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SST for ECMWEF Atmospheric analysis
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The SST and sea ice comes from external
sources. Since 2008 we have been using
the OSTIA operational product

e SST from the MetOffice
e Seaice from EUMETSAT OSI-SAF
* (CI<20% set to O (our choice)

* No consistency check between sea ice
and SST



SST for ECMWEF coupled forecasts

The ensemble prediction system (ENS) uses the coupled model: IFS + NEMO ocean model
A “partial coupling” scheme: The atmosphere sees the SST from atmospheric analysis

(OSTIA) with added SST tendencies from the ocean model

* Preserves small scales structure of OSTIA in the 2500hPa, Northern Extra-tropics
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* After 4 day we gradually switched to full
coupling where the SST of the atmosphere and

the ocean are consistent.
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SST for ECMWEF Ocean analysis ORAS5

. Zuo et al., 2018

BRT stream
OCEANS
Sea-ice conc.
e Model: NEMOv3.4 + LIM2 (0.25 deg + L75) SST
« DA:3DVAR-FGAT : g 555

Sea-Level
T/S profiles

Bulk formula Obs operator

* 5ensemble members
e BRT+RT streams

OCEANS is used for initialising ocean and sea-

ice components for RT stream

14:00 UTC

* ECMWEF coupled forecasting systems
e Seasonal Forecasting System 5 3DVar-FGAT m—
Daily Initial

e Atmospheric analysis: sea-ice

condition
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Use of SST obs in Ocean Data Assimilation

SST nudging scheme
Haney 1917
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SST bias: Control - OSTIA

B - oot somtat/ somtast IIAS(!”' 2013)

3 Q
(SS EJODE L SS ?;"ARGE T)

lateud
|7 -
z 2
N
\
’
P
7y ‘ﬁ-\
"4
Ve
4
ra
7 N
L
l‘- el

wok PINLAY U
Longitade

feg Cx M 633 w N0

200 L&0 4.2 080 L0 oM B 0% 12 L& 0

GHRSST XIX

Latstude

200

A y
¥ SRPE LT - -_ﬂ
- ~ 41
- » -4 " .
o2 o WG
4" Y Y 4§ J .
™ ¥ e
Y e Ny = \
Al N y - :
— . ; )
paah) 4 . { (
) ]
| N ’ ] X
R 7 } "’y
- ‘/
MOE 160W oW

Global mean SST
e

OSTIA

SST nudging

No SST

SST bias: ORASS5 - OSTIA

nc73 Osti sosstsst /sosstsst : BlAS(?(IX)-ZOIZ)

Longitude
{deg Ok Mine 2,46, Max= 29.24, Int= 0.20

B |

1.2 A80 L8 o 040 050 120 150 200



Impact of SST obs in Ocean ReAnalysis

Reforecasts and Climate Monitoring

Global mean SST
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DA experiments with different products

Name SST (e
ASM-OST OSTIA OSTIA
ASM-Hadl HadISST2.1 HadISST2.1
ASM-HadI-OST HadISST2.1 OSTIA
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Zuo et al., 2018
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AMOC transports in ocean reanalyses
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Use of SST obs: Model calibration and skill assessment

Both calibration and skill assessment require a set of reforecast over a sufficiently long period.
These reforecast are initialized from reanalyses.

Anomaly Correlation

Aromaly Corelation Coetficent for ECMWF 55 with 25 ensermbie members

Bias (mode! minus reference) for ECMWF S5 with 25 ensermble members Sea Suriace temperature (*C|

Hindcas! period 1981-2010 with start in November average over monthe 2 1o 4
Sea Surface temperatre ('C) - o ' . : -
Hindo. o0 15612010 with start I Navember averana aver manths 2 10 4 Elack gots far values significantly diferant sam zaro with 95% conlidance ( 200 samples|
& 24 2 45 12 98 04 04 08 12 16 2 24 6 4 08 0B 07 -0f -0& 02 02 04 96 07 QB 0B ¢

Assessment:
SST forecasts in DJF
Month 2-4, 1981-2010

- P eg— - — - W ——
——hy ——-- — - —— - 1 commm JY L N
- . . . '
e _—— e ———
= - - — gt - -
. 3 '
- I3
— ~ i~ . _— —
0 B A - !

Calibration of SEASS5: | _ ’P \ | - A s S
SST bias g ERET 1 T AN

" Before 2000 "~ After 2000
S ECMWF GHRSST XIX




Use of SST obs: Model evaluation

SST from Obs and coupled model forecasts
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WCDA system development at ECMWF

Current DA system at ECMWF

Weakly Coupled ocean-atmosphere DA

Hybrid 4D-Var with 12 hour assimilation window
Uses OSTIA SST and Sea Ice Concentration (SIC) as lower boundary conditions

Weakly coupled to the atmosphere using 2D-Ol & SEKF.

Weakly coupled to the atmosphere using 2D-OL.

