
An ensemble approach for coupling conceptual rainfall runoff 

model with physically based groundwater model 

Q. Q. Tran, KU Leuven, Hydraulics Division, Kasteelpark Arenberg 40, 3001 Leuven, Belgium,  

P. Willems, KU Leuven, Hydraulics Division, Kasteelpark Arenberg 40, 3001 Leuven, Belgium, 

M. Huysmans, KU Leuven, Applied Geology and Mineralogy, Department of Earth and Environmental Sciences, 

Celestijnenlaan 200 E, 3001 Leuven, Belgium 

 

Key words:  coupling models, groundwater recharge, groundwater uncertainty 

Abstract 

A modelling framework was introduced to couple lumped conceptual hydrological models with a physically based 

groundwater model. The study started with calibrated disaggregated conceptual rainfall runoff models to generate the spatial 

distributed recharge for the whole modelling domain. A constructed groundwater model made use of the simulated recharge 

to calculate the transient groundwater heads, which were compared to the piezometer records. The results showed that the 

couple models were able to capture the seasonal (temporal) variations of the groundwater table. They predicted fairy well 

the amplitude of the groundwater head fluctuation compared to the observations. However, at some locations, significant 

bias in magnitude was found. It is partially because of the lack of knowledge on the catchment properties and management 

such as the pumping operation or the realistic measurement of the river. The coarse modelling grid size and poor calibration 

of the steady state groundwater model also resulted in less precise results of the transient coupled model.  

In addition, uncertainty on the simulated groundwater results given by coupling three different recharge models (NAM, 

PDM and VHM) was analyzed. Three coupled models generated consistent value of the mean height of the calculated 

groundwater table. The comparison of the calculated heads showed similar responses to the input from the NAM and VHM 

models. The ignorable difference came mainly from the calibration process of two hydrological models. The PDM model, 

however, produced less dynamic variation and smaller amplitude. It is because of the difference in hydrological model 

structures when the PDM model made use of the exponential relationship to transform the recharge into baseflow while the 

others used the simple reservoir routing. In contrast, the water balance given by three coupled models were assured due to 

the consistent calibration of the recharge component of the rainfall runoff models. 

To sum up, the proposed approach provides an opportunity to couple the physically based groundwater model with the 

conceptual and lumped recharge models with promising results. This enables to better analyze the uncertainties given by 

different numerical modelling methods of estimating groundwater recharge. To couple with disaggregated lumped 

hydrological model helps to minimize the cost of construction and calibration of the coupled model and also reduces the 

overparameterization. The approach was applied for the medium sized Grote Nete catchment, in Flanders, Belgium. 


