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Abstract

Contracted by the European Space Agency (ESA), the Eurdpeatne for Medium-Range Weather Fore-
casts (ECMWEF) is involved in global monitoring and data mmisition of the Soil Moisture and Ocean
Salinity (SMOS) mission data. To this end ECMWF has devaldhe Community Microwave Emission
Model as the passive microwave forward model operator talsite brightness temperatures (TB). ECMWF
has also developed a series of fortran routines and sheitsevhich makes it possible to interface SMOS
data in the Integrated Forecast System (IFS) of ECMWF. Ttlenieal implementation of the IFS interface
will permit the monitoring of SMOS TB over land and sea. Thapaort is the Part 2 of the first Milestone
Technical Note / Progress Report of the ESA Request for Qoat®fQ 3-11640/06/I-LG. It provides
technical documentation of the IFS interface with SMOS data

1 Introduction

With the launch of the Soil Moisture and Ocean Salinity (SNI@&ellite, an unprecedented new source of re-
mote sensed data sensitive to soil moisture will be madéadlaifor scientific purposes. The European Centre
for Medium-Range Weather Forecasts (ECMWF) will have axtes near real time (NRT) product (level-1C
brightness temperatures), automatically downloadedpittdm the Data Processing Ground Segment (DPGS)
server. To take fully advantage of this NRT product, ECMW!IEusrently carrying out the technical imple-
mentation of this new data type in the Integrated Forecaste8y (IFS). The ultimate goal of this phase is
the operational monitoring of brightness temperatures) @\r land and sea. This, among others, will make
it possible to report preliminary strengths and weakneesefirst SMOS data and contribute at key decision
points during the commissioning phase. The main stepsvadadh this phase are the following:

a.- Conversion of NRT Binary Universal Form for the Repréaton of meteorological data (BUFR) prod-
uct to internal ECMWF BUFR format.

b.- Pre-screening of BUFR data (thinning and consistenegksd).
c.- Conversion of SMOS BUFR data to internal ObservatioretialBase (ODB) format for use in the IFS.

d.- Computations in model space of observations with modkldi

In order to technically implement all these steps, a few &ited SMOS files from the Level-1C NRT processor
were available. These files were simulated for the futurethmoaf Dec. 2010 and Nov. 2012. "Future” data is

not accepted in the IFS, since among others, backgroundsptmdc fields are not available for future dates.
Thus, several adjustments in ECMWF scripts have been reagessorder to make these test files compatible
with present experiments.

This report provides technical documentation on the IF&iate with SMOS data. It is produced as Part 2 of
the first Milestone Technical Note / Progress Report [MSIH2-and it is complementary to the MS1TN-P1

which describes the global emissivity model CMEM.

2 Conversion of NRT BUFR product to internal ECMWF BUFR for mat

SMOS NRT products will be processed at the European Spacensshy Centre (ESAC) in Madrid (Spain)
and sent to ECMWF via the DPGS interface. Before being useE@YIWF BUFR software, BUFR data
received by the NRT processor will go through a straightBodvprocess, which consists in transforming the
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BUFR NRT product into a version compatible with ECMWF softeva This process will be done automati-
cally by the operations department. As input, files with thierfat "'miras.YYYYMMDDHHMMSS YYYYM-
MDD _HHMMSSsmos$orbit 0 YYYYMMDDHHMMSSI1c.buff’ as defined in the file name convention of
the SMOS NRT BUFR specification document, will be receiveB@MWF. The output of this process will be
files with the formaSMOS0001YYYYMMDDHH.DAEpresenting 6 hours worth of data. These pre-processed
files are stored in ECMWEF archive systems MARS (Meteorolalgharchival and Retrieval System) and ECFS
(ECMWEF File Storage system). MARS is the main repository eteorological data at ECMWF. It contains
terabytes of operational and research data as well as datesfrecial projects. SMOS data will be stored in the
MARS archive for research assimilation experiments. EGHBé Centre’s archive/retrieval system for user
files. It runs on a series of dedicated IBM machines, and catbessed from all major platforms by Unix like
commands. For passive monitoring of SMOS data, pre-predefies will be fetched from ECFS (available in
the path ec:/emos/e/SMOSY/), ready to be used for consistdrecks. More details about this operational chain
of format conversion will be given in the second MilestonefEcal Note / Progress Report [MS2TN-P2] at
TO+8.

