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Abstract

Groundwater recharge can be significantly influenced by the macropores, especially in fine structured soils. However, models

considering macropores require a number of additional parameters which are difficult to determine by conventional methods.

Thus, inverse modeling is often applied to estimate soil hydraulic and solute transport properties of the unsaturated zone. In

this study, an efficient method for recharge prediction and parameter uncertainty quantification by coupling a dual-porosity

model (DPM) to the null-space Monte Carlo (NSMC) algorithm was developed, and the impact of uncertainty in the key model

parameters on groundwater recharge were analyzed. Recharge estimates were further compared to the one by tritium peak

method. Results showed that the estimated recharge was much smaller than the one estimated from the tritium peak method,

indicating the possible overestimation of recharge by conventional tritium peak method with piston flow model. Our study

further demonstrated that the conventional practice of deriving single set of parameters through inverse modeling could result

in biased recharge prediction, and that for the complex subsurface flow and transport models such as the DPM, NSMC method

can provide a practical solution for predictive uncertainty analysis.
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Recalibrate the model with the calibrated parameters in the previous 
step as the initial values, and the weights of each observation group 
are adjusted using the PWTADJ2 utility of PEST.

Run the inversion procedure again by adding Tikhonov 
regularization. 

Calibrate the model using HYDRUS 1D and PEST with singular 
value decomposition technique. 

Determine the dimension of the calibration solution space. 

Randomly generate 1000 parameter sets according to pre-calibration 
uncertainty.

Perturb the randomly generated parameter sets by removing the 
solution space uncertainty and generate new 1000 parameter sets.

Recalibrate the model based on the underlying super-parameters,  
constructed based on existing sensitivities.

Use parameters and predictions from the generated model for further 
statistical analyses. 
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