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Forest leaf area index (LAD) inversion using airborne LiDAR data
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Abstract Leaf Area Index (LLAI) is one of the most important parameters, which controls
biological and physical processes associated with vegetation on the Earth’s surface, such as
photosynthesis, respiration, transpiration, carbon and nutrient cycle, and rainfall interception.
Therefore, rapid, reliable and objective estimations of LLAI are essential. In this study, we
developed a new approach for laser penetration index (LPI) estimation from LiDAR data, and

first computed LPI based on corrected echoes intensity. Using the variable of LPI, we built LAI
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estimation model based on Beer-Lambert law. This approach was applied on a forest area in
Dayakou, Gansu Province. The accuracy of the corrected intensity-derived LAI inversion model
was compared with that of uncorrected intensity-derived and echoes counts-derived model. The
study found that corrected echoes intensity can improve the accuracy of LAI inversion. To assess
validity and generalization of the model, we validated the optimum model via the Leave-One-Out
Cross-Validation (LOOCV) procedure, and the result showed that the model had no overfitting
and was more general. Finally, we validated the accuracy of predicted LAls with 16 field-
measured [LAls which were not involved in the modeling process and found that LLAI estimation
accuracy is high in mountains area by corrected echoes intensity. The LiDAR-derived LLAI (R*=
0.825,RMSE = 0. 165) was compared with the LAI from Landsat TM images (R* = 0. 605,
RMSE=0. 257), the accuracy of the former is far higher than that of the latter. This study

indicates that airborne LiDAR data can be used to obtain high-accuracy LLAI estimation and can

provide reliable data for ecological environment research.
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Fig. 1 Location of study area and distribution of sampling sites

(Red “+” points are the sites of center coordinates of ILAI observation)
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points which are higher than 1.2 m)
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Table 1 The accuracy of LAI forecast model with

five spatial scales based on echoes counts

¥ 5 m 10 m 15 m 20 m 25 m
R? 0.781 0.803 0. 754 0.707 0. 760
Adj R? 0.773 0.795 0. 744 0. 700 0. 750
RMSE 0.233 0.220 0.246 0.268 0. 244

P-value <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
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Table 2 The accuracies of LAI forecast models with five
spatial scales based on corrected- and uncorrected-intensity
datasets( The accuracies in brackets are from the corrected

intensity dataset)

iz 5 m 10 m 15 m 20 m 25 m
R 0.702 0.726 0.693 0.639 0. 659

(0.786) (0.825) (0.758) (0.710) (0.739)
0.692 0.718 0.683 0.627 0. 648

Adj R?
(0.777) (0.818) (0.748) (0.699) (0.729)
0.272 0.258 0.276 0. 301 0.292
RMSE
(0.230) (0.165) (0.243) (0.267) (0.253)
P-value <C0.001 <C0.001 <C0.001 <C0.001 <C0.001
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Fig. 3 The scatterplot of the field-measured LAl against the log-transformed inverse of the LPI

(The LPI, and LPI; of (a) and (b) are based on echoes counts and intensity, respectively. The number of samples is 30)



1472 Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 56

3.4 RFEBRMHERIEHRE

PR B VD S 5 A B8 22 4> Y T 19 3
YIRS 2 AT RN B AR R S s B 77 AR e X
TR A A — e s B R L REUE H
FH AR Bl 4 B0 22 3 iR, A3 H ok ke <osue 27
R R AT LL AN 206 R G B B R B R, L R
EHE R A RBGUF R 0.5, v £ 1E R 1. 0.

3 BEEEREHRLARX

Table 3 Vegetation indices and formulas
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Table 4 The accuracy of LAI estimation from

different vegetation indices

FEL A LAI-NDVI LAI-SRVI LAIFARVI LAI-SAVI
R? 0. 604 0.598 0. 270 0. 605
Adj R? 0.595 0. 589 0.253 0.595
RMSE 0. 258 0. 259 0. 349 0. 257
P-value <0.01 <0.01 <0.01 <0.01
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LAls based on echoes intensity (R*=0. 810, n=16)
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0. 258, 3X ] A 2 f T W 5% 10 8 7E LU DX Ji 4 ol 6 i
JIE {52 B BE B R BE R RZ . AR 1.2 W] IR T AR
TE 5 R RE A LAT Sy B 80 A, 8 Y Tl gz 50 5 1
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