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5 000 – 30 000 €

Mechanical currentmeter

Acoustic Doppler 

Velocimeter

Electromagnetic

currentmeter

Wading streamgauging methods
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P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U TCredits: http://echo2.epfl.ch/e-drologie/chapitres/chapitre7/chapitre7.html

Le Coz et al. (2011), Onema/Irstea.

< 50 €

FloatsAcoustic Doppler 

Current Profiler

http://echo2.epfl.ch/e-drologie/chapitres/chapitre7/chapitre7.html
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Wilm and Storey 
(1944)

Fonstad et al. (2005)

Pike et al. (2016)
Drost (1963)

Evolution of the velocity head rod

NIWA, 
New Zealand



The transparent velocity head rod
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P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T

• Built after Pike et al. (2016)

• Cost ≈ 40 €

Experimental prototype

Photo: Pernot Francis



Kinetic energy (velocity head) converts into
potential energy (hydrostatic head)

Ec1 + Ep1 = Ec2 + Ep2

½ m v1² + m g z1 = ½ m v2² + m g z2 - ∆h  

= (z2 – z1)

Hence V1 = 𝟐 𝐠 ∆𝐡
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Operating principles

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T

2
1 ∆h

In theory…
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Comparison measurements

Laboratory experiments:

• In the tilting flume of INRAE 
Lyon (HHLab)

• Automated measurements

Field streamgauging by:

• INRAE
• DREAL Pays de la Loire, 

DREAL Auvergne-Rhône-
Alpes, DREAL Grand Est. 

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U TCredits: Le Coz et. al (2011), ONEMA / IRSTEA, left. F. Pernot, right. 

Each velocity head rod result is compared with a conventional measurement
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Velocity rating from Pike et al. (2016)

Pike et al. (2016) established their velocity rating from 2400 comparisons
with SonTek FlowTracker ADV data on 14 sites with 7 operators

Vitesse de référence en fonction de la vitesse calculée avec la perche

y = 0.631 x -0.009
R² = 0.938

V = 2 𝑔 ∆ℎ [𝑚/𝑠]
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Validation of the rating proposed by Pike et al. (2016)
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Vcor = 0.641 × V - 0.019 [m/s]
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Velocity rating calibrated from our data

We found a very similar rating: Vcor = 0.631 × V - 0.009 [m/s]
Based on 212 field and laboratory comparisons
Flow depths: 5-55 cm Velocities: 0-75 cm/s

y = 0.631 x -0.009
R² = 0.938

V = 2 𝑔 ∆ℎ [𝑚/𝑠]
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Velocity rating using near-surface velocity

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T

Near-surface velocity (0.2 × depth) is still much lower than the 

theoretical head rod velocity

V = 2 𝑔 ∆ℎ [𝑚/𝑠]
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Head rod and ADV on 

automated mount in the 

tilting flume

Sensitivity to rod immersion depth

The head rod must be set on the streambed. 
Significant underflow reduces the observed water 
level difference and destroys the velocity rating.
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We were unable to predict the impact of width theoretically.

Rods with various widths were tested in the lab.
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Sensitivity to rod width

y = x
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Rod widths: 

5 cm, 9.85 cm and 15 cm

No clear impact of width from our results (too much scatter)
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P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T
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Flow depth [cm]

No obvious impact of flow depth on relative 
velocity uncertainty (in %)

Impact of flow depth on velocity errors
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Relative uncertainty (in %) increases

exponentially with decreasing velocity P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T

Impact of flow velocity on velocity errors
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Velocity uncertainty due to head readings

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T

Estimation of the expanded (95%) velocity uncertainty due to errors in water 

level difference reading

Other sources of error include: velocity rating, rod position, operator…

Velocity [m/s]
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Δℎ2
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𝛿=0,5 mm (resolution ±1 mm)
𝛾=0,1 m-1/2 (waves)
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Discharge comparisons (in situ)

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T
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Mean of absolute values: 5.2%

Quite acceptable for the price!

Velocity too low

Comparison with discharges measured using
conventional streamgauging techniques



An affordable and reliable tool

• Relatively easy to build 

• Quick and easy use 

• Direct measurement of the depth-average velocity using Pike et al. 

(2016) rating

Quality control and uncertainty analysis

• Confirmation of correct operating conditions (V > 20 cm/s)

• Reliable under normal conditions of use (ΔQ < 10%)

• Estimation of the uncertainty due to velocity head reading

To be recommended for

• Quick flow estimates (instead of floats)

• Students, training

• Crowdsourced hydrology, partner organizations

• Developing countries
15

Conclusions

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T
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Perspectives

Attempts of improving the design

• Magnets instead of o-rings 

• Plastic ruler with mm and cm/s graduations

• Spirit level

• Another ruler for depth measurements

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T
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Perspectives

• Field procedure and user guide

• Spreadsheet for easy discharge computation

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U T
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Perspectives

• Bending in shallow flows may induce back pain

• Attempts of electrical contacts for adjusting rulers

P E R N O T  F R A N C I S
E L A B O R A T I O N  D E  S Y S T È M E S  D E  J A U G E A G E  A  B A S  C O U TCheap electric head rod prototype