3 Pre-screening of BUFR data

Before SMOS observations are loaded into the Observatbbatd Base (ODB) as input for the IFS, the data
undergoes a pre-screening process. Pre-processing of 8GR data involves several steps:

1. Files which fail to contain crucial header informatioe agjected: it is checked that files are encoded in
BUFR format, date and time are complete, geographic coateinare not missing and instrument data
corresponds to SMOS data,

2. Validity of data is checked:

¢ Individual observations are checked to be in a correct ggagcal position,

e TB are checked to be in the range of physically reasonablgesalnot lower than 50 K and not
greater than 350 K),

3. Data is thinned to reduce data volume of SMOS files as imguhe IFS.

This series of jobs has been implemented within the Supmronitor Scheduler (SMS) analysis family,

under the nampresmosn the prepare obssubfamily, as shown in Fidl. Data thinning is a critical step in the

way that it selects which data from the original BUFR fileslww# monitored by the IFS scripts. Thinning can
be done in many different ways. Several experiments have teeied out in order to investigate the optimal
way of reducing the very large SMOS files.

Data thinning

The SMOS observing system senses a single surface pixehvatty different incident angles. The angular
resolution is very high, and thus pre-processed obsenvdilies contain lots of information. Hence, SMOS
BUFR files can be very large, close to 1 Ghyte of data volumdiper-slots of 6 hours worth of satellite data.
This amount of data cannot be handled in the IFS just for desisgtellite instrument, taking into account
that many other satellite data are used simultaneouslyiniiig is therefore necessary. In order to investigate
the optimal thinning of SMOS BUFR files, several experimdrage been carried out. In the first experiment
(EXP1), only subsets of BUFR messages containing incidegiea multiples of 1 degree-(0.01) are selected
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Figure 1: Presmos jobs within the analysis family of the SMS.

and pass the filter. The rationale for this is that, even thdagd emission is not a linear process with the
incident angle, the microwave emission should not changg meich for a difference of 1 degree in the inci-
dent angle. Moreover, field experiments which have invagtig the land emission at L-band used only a few
number of incident angles, generally multiples of 10, angtthere is not much known about which angular
resolution is needed to effectively observe a differencaiicrowave land emission. In the second experiment
(EXP2), a simple filter which keeps only one out of 10 subsetsBIUFR message has been applied. This filter
roughly corresponds to a data reduction of 90% of the orldilea The test file used for these two experiments
corresponds to a SMOS-simulated file by the Level-1C TB msaefor the 1% of December 2010. The first

6 hours of data of this file after thinning with EXP2 are showirig. 2.
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"simulated SMOS data for 2010-12-17, 90% thinned"
"from 00 to 06 UTC - 1002798 points "

. E0- 300 . sao-1os | Iog- 1oe Woo-ioo 0 wow-zme o.0-200 Zog- 20 00200 E:‘f'; 0700 . T0.0- 700

Figure 2: Simulated SMOS observations thinned-b90% from 00-06 UTC on th&7" Dec. 2010. (EXP2)

For testing purposes, the original BUFR testing file in theee experiments has been split into 20 parts, and
just one of them is shown here. The split file contains sev@rapshots covering mostly ocean, whereas it
also observes some land. The satellite track which correlspto this file is shown in Fid. In total, it has a
volume of 1067724 bytes, corresponding to 48993 obsentidhe histogram of simulated TB is shown in
Fig. 4a. The mean is 108 K whereas the standard deviation is 39.1gK4lf shows the histogram of TB for
EXP1, i.e., when only subsets of BUFR messages which com@igient angles multiples of 1 degree 0.01)

are kept. In this case, only 67 observations passed theffitter the original 48993 observations, and thus a)
an insufficient number of observations will be loaded in OBBrhonitoring purposes and b) statistics change
dramatically. In Fig4c, the histogram of TB which corresponds to EXP2 is shown. #s®oved, the number of
remaining observations is approximately 10% of the initiainber of observations, and the statistics are very
similar, while also keeping a large number of incident asghkspplying a simple filter like this reduces the data
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volume by~ 90%, but a significant number of observations will still baded into ODB and monitored.

