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Comparison of fitting approaches with biomass expansion factor equations

HUANG Xingzhao, WANG Zefu, XU Xiaoniu
(School of Forestry & Landscape of Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China)

Abstract: Biomass equations for the biomass expansion factor (fp) have been widely applied for accurate
stand biomass estimations. The question here is how to improve the fitting precision of these biomass expansion
factor (fpr) equations by using different methodologies. Stand biomass data were obtained from 53 permanent
sample plots located in Cunninghamia lanceolata plantations of Anhui and Fujian Provinces across China. The
least squares approach, the nonlinear mixed model approach, and the hierarchical Bayesian approach were ap-
plied to establish BEF equations so as to test the effect of regions. Split-plot design with regions of Anhui and
Fujian Provence and sample plots as replications. Results showed significant differences between Fujian and
Anhui Provinces for stand biomass, volume, and fy at different ages. The R? and mean deviation (dyp) values
for the least squares approach was R? = 0.643, dy, = 0.376; for the nonlinear mixed model approach was R* =
0.802, dyp = 0.233; and for the hierarchical Bayesian approach was R* = 0.804, dy, = 0.228. Also, there were
highly significant differences in fitted results between the least squares and the nonlinear mixed model ap-
proaches, as well as between the least squares and the hierarchical Bayesian approaches (P < 0.01). Howev-
er, no significant differences were found between the nonlinear mixed model approach and the hierarchical
Bayesian approach (P = 0.547). Thus, both the mixed model approach and the Bayesian hierarchical approach
were effective methods for estimating stand biomass at the regional scale. [Ch, 1 fig. 3 tab. 37 ref. ]
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Table 1  Descriptive statistics of Cunninghamia lanceolata plots sampled at difference regions

12 4224 (n=21) 23 4E4: (n=18) 31 4E4 (n=18)
R 8 o EBY Mo ERY MorE Y
AW/ (t-hm™ W/ (t-hm™ W)/ (t-hm™
Wi/ (t-hm™) (b ) i/ (t-hm™) (b ) Yyt/(t-hm™) (' h)
M 44 .47 35.63 122.30 87.71 208.41 127.07
W bREZE 791 6.06 15.04 11.98 14.08 20.56
FRi] 33.96~56.33 28.52~46.22 101.38~156.58 70.01~105.21 191.99~230.82 106.04~173.89
MY 52.11 47.74 155.19 108.84 244.92 169.83
IR brifE 22 18.14 11.21 22.15 15.66 29.71 19.62
V0 23.4~86.85 31.12~71.27 113.72~197.30 85.13~145.41 210.38~312.06 149.31~204.59
min()=min Z (fBEF[—a—b— ) =min(a,b) . (1)

i 3 A Wy A N T B S fowes 5 A A a+b/V, B H Z 22097 J5 FdRe/N, SRS 8 a f1 b, QAL 1
RGBT o ARZMETR 5 B LR J 3 25 18 (0] U o B3RS T 351 5 0 BEATL 00 Y AR et 5 ZR 4005 7 2
RS R G HRAEC (D) R BUE T
fBEFif:f(xi, Vij) tejo (2)
K@) =1, 2, -, my =1, 2, o, no foy R A KB j AL AR Y BRI T,V R2OR
S A DX j AR AR T, m FOR XU, n FORSE | DB EER AR, 1 RARSEUERE, e £
INIRZE, fRANARLNME R @J” W37 93 2 5 1 o A8 DU 23 2 O iR A (L), S S DL )
Mo R a=t{n, v, x, o PRSENERE, 6=161, 6,, 05, - ARFISE, DUt R A 2R IR
p(x, )=p(x10)m(0)=mr (61 x)p(x), (3)
G p & ORI G R . TS MGl BN R ET RS0 E, AE oA
AR 3 A s AE DS ge v eb O A IR 230 A1 p 1*%7”%35(9%@, 0 Sy i) — ) o3 A5 AR A 2 5

i 60 MSE IR (s BRI i o m(0) . WAMEAG BN, HEgMRHE L amxt 0 7R . #C
RIS E A« BSOS, MK p (x,0) X 248 6 #4711 fr%’&;‘ :
(6| x)=]wo (4)
px

