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Wood carbon density variation of Pinus densata and
establishment of mixed effects models
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(Key Laboratory of State Forest Administration for Biodiversity Conservation in Southwest China ,

Southwest Forestry University s Kunming ,Yunnan 650224 ,China)

Abstract :[Objective] Models were established to investigate wood carbon density variation of Pinus
densata at longitudinal and radial directions. [Method] Ten sampling trees of P. densata were investigated
by stem analysis in Shangri-LLa, Yunnan, and wood carbon density at different parts and different tree
heights was measured. Then, the variation of carbon density was analyzed by ANOVA, and wood carbon
density models were constructed by mixed effects model technology considering random effects of height
and part. [Result] The variations of wood carbon density were extremely significant among different parts
and heights. It gradually increased from base to top,and decreased from pith to outward. Both single level
mixed effect models considering random effect of different parts and heights and two-level mixed effect
models improved the fitting precision,and the mixed effect model considering the random effect of parts
had the best fitting performance. The prediction precisions of all models were above 97 % ,and the values of

single level mixed effect model considering random effect of parts and two-level mixed effect model were
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more than 98%. Especially,the precision of the two-level mixed effect model had the highest prediction ac-

curacy of 98.04%. [Conclusion)] The variations of wood carbon density were extremely significant among

different parts and heights,and the mixed effect model considering random effects of tree height and part

had better fitting and predicting precision.
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Fig. 1 Location of Pinus densata sample trees
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Table 1 Basic characteristics of 10 Pinus densata sampling trees
e AAEREAR K 36 B A
< B Training sample Inspection sample
Variable
L6 L8 L16 L18 X49 X51 X52 X54 L3 X53
WAL Study site 1 1 1 1 Il 1 Il I 1 Il
YR
H@/Tl/cm . 57.7 48.1 44,8 52.1 29.6 29.3 29.6 33.7 56.2 31.3
Diameter at breast height
M /m Tree height 27.9 27.8 27.9 27.2 14.9 13.9 14.7 13.1 29.9 14.7
R/ XM Mean  0.171  0.197  0.157  0.193  0.097  0.156  0.165  0.178  0.178  0.173
(g+cm %)
Carbon density ~ BRi#E3% Stdev  0.034  0.035  0.025  0.044 0,067  0.028  0.024  0.035  0.058  0.025

Wl &S M./,
Note: [.Luoji, II.Xiaozhongdian.
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Table 2 ANOVA result of wood carbon density of individual Pinus densata trees

GEES A eI f ¥ 227 fn F 1 P A
Factor df Sum Sq. Mean Sq. F value P value
= # & Tree height 1 0.018 0 0.018 0 9. 87 0.001 7
Tree height g3 Residuals 1781 3.280 0 0.001 8 ’ '
HBAL A Part 1 0.197 5 0.197 5 113. 4 0. 000 0
Part 5% 2% Residuals 1781 3.100 5 0.001 7
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Fig. 2 Variation of single wood carbon density of Pinus densata with tree height
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Fig. 3 Variation of single wood carbon density of Pinus densata among parts
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Table 3 Comparison of single-level mixed effects models for wood carbon density of Pinus densata

RS e 280 5 2 IO A Y

A R0 5 A IO A Y

7 /E’»ﬁ.\ %{f& Mixed model with height effect Mixed model with part effect
No. 1xe
parameter AIC BIC LL AIC BIC LL
1 ¥ No —6 434,841 —6 412.897 3 221,421 —6 434,841 —6 412,897 3 221,421
2 a —6 444. 839 —6 417. 409 3227.419 —6 563. 308 —6 535. 877 3 286. 654
3 b —6 432. 841 —6 405,411 3 221.421 —6 432. 841 —6 405,411 3 221.421
4 ¢ —6 456. 729 —6 429. 299 3 233. 365 —6 432,841 —6 405,411 3221.421
5 a+b —6 442,529 —6 404,127 3 228,265 —6 559. 307 —6 520. 905 3 286. 653
6 a+te —6 452,729 —6 414,327 3 233. 365 —6 564. 426 —6 526. 024 3 289.216
7 btc —6 452,729 —6 414, 327 3 233. 365 —6 570. 205 —6 531.803 3292, 103
8 atbte R # No convergence —6 558. 426 —6 503.565 3289.213
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Table 4 Comparison of single-level mixed effect models for wood carbon density of Pinus densata
considering variance and covariance structure within groups
o e Pyl 22454 RF e 50 TR 5 285 A IS 57 280N VR 5 80 A A
s ‘7:7%’“ &l Covariance Mixed model with height effect Mixed model with part effect
No. Variance structure -
structure AIC BIC LL AIC BIC LL
1 J& No J& No —6456.729 —6 429.299 3 233.365 —6 570.205 —6 531.803 3292.103
2 +8 50 PR %L Exponential Jt No —6 454,915 —6 421.998 3 233.457 —6 568. 393 6 524.504 3 292.196
3 T KB Power J& No —6 454. 744  —6 421. 828 3 233.372 —6 569.474 —6 525.586 3292.737
4 J& No AR(D) —7554.957 —7522.040 3 783.478 —7573.208 —7529.319 3 794. 604
5 J& No CAR(1) —7554.957 —7522.040 3 783.478 —7573.208 —7529.319 3 794. 604
6 F8 50 PR 8L Exponential AR(1) —7584.847 —7 546. 444 3799.423 —7601.480 —7 552.106 3 809. 740
RS BLURBRAMBKBEEBKEREESSHILER
Table 5 Comparison of two-level mixed effects model for wood carbon density of Pinus densata
7 H AN T} 75 80N RN s AIC BIC LI BLSR LA 36 PH
No. Part effect Height effect df : o L. ratio P-value
1 J& No J& No 4 —6 434. 841 —6 412. 897 3221.421
2 a b+c 8 —6 585. 834 —6 541. 946 3 300,917 158.992 9 0.000 1
3 b b+c 8 —6 587.475 —6 543. 587 3221.421 160.634 1 0.000 1
4 ¢ b+c 8 —6 578.989 —6 535.101 3 297.495 152.147 8 0.000 1
5 atb b+c 10 —6 588. 754 —6 533. 894 3 304. 337 165.913 2 0.000 1
6 atc b+c 10 —6 582.770 —6 527.910 3 301. 385 159.929 0 0.000 1
7 b+c b+c 10 —6 585.922 —6 531.062 3 302.961 163. 080 8 0.000 1
8 atbte b+c 13 —6 584. 725 —6 513.407 3 305. 363 167.884 0 0.000 1
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e s HL DU eR BT 22 250 AT AR (L) B[] F AR G B3 07
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Table 6 Comparison of two-level mixed effect model for wood carbon density of Pinu sdensata

