ECMWF contribution to
the SMOS mission

J. Muhoz Sabater, P. de Rosnay, M. Drusch & G. Balsamo

->Monitoring
—>Assimilation
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» Global Monitoring

* passive microwave forward operator CMEM,

* choice of surface roughness parameterisation (SMOSREX roughness
experiment),

* SMOS pre-processing data in the Integrated Forecasted System,
* Implementation of passive monitoring,
» Data assimilation study
* ECMWF surface assimilation scheme (de Rosnay et al. presentation),

* Development of a bias correction scheme in C-band,

* Assimilation experiments.
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» Global Monitoring

* passive microwave forward operator CMEM,

* choice of surface roughness parameterisation (SMOSREX
roughness experiment),

* SMOS pre-processing in IFS,

* Implementation of passive monitoring,

>
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SMOS data monitoring. Objectives

» Monitoring > core activity at ECMWF for many years.
» For NWP applications, monitoring compares forecast and observed data.
» SMOS: global monitoring of L1c TB at H and V polarization.

=  Passive monitoring: modeled brightness temperatures First Guess (FG)
compared to observations (OBS-FG).

=  Active monitoring: when SMOS data will be assimilated, compute
analysis departure (OBS-ANA).

= Land surfaces:
> Firstly, passive monitoring of L1c TB.
» Switch to active monitoring when SMOS data used in operation
(only in case of positive or neutral impact on the forecasts).

= QOcean surfaces: passive monitoring of SMOS L1c TB.

= Results available on the ECMWF products web page

» A key component of the monitoring is the modeled forward operator that
transforms model variables into observation space.
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The Community Microwave Emission Model (CMEM)

» ECMWF forward model operator (from 1 o 20 GHz).
» Coded in F90, flexible I/0 interface: gribex, gribAPI, netcdf, ascii.
» Highly modular, I/0 interfaces for the NWP Community.

» Physics is modular, based on the parameterizations of:

" L-Band Microwave Emission of the Biosphere (Wigneron et al., 2007).
» Land Surface Microwave Emission Model (Drusch et al., 2007).

» References:

" Holmes et al., IEEE TGRS, 2008

* Drusch et al., THM, 2009

* de Rosnay et al. JGR, 2009

= Sabater et al., sub Remote Sensing, 2009

» CMEM website:
http://www.ecmwf.int/research/ESA_projects/SMOS/cmem/cmem_index.html
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CMEM physical parameterisation

Modular physics <-> Modular code structure
Allows accounting for different parameterisations for each component

» Soil dielectric mixing model
(Wang & Schmugge / Dobson / Mironov)?
» Effective temperature model
(Choudhurry / Wigneron / Holmes)?
» Smooth surface emissivity model IISO'L
(Fresnel / Wilheit)?
» Soil roughness model
(None = Smooth / Choudhury / Wegmuller / Wigneron 01/07)?
» Vegetation opacity model

!

(None / Kirdyashev / Wegmuller / Wigneron / Jackson)? 'VEGETATION
» Atmospheric radiative transfer model \
(None / Pellarin / Liebe / Ulaby)? }ATMOSPHERE

» Equivalent to L-MEB when options in red are chosen

e
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SMOSREX roughness experiment

e LEWIS - 1.4GHz (ONERA) Objective:

0, Find a suitable soil roughness parameterisation
R ation H,& 4 ; for TB simulation in L-band.
3 m, 200 kg, Résolution 0.1-0.2 K Complement studies of [Drusch et al., 2007]
and [de Rosnay et al., 2008].

SMOSREX site:

« Continuous L-band dataset from 2003 in
polarization H & V (LEWIS)

* Multi-scanning angular data at 20°, 30°, 40°,
50° and 60° over fallow and bare soil.

» Continuous meteorological data.

» Soil moisture and temperature profile
monitoring.

SMOSREX objectives:

* Modeling of microwave emission L-band (P. de
Rosnay et al. 2006, M.J. Escorihuela, 2006)

* SMOS reftrieval algorithm improvement

(K. Saleh et al., 2006).

* Assimilation of multispectral remote sensing
data (J.Muhoz Sabater et al., 2007-2008).
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SMOSREX roughness experiment - set ug

Operational ECMWEF short
range weather forecast » Setup for the year 2004,

» Spatial resolution T799.

+ * Input data:

HTESSEL » atmospheric fields from operational short-
term ECMWF weather forecast.
Choudhury et al., 1979 * ECOCLIMAP database for SMOSREX pixel.
Wigneron et al.,2001 ¥ Vegetation cover : C3-grass (93%) and
Wegmiieller et al.,1999 » CME deciduous forest (4%).

