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The global model
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Global model ARPEGE (1)

= Spectral model with variable resolution : T, 798C2.4L70
0 Resolution from 10 km to 60 km, 70 levels from 17m to 0.05 hPa

ARPEGE Resolution T798 C2.4 in KM
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Global model ARPEGE (2)

= 4D-Var assimilation (6h window) :

o 2 loops of minimization : T107C1L70 (25 iterations) + T323C1L70 (25 iterations)
— 2nd inner loop with simplified physics (including large scale condensation)

o Variational bias correction scheme since 2008

0 Background error variances from an Ensemble Data Assimilation system (4D-
Var at lower resolution) since 2008

o0 Assimilation time slots : 1 hour

= Data used :
o SYNOP, SHIP, BUQY, AIREP, AMDAR, ACARS, TEMP, PILOT
0 AMV GOES + Meteosat + MTSAT-1R, MODIS (Terra, Aqua), AVHRR/NOAA
0 HIRS, AMSU-A, AMSU-B/MHS, NOAA 15, 16, 17, 18, 19, MetOp and Aqua
0 SSMI/S DMSP F16, 17, 18, AIRS/AQUA, IASI/MetOp, GPS-RO, GPS-ZTD
0 Sea surface winds from scatterometer ASCAT/MetOp
0 Meteosat CSR

0 SST analysis from Ol scheme using SHIP and BUQOY reports
METEO FRANCE
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' Type of observations over oceans

Conventional observations :

BUOY : surface meteorological observations from moored and
drifting buoys

SHIP : surface meteorological observations from ships (similar
to SYNOP reports over land)

BATHY : sea surface and below soundings
TESAC : Argo profiling floats

=

B ow N

 Measurements : Surface pressure (geopotential height), wind
components, sea surface temperature, screen-level temperature
and relative humidity.

o Satellite observations informative about the ocean surface :
scatterometer derived winds (ASCAT), skin temperature
(AVHRR, MODIS)
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Measured parameters according to data type
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Measured parameters according to data type

Obs count
buoy-Z
ship-Z
ship-v10
ship-u10
buoy-u10-
buoy-v10-
gégsgsézéggsgf
2010/12/02 to 2011/01/15 : assimilated in ARPEGE 4D-Var system
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Number of observations assimilated in ARPEGE

Evolution des cumuls mensuels de nombre d’observations utilisées par type d’obs
analyses cut-off long ARPEGE métropole - observations conventionnelles et satellites
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llated in ARPEGE

lons assimi

Number of observat

Evolution des cumuls mensuels de nombre d’observations utilisées par type d’obs

analyses cut-off long ARPEGE métropole - observations conventionnelles et satellites

All observations

1.7 %
BUOY

2.7 %
SHIP

umuls mensuels de nombre d’observations utilisées par typ d’obs

es cut-off long ARPEGE métropole - observations conventionnelles

£02L02

Logoe
LLLIoZ
604102
01102
S0LL02
E€0LLOE
L0110
LLoLoe
600102
L0olog
500102

€001L02

L0002

L8002

606002
£08002

S06002

£06002

108002

Ligoog

608002

08002

S08002

£08002

108002
LLL002

60L002

£0.002

502002

L0002

119002

603002

£09002

508002

£09002

109002

L1G002

605002

205002

505002

£05002

10S002

002

60¥002
£0¥002

S0r002

2.5e+08

2e+08

1.5e+08
1e+08

5QO P 2UqUICU 3P [aNSUAW [NWIND

Se+07

0e+00

: . £07002
[AerA LA [ 107002
KT AN - . L1g002
LLLLOZ 60E002
601102 . L0€E00E
L0L10Z G0E002
501102 = £0€002
coL10Z % % 10E002
L01L1L0E +Le0oe
LHOLOE 60z002

402002
gooloe 502002
L0olog
500102 £02002

L0c00e
€00102
L00L02
16002
606002
206002
S06002
£06002
106002
L8002
608002
2408002
G0B00Z
£08002
L08002
L1002
60002
202002
S0£002
€0£00¢ -
L0L002
19002
609002
09002
§0900¢
€09002
109002
115002
605002
205002
§05002
£05002
105002
Lv002
601002
20+002
S0+002
€0Y002
L0002
L le00g
60€002
Z0E002
S0E002
£0E00Z
L0E002
Lizoog
602002
2402002
S0c00Z
£02002
102002

