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Individual tree biomass model by tree origin, site classes and age groups
LI Haikui"*, NING Jinkui’

1 Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Betjing 100091, China

2 College of Landscape and Art, Jiangxi Agricultural University, Nanchang 330045, China

Abstract; Individual tree biomass models were developed by tree origin, site classes and age groups of Pinus massoniana
and Larix. Model validation was implemented using independent data. Two allometric equations, which were compatible to
stem volume, were fitted by ordinary least square and two methods of weighted least square. Models for above-ground
biomass, its component biomass and below-ground biomass were analyzed and evaluated through several important statistics
such as coefficient of determination, root mean square error, total relative error and estimation accuracy. The results showed
that above-ground biomass models of Pinus massoniana and Larix were best for fitted results and validated results by
classified sites. Variable allometric ratio models is better for Pinus massoniana, while constant allometirc ratio model is
better for Larix. Two methods of weighted least square showed different performance for model calibration and validation.
Weighted regression No.2 model (weighted function 1/£ "7 ) was better for calibration data than Weighted regression No. 1
model (weighted function 1/y*°) | however, the latter was better for validation sample than the former. The No. 1 model
presented best results for both construction and verification sample compared with ordinary least square.

Models of components of above-ground biomass of Pinus massoniana and Larix gave same performance order on fitted

and validated results, with best estimation for stem biomass, worst for leaf biomass and moderate for branch or bark
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biomass. Effects of sample classification method, two allometric equations and methods of weighted least square on stem
biomass were same as that of above-ground biomass. With best combination of sample classification, allometric equations
and methods of weighted least square, the total relative errors of biomass models were less than +10. 0% for branches,
+5.0% for barks and+30.0% and +£20.0% for leaves of Pinus massoniana and Larix, respectively.

Comparing with base models, below-ground biomass models of Pinus massoniana and Larix by classified age groups,
which were compatible to above-ground biomass and stem volume, respectively, had significantly improved on coefficient of
determination and estimation accuracy, especially, the models for Larix raised more than 6% in coefficient of
determination, more than 3% in estimation accuracy. In general, the model compatible to stem volume was better than the
model compatible to above-ground biomass. The test results by above-ground biomass and stem volume of large sample data

confirmed the same regular pattern.

Key Words; biomass model; site classification; age groups; weighted least square; above-ground biomass; below-

ground biomass
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R1 EMEEREARGITE

Table 1 Sample statistics for constructing biomass model

B Fh A b FEARL F-HE brif2: I/ME RME W2z
Species Variable N Mean SD Min Max Extreme difference
LM Wtz D/em 150 16.57 12.11 1.50 47.20 45.70
Pinus W H/m 150 11.96 7.20 2.00 27.60 25.60
massoniana B V/dm® 150 301.59 418.76 0.53 1825.45 1824.92
W1 Bark/kg 150 10. 86 14.43 0.04 61.89 61.85
P4 Branch/kg 150 30.72 47.60 0.04 273.45 273.41
Wt Leal/kg 150 7.72 10.23 0.02 70.20 70. 18
WF Stem/kg 150 119. 80 168.92 0.17 675.01 674.85
Hu_EFB43 Above 150 169. 10 233.74 0.32 1039. 14 1038. 83
R Root 54 41.86 65.73 0.04 285.01 284.97
AN W% D/ cm 150 16. 60 11.92 1.60 44.10 42.50
Larix Wi H/m 150 12.90 7.03 2.50 28.20 25.70
B V/dm® 150 320. 84 432.55 0.72 1928.26 1927.55
7 Bark/kg 150 13.80 16.61 0.07 74.46 74.40
PAE Branch/kg 150 32.49 44.58 0.16 205.53 205.37
Wt Leal/kg 150 6.29 7.43 0.05 38.33 38.28
B+ Stem/kg 150 124. 46 170. 41 0.22 863.55 863.33
Hi_E B3 Above 150 177. 04 234.02 0.61 1160. 74 1160. 13
R Root 50 62.82 88.26 0.10 346.30 346.20

R2 AMERIEHASRITE

Table 2 Sample statistics for validation biomass model

R Fh AT FEARL F-HE brifi2: I/ME RME W2
Species Variable N Mean SD Min Max Extreme difference
HEM Wtz D/em 51 15.73 8.07 4.80 47.60 42.80
Pinus W H/m 51 13.04 3.43 7.23 24.70 17.47
massoniana R V/dm® 51 179. 52 266. 15 8.11 1746.23 1738.12
W1 Bark/kg 51 7.30 8.71 0.45 56.69 56.25
WAL Branch/kg 51 21.33 35.19 0.59 219.06 218.47
Wt Leal/kg 51 4.44 4.92 0.20 20.76 20.56
WF Stem/kg 51 71.91 113.49 2.80 744.42 741.62
i I3 Above 51 104.97 161. 11 4.17 1040. 94 1036.77
AN Wtz D/em 99 14.21 7.85 2.80 33.60 30.80
Larix W& H/m 99 15.08 7.24 2.55 26.40 23.85
B V/dm® 99 217.87 243.83 1.10 1009. 40 1008. 30
W1 Bark/kg 99 9.75 11.92 0.08 50.33 50.25
WAL Branch/kg 99 14.71 18.49 0.26 106. 98 106. 72
W Leal/kg 99 3.03 2.91 0.04 12.53 12.49
WF Stem/kg 99 84.67 95.57 0.42 416.35 415.93
Hi_EFB43 Above 99 112.17 125.53 0.96 560. 09 559.13
1.2 ik

1.2.1 HARGHK

SRASAE A AR 22 Y0 DA FAR RN TR 0 TS o 20, 4555 7 U4 [ R AR U5 5 0 4 1) A g )
SE ORI E , AR5 18:5 W SCHRU | 5 AN AN AR BT RERR A5 432 9 AN G591 TR FiRe A it 0 2
150 A, -2 2 B4 AR AR RO B BT IR A P REAR 20 21 S5O0 48 1—5 S8 —26,6—9 S N —
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2o XFF WA o3 TR A IS SE 0 AR e AR Dy — 28 | I bR SCAAR A BObR IA —2 3£ 3
e AR AN IR A A 23 2R 15 0L

R3 BEEFMEIESRRER MMRAS LR

Table 3 Table of classified results by origin, site and age groups on samples for constructing model and validating model

