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Table 1 Summary statistics of sampling trees

VNS FEARRR Jiges = W B A L AR
Ages/a Numbers D/cm Height/m Stem/kg Bark/kg Branch/kg Leaf/kg Under/kg
SHFR(4 ~ 19
AR ) 16 3.4~9.2 3.7~13.8 1.7~15.9 0.3~2.9 0.7~4.8 0.6~2.0 0.8 ~5.2
Young stand
SFR(21 ~2
"f"’ﬁ%%( %) 16 9.2~13.1 6.5~17.1 10.1~48.6 2.1~17.1 3.7~9.0 1.5~3.1 4.7~11.9
Middle-age stand
i .
ILAK(31 ~39) 16 12.9~16.7 11.3~18.4 26.9~106.4 4.0~12.3 54~12.3 1.8~3.5 7.4~20.1
Near-mature stand
BR (41 ~
HREAR( 55) 16 17.2~23.0 11.7~20.8 64.0~185.7 7.9~19.2 8.7~19.4 2.5~56 15.8~49.9

Mature stand




5 M

HEZE S T U0 T IR A v AN 2L o0 AR W i B 85

2 R %

2.1 EREE

SRR A 1) e R A R R 2 A 0 )
Irg (1), ABEFELL 64 Hk fiff Bt AR S S,
H AR TC G 2 A SIS X I P N AR AR ) AR
AR (2) o
InM = 1In(a) +b x InDBH (1)
InM,, =lIn(a,) +b, xInD
In My, = 1In(a,) + b, x InD
InM,,., =In(ay) +b; xInD
In M, =1In(a,) +b, xInD (2)
In My,,.. =1In(as) + b5 x InD
In M,,,, = In(a;) + b; x InD
A Mos Mt s Mranas Misags Mnaer s Masne s M 73
SAREERS T B B A AR ARt B AR A
PR R, D AR a, b, RIS,

AR5 40 AHEHBEEAKS RO , F T 7 A B
IR AR W AT A B 25 BORY B A H  FAS 2
SrA e, T AT 2 25 R L ) S AR e A
o, Wk 2,

F2 HEESHMEIHER TN SHITHER

Table 2 Parameter estimates and evaluation statistics

of biomass model

ZHUETHE e
- St
24y arameter Evaluation statistics
Al estimates
Components
2 SEE TRE MPE MSE MPSE
a b Ry

/S Y% ST /%
BT Stem  0.0550 2.5125 0.968 4 14.59 9.03 7.03 6.31 18.47
MEz Bark  0.0285 1.9930 0.9545 1.78 7.70 7.21 6.52 17.34
L5

Branch

M Leaf  0.2356 0.9055 0.8429 0.49 5.69 4.73 5.69 16.21
AR Under 0.043 4 2.1020 0.9577 4.20 10.85 8.01 7.50 17.15
Hhi | Above 0.9622 18.01 8.41 6.58 6.38 16.74
4k Total 0.9636 21.02 8.80 6.44 6.53 16.38

M ype = Mo + Mpy + M, + M rears Mroar = Mapore + M ynr. 1k
PRt W22 (k[ 20]

2.2 ERREREAE

0.1616 1.4565 0.9173 1.69 5.91 5.40 5.98 16.81
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Table 3 Parameter estimates and evaluation statistics of MLR

4y ZHfi1HE Parameter estimates K1 145F5 Evaluation statistics
Components a b! b? b R? RMSE/t rRMSE TRE/ %
#F Stem -2.762 3" -0.6324™ 1.702 8 ** 11.850 6 ** 0.914 3 0.409 3 0.077 7 0.60
Wz Bark -3.121 8* -0.8822" 1.187 9* 10.783 8 ** 0.825 1 0.048 9 0.081 7 0.66
#A% Branch -0.8726" -0.788 1™ 0.442 0™ 7.347 6" 0.541 4 0.069 3 0.096 1 0.91
#tit Leaf 0.114 1 -1.100 8 -0.169 2 5.864 6 0.636 1 0.1522 0.678 6 0.96
#AE Under -2.5745* -0.597 2" 1.149 7™ 8.376 5% 0.8733 0.083 7 0.068 0.45
i I~ Above -1.5862" -0.651 3™ 1.403 5** 10.583 6 ** 0.907 7 0.458 6 0.067 3 0.45
4k Total -1.3044" -0.6419" 1.362 6™ 10.217 7 0.905 0 0.5370 0.066 8 0.45

