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Accuracy evaluation of 2 allometric biomass models

WANG Yi', MEI Xuesong', YUAN Ye?, ZHU Wancai’, DONG Lingbo'

(1. College of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China; 2. Emergency Rescue
Support Center of Heilongjiang Province, Harbin 150036, Heilongjiang, China; 3. Heilongjiang Academy of Forestry,
Harbin 150081, Heilongjiang, China)

Abstract: [Objective] The objective is to study the 2 basic models for estimating forest biomass: constant
allometric ratio (CAR) model and variable allometric ratio (VAR) model, and compare the prediction accuracy
(P) of the models, so as to provide reliable theoretical and technical support for forest biomass monitoring.
[Method] Based on the biomass survey data of 50 Larix gmelinii trees in 18 fixed sample plots of Pangu
Forest Farm in Daxing’ an Mountains, a nonlinear seemingly uncorrelated regression method was used to
construct the additive biomass models of CAR and VAR and to compare and evaluate the univariate and binary
models of the 2 model forms. [Result] (1) In the univariate model, the total biomass of the CAR model and the
adjusted coefficient of determination (R?) of each component biomass model were both greater than those of the
VAR model, with an average increase of about 0.003. In the binary model, the CAR model also had a larger R2.

(2) From the model test index, the prediction accuracy of the 2 models in the univariate model was greater than
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97.6%, and the prediction accuracy of the CAR model was higher. The prediction accuracy of the binary model
was greater than 96.9%, and the prediction accuracy of the CAR model was higher. (3) There was a correlation
between the size of stand diameter class and the goodness of fit of the model, and the model was generally more
suitable for smaller diameter stands. [Conclusion] In both the univariate and binary models of total biomass
and component biomass of trees, the CAR model has better fitting and model testing indexes than the VAR
model, and the CAR model has better fitting and prediction effects on forest biomass. The fitting effect of
small-diameter trees is better than that of large diameter trees. In general, the CAR model is not only simpler in
form, but also performs better in fitting effect and estimation accuracy, which can provide a theoretical basis for
estimating the biomass of L. gmelinii in Daxing’an Mountains. [Ch, 5 fig. 5 tab. 31 ref.]

Key words: Larix gmelinii; constant allometric ratio (CAR) model; variable allometric ratio (VAR) model;

single tree biomass
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2 FpEIAR AR VAR BRI SHOMXT A 2, (HARE B S i ny M OC & 1 HONERIS R BN [ R/
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Table 1 Forest and trees survey factors of L. gmelinii

