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Gulf of Mexico/Carribean



State Estimation/Smoothing

Model  + observations state estimate
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Analysis gives “better” estimate of initial value in 
light of observations
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 state vector comprising all relevant dynamical variables  

        (e.g. flow velocity, temperature, salinity, etc. at each grid point)
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Fishkill in Lake Kinneret

Kinneret

Vernieres et al. (2006)

•Occasional “fishkill”
•Feeding of 5,000??

Conjecture: due to “lifting” of lower 
layer of oxygen-free water



Model:Model:
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Top layer momentum

Bottom layer momentum

•• Stably stratified during summerStably stratified during summer
•• Strong westerly sea breezeStrong westerly sea breeze



DataData

•• Thermistor chainsThermistor chains

Thermistor

F
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Model running on its own…



With thermistor data 
assimilated…



A comparison

Neither model nor data on their own show “fishkill,”
But, together, they do!
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Kalman Filter

•Distributions are Gaussian
•Model is linear-TLM (EKF)
•or fit to Gaussian (EnKF)



Extended Kalman Filter
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y 
i-1,1

Lagrangian observations from 
drifters and floats  do not give the 
data in terms of model variables. 

Solution: Include drifter 
coordinates into the model
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Lagrangian Data Assimilation

Ide, Kuznetsov and J.
Other methods: Molcard et al.



Augmented system
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       --  augmented state vector

( , )     -- flow equations   

( , , )    -- tracer advection equations
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Ensemble Kalman Filter (EnKF)
Error covariance is predicted via solution of full nonlinear system for a Monte-Carlo 
ensemble of states



Update step in EnKF
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Update ensemble members:          
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Kalman gain matrix is computed using error covariance matrix derived from the ensemble. 
Ensemble members are updated with noisy observations



Techniques of Data Assimilation

Deterministic techniques Statistical techniques

• Variational methods (3DVAR, 
4DVAR)
• Kalman filter
• Ensemble Kalman filter

Requirements:
1.Gaussian
2.Close to linear

• Particle filtering
• Dynamic Monte-Carlo
• Sampling strategies

Requirement:
Low dimension



Capturing the eddy



Eddies in GoM

Work with Guillaume Vernieres (NASA) and Kayo Ide 
(Maryland)



Network of Gliders
Virtual leader (VL) + 4 gliders

( ) , 1,..., 4ix i =Glider 
positions:
Equations of 
motion:
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Glider controls
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Gliders following the leader



Ensemble of 
prior estimate

Estimate 
glider field

Ensemble forecast

LaDA

IC control run

Synthetic 
forecastForecast glider field

obs



Capturing the eddy



Conclusions

• Lagrangian DA scheme is effective
• High information content in drifter/glider 

data
• Important to develop effective methods for 

assimilating such quasi-Lagrangian data
• Potential interplay between DA and data 

collection
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