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Transmissions around the Ref-2 channel of ACCURATE (4098.56 cm ). HeightTP = 5 km
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Figure A.15: Same as in Figure A.1, but for the Ref 2 channel.
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Transmissions around the Ref-3 channel of ACCURATE (4227.07 cm’). HeightTP = 5 km
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Transmissions around the Ref-4 channel of ACCURATE (4322.93 cm’). HeightTP = 5 km
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Figure A.17: Same as in Figure A.1, but for the Ref 4 channel.
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Transmissions around the Ref-5 channel of ACCURATE (4731.03 cm’). HeightTP = 5 km
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Figure A.18: Same as in Figure A.1, but for the Ref 5 channel.
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Transmissions around the Ref-6 channel of ACCURATE (4770.15 cm’). HeightTP = 5 km
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Figure A.19: Same as in Figure A.1, but for the Ref 6 channel.
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Example ALPS Run Control File

[General Identifiers]

ALPS Version = r20

ALPS Task-Id std-noWind
Creation Date and Time 2010-04-20 03:31:00

[General Settings]
Compute ALGP Data = yes
Compute REP Data yes

[RFM Atm Tran Data Input Settings]

RFM Atm Tran Data directory ../../data/RFMin/

TargetSpeciesTable File Table_FASCODEstd_TargetSpeciesTransm.txt
TotalTransmTable File Table_FASCODEstd_TotalTransm.txt

[Pairs of Channels to be investigated]

Number of Pairs = 19

No of Pairs regarding WindRet = 1

Pair1l = H20-1 Ref-3
Pair2 = H20-2 Ref-6
Pair3 = H20-3 Ref-5
Pair4 = H20-4 Ref-5
Pairb = C02 Ref-6
Pair6 = C02w1 Ref-6
Pair7 = C02w2 Ref-6
Pair8 = CH4 Ref-4
Pair9 = N20 Ref-5
Pair10 = 03 Ref-1
Pairiil = CO Ref-4
Pairi2 = HDO Ref-3
Pairi13 = H2180 Ref-2
Pairi14d = 13C02 Ref-5
Pairi1b = C1800 Ref-6
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Pairi16 = 13C02-2 Ref-6
Pairl7 = C1800w1 Ref-6
Pairi18 = C1800w2 Ref-6
Pairi19 = C1800wi_d C1800w2_d

[Atmospheric Loss/Gain Modeling Settings]

ALGP Data directory = ../../data/ALGP/
Defocusing Loss Model Mode =p,T Atm
Rayleigh Scattering Mode = p,T Atm

Compute RaylScatSolarRadGain = no

Solar Zenith Angle at TP = 6040 ; [deg]
Solar Azimuth Angle at TP = 040 ;[deg]
Aerosol Model Mode = SAGE II based
Aerosol Load = medium
Angstroem Exponent = 1.5d0 ;[1]
Compute CloudsExtinctionLoss = no

Turbulence Scintillation Mode = no Scint
[Atmospheric Error Modeling Settings]
(AEM parameters)

[Observation System and SNR Modeling Settings]
Tx (Orbit) Height 800d0 ; [km]
Rx (Orbit) Height 65040 ; [km]
RawSamplingRate = 5040 ; [Hz]
RawSampling SNR at TOA 2740  ; [dB]

[Observation System Error Modeling Settings]
(0SEM parameters)

[Retrieval Error Modeling Settings]

REP Data directory = ../../data/REP/
Compute Composite Profiles = yes
Composite Profile Species = H20

Compute Wind Retrieval Errors
Wind Model Mode
Wind Channels to use

yes
zero wind

[* EOF %]

C1800w1l C1800w2
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Example EGOPS Input Files

C.1 Two Line Element Files of ACCURATE Po-
lar Satellite Constellation

ACCURATE Transmitter (Tx) Satellites

ACE+Tx1-800km

1 1 07003USR 07001.00000000 .00000000 00000-0 00000-0 O 0010
2 1 90.0000 0.0000 0001000 90.0000 0.0000 14.28744313 0
ACE+Tx2-800km

1 2 07004USR 07001.00000000 .00000000 00000-0 00000-0 O 0010
2 2 90.0000 0.0000 0001000 90.0000 180.0000 14.28744313 0

ACCURATE Receiver (Rx) Satellites

ACE+Rx1-650km

1 1 07001USR 07001.00000000 .00000000 00000-0 00000-0 O 0010
2 1 90.0000 180.0000 0001000 90.0000 0.0000 14.74733736 0
ACE+Rx2-650km

1 2 07002USR 07001.00000000 .00000000 00000-0 00000-0 O 0010
2 2 90.0000 180.0000 0001000 90.0000 90.0000 14.74733736 0
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C.2 Signal Properties File

[Signal Properties Filel

File Version = xEGOPS 5.5

Number of Entries =1

Number of Channels = 4

[Signal 1]