SMOS ATBD, 2007

Wigneron et al., 2007 medium-fine soil texture.

* soil surface roughness set-up as at global
scale h=2.2 cm (SMOSREX h=0.92 cm).

Temporal
collocation

* Output: ECMWF background TB at H and V
polarization.
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SMOSREX roughness experiment - Results for TBH
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SMOSREX roughness experiment - Results for TBV
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Implementation of SMOS data in IFS

» Technical implementation to fransform raw SMOS bufr data in IFS
internal format + filtering jobs,

»  Testing data: 2 demonstration files (19 bufr messages, 54 sec.)

miras_20070223_ 112729 _smos_31109_t 20070223 11279 _Mc.bufr

& 0-200 & w0 AG-15 @ 325- 350 e
> K
=
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Implementation of SMOS data in IFS - fetchobs/prejobs

—D_bsl——(uba:VMD <= (main:YMD + 1 3and Jmakefsetup == comp\ete|

i T » All archived data is stored and
p::;:rE_UDS)-..I..I.‘!rnakerims==completeandfetchobs==compleie\ r‘e-‘-r‘ieved fr‘om MARS Or ECFS.
prelcrad_prepare

prelcrad_airs '—pm crad_prepars == complete|

prelcrad_hirs l—preW orad_prepare == complete| > I d 1' 1 1' 1 1' 1
prelcrad_msu }—pre}cradJJrepare == comylete| n aver‘age a a S l Ze es l ma | o n
pretcrad_ssu I—pm orad_prepare == complete|

nrel Crad_amsual—premradjrepare == comylete| ~ 3 . 6 G by ,

prelcrad_amsub I—preW ot prepars == complete|

prelcrad_mhs }—prew erad_prepars == complete]

preobs

e ® daily data need to be reduced,

nreahs_wave }— 11 makefeonstivconat == complaie\
nregens

i » prejobs
* thinning (filtered X out of Y

fetchimars b f
prepare_obs )— A1 imakeding == complete and fetchoks = compleie\ U r| m essag es ) '

-prelcrad_prepare

-prelcrad_airs I—preW orad_prepars == complete| o

- pretcrad _hirs | pre1 orad_prepare == complete| u r‘o UT | ne ly C h ec kS
-prelcrad_msu }—prew erad_prepars == complete|

-nrelcrad_ssu I—pm crad_prepare == complete|

-nrelcrad_amsua |—pm crad_prepare == complete|

-prelcrad_amsub |—pm crar_prepare == compl%

-prelcrad_tins }—pret cran_prepare == cwtd

- preohs
- premdng
-preobs_wave}— .11 irnakgffonsthveonst == complte]

- pregens

- prerend

presmos

/12 == complete

L [Iagfiles |73 - 100 == cample

o)
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Implementation of SMOS data in IFS - BUFR to ODB

—— Mmalf |——makefuins == complete and makeitonst == complete and makeifc == complete and {{main:yYMD -
—YMD=20070223
— 00 —— 8N ———( /L Jabs ¥MD » i imain YWDy or . iokiai0ioks == complite|
(1Y . n . J_ J_ ( :' P
» "Filtered” data is converted  nakendb - cleenot
. - buftZodh - cleanodh == complete
to internal ECMWF format - chd o
- héo_airs
» b20_smos > ECMA.smos  h2o_hirs
- hEo_msu
- hén_ssu
- hEn_amsua
- héo_amsub
- héo_mhs
- hén_satoh
- héo_reod
- héo_ssmi
- héo_scatt
= hpd - h20_geos
hpcf 0105/ Fdb_2/ Feph/2007022300/an/ECMA . smos3 285 1 h2o_gpsto
total 1024 =
drwxr-xr-x 2 rdx rd 32768 May 19 Z0:15 1/ m
R 1 rdx rd 8540 May 19 19:5Z ECMA.IODASSIGH ~/-b20 Smas
“Tw-rw-rw- 1 ordx rd 34952 May 19 Z0:58 ECHMA.d o =
—r-rw-ru- 1 rdx rd 204 May 19 19:52 ECMA.flags - mergend Zudy ssadfnpets|
Sl 1 rdx rd 395 May 19 Z0:59 ECMA.Tlist
— W= =T = 1 rdx rd 55065 May 19 20:58 ECMA.iomap
“Tw-rw-rw- 1 ordx rd ZBE7E May 19 19:5Z2 ECHMA.sch
Irwsrwxrwx 1 rdx rd 13 May 19 19:5Z2 I0ASSIGHE -> ECMA.IOASSIGH
Irwxrwsrwx 1 rdx rd 13 May 19 19:52 I0ASSIGH.ECMAE -> ECMA.IODASSIGH
drwxr-x--- 2 rdx rd 32768 May 19 20:59 dca/
hpcf0105{/fdb_2/FEph/ 2007022300/ an/ECMA . smas3 1298 []
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SMOS online monitoring

