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Abstract 

Numerical models like AMIGO simulate groundwater systems accurately but are 

slow and limit scenario evaluations. This study explores machine learning (ML) models 

as faster alternatives. 

The study focuses on the Baakse Beek catchment in the eastern Netherlands, which 

has high transmissivity Pleistocene sands. Three ML models, Encoder-Decoder, U-Net, 

and Attention U-Net, were trained using data from the AMIGO numerical model under 

steady-state conditions. Five hydrological inputs were used to predict how groundwater 

responds to artificial recharge by focusing on three key groundwater response 

characteristics: maximum, area, and total response. The ML models were trained on 

100, 300, 500, and 1000 recharge sites with varying recharge rates to analyze the effect 

of training dataset size on model accuracy. Model performance was evaluated using 

Nash-Sutcliffe Efficiency (NSE). 

U-Net performed best, simulating 720 scenarios in 144 seconds versus AMIGO's 

11 hours, identifying optimal recharge rates of 11 mm/day and 23 mm/day for the 

central and eastern regions. However, limitations include underestimation of maximum 

responses near the surface and reduced accuracy for small responses. Future work 

should consider transient scenarios to capture seasonal variations and use a coupled 

surface-groundwater model for better accuracy, despite increased complexity. 

This study highlights the efficiency of ML models like U-Net for groundwater 

response prediction, fast alternative with high accuracy for optimizing recharge 

strategies.  
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