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09:00-09:20    SMOS mission status (NRT, RFI, light product, ...): Susanne

09:30-09:50    ECMWF land surface model (Bare soil evaporation, lakes, LAI, offline): Gianpaolo

09:50-10:10    ECMWF land data assimilation system (Snow, EKF, ASCAT BC & DA): Patricia

10:10-10:30    Soil Moisture validation (comparison L2 SMOS, L2 ASCAT, ECMWF analysis): Clément

10:30-10:50    coffee break

10:50:11:10    Project status (WP status, DPGS/ECMWF SM dissemination): Patricia

11:10-11:40    SMOS monitoring and data Thinning (multi-angular monitoring, data thinning): Joaquín

11:40-12:10    SMOS noise filtering (angular noise filtering): Joaquín

12:10-12:30    SMOS reprocessed data set, superobing and BC preparation: Patricia

12:30-13h30    Lunch break

13h30-14:50    Discussion : project Phases I & II: status and data assimilation implementation, project continuity

14:50-15:00     Conclusion and recommendations
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Patricia de Rosnay, Joaquín Muñoz Sabater, 
Clément Albergel, Gianpaolo Balsamo, Lars Isaksen, 

Anton Beljaars, Jean-Noël Thépaut
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Snow analysis

Optimum Interpolation (OI) 
Revised pre-processing of NESDIS data (36r4)
High resolution NESDIS data (36r4)
New data Sweden (36r4, 37r2, 37r3)
Early use of NESDIS (00UTC) (37r3)

Soil Moisture analysis
Simplified Extended Kalman Filter (EKF) (36r4)
Drusch et al. GRL (2009)
de Rosnay et al. (2011) �

Use of satellite data for SM AN
METOP-ASCAT               SMOS
de Rosnay et al., 2011       Sabater et al., 2011

MODIS LAI Boussetta, Balsamo, de Rosnay

Validation activities (H-SAF)
Albergel et al. 2011

ASCAT

NESDIS 
snow cover

SMOS
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OI Brasnett 1999 +4km NESDIS

New snow analysis:

- Improved Snow analysis

- Positive impact on Z500 FC

Cressman +24km NESDIS

Old: 36r2 osuite: Cressman
NESDIS 24km

New: 36r4 esuite: OI
NESDIS 4km

FC impact (East Asia):
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For each grid point, analysed soil moisture state vector xa:

xa= xb+ K (y-� [xb])

x background soil moisture state vector, 
�� non linear observation operator
y observation vector 
K Kalman gain matrix, fn of 

H (linearsation of � ), B and R (covariance matrices 
of background and observation errors). 

Observations used:
• Operational : Conventional SYNOP observations

(T2m, RH2m)

• Research (ECMWF, Météo-France, BoM, CMC):
Satellite data from ASCAT, SMOS, AMSR-E, 

future SMAP

• UKMO uses ASCAT L2 SM in operations in a nudging data 
assimilation scheme

Simplified EKF corrects the 
trajectory of the 

Land Surface Model

<

Simplified EKF: de Rosnay et al., ECMWF News Letter 127, 2011
LSM H-TESSEL: Balsamo et al.,   ECMWF News Letter 127 , 2011
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- November 2010 Simplified Extended Kalman Filter (EKF) replace the 

previous Optimum Interpolation (OI, 1999-2010) 

- Possible to investigate the use of satellite data for SM analysis:

- SM active microwave (MetOp/ASCAT, L-band SMAP)�

- SM passive microwave (L-band SMOS, SMAP)�

- Makes it possible to combine different sources of information

- Flexible to account for the land surface model evolution 

- Dynamical estimates of the Jacobian Matrix that quantify accurately the 

physical relationship between observations and soil moisture 

SYNOP                 ASCAT           SMOS
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Global mean RMS (against SYNOP)

T2m error (OI-SEKF) 48h fc
��� � EKF improves T2m
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EKF compared to OI:
- Reduced SM increments

- Improved T2m analysis and FC
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(de Rosnay et al, News letter article, spring  2011)

SEKF: IFS cycle 36r4



� Compared to the OI, the simplified
EKF SM analysis improves

analysis and FC:

