C. Albergel, P. de Rosnay , C. Gruhier, J. Mufioz Sabater,
S. Hasenauer, L. Isaksen, Y. Kerr, W. Wagner

Context of the study: H-SAF Visiting Scientist prog ram (June-December 2011)
Collaboration ECMWEF, CESBIO, IPF Vienna

Part-1: Evaluation against ground data (Albergel et al.)

Part-2: Global map comparison (Gruhier et al.) (ongoing)
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Soil Moisture and Ocean Salinity (launched in 2009)
Passive microwave interferometric radiometer operating at L-band (1.4 GHz)
Multi-angular measurements of Brightness Temperature (TB ) (Kerr et al., 2010)

SMOS NRT TB product ECMWF SMOS Llc TB (K) NRT Monitoring
- (TBV 509 Aug. 2011
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Advanced Scatterometer on MetOP (launched in 2006)

Active microwave instruments operating at C-band (5. 6GHz) ~0.5-2 cm
Surface soil moisture index (ms) based on TUWien retrieval scheme (Wagner et al., 1999)

ASCAT operational SM product : NRT data and
disseminated to Numerical Weather Prediction commun ity via EUMETCAST

~50 km resampled 25km

ASCAT operational NRT
SSM Monitoring Aug. 2011
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 Remote Sensing:
Top soil moisture sampling depth: 0-2cm ASCAT. 0-5cm SMOS

e Land Surface Models:
Root Zone SM Profile : ' —
Variable of interest for 1 T TN e a2
Soil-Plant-Atm interaction, '
Climate, NWP and
hydrological applications

* Root zone retrieval requires
to account for physical processes

——.. Dav 214 18:00
— —— Day 211 1515
________ Dav 210 08:00
Doy 209 200115

Soil Moist m3/m3 x 100

Complementarities
Between satellite data and models

Retrieval of level 4 root zone products relies on data assimilation approaches

<> ECMWF



ol level Vs New snow analysis (11.2010)
Sereen evel analysis Revised snow analysis Optimum Interpolation (Ol)
Douville et al. (2000) Drusch et al. (2004) High resolution NESDIS data %
Ma.hfouf .et al. (2000) | Cressman snow depth analysis (de Rosnay et al., 2011) §
Soil moisture 1D Ol analysis using SYNOP data improved o
based on Temperature and by using NOAA / NSEDIS snow | SEKF Soil Moisture analysis (11.2010) D
relative humidity analysis y 9 Simplified Extended Kalman Filter
cover extend data (24km) Drusch et al. (2009)
de Rosnay et al. (2011)
Use of satellite data
Py
D
n
®
L
@)
-
METOP-ASCAT SMOS
SYNOP Data NOAA/NESDIS IMS de Rosnay et al., 2011 Sabater et al., 2011

Validation activities (H-SAF)
Albergel et al. 2011
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| |
For each grid point, Analysed soil moisture state vector

a: b+ K (y' [ b])

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 observations (T2m, RH2m)

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

« UKMO uses ASCAT in operations in a nudging data
assimilation scheme

SMOS Workshop, Arles, 27-29 September 2011

a

SEKF corrects the
trajectory of the
Land Surface I\/Iodel

scheme

i interception Q'Dmd&bﬂ
uexum low. reservoir hare Vegetalion  snouy under
high vegetation
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ASCAT (surface swath) SM-DAS (Root Zone profile global)
consistent 2008- 2010 ... NRT in 2012

ECMWF Atmospheric conditions

SYNOP .,
T2m RH2m SEKF SM-DAS-2:
Soil Moisture |—| Soil Moisture

ASCAT Analysis Profile

Surface SM |— | Inthe IFS AN

Bias corrected \

H-SAF CDOP: SM-DAS-2 Production chain 25km (T799)

Quiality Control use data when: 4 layers:
- Incidence angle: cell number [11,26]  Eor Surface conditions: (7)-ng
- Topographic complexity 20 _ Snow free -238 CM
- Wetland Fraction 15 _T2m > 0C 28-100 cm
- Noise level 8 100-289cm

<~ ECMWF
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()

- 2010 times series of SMOS ASCAT, ECMWF SM-DAS-2 and in situ SSM

- 3 products and in situ data: SSM in different units (volumetric and index)

Fair comparison between: soil moisture index of each product (each

normalized using its own min and max of the time series)

