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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 lasisition of the Soil Moisture and Ocean
Salinity (SMOS) mission data. SMOS is the second Earth’sl@&gp mission of the ESA Living Planet
Programme. ECMWEF is receiving the Near Real Time (NRT) pobdwhich is currently used to monitor
SMOS brightness temperatures in NRT. This product collset®ral dozens of multi-angular and multi-
polarized measurements of the same target at a relativebabfine spatial resolution. A consequence is
that the data product handled at ECMWF has a very high voldine current operational capabilities of the
ECMWEF Integrated Forecasting System (IFS) do not make giptesto use the whole SMOS dataset within
the monitoring suite or in an assimilation experiment. Cad¢bntrary (as it happens for any other source
of satellite data), only a reduced subset of observationdeaised within the IFS. Therefore, a strong data
thinning filter needs to be applied to the data before it i®gtgd in the IFS. This report discusses several
options to thin SMOS data and make it compatible with the I&Scture, while keeping a subsample of
representative and good quality data for monitoring anahalsgion purposes.

This is the technical note, phase Il, workpackage numbe® ti2@he ESA Request for Quotation RfQ 3-
13053/09/NL/FF/FvK. It is produced as part of the secondspha the monitoring and data assimilation
study with SMOS data at ECMWF, and it is complimentary of m@®N-P11-WP1300 and TN-PII-WP1400
as described in the contract document number 4000101 708/FF/fk (Oct 2010 - Jan 2013).

1 Introduction

In the Soil Moisture and Ocean Salinity (SMOS) mission, titerferometric technique applied makes it pos-
sible to observe the same area of the Earth’s surface unfieredit views, thus providing multi-angular and
multi-polarized observations of the same scene at diffanere stampsY). The product used at the European
Centre for Medium-Range Weather Forecasts (ECMWF) is trer Real Time (NRT) product, which consti-
tutes geographically sorted swath-based maps of brighteesperatures. This product is arranged in an equal
area grid system called ISEA 4H9 (Icosahedron Snyder Equed &rid with Aperture 4 at resolution B)(

For this grid, the centres of the cell grids, or nodes, aregatkdistances of 15 km over land, whereas over
oceans the grid has coarser resolution. Depending on thgdaof the observed target within the field of view
of the instrument, up to 150 records of brightness temperatin L-band between 0 and 65 degrees can be
provided per node. Thus, the angular resolution of the @aiens is very high. This is a crucial component of
the SMOS mission design as it opens the possibility to ilyat, among other things a) the potential of this
dataset to access and improve soil moisture informatiomNfonerical Weather Prediction models and b) the
angular noise filtering (addressed in the technical notePTINA/P1300).

The SMOS measuring principle results in the production oéryVarge volume of data which cannot all be
ingested in the Integrated Forecasting System (IFS). Thgd#@ume of SMOS data arriving at the ECMWF
archives in NRT can be up to more than 8 Gb, which is by far otleeofireatest sources of satellite data received
at ECMWF. This amount of data cannot all be introduced in #@ for just one single satellite instrument,
taking into account that data from many other satellitessedusimultaneously. For SMOS, it is estimated that
only 5 to 10% of the initial data volume can realistically Imgested in the IFS. Data thinning is therefore
a mandatory step and also prevents redundant and poorygab$iervations to go through the assimilation
system. It is also a critical step in so far as it selects whiata from the original files will be monitored, but
also which data could be used to potentially correct theraoikture state through an assimilation experiment.
This report addresses different strategies to use and inguiea simple, but efficient, thinning filter for SMOS
data compatible with the IFS.
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2 Thinning approaches

2.1 Pseudorandom thinning scheme. Implementation in cycle 36r 1

The implementation of SMOS data in the IFS was a challengisg tiue to the special characteristics of this
new type of satellite data (see for instand®.(Although there are many different ways to thin SMOS dfua,
monitoring purposes the thinned subset of observationsldhie representative and keep the same statistical
characteristics as the original dataset. 2h & simple thinning approach was proposed and implemented in
the IFS as a first approach to monitor the observations in NiRfiade it possible to use the data in the IFS
almost inmediately after the satellite was launched on 2exther 2009, by creating an internal ODB (Op-
erational Data Base) for SMOS which complies with the tecdincapabilities of the IFS. At this stage, the
objective of the thinning approach was to provide a subs&MOS data to efficiently and routinely monitor
the observed brightness temperatures in NRT. It considtkeleping only 1 out of 10 observations (based on a
pseudorandom selection). It also filtered data affecteddogt Radio Frequency Interference (RFI) by rejecting
observations out of the 50-350 K range of brightness tenyes The main advantages of this filter were that
it had very good control over the size of the thinned dataseétitkept all incidence angles. This also allowed
flexibility for further processing, for example for the amging in angular bins at later steps. Furthermore, the
implementation was very simple and only one parameter wedatkto control this filter.