Tx Name = ACE

Tx Entry Type = Generic

Tx Signal Identifier = Tx-Acccurate VIR C1800Wind
Tx Number of Channels = 4

Frequencyl = 142912.18632413649 [Hz]
Frequency?2 = 142912.423555903d9 [Hz]
Frequency3 = 143005.49935287049 [HZz]
Frequency4 = 143005.499352870d9 [Hz]
Power1 = 0.0d0 [dBW]

Power2 0.0d0 [dBW]

Power3 0.0d0 [dBW]

Power4 0.0d0 [dBW]
Chip_Lengthi = 040 [m]

Chip_Length2 = 040 [m]

Chip_Length3 = 040 [m]

Chip_Length4 = 040 [m]

[Signal 1 Disturbance]

Frequencyl Knowledge = None

Frequency2 Knowledge = None

Frequency3 Knowledge = None

Frequency4 Knowledge = None

Frequencyl Drift = None

Frequency2 Drift = None

Frequency3 Drift = None

Frequency4 Drift = None

Frequencyl Stability = None

Frequency2 Stability = None

Frequency3 Stability = None

Frequency4 Stability = None

Intensityl Noise Error = None

Intensity2 Noise Error = None

Intensity3 Noise Error = None

Intensity4 Noise Error = None

[EOF]
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C.3 Atmosphere Model Definition File

[Atmosphere Model Definition File]
File Version = EGOPS 5.5

[Atmosphere Definition]

Atmosphere Model FASCODE_Atmosphere

Atmosphere Model File Path ../AtmoIonoEarthConstants/FascodeAtm/
Atmosphere Model File Name = Baseline_dispersive.fai

Force Atmosphere Dry False

Atmospheric Disturbance Model = No Atmos. Disturbance

Atmospheric Turbulence Model No Atmos. Turbulence

[Clouds and Rain Definition]
Clouds and Rain Model = No Clouds+Rain

[Wind Definition]
Wind Model
Wind-GRIB File Path
Wind-GRIB File Name

GCM Wind
. ./AtmoIonoData/
ecmwf20070715121.grb

[EOF]
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C.4 Mission Analysis and Planning Run Control
File

[Project-Id and Task-Id]
File Version = EGOPS 5.5

Project-Id = Diss-Wind
Task-Type = MAnP1
Task-Id = m—-diss

[Occultation Simulation Specifications]

Occultation Simulation Type = LEO-LEO Occultation
Simulation Start Date/Time = 2007-07-15 00:00:00 [UT]
024:00:00 [hhh:mm:ss]

Simulation Duration

[Height Levels Specifications]

Hlowl Hhighl HStepl deltaHl = 1.0 12.0 1.0 0.10 [km]
Hlow2 Hhigh2 HStep2 deltaH2 = 12.0 30.0 2.0 0.20 [km]
Hlow3 Hhigh3 HStep3 deltaH3 = 30.0 80.0 10.0 1.00 [km]

[Geographic Area of Interest]
Geographic Area = Global

[Earth Figure Specification]
Earth Figure Model = EARTH_WGS84

[Tx System Specifications]

Tx System = ACE

Tx Orbit Model Elliptical Orbits

Tx1 Orbit Elements Filename Tx-ACE-2007001-AccuPolar.tle

Tx1 Signal Properties Filename = Tx-Actlimb-xFOM-VIR-Wind.spd

Tx Antenna Pattern Filename Tx-LEO-withBoresightTracking.apd

[Rx System Specifications]

Rx System

Rx Orbit Model

Rx Orbit Elements Filename

Rx Antenna Pattern Filename

Rx Zenith Antenna Elevation Limit

ACE

Elliptical Orbits

Rx-ACE-2007001-AccuPolar.tle

Rx-LEO-withBoresightTracking.apd
10.0 [degl

[Visibilities for Differencing and Tracking]
Differencing Visibility Info = No_Differencing Visibility_Info
Tracking Visibility Info = No_Tracking_ Visibility_Info

[EOF]
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C.5 Forward Modeling Run Control File

[Project-Id and Task-Id]

File Version = EGOPS 5.5

Project-Id = Diss-Wind

Task-Type = FoMod

Task-Id = f-diss-cl18ooWind-medAero-gcm

[Occultation Simulation Specifications]

Occultation Simulation Type = Space to Space Event - Realistic Geometry
Reference MAnP1 Task-Id m-diss

Occultation Number Range 118 118 0

Occultation Height Range 3.0 80.0 [km]

[Atmosphere and Ionosphere Model Specification]
Atmosphere Model = FASCODE_Atm_Wind-gcm_Disp.amd
Ionosphere Model = No_Ionosphere.imd

[Signal Propagation Simulator Specifications]

Propagation Simulator Type = Full-3D Ray Tracer
Propagation Simulator Accuracy = High

Force Spherical Symmetry = True

Extended Data Output = Dopp-Tran-Bend Data

[Tx System Specifications]