For EXP1, it could be argued that a different data selecturi(fstance, choose integer incident angte.1
degrees) could increase the number of observations thatlpadilter. However, it is difficult to optimize the
angular filter criteria to control the number of selectedestaations and furthermore it would depend on the ge-
ographical position of the observations. In any case narajles could be monitored in a second phase. Thus,
using a filter-type as in EXP2 is preferred to a criteria basedncident angle values. All these experiments
have to be checked with real SMOS data for which the incidegteaeffect might be different compared to
simulated test data.

TB values

4 wwimn F zmaw 0 didiws 0 mnd F omowa 0 wama 0 muemx mxmww B muma @ moma

Figure 3: File used (reduced from original file) for pre-ser@ng jobs in EXP1 and EXP2.

Even though SMOS BUFR messages also contain informationtahe quality of the observations, at this
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(a) Histogram of TB for testing file
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Figure 4: Histograms of TB.
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stage we prefer not to reject data based on observationtyfialjs. In this way, geographical areas, time
periods or data with specific incident angles, where the deta have a problem can easily be found during
the monitoring step. And this is because during the momigpstep data can be discriminated as a function of
observational flags and plotted, for instance, as timeaaegeographical mean fields. Otherwise, an overall
quality assessment of the SMOS observations as a functigeagraphical location, time or incident angle
would be more difficult to be produce.

4 Mapping BUFR messagesto ODB

At the end of the pre-screening step, the reduced, consst¢nf SMOS data observations are re-encoded in
BUFR and then supplied to the ODB loader. The Observatioaah Base (ODB) can store and retrieve large
amounts of meteorological numerical data in an efficientmeanvhile used from within the IFS model. ODB
software mimics relational database queries through itB/SQL -compiler and data can currently be accessed
through ODB-tools in READONLY mode or via a Fortran90 intexé layer. The conversion to ODB is possible
by assigning SMOS BUFR messages type and subtype codes an& Shtervations type and subtype codes,
as well as the definition of several variables which projeetibformation from BUFR to ODB systems:

SMOS BUFR SMOS ODB
type code (30) +— observation type (SATEM [7])
subtype code (203) — subtype code (400)

Further, a new "smos” table has been created, which stdrémahformation contained in each BUFR message
as input for retrieval in the IFS.

5 Computationsin model space

SMOS TB will be monitored for a specific number of incident ksgand for H-V polarisation. For these
angles, TB will be monitored at global scale, as well as depas from the background values simulated with
the CMEM forward operator (see Milestone 1 Tech Note, Part 1)

There are basically two options to compute SMOS first-guegsardures: in observation space or in model
space. In the case of SMOS, first-guess departures will b@putad in model grid points following the ap-
proach of P]. Either in observation or model space, surface heteratiesaneed to be accounted for soil
moisture retrieval. In the IFS, the implementation of thenmivave forward model operator and computation
of first-guess departures in model space adds several agesntl/ it allows to take advantage of the already
existent structure for the implementation of all-sky oledrradiances of AMSRE and SSMI data, including the
optimal parallel computation on ECMWF supercomputers;li2zha background fields necessary to simulate
TB at the top of the atmosphere are available in model gridtpdhrough the model physics (callpar routine).
Thus, avoids to interpolate physical quantities to obgs@mwdocation; 3/ AMSRE radiances in C-band will
also be assimilated in research experiments to retrievarsmsture, and SSMI will be effective when little
knowledge about surface emissivity is given. First-guedsas for both types of data is currently computed in
model space.

Fig 5 shows a general organigram about how Level-1C SMOS datavegcat ECMWEF is interfaced in the
IFS. Observations which survive the pre-processing jobsvapped into ODB and further they go (roughly)
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through a three-steps phase:

1. Observations are brought to model grid-point space ubiegearest neighbour technique,
2. Observations are compared to background TB simulatddtiét forward model operator in grid-points,

