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Coupled DA nomenclature

CDA for NWP at ECMWF 2

We follow the categorisations of Penny et al. 2017:

Observations
affect the
analysis of
different

components

at a later
analysis

Weakly
coupled

assimilation

at analysis
time

Strongly
coupled

assimilation



Outline

CDA for NWP at ECMWF 3

ECMWF Earth system and ocean observations

Weakly coupled ocean–atmosphere assimilation

Outer loop coupling (QSCDA)

Reconciling timescales in the ocean and atmosphere analyses and observation
networks



The ECMWF Earth System

CDA for NWP at ECMWF 4

Components of ECMWF’s IFS Earth System. Along with the atmosphere, there are
the ocean, wave, sea ice, land surface, snow, and lake models.



In situ ocean observations

CDA for NWP at ECMWF 5



In situ ocean observations

CDA for NWP at ECMWF 5

Argo floats

Argo operational cycle.
[Argo 2018]



In situ ocean observations
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Moored buoys

[PMEL 2018]



In situ ocean observations

CDA for NWP at ECMWF 5

Ship based observations

XBT

CDT

[CSIRO 2001]



In situ ocean observations

CDA for NWP at ECMWF 5

Mammals!

[MEOP et al. 2015]



Sea level anomaly observations

CDA for NWP at ECMWF 6

Altimeter measures SSH.
Model represents η.
The Geoid changes with time.

We convert to assimilating anomalies:
y = SSH anomalies = SSH - MSSH H(x) = η anomalies = η - MDT

MDT, or Mean Dynamic Topography, is the mean sea surface height above geoid
and comes from an external dataset.



Sea level anomaly observations

CDA for NWP at ECMWF 6

Altimeter measures SSH.
Model represents η.
The Geoid changes with time.

We convert to assimilating anomalies:
y = SSH anomalies = SSH - MSSH H(x) = η anomalies = η - MDT

MDT, or Mean Dynamic Topography, is the mean sea surface height above geoid
and comes from an external dataset.



Sea ice concentration observations

CDA for NWP at ECMWF 7

L4 sea ice concentration observations from OSTIA (20180912)



Sea-surface temperature

CDA for NWP at ECMWF 8

L4 sea-surface temperature observations from OSTIA (20180912)



Outline

CDA for NWP at ECMWF 9

ECMWF Earth system and ocean observations

Weakly coupled ocean–atmosphere assimilation

Outer loop coupling (QSCDA)

Reconciling timescales in the ocean and atmosphere analyses and observation
networks



Weakly coupled ocean–atmosphere assimilation

CDA for NWP at ECMWF 10

HRES atmosphere and land analysis

OCEAN5 ocean and sea-ice analysis

HRES analysis
provides forcing

OCEAN5 provides
boundary conditions

▶ Operational - WCDA
through sea ice
concentration

▶ Next upgrade - WCDA
through sea-surface
temperature ±20◦ to 25◦



Ocean analysis suite

CDA for NWP at ECMWF 11

Analysis date
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Atmos, land, and waves Ocean BRT Ocean NRT chunk 1 Ocean NRT chunk 2



WCDA Sea ice in the Baltic Sea

CDA for NWP at ECMWF 12

FMI/SMHI chart L3 Obs Uncoupled analysis WCDA analysis

Second thickest ice
Näst grövsta isen

Toiseksi paksuin jää

Third thickest ice
Tredje grövsta isen

Kolmanneksi paksuin jää

Thickest ice
Grövsta isen
Paksuin jää

a b c

C =

CaCbCc =

SaSbSc =

FaFbFc =

Total ice concentration (in tenths)
Totaliskoncentration (tiondelar)
Jään kokonaispeittävyys (kymmenesosina)

Partialconcentration
Delkoncentration
Osittaispeittävyys

Stage of development
Istjocklek
Jään paksuus

Form of ice / floesize
Form av is / flakstorlek
Jään muoto / lauttakoko

S

0
1
2
3
4
5
6
7
8
9
1.

F

0
1
2
3
4
5
6
7
8

cm

-
new ice
< 10
10 - 30
10 - 15
15 - 30
30 - 200
30 - 70
30 - 50
50 - 70
70 - 120

diameter

-
< 2 m
2 - 20 m
20 - 100 m
100 - 500 m
500 m - 2 km
2 - 10 km
> 10 km
fast ice

C

Ca  Cb  Cc

Sa   Sb   Sc

Fa  Fb  Fc

Vessels bound for Gulf of Bothnia ports in which traffic restrictions apply shall, when passing the latitude
60°00'N, report their nationality, name, port of destination, ETA and speed to ICE INFO on VHF channel 78. This 
report can also be given directly by phone +46 31 699 100.

Vessels bound for ports in the Bay of Bothnia shall report to Bothnia VTS on VHF channel 67 20 NM before 
Nordvalen lighthouse.

The traffic separation schemes in the Quark are temporarily out of use from 25.01.2018.

The transit traffic west of Holmoarna is temporarily prohibited.arna is temporarily prohibited

Fartyg destinerade till hamnar med trafikrestriktion i Bottniska viken ska, vid passage av latituden 60°00'N,
rapportera enligt instruktionerna för vintersjöfarten till ICE INFO på VHF-kanal 78 eller per telefon +46 31 699 
100.