Tx System = ACE

Tx Orbit Model = Elliptical Orbits

Tx1 Orbit Elements Filename = Tx-ACE-2007001-AccuPolar.tle

Tx1 Signal Properties Filename = Tx-Actlimb-xFOM-VIR-C1800Wind.spd
Tx Antenna Pattern Filename = Tx-LEO-withBoresightTracking.apd

[Rx System Specifications]
Rx System

Rx Orbit Model Elliptical Orbits

Rx Orbit Elements Filename Rx-ACE-2007001-AccuPolar.tle

Rx Sampling Rate = 10 [Hz]

Rx Antenna Pattern Filename = Rx-LEO-withBoresightTracking.apd

ACE

[Aerosol Model Specifications]

Aerosol Model SAGEII based Aerosol Model
Aerosol load = medium

Interpolation Type = vSpl+1lSpl

[EOF]
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C.6 Observation System Modeling Run Control
File

[Project-Id and Task-Id]
File Version = xEGOPS 5.5

Project-Id = Diss-Wind
Task-Type = 0SMod
Task-Id = xo-diss-cl8ooWind-medAero-gcm

[Occultation Simulation Specifications]
Reference FoMod Task-Id = f-diss-cl8ooWind-medAero-gcm
Occultation Number Range 118 118 0

[POD Error Specifications]
POD Error Model

Error Application Type
Radial Position Error Tx 0.25 [m]
Radial Position Error Rx 0.25 [m]
Along Ray Velocity Error = 0.05 [mm/s]
Along Ray Acceleration Error 0.05 [m/s]

Kinematic POD Error Model
Apply drifts randomly

[Receiving System Simulator Specifications]
Receiver Simulator Type = Parameterized Receiver Simulator
Extended Data Output = C/NO and Antenna Data

[Tx System Specifications]
Tx System

Tx Orbit Model Elliptical Orbits

Tx1 Orbit Elements Filename Tx-ACE-2007001-AccuPolar.tle

Tx1 Signal Properties Filename = Tx-Actlimb-xFOM-VIR-C1800Wind.spd
Tx Antenna Pattern Filename Tx-LEO-withBoresightTracking.apd

ACE

[Tx Performance Specifications]
Performance Model = No Transmitter Performance Modeling

[Rx System Specifications]

Rx System

Rx Orbit Model

Rx Orbit Elements Filename

Rx Sampling Rate

Rx Antenna Pattern Filename

ACE
Elliptical Orbits
Rx-ACE-2007001-AccuPolar.tle

10 [Hz]
Rx-LEO-withBoresightTracking.apd

[Rx Performance Specifications]
Thermal Noise Model
Rx 1/f Noise Model

No CXK-Band Thermal Noise
No 1/f Amplitude Noise
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Polynomial Amplitude Drift Model = No Polynomial Drifts
Sinusodial Amplitude Drift Model

No Sinusoidal Drifts

[Local Multipath Specifications]
Local Multipath Model = No Local Multipath

[Differencing Treatment and Clocks Specifications]
Differencing Treatment of Clocks = Perfect Clocks (No Differencing)

[Rx VIR Performance Specifications]
Full Angle of Laser Gauss Beam = 0.003 [rad]
Diameter of Circular Rx Optics = 0.3600 [m]

Thermal Noise Model VIR-Band Thermal Noise Model
Reception Loss 1.25 [dB]

Total Optical Loss = 1.87 [dB]

Noise Equivalent Rx Power = -121.40 [dBW]

Polynomial Intensity Drift Model
Polynomial Drift Type

Polynomial Drift Reference Height = 35.0 [km]

Linear Drift Slope 0.040 [dB/min]
Quadratic Drift Curvature = 0.0000 [dB/min**2]
3rd Order Drift Curvature Change 0.00000 [dB/min**3]

Polynomial Drift Model
Apply drifts randomly

Sinusoidal Intensity Drift Model = No Sinusoidal Drifts

Sine Drift Reference Height = 35.0 [km]

Sine Drift Period = 15.0 0.0 0.0 0.0 [sec]
Sine Drift 0.020 0.000 0.000 0.000 [dB]
Sine Drift at Reference Height 0.000 0.000 0.000 0.000 [dB]

[EOF]
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C.7 Occultation Processing System Run Control
File

[Project-Id and Task-Id]
File Version = xEGOPS 5.5

Project-Id = Diss-Wind
Task-Type = InRet
Task-Id = xi-diss-cl8ooWind-medAero-gcm

[Occultation Retrieval Specifications]

Occultation Data Source Simulated Data

File Number Range 118 118 0
Occultation Event Height Range 3.0 80.0 [km]

Reference 0SMod Task-Id = o-diss-MW

Reference 0SMod Task-Id_2 = xo0-diss-cl18ooWind-medAero-gcm
Observable Data File Path = ../projects/Diss-Wind/0SMod/
Retrieved Data File Path = ../projects/Diss-Wind/InRet/Data/
Write Phase/Amplitude Files = TRUE

Enforce Simulation Filenames = TRUE

[Tx System Specifications]