- Soil Moisture
- Screen level parameters

And the EKF opens the possibility
to use satellite data
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(de Rosnay et al,  QJRMS in prep, 2011)
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Soil Moisture and Ocean Salinity (launched in 2009)

Passive microwave interferometric radiometer operating at L-band (1.4 GHz)

Based on Multi-angular measurements
of Brightness Temperature (TB) (Kerr et al., 2010)

SMOS Earth Explorer mission at ESA
NRT TB product available

Brightness Temperature (K) Monitoring
Aug. 2011  (TByy 50°)

� Joaquín’s presentation
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Advanced Scatterometer on MetOP (launched in 2006) 
Continuity of ERS/SCAT (1-1992; 2-1996)

Active microwave instruments operating at C-band (5 .6GHz)

Surface soil moisture index (ms) based on the
TUWien retrieval scheme (Wagner et al. 1999)

ASCAT operational SM product (EUMETSAT)        

Soil Moisture Monitoring
Aug. 2011
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ASCAT CDF 37r3 matching parameters

- ASCAT soil moisture is an Index (ms)
- Model soil moisture � is volumetric (m 3/m-3)

� ASCAT index has to be converted to
volumetric soil moisture 

+ bias corrected

� Simple Cumulative Distribution Function 
(CDF) matching (Scipal et al., 2008)

� ASCAT = a + b * ms

a and b are CDF matching parameters 
computed on each model grid point

a= � ERA – ms . [var(� ERA) / var(ms)]1/2

b= [var(� ERA) / var(ms)]1/2

CDF matching fits the data 
mean and variance on that of the model
(ERA-Interim)
Moments are rescaled to H-TESSEL soil moisture

ASCAT CDF Parameter a,  h tessel,  799
ECMWF    VT :F rid ay 1 Ju l y 2011 12UT C Su rface:

-15 -2 -0.1 -0.05 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.7

ASCAT CDF Parameter b , h tessel ,  799
ECMWF    VT :F rid ay 1 Ju l y 2011 12UT C Su rface:

0 0.1 0.2 0.3 0.4 0.6 0.8 1 2 3 4 5 6

a

b
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Improved product
� 28 February 2011: EUMESAT release the multi-parameter product that 
combines SM and Wind in the same BUFR)  de Rosnay et al, Res. Mem. 1128

� 18 August 2011: EUMETSAT NRT release improved L2 SM
• Improved backscattering coefficient calibration (wind & SM) 
• Improved soil moisture retrieval algorithm (TUWien)

(better consistency with ERS/SCAT, lower angle dependency)

Revision of the bias correction
• Match with recent H-TESSEL cycle (IFS cycles from 36r4)
• Match ASCAT index to offline H-TESSEL simulations (SM climatology 
not affected by systematic errors in precipitation)

� Tests with new ASCAT product (de Rosnay et al., Res. Mem. 11100)
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ASCAT SM data BUFR content (per 6h) in April 2011

ECMWF usage:
Limited number of 
observations 
remaining after 
pre-processing
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New ASCAT SM test data set BUFR content (per 6h) 

ECMWF usage:
Increased number of 
observations 
remaining after 
pre-processing with 
the new product 
compared to the old 
one

ASCAT Soil Moisture data count
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CDF matching using ERS/SCAT data (long series, consistent with ASCAT)

Old CDF matching: based on ERA-Interim SM and rescaled to H-TESSEL

Revised CDF matching (IFS cycle 37r3): based on offline cycle 36r4 H-TESSEL 
SM forced by ERA-Interim (from Gianpaolo)

Systematic differences in annual cycles of ASCAT and ECWMF SM

ASCAT data

ECMWF SM
OLD CDF matching
New CDF matching

IFS cycle 37r3

Example of Soil Moisture Time Series

2009

J        F        M       A        M        J        J        A S        O        N        D



de Rosnay et al., Res. Mem. 11100
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ASCAT data

ECMWF SM
OLD CDF matching
New CDF matching

IFS cycle 37r3

New CDF matching
With seasonal 

correction
IFS cycle 38r1

Bias correction: crucial component of the data assimilation system
Used at ECMWF for - Operational ASCAT soil moisture monitoring

