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Abstract; Individual tree biomass equations have been frequently used in ecological and forestry research over the last 60
years. They represent a powerful tool to understand forest productivity, nutrient cycling, and carbon sequestration, and they
are used to estimate other structural and functional characteristics of forest ecosystems. Current attempts to develop above-
ground biomass equations for Larix forests in northeast China have been mainly focused on only one species or applied to the
genus Larix as a whole. However, generalized above-ground biomass equations for Larix could be used to estimate the
average relationship between above-ground biomass and different independent variables and also variations among different
Larix species. We developed generalized biomass equations for different Larix species by using Larix olgensis and Larix
gmelinii. In this study, a total of nine tree variables that were able to predict above-ground biomass in Larix species were

examined using biomass equations. The results show that D, H, and CW contributed significantly to predict above-ground
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biomass. Therefore, three combinations of these variables, including D alone; D and H; and D, H, and CW, were selected
as independent variables to develop univariate, bivariate, and trivariate biomass generalized equations, respectively. The
trivariate biomass generalized equations predicted above-ground biomass better than the other two equation types, while the
predictive power of the univariate equation was the worse than the rest. Theoretically, the prediction accuracy of trivariate
biomass equations could be further increased by adding stands or tree variables; however, including an excessive number of
parameters in the biomass equations may hinder computation convergence and reduce the speed required to estimate model
parameters. Furthermore, including many stands or tree variables would increase the cost and time required to conduct forest
inventories. Therefore, determining the appropriate number of independent variables able to provide the level of accuracy
required by forest managers is essential in forest modeling. A parsimonious model with reliable accuracy of prediction has
been suggested as a reasonable approach for efficient forest management. For this reason, D, H, and CW were finally
selected as independent variables for the generalized biomass equations developed in this study. In general, the biomass of
individual trees with the same D would depend on the region studied and the origin of the tree. Thus, the generalized above-
ground biomass equations developed for different Larix species in northeast China consider this inter-regional variation by
using a dummy variable. To reduce heteroskedasticity in the data, we used weighted least square regressions. The results
showed that the predictive precision of the biomass equations could be improved by adding predictor variables. Regardless of
the traditional biomass equation used, both generalized equations considering only tree species and those considering tree
species, tree origin, and region showed the highest prediction power. In addition, the accuracy for predicting above-ground
biomass did not differ among univariate, bivariate, and trivariate equations when tree species, tree origin, and region were
considered. On the basis of these results, the trivariate generalized biomass equation that considers tree species, tree origin,

and region was believed to be the best option for estimating the biomass of L. olgensis and L. gmelinii.

Key Words: Larix olgensis; Larix gmelinii; above-ground biomass; generalized equations
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Table 1 Sample trees distribution for modelling and validation data sets by tree species and origin

AR Modelling data /B 90 44 Validation data/ Bk
NS/ A0S N =B AT =B AN SN
N KM AT KM AT T ISR
Natural Planted Natural Planted Natural Planted Natural Planted
E /AR 14 9 6 6 8 3 2 2
ik 0 0 10 11 0 0 6 3
ey 21 16 0 0 9 4 0 0
BAE Total 35 25 16 17 17 7 8 5
R2 ERMKEBRHEETERR
Table 2 Summary statistics for modelling and validation data sets
A5 HEBHE Modelling data K884 Validation data
Variable ROME ROKE FE bR RoMA ROkl P b2z
Min Max Mean SD Min Max Mean SD
MLBIEMAN Larix gmelinii
D/cm 2.10 41.80 17.25 11.86 2.00 38.30 18.69 12.92
H/m 2.85 25.90 12.76 6.62 2.61 23.00 13.16 7.68
CW/m 2.35 15.71 8.03 3.68 2.14 14.50 7.76 4.20
W/kg 1.25 9.55 4.42 2.31 1.14 8.30 4.52 2.28
KM Larix olgensis
D/cm 1.60 44.10 17.13 12.74 2.20 26.80 11.93 8.65
H/m 2.50 28.20 13.13 7.31 3.80 21.50 11.02 6.24
CW/m 1.25 19.90 9.20 5.31 2.00 14.50 7.64 4.70
W/kg 1.00 10.60 4.64 2.59 1.45 7.35 3.60 2.02
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Table 3 Weighted functions (WF) of univariate, bivariate and trivariate biomass equations ( BE)