3D-Var FGAT with 8-12 day assimilation window forced by the atmospheric
analysis.

Courtesy of Phil. Browne
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Planned changes of SST/sea-ice for ECMWF NWP system in 2018

CY45R1:
—HRES coupled to NEMO (0.25 degree) for the long forecast

*This means that all forecasts issued by ECMWF will be using a coupled model
—Introduction of full coupling in the tropics
*OCEANS5 from day O in the tropics

eThis will be done for both HRES and ENS
—Using of OCEANS sea-ice in the atmospheric analysis system

e|ncreases the coupling between the atmosphere and the ocean in the analysis system

CY46R1:
—Use the SST from OCEANS in the tropics merged with OSTIA in the extra-tropics in the atmospheric

analysis system is been investigated
e|ncreases the coupling between the atmosphere and the ocean in the analysis system yet
another step

C ECMWF GHRSST XIX 10




Impact of SST in uncoupled forecasts - HRES

Control forecasts: OSTIA SST + climatological tendency (OSTIA)
New forecasts: OCEANS SST + climatological tendency (OSTIA)

Impact on Geopotential

SST globally SST tropics only
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Impact of SST in coupled forecasts - HERS

Impact on humidity and Temperature
Change in error in R (Summer analysis blended SST-control)
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SST in coupled VS un-coupled analysis Hurricanes Irma and Jose

Quasi-Strongly Coupled DA analysis

» Better representation of the rapid ocean

cooling process

e However hard to obtain satellite observations

fo”owing Hurricane pathways 300.0 300.8 301.6 302.4 303.2 304.0 304.8 x);6

* |n-situ obs is vital

Uncoupled analysis: OSTIA

Normally with 1-2 delay Courtesy of

Phil. Browne

300.0 300.8 301.6 302.4 303.2 304.0 304.8 1);6
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Impact of timeliness of OSTIA SST

Current OSTIA SST used in 4DVar (Atmosphere) is with up to 57 hours delay
in 3DVar (Ocean) is with 24 hours delay

Research on timeliness of SST observations

* Use OSTIA from yesterday as operational (control)

* Use OSTIA at the right day (Delay + 1)

* Use OSTIA from the day before yesterday (Delay -1)

1-Dec-2014 to 30-Nov-2015 from 356 to 365 samples. Verified against 0001.
Confidence range 95% with AR(1) inflation and Sidak comrection for 8 independent tests

Z2T: SH -90° to -20°, OhPa Z2T: Tropics -20° to 20°, OhPa Z2T: NH 20° to 90°, OhPa
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Development of L2 SST assimilation
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Figure from Eric de Boisseson

Assimilation of bias corrected L2P swath SST (test data provided by
UKMO)

SST treated as the single first layer Temperature in model
Mixed layer dependent vertical correlation and Rossby radius

dependent horizontal correlation correlation
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Workshop on observations
and analysis of
sea-surface temperature
and sea ice for NWP and
Climate Applications

22 - 25 January 2018

« The way forward for the use of :
observations of SST and sea-ice

e To advise ECMWF on how to o3
best exploit the observational
information.

» To identify areas where
significant improvements and
progress can be made

c ECMWF GHRSST XIX




Outcome of SST/Sea-ice workshop

Vision of using SST/Sea-ice information at ECMWF in 10 years:

ECMWEF was encouraged to follow an evolution towards the assimilation of radiances (L1 data) for
the constraint of SST and sea-ice in the context of running fully coupled systems.

Coupled DA and modelling has demonstrated benefits and should be further developed
independent on decisions on the assimilation of L1 data.

Fully coupled L1-DA is aspirational, but at this stage speculative. A stepwise approach needs to be
followed as science and resources allow

Forward models should be shared by community and provided/supported by central facility.

The fitness of the individual model components (ocean, sea ice, land, ocean surface waves)

and their respective DA schemes for the purpose of assimilating L1 data needs to be developed
and evaluated.

ECMWEF should seek to exploit opportunities, campaigns and collaboration as they arise
(GHRSST, SAFs, ESA, EUMETSAT, all existing partnerships).

—c ECMWF GHRSST XIX



Outcome of SST/Sea-ice workshop

« Actively engage with GHRSST to optimise the properties of SST observations for NWP
applications.

 Make use of diurnal cycle SST information in addition to foundation temperature
« Uncertainty information in the L4 product should be used when provided.

» Validation of SST forecasts should be done against foundation temperature, drifting buoy
depth and skin temperature SST analyses

* Initially use OSI-SAF L3 and then L2 products of SST and sea ice for assimilation into the
ocean model.

« This will improve timeliness, allow using latest NWP input data and enable using QC
information.

« This step will require consistent L2-L3 reprocessing for reanalyses. It will also require
improving the methodology for assimilation of surface information into the ocean/sea-ice
models.

