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In practice: multiple ocean forecasts available.

- these forecasts differ ! ... Which one to rely on ?



3D super-ensemble (3DSE)

Super-ensemble = fusion of multiple model forecasts
with the aim of generating one single improved forecast.

SE = linear combination of individual model outputs

nb models

T (X, y,2,1) = Z w;(X,y,z) T, (X, y,z,t)

3DSE: one weight per model and grid point Wi(X,y,Z)

3-D ocean
limited observation sampling
spatially variable model skills




3D super-ensemble (3DSE)
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State vector =
model weights
(1 weight per

model, variable

and SE
gridpoint)

Model 1
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Weight error
covariance matrix

- Analysis error

P (t,)

Observation operator =

model forecasts +
interpolation at

observation points

.

X*=x"+P'H ' (HP'TH" + R) *(y° —Hx")



3DSE: REP10 temperature forecast
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3DSE: REP10 temperature forecast
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Temperature forecast skills [26-Aug-2010]
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3DSE: REP10 temperature forecast

Temperature forecast skills [22-Aug-2010]
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3DSE: REP10 temperature forecast
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Temperature forecast skills [REP10]
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3DSE: LSCVO08 temperature forecast

Temperature forecast skills [LSCV08]
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3DSE uncertainty
(analysis) weight error covariances P |

4 3DSE error covariances HPaHT

3DSE uncentainty at 50m [29-Aug-2010 +72H]

44 4 / 1.8
P 1.6

44 2¢
1.4

44 F
11.2

43.8 P

0.8

4361
0.6

43 4F
0.4
43.2 0.2

8.5



3DSE uncertainty calibration

theoretical 3DSE uncertainty estimate HP*H'

™~

observed error y°—HX

Calibration by amplification of
the weight error covariance matrix:

I:)a[ampl.] _ O[ZPa

Temporal dependency:

a(t)?



3DSE uncertainty calibration

Pa[ampl.] _ az Pa

2 ways to estimate & :

* based on the rms difference (over the number of observations)
between 3DSE uncertainty and observed error

* based on the 5t percentile of the error distribution




3DSE uncertainty calibration
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Conclusions

« The 3D super-ensemble produces a skilful reconciliation
of multiple model forecasts, without requiring any a priori
knowledge of individual model errors.

Prediction skills: surface RMSD 0-72h: 0.4°C
subsurface RMSD 0-72h: 0.9°C

- Reliable associated uncertainty forecast likely to be
further refined by empirical calibration.

Publication:

Enhanced ocean temperature forecast skills through 3-D super-ensemble
multi-model fusion.

Lenartz F., Mourre B., Barth A., Beckers J.-M., Vandenbulcke L. and M. Rixen.
Geophysical Research Letters, 2010, in press.
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Additional material



Weight error correlations

Distance-based correlations (50km) [REP10] Mean filtered model correlations [REP10]
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3DSE model weights

3DSE surface weight [NCOM1] - 29-Aug-2010
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3DSE surface weight [MARS3D] - 29-Aug-2010

44.4;/-1 ! —
|
| .
442+
a4+

43.87

4361

4347

43.27

8.5 9



3DSE uncertainty calibration

theoretical 3DSE uncertainty estimate HP*H'

™~

observed error y*—HX

Calibration by amplification of
the weight error covariance matrix:

Pa[ampl] 2Pa

Temporal dependency: Spatial dependency:

a(t)? P = AP*A?

diagonal matrix