—JuEWE IR TR ZouEYE IR IuhREL =JnE YRR = ICA R
Univariate BE Univariate WF Bivariate BE Bivariate WF Trivariate BE Trivariate WF
J7#% Model(1)  g(D) = D"% Model (2) g(D,H) = D" *H*0 Model (3) g(D,H,CW) = D“BHT Ccwo¥
J7# Model(4)  g(D) = D' Model (5) g(D,H) = D" H*% Model (6) g(D,H,CW) = D" H® cwo>
J7#% Model(7)  g(D) = D" Model(8) g(D,H) = D"H"" Model (9) g(D,H,CW) = D*¥ [ cwo¥

22 ZonAYsITRE

TouAEYE T R(2) HR(S) MATR(8) A RN 3, 3 MRS EALTHE N R 4, IR 4 ]
5, 5—ouAa Y R, 3 A R B, B FR e, R WIRME [R5 18 D F H X268 I A AT
WA AR, PR RN AR A S B AR A AR A AE DG, B, KT B, BEHA ELARXT /W) o A= 4y e 5 i i
LA e X AR s R R M K FER A2 T, 5 — oA Y AR AL, R (5) A AR (8) Hh Y /N 0
WIFEARIR) BAR SRR T 4R TE A AR LK I AN AE i 2 ORI 7 I, 5 — oA 5 #R A
Al ( BV KT 0) , FBAPTATE T FAR TP A R BLAR A A T KRR B et N TR 2 FE oA I,
ooy BRI, BRI ALY /NF B e AR IR ELAR A5 1F T WA RR & B 1 A ) B ARG TS M e,
T HR NSt/ £ S I FRE(2) JHHE(S) FIFFE(8) XF R B BEM 8 bk, X T B8 , 5 2 (8) X
B 3 VAN TR PR AR /N, R T A IEAE , B e (TR (2) XY e =3.36 d5e/y) |, IR (8) X R B F8 4w Al A L

F4 FHEO)—FE)SHMEIHE
Table 4 Parameter estimates for equation (1) —equation (9)

S8 TR TE(2) TE(3) FR(4) FHR(S) FHR(6) FR(T) FHR(8) FE(9)
Parameters  Equation (1) Equation (2) Equation (3) Equation(4) Equation(5) Equation(6) Equation (7) Equation (8) Equation (9)

B 0.1135 0.1028 0.0968 0.1132 0.1053 0.1061 0.1067 0.1031 0.0920
B, 2.3875 2.1507 1.8893 2.3738 2.1020 1.8749 2.3753 2.1352 1.7450
Bs — 0.2975 0.4391 — 0.3267 0.4120 — 0.2930 0.4767
B — — 0.2800 — — 0.2753 — — 0.4520
B — — — -0.0030 0.0427 0.0116 -0.0177 0.0376 -0.0369
B — — — — — — 0.0018 0.0021 0.0043
sy — — — — — — 0.0140 0.0063 0.0148
B — — — — — — 0.0197 0.0069 0.0202
g5 — — — 0.0481 0.3045 0.3186 0.0547 0.3462 0.4735
/Y — — — — -0.4197 -0.3197 — -0.4630 -0.1281
BiY — — — — — -0.0571 — — -0.4390
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Table 5 Equation evaluation indexes

Trie B Modelling data Krg et Validation data

Equation ¢ o? P R E o2 P
Jr## Equation( 1) 0.5847 3011.8334 54.8833 0.9512 1.4057 785.3531 28.0594
Ji 7 Equation(2) 3.6402 2673.9237 51.8380 0.9571 3.36 460.1889 21.71431
Ji 7% Equation(3) 1.9174 1844.6836 42.9926 0.9701 4.2333 280.5467 17.2762
Ji 7% Equation(4) -0.0240 2398.9183 48.9788 0.9612 6.0808 590.0516 25.0405
Ji 7 Equation(5) 5.8043 2065.6592 45.8187 0.9677 9.8428 478.9464 23.9964
75 Equation(6) 2.4965 1441.4730 38.0487 0.9766 9.6828 405.2733 22.3390
Ji 7 Equation(7) -0.3320 1970.9774 44.3969 0.9682 4.2819 783.5254 28.3171
75 Equation(8) 3.5557 1886.1775 43.5755 0.9695 7.5391 460.3530 22.7418
Ji 7 Equation(9) -0.0232 1005.9013 31.7160 0.9837 7.3271 333.3708 19.6738
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