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ABSTRACT

An efficient and properly calibrated computational model represents a useful tool to provide insight into the catchment
dynamics at hydrological and geomorphological levels. In addition, it allows to develop detailed risk management
and conservation plans. In this work, we present a coupled hydraulic-morphodynamical distributed flow model and
its application to a well characterized experimental catchment (Arnas basin). The calibration of the water flow model
response to rainfall is performed by means of the fitting to experimental outlet hydrographs. On the other hand
the calibration of a suspended and bed load model is also addressed by means of the fitting to experimental outlet
sedigraphs. The numerical results show a good agreement between numerical and observed hydrographs and
sedigraphs, significantly improving previous published simulations. Additionally, the need to repeat the simulations in
the calibration processes is no longer an unapproachable problem.
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1 INTRODUCTION

Environmental-related sciences have evolved in the last decades due in part to the introduction of simulation
techniques at catchment scale Singh (2018). Most of the processes participating in the hydrological cycle
can be considered, in a distributed way by discretizing the spatial domain in as many computational cells as
necessary, conforming the discrete mesh. Each cell works as a water and sediment control volume where
the net surface water flow and sediment transport inputs/outputs, the rainfall input, the infiltration/exfiltration
fluxes and the changes in bed level due to erosion/deposition processes are taken into account. In this work,
data from a sub-Mediterranean experimental mountain catchments (Arnas) is used. It has been widely studied
and characterized from an experimental point of view by researchers from the IPE/CSIC (Instituto Pirenaico de
Ecologia) Lana-Renault et Regliés (2007). This catchment has also been studied from a numerical perspective
in the past, focusing on the calibration of the infiltration component of the model Fernandez-Pato et al. (2018).

2 GOVERNING EQUATIONS
Free surface flows are usually described in Hydraulics by means of the depth-averaged 2D Shallow Water
Equations (SWE),
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with h representing the water depth and ¢, = hu and ¢, = hv the unit discharges, v and v the depth averaged
components of the velocity vector u along the = and y coordinates, respectively, and the acceleration due to
gravity is represented with g. The source term bf.S on the right hand side of the equations is written as

S = (R - f - f%(ﬁﬁ - ¢)*)’ gh (SOQJ - Sfav)a gh (SOy - Sfy))T (3)

where the mass source term includes the rainfall intensity R, the soil infiltration/exfiltration rate f, computed
by a Fractional-Order Green-Ampt method (FOGA) Fernandez-Pato et al. (2018) and the net solid exchange
flux between the flow and the static bed ¢w.(¢ — ¢*), being w; the settling velocity of the solid particles, ¢ the
actual depth-averaged volumetric concentration of the sediment transported in suspension, ¢* the equilibrium
or capacity volumetric concentration for the suspended solid phase, ¢ = 1/(1 — p) and p the porosity of the bed
layer. So., Soy and Sy, Sy, represent the bed and energy slopes along the x and y direction, respectively, and
are given in terms of the bed elevation z, and the Manning roughness coefficient n. The suspended solid phase
conservation is modeled by an advection equation, leaving aside the consideration concerning diffusion terms:
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3 RESULTS AND CONCLUSIONS

Figure 1 shows the combined fit for numerical hydrograph and sedigraph. The results corresponding to the
classical Green-Ampt (GA) model are also depicted for both liquid and solid discharges. In the light of the
numerical results, several conclusions can be drawn: 1) The GA infiltration model predicts excessive infiltration
in the early period of the storm, leading to a wrong reproduction of the outlet hydrograph; 2) A wrong fit of
the outlet hydrograph generates a wrong numerical outlet sedigraph. In other words, a correct estimation of
the infiltration along the whole catchment is essential in order to carry out an adequate sediment transport
computation. 3) The use of the FOGA infiltration law improves significantly both hydrograph and sedigraph fits.
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Figure 1: Arnas catchment hypsometry map (left) and numerical fit to observed hydrograph and sedigraph.
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