The simple thinning approach described above in this seet@s implemented in the IFS cycle 36rl. It was
implemented using a parallel environment in order to makeiinpatible with the current operational compu-
tational constraints of ECMWEF-. It is able to process arour@of data (approximately 150 millions obser-
vations) in just one minute if eight processors are used iialigh Fig.1 shows a snapshot of the Supervisor
Monitor Scheduler (SMS) system, which controls the flow & thifferent tasks in the IFS. The SMOS data
thinning task was implemented within tbds(observations) family, and in particular within therésmosjob

of the 'prepareobs subfamily. It consists of a series of Fortran routines ahéllsscripts which process the
data in the same format as it is received, i.e., in BUFR fornadter this step the filtered SMOS dataset is
converted to ODB for further handling and processing in #8.1All the following versions of the thinning
approach are implemented in the same job ofdbsfamily.

2.2 Angular thinning scheme. I mplementation in cycle 36r4

Although the simple thinning approach described in seclidnwvas a practical way to monitor SMOS data,
it has also some drawbacks. The main disadvantage was #rat\was no control over which observations
were filtered out as it was based on a pseudorandom seledtitive @bservations, with the probability of
selection greater at larger incidence angles. It also medan internal ODB with many observations which
were not used at later steps. In order to select observafiwmaonitoring on the basis of the viewing angle,
and to prevent unused observations increasing the volurtteedhternal ODB, a new thinning approach was
developed and implemented in the IFS. For each model gridt @oid for each monitored polarization, six
different angles were selected. These are multiples ofrb@ L0 to 60 degrees, which cover well the whole
range of incidence angles. The remaining incidence angée vejected by the thinning filter. An offset of
0.5 degrees centered on each monitored incidence angleesgbat at least one observation is found within
each angular bin. In reality, several nodes of the SMOS gadaasociated with each model grid point if the
model spatial resolution is T799-@5 km) or coarser, whereas at T127916 km) the model spatial resolution
is quite close to that of the SMOS grid. Within each angular bnly one observation was selected and flagged
as active, and this corresponded to the closest observiatitte model grid point. The total estimated size
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Figure 1: View of the Supervisor Monitor Scheduler (SMSYdiing the preparation of the observations for the anédys
Any thinning filter applied to SMOS data is implemented withie 'presmos’ job.

of the thinned subset of observations varies typically ketw5 and 8% of the original one. This makes it an
affordable fraction of the IFS computational resourcesijerilowing better control over which observations

are monitored. Furthermore, it guarantees that each matklpgint will be associated with at least one

observation within each angular bin, if a measurement wasiee at that angle. This thinning filter has been
running in NRT since November 2010 in the current SMOS mainigpsuite (see3)).

2.3 Flexiblethinning scheme. Implementation in cycle 37r1

While the previous thinning approaches were focused rathgéhe monitoring of SMOS brightness temper-
atures, the main objective at ECMWEF is to evaluate the impaitthe multi-angular SMOS dataset has on
improving the soil moisture data assimilation system penmce and skill. For that, a more flexible thinning
filter is needed. Although the current monitoring suite usigsgncidence angles and two polarization states,
for research purposes different incidence angles to thesertly monitored might be needed as input to the
IFS. This requires a more flexible approach able to use diftedata thinning configurations for different as-
similation experiments. Note that each research expetialamys uses the original BUFR files as input, and
the corresponding data thinning configuration and creaifdhe ODB is specific to that experiment. In other
words, running experiments using different thinning camfégions does not affect other experiments, nor does
it the choice of viewing angles to be used for data assiritgtiurposes.