- Mo HE T RAE T
A4 fem S R /m BRECE BE/(BR - hm ) Jai%/cm 5 /m ISER7E V(R 7|
FHME 11.0 12.1 1886.6 16.4 14.6 178.5
S IN:] 14.8 19.6 33333 38.1 26.0 897.2
e/ ME 7.0 6.7 783.3 6.5 6.1 9.8
W2 7.8 12.9 2550.0 31.6 19.9 887.4
5 Z R % 19.0 229 33.3 44.4 27.9 113.7
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f(: (1) EI] CAR *%LFE o 1%*%@*%%7H(7k%%§ B ZIa] Figure 1  Scatter plot of DBH-tree height distribution of L. gmelinii
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Table 2 Parameter estimation, goodness of fit and correction coefficient of two forms of one-dimensional compatible biomass model of L. gmelinii
B SAAHE B i
oy Bl : KEIE R B
a* b* ¢ TR UCE REC TR Bk
- CAR 0.016 5(0.0004) 2.250 7 (0.009 1 0.855 0.414 0.858 1.001 7
W (0.0004) (0:0091)
VAR 0.009 4 (0.0004) 2.5872(0.0220) —0.0211 (0.001 2) 0.855 0.413 0.861 1.000 0
S 4y CAR 0.066 4 (0.004 2) 1.3414(0.023 9) 0.701 0.387 0.707 1.000 1
VAR 0.038 6 (0.0025) 1.6695(0.0277) —0.017 8 (0.001 9) 0.693 0.392 0.701 1.079 7
- CAR 0.0527(0.0010) 2.6159 (0.007 0 0.956 0.250 0.957 1.007 1
WA (0-0010) (0.0079)
VAR 0.0306(0.001 1) 2.9397(0.020 3) —0.020 2 (0.001 2) 0.956 0.250 0.943 1.007 6
WP Mt CAR 0.008 7 (0.001 1) 2.900 4 (0.044 5) 0.905 0.419 0.907 1.000 8
) VAR 0.0050(0.0007) 3.2324(0.0507) —0.017 0 (0.002 3) 0.898 0.433 0.902 1.1258
= CAR - - - 0.849 0.376 0.858 1.001 1
W ey
VAR - - - 0.847 0.379 0.862 1.000 0
= CAR - - - 0.965 0.214 0.969 1.000 1
o BB
VAR - - - 0.964 0.218 0.970 1.000 0
N CAR - - - 0.974 0.191 0.977 1.0127
S
VAR - - - 0.972 0.198 0.944 1.000 5
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Figure 2  Fitting simulation diagram of the biomass of each part of L. gmelinii by the one-dimensional model of CAR and VAR models
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Figure 3 Root mean square error of biomass fitting of each component with different DBH grades by one-dimensional model
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Table 3 Parameter estimation, goodness of fit and validation of two forms of two-dimensional compatible biomass model of L. gmelinii
A SHAHA WA
205y el KIERH T
a* b* ¢t TR R BB T R 2 BRR
) . CAR 0.005 5 (0.000 2 0.8919 (0.004 2 0.761 0.531 0.766  1.0013
WA A ( ) ( ) ~0.000 007 (0.000 0)
VAR 0.004 5 (0.000 2) 0.9229 (0.006 1) 0.757 0.534 0.767  1.000 8
- CAR 0.041 5(0.003 5 0.5091 (0.010 7 0.589 0.453 0.597  1.0002
AR ( ) ( ) —0.000 005 (0.000 0)
VAR 0.034 1 (0.003 0) 0.5380(0.0112) 0.575 0.460 0.593  1.0413
CAR 0.010 0 (0.000 2 1.0852 (0.002 8 0.942 0.288 0.943  1.0058
R T4 41 ( ) ( ) —0.000 005 (0.000 0)
VAR 0.008 5 (0.000 3) 1.1096 (0.004 6) 0.939 0.295 0942  1.0512
CAR 0.001 8 (0.000 3 1.1742 (0.019 6 0.847 0.530 0.851  1.000 6
LAk ( ) ( ) 0.000 002 (0.000 0)
VAR 0.001 4 (0.000 3) 1.2026 (0.023 0) 0.843 0.538 0.849  1.0399
- CAR - - - 0.746 0.487 0.762  1.0012
WA Yt
VAR - - - 0.737 0.496 0.764  1.001 0
= CAR - - - 0.933 0.296 0.940  1.0001
b BRI E Y
VAR - - - 0.928 0.306 0.940  1.0001
R = CAR - - - 0.935 0.300 0944 1.0135
ISER ki
VAR - - - 0.928 0.316 0.944  1.0028
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Figure 4 Fitting simulation diagram of the biomass of each part for L. gmelinii by the two-dimensional model of CAR and VAR models
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Figure 5 Root mean square error of biomass fitting of each component with different DBH grades by two-dimensional model
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Table 4 Test results of two forms of one-dimensional compatible biomass model of L. gmelinii
Hiby R SPUGRZE  FARTRE BN/ % 4y A SRR e PR TR %
- CAR —0.009 0.350 97.90 - CAR 0.006 0.317 97.85
Ay WAy
VAR —0.004 0.352 97.87 VAR —0.004 0.317 97.80
., CAR —0.003 0.321 97.90 ., CAR 0.002 0.172 97.80
Ryt A: Ho b E A
VAR —0.057 0.327 97.87 VAR —0.002 0.167 97.72
., CAR -0.017 0.213 97.90 o CAR 0.021 0.152 97.75
ERRE 7l A
VAR -0.019 0.213 97.87 VAR 0.002 0.149 97.63
CAR —0.004 0.321 97.90
RIARA: Y
VAR —0.068 0.337 97.87
222 =AM s R S AT CAR BRI | REARF ML ARG B4 B 4

TR 2 B4 WHE /N T VAR BERL PR . BT A5 R AR W i A5 7R A S 38 T4y 15 22 1) 48 X R T
VAR FEHY ;. CAR #E R HOBROAR S A 1) 3 Ko 45 2H 43 A W) o A BB AG: 6 8 b - 357 48 X 12 22 39 /N F VAR B
2 PR A A 20 3 A 1 F 55 260 B T RS B 3 K T 96.9%,  H 342 CAR B (1) 4% 20 45 A 1y o 4 700 T 0 ks
W (£ 5),
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Table 5 Test results of two forms of two-dimensional compatible biomass model of L. gmelinii

Gy B PR TR BRI 4o Bnl PEBRE T IHine BUNRE %
CAR -0.007 0.469 97.31 , o CAR 0.007 0418 97.25
WHRe WA
VAR —-0.005 0.474 97.25 VAR 0.006 0.423 9716
CAR -0.002 0.393 97.31 N CAR 0.001 0.225 97.19
A 1
VAR -0.014 0.401 97.25 VAR 0.002 0.228 97.06
CAR —-0.015 0.226 97.31 R o CAR 0.022 0.224 97.13
A AR
VAR -0.014 0.230 97.25 VAR 0.010 0.230 96.94
CAR -0.002 0.409 97.31
R
VAR -0.049 0.415 97.25
3 4T
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T VAR BAL, X S5EER . BRIEFISER AT TE AR B, Ak, XURENISERD X AR AL A L.
principis-rupprechtii [RF5E 25 532 W . CAR FBERUXTRL RNt AR Py it A 12 A %, T VAR BB A 31
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P AT 7] DI EOA R RO A 4 5 BB IO [R] A8, A5 vh— ST B & ORI T e
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