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Model construction of Larix principis-rupprechtii canopy volume and surface area
based on BP neural network

Zhou Lai Cheng Xiaofang Zhang Mengtao
(College of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China)

Abstract: [Objective] The BP neural network model was applied to predict the canopy volume and surface
area of Larix principis-rupprechtii, and the optimal form of canopy volume and surface area estimation
model of L. principis-rupprechtii was explored in order to provide new ideas for the future prediction model.
[Method] Taking L. principis-rupprechtii in Pangquangou Nature Reserve of Shanxi Province, northern
China as the research object, the canopy volume and surface area of L. principis-rupprechtii were
constructed using BP neural network based on 678 observational data obtained from six (60 m X 60 m) fixed
plots. [Result] Through model training, the canopy volume and surface area estimation model of L.
principis-rupprechtii was obtained based on BP neural network. Based on BP neural network, the number of
input layer nodes: number of hidden layer nodes: number of output layer nodes was 6:9: 1. Canopy volume data
R?=0.948, MAE = 5.40 m’, RMSE = 18.40; surface area data R* = 0.957, MAE = 3.33 m*, RMSE = 14.41.

The performance of L. principis-rupprechtii canopy volume and surface area model based on BP neural
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network was positively correlated with the number of input factors. The optimal model had 6 input factors,

i.e. crown width, tree height, DBH, max. crown height, projection length of the first live branch in the

direction perpendicular to trunk, and crown base height. [Conclusion] The input variables include

information related to trunk size and crown configuration characteristics. The model can realize the

prediction for the crown volume and surface area of Larix principis-rupprechtii trees effectively.

Key words: model buildings; canopy volume and surface area; BP neural network; machine learning;

prediction model; Larix principis-rupprechtii
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Fig. 1 Schematic diagram of canopy volume composition

TH L. DRI, 75 SEBRR A A, A7) 75 AR 8 52 BRIk 15 I
AR RACA IS BT . BP 4128 X 45 ) 3 A Fy ik
BERNE. B2 E(E 2), #1221
JLEERIINE 3 s
123 BP AP M &R 5

LA Matlab 4 % #5215 5, f F MatlabR2019b -
£ HF ) nntool T A X HEALVE HHFA B el AR R AR T
FRHEAT S, 3BT BP A48 0 48 A5 78 43 ) 3ok S b v i
Fa N AR AR R 5 3R T AR AT Tl . N 2N
Mo R R, S T o E R SR TR .
€ BP 20 W 2% 1) B 21 A0 B it 2256 4 5K

Ny = VNin+N0ut+h (5)

x1 BEEESIT
Tab. 1 Modeling data statistics

¥ 45 Indicator D/cm R/m H/m Heg/m r/m Hyc/m Vim? S/m?
“FHI{H Mean value 30.6 5.4 24.7 8.1 22 16.4 468.7 355.8
B KAH Max. value 489 232 38.4 24.9 10.9 28.8 3039.7 3408.9
/M Min. value 2.8 1.8 3.8 0.2 0.2 1.7 70.1 84.0
b3 #EZ Standard deviation 7.8 1.7 5.4 4.7 1.2 4.6 380.2 206.4

VE: VA AR, SRR, FIE. Notes: ¥, crown volume; S, crown surface area. The same below.
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Fig. 2 Structure diagram of BP neural network
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Tab. 2 Evaluation of fitting dominance of different input variables in BP neural network model

TR IR E W7 iR 2=

LUNESER Coefficient of determination (R?) Mean absolute error (MAE) Root mean square error (RMSE)
Input factor
14 S Vim?® S/m? v S

R 0.612 0.715 177.68 81.47 250.38 107.39
R, H 0.551 0.714 155.96 71.89 250.38 102.99
R,H,D 0.509 0.701 173.52 70.22 275.99 105.39
R, H, D, Hyc 0.668 0.770 167.66 78.28 263.26 109.72
R,H,D, Hyc, r 0.819 0.823 73.19 54.85 102.14 76.01
R,H, D, Hyc, r, Hcg 0.948 0.957 5.40 3.33 18.40 14.41
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Tab. 3 Test results of crown model
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