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Abstract

ESA’s Atmospheric Dynamics Mission (ADM), called Aeolus
to launch the first space-borne Doppler Wind Lidar in 2011
operate it for three years. The observed wind component profil
radiosonde quality as to be measured by ADM-Aeolus are impc
to initialize Numerical Weather Prediction (NWP) models on
smaller scales and in the tropics and are particularly lackreg the
ocean and in the southern hemisphere. So, for regional forecas
Europe, the Arctic, North Atlantic, Mediteranean Sea, Africa
some eastern countries lack a dense wind profile observ
network. Therefore, ESA makes an effort to organize a Qusai-
Time (QRT) delivery of a portion of the Aeolus L1B measuren
profiles (L1B) within 30 minutes. For southern hemisphere, troy
and descending Aeolus orbits Near Real-Time (NRT) delivedybei
achieved. However, QRT delivery of Aeolus wind profiles (L2B
not yet foreseen by ESA. This paper outlines the needs for ialc
QRT and NRT delivery, in particular for regional NWP forecagt
EUMETSAT is requested to support such service for ADM-Aeolu
preparation of future operational DWL missions.
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SUMMARY

ESA’s Atmospheric Dynamics Mission (ADM), called Aeolus, islaanch the first
space-borne Doppler Wind Lidar in 2011 and operate it for three ydssobdserved wind
component profiles of radiosonde quality as to be measured by ADM-Aa@uisiportant to
initialize Numerical Weather Prediction (NWP) models on thalken scales and in the
tropics and are particularly lacking over the ocean and in the soutkerisphere. So, for
regional forecasting in Europe, the Arctic, North Atlantic, Meditean Sea, Africa and
some eastern countries lack a dense wind profile observation netwerkefdre, ESA makes
an effort to organize a Quasi Real-Time (QRT) delivery qifodion of the Aeolus L1B
measurement profiles (L1B) within 30 minutes. For southern hemesphwpical and
descending Aeolus orbits Near Real-Time (NRT) delivery ballachieved. However, QRT
delivery of Aeolus wind profiles (L2B) is not yet foreseen byAEShis paper outlines the
needs for a central QRT and NRT delivery, in particular forored NWP forecasting.
EUMETSAT is requested to support such service for ADM-Aeolysr@paration of future
operational DWL missions.

INTRODUCTION

ESA is currently implementing the Doppler Wind Lidar (DWL) sigs 'ADM-Aeolus’
in its Living Planet Programme. The mission is a demonstratorfuture operational
missions providing vertical profiles of the tropospheric and lowatagpheric wind field for
the improvement of numerical weather prediction (NWP) and atmosptesearch; see [1]
for more details. The quality of the ADM-Aeolus wind component [@efis benchmarked
on the quality of radiosonde winds. ADM-Aeolus data is expected poowe atmospheric
analyses in the Southern Hemisphere, in the tropics, over the oceBofrimegions, and in
other areas where conventional wind profiles and aircraft wind gsofdscends/descends)
are sparse. ADM-Aeolus would make the distribution of wind profile mhasens more
uniform. In turn the improved analyses are expected to lead to iegpldWP forecasts [2].
Simulation studies reveal that ADM-Aeolus may have an impact avacdst quality
comparable to that of radiosondes. Moreover, studies in THORPEX @bderving system
Research and Predictability EXperiment) with a very lichigmount of aircraft DWL
observations in the North Atlantic showed a substantial forecastcinn Europe [3]. Based
on these experiences, most benefit from ADM-Aeolus for regiaracésting over Europe
would be achieved when Aeolus wind profiles would be made available & igpad time
(QRT), such that most ADM-Aeolus wind profiles may be timelyéoincorporated in the
NWP data assimilation cycles with short time cut-off times down to 30 minutes.

