
Towards Unified Error Reporting (TUNER)

This is an application in reply to the ISSI/ISSI-BJ Joint Call for Proposals 2017 for Interna-
tional Teams in Space and Earth Sciences to the ISSI in Berne and refers to Earth Sciences
using space data.

Abstract

The project “Towards Unified Error Reporting” (TUNER) aims at providing consistent and intercomparable
error estimates for atmospheric temperature and composition measurements from space. Currently multiple
retrieval methods are used by the different instrument groups, and along with this various approaches to
error estimation are applied. Resulting errors are not always intercomparable. Some kinds of uncertainties
are sometimes not reported at all. The different altitude resolutions and the different content of prior
information in the data products is a particular problem.

Current scientific activities with satellite Earth observation data have a strong focus on validation and
merging of data sets. The construction of long-term satellite data time series is of particular interest in the
context of climate change. For all these satellite-data based activities the reliable characterization of the
data in terms of uncertainties, altitude resolution, content of a priori information and error covariances is
essential. While concepts exist to solve these problems in theory, these are only applicable to a subset of the
algorithms used by the various groups.

Instead of dreaming of being provided with the perfect rigorous error estimates by all groups, it seems
more adequate to face the fact that for some processors the rigorous error estimates cannot be provided and
workarounds have to be developed instead. These include: calibration of the error estimates to each other in
order to make them inter-comparable; assessment of altitude resolutions where no averaging kernels are pro-
vided; estimation of systematic or parameter errors for data sets where they are not routinely provided; and
development of recipes to make retrieval errors comparable for instruments with different altitude resolutions.

The success of this project depends on the participation of representatives from each retrieval group in
order to have first hand information about algorithms and corresponding metadata and to make sure that
the recommendations developed in the frame of this project will be finally accepted by the respective groups.
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1 Scientific Rationale, Goals, and Timeliness of the Project

Global data sets on atmospheric temperature and composition as provided by satellites play an increasing
role in the context of climate change. Methods to make best use of the data include merging of data from
different sources into long-term time series, data assimilation, model validation etc. The quantitative use of
satellite data depends on reliable data characterization in terms of metadata such as retrieval error estimates,
altitude resolution, and content of prior information. This is of concern for all quantitative applications,
like validation, data assimilation, or diagnosis of model results, but particularly of concern to the generation
of merged data products. In the latter case, the optimal weight of a parent data set in the merged data
depends inversely on the uncertainty.

Thus, inadequate error estimates directly affect the merged climate data product. When merging data
with different vertical resolutions reported profile error estimates are not directly comparable. The content
of a priori information in the retrievals is a particular challenge.

A rigorous method of error estimation is available [1]1 but it is only applicable to retrievals that use
optimal estimation or similar approaches which provide the required diagnostic matrices. However, there
are numerous data products to which this methodical framework is inapplicable.

Another unsolved problem is that validation studies often provide evidence that the theoretical error
estimates are too optimistic, which hints at missing error sources in the error estimation procedure. These
inconsistencies, however, are not usually taken as a basis for refinement of the error budget. Natural
variability of the atmospheric state and non-optimal co-location of the compared measurements are often
blamed for these inconsistencies without providing further quantitative assessments.

Within the ‘Towards Unified Error Reporting (TUNER)’ project the various error estimation methods
for temperature and trace gas retrievals shall be scrutinized and compared. Related satellite missions
under consideration are MIPAS, Odin/OSIRIS, OMPS-LP, Odin/SMR, AIRS, SBUV, AURA/MLS, SOFIE,
SABER, AURA/TES, GOME, SCIAMACHY, GOME-2, ACE-FTS and GOMOS. Recipes shall be developed
which allow to adjust the uncertainty estimated from the various instruments to each other to make them
consistent and intercomparable.

The following specific actions are foreseen:
1. A systematic assessment of the error estimation schemes used by the different groups will be made

and their adequacy will be evaluated. In particular, approximated methods of error estimation will be
tested against the full matrix-based scheme. What is adequate for one mission can be inadequate for
another.

2. Standards for estimating parameter errors and systematic errors will be developed. These issues re-
quire additional clarification, as became evident from the analysis of replies to a related questionnaire
distributed among the instrument scientists during preparation of this proposal. A further important
issue is to identify the most adequate way to compare errors for instruments with different vertical
resolutions and to communicate the a priori content of the data to the user.

3. In this project we will use high resolution in-situ measurements and model simulations (already avail-
able) to gain information about magnitude and patterns of natural variability in order to accurately
attribute and isolate a fraction of the residual differences due to the natural variability.

4. Unexplained differences (i.e. explained neither by error bars nor by natural variability) between mea-
surements will be investigated. If the same quantity is measured by three or more instruments, correc-
tion factors for the precision estimates of each instrument can be obtained by solving a system of linear
equations. These correction factors minimize the unexplained differences between the measurements.

5. For some satellite data sets the quantities necessary to evaluate the full error budget are not available
(particularly parameter errors and averaging kernels). Alternative ways of error estimation will be tested

1However, parts of this method have been challenged by [2].
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(perturbation studies; emulation of the respective data processors by other processors which have the
full matrix formalism available). For data products without averaging kernels, altitude resolutions will
be estimated and approximate averaging kernels will be constructed.

