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Mercator analysis & reanalysis
systems overview




=
’ 3rd Euro-Argo User Meeting - Paris — 17-18 June 2010
(MERCATOR _

N ETEEEA T ICARLAL N LN LA B ¥

€ ®® 4utline

o Mercator analysis / reanalysis systems
overview

o Impact of Argo data in GLORYS ¥4° Reanalysis
o Argo data Quality Control in Mercator systems
o Temperature and salinity bias correction
using Argo data: method et early results

o Conclusions & prospects
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SiS systems

ﬂ
North Atlantic + Mediterranean : 5-7 km, OPA8, ROOI assimilation of alti. T/S and
From April 2008: 1/12° (6.5 km at 45°N), NEMO/LIM, SEEK assim. of alti, T/S and—
SST, daily fest

Target: mesoscale upper ocean, downscaling to smaller regional and coastal regions

o Regional eddy resolving (2002-> now)

o Global eddy permitting (09/2005 - now)
Y4°, global, ocean and sea ice

From April 2008: ¥%2°, NEMO/LIM, SEEK assim. of alti, T/S and SST
Target: global ocean climate monitoring, biology, sea ice, reanalysis

Config. used to produce GLORYS1 reanalysis (2002-2008)
o Global low resolution (05/2004 - now)

Today: 2°, OPAS8, SEEK assim of alti, T/S and SST

Target: oceanic initial conditions for coupled seasonal prediction, reanalysis

o Global eddy resolving (to be operational at the end of MyOcean)
NEMO/LIM+SEEK 1/12°

Has been demonstrated in April 2008

Target: Global Marine Core Service and downscaling to European regions
o Northeastern Atlantic high resolution (to be operational at the end of MyO
NEMO 1/36° +SEEK + Tidal free surface

Target: IBIROOS Marine Core Service =2 Boundary data to coastal systems
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Mercator analysis & reanalysis

systems overview

Model:

- Use NEMO: OPA ocean model with ORCA grids + LIM2 EVP sea-ice model
- 50 vertical levels : dz ~1m near surface, 500m near bottom

- GPCP rainfall correction

- ECMWF operational forcing fields

- bulk formulation: CLIO / CORE / ECUME

Different configurations:

Global: 1/712°, 4°, 2°
Regional North Atl.: 1./12
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Mercator analysis & reanalysis

systems overview

« Data Assimilation Scheme SAM2v1:

Based on a multivariate SEEK filter [ T ]~1 T
State vector: Hbar, T, S,U,V K_Sn I+<H31) R (HS]) (Hsn) R
FGAT method to calculate innovation vector

« Forecast error covariances Pf: multivariate 3D anomalies:

Sub-space is built from an ensemble of anomalies (A) from a free simulation.
* no truncation
e |ocalization technique, see Houtekamer and Mitchell (2001) or Oke et al (2006).
« Adaptative scheme for the background error variance:

We adjust forecast error variance at each assimilation cycle in order to be consistent
with innovation statistics

« Incrmental Analysis Update scheme:

Efficient way to distribute the correction in time.

continuous time solution
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Mercator analysis & reanalysis
systems overview

o Assimilated data:
Along track SLA (SSLATO/DUACS) : Jason-1, Jason-2, Envisat
NCEP RTG %2° SST,
In situ temperature & salinitv profiles (
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L]

NOAA/NWS /NCEP /EMC Marine Modeling and Analysis Branch

— RTG_SST Analysis (0.5 deg X 0.5 deg) foer 07 Apr 2010
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» o @ | Impact of Argo data in GLORYS ¥4°
Reanalysis

GLORYS French project:

GLobal Ocean ReanalYses and Simulations: (.4
Contribution to MyOcean global ocean reanalyses &F

mecan

Multi year reanalyses at ¥4° resolution covering different
periods:

‘Argo era’: 2002-2008 : GLORYS1V1,

produced in 2009

‘Altimetric era’ : 1992-2009: GLORYS2V1
- end 2010
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Data assimilation verification: Insitu T, S

Innovation RMS:
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Data assimilation verification: Altimetry
GLOBAL

» ENYLSAT, Urange :

SLA incr. std dev

standard deviation of SLA increment in 2008

i35 18 —1.35 -3 — {5

nona

Min =0.000 Moy =0.352

Bonduir (.02 nons
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Data assimilation and verification: SST

Global

Misfit average
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Comparison with independent observations :

coll N | surface VGIOCity from SVP bUOyS

Cloud Dispersion

RIR L8R obs zonal velocity: U on 13-01
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@ ® @ | Verification with independent observations

Circulation at 1000m depth (from Arqgo floats)

Cabanes et al. 2008, Argo Floats
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Argo data Quality Control in
Mercator systems
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2 o @ | Argo data Quality Control Iin
Mercator systems

Quality Control :

Thanks to appropriate tests it is possible to detect
suspicious data.

\

- “gross” error detection
- background quality control :

obs. is rejected if (y-H(x)) exceeds n*(c°+ )
- detection of spikes
- detection of systematic biases
- detection of suspicious falling rate of XBTs
- etc ...