In this document ADM-Aeolus is first described including iteugrd segment and data
latency. Subsequently, the complexity of wind profile derivation isudsed and a Quasi
Real-Time (QRT) and Near Real-Time (NRT) central processingts/ated.
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DESCRIPTION OF AEOLUS

ADM-Aeolus exploits a ‘Doppler wind lidar (DWL), which in turn usks light
scattering and the Doppler effect to acquire much-needed winidepsbtervations. A lidar
is similar to the more familiar radar, but transmits aneivas light instead of radio waves.
A lidar works by emitting a short, but powerful, light pulse fromaaer through the
atmosphere. As the light pulse travels through the air it cteergith air molecules, particles
of dust or ice and water droplets. This causes a small amountlaftth be scattered in all
directions. Some of this light is scattered back towards the lidar. The lidi@ssape collects
the backscattered light, and directs it towards a receiwtersy The time between sending
the light pulse and receiving a signal determines the distandbetdscatterers’ (air
molecules, cloud droplets, etc.), and thus their altitude above the soffgoe Earth. The
DWL measures the change of wavelength to determine theityadbéthe scattering particles
in the direction of the light pulse by exploiting the Doppler effeat precise information on
the movement of the satellite platform. Aeolus will orbit thetlicat an altitude of about 400
km. Measurements will be taken orthogonal to the flight directioanaangle of 35° off-
nadir. For every 700 laser-pulses, over which time the satelbieesnforward 50 km, one
wind component profile will be obtained. For more details on ADM-Aeolus, see [1].

Based on breakthrough technology, the Aeolus DWL instrument, caAlleXDIN,
consists of a powerful laser system to emit short laser pdéses to the atmosphere, a large
telescope to collect the backscattered light signal, andyaseesitive receiver to analyse the
Doppler shift of the signal from layers at different heightshiea atmosphere. The laser
system generates a series of short light pulses in the ulttaspaletral region at 355 nm. The
ultraviolet region was chosen because the backscatter from adéicutes at this short
wavelength is particularly strong, and also because thislerayte can be generated with
solid-state lasers, which are amongst the most advancedbéeafh ADIN is dominated by
a large telescope, which measures 1.5 meter in diameter. [&seofee is used to collect the
backscattered light from the atmosphere and then directs it tceteeser. The receiver
analyses the Doppler shift of the backscattered signal withategpehe frequency of the
transmitted laser pulse. Two optical analysers are used tauragasspectively, the Doppler
shift of the (Rayleigh) scattering off molecules and (Migttering from aerosol and cloud
particles. Highly sensitive photo-detectors then transform th# Bgynals into electronic
signals, which are amplified and stored on board until they are tithedto the ground for
processing.

The measurement profiles, each corresponding to about 3.5 km sampijtig EO laser
pulses, or 0.5 seconds, are processed over a distance of 50 km to obtaindtipeofile
observations. The wind observations are spaced 200 km apart complyimgNWIP
requirements.

AEOLUS GROUND SEGMENT

The measurement data will be transmitted to a ground stationpencebit, i.e., every
90 minutes. A reduction of data latency is an important issue foratopeal NWP
applications. All near real-time users of the ADM-Aeolus Lehedata will receive the data
in BUFR format well within 3 hours after sensing, called NRdwever, the spacecraft and
ground segment will allow for a data delivery time of 30 minafésy sensing over segments
of most Northern Hemisphere orbits by exploiting a US and Euraddmmnd ground station
and corresponding on-ground data link capabilities, called QRT herefjgsee 2. This
makes it possible in principle to use ADM-Aeolus wind profile obestgons for short-range
NWP forecasting. However, although L1B measurement data isytifa8lA does not plan
timely delivery of L2B wind profiles.
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L1B L2B

BUFR/EE BUFR/EE
ALD_U_N_1B ALD_U_N_2B

Rayl/Brill Climate Calibrat’n

EE == EE
AUX_PAR_2B AUX_MET_L2 AUX_RBC_L2 AUX_CLIM_L AUX_CAL_L2

Figure 1. Schematic view of the Aeolus wind profile processor pl.2Bhe top row depicts
the variable measurement information (orange) and the bottom rowatie ¢ variable
auxiliary information needed to process Aeolus wind profiles. Of €acows in the data
boxes the top row indicates the name, the second row the format dmattthra row the file
type identifier (which will be part of the file name).
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Figure 2: ADM-Aeolus Quasi Real-Time (QRT) user deliveryn@asurement data within 30
minutes of measurement from Svalbard. A central US QRT staiomder consideration.
ESA courtesy.
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AEOLUSWIND PROFILES

ESA supports the complete Aeolus wind profiles (L2B product) to be made asafébl
line by ECMWEF, through processing in their cycled Integrated ForecaststgrsyIFS). The
inputs and outputs of the L2B processor (L2Bp) are schematicallynsimofigure 1. These
inputs are briefly discussed below. The portable L2Bp is freghilable from ESA or
ECMWEF [5].

