl,eycaee and MNDVI1 were slightly weaker than MNDVIS, they were less
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affected by variation of LAD and also had good retrieval capabilities. This paper researched the influence of LAD on retrieving
chlorophyll content based on spectral indices, and the results from measured corn data were in accordance with those from simu-
lated data. Based on the sensitivity analysis and validation results of canopy chlorophyll content retrieval models under different
LAD types, this paper has a certain reference significance for remote sensing application of estimation of chlorophyll content in

crop without prior knowledge of LAD in large scale.
Keywords Retrieval of chlorophyll content; Spectral indices; Leaf inclination angle distribution; Leaf area index
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