The new thinning approach was implemented in cycle 37r1 afglbased on a namelist, from which the
characteristics of the thinned observation dataset awfigge The following characteristics can be specified:
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e geographical are®BNLAT OBWLON OBSLAT,0BELON),
e number of incidence angleBIQ_.ANGLES,

e monitored incidence angleBNCIDENCEANGLE),

e offset around each selected ange(TA),

e selected polarization?OLARISATION,

e percentage of water fraction allowed within the pixel (adoog to the SMOS water fraction fieldy\A-
TERFRACTION,

e extended or alias-free field of view (FOV) area of the snap&BbIOSIF).

This approach is equivalent to the thinning approach ofiae&.2, if the following variables of the namelist
are set as follows:

e NO_ANGLES6,

e INCIDENCEANGLE=10,20,30,40,50,60,

DELTA=0.5,

POLARISATIONO,1 (HH pol =0, VV-pol =1),

WATERFRACTION=100 (representing land and water pixels),

SMOSIF=1 (representing the extended-alias FOV).

2.4 Other approaches

This report addresses the necessity of greatly reducingtiiiginal volume of the SMOS data files before
ingestion in the IFS. With the reduced dataset, an interizd Gpecific to the SMOS observations is created for
each experiment and used in different routines throughRBecbde. As a general rule, the smaller the volume
of data used in the IFS, the smaller the size of the ODB, anmefihie the lowest computational resources will
be used and the faster the experiment will run. The minimugetasshould be 10% of the initial volume, but
for computational reasons it is desirable to use a percerdigificantly lower than 10%. In Fi@ the results
obtained for different thinning configurations based on la 4&similation window are shown.

It corresponds to data from 21h00 on 30 November to 9h00 oncember 2010 (see Fi@.4). For this
period most of the observed data arrived at ECMWF in NRT gsmonding to a total of more than 150 million
observations. As can be seen in RBgwith the current monitoring suite (6 incidence angles 0.5 degree
offset) less than 7% of the original data volume is used. Altfh the data reduction is important, there is still a
significantly large number of observations in the SMOS ODBuBing the monitoring suite but rejecting pixels
with more than 50% water content (so only keeping land phiotdly 4% of the total original volume remains
in the IFS. If on top of that, only data within the alias-fre®Wis used (of better quality) then the percentage
is further reduced to 3%, corresponding to about 9% of thal wdta over land. By increasing the offset
parameter for the monitoring suite, the percentage of didaefil increases quickly. Although some of these
configurations could be used, either for monitoring brigisttemperatures or for assimilation experiments,
the main disadvantage is that it is still limited the numbieviews that can be assimilated simultaneously, as
otherwise the ODB will get too large to be used in the IFS. The of auxiliary data in BUFR space (such
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ODB database 1 ECMA ‘Query: myview ODB database : ECMA Query: myview
Ho. of data points 10564356 Ne. of data peints 5971658

(a) All data (b) Only land data

Figure 2: SMOS orbits the 30 November 2010

as snow and ice covered areas or highly dense forests, wieedata will be rejected for assimilation), or the
use of the RFI flag of the BUFR product (once it has been imptéatd, will help further to thin SMOS data
before use in the IFS.

All data

00Z analysis 20101201 154.364.953 (100%)

(2100-0900)

Water pixels + HHV / HVV 97.024.125 (62.85%)

Land pixels + AFOV 30.073.313 (19.48%)

Monitoring suite (6 angles +/- 0.5) 10.564.356 (6.85%)

Monitoring suite (6 angles +/- 0.5) + 5.983.758

land pixels (3.87% or 10.41 % over land)

Monitoring suite (6 angles +/- 0.5) + 4.923.337

land pixels + AFOV (3.19% or 8.58% over land)

Monitoring suite (6 angles +/- 1) + 11.979.065

land pixel (7.76% or 20.89% over land)
- . 23.728.031

Monlt?rlng suite (6 angles +/- 2) + (15.37% or 41.37% over land)

land pixels

Monitoring suite (6 angles +/- 3) + 35.189.567

land pixels (22.79% or 61.34% over land)

Figure 3: Several thinning configurations based on SMOS tataveen 21h00 on 30 November 2010 and 9h00 on 1
December 2010.
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25 SMOSDiscrete Global Grid (DGG) to ECMWF reduced Gaussian grids

The observations found within the NRT product are collodatethe ISEA 4H9 grid nodes). Over conti-
nental surfaces these nodes are separated by approxiri&t&ly. This grid has a total of 2,621,450 nodes,
over which in most cases several dozens of observationoamglf As mentioned above, the volume of the
resulting processed files is very large and in most casesstaiproduct difficult to integrate in current NWP
systems. Furthermore, the 15 km spatial resolution NRTymowill necessitate to take account of horizontal
correlations, as the SMOS footprint is of about 40 km. Byadkting the SMOS grid to a lower resolution
ECMWF reduced Gaussian grid, a much lighter subproduct imasieuniform grid could be produced which
would be easier to handle for other centres as the numberdeisnand, in consequence, the size of the product,
would be significantly reduced.

