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Parameter Value

Altitude 850 km

Inclination 98.81°
Eccentricity 0

Sun Yes, noon/midnight
Synchronous

Table 6-16: Orbital parameters for the demonstrator

This orbit repeats ground track every 9 days, Figure 6-21 shows the ground track in a 24 hour
period.

It is suggested here that the orbit be set to be ascending over Europe, allowing for immediate
transmission of data to a northern European ground station rather than waiting for an orbit. This
would meet a 60 minute local requirement without requiring a southern hemisphere ground station.

The suggested ground stations for downlink are either Svalbard or Kiruna due to there high latitude
and position after an ascending pass over Europe. Data will be downloaded once per orbit.
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Figure 6-21: Demonstrator ground track over 24 hours

6.3.3.2 EarthCARE Formation flying

The possibility has been considered of placing the demonstrator in the same orbit as EarthCARE
but a short way behind or ahead, in order to synergise the results with those of the ATLID
instrument. However, due to both the lack of propulsion and the time constraints on the
EarthCARE mission (i.e. it will have been on orbit three years by the time WINDS is launched) this
is not considered feasible at the present time.

6.3.3.3 Disposal

Disposal of the spacecraft from 850km after the end of the mission is problematic. Current
requirements call for spacecraft in orbits of < 2000 km to re-enter the atmosphere within 25 years
of end of life. It is expected that the orbit of WINDS not be a critical one from an orbital debris point
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of view, however guidance will be sought in the Phase-A study from the Agency as to the exact
requirements for end of mission disposal.

It is worth noting that if left for the orbit to decay due to atmospheric drag at 850km (the orbit will
have decayed to only 847 km in this time). In-order to de-orbit from 850km, a delta-V of -~2 km/s is
required. For a spacecraft weighing 100kg, this would require at least 50kg of propellant (assuming
a bipropellant system with an Is, of 300s). This is clearly unfeasible in the frame of a low mass
mission and would grossly affect the simplicity and cost of the mission in design and launcher
selection.

6.3.4 Operations Strategy

After placement in the final orbit, commissioning tests will be carried out over a three month time
period to ensure that outgassing is completed and test and stress all aspects of the ground
processing system. Timeliness is critical to ensure that data from WINDS is available to the NWP
partners within a sufficiently short time period from imaging. This will require a two-pronged
strategy to be adopted.

In the first prong, onboard processing will be used to navigate and georeference each pixel and
provide pixel-level acuity wind components on a 48km grid alongside 1.2km products in the
satellite projection system. These will be directly broadcast and can be employed by weather
services around the world for local and regional NWP forecasts and nowcasts in the case of severe
weather.

In the second prong, a complete data dump will be made of all looks collected (either once or twice
an orbit depending on whether NASA might support an Antarctic receiving station in a similar
manner to the one proposed for ADM-Aeolus). These data will then be processed at a suitable
ground processing station in Europe. Then using the EUMETSAT infrastructure (EUMETCAST) the
WINDS data will be re-broadcast and disseminated to European weather services (and hence
worldwide through GTS).

6.4 OSSE

The benefits to numerical weather prediction that are expected from assimilating stereo motion
vectors (SMVs) in addition to existing sources of AMVs can be determined through an Observation
System Simulation Experiments (OSSE) (Arnold and Dey, 1986; Lord et al., 1997) performed with
and without MISR SMVs. This is further described in section 4.7.

A crucial component of a traditional® OSSE is the reference (or “true”) atmosphere — denoted as
the Nature Run (NR) — which is represented by a model forecast spanning a period of time during
which the new instrument is assessed. Note that the evolution of the atmospheric states as defined
by the NR are not supposed to closely approximate the real atmosphere, as they are not
constrained by observations (as opposed to, say, a succession of atmospheric analyses). This
does not pose a problem, as long as the NR trajectory is realistic (i.e., its evolution represents a
likely state of the climatological distribution), and has the advantage of representing the real
atmosphere in the idealized case of the absence of initial and boundary conditions error as well as
of model error.

The NR that we would use in this project is that produced by ECMWF for the period between May
1t 2005 to June 1% 2006. The NR atmospheric fields, with a three-hour temporal frequency, have a
T511 horizontal resolution, corresponding to a grid size of about 40 km, over 91 vertical levels.
This succession of “true” atmospheric states is used to simulate a comprehensive set of imperfect
observations, reflecting the statistical characteristics of the error on each observation, including
representativeness error reflecting differences between the resolution of the measuring
instruments and of the simulated atmosphere. Considerable attention needs to be paid on a
reliable simulation of observation errors, given the results of the OSSE are sensitively dependent
on them. However, real observations may be biased or have correlated errors and it may be
challenging to reflect these characteristics on the simulated observations.

* Other approaches to OSSEs are briefly discussed below
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The first task of an OSSE is to assimilate existing observations (i.e., excluding those from the
instrument we want to assess) to test its ability to produce estimates of atmospheric state at a
given time (denoted as “analysis”) that have characteristics that are, on average, similar to those
produced with a data assimilation system that uses real observations. The OSSE performed for
this project will make use of the latest version of the ECMWF operational 4D-Var data assimilation
system (DAS), which is available for use provided access is granted through the ECMWF Member
States allocation of computational resources. The NCEO group based at the University of Reading
has acquired over the years a considerable experience on the use of the ECMWF DAS and will
apply for accessing ECMWF computational resources to perform this OSSE. Due to its relatively
high computational costs, the OSSE will only cover a relatively limited period of time, that is likely
to be between one and two months, depending on the granted allocation of resources. If the results
of the assimilation of existing observations in the DAS are considered realistic — a condition that
may involve a number of successive adjustments — these are said to represent the “control” run
that will be used to compare the OSSE results when the data from the new instrument is used
together with all other available measurements.

As anticipated above, the next step required for our OSSE is to perform the “perturbation” run, a
data assimilation experiment using exactly the same configuration used for the control run, but with
the addition of measurements of wind from the MISRIite instrument to the set of data to be
assimilated. The data from the new instrument will have to be carefully simulated according to the
expected characteristics of the instrument (e.g. spatial resolution, temporal frequency) and of its
errors (e.g. precision, systematic and representativeness components). A possible way to test that
the errors MISRIite is assumed to have are realistic is to compare real MISR SMVs with MISR
SMVs that are simulated by means of the NR, which represents our true atmosphere. The
statistical distribution of the differences between real and simulated MISR winds should reflect the
distribution of MISR wind errors and can be used to guide the specification of MISRlite errors. Due
to the relatively coarse resolution of the NR with respect to the resolution of MISRIite, we will
perform the MISRIite OSSE with data at 12 km resolution, originally from cloud-top height and wind
retrievals on a 1.2 km grid, to minimise problems due to an incorrect specification of the
characteristics of representativeness errors.

Results produced by the perturbation run during the chosen case study will be compared to the
results with the control run, except for the initial part of the simulation period. The exclusion of this
initial (often denoted as “spin-up”) period is motivated by the fact that during this period the
observations simulated with model forecasts usually systematically differ from the observations
simulated with the NR, due to the different configurations (including the choice of the initial
conditions) of two models. The effect of assimilating observations from the NR into the two model
used for the control and perturbation runs will tend to eliminate systematic differences between the
model forecasts (owing to the fact that simulated observations are assumed unbiased) so that the
differences between the different runs and the NR will only reflect differences due to different
observational configurations. The length of the spin-up period can vary significantly, depending on
the observational configuration and geographical location, and can be determined by monitoring
the systematic differences between observations and model forecasts. In our case, the expected
length of our experiment will pose a cap on the length of the spin-up time, which will be of the order
of a week.

To compare the two runs we will calculate the skill of the forecasts when using the control and the
perturbation configurations. The agreement between forecasts and analyses for the two runs will
be calculated by means of standard statistical indicators, such as the root-mean square difference
and the anomaly correlation (AC), for a number of atmospheric fields. For example, we will
compute the AC for the 500 hPa geopotential height, for both runs and compare the differences
with the results obtained from the AC at 200 hPa and 850 hPa (e.g., Matsutani et al., 2006).
Geographically dependent evaluations will also be performed, to reflect possible dependence of
impact of MISRIite winds where there is less availability of wind measurements, as well over the
tropics, where winds cannot be inferred from the mass field, due to the breakdown of the
predominance of geostrophic balance.
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The robustness of the results obtained with the traditional OSSE can be tested by means of
another approach to OSSEs that make use of a data assimilation ensemble technique (e.g. Tan et
al., 2007). The advantage of this approach is that MISRIite winds are the only data source that
needs to be simulated, while it is possible to use all other real data that are assimilated
operationally at ECMWF. However, in this case the true atmosphere replaces the NR, with the
result that an independent forecast (e.g., produced with the Met Office model) needs to be used to
simulate MISRIite data, to avoid misrepresenting its errors. Results from these two types of OSSEs
will be compared to provide an accurate assessment of MISRIlite wind measurements.
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7 Programmatic elements
7.1 Design, Development and Verification Plan
7.1.1 Overall

7.1.1.1 Design and Development
The spacecraft is of standard design so limited design and development activities are required.