[ansuat [nuiny

IASI

w
=z
o]
>
<
]
o
w

i
< -
| B |
w
o
o
=
o
=
o

SSMIS

mois

B sYNOP/RADOME

Only conventional

M GpPssol @ cpssat W satos M ATOVS

B scatt B BouEes B sHIP

€0/002 -

mois

piLoT/PRF B TEMP B AvVIONS |

[]'IUH?TECJFFUth:E

‘ B souees M sHiP M SYNOP/RADOME

Toujours un temps d'avance

' 2002

Ime series since

T

10



Degrees of Freedom for Signal

1. Degrees of freedom of an assimilation system are controlled by the observations

assimilated :
O(Hx?)
o(y”)
= Tr(H K) Under linear assumption

 Sum of impacts of a given observation on its analyzed equivalent : self-sensitivity of an
observation on the analysis

DFS =Tr

« When R is block-diagonal, the DFS can be derived for each observation type :
DFS, =Tr(I1,HKIT')
2. References : Chapnik et al. (2004), Fourriée et al. (2005)

METEO FRANCE
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Degrees of Freedom for Signal (DFS)

1. Sensitivity of the analysis to a perturbation of a particular subset of observations :
weight of these observations in the analysis

o(Hx?)
o(y”)
=Tr ( H K) Under linear assumption

When R is block-diagonal, DFS can be computed for each observational dataset

DFS=Tr

1. Estimation from a randomization technique (Desroziers and Ivanov, 2001)

Tr(C)~n'Cny Ry wih peruTed os ()

Tr(HK) =~ (R™n)" (Hox, —HoX,)

b METEO FRANCE
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Information content of observations in ARPEGE

Proportions des nombres d'observations utilisées par type d'obs Part des DFS par type d'obs
analyses cut-off long - ARPEGE metropole oper analyses cut-off long - ARPEGE metropole oper
observations conventionnelles et satellites observations conventionnelles et satellites
cumul du nombre d'observations utilisées sur la période 2011110300 - 2011110318 : 6984383 cumul du DFS sur la période 2011110300 - 2011110318 : 188312
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Number of observations Degrees of Freedom for Signal

BUOYS =0.25 % BUOYS = 0.68 %
SHIP = 0.38 % SHIP =0.69 %

. METEO FRANCE

Toujours un temps d'avance



Nombre moyen journalier de messages SHIP présents dans la BDM
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Number of observations assimilated in ARPEGE

| 80 % of available data are used
SHIP = 3040
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Global network of ocean buoys
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Improved transmission mode (133 buoys)

DBCP Pilot Projects (Iridium and Argos-3 Drifters by Country)

Iridium Drifting Buoys (133) @ CANADA (8) @ FRANCE (18) © SOUTHAFRICA(4) @ USA(7)
“  AUSTRALIA (12) ® EUROPE/ESURFMAR (68) @ NEWZEALAND (3) @ UK (13) jim

£ e e
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Retransmission delays

Average Delay (Minutes) e« <60 +« 61-120 121-180 » 181-240 o 241-300 e >300
icommEps
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Number of « good quality » messages
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Timeliness of observations

Cut-off long réseaux principawx
BUOY
Du 20120128 au 20120429
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Comparison of BUOY data with other data types

Wind intensity at 10 m : comparison against ARPEGE 6h-forecasts
(FG) and analyses (AN) — 31 days (20/08/2011 — 19/09/2011)

Data type BUOY ASCAT SHIP
Number 43159 1118889 225564
Bias (O-FG) -0.32 -0.08 -0.15
Std (O-FG) 1.68 1.27 2.4
Bias (O-AN) -0.16 0.04 -0.13
Std (O-AN) 1.34 0.73 2.0

METEO FRANCE
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Use of BUOY observations for surface

analysis

Before screening : 1302

After screening : 866 (66 %)
Global Ol analysis CANARI
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The limited area
models ALADIN

METEO FRANCE
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Regional model ALADIN

= Spectral limited area model : E199x199L70
= 70 levels from 17m to 0.05 hPa, horizontal resolution 7.5 km

= 3D-Var assimilation (6h window) :
= Same data as ARPEGE plus SEVIRI radiances (ALADIN Réunion)

= Current operational domains :

ARPEGE T798 C2.4 en km, domaines ALADIN
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Use of BUOY observations in ALADIN Réunion
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Proportions de nombre d’observations utilisées par type d'obs - analyses de surface
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ALADIN Réunion
cumul mensuel de nombre d'observations utilisées pour 201203 : 24673

BUOYS =19.9 %
SHIP =11.5%
SYNOP =68.5 %

Ol
regional
surface

analysis
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Information content of observations in ALADIN Réunion

Proportions des nombres d'observations ulilisées par type d'obs

analyses cut-off long - ALADIN Reunion Part des DFS par type d'ohs
observations conventionnelles et satellites analyses cut-off long - ALADIN Reunion
cumul du nombre d'observations utilisées sur la période 2011110300 - 2011110318 : 199666 observations conventionnelles et satellites

cumul du DFS sur la période 2011110300 - 2011110318 : 19798
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Number of observations Degrees of Freedom for Signal

BUOYS=0.12 % BUOYS=0.28 %

ALADIN Réunion vs ARPEGE : larger fraction of oceans

N but less used data (3D-Var vs. 4D-Var) METEO FRANCE
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e 4

Forecast sensitivity to
observations with ARPEGE

METED FRANCE
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Linear estimate of observation impact

How?
Implemented in IFS (ECMWF) by
C. Cardinali and M. Fisher.

