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Introduction  

Knowing how hydraulic friction varies spatially in rivers is essential for accurately predicting inundation levels and 

patterns during floods, sediment transport, bank erosion and aquatic habitats. While section averaged friction 

parameters can be inverted from stage/discharge relationships [1], it remains difficult to evaluate by how much 

friction varies spatially in rivers in relation to changes in bed granulometry, bank roughness and the presence of 

bedforms or obstacles. A priori definition of macroscopic friction coefficient remain largely empirical [1], which 

limits our ability to predict flow patterns in ungauged rivers. The advent of topo-bathymetric lidar data permitting a 

synoptic, high resolution and high precision measurement of channel bed and water surface [2,3] over unprecedented 

river length (> 30 km) offers new opportunities to explore how friction varies in rivers. Here we explore how this 

new type of data can inform on spatial variations in friction, and if simple measurement such as bed lidar roughness 

can be used to as a proxy for bed friction to improve the prediction of flow patterns on high resolution topography.  

We use a reduced complexity 2D flow model based on the precipiton approach [Floodos, 4],that resolves the 

vertically averaged St-Venant equation without inertial terms. Friction is described in the model according to a 

Manning-Strickler approximation. This model is applied on topo-bathymetric digital elevation models at 1 m 

resolution obtained by an Optech Titan DW600 airborne lidar combining a 1064 nm and 532 nm laser wavelength. 

The 532 nm wavelength penetrates water and is used to measure channel bathymetry with a point density ranging 

from 5 to 20 pts/m², and a vertical precision of 5-10 cm. The 1064 nm wavelength do not penetrate water and gives 

an accurate position of the water surface (better than 5 cm) with a point density depending on the roughness of the 

water surface: reduced point density on flat water, up to 5-10 pts/m² on surfaces with ripples and waves. By 

independently knowing the discharge in the river at the time of the survey, we can invert for the value of the 

Manning friction coefficient for each pixel of the model domain by minimizing the difference between the predicted 

water surface by the numerical model and the observed one, accounting for the uncertainty in lidar positioning and 

discharge measurement. This approach is used on a 20 km long stretch of the Ain river, characterized by coarse grain 

material, high sinuosity and lateral mobility. 

 

                                 
 

Figure 1: Left: 1 m resolution Digital Elevation Model and river bathymetry derived from topo-bathymetric lidar 

(Ain river). Right : 2D Flood modelling using the Floodos model [2]  



A first analysis, assuming a uniform Manning coefficient, shows convergence towards an optimal friction coefficient 

of ~0.02, but for which statistically significant differences in predicted elevation persist and exhibit a non-random 

spatial organization. Using the raw 532 nm bathymetric lidar data, we compute spatial variations in lidar roughness 

as an indirect proxy of bed macro-roughness. We explore whether a simple relationship between the Manning 

coefficient and bed lidar roughness can resolve the differences between the observed and predicted water surface 

elevation. We conclude, that topo-bathymetric lidar datasets by their capability to accurately surveys channel bed and 

water surface over a large variety of channel configurations offer invaluable constraints on the spatial variation of 

friction in river. 
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