The two IR/optical instruments are of more novel design, but based on previous designs. The DDV
plan for these is as follows:

- technology development and scientific prototype during Phase-A
- full prototype instrument during Phase-B
- standard QM and FM units during Phase-C/D

The WAPU processor unit is a new development and will be built and tested as a prototype before
the standard qualification and flight units are built in later phases.

7.1.1.2 AV

The WINDS concept separates the payload and spacecraft, so that AlV of each element can
proceed in parallel. The spacecraft bus is of standard design so AIV can similarly proceed in as
standard way.

The AIV of each of the payload elements will be separate, with integration of the instruments
together happening at spacecraft level. Following integration of the payload elements the
spacecraft AIV can be completed. There are no scientific calibration activities planned at
spacecraft level.

7.1.2 Payload

7.1.2.1 MISRlite

The MISRIite concept is based on the MISR instrument flying on the Terra spacecraft. However,
that uses a number of telescopes looking at series of angles rather than one optic with multiple
detectors, and works in the visible rather than the IR. Therefore, the technology heritage from
MISR to MISRIite is limited to reuse of the algorithms for derivation of the SMVs in ground
processing and in the WAPU.

The elements of MISRIite that require prototyping in Phase-A are:
- Detector focal plane
- optics
- readout electronics
These activities are described in section 6.1.4.
During Phase-A a scientific prototype of the instrument would be developed.

Apart from the technology development activities, Phase-A will include a full design study of the
instrument.

Under Phase-B a complete prototype instrument will be developed including the three elements
prototyped in Phase-A. The prototype will be tested on an aeroplane to show that views of clouds
are correctly registered and that the data processing algorithms work correctly.

Under Phase C/D qualification and flight models will be built.

7.1.2.2 OABS

The OABS concept is similar to the MERIS instrument on Envisat. The elements of OABS that
require prototyping in Phase-A are:

- Optical Filters
- Spectrometer design
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- Calibration System
These activities are described in section 6.1.4.
During Phase-A a scientific prototype of the instrument would be developed.

Apart from the technology development activities, Phase-A will include a full design study of the
instrument.

Under Phase-B a complete prototype instrument will be developed including the three elements
prototyped in Phase-A. but aeroplane testing is not planned.

Under Phase C/D qualification and flight models will be built.

7.1.2.3 WAPU
The hardware elements of the WAPU will be breadboarded in Phase-A.

In Phase-B a prototype WAPU will be built, not necessarily with the complete set of 10 processors.
This will be tested initially with MISR data and late with data from the flight tests of the prototype
MISRlite.

In Phase-C/D the WAPU hardware development will be as for a standard flight avionics unit.

The WAPU software development will need to be carried out in close coordination with the ground
processing software, rather than as a separate exercise working from the same specification, as it
is required than the onboard processing is updated in correspondence to the ground algorithms
during operations. Otherwise the SMVs from the real-time and ground processing could be at
variance. This may require that the WAPU hardware is developed separately from its software,
with the software coming from the same thread as the ground data processing development.

7.1.2.4 Summary

The DDV plan is summarised in Table 7-1. A register of the risks of the Phase-A is given in Annex
F.

Item Phase-A Phase-B Phase-C/D

MISRIite Technology Demonstration: Detailed instrument design Qualification Model build and test
- focal plane Prototype Instrument Build Flight Model build and test
- detector electronics » Test in Aeroplane i
- optics

System study

OABS Technology Demonstration: Detailed instrument design Qualification Model build and test
- filters Prototype instrument build Flight Model build and test
- spectrometer design Laboratory testing >

- calibration system

WAPU Technology Demonstration: Detailed design Qualification Model build and test
- algorithm software Prototype unit Flight Model build and test
- technology development Software development

System study

Spacecraft No Technology development Design Development R PFM Spacecraft build and test
System study

Data Processing Prototype algorithm software Software study Implement data procesing system
Software Detailed design g

Table 7-1: Summary of Design and Development Plan
7.1.3 Spacecraft
The Overall schedule for the WINDS mission will be designed to meet the launch date of 2018
For the Mission it has been assumed that
e The Phase A programme will start at the beginning of 2011

e The time required to develop and test EQM payloads is as specified in section 7.1.2
(Instrument DD&V)
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e EQM models will be flown and that a one month refurbishment programme will be required
on completion of EQM testing;

e Procurement of long lead items will start a year before start of instrument AIT;

e The time required to re-qualify, procure and test the platform ready for payload integration
is 18 months and commences 18 months before delivery of the payload. This activity is not,
however, on the critical path and can commence earlier if required.

The COTS nature of the platform will mean a lengthy C/D phase for the platform is not required
and the DD&V plan is driven by the Instrument development

7.1.4 Phase-A organisation

It is envisaged that ESA will issue a consolidated tender for the Phase-A study of the WINDS
mission, if it is selected at the EE-8 assessment.

The Principal Investigator and other proposers will expect to be involved in the following areas on a
continuing basis during Phase-A:

- Support of the scientific definition of the mission and translation into system requirements

- Development of the algorithms for cloud recognition for the ground processing and on-
board processing functions

ESA will need to consider how the development activities of the MISRIite instrument already
carried out at UCL-MSSL and of the OABS instrument at FUB can be properly incorporated into
the mission.

ESA will also need to consider that the spacecraft development will not be the critical path for the
mission and hence how sufficient emphasis is placed on the instrument development and that this
is not held up by spacecraft contractual issues.

7.1.5 Phase-BCD organisation

The WINDS programme development is consistent with an industrial tender for the complete phase
BCD development. Parallel support of the scientific team will be required and is costed below.

7.1.6 Schedule

An indicative schedule for development of WINDS is given in Figure 7-1.
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2012 2013 2014 2015 2016 2017 2018

Phase-A
Spacecraft study

Instrument Technology development
Instrument science prototype build
OSSE

Phase-BCD
Mission selection ‘

Tender process

Prime selection H

Spacecraft Phase B

Spacecraft development

Spacecraft AIV e

Instrument development v
Instrument design
Prototype build

QM model build and test
FM build and test

Launch campaign

Launch ’

Figure 7-1: Indicative WINDS development Schedule
7.2 Cost Estimate
7.2.1 Science Team

A provision of 2FTE (full-time equivalent) of support from the Pl and a supporting team has been
made for the Phase A and BCD.

The cost of execution of the OSSE has been included in Phase-A under this heading.
7.2.2 Payload

MISRIlite — The Phase A cost is based on estimates for a programme at MSSL based on proving
the technologies required plus a system study. The INO focal plane programme is based on
indicative prices from INO. The optics study uses prices for build of the current optical design
derived by ATC. The detector electronics development programme is based on the cost of an
MSSL programme for Gaia in 2005.

The Phase BCD cost is based on the cost at MSSL of previous instrument programmes and
particularly on 60 staff years of effort required to develop, debug and build a complete new
instrument.

OABS — OABS costs are based on a short study of the programme by Astro und Feinwerktechnik
GmbH. Provision has been made for the development of the technologies required for OABS. On-
board software provision was not costed by Astro und Feinwerktechnik and has been added
separately.

WAPU — WAPU has been costed by analogy with the development of the digital electronics for the
Solar Orbiter EUI instrument at MSSL. This includes high speed data acquisition and data
compression in its functions. A descope to 70% of the EUI cost has been made on the basis of
software development being simpler.

7.2.3 Spacecraft

The following are the estimated costs for a small satellite platform of approximately 100kg total
mass (e.g. SSTL-100 platform).

¢ Platform costs (including payload integration and EVT):
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0 100kg class small satellite: €5 to 10M
e Launch campaign (excluding launch cost): £650 to 750k (0.7 to 0.8M€)

Note that any re-qualification costs are highly dependent on what has to be qualified and to what
standards, the existing ECSS coverage of the chosen platform design will drive this. As an
estimate the costs to re-qualify for the WINDS satellite (assuming as a worst case that the platform
is not wholly recurring) is expected to be a further €8-10M. This is included in the cost estimate as
a margin as the initial design has taken an approach designed to minimise the amount of non-
recurrent engineering.

Thus for the platform, it is expected that the total cost of the WINDS spacecraft will be
approximately €20M

Although not requested specifically as part of the proposal (and outside of any future industrial
contract), an estimate of launch costs are

e Launch costs (typical figures for a DNEPR launch):
o $12to 20M (9 to 15M€ assuming an exchange rate of $0.75 to one €);
o $3to4M (2.3 to 3ME for a piggyback launch).
Figures for a DNEPR launch have been used as exact costs for a VEGA launch are not fixed yet.