Tx System = ACE

Tx Orbit Model = Elliptical Orbits

Tx1 Orbit Elements Filename = Tx-ACE-2007001-AccuPolar.tle

Tx1 Signal Properties Filename = Tx-Actlimb-x0PS-C1800Wind.spd

Tx Antenna Pattern Filename = Tx-LEO-withBoresightTracking.apd

[Bending Angle and Transmission Retrieval Specifications]

Bending Angle Retrieval = Geometric Optics Bending Angle
Profiles

Ionosphere Correction Type = Phase Correction

Statistical Optimization Type = Optimize invoking MSIS90

Combined WO and GO BA Retrieval = FALSE

Transmission Retrieval = Geometric Optics Transmission
Profiles

I/I0 Reference Height per Channel = 30.0 30.0 30.0 30.0 30.0 [km]

I0-Value for Average Height Interval 4.0 [km]

[Refractivity Profiles Retrieval Specifications]

Refractivity Retrieval = Abel Transform Refr. + Absorption Coeff.
Profiles

Transmission Processing Type = Differential Transmissions

[Atmospheric Profiles Retrieval Specifications]
Atmospheric Parameter Retrieval = Refr. + AbsCoeff. Based Atm. Profiles
Refractivity and Absorption Coeff. Retrieval = T,q,e,p,rho,w by Optimal
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Estimation
Refractivity Error Model = 1/z (<zRef) + exp(z) (>zRef) Errors
Refractivity RMS Error (at zRef: 15 km) = 0.1 [%] (zRef: 15 km)
Absorption Coeff. Error Model = ScaleFactor*RMS(z0)#*W(z) SNR-based Errors
Absorption Coeff. RMS Error Scale Factor = 1.00 [1] (ScaleFactor)
Atmospheric Parameter Retrieval Mode = p+T+q (moist air) Retrieval
Background Atmosphere Mode = Best-fit T at z < zBestfitTop
Atmosphere Model for best Fit = FASCODE_Atm_Clear_nonDisp.amd

[Quality Control and Reference Atmosphere Specification]
Quality Control Atmosphere Model = No_Atmosphere.amd
Reference Atmosphere Model = FASCODE_Atm_Wind-gcm_Disp.amd

[Observable Data Filenames List]
Number of Observable Data Files = 1
Filel = 0-diss-MW_000118

[VIR Retrieval Specifications]

Wind Retrieval Mode = C1800 Wind Retrieval

Species Retrieval Mode = None

Background Atmosphere Model = FASCODE_Atm_Wind-gcm_Disp.amd
Species to be retrieved = (C1800

Intensity Reference Height = 65.0 [km]

Intensity Averaging Height Interval = 4.0 [km]
Trace Gas Error Mode = No Trace Gas Error

[EOF]
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List of Acronyms

ACCU-Clouds Preparing a key dimension of ACCURATE climate utility: cloud

ACCURAID

ACCURATE

ACE

ACE+

ACEPASS

ACTLIMB

ALPS

ALR

AOCS
ASI
ATOMMS

b.e.

sensing and greenhouse gas profiling in cloudy air (FFG/ALR
study, led by WEGC, Uni Graz)

Aid to ACCURATE Climate Satellite Mission Preparations
(FFG/ALR study supporting the development of the
ACCURATE satellite mission concept, led by WEGC, Uni Graz)

Atmospheric Climate and Chemistry in the UTLS Region And
climate Trends Explorer (mission concept lead-developed by
WEGC, Uni Graz)

Atmospheric Chemistry Experiment (Canadian solar occultation
mission)

Atmosphere and Climate Explorer (occultation mission studied
by ESA 2002-2004)

ACE+ Phase A Scientific Support Study (ESA study, led by
IGAM, Uni Graz)

ESA Study of the Performance Envelope of Active Limb Sounding
of Planetary Atmospheres (led by WEGC, Uni Graz)

ACCURATE LIO Performance Simulator (software developed at
WEGC, Uni Graz)

Austrian Aeronautics and Space Agency (Agentur fiir Luft- und
Raumfahrt, part of the FFG)

Attitude and Orbit Control System
Italian Space Agency

Active Temperature Ozone and Moisture Microwave Spectrometer
(U.S. LMO mission under study)

best effort

163



164 List of Acronyms

CDF Concurrent Design Facility (an ESA mission design facility which
was established within the framework of the ESA GSP
programme)

CHAMP CHAllenging Minisatellite Payload (German GRO mission)

COMPASS Chinese global navigation satellite system (part of GNSS; under
construction)

CcT Canonical Transform

CW continous wave (operating mode of lasers)

DFB Distributed Feedback laser

ECMWF European Centre for Medium-Range Weather Forecasts, Reading,
UK (http://www.ecmwf.int)

EGOPS End-to-end Generic Occultation Performance Simulation and
Processing System (software primarily developed at WEGC, Uni
Graz)

Envisat Environmental Satellite (Earth-observing satellite operated by
ESA)

EOPSCLIM  End-to-end Occultation Processing System and Climate
Monitoring Service: MetOp GRAS-TASI and ACCURATE
Integration (FFG/ALR study, led by WEGC, Uni Graz)