J : short-range forecast error =
difference between a 24h

forecast and an analysis (dry energy
norm)

Observation impact:

RN 83 |_1]83(x) , I(xp)
A =J(Xb)—J(Xa) [@J 2{ OX, . OXy }
8 . [ox ) a3
8) 0y =| = B
oy y (@yj[ﬁxa](y ) E(Z;]:KT:RlHA

e Contribution of individual observations to the reduction of J

METEO FRANCE
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Linear estimate of observation impact

How?

= |Implemented in IFS (ECMWF) by
C. Cardinali and M. Fisher. J .

= J: 3D integrated dry total energy
of the difference between the 24h
forecast and a reference state

= QObservation impact:

T@Jb+ T@Ja

“ox, " ox ]( ~ %)

:—(R 1HA)[

a

» second order approximation (Errico, 2007).

METEO FRANCE
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recast impact experiment from Dec. 2010 to Jan. 2011

Impact

~ Impact/ Obs. number

BUOY
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3 g
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Delta J

buoy-Z
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ship-v10 |
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Delta J (J/kg)
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BUOY all parameters

Averaged Linear Estimate of Impact (LEI): -6806.31 J/kg
Experiment: B281 / From 2010/12/02 at 00UTC to 2011/01/15 at 18UTC / H UTC cycles / Grid: 2° x 2°.
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: All, level : all

LEI

-136.87-110.80 -84.73 -58.66 -32.59 -6.52 19.55 45.62 71.70 97.77 123.84
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BUOY geopotential

Averaged Linear Estimate of Impact (LEI)

Experiment: B281 / From 2010/12/02 at 00UTC to 2011/01/15 at 18U A UTC cycles / Grid: 2° x 2°.
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: Geopotential, level : all

LEI

-136.87-110.80 -84.73 -58.66 -32.59 -6.52 19.55 45.62 71.70 97.77 123.84
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BUOY wind

Averaged Linear Estimate of Impact (LEl): -81.6788 J/kg
Experiment: B281 / From 2010/12/02 at 00UTC to 2011/01/15 at 1BUTC / H UTC cycles / Grid: 2° x 2°,
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: Surface U wind, level : all

LEI

-8.34 -6.75 -5.17 -358 -199 -040 119 278 437 596 755
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ws A e E—— Objective function : Total energy of the 24h forecast error.
N I E—— s N P e ] Observation type: buoy, parameter: Surface V wind, level : all
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Buoy v wind

Averaged Linear Estimate of Impact (LEI): -49.4005 J/kg
Experiment: B281 / From 2010/12/02 at 00UTC to 2011/01/15 at 18UTC / H UTC cycles / Grid: 2° x 2°.
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: Surface V wind, level : all

LEI

-11.99 -9.71 -742 514 -286 -0.57 171 400 6.28 8.57 10.85
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Buoy on the 28/12/2010 06H UTC

Averaged Linear Estimate of Impact (LEI): -19926.1 J/kg
Experiment: B281 / From 2010/12/28 at 06UTC to 2010/12/28 at 06UTC / H UTC cycles / Grid: 2° x 2°.
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: All, level : all

LEI

-1344.601088.50-832.38-576.26 -320.15 -64.03 192.09 448.20 704.32 960.441216.60
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Buoy on the 14/01/2011 06H UTC

Averaged Linear Estimate of Impact (LEI): -21635.7 J/kg
Experiment: B281 / From 2011/01/14 at 06UTC to 2011/01/14 at 06UTC / H UTC cycles / Grid: 2° x 2°.
Objective function : Total energy of the 24h forecast error.
Observation type: buoy, parameter: All, level : all

LEI

4722.003822.502923.102023.701124.30-224.85 674.561574.002473.403372.804272.20
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' Conclusions

« BUQY observations are used operationally at Méteo-France for
upper air and surface analyses (global and LAMS)

. Smglllfraction of observations assimilated in Météo-France
models

 Significant fraction of conventional observations over oceans
(for surface pressure)

« Wind measurements from BUQOY are more accurate than SHIP
but less accurate than ASCAT

* Relative information content (DFS) larger than the percentage
of observations (lower for most satellite data)

e Largest forecast sensivity to observations (when normalised by
the amount of data) => each individual observation is very
valuable to reduce short range forecast errors (surface
pressure)

 Timeliness of BUOY data could be improved (one hour lag
compared to other surface data)
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Thank you for
your attention
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