7.2.4 Cost Summary

The ROM cost for the mission are summarised in Table 7-2. More detailed breakdown is given in
Annex E.

This does not include the launch or the other activities listed as non applicable in [AD1].

WINDS cost Summary
Element Phase-A Phase-BCD Total
Keuro Keuro Keuro
Science Team 510 1276 1786
Payload
MISRlite 2097 9976 12073
OABS 1930 6386 8316
WAPU 554 3929 4483
Spacecraft 1000 20000 21000
Ground Segment 390 650 1040
Total 6482 42217 48699
Margin (20%) 9740
Total 58439

Table 7-2: WINDS Mission Cost Summary
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Annex A. The WINDS team

Name and Affiliation

Area of Expertise
(Involvement in other missions)

Prof. Jan-Peter Muller (PI)
Mullard Space Science Laboratory, UCL, UK

SMV retrieval, analysis & validation
(MISR, MODIS)

Dr Chris Chaloner (Col)
Systems Engineering & Assessment Ltd, Frome, UK

Spacecraft design and revisit
statistics

(EARTHCARE)

Prof Jirgen Fischer (Col)

Institut fir Weltraumwissenschaften, Freie Universitat
Berlin, D

02 A-band retrieval, analysis,
validation, radiative transfer
simulations

(MERIS)

Dr lliana Genkova (Col)
KNMI: Royal Netherlands Meteorological Institute, NL

NWP data analysis, validation

Dr Akos Horvath (Col)
MPI-M: Max Planck Institute for Meteorology Hamburg, D

SMV retrieval, analysis, validation
(MISR)

Dr Stefano Migliorini (Col)
University of Reading, UK

OSSE

Dr Roger Saunders (Col)
Met Office, UK

Product validation and NWP data
assimilation

Dr Gabriela Seiz (Col)
MétéoSwiss, CH

NWP data assimilation

Dr Ad Stoffelen (Col)
KNMI: Royal Netherlands Meteorological Institute, NL

NWP data assimilation

(ADM-Aeolus, MetOp (-A,B,C),
ERS, QuikScat, CFOSAT,
OceanSat-2)

Dr Dong Wu (Col)
NASA Jet Propulsion Laboratory, Pasadena, USA

Small-scale ABL & hurricanes
(MISR)

CVs of the investigators are at Annex D.
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In addition to the investigators, the following have made input to this proposal.

Mullard Space Science Laboratory,
University College London

Richard Cole
David Brockley
Dan Fisher
Phil Smith

Phil Thomas
David Walton

Systems Engineering & Assessment Ltd

Simon Chalkley
Michael Guest

Institut fir Weltraumwissenschaften, Freie
Universitat Berlin

Rasmus Lindstrot

University of Reading

Zofia Stott

Met Office, UK

Mary Forsythe

Astro- und Feinwerktechnik Adlershof
GmbH

Claudia Kirstein

INO, Canada

Frangois Chateauneuf
Claude Chevalier

Astronomy Technology Centre, UK

Eli Atad-Ettedgui
David Henry
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To whom it may concern

Your reference Your letter dated COwr reference Darmstadt
Votre référence Votre lettre du Notre référence

EUM/MET/LET/10/0176 19 May 2010

Subject: Letter of Support to the WINDS Proposal
to ESA’s call for earth explorer opportunity mission EE-8

Professor Jan-Peter Muller of the Department of Space and Climate Physics University
College London has asked EUMETSAT to provide a letter of support to his above-mentioned
proposal to ESA.

It is generally recognised by that accurate wind measurements with adequate temporal and
spatial coverage are the most important parameter for describing the global and regional
atmospheric wind field. Satellite measurements of atmospheric and surface wind field do play
already a key role as data source for numerical weather prediction and climate analyses.
Notable are the atmospheric motion vectors derived from tracking cloud or water vapour
features in successive satellite images and the ocean surface winds from scatterometers. In
spite of the positive impact of those data there is still substantial scope for improvement. In
fact winds have been identified as a big shortfall in the EUMETSAT Post-EPS analysis on
gaps in the space-based observing system. Similarly the Earth Sciences Decadal Survey of the
United States recalls that adequate observations of tropospheric winds are an unmet
requirement for weather forecasting and also for climate analysis.

The basis of the intended WINDS mission is incorporating the MISRlite and an Oxygen A-
band sensor. This draws on of the NASA MISR mission. For that mission it has been
demonstrated that accurate atmospheric wind fields can be derived (for instance at recent
International Winds Workshops organised under the auspices of CGMS) of the WIND
mission. The fact that the principle has been demonstrated, yet the overall technology and
mission concept is novel, makes the WIND proposal credible and technically/scientifically
challenging. thus an ideal mission to be considered for the Earth Explorers. Last but not least

Headquarter Address: Mailing Address: Tel:  +49 (0)6151 807 7
EUMETSAT EUMETSAT Fax: +49 (0)6151 BO7 555
Am Kavalleriesand 31 Postfach 10 05 55 Web: www.cumetsat.int

64295 Darmstadt 64205 Darmstadt
Germany Germany



EUM/MET/LET/10/0176

& EUMETSAT

I would like to highlight the complementarity to ESA’s Doppler Wind Lidar mission
ADM/Aeolus.

EUMETSAT does express support to this mission as very valuable science mission and a
technology demonstrator for a WINDS constellation.

Yours sincerely,

Emst Koenemann
Director of Programme Development
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Prof. Jan-Peter Muller

Professor Jan-Peter Muller is the leader of the Imaging Group at MSSL since moving from the UCL Department
of Geomatic Engineering in September 2006 where he was previously leader of the environmental monitoring and
mapping group for 15 years. He currently first supervises 3 PhD students including a NERC-CASE student
working on developing autonomous 3d vision guided helicopter swarms for vicarious radiometric calibration over
mountainous terrain including forests and urban areas with NPL, a NERC-NCEO student (in collaboration with
CLRC) working on using AATSR stereo cloud-top heights for establishing an independent cloud climatology for
climate studies and a STFC student working on solar CME teleconnections to cloud formation and lightning in the
polar regions.. He is also about to commence co-supervision of a NERC CEOI-supported PhD student who will be
working on natural forest scene simulation of lidar echo waveforms using Monte Carlo ray-tracing. He currently
supervises one post-doc working on a STFC-funded grant on the role of water on Mars and another post-doc
working on the development of a generic stereo workstation for Mars rover stereo imagery. He is Pl of the ESA
GlobAlbedo project and supervises two programmers who are working on the creation and validation of a 15 year
time series of land surface albedo measurements. He is also a Col on the ESA ALANIS project and supervises a
post-doc working on developing new methods of retrieving smoke plume injection heights for use in numerical
model simulations of smoke soot transport. He is involved in two EU-FP7 projects concerned with stereo
panoramic camera data fusion with orbital high resolution imagery and aerobot measurements of fluorescent
imaging or PAH organics and biological material.

He has been a science team member on the NASA MODIS experiment (which flies on TERRA and AQUA) since
1989 jointly responsible with Dr Alan Strahler (and now Dr Crystal Schaaf) of Boston University for the
BRDF/albedo algorithm development and was engaged in developing under ESA contract a global MERIS land
surface albedo product based on his work on MODIS. He has been a science team member on the NASA MISR
experiment (which flies on TERRA) since 1990 and has been responsible for the development of the world’s first
operational stereo matching and photogrammetric system for the production of global cloud-top heights and winds.
He is the recipient of two NASA Achievement Awards for these contributions. He was leader of the HEFCE-JISC
funded LANDMAP project which produced a 30m DEM of the British Isles using the ESA ERS-tandem radar
interferometric data-set which is the most heavily used geo-dataset from any of the CHEST holdings. He is Chair
of the JISC Geospatial Working Group since 2005. Since 2009, he is a member of the Planetary Science Sub-Panel
of the STFC Astronomy Grants Panel. Since 2010, he is chair of the UK Space Agency Aurora Advisory
Committee.

From 1997-2003, he was the Co-ordinator of two EU funded projects concerned with the 3D mapping of clouds
from space, their validation using ground-based radar and lidar systems and a thermal IR camera, the use of
satellite data products for data assimilation in a NWP model and the delivery and dissemination of Near-real Time
cloud products for forecasting offices in several European National Meteorological Services. Both projects
received excellent reviews from the European Commission.

Professor Muller is currently Chairman of the CEOS Working Group on Calibration/Validation Sub-group on
“Terrain mapping from satellites” and leader of the GEO DA-09-03d task on “Global DEM” which aims to
complete a global 30m public domain DEM of the entire earth’s land surface by June 2012.

Key Publications

Professor Muller has contributed towards 78 peer reviewed papers, 10 books and 176 conference papers as well as
13 other media multi-media works including the award-winning Erd-Sicht Global Change videodisk (Melia 1993),
the consumer 3D Atlas® (BIMA 1994) which has sold over 5 million copies worldwide. A few recent peer review
papers are listed below which are relevant to this application.

