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Improved wind and wave mean parameters during and after
development can provide some long-lasting effects to the
forecast, shown by Lefévre (2012)

O on wind waves through cross-covariances (dramatic
increase in the amount of data and coverage)

O improvement of the wind fields in the hindcast (similar
to the smoother in Voorrips et al. (1999))

O direct wind analysis to include in the spectra retrieval
(by adapting Lionello et al. (1996))

Improved forecast uncertainties from the ensemble

In the ensemble: to improve the initial ensemble spread
and uncertainty representation in short ranges.
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The forecast-analysis step

O the actual “errors-of-the-day” lye within a lower
dimension space than the full system without previous
knowledge if the ensemble system provides a
reasonably good knowledge of these errors, then
dimension of the problem can be reduced locally

O multivariate vector wind - wave analysis

0 a local transformation allows to assimilate observations
simultaneously and to distribute processing

The “Assimilation” or spectra update step into the wave
model As in Lionello et al. (1996) and Breivik and Reistad

(1994), updated as in ECMWEF (2013), except that we
introduce the wind explicitly
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Advanced DA method: 4D, multivariate wind-wave

Model-independent, ensemble and deterministic
initialization

Realistic increments, flow dependent

ensures cycle-to-cycle member continuity

potentially multiscale

TBD: a one-step spectra update (in the analysis)
Validated in 6-hr forecasts, benefit extended by swells

Joint wind-wave analysis was the main source of
Improvement

Etala and Echevarria, 2013 5/ 30



Summary

The
> Assimilation

Flow-dependent
background errors
and localization
The EnKF general
approach

The Local
Ensemble
Transform Kalman
Filter
Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

The Assimilation

Etala and Echevarria, 2013

6 / 30



Flow-dependent background errors and localization

Summary

Ensemble spread | Column of P/ at A
The Assimilation

Flow-dependent HS 6H8 6H8

background
errors and
D> localization
The EnKF general
approach

The Local
Ensemble
Transform Kalman
Filter

Multivariate WU
analysis and SWH
increments
Updating the
Wave Model
Spectra

0Hso0U,,

The ensemble
mean in the full
process V[f
SWH update in v
mixed seas

0H 0V,

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

Etala and Echevarria, 2013 7 /30



The EnKF general approach

Summary m ensemble members (n dimension)

The Assimilation

Flow-dependent

background errors

and localization
The EnKF
general

> approach

The Local
Ensemble
Transform Kalman
Filter
Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

Etala and Echevarria, 2013 8 /30



The EnKF general approach

Summary m ensemble members (n dimension)

The Assimilation

Flow-dependent background perturbations X/

background errors

s leeallesiamn forecast error covariance matr%
The EnKF Pk~ sXT(sX7)
general (m—1)

> approach

The Local

Ensemble

Transform Kalman

Filter

Multivariate

analysis and SWH

increments

Updating the

Wave Model

Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

Etala and Echevarria, 2013 8 /30



The EnKF general approach

Summary m ensemble members (n dimension)

The Assimilation

Flow-dependent background perturbations X/

background errors

and localization forecast error covaria ncefmatfrbé
The EnKF Pk~ dX7(6X7)

general (m—1) p Observations
> approach

The Local
Ensemble
Transform Kalman
Filter

Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

Etala and Echevarria, 2013 8 /30



The EnKF general approach

Summary

The Assimilation

Flow-dependent

background errors

and localization
The EnKF
general

> approach

The Local
Ensemble
Transform Kalman
Filter
Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

m ensemble members (n dimension)

background perturbations 6.X/

forecast error covariance matrix
~ (m-1)

p observations

observed variable 3°, observation error

m X p covariance matrix R

observation operator H (model

to observation space)
§Y = H(6X7)

Etala and Echevarria, 2013

8 / 30



The EnKF general approach

Summary

The Assimilation

Flow-dependent

background errors

and localization
The EnKF
general

> approach

The Local
Ensemble
Transform Kalman
Filter
Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra

The ensemble
mean in the full
process

SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

m ensemble members (n dimension)

background perturbations 6.X/

forecast error covariance matrix
Pk A sXF(6xHT

(m—1) p observations
observed variable 3°, observation error
m X p covariance matrix R
observation operator H (model
to observation space) [ localization J
§Y = H(6X7)

Etala and Echevarria, 2013 8 /30



The EnKF general approach

Summary m ensemble members (n dimension)

The Assimilation ]

Flow-dependent background perturbations X/

background errors _F . .

and localization orecast error covaria n(gg:fr(r;g(tfry;
The EnKF PF ~ :

5 general ) (m—1) p Observatlons
approac

Ehe Lobclal observed variable 3°, observation error

nsembpble . .

Transform Kalman m X P covariance matrix R

Filter

Multivariate observation operator H (model

analysis an . . .

increments to observation space) [ localization J

Updating the

Wave Model 5Y — H(de)

Spectra

The ensemble
mean in the full
process m X pXn
SWH update in
mixed seas

analysis core Analysis ensemble X*

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

Etala and Echevarria, 2013 8 /30



The Local Ensemble Transform Kalman Filter

Summary

The Assimilation

Flow-dependent
background errors
and localization
The EnKF general
approach

The Local
Ensemble
Transform
> Kalman Filter
Multivariate
analysis and SWH
increments
Updating the
Wave Model
Spectra
The ensemble
mean in the full
process
SWH update in
mixed seas

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

-> the problem is solved locally and simultaneously (independent
from point to point) Ott et al. (2004) and improved by

Hunt et al. (2007)

Solves the problem in the space spanned by the ensemble by
expressing the analysis ensemble a linear combination of the
background perturbations.

X =z + wasxt

w® base of the space spanned by 6 X7, particular conditions hold
for w’/ ensemble mean and covariance:

PI a2 00 )" — 50 PY(§27)T where Pf =1/(m 1)

[m x m] and w/ =0
-> the problem is solved locally to get the m weights w®
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in intermediate time slots within a cycle
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Non-linear: multiplicative inflation of the ensemble perturbations
covariance accounts for model errors and non-linearities

Both ensemble and deterministic model initialization

horizontal smoothness of the transformation => consistent
point-by-point independent calculations => optimal
paralelization

=> potentially multiscale at “zero” cost (Yang et al., 2009)
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The forecast is steadily corrected along the cycles, including swells
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This is the ensemble mean of a prototype: not to be compared to
ordinary deterministic model performance
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Time of arrival is improved in the analysis cycle, but decay tends

to be unrealistic - - -

the assumption on swell steepness in the spectral
update is not necessarily consistent with a repositioning of the storm
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LOWER blue and red: with assimilation (mean error and STD)
green and light blue: id. no assimilation
Standard deviation of the errors is clearly reduced by the DA
Bias is less clear due to ocassional spikes in this rough prototype
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Final Remarks

Summary

The Assimilation

Verification in the
4D-
LETKF/WWIII
assimilation cycle

Conclusions

> Final Remarks
Pending issues

1 So far we focused the discussion on the ensemble mean, i.e.,
the deterministic approach.

O Validation plots at buoys were based on the 6 hr-forecast
(possible impact at longer ranges is out of the scope of this
work)

O Evidence of improvement was found on global and
case-by-case basis

O Joint definition of storm winds and waves (positioning,
intensity and timing) seems to be the main source of
Improvement

0 Benefit is extended in space and time by swells
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Final Remarks
> Pending issues

O unclear differences in the final H vs analysis

0 considerations on steepness for swell updating may be
inadequate

O => spectral update: method to be replaced
O Deterministic model update

O Multiscale approach
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