() PR DU 4 A s B0, BIE SN B « ©HITELL F, 0 BRI AT (0 1 %), %E LN 0
MG R A o BT IR AT (0 | )X 0 HEATHE, ATLAHERR S 0 TSR RIM5 8, (AR HEIRT B A 8% 5 Bl
2 A XL AN TR Wy e 1 DR 1 bR 0 3 B & A i s A0 o DI B A L R] oA By 4l 26 7
PRZ J o 28R ARy 2 )2, B 1R D Y A i A R T AR R, SR 2 2 A
A DX I PR e ) 2 0 A TR OPR 23 3 BRI o ) DL o 38 03 T2 A Rl 3 S g 2R Ay T R I SRR
HEEX SR a F b 4 ﬁ%ZF%EﬁWW%Hﬁmw M%%ﬁﬁbv%ﬁﬁT Bk, flifsZ
a1 b WA m(ab | d)TE d 455E T R LLES 20 il W irE B 2800 Koo fl b fIKS
Ja B A -

7(0.ab | d)=p(d | 0)m (0 1 ab)m(ab). (5)
p(d16)= Hp(d(x)|9)o (6)

T I(a+h) g
701 ab)= Hmw | ab)= ,Hlin STy ra-e). (7)

0 HSE a b HSER A0 . T(6)$HT(7)1+%HE’J AN At
701 ab, d)= Hw(e | ab, d(x;))= Hp(d(x) 16,)7(6; | ab)

j=1



778 TN 3 N = o= R 2017 410 H 20 H

) n I (a+b+n,-) ard(x)-1( 1 _Q \btn—d(x)-1
L P ard ) Fbandteyy & 07 ®)

AXOH: w0 1 ab, d(o)) WeE 1 JZE(KXIAO, #)5 534 . A () ITHESE o« M b WG K3 7 (a,
b, d):

m(ab, d)= J 701 ab, d)d6=m(0 | a,b, d)m(ab, d)

~ T T(atb) T(atrd, ()T (b+n—d,(x))
‘”’““b%[I‘r(a>be> I (a+b+n)) ° ©)

1.4 HEGEMG

ARG 2 A D2 AR AR AR W B e 0 R - i o 0 il e/ —3fed 1RG5 AR R DL 387
JEI7 AU Y A D T S ek g [l TR E 2R R (R?) TP 2940 2 () X 005 S8CR AT IR
R* Tl dyp WTHE TN

R=1-3, (507 2, ) (10)

dw= D, (y—5)In. (11)
i =1

KAO)FRX ) sy, IBRWIE , y WFEAT I, 5 BRI, n WEEARR R F ST
U TR 208 2 2 N PN [ 24 1 e R L B 0= L iU P /=E R 518 I 2w R R/ Wl

pe (Sus=Swsa)l finfom) (12)
STSSB /fr_l/B ’

A2 Swa, Sfin T Swssp, Sy 3PP LAY A BO5% 2205 F % B iy B2 o Gl F B8 R/ R A 7E e/
TR A BN D 2 T E Z B Z R AL ZE S, R BSOS T XS AL AR A
Fe e N7 B 27 Rt Ul o Bl G it e i K2z BB R 2.14.0 BRPFSE A, H AR R TR & 170 ik 1
NLME 2 Fp 42, U357 43 207 2601 R2WinBUGS #7477,

2 HR5p4

21 ARARBHMOEVE. MOERMEVEERHRE T (fer) LR D

BT R MO . RO B BRI fee BEARES S22 BURLEEE AR TL o M0 A 40 2 FIbR 43 5 B Bt MRS 11
WERMTIG N, foer BEARIE BB T FEAR . N 12 4525 3 31 4R 2E AR A= 9 RO 35 B 4 7 243 KR
I3 51h 5.33% H1 6.31%; fuwe BIAEFEHI08 0 F K 5.22%, [N, AR KA R (12 4542 . 23 4E4E
31ARAR ) ARG R . RO BRI fer I 255, 25 SRR R XIBRIAZ AR MR AL e . Ry 3 R A S
IR 22 57 (P<<0.01), [HUb, LG40 N 1% 2L R T, 220025 T8 XA X 7 B A 52 )

300 rE AR R u I  a 200 P AR AR AR bR @ L2 ERER LK
o MW 2 8 5 52 0% 4k 3 o W 22 18 & 52 04 4k 37 5 1.0 afll 2 {8 5 52 14t 3
2250 b £160 b & V[ L b
= T = T M- a b
*200 a . a = 0.8 F a b
= 2120 F b =
18 150 b §<’ & 0.6 -

S = 80 | :
141100 F e a i3 0.4 |
& a R b R
%So_gm] ﬁ40_%m| #Ho02F
0 /s 0 7/ 0
12 23 31 12 23 31 12 23 31
s /a Ms/a Kis/a

AN /N5 B R R AN (] DX I 8] A7 A 2% 22 57+ (P<<0.01)
Al RRARBMKASAEDNE. My ERFAEADSTHBLRE T

Figure 1  Compared the stand biomass, volumes and fyr at difference regions
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