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Use of Wind Stress and Altimetric Data to Detect the 

 Anomalous Loss of SVP Drifter’s Drogue

Context of the study:
Drifting 

 

buoy 

 

velocities 

 

are 

 

used 

 

together 

 

with 

 

altimetric 

 

and 

 

wind 

 

data 

 

to 

 
estimate the Ekman response of ocean currents to wind stress
(Rio et al, 2003,2011)
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15m‐drogued drifting buoy velocities distributed by AOML for the period 1993‐2010
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Ekman theory
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Rio and Hernandez, 2003

β

 

and θ

 

are estimated through least square fit
Dependency to De: spatial and seasonal variability expected due to 
change in stratification

Modelling Ekman currents
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β

 

and θ

 

computed over the global ocean by year
β

Strong dependency of β

 

and θ

 

parameters with time
Increase with time of parameter β – Ekman currents at 15m getting stronger
Decrease with time of |θ| ‐ Direction of Ekman currents getting closer to wind 

direction

Can not be explained by a change in stratification 
De decrease => β

 

and |θ| increase

Modelling Ekman currents
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Rio et al, 2011



Global yearly means

Wind stress (ERA INTERIM) Buoy velocities

Buoy velocities ‐

 

AltimetryAltimetric velocities
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Rio et al, 2011Modelling Ekman currents
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β

ALL

First three months of 
each trajectory only 
(Grodsky et al, 2011)

Modelling Ekman currents
β

 

and θ

 

computed over the global ocean by year

1 107 262 data

11 000 703 data

Only 10% of the data kept!

Need for cleaning the AOML drifting buoy dataset for undetected undrogued drifter
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Detecting the drogue loss: Method

A new Ekman model is computed based on the first three months of the AOML drifter 
trajectories (by latitudinal band and by month to take into account the spatial and 
seasonal change in stratification)

Altimetric geostrophic currents (AVISO) are subtracted from the drifter velocity
‐> ‘Ageostrophic’

 

drifter velocity

Ekman currents are subtracted fom the drifter currents ‐> ‘residual’ drifter velocity

Vectorial correlation between the ‘residual’ drifter velocity and the wind is computed 
along the drifter trajectories (only trajectories longer than 200 days are considered)

100 days sliding 
window

Rc

 

, θc
Rc

 

, θc
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Detecting the drogue loss: Example

We are confident that the drogue is still ON

‘Ageostrophic’

 

drifter velocity vs Wind

‘Residual’

 

drifter velocity vs Wind

Correlation > 0.3
Ekman angle ~70°

Correlation coefficient drops (<0.2)
Correlation angle uncoherent
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We are confident that the drogue has 
been lost

‘Ageostrophic’

 

drifter velocity vs Wind

‘Residual’

 

drifter velocity vs Wind

Correlation > 0.3
Ekman angle ~30°

Correlation coefficient still high (>0.3)
Correlation angle nearly 0°
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Detecting the drogue loss: Example



We are confident that the drogue is 
ON during P1 and is off during P2

‘Ageostrophic’

 

drifter velocity vs Wind

‘Residual’

 

drifter velocity vs Wind

P1: Correlation > 0.3  P2: Correlation 
Ekman angle ~60°

P1: Correlation coefficient low(<0.3)
Correlation angle uncoherent

P2: Correlation coefficient increases
Correlation angle nearly 0

P1 P2
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Detecting the drogue loss: Example



Vbuoy-Valti vs Wind

Vbuoy-Valti-Vekman vs Wind

Vbuoy-Valti-Vekman-αbest

 

Wind vs Wind

Detecting the drogue loss and computing a slippage 

 correction

‘Residual’

 

velocities = Vbuoy-Valti-Vekman‘Residual’

 

velocities = Vbuoy-Valti-Vekman-αWind α

 

ranging from 0% to 2%

We determine α=

 

αbest

 

that minimizes the vectorial correlation between the 
‘residual’

 

velocity and the wind.

27th session of the DBCP ‐

 

26 ‐

 

30 September 2011, Geneva, Switzerland 

ON LOST

α>0.1% => the drogue has been lost



ALL

First three months of each trajectory only 
(Grodsky et al, 2011)

β

 

and θ

 

computed over the global ocean by year

Only drogued drifters

β θ

1 873 443 data (out of ~7 000 000
Data from more than 200 days long 
trajectories)=~27%

1 107 262 data

11 000 703 data
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Modelling Ekman currents
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Conclusion

As described in Grodsky et al, 2011, the present global drifter array suffers 
for a problem of drogue loss detection.

As a consequence, the physical content of the velocities measured by the 
drifter array has changed over time: Instead of measuring the ocean 
currents at 15m depth, a growing number of drifters measure the current at 
the surface + a velocity component due to the direct action of the wind on 
the surface buoy

Ekman model based on drogued drifter start to differ from Ekman model 
based on all drifters (drogued and undrogued) in 1997-1998 
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This is a key issue for oceanographic studies – mainly interannual to 
decadal climate studies

The oceanographic community urgently needs a cleaned dataset (both 
delayed-time and real time)

Both a robust flag is needed (drog is on or off) and a slippage correction 
for undrogued buoys

The combined use of altimetric data (geostrophic component of the 
current) together with wind data (Ekman component of the current) allows 
to detect the time of drogue loss

Conclusion



ALL

First three months of each trajectory only)

Only drogued drifter

Number of data per year
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Impact on ocean mean currents: 
Example in the Antarcic Circumpolar Current

New Ekman model
ALL BUOY (drog ON and OFF)

New Ekman model
+ Slip correction
ALL BUOY (drog ON and 
OFF)

New Ekman model
BUOY with drog ON only
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