WD RE AR 20 IR REAR R SEHLSYZE Site class #2053 Age groups
Species Type Origin N I 1 R I 1
M ScM NF 77 35 42 0.9939 53 24

Pinus massoniana SCM PF 73 37 36 0.9939 47 26
SVM PF 51 16 35 0.9815 32 19

P& Larix SCM NF 76 34 42 0.9922 60 16
SCM PF 74 37 37 0.9943 51 23

SVM PF 99 26 73 0.9883 57 42

SCM sample for constructing model EAEFEAS ; SVM sample for validating model B EFEZR ; NF natural forest KAKHK; PF plantation forest A THk

1.2.2 AYEpiR
Hiy 35843 A e AR R FH 5 A B 25 B9 A s A | LR BRGNS

V= ayd"h™ + e,

- ()

Above = byd"h™?V + &,

(V=a,d"h™ + &,

Bark = b,V + &,

B b= codV

yBranch == — + &, (2)

dydV"
Leaf = PR

(Stem = e,V + &5
K, d k53R M AR IR &7,V Bark  Branch | Leaf  Stem F1 Above 43l 244 T84 B B4 B2 A= W WA A= i |
WA A A R BRI e, 8, 858, Tl &g EIRZETN ;a, (a, \a, by b, b, ¢y dy . d, Fl e,
A (1) (2) AL R R ZER TR, (1) 2 BRI AR RO 50 (2) E M E A 4> i
SRR Y/Be i O o (W S 3 53 WAER ) T 0 422 ) O £ L B 1 WA S 7/ e e /7 A S/ BT A S AR 7 B S 53
AR AR R B AR T T AN S AR i T AR A b AR A AR i, BRSL R T TR
AR [X 43 [ 72 R R A s AR BOBE 2%, U A, =2 Sy g A o (M 7R i ) RN A o ( AR AR o) %) K
(1)x0(2) ",V Bark \Branch Leaf \Stem Fll Above JE W B85, d | h RS R, A AICA EHEE e
KA FE R R AR B, — & AT T AR AT I AN HER , — 2R 25 A R AR
Hom A R BN R SISO AR A i (D) AR 2) A AR LR A R
SRR RRE M | 4% IR I R AR B 632 20 [l A ) 5 i o o
(1) (2) FIA R CAR (constant allometric ratio ) A5 | 7 A4 RS I o4 5 % 5 44 FRA 25 14 A= 4
R R AT 2 R R )RR AR VAR (variable allometric ratio) B 2 (1) 2 (2) 28 Ryt
(3)2(4) .
V= aod“‘h[‘ze“dh + &

(3)
Above = byd""h"V + &,
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(V= aod"’haze“3dh + &
Bark = b,V + &,

B h_codV
yBranch === + &, (4)

(Stem = e,V + &,

H T TR A A () IZ VE  BRAR T AEAE 52 221 R T i IR 3 e/ — TR UL P2 A ) RS AY
(CAR BERUFN VAR R S 38 i F AR re/ D SRt A8, e A BB 1/ V() 174y, f(x) DR
ALy AR R (B FREA P ) B SEIAE,

HR ER A (M) A=Wyt B TAEAS SRAS B R ME AR 2 AR 25 )7, Y B3 o3 2B Wi R L S5 A AR
AR BORERIS | T F80 A= Py R oy

(V =a,d"h™ + &,
{Above = b,d"h"V + &, (5)
(Root = ¢,d" Above + &,
Kb, d b SRR S,V Above Fll Root 43 HIER T FR b b 38554 i F T 3840 AR W (1)
&\ &y Ml ey RED; ay, a, . ay. by, b, by c,.c, FIRFFRSEL,
MR R AL A B, 2 (5) hil B oA W i i Al TR 22 S AR i A i, e, X (5) ik S =X
(6) , FFRTPIASEEHY By 34T XF H 734
V=a,d"h” + ¢,
| (6)
Root = ¢,dV + &,
1.2.3  FERIAPEH A IE

Y E ZE(R) I HR1EZE (RSME, root mean square error) F-3Ji% % (ME, mean error) SF-3J46 %7 1%
2%2( MAE, mean absolute error) . i AH %f 1% 2 ( TRE, Total-relative-error ) | 3F 3 #H %} 1% 22 ( MRE, mean relative
error) AR 2Z 48 X5HE ( MARE , mean absolute relative error) Al i14% & ( EA, Estimation accuracy) 5§ 8 i
Gt br xS AL BEA T A, A S A AR X 4005 B A (0 35 R A 7 9 TE R0 3

Z (yi _;’i)z
R=1-“1 (7)
2 (yi _5/)2
i=1
RSME = (8)
Z(yi _;i)
ME = (9)
n
2y -l
z(yi _;’i)
TRE = =1————— x 100 (11)
Zyi
=1
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(12)

(13)

(14)

2o, y, T SEBRIE , y, RSB E , y I REACTAME, n WREAREL, p WBEAE FRBH 1, WEEK
a BFRY ¢ 1H

X Hh 1B A3 B AE YRR HUE RE(RY) BT RIR2E (RSME) SFH1R 25 (ME) 4F 8 WL 18 roxl A5 U 1
BEERIATIEM  RADE ZE(R) B MRIRZE (RSME) |, P31 25 (ME ) FLEAHXT 15225 (TRE ) %A 8L
PEEAT /3BT RIS UE 5 X5 b33 50 A Wy it 45 A e FH U8 REL(R?) (B R 1R 22 (RSME) | SAHXT 1% 2% (TRE) il
fETASBE (EA) A5 4 TR R A TR R & 25 RBET TITAN , O R A (R ) FLEA XS 1R 2% ( TRE ) X505
PEVEAT 3T RNEGAE s b N340 A i B PR BN, HE BEEEAS (= (5) Azl (6) AT Bl AR S
FHRREAS (M B350 50A WB EEARRE AR ) 4814 B M BRI 35040 B A= 01l AR i, FR LA A A 0 ) AR R AR
HEATIAIE, R (R?) 477125 (RSME) b THRTBE (EA) 55 3 TG THE AR 7 DAY A s MR T Sk

K F T 0 fe i e A (B S A e

e (SSE, - SSE,) /(df, - df,))
SSE,/df,

A, SSE, \SSE, 73 Bl A 1 FIHY 2 G220 J5 F, df, (df, ol isiRl 1 AR 2 [ B,
2 RS54
2.1 Hb B
2.1.1  Hb EERSSAEY R

