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Fig.3 The forecasting results of RIME-CNN-BiLSTM-Attention, HHO-CNN-BiLSTM-Attention,
OOA-CNN-BiLSTM-Attention, NGO-CNN-BiLSTM-Attention,and CNN-BiLSTM-Attention

®1 RBEREEMIL CNN-BILSTM-Attention FT5H
RBILSH
Table 1 The optimal parameters of

CNN-BIiLSTM-Attention

— ¥ fhgst # ENfE
RIME-CNN-BIiLSTM-Attention  0.0096 18 13 0.0005
HHO-CNN-BILSTM-Attention  0.0063 16 8 0.0003
OOA-CNN-BiLSTM-Attention  0.0096 18 13 0.0005
NGO-CNN-BIiLSTM-Attention  0.0078 20 23 0.0006
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Table 2 The performance metrics of each model in testing stage
LAY NSCE MSE RMSE MAE MAPE/% R?
RIME- CNN-BiLSTM-Attention 0.8830 0.2879 0.5366 0.4013 14.09 0.8930
OOA- CNN-BiLSTM-Attention 0.8816 0.3249 0.5700 0.4349 14.34 0.8816
NGO- CNN-BiLSTM-Attention 0.8796 0.3303 0.5747 0.4352 14.28 0.8796
HHO- CNN-BiLSTM-Attention 0.8769 0.3378 0.5812 0.4482 14.38 0.8769
CNN-BiLSTM-Attention 0.8754 0.3548 0.5957 0.4761 14.56 0.8654
1.07 NSCE 1.0 g2 0.4 MSE
0.8 0.8 4
0.6 0.61
0.2
0.4 0.4
021 021 6L
0.0 0.0- 0.0
0.61 PMSE — 0.57 MAE - 15%7 MAPE —
0.51 0.4 12%
0.4
0.3 9%
0.3
0.2 6%
0.2
014 0.1 3%
0.0- 0.0- 0-
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Fig.4 Column chart of error evaluation indicators
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Estimating reference evapotranspiration using CNN-BIiLSTM-Attention
enhanced by RIME optimization algorithm

Fu Tonglin, Jin Jing
(College of Mathematics and Information Engineering, Longdong University, Qingyang 745000, Gansu, China)

Abstract: Accurately estimating evapotranspiration using deep learning models under limited meteorological pa-
rameter conditions is of great significance for the efficient utilization and management of limited water resources
in arid regions. However, current deep-learning-based hybrid model CNN-BiLSTM-Attention neglect the param-
eter optimization, making it difficult to meet the requirements of practical application. In this study, a novel hy-
brid model RIME-CNN-BiLSTM-Attention was proposed to achieve accurate prediction of daily reference evapo-
transpiration (ET,) in Linze County under limited meteorological parameter conditions by using the RIME Opti-
mization Algorithm to optimize the hyper-parameter of CNN-BiLSTM-Attention. Compared with CNN-BiLSTM-
Attention, the mean absolute percentage error (MAPE) of RIME-CNN-BiLSTM-Attention decreases from 14.
56% to 14. 09%, and the coefficient of determination increases from 0. 8654 to 0. 8930; Furthermore, the nu-
merical results show that the hybrid model RIME-CNN-BiLSTM-Attention outperformed than that of HHO-
CNN-BiLSTM-Attention, OOA-CNN-BiLSTM-Attention, and NGO-CNN-BiLSTM-Attention, where CNN-
BiLSTM-Attention was separately optimized by the Harris Hawks Optimization (HHO) , Osprey Optimization
Algorithm (OOA), and Northern Goshawk Optimization (NGO) , suggesting that the proposed hybrid model
RIME-CNN-BiLSTM-Attention has more robust model performance and higher calculation accuracy, and can
achieve accurate estimation of £7, in the study area.

Key words: reference evapotranspiration; RIME optimization algorithm; convolutional neural network; bidi-

rectional long short-term memory network; attention mechanism