- ASCAT Soil Moisture data assimilation

New monthly CDF matching based on a 3-months moving window

J        F        M       A        M        J        J        A S        O        N        D
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ASCAT  CDF  Parameter a,  h tessel ,  799
ECMWF    VT :F rid ay 1 Ju ly 2011 12UT C Su rface:

-15 -2 -0.1 -0.05 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.7

ASCAT  CDF  Parameter b ,  h tessel ,  799
ECMWF    VT :F rid ay 1 Ju ly 2011 12UT C Su rface:

0 0.1 0.2 0.3 0.4 0.6 0.8 1 2 3 4 5 6

a

b

ms: ASCAT index
� ASCAT: ASCAT rescaled 

��� �
� ASCAT = a + b * ms
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AS CAT  CDF  P arameter a,  h tessel,  799
E CMWF    V T :F rid ay 1 Ju ly 2011 12UT C S u rface:

-15 -2 -0.1 -0.05 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.7

AS CAT  CDF  P arameter b ,  h tessel ,  799
E CMWF    V T :F rid ay 1 Ju ly 2011 12UT C S u rface:

0 0.1 0.2 0.3 0.4 0.6 0.8 1 2 3 4 5 6

ASCAT  CDF  Parameter a,  h tessel ,  799
ECMWF    VT :F rid ay 1 Ju ly 2011 12UT C Su rface:

-15 -2 -0.1 -0.05 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.7

ASCAT  CDF  Parameter b ,  h tessel ,  799
ECMWF    VT :F rid ay 1 Ju ly 2011 12UT C Su rface:

0 0.1 0.2 0.3 0.4 0.6 0.8 1 2 3 4 5 6

February August

a a

bb
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Obs-Model
June 2009

Old CDF

Obs-Model
June 2009

New CDF (yearly)

Obs-Model
June 2009

New CDF (Monthly)

Stats in m 3 m-3 Bias StD

CDF1 0.027 0.081

CDF2 0.008 0.070

CDF seasonal correction 0.002 0.066
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- Angular dependency (issue in the ASCAT product)
- Large positive bias of CDF matched obs from IFS cycle 36r4

Indidence angles
Large       low large

Mean 0.033 m3 m-3

SDT   0.09 m3 m-3

Old ASCAT product old CDFmatch – ECMWF 37r2 soil moisture (Apr 2011)
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New ASCAT test product new CDFmatch – ECMWF 37r2 soil m oisture (Apr 2011)

Indidence angles
Large       low large

Mean 0.017 m3 m-3

SDT   0.071 m3 m-3

Improved ASCAT product and revised CDF-matching (cycle 37r3) 
� More data used, no angular dependency, reduced bias&SDT
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Esuite 37r3: new CDF matching annual
Next cycle 38r1: new CDF matching seasonal 

18 August: 
Improved ASCAT product
More data used 

13 September: 
Improved Bias Correction:
Good agreement between 
ECMWF and ASCAT (global)

Global scale:
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Data Assimilation experiments
- June 2009 to August 2009
- T255 (80km)

Four Experiments:
- “OI” (Optimum Interpolation as used in operation until Nov. 2010)
- “EKF” (uses screen level parameter, as in operations)
- “EKF+ASCAT” (screen level  and ASCAT)
- “EKF+ASCAT FILT” (screen level and ASCAT& strict use of quality flag)

Initial conditions from OI and EKF experiments used for the implementation 
evaluation of the EKF (de Rosnay et al., ECMWF news letter 127, 2011)

ASCAT DA experiments : based on improved data and revised CDF matching

Evaluation on July and August 2009
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Forecasts Impact: July&August 2009

NH, T, 1000HPa

SH, T, 1000HPa

EUR, T, 500HPa
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Forecasts Impact: July&August 2009

NH, Z, 1000HPa

SH, Z, 1000HPa

EUR, Z, 500HPa
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EXPT Correlation

