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The Taper Equation of 3 Coniferous Tree Species Based on
Nonlinear Mixed Effects Models

Li Chunming ', Fu Zhuo*

(1. Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; 2. Ministry of Ecology and
Environment Center for Satellite Application on Ecology and Environment, Beijing 100094, China)

Abstract: Taking the stem analysis data of 3 dominant species in 96 spruce-fir stands as an example, 2 com-
monly used taper equation are selected to construct taper equation of Pinus koraiensis, Abies fabri and Picea as-
perata based on mixed effects models, the result will compare and verify the accuracy with that of the traditional
method based on the verification data. The result shows the value of AIC, BIC, and —2logL are obviously de-
creased after considered the mixed effect model method, which indicates that the simulation effect of mixed mod-
el is higher than that of the traditional model. Three indexes of correlation coefficient, root mean square error, and
determining average residual error, are used to compare the accuracy of taper equation, both the accuracy of simu-
lation data and validation data all support above mentioned conclusion. The accuracy of the Max et al. segmented
taper equation of 2 inflection points in simulation and verification is higher than that of Kozak et al. simple taper
equation.

Key words: taper equation; mixed effects model; fixed effect; random effect; spruce-fir stand

Gl R E G BRARMEE TR, mEEGE W R BER T B R T T2 /N
FIPERY R Rl b b R U2, W AR T BN R, RADEU TIB A2 r —F s br .

%5 B #: 2020-04-18 ; & [E H #A: 2020-06—09
HEEWMB: R ARFFELH LW H (31570625) %8,
F1EF:ZHY (1975—), B, 4. HRm . FARERER %, Email: lichunm@ifrit.ac.cn.


https://doi.org/10.11929/j.swfu.202004045
https://doi.org/10.11929/j.swfu.202004045
mailto:lichunm@ifrit.ac.cn

551

BRI SETARLAMEIR G RO AL Y 3 ANET BRI ) T AR BT 119

HI B J7 FE AT LRy BRAR S 8 S AR A R A 1Y
HE, MTEES S EARNEE .. &M TR
T DA THT B4 55 v 35 1 ) ot A A R A AR T
HIBE 5 AR 2 Bk G il A L B S8 10 3R T s A
BLAil TAE. TEMCESFEER, W THIE I rfEE &%
WA BRI B RS, B, A — AN
JEm Ry EE TR, A AU AR R BRI BN
PR A5 R, DAV 2 A2 7 O R A AR A% 1 5
B HI R R B A R R
B B Ty RN R AT AR g OH] B O RN A e
— W1 BE 5 R AR T B 56 i b 34 i A A R T
RBP4, [R) IS AN 2 5 4l I 5 — 8 Aol 7 Jile
A

TEAS B 5 AR, v R AR
PEAE L Z R AR, SRS HEAT BT e A 2R BUE
i o IXLER AR B T AT EEANR], B Z 8 HIE
REFERNES, HAMERAEE B2 &%
Sl TEMEEEI B TR, fEEE RS L
PRI o TR AS0UN A5 AL Ty i BE T 2 0 N7 [R] S AT 1Y)
ik, Aefs BN mar et o mmetiit, BIfe s m Sk
SR IKOF SURE RS AR BUMR 53 5O R Z W] Y 22 5%, AT
DIAR 47 1 fif D H B2y B rh A e 1 LR R, H
Hr, ENAMR Z 2 e B R, ea %
JEBSCHE 5] A7 A6 A ik S R R, 5] 40 6 1R B RO AR
TR 7 ) ] B B T AR PO, ST IR A RN AR AR T
00 oy BUE Oy D120 SR A ROV AR T
I AT AR PR B0 B O AR

A B LA R TETE RO SR 96 = ¥ A2 4T
V) VR A8 MRy R [ A R 5], A = A2 ( Picea
asperata ) . 13 K2 ( Abies fabri ) LI ( Pinus ko-
raiensis ) SFOLHBFATHIEE . 23 AR

AT ARBAE S AP Y, — o R, —
W8> Y R (R AR B S bk ).
2 FhE HAEIEE 7, R AL el G O ik AT
5, FFEEAR % AR A K B BEPLAL
P 3 TR B AR AR R T 05 AR T RE DT R . 1
BT R B 22 4R 1 5k 22 M € AR RS AR
bR, R TR S RN BT ik A I B T R S R 4
AR I BE D7 R AU O ik BEATRG JE LU, o) W L
R HI T AR

1 HIBRIE

A FE XA T 75 M TEIE MOl sy 4 7 I8 p g
Bi P9 (43°17' ~ 43°25'N, 130°05' ~ 130°20'E ).
FE 1987 SFE L T 96 B 2= ¥8 42 £t 17 1R 28 MR HE b
(20 mx30 m ). FEWAL I =R AZ 5 TR 3SR,
el B2 FEHER A, HoAth 32 24 Fp
WG LKy . FAME ( Betula platyphylla ) . 7K | #)
( Fraxinus mandschurica ) . ¥&# ( Tilia tuan )
AN (Acer mono ) %5, TEREDFEHL LA |
RIS AZ 3 P B Sl BEBF 1 MRS HEAAE S fi
WA o fEAT ARTE BB 5 B 0 LR A28 L AR 1 5
s WACRH 2 m X4 Br, HA& BBl e AR
0. 1.3, 3.6, 5.6, 7.6 m % Bk WA &, 7Ffx
Ja—BAR 2mAf, EEFE—B 1 m bR
Ja— T . RARE 1 AR A 43 B I 12 4% [ 5 ) iy
R WA Fn 2 f B As o i T — SE A AT R A AE B i
w ), RfEIEET 2k mA2 . 95 HRE A2 A
71 RRLLAMENT AR S . BDRFPERE S MR ARAE
I UERCE , HARAE B . A T A RRR
a3 T P o /2 = W i < O g O P & < 9 )
7. B AR S B LR 1,

£1 It SHALRE 3 FEHR TR

Table 1 The statistical results of stem analysis for 3 species including P. asperata, A. fabri and P. koraiensis
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Table 2 The parameters simulation results of different taper equations for 3 species

including P. asperata, A. fabri and P. koraiensis
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Table 3 The comparison of accuracy of different taper equations for 3 species

including P. asperata, A. fabri and P. koraiensis
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Mla 0.9643 1.16 1.62 -319.6 -310.9 -327.6
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73 <0.01
M2a 0.9819 0.83 1.15 -830.6 -813.1 —846.6
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M2a 0.9819 0.77 1.14 -969.3 -950.7 -985.3

RAEELEER, DA & (W TEEEEAR AR, BEWE 1 RBR, XT3
) AREARAR, A EAR (RS ER R ROk, BT R A RCR R
MY, BERE LRI T R, 22 3 A Rl



122 [N A N o

i 41 4

ZiERONERE

AR
a. LIRS T il 28

2.0
18
16
@ 15 8
T
E s
Z 0
E 06
0.4
02
O L L L L .
0 02 04 06 08 1.0
pihan=n
b. BT lZk
2.0
18
16 &
148
&k
o0
Z 08
Z 06
0.4
02
2 , , , S
0 02 04 06 08 1.0
AEXT

c. IRl
1 =2, WML 3 fRFhR A E E
2Bt Lk
Fig. 1 Relative height plotted against relative diameter
with a segment taper equation of 3 species

including P. asperata, A. fabri and P. koraiensis
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Table 4 The validation result of 2 taper equations for 3 species

including P. asperata, A. fabri and P. koraiensis
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Mla 0.9553 2.68 4.03
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