e # :P<0.05; % % :P<0.01,In My, =ag +by InH, + by InHgy + by InDyy o HAHSMETRIE K E 2 In M omponenss =@ +by InHyppp 0 +

b, InHgy + b5 InDy

&4 RFFHSEIHIER
Table 4 Evaluation statistics of RF

2} 43 Components R? RMSE/t rRMSE TRE/ %
#T Stem 0.973 4 0.536 7 0.107 7 1.066 5
i fz Bark 0.964 8 0.051 4 0.087 5 0.7259
#$4% Branch 0.919 4 0.071 3 0.098 9 0.944 9
- Leaf 0.912 8 0.032 5 0.143 0 1.941 5
HAE Under 0.964 6 0.104 0 0.086 7 0.713 3
#h I~ Above 0.971 1 0.623 7 0.095 5 0.8532
4=k Total 0.970 6 0.720 6 0.093 2 0.814 7
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Fig.1 Comparison of biomass from field measured and airborne LiDAR.
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Fig. 2 Relative importance of factors of biomass components
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Table 5 Comparison of inversion effects of different forest characteristics

KR MRS Mg ST AEL MLR i (i RE 0 (/¢ Mo RE FEMate SRR
Types Plots My, Measured Value/t ~ MLR Predicted Value/t RF Predicted Value  Density/ (£ - hm™?) D/ em Height/m
1 17_02 9.270 2 8.713 9 9.172 4 1217 18.2 22.2

17_711 7.974 9 8.069 1 8.191 4 547 23.9 22.8
| 17_20 4.939 3 5.062 0 5.092 9 1 650 12.4 13.6
17_16 7.144 1 6.534 9 6.740 0 1 950 13.2 13.7
I 17_704 10.943 1 10.738 3 10.040 0 420 31.5 28.9
17_12 7.504 5 8.494 7 7.936 3 483 23.7 20.7
v 16_F2_1 8.664 2 8.963 7 8.617 2 1256 17.2 19.3
1722 4.078 8 4.587 5 4.733 4 1283 13.0 14.0

KR 1 1T S 1 KT 270 1L A G kP 5 200 I A A 5 I ST 2N
FH [R]85 B A R 1 (= 28 /KO ) o Type I :Same tree height and different density when tree height is high level ; Type Il ; Same tree height and different
density when tree height is low level; Typelll : Same density and different tree height when density is low level; TypelV : Same density and different tree

height when density is high level.
4 Hi A AR B A A 1) 4005 ORI o 18 T4 A
! R T 0.82 0T i 1R A R ALSME DY
LiDAR A2 i 5 A YR W MO SCE, iy R B2t 0.90, FIFH« JI b3k s 7
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attached list 1:Relative importance value sorting code and variable correspondence

