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Larix spp.. M #5 Pinus tabulaeformis Carr., 12 K
Cunninghamia lanceolata (Lamb.) Hook.) [ 3000
AN b 1 TSI S L SR AL TR A R
GrBER R, TR AT R AR A e
A, BENIX 3 R AR ALR A= Yy it e A R A AR
Wi, ARG A W i A R IR 2 5 %

1 B 57 %

1.1 HEER

A i R My o6 LR 4 FE AR ARG IS A 1)
e AR A TORE, ¥ IR E 3 A 2R E AR
AU ORI: ERERAAR . THAAMRRIRZ AR, Fe LS5 b
(7 65% DL L) B Byix 3 2By EF ek, 4
FERABEEL (BT 0) 20510 2490, 1185
F 31524, A AR 5L T 4 A g 428 0 s 590

K F—TCL AR BV RIS A AR P A i
M mAYE (i EAEY BT AEYE ).
T e 3B A R A I R R A A s
X B, T ORIERT B BAT )zl R, e
HRFE HbA% B WA ) RN B RRHESNE 4R 4 21
(<50, 50~100, 100~150, =150 thm?), #%
RRPEA TR RS 1 RO SRR A, &
AR 150 t DL B AR BCH D, AT
23— IR B AR, FT BYREHBAE R i S
Ko BLEEFZIE, BIGHE 3 PSR IR
FEHBAT 324 1200, 800 F1 1000 4~ 2 1 42 3 Fpgt
IR A3 (4 SRR R ORI B b S B A A ) o
FEHW GO, B 1 ZARYE4EE 3000 4R
R 2 A S L

R 13 FEHH SRR ARG IO AR
Table 1 The number of modeling plots and validation plots for three coniferous forest types
JEUEFA Larix spp. MHFA Pinus tabulaeformis 2K Cunninghamia lanceolata
R A B A SR oA i
Boma THRRS . mEGHREC RBEERE REFRE RRIE RERERE RS
Number of Number of Number of Number of Number of Number of
modeling plots validation plots modeling plots validation plots modeling plots validation plots
<50 300 431 300 229 300 1326
50~100 300 550 300 83 300 646
100~150 300 259 120 59 250 154
= 150 300 50 80 14 150 26
A7t Total 1200 1290 800 385 1000 2152
400 - L JE T BT %, S AT RCR AR AR B
_3s0¢ . %, TR
. 300 - °
2 250} 12,1 w=afeitdr oA 5 S EH
= 200 N - - N
=0 AT, T B 04 R T )
£ 1o a2 2 0 ORPETTRG AR X A 21 Rh AR

Pt «Cl

200 300 400 500 600
& V/(m*hm2)

0 100

Ls--Larix spp.7& M4 ;
lanceolata F2 A
E1 £HfEEEmEYESERERSE
Fig.1 The scatterplot of biomass vs. volume for
all modeling plots

Pt--Pinus tabulaeformis IM#% ; Cl--Cunninghamia

1.2 EEFZE

W T AR 3 Fl B AR 3000 >4 b Y 5 R
i AR SR, s R E [ AU A Rl
H, SN YRR, IR R ECR, &

FANWIFREE R, Mo SE B 2 A R4
FHIE o N 3000 AN - A B33 B A= 1) 1 5 5 B 4K
PRI B AT, R APEAR DA R I
) (1) . B, ABFFEHE RN LB
(MR By e AL

B=ay+boV +& (1)
K BRBAEAYE (thm?), VRN
EHE (m>hm?), ag. by WELEIZHL, ¢ HiR
22300, BUEHIRMIIE R 0 BIES /3 fi . K (1)
[ PHBRLL v, AT A 3040 R4 A 4 e e R 7
LY
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BCF:C0+d()/V+82 (2)

ﬁl:':l: BCFj‘j/EE%%ZF?}ﬁ¥ (:B/V), Co~ do?‘]
BRARIZHL, o HiRZEI, X (2) HIAELRMERARL,
WERWSE y = Bep, x=1/V, WAL R DU 4tk
R

y= C()+d0x+82 (3)