OI 0.64

EKF 0.68

EKF+ASCAT 0.65

EKF+ASCAT+Filt 0.69

Impact on soil moisture evaluated for July 
against OZNET data

Correlation between ECMWF analysis 
and 19 ground stations data



• Revised snow analysis in IFS 36r4, 37r2, 37r3 

• OI, 4km NOAA/NESDIS, improved QC, altitude threshold, USE NESDIS at 

00UTC, use new data from Sweden (new report type)

• EKF Soil Moisture analysis in IFS cycle 36r4: improves SM and screen level 

analysis and forecasts

• LAI : preparation of DA with Souhail and Gianpaolo

• Assimilation of ASCAT SM data in the IFS:

- Revision of ASCAT soil moisture bias correction (IFS cycle 37r3)

- Improved ASCAT pre-processing and noise filtering

- ASCAT DA experiments using new BC: slight positive impact on FC and SM

• SMAP (Soil Moisture Active and Passive) NASA mission to be launch in 2014: 

ECMWF Early Adopter of SMAP for implementation of SMAP monitoring (continuity of 

ASCAT and SMOS monitoring)

�����
�������
�������
�������
��



�����ECMWF/ESA SMOS Progress Meeting     07.11.2011 Slide 28

What can we learn from ASCAT?

- Product quality improvements 4 years after launch

- Importance of the pre-processing:

- Bias correction with seasonal cycle correction is important to reduce FG departure 

and improve DA efficiency

- Usage of data quality flags

- Encouraging slightly positive impact with ASCAT L2 SM data assimilation
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Preparation of SMOS Bias Correction (WP1400, 6PM RD ): Similar to ASCAT, but 

based on TB instead of SM 

- Offline CMEM using Oper forcing (fast)

- Development of a BUFR to grib conversion tool based on [ksh,Metview, Scin] and 

run on the linux cluster: reduces size from 2GB to 17MB (for 6 incidence angle saved) 

per 6h.
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09:00-09:20    SMOS mission status (NRT, RFI, light product, ...): Susanne

09:30-09:50    ECMWF land surface model (Bare soil evaporation, lakes, LAI, offline): Gianpaolo

09:50-10:10    ECMWF land data assimilation system (Snow, EKF, ASCAT BC & DA): Patricia

10:10-10:30    Soil Moisture validation (comparison L2 SMOS, L2 ASCAT, ECMWF analysis): Clément

10:30-10:50    coffee break

10:50:11:10    Project status (WP status, DPGS/ECMWF SM dissemination): Patricia

11:10-11:40    SMOS monitoring and data Thinning (multi-angular monitoring, data thinning): Joaquín

11:40-12:10    SMOS noise filtering (angular noise filtering): Joaquín

12:10-12:30    SMOS reprocessed data set, superobing and BC preparation: Patricia

12:30-13h30    Lunch break

13h30-14:50    Discussion : project Phases I & II: status and data assimilation implementation, project continuity

14:50-15:00     Conclusion and recommendations
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Patricia de Rosnay, Joaquín Muñoz Sabater, Clément 
Albergel, Gianpaolo Balsamo
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WP ECMWF 
Funding
(OD+RD)

ESA 
Funding
(Joaquín)

Task

WP 1000 1 pm 1 pm Coordination     

WP 1100 2 pm 3 pm Continuous monitoring

WP 1200 3 pm Data thinning                     �

WP 1300 6 pm Noise filtering                   �

WP 1400 6 pm Bias correction

WP 1500 3 pm CMEM maintenance

WP 1600 1 pm Web Page 

WP 2000 6 pm Data assimilation

WP 2100 3 pm L3/4 Root zone soil moisture

WP 2200 3 pm Validation data base

WP 2300 3 pm Hot spot analysis

ESA SMOS Project at ECMWF
Project Phase-II (28 Months): 

- 01 October 2010  - 31 January 2013
- 11 WPs (13PM ECMWF ; 28 PM ESA)

Colour code:

- Done
- Ongoing
- Todo
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ESA SMOS Project at ECMWFESA SMOS Project at ECMWF                  Schedule in Feb. 2011
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ESA SMOS Project at ECMWF                  Schedule in Nov. 2011