Cawkwell, F. G. L., J. L. Bamber, and J.-P. Muller, 2001: Determination of cloud top amount and altitude at high latitudes. Geophysical
Research Letters, 28, 1675-1678.

Chapman, L., J. E. Thorne, J.-P. Muller, and S. McMuldroch (2007): Potential applications of thermal fisheye imagery in urban
environments. IEEE Geoscience and remote Sensing Letters, 4, 56-59

Denis, M. A., J.-P. Muller, and H. Mannstein, (2007): ATSR-2 camera models for the automated stereo photogrammetric retrieval of Cloud-
Top heights. International Journal of Remote Sensing, 28, 1939-1955.



Diner, D. J., B. H. Braswell, R. Davies, N. Gobron, J. Hu, Y. Jin, R. A. Kahn, Y. Knyazikhin, N. Loeb, J. P. Muller, A. W. Nolin, B. Pinty,
C. B. Schaaf, G. Seitz, and J. Stroeve, 2005: The value of multiangle measurements for retrieving structurally and radiatively consistent
properties of clouds, aerosols, and surfaces. Remote Sensing of Environment, 97, 495-518.

Diner, D. J., M. Mischna, R. A. Chipman, A. Davis, B. Cairns, R. Davies, R. A. Kahn, J.-P. Muller, and O. Torres, 2008: WindCam and
MSPI: two cloud and aerosol instrument concepts derived from Terra/MISR heritage. SPIE Earth Observing Systems XlII, San Diego, SPIE,
70810T-70810T-9.

Li, Z., J.-P. Muller, Cross, P., Albert. P., Fischer, J., Bennartz, R. (2006). "Assessment of the potential of MERIS Near-infrared Water
Vapour Products to Correct ASAR Interferometric Measurements.” Int. J. Rem. Sens. 27: 349-365

Marchand, R. T., T. P. Ackerman, M. D. King, C. Moroney, R. Davies, J.-P. Muller, and H. Gerber, 2001: Multiangle observations of
Arctic clouds from FIRE ACE: June 3, 1998, case study. Journal of Geophysical Research-Atmospheres, 106, 15201-15214.

Moroney, C., R. Davies, and J.-P. Muller, 2002: Operational retrieval of cloud-top heights using MISR data. IEEE Transactions on
Geoscience and Remote Sensing, 40, 1532-1540.

Muller, J.-P., A. Mandanayake, C. Moroney, R. Davies, D. J. Diner, and S. Paradise, 2002: MISR stereoscopic image matchers: Techniques
and results. IEEE Transactions on Geoscience and Remote Sensing, 40, 1547-1559.

Muller, J.-P. and J. Fischer (2007): The EU-CLOUDMAP Project on "Cirrus and contrail cloud-top maps from satellites for weaather
forecasting climate change analysis". International Journal of Remote Sensing, 28, 1915-1919.

Muller, J.-P., M. A. Denis, R. Dundas, K. L. M. Mitchell, C. M. Naud, and H. M. Mannstein (2007): Stereo cloud-top height and amount
retrieval from ATSR2. International Journal of Remote Sensing, 28, 1921-1938.

Muller, J.-P., R. Preusker, J. Fischer, Zihlke, M., C. Brockmann, and P. Regner, 2007: ALBEDOMAP: MERIS land surface albedo
retrieval using data fusion with MODIS BRDF and its validation using contemporaneous EO and in situ data products. IGARSS06,
Barcelona, Spain, 23-27 July 2007, IEEE (invited paper).

Muller, J.-P., M. A. Denis, R. Dundas, K. L. M. Mitchell, C. M. Naud, and H. M. Mannstein (2007): Stereo cloud-top height and amount
retrieval from ATSR2. International Journal of Remote Sensing, 28, 1921-1938

Naud, C., J.-P. Muller, and E. Clothiaux, (2006): Assessment of multispectral ATSR2 stereo cloud-top height retrievals. Remote Sensing of
Environment, 104, 337-345

Naud, C., K. L. Mitchell, J.-P. Muller, E. E. Clothiaux, P. Albert, R. Preusker, J. Fischer, and R. Hogan, (2007): Comparison between
ATSR?2 stereo, MOS O2-A band and ground-based derived cloud top Heights. International Journal of Remote Sensing, 28, 1969-1987.
Naud, C., J.-P. Muller, et al. (2005). "On the use of ICESAT-GLAS measurements for MODIS and SEVIRI cloud-top height accuracy
assessment.” Geophysical Research Letters 32(19): L19815.

Naud, C., J.-P. Muller, et al. (2005). "Assessment of the Performance of the Chilbolton 3-GHz Advanced Meteorological Radar for Cloud-
Top-Height Retrieval." J. Applied Meteorology 44(6): 876-887

Naud, C. M., J.-P. Muller, E. E. Clothiaux, B. A. Baum, and W. P. Menzel, (2005). "Intercomparison of multiple years of MODIS, MISR
and radar cloud-top heights." Annales Geophysicae 23: 2415-2424



Dr. Chris Chaloner

Business Development Executive, Aero-Space Division
Quialifications:

BA in Physics, University of Oxford

D.Phil in Atmospheric Physics, University of Oxford

Career Summary

Chris Chaloner’s educational background is a Physics degree and then a D.Phil in Atmospheric Physics
from the University of Oxford on the potential climatic effects of Concorde, using a balloon-borne
infrared gas correlation spectrometer which was the field trial for the SAMS instrument on Nimbus 7
and ISAMS on the Upper Atmosphere Research Satellite.

He then worked for 13 years as an experimental scientist at the Rutherford Appleton Laboratory. This
gave him a broad practical skill base in optics, electronics, GNC and communications, derived from
projects such as balloon-borne astronomical telescopes, atmospheric laser radar, Skylark sounding
rockets and the last UK scientific satellite (AMPTE-UKS), which was launched in 1984 to observe the
plasma physics of the interactions between the solar wind and the Earth’s magnetic field. [n.b. The
Engineering Model of the spacecraft can now be seen in the Science Museum.]

In 1988 he moved to BAe Space Systems in Filton as a Syetems Engineer and worked mainly on
mission and instrument studies for BNSC, ESA and the MoD. He was the system lead for the UK
contribution to the Optical Mapping Instrument and SPOT 5 mission studies of a high resolution 3D
stereo imaging mission, and the system engineer on the Phase A study for ESA of the MORO lunar
orbiter mission. He contributed the system level aspects of the SOPRANO and MASTER sub-mm and
microwave limb sounder instrument studies, and some of the RF spectrometry assessments — only now
are those instruments being considered seriously for flight, and SEA is working towards a leading role.
He ran a number of studies of surveillance missions and constellations for MoD and the WEU.

Chris joined SEA in 1998. As a Senior Principal Consultant he was responsible for the technical
content and the management of studies for the European Space Agency (such as the Advanced
Microsatellite Mission study) and for BNSC. His engineering role in preparation of proposals led
naturally to his current rdle as Business Development Executive responsible for the acquisition of
space business — in this market where the Customers are experts in their fields, technical credibility is
essential for such a function. He made major contributions for example, to the successful proposal for
the EarthCARE BroadBand Radiometer and contributed to SEA’s success in winning work from
NiCT/JAXA on the EarthCARE Cloud Profiling Radar. Recently he has managed a study for NOAA
let through Iridium of a constellation of Earth Radiation Budget sensors based on the EarthCARE
BBR.

He is a major interface with the scientific Customers of the Division — STFC, NERC, the Met Office
and their ESA counterparts. He represents SEA at UKspace — the Trade Association of the UK space
industry, and is an Industry Officer of the Parliamentary Space Committee (an All-Party Group). As
Chair of the UKspace Space Science and Exploration Committee he represents UKspace on the
STFC/BNSC Space Science Advisory Committee and the Aurora Advisory Committee.

He is an author or co-author of 22 papers in the scientific literature, but most of his recent output has
naturally been in the form of technical reports. Only those papers directly relevant to this proposal are
listed below:
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Prof. Dr. Jurgen Fischer
Institut fur Weltraumwissenschaften
Freie Universitat Berlin

Jirgen Fischer received the diploma degree in meteorology from the Free University of Berlin in
1979, and the Ph.D. and the Habilitation degrees from the University of Hamburg in 1983 and 1991,
respectively. He is a full professor at the Free University of Berlin since 1991 and become the director
of the Institute for Space Science in 1995.

His major areas of activity concern the development of radiative transfer codes to simulate polarised
radiation processes in clear and cloudy atmospheres as well as in combined atmosphere/ocean
systems. He also performed multi-spectral radiation measurements from ships and aircrafts in several
field experiments with the goal to develop new radiation instruments and remote sensing techniques
for the retrieval of aerosol, water vapour and cloud properties as well as water constituents. Currently
he develops a new polarimeter to measure the full Stokes vector, which is planned to operate on the
new high-flying research aircraft HALO from DLR.