BRAR (1) (3) BYZERTR Al etk
WA R . RIS Z5 G 04, AR
SR AP ERIZAAAELL T KRR

o = b, do = ag “4)

b, A (2), (3) MRIAZEE, M
MPRIRD (1) B ZE R, HAGRECh w =
v, B, WIELRMEEER, L (4) BkE
AL TR S E R e, 48
BASZM, SR (1) RiZR AU =41
ARAIER T, S R AR B s 45807,
FURREL w = 1/V 8RN — 8 B by, 38 FH AL PR
R w=1/V* Hi k—AE 0.5~1.0 Z [,

TG, ik BUK AR R (1) AT
PR E R, YR PR (2) 5
(3) WG ITIEFR AL 1 (AR EL w, =
V), VB (1) Ry Emtatfr i A e 94 3
PFR AR 2 (BREL wy, = 1V ),

122 opBAEHG F YW EUEEFR K,
FH— A5 580 8 3 L6 25 A X BCRRAE e kT
Fif DRIk — [P R PR AT RO T B S . AR ST
ARACE R E YRy, e A A TiX—J7
PN Mo R ST, (AR T RE Al 2 X — (R
B RN X B (AR B E B 50 m* hm ™
IR ) FAEW B AmA, sl ALeEy=
50 m*hm * BRI RS, TPEEHT V<
50 m*hm”? (B S H E N a) B by, iEHTF
V=50 m*hm > P SEORE N a, Fl byo R TR
WEP AR AR S AT — 8, el s o —
MR 2 NS, D1 — R 2 NS E AT
MELZ B — SR, Hoh A —A240em
SEA TR, S EERYE (5) XA
3NZSEfE .

ar+by x50 =a; +b; x50 (5)

HR A WA~ 43 BT RUAD G i S8 5 T, AT LAAS
2 o BeAbiAl .

B=a; +b,V(V <50)
{ B=a;+ (b —by) x50+ b,V(V > 50) ©
{ B=a,+(b,—b;)x50+b,V(V <50) e
B=a,+b,V(V = 50)

K (6) BEMATEHT V<50 m*hm™ [y
IS a) M1 by, FALAEHF V=50 m hm ™ (1)
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BRI ZHL a, M1 by, FLEIEA T V<50 m*hm™
AIRIRL Sl PP AR PRI S, LG AL
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Table 2 The parameter estimates and evaluation indices of stand-level biomass models

Sl tHE Parameter estimate

PFA/rF8 45 Evaluation indices

Vst (R WIRFS
Forest type Method a Bo R*  SEEM® TRE/% ASE/% MPE/% MPSE/%
@[5 OR 10.4923 0.7409 0.953  15.00 0.00 —4.84 08l 15.26
JEHHA Larix spp. JALEJA 1T WR1 0.0811 0.8659 0919 19.64 502 —002 106 12.74
IALENE2 WR2 0.2827 0.8342 0937 1733 -1.59 286 093 12.90
3@ [E] )5 OR 3.2800 1.0706 0914 16.57 0.00 -528  1.56 18.71
WA Pinus tabulaeformis JOALEYA1 WR1 0.0476 1.1300 0911 1685 -091 0.00 1.58 15.43
IR ENE2 WR2 0.0653 1.1243 0912 1679 —044 036  1.58 15.44
3@ [E] )5 OR 10.1919 0.6172 0.938  14.04 0.00 -579 1.0l 16.85
K2R Cunninghamia lanceolata JALIENET WR1 0.0551 0.746 1 0.886 1894 —622 —0.01 1.36 13.36
DA E V2 WR2 0.2562 0.7121 0914 1644 -198 358 118 13.76

T IALEE P RE AR R A AR R AR (1) AR A B HE T (2, IAUEH2 AR I w, = 1/V .
Note: The values of evaluation indices in WR1 are for the biomass model (1), not for the biomass conversion factor model (2), and the weighted function
in WR2 is w, = 1/V°7; WR means weighted regression, and OR means ordinary regression.