ERBS Earth Radiation Budget Satellite (NASA mission operated from
October 1984 to October 2005)

ESA European Space Agency

FASCODE FASt Atmospheric Signature CODE (a line-by-line atmospheric
radiance and transmittance code)

FFG Austrian Research Promotion Agency (Osterreichische
Forschungsforderungsgesellschaft)

FOM Forward Modeling (simulation task of EGOPS)

FOV Field Of View

FWHM Full Width at Half Maximum

Galileo European global navigation satellite system (part of GNSS; under
construction)

GLONASS Russian GLODbal NAvigation Satellite System (part of GNSS)
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GMD

GNSS

GOMOS

GOSAT

GPS
GRAS-2

GRO

GSP

HITRAN

TASI

IDL
IGAM
InAs

InGaAs

InSb

IPCC
IR
IRDAS

Global Monitoring Division of the Earth System Research
Laboratory of NOAA

Global Navigation Satellite System (generic term comprising

GPS, Galileo, GLONASS, and COMPASS)

Global Ozone Monitoring by Occultation of Stars (instrument on
Envisat)

Greenhouse gases Observing Satellite (Japanese mission launched
in 2009)

U.S. Global Positioning System (part of GNSS)

GNSS Receiver for Atmospheric Sounding-2 (successor of the
GRAS instrument on MetOp)

GNSS-LEO Radio Occultation (here Galileo and GPS L-band
signals used for the cross-link, about 1.2 GHz and 1.6 GHz)

General Studies Programme (the ESA think tank which has a
main role in laying the groundwork for future activities of the

agency)

High-resolution Transmission molecular absorption database
(http://cfa-www.harvard.edu/hitran)

Infrared Atmospheric Sounding Interferometer (instrument on
MetOp)

Interactive Data Language (programming language)
Institute for Geophysics, Astrophysics, and Meteorology, Uni Graz

Indium arsenide (a semiconductor composed of indium and
arsenic)

Indium gallium arsenide (a semiconductor composed of indium,
gallium and arsenic)

Indium antimonide (a semiconductor composed of indium and
antimony )

Intergovernmental Panel on Climate Change
infrared spectral region

ESA study: Differential Absorption Spectroscopy in the SWIR, for
Greenhouse Gas Monitoring using Coherent Signal Sources in a
Limb Sounding Geometry (led by Univ. of York, UK)
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IRDAS-EXP  ESA study: SWIR Long Range Differential Absorption
Experiment for Trace Gas Measurements (successor study of
IRDAS, led by Univ. of York, UK)

JPL Jet Propulsion Laboratory (Pasadena, California, USA)

K-band K-band of the radio spectrum (about 15 GHz to 30 GHz; here
referring to the 17 GHz to 23 GHz region)

L-band L-band of the radio spectrum (about 1 GHz to 2 GHz)

LEO Low Earth Orbit (or satellite in low Earth orbit)

LIO LEO-LEO Infrared Laser Occultation (here laser cross-link signals
within 2pm to 2.5 pm)

LMO LEO-LEO Microwave Occultation (here cross-link signals within
8 GHz to 30 GHz and 175 GHz to 200 GHz)

LODM Assessment of a laser based occultation demonstration mission to
monitor chemical species (ESA study, led by Thales Alenia Space,
Italy)

LOS line-of-sight

LS Lower Stratosphere (WMO: 100 hPa to 10 hPa, about
15km to 35 km)

LT Lower Troposphere (WMO: 1000 hPa to 500 hPa, about
0km to 5km)

MAP Mission Analysis and Planning (simulation task of EGOPS)

MetOp Meteorological Operational Satellite (a series of three European
weather satellites)

MKIV MARK-IV Fourier Transform Interferometer (developed at JPL)

mls mid-latitude summer (used in context with the FASCODE
atmospheres)

mlw mid-latitude winter (used in context with the FASCODE
atmospheres)

mm-band mm-band of the radio spectrum (about 110 GHz to 300 GHz; here
referring to the 175 GHz to 200 GHz region)

MMBE Monthly Mean Bias Estimate



List of Acronyms 167

MW

NASA
NEP

NOAA

NOT

NWP
OGS

OPS

OSM

PbSe

PREMIER

PRIMA

RFM

RH

Rx
SAGE 11

sas

Saw

microwave spectral region (3 GHz to 300 GHz; here referring to
the 8 GHz to 30 GHz and 175 GHz to 200 GHz regions)

U.S. National Aeronautics and Space Administration

Noise-Equivalent Power (a measure of the sensitivity of optical
detectors)

U.S. National Oceanic and Atmospheric Administration

Northern Optical Telescope (located in the Observatorio del
Roque de los Muchachos on the island of La Palma at an
elevation of about 2392 m above sea level)

Numerical Weather Prediction

Optical Ground Station (operated by ESA in the Observatorio del
Teide on the island of Tenerife at an elevation of about 2410 m
above sea level)