Reprocessed Product (received Aug. 2011) � BC (WP1400) moved to Sept-Feb
DA  moved to Nov-Apr 
PM2 moved to Nov
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- ECMWF provides deterministic forecast fields to ESA through the DPGS  
interface  (ref doc SMOS_ECMWF_DPGS_ICD_42)

- Much improvements in the surface model and analysis in the past few years 
(LAI cycle, bare soil evaporation , snow model, snow analysis, EKF SM 
analysis) 

� Quality of ECMWF SM improved 
- ECMWF News letter 127 articles
- Evaluation in Albergel et al., ECMWF Tech Memo 651, 2011; Validated 

with ground data, positive bias of ECMWF SM is reduced from IFS 36r4 
compared to previous cycles.

� SMOS PM1 meeting (February 2011): For re-processing activities it is 
useful that ESA is able to get a consistent SM for 2010

� Action: ECMWF provide ESA with re-scaling coefficients to be used by 
ESA to re-scale ECMWF SM before IFS cycle 36r4 implementation.
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25 October 2010
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- Improved SM: 
dryer than
before in dry 
areas

- Discontinuity
in SM times
series

- Users can
rescale old SM 
to new SM 
range
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Soil Moisture range

0  Residual Permanent Wilting Point Field capacity Sa turation
RES PWP_36r2 FC SAT          

Until IFS cycle 36r2

From IFS cycle 36r4

Relative soil moisture depends on PWP:
36r2:  SM_rel = (SM36r2 – PWP_36r2) / (FCP –PWP_36r2)
Relative soil moisture depends on PWP:
36r2:  SM_rel = (SM36r2 – PWP_36r2) / (FCP –PWP_36r2)
36r4:  SM_rel = (SM36r4 – PWP_36r4) / (FCP –PWP_36r4)

Lowest Possible SM
“Permanent Wilting Point”

PWP_36r4
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Soil Moisture range

0  Residual Permanent Wilting Point Field capacity Sa turation
RES PWP_36r2 FC SAT          

Lowest Possible SM
“Permanent Wilting Point”

PWP_36r4

IFS cycle 36r2

IFS cycle 36r4

Rescaling, for each grid point: Rescales 36r2 SM to  36r4 SM with conservative relative SM

1) Compute PWP_36r4 as a function of vegetation fraction:
PWP_36r4 = PWP_36r2 (frac_veg) + RES (1 – frac_veg)

2) SM_36r4 = A .SM36r2 + B =  (FCP –PWP_36r4)/(FCP –PWP_36r2) . SM36r2
+ PWP_36r4 – PWP_36r2 (FCP –PWP_36r4)/(FCP –PWP_36r2)

Relative soil moisture depends on PWP:
36r2:  SM_rel = (SM36r2 – PWP_36r2) / (FCP –PWP_36r2)
36r4:  SM_rel = (SM36r4 – PWP_36r4) / (FCP –PWP_36r4)
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SM36r4 = A .SM36r2 + B

T799 Rescaling Coefficients

Rescale T799 ECMWF SM
January to November 2010

� Rescaled SM 
consistent with IFS 36r4

A

B
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20 October 2010
[Osuite 36r2 SM rescaled] minus [Esuite 36r4 SM]

-0.05
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Example of dry area: Walnut Gulch (South Arizona), November 2010
(change IFS cycle on 9 Nov 2010)

- Operational SM: 16 km (T1279, ie N640), reduced Gaussian grid
- Dissemination for SMOS: 25km (T799, N400), reduced Gaussian grid

ECMWF Operational SM at original 
resolution (no interpolation), Walnut 
Gulch

ECMWF Operational SM 
extracted at T799 for Walnut Gulch

Day of November 2010

ECMWF SSM (m3/m-3): Walnut Gulch 
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� Important SM decrease on 9 November 2010 
� Degrading the resolution, or simply changing 

grid strongly affects soil moisture 
� SMOS L2 processor should use the ECMWF 

SM product on its original grid (T1279, N640)

As produced

As used for SMOS
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ECMWF Operational  Soil Moisture against ground data