I TRE A 0, ASE B K ; InALIalE 1 W) ASE
FEET 0, TREBK; WMALENH 2 W4k T4 etk
A, TRE Ml ASE #B85 0 MHZEA K, R EE[A B 4%
il E TUE IR 22 TE N (I = 3% LAY ). 45
R*. SEE Fl MPE iX 3 Widghn , 538 [l 9455 40 22
I8 | {H N ASE F1 MPSE 7, W35 [m] )45 750 B
WX e, FORE 7 —TE E S bR A AR

XRZE TRE, T BIRA T fRE AN A ) 5%
RATAEROR, 2 3 05T o IS FIAZ AR
REREAS RIS B FE AT T AR RN 45 AR ) B S5 )
] TRE,

MFE 3 ATLIE Y, NS REH EERR AL SRR
UOREAS, A ] U= ASE TR ) 238 SRR ELAI T3t 3 [l )
R, IOA R AR 2 BRI E AR 1,

®3 MOEMERINEEEINHRE

Table 3 The total relative errors of stand-level biomass models

BHREA Modeling plots

KO FE A Validation plots

3@ A )9 OR HIALE U1 WRT ANALEIJH2 WR2 38 [F] 5 OR AnAL VA1 WR1 AL A )42 WR2

Ve =xit] R

Forest type Biomass class/ (t-hm™2)
<50 —19.95%
50~100 —0.82%
Y& FA Larix spp. 100~150 2.09%
= 150 2.28%
it Total 0.00%
<50 -13.22%
50~100 —1.83%
VAR Pinus tabulaeformis 100~150 2.45%
=150 7.71%
4t Total 0.00%
<50 —19.85%
50~100 1.71%
KA Cunninghamia lanceolata 100~150 3.06%
= 150 1.67%
&t Total 0.00%

2.02% 5.00% ~19.53% 2.90% 5.90%
~136% 2.10% ~0.69% -1.20% 2.27%
~4.36% -0.89% 1.83% ~4.64% -117%
~7.50% -4.08% 4.40% -5.24% -1.74%
-5.02% -1.59% -2.07% -237% 1.05%
~6.59% -6.18% -12.86% -5.81% -5.40%
-2.71% -2.24% 0.76% 0.01% 0.49%
-0.22% 0.27% 5.40% 2.75% 3.25%

3.89% 4.41% 9.91% 6.34% 6.87%
~0.91% -0.44% ~0.68% 0.06% 0.53%

2.48% 6.35% ~18.97% 4.34% 8.26%
~2.00% 2.37% 1.11% -2.63% 1.71%
-6.71% -2.43% 3.70% ~6.03% -1.72%

~10.76% -6.61% 2.52% ~9.68% -5.49%
-6.22% -1.98% -5.50% -1.64% 2.59%
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P, AR RIS BRI | 6 ST 4 br S Sr A6 56
BEREEE IR, DRI AR 2 g5
45

SR, WRPAT A A R 2 3 FpoinAs [m] I A5 7Y
QTR AW RERN TRE (LIRS ), K
IEAFE—SER 2, e AW/ MY X BUEAR B3R
B0 IE ARG, T AR WK A X BLE A B R B T i
CIMAAAHE )5 FRAFIX B TREBK, BT +5%

AN o AR XS 5% 22 IR B oA, Ayt /N X
BRI RmZE, Ik, SR Bty
B, NOZBEHR S TR T . 255 IEREAR S S
PRI S —PE, AR H AR V=50 m*hm™
W N BRI RN, [RETEsr T8 (6) il
X (7) WEHRER, WIEERILE 4, LT EER
AR B FEAS TR0 2 A ) 1 SR B A X 15
% TRE W 5,

x4 SREEHNSHMSTENEEITNIER

Table 4 The parameter estimates and evaluation indices of segmented biomass models

S Bl Parameter estimate

PEA/r#E 45 Evaluation indices

Iy e
Forest type Model 5 3
a; b, a, b, R SEE/m®  TRE/%  ASE/% MPE/% MPSE/%
(6) 0.1162  0.9292 8.2572  0.7664 0.953 15.07 —-0.10 1.15 0.81 11.56
T&EITH Larix spp.
(@D 0.0676  0.9797 11.7874  0.7453 0.955 14.74 —0.52 —0.49 0.79 11.39
(6) 0.0413 1.1434 3.0528 1.0832 0.915 16.54 0.07 0.08 1.55 15.41
VKA Pinus tabulaeformis
@ 0.0300 1.1575 43150 1.0718 0.915 16.50 —0.24 —0.55 1.55 15.42
(6) 0.1004  0.7867 6.9799 0.6491 0.936 14.23 0.23 2.46 1.02 11.90
KA Cunninghamia lanceolata
@ 0.0170  0.8653 12.4800 0.6160 0.941 13.63 —0.57 —0.63 0.98 11.57

I HBEERNS T, RIS HANS D S HEESR .