3. Observations and background TB are feed back to obsemvspiace, and stored in ODB tables.

Computations in
model space
Observations to grid-point space
ESAC scall gp_model
scall smos_process
=call smos_nearest
> scall smos_obs2gp
L1C-NRT BUFR product =call smos_iobs2gp
!
r Computation of background TB
Convert to L1C-NRT =call gp_model
ECMWF BUFR product sphysics interface routines
=call call, :
A Tam passive
v = call smos_screen i s
Store in ECMWF archives) [ - CMEM interface -~ || [——> monitoring of
l l Mapping and F ‘E E L1C TB over
load data fo * call mwave_screen$” |
MARS ECFS ODB tables = RTTOVS interface ___, land & sea
I Back to observation space
Pre-process data: :caﬁ ""m"s—','sza’:
+ Consistency checks oa STN0S_gP<ons
« Data thinning AL amoR_gadols
scall smos_obsop
scall gp_model
BUFR files ODB data

Figure 5: IFS interface organigram and general path that SM@bservations will follow before operational monitoring
products will be obtained.

All these three steps are accomplished through the calvraleroutines which have been implemented in the
IFS (see the ODB data box in Fif). These routines will be part of the next cycle CY36R3. Thémparpose
of the routines which bring observations to grid-point sp&c

gp-model prepare computations in grid-point space at the requigedlution;

smosprocess get SMOS observations from ODB to grid-point space;

smosnearest find nearest grid-point to each SMOS observation;

smosobs2gp get SMOS observations from observation space to gridtjspiace using parallel computation;
smosiobs2gp get SMOS mask (flags) from observation space to grid-pgiats using parallel computations ;
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Fig. 6 shows SMOS observations in model grid-point for the sinaddile on the 1% of December 2010, after
thinning 90% of all the initial observations (EXP1). Gridipis correspond to a grid of resolution T159 (
125 Km). In Fig.7 a zoom in over the South-Indian coast is carried out. Foitglar the plot, the T159 grid
points are shown (black squares) overlapped to the neald®iSSobservations to grid points (blue circles)
with the distance between grid point and observation pigeter in metres. The distance limit beyond which
observations are rejected has been fixed to 10000 m. The muwhlbbservations which will be monitored
depends on the model grid resolution. At T79925 Km) for all grid points SMOS observations within the
distance limit are found. Many other details will be givertte deliverable MS2TN-P1 (collocation software
development) at TO+6.

® 51-78.1
L 78 - 105
® 105-132
[ 132 - 159
® 159 - 186
® 186 - 213

213 - 240

240 - 267
® 267 - 294
® 294 - 321

0° 20°E 40°E 60°E 80°E 100°E
Figure 6: Collocated SMOS TB to grid-points in a T159 modé gvalues are in K.
Forward computation is conducted on model grid-point spabe Fortran 90 routines in the "computation of

background TB” box of Figh have been implemented to this end. Their main purpose is:

gp-model prepare computations in grid-point space at the requigedlution;
callpar: store all the background fields needed to run the forwardenmgerator;
smosscreen double check SMOS observations and select active profiles;
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80°E

Figure 7: Nearest SMOS observations (blue circles) to gods (black squares) in a grid of T159 spectral resolution.
Values in the figure represent the distance between the nguitiepoint and the nearest SMOS observation point, in
meters.

mwavescreen check all sky-radiances observations and select actafdqs;

The RTTOVS-CMEM interface is implemented at this level (&g 5). The RTTOVS (Radiative Transfer for
the advanced TIROS Operational Vertical Sounder) verséenl is version 9, which is the last releasp Both
packages can exchange information through several calie 8CMWF physics package (callpar routine). RT-
TOVS provides the atmospheric contribution to the total TBa top of the atmosphere for frequencies larger
than 10 GHz. In turn, CMEM provides the surface emissivitiRIorOVS, thus a more realistic emissivity for
the lowest atmospheric level.

Finally, before global maps of background departures or dlBas are produced, observations and background
values are transformed back into observation space anedstorODB tables. To this end, the Fortran 90
routines in the "back to observation space” box of Eifpave been implemented. Their main purpose is:
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smosupdate Put computed brightness temperatures from grid-pointespaODB;

smosigp2obs Send SMOS mask (flags) from grid-point space to observat@te using several processors;
smosgp2obs Send SMOS observations from grid-point space to observatace using several processors;
gp_.model Gather all the information and close computations in gt space.

As output of this process, operational monitoring produweils be obtained, which will make it possible to
assess the global quality of SMOS observations during therdesioning phase. This will be widely discussed
in MR1/2/3 as a part of the WP1700 (TO+11, TO+14 and TO+17).
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