Aeolus measurement data

The Aeolus measurement data is stored in the L1B product. This prozhteins all
variable measurement information necessary to process the A@otugprofiles in either the
BUFR or ESA’s Earth Explorer (EE) formats. Besides atmospldata, the product also
contains ground calibration information that is used as a zero wingkmeée (from bright
land targets). Exploitation of this zero wind calibration id stilder development. The zero
wind calibration is expectedly a function of the known orbit phase ahdrratable (over
several days). In the absence of an instrumental zero wind dalibrdNWP-assisted
calibration may be well possible or (absolute) wind shear may be assimilate

Auxiliary Parameter file
These are static input parameters in EE format. They allowwidching on alternative
algorithms and for changing numerical algorithm and threshold seftindesting purposes.
In an operational setting they should not be touched.

Auxiliary Meteorological data

Aerosol and cloud particles move generally with the air flow @ned Doppler shifted
frequency will be directly estimated from the imaged atmosphsgéectral return. On the
other hand, the Brownian motion of air molecules is generallyriéinge the wind speed and
a double edge band pass filter technique is used to determin@ppéDshift of the broad
Rayleigh-Brillouin motion spectrum. Prior knowledge on the width of thesion spectrum
is required which will be based on prior NWP temperature and pressomnaation [4].L2B
Aeolus wind profiles are thus computed using a reference tempeasneressure profile,
typically a short-range NWP profile. The first order dervatdf the inverted Rayleigh Line-
Of-Sight (LOS) wind with respect to the temperature T for a horizontal L@& eomponent
of 40 m/s is in the order of 0.1 thger K (or 0.25% of the true wind). The wind component
derivative with respect to pressure is for the same speedlityfdc003 m&(hPa)™’. Typical
NWP temperature and pressure errors thus have a very smalitindeed on the derived
winds. Anyway, the first order derivatives of the LOS with resgectemperature and
pressure will be provided in the L2B product, such that correctionstiterh2Bp reference
values may be implemented through the data assimilation sydteenvation operator when
deemed appropriate. The corresponding AUX_MET files are in EE format.

Rayleigh Brillouin Calibration table
A Rayleigh Brillouin Calibration (RBC) look-up table is generdhiafter an instrument
calibration loop. Such loops are expected to be rather infrequent,tseeestrument has
been designed for optical stability. In case of optical degradat the ALADIN system, the
calibration loop may be employed more regularly, e.g., monthly.
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Figure 3: Timeliness of the EARS ASCAT products for the vestk of July 2009 as
monitored at KNMI [6].

Climatereference
To achieve an optical calibration of the L2Bp, auxiliary optitiah@ate data is needed. It
is provided in EE format and may be used to estimate the aerosoloaidbackscatter-to-
extinction ratio in the stratosphere. Not considered to be critical for thp.L2B

Auxiliary Calibration file
To achieve an absolute optical calibration of the L2Bp, auxiliangaphstrument data
is needed. Expected to be very stable. Optical calibration progessreases the control on
the instrument’s performance monitoring.

WIND PROFILE PRODUCTION

The production of all Auxiliary files and the L1B products has beenngid by ESA.
However, a global NRT or regional QRT product is not yet in pl@ethe other hand, a
portable L2B processor is being developed [5]. This processor maytakethsn a central
place for global NRT and regional QRT processing. Since thedi2gut files are relatively
small and the L2Bp processing time relatively fast, a ceptcessing appears attractive.
Even though the L2Bp is portable, its stable installation for KIRIV operational
implementation is rather complex due to the variable auxiliary data neededgrotessing.

Each input file to the L2Bp needs to be controlled, which is to soteatedone by the
L2Bp software, i.e., input screening. Moreover, monitoring of thedwgrofiles and optical
signals against NWP reference data (AUX_MET) will be enpénted, based on L1B and
L2B outputs. When the monitoring is combined with a central processingutomatic
warning flag may be included in the L2B product, on which basis aitormase of the
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product may be interrupted until further notice (anomaly correcticantgxpert). Besides the
L1B input control and monitoring, control on the auxiliary files will be necessawed.