Note: The black parameter estimates are derived from other three.

®S5 SREVEERNSEEIIRE

Table 5 The total relative errors of segmented biomass models

e He s EFEFEAR Modeling plots KL I8 FEAS Validation plots

Foresttype Biomass class/ (thi™) ey 6 Model (6) B (7) Model (70 H (6) Model (6) i (7) Model (7)

<50 —4.53% -9.10% -3.72% —8.32%

50~100 —0.77% —2.98% —0.63% —2.85%

WA Larix spp. 100~150 0.81% 0.47% 0.54% 0.21%

= 150 0.19% 1.05% 2.35% 3.09%

£t Total —0.10% —0.52% —0.31% —1.94%

<50 -5.01% -10.32% —4.20% -9.69%

50~100 -1.61% —2.98% 1.16% —0.42%

THIFA Pinus tabulaeformis 100~150 0.64% 1.27% 3.65% 4.19%

= 150 4.65% 6.49% 7.16% 8.66%

&1t Total 0.11% —0.56% 1.23% —0.51%

<50 -1.76% —9.61% —0.17% —8.25%

50~100 1.75% -1.27% 1.13% -1.85%

KA Cunninghamia lanceolata 100~150 1.03% 1.26% 1.70% 1.88%

= 150 —1.34% 0.55% —0.39% 1.31%

£t Total 0.23% —0.57% 0.77% -3.11%

MF 4/ 6 N IRIRE, BAL (6) H1 (7)
ZIAIAZE S AW s (MR 5 BIXF LT DI, KL

R (6) MR TR (7), B EYEERNR
FEFEARHRAE £ 5% LN o BRI B 73 Bt 2 ph st L
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WA, TSRS AR B 4 BORE R W2 0k, A2K
Gy BRI AR R A R IR 22 H IR B T + 2% L
Wo KL, Zi67% IERERI A BTN FE bR Sk R4
R, RABRE B (6) 1ER 3 Rt AR
YA TR,
3 it
ATIGE ST X TR E AR S A ) e AR T A AR Y
FEAR /D . A R . PPN bR B — A )
L, BT LR A E AR URTE £ 3000 [ A
MR SIS, 2R AR AL R J= 7k oy B A
Jrik, BT VRN RS L AR 3 Fh A AR
)RR AR W E A Fe 2 78 1 3 B [l I A5
.
JEFY : B=0.1162+0.929 2V(V <50 m*-hm™)
B=82572+0.766 4V(V 2 50 m* -hm2)
(10)
HHA : B=0.0413+1.1434V(V <50 m’-hm™)

B=3.0528+1.0832V(V250m®-hm™>) (11)

A : B=0.1004+0.786 7V(V < 50 m* -hm™>)
B=6.9799+0.649 1V(V250m’-hm™>) (12)
Hff 5 2B R AE 0.915~0.953 Z Ji], FHTH
fii% 2% MPE 1£ 0.81%~1.55% Z [d], V¥ H 4rbr
1R 2 MPSE 18 11.56%~15.41% 22 [8), #4440
HHERERBEEMEMEC, X5 % R
SR (B2, B TEREASE . S
SR HAFTER 2SS, BRAIIE S 2 S/ IRAA

x6

[Fl. 72515 LRI = SR Ny i 21 M Rar2E
AU A YAl B A TE 30 DL A
PR 3 s,

YEIHA : B=33.8060+0.609 6V(n =34, R*=0.82) (13)
WK B=5.0928+0.7554V(n =82, R*=0.96) (14)
AR B=22.5410+0.3999V(n =56, R> = 0.95) (15)

