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’ Outline

Operational NWP configuration upgrades
AMVs: results with Himawari-8
Scatterometry: impact of RapidSCAT winds
RapidSCAT instrumental event

Summary / Future work
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' Operational NWP configuration

AROME:
non-hydrostatic
3DVAR

coupled with ARPEGE

4 ALADIN-OM:
3DVAR

ECMWF or ARPEGE
coupling

ARPEGE & PEARP (global):
stretched grid
4DVAR coupled with AEARP
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An ever-increasing computing power

A BULL DLC B710 Brod

Puissance créte

10 petafL O Evolution de la puissance de calcul 3 Météo-France

4,886 petaFLOPS)
BULL DLC B7101Ivb

1,035 pétaFLOPS A

1 pétaFLOPS

522 téraFLOPS A

100 téraFLORS)

41, 8 téraFLOPS A

2012

e FUJITSU VPP 5000-31

1
9,1 téraFLOPS ™

FUJITSU VPP 700E
1,19 téraFLOPS

1 téraFLOPS

297 gigaFLOPS- CRAY (98-8

1 gigaFLOPS = 102 opérations en virgule flottante par secon(le
1 téraFLOPS = 1012 opérations en virgule flottante par secorde

Peak performance (log10)

100 gigaFLOPS)]
) CRAY C98-4 1 pétaFLOPS = 10 '~ opérations en virgule flottante par secol de
62 gigaFLOPSA

CRAY 2
10 gigaFLOPS |
8 gigaFLOPS [ﬂ
4 gigaFLOPS Q'EDI.IEC%
2 gigaFLOPSH
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' ARPEGE (and AEARP) observations upgrade

April 2015 (+20%):
= Additional channels from CRIS and IASI !

=]

* CSR from METEOSAT-7 and MTSAT

5]

= SAPHIR (microwave) on Megha-Tropiques

Y

* More GNSS (use +Tandem-X +GRACE-B)

w

= ASCAT-B winds from EARS network

%]

~-- Cumul mensuel du nombre d'ohservations

= Dual-MetOp AMVs (monitoring)

December 2015:
= Additional CRIS channels

le8 ARPEGE métropole - observations conventionnelles et satellites

Evolution des cumuls mensuels de nombre d'observations utilisées par type d'observation

——

fév acl fév a0l fév a0l féwv acd fAv  aol fv aol fév a0l fév aol0 fv  aocd fév a0l fév a0l fév a0l fév  &o0

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Mois
= Himawari-8 AMVs s Elsovs SSMIS CRIS [ W potPRF  [MRADAR vr
[ [y ATMS s GEORAD SHIP I reme I RaDAR Hu
W ssTos I sarir s s B - orrapove I svions

* RapidSCAT winds

= NPP AMVs (monitoring)

Monthly number of used observations
in ARPEGE (monitored excluded)

DirOP/COMPAS 02-juin-2016

O

METEO
FRANCE



Number of observations (Dec 2015 upgrade)

Observation number by type (%)

= |JASI data dominates (almost 50%)
= Radiances (all instruments), 85%!

= Satellite winds (AMVs +SCATT)
represent only 3% of total

M cr 9% [ ] ssl a5 [l svnors /RAD
M - 1% [] om o [ su

B satos ox [l A ox [ priot/e

M - ox [ 1asT 000000 a7.8a% =

M :r 3 ] r 35 [l AtRcRAFTS

B A 2% [ GEoRa ox [l ra

3 sa a5 [l scatT as [ ra

] am 3% [l su o [ ®
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432496 HIMAWARI-8

36848 METEOSAT7

280981 GOES-13
0°N

30068 TERRA-NESDISO'N

180° 160°W

Available AMVs on 6 hours

METEOQ-FRANCE couverture de donnees - SATOB - 2016/06/25 06H UTC cut-off long

Nombre total d'observations avant screening : 1535250

100°W 0 [ 60°E
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RO

S0°N
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]

