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Table 1 Summary statistics for model modeling and validation
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Height/m . : Number of Branch Maximum number  Maximum Biomass/kg

diameter/m  width/m . eyes
basal branches diameter/cm of branches branch level

FIE 297 0.54 2.92 45.62 1.33 67.07 16.91 4.16 4.65
RKME 4.45 1.89 4.93 173.00 2.90 115.00 51.00 6.00 33.92
/IME 0.96 0.04 1.43 3.00 0.61 21.00 4.00 2.00 0.05
bRz 0.53 0.37 0.89 36.34 0.42 20.67 6.92 0.91 5.69
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Fig. 1 Structure of BP neural network Fig. 2 Neuron structure
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Table 2 Evaluation of fitting dominance of different
input variables in BP neural network model
HHME IRZEE R ZE YA
Coefficient of Root mean Mean absolute

determination square error error

T
Input factor

R? RMSE MAE

c 0.70 2.97 1.90

C. N, 0.75 2.10 1.36

C. N D 0.86 1.99 1.30

C. N~ D. D, 0.89 1.37 0.90

C. Nn D. Dy. N, 0.90 1.31 0.82
C. N D\ Dy Nev H 0.91 1.24 0.78

P H: A& (Height); D: Hi4%2 (Ground diameter); C:
AiE (Crown width); Ny ZEH 4% (Number of basal
branches); Dy: %Ml (Branch diameter); Ng: HR%
(Number of eyes); Np: B A7 3 H (Maximum number of
branches); Ny B KB Kk $(Maximum branch level); B:
Y& (Biomass) .
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Fig. 4 Fitting accuracy with different number of
input factors
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Table 3 Evaluation of fitting dominance of BP neural
network model when the N;, factors is 4

I 25 Ko TR HE
REEE Training Test
Nodes
R? RMSE MAE R? RMSE MAE
3 0.802 2.035 1.272 0.920 1.431 0.853
4 0.891 1.534 1.090 0.879 1.506 0.897
5 0.893 1.322 0.870 0.701 2.646 1.776
6 0.894 1.518 0.882 0.784 2.579 1.315
7 0.951 0.859 0.600 0.831 2.068 1.014
8 0.872 1.639 1.101 0.800 2.488 1.192
9 0.968 0.666 0.503 0.961 1.102 0.768
10 0.833 1.933 1.185 0.858 1.848 1.001
11 0.900 1.288 0.858 0.929 1.385 0.812
12 0.938 0.883 0.613 0.937 1.304 0.809

] —AN B2 97 SR Rt ORI A, ik
PR G R A i AR, b S IR A5 [
AN JZ T BB (Ny) = B2 5080 (Ny) = i 125 1
B (Nou)=4 = 9 = 1o 483k I 25 JUT 45 A% 328 R BR A
Ry

H = purelin (1.506 1h, + 1.151 6h, + 0.226
53h;-1.447 2h,~0.234 79hs + 1.225 4hg—1.263
5h;-0.155 27hg—2.062 6hy—0.853 28);

h, =logsig (0.844 89C + 1.865 2N, + 3.207 6D-
4.063 2D, + 6.167 7);

h, = logsig (6.942C + 0.381 08N, + 4.981 5D
1.046 5D,-5.647 2);

h; = logsig (1.635C-2.413 6N,~0.163 18D-
4.040 7D,-2.106 9);

h, = logsig (0.940 89C + 2.839 6N,—6.912 5D~
1.823 8D,-1.757 9);

hs = logsig (1.224C-2.715 7N~2.839 4D-
4.562 5D,-2.169);

hg = logsig (1.193 2C + 3.811 7N,-7.989 1D-
0.911 14D,-0.853 18);

h; = logsig (1.955 4C-2.838 1N, + 2.935 2D~
1.89D, + 3.127 6);

hg = logsig (-3.880 3C + 0.570 5N,—2.167 3D~
2.634 9D,-3.617 8);

he=logsig (-3.7815C +2.025 1N, +2.536 2D +
0.408 18D,-4.022 4);
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Aboveground Biomass Model of Salix psammophila Based on
BP Neural Network

CHENG Ji-wen', WANG Shu-sen’, LUO Yu-yang', ZHANG Cen'?

(1. Desert Control Science and Engineering, Key Laboratory of National Forestry and Grassland Administration on Desert
Ecosystem Conservation and Restoration, Inner Mongolia Agricultural University , Hohhot 010018, Inner Mongolia, China;
2. People's Government of Laoniuwan Town, Qingshuihe County , Hohhot 011614, Inner Mongolia, China)

Abstract: [Objective] To accurately predict the aboveground biomass of Salix psammophila in Kubugi
Desert, the aboveground biomass models including different predictors were developed using BP neural
network. [Methods] Six independent variables were selected and added to the biomass model according
to their correlation coefficients. The number of input variables gradually increased from 1 to 6. The best BP
biomass model with the optimal input variables was selected based on the model performance. [Results] The
best structure of S. psammophila BP biomass model was that the number of input layer nodes (N,,), hid-
den layer nodes (N,) and output layer nodes (N,,) were 4 : 9 : 1, respectively. R?>, RMSE, and MAE out-
put from training data was 0.97, 0.68, 0.50, respectively; and 0.96, 1.16, 0.78, respectively from test data.
[Conclusion] The performance of S. psammophila aboveground biomass model based on BP neural net-
work became better with the increasing number of input variables. However, when the number of input
variables was 5, the improvement of model performance was slightly better than the model with 4 input
variables. Considering the model accuracy and model application, the optimal number of input variables in
the input layer is 4, and the model performance is the best when the number of hidden layers is 9.
Keywords: Salix psammophila; biomass model; BP neural network; Kubugi desert

(TUAEZf: ZMET)
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