
Permeable pavements represent one solution to the 

problem of increased stormwater runoff and 

decreased stream water quality, offering great 

advantages in terms of runoff reduction (Collins et al., 

2008), water retention, and water quality (Brattebo 

and Booth, 2003). Mechanistic models have proven to 

be accurate and reliable tools for simulating the 

hydraulic behavior of permeable pavements. However, 

their widespread adoption is limited by their 

complexity and computational cost. Recent studies 

have tried to address this issue by investigating the 

application of new techniques, such as surrogate-

based modeling (Brunetti et al., 2017).  

One of such approaches includes the development of 

Lower-Fidelity Physically Based Surrogates (LFS). LFSs 

focus on reducing the computational complexity of a 

numerical problems by computing an approximation 

of the original model. While this technique has been 

extensively used in water-related problems, no 

studies have evaluated its use in LIDs modeling. 
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INTRODUCTION 

MODELING APPROACH 
The proposed model decouples the subsurface water dynamic of a permeable pavement in a) one-dimensional (1D) vertical infiltration process and b) one-dimensional saturated lateral flow along the 

impervious base. The pavement is horizontally discretized in N elements. HYDRUS-1D is used to simulate the infiltration process. Simulated outflow from the vertical domain is used as a recharge term 

for saturated lateral flow, which is described using the kinematic wave approximation of the Boussinesq equation (Beven, 1981).  

            (1) 

 

where h is the depth of the saturated layer measured orthogonal to the impermeable bed [L], φ is the drainable porosity [-], K is the hydraulic conductivity [LS-1], θ is the pavement slope [-], R is the 

vertical recharge per unit area calculated with HYDRUS-1D, t is the time [T], and x represents the horizontal coordinate [L]. Eq. (1) has been solved using the Finite Volume Method (FVM). A second-

order accurate QUICK (Quadratic Upstream Interpolation for Convective Kinematics) scheme was adopted due to its capability to reduce the artificial numerical diffusion and achieve a good accuracy 

of the solution. 

 

CONCLUSIONS 
The LFS guarantees a 
good accuracy and a 

potential 
computational gain 

against fully-2D model 
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CASE STUDY 

RESULTS 
• Case Study Description 

The hydraulic behavior of a typical permeable pavement has been 

simulated.  The permeable pavement had a length of 5 m, a slope 

of 2% and a total depth of the profile of 0.53 m. It was composed 

by three different layer. The surface wear layer consisted of 

porous concrete blocks characterized by high permeability. The 

bedding and sub-base layers were composed by coarse sand and 

coarse gravel, respectively. An impervious membrane is placed at 

the bottom of the profile to prevent water from percolating into 

deeper horizons (Fig. 1) 

• Numerical domain and Boundary conditions 

The proposed model has been compared with HYDRUS-2D, 

which numerically solves the Richards equation for the whole 

domain. 

Figure 2 shows the comparison between the simulated subsurface 

outflows. The good agreement between the hydrographs 

confirmed that the developed LFS model was able to satisfactorily 

reproduce the hydraulic behavior of the permeable pavement.  A 

more careful inspection revealed that the LFS model tended to 

slighlty smooth the hydrograph. This behavior could be related to 

the relatively large mesh size used to solve eq. (1), which 

increased the false numerical diffusion. However, this behavior had 

limited effect on the overall accuracy of the simulated hydrograph, 

as shown in Figure 3, which directly compares the simulated 

outflows.  The R2 value of 0.9 confirmed the overall quality of the 

fitting. It must be emphasized that the LFS model tended to 

• HYDRUS-2D: 5200 2D-Element; Atmospheric BC at the top 

surface, Seepage face to simulate the drain; Zero-Flux BC on 

the remaining edges. 

• HYDRUS-1D: 53 1D-Elements;  Atmospheric BC on the top; 

Free drainage on the bottom. 

• LFS model: 5 Finite Volumes; Zero-Flux BC on the left edge; 

Free outlet BC on the right side. 

The initial condition was assumed homogeneous and set to -100 

cm for both the HYDRUS models. 

underestimate the outflow. A better 

definition of the drainable porosity φ  

and of the hydraulic conductivity K 

could increase the accuracy of the 

numerical solution. 

Figure 3. Comparison between the simulated hydrographs. Figure 3. Comparison between HYDRUS-2D and the LFS model simulated outflows 

Figure 1. A schematic of the modeling approach. 

AIM 
Development of a Lower-Fidelity 

Surrogate (LFS) model for the 
numerical analysis of the hydraulic 
behavior of permeable pavements.  
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