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good results. The error distribution (Figure 7, right plot) now shows that 41% of the predicted bed levels lie 
within ± 10cm of the GPS-measured bed level and 85% of the predicted levels lie within ± 30cm of the GPS-
measured bed. The error distribution is Gaussian (Shapiro-Wilk W = 0.98186, p = 0.0000, mean -7.3 cm, std 
deviation 21.2cm). Considering that LiDAR measurements of dry topography can have an error std. deviation 
of 15 cm, for Fr > 0.3 the model predictions of underwater bed positions are surprisingly accurate.  

To investigate any trends in the modeled bed level, the model errors were plotted as a function of GPS bed 
level (Figure 8, left). These errors show that the lower bed levels tend to be predicted too high and vice-versa. 
When slack water depths are excluded (Fr > 0.3, Figure 8, right plot) the effect disappears except at the 
lowest levels near the downstream boundary.  

 

8. SUMMARY AND CONCLUSIONS 

A technique for deriving underwater bed levels from LiDAR water surface levels and hydraulic conditions is 
proposed. This entails an initial estimation of the bed level and iterative application of a 2-dimensional depth-
averaged hydraulic model. The technique was applied to a gravel bed river which had about 80 m width of 
the fairway underwater at a flow of 17.96 m3/s during the LiDAR data collection.  

Modelling investigations at this site showed that: 

● Iteration convergence was satisfactory when the bed elevation was corrected by 90% of the water 
surface prediction error, the correction was reduced to zero as local bed shear stress reduced from 2 
N/m2 to zero and no correction was applied that could result in a water depth less than 5 cm. 

● The technique predicted the bed level with high accuracy in locations where the Froude number 
was > 0.3. For these conditions 41% of the predicted bed levels lay within ± 10 cm and 85% of the 
predicted levels lay within ± 30 cm of the GPS-measured bed level.  

● The technique should not be applied to ponds, lakes or very slow flowing water.. 

Further investigations are being made to see if iteration converging rules that use the Froude number can give 
better results than the present method based on shear stress. The Froude number influence may just reflect the 
fact that the technique can not work if there is no water movement. Further tests are also required to cover a 
wider range of river conditions. 
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Figure 8. The influence of bed level on model error (left plot) and the errors for Fr > 0.3 (right plot).  
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