Metrics: RMSD, R, Bias

Example of correlation results

- R is of particular interest for

for 3 networks:

NWP applications
(Koster et al. 2009)

Mean Correlation [-]

(for stations with significant values)

Network
ECMWF ASCAT SMOS
REMEDHUS 0.79 0.57 0.52
(nb stations) (17) (17) (17)
OZNET 0.82 0.80 0.74
(nb stations) (36) (34) (30)
SMOS Workshop, Arles, 27-29 September 2011 SMOSMANIA 0.83 0.52 0.44
(nb stations) (11) (11) (10)
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/ Taylor Diagrams: 2D representation of scores
Mean Correlation [-]
(for stations with significant values)
Network
ECMWF ASCAT SMOS
REMEDHUS 0.79 0.57 0.52
(nb stations) (17) (17) (17)
OZNET 0.82 0.80 0.74
(nb stations) (36) (34) (30)
I SMOSMANIA 0.83 0.52 0.44
(nb stations) (11) (11) (10)




0.8

ECMWF
SM-DAS-Z

0.8 1.2

O ASCAT

NCRS-SCAN
(154 stations)

‘ SMOS

Correlation [-]

ECMWEF ASCAT SMOS
0.65 0.48 0.51
(131 stations) | (125 stations) | (106stations)
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ECMWF SM-DAS-2
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Inadequate
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Evaluation of short term variability

= ]
®©
% In situ
@ In situ ASCAT
% ECMWF
V)]
Correlation [-] 2010
ECMWE | ASCAT | SMOS | A — nsika
Wi . Representativeness SMOS
nter 1 0.70 0.71 | 0.55 |i of local rainfall could
: . induce discrepancies
Smﬂg 0.65 0.56 | 0.51 | when compared to coarse resolution
. products
summer| 053 | 046 | 046 |
. Assimilation of rain-gauge rainfall
Auggliln” 0.62 0.50 | 0.45 | accumulation is an ongoing activity

SMOS Workshop, Arles, 27-29 September 2011
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Good performances of the three products to capture surf ace soil

moisture annual cycle as well as short term variability

Results particularly encouraging for ASCAT and SMOS ove r the Oznet
network

does not seem to be affected by RFI

land use is predominantly agricultural significant fraction of bare soil
and/or of dry vegetation

Correlation 0.70 0.53 0.54

Bias (index) - 0.05 - 0.07 0.12
(In Situ - Product)

RMSD (index) 0.235 0.255 0.243



ASCAT and SMOS product: similar performances in terms of

correlation; particularly good scores in Australia

SMOS in better agreement with NCRS-SCAN than ASCAT
ECMWF SM-DAS-2 product best performances (R, Bias, RMSD)
Spatial variability of in situ SSM — Representativeness issues
Correlation  driven by annual cycle

Anomaly correlation  Short term variability

Albergel et al., submitted to RSE, 2011

SMOS Workshop, Arles, 27-29 September 2011



Next step: global map comparison by C. Gruhier et al.

ECMWF SM-DAS-2: constant quality for 2010 (constant version of Model

and assimilation system)

ECMWF SM-DAS-2 prototype used here, with ASCAT data assimilation
having a relatively low impact (de Rosnay et al., ECMWF NL 2011)

Revised bias correction (CDF matching), with H-TESSEL corrected from
precipitation errors and accounting for seasonal correction

Reprocessed SM-DAS-2 in 2012 with impact of ASCAT DA (de Rosnhay et
al., in prep 2011)

Seasonal Bias Correction (TB) under development for SMOS data

assimilation

SMOS Workshop, Arles, 27-29 September 2011



ECMWF SMOS web page:
http://www.ecmwf.int/research/ESA_projects/SMOS/

ECMWF H-SAF web Page:
http://www.ecmwf.int/research/ EUMETSAT _projects/SAF/

ECMWF News Letter 127 (spring 2011):
http://www.ecmwf.int/publications/newsletters/

de Rosnay P, Drusch M., Balsamo G., Albergel C. and Isaksen L.: Extended
Kalman Filter soil-moisture analysis in the IFS ECMWF Newsletter no 127,
spring 2011, ppl2-16

Mufioz Sabater J., de Rosnay P. and Fouilloux A.: Use of SMOS data at
ECMWF; ECMWF Newsletter no 127, spring 2011, pp23-27

SMOS Workshop, Arles, 27-29 September 2011



