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ESA report on SMOS data interface to ECMWEF IFS cECMWF

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’ddtep mission of the ESA Living Planet Pro-
gramme. Monitoring SMOS data is of special interest, asteffirst time a new innovative remote sensing
technique is used to observe soil moisture over continentéhces and ocean salinity over oceans. To this
purpose, ECMWF has developed an offline monitoring chaiior®o monitoring of SMOS data, a series
of pre-processing routines check all the available obsienv&and select a consistent subset of data which
input the Integrated Forecasting System (IFS) of ECMWF. Ad pf the monitoring chain the software
includes also the routines that makes it possible to cado&MOS observations with model grid points
to allow a fair comparison with a model simulation in modehsp. This report is the second Milestone
Technical Note / Progress Report of the ESA Request for Qoat&fQ 3-11640/06/I-LG. It is divided in
three related parts, providing technical documentatiothefSMOS pre-processing chain, the collocation
software development and the offline monitoring suite withGs data.

Introduction

The introduction of a new type of satellite data in a NuménNgaather Prediction system is a challenging task.
Even more so when the data comes from a new measuring teehnigjah has never been tested before. This
is the case of the SMOS research mission, being the secottdsEaxplorer mission of the ESA Living Planet
Programme. In SMOS, a 2D-interferometric radiometer iimgj of 69 LICEF (Lightweight Cost Effective
Front-end) receivers measure the electromagnetic radiataturally emitted by the Earth’s surface between
1.400 and 1.427 GHz. The objective is to measure soil maistith a 4% accuracy and and a spatial resolu-
tion between 40-50 Km, whereas the required accuracy farosalinity is 0.1 psu averaged over a period of
10-30 days.

SMOS Near Real Time (NRT) products are processed at the EanoSpace Astronomy Centre (ESAC) in
Madrid (Spain) and sent to ECMWEF via the SMOS Data Processimgind Segment (DPGS) interface. The
product used at ECMWEF is the NRT brightness temperaturedupto The NRT product constitutes a repro-
cessed Level-1b product and it differs with the last one at they are geographically sorted swath-based
maps of brightness temperatures. The geolocated prodeeiveel at ECMWEF is arranged in an equal area
grid system called ISEA 4H9 (Icosahedron Snyder Equal Aigrédl with Aperture 4 at resolution 9) [see
SMOSDMS _TN_5200 Document]. For this grid, over land the centre of thégrds are at equal distance of
15 km with a standard deviation of 0.9 km. The resolution @rser over oceans which present lower hetero-
geneities than continental surfaces.

In this technical note documentation about the offline naimg chain developed at ECMWEF using the NRT
product is provided. It includes the pre-processing chalmere all the data is checked to be a consistent and
valid set of values in the same format as the data is receitiedBinary Universal Form for the Representation
of meteorological data (BUFR) format. All the data that gtesugh the first system of filters is transformed
in a format acceptable to the Integrated Forecasting Sy@fes) structure, the so called Observational Data
Base (ODB) format, and implementations in model space andwed in preparation for comparison with a
model simulation. As part of this technical note, the preagfscollocation of the observations with grid points
in the model space is also provided.
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Part | - Pre-processing chain

Conversion of Near Real Time (NRT) BUFR product to internal ECMWF BUFR format

Before being used by ECMWF BUFR software, BUFR data recefveah the DPGS is transformed into a
version compatible with ECMWF software. This process isedantomatically by the operations depart-
ment almost as quick as the data is received. Files receiv&CHIWF have the following format: rhi-
ras.YYYYMMDDHHMMSS YYYYMMDDHHMMSSsmos$orbit_ 0_YYYYMMDDHHMMSSI1c.buff’. The
sequence¥ YYYMMDDand HHMMSSare numbers corresponding to the year (YYYY), month (MM)y da
(DD), hour (HH), minute (MM) and second (SS) of the MIRAS mushent integration. The first YYYM-
MDD _HHMMSSsequence corresponds to the first MIRAS integration timéniwithe generated product,
whereas the secondYYYMMDDHHMMSSsequence of numbers is the end time at what the MIRAS instru-
ment made an observation. These conventions are definedmu®il in the SMOS NRT BUFR specification
document (version 1.9).

