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mCATOR Oceanic bulletin web page:

OPERATIONAL OCEANOGRAPHY

Iz http://www.mercator.com.fr

MERCATOR products

Whole domain plots

PSY1 Oceanic bulletins on 21 march 2001

The MERCATOR ocean bulletin includes a range of praps and other informaXjon about the underlying variables of the ocean, such as sea level
anomalies, ocean currents, temperature and salipify, which describe the oceyn in all its dimensions. Information that gives us a closer insight into
current and forecast ocean conditions from the £ea surface to the sea floor, atXegional or basin scale. ZOOIT] S

North atlantic
Sea level anomaly on 21 march 2001 (T0)

All results:

raphic areas SeCthnS

= Ge

Soedlicadt s :.:o{que Auighd ! SEH on S1=-00=4001 near Um

+ Marth Atlantic

+ Zonal mappings
+ Sections

+ Moarings

\Vertical profiles
time series

784 graphic files are put
on the web every week
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The Mercator Assimilation System (SAM)
from research to real-time operations

2 ouks foraecnt veloeity 1 U on 17-03-2004 near Sm

_ig

The MERCATOR R&D Assimilation Team
Pierre BRASSEUR, Pierre DE MEY
Nicolas FERRY, Elisabeth REMY, Charles-Emmanuel TESTUT, Benoit TRANCHANT

+ input from M. Benkiran, E. Dombrowsky, H. Etienne, E. Greiner




fMERCATOR OUTLINE
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0 The MERCATOR Ocean Prediction System

Objectives

Operational systems
Assimilation systems
Validation procedures
Global prototype

North Atlantic prototypes
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OPERATIONAL OCEANOGRAPHY

'MERCATOR Science Working Team, La Rochelle, Sept 1998

e

]

= Aninitiative of the French ocean science community
= Sponsored by CNES, CNRS, Ifremer, SHOM, IRD, Météo-France
= GIP (public interest group) status during 2002-2006

= One of the European participants to GODAE
(Global Ocean Data Assimilation Experiment)
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" Retrospective analyses, near-real time nowcasts and medium-range forecasts
of the mesoscale currents and T/S properties of the basin/global ocean at eddy-
resolving resolution (1/4° to 1/15°)

" Initial oceanic conditions of coupled ocean/atmosphere models for
seasonal and climate forecasting systems.

® Boundary conditions for regional focus experiments at sub-mesoscale
resolution (~ 1/60°)

— \Wide spectrum of ocean/marine processes

at different time/space scales

. _ . .
? ﬁx‘ —» Hierarchy of interacting Mercator prototypes
]
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Oceanic basin

Global ocean
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2. Operational systems

1/3° North &
Tropical Atlantic

1/15° N.Atlantic
1/16° Med Sea

2° Global Ocean

1/4° Global Ocean Analysis

Jan-01 Jan-03 Jul-03 Jan-04

2001 2002 2004
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Assimilated data

= Altimetry : JASON, ENVISAT, GFO
m SSS Climatology( Reynaud)
m SST at the analysis day (Reynolds)

= Temperature et Salinity profiles
— XBT : Temperature
- CTD : Temperature and Salinity
— BATHY : Temperature
— TESAC : Temperature and Salinity

= Temperature and Salinity Climatology
in the deep ocean

Meridional section of
Temp. climatology.

Typical SLA coverage for a week with

JASONI1, ENVISAT and GFO

L

Typical weekly coverage forin situ data
with temperature profiles

N

|

w
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Altimeter data processed
on June, 20 2001




3. MERCATOR Assimilation Systems

Q Incremental implementation strategy

Ol Kalman filters 3D/4AD-VAR

SAM-1 SAM-2 SAM-3




AAAAAAAAAAAAAAAAAAAAAAA 3D state estimation : SAM-1 and SAM-2

=  Optimal interpolation : SAM-1

1. SOFA + Cooper/Haines mode (open ocean attractor):
2D statistical estimation + vertical adjustement : SAM-1v1

2. SOFA + multivariate 1D vertical EOFs (from model or data
variability): 2D +1D statistical estimation : SAM-1v2

m Reduced-order Kalman filter : SAM-2

1. SOFA + EOFs 3D (multivariate model variability): inversion in
observation space : SAM-2v0

2. SEEK + EOFs 3D (multivariate model variability): inversion in error
sub-space: SAM-2v1

= Local inverse 3D estimates, « FGAT » approximation
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Developed as part of the MFSPP European
R&D project (De Mey and Benkiran, 2001)