2 6 HIH T R FH A5 BT U B 11 4 5 b X
X3RRI IR LS R . TRUE Y, 3 MUY
SR TRE I T AR iRZEEH, ANEAY
SR ATHEE R AE R KN R G w2 .
SRS T RS T e, R (13) ~
(15) WEEESBAR BRI, RS B2
N, BXIE R R /N b 2 A T X R
RIS = R BRI . Z iS4
T HE BB A m2E, FERE N IZ RSN
B Y, SR B mH A 2 A el e . H
W, FEAS R 1 RN SREAR S5 R I SR A S s e PR 3
Z—o EHEEIXE RGP 1 h 2R
2/3 FBE . 1/3 K, SRR SR AR R IR N,
R AEAR ZE A R AR Bl B F o 3k B T 22
Ko b, EERIINER, —RHEEARE T ;
TORMEAREEM AL, —REBUT R, K 6 1Y)
TR 4 R A Ko A 5T BT AR R A 6 4 SR
SRR 2ZZEBTE £ 1% LA, A 594
THRZE KA £ 5% DIN, IR AR H £ 10%
(S . XCRERISERY, A3 PP AR

AR EYEEE BEERTRERXTLL

Table 6 The comparison of total relative errors of different biomass models

A Larix spp.

WA Pinus tabulaeformis

K2R Cunninghamia lanceolata

)RR
Biomass class/ (t-hm™>) A (13) Y (10) Y (14) FRAL(11) HAL(15) FRA(12)
Model (13) Model (10) Model (14) Model (11) Model (15) Model (12)
<50 101.71% 4.23% —6.84% 7.90% 49.42% 0.46%
50~100 16.91% 0.68% —24.67% 2.02% -14.17% -1.31%
100~150 1.17% —0.67% —29.48% -2.37% —24.12% -1.27%
=150 ~7.01% —0.47% —33.23% —6.46% —27.40% 1.22%
£ it Total 11.62% 0.19% —25.19% —0.20% —6.26% —0.52%

B2 R T I pa A AR (10) FIEAY
(13) Mgk, LA, FAER (13) 1
IS ap = 33.8060, 315N HE RN
0 M 75 AR AE Wit =ik 33.8 thm > USG5 ARL, M
- FBF A BNy, A A2

RPN ; BABEREE RS, HAY R
T2 R B . At 2 AR G AR Py AR R
(11), (12) H5HA (14), (15) Bk
XTI BLZERL, AR, AR,
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2 EMNRAHEEE (10) fER (13) WKRESHITEE
Fig. 2 Comparison of residual errors between model (10) and (13) for larch
4 %‘L@ [3] FAO. Global Forest Resources Assessment 2020: Guidelines and

WRIEAA T I AHOCLE S, LIS H DU 458
(1) M RATA Y S E B R,
(2) BESLAATEY AR R 245K ALl H
By MR O A T A A SR AR Y
B, FTRCR G BRI . (3) MRS FFE
ARG R R B HA T vk 2 A i AR 1 55 AP AS
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R TGRS BE i, o DATESEE e R o

I E T EANE R — S, ARFSE R RE
R0 A1) 2 P R 53 S T8 4 ) e S A R A A AR
B AT P B b A R 4 X 4k (7 90% LA L) Al
FXFEAR (5 65%~90% ) /s, kfh s
VA R AR N TS AR, BRI, Pl
Y AR IR (R 1R 2515 0 S8 Tk . AR —
AP A R TS B, T LA B RSRAR . AN TR
FAEXTLlAR . AT EEARERAR, SRR IR . alipkT
SRR T AR B XA, S T A A
R, S3Ab, AT T A R A P AR DL ST A
AP R A T 25 S R ST 1, R AR
SRR SRR R RIAR e, LR RS
AU BRI FHE, 2 HA SR KT BB (1 )
FHZAE, NOZE SR FHEAERY ; 25 HOA R . AR
Gy BINIEK -G, AS B SR K SFAS R i 1o FH
SAF, A H R M KRR,

S 3k :

[ 1] TUFRO. International Guidelines for Forest Monitoring[R]. TUFRO
World Series, Volume 5, Vienna, 1994.

