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Estimation of Forest Leaf Area Index Based on Random
Forest Model and Remote Sensing Data
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(1. University Key Laboratory for Geomatics Technology and Optimize Resources Utilization in Fujian Province
Fujian Agriculture and Forestry University, Fuzhou 350002, China
2. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Accurate estimation of forest leaf area index (LAI), which is defined as half the total area of
green leaves per unit ground surface area, is the important embodiment of precision forestry. In order to
monitor forest LAI faster, more accurate and non-destructively, LAI — 2200 plant canopy analyzer was
used to acquire LAI data from the forest plots in western Fujian. Totally 12 kinds of vegetation index
based on the Pleiades satellite images in the same period were calculated and the correlation between
measured LAI and the vegetation index was analyzed. The purpose was to construct LAI estimation model
specifically by using random forest algorithm ( RF). Additionally for each sample group, the models
based on support vector regression model (SVR) and back-propagation neural network model ( BP) were
employed as comparison models. The estimation accuracy of the three models for each sample group was
compared based on determination coefficients (R*), root mean square errors ( RMSE), mean relative
errors (MAE) and relative percent deviation ( RPD). The results indicated that the vegetation indices
and LAI values were significantly correlated (P <0.01), and the correlation coefficients were greater
than 0. 4 for all sample data. The forecast accuracy of RF model in three different sample groups was
higher than those of the SVR and BP models in the same period. R’ of LAI estimated and measured
values in the three sample groups based on RF model were 0. 688, 0. 796 and 0. 707, respectively. RPD
were 1. 653, 1.984 and 1. 731, respectively. These data were all higher than those of SVR model and BP
model, and RF model showed a higher accuracy than the other two models ( RMSE of RF model were
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0.509, 0.658 and 0. 696, respectively; MAE were 0.417, 0.414 and 0.466, respectively). These

results would be helpful for improving the forest LAI remote sensing estimation accuracy.

Key words: forest; leaf area index; remote sensing inversion; random forest model; support vector

regression model; back-propagation neural network model
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Fig.1 Geographic location of study area
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Tab.1 Results of LAI for descriptive statistics
RH RS e/ME C PN T brfi 22 i J5£ W JiE AR S R K e
A 17 1.26 5.68 2.96 1.01 1.00 2.20 34.12
RN 32 0.78 3.24 1.56 0.51 1.10 2.33 32.69
[v) B 10 2.63 6.28 4.00 1.41 0.59 -1.37 35.25
EREAR 59 0.78 6.28 2.37 1.29 1.30 1. 47 54.43
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Tab.2 Vegetation indexes and their formulas

LA B4 B

FE{EAE AR B DVI

230 )5 — AL M B35 % GNDVI
L0 (R BE AR 2 GRVI

16 1E Y - e R HE AL A A 2 MSAVI
JE— LA HE 1R % NDVI

G S5 H AN BURAE B 46 L PSRI

T — AL R B8 $ RDVI

Fb {H HE 446 48 RV

+ R HE R B AL SAVI

5tk )2 445 ) A LR A A 4 B STPT
= fA e % TVI

i 700 1Bl 3 25 M bk 1 4% WDRVI

DVI=B, - B,
GNDVI= (B, -B,)/(B, +B,)
GRVI=B,/B, -1
MSAVI=[2B, +1~ /(2B +1)> -8(B, -By) ] /2
NDVI= (B, -By)/(B, +By)
PSRI= (B, - B,)/B,

B, -B,)?

RDVI = (B, -Bjy)

B, + B,
RVI=B,/B,

SAVI=1.5(B, -B;)/(B, =B, +0.5)
SIPI=(B, -B,)/(B, +B,)
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162 & A Bl B ¥ i

2017 4

S S S R R SRR R 22 oe Y R
ffi it AR 22 Je /N L KBRS R BP STk A5 R R
PR ) = 2 PR bR e 25 A, i A2 R 2 A
2 A, T A SRR AR B S5 S S 8 DEAE
% A Matlab R2014b g #2552 B BP fit 25 f) 45 A2 Y |

S F¥ 18] 1 AL ( Support vector machine, SVM ) J& &
TG > B A B o > T vk MR 45 0 KU
ANGHEI SR T B R 9 T XA 3 a) A A A
SVM d 9] F T fif the o3 28 [a) 0, B S 45 1) o 0 28
( Support vector classification,SVC) , Bl B & & = 1] fif}
g [ml U ), B SC 4 1) &[] U9 ( Support vector
regression,SVR) ., HEj,SVR B &8 =M H F &
fEY LAT S B 7 0 SVR [l U5 030 % 1 7R
KA bl A% R BCE R R S B e, T, % R
ORI 56 280 1 J2 SVR B pAZ O ) B8, 65T
JEFH RIE S Ry kernlab B{FAIS2HE SVR FE7