2N
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10N

v

49676 METOP-B
0's

0 NOAA-13-DB-CIMSS

25
1842 NOAA-18-DB-CIMSS
2796 NOAA-19-DB-CHVfSS™

B°E

AMVs coverage

100°E

AT N T

120°

Used AMVs

METEO-FRANCE couverture de donnees - SATOB - 2016/06/25 06H UTC cut-off long

Nombre total d'observations apres screening : 51076

24343 HIMAWARI-8
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180°
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S0°N
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| 371 NOAA-13-NESDIS
627 NOAA-16-NESDFE™N

1°N

[

3
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ol 05
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20°5
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ARPEGE oper

— e

QC + thinning

= A large amount of AMVs is available (until 1.5 M by 6h assimilation window)

= Only around 3/4% are used after QC and thinning, or not still tested
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AMVs impact in ARPEGE analysis
Degrees of Freedom for Signal (DFS) by obs. type (%)

Before Dec 2015 Dec 2015_ qurade

e auReaae ek e ek A assasassa U Caes ey e n a an U

cumul du DFS sur la période 2015120100 - 2015120118 463672 observations conventionnelles et satellites
cumul du DFS sur la période 2015120100 - 2015120118 : 481780

AMVs

+ Himawari-8 AMVs

B ;s ground 0.67% [] ssmis 2.00x [ svwop/synorsmaDoME  0.69% Bl ors ground 6.63% [] ssuis 3.02¢ Ml svnop/SYNOR/RADOME  0.77%
Ml rs sat s.ooe [ enr o.00x [ shre 0.23% W ors sat s.71s [] emMr 0.60% [ swHIp 0.21%
B satos s [l ames ras O erorsere 1215 O saros 7.5 Il arrs 0.6 ] priorserr 1.1a%
Wl aovs HIrs o.o7% [l 1asT 21.52¢ [ TEMP 6.80% Il :ovs HIRs o.88x [ 1as1 20.23x [ TEne 6.5%%
Ml atovs amsu-a 12,12 [ ca1s 4.48% [l AmcraFTs 13.12% Bl :rovs amsu.a 12,188 [] ca1s s.aex [l ArrceseTs 12.89%
B atovs awsu-B s.47% [] ceoran 6.74x [l ravar vr 0.08% B atovs amsu-g 6.822 [] GEORAD 4,955 [ reosr v 0.00%
[ sapur 2.0 [l soarr 3.30¢ [ RapaR Hur 0.00% [ saeuir 2.0z [l scatT 4.96% [ RADAR Hur 0.06%
O ams a.50c [l svov o.32¢ [l socus 0.00% O ams 446z Il w0y o0.200 [ BoGUs 0.00%

=" 0.7 % of used data
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Scatterometer winds coverage

METEO-FRANCE couverture de donnees - SCATTEROMETER - 2015/12/08 06H UTC cut-off long

Nombre total d'observations apres screening : 27460

10285 ISS
8366 METOP-A 180 160°W 140°W 120°W 100=W BOW B0 A0*W 20°W o 20°E 40°E 60°E BO°E 100°E 120°E 140°E 160°E 180

7656 METOP-B - = 3 S O L~

70°5

180 160w 140°W 120°W 100=W BOW GO\ 40w 20°W g 20°E 40°E BO°E BO°E 100°E 120°E 140°E 160°E 180

" First RapidSCAT winds assimilated operationally (on 8 Dec 2015)

= May complete the ASCAT coverage, as here, depending on ISS orbit
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Scatterometer winds impact in ARPEGE analysis

Degrees of Freedom for Signal (DFS) by observation type in %

2013 2014 to 2015 2015 upgrade
ASCAT-A & B + OSCAT " ASCAT-A&B ™ ASCAT-A & B + RapidSCAT