» Passive monitoring: check usefulness of SMOS data.

http://www.ecmwf.int/products/forecasts/d/charts/monitoring/satellite/

Home = Products = Forecasts = Data reception statistics = Satelite Data Monitoring=

Satellite Data Monitoring 3 y
Microwave Imaging Instruments

These pages show monitoring statistics for a variety of satellite data, mostly radiances. A

large part of the data is "active”, i.e. used in ECMWF's operational data assimilation. All
other data are monitored passively.
® Special Sensor Microwave Imager (SSM/)

® Advanced Microwave Scanning Radiometer for EOS (AMSR-E)
® Special Sensor Microwave Imager Sounder (SSMIS)
® TEBMM Microwave Imager (TMI)

* Soil Moisture and Ocean Salinity (SMOS)

Other satellite data monitoring information is available on the NWP SAF web pages. and on
the GRAS SAF web pages.

ECMWF experimental automatic satellite data checking warnings are available here.

® GPS Radio Occultation (GPSRBO)
® Atmospheric Motion Vectors

® ATOVS monitoring

® Geostationary radiances

i ed Sounding Instruments
® Microwave Imaging Instruments

® Temperature retrieval monitoring

& Water Vapour
@ Significant wave height

® Surface wind
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Implementation of SMOS data in IFS - Passive monitoring

» Passive monitoring (some results):
» fg departures

Time-averaged geographical mean fields

STATISTICS FOR RADIANCES FROM AQUA / AMSRE - 0B
MEAMN FIRST GUESS DEPARTURE (OBS-FG) (ALL)
DATA PERICD = 2009050100 - 2009050418 , HOUR =  ALL
EXP = 0001
Min: -48.524 Max: B3.334 Mean: 1.8397

150°W 120°W S0°W @0°W 30°W 0" 30°E 80°E 90°E 120°E 150°E

p——

o i':_m;;’—

|.—5 I8 18 1~ @ ln [ (el [N

SRBRBEBEBRERBE

=) g = !
50 11 .5 .
5 1 X?\\{Cf :
6 E 5 i
Data L e : -
Obs value ‘
Number .'::':‘: s A
FG departure SR )
AN departure =
e pa S

FG departure bcor

AN departure boor | 1 1 1 1
Bias comection 150°W 120°W S0°W 20°W  30°W oo 30°E 80°"E 90"E 120°E 150°E

STDV Obs

STDV FG dep
STDV ANdep

Flag

All
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Implementation of SMOS data in IFS - Passive monitoring

» Passive monitoring (some results):

» number of observations per grid,

Time-averaged geographical mean fields

S nal STATISTICS FOR RADIANCES FROM AQUA / AMSRE - 06
= NUMBER OF OBSERVATICNS PER GRID SQUARE (ALL)
; DATA PERICD = 2009050100 - 2009050418 , HOUR =  ALL
3 EXP = 0001

1 Min: 1 Max: 52 Mean: 13.392

5

6

7

8

9

10

11

12

:

Obs value
Number

FG departure

AN departure

FG departure boor
AN departure beor A I N S S N — o B I
Bias correction 180°W 120°W 20°W  &0°W  30°WW Q- 20°E  &0°E  S0°E 120°E 150°E
STDV Obs

STDV FG dep

STDV AN dep

Flag

All
Used
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Implementation of SMOS data in IFS - Passive monitoring

» Passive monitoring (some results):

» time-averaged geographical mean values,

Time-averaged geographical mean fields

e el STATISTICS FOR RADIANCES FROM AQUA / AMSRE - 06
1 MEAN OBSERVATION (ALL)

2 DATA PERICD = 2009050100 - 2009050418 , HOUR = ALL
3 EXP = 0001

1 Min: 94.38 Max: 233.33 Mean: 128.92

5

6 150"W 120°W gonuuafw antw av J0°E 80°E 90"E 120"E 180°E
7 -

8

9

10

1

12

Data

Qbs value
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FG departure

AN departure

FG departure bcor

AN departure becor

Bias comection
STDV Obs

STDV FG dep
STDV AN dep

Flag

All
Used
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Implementation of SMOS data in IFS - Passive monitoring

» Passive monitoring (some results):

» time series (also possible for different regions and flags).