[ 2] IPCC.IPCC Guidelines for National Greenhouse Gas Inventory [R/OL].
2006, [2020-12-02]. http://www.ipcc-nggip.iges.or.jp.

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Specifications[R]. FRA Working Paper 189, Rome, 2018.

Somogyi Z, Cienciala E, Miakipéd R, et al. Indirect methods of large-
scale forest biomass estimation[J]. Eur J Forest Res, 2007, 126: 197-
207.

Jagodzinski A M, Dyderski M K, Gesikiewicz K, et al. Tree and stand
leveles timations of Abies alba Mill aboveground biomass[J]. An-
nals of Forest Science, 2019, 76: 56.

Luo Y J, Wang X K, Ouyang Z Y, et al. A review of biomass equa-
tions for China’s tree species[J]. Earth SystSci Data, 2020, 12(1):
21-40.

] GO SR . 7 R A gy BRSBTS B — I R (LY/T
2654—2016)[S]. b5t v EkRUEH RH:, 2017.

B Z Ol R 37 R AR R R R T RS — B 2 LY/T
2655—2016)[S]. dt5t: hEARME L, 2017,

B Z Ol Jay . 7 R AR R R R T S B — % K2 (LY/T
2656—2016)[S]. Jbxt: H EFRAEH AL, 2017,

[ MR Jy . S A AR e A B T B S B — R R (LY/T
2658—2016)[S]. Jbxt: 1 EFRAEH AL, 2017,

[ MR JRy . ST A AR AR G B T i S B — AR (LY)/T
2659—2016)[S]. dt5t: dERAE A, 2017.

Zeng W S. Developing tree biomass models for eight major tree spe-
cies in China[M]//Tumuluru J S (ed.). Biomass Volume Estimation
and Valorization for Energy. Croatia: InTech, 2017. Doi: 10.5772/
65664.

Zeng W S. Developing one-variable individual tree biomass models
based on wood density for 34 treespecies in China[J]. Forest Re-
search: Open Access, 2018, 7(1): 217-221.

Shiver B D, Brister G H. Tree and stand volume functions for Fuca-
lyptus salignalJ]. Forest Ecology and Management, 1992, 47(s1-4):
211-223.

Chamshama S A O, Mugasha A G, Zahabu E. Stand biomass and
volume estimation for Miombo woodlands at Kitulangalo, Morogoro,
Tanzania[J]. Southern African Forestry Journal, 2004, 200: 59-69.
Castedo-Dorado F, Gomez-GarciaE, Diéguez-ArandaU, et al. Above-

ground stand-level biomass estimation: A comparison of two meth-


http://www.ipcc-nggip.iges.or.jp
http://dx.doi.org/10.1007/s10342-006-0125-7
http://dx.doi.org/10.1007/s13595-019-0842-y
http://dx.doi.org/10.1007/s13595-019-0842-y
http://dx.doi.org/10.5194/essd-12-21-2020
http://dx.doi.org/10.5772/65664
http://dx.doi.org/10.5772/65664
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.1080/20702620.2004.10431761
http://www.ipcc-nggip.iges.or.jp
http://dx.doi.org/10.1007/s10342-006-0125-7
http://dx.doi.org/10.1007/s13595-019-0842-y
http://dx.doi.org/10.1007/s13595-019-0842-y
http://dx.doi.org/10.5194/essd-12-21-2020
http://dx.doi.org/10.5772/65664
http://dx.doi.org/10.5772/65664
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.4172/2168-9776.1000217
http://dx.doi.org/10.1080/20702620.2004.10431761

56 Mol B B R 34 4
ods for major forest species in north west Spain[J]. Annals of Forest stand biomass carbon sequestration based on the continuous biomass
Science, 2012, 69: 735-746. expansion factor model and seven forest inventories from 1977 to

