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Soil moisture accuracy: 4%
Spatial resolution: 40- 50 km

Sea salinity accur'acy‘r 0 1 psu
Spatial r'esoluhon 200x200 km
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» Revisit time: 2- 3 days
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» Data stations: Svalbard (Norway) and
Villafranca (Spain)




Main objectives

1. Global monitoring of NRT brightness temperatures at the satellite
reference frame at several incidence angles.

- For Numerical Weather Prediction (NWP) applications, monitoring compares forecast
(or analysis) and observed data.

—

Observed

TB (OBS)

I First Guess (FG) departures

Passive monitoring
)

Modelled

TB (FG)

- Results available in NRT through the ECMWF satellite monitoring webpage.
[http://www.ecmwf.int/products/forecasts/d/charts/monitoring/satellite/smos]
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Main objectives

2. Assimilation of SMOS NRT brightness temperatures over land 2>
investigate the meteorological impact of SMOS data assimilation.

Extended Kalman Filter (EKF) soil moisture (w,) analysis:

Background error matrix; a-
priori knowledge of soil
moisture variances

Observation error matrix = inputs
provided by monitoring statistics

i T

| '
Soil moisture first- Multi-angular, multi-polarised
guess of j layer by SMOS TB observations
the ECMWF land-
surface model Linearised version of the
observation operator
v CMEM by small
Soil layer defined in H-TESSEL perturbations of the
initial moisture state
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Implementing SMOS data in the IFS. Last version

Collocation, screening, forward

modelling, first-guess departures, etc.
A

[ |
ESAC
Computations in
il model space (gp_model)
NRT BUFR product J\_/L
Get SMOS data in grid point
v call smos_process
Convert to NRT
ECMWF BUFR product v
Forward model (CMEM)
v physics interface routines passive
Store in ECMWF archives o call callpar monitoring of
Tom| "1 NRT TB over
v v Mapping and call smos_screen ! land & sea
MARS ECFS load data to CMEM interface -- !
1
| | ODB tables call mwave_screent’ i
H RTTOVS interface _ _ _
Pre-process data:
Consistency checks Distribution v
Parallel data thinning per processor Back to observation space
per angular bins and grid point call smos_update
BUFR files

ODB data

\ J

)\

Acquisition, quality control, thinning, etc.

ODB: Observational Data Base used by
the Integrated Forecasting System

l as
ECMWFS



Main obstacles (and challenges) in the implementation

» Volume of SMOS data,
- Much computing resources and time were needed to process and test SMOS data,
- Which data should be thinned and which data should be assimilated?

- Some scripts showed difficulties to cope with very large files and needed re-adaptation,

» Particular measuring principle (observation of the same area with different
incidence angles at different time stamps) produces very large internal data bases
which are difficult to handle,

- Structure of SMOS ODB in the IFS needs to be revised to make it more efficient and
use less memory resources -2 Is a ‘MUST’ for operational purposes,

- Independent multi-polarisation, multi-angular computations needed special treatment,

» Implementation of the CMEM observation operator in the IFS,

- Compatibility with IFS is only guaranteed if CMEM code is adapted to a multi-thread
environment
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The observation operator — CMEM

Based on LMEB [Wigneron et al., 2007] & LSMEM [Drusch et al., 2007]
Available at [http://lwww.ecmwf.int/research/ESA_projects/SMOS/cmem/cmem_index.html]

» Soil dielectric mixing model
(Wang & Schmugge / Dobson / Mironov)?
» Effective temperature model @
(Choudhurry / Wigneron / Holmes)?
» Smooth surface emissivity model
(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
» Snow emission model

(Pulliainen)? }

» Equivalent to L-MEB when options in red are chosen
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» Community Microwave Emission Model (CMEM), modular radiative
transfer code used to compute first-guess:

- Drusch et al., 2009, JHM

- de Rosnay et al., 2009, JGR
- Munoz-Sabater et al., 2011, IUJRS

First-guess > CMEM initial config

dielectric Wang

effect. temp Choudhury

smooth surface Fresnel

roughness Choudhury

vegetation Kirdyashev

atmosphere Pellarin
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First-guess departures (obs - model)