Occultation Processing System (simulation task type of EGOPS)
Observation System Modeling (simulation task of EGOPS)
Lead selenide (semiconductor material)

PRocess Exploration through Measurements of Infrared and
millimetre-wave Emitted Radiation (concept for a satellite
mission currently undergoing Phase-A studies)

Piattaforma Riconfigurabile Italiana Multi-Applicativa (small
satellite platform for LEO)

Reference Forward Model (a line-by-line radiative transfer model
developed by A. Dudhia, Univ. of Oxford, UK;
http://www.atm.ox.ac.uk/RFM/)

relative humidity
Receiver satellite (generic term)

Stratospheric Aerosol and Gas Experiment IT (a solar occultation
instrument aboard the ERBS satellite of NASA)

subarctic summer (used in context with the FASCODE
atmospheres)

subarctic winter (used in context with the FASCODE
atmospheres)
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SCIAMACHY SCanning Imaging Absorption SpectroMeter for Atmospheric

SNR
std

SWIR

TBL

TLE

TOA

tro

Tx

Uni Graz

US

UT

UTC

UTLS

VEGA

VMR

WATS

WEGC
WMO

X-band

CHartographY (instrument on Envisat)
Signal-to-Noise Ratio
standard (used in context with the FASCODE atmospheres)

Short Wave Infrared spectral region (1.5 pum to 3 pm; here
referring to the 2 pm to 2.5 pm region)

Top of Boundary Layer (about 2km)

Two-Line Element set (file format for description of orbital
elements of Earth satellites)

Top of Atmosphere

tropical (used in context with the FASCODE atmospheres)
Transmitter satellite (generic term)

University of Graz, Graz, Austria

Upper Stratosphere (WMO: 10 hPa to 1hPa, about
35km to 50km)

Upper Troposphere (WMO: 500 hPa to 100 hPa, about
5km to 15km)

Universal Time Coordinated

Upper Troposphere/Lower Stratosphere atmospheric region
(WMO: 500 hPa to 10 hPa, about 5km to 35km)

Vettore Europeo di Generazione Avanzata (European Advanced
Generation Carrier Rocket, an expendable launch system being

developed by ASI and ESA)
volume mixing ratio

Water Vapour and Temperature in the Troposphere and
Stratosphere (earlier ESA radio and microwave occultation
mission concept)

Wegener Center for Climate and Global Change, Uni Graz
World Meteorological Organization

X-band of the radio spectrum (about 8 GHz to 12 GHz)
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xEGOPS eXperimental EGOPS (experimental part of the EGOPS software
including primarily facilities for LIO end-to-end simulations;
primarily developed at WEGC, Uni Graz)
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List of Symbols

13CO2

am

AATT'WlWQ

Av

Afi/fo

dfr/ fo
ATr

A,I’Taubs

AT"rF,Mod

AT’/’T

A,T”rwlvﬂ

ATr wilw2,0

carbon dioxide main isotope with one heavy-carbon atom 3C

(target species of ACCURATE)

laser beam divergence angle (defined by the e~2 points of the
Gaussian beam shape)

double-difference transmission, which is the difference of the
differential transmissions (absorption minus reference) of the two
wind channels (= (Try1 — Trre) — (Trwo — Trret), unit [dB])

mean of the wind induced Doppler frequency shifts at the two
wind channels (unit [Hz] = [s7!])

wind induced Doppler frequency shift (unit [Hz] = [s7!])
relative FWHM of the emitted laser line shape
relative laser frequency knowledge

differential transmission between absorption and reference channel
(= (Traps — TrRer), unit [dB])

differential transmission between absorption and reference channel
resulting from the SNR of the channels (used in the ALPS
retrieval error modelling, unit [dB])

modelled differential transmission that includes contribution of
foreign species only (unit [dB])

differential transmission that includes contribution of target
species only (unit [dB])

observed differential transmission between wind channels (unit

[dBJ)

differential transmission between wind channels in motionless air

(unit [dB])
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€ general extinction coefficient, which is the sum of all specific
extinction coefficients (SI unit [m™'])

€a aerosol extinction coefficient (ST unit [m~!])

€a,\0 aerosol extinction coefficient at a reference wavelength A\ (SI unit
[m=1])

0 angle between the Tx and Rx position vectors in the occultation
plane (SI unit [rad])

K molecular absorption coefficient that includes contribution of
target species only (unit [m™])

A wavelength (SI unit [m])

Ao reference wavelength (unit [m]) in the Angstrém formula, which
specifies the wavelength dependency of the aerosol extinction
coefficient

AAbs wavelength of the absorption channel (SI unit [m])

ARef wavelength of the reference channel (SI unit [m])

v frequency (SI unit [Hz] = [s7])

2 frequency of the centre of an absorption line (ST unit [Hz] = [s7!])

v mean frequency of the two wind channels (ST unit [Hz] = [s7}])

01 th thermal noise standard error for LIO signals

OR Rayleigh scattering coefficient (unit [m~!])

