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Why?
• Traditional hydraulic modelling approach of 

one elevation per 2D cell or cell face can be a 

coarse representation of 

topography/bathymetry.

• Sediment transport modelling using 

traditional approach is less accurate.

• Utilising sub-grid-scale data potentially 

enhances hydraulic and sediment transport 

modelling accuracy.

How?
• Bathymetry is sampled across the cell at the same resolution of the 

DEM or TIN source data to generate volume vs depth curves for each 

cell.

• Bathymetry is also sampled across the 2D cell faces to generate flow 

area and flow width vs depth curves.
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Rectangular Channel Test – Conformance with Uniform Flow
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Grid Size Sensitivity

✓

“Saw-tooth” effect causes 

non-uniform flow, 

overpredicts energy 

gradient and depths, and 

therefore underpredicts 

velocities.  This in turn 

underpredicts bed shear 

stresses.

Irregular velocity patterns 

caused by “saw-tooth” effect 

of dry cells along bank.

• Black line channel bed

• Solid red line theoretical water surface

• Dashed red line theoretical total energy

• Solid blue line modelled water surface

• Dashed blue line modelled total energy

Dry cells are now partially 

wet cells and irregular 

velocity patterns have 

disappeared.  Uniform 

flow is achieved.

Partially wet cells appear 

as fully wet in below, but 

computationally they are 

only partially wet.

Uniform flow, correct 

depth, velocities and bed 

sheer stress result across 

all channel orientations.
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U-Bend Flume Test (De Vriend,1978)

Excellent reproduction of flume measurements.  Orange 

outside bend; blue along centreline; and grey inside of 

bend.  Symbols measured, line modelled.

Fixed Grid Without Sub-Grid-Sampling

Flexible Quadrilateral Mesh

Water surface not 

smooth and energy 

losses overpredicted.

Irregular velocity patterns 

caused by “saw-tooth” effect 

of dry cells along bank.

Fixed Grid With Sub-Grid-Sampling Dry cells are now 

partially wet cells and 

irregular velocity 

patterns have 

disappeared.  Steady 

flow is achieved.

Reproduction of flume measurements achieved to a 

similar quality of a well-designed flexible mesh.

Real-World Bed Shear Stress Estimation

Reducing model  

resolution 

convergences to a 

consistent bed shear 

stress estimate 

(approaching y = 0%)

Sub-Grid Sampling 

model results converge 

at a larger grid resolution 

compared to a model 

without using sub-grid 

sampling 

(approaching y = 0%).

As a result, reliable 

models using a coarse 

resolution (with a faster 

simulation speed) can be 

used.
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• Sediment mobility for a given particle size occurs when the bed 

shear stress (BSS) exceeds the critical sheer stress. BSS can 

be used to estimate if a sediment is mobile.
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Traditional Approach
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