After the conversion of format is conducted, new files confgatwith ECMWF BUFR software are avail-
able. Their format is the followingSMOS0001YYYYMMDDHH.DAEpresenting 6 hours worth of data and
with YYYYMMDDHHthe year, month and day of the corresponding data, respctiVurther, these files
are currently stored in ECMWEF archive system ECFS (ECMWE Bilorage system). ECFS is the Centre’s
archive/retrieval system for user files. It runs on a serfededlicated IBM machines, and can be accessed
from all major platforms by Unix like commands. For monitagipurposes, SMOS pre-processed files will be
fetched from ECFS (available in the patb:/emos/e/SMO¥/ready to be used for consistency checks.

Data pre-screening

Once the data has a format compatible with ECMWF BUFR softweach individual observation is checked
to be a consistent data register. These checks are the iiogjow

1. Generic checks: files which fail to contain crucial heddfarmation are rejected: it is checked that files
are encoded in BUFR format, date and time are complete, gpbigr coordinates are not missing and
instrument data corresponds to SMOS data,

2. The validity of data is checked:

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

e Brightness temperatures are checked to be in the range sically reasonable values, concretely
not lower than 50 K and not greater than 350 K. In this way olzg&ms affected by hard Radio
Frequency Interference (RFI) are also rejected.

3. Data is thinned to reduce the volume of data which inputRiSeand to avoid redundancy in the data.

If the MIRAS instrument operates normally, more than 1 Gb atadwvould be provided for a timeslot of 6h
in dual-polarisation mode, whereas this quantity can bélgolif the instrument operates in full-polarisation
mode. This amount of data cannot all be introduced in the UiSSfpr a single satellite instrument, taking into
account that many other satellite data are used simultaheothinning is therefore mandatory. Thinning is
also a critical step in so far as it selects which data fromatfiginal files will be monitored, but also which
data has a potential input to correct the soil moisture siatethe ocean salinity value through assimilation
experiments.

Data thinning can be done in many different ways. Currertlgrting of SMOS data follows a very simple
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approach, filtering only 1 out of 10 subsets in a BUFR messayés is equivalent to thin the volume of the
initial data set in about 90%. As reference 10% is an appraténbenchmark of the initial volume of SMOS
data that the IFS can handle. Although the volume of datadmgly reduced, however the angular signature
is maintained for monitoring purposes. In the context ofribgt contract with ESA, a specific work package
will be entirely devoted to investigate a flexible strategythiin SMOS data. This further study will ensure
an approach which will make the best possible use of the ranfjular aspect of the signal and therefore will
make the most efficient use of SMOS data both for monitorirdyassimilation purposes.

Fig. 1 shows a snapshot of the Supervisor Monitor Scheduler (SM&8ysis family, highlighting thggresmos
job, being part of th@repareobssubfamily, where all the pre-screening tasks have beereimghted.
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Figure 1: Presmos jobs, being part of the obs family in an expent using 12h windows for satellite data.

Pre-screening tests

The different quality checks enumerated in section weredewith three different data sets corresponding
to data of the two first months of the commissioning phase,r&vhaultiples calibration actions took place.
The comparison of these data sets at three different tim&esnigpossible to observe a clear evolution on the
quality of the data still in a premature phase, as shown ineThb

Fig.2 shows the number of individual observations rejected aaetifon of the first 18000 snapshots for the files
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Table 1: Number of observations rejected per snapshot duhie early quality checks phase.

