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A BP Neural Network Model for Forecasting Transient Sap Flow

Zhu Jiangang Yu Xinxiao Chen Lihua

Key Laboratory of Soil & Water Conservation and Desertification Combating of Ministry of Education
Beijing Forestry University — Beijing 100083
Abstract  The increasingly mature nonlinear technique can facilitate accurate forecasting of transient sap flow process of
plant. In this paper the dominated tree species Pinus tabulaeformis and Platycladus orientalis in Beijing mountainous area
were chosen for study. Their monitoring data range from June 18" to September 9" 2007 was derived to form the 1 985 sets
of sample respectively. BP  back propagation neural network models were established according to the theory of
automaton network of discrete dynamic system the target output of which was sap flow velocity and the inputs of which
consisted of five influencing factors ie air temperature relative humidity light intensity stem diameter growth and soil
water potential. To improve the generalization quality of networks Bayesian regularization and early stopping modes were
involved in the training process. After training in two modes above the linear regression between simulated outputs and the
corresponding targets of test sample sets showed good fits R >0.85 which indicated a high forecasting precision of the
models established specifically when 11 neurons in hidden layer. Models demonstrated fine generalization under the two
training modes in that the fit of test sample was equivalent to that of training sample which further indicated their
availability in practice.
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Tab.1 Characters of sample trees monitored in 2007

Tree species Tree No. DBH/c¢m Height/m Under branch height/m Crown-width
Pinus tabulaeformis 109 14.9 8.5 3.5 5.3 mx4.8m
Platycladus orientalis 147 20.5 10 1.9 3.5mx3.2m
1.3 1 2 2 Granier
50 m SF-L Ecomatik
1.3 m
HOBO Onset 3 2
W- m™’ C % Dendrometer DC Ecomatik
km- h™' 1.5m
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Tab.2 Initial sample data set of Pinus tabulaeformis for sap flow forecast
. Stem diameter Soil water Temperature/ Light intensity/ Sap flow velocity/
Date and time . RH/% 72 »
growth/ pm potential/kPa C W- cm: min
2007 -06 - 18 10 00 0.259 716 - 868.416 27.52 44.30 0.031 6 0.011 693
2007 -06 - 18 11 00 0.272 385 —-873.396 29. 10 40.70 12.750 6 0.030 113
2007 -06 - 18 12 00 0.276 857 —-876.702 28.31 40. 60 8.990 2 0.038 761
2007 -06 - 18 13 00 0.278 906 —-881.534 28.31 40.70 7.994 8 0. 036 030
2007 -06 - 18 14 00 0.274 994 —-886.721 29. 10 39.50 8.437 2 0.033 737
2007 -06 - 18 15 00 0.364 795 -889.93 28.31 41.00 5.609 0 0.030 145
2007 -6 -18 16 00 0.292 693 —-895.222 27.91 41. 30 3.286 4 0. 027 757
2007 -06 - 18 17 00 0.275 553 —-899. 733 27.52 43.10 1.975 0 0.026 194
2007 -06 - 18 18 00 0.224 317 -905.719 26.73 52. 80 0.284 4 0.023 814
2007 -06 - 18 19 00 0.279 092 -909. 483 25.56 58.10 0.094 8 0.021 010
1 ¢ 5 t+1 1
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Comparison between measured values and predicted values from Pinus tabulaeformis model at the typical day
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Fig. 2 Comparison between measured values and predicted values from Platycladus orientalis model at the typical day
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Tab.3 Training results of sap flow forecast model

Tree species

Training mode

Optimal number of

neurons in hidden layer

Regression analysis

of training set

Regression analysis

of test set

Pinus tabulaeformis

Platycladus

orientalis

Regularization

Early stopping

Regularization

Early stopping

11

11

11

y =0.830 0x +0.000 0

R=0.9136

y =0.790 0x +0. 005 1
R=0.8921

y =0.920 0x +0. 000 0
R=0.9580

y =0.890 0x +0. 000 3
R=0.943 5

y=0.820 0x +0.011 0

R=0.8620

¥ =0.790 Ox +0.001 7
R =0.896 6

y =0.910 0x +0. 005 7
R=0.9510

y=0.880 0x +0.018 0
R=0.9320
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