PSRl R TR 0207 kb 3o A Y B (g F S 2 SR L3R 4

(1) FEAR P XA A 45 S 1 5 )

MR 4 AT DUR IR SRR (1) B, SR LG 45 R | e R8I iR 22 |3 B pRi £k
4 AR 2TV I A S AR B ST R T A AL TR R IR T A RS TR 207
% AL SR BN TE 1 s R A 225 (AREA IR o R i 45 R it . HoAy S migeit &, F
2 Xo 1R 25 A AN TR 5 S P A X 15 2 RIS JAT A Yo 15 25 4 o AL o 35 30 [ 1 2 s s 3 5 R 0, R i AR [ U B R
JIT 2 3] AR VU FIAREAR 4325 2 2 (A1 22 BIAS K, HL&AT B 0 A R 5 S350 22 300 1T 4 AR AR AR 43 2R 25 511
TE=1.5 Z 8], IA e A 532 1 (AU 8 17y ) BI7E+5. 0 BT, InAS a9 7 vk 2 (A pR L 1/ %) 3R R 0
SRR ZE A R HTE£1. 0% Z 8], AL A J7 8 1 75 £3. 5% BT, A sl = 75k 2 A0 0%

MR A (1) B, 5 AR AL G A5 R b Do R I AR 2 A TR B2, SR BT A R B
AT M ST AR TR IR RS IROL T A RS FE AN AT AN [F] 5 1144 X0 15 2 FF- By AE X8 22 e XHE L 3 FhAL
B 4 FEREAR DT 4 A A K AT IR 2 AR EAE 10% 2 P9 5 BRI X i 22 A 41 2
BRIt RN 5 AR SR .

AR (2) —(4) B, 5 EBANFIVE AL 8 AGE it ARl AR LA FpoR FH 28 (1) &5 AR,

(2) ANIRIBRIL A 45

ek 4 RN (1) 1K (2)3 FRALEE pREL 4 FhEEAS 73207 ARG R A 45 51, vl LA . B T
FIRTIH T3 355 37 2R X 5 22 RS- Y AR G R 22 8 X =X (2) R TR (1) R dsbn faA LR E (1) T

(15)
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R4 DEBR FEHRARERE TRSEFT KM LS DEMRBMESER (WD)

Table 4 Fitted results of above-ground biomass models for Pinus massoniana and Larix by different model and classification method ( part)

b K '{‘Iilzlﬁ S 4t Statistics
Species Model ngbted Classification >
functions R RSME ME MAE TRE MRE MARE EA
FEAR(RG3ZE) 09670 42.45 -0.10 20.63 -0.06 0.25 15.85  0.9588
1 AR 0.9672 42.32 -1.35 22.02 -0.79 1.50 20.04  0.9580
S 0.9720 39. 14 0.35 21.47 0.21 22.23 40.15  0.9593
il 0.9688 41.28 -0.48 21.06 -0.28 7.96 23.82  0.9572
FEAR(AR432E)  0.9645 44.06 5.39 21.75 3.30  16.20 26.03  0.9572
(1) 1/9%3 IR 0.9654 43.46 5.32 21.71 3.25 17.82 27.09 0.9554
AL 0.9687 41.36 5.05 21.28 3.08  18.13 27.94  0.9587
il 0. 9669 42.51 4.99 20.61 3.04  13.49 24.07  0.9558
FEAR(AR432)  0.9657 43.30 0.00 21.53 0.00 8.44 22.25  0.9580
1/f03 LR 0. 9667 42.65 0.00 21.42 0.00 9.41 22.90  0.9577
AL 0.9691 41.09 0.05 20.98 0.03 5.08 20.33  0.9573
HEM JLcga) 0. 9680 41.82 0.00 20.53 0.00 3.89 19.40  0.9566
Pinus FEAR(AG3HE)  0.9653 43.53 0.16 21.59 0.10 -0.89 16.38  0.9574
massoniana 1 YR 0. 9666 42.69 0.90 21.99 0.54 8.84 22.52 0.9570
S 0.9681 41.72 2.78 21.23 1.67  25.69 36.46  0.9552
gt 0.9661 43.04 1.56 21.17 0.93  11.03 21.03  0.9538
FAR(ARHZ)  0.9550 49.60 14.63 23.85 9.47  23.12 29.33  0.9515
#(2) 1/y%3 AR 0.9628 45.07 8.44 22.25 5.25  13.69 23.35  0.9546
S 0.9634 44.70 8.04 21.65 4.99  15.21 23.85  0.9520
L) 0.9658 43.21 4.95 21.19 3.01 8.54 19.13  0.9536
FEA (A1) 0.9653 43.54 0.14 21.40 0.08 2.45 18.08 0.9574
1/£03 AR 0.9656 43.34 0.12 21.59 0.07 3.05 18.52  0.9564
S 0.9657 43.30 0.28 21.27 0.16 2.11 18.15  0.9564
ficgaE] 0.9664 42.82 0.03 20. 87 0.02 1.64 17.69  0.9540
FAR(AR432)  0.9692 41.10 —-1.02 19.24 -0.57  -4.01 16. 41 0.9618
1 AR 0.9696 40.78 -0.08 19.55 -0.04  10.72 30.31 0.9611
SLHE 0.9742 37.62 0.52 17.48 0.29  53.21 66.38  0.9620
ficga] 0.9742 37.60 0.63 19.05 0.36  30.37 39.13  0.9621
FAR(AR432)  0.9687 41.40 3.73 18.81 2.15 8.87 18.83  0.9615
K (3) 1/ AR 0.9694 40.94 3.63 18.55 2.10 8.75 18.67  0.9609
S 0.9726 38.74 3.29 17.47 1.89  14.59 23.46  0.9609
icgaE] 0.9731 38.36 3.32 18.10 1.91 12.09 21.51 0.9613
FEAR(AR432E)  0.9691 41.17 -0.01 18.50 -0.01 4.76 17.53  0.9617
17793 AR 0.9698 40. 68 -0.07 18.36 -0.04 3.65 16.94 0.9612
S 0.9727 38.69 -0.03 17.44 -0.02 5.04 17.49  0.9610
AU 2 0.9736 38.01 -0.02 18.24 -0.01 5.14 17.97 0.9616
Larix HAR(ARDZ)  0.9664 42.87 3.77 19.83 2.18 16.42 23.08  0.9598
1 AR 0.9659 43.23 4.02 20.23 2,33 22.72 30.40  0.9581
A 0.9689 41.28 3.38 19.47 1.95  44.71 53.83  0.9569
a8 0.9682 41.73 4.44 19.95 2.57  49.93 53.82  0.9564
HAR(AZE)  0.9558 49.18 18.75 25.86 11.84  43.42 44.86  0.9539
K (4) 17503 IR 0.9487 53.02 19.61 26.33 12.46  36.77 39.11 0.9486
DA 0.9678 41.97 1.25 19.22 0.71 19.53 26.37  0.9562
fiexel 0. 9603 46. 64 10.86 21.78 6.54  33.37 36.47  0.9513
HEAATZ)  0.9660 43.17 -0.10 18.72 -0.05 15.78 22.89 0.9595
17793 AR 0.9662 43.00 -0.18 19.36 -0.10 13.03 20.87 0.9583
S 0.9676 42.11 -0.09 19.16 -0.05  10.92 20.40  0.9560
il 0.9635 44.73 -0.05 20.13 -0.03  20.19 26.67  0.9533

