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MOTIVATION 

Accurate knowledge of flood discharges is a key issue for the prevention of natural disasters 

associated to water streams. The measurement of stream discharges during fast floods is often 

difficult, inaccurate and unsafe because conventional techniques require the intrusion of instruments 

within the flow, or at least at the surface of the flow. As an extension of the traditional float or surface 

current-meter protocols, new non-intrusive techniques such as image velocimetry (e.g. Dramais et al. 

2011) and radar velocimetry (Costa et al. 2006) have emerged in recent years. Such techniques 

present decisive advantages: image velocimetry provides instantaneous surface velocities throughout 

all the filmed area; radar velocimetry is simpler, faster and easier to deploy than traditional surface 

velocimetry techniques. Adversely, significant uncertainty arise from the user-defined section 

geometry, average to surface velocity ratio (velocity coefficient α, typically 0.75-0.95), and water 

level measurement. They still require complete validation tests over a range of flow conditions in 

order to ensure their accuracy and technical limitations. This work reports the results of validation 

tests of the radar velocimetry technique conducted in several streams during floods. 

RADAR TECHNIQUE AND COMPARISON TESTS 

The radar velocimeter used in this study is an Ott Kalesto v sensor (Siedschlag, 2008) emitting 

FMCW (Frequency Modulated Continuous Waves) at 24.1 GHz. The surface flow velocity is 

computed using the Doppler frequency shift of the received wave after backscattering by the free-

surface. When the flow free-surface is not rough enough to provide resonant ripples, the radar gain 

may be lower than 50 dB, leading to erroneous velocity measurements. In all the tests, the radar 

velocimeter was deployed successively at 8-15 fixed positions from a bridge. At each position, at least 

3 velocity measurements were averaged over a period of ~1 min. Hence, a discharge measurement 

using the radar velocimeter lasted 25-45 min typically. In order to compare surface flow velocities and 

discharges, full current-meter measurements were simultaneously deployed from a hydrometric van, 

for all tests. The measured velocity profiles were used to assess the mean value of the site-specific 

velocity coefficient. Image velocimetry was also performed for a few tests. Reference discharge was 

also computed using the stage-discharge relationship established at the considered gauging station. All 

the reported tests can be summarized as follows: 

• Arc river at Saint-Avre: width ~35 m, surface velocity ~4 m/s 

• Rhône river at Pyrimont: width ~90 m, surface velocity ~2.3 m/s 

• Ain river at Chazey-sur-Ain: width ~120 m, surface velocity ~2.9 m/s 

• Albarine river at Pont-Saint-Denis: width ~17 m, surface velocity ~2.2 m/s 

RESULTS 

Fig.1 and Tab.1 show typical comparison results obtained for the comparison tests B and C conducted 

in the Arc river at Saint-Avre, for discharge values of 92 m³/s and 100 m³/s, according to the reference 
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gauging station (Pontamafrey). Radar velocity distributions across the section are in acceptable 

agreement with concurrent measurements. Surface velocities measured by the current-meter show 

more scatter, which was attributed to deployment problems. The surface velocity back-calculated 

using the 3-point depth-average velocity multiplied by the experimentally determined velocity 

coefficient (α =0.76) is much less scattered. The quite low value of α is typical of a rough 

mountainous shallow flow. In deeper and smoother streams investigated in this study, α values 

derived from the vertical velocity profiles may reach values as high as 0.90, and even 1.10 in the 

Albarine river, due to the accelerated flow under the bridge. 

 

          

 

 

Fig. 1 Surface velocity cross-profiles obtained from radar, LSPIV (image velocimetry), and current-meter 

(surface/3 points formula): test B (left) and test C (right) 

Tab. 1 Results of discharges computed from surface velocity for tests B and C (assuming velocity coefficient 

α=0.76). Reference discharges are 92/100 m³/s (rating curve / full velocity-area) for test B and  110/108 m³/s 

(rating curve / full velocity-area) for test C. 

Technique Discharge (m³/s) Deviation from rating curve Deviation from full velocity-area 

 Test B / Test C Test B / Test C Test B / Test C 

radar 97 / 111 +5.7% / +0.9% -2.7% / +2.7% 

LSPIV (image) 96 / 118 +4.1% / +7.1% -4.2% / +9.1% 

surface current-meter 109 / 121 +19.0% / +9.8% +9.4% / +11.9% 

3-point current-meter 102 / 106 +10.7% / -2.6% +1.8% / -0.8% 

CONCLUSIONS 

Our comparison tests confirm that the radar velocimetry technique is a promising technique for 

measuring flood discharges with a typical uncertainty of 10% in good application conditions: straight 

reach, rough free-surface, stable bed geometry, experimentally determined velocity coefficient. 
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