Jurgen Fischer is a principal and co-investigator on numerous national and international grants and
contracts. He is currently involved in national research project on clouds and precipitation as well as
three major ESA projects GlobVapour, GlobAlbedo and CCI-Clouds. For the preparation of Sentinel-3
he is responsible for atmospheric correction as well as water vapour retrieval.

He acts as an invited member of several scientific bodies, such as ESA’s MERIS advisory group
(1991-2005), MERIS quality working group (2002-today), JAXA’s GLI (1997-2003), ESA
CoastColour science team and NASA’s-CLOUDSAT (1999-) science team and the International
Radiation Commission (IRC).
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Schiiller, L., W. Armbruster and J. Fischer, 2000: Retrieval of cloud optical and microphysical
properties from multi-spectral radiances, Atmos. Res., 55, 35-46.

Bennartz, R. and J. Fischer, 2001: Retrieval of columnar water vapour over land from back-scattered
solar radiation using the Medium Resolution Imaging Spectrometer (MERIS). Remote Sensing of
Environment, 78, 271-280.

Fell, F. and J. Fischer, 2001: Numerical simulation of the light field in the atmosphere-ocean system
using the matrix-operator method, JQSRT, 69, 351-388.

Rathke, C., and J. Fischer, 2002: Evaluation of four approximate methods for calculating infrared
radiances in cloudy atmospheres, J. Quant. Spectrosc. Radiat. Transfer, 75, 297-321.

Rathke, C., und J. Fischer, 2002: Efficient parameterization of the infrared effective beam emissivity
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to Derive Aerosol Optical Properties. Appl. Opt. 43, 2146-2155 (2004)

Schaller, L., R. Bennartz, J. Fischer, J.L. Brenguier, 2005: An algorithm for retrieval of droplet
number concentration nd geometrical thickness of stratiform marine boundary layer clouds to MODIS
radiometric observations. J. Appl. Met., 44, 28-38.

Lindstrot, R., Preusker, R., Ruhtz, T., Heese, B., Wiegner, M., Lindemann, C. and Fischer, J.,
2006: Validation of MERIS cloud top pressure using airborne lidar measurements. J. Appl. Meteor.
Clim., 45 (12), 1612-1621.



Boesche, E., P. Stammes, T. Ruhtz, R. Preusker, and J. Fischer, 2007: Effect of aerosol microphysical
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Lindstrot, R, Preusker, R. and Fischer, J., 2009: The retrieval of land surface pressure from MERIS
measurements in the oxygen A band, J. Atmos. Oceanic Technol., 26 (7), 1367-1377.

Lindstrot, R, Preusker, R. and Fischer, J., 2009: Remote Sensing of Multilayer Cloud-Top Pressure
Using Combined Measurements of MERIS and AATSR Onboard ENVISAT, accepted by J. Appl.
Meteor. Climatol.



Curriculum Vitae
lliana Genkova

2010-present, KNMI

TROPOMI Scientific Data Processing Specialist - responsible for scientific support of the Ground Data
Processing Segment (GDPS) development, data analysis, calibration and support for the TROPOMI
instrument development;

2008-2010, ECMWF

Research Fellow — responsible for the assimilation of Atmospheric Motion Vectors (AMVs) in the ECMWF
Data Assimilation system — monitoring and maintaining operational AMV assimilation; improving existing
quality control and observational operator; novel AMV data set performance assessment; of performance
of new AMV data set in

2006-2008, CIMSS-University of Wisconsin, Madison

Researcher - improve existing and design new algorithms for deriving winds from current (GOES 11/12)
and future (GOES ABI) satellite imagers, investigate accuracy of derived winds in terms of height
assignment, quality control routines; algorithm validation with proxy (MSG SEVIRI, CALIPSO) and
synthetic data; product error characterisation ; Develop an algorithm for extracting GOES Sounder
moisture retrieval fields for input to height resolved wind retrieval algorithm; Adapt the CIMSS/NESDIS
operational feature tracking wind algorithm to derive atmospheric motion vectors from GOES Sounder
moisture fields;

2005 — 2006, University of Illinois at Urbana-Champaign

Researcher - investigate the effect of spatial resolution and spectral band on two stereographic cloud top

pressure retrieval algorithms; Inter-compare cloud top heights from TERRA's ASTER, MISR, and MODIS
instruments for trade wind Cumuli

2002 — 2004, Pacific Northwest National Laboratory

Post-Doctoral Research Fellow - use DOE's Atmospheric Radiation Program South Great Plane (ARM
SGP) test bed ground based measurements (VIS, IR, MW radiometers, Micro-Pulse Lidar, Cloud Radar,
Sondes, etc.) and products to validate satellite derived (GOES 11/12) cloud properties - cloud fraction,
optical depth, LWP and cloud top pressure; Satellite and surface data synergy investigation for developing
a 3D cloud structure/properties characterization appropriate for GCM use

2000 — 2001, University of Arizona - Tucson

NSF-NATO Post-Doctoral Fellow - investigate the spatial heterogeneity of cloud top reflected radiances
measured by TERRA-MISR (globally distributed clouds)

Education
1995 - 2000, PhD, Environmental Sciences, Bulgarian Academy of Sciences - Sofia
1989 - 1994 , MSc, Electronics and Microelectronics, Technical University of Sofia, Branch Plovdiv

Funding 2007

1) Project: "Assessment of Satellite-derived Cloud Motion Vectors height assignments utilizing active
remote sensing measurements from CALIPSQO", PI: Steven A. Ackerman, Co-PI: lliana Genkova, Chris
Velden, James Jung, Jamie Daniels, Jeff Key

2) Project: "A US Effort for ADM/Aeolus Calibration and Validation" - pending review
PI: Michael Hardesty, co-PI: lliana Genkova and 15 others

Publications and presentations

Genkova, lliana, C.S. Velden, S. Wanzong, and W.P. Menzel. Height-resolved wind vectors from GOES
sounder moisture analyses. Joint 2007 EUMETSAT Meteorological Satellite Conference and the 15th
Satellite Meteorology and Oceanography Conference of the American Meteorological Society,
Amsterdam, The Netherlands, 24-28 September 2007



Genkova l., S. Wanzong, C. Velden, L. Grasso, and M. DeMaria, 2007: Wind retrieval performance on
synthetic GOES-R ABI imagery, Joint 2007 EUMETSAT meteorological Satellite Conference and 15th
AMS Satellite Meteorology and Oceanography Conference, 24-28th September, 2007 Amsterdam, The
Netherlands

Velden, C., S. Wanzong, |. Genkova, D. Santek, J. Li, E. Olson, and J. Otkin, 2007: Clear sky atmospheric
motion vectors derived from the GOES Sounder and simulated GOES-R hyper-spectral moisture
retrievals. Symposium on Future National Operational Environmental Satellites, 3rd, San Antonio, TX, 14-
18 January 2007 (preprints). American Meteorological Society, Boston, MA, 2007, Manuscript not
available for publication.

Genkova, |., G. Seiz, P. Zuidema, G. Zhao, and L. Di Girolamo, 2007: Cloud top height comparisons from
ASTER, MISR, and MODIS for trade wind Cumuli. Rem. Sens. Env., 107, pp. 211-222.

Genkova, |.; C. Velden, S. Wanzong, and P. Menzel, 2006: Satellite wind vectors from GOES sounder
moisture fields. International Winds Workshop, 8th, Beijing, China, 24-28 April 2006. Proceedings.
European Organization for the Exploitation of Meteorological Satellites (EUMETSAT), Darmstadt,
Germany, 2006, Unpaged. Call Number: Reprint # 5269

Genkova, ., and R. Davies, 2003: Spatial heterogeneity of reflected radiance from globally distributed
clouds, Geophysical Research Letters, Vol. 30, No. 21

Genkova, |., B. Pachedjieva, E. Ferdinandov, and V.. Tsanev, 1998: Modified time mutability method for
drift velocity estimation, Comp. Rend. Acad. Bulg. Sci., Tome 51, No.11



AKOS HORVATH = PhD

RESEARCH APPOINTMENTS

Research Scientist = 2007-present
Max Planck Institute for Meteorology = Atmosphere in the Earth System
Hamburg = Germany

Postdoctoral Scholar = 2005-2007
Rosenstiel School of Marine and Atmospheric Science
University of Miami = Miami = Florida = USA

Postdoctoral Scholar = 2004-2005
Jet Propulsion Laboratory = Multi-angle Imaging Group
California Institute of Technology = Pasadena = California = USA

Research Assistant = 1997-2004

Department of Atmospheric Sciences
University of Arizona = Tucson = Arizona = USA

EDUCATION

PhD = Atmospheric Sciences = Remote Sensing Minor = 2004
University of Arizona = Tucson = Arizona = USA

MSc = Atmospheric Sciences = 1999
University of Arizona = Tucson = Arizona = USA

BSc with Honors = Meteorology = 1996
Eo6tvos University = Budapest = Hungary

GRANTS = AWARDS

Marie Curie International Reintegration Grant #208245 = 2007-2011

Project title: Improving subgrid-scale cloud parameterization in global climate models using
remote sensing data. A total funding of €100,000 (€25,000/year for 4 years) is awarded by the
European Commission.