R R 1 AR R/~ AR PR 17y ol N A AR i (B AREAE ik ) 1 S, AR SRS 1/ O o f SR A B

K (2) MHZERIARK, B0 . e A RO 0. 015 h#cER 4 th AN (3) Ml (4) 3 FACE K%L 4
POREA IS STT AR L A2 5, A (1) A (2) AL SR, XIS B AR UF, JCIE = BUZ CAR #5
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RIAJE VAR B b 3505 it 540 AR A MR A R ELIE A T3 L350 2 A R (AR LE |, ORI K £ R
B BRGRE

R 4 h A (1) A1 (3) 3 FIBECE BREL 4 FIFEAS 320X R 25 5L AT LU B P32 F
B xb iz JaAXT IR 2E SF AR 25 A R 22 A HE B LS (AP R IO iR IR 2 ARG B, 3k
ARG TR(L) AHZRIARK, G0 R RE NGB R R 0.5 AN H 40450l R 4 h 5 AR
(2) M= (4) AT R 680 e/ —3fe , 2 (4) By RS R iR 208 0 (2) , HApdein, &
SREAME AHEEAR 130(4) 19 4 FREA 32807 AR A BN B AR . RN nl )3 773 WA B/
WA AR X UEEH VAR BRLAE SR T CAR R

XFFIE A, o A B o A A AR RS LA T R AR AR L pE SRR 4D
A TR AH AR A R BEA K, S A F S AR L B CAR BEAE SR F LT VAR B X — sl B 2
FAIESFAR IR

(3) Fe AT e 4%
PASC (1) A pRECH 1 (Eidf/h—3) Jr2RT5 R N A (R0 28) IR R SE | DLk E AR 8 205 AR
DRZE AV N EBHE bR, JF G B2 B S TR 2255 5 R bR, N 1h AR TN I FA4S 48 A2 YRR h b 5 i

DR 12 AL (0 THERRASEAY , AR OE T BRI AL A 20 5 B0 T 12 A4 W e BB s — O TR Al
MG ) GRS,
£5 DREMREMHRBEN 12 MR

Table 5 Twelve models with accurate fitted results for Pinus massoniana and Larix

e LN Pinus massoniana FEMH Larix
No. R &N 53T e D& 53Tk
Model Weighted function Classification Model Weighted function Classification

1 #H(3) 1 SLHE (1) 1 12
2 (1) 1 37 b A (3) 1 ficEs|
3 H(3) 1/f03 S = (3) 1 S
4 X (3) 1/4%3 SEHL (1) 1 A
5 K(3) 1 120 (1) 1/f03 20
6 (1) 1/y%3 ST (1) 1/y%3 W2
7 i (3) 1 AR =X (3) 1/f03 12
8 = (3) 1793 W2 = (3) 1/y%3 W2
9 (1) 1/f 03 S (1) 1/f 03 St
10 (1) 1 20 K (3) 17793 S
11 K (3) 1 HA K (3) 1/y%3 S
12 (1) 1/y%3 S

F R R SRR 11 AR PR RN T A8 (1 12 A e BRI & AT A SRR AR L5 B N7 AR B 5
5,

(4) R EHIE

i FHIGUEREAS X B RN RIS I 4 FRAEY 3 FIAN R pREL (4 FRAEAr 07 IE 10 48 LA FTINE, 45 %
k6,

M6 T LU FEA S R A SR A R S DL, S AN T P RECIY 2510 22 % T
Hi S A LH A3 28 0 T i fe L, A X 15 25 37 M s R 43 28 1) D i A 38 Ry f /NSO i 5. 0%, F- 3R 25 A AR
[ (8 A 5 A TR PR AR, 352 A I A 38308 [0 v A el 0 v, A RT 05 1 (AR pR A 1790 T
TNALENA 2 (AL BREL 1/ ) ORERBRE A SE N[ I HL 4 FPGE T8 Ar 24 52 B0 A ] (0 B0 A 5 A 78 2 Ja] (1
KER, LM VAR BAME T CAR BEAY VAL A [R], 107 7% P44 0 PR AT AL 5 A7 0 45, R A A I
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Table 6 Validated results of above-ground biomass models for Pinus massoniana and Larix by different model and classification method ( part)

