ECMWF Land Surface Analysis
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Land surface data assimilation evolution

1999 2004 2009 2010/2011
Ol screen level analysis Revised snow analysis Structure Surface Analysis
Douville et al. ( 2000) Drusch et al. ( 2004) Ol snow analysis and high resolution
Mahfouf et al. ( 2000) Cressman snow depth analysis NESDIS data (4km)
Soil moisture analysis based using SYNOP data improved
on Temperature and relative by using NOAA / NSEDIS Snow  SEKF Soil Moisture analysis
humidity analysis cover extend data Simplified Extended Kalman Filter

k2 . Eﬁ“;i{“%; 4 Drusch et al. ( 2009), de Rosnay et al. ( 2011)
K Sl

Recent developments/implementations: METOP-ASCAT
A SEKF (Simplified Extended Kalman Filter) surface analysis

A Use of active microwave data (ASCAT soil moisture product)

A Use of passive microwave SMOS data (Brightness Temperature product)

A New snow analysis and use of NOAA/NESDIS 4km snow cover product
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Operational soil moisture analysis at ECMWF

From 1999 to 2010: Optimum interpolation (Ol)

Based on the link between soil variables and the lowest atmospheric level:
AToo dry soil A 2m air too dry & too warm
HTESSEL AToo wet soil A 2m air too moist & too cold (Mahfouf,  1991)

Land Surface Model A Soil Moisture increments based on
the analysis increments forthe T  2m

and RH2m:
: v A®_=a_( a—Tb)+b_( —
L i - Ol calibrated once in 1991; Do not follow the model evolution
- Ol not flexible to use satellite data (ASCAT, SMOS, SMAP etc)

A Development (Seuffert et al., 2004, Drusch et al., 2009)
A Implementation of EKF SM analysis in 2010 (de Rosnay et al.,
2009, de Rosnay et al., 2011).

Balsamo et al., 2009
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Operational soil moisture analysis at ECMWF

From 2010: Simplified Extended Kalman Filter (SEKF)

The analysis 1s obtained by an optimal combination of the observations and the
background (short-range forecast):

Xalt) =xu(t) + K (y(t) — Hxp (1))
where K 1s the gain matrix:
K= (B 't)+H ()Y R"'H(¢t))"'H' (1) R*
The observation operator H 1s the Jacobian matrix of:

Sy yilz+ b)) —yi (2)

Hjjz

In finite differences, the elements of the Jacobian matrix are estimated by
perturbing individually each component r; of the control vector x by a small
amount o ;. sensitivity as been conducted to find the optimum perturbation dx;.
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New SEKF Soil moisture analysis

Implementation in the Integrated Forecasting System (IFS)
for operational NWP (Nov 2010)

SEKF| -|Ol|
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Reduced SM increments with the SEKF compared to the Ol, de Rosnay et al ( 2009)




METOP/ASCAT Solil Moisture

ASCAT: Advanced SCATterometer
Active measurements at C -band (5.6 GHz ; 5.4cm)

L2 soil moisture product

NRT data via EUMETCAST since 2008 (130 min after sensing)
Relative measure

ERS-1/2 heritage (since 1992)

Guaranteed operation until 2020

To o Do o

Bias correction
A Simplified CDF matching i matching Mean and Range
A Matching uses 9 years of data (1992-2000)
A Biases are estimated for each point separately
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ASCAT monitoring

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

i ASCAT - Mozilla Firefox
Eile Edit Wiew History Bookmarks Tools Help

<j - - @ ﬁ - http:ﬂ\c\rww.ecmw’F.intfproducts[forecastsfdfchartsfl|'| l}-] ..| |\]

| JECMWF € webpublish € ECMWF Data Server € CMEM ' Deimos-L1C ssuAGU Mb € Journals € H-SAF - Near Real Tlme Operatlonal Monltorlng Of
CCECMWF e N |5 satellite data received at ECMWF

About Us Products Services Research Publications News&Events

R Qverview Forecasts Computing Modeling Newsketters Calkendar
* 'r‘;, Getting here QOrder Data Archive Reanalysis Manuals Employ ment
sts

Committee s Order Software PreplFs Seasonal Library Open Tencers - Monitoring Of observation Values’

Home > Products = Forecasts = Data reception statistics = Satellite Data Menitoring > Soil moisture = ASCAT=
ASCAT .
n— — ' Data count, first gue:¢

ASCAT

Chart catalogue

Page overview
Find charts

# || - For ASCAT, scatter plots, global maps,
time series, Hovmoeller.

Your oom

Add all products

Time series of area averages ¥

Hovmoeller zonal mean fields ¥ 1
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Scatterplot of FG Departures versus Field of View
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Statlstics for Soll Molsture from METOP-A / ASCAT Angular dependency
Channel = 1, All Data

Area: lon_w= 0.0, lon_e= 3800, lat_n= 900, lat_s=-90.0 {over land)

ExPooo1 of ASCAT SM bias
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ASCAT data assimilation

H-SAF (Hydrology Satellite Application Facility)

SEKF
. A Root zone Soil Moisture profile
. July 2008 - August 2010 daily data

- H-SAF Project at ECMWF - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

Assimilation of ASCAT SSM in the IFS using the

® Opemtional monitoring
® Fefernces

@ Contact i 1 e
soil moisture, and an advanced data assimilation system.

product data assimilation in the IFS.