J 7 Order M My izl Mo i o M0l
1 AlH; D5, LLVLe — L2V/c — D5, H,on Dy,
2 Dsy Dy L L Dyy Dsy Hoyy
3 Hys H, .., H, H,,. AlH s AlH AlH 5
4 - T T AlHys Hyg AlHos s
5 Ho, Dy, Dy, o LI Hy, s
6 AlH gy AlH ys H,. Dy H,.. AlH AlH
7 i Hyy AlHy, Hos s Hy, -
8 AlH,s Hy, AlH,s Dy, AlH, Hys AlHy,
9 AlH Dy Dsy AlHy, AlHq, Dy Dy
10 Hy, H 4ges Ds Hy, AlHy, AlH Hz,
11 AlH [ AlH AlHqq Hys e AlH
12 AlHs, AlH3, Hys Hy, Dgy Hyy 7
13 AlH ;5 Hys Hi H, AlH Hu/rl AlH,
14 AlHy, T Dy AlHg, AlH;s Hys AlH;s
15 Hy, AlH; Dy s Hy, AlH,, Hy,
16 e Dy, AlH s H 4o Hos AlHy, AlHy,
17 AlHg, AlHg, Hy, sl b Hsy Dy,
18 Hy AlHq, AlH, L, Hyy e Has
19 Shewness AlH,5 AlHy, AlH 5 AlH, H,..., AlHy,
20 Hyg, Hy, Dy, H,;, Hs et H,,
21 [ 5, Dgy P Dy AlHy, Hgy Hgo
22 Hys AlH,, H ey Hgy variation AlH AlH s
23 AlHy, H,edia Hy, Dyo Dso H,p Wl st
24 Hy, Hs, Hyg AlH, Hy, Dgy Hy,
25 Hg, Hy, Il Dgy Dy, AlH, AlHg,
26 Hs, AlH,, L7 Hy AlH,, Hy, AlHy,
27 AlHy, Hg, ity Dy Hgy H 4der AlH
28 Dy AlHg, Hs, Dy AlH s AlHy, L
29 AlHs AlH Dy AlHz, Hg,y His Hg,
30 H,,, AlH;y T Dgy H e Bt Hyy
31 AlHyg, Hs AlHg, HW, AlHg, AlH, H,,
32 Hy, Hs it Dyy Hy, AlH;s Hos
33 Hos AlIH, H oromess ) HW, AlH,, AlHyg,
34 AlH,, AlHy, AlH,, AlH,s Hy, AlHy, AlHy,
35 H,,, Dy, AlH,, AlHj L{— Hegy Dy,
36 H e H, Dygy Dsy Hyy Hay Hy
37 Hy, Hy AlHy H, i AlH Hyy Hys
38 Dy Heg Dy B AlHg, Hyy Hsy
39 Dy Hy AlH;s Hsy AlHs, AlH)s H e
40 varition Hy, Hy AlH,, Furtosis Dy Hyy
41 Dy, AlH;s L - Hyy Hyy Dy, Dy,
42 Dy AlHs, Hg Hyy Dy Dgo Dy,
43 AlH, - AlHy, AlH o Dy, Dgy
44 Hs Dy, AlHg, H,p, Hyy oty H,0
45 il LT— Dy AlHs, ATH 0l D,y ATH; 1ria
46 Dgy H,, AlH,, Hy, el e Hs D,
47 AlH,eryt H\p Hg, AlHs, Dgo L~ U8l s
48 Dy Ds Hy, L~ L AlH, AlH,
49 H, Hs Hys AlHy, Hs VCV/c — Hs
50 Dy Ha H, Hys I#L, interval interval
51 U8ty H, Uil - AlH, e g
52 Hiriosis Dy Hys Hegy T H, Ds
53 Ds L Hy, Hyy Dy LA L
54 - AlH eyt AlH; Hys Dy Ds H,
55 H, L7 L~ AlHg, H, H, H,
56 oy bt H,, Hyy Dy, Dy, Dy,
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Inversion of Biomass Components for Larix olgensis Plantation
Using Airborne LiDAR

HONG Yi-feng"* , ZHANG Shou-gong' , CHEN Wei® , CHEN Dong-sheng' , XIANG Wei-bo' , PANG Yong’

(1. Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation,
National Forestry and Grassland Administration, Beijing 100091, China; 2. East China Inventory and Planning Institute,
National Forestry and Grassland Administration, Hangzhou 310019, Zhejiang, China; 3. Research Institute of Forest

Resources Information Technique, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [ Objective ] To establish the inversion models of biomass components for Larix olgensis plantation u-
sing Airborne LiDAR. [ Method | Compatible models were established by combining dummy variable and nonlin-
ear seemingly unrelated regression based on the biomass data of 64 trees in 40 sample plots of L. olgensis planta-
tion. The canopy height indices and density indices were calculated from LiDAR point cloud data. Then the
models based on these biomass components from field data and LiDAR indices were built using multivariate linear
regression ( MLR) and random forest regression ( RF). The biomass model validation was accomplished by Jack-
knifing technique. [ Result | (1) There was a significant (P <0.05) or extremely significant (P <0.01) corre-
Hg,, Dy, and D,0 which were screened using MLR. (2) The

models had good estimation precision with R* >0.82 and R* >0.91 for MLR and RF, respectively. (3) The re-

lationship between LiDAR variables and biomass could be reflected well by relative importance ranking of varia-

lation between biomass components and H

interval 3

bles by both MDI and MDA method. [ Conclusion] There is a good correlations between biomass components
and LiDAR indices. RF shows stronger ability about fitting goodness and generalization, while MLR can make
clearer interpretation of the relationship between LiDAR indices and biomass components. The present situation
of L. olgensis plantation can be accurately reflected using inversion models, and the underestimation of compo-
nent biomass will increase with the increase of stand age.

Keywords: biomass inversion, airborne LiDAR, biomass component, Larix olgensis
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