MISR Team Group Achievement Award = 2001

Presented by the National Aeronautics and Space Administration (NASA) in recognition of the
successful development, deployment, and operation of the Multi-angle Imaging
SpectroRadiometer (MISR) instrument, science, and data systems.
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RELEVANT PUBLICATIONS

Lonitz, K., and A. Horvath (2010), Comparison of MISR and Meteosat-9 cloud motion winds,
Journal of Geophysical Research, in preparation.

Davies, R., A. Horvath, and C. Moroney (2007), Cloud motion vectors from MISR using sub-
pixel enhancements, Remote Sensing of Environment, doi:10.1016/j.rse.2006.09.023.

Horvath, A., R. Davies, and G. Seiz, Status of MISR cloud-motion wind product, Proceedings of
the Sixth International Winds Workshop, Madison, Wisconsin, USA, 7-10 May 2002,
EUMETSAT P.35, Darmstadt, pp. 269-275.

Moroney, C. M., A. Horvath, and R. Davies (2002), Use of stereo-matching to co-register
multiangle data from MISR, IEEE Transactions on Geoscience and Remote Sensing, 40(7), pp.
1541-1546.

Horvath, A., and R. Davies (2001), Simultaneous retrieval of cloud motion and height from
polar-orbiter multiangle measurements, Geophysical Research Letters, 28(15), pp. 2915-2918.

Horvath, A., and R. Davies (2001), Feasibility and error analysis of cloud motion wind
extraction from near-simultaneous multiangle MISR measurements, Journal of Atmospheric and
Oceanic Technology, 18(4), pp. 591-608.

Diner, D. J., R. Davies, L. Di Girolamo, A. Horvath, C. M. Moroney, J. P. Muller, S. R. Paradise,

D. Wenkert, and J. Zong (1999), MISR Level 2 Cloud Detection and Classification Algorithm
Theoretical Basis, JPL D-11399, Revision D.

CURRENT AND FORMER STUDENTS

Chellappan Seethala, PhD advisor = 2008-present

Investigating subgrid-scale cloud variability from satellite observations and model simulations
Max Planck Institute for Meteorology = Atmosphere in the Earth System

Hamburg = Germany

Elke Ludewig, MSc advisor = 2010-present

Multisensor analysis of cloud-top heights along stratocumulus to cumulus transition trajectories
Max Planck Institute for Meteorology = Atmosphere in the Earth System

Hamburg = Germany

Katrin Lonitz, MSc advisor = 2008-2010

Comparison of MISR and Meteosat-9 cloud motion winds

Max Planck Institute for Meteorology = Atmosphere in the Earth System
Hamburg = Germany
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Stefano Migliorini
Senior Research Fellow
EDUCATION

2000 PhD in "Methods and technologies for environmental monitoring”, University of Florence.
Thesis: "Physical modelling of microwave atmospheric emission: applications to
precipitable water estimate using satellite remote sensing".

1996 Laurea degree in Physics, University of Florence. Thesis: "Temperature and density
diagnostic of alpha Cen coronal plasma between 100 and 700 Angstrom". Final marks:
108/110.

EMPLOYMENT HISTORY

2001to Research Fellow at the National Centre for Earth Observation (previously at the Data
present Assimilation Research Centre), Department of Meteorology, University of Reading (UK).

1998to Researcher for the Applied Meteorology Foundation at the Laboratory for Meteorology and
2001 Environmental Modelling (La.M.M.A.), Florence, lItaly.

MEMBERSHIPS

2005to Fellow of the Royal Meteorological Society
present

RESEARCH EXPERIENCE

2008 Co-Investigator for the National Centre for Earth Observation (NCEO) Theme 3
(Atmospheric composition).

2008 Researcher Co-Investigator for the National Centre for Earth Observation (NCEO) Theme
4 (Synergistic use of remote sensing data for high resolution predictions of hazardous
weather, floods and water resources).

2007 Principal Investigator for the University of Reading of the EU FP7 GENESI-DR project.

2007 Demonstrator Leader of the ESA-funded GlobModel project, part of the ESA Data User
Element (DUE) programme.

2006 Principal Investigator of the ECMWF Special Project on "Assimilation of geostationary
ozone measurements for global ozone monitoring™.

2006 Co-Investigator the Eumetsat project "Study on the Exploitation of SEVIRI IR 9.7 Channel”

2005 Principal Investigator of the ESA Category-1 OMI data Calibration and Validation proposal
on "Calibration and validation of OMI measurements using a NWP assimilation system".

TEACHING EXPERIENCE

2010 Lecturer at the Earth System Science Spring School (ES4) 2010, Scarborough, UK.

2004- Lecturer at "The 2", 3" and 4th ENVISAT Summer School on Earth System Monitoring



2008 and Modelling", ESA ESRIN, Frascati, Italy.

2007 to Lecturer on the Course on Remote Sensing, MSc in "Atmosphere, Ocean and Climate",

present "Applied Meteorology" (Department of Meteorology) and "Mathematical and Numerical
Modelling of the Atmosphere and Oceans" (Department of Mathematics), University of
Reading.

2002 Teaching Assistant at the course on "Data Assimilation for the Earth System", a NATO
Advanced Study Institute, Maratea, Italy.

SUPERVISION OF RESEARCH STUDENTS

2009 Assimilation of IASI data in the presence of cloud: Supervisor of Cristina Prates, PhD
student in Meteorology, University of Reading.

2007 Ensemble methods for convective scale data assimilation: Supervisor of Sanita Vetra, joint
PhD student in Maths and Meteorology, University of Reading.

2003- Assimilation of the full information content of satellite observations: Co-Supervisor of
2006 Rossana Dragani (currently at ECMWEF), PhD student in Meteorology, University of
Reading.

PEER-REVIEW EXPERIENCE

Ad hoc reviewer for Atmospheric Chemistry and Physics, International Journal of Climatology,
Journal of Geophysical Research - Atmosphere, Quarterly Journal of the Royal Meteorological
Society, Tellus. Ad hoc referee for the Geophysical Sciences Series, Springer-Praxis Publishing,
Chichester. Ad hoc referee for research grants submitted to the Natural Environment Research
Council (NERC) and the US National Science Foundation.

RELEVANT PUBLICATIONS

- Singh, R., P. Rayer, R. Saunders, S. Migliorini, R. Brugge, and A. O'Neill (2009), A fast radiative transfer
model for the assimilation of water vapor radiances from the Kalpana very high resolution radiometer, Geophys.
Res. Lett., 36, L08804, doi:10.1029/2009GL037852.

- Migliorini, S.; Dragani, R.; Kaiser-Weiss, A.; Brugge, R.; Thepaut, J.-N.; O'Neill, A. (2009), The GlobMODEL
Demonstrator: Assimilation of New Satellite Products in an Operational Meteorological Center, Selected Topics
in  Applied Earth Observations and Remote Sensing, IEEE Journal of, in press,
doi:10.1109/JSTARS.2009.2021770.

- Migliorini, S., C. Piccolo, and C.D. Rodgers, 2008: Use of the Information Content in Satellite Measurements
for an Efficient Interface to Data Assimilation. Mon. Wea. Rev., 136, 2633-2650.

- Migliorini, S., R. Brugge, A. O'Neill, M. Dobber, V. Fioletov, P. Levelt, and R. McPeters (2008), Evaluation of
ozone total column measurements by the Ozone Monitoring Instrument using a data assimilation system, J.
Geophys. Res., 113, D15S21, doi:10.1029/2007JD008779

- J. Geer, C. Peubey, R. Bannister, R. Brugge, D. R. Jackson, W. A. Lahoz, S. Migliorini, A. O'Neill, and R.
Swinbank, Assimiliation of stratospheric ozone from MIPAS into a global general circulation model: the
September 2002 vortex split. Quart. J. Royal Met. Soc., 132, 231-257, 2006.

- W. A. Lahoz, R. Brugge, D. R. Jackson, S. Migliorini, R. Swinbank, D. Lary and A. Lee, An Observing System
Simulation Experiment to evaluate the scientific merit of wind and ozone measurements from the future SWIFT
instrument. Quart. J. Royal Met. Soc., 131, 503-524, 2005.

- Migliorini, S., C. Piccolo, and C. D. Rodgers (2004), Intercomparison of direct and indirect measurements:
Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) versus sonde ozone profiles, J. Geophys.
Res., 109, D19316, doi:10.1029/2004JD004988.