The auxiliary meteorological data needs to be produced in each t2Bype. The
AUX_MET file is variable and will be screened in the L2Bp. Howegeme of the Aeolus
auxiliary calibration data may change as much as weekly (iwdoh&t case) and, ideally, new
files in an operational environment need to be tested before impktioantAutomatic tests
may be best conducted on a parallel experimental Aeolus daasstarted in case a new
auxiliary file arrives. If L2B product differences are hegiple between the operational and
experimental suites, e,g., over a day, then the experimental rmay be (automatically)
promoted to operational status. If the L2B product differences amegbygible, then expert
judgment will be necessary to diagnose the anomaly and accepnandnce a motivated
change in case of product improvement. The introduction of frequent opetati
configuration changes will require a flexible operational environme&hérefore, NRT or
QRT processing should ideally be done at or in association with ansAexqpert centre. The
resources necessary for running and integrating the L2Bm imparational NWP data
assimilation environment are substantial. On the other hand, accamgold2B wind profile
data at a NWP centre, centrally processed in QRT/NRT, aplesarsomplex and thus less
resource consuming. For this reason, the HIRLAM consortium has putaguiaement for
central NRT/QRT processing.

CENTRAL GLOBAL L2B PRODUCTION IN QRT/NRT

Several centres are involved in Aeolus L2Bp development and some watdgddae of
combining expert knowledge on the L2Bp with flexible routine facditfter QRT/NRT
processing. A precedent for QRT and NRT L2 wind processing and mogitfor an ESA
research satellite instrument (ERS scatterometer) on befiathe EUMETSAT user
community can be found at [6], similar to what is needed for Aedlnsther QRT example
is in the EUMETSAT Early Advanced Retransmission Service, EARee, e.q., figure 3 for
ASCAT. Based on KNMI experience on the processing of scatteeontgtta in the
EUMETSAT OSI SAF and EARS projects, some resource estin@atésentral) processing
are given below. We presume that Aeolus L2Bp expert knowledgidevgrovided by ESA
and that the central processing facility has daily acoesthis expertise. Moreover, we
assume that ESA will continue to support the development, mainteaadasontrol of the
L2Bp over the Aeolus life time. The support for the central L2B QIRIT processing would
then be limited to the L2Bp implementation and to the implementationowmiitoring and
control procedures for all variable inputs as described above. Themeigtion would be
global, since data volume is not a limiting factor, but ratherctrdiguration management
which is easier to control for global data. Under the above assumptidresssuming a worst
case scenario where configuration changes leading to L2B priodjpiovement and change
on a weekly basis would occur, the effort for central processingdskollibe limited, i.e., to
about one salary over the Aeolus life time of three years.oOfse, this is just a rough
estimate as in case of granted support further evaluation of suitatites and more detailed
proposals will be necessary.

CONCLUSION

ESA’s ADM-Aeolus mission is to launch the first space-borne Dopperd Lidar in
2011. The observed wind component profiles of radiosonde quality as mehguidaiM-
Aeolus are important to initialize NWP models on the smattates and in the tropics and
are particularly lacking over the ocean and in the southern henmgsphdme with this, for
regional forecasting in Europe, the Arctic, North Atlantic, Meditean Sea, Africa and
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some eastern countries lack a dense wind profile observation netwerlefdre, ESA makes
an effort to organize a QRT delivery of a portion of the AeoluB bieasurement profiles
within 30 minutes. For southern hemisphere, tropical and descending Aebiis ar
complementary NRT delivery will be achieved. However, QRT and N&8ivery of Aeolus
L2B wind profiles is not yet foreseen by ESA. The ADM-AedUlission Advisory Group at
its 17" meeting recommended that its members be encouraged to expéoratales for
making L2B wind profiles available to the users in NRT, potegtialsing existing
infrastructure at e.g. KNMI, EUMETSAT and/or ECMWF [7]. Fnlling such
recommendation, this paper stresses the needs for a centrallé€dRary for regional NWP
forecasting and for a global NRT service of Aeolus L2B wind prefied suggests
EUMETSAT to support this modest effort for ADM-Aeolus in prepara of future
operational DWL missions.
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