Date | snapshots| subsets | rejections | % rejected
28-11-2009 17940 28203176 147185 0.52
20-12-2009 17592 28739029, 58967 0.21
16-01-2010 15347 24322415| 34386 0.14

including the previous data. This corresponds to the firsil$of sensed data for these days. Only snapshots
with less than 5000 subsets are shown because they cordefsppuare H or V polarisation integrations. Cross-
correlated polarisations are not shown here since they magravailable for all files. This figure clearly shows
how the number of rejected radiances is maximum for tH8 @BNovember, when still no calibration was
performed, and they are significantly smaller for th& 20 December and 1&of January. Large peaks in the
number of rejected data are attributed to areas contandinvgith RFI. In Tablel a quantitative comparison
between the three data sets is presented. It shows how thiy g@fithe data is best in January 2010, with only
0.14% observations rejected after the first group of qualicks.
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Figure 2: Number of rejected observations as a function efgihapshot number, conducted by pre-screening tasks for 6h
of NRT SMOS product.
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Part Il - Collocation software

All SMOS data that go through the pre-screening jobs are edppto model space. It is in this space
where SMOS data is collocated to the model grid at the reduinedel resolution. The technique used for
collocation is the nearest neighbour technique. The reutivat performs this job is a Fortran-90 routine
called "smosnearest (see the Fortran code in the appendix). For each observatiailable in model space,
"smosnearest assigns a model grid point which is the closest to the olzemw, and on top of that it selects
which of these observations is the closest to the grid péiigt.3 shows SMOS observations for a file contain-
ing the first 12h of data the'Bof May 2010 collocated to the ECMWF T255 spectral resolutjoid (~ 80
km). For sake of clarity in the picture, a zoom over the NdEtst coast of United Kingdom and North Sea
is shown in Fig.4. Black dots are corresponding to grid-points. Values infitpare are the distance of grid
points to the nearest SMOS observation (blue dots) expigasmetres. Note that these observations are se-
lected after a rather simplistic thinning method is apptie@MOS data, thus observations which are relatively
far to the grid point can still be selected in the pre-procgsshain. The number of observations which will
be monitored depends on the model grid resolution and thantis limit parameter. At T7994(25 Km) and
T1279 (~ 16 Km) SMOS observations within a distance limit fixed to 10@@eters are found for all grid points.

The routinesmosnearestis executed following a multi-processor approach. A cqoeslence between the
processor that contains a grid point and the processor dmédios an observation associated to this grid point
is established. This information is stored and propagajethéans of global arrays. This is particularly an
important point as otherwise the matching between gridtpand observations would not be accurate when
gathering all the information into a single data base. Thisaspondence is done through treetbsobs2gp
routine. Observations are also initially flagged followihg same approach through themiosiobs2gg rou-
tine. For more details see Section 5 of Milestone 1 Tech NBt&t 2.

The monitoring chain developed in this way resembles thafledky radiances for AMSR-E and SSMI data.
However, the number of SMOS observations found per timéslotodel space is notably larger than for that
of other microwave sensors. This is a major obstacle in th@dmentation as the previous routines allocate
memory with a size proportional to the number of observatamd the number of processors required to do this
job. Hence these routines consume lot of memory specialgrwhodel resolution increases, as the number of
processors is also increased. In order to avoid this majstaole as well as other memory issues related to the
internal ODB data base created for SMOS, a substantiakuetstation of the code has been made with the
aim of efficiently collocate SMOS observations to model gridnts. In the new structure (see FHp.it is the

last version of the ODB software which distributes the obsons per processors, associates a local grid point
number to each observation and evaluates the distancestgrifiipoint. This new structure has demonstrated
to be very efficient in terms of memory consumption, as noitextdl global allocated variables are further
required. Thus, the collocation with the model grid is effitiat any model resolution and it does not increase
significantly memory resources. This new version of the SM@®3ementation chain will be included in the
next cycle CY36R5/CY37R1 and used for the offline monitomiGMOS data.

Contract Report to ESA 5



SCECMWF ESA report on SMOS data interface to ECMWF IFS
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Figure 3: SMOS observations collocated to grid-points in25% model grid resolution. Brightness temperatures values
are in Kelvin.