_C ECMWF GHRSST XIX




Summary

SST observation is essential for NWP (calibration, assessment of forecasts) and (Re)Analysis (Data

assimilation, evaluation of reforecasts, climate monitoring).
e L4 SST analysis prescribed the lower boundary condition in Atmospheric analysis

* L4 SST data is used to produce ocean analysis
* SST observation is routinely used for calibration seasonal forecasting system, and assessment of the

forecasts skill
* The quality of SST product used influences the quality of the NWP forecasts

As ECMWF moving towards more coupling (both in model and DA system) in NWP, the role of SST observation
becomes increasingly important. And our requirement for SST data also changes

* Faster and more frequent delivery of data

* Include uncertainty information for QC

* Moving from L4 towards L3/L2 level data

 Consistency between SST and sea-ice observations

The 2018 SST/Sea-ice workshop provides ECMWF with guide and recommendations for ECMWF 10 years’

strategy regarding to use of SST and sea-ice information
* ECMWEF will embark on assimilating L1 radiance with fully coupled system
e ECMWEF has started working on assimilated L2P SST data

-C ECMWF GHRSST XIX 20
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Important of SST observations in OOS

Daily available oceanic observations

Ocean In-situ obs (exclude drifters) SST (GHRSST L2P)
CTD:2233 APB:0O hres CTD:0
Argo:440 XBT:26 Mammals:66 Mooring:1730 MBT ~1eb /d ay
~le3 /day N - aoo.:;u“u:‘- '?“rm m{ 194204774
Tetel ohoorations = 4900 DR ——

26 May 2018
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Development of L2 SST assimilation

T increments

Nudging L4 DA L2P
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Development of L2 SST assimilation

First results encouraging. Work still ongoing to find the best configuration: convergence, MLD
param, OE, bias correction...

SST assim — MLD param
SST relaxation - std vert. lengthscales vs MLD param BKG RMSE (solid), AN RMSE (dashed)
BKG RMSE (solid), AN RMSE (dashed)

o B CAORAL M 0 RMS SSTm'.m V(Vsohd)‘vs no asssm (dashed)
-100 100
-200 -200
& &
& g
-300 300
400 400 SSTA
| — sTD ; % 4 SSTAeth
. | — ™w s SSTASthsoe
R 1 0.2 04 0.6 0.8 1.0 1.2 %85 0.2 Y J— 08 io i2 i4
Figure from Eric de Boisseson
e SST relaxation: fit to profiles greatly e SST assim with MLD param: assimilating all the data
improved with MLD param. But much improves the bkg in the first levels but degrades the fit in
more expensive. the thermocline and at depth. Thinning and increasing the

OE sdv for SST help reducing the degradation at depth but
first levels still worse.
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Uncertainty in SST observation products

SST L4 analysis products are commonly used in climate modelling, ocean (ECMWF ORAs) and atmosphere
(ERASs) reanalysis, for the following reasons

* Gridded product without gap, make it very easy to use, e.g. for prescribing sea surface conditions
for ERAs and surface nudging for ORAs (ORAS4, ORASS).

* Normally consider to be more stable (no-gap, combined multiple sensors with homogeneity, bias
corrected) than L2/L3 products, and less susceptible to instrumental failure due to the analysis

procedure.

There are many SST analysis products available (OSTIA, ESA CClI, Olv2, HadISST2 ...). However different SST
analysis products are not always consistent, with large uncertainties (magnitudes varies from global/climate
to regional/daily scales).

e Different SST definitions
 Different data sources
* Difference bias correction strategies

 Different analysis procedures
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Summary of some L4 SST analysis products

Products utilized satellite observations and with a global coverage

Data SST definition Bias correction period
sources

Olv2d (NOAA)  AVHRR, bulk SST (~0.5 m depth)  Bias corr. against in- Daily, 0.25 1981-NRT
AMSR, in-situ situ (ship-based and 1 member deg
buyo)
OSTIA (UKMO)  (A)ATSR, Foundation Bias corr. against Ol Daily, 0.05 1985-NRT
AVHRR, in-situ temperature (night time AATSR and in-situ 1 member deg
Oper. only: only), at ~ 4-10 m depth (drifting buyo)
TMI, AMSR-E,
NAR, SEVIRI
HadISST2 ATSR, AVHRR, Night time only for Ol Pentad, 0.25 1961-2010
(Hadley in-situ AVHRR and ATSR 10 ens deg
Centre)
CCI-SST (ESA) ATSR (ref), Daily mean SST at 0.2 m No BC against in-situ Ol Daily, 0.05 1991-2010
AVHRR 1+uncert. deg
ATSR: the Along-Track Scanning Radiometers AMSR-E: Advanced Microwave Scanning Radiometer-EOS
AATSR: Advanced Along Track Scanning Radiometer TMI: Tropical Rainfall Measuring Mission Microwave Imager
AVHRRs: Advanced Very High Resolution Radiometers SEVIRI: Spinning Enhanced Visible and Infra-Red Imager
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