o ﬂﬁg, ST LM Pinus massoniana VEMHS Larix
Model Welghted ¢ ification R RSME ME TRE R RSME ME TRE
functions
HAR(ARDZE)  0.9760 24.95 -10.22 -8.87 0.9860 14. 84 -6.07 -5.14
1 H IR 0.9729 26.53 -9.09 -7.97 0.9882 13.64 -0.91 -0.80
S 0.9758 25.05 ~11.21 -9.65 0.9884 13.54 ~1.46 -1.29
g 0.9796 23.01 -8.16 -7.21 0.9873 14.17 -2.28 -1.99
FEA(R4M)  0.9806 22.42 -3.26 -3.01 0.9876 13.96 -4.07 -3.50
(1) 1/4%° AR 0.9797 22.93 -1.17 -1.11 0.9878 13.84 -0.93 -0.83
Equation (1) S 0.9788 23.45 —2.47 -2.30 0.9886 13.41 -2.01 -1.76
ficsEl 0.9843 20.18 -3.16 -2.92 0.9882 13.66 -0.81 -0.72
AL 0.9772 24.34 -7.69 -6.82 0.9876 13.96 —-4.07 -3.50
1/f03 IR 0.9768 24.52 -5.78 -5.22 0.9878 13.84 -0.93 -0.83
SrHb 0.9783 23.73 -5.03 -4.58 0. 9880 13.76 -3.34 -2.89
i) 0.9830 21.01 -6.25 -5.62 0.9880 13.74 -1.91 -1.67
AR (RHZ)  0.9766 24. 64 -6.93 -6.19 0.9801 17.73 -8.96 -7.40
1 IR 0.9764 24.77 -8.73 -7.68 0.9881 13.69 -3.00 -2.61
ST 0.9849 19.83 0.29 0.28 0. 9890 13.19 -2.07 -1.81
el 0.9809 22.26 -6.41 -5.76 0. 9880 13.74 -2.94 -2.55
HEACRSZE)  0.9813 22.05 3.61 3.56 0.9862 14.76 3.99 3.69
#(2) 1/y%3 IR 0. 9806 22.46 3.72 3.67 0. 9890 13.20 0.78 0.70
Fquation(2) S 0.9807 22.38 5.31 5.32 0.9889 13.20 -0.29 -0.26
el 0.9847 19.93 3.79 3.74 0.9888 13.26 -1.74 -1.52
FAR(ARDZE)  0.9775 24.15 -7.22 -6.43 0.9827 16.49 -7.69 -6.42
1/£03 Rt/ 0. 9800 22.76 -5.02 -4.56 0.9877 13.90 -2.79 —2.42
S 0.9820 21.63 -1.35 -1.27 0. 9837 16.02 3.31 3.05
g | 0.9843 20. 16 -4.15 -3.81 0.9879 13.78 -1.81 -1.59

R R 1 AR R/~ AR PR 17y ol N A AR i (B AR AE ik ) 1 ST, AR SRS 1/ O v f SR A B

SR BV HABOREAS S OB 7 BB AT RGBT, 9 00 D R AR O P B TR,
B AR PR, LA (1) R BRECH | (RN ) M7 bk R AR (R 4326 Ry Sl L) ple
A R IR A LB 22 T BT, T AR FTR I AR 4% 48 AL A IR B E 45 SR v B A R 12
AN F RS0 A FL 5 HERAS R A0 25 5 b | SR D 7, T BRI I T o i L 400 A5 M R T
ZES IR S Ve

R7 DEREMBRBIIRERRMRN 12 MEE

Table 7 Twelve models with accurate estimation for Pinus massoniana and Lari

YA Pinus massoniana &M Larix
’;f? i BRI jome mnut o BRRE yoome mswt
o Model Welgl,ltcd Classification Sig. Model Wc}g},lted classification Sig.
functions functions
1 K (3) 1/5%3 ST * K(2) 1/5%3 AR o
2 K (3) 1 S % X (4) 1/y%3 Rl o
3 (1) 17503 il * ok K (2) 1 S *
4 Ri(4) 1 S (1) 17503 S *
5 X(4) 1 A * ok X(3) 1753 £ * ok
6 x(2) 1 37 H(2) 1/y%3 ficE| *
7 R(3) 1/y%3 R #H(2) 17503 S o
8 H(2) 1/y"3 ezt #H(3) 1 AR * ok
9 X (4) 1 AR * o K(3) 1/9%3 A -
10 (3) 1/f 03 S (1) 1 37 b * ok
11 R(2) 1/f 03 jlcgdcl H(3) 1/y%3 S *
12 (1) 17793 el * i (2) 1 AR ok

o FRAEEAR K 0.05 5 REAERIZE S B3, « FORTEEF /K 0.10 L5 HERBINE R B35

http ; //www. ecologica. cn



3 AL TR 7 MR LB B A 749

*8 FENFHEEMEREURMINBIELREMAEDR

Table 8 The models with best fitted results for construction data and accurate estimation for validation data

" L s Ko . St
i ey e T T e i AT
. Weighted . Order for . >R Order for
Specise Model . Classification L Sig. .
function validation construction
MR K (3) 1/y%3 37 Hh 1 * ok 1.02 4
Pinus massoniana x(3) 1 S 2 * % 0.96 1
X(3) /93 STt 10 0.72 3
R Larix (1) 1/4%3 S 4 * ok 0.26 12
(1) 1 S 10 o 0.24 4
K (3) 1/4%3 S 11 * 0.24 11

# & FOREEFKF0.05 L GRAMBERIZER B, « FORTERFAKT0.10 b5 RERMERIE 5 B2 0IEHHF RIS AUAE 12 A FeLIRiEss
SR (g HET , B HE T I P AR R A 12 IR PEAL SRR P HEIT | >R 7R SR TESS S LU RE RIS R 90 TR 45 SRR v 1 R ACE 43

8 MR 7 AT LI S AR AR RS R M s AT U v 1 nT DA AR R RS B TN AR
AT 2 FEASRE 35 B R A A0 (A% B8 5 X - S5 B iy VAR BRI, X I& I8 CAR AEAY Ay
2.1.2 MBI AT i

9 SR EIMASRIBRL UR[R] 43205 2 b 134345 43 s AR WA L A 2

O H AT LA B T L A, DR R BRI MR AR 22 $ R R 7 b RN AL 438, TR e A R
R AR SR R, 78 HA S5 R RIRCE s 850 AR BB DL T, BUA 25 R0 I 43 2809, B4
ZAE T ST MR A 7 1 s AR 22 WO A R A R 2 TR M EE AT R B, T 4 2800 7 ik
AR T A Sy 2 (R R B AR BEAN R 0.5 AN 43 a5, W BB RIR I | 232 ) i AR 43 28 i
K R A A AN ) AR oK B R TR A3 M A ARl U 1 (ALEE R 1797 ) i XEFIE IS, P 2R B50RT
Py AR 22 WA RIARS I | A A 2% o (SRR R pR R0 AR RIS D0, 8 S BLE 25 B T 43 25109,
H g R4 T sl 21 0 70 BRI B 48 4153 28 D5 3 TR 3 28 00 Jr i e U8 43 2%
BT IESI AN AR S 2 50 F ST M A R T RR Sy 2 i A RS (RS B 8 R 4240, 276 inA 1]
P 1 (AU R 1797 Tk,