°
39552

(1)
7063
(] L]
35744 26715

Figure 4: Nearest SMOS observations (blue dots) to grid fsqliblack dots) in a grid of T255 spectral resolution. Values
in the figure represent the distance between the model giitt pad the nearest SMOS observation point, in meters.
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Part Il - Offline monitoring suite

Due to memory limitations, SMOS data monitoring is not stwitd on in the ECMWF operational suite. Instead

an experiment in research mode is run which enables thencmnis monitoring of SMOS data. The main goal

of the SMOS offline monitoring suite is to routinely monittietdata over land and sea as well as to localize
the presence of possible temporal or spatial bias which miagtantially affect the soil moisture analysis. The

offline monitoring suite is composed of the following maigast:

a.- Routine acquisition of data,
b.- Pre-screening of data in BUFR format (see Part | of thiere,

c.- Mapping of SMOS BUFR data to internal Observational [Bdae (ODB) format for use in the IFS (see
section 4 of Milestone 1 Tech Note - Part 2),

d.- Collocation of observations with model fields (see Raot this report) and computations in model space
(forward modelling, first-guess departures),

e.- Production of global maps with statistics (see Globati§ics section of Part Il of this report) and pub-
lication at the SMOS offline monitoring webpage (http:/mwamwf.int/research/ESArojects/SMOS/
monitoring/smosmonitor.html)

SMOS brightness temperatures are currently being mouitimea specific number of incidence angles and

for the XX and YY polarisations (polarisations in the satelantenna reference frame). For each grid point,

only for those observations which are flagged as active (@ with the distance closest to the grid point) the

radiative transfer code CMEM (the Community Microwave Esiia Model, see Milestone 1 Tech Note, Part

1) is activated and a model equivalent of this observatiawoimputed. The computed modelled value is then
compared to the closest observation value and the firssgiesarture (difference between both data values) is
stored in the Operational Data Base for further use.

Fig. 5 shows an organigram of the complete SMOS offline monitorimgrcwith the new structure. Compared
to Fig.5 of Milestone 1 Tech Note - Part 2, two big changes @aoliserved:

Firstly, pre-screening is now carried out simultaneouslynulti processors. The reason for this is thaes-
mos jobs in Fig. 1 were taking too long to be incorporated in an operationairchBy distributing the data in
several processors and by conducting parallel similaispreening steps, the computing time required to run
'presmosjobs was considerably reduced as to be comparable to thaucted for other satellite data, and thus
being compatible with the operational suite. Also, theriimg scheme has been modified in order to have a
better control and add more flexibility over the incidencglarof the observations which are monitored (to be
addressed in the next contract, -in Technical Note of PHa¥éR1200 at KO+7- currently under evolution).
Secondly, computations in model space are greatly simglifie particular, global variables allocating a large
amount of memory dissapear in this version and the distabudf the observations is now done at the time of
mapping observations to model space. In particular, thisagrh has demonstrated to be an efficient way to
collocate observations with model grid points, mainly githiesolution.

All SMOS observations in ODB are screened and a flag is atéibindividually to each of them (land, sea,
active, passive, etc). Forward modelling is then computdy for those observations which are closest to the
grid point. The transition back to observation space is paiarried out bysmosupdate(see right box of
Fig.5). Finally departures are computed by thm{¥’ routine and stored in ODB. The resulting ODB database
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is connected with a statistical package (adapted also €0B8MOS requirements) which is able to produce long
term statistics about the data and the model simulationsRin. N

Computations in
model space (gp_model)

___________________________

1| Flag SMOS data in grid point

¥
L1C-NRT BUFR product
= call smos_process

\

r
I I
I |
I .
| 1
I i
| ! 1
I v i
Convertto L1C.NRT I i Forward model (CMEM) |
ECMWF BUFR-pmdm:t ! [lis physics interface routines :I
I 1| = cail callpar .| I Hassive
(N Zaf it
P ; : = call smos_screen 77! monitoring of
|5""I'“ EC""“"““E““"’“ e e ¥ * CMEM interface - | |! Ib:} L1C TBover
{ Mappingand , | | . call it land & sea
‘ MARS ‘ [ ECFS ‘ | load datato ! || -%Tg;v;:s?:rface £ i |
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! I ; : : N
Pre-process data: ; | I i Back to observation space vl
+ Consistency checks Distribution | | =call smos_update N
» Parallel data thinning per processor | e - I
i d grid point
il Er— | ' Compute departures |
R L | hop
BUFR files | |
CDB data |

Figure 5: Organigram of the SMOS offline monitoring chaineleped at ECMWF.

