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Establishment of compatible biomass models for
Pinus yunnanensis in different regions

LIU Weiyi' ,DENG Huafeng' , HUANG Guosheng”, WANG Xuejun®,ZHANG Lu’

(1 College of Foresty,Beijing Forestry University ,Beijing 100083 ,China;

2 Academy of Forest Inventory and Planning ,State Forestry Administration , Beijing 100714, China)

Abstract:[Objective] This study explored the method of constructing compatible biomass models for
different regions to provide technical support for the biomass modeling of Pinus yunnanensis. [Method])
Based on the measurement data of aboveground biomass of 150 P. yunnanensis trees in Sichuan, Xizang and
Yunnan,the general models for total above ground biomass as well as stem,wood,bark,crown,branch and
leaf biomasses for trees from different regions were established with basic biomass models (one or two pre-
dictor variables) and dummy variables characterized by geographic regions. Then, the compatible biomass
models were built using the method of nonlinear simultaneous equations with measurement error. Accord-
ing to different equations, the method was divided into direct control under total tree biomass by propor-
tions and sum control. At last, the fitting effect was evaluated and analyzed. [Result] In basic models, the
fitting effect of models with two predictor variables was significantly higher than models with one predictor

variable. Both the direct control under total tree biomass by proportions and sum control could efficiently
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ensure that the total biomass was equal to the summary of its components with high accuracy. The models

with two predictor variables were better than models with one predictor variable and the direct control

method was as effective as sum control method. The introduction of dummy variable could integrate differ-

ent regional biomass models effectively. [ Conclusion) Introducing dummy variable was helpful to reduce

workload and enhance model stability. For balancing prediction accuracy and workload,it is suggested to a-

dapt the nonlinear simultaneous equations with measurement error of sum control to build compatible bio-

mass models.

Key words: Pinus yunnanensis ; biomass model; compatibility; nonlinear simultaneous equations with

measurement error
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Table 1  Basic information of Pinus yunnanensis samples used for biomass modeling
> " i W /mo b — y
wik g mE e PP e L e THke Tk Wk Wi/ke Bt/
Region Number Item DBH . CW -7 £ Stem Wood Bark Crown Branch Leaf
height AG
%I\;[JJ\IFE 2.10 2.00 0. 90 0. 69 0. 38 0.23 0.15 0.28 0.12 0.10
U B
[LU” 20 e 42.90 15.70 7.34 658. 77 454.55 401. 66 52.89 204,22 170. 39 53.94
Sichuan Max
M2 N
N 17.09 9.67 3. 40 138. 35 90. 88 78. 45 12.43 47,47 36.78 10. 70
Mean
PrUfE2E SD 12. 86 5.04 2.19 184.70 124.98 109. 52 15. 89 62. 60 50. 65 14.02
=
WI\;IJ:‘EH 1. 80 2.00 1. 10 0.31 0.21 0.14 0. 06 0. 10 0.02 0.03
s =R
Em 50 IR AR 46.70 33. 30 10. 56 850. 22 698. 89 632. 36 66.53 185. 32 141. 89 64. 80
Xizang Max
16.73 11. 32 4. 20 140. 57 104. 57 91. 54 13.03 36. 00 25.85 10. 15
Mean
bRiE2E SD 12.62 7.40 2.54 208. 30 159.12 141. 69 17. 86 53.97 39.58 15.55
=)
BII\;[JI\I_{E 1. 90 1. 80 0.75 0. 40 0.29 0.19 0. 10 0.07 0.03 0. 04
f— - =]}
i 80 B 47.10 29.01 12.59 900. 59 763. 84 697.49 66. 35 212. 36 189. 60 39.76
Yunnan Max
N 16. 67 10. 69 4.71 146. 74 109. 05 98.08 10. 97 37.69 30.41 7.29
Mean
trifE2 SD 12.28 6.99 2.86 203.91 163.76 149. 29 14. 80 48. 36 40,18 8. 88
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Table 2 Weight functions for each biomass model of Pinus yunnanensis

LB LB W7 B £ A
i H Weight function of conventional models Weight function of dummy variable models
ftem 3t ST —Jt ~Jt
One variable Two variables One variable Two variables
W, D783 6 D1.802 9 D1.9103 D1.8178
W, D2 373 2 2. 0809 D2 1925 pL.7122
W, D2.0940 D978 4 D2 243 2 D945 9
W, 2087 4 D928 9 D977 9 DL-8969
W1 I')]_JA‘ZS D]_lﬁ[7|6 D|_3ﬁ733 D|_-HH8
W Dl 407 3 D293 5 DL 4417 D519 4
W DL.5737 D613 D370 D405 6

TE:Wo. st BB AW W T AW W, T AEY R W, TRAY R W, WA Y Ws. M A i We. #0498 D 2.

NI .