: U
\
SCATT DFS

Bl crs ground 0.1z [l AIRs 0.7 [] sHIP 0.27% = z: ground e T S == SYNOR/SYNOR/RADDME  0.6a% Bl s ground 0.63% [] ssmis 3.02% E  svnop/sYNOR/RADOME  0.77%
sat s.99x [] omMI 0.00% [ sHIP 0.23%
Bl oes sat 6.37x [l 1asI 2z.86% [_] PILOT/PRF 2.24% B saos sa1s [ ames vte [ prLoT/PRE . Bl s sat s.71s ] enI o.005 [] sHIP 0.21%
[ saroe a.5ex [] cn1s o.o8x [ TEMP 7.87% Bl s wies o.o7s M 1251 2152 I Tewe i B satos 7.15% [l AmRs 0.695 [] piLoT/erF 1.14%
I ~vovs HIRs 0.745 [] sevirr 2.88% [l AIRcRAFTS 16.48% B rovs avsu-n 12008 ] cars saoe [l AtrcrarTs R Wl srovs HIRs o.eon [ AT 20,235 [ TEMP 6.5%%
Il ~rovs amsu-a 12,432 [l scatT s.57% [ raoar vr 0.00% [ N o [ P — R ey = ATOVS AMSU-A 12.14% E CRIS 4.46% = ATRCRAFTS 12.89%
O e — [ orl — [ oo 8 s zon W sar e 0.0 i 2o ) v v B o o oo
O sems - oo [ ams s.62x [ suov 0.322 [ BoGus 0.00% O sms sass H evov 0.20% [ ocus 0. 00%

= 2% of used data = 0.7 % of used data = 1% of used data

METEO

FRANCE




Himawari-8 AMVs assimilation

= Himawari-8 AMVs volume: available around 5xMTSAT-2, used 3xMTSAT-2 (same
QC), +35% of AMVs in the system

Fit to AMVs zonal component

SATOB-Uwind N.Midlat
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= Better fit of model
background to
AMVs, MTSAT
discarded , H8
included, versus
OPER

= some differences
on bias, not always
in the right direction

= Improves the fit to
the drop winds
above 500hPa,
degradation below
700hPa (not shown)

Fit to AMVs meridian component

SATOB-Vwind N.Midlat
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Himawari-8 AMVs assimilation tests
45 forecasts at 0 UTC, from 14/05 to 01/07/2015

Normalized difference of RMS scores on the Z forecast / radiosondes [%]:

Forecast range’[hour}

— Improvement  ——-Degradation ——-Neutral impact Significance at 99 % (bootstrap)
| | | | | | 10 | | | | | | | 10 | | | | | | |
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' 50km RapidSCAT winds (EUMETSAT OSI SAF)

RapidSCAT winds RMSVD to model background

150°V Active data, from 6 Jan to 5 Feb 2016 N
= m% 2 ] < = - e 5.93
L J@gﬂg } 3.50
e = %%\i e /(%- 3.40
60°N e~ P SIS = : * 60°N 3.30
ﬁ\t h %j as el 3.20
. == 7 3.10
30°N Y /} fé%' 20N 3.00
0 2.90
1l m e 2.80
%\Lﬁ; 2.70
O°N [ - B 0°N 3:?8
“._ 3 K 2.40
r =y ' 2.30
30°S —& .-' = 30°s g-ig
. . 2.00
L 1.90
60°S 60°S 1.80
T 1.70
fﬁ_&w&\é __//HW 1.60
== — e = 1.50
150°W  120°W  90°W  60°W  30°W  O°E 30°E  60°E  90°E  120°E  150°E 082

= RMSVD to model bkgrd similar to ASCAT statistics (after QC, mainly rain effect removal)
= Highest differences along the ITCZ, the Gulf Stream and the Kuroshio

= On average, RapidSCAT RMSVD is now close to 2.0 m.s™', 19° for direction RMS, 1.3 m.s" in
speed
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RapidSCAT assimilation
47 forecasts at 0 UTC, from 10/12/2014 to 29/01/2015

Normalized difference of RMS on fc. scores / radiosondes [%] _
— mprovement —--Degradation ——-Neutral impact Position error of Tropical Cyclones

Significance at 99 % (bootstrap) forecast / best tracks (Global)
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50km SCAT winds (EUMETSAT OSI SAF)

Da||y statistics (glgba'l wind, All Instruments, Globe, 20150301 to 20160430

) active data .
Speed Bias, FEMIS Wind YWector Difference (Obhs—Guess), Tunction of time
Ll 1 1 1 1 1 Ll Ll 1 Ll Ll