SMOS offline monitoring webpage

As part of the SMOS monitoring support activities, ECMWF iaintaining and regularly updating an offline
webpage where global daily maps of NRT brightness tempestare shown, sorted by date,incidence angle
and polarisation mode, respectively. The web address i®logving: " http://www.ecmwf.int/research/ESA
_projects/SMOS/monitoring/smasonitor.html’

The multi-angular global maps of brightness temperaturesaavery interesting product of the SMOS data
monitoring implementation, as a simple inspection of tirages of this data at global scale makes it possible
to observe an evolution and localize possible spatial petter angular effects in the data. As example, figures
8, 9 and10show the brightness temperatures at 30, 40 and 50 degrédsrioe angle, respectively. Left panels
correspond to H polarisation, whereas right panels show t@arisation. Figures are shown for the following
days: 1) 28 November 2009 (top figures), 2) 2@ecember 2009 (middle figures) and 3j"M&anuary 2010
(bottom figures). Thus, approximately 1 month of differebeéween each data set is permitted.

Firstly, each figure shows a clear evolution on the qualityhef data, from day 1) (top) to day 3) (bottom).
The day in November is presented as to be very noisy. Thistas d&eived within the two first weeks of
the instrument switch on phase. At this stage no calibratiaa carried out yet, radio-frequency interference
was present in many areas, geolocalisation was not acctinatdata processor was not fully operational, etc.
In December a major calibration event took place and therdiffce in the product is quite significant when
comparing top with middle figures. Improvements are preabnost everywhere. The data is even better the
16th of January, although this needs of a closer look-up and dsieéquantitative results to confirm it.
Secondly, since in SMOS a new technology is tested, it is iapod to check the correct functioning of the
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instrument. Days in December and January have an expedtestiber for both polarisations: brightness tem-
peratures values getting colder with the incidence anglélfpolarisation and an opposite behaviour for the V
polarisation, with both displaying values within an acedy¢ physical range, as confirmed in the pre-screening
phase. This confirms that the novel technique used in SMQ®Emg relatively well.

Finally, it is also an objective of data monitoring actiggireporting on possible spatial or temporal effects on
the data: 1/ For both polarisations, at 50 degrees, it isrebde thin stripe away of the main satellite track; 2/
For V polarisation, over oceans, the edges of the sateldtktiook colder than the inner part, mainly visible
at 30 and 40 degrees. These last two apparent problems ate tihaefact of including the extended alias free
field of view in the data, which is of less quality that the alfaee area. 3/ There is still residual RFI over
Europe, Middle-East and Asia, which is particularly strafgrward to spot when the data looks very "red” and
noisy. However, in January the data look apparently of gamality over the whole America, Australia and
South of Africa. As example, Fifjl uses the data set 3) to reconstruct a whole image of brighteespera-
tures over South America, where several land features ageteddentify, as is the case of the Amazon and
Tocantins rivers and the Andes mountains close to the Weast @hich present colder brightness temperatures.

Global statistics

As stated in the previous section, the main goal of the SM@®®fmonitoring suite is to routinely monitor
the data over land and sea. A statistical method and venstetmy to identify systematic differences between
modelled values and observations is by producing statiatiglobal scale accounting for several weeks of data.
This is routinely being done for many other satellite daB@MWF and this is the ultimate goal of the SMOS
offline monitoring chain. Fig6 presents an overview of the sort of statistical productsiviaill be obtained

in NRT during the SMOS lifetime with the offline monitoring @in. These statistics are distributed in three
main groups:

1. Time series of area averagegheir purpose is to show time series (at least for the lasitimof data) of:

o first guess departures (observations minus first guess),

e standard deviation of first guess departures,

e observed brightness temperatures vs. modelled brightesgseratures (first-guess),

e number of observations used in the monitoring.
Values shown represent one mean value per 12h cycle aveahgtubal scale. These figures are shown
separately for different incidence angles of the obsewmatand for the XX and YY polarisation modes

of the satellite antenna reference frame. By default théste will produce statistics for the last month
of data.

