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Ensemble Kalman filtering

Forecast Analysis
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Vocabulary and Analogies with 4D-VAR

A 4ADVAR

" Cost function (quadratic)
" Adjoint sensitivities
" 4D assimilation

"~ Optimal solution In
linear cases

A Not analogous

- Powerful iterative
gradient descent

' Strong constraint

A EnKF

" Posterior variance (min)
' Crosscovariances

I Asynchronous EnKF

" Optimal solution In

linear cases
A but sampling errors

A Not analogous
I Monte-Carlo framework

I Explicit model errors
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Global Modeling and
Forecasting Center

I Lead Mercator
A NEMO + fixed based SEEK filter

Arctic Modeling and
Forecasting Center
I Lead developments NERSC

I EXxploited operationally at MET
Norway

I Based on the TOPAZ system
A HYCOM + EnKF

® Med Sea

until 7, seehttp://myocean.eu @ Black Sea
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¥ The HYCOM model at NERSC
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A 3D numerical ocean model

i Hybrid Coordinate Ocean - — — . _ _ _ _ _ _ _ _ _ _ _ _ _
model, HYCOM (U Mlaml) | DIADEM2H.Temperatumsectionfcross FaeB-Iceland Ridge (Nov)

A Hybrid vertical coordinate
I Isopycnal in the interior
I Z-coordinate at the surface
I TOPAZ4 uses 28 layers
A Coupling to sea ice model
i 9+t Reéeyl YAOa
I Semtner Thermodynamics
A Data assimilation:
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‘™ The state vector X
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A 3D variables

I Temperature

i Salinity | DIADEM2H, Temperature section across Faero-celand Ridge (Nov)

I Layer thickness (can be zer

I X-current

I Y-current
A 2D variables

I Seaice area

I Sea ice thickness

I Snow depths

I Barotropic currents + pressure
A Typical grid size

I Horizontal: 800x880

I Vertical: 28
I Total unknowns: ~10"8 |
A Need to performlocal analyses Evensen 2002
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W Computations

DENnKF 100 members

A Ensemble Forecast A Analysis

A 2500 CPU hours / cycle A 20 CPU hours / update

A Embarrassingly parallel A 6 datasets simultaneously
A 100x133 CPU 11 mijpbs A One20 CPU 1h job

A Each job required00 Mb A Memory requiredl Gb
I MPI parallelization I MPI parallelization
A HPC Machine:
A Cray XE6m, updated 2012
A 22272 cores, 205 Tflop/s
A 676 nodes (3dres)
A 1-4 Gb per node
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b4 The TOPAZ system

Layer: Met.no Thredds > TOPAZ4 model results > sea_ice_thickness I-_; August, 2012 I

Units® “I-..a!_.rer: Met.no Thredds > TOPAZ4 model results > 2 August, 2012

gross_primary_productivity_of_carbon PE— .

A Exploited operationally anet.no > ini- SEC—

Dateftime: 14 Aug 2012 [ 00:00:00 [3) UTC first frame |ast frame 1 2 3 4

A Since 2008 T Dt
12 13[14] 15 16 17 18

19 20 21 22 23 24 25

A Ecosystem added in Jan. 2012 = %28 nn

Fit layer to window Select date

A 20 years reanalysis at NERSC e
A Took 2 years to produce &
A 3-years ecosystem reanalysis :
A MyOcean(Arctic MFC) .
A Free distribution of data -
A Dynamical viewing (Godiva2)

A Data used by ECMWF wave
model (JBidlot) -y

test in

A Sea |Ice edge fO recast test image Open in Google Earth Overlay opacity: [ 100% [3)
Powern
Powered by OpenLayers and OGO standards Permalink | emal

A Surface currents
Ice thickness forecast for 14Aug. 2012
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SRF of TSLA, 23/4/2008

SRF of SST, 23/4/2008

SRF of ICEC, 23/4/2008

SRF of UICE, 23/4/2008 =
A DEnKFRasynchronous | SRF orVIcE szs -
I 100 members SRF of T, 231412008
I Local analysis (~90 km radius) SRF of S, 231472008 ]
I Ensemble inflation by 1%
A Observations: —_
i Sea Level Anomalies (CLS) PR -
i SST (NOAA, then UK Met) ' ik
I Sea Ice Concentr. (GSAF) 12
I Sea ice drift (CERSAT) 8 0
i T/S profiles (Coriolis) Bo ™
i 400.000 observationger week Aol A B
I ~100 in each local radius » 2* o 298
SRF: local spread reduction factor ¢ -32:". "

_ [tr(HPFHTR-1)
SRF = \/tr(HPaHTR—l) —1
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Why dynamic Data Assimiiation in the Arctic?
Example of ice-salinity correlations in the Barents

r 0.4
r 0.2
(ice) e (water)
. 70
formayon/ m warm+ salty AW flux
melting F1-0.2
- --0.4

-0.6
IO.S
-1
Sakov et aJ.the TOPAZ4 system, OS 2012

Also sed.iseeter et alOc. Dyn. 2003
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Dynamic ensemble

Static ensemble

Compari:-s'o»n to static / climatological

covariances

Corelation between ICEC and SSS

Corelation between ICEC and SSS
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Scattergram between ICEC and SSS

Scattergram between ICEC and SSS
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@ Independent data: surface drifters
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9 January 2008: SLA from TOPAZ reanalysis + drifters (£ 4 days)
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Temperature bias (K)
-05 00 05 1.0 15

-1.0

1.5 2.0 2.5

RMS, temperature (K)
1.0

o
=]

2
o

Myocean.met.no

Bias, Sea surface temperature vs. drifting buoy data, forecast day: 6

= N Atlantic + Nordic/Arctic (-0.37K)
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RMS, Sea surface temperature vs. drifting buoy data, forecast day: 6

N.Atlantic + Nordic/Arctic (0.93K)
Nordic Seas (0.80K)
1 Blarents Sea (0.71K)
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Insitu profiles assimilated

Al GD22R LISNA 2R
20032008
I Argo floats
I Sections
I Ice-Tethered Profilers
from Damocles IPY %

A Still very poor
coverage compared to
atmosphere

Al reprocessed qUallty d‘;o o
controlled data |

Not all profiles contain
salinity
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