- Migliorini, S. and S. Nativi, PIn Part I: An Operational Nonlinear Physical Inversion Algorithm for Precipitable
and Cloud Liquid Water Estimate in Nonraining Conditions Over Sea, IEEE Trans. Geosci. Remote Sensing,
vol. 39, pp. 2563-2571, Dec. 2001.

Nativi, S. and S. Migliorini, PIn Part 1l: Comparative Evaluation of SSM/I and TMI Precipitable Water Estimate
for the Mediterranean Sea, IEEE Geosci. Remote Sensing, vol. 39, pp. 2572-2583, Dec. 2001.



CURRICULUM VITAE
1. PERSONAL DETAILS

NAME: Roger William SAUNDERS (Dr )

DATE AND PLACE OF BIRTH : 15th April 1954 ; Bristol, England

NATIONALITY : British

SEX : Male

LANGUAGES : GERMAN - good

HOME ADDRESS : Placidus, Barrow Rd, Payhembury, Honiton, Devon, England Tel: 01404-841636

WORK ADDRESS : Satellite Applications, Meteorological Office, Fitzroy Rd , Exeter, Devon, EX1 3PB, England
Tel: 01392-886295, Fax: 01392-885681, email:roger saunders@metoffice gov uk

2. EDUCATION

1965-72 Midsomer Norton Grammar School
11 GCE ‘O’ level passes : Mathematics, Latin, Additional Maths, French, History, English Lang ,
English Lit , Biology, Physics, Chemistry, German
3 GCE ‘A’ level passes : Physics ‘S’ level (A2), Further Mathematics (B), Chemistry (B)

1972-75 B Sc Hons (2 1) in Physics at The University of Birmingham
1975-76 M Sc, D I C in Atmospheric Physics at Imperial College, London University
1976-78 Ph D in Atmospheric Physics at Imperial College, London University

3. EMPLOYMENT

1999-present Head of Satellite Imagery Applications Group at the Meteorological Office, Exeter,

1995-1999 Head of Satellite Section at the European Centre for Medium Range Weather Forecasts,
Reading, Berks

1992-1995  Principal Scientific Officer at the Met Office Remote Sensing Instrumentation Branch,
Farnborough, Hants

1988-1991  Principal Scientific Officer at the Meteorological Research Flight, Farnborough, Hants

1984-1988  Senior Scientific Officer at the Meteorological Office Unit,
Clarendon Laboratory, Oxford University

1982-83 Visiting Scientist at the European Space Operations Centre, Darmstadt, Germany
1981-82 Scientific Consultant to Rutherford Appleton Laboratory, Oxon
1978-81 Post-doctoral research assistant in the Laboratory for Planetary Atmospheres,

University College London, London University

4. MEMBERSHIP OF PROFESSIONAL SOCIETIES

Royal Meteorological Society



5. LIST OF RELEVANT PUBLICATIONS

1."An improved method for detecting clear sky and cloudy radiances from AVHRR data” by R.W. Saun-
ders and K T Kriebel Intl J of Remote Sensing 9 123-150 (1988)

2."A comparison of satellite retrieved parameters with mesoscale model analyses” by R.W. Saunders
Quart J Roy Met Soc 115 651672 (1989)

3."The determination of broad band surface albedo from AVHRR visible and near infrared radiances " by
R.W. Saunders Int J of Remote Sensing 11, 49-67 (1990)

4."Atmospheric Transmittances for the AVHRR channels” by R.W. Saunders and D E Edwards Applied
Optics 28, 4154-4160 (1989)

5. Applications of Remote Sensing in Meteorology and Climatology” by R.W. Saunders and B Seguin
Int J of Remote Sensing 13 1231-1259 (1992)

6. “Note on the Advanced Microwave Sounding Unit” by R.W. Saunders Bull Amer Meteorol Soc
74 2211-2212 (1993)

7."“The validation of ATSR using aircraft radiometer data over the Tropical Atlantic” by AH Smith, R.W.
Saunders and AM Zavody J Atmos Oceanic Tech 11 789-800 (1994)

8."“The radiometric characterisation of AMSU-B” by R.W. Saunders, T J Hewison, SJ Stringer and
N C Atkinson IEEE-MTT 43 760-771 (1995)

9. “Measurements of the AMSU-B antenna pattern” by T J Hewison and R.W. Saunders IEEE Trans
on Geoscience and Remote Sensing 34 405-412 (1996)

10. “Near-surface satellite wind observations of hurricanes and their impact on ECMWF model analyses and
forecasts” by M Tomassini, D LeMeur and R.W. Saunders Monthly Weather Review 126 1274-1286
(1998)

11."Use of SSM/I ice concentration data in the ECMWF SST analysis” by P Fernandez, G Kelly and
R.W. Saunders Meteorological Applications 5 287-296 (1999)

12.“An Improved Fast Radiative Transfer Model for Assimilation of Satellite Radiance Observations” by
R.W. Saunders, M Matricardi and P Brunel Quart J Roy Meteorol Soc 125 1407-1426 (1999)

13."“4DVar assimilation of SSM/I total column water vapour in the ECMWF model” by E Gérard and R.W.
Saunders Quart J Roy Meteorol Soc 125 3077-3101 (1999)

14.“A fast radiative transfer model for simulation of IASI radiances” by M Matricardi and R.W. Saunders
Applied Optics 38, 5679-5691(1999)

15. “Conversion of ATSR-2 sea surface skin to bulk temperature for use in climate studies " by A O'Carroll,
B Candy, R.W. Saunders Proc of ERS-Envisat Symposium, ”Looking down to Earth in the new
millenium”, Gothenburg, 16-20 October 2000

16. “An investigation of the performance of infrared radiometers for the determination of sea surface tem-
perature from space” by R.W. Saunders, P J Minnett, A M Zavody and D T Llewellyn Jones IEEE
Proc on Geoscience and Remote Sensing 3.1 (1982)

17."Satellite Multichannel infrared measurements of sea-surface temperature of the N E Atlantic ocean
using AVHRR/2 " by D T Llewellyn Jones, P J Minnett, R.W. Saunders and A M Zavody Q J Roy Met
Soc 110 613-631 (1984)

18. “Observations of sea-surface temperature for climate research ™ by J E Harries, D T Llewellyn Jones,
PJ Minnett, R.W. Saunders and A M Zavody Phil Trans Roy Soc Lond A 309 381-395 (1983)



Family Name ﬁg’rﬁg Title

Seiz Gabriela Dr.

Year of Birth Country of birth | Nationality/Nationalities
1973 Switzerland CH

European Community Languages spoken (best first)

German English French Italian

Currently working for (organisation) Since (yr.) Position

Federal Office of Meteorology and Climatology Head of Staff Office
. 2006 : S

MeteoSwiss Climate Division

Curriculum Vitae as well as academic and professional qualifications

Professional Experience
2006-present: Head of Staff Office Climate Division, Swiss GCOS Office, MeteoSwiss.
2005-2006: Postdoctoral Research Fellow, European Space Agency (ESA), ESRIN, Frascati (1).

2004: Visiting Independent Advisor, MISR Science Team, Jet Propulsion Laboratory (JPL), NASA,
California Institute of Technology, Pasadena, USA (07/2004 - 09/2004).

2004: Visiting Scientist, EUMETSAT, Darmstadt (D) (04/2004 and 11/2004).

1999-2005: Project Manager and Research Scientist, Institute of Geodesy and Photogrammetry, ETHZ.
1996-2003: Scientist, Federal Office of Meteorology and Climatology MeteoSwiss.

Education

2003: PhD, Photogrammetry and Remote Sensing, Swiss Federal Institute of Technology ETH, Zirich
1996: Master, Geography and Atmospheric Physics, University of Zurich

Reference List (Important publications, relevant for this proposal)

Seiz, G., Foppa, N., 2007. National Climate Observing System (GCOS Switzerland). Publication of
MeteoSwiss and ProClim, Zurich, 92 S.

Seiz, G., Watts, P., Tjemkes, S., 2007. Multi-view cloud-top height and wind retrieval with
photogrammetric methods: application to Meteosat-8 HRV observations. Journal of Applied
Meteorology and Climatology, 46, pp. 1182-1195.

Seiz, G., Shields, J., Feister, U., Baltsavias, E., Gruen, A., 2007. Cloud mapping with ground-based
photogrammetric cameras. International Journal of Remote Sensing, 28(9), pp. 2001-2032.

Genkova, I., Seiz, G., Zuidema, P., Zhao, G., Di Girolamo, L., 2007. Cloud top height comparisons
from ASTER, MISR, and MODIS for trade wind cumuli. Remote Sensing of the Environment, 107, pp.
211-222.

Seiz, G., Davies, R., Gruen, A., 2006. Stereo cloud-top height retrieval with ASTER and MISR.
International Journal of Remote Sensing, 27(9), pp. 1839-1853.