considering variance and covariance structure within groups

2 4 b7 25 45 . .
5 Jr 2l VITREEHE gy . . A
Variance Covariance ! AIC BIC LL .
No. df L. ratio P-value
structure structure
1 J& No J& No 10 —6 588.754 —6 533.894 3304.337
2 +6 %4 PR %X Exponential J& No 11 —6 582.300 —6 521.953 3 302. 150 4.454 6 0.034 8
3 LR Power J& No 11 —6 587.052 —6 526.706 3 304.526 0.298 0 0.585 1
4 Jc No AR(CD) 11 —7203.119 —7 142.772 3 612,559 616. 364 2 0.000 1
) 7t No CAR(1) 11 —7203.108 —7 142.761 3 612,554 616.353 4 0.000 1
6 LK% Power ARCD 12 —7205.794 —7139.962 3 614.897 621.039 8 0.000 1

2.2.3 AEAR L2 AR BRI A A 2 B R
3 PR A RN LAY AT 5 AP (R DT LR L IR
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R A5 TR g 3O T R KPR G AR AR AR T B K
TR A A0 AR AR vy L 25 PR A B AL 4850 0 114 TS 2050 o A
TRy de A . MR S VR G B8 45 SR L T A TR (Y T A
K28 HE 97 00 LA, L2 5B 0N 1) TR A R0 AR

B 7KV R A 0 A5 B ) TGRS s T 9800,
H P KT R £ A0 A TR ) AR LGS #) 98, 0400,
7T 25 i A58 250 5 A 5 R ) - 149 AR X 15 22 200 68 {0 A1 A A
X R 25 4 X {5 — 2RI A UM AL L B KPR 5 AR
AR 2 A 1% 22 48 i 28 X B B /)N T 25 AR A 4%
IO TR 45 BN AR A 2 A 13 22 48 b 14 248 )R U 7 2 A
FAOKSIR A RN AR . 4 AR A AU 5 R
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Table 7 Testing results of the models for wood carbon density of Pinus densata

&35 r Fitting index

Il ST PEAS B 48 B Independence test index

Model AIC BIC LL e AMRE/%  SRE/% P/%
Residual error
FERHAE A Ordinary model —6 434,841 —6 412.897 3 221.421 0.039 76 19. 040 —1.08 97.93
5 7 ARl g R TR
B R OB IR S RO BRA —7584,847 —7 546,444 3799.423  0.022 79 20. 282 —3.51 97.90
Mixed effects model with high effect
B AN B T B A0 A 7 _ - o
Mixed effect model with height effect 7 601. 480 7 552.106 3 809.740 0.021 75 19.719 2.72 98.02
F ke S VE A 7 T
K 1 R LA —7205.794 —7139.962 3 614.897  0.032 33 19. 349 —2.56 98. 04
Two-level mixed effects model
®8 BURBAAMBREERARNERIEMSGHER
Table 8 Estimation of the mixed effect models for wood carbon density of Pinus densata
g P - - ‘ —
. | HESH H )7 e D)7 0 RO R B
T Fixed parameter 25 F 5 [ (D) e §
. . Heteroscedasticity Temporal
Model Variance-covariance | lati
a /7 ¢ matrix (D) value correlation
FEAfAE A Ordinary model  0.037 5* * 0.444 2** —0.072 5" * — — —
) G 3 T A A AL
Mixed model including 0.016 3** 0.679 7** —0.111 0" Dy =[0.013 62] Expon=3.249 1 Phi=0.713 4
tree height effect
AN 8 TS B 5 A A 0.024 08 —1
Mixed model including 0.0205** 0.6017** —0.076 6** Dp=| _ Expon=3.280 9 Phi=0. 685 0
—1 0.016 50
part effect
N 2 e 0.008 54 —1
WK & MO D= O et ]
Two-level mixed 0.024 0" 0.5725** —0.0690""* 0.025 03 : _ Power=—0.096 9 Phi=0.576 8
effect model Dy= |: - 0.047 Ol:|

T * x R SRR .2 s Expon(Power) Jg ALY A I 15 K0 G 08 BOVE S 05 22 85K A1 s Phi o RIS R — B |1 100 )9 25 4

YR P Ir 22 55 K B 1L

Note: * % indicates that the parameter test is significant; Expon (Power) model is the value that Expon(Power) was used for variance

structure when model was fitted; Phi model is the value that AR(1) was used for covariance structure when model was fitted.
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