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Prediction of Spatial Distribution of Soil Cd in Yellow River Basin Based on Auxiliary

Variables and GARBF Neural Network

ZHANG Chengcai', ZHENG Wenhao', YAN Yaning', SUN Yutian', LIU Wei’, WANG Yonghui®

(1 School of Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2 Henan Vocational College
of Water Conservancy and Environment, Zhengzhou 450008, China; 3 Henan Geological Research Institute, Zhengzhou
450001, China)

Abstract: In order to accurately grasp the spatial distribution of soil cadmium in the Yellow River Basin, different combinations
of environmental factors and soil physicochemical factors were used as auxiliary variables, and the genetic algorithm (GA) was
used to optimize the radial basis function (RBF) neural network to predict the spatial distribution of soil cadmium in the Yellow
River Basin, and the prediction accuracy of this model was compared with those of the regression Kriging and the RBF neural
network, to investigate the effects of soil physicochemical factors and GA on the prediction accuracy of the neural network. The
results showed that: 1) The addition of soil physicochemical factors (organic matter content, pH, CEC) could improve the
prediction accuracy of the neural network model. The root mean square error (RMSE), mean absolute error (MAE), and mean
relative error (MRE) of the GARBF neural network model based on the environmental factors and soil physicochemical factors
were reduced by 0.058 mg/kg, 0.033 mg/kg, and 4.4 percentage points, respectively; 2) GA could improve the prediction accuracy
of neural network models, and the RMSE, MAE, and MRE of the GARBF neural network model based on environmental factors
and soil physicochemical factors were reduced by 0.009 mg/kg, 0.005 mg/kg, and 0.6 percentage points, respectively, compared
with the RBF neural network model based on environmental factors and soil physicochemical factors. 3) The prediction results
obtained by adding environmental factors and soil physicochemical factors and optimizing the neural network model using GA

were optimal, and the GARBF neural network model based on environmental factors and soil physicochemical factors could be
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used to predict the spatial distribution of soil cadmium in the Yellow River Basin.

Key words: Soil physiochemical factors; Genetic algorithm; Neural networks; Auxiliary variables; Spatial interpolation
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Fig. 1 Distribution of soil sampling sites in the Yellow River Basin
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Table 1 Descriptive statistics of soil Cd content
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SRR AT 329 32.69 0.02 0.75 2.77 369
YIGRFEAR A 263 32.69 0.02 0.74 2.75 372
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Table 3  Errors of the training samples based on different input variables
LIP3 [ J51 7 BL A% RBF i £ [ 4% GARBF #1426 2%
RMSE MAE MRE RMSE MAE MRE RMSE MAE MRE
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
NDVI 0.239 0.169 25.1 0.240 0.171 253 0.238 0.167 24.5
pH+NDVI 0.236 0.158 24.4 0.237 0.160 24.7 0.235 0.155 23.9
OM+NDVI 0.234 0.156 24.5 0.235 0.158 24.6 0.232 0.154 23.8
CEC+NDVI 0.232 0.152 24.1 0.234 0.155 24.2 0.229 0.150 23.5
pH+OM+NDVI 0.220 0.149 22.5 0.222 0.150 22.7 0.215 0.148 223
pH+CEC+NDVI 0.198 0.144 222 0.200 0.148 22.4 0.197 0.144 22.1
OM+CEC+NDVI 0.194 0.141 21.8 0.197 0.142 22.1 0.190 0.140 21.5
pH+OM+CEC+NDVI 0.182 0.135 20.2 0.184 0.138 20.8 0.179 0.132 19.8
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Table 4 Errors of the testing samples based on best input variables
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NDVI 0.234 0.169 23.5 0.238 0.175 23.8 0.231 0.164 23.3
pH+OM+CEC+NDVI 0.176 0.133 19.1 0.182 0.136 19.5 0.173 0.131 18.9
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Fig. 2 Spatial distribution of cadmium in different prediction methods
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