SqON

4

= zai=10%
— _— ASCAT—A {5Okm —thinning}
| _ ASCAT—B [(SOkrm—thinning? ]
— _— RAPIDSCAT {PerWP warsicon 1_9_03)
. : 1 7F7F=10
I
I
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w — s 23=
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2 s 1417 Nl
= peed bias |
o 55
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2015 Z01E
RapidSCAT instrumental events LowSNR1 Low SNR2 Low SNR3 Low SNR4
= ASCAT-A&B availability and their departure to FG very stable in time
= More variations with RapidSCAT due to ISS management (attitude, docking) or low SNR
events (since Aug. 2015)
= During the low SNR3 event (Feb to Apr), RapidSCAT blacklisted a
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RapidSCAT low SNR3 event

26 ARPEGE forecasts at 0 UTC (March 2016) with new settings (obs error)

Normalized difference of RMS scores on the Z forecast [%]

RSCAT (new settings) — noRSCAT

NORTH20
100 -
2004
3004

5007 i

850

| radiosondes
| | |

— Improvement

EERERRRREREER

1000 +—

TRQPICS

[{=]
(=]

207
504

1009

200

300 7.
5007 = .

850 4

IRERRRERRRARRA

1000 +——
0 12

soyr

209 .

100 9,

2007 0.

300 4~
500 -

8509 .
1000 1

edy] |9A9] ainssaud

[.,>

01N =
o O O
L1l

G

r\

!

]

.

"

)

|

1

EEEERRERREERER!

°  Porétast réhgé

TlhArrl

g 1000

——-[leqradation

——-Neutral impact

Significance at 99 % (bootstrap)

+ RSCAT in AEARP

E— 2

il |I|E|C|NI‘WF anaIyS|s

1004 B
200 AT . -
300 S 7 =2 -2 \
500
850 1

IIHPHHIIIH

rrr|||||\rr111||
0 6 1218 24 30 36 42 48 54 60 66 72 78 84 90 96102

AEARP(RSCAT) — AEARP(noRSCAT)

NORTH20

1003

200-_,V

300 ]
500 7
850 7
1000

I ECMWE . alnalyﬁls L

TI1|1||||r1{1|

[ o e

TROPIOSB 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96102

10

__________ lllllllll

504 -
1009 .-
200"

300

500 41~
850"

1000

e
=
HEREERRRRRERR

ffF\IIIIII‘I‘!I'III

0 6 1218 24 30 36 42 48 54 60 66 72 78 84 90 96102

SOUIHZO

llh\llllllllllll

20 1

50 .
100 .
200 .
300 .
500 .
850 .

;L/(\‘J

%<

|I|'H|1l'|||||'[

1000 -

|'|'F\||||||'|"||'|||

Forecast range [hour] .

[edy] |19A9] aunssald



,,,,,,,,

Scatt. winds impact in ensemble assimilation AEARP

P ——.
e

| A

Var(analysis)/Var(background) mean, AEARP EXP=6951, 25 members
Par=RelVorticity105 ~10m, AnValid=20131201H06-20131214H18, Step=6, 55 cases
min=0.66 max=1.01 mean=0.86

10m relative vorticity error variance reduction in AEARP

HPC 4DVAR ADVAR +

resources /
Configuration alone AEARP

Requested 243 960

processor cores TM374 (x5.6)

Run time (real) 9 days 1(5)(%'_3%3

Output volume 20 Tb 100 Tb (x5)

Required HPC resources for 1 month NWP
test

Error variance reduction near the oceanic surface in AEARP (relative vorticity, divergence)
directly linked to the scatterometer coverage

Run a coupled configuration AEARP/ARPEGE much more costly than ARPEGE alone in term of
HPC resource but required for a safe evaluation

But finally, a new JPL processing settings early April allowed to back to statistics close to before
the low SNR3 event and RapidSCAT was re-introduced in assimilation, w/o any change
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’ Summary

Since the last IWW

= All models, from global to mesoscale, increased their resolution and they used more
observations, thanks a continuous increase of the computing power

= The satellite winds (AMVs and scatterometer) represent a minor amount of used
observations, but their weight in the analysis is relatively important

* The RapidSCAT winds improve the global forecasts and the tracking of the TCs,
and also through their use in AEARP

= Himawari-8 AMVs results are more mixed: even if this dataset remains required

over the Asia area, its negative impact in the southern hemisphere against MTSAT
would need further investigation
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’ Future work

Next months

= Scatterometer winds:
= technical work ongoing for using a new surface analysis model SURFEX in
assimilation mode, impacting the scatterometer observation operator
= to work also on the bias correction and to revisit the 100km-thinning

= AMVs: to start a global revision of their QC and the specified errors, including the use
of new datasets (MetOps, NPP, ...)