2. Time-averaged geographical field meanghese plots provide a spatial global perspective of:
e mean value of all the brightness temperatures observedipdyax (by default the spatial resolution
of the grid box is 0.25 degrees for land surfaces and 1 degreméans),
e standard deviation of all the brightness temperaturesreddeer grid box,

e mean value of the first-guess departures collected per gkd b

e standard deviation of the first-guess departures collgmedrid box,
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These plots average all the values contained from the biegirof a month. They are quite useful to
localize areas where RFI is strong but also they show sigmificorrelations with physical land charac-
teristics. More details will be given in Continuous Monitay Reports. They are also provided separately
for different incidence angles of the observations, anddiod and sea. Fig shows an example of these
plots for the whole month of June 2010. It corresponds to na@enaged values of the observations at
50 degrees incidence angle and at horizontal polarisation.

3. Hovmoeller zonal mean fields these fields have as objective to plot one mean value awtnage
pre-defined bands of latitude as a function of time. They niggessible to analyse the geographical-
averaged temporal evolution of statistical variables. sTtpunctual problems in the data that could be
unnoticed in geographical area average plots, can be eealjzled in these ones. Hovmoeller plots are
available for the following variables:

e mean value of observations (by default three bands of lodgibf 120 degrees and bands of 2.5
degrees of latitude are used to obtain statistics),

e number of observations per box,

e first guess departures per box,

e standard deviation of all the brightness temperaturesrebédeer box,

e standard deviation of the the first-guess departures tetlgmer box,

Currently these statistics are being produced and puldigiieing a test period before routine production. A
following update will produce the same statistics indeganly per hemispheres, continents and selected areas
of interest for cal/val teams. On top of that a new statispicaduct plotting first-guess departures as a function
of the incidence angle, averaged per grid box and contasengral weeks of data will be included too.
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Figure 6: Global overview of SMOS statistical products aiéa under the offline monitoring suite.
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Figure 7: Spatial distribution of time averaged SMOS briggs temperatures for June 2010 at vertical polarisation.
Only observations with at an incidence angle around 50 degjege used in this figure.
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Figure 8: Brightness temperatures for real NRT SMOS dataad&jrees incidence angle. The left panel corresponds to
H polarisation whereas the right panel is V polarisationgies on top are for th&8" November 2009, middle figures
correspond to th€0" of December 2009 and bottom figures to #i6&' of January 2010.
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Figure 9: Brightness temperatures for real NRT SMOS dataadeégrees incidence angle. The left panel corresponds to
H polarisation whereas the right panel is V polarisationgies on top are for th&8" November 2009, middle figures
correspond to th€0" of December 2009 and bottom figures to #i6&' of January 2010.
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Figure 10: Brightness temperatures for real NRT SMOS datategrees incidence angle. The left panel corresponds to
H polarisation whereas the right panel is V polarisationgies on top are for th&8" November 2009, middle figures
correspond to th€0" of December 2009 and bottom figures to #i6&' of January 2010.
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Brightness Temperatures
@ 50-220 @ 220-230 @ 230-240 © 240-250 @ 250 - 260

@ 260-270 270 - 280 280-290 @ 290-300 @ 300 -330
80°W 60°W 40°W

Figure 11: Brightness temperatures over South-Americalaindidence angle and V polarisation. This figure collects
three days of NRT SMOS data, frai@" to 20" December 2009.
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ESA report on SMOS data interface to ECMWF IFS

ECMWF

Vo

Fit Q54 1saleau 0 WS 0107 "2z Jagquadag fepsan]

DI
IT=1{T04d II}XIIHT I0
(T0LA TI0E AR IHN0D 49 'T=IT oQ
I8 T
({048 ) AFAHT 90 7 (T04 " J094AM) LHN0D ™ 49 'T "(J094AR " JHIN 032 901}y | YOG TIHD
CROSFIS—SPTE PeUSMINT W (SSES STy UT) S NTA OFF 90T
Fa JTepla sy febwmsiyrs 0fE XINOST 3 spay darrrgrogpardsa—grg
perrewy BUrdarrag syr  CSSUTMIOr m.ﬂn_m.mM#ﬂ.m Burueis 1o SUrmesw weys
MEHL NS IT) AT
4
- (T B06)D |0 TIHD
{ LSTAVAN SOMS, =9HTALS) Y HH7H TdW TTE
{0780618 I¥I15 TIVD
!
Futii