The objective is twofold:
- improve the quality of the ocea analyses / forecasts
- provide observation blacklist to GDACs
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» @ @| Argo data Quality Control In
Mercator systems
(y-H(x)) is normally distributed : N (0, c°+>)

Using GLORYS1V1 reanalysis (2002-2008), it is possible
to have a good estimation of ¢°+¢c®

This iIs possible only because :
- Argo has a good global ocean sampling

- Argo provides a sufficient large large number of
observations
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Mercator systems
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(y-H(X)) i1s normally distributed : N (O o°+ob)
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Argo data Quality Control in
Mercator systems
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- background quality control :
obs. is rejected if (y-H(x)) exceeds n*(o°+c°), Nn—3.4

- an efficient background quality control can be done
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» o @ | Argo data Quality Control In
Mercator systems

Example of
gross error detection:

Temperature : :
LOM=27&.5, LAT=—51.588, timae=21182 CHS=black, maodel FCST=raed, CLIM=green
| | | | | | 1 | | 1 | | 1 | | 1 | |
200 — — 200 — —
SO0 — — SO0 — —
1000 — — 1000 — —
1400 — — 1400 — -
L] L
1800 — — 1800 — —
I T I I I T I T I I T I I T I I T I I T I I

—2.4 —1.4 o 1.0 2.0 2.0 0 4.0 a. 5.0 7.0 (=R4] 2.0
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» o @ | Argo data Quality Control In
Mercator systems

Example of
pressure drift in Argo:

1 1
Temperatu re LOMN=300.57, LAT=34.514, time=21179 OBS=hlack, maodel FCST=rad, CLIM=green
1 _I_ | | | | 1 ] ] ] ] ] ] ] ] ] |
200 — » 200 — »
HO0 — » SO0 — »
10006 — » 100G — »
1400 — IL — 1400 — -
1800 — » 1800 — »
I I I | I I I I I I I I I I I I I

-4 —Z4 .G 2.0 +0 20 B.Q 109 140 18,92 2.0
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Mercator systems

Unrealistic innovation at depth_.

o= 1HI"E 163" Lo
Temperatu re LON=102.93, LAT=—16,846, tima=21180 ORS=black, madel FCST=red, CLIM=graen

] 1 1 | | L1 ] ] L1 L 1 1 L1 L1 | L1 _
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» o @ | Argo data Quality Control In
Mercator systems

Same Argo float,
32 days afterwards

o 1M"E 163 Lt
Temperatu re LON=103.04, LAT=—17.075, time=21212 OHS=black, madel FC5T=rad, CLIM=green
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Mercator systems

Error at depth

1 1
Temperatu re LON=230.34, LAT=17.8449, time=21208 CHS=black, madel FC5T=red, CLIM=green
I R N N N NN SN N N
200 - o o
H00 — o o
1000 — - L
4 o L L
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1200 o o
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Temperature and salinity bias
correction using Argo
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correction using Argo

- Due to Argo network good spatial coverage, it is
possible to perform bias correction for Temperature
and Salinity.

Bias method correction:

1. Collection of innovations (T&S) over the past 3 months
2. Analysis of the bias (3DVAR method, flow dependent)
3. Modei correction using a Incremental Anailysis Update method
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@ o @| Temperature and salinity bias
correction using Argo

Bias correction method :

Step 1. Collection of innovations (T&S) over the past 3 months

Sep.-Nov 2007

> Innovation Average nmear 1062m

44 a0 1.3-5 180 -135 —80 —45 G
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Temperature and salinity
@ ®®| bpias correction using Argo

Bias correction method :

Step 2. Analysis of the bias (3DVAR method)

JX)=V2<x-x,, BN x=-x%x,)>+V2<y,-Hx,R(y;-Hx)>
B is flow dependent, large scale:
Correlation scale are small near density fronts.

Density front . Analysed Bias
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Temperature and salinity
@ ®®| pias correction using Argo

Bias correction method :

Step 3. Model correction using a Incremental Analysis Update (IAU)
method

A tendency term is introduced in the model equations (for T & S):
oX/ot = M(t) + BIAS/T w .

16 month-long run with Bias corr.

. ; i &%
¥ T e
Ry T e 7

Min =—0.4258 Max = 0.284
Min =—0.465 PP hoy = 0389 [ ) | [ j
1 L —0.30 —-0.18 —0.06 0.G6 018 0.30
—0.20 —0.18 —0.06 0.0 018 0.30
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Temperature and salinity

bias correction using Argo
Mean misfit

Temperature Mean Misfit {regiom 0)
zlobal :

MERCATOR

Temperature Mean Misfit {Obs—Fast) {region 0}

global :

D=g Max = 1.42 Comtour 0.2 Deg

Contour O Deg

global @ Salinity Mean Misfit (Obs—Fest) (region D)

Salinity Mean Misfit (region 0)

global :

lig—lin metara

Boo?

=—0.70

Contour  2.S0E—O3 Pau

Contour 2 SO0E—O3 Pau
Min e Max = 0.69

—0.1s —o.0B —0.03 a.03 ooz 015

With bias correction

a.03 D.os o5

—015 —o.0B —0.03

No bias correction
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Temperature and salinity

©® ®| pias correction using Argo

global : Temperature Rms Misfit (region 0) global : Temperature Bims Misfit (Obs—Fest) (regiom 0)
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global : Salinity Rms Misfit {region 0)
global : Salinity RBms Misfit {0bs—Fest) (region 0)
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| | |
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28 5
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— 500

200

= a a ] o 1 a 3

So07
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Conclusions & prospects

Argo network is useful for:

o Data assimilation: constrain T & S in in the (re)analyses
ocean systems, complementary to other observations

o virtuous circle between OF centres and GDACs :
Mercator ocean forecasting center will contribute to improve the
QC of Argo data:

- data blacklist will provided to MyOcean in situ TAC

o Unique Argo data coverage: we are able to perform
efficient bias correction

o other observations expected from Argo ? :
e measurements below 2000m depth
e subsurface velocity estimated with Argo data
e near surface high precision temperature measurement