T1279 Gaussian Reduced
T799 Gaussian Reduced
Rescaled to IFS cycle 36r4

RMSD
m3.m-3

Bi as
m3.m-3

T1279 0.101 0.093

T1279
rescaled

0.058 - 0.0104

T799 0.232 0.229

T799 
rescaled

0.195 0.191

T1279: ECMWF product quality in 2010 (including 3 o perational changes)
T1279 rescaled:  ��� � reflects current ECMWF quality
T799 & T799 rescaled: representativeness issue agai nst local stations
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-WP status:

- Data thinning and noise filtering completed 
- Monitoring in Near Real Time
- CMEM maintenance � CMEM Platform (discussions with J.-P. 
Wigneron and web update)
- DA: BC ongoing (based on reprocessed data set)

SMOS TB under implementation in the EKF (y vector)

- ECMWF Dissemination: 
- ECMWF operational products are at T1279 (16km)
- ESA uses (L2 algo) and provides SMOS users with interpolated 
products at a degraded resolution T799 (25km)
- IFS 36r2 to 36r4 discontinuity in Nov 2010
- Coefficients developed to rescale 36r2 SM to 36r4 SM range  
- Users should have access to rescaling coefficients
- Shall ESA receive T1279 SM (for cal-val) in addition to the 
current degraded T799 SM (for L2 algo) ?
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09:00-09:20    SMOS mission status (NRT, RFI, light product, ...): Susanne

09:30-09:50    ECMWF land surface model (Bare soil evaporation, lakes, LAI, offline): Gianpaolo

09:50-10:10    ECMWF land data assimilation system (Snow, EKF, ASCAT BC & DA): Patricia

10:10-10:30    Soil Moisture validation (comparison L2 SMOS, L2 ASCAT, ECMWF analysis): Clément

10:30-10:50    coffee break

10:50:11:10    Project status (WP status, DPGS/ECMWF SM dissemination): Patricia

11:10-11:40    SMOS monitoring and data Thinning (multi-angular monitoring, data thinning): Joaquín

11:40-12:10    SMOS noise filtering (angular noise filtering): Joaquín

12:10-12:30    SMOS reprocessed data set, superobing and BC preparation: Patricia

12:30-13h30    Lunch break

13h30-14:50    Discussion : project Phases I & II: status and data assimilation implementation, project continuity

14:50-15:00     Conclusion and recommendations

�����	
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Patricia de Rosnay, Joaquín Muñoz Sabater, 
Ioannis Mallas
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ECFS SMOS data:

Original bufr:
/oparch/ESAC/smos/miras_l1c 

Archived files:
DA: ec:/emos/SMOS/YYYYMM/DDHH
DCDA: ec:/emos/SMOS/DCDA/YYYYMM/DDHH

Acquisition (OD I. Mallas)

� Archive on ECFS
at 00, 06, 12, 18 UTC

NRT Product
DPGS

Users
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ECFS structure:

Original bufr:
/oparch/ESAC/smos/miras_l1c 

Archived files:
DA: ec:/emos/SMOS/YYYYMM/DDHH
DCDA: ec:/emos/SMOS/DCDA/YYYYMM/DDHH
Reproc: ec:/emos/SMOS/reproc/2010MM/DDHH

Acquisition (OD I. Mallas)

� Archive on ECFS
at 00, 06, 12, 18 UTC

NRT Product
DPGS

Reprocessed 2010
NRT Product

Ext Disk

Users
(OD + RD)

• Reprocessed data received in August 2011
• Acquisition is ongoing (I. Mallas)
• Currently available on ECFS: 12-31.01.2010 +  20.12.2010
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BUFR size increased in January 2010 compared to NRT (DCDA)
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16.01.2010
00UTC 

Reprocessed
2.13 GB

NRT
1.2 GB 
1.81 GB (dcda )
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- Based on reprocessed data set (consistent data set for 2010)

- Follow ASCAT approach (include seasonal correction), 
but work with TB instead of SM

- Data preparation:
- SMOS TB
- CMEM TB 

T799 reduced Gaussian grid
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SMOS reproc TB archive (ECFS)