Diner, D., Braswell, B., Davies, R., Gobron, N., Hu, J., Jin, Y., Kahn, R., Knyazikhin, Y., Loeb, N.,
Muller, J.-P., Nolin, A., Pinty, B., Schaaf, C., Seiz, G., Stroeve, J., 2005. The value of multiangle
measurements for retrieving structurally and radiatively consistent properties of clouds, aerosols,
and surfaces. Remote Sensing of the Environment, 97(4), pp. 495-518.

Seiz, G., Baltsavias, E., Gruen, A., 2002. Cloud mapping from the ground: use of photogrammetric
methods. Photogrammetric Engineering & Remote Sensing (PERS), 68(9), pp. 941-951.




CV - Ad Stoffelen

In 2008 Ad Stoffelen was one of the seven nominees for the annual national prize for achievements
in "Science and Society" among all scientists in the Netherlands. Dr. Ir. Ad Stoffelen studied
physics at the Technical University of Eindhoven until February 1987. Since then he works for the
KNMI and the ECMWEF. He was the ECMWEF scientist responsible for the scatterometer data
processing and assimilation from '91 - '94 where he initiated developments on data visualisation,
transfer function estimation, quality control, and data assimilation. Currently, he manages both the
EUMESAT Ocean and Sea Ice and Numerical Weather Prediction Satellite Application Facilities at
KNMI with its prime responsibility in the EUMETSAT ASCAT data and software products. In this
context he lead ASCAT calibration flights with the NOAA hurricane "hunter” team through
hurricanes, a.o., through tropical hurricane Ike in 2008. He is a member of the ESA/EUMETSAT
ASCAT SAG, co-chairs the International Ocean Vector Wind Science Team, and is member of
EUMETSAT’s Post-EPS Mission Expert Team after chairing the Post-EPS Application Expert
Group on Atmospheric Profiling and Sounding. He is also a member of the CFOSAT science team.
Other areas of involvement in satellite data interpretation are Doppler Wind Lidar (member of the
ESA AEOLUS Mission Advisory Group and VAMP project leader) and assimilation of ozone data
in NWP models (project leader of the EU SODA project). In the reference list below several
publications on these subjects can be found.

References:

Masutani, Michiko, Thomas W. Schlatter, Ronald M. Errico, Ad Stoffelen, Erik Andersson,
William Lahoz, John S. Woollen, G. David Emmitt, Lars-Peter Riishgjgaard, Stephen J. Lord,
/Observing System Simulation Experiments ,/ Chapter 2, section F, to appear in Springer book on
Data Assimilation, 2010.

Belmonte Rivas, M. and A. Stoffelen, /New Bayesian algorithm for sea ice detection with
QUIkSCAT, IEEE Transactions on Geoscience and Remote Sensing, under minor revision, 2010.

Houchi, K., A. Stoffelen, G.J. Marseille, J. de Kloe, /Comparison of wind and wind-shear
climatologies derived from high-resolution radiosondes and the ECMWF model, J. Geophys.
Research (C), under minor revision, 2010.

Marseille, G.J., K. Houchi, J. de Kloe and A. Stoffelen, /The definition of an atmospheric database
for ADM-Aeolus/ submitted, Atmospheric Measurement Techniques, 201

Vogelzang, J., A. Stoffelen and A. Verhoef, /On the quality of high-resolution scatterometer winds
J. Atm. Oceanic Technol., submitted, 2010.

Portabella, M. and A.C.M. Stoffelen, /On Scatterometer Ocean Stress/ J. Atm. Oceanic Technol.,
2009, 26, 2, 368-382,

Verspeek, J.A., A. Stoffelen, M. Portabella, H. Bonekamp, C. Anderson and J. Figa, Validation and
calibration of ASCAT using CMOD?5. IEEE Transactions on Geoscience and Remote Sensing,
2009

Vogelzang, J., A. Stoffelen, A. Verhoef, J. de Vries and H. Bonekamp, /Validation of two-
dimensional variational ambiguity removal on SeaWinds scatterometer data/ J. Atm. Oceanic
Technol., 7, 2009, 26, 1229-1245

Marseille, G.J., A. Stoffelen and J. Barkmeijer, /A CYCLED SENSITIVITY OBSERVING
SYSTEM EXPERIMENT ON SIMULATED DOPPLER WIND LIDAR DATA DURING THE
1999 CHRISTMAS STORM/ Tellus, A, 2008, 60, 2, 249-260



Marseille, G.J., A. Stoffelen and J. Barkmeijer, IMPACT ASSESSMENT OF PROSPECTIVE
SPACE-BORNE DOPPLER WIND LIDAR OBSERVATION SCENARIOS/ Tellus, A, 2008, 60,
2, 234-248

Marseille, G.J., A. Stoffelen and J. Barkmeijer, /Sensitivity Observing System Experiment (SOSE) -
A New Effective NWP-based Tool in Designing the Global Observing System/ Tellus, A, 2008, 60,
2,216-233,

Tan, D.G.H., E. Andersson, J. de Kloe, G.J. Marseille, A. Stoffelen and et al., /The ADM-Aeolus
wind retrieval algorithms/ Tellus, A, 2008, 60, 2, 191-205

Zagar, N., A. Stoffelen, G.J. Marseille, C. Accadia and P. Schlussel, /Impact Assessment of
Simulated Wind Lidars with a Multivariate Variational Assimilation in the Tropics/ Mon. Wea.
Rev., 2008, 136, 2443-2460

Barale, V., M. Gade (eds), /Remote Sensing of the European Seas/, Chapter: "/Scatterometer
Applications in the European Seas"/, contributed by Ad Stoffelen, pp. 269-282, ISBN: 978-1-4020-
6772-3, Springer, 2008.

Hersbach, H., A. Stoffelen and S. de Haan, An Improved C-band scatterometer ocean geophysical
model function: CMODS5, J. Geophys. Res., 2007, 112,

Portabella, M. and A. Stoffelen, Scatterometer backscatter uncertainty due to wind variability, IEEE
Gosci. Remote Sensing Letters, 2006, 44, 11, 3356-3362.

Stoffelen, A., G.J. Marseille, F. Bouttier, D. Vasiljevic, S. de Haan and C. Cardinali, Doppler Wind
Lidar Observation System Simulation Experiment, Quart. J. Royal Meteor. Soc., 2006, 132, 1927-
1947.

Stoffelen, A. and M. Portabella, On Bayesian Scatterometer Wind Inversion IEEE Transactions on
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Annex E: Cost information

This annex gives the cost information that the summary in section is based on.

WINDS cost Summary

Element Phase-A Phase-BCD Total
Keuro Keuro Keuro
Science Team 510 1276 1786
Payload
MISRIite 2097 9976 12073
OABS 1930 6386 8316
WAPU 554 3929 4483
Spacecraft 1000 20000 21000
Ground Segment 390 650 1040
Total 6482 42217 48699
Margin (20%) 9740
Total 58439
Science Team Phase-A Phase BCD Notes
Phase-A
2FTE £K 300 For 18 months
OSSE £K 100
Travel £K 40
Phase BCD
2FTE 1000(For 5 years
Travel 100
Total £K 440 1100
Total Keuro 510 1276
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Spacecraft Phase-A Phase BCD

Spacecraft Phase-A Keuro 1000 SEA estimate
Phase BCD

S/C build Keuro 10000|SEA estimate
S/C qualification Keuro 10000|SEA estimate
Total Keuro 1000 20000

MISRLite Phase-A Phase-BCD Notes

Phase-A

Focal Plane

INO large package KCan$ 1000 INO indicative cost
New readout circuit KCan$ 400 INO indicative cost

Optics Development

Design £K 20

Prototype optics £K 120 two sets costed

Detector electronics development

MSSL cost £K 197 ESA PEM cost with escalation

System design £K 550 5sy

Phase BCD

MSSL cost £K 8600]Analogy to MSSL instrument progs
£K 1808 8600
Keuro 2097 9976

Phase BCD estimate (all £K)

sy cost
Staff 60 110 6600|Previous programmes
Non-staff
Detectors 1000
Components 800
Materials 100
Facilities 50
Travel 50
Total (KE) 8600
OABS Phase-A Phase-BCD Notes
Astro und Fein Werk pro Keuro 1650 5546|with margin
Software Kuro 280 840]2sy and 6sy
Total 1930 6386
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WAPU Phase-A Phase-BCD Notes

Prototype programme KE 478 from Solar Orbiter EUI
scaled to 70%

Main programme KE 3387|from Solar Orbiter EUI
scaled to 70%

Total KE 478 3387

Total Keuro 554 3929

Ground Segment Phase-A Phase-BCD |Notes

Phase-A Keuro 390 38Y

Phase-BCD Keuro 650]5 SY

Total Keuro 390 650
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