9 IR T AN R BERCRUR (8 AR i P RER AR S DR E CAR BB (X (2) ) MBI 45
BT VAR BRI (K (4)) , SARXRZ N A s T AW, Do R8 307 AR 25 FIORG 2 7 5 [m]
A A IET S 1 (ASCER PR AR 1/ ) ST ML B8 20 A 2 I D0 T, VAR BT A P16 25 A T CAR A7 i i
ER A SRR A AEH AR OLT , CAR BT VAR A28 SARXT IR 2 M B A LS H2ZE A K,
XPEE I TCIB S By A, SR T B A i, e R B 307 AR 25 FIORG B, CAR A7 1) 0 & &5
BT VAR B RAHXTR2ZE M E A S  HAH2ZEAR K,

A% 9 L nl U, Th A FIVE A AR B AR AR IR E , 78 AR SR AR R A5 T, J AR R e 3l o]
I F AT A e U3 g Ry 32w, SR IA RIS 2 A F A RIS 1, 3 R A A b3 4 A
S/ ib ey I

TR AR A RN T 45 A ) s R AR R R TR A Al TG, HLA A e b L3843 S A= Py it v 4 L 151
AN]SR, T T K A TR TR A 2R BORORG B2 s iy, A i L SR/ A T A e 2R BORIVRE i A A
I, AR (8 A Wy e — MRS TR B2 9 A i A i e e 2R B5ORIORS B, AR R s v A A, ] B AN [RD 18 40 25
2 TER B IR R RN TR A 4 R A W WAL A A I I U 457 AN TR AR ME & BRI, B DA b -3
Sy B EEARE R SRS A AR Y ORS8RI A CAR B (2R (2) ) A FEak, 7
24 MNA T BEPE 10 A CHSRAE T IEREAAY (1) 205800 F 10 A, W H sk $ 3 i J5 — A0 T 3L b A0 14 21
H) EMAE R ILE 10,
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Table 10 Ten models with best fitted results for Pinus massoniana and Larix

. LM Pinus massoniana FMHL Larix
No. R DENE T SIHTTIE i DEEE SrHTTE
Model Weighted function Classification model Weighted function Classification
1 i (4) 1 A Hi(2) 1 12
2 K (4) 1 21 K (4) 1 S H
3 #*(2) 1 S H(2) 1 s
4 K (4) 1753 S (4) 1 440
5 K (4) 1 AR K (2) 17503 S
6 X(2) 1 AR K (4) 1/y%3 S Hi
7 #(4) 1 HeA Ri(2) 1/f%3 SLHb
8 X (4) 1793 LUEE| A (4) 17793 S
9 #*(2) 1/f%3 & x(2) 1/ 03 Rabd
10 H(2) 1 LUEEE|

F RS SR bR T SRR 7 AR AR (A3 28 558 [ H Y VAR #EAL) Sb, HAr 9 DB i
FATR 9 IR BT R E AT T SE R AR L A S NP A B 22 5%

i SRR AS X By EEAS R T AA T APAR Y 3 FIACEE pREK 4 FIREAS 232507 311 24 G FAT 5000, 45
W11,

AFE 11 ] DU B A YR, P A S AR AA R 2 B0 T AR AR AR [R] B B, T b R g
BRI R SRAEG , A5 Bz RAREASE A ], (L2 AR AT s B I s A AN TR) LRSI 44N A iR o, X F S B An +
W, $8 37 M B A 53 2 0 i, R R BRI X iR 22, YL T AR A0 2800 5 ik e U5 40 25 0 J i A — g L
FARATHE) s T HABSAFAH R (15 5T, JEAC | VAR B8 (2K (4)) 7E A T8 45 7 TTER L T CAR B (X
(2)) ;45T M RS BT, 38538 [T P RO, AT 1 A8 SRR X 158 22 O 1T e P, 76 At 70 2 1
AR TR PR 1y FEPIAN TR AR T TR R G, 3R S GEAE AR L b S A e A ] % L
A (3R 9) , AT LUFR RIS UEFEA 1 P E REUL T JERAEAS | B AR 22 B UE AR AR R T JEAEAS (05325 )5 B
MR LA A KT 25% o X TV AT, FEA RS EAMBARL, BOR L5 AR TE 4T 0 E
FEAR B P E BB T AREA SRR 2Z 0 BRI A A BIAK F+2%

XF T 5y R AR AR W f  REAS A3 S 45 SR TR R BAE 4 TR bR 14 5% ) A Dl ) A 5 7 At 25 R AR
FIEESL T, SR b CAR B8 (X (2) ) 7R P REL I MR 2E FORS B 3 45 b5 7 AR T VAR B (5
(4)) , T AMAHRT R 22 AN — g 5 %38 (A AP R S MR ZEFURG FE 3 A48 b5 J7 T U0 T A [l )3 i Gkl
XFiRZE AR T AR T 1 (AR pREL 17907 TR WINAL RN 2 (AR pREL 1/ ), 3xX — a5 R B3 o A= ) i
SN, X FUERBIREAR (3R 9) , AT LA B I IERE AR P RBCRIL T EBREA N L AN E 388 5 N E
SN B UEREAS AR BE R R (RS FE SR UEAEAS B/ N T A, AR R IR BE 8K, DA 3 A H 43 BRI 12
ANH T RAE ABRAR LA, SR R AR B2 22 DI HIASEE AT 5 AN F 40 0, SAH 1R 22 ) Bk A
AFNEBAEA ) 2R o KT AR A ), A SR X U e RBAE 4 TR A 1) 5% e A ) b 1 0
S TEHA AR AFAR IR IO T, A T VAR B8 (20 (4) ) Al CAR B8 (2 (2) ) fEPRE RS 4 M 8brJrmik
I, B W A BR T AR A, o RS 4 s bR AR AR AL S 1 LT A R
2, AN 2 PR35 e, X R BIREAS (R 9) , T LA B I UERE AR AR BRE AR B P RECRG B, T84
B B UERIRLOR TR AR 1Y 3 AR AR 3 S IR O TS 1 RS B AR A B A i /N T e R A
FHXFIR2E AR PRI 1, B UERE AL T @R A | 3730 ]S A AL w1 2 SRR AL TR AS . 28
Ll HhL , FT LAY Sh A 5 AR B AR o AAS A et RIS I A 4y S e 45 R A T AR L 1 53
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Table 11 The validated results of models for components of above-ground biomass for Larix by different model and classification method