Algorithm

Z0I-based

ZReduced-order modelling of guess errors
using local multivariate EOFs

ZLocal inverse

ZBinary tree search algorithm
ZLine-of-sight algorithm (islands and
peninsulae)

SAM-1 and SOFA3
assimilation library

ZThe f 77 library is free (GNU LGPL)
ZGrowing users group

ZExtensive online and offline diagnostics
(forecast, persistence, verification data, biases,
trends, regional breakdown, etc.)

Known limitations
ZSurface layer

ZShallow areas (coasts, shelf)
ZAssimilation of velocities
ZNo error propagation

MERCATOR System|On-line

AM-1 version 1 Jan-2001

system for ocean

Description

“ SOFA3/f 90 + PALM

“ Altimetry only

- "weighted" LL method

forecasting and analysis ;
¢ yoAM—l version 2 Jan-2004

SOFA3/f 90 + PALM
“ Altimetry + profiles
" Multivariate EOFs
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x*=x"+Kd with d=y°-y'

K. reduced gan

SAM-1 (SOFA)

-1

K, :BerrT(HrBerrT+R,)

with B,'=DY2CDY? and H, =HS'

Inversion in observation space,
with S (simplification operator)
acting on the vertical

) 1D modes (EOFs)

SAM 1SAM 2

=y%- H(x) ad K=P'H (HPHT+R]"

defined by K =S'K,
SAM-2 (SEEK)

-1

=B +(HsTB ¥ R'l(HsTBl’Z)El (Hs™BY2) R

with P' =S'BS

Inversion in the modal space
with S (simplification operator)
acting on the 3D space

) 3D modes (EOFs)
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Modular development and
parallel solution with PALM

Prepalm — /tmp_mnt/home/tranchab/MNATL_O7 /SOFA_PALM/MNATL_SOFA.ppl

Edit  Experience settings

Help

Space

Object

Branch

Unit
Communication
Step

iext

<< o BLL

‘ Insert | Info | Edit | Delete ‘

- —name ctr_1 -type PL_REAL -d |-
:-name ctr_2 -type PL_REAL -d
. -name ctr_3 -type PL_REAL -d
:-name ctr_4 -type PL_REAL -d
:-name ctr_5 -type PL_REAL -d
:-name ctr_f -type PL_INTEGER
0:-name i_ctr_1 -type PL_INTEGI
- —name ROCtr -type PL_REAL -t
2 -name SPC_DUPIS -type PL_CU
4 : -name SPC_DUPUY -type PL_C
3 -name SPC_DUPVP -type PL_C

— = o m - m oo

INIT_SOFA
call init_palm_sofa
0eeo

|

| .

OOe0000
MODEL_FORECAST, /| | @ anayee
| call mod_rurn I* I’ I’ Moo .,
e

DATA_LOADER | 58 t st
call data_load ¢ Ly (R
H [Nl 114%
| £ +TT
1 g Tid
| '
i

| f48~
Seneas
MISPOSTPROC
call Misfit_jpost S
=]

e S

CONCLUDE
call concly

|

Set colors of spaces

R 0 RO OIS

ctr_1 CPL_REAL * 12

ROctr (FL_REAL * dp_maxred*ip_maxard?
SPC_DUPIS (PL_CUSTOM * dp_MARIS)
SPC_DUPYP (PL_CUSTOM * Tp_MAXYPD
SPC_DUPUY (PL_CUSTOM * Fp_MARUYD
ctr_2 (FL_REAL * dp_jpil

ctr_3 (PL_REAL * ip_jpiJ

ctr_4 (PL_REAL * ip_ipk>

ctr_5 {PL_REAL * dp_jpi*ip_jpi*zd
ctr_& CPL_INTEGER * ip_Jjpi*ip_jpjl

i_ctr_1 CPL_INTEGER * 12

0K

Sort by...