Fartyg destinerade till hamnar i Bottenviken ska 20 nautiska mil före Nordvalen rapportera till Bothnia VTS på 
VHF-kanal 67.

Trafiksepareringssystemen i Norra Kvarken är tillfälligt ur bruk från 2018-01-25.

Transittrafiken väster om Holmöarna är tillfälligt förbjuden.

Aluksen, joka on matkalla Pohjanlahden satamaan, jossa on voimassa liikennerajoitus, on ylittäessään
leveysasteen 60°00'N tehtävä talviliikenneohjeen mukainen ilmoitus ICE INFO:lle VHF-kanavalla 78 tai 
puhelimitse +46 31 699 100.

Aluksen, joka on matkalla Perämeren satamaan, on 20 mpk ennen Nordvalenin majakkaa ilmoittauduttava 
Bothnia VTS:lle VHF-kanavalla 67.

Reittijakojärjestelmät Merenkurkussa ovat tilapäisesti poissa käytöstä 25.1.2018 alkaen.

Kauttakulkuliikenne Holmöarnan länsipuolitse on tilapäisesti kielletty.
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New ice (< 5 cm)
Nyis (< 5 cm)
Uusi jää (< 5 cm)

Nilas, grey ice (5-15 cm)
Tunn jämn is (5-15 cm)
Ohut tasainen jää (5-15 cm)

Open water
Öppet vatten
Avovesi 

Very open ice
Mycket spridd drivis
Hyvin harva ajojää

Open ice
Spridd drivis
Harva ajojää

Close ice
Tät drivis
Tiheä ajojää

Very close ice
Mycket tät drivis
Hyvin tiheä ajojää

Consolidated ice
Sammanfrusen drivis
Yhteenjäätynyt ajojää

Fast ice
Fastis
Kiintojää

Rotten fast ice
Rutten fastis
Hauras kiintojää

Ice free
Isfritt
Avovesi

ATLE*

Ice thickness (cm)
Istjocklek (cm)
Jään paksuus (cm)

Jammed brash barrier
Stampisvall
Sohjovyö

Rafted ice
Hopskjuten is
Päällekkäin ajautunut jää

Ridged or hummocked ice
Vallar eller upptornad is
Ahtautunut tai röykkiöitynyt jää

Strips and patches
Strängar av drivis
Ajojäänauhoja

Floebit, floeberg
Isbumling
Ahtojää - tai röykkiölautta

Fracture
Spricka
Repeämä

Fracture zone
Område med sprickor
Repeämävyöhyke

Estimated ice edge
Uppskattad iskant 
Arvioitu jään reuna

Icebreaker ( * coordinating)
Isbrytare ( * coordinerande)
Jäänmurtaja ( * koordinaattori)

Water temperature isotherm (oC)
Vattentemperaturisoterm (oC)
Veden lämpötilan tasa-arvokäyrä (oC)

2,1o Mean water temperature
Ytvattnets medeltemperatur 
Meriveden pintalämpötilan keskiarvo
(1971 - 2000)

20-40

-

7 - 10/10

10/10

< 1/10

1 - 3/10

4 - 6/10

7 - 8/10

9 - 9+/10

10/10

9 - 10/10

-

2o

ICE CHART
Iskarta - Jääkartta

2018-02-17
No. 80

Concentration
Koncentration
Peittävyys

Ice type
Istyp      
Jäätyyppi

Symbols
Symboler
Merkinnät

Restrictions to Navigation, FINLAND
Trafikrestriktioner, Finland – Liikennerajoitukset, Suomi

Port
Hamn
Satama

Ice Class
Isklass

Jääluokka

Minimum tonnage
Minsta tonnage

Minimikantavuus

First day of validity
Datum för ikraftträdande

Voimaantulopäivä

Tornio, Kemi, Oulu IA 4000 2018-02-14

Raahe, Kalajoki, Kokkola, 
Pietarsaari

IA 2000 2018-02-12

Vaasa
IA, IB
IC, II

2000
3000

2018-01-27

Kaskinen I, II 2000 2018-01-27

Kristiinankaupunki, Pori, Rauma, 
Uusikaupunki, Taalintehdas, Förby, 
Koverhar, Inkoo, Kantvik, Helsinki, 
Sköldvik

I, II 2000 2018-02-12

Loviisa, Kotka, Hamina
IA, IB
IC, II

2000
3000

2018-02-10

Sköldvik
IA, IB
IC, II

2000
3000

2018-02-21

Loviisa, Kotka, Hamina IA, IB 2000 2018-02-21

Finnish Transport Agency (Liikennevirasto)

Restrictions to Navigation, SWEDEN
Trafikrestriktioner, Sverige – Liikennerajoitukset, Ruotsi 