Ziit i Statistics

&iﬁl ixviﬁil Cfi ﬁfﬁn W E Bark W# Branch W Leaf T#1 Bole
R? TRE R? TRE R? TRE R? TRE
HeA 0.7706 4.10 0.8821 -0.42 0.6992  -18.52  0.9738 -9.22
1 Rt/ 0.7484 9.21 0.8069  -17.30 0.6022  -18.70  0.9864 -0.06
37 Hh 0.7628 2.68 0.8004  -17.71 0.2717  -29.37  0.9829 2.54
il 0.7465 7.69 0.8036  -16.62 0.5742  -22.14  0.9870 0.19
A 0.7452 15.89 0.8177 29.76 0.7551 25.46  0.9863 -1.56
#K(2) 1/5%3 AR 0.7552 5.76 0.8754 -6.66 0.7128 -0.54  0.9854 1.57
Equation (2) 37 Hh 0.7650  -0.71 0.8893 0.32 0.4803  -25.11  0.9851 0.89
X 0.7563 4.02 0.8603 -9.60 0.6169  -18.80  0.9875 0.18
A 0.7660  -2.45 0.8650 -8.84 0.6793  -15.78  0.9826 -6.05
1/f%3 Rt/ 0.7539  -0.91 0.8010  -17.38 0.5627  -20.27  0.9859 1.40
S 0.7245 10.06 0.8758 -8.84 0.6417  -17.89  0.9782 5.63
e 0.7505 2.94 0.8269  -15.53 0.5545  -21.00  0.9863 1.71
FEAR 0.7703 4.08 0.8823 -0.41 0.7004  -18.54  0.9741 -9.23
1 I 0.7526 9.16 0.7944  -17.38 0.5762  -19.61  0.9874 -0.17
S 0.7050  18.95 0.8557  -11.13 0.6453  -17.23  0.9764 6.70
icEil 0.7522 7.11 0.7917  -17.20 0.5525  -22.95  0.9867 -0.47
A 0.7451 15.92 0.8175 29.80 0.7550 25.50  0.9863 -1.54
X (4) 1/y%3 Rt/ 0.7550 5.80 0.8755 -6.65 0.7129 -0.51  0.9854 1.62
Equation (4) S 0.7297 9.60 0.8718 -9.27 0.6743  -15.02  0.9806 4.92
20 0.7585 2.96 0.8579  -10.37 0.6109  -19.41  0.9874 -0.61
BA 0.7665  -2.21 0.8667 -8.62 0.6806  -15.68  0.9830 -5.88
1/f 03 LI 0.7528  -1.31 0.7974  -17.82 0.5622  -20.07  0.9848 2.14
S 0.7246 9.93 0.8750 -8.96 0.6410  -17.79  0.9786 5.59
el 0.7495 2.57 0.8258  -15.98 0.5568  -20.96  0.9861 1.87

FTREAR G326 AT A [e Y53 5 OO0 i %98 70 1) A2 0 i B2 W) 49 07 O AN — 2, B REAR R i A 9 1L
I TE A FERBREAARL, LA b0 7AW i o SR, [R) I S &> o3 i AR 0, AN O3
2R G R CAR BB (30(2) ) N2kl 7 24 DG 2R 10 A (CHERIE T EAIEE A H A8 T 10
A R R B m — MU TR &) ARG 4R AR 12,

R12 DEMEMBREIEEAERRMLL 10 MEE

Table 12 Ten models with accurate estimation for Pinus massoniana and Larix

s ILERFA Pinus massoniana V&M HS Larix
No (e AU PR IR LY AU RAL VIR
Model Weighted function Classification Model Weighted function Classification
1 (1) 1 A1) 5 (2) 1 A
2 X (2) 1 YA X (2) 1753 I
3 X(2) 1/y%3 il X(2) 1/y%3 S
4 K (2) 17703 el X(4) 1/9%3 AL IR
5 X (4) 1 ficE| (2) 1/y%3 il
6 K(4) 1 Rabld K (4) 17503 ezl
7 H(4) 1 HA X (2) 1 AR
8 (2) /703 ST (2) 1 ficgaE)
9 X(2) 1/y%3 A H(2) /93 ke
10 K (4) 1/y%3 HA K (4) 17703 AR
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e e L

x13 FARHEEHMGRARMMEIESREMLHEDR

Table 13 The models with best fitted results for construction data and accurate estimation for validation data

i o BRBEC e W e n g i BT
Specise Model Welghted () ification 00" " Sig. >R Order for
function validation construction

LM X (4) 1 S 1 * 0.96 1

Pinus massoniana £(2) 1 SrHL 2 * 0.89 3

X (2) 1/f*3 it 4 0.83 9

K (4) 1 12 5 0.81 2

X(4) 1 IR 6 o 0.65 5

HX(4) 1 A 7 % 0.65 7

K (4) 1 S 1 * 0.96 1

TENH Larix K(2) 1 S 1 S 0.89 3

K (2) 1/y%3 S 3 ok 0.88 5

X(2) 1 e 8 s 0.79 1

# x FORTEEFKF0.05 L GHEMBERIE R B, « FOREEF/KF0.10 b5 R 2 5 025 bk SR TR BAE 10 L3R eSS
SREPHET A I B B RRITE 10 A B ELSBERL P AHERT | > R? /R B0 RSS2 LU R RIS AL I0 TIESS AR 5 1D E R A i

13 R TS R, S 32 nT LR g P AR, [ AT A il s A B A R R
—E VAR BERLE T CAR AT o A b3 5 A e A 7 — 3 3 3 [l A O 5 ik dme L. X T it A, Sz b
3R] LA g R AR, () Iy mT LA o 3 1, o AT b 30 AR Wy R A R — 3 CAR AR T VAR A,
[ 7 st b B A e TR () 5 R S R AL, 383 [ U1 #4771 ) A A R s A AN

TEHABZEAFRRIA IS B F , 20(2) 23 (D) 4ifE Ay & (CAR BERY) |3 (4) 23 (3) ALY e (VAR
) FTRL, PR 13 RN 8, AT LA HE : By R Ay, 38 (0] U3 REAS S i 70 2K VAR BEAY | ] i s 2 7 B0
B M AR A5 R A MR R AU S A5 R AR A IR A R O s Y R, (A REAR ST
Jr2EHY CAR KLY [ A et b 0 S Ay b b o 45 Bt AR W i O R A UL 4 R TR A KR
WA R R
2.2 HURES () B