© CERFACS 2000
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Graphical PALM interface

example: SAM1-v2

PALM Coupler: modular tool for coupling and running various data assimilation schemes

me/biranchant/SAl

Fle  Settings Constants Step-actions Date conversion Analyse run  Utilities

Help

o|dla] & 2] ala]

- Branches « Steps
- Communications - Objects
+ Units  Spaces
- Distrbutors - Texts

Insert | Delete | Filter
no| name | Iabel =
16 BH BH
12 CONCLUDE CONCLUDE
13 DATA_LOAD DATA_LOAD
6 GAIN GAIN
3 HBH HBH
1 Head
22 INIT_ASSIMILATION INIT_ASSIMILATIO|
8 INVERT N INVERT N
9 LOAD_HCOVGLO  LOAD_HCOVGLO
25 MODEL_END MODEL_END
23 MODEL INI MODEL_INI
24 MODEL_RUN MODEL_RUN

2 POST_PROCESSINGPOST_PROCESSI
4 R R

14 READ_DATA READ_DATA

17 RODELTA RODELTA

11 SELECT_BUBBLE SELECT_BUBBLI
18 Unit_deltaSAM1  Unit_deltaSAM1

5 Unit_deltaSAM2
20 Unit_HSB

21 Unit_HSB_ GLO  Unit HSB_GLO
initbioc

. interp

13 Unit_loadhcow1D
10 Unit_rwheadcov

M Communications 8 Branches

Kr :BerrT HrBerrT+Rr B




AAAAAAAAAAAAAAAAAAAAAAA - SAM-2 : scientific motivation ()

= Multivariate error modes in 3D space (EOFs of model variability)
— Covariance structures consistent with the model dynamics;
— Useful in regions with strong topographic control.

Temperature and velocity corrections 1o a free
surface elevation misfit i at two locations
o s i A

-

{+1: lncation ol saa surface measuremant, an=5% cm

Green functions of SSH variable
in a free-surface coastal model
(Echevin et al., JPO, 2000)
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( MERCATOR SAM-2 : scientific motivation (Il)

50N

40N

30N 1§

m Analysis kernel inversion in reduced space (not observation
space)
— With SAM-1: limitation to ~ 400 data in each influence bubble

\Alithh CANA D A vnnva Livaitatinn (iionfiil Favr acncivailatinn ~AF nivaAl COT Aada )
VVILIT D7 v & 11U TTTUTO ULV \UO U TUT TUT AOOHTTHTULUIYITT Ul VIAUT UJ 1T Ul

Sea Surface Temperature on Gulf Stream
NATL3 forecast (September 2, 1993)

A

Sea Surface Temperature on Gulf Stream

avhr ‘ »

50N

40N

80W 70W 60W 50w 40w 30w

C.I.:2°C
L —— [ |
10 12 14 16 \8 20 22 =2 8 10 12 14 16 18 20 28 24 26 28 30

SAM-1 analysis window SAM-2 analysis window
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( MERCATOR SAM-2 : scientific motivation (lll)

= Analysis/forecast error estimation

— Adaptatives approaches for on-line tuning of statistical parameterization

Adaptive estimation of the
forecast error std
(Testut et al., 2003)




( MERCATOR Towards 4D state estimation : SAM-3

= Motivation: global, low-resolution estimates of temperature/salinity
gropertcljes (at seasonal scale, with focus on the upper layers), which will
e use

— as a first guess to higher resolution (eddy-resolving) ocean forecasting;
— as oceanic initial conditions for coupled o/a seasonal forecasting

m Approach: variational assimilation (Weaver et al., 2003)

1. 3D-VAR estimator (SAM-3v0), useful to develop and validate the suite of
operators (H, Py, ...)

2. 4D-VAR estimator (SAM-3v1), with multivariate space-time interpolation
capability, adapted to «fast » dynamics (equatorial waves) and well suited to the
production of low-resolution global analyses.

m First R&D prototype in project:
— Based on global 2°x2° ocean model (ORCAZ2)
— Development of multivariate assimilation of altimetric, SST and in situ profiles
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RCATOR Weekly operational process
ECMWF Analyses ECMWEF forecasts Persistence
Forcings [D-14 to DO [DOtoD+10] [D+11toD+14]

FLUXS/IFLUXNS/EVA/ \ A A
PRECIP/STRESSU/STRESSV Y 4

Altimetr Residudls
JASON/ENVI%/AT/GFO [D-14to D-3]