Convert to grib
Superobing
Reduced Gaussian grid 
Resolution T799

QC:
Water Fraction < 15%
Altitude <1500m
Radio. Accuracy < 5K

Output
TBh, TBv, PR
Angles: 10, 20, 30, 40, 50

ECMWF Oper

CMEM Offline 
Reduced Gaussian grid 
Resolution T799

Input:
ECMWF operational SM, ST, Tair

QC:
No snow 
T2m > 273K

Output:
TBh, TBv, PR
Angles: 10, 20, 30, 40, 50

CDF matching coefficients (a,b)
For TBh, TBv, PR

At 10, 20, 30, 40, 50 degrees
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SMOS reproc TB archive (ECFS)

Convert to grib
Superobing
Reduced Gaussian grid 
Resolution T799

QC:
Water Fraction < 15%
Altitude <1500m
Radio. Accuracy < 5K

Output
TBh, TBv, PR
Angles: 10, 20, 30, 40, 50

ECMWF Oper �

CMEM Offline                            �
Reduced Gaussian grid 
Resolution T799

Input:
ECMWF operational SM, ST, Tair

QC:
No snow 
T2m > 273K

Output:
TBh, TBv, PR
Angles: 10, 20, 30, 40, 50

CDF matching coefficients (a,b)
For TBh, TBv, PR

At 10, 20, 30, 40, 50 degrees

Colour code:

Done
Ongoing
Todo
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- SMOS convertion BUFR to GRIB and Superobing
- Software developed based on ksh, Metview, Scin
� automatic convertion BUFR to GRIB for any specified period

ksh
Loop on YYYY, MM, DD, HH, Angle

Get archive from ECFS
Choose: angular binning and output resolution
Call Metview programme and scin script

End Loop

Metview
Read BUFR for the selected date
Filter angle, altitude, water fraction, accuracy
Convert BUFR to Grib

Output for each angle, grib on regular grid:
TBxx, Tbyy, Faraday angle, Snapshot accuracy, Snapshot Quality, InfoFlag

SCIN
Convert for each output file regular lat-lon to reduced Gaussian
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BUFR file (2.14 GB)

TBXX 0.25

Grib TBXX 
0.25 reg; 55°
(0.4MB)

Grib all data 
0.25 reg grid
(27MB)

Grib all data 
T799 (17MB)
(per 6h)

Grib TBXX 
T799; 55°
(0.4MB)

T799 Grib SMOS data:
- 6 angles (30, 35, 40, 45, 50, 55)
- TBXX, TBXX
- Faraday angles 
- SMOS Info Flag
- Snapshot Accuracy
- Snapshot Quality
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- SMOS Reprocessed data set received in August 2011
- Large volume of data (more than 1Tb)
- More observations in the reprocessed data than in NRT. Same structure of 
data in NRT and reprocessed (angular distribution and usage of flags)
- Under acquisition at ECMWF (OD, Ioannis Mallas) 

- January already on ECFS, and 1 day in December
- Acquisition takes time due to the large volume of data 

- SMOS BC relies on long time series of consistent grid: 
- ECMWF TB (offline CMEM using oper input)
- SMOS grib reprocessed TB data

� Developed bufr to grib conversion software (ksh,Metview,Scin)
T799 grib file: 0.4MB per TB file per 6h. 17MB for 6 angles, TBXX, TBYY, 
Faraday angle, accuracy, quality and flags

-Superobing: bilinear interpolation of SMOS TB on T799 gaussian reduced grid 
- Developed for Bias correction. Also useful for offline applications. Possibility 
to run the ksh-metview-scin prog on the acquisition computer.
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09:00-09:20    SMOS mission status (NRT, RFI, light product, ...): Susanne

09:30-09:50    ECMWF land surface model (Bare soil evaporation, lakes, LAI, offline): Gianpaolo

09:50-10:10    ECMWF land data assimilation system (Snow, EKF, ASCAT BC & DA): Patricia

10:10-10:30    Soil Moisture validation (comparison L2 SMOS, L2 ASCAT, ECMWF analysis): Clément

10:30-10:50    coffee break

10:50:11:10    Project status (WP status, DPGS/ECMWF SM dissemination): Patricia

11:10-11:40    SMOS monitoring and data Thinning (multi-angular monitoring, data thinning): Joaquín