DB : fg_depar@body
Total number of points: 121670
min: -234 max: 209

Case Study:
- 22 January 2010, .
- First 4D-Var 12h cycle, 4000

- Global scale,

20004

- All incidence angles included, 1000

- No mask applied on vegetation — - . %0
Or SnOW DB column: fg_depar@body

Total number of points: 121467
min: -248  max: 139
mean: -17.3  std: 34.2

10000 A

- Some departures are <51 \/_pol
still too cold or too 8000
warm. 7000

6000 1
5000 +
4000 4
3000 1
2000 1

1000 1

-200
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SMOS offline data monitoring webpage

- Available since November-2009,

- Since January-2010 only “NRT” data is monitored and published,
- Global maps of NRT product,
- Polarisations in the antenna reference frame at 0°, 10°, 20°, 30°, 40°, 50° and 60°,

http:/Iwww.ecmwf.int/research/ESA_projects/SMOS/monitoring/smos_monitor.html

ESA projects

SMOS
® CMEM

® Cal-Val activities
® Publications

® Conf &
Workshops

® SMOS monitoring
® Project Document
(restricted access)

Home YourRoom Login Contact Feedback Site Map Search:

News&Events

About Us Products Services Research Publications
Overview Forecasts Computing Mockeliing Newsketters
Getting here Order Data Archive Reanalysis Manuals
Committee s Order Software PreplFS Seasonal Library

Home > Research > ESA Projcts > SMOS> monitoring >2010 >201001 >20100119 >
SMOS Offline monitoring page 20100119
Page Content:

This page provides monitoring of Near Real Time SMOS data.

1- 00 UTC to 24 UTC window - TBH - Global Sorted by incidence angle

2- 00 UTC to 24 UTC window - TBV - Global Sorted by incidence angle

1- 00 UTC to 24 UTC window - TBH - Global Sorted by incidence angle

Back to the top

TBH Incidence angles between 0 and 1 degrees:

Brightiess Tenpensiies
® S0,1-80.1 [ ] &l - 1in @ 110 - 140 140 - 171} @ 170 - 200
g 2151 - 230 230 - 260 260 - 2% ® 29I - 321 e 320- 350
WA MR UG WA RW RTW W W # ~F 4F OF F 1MEF

Cakendar
Employ ment
Open Tenders




SMOS monitoring suite — current state

- Currently running under an RD expt. e "J Mtowtls  Products  Soke  Remeach  Publoson twsiEvens
- Since Nov. 2010 statistics available in e v
N RT: Other charts Time-averaged geographical mean fields +
- Global scale, Bmosatersoton | % |
: moeller zonal mean fields +
- Land and oceans separately, | [[——
- Several incidence angles, Trryr— '
% Time series of area averages +
- Two polarisations states, e esing w.‘_‘
- Statistical products: e
:nm_wind Scatter plots L4
- Time series of area averages, Suime
IR L
- = Chart catalogue
- Time-averaged geographical e — "
|| ===

Add all products

mean fields, — : ‘

- Hovmoeller zonal mean fields,

Time series of area averages (over Sea) +

- FG departures as function of =
incidence angle. s

. Support to CAL/VAL by addlng Time series of targeted sites statistics (over Land) ¥
targeted areas. 2
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Summary & further work

» ECMWEF main objectives using SMOS data are: monitoring and data
assimilation,

» Implementation of SMOS data in the IFS was complex and challenging,
» The ‘SMOS chain’ depends critically on the NRT product latency,
» An offline data monitoring webpage was available from Dec.09 — Nov.10,

» Since Nov. 2010 statistics using SMOS and CMEM first-guess brightness
temperatures are computed and published in NRT:
[http://www.ecmwf.int/products/forecasts/d/charts/monitoring/satellite/smos]

» On going activities:

- Activities aimed at preparing SMOS data for the analysis: advanced data
thinning, noise filtering, bias correction.

- Implementation of SMOS data in the SEKF.
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Thank you for your attention !
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Back up slides
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Global statistics: standard monitoring maps

Maps Of Observatlons Stand%n\d 120°W 0°W 60°W 30°W 0°E 30°E 60°E 90°E 120°E 150°E

Deviation (STD)
>TB STD [K]

> H-pol

> 45°-50°

- 01-07 March 2010

- 03-10 May 2010

Areas affected by RFI
- large STD of TB
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Global statistics: Standard monitoring maps

Map of Mean First Guess Departure over land (Obs — Model)
01-07 March

STATISTICS FOR SMOS RADIANCES
MEAN FIRST GUESS DEPARTURE (OBS-FG) [K] (ALL)
DATA PERIOD = 2010-03-01 12 - 2010-03-07 12 , HOUR= ALL
EXP = FC5I, CHANNEL = 1 (FOVS: 45-50)
Min: -220.042 Max: 162.398 Mean: -0.184426
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Global statistics: Standard monitoring maps