In Fig. 4 a table including the conversion of the SMOS DGG to three EGM¥Nds of different spectral res-
olution is shown. For example, by collocating the SMOS NRdduict to the ECMWF T159 grid~125 km),

the resulting number of nodes in the NRT subproduct wouldeoleiced to 1.36% of its original size. With
finer grids, using the T51140 km) the number of nodes would be reduced to 13.3%, and &¥3at T799
(~25 km). However, for assimilation purposes, only nodes taed surfaces would be considered, and even
at T799 less than 10% of the original nodes would be used,ngakacceptable for the IFS. During the SMOS
Quiality Working Group meeting held in Rome in March 2011, &snagreed that ECMWF would provide a list
of the SMOS DGG point identifiers which would be collocatedite ECMWF T511 reduced Gaussian grid
points. The method used is the nearest neighbour. The Eamd®gace Agency (ESA) will produce a lighter
NRT product based on the ECMWEF grid, which will have appraadiety the same resolution as the SMOS
observations, but with the added value of being a much lighteduct, approximately only 4% of its original
volume.

In Fig. 5it is shown how the algorithm to reduce the SMOS DGG works. tRersake of clarity, the coarse
ECMWF T159 reduced Gaussian grid is overlapped with the SNDG$, for latitudes near the equator and
longitudes near the meridian zero. Black dots corresportiled SMOS DGG nodes, whereas crosses corre-
spond to the ECMWF model grid points. The closest SMOS node 6CMWF model grid point is displayed
within a circle. Fig.6 shows the result for the areas around the poles. This agpmwas validated to choose
the nearest SMOS measurements to the model grid, and itevihnt of the next IFS cycle 37r4/38r1.

ECMWF reduced % of DGG O
Gaussian Grid Number of nodes rid over land
9 (threshold = 50%)
T159 35.718 (100%) 1.36% 10.452 (0.4%)
T511 348.528 (100%) 13.3% 101.197 (3.9%)
T799 843.490 (100%) 32.2% 244.428 (9.32%)

Figure 4: Reduction of the SMOS DGG to several ECMWF reducags&ian grids.
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Figure 5: Nearest SMOS DGG nodes (circled black dots) to tG8M®B/F T159 reduced Gaussian grid points (coloured
crosses) for an Equatorial area. The horizontal axis is teegraphical longitude and the vertical axis is the geogiiaph
latitude, in degrees.

3 Conclusions

ECMWEF is receiving the SMOS NRT product, which due to the @daharacteristics and objectives of this
type of satellite data, results in a very large dataset. Dggdtem constraints and in order to avoid poor quality
or redundant observations in the IFS, a thinning filter muestapplied to the observations at early stages.
However, the optimal thinning filter to be applied to the dataot obvious. For example, possible approaches
may include averaging the data within predefined angulas, lWiscarding snapshots where a grid point has
a brightness temperature value exceeding a given threstiolémoving noisy data at low incidence angles.
Several approaches have been analysed with differenttolgig@nd implemented in different IFS cycles since
the SMOS launch date. All these approaches are compatitietive current IFS computational limitations.

In general it was estimated that less than 10% of the inititd dolume can be used in the IFS, but for optimality
reasons it is desirable to reduce it even further. Sevemoaphes have been implemented in the IFS since
the ECMWEF cycle 36rl1 (since November 2009). The current oages it possible to use a very flexible
configuration for the input dataset in the IFS for both maniig of brightness temperatures and assimilation
experiments. This approach permits the investigation sih@kating different multi-angular configurations of
the observations for the accurate access to soil moistuoe.rdSearch experiments, a lighter NRT product
collocated to the ECMWF T511 reduced Gaussian grid will lelusnaking it much easier to handle and more
efficient from the computational point of view, but also alinog undesirable horizontal correlations between
adjacent observations.
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Figure 6: As in Fig.5 but for the polar areas.
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