[17] Usoltsev V A, Shobairi S O R, Chasovskikh V P. Triple harmoniza- 2013 [J]. Forest Ecology and Management, 2019, 448: 528-534.
tion of transcontinental allometric of Picea spp. and A4bies spp. forest [28] DongL H, Zhang L J, Li F R. Evaluation of stand biomass estima-
stand biomass[J]. Eco Env& Cons, 2018, 24(4): 1966-1972. tion methods for major forest types in the eastern Da Xing’an Moun-
[18] Jagodzinski A M, Dyderski M K, Gesikiewicz K, et al. How do tree tain, northeast China[J]. Forests, 2019, 10: 715.
stand parameters affect young Scots pine biomass?-Allometric equa- [29] Wi, = pEE ARARAE Y i 5 4 7= S EaE (0], g Aol w2 B &,
tions and biomass conversion and expansion factors[J]. Forest Eco- 2005,24 (4): 1-3,13.
logy and Management, 2018, 409: 74-83. [30] RRBHEK. V0 ER3R IX ARAACR B A 1 i i i B 92 [D]. K Ub:
[19] Jagodzinski A M, Dyderski M K, Gesikiewicz K, et al. Tree- and MMRLRHE K, 2014
stand-level biomass estimation in a Larix decidua Mill. chrono- (311 BN Uerg i AR R AE Wy i Bk A B PR A P55 [D]. 5 ra: 1l
sequence[J]. Forests, 2018, 9: 587. AR, 2015,
[20] Jagodzinski A M, Dyderski M K, Gesikiewicz K, et al. Effects of [32] BR/IVER. i1 2 f— B AR S R G2 i AR i iF 52 (D). Kb
stand features of aboveground biomass and biomass conversion and FrEg MOl BHE R, 2016.
expansion factors based on a Pinus sylvestris L. chronosequence in [33] AR, JESFIE. ARG AR R XA 0] U5 A s 245 1 B S A m1A A
western Poland[J]. European Journal of Forest Research, 2019, 138: XFEEA3HT (). Mok BL2AAIFSE, 2011, 24 (2): 137-143.
673-683. [34] ki, AR, BISFIE. A EIE Al 2ok 7 R R o B 6 7 1
(211 Tz, XESE, tRiid. T B AR AR 0 A 4t Ak =i (1], XS A A W Al T R (TD. MOl BR 2 BF T, 2011, 24 (4):
ABAAR, 1996, 16 (5): 497-508. 453-457.
[22] FangJ Y, Chen A P, Peng C H, et al. Changes in forest biomasscar- (351 AR, 8 A A, B HIFB. 38 FH Pk o0 Sr A BSR4 AR A
bon storage in China between 1949 and 1998[J]. Science, 2001, 292: ¢ I, Al R A R, 2001, 20 (1): 1-9.
2320-2322. [36] [ 5 bsll Joy . 37 A A= gy et AR A SR 4 BEOR ML R (LY/T
(23] i, sk/Ihas, AR, 45 AR AR AR Dy w5 (] 2259—2014)[S]. Jbat: fr[EARMER REE, 2015.
Hh A S8R, 2000, 25 (5): 97-103. (371 A2k A Tl P AR TR AR B A % L2387 L] Aoll BE U
[24] &, XIHEAK, 5k 7. ST FRARGTISG A5 SR R B AR ¥, 2013, (5): 55-61.
i MR ], Mol B A B, 2009, (1): 35-42. (381 WG fh4:, BEFIE. SEARA: YRR A0 BE SN RS BE 4307 (3] Al
[25] Hou Y N, Wu H L, Zeng W X, et al. Conversion parameters for stand B2, 2011,47 (11): 106-113.
biomass estimation of four subtropical forests in southern China[C]. [39] Zeng W S, Zhang L J, Chen X Y, et al. Construction of compatible
DEStech Transactions on Environment Energy and Earth Science, and additive individual-tree biomass models for Pinus tabulaeformis
DEStech Publications, 2017, doi: 10.12783/dteces/eccsd2016/5846. in China[J]. Canadian Journal of Forest Research, 2017, 47: 467-475.
[26] Mei G Y, Sun Y J, Saced S. Models for predicting the biomass of [40] ® i, BF =, BB . AR KT —I0 5 oM B ALY
Cunninghamia lanceolata trees and stands in southeastern Chinal[J]. AR BESS L 7). TP g MOl R ALK, 2017, 36 (4): 1-6.
PLoS ONE, 2017, 12(1): 1-14. (411 “eitgde, BMGHE, TUHA, 45, 36T ARMGH A VORI AR AE A b A
[27] Zhao M M, Yang J L, Zhao N, et al. Estimation of China’s forest BRI ] Aol BL, 2012, 48 (5): 44-52.