oT molecular absorption cross section of the target species (unit [m?];
is a measure for the probability of an absorption process)

OT Mod molecular absorption cross section of the target species derived
from a model (unit [m])

T optical thickness (dimensionless)

XT volume mixing ratio that includes contribution of target species
only (dimensionless or [ppmv])

A Angstrom exponent

Agr reception area of the receiver telescope

amR impact parameter for SWIR occultation links (unit [km])
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C%2dB constant for conversion of [%] to dB (= 1/(10-1n(10)) = 0.043 429)
Co speed of light in vacuum (= 299792458 ms™1)
C00 carbon dioxide main isotope with one heavy-oxygen atom 80

(target species of ACCURATE)

CH, methane (target species of ACCURATE)

CO carbon monoxide (target species of ACCURATE)
COsq carbon dioxide (target species of ACCURATE)
D* detectivity of a detector (=1/NEP)

D(dfL/fo)/Dt drift of the laser frequency

D(dIy,/Io)/Dt drift of the laser signal intensity

dp maximum diameter of the first Fresnel zone

dfr/ fo pulse-to-pulse instability of the laser frequency

dly, /1 pulse-to-pulse instability of the laser signal intensity

dr diameter of the circular reception mirror of the receiver telescope
Drr distance between Tx and Rx

(dTr/dv),,  first spectral derivative of the transmission at w1l (unit [dB])

(dTr/dv),,  first spectral derivative of the transmission at w2 (unit [dB])

e water vapour partial pressure (SI unit [Pa] = [Nm™?])

Eat total error of the differential log-transmission (unit [%])
EAT abs absolute error of the differential log-transmission (unit [dB])
EAT vel relative error of the differential log-transmission (unit [%)])
EAT resid residual error in log-transmission differencing (unit [%])
Eoabs absorption cross section error (unit [%])

E12c02 species retrieval error for COy (unit [%)])

Ei3c02 species retrieval error for 1*CO, (unit [%])

Eavsc trace species absorption coefficient error (unit [%)])

Ecos species retrieval error of the composite CO, profile (unit [%])
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FEnso species retrieval error of the composite HyO profile (unit [%])

E; species retrieval error of a single HyO profile (unit [%])

Esp trace species retrieval error (unit [%)])

Esp MonAv monthly-mean trace species retrieval error (unit [%])

Er aps SNR based log-transmission error for the absorption channel (unit
[7])

Et Ret SNR based log-transmission error for the reference channel (unit
[%])

fu centre frequency of the emitted laser line

fro nominal (manufactured) centre frequency of the emitted laser line

fs sampling rate (unit [Hz))

JAbelTr error amplification factor resulting from the Abel transform

H,O water (target species of ACCURATE)

H,80 heavy-oxygen water; a main isotope of water vapour with one
heavy-oxygen atom O (target species of ACCURATE)

HDO semiheavy water; a main isotope of water vapour with one
heavy-hydrogen atom 2H (target species of ACCURATE)

I intensity (ST unit [Wm™?] = [kgs™3)

Iy intensity before any absorption or scattering process (SI unit
[(Wm™] = [kgs™])

Lysm intensity modulation due to defocusing and spherical signal
spreading (unit [Wm™2] = [kgs™3])

Jdsm defocusing and spreading model intensity that is scaled to match
the the signal intensity at a reference height

I, intensity of the laser light

kg Boltzmann constant (= 1.3806504 x 1072 JK1)

Latm atmospheric attenuation loss (dimensionless or [dB])

Lopt optical loss (dimensionless or [dB])

Lyec reception loss (dimensionless or [dB])
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TR

TRx

TTx

S/No

SNRAbS

SN Ry

free-space propagation loss (dimensionless or [dB])
refractive index of air ([1] dimensionless)

nitrous oxide, laughing gas (target species of ACCURATE)
number density of air (unit [m~3])

number of profiles per grid box per month

NEP of the detector (unit [dB W])

refractivity for the SWIR spectral range (unit [N-units])
refractivity for microwaves (unit [N-units))

number density of the target species (unit [m~3])

ozone (target species of ACCURATE)

pressure (SI unit [Pa] = [Nm™?])

received power (unit [dB W])

received power in the case of no atmospheric attenuation (unit

[dB W)

transmitted power (unit [dB W])

partial pressure of the target species (SI unit [Pa] = [Nm™2])
specific humidity (SI unit [kgkg™!])

distance of the current SWIR ray path point to the centre of local
curvature

distance of the Rx satellite to the centre of local curvature of the
occultation event (unit [km])

distance of the Tx satellite to the centre of local curvature of the
occultation event (unit [km))

path length within a medium (SI unit [m])
signal-to-noise density ratio (unit [dB Hz])

available SNR of an absorption channel (basis for the retrieval
error estimation with ALPS)

SNR at the simulated sampling rate (unit [dB])
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SN Rpet available SNR of a reference channel (basis for the retrieval error
estimation with ALPS)

T temperature (SI unit [K])

Trams transmission of an absorption channel (dimensionless or [dB])

