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INTRODUCTION

The KEOPS-2 project:

 the KEOPS2 project is dedicated to investigating the impact of natural iron
fertilization on the biogeochemical cycles in the Southern Ocean
 a sea campaign is currently taking place in the Kerguelen island area a sea campaign is currently taking place in the Kerguelen island area.
 For the full duration of the campaign, CLS will provide in real time regional
altimetric maps of the absolute dynamic topography and the ocean currents of
the regionthe region
See Poster from Isabelle Pujol et al. in the Near real time products and
application session: A Kerguelen regional Sea Level product to support the
KEOPS2 i tKEOPS2 experiment
To improve regionally the altimetric maps of absolute dynamic topography
and geostrophic currents, a specific Mean Dynamic Topography has been
computed.
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High resolution Mean Dynamic Topography in the Kerguelen area from 
altimetry, GOCE data and oceanographic in‐situ measurements

M th d (Ri t l 2004 2005 2007 2011)
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Method (Rio et al, 2004,2005,2007,2011)

Direct Method
Synthetic Method

Direct Method
MDT=MSS‐Geoid

filt i

The short scales of the MDT (and 
corresponding geostrophic currents) are 

estimated by combining altimetric 
filtering

l i

anomalies and in‐situ data

Large scale MDT=First 
guess

Multivariate Objective Analysis

High resolution MDT
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The global CNES-CLS09 MDT

Roquet et al, 2009

cm
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Main improvements relative to the globale CNES-CLS09 solution

CMDT KEOPS V1 0CMDT CNES CLS09

MSS CLS01

b d

MSS used for first guess 
computation

d d l d f

CMDT KEOPS V1.0

MSS CLS11

b d f

CMDT CNES‐CLS09

EIGEN‐GRGS.RL02.MEAN based 
on 41/2 years of GRACE data

Optimal filter (~400 km)

Geoid model used for First 
Guess computation: 

Filtering used for First

GOCO02S based on 7 years of GRACE 
data and 8 months of GOCE data

Gaussian filter 250kmOptimal filter ( 400 km)

SVP à 15m, Period 1993‐2008

Filtering used for First 
Guess computation:

Buoy velocities dataset

Gaussian filter 250km

SVP at 15m, Period 1993‐2010
Corrected for Wind slippage in case 

f d l
Parameters fitted over the 1993‐
2008 period, by latitude, year, 
and month (3 months moving

Ekman model

of drogue loss

Parameters fitted over the 1993‐
2010 period, by latitude and monthand month (3 months moving 

window)

CTD, ARGO Pref variable 
200/400/900/1200/1900

T/S data

2010 period, by latitude and month 
(3 months moving window)

CTD (Cora3.2), ARGO Pref variable 
200/400/900/1200/1900200/400/900/1200/1900 

Period 1993‐2008

Global, ¼° (no Méditerranean)Resolution

200/400/900/1200/1900 
Period 1993‐2010

Regional 1/8°
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First guess

MSS CLS01-GRACE 400km MSS CLS11-GOCO02S 250km

Roquet et al, 2009
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Estimation of synthetic mean velocities

<u (x y)> = u (x y t) u ’(x y t)<ug(x,y)>93-99 = ug(x,y,t) - ug (x,y,t)

<vg(x,y)>93-99 = vg(x,y,t) - vg’(x,y,t)

From altimetry
Deduced from drifting buoy trajectories after
Substraction of Ekman componentSubstraction of Ekman component

3 days low‐pass filtering

15m‐drogued drifting buoy 
velocities distributed by AOML forvelocities distributed by AOML for 

the period 1993‐2010

cm/s
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Modelling Ekman currents
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Ekman theory
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Rio and Hernandez, 2003

β θ

Wind stress from ERA INTERIMaltibuoy uu




Band pass filtered 30 hours – 20 days

β and  are estimated through least square fit
Dataset used for the CNES-CLS09 MDT computation: Drifting buoys from AOML
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β and θ computed over the global ocean by year