Notes: W;. Above-ground biomass; W;. Stem biomass; W,. Wood biomass; W3. Bark biomass; W,. Crown biomass; W5. Branch biomass;

W. Leaf biomass; D. Diameter. The same below.
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Table 3 Evaluation of conventional models and dummy variable models of Pinus yunnanensis
- LAY I A% 5 A
?‘ H Conventional models Dummy variable models
t
em R? SEE TRE/% MPE/% AIC R? SEE TRE/% MPE/% AIC
4]: 0.917 8 58.01 —0.51 6.52 1220 0.920 7 57.79 —0.70 6.50 1201
One variable
Wo " 4]: 0.946 1 47.13 —0.49 5. 30 1156 0.947 9 47,33 —0.57 5.32 1147
Two variables
#JL: 0.874 9 55.63 1. 38 8. 54 1208 0.887 0 53.59 0. 04 8.23 1191
One variable
Wi QJL.; 0.952 9 34.27 0.12 5.23 1063 0.956 1 33.76 —0.12 5.18 1 058
Two variables
4E 0.864 4 52.24 —1.04 9.04 1189 0.880 5 49.72 —1.03 8. 60 1142
One variable
W2 QE 0.949 9 31. 86 —0.44 5.51 1041 0.953 8 31. 24 —0.38 5.41 1028
Two variables
#75 0.877 2 5. 60 4.78 7.63 519 0.887 2 5.45 3.05 7.42 509
One variable
Ws #E 0.912 4 4.75 0.03 6.47 470 0.920 7 4.61 0.02 6. 28 463
Two variables
4‘7[: 0.811 5 22.68 —0.50 9.52 941 0.819 4 22.51 —0. 60 9.45 930
One variable
Wi - 4]: 0.842 9 20,77 —0.29 8.72 920 0.843 7 21.16 —0.59 8. 89 913
Two variables
QE 0.805 0 18.32 —0. 36 9.94 874 0.817 0 17.99 —0.62 9.77 865
One variable
Ws QJL.; 0.836 6 16. 83 —0.25 9.13 862 0.837 5 17. 14 —0.95 9. 30 856
Two variables
AJL} 0.642 1 7.32 —0. 86 13.58 599 0.693 0 6. 87 —1.35 12.76 584
One variable
We —C 0.663 6 7.12 —0. 30 13.21 592 0.7239 6.59 —0.88 12.23 574

Two variables
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Table 4 Evaluation of models with nonlinear simultaneous equations for Pinus yunnanensis

5H . A t([:fF'JE'\iH%T’Eﬁ?'JA ‘ . ' AR '
It\em ontrolling directly by proportion functions Controlling by the sum of equations
R? SEE TRE/% MPE/% AIC R? SEE TRE/% MPE/% AIC
A 0.920 7 57.79 —0.70 6.50 1 201 0.916 3 59.72 —0.69 6.63 1207
W, 0. 886 8 54.16 —0.59 8.33 1198 0. 880 6 54. 30 0.01 8.57 1 200
S W, 0.882 0 54,16 —1.13 8. 65 1116 0.878 3 55.31 0. 06 8.78 1119
Models with W, 0.884 9 5.56 3. 86 7.58 510 0.882 9 5.66 —0.42 7.61 517
one variable w, 0.8155 22.99 —1.00 9. 80 947 0.823 4 21. 84 —3.00 9.17 942
W 0.815 6 18. 25 —1.01 10. 08 879 0.824 1 17. 32 —2.78 9.40 872
W 0.694 9 6.92 0.97 12.90 584 0.641 4 7.40 —3.41 13.74 594
0 0.947 9 47.33 —0.57 5.32 1147 0.946 1 47. 44 0.33 5.38 1150
W, 0.952 8 32.01 0. 04 5.08 1103 0.949 5 32.83 1.43 5. 14 1112
— S W, 0.951 9 32.02 —0.30 5.31 1 065 0.948 0 32.83 1.13 5.16 1 069
Models with W, 0.916 7 4.61 1.76 6.20 490 0.906 2 4,74 3.82 6.46 496
two variables w8381  20.86  —1.19 8.18 912 0.8310  21.34  —2.54 8. 96 913
Ws 0.839 2 16. 37 —1.27 8.83 865 0.838 9 16.52 —1.44 8. 81 862
Wy 0.719 4 6.18 —1.26 9.68 573 0.704 8 6.70 —1.74 9.95 579
x5 ZERIEEMEEEREEF—TE-aRENEHNARAEERNSHMAEITE
Table 5 Parameter estimation of Pinus yunnanensis models of nonlinear simultaneous methods with
one and two predictor variables by sum control
?tﬁeran a; ai; az b; by bai Ci Cli C2i
w, 0.054 79 0.057 82 —0.024 61 2.39826 —0.268 18 0.194 13 - - -
U W, 0.02289  0.05423 —0.06820 2.08102 —0.38147  0.057 67 - — —
Kﬁdill‘r:ﬁi‘ W5  0.03847  0.03293  0.107 32 2.13872 —0.086 41 —0.347 47 - — —
W 0.019 99 0.331 13 0.053 71 2.05353 —0.84879 —0.498 23 — — —
—IC w, 0.018 20 —0.018 19 0.026 97 1.88583 —0.41503 —0.306 51 0.978 25 3.189 61 0.086 88
Models with ~ W, 0.003 10 —0.003 09 0.026 07 1.841 02 —0.60172 —0.785 74 0.945 77 3.060 36 0.127 21
two variables w0 18234 —0.130 29 —0.084 00 2.35491 —0.68107  0.20124 —0.784 18  1.390 30 —O0.026 57
W 0.282 23 —0.221 45 1.343 91 2.498 64 —0.82556 —0.396 06 —1.451 93 1.441 27 —0.399 95
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