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Development of compatible biomass models for trees from different stand origin
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Abstract: Biomass equations for individual-trees have appeared frequently in the ecological and forestry literature over the
last 60 years as biomass estimation is a prerequisite for studies on forest productivity, nutrient cycling and for calculating
carbon sequestration, storage and other structural and functional attributes of forest ecosystems. Over the same period of
time, the methods of developing biomass equations for total tree and component biomass have evolved from single equation
least squares to multivariate adjustment in proportion and simultaneous equations, both linear and nonlinear. The single
equation approach relates total tree biomass and its components such as stem, wood, bark, branches, and foliage to
predictor variables such as diameter at breast height, height and sometime also crown width using log transformed data
through least squares regression. The equation for each component is estimated separately without taking into account (1)
the inherent correlation among the biomass components measured on the same sample trees and (2) the logical constraint
between the sum of predicted biomass for tree components and the prediction for the total tree. As a result, biomass
equations developed through this approach fall short of statistical efficiency in parameter estimation and lack compatibility
among the component equations ( Parresol 1999). The lack of compatibility means inconsistency in logic in the sense that

the predicted values from summing the biomass equations of tree components do not equal to the predicted value from the
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equation for the total tree biomass. Development of compatible individual-tree biomass models were well reported in the
literature , while how to construct these biomass models for trees from different stand origin has not been investigated so far.
In this paper, generalized models on total above-ground biomass and its four components ( stem wood, stem bark, branch,
and foliage ) for trees from different stand origin were established using the methods of adjustment in proportion and
nonlinear simultaneous equations. Totally 150 Masson pine ( Pinus masson iana ) trees were sampled for biomass
investigation in southern China. For the two approaches mentioned above, i.e. adjustment in proportion and nonlinear
simultaneous equations, controlling jointly from level to level by ratio functions and controlling directly under total biomass
by proportion functions were employed. Covariate variables of one-, two- and three-variable biomass models were obtained
from five stand variable candidates of diameter at breast height, tree total height, diameter at ground level, height to crown
base and crown width. Weighted least square regression was used to remove the heteroscedasticity of biomass models. The
results showed that both methods of adjustment in proportion and nonlinear simultaneous equations could efficiently ensure
that the total biomass is equal to the summary of its components with high prediction accuracy. However, the prediction
accuracy of nonlinear simultaneous equations was generally much higher than that of adjustment in proportion. The approach
of controlling directly by proportion functions was slightly better than the one controlling jointly by ratio functions. The
function of each component biomass itself as weighted function could remove heteroscedasticity effectively. The biomass
models for each component with three variables ( diameter at breast height, height and crown width) had the highest
prediction accuracy, following by the two variables ( diameter at breast height and height), and the single variable
( diameter at breast height) model. The discrepancies among the models were very small, however. For balancing the model
prediction accuracy and survey cost in constructing biomass model for trees from different stand origin, we suggest adapting
the nonlinear simultaneous equations of controlling directly under total biomass with diameter at breast height and height as

covariables.

Key Words: nonlinear simultaneous equations; adjustment in proportion; compatibility; Masson pine
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Table 1 Summary statistics for modelling and validation data sets

. B Modelling data

BG4 dE Validation data

Variable BoME ROk PR k% BoME ROkl P bR
Min Max Mean SD Min Max Mean SD
D/cem 1.60 47.20 16.54 12.21 1.50 40.70 16.68 11.93
H/m 2.00 27.60 12.01 7.28 2.10 24.10 11.76 6.97
CW/m 0.60 12.00 4.51 2.62 0.93 9.85 4.31 2.32
Dy/cm 2.60 52.30 21.07 13.89 2.60 52.90 21.65 13.98
CH/m 0.05 18.70 5.67 4.60 0.30 14.90 5.93 4.91
Stem/kg 0.22 734.12 131.32 183.57 0.24 591.93 128.03 181.58
Wood/kg 0.17 675.01 120.62 170.11 0.18 534.55 116.51 166.87
Bark/kg 0.04 61.89 10.70 14.27 0.05 57.39 11.52 15.30
Crown/kg 0.06 305.02 39.50 57.97 0.14 168.40 34.19 47.42
Branch/kg 0.04 273.45 31.44 48.99 0.06 148.14 27.87 42.22
Leaf/kg 0.02 70.20 8.06 10.97 0.08 20.34 6.32 6.43
AG/kg 0.32 1039.14 170.82 237.14 0.38 731.75 162.23 223.34

D Motz H, #85;CW. 808 ;D Hid2; CH ., AT ;Stem: A1 ; Wood: 44 ; Bark: T} ; Crown: # 5 ; Branch: #4%; Leaf: #1;AG, Hi I

BAEYE ;D diameter at breast height; H: tree height; CW: crown width; Dy diameter at ground leve; CH: height to crown base; Stem; tree stem;

Wood : stem wood; Bark: stem bark; Crown: tree crown; Branch: tree branch; Leaf; tree foliage; AG: total above-ground biomass
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Table 2 Weighted functions for each biomassmodel with one, two or three predictor variables
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Table 5 Parameters estimates for both approaches of adjustment in proportion and nonlinear simultaneous equations with controlling directly

under total biomass

ERIIREE =SS AR tlear )y el
2¥ Adjustment in proportion Nonlinear simultaneous equations
Parar Hy 1 : : Ho b A :
smeters LS PR TR mE RE RS TH PR M
‘E Wood Bark Branch Leaf - Wood Bark Branch Leaf
AG AG

a 0.0670 0.0172 0.0150 0.0311 0.0729 0.0670 0.5221 0.3924 0.8627 1.7864

b 2.0831 1.8043 1.7618 3.1957 2.6047 2.0831 0.4104 0.3730 1.8084 1.4083

c 0.0022 0.0079 0.0017 -0.0219 0.0026 0.0022 1.1155 0.6230 -0.2574 1.6615

d -0.0259 0.1449 0.0786 -0.7531  -0.7263  -0.0259 1.5501 1.4514 0.6393 0.3593
e 0.5092 1.1649 0.4160 -1.0933  -1.1394 0.5092 2.3497 1.6348 0.1096 -0.0940
f 0.0330 -0.2768  -0.0651 1.3150 0.7954 0.0330 0.1760 0.4076 1.7554 1.6610

F6 REEZEERILLEITEERMIFLERIAFREKXITMNEIRIE

Table 6 Evaluation indexes for both approaches of adjustment in proportion and nonlinear simultaneous equations with controlling directly

under total biomass

L W20k Ly AL
el Adjustment in proportion Nonlinear simultaneous equations
Component

e 8 MSE e 8 MSE
Wb b AR AG -2.9703 1145.7022 33.9783 -2.9703 1145.7022 33.9783
BT Stem 2.6184 1005.5090 31.8177 2.5073 998.2318 31.6941
T4 Wood 1.3817 1018.7830 31.9483 1.4017 1011.4313 31.8339
T}z Bark 1.2367 22.1305 4.8642 1.1056 20.5120 4.6620
P Crown -5.5888 457.6495 22.1107 -5.4777 447.8716 21.8604
AL Branch -3.3941 341.6549 18.7929 -3.4911 342.5206 18.8337
I Leaf -2.1947 34.2657 6.2516 -1.9865 29.7365 5.8037

ZRE K i A [ WD R e e v I L & 19
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AP A A PR SEA DR AR T — AR
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