Modelling Ekman currents

β and θ computed over the global ocean by year
β

Strong dependency of β and θ parameters with time
 I ith ti f t β Increase with time of parameter β
 Decrease with time of |θ| ‐ Direction of Ekman currents closer to wind direction
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β and θ computed over the global ocean by year

Modelling Ekman currents

β

β and θ computed over the global ocean by year

ALL

First three months of each

11 000 703 data

Only 10% of the data kept!
trajectory only (Grodsky et al,
2011) 1 107 262 data

N d f l i h AOML d if i b d f d d d d d if
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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 seasonalj ( y y p
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)

Rc, θc

Rc, θc

100 days sliding window
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Detecting the drogue loss: Example

‘Ageostrophic’ drifter velocity vs Wind

P1 P2: Correlation > 0 3

‘Ageostrophic’ velocities = Vbuoy‐Valti

P1 P2

‘R id l’ l iti Vb V lti V k

‘Residual’ drifter velocity vs Wind

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

‘Residual’ velocities = Vbuoy‐Valti‐Vekman

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

P2: Correlation coefficient increases
Correlation angle nearly 0

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

‘Residual’ velocities = Vbuoy‐Valti‐Vekman‐αWind

α ranging from 0% to 2%

We determine α= α that minimizes the vectorial correlation between the ‘residual’ velocity and the wind

Vbuoy‐Valti‐Vekman‐αbestWind vs Wind
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We determine α= αbest that minimizes the vectorial correlation between the residual velocity and the wind.
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β and θ computed over the global ocean by year

Modelling Ekman currents

β θ

β and θ computed over the global ocean by year

β θ

ALL

Fi t th th f h t j t lFirst three months of each trajectory only
(Grodsky et al, 2011)

Only drogued drifters
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Modelling Ekman currents

Final model for the KEOPS project:
β and θ computed by latitude and month over the longitudinal band [45°E‐110°E]

β θ

In Summer stratification increases        z2 
In Summer stratification increases        

=> De decreases =>
z
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Final set of mean Synthetic velocity estimates

New Ekman model
New Ekman model
+ Slip correctionNew Ekman model

ALL BUOY (drog ON and OFF)
+ Slip correction

ALL BUOY (drog ON and OFF)CNES‐CLS09

In the CNES‐CLS09 MDT the ‘drog’ issue is partially solved thanks to the yearly varying
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In the CNES CLS09 MDT the  drog  issue is partially solved thanks to the yearly varying 
component of the Ekman model
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Regional MDT KEOPS V1.0

First Guess

+ Synthetic velocities

+ Synthetic heights
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= Regional MDT KEOPS V1.0

Roquet et al, 2009
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Conclusion

A regional 1/8° MDT has been computed dedicated to the KEOPS‐2 campaign
Compared to the global CNES‐CLS09 solution, the following improvements havep g , g p
been made:
Update of the in‐situ datasets: 1993‐2008 ‐> 1993‐2010
Use of the latest geoid model including GOCE data (instead of only GRACE data)Use of the latest geoid model including GOCE data (instead of only GRACE data)
Correction of the drifting buoy dataset for the direct action of the wind on
undrogued drifters

The KEOPS regional MDT was used together with the KEOPS regional SLA to
compute improved maps of absolute dynamic topography that are currentlycompute improved maps of absolute dynamic topography that are currently
delivered to the KEOPS‐2 scientists in real time

Th i l d t h l d t b f l f th iThe regional product has already proven to be very useful for the campaign
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Perspectives

Validation:
The KEOPS‐V1 MDT will be validated using in‐situ data from the KEOPS2 campaign
(independent drifter velocities, and hydrological profiles)

A new version (V2) will be computed in 2012 including:
new GOCE model (1 year of data instead of 8 months)
in‐situ data from the KEOPS2 campaignin situ data from the KEOPS2 campaign
Correlation coefficients fitted for the area (needed in the multivariate

objective analysis – here we used those from the CNES‐CLS09 solution)

Need for updating the global MDT taking into account:
The GOCE geoid modelThe GOCE geoid model
The cleaned drifting buoy dataset
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