LTTZ0ENS VLIRS .Eﬁ..._
i

ATONI
4 ._mmm.mﬂwz SOMLS, =OHTIISI) p+OIT=0W LA T=20dn0sT %
2 LO0EdAR " (IO "A0E AR LHN0D ™ 40 TYHIN 038" 20D A03 Y 14 TIED
{ L ISTUWAN SOMS, =9HTHLISD "E+9MIT=9¥ LA " T=32d009T =
2 0T0LA " D0 A5 T {02 TO0T AN IHN0D™ 49 1) 497 0 90 A03 Y 14N TS
{  ISTU¥IN S0MIS, =OHTH1S) ' Z+9M1T=9¥ LA " T=32d00 9T 2
2 UTodE T add AN T0D T 00ddER) IHN0DT 49 T edor 90303 Y 4 TIHD
{  ISTTFIN SORIE, =9HT4LSTD ' [+9¥1I=9¥IA T=33dn05T
2 0T 20 d AR T T0 LA TI0EdAN) M0 DT 29 T A0S 20003 Y 1IN TIED
MWL) =/ (T04A 209440) IHN0 2~ 490 I1
- !
{  LSTIVAN OIS, =IHTIIS 0D "aWIT=94 LT 'T=T34n05d 7
TS TI0dd AN IH0D 220 a3 14N T
(07206}E IvIEH TID

!
=
!
(TE0ENS IvIED TTMD

!
WO
- ol
i ISTUVIN SOMS, =9HTALS D " p+9WIT=a0 1A 20ddT=153TL %
% {20941 " {T0LT "A0EIT) IHN0D 49 TIHTIH 038 90T)nIS 144 TTED
O ISTUVIN SOMIS, =9HTALS D " +9W1T=3¥Id 10ddT=1290d 7
B {T0dA T I09AT {0 a0 dT) IHN0a 39 T2 9 40dL J0dgy3g 14l T
{  ISIUFAN S0MIS, =9HTHLISD "Z+9H1T=0¥ 1 2094T=123mf =
2 T0dE " a0dd L (To D "00ddI) IHN0 DT 49 1 T 2900 900N 3T 14 T
{ ISIUFAN SOMIS, =9HTHLISD "T+9H1I=9¥ LA ‘1094 T=12a0d =
2 IO "0 ddT T {T0 D T0 04T} IHN0 DT 49 1 T A0dd 900 gn IS 14 T
HEHXL) =/ {1040 20d4I) LHN09” 497 AT

1SIHY I SOWS INILWEINS aNI 204N T Z=2094T 0@
_ _ ] i
(TTaEH A00HE T, LETYWAN S0ME, ) Y00H Yg T {(d400HT» aI purad-prif suda peygy Jossssard op pusg
_ I _ _ i
(a2 90 ) A0 TIVIX (INA0D D ‘OI0L0T L INGODTdD CHYA-TF, ¢k \LOOTONI TITHY
i 2400”90 T) ATWIOTIVA _ i
LA0Td 90 I} A0 TIET C0T0da " ) MO DT 9 ) WiNS=9 L0 LI T
(HIH 032901} AVI0TIVEX J
{HIH .H.mHnlm_umwuHmua.-.ENn _ I
{40dL 90 1) A0 TTYIN { \ISAUFAN SOME, =9HTHLS0D "9¥LT=9¥Id 104dI=12dTA =
{01901} ATEI0OTIVIX B {T0dd "20d4I) 1Moo~ 493y 3g T TTED
{1eT0 90z ) ATYI0 TV 20ddH "2=0094T 0a
i i
araa {0 "Z0EMG 1¥IGN TIYD
oyg abey 064 IssEaU Sows ££:91 01 '0Z dag g2 abey 064 IssEaU Sows ££:91 01 02 dag

daledes zounpy wnkbeor A paul g

Contract Report to ESA

20




