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Abstract. CHRIS/PROBA is a multiple-angle sensor providing hyper-spectral data with 17 m x
17 m spatial resolution that can be applied for data inversion of vegetation canopy structure
parameters, such as tree height and leaf area index (LAl). We used a four-scale geometrical
optics model to simulate anisotropy distribution regulation of the normalized difference
vegetation index (NDVI) of a Pinus massoniana (Masson pine) forest canopy. By extracting
the red and near infrared characteristic spectral bands from the 18 bands in CHRIS, a new
multi-angle normalized hotspot-dark-spot difference vegetation index (NHDVI) was applied to
the estimation of the LAl of Pinus massoniana forest using CHRIS data. The results showed
that. (1) Compared with the NDVI and soil adjusted vegetation index ( SAVI), NHDVI well
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integrated the spectral information and angle information with the ground measured LAI, and
the coefficient of determination reached 0.7278; (2) The LAl was calculated by statistical
regression of NHDVI-LAI. The correlation between the LAl and the measured values was
0.8272, significantly higher than that of SAVI, and the root mean square error (RMSE) was
0.1232. Thus, these findings indicate that angular information is important for improving the

retrieval accuracy of LAI.
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Table 1 Information of CHRIS mode 4
o WK Pk LB FOER e
fidEds Wave Wave Center Width ﬁli
Band length low length high  wavelength Gain
(nm) (nm) (nmy  (nm)
1 486 495 489 9 3
2 546 556 551 10 3
3 627 636 631 9 3
4 666 677 672 11 2
5 677 683 680 6 3
6 683 689 686 6 2
7 689 694 691 6 2
8 694 700 697 6 2
9 700 706 703 6 2
10 706 712 709 6 3
11 712 719 716 6 3
12 732 738 735 7 2
13 738 745 742 7 3
14 745 752 748 7 1
15 752 759 755 7 1
16 773 781 777 7 2
17 781 788 785 8 3
18 788 796 792 8 2
2 JLARBKEIRE
Table 2 Geometrical rectification accuracy
WIRTA R XA YR BIR
VZA GCP X RMS Y RMS RMS
0° 20 0.5400 0.6362 0.8345
+36° 20 0.6000 0.5616 0.8218
-36° 20 0.4732 0.6923 0.8386
+55° 20 0.3443 0.3889 0.5194
-b5° 20 0.5054 0.5448 0.7432

Notes: VZA, View zenith angle; GCP, Ground control point;
X BRMS, X root mean square; Y RMS, Y root mean
square; RMS, Root mean square.
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Fig. 3 Reflectivity of red band and near infrared band on the plane direction
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Table 3 Statistical analysis on the relativity of LAI

inversion and measured value based
regression model

BEL JERES:)ES A5 PAEE R?
Index View angle Linear model Goodness of fit
2.1 KEILERHSH
T 2015 4 10 A 12 F Ji] CHRIS/PROBA %l 0°  y=05018e"™%x  0.7341
o " +36°  y = 0.4665627777* 0.5792
E/‘J 5 /I\EEE}{%%%{E@EA%%E , +36°, —36° yﬂ*445?§§:}‘}r‘ﬁ 360 y = 0.7637e20192% 0.3467
WA 5 +55°, —55° ARBEE WM KT f A, PEENOVE s 02007
H G S B S BRI @ik, IR -55° = 0.3917?%2%x 0.6128
J7 1] b I AR Bk, R 5 AR B 0 ) = 05017671 0.7341
{%‘FFJ"I‘%% E"J%jﬁé\\;j% Ebﬁ{?%ﬁﬁ%xd‘%o JJ:I./J ’ +36° y = 0.443481.9244X 0.6594
— BRI T BR R A X B N R BT BRETII ae o zea0ereer 03460
22 A4, IR Y 14 A FCHE ) R 56 I R A +55° y = 0.7701e™ 1 0.2098
N _55° - 1.9531 x

B A NDVI 76 B0 5V 1 1 45 10 S 4 5T y=0ste 06128

A, U -36° 5 +55° FALAE J A 5 5 s 5k " N
ARV LR 1t y = 4.6665073%2% 0.7278

NHDVI, Jf5 LAl TG KT g L e
S LA 55200 LAl SEFFAHSCHE /BT i R RE, 38
AR EH NDVI 55 380815 9k 45 %4 ( soil adjusted
vegetation index, SAVI) # 17 VRS, FH 3 Fhil

IR £ NHDVI

Notes: NDVI, Normalized difference vegetation index; SAVI,
Soil adjusted vegetation index; NHDVI, Normalized
hotspot-dark-spot difference vegetation index. Same
below.
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LAl retrieval based NHDVI-LAI model
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LAI retrieval based SAVI-LAI model
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Fig. 5 LAl retrieval based SAVI-LAI regression model
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2.2 VI-LAI B EER
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Table 4 Statistical analysis on the relativity of
LAl inversion and measured value

A BEHE B o] 5 77 WAEE R? BT RIRE
Index Regression model  Goodness of fit  RMSE
0° NDVI y = 0.7504x + 0.414 0.7235 0.4692
+36° NDVI  y = 0.6253x + 0.9127 0.6229 0.4583
-36° NDVI y = 0.8332 x + 0.661 0.7035 0.4225
+55° NDVI  y = 0.6408x + 0.7776 0.4064 0.5507
-55° NDVI  y = 0.8046x + 0.0914 0.5171 0.6490
0° SAVI y = 0.7024x + 0.4821 0.7238 0.2151
+36° SAVI  y = 0.6206x + 0.9293 0.6233 0.1943
-36° SAVI y = 0.7992x + 0.2745 0.7062 0.1954
+55° SAVI  y = 0.7329x + 0.4827 0.4079 0.2127
-55° SAVI y = 0.5825x + 1.0886 0.321 0.207
NHDVI y = 0.9355x + 0.8272 0.8272 0.1232
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