#» SM-ASS-1 Product characteristics

@E-»- @ /u} [ & http:jwww.ecrwf.intresearch/EUMETSAT projects/SAFHS | = | b= | [C]-| &)
ITJECMWF € webpublish € ECMWF Data Server € CMEM ** Deimos-L1C muAGU Mb € Journals € H-SAF € PAT »
QMF Home YourRcom Login Contact Feedback SitsMap Search: | m
"¢ AboutUs  Products Services Research  Publications News&Events
i 4 | Overview Forecasts Computing Mockliing Newsktters Cakndar
5 \ﬁ Getting here Ordzr Data Archive Feanalysis Manuals Employment
Ao T Order Software  PreplFS Seasonal Library Open Tenders
Home = Research » EUMETSAT_projects » SAF >HSAF = ECMWF H-SAF >
H-SAF project at ECMWF
EUMETSAT projects ECMWF contribution to the H-SAF
ECMWF H-SAF |
® SWASS Product ECMWEF is a contributor to the core soil moisture product and is represented in the H-SAF
® SMASS1 preview Steering Group and the Project Team

The ECMWF activities are centred around the development of a root zone soil moisture product
based on the forecast from the Numerical Weather Prediction model, satellite derived surface

During the H-SAF development phase (2005-2010), ECMWF developped the volumetric root
zone soil moisture SM-ASS-1, based on the EUMETSAT CAF ASCAT surface soil moisture

SM-ASS-1 has been produced continuously by assimilation of ASCAT soil moisture in the
IFS. It is currently available for 01 July 2008 to 31 March 2010. To get the SM-ASS-1
product, please contact the H-SAF project managment or the ECMWF H-SAF contact.

# Algorithms and software for the SM-ASS-1 root zone soil moisture production

o SM-ASS-1 previews

e How to read SM-ASS-1 (GRIB API, Metview, Matlab)

Layer 1: 0-7 cm

<~ ECMWF



ECMWF Soil Moisture Analysis verification

- Validated for several sites across Europe (ltaly, France, Spain, Belgium)
- Validation results in France (Albergel et al., 2010):

Verification of ECMWF SM over the SMOSMANIA Network
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Impact of SEKF and Ol on 2m air Temperature

T2m impact (SEKF improve T2m)

T2m verification against analysis ol
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SMOS Brightness Temperatures

SMOS: Soil Moisture and Ocean Salinity
Passive measurements at L -band (1.4GHz; 21cm)

Monitoring and assimilation of SMOS data rely on:
AA Forward operator, that transforms model variables into
observed variables. For SMOS, the CMEM forward model
has been developed, validated and implemented in the IFS.
AData Assimilation (under development) using the EKF soil
moisture analysis.
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The Community Microwave Emission Model

A SMOS forward operator at ECMWF.
A 1/0 interfaces for the Numerical Weather Prediction Community.
A CMEM Input/Output interface is flexible: grib (gribex, gribAPI), netcdf, ascii.
A CMEM is a Fortran 90 software, portable for unix/linux systems

A Web interface available

http://www.ecmwf.int/research/ESA_projects/SMOS/cmem/cmem_index.html

Tool for the ESA SVRT (SMOS
Validation and Retrieval Team)

References:

Drusch et al. JHM, 2009

de Rosnay et al. JGR, 2009
Mufioz Sabater et al., [JRS 2010
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CMEM: Community Microwave Emission Model

CMEM Download

Model source code (top)

CMEM (Copyright ® ECMWF) is a Fortran30 software package. It has been tested with pgfao,
gfortran and ife fortran compilers. It includes 47 subroutines and 9880 lines.

Download CMEM:

When you download CMEM, please keep us informed, by sending us an e-mail (see contact)
You will then be added to the CMEM users diffusion list and we will keep you informed of any
medifications, bug reports and new version of the code.

Current version (January 2009):

Download CMEM version 2.0 {January 2009)

Chamcte ristics of this new tag and diffe e nce with previous version

Bug mporton cmem v2.0
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SMOS monitoring

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

First Guess Departure (Obs-Model) Incidence 40°, TBYY

Statistics for RADIANCES from SMOS/
MEAN FIRST GUESS DEPARTURE (OBS-FG) [K ] (All)
Data Period = 2010-12-07 09 - 2011-01-18 09
EXF = fgab, Channel =2 (FOVS: 36-45)
Min: -214.225 Max: 118.827 Mean: -11.3143
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SMOS Monitoring

STD of First Guess Departure over land (Obs T Model), 01-07 March 2010

RFI (Radio Frequency Interference) impact on FG departures STD is
large,

Excluding RFI contaminated areas, most of first-guess departures STD
are below 9 K. Larger values are found in snow, boreal forests and dry
areas.

STATISTICS FOR RADIANCES FROM SMOS
STDV OF FIRST GUESS DEPARTURE [] (ALL)
DATA PERIOD = 2010-03-01 12 - 2010-03-07 12 , HOUR= ALL
EXP = FC5Il, CHANNEL = 2 (FOVS: 55-60)
Min: 0.0220971 Max: 135.746 Mean: 13.3676
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(Mufoz Sabater et al.)
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A new snow analys

Snow analysis uses SYNOP snow
depth data and NOAA/NESDIS IMS
snow cover

2010 implementation:

- New Snow analysis based on the
Optimum Interpolation with Brasnett
1999 structure functions

-A new IMS 4km snow cover product to
replace the 24km product

-Improved QC (monitoring, Blacklisting)

(de Rosnay et al., 2011)

iS 2004: use of the IMS 24km product (Drusch et al.)
NOAA/NESDIS Snhow extent

Interactive Multisensor Snow and Ice Mapping System:
time sequenced imagery from geostationary satellites,
AVHRR,

SSM/,
station data,
previous day ‘s analysis

Northern Hemisphere product
real time
polar stereographic projection
1024 x 1024 elements

Number of SYNOP data used in the Analysis in January 2010
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