ChRAN VMR LT FR A MR U S ER IR 14,

F14 SER EHBRARSEFEMTRS (R) EMERAMUSER

Table 14 The fitted results of above—ground (root) biomass model for Pinus massoniana and Larix by different classification

W il K K (5) Equation (5) A (6) Equation (6)

Species Classification R2 RSME EA R2 RSME EA

LM HeA 0.9439 15.56 0.8919 0.9416 15.88 0.8932

Pinus massoniana A 0.9551 13.93 0.8947 0.9568 13.66 0.9041
A 0.9551 13.92 0.8918 0.9570 13.62 0.9008
el 0.9592 13.28 0.8953 0.9612 12.94 0.9058

FENAL Larix A 0. 8692 31.92 0.8434 0. 8689 31.96 0.8488
AL 0. 8989 28.06 0.8483 0.8974 28.28 0.8557
S 0.8983 28.14 0.8429 0. 8960 28.47 0.8547
12 0.9365 22.25 0.8758 0.9354 22.44 0.8855

14 R g SRR ALY, S5 B AR YR A A IR (3(5) ) i A S A BUR A AR
(3R(6) ) FEARDP LT BT E > A AL S AR TR, 3 M 2807 ik, DU 4L ey, W B AR,
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PRI ) D R0 R 1.53 1193 AN E 3 il AE BE A1 0. 35 1 1. 26 AN J3 s KR AL, P s
AU R 3R 6.73 F1 6. 65 > H 43 4 AEFEHE = 3.24 F13. 67 A 70 i, ROR I 5 B IR 2K T
5, AT B B P FRBORIRG B BE AN K 5 7 bt T B8 2 D R 40 (H i 2801 B0 38 n , A mT e AR A iy
K B2 (/N ER 22N 2 THIH S8 B3 i 52 )

it — DA F RS I T AN, 2 (5) 19 4 R 280k RIAAAAE B 8 25 5, X (6) iR PRI 240 5 R
AR IBIAE B AR X E] 0. 05 7KF- FAFFE B E 25 5%, ST 5 R0 R AE B A5 X 0] 0. 10 K BAAE B3 22 5 00 F
RN, 3 (5) S(6) BIE ST HUREY L FR S AR RAEEEAF X 0.01 KF LA EESR,

PR 2 R 22 BN K, W B AR 2Kk, (5) s 2B T (6) R EAL(6) {5 3 Fiyik
1520, 2 (6) B PEE RBCFIE REER L T2 (5) o

XFPEIT R 4 R ik R g R R e B2, (5 T (6) SR (6) T (5) , HZERIHA
KA 1 ANE A,

F 15 JE I RFEA (150 A EABREAS ) F50I0 Ay by b 35 53 S A W s FRA AR, SR UG A RSB R AT S0 iE . A
AT LA B 43 207 VAR e ZR BIORDRS B 1 s i R A — A (R RIAE A 2500, T0Ie A 0 2 e R 4K
2 (6) T (5) o X PTRESE: A R T3 0 S A i, ek b R SR A T R R A
I RRAIR LR, B ER(6) S8 T LA R (6) BT (5) .

x15 SER EMHBRARSEFEMTRS (R) EMERBULER

Table 15 The comparison of of above-ground (root) biomass model for Pinus massoniana and Larix by different classification

W il S iR K (5) Equation (5) A (6) Equation (6)
Species Classification R? RSME EA R2 RSME EA
)N FA 0.9377 16.41 0.8861 0.9374 16.44 0.8894
Pinus massoniana AR 0.9339 16.91 0.8721 0.9494 14.78 0.8961
S 0.9299 17.40 0.8647 0.9518 14.43 0.8962
ieEEl 0.9346 16.81 0.8693 0.9520 14.40 0.8952
I Larix HAR 0.8674 32.14 0.8442 0.8691 31.93 0. 8507
ot/ 0.8893 29.36 0.8412 0.8970 28.33 0.8610
S 0.8833 30.15 0.8394 0. 8966 28.38 0.8571
icxEl 0.9116 26.25 0.8602 0.9250 24.17 0.8783
3 St
3.1 4hig

M b5 AR FER ST Moy 207V S R AN AT AL BB AR (1) 400G 5 SN B EAE A A R e 4 AR
HB AT A4 R A A (A RIS M R R A L, BAR B A A A S 3 M 22 5 (HL IS B A [B) A7 7E
2 S RN R AR A SE R 7 S AN RN IS AN AR IIE R — 2, S M VAR BIBURAL, TV b
CAR BERYE AT 5 T B 57 77 25 (0 W AR INAS ImT 051 7 3 | A SR A RN B0 SIE A AR rh SR IAS AN — B, 28 g TR A b
BRI 2 (AL sREL 1/ ) WA F Al T 1 (AEE pR%R 179" ) BAEBSUEREAS A a1 )3 1 S8 AR Fm
BT 2, [ B e R ERE AR LG 5 SR B R RIS UE AR ARG 30 25 SR B AR A 2L & v, A Al 1,

F b o345 o i AR W i B A TR AR IS T B T R A A TG BEAR 3 2SRRI [l ) SO T
P BRE B R FIRRS A2 R AN — B SR VR, S RN RNV IR B AR AR B 01 5 SR A IR R AR
BRI 45 5, TR RS AR5 22 | B2 T ey AR I SR A0 AR A AR B v, D R A R A BE AR 43
25 AU RN J7 206 T4 A 4 o 0 5 e ()t b0 2 5 A4 4 o A R R ()5 AR AR B2 RS I R AR
25 BRI ENE 7 A AL A, I UEAE AR KL 36 0 45 5, SR X R 22 BB 1 +10. 0% , W B2 AN 8 1
+5.0% B BAS AL +30. 0% , &AL £20. 0%

ZREE B AR SR AR o AR W AR A LS A A IR RE A R I 2 A 5 4
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N TR IRME AT A B AR, N TR R PR, (H 2 AR D, IR MR A R 18 (R
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AT G BRI B PR TR AR e 5 TR R Wiy, TS 28 501 5 SE AN [R] I, AR ] B A2 B R S7 b 26 AR 47
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