Time series of area averages
s Statistics for Radiances from AQUA / AMSRE

Channel = 5, Selected data: clear-all
2 Area:lon_w= 0.0, lon_s=3600, lali_n= 50.0, lal_s= -90.0 (over sea)
3 EXP = 0001
4
; —— OBS-FG OBS-AN - boot OBS-FG bear OBS-AN
3_
8 =
7 | R A el
8 [ = mmm L
o= —1 :;"-.....'_;_-.. R S R ___r:-:__-_. -..-__'__';. i \.A
9 2]
10 37
1 -4
& B 10121418 1B 202224262830 2 4 B B 10 12 14 16 18 20 22 24
1 R LY
sHvOBS-FG AdWOBS-AT)
5
Flag 44
—4
Clear-All el
Used ﬂiﬂh&wﬂ P Wm“
Al i
a
& 8 1012141818 20 22 24282830 2 4 & 2 10 12 14 18 18 20 22 24
APR sy
Your Room . e b
Add this product —
215;
Show overview 2]
ﬂgs.w ety W
Channel 85|
Flag 175

B B 10121418 12 202224 26 28 30 2 4 8 28 10 12 14 186 18 20 22 24
MEY

n_active R n_uz=d

% ppF (47.1 Kbytes)

ﬁ] Postscript (27.7
Kbytes)

6 8 10121418128 202224 2862830 2 4 8 8 101214 1818 20 22 24
nay
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» Data assimilation study

* New ECMWEF assimilation scheme (de Rosnay et al. presentation),

* Development of a bias correction scheme in C-band,

* Assimilation experiments.
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Offline system for AMSRE C-band background departures

P Development of an offline system to
monifor  C-band departures for he year CMEM configuration in C-band
" Compute background TB from CMEM,
» Fetch observations from operational dielectric Wang
database,
= Tnterpol model background to effect. temp Choudhury
observation location,
= Compute departures smooth surface Fresnel
» TB simulation for 2008, roughness Choudhury
= T511 resolution, vegetation Ryteiey
= operational atmos forcing for 2008,
* dynamic data: soil moisture, soil gL Pellarin
temperature, snow density and snow water
equivalent from operational HTESSEL,

» Static data: LAT, clay and sand - RE° _ f- _
fraction from ECOCLIMAP; vegetation o= e f=6.5 6Hz (C-band)

type and cover fraction from HTESSEL
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AMSRE C-band background departures

sms_daq |3 test|3--—
-[F-.MSHE o

» Suite AMSRE

COmpile_cmem

fetmarsd I—cu:umpile_cmem == compleis Loo p over
Hetinputamsre I—getmar34 == complete| .
ildi} getinputamsre == completa TI me
JOUR=... 303
L (Himed

getmarsd1an |

run_cmem I—getmar341 an == complete|
archivedan i—run_cmem == complete|
Cleanday I—archive-‘-ian == complete|
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AMSRE C-band background departures

» Very preliminary result

[ 0K <+—> [l 50 K

0-2 + 24 o+ 4-6 + 6-8

2
= \ -

09-11 June 2009 slide 22 ECMWF £™

emote Sensing and Modeling of Surface Properties



AMSRE C-band background departures

» Still to do

» Apply the system to 2008,

» Apply a bias correction scheme,

= empirical parameters of vegetation and roughness,
= CDF,

* Unbias C-band data prior to assimilation experiments.
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assimilation experiments at global scale

» Control experiment:
= assimilation of screen variables,
» Research experiments :

" assimilation of unbiased C-band observations,

= combined assimilation of screen variables and unbiased C-
band,

P Repetition of the experiments with SMOS data.
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» ECMWEF contribution to SMOS includes two main components:
= SMOS data monitoring,
=  SMOS data assimilation,

» For both of them the CMEM forward model has been developed,
validated, and it is being implemented in the IFS.

» For the data monitoring study,
" on-going implementation and processing of SMOS incoming
observations in the operational Integrated Forecasts System.
® online implementation of passive monitoring.

» For the data assimilation study,
" implementation of a new assimilation scheme,
® bias correction study with AMSR-E C-band data.

» More information on the ECMWF contribution to the SMOS
project on: http://www.ecmwf.int/research/ESA_projects/SMOS/
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