11:40-12:10    SMOS noise filtering (angular noise filtering): Joaquín

12:10-12:30    SMOS superobing and BC preparation: Patricia

12:30-13h30    Lunch break

13h30-14:50    Discussion : project Phases I & II: status and data assimilation implementation, project continuity

14:50-15:00     Conclusion and recommendations
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Offline CMEM uses oper input
� Monthly mean difference 
in ECMWF TB between 
36r4 and 36r2 (Aug. 2010) �
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Esuite      - Osuite
TBh(36r4)-TBh(36r2)�

H-TESSEL changes:
Impact on first Guess SMOS TB
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Old (Cressman and NESDIS 24km)
New (OI and NESDIS 4km)

RMSD between analysis and observations

More on snow analysis validation (operational, ERA-In terim, RD expts) is 
ongoing within the H-SAF project  (Clément Albergel, Patricia de Rosnay)



��� � Surface information
Top soil moisture sampling depth: 0-2cm ASCAT,  0-5cm SMOS

Root Zone SM Profile
Variable of interest for 
Soil-Plant-Atm interaction, 
Climate, NWP and
hydrological applications

Accurate retrieval 
requires to account for
physical processes

� Space agencies retrieval of level 3 / level 4 products rely on data 
assimilation approaches.
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0          Soil Moist m3/m3 x 100            15

Soil Moisture Vertical Profile

d1
d2

d3
d4
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ASCAT (surface swath) ��� � SM-DAS (Root Zone profile global)

2008- 2010 (cycles 35r2 to 36r4)
NRT in 2012 (cycle 37r3)

ECMWF Atmospheric conditions

SEKF 
Soil Moisture
Analysis

SYNOP 
T2m RH2m

ASCAT 
Surface SM
Bias corrected

SM-DAS-2: 
Soil Moisture
Profile

H-SAF CDOP: SM-DAS-2 Production chain 

Quality Control ��� � use data when:
- Topographic complexity � 20
- Wetland Fraction � 15
- Noise level � 8
- processing flag=0

For Surface conditions:
- Surface is snow free
- Soil not frozen

H-SAF Root
Zone SM on
4 layers:
0-7cm
7-28 cm
28-100 cm
100-289cm
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IFS cycle 36r4 Nov. 2010: OI, NOAA/NESDIS 4km, revised pre-processing, QC

IFS cycle 36r4 operational change 29 March 2011  

• OD: New BUFR template (new report type, MetApps: Milan)

• RD: Use new data from Sweden in the snow analysis

IFS cycle 37r2: New report type clean in the ODB

Altitude switch: activate use of SYNOP above 1500m

IFS cycle 37r3: Early use NESDIS data at 00UTC instead of 12UTC:

6
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OI screen level analysis

Douville et al. (2000) �

Mahfouf et al.  (2000) �

Soil moisture 1D OI analysis
based on Temperature and 
relative humidity analysis

SYNOP Data

Revised snow analysis

Drusch et al. (2004) �

Cressman snow depth analysis 
using SYNOP data improved 
by using NOAA / NSEDIS Snow 
cover extend data (24km)

NOAA/NESDIS IMS

Optimum Interpolation (OI) snow analysis
Pre-processing NESDIS data (36r4)
High resolution NESDIS data (36r4)
New data Sweden (36r4, 37r2, 37r3)

SEKF Soil Moisture analysis (36r4)
Simplified Extended Kalman Filter
Drusch et al. GRL (2009)
de Rosnay et al. (2011) �

Use of satellite data

METOP-ASCAT               SMOS
de Rosnay et al., 2011       Sabater et al., 2011

MODIS LAI Boussetta, Balsamo, de Rosnay

Validation activities (H-SAF)
Albergel et al. 2011
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IFS cycle 36r4 Nov. 2010: 

� OI: Optimum Interpolation Snow analysis, using weighting functions of 
Brasnett, J. Appl. Meteo. (1999)

� NESDIS: NOAA/NESDIS 4km ASCII snow cover product (substituting the 
24 km GRIB product) � better quality with better coverage in coastal 
areas. 

� QC: Introduction of blacklist file and rejection statistics. Monitoring 
capabilities.
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