—~ e

SST Reynolds

(In-situ)
CORIOLIS (SAM1v2)

7 Do
. D D7 wednesday D+7 D +14
| | >
Week n ANA PRE Days
N I Y
Analysis Analysis
Daily mean3D/2D fields - Exploitation/broadeast
) ) Interpolation on regular grids Ex : Web

Synoptic 3D/2D fields Netcdf format CATSAT/PRESTIGE

Before/after correction at D-7 et DO MERSEA MERCATOR
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On-line weekly technical validation

|
— analyze on-line diagnostics, look at standard graphics

— non-expert validation
— done every week before www and ftp dissemination

Off-line short-loop scientific validation
— uses low-rate diagnostics

— done by an expert every month
— synthesis published every 3 month: MERCATOR Newsletter

Off-line long-loop scientific validation
— done by the MERCATOR Science Working Team (annual AQO)

— “topic oriented” studies
— coordinated by the project (3 Project Scientists)
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“Moorings”

1DW formation
2 Mooring

3 North ad. C.

4 Pomme campain

5 GF extension
6 38 rings
7 Azores C., BDO Pomne

8 GS recirculaton
2 38 southem extension

10rings
11 ransport

12 coastal PAM south

13 upwelling, PAM south
14 sshreference, PAM south

15 eastemn NECC, PAM buffer

16 NBC retro, w NECC, PAM buffer
17 NBC eddies, amazon, P.AM buffer
18 Gulf of Guinea upwrelling 0°
12 central SEC

20w SEC

21 NBC, western SECC

22 e SECC, Namnibian upwelling

Regionalized assimilation d

MERCATOR PROFILES and SOFA REGIONS

lagnostics

Regions

1 Irminger Sea
2 Ieeland Basin

3 Newfoundland- Iceland

4 Yoyo Pomme

5 Gulf Stream 2
6 Gulf Stream 1 XBT
7 North Madeira XBT

8 Charleston tide
2 Bernmuda tide

10 Gulf of Mexico
11 Florida Straits XBT

12 Puerto Rico XBT

13 Dakar
14 Cape Verde XBT

15 Rio-La Corana WOCE
16 Belem XBT
17 Cayenne tide

18 Sao Tome tide

22 Ascension tide
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( MERCATOR 5. Global prototype

Assimilation SLA using SAM1-v1 : univariate system
m PSY2-G: 2° Global ocean
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AMERCATOR | 5. Global protqtype
St SAM-1, version 1

Schematically:

Geostroph
- oatance =
ITtiNg- N
g -
Lowerin
/v baroclinic
\ d? —>

barotropic

~

>




OOOOOOOOOOOOOOOOOOOOOOO PSY2-G : 1993-2002 reanalysis

1 year spin-up (1992) followed by 11 years of weekly assimilation of all
SLA observations available :

- assessment of the system’s performance

—> generation of 10 years of oceanic initial fields for operational climate
prediction at Météo France

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

TOPEX -
| 2

pd

ERS | o
<

GO T
o

ILCO 2004, N. Ferry




( MERCATOR PSY2-G assessment (I)
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Average baroclinic SLA increment, 1993-2002, (cm)
| | _ | | ]
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(MERCATOR PSY2-G assessment (Il)
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MERCATOR PSY2-G assessment (lll)

] Mean seasonal SLA increment

forecast SLA

I !
[T T T T T TR 1T
bLLudbdl

-1 -1.0 T

analyzed SLA

I !
[T T T TR 1T
bALLdpidl




( MERCATOR PSY2-G assessment (IV)
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U Zonal velocity in the equatorial Pacific (Maes et al., 2004)

TAO 2°N-2°S PSY2G-NO ASSIM PSY2G

o) TAD Zonal current (cm/s) b) ORCAZ Fonal current (cm/s) c) MERCATOR Zonal current {crm/s)
|
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Data number

2003 assimilation diagnostics

Data number impact
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fME\RCATOR Sea Surface Temperature
- SST(model forecast) — SST (Reynolds)

S e

Univariate scheme Multivariate scheme

inditalbncd fparatirs diference 3 VAR TN on 08—06—2Z002 near 8m tndiinltact wparabue ffurance 1 VAR TN am 08—06—2002 near Bm

