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Diameter-height model for Pinus massoniana plantations based on
BP neural network

MAO Guangxian'?, TAN Wei'?, CHAI Zongzheng'?, ZHAO Yang', YANG Shenjun'?

( 1. College of Forestry, Guizhou University, Guiyang 550025, Guizhou, China; 2. Research Center of Forestry
Information Engineering, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: [Objective] To provide theoretical guidance for the management of the plantation of Pinus
massoniana, a wood widely used in the south, this study is aimed at the establishment of a high-efficiency
diameter-height Model. [Method] With 4 284 P. massoniana plants from 82 sample plots in central Guizhou
Province as the study subjects, 6 generalized nonlinear models were selected to fit the diameter-height
relationship. After the determination of the optimal number of hidden layer nodes, repeated training was
conducted to establish the BP neural network-based model of diameter-height relationship for P. massoniana
plantation. [Result] Among the 6 generalized nonlinear models, the model that fits the best is Korf function
(R*=0.650) while the two hidden layers for BP neural network model were suitable for P. massoniana plantation
with 1:2:1 as the appropriate model structure (number of input layer nodes:number of hidden layer
nodes : number of output layer nodes) was and the model prediction accuracy reaching 0.717. [Conclusion] The
generalized nonlinear model can fit the diameter-height relationship of P. massoniana plantation pretty well, yet

in comparison, the BP neural network works better in that it’s not reliant on empirical models and has better
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fitting accuracy for the high R* yet lower root mean squared error. [Ch, 5 fig. 5 tab. 35 ref.]

Key words: forest management; diameter at breast height; tree height; Pinus massoniana; BP neural network
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PUEHRE R . 2 BRI AE AR A HHT LA BP A4 25 000 28 TR0 AR 25 A AiF 9% 2 B4 v T (1 1L P RS Larix
olgensis"® . JMAN Pinus tabuliformis'" . 2445 WK Larix gmeliniit™ 25 W B A B K53 o S B AS Pinus
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122 #AMzE-wHERGE S ETHAE-W GBS E & DTG, i, 2508
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Figure | Diameter-height scatter diagram for model fitting data for
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Figure 2 BP neural network structure Figure 3 BP neural structure
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80% MINZREHE, 20% MA I EHE, 5 Bh Imfor Table 2 Model performance criteria selected for this study
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Table 3 Summary statis for all sampled trees and trees used for model calibration and validation
Ma4z/cm 5 /m
ZMr/cm BREUBR
FEIE b2 BKE R/ME PHIE iR BRE RME
6 370 5.9 0.6 6.9 5.0 7.1 22 18.7 4.0
8 345 7.9 0.6 8.9 7.0 8.4 2.5 19.6 42
10 300 9.9 0.6 10.9 9.0 9.8 3.1 243 42
12 294 11.9 0.6 12.9 11.0 124 4.0 26.0 43
14 297 14.0 0.6 14.9 13.0 14.4 3.9 24.3 52
16 275 159 0.6 16.9 15.0 15.3 40 26.9 53
18 289 18.0 0.6 18.9 17.0 16.8 4.0 28.1 5.8
20 257 20.0 0.6 20.9 19.0 18.0 3.3 253 6.7
22 312 22.0 0.6 229 21.0 18.7 34 26.0 8.9
24 314 239 0.6 249 23.0 19.2 36 263 10.1
26 287 26.0 0.6 26.9 25.0 19.7 3.7 28.1 10.3
28 228 279 0.6 289 27.0 20.0 3.8 29.9 9.6
30 205 29.9 0.6 30.9 29.0 203 3.5 282 133
32 181 31.9 0.6 32.9 31.0 21.1 3.9 275 12.8
34 132 33.9 0.6 349 33.0 20.6 40 27.0 12.0
36 90 35.8 0.6 36.9 35.0 215 44 275 13.6
38 43 37.8 0.6 38.9 37.0 222 43 27.0 13.1
40 33 40.0 0.6 409 39.0 24.0 3.8 27.0 152
42 30 42.0 0.6 429 41.0 25.1 2.5 273 202
44 15 436 04 443 43.0 25.6 22 273 20.6
46 4 459 0.5 46.5 455 249 32 275 204
50 8 494 04 50.0 49.0 263 22 275 20.9
60 1 60.4 - 60.4 60.4 27.8 - 27.8 27.8
plERAe 3430 19.5 9.3 50.0 5.0 15.9 6.0 29.9 4.1
LN 854 19.3 9.3 60.4 5.0 15.7 6.0 27.8 4.1
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Figure 4 Six nonliner diamerter-height cureves for a P. massoniana plantation
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Table 4 Parmeter estimates and performance criteria of 6 nonlinear meight-diameter models for a P. massoniana plantation
WA e A
(e a b c
R Rya/%  Ryse Aic R Ryial%  Rysg Aic
Néslund 1.614 0.176 - 0.635  25.018 4.044  23176.40 0.623  20.089  3.630  4626.377
Curtis 27.15  9.538 - 0.626  23.808  4.094 2328251 0.622 18.645 3.634 4628.369
Logistic 37.18 5804 0.064 0568 27210  4.402 23903.70 0.551 21.652  3.963 4777.537
Weibull 37.18 0.031 0941 0.629 24.640 4.079 2325232 0.615 19.600  3.671 4 646.573
Gomperz 37.18 2.016 0.039 0.603 25797 4.218 23 538.00 0.589  20.493 3.790  4701.199
Korf 37.18 6.796  0.698  0.650  23.585 3.963 23 003.99 0.641 18.877  3.545 4 587.180
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