Port
Hamn
Satama

Min Ice Class
Minsta Isklass
Min Jääluokka

Minimum tonnage
Minsta tonnage

Minimikantavuus

First day of validity
Datum för ikraftträdande

Voimaantulopäivä

Karlsborg - Skelleftehamn IA 4000 2018-02-07

Holmsund - Örnsköldsvik IB 2000 2018-02-07

Ångermanälven IB 2000 2018-02-07

Härnösand - Skutskär II 2000 2018-02-05

Köping - Västerås IC 2000 2018-02-03

Östra Mälaren
II
IC

2000 
1300 

2018-02-06

Vänern, Trollhätte kanal, 
Göta älv

II
IC

2000 
1300 

2018-02-07

Swedish Maritime Administration (Sjöfartsverket)

Sea ice concentrations in the Baltic sea on 20180217. [FMI et al. 2018]



Weakly coupled assimilation results
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RMSE T RMSE R



WCDA maps of surface temperatures
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Outline
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ECMWF Earth system and ocean observations

Weakly coupled ocean–atmosphere assimilation

Outer loop coupling (QSCDA)

Reconciling timescales in the ocean and atmosphere analyses and observation
networks



Outer loop coupling within 4D-Var

CDA for NWP at ECMWF 16

Developed for CERA: coupled reanalyses.
See CERA-20C [Laloyaux et al. 2016]
and CERA-SAT [Schepers et al. 2018].

▶ For each outer loop, the nonlinear
trajectories are coupled and used to
compute observation departures
(y −HM[x]).

▶ Separate minimisations for
atmosphere, ocean, and sea ice are
performed.

▶ Increments in those components are
applied at start of next outer loop.



Potential of QSCDA - outer loop coupling ocean–atmosphere DA
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Coupled assimilation Uncoupled analysis (OSTIA)



QSCDA - outer loop coupling ocean–atmosphere DA
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RMSE forecast errors
Skin T T 1000hPA



Outline
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ECMWF Earth system and ocean observations

Weakly coupled ocean–atmosphere assimilation

Outer loop coupling (QSCDA)

Reconciling timescales in the ocean and atmosphere analyses and observation
networks



Ocean observation latency
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49 hour cut-off 1 hour cut-off

87 (85)
954 (70)

8 (2)
692 (34)

0 (0)

14883

172 (156)
974 (78)
10 (3)
713 (43)
25 (12)

18270



Combining WCDA and QSCDA for NWP

CDA for NWP at ECMWF 21

▶ Do both WCDA and outer loop coupling!
▶ For outer loop coupling, use the initial conditions from the latest available

WCDA analysis
▶ Effectively we just apply outer loop coupling on top of the weakly coupled

system to “spin up” the analysis



Combining WCDA and outer loop coupling for NWP
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Analysis date
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Atmos, land, and waves Ocean BRT Ocean NRT chunk 1 Ocean NRT chunk 2



Combining WCDA and outer loop coupling for NWP
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Analysis date
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Atmos, land, and waves Behind Real Time Near real time chunk 1 Near real time chunk 2



QSCDA compared to Composite WCDA/QSCDA
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RMSE forecast errors in relative humidity
QSCDA WCDA/QSCDA



Reconciling timescales in the ocean and atmosphere
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✓ NWP forecasts have to be produced in a timely fashion
✓ Not all ocean observations are available for current atmospheric cut-off times
▶ Would like coupled assimilation for:

Coupled observation operators
Atmospheric bias correction of ocean sensitive satellite observations
More balanced initial conditions

Works with observations available in NRT
Improves forecasts
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Extra slides



The OCEAN5 model
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The ocean model

▶ NEMO model v3.4.1
▶ ORCA_025 resolution: 0.25◦ horizontal resolution, 75 vertical levels
▶ Tripolar grid - poles in Canada, Russia and Antarctica
▶ High vertical resolution in the uppermost ocean
▶ Turbulent Kinetic Energy mixing

The sea ice model

▶ LIM2
▶ Viscous-plastic rheology



The OCEAN5 assimilation configuration
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▶ The assimilation system is NEMOVAR
▶ Methodology is 3D-Var–FGAT
▶ Assimilation of in situ profiles, SLA, SIC
▶ Relaxation of SST towards OSTIA
▶ OCEAN5 is a reanalysis-analysis system with 2 streams - behind real-time and

real-time
▶ Assimilation window varies from 8 days to 12 days and split into two chunks
▶ Minimisations performed separately for sea ice and ocean components
▶ Atmospheric forcing comes from the HRES system

▶ Weakly coupled ocean–atmosphere assimilation
▶ 5 member EDA with perturbed observations and observation locations

https://www.ecmwf.int/en/research/climate-reanalysis/ocean-reanalysis

https://www.ecmwf.int/en/research/climate-reanalysis/ocean-reanalysis


Future developments in the ocean analysis
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▶ Move away from L4 observations to progressively lower level observations
▶ More coupling to the atmosphere – driving the atmospheric analysis with more

ocean analysis fields
▶ Use of ensemble information in the B matrix – moving towards Hybrid-3D-Var.
▶ Outer loop coupling with the atmosphere – lots of potential to help with bias

correction and screening of ocean sensitive satellite observations
▶ Aligning the ocean analysis window to the current atmospheric window would

mean missing lots of vital in situ observations
▶ Care needs to be taken not to inherit ocean model biases into the atmospheric

analysis
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