Psyl v1
_] 08/05/02

o 08/05/02

—20 —FE —E0 —4E —&a -6 2] B

i — deg C -
e — Min =—5.403 2220 o o 727 a ‘ipe re_ﬁ‘CATOR Win =—20.723 Wax = 9.314 & t g
¢ MERCATOR 5 —¢ -3 -z -7 g:_, z 5 4 5 o ey 18180 ARLAGTEALONLE 5 —¢ -3 -z -1 © t & 3 4+ & o duy 18120

With in-situ data assimilated and
improved correlation statistics
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Salinity section Florida-Portugal

Florida—Portugal

Section :

Climatology:

D)

2.0
—2.5

~log1

Lon: —76.6 —73.6 —66.2 —68.5 —50.2 —41.6 —85.2 —2r.2 —&1.2 —14.8 —10.5
Lat: _7ee 738 —es2z =85 —s02 418 352 272 212 148 105
Min = 34.9 Psu Max = 36.6
~ Contour : 0.25 Pau
' MERCATOR 3450 3490 3530 3570 3610 36.50
Section :

Florida—Portugal

: S from 07-01-2004 to 14-01-2004

Middle Resolu
1/3° ., =
Univariate assi

SLA

Lon: —78.8 —-73.8 -66.2 —5865 -560.2 —41.8 -352 -2v.2 -21.2 —148 —10.§

Lat: 277 309 E 0.3 308 40.3 4001 396 388 378 364
Min = 34.9 Psu Max = 36.4
Contour : 0.25 Peu
3450 3490 3530 3570 3610 3650

High Resolution / Univariate versus

Middle Resolution / Multivariate

Section : Florida—Portugal

: § from 07-01-2004 to 14-01-2004

—102

T G AT T

=:High Resolution

g —100.0
: . 1/15°
T —300.0

nivariate assimil
SLA

Max — 36.5
Contour : 0.25 Psu

3450 3490 3530 3670 3610

36.50

Section : Florida—Portugal

y + § from 07-01-2004 to 14-01-2004

Middle Resolution
g Bt 1/3°
g Itivariate assimil

Lon: —78.8 —73.8 —66.2 —68.5 —50.2 —41.8 —352 -—-2v.2 212 —148 —105

Lat: 277 309 354 393 EST) 03 401 R 388 378 364
Min = 348 P jox = 367
Contour : 0.28 Psu
3450 3490 3530 3570 3610 3650
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(MERCATOR Salinity at 1000 m depth

OPERATIONAL oceANoGRAPHY/

S e

imtbicdied, saliwify 1 S on DB-05-2002 near 1046m

A Reynaud [ B inidial salinity © 3 on 08-05-2002 near 1000m

—80 —d5 —-30 —15 ) 15

I climatology

o —54.4 v 00y
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MERCATOR . 5o W o
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Multivariate/multidata
analysis
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Min =34.40 P* poy =38.43
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fMeRcATOR Intercomparisons

MOTHY/ARPEGE : Analyse pour le 04/02/2008 a 00 utc

10°W 8w B'W 4"W 2'W

MOTHY seul en blen

MOTHY+FOAM en rouge
MOTHY+MERCATOR en vert
Observations: triangles noirs
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mCATOR Oceanic bulletin web page:

OPERATIONAL OCEANOGRAPHY

Iz http://www.mercator.com.fr

MERCATOR products

Whole domain plots

PSY1 Oceanic bulletins on 21 march 2001

The MERCATOR ocean bulletin includes a range of praps and other informaXjon about the underlying variables of the ocean, such as sea level
anomalies, ocean currents, temperature and salipify, which describe the oceyn in all its dimensions. Information that gives us a closer insight into
current and forecast ocean conditions from the £ea surface to the sea floor, atXegional or basin scale. ZOOIT] S

North atlantic
Sea level anomaly on 21 march 2001 (T0)

All results:

raphic areas SeCthnS

= Ge

Soedlicadt s :.:o{que Auighd ! SEH on S1=-00=4001 near Um

+ Marth Atlantic

+ Zonal mappings
+ Sections

+ Moarings

\Vertical profiles
time series

784 graphic files are put
on the web every week