TrRet transmission of a reference channel (dimensionless or [dB])

Trr transmission that includes contribution of target species only
(dimensionless or [dB])

Ty transmission of the w1 channel (dimensionless or [dB])

Tryo transmission of the w2 channel (dimensionless or [dB])

Tryi0 transmission of the w1 channel in motionless air (dimensionless or
[dB])

Trya.0 transmission of the w2 channel in motionless air (dimensionless or
[dB])

U zonal wind component (positive in the west-to-east direction)

v meridional wind component (positive in the south-to-nord
direction)

Vs wind velocity in line-of-sight direction of the occultation link (unit
[m/s])

wl first wind channel, which is located near the tangent point at the
long-wave side of an absorption line

w2 second wind channel, which is located near the tangent point at
the short-wave side of an absorption line

WR beam width of the Gaussian-shaped laser beam at the Rx

Z geopotential height (unit [gpm)])

z height (unit [km)])

2IR tangent point height for SWIR occultation links (unit [km])

Zref reference height for transmission retrieval (a height above the

absorbing atmosphere where transmission is almost 1)
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Abstract:

ACCURATE is a concept for a satellite mission enabling simultaneous measurement of
thermodynamical, dynamical and chemical atmospheric variables. In particular, very accurate
profiles of pressure, temperature, specific humidity, line-of-sight wind velocity, and the vol-
ume mixing ratio of greenhouse gases (H,O, CO,, CH4, N,O, Oz, CO, HDO, H,'®0, *CO0,,
C™00) can be retrieved. Byproducts are profiles of cloud layering, aerosol extinction, turbu-
lence strength, cloud liquid water and ice water content. The measurement principle applied
is the occultation technique which is known for providing unbiased, long-term stable meas-
urements globally. Especially, a combination between the novel LEO-LEO Infrared Laser
Occultation (LIO) and the LEO-LEO Microwave Occultation is used. The LIO applies laser
signals in the short wave infrared spectral region, from 2 um to 2.5 um, which are sensitive to
absorption of the gases mentioned above. From the transmissions of the signals between
two occultation satellites the concentrations of the gases can be retrieved. Wind can be de-
duced from differences in transmissions resulting from wind-induced Doppler shift. This the-
sis presents the mission concept of ACCURATE and gives detailed insight into the LIO tech-
nigue. The sensitivity of LIO signals to atmospheric influences is investigated and first esti-
mations of the trace species and wind retrieval accuracy are shown. The results indicate that
the variables can be retrieved with unprecedented accuracy under all atmospheric conditions
outside clouds throughout the upper troposphere and lower stratosphere. These results are
very encouraging and underline the high potential of ACCURATE and its high value for moni-
toring of climate and atmospheric composition as well as their variability and change.

Zusammenfassung:

Das Satellitenmissionskonzept ACCURATE ermdglicht gleichzeitige Messung thermodyna-
mischer, dynamischer und chemischer atmosphérischer Variablen. Sehr genaue Profile von
Druck, Temperatur, spezifischer Feuchte, Windgeschwindigkeit in Messrichtung und Treib-
hausgaskonzentrationen (H,O, CO,, CH,, N,O, Os;, CO, HDO, H,'®0, *C0,, C*®00) kénnen
gemessen werden. Nebenprodukte sind Profile der Wolkenschichtung, Aerosolextinktion,
Turbulenzstarke, und Flissig- und Eiswassergehalt von Wolken. Das angewandte Messprin-
zip ist die Okkultationstechnik, welche global gleichmaRig verteilte und langzeitig stabile
Messungen ohne systematische Fehler liefert. Im Speziellen wird eine Kombination aus neu-
artiger Infrarotlaser-Okkultation (LIO) und Mikrowellen-Okkultation angewandt. LIO verwen-
det Signale im kurzwelligen Infrarot (2 um bis 2.5 um), die sensitiv fr die Absorption der Ga-
se sind. Aus der Transmission dieser Signale zwischen zwei Okkultationssatelliten kdnnen
die Gaskonzentrationen abgeleitet werden. Wind wird aus Transmissionsdifferenzen abgelei-
tet, die aus windinduzierter Dopplerverschiebung resultieren. Die vorliegende Arbeit stellt das
ACCURATE Missionskonzept vor und gibt detaillierte Einsicht in die LIO. Die Sensitivitat von
LIO Signalen auf atmospharische Einflisse wird untersucht und die Genauigkeit abgeleiteter
Treibhausgas- und Windprofile abgeschéatzt. Die Ergebnisse zeigen, dass die Variablen mit
bisher unerreichter Genauigkeit abgeleitet werden kénnen, und zwar unter allen Atmospha-
renbedingungen, aulRerhalb von Wolken, in der oberen Tropo- und unteren Stratosphare.
Dieses Ergebnis ist vielversprechend und unterstreicht das Potenzial von ACCURATE fur die
Beobachtung der Variabilitat des Klimas und der atmospharischen Zusammensetzung.
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