&ML 7% #& ( Random forest, RF ) £ Al J& Breiman
SAE HH A — 0 L T A0 2 R U B ML AR o 2] ik
‘Bl id B Bk (bootstrap ) 4 M JE 16 I 5 4 v 4l 1
kASREAS , HAE AR A B R AS 25 65 289 0 D 46 V1 25 4R
B R /IN— 25 SR 5 W A SRR AR 23 1) R AT DR SRR S A8
P2 b ASERIER B JS , FRBTA DL SR Y A 4
3 I P B B e A PO 45 R RF B B
O 1] L ff S AR AR T R SRR 19 800 A 3 15 A ) B
PLAZ B, W52 A R 18 5 Ay random Forest
A4S RF ALAY
1.6 #ETH

Xf RF {575 BP 41 25 f0 28 # 0F1 SVR A5 Y (1 56
TESEEAT PR, 3 G PE A 46 bR A7 P2 RBL(RY) .

Y07 M % 22 (RMSE ) F- 4 40 X 1% 22 ( MAE) F1AH X
A Hi iR 22 (RPD) "', R® fi1 RPD i &, RMSE #I
MAE /)N, 3% B ASE B Ak RS B2 B ey o

R TR IR TR AR E 1, R R B R AR A UK
77 38 W LAT J5U 8 B0 45 302 19 L BE ML R 43
H 2 #B4y,60% (35 4~ ) 1F S SR AL F DL g R,
40% (24 ) VE KL 56 5 F LAPEA R A - 51 &1 b AT
3 RBENLA AL, T NREAR AL | REACAL 2 REARA 3,

2 HRE5OMW

2.1 LAT 54355 001 £ 15 47

2% 3 MARTRR 43 5 2R SE AR 5 LAT {H 5 8 J8or
B FE B ] B A S AT g R . NHR T L B PSRI 5
LAT{H 2 B E MK (P <0.05) 4h  FEALL 1 H g Af A5
LAT A 5 HA 11 AR 50 S0 8 M 6 (P <
0.01) , Hr @ BE4E vp LAT {E 1A 8% 75 2000 AH 56 &R
BIKT 0.6, 50 41 v LAT {H FRE 4 45 2009 AH ¢
BWAEO0.7 Z by REAL 2 FIkEA A 3 h R a4
il PSRI 5 LAL (8 G 5 5 M1 (P > 0. 05) 4, £ 5
LAIHS H M EM e F M X (P <
0.01) , HEMMAM R EIH & T 0.5; N A K
FL A MERES LATES 2R B EF MK (P <
0.01), 48 3¢ R il K & /MK K B: RVI, WDRVI,
NDVI ( SAVI) . MSAVI, GRVI, RDVI, TVI, GNDVI,
DVI SIPI PSRI. 4 Hi 84550 , 1% PSRI 4, 34
B RS K FEA ] e e FEAR AR 55 LAT {H ¥ 1€
P <0.01 /KF F M. D I 35 26 5 55T A
AU S AT 5T X LAT (R A9 A8 AR A5 B0, 7T DL K Al
i LAT il AR A

®3 FRAEFELAIESEREHENEXESRER

Tab.3 Correlation of LAI and vegetation indices for different sample groups

. A 1 A 2 FEAA 3 e
B g 4 HEBLAE K g 4 LA ELE S
DVI 0.713 ™ 0.790 " 0. 607 ** 0.899 ™ 0. 654" 0.851™ 0.731*
GNDVI 0.715" 0.826"" 0.641 " 0.852" 0.694 " 0.797 " 0.733*"
GRVI 0.752* 0.849 " 0. 683" 0.900 ™" 0.736"" 0.839" 0.774""
MSAVI 0.753 ™ 0.904 " 0.714* 0.868 ™ 0.761"" 0.819* 0.782""
NDVI 0.770 ™ 0.907 ™" 0.729 0.882" 0.774"" 0.835" 0.795*"
PSRI 0.400 " 0.496" 0. 300 0.588 " 0.298 0.615™ 0.419"
RDVI 0.745 " 0.858 ™ 0.673 " 0.900 ™ 0.717* 0.855" 0.769 ™
RVI 0.802" 0.903 " 0.765" 0.907 ™ 0.801 " 0.864 " 0.824™
SAVI 0.770 " 0.907 ™" 0.729 0.882" 0.774"" 0.835" 0.795*"
SIPI 0.662" 0.763 " 0.570 " 0.825™ 0.610 " 0.789 " 0.680 "
TVI 0.723 ™ 0.8127 0.629 0.904 ™ 0.671 7 0.859 " 0.743
WDRVI 0.789 ™ 0.907 ** 0.748 " 0.897 " 0.789 " 0.853" 0.812"
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Tab.4 Comparison of LAI estimation models
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Fig.2 Regression analysis of measured and predicted LAI for different models
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Fig.3 Spatial distribution of forest LAI in Hetian County
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