Map of Mean First Guess Departure over land (Obs — Model)
01-07 April

STATISTICS FOR RADIANCES FROM SMOS
MEAN FIRST GUESS DEPARTURE (OBS-FG) [K] (ALL)
DATA PERIOD = 2010-04-01 00 - 2010-04-07 00 , HOUR= ALL
EXP = FDHK, CHANNEL = 1 (FOVS: 45-50)
Min: -219.294 Max: 149.69 Mean: -0.170418
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Global statistics: Standard monitoring maps

Map of Mean First Guess Departure over land (Obs — Model)
03-10 May

STATISTICS FOR RADIANCES FROM SMOS/
MEAN FIRST GUESS DEPARTURE (OBS-FG) [K ] (ALL)
DATA PERIOD = 2010-05-03 00 - 2010-05-10 00 , HOUR= ALL
EXP = FDJ4, CHANNEL = 1 (FOVS: 45-50)

Min: -228.203 Max: 115.375 Mean: -0.158591
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SMOS data pre-processing

— ﬂ_hs}—(obs:VMD <= (main:YMD + 1))and . imakefsetup = complete |
—YMD=20070223
[ 00} obs}, fetchobs
fetchmars
prepare_obs 1. ins == complete and felchobs =
prelcrad_prepare

{— 12}——— obs/; io0iob
{ fetchabs|
[fetchmars
 prepare_obs |

pre1 crad_airs }»—prelcmj_prepare == campleteJ
pre1 crad_hirs |—— pre1 crad_prepare == complete|
pre’crad_msu |—— pretcrad_prepare == complete|
prelcrad_ssu }—prelcrad |_prepare == complete|
pre’crad_amsua —prelcrad_prepare == complete|
prencrad_amsub | prefcrad_prepare == complete|
pre1crad_mhs | pretcrad_prepare == complete|
preobs

prenwimg

preahs_Wwave —— 1./, /. imakelconsthvconst == complete|
pregeos

presmos|

ete

.4 imakeding == complete and fetchobs == complete|

pretcrad_prepare |

pre1crad_airs -—— pretcrad_prepare == complete|
pretcrad_hirs | prefcrad_prepare == complete|
pre1crad_msu |—— preterad_prepare == complete|
prelcrad_ssu —— pretorad _prepare == complete|
pre1crad_amsua | —pretcrad_prepare == complete|
pretcrad_amsub |—pretcrad_prepare == complete|
pretcrad_hs | preterad_prepare == complete|
preobs|

remwimg

preobs_wave —— /1.7 make/consthvconst == complete|
regeo
rera0d

i

i

:

presmos

- logfiles ID:JUU == compleWgnd 12 == lete|
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SMS Supervisor Monitor Scheduler

» Routinely checks,
» Validity of data,
» Data thinning,

» Others checks can potentially be
implemented at this level (noise filtering,
RFI mitigation algorithms, etc.)
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Implementation of SMOS data in the IFS

» routinely checks: 450
20091128
- header corresponds to SMOS data, 400 - : ® 20091220
. . . n i " ©20100116
. geographical coordinates not missing, g 350 o :
. date and time complete, etc. g 300r . )
8 250
2 200
» Validity of data checks: 2 150
o
- data has a correct position, 100 |
- TBs are within physically bounds, etc. 50

00 2500 5000 7500 10000 12500 15000 17500

L Snapshot number
» Data thinning,

Volume of SMOS daily data is very large (~4 Gby for dual-pol, ~8 Gby for full-pol),
comparable to IASI data! = thinning is necessary to reduce amount of data and
redundancy.

» Others checks, pre-tasks, can potentially be implemented here... (RFlI
filtering, data thinning based on angular criteria, etc.)
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Main tasks in model space

» Collocation of SMOS observations to a ECMWF model grid.

» Observations screening (flags are given for land, ocean, active observations,
etc.)

» Forward computation is carried out at model grid-point with the IFS version
of the Community Microwave Emission Model (CMEM),

» First-guess departures are computed at model grid-point, by comparing
model background and the nearest SMOS observation to the grid-point.

» All the information (flags, forward computation, first-guess, etc.) is stored in
an internal database for further use.
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