Beyond
= ScatSAT-1, Oceansat-3 (ISRO), CFOSat (NSOAS/CNES)

"= GOES-R AMVs

= ADM-Aeolus
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' Backup slides
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ARPEGE resolution upgrade (global)

ARPEGE

T798c2.4 (10km < Ax < 60km) L70
4DVAR 6h@window, 1Th@timeslot:
-T107c1 (~185km) L70, 25 iterations
-T323c1 (~62km) L70, 30 iterations
Fc ranges: 102 /72 /84 / 60 hours

T1198c2.2 (7.5km < Ax < 37km) L105
4DVAR 6h@window, 30min@timeslot:
-T149¢1 (~135km) L105, 40 iterations
-T399c1 (~50km) L105, 40 iterations
Fc ranges: 102 /72 /114 / 60 hours
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ARPEGE resolution T1198C2.2 in km
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' AEARP (ensemble assimilation) resolution upgrade

AEARP

T399¢1 (~50km) L70; 6 members
4DVAR 6h@window, 1Th@timeslot:
-T107¢c1 (~185km) L70, 25 iterations
Covariances updated one time per

day, averaged on 4 days

T479c1 (~42km) L105; 25 members
4DVAR 6h@window, 30min@timeslot:
-T149¢1 (~135km) L105, 40 iterations
Covariances updated every 6h,

averaged on 1.5 days
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15/11/2013 a 6hTU

ww v v -
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- LTS
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15/11/2013 a 12hTU

in 2 consecutive assimilation windows

Length scale of forecast error correlations for the wind at 500hPa (km),
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' AROME resolution update

Ax=2.5km L60 Ax=1.3km L90
AROME 750x720 points 1536x1440 pts + larger area (~ +10%)
3DVAR 3h@window 3DVAR 1h@window (~ +50% obs)
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Vertical resolutions ARPEGE and AROME

ARPEGE
levels 70 105
model top 0.1hPa (~70km) idem
lowest level 17m 10m

vertical resolution as IFS LL137 <16km

AROME
levels 60 90
model top 1hPa (~50km) | 10hPa (~32km)
lowest level 10m Sm

better resolution than ARPEGE L105 <10km

Hauteur {en m)

10000 |

100

—— Arome L60 oper (9.8m)
—= Arome L90 (5m)

—— Arpege L70 oper (17m)
+—e Arpege L105 (10m)

— = Ifs L137 (10m)

100 1000
Epaisseur inter-couche (en m)

10000

Layer thickness function of altitude (m)
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ARPEGE RMS forecast score to radiosondes
on the geopotential:

Géopotentiel Haute Resolution V2

Differences d'EQM - EQM - Scores normalisés par rapport aux radiosondages
Période de validité du 20141107 au 20150227 109 simulations contrdlées & 96 heures

— Améliaration - — - Dégradation == = Valgur ECM ou Newiralié Significathita & 99 % (bootsirap)
(EQM PA - EGM PB4LE) EQM PA 100 * (EGM PA - EGM PE4LEVEQM PA
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100 = _?_gg 100 1—=
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error diff. [m] ref. error [m] Normalized
score [%)]

ARPEGE forecast scores:

NEW versus FORMER

ARPEGE “NWP” index:

== FORMER == NEW

Indicateur Arpege IP18 du 20150107 au 20150317 pour 69 simulations a 48h et 68 4 72h

T850 2500 W250 Mean
= +48 +72 +48 +72 +48 +72

better

worse

1850-48 1850-72 Z500-48 Z500-72 W250-48 W250

Index based on the RMS forecast scores
against radiosondes on 3 parameters at
+48h and +72h over Europe
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ALADIN-OM (overseas)

Current (ALADIN)

AROME replacement
planned in 2016

= ALADIN-OM replacement by AROME-OM versions in 2016 (ongoing)
= Smaller domains but with a 2.5km grid (8km in ALADIN)

= Without assimilation (2" step)
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