http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.3390/f9100587
http://dx.doi.org/10.1007/s10342-019-01197-z
http://dx.doi.org/10.1126/science.1058629
http://dx.doi.org/10.12783/dteees/eccsd2016/5846
http://dx.doi.org/10.1371/journal.pone.0169747
http://dx.doi.org/10.1016/j.foreco.2019.06.036
http://dx.doi.org/10.3390/f10090715
http://dx.doi.org/10.1139/cjfr-2016-0342
http://dx.doi.org/10.11707/j.1001-7488.20120507
http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.3390/f9100587
http://dx.doi.org/10.1007/s10342-019-01197-z
http://dx.doi.org/10.1126/science.1058629
http://dx.doi.org/10.12783/dteees/eccsd2016/5846
http://dx.doi.org/10.1371/journal.pone.0169747
http://dx.doi.org/10.1016/j.foreco.2019.06.036
http://dx.doi.org/10.3390/f10090715
http://dx.doi.org/10.1139/cjfr-2016-0342
http://dx.doi.org/10.11707/j.1001-7488.20120507
http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1007/s13595-012-0191-6
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.1016/j.foreco.2017.11.001
http://dx.doi.org/10.3390/f9100587
http://dx.doi.org/10.1007/s10342-019-01197-z
http://dx.doi.org/10.1126/science.1058629
http://dx.doi.org/10.12783/dteees/eccsd2016/5846
http://dx.doi.org/10.1371/journal.pone.0169747
http://dx.doi.org/10.1016/j.foreco.2019.06.036
http://dx.doi.org/10.3390/f10090715
http://dx.doi.org/10.1139/cjfr-2016-0342
http://dx.doi.org/10.11707/j.1001-7488.20120507

54 B FRIE 3 FhEFHARA A B )t AR AT 57

Development of Volume-derived Biomass Models for Three
Coniferous Forest Types in China

ZENG Wei-sheng

(Academy of Forest Inventory and Planning, National Forestry and Grassland Administration, Beijing 100714, China)

Abstract: [Objective] Stand-level biomass models/tables are important quantitative tools for implementing
forest resources inventory and monitoring. Developing volume-derived biomass models for three coniferous forest
types in China is not only an exploration of methodology, but also provides reference for practice. [Method] Based
on field measurement data of 3000 sample plots from three coniferous forest types (Larix spp., Pinus tabulaeformis
and Cunninghamia lanceolata) in China, the volume-derived biomass models were developed through ordinary re-
gression (OR), weighted regression (WR), and segmented modeling (SM) approaches; and the relevant published
models were compared. [Result] The coefficients of determination (R”) of the volume-derived biomass models for
the three coniferous forest types based on WR approach were between 0.912~ 0.937, the mean prediction errors
(MPEs) were between 0.93%~1.58%, the total relative errors (TREs) were within + 2.0%, and the TREs for valida-
tion were within + 2.6%. The R* values of the models based on SM approach were between 0.915~0.953, the MPEs
were between 0.81%~ 1.55%, the TREs were within £ 0.3%, and the TREs for validation were within £+ 1.3%. Using
the data of this study to test the applicability of the relevant published biomass models for the three coniferous forest
types, the TREs were 11.62%, —25.19% and —6.26%, respectively, and the errors for different biomass classes were
quite higher, even systematic deviations appeared, and seriously exceeded the allowable error. [Conclusion] The
stand-level biomass per hectare is linearly related to volume stock. The WR approach should be used preferentially
when developing volume-derived biomass models, and the sample plots should be much enough and evenly distrib-
uted. When one model is not enough to obtain accurate estimates for different biomass classes perfectly, the SM ap-
proach can be used. The volume-derived biomass models developed in this study have low MPEs, indicating that they
can be applied in practice.

Keywords: biomass; weighted regression; segmented modeling; Larix spp.; Pinus tabulaeformis; Cunninghamia

lanceolata
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