6. Standards on the unified and unambiguous reporting of the estimated retrieval errors will be developed.
7. A tutorial document will be created to help data users to correctly account for the uncertainties in the

data. The focus will be on the correct combination of different error components, grid interpolation
issues, and the application of averaging kernels.

This methodical work shall be applicable to all trace gases and most other state variables (temperature,
aerosols, etc) measured by the instruments involved but since almost all instruments measure ozone, it seems
adequate to select this particular gas as a paradigm case for methodical development.

TUNER has been selected as an emerging SPARC activity. TUNER-ISSI will be embedded in the over-
arching TUNER-SPARC activity. It may now be the last chance to carry out these activities, because for
most of the missions of the “Golden Age of Earth Observation” the retrieval experts are still available but
it is not at all clear how long they will still have the opportunity to work on their missions. Any delay may
imply loss of expert knowledge.

2 List of the Expected Output

1. Recommendations addressed to instrument scientists including recipes for error estimation which lead
to intercomparable, consistent error estimates;

2. Recommendations addressed to data users including recipes on how to transform the error estimates
and averaging kernels when the profile data are interpolated from the native altitude grid to a user-
defined grid; recipes on how to deal with error estimates of data of different altitude resolution; recipes
on how to use error covariances when available.

3. Approximate averaging kernels for data products where the averaging kernels are not routinely pro-
duced.

4. The error estimation approaches developed in the framework of this project will be implemented by
some groups and their applicability will be tested. Complete error budgets will be provided for selected
data sets.

5. Journal papers based on the results of this project shall be published in a special issue of the journal
“Atmospheric Measurement Techniques”. One executive editor of this journal has already encouraged
submission of a propoal for this special issue.

The metadata (uncertainty estimates including error correlations and averaging kernels) and related docu-
mentations will be essential for scientists who intend to validate satellite data, to construct a merged data
product, to assimilate the data, to analyze time series, or to validate models.

3 Added Value by ISSI

Due to the nature of this project (which is harmonization and unification of error estimation methods),
its success will critically depend on communication between the involved scientists. The ISSI facilities and
communicational/computational resources are ideal to bring the experts together for productive meetings.
It is important to have dedicated meetings for the TUNER project to guarantee concentrated work. The
obligations, strict schedule, etc required by the ISSI rules will guarantee that progress will be made.

4 Schedule

4.1 Preliminary and Overarching Activities

In preparation to this project, a questionnaire has been distributed among the satellite groups with a list of
questions regarding to error estimation and reported metrics. Based on the collected responses, some aspects

3



of error reporting were found most challenging by the instrument community, including the treatment of
parameter errors, altitude resolution and error covariance. Thus TUNER will specifically focus on resolving
these issues. A TUNER-SPARC meeting has been scheduled for June 2017. It will be open to the entire
team and will cover a wider range of topics than those listed above. During this meeting, a detailed work
plan will be decided and the work-packages will be distributed to the participating experts.

4.2 Activities directly linked to TUNER-ISSI

While the general TUNER project includes also data users, modelers, etc., the TUNER ISSI International
team meetings will be mainly limited to the instrument and retrieval scientists and the agendas will focused
on the instrument related topics. Within ISSI the focus will be on coordination of the activities and harmo-
nization of the concepts. For technical work, it is assumed that at least some of the participating groups will
allocate external funding.

M0: Kickoff teleconference; the purpose of the teleconference is to define the first steps and to schedule the
TUNER-ISSI-related activities. We assume that this kickoff-teleconference will take place after the
TUNER-SPARC meeting (after June 2017).

M1-M4: Based on existing validation papers, an assessment of the adequacy of the error estimation schemes
will be made.

M5: First ISSI International Team meeting: Reporting of Results of the error assessment; identification of
workaround strategies for missing metadata, identification of the best strategy for each instrument.

M6-M14: Formulation and development of recommendations for error estimation and reporting; generation
of workaround tools.

M15: Second ISSI International Team meeting: Revision of the workarounds; Discussion and revision of
error estimation recommendations; planning of publications.

M16-M24: Generation of unified error reports for data sets of involved satellite missions. Publication of
results.

Mx-My reads from month x to month y after kickoff.

5 Team

5.1 General Rationale

It is not possible to include a representative of each satellite instrument considered. However, care has been
taken to include at least one representative of each type of instrument / retrieval scheme in order to have
adequate expertise onboard. These experts are supposed to collect information also from instrument teams
not directly included in the TUNER project.

In this phase of the project the scope will be restricted to passive space-borne sensors. Extension towards
other missions (LIDAR, radio occultation, in situ, other platforms) is left for possible follow-up activities.

The SPARC-TUNER activity includes also scientists not directly involved in a particular space mission
(modelers etc). SPARC-ISSI will draw upon their expertise and they are intended to be admitted to the
TUNER-ISSI meetings as self-supported experts.
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5.2 List of Team Members

1. Thomas von Clarmann (KIT/IMK; MIPAS; team leader);

2. Adam Bourassa (Univ. Saskatchewan; Odin/OSIRIS);

3. Doug Degenstein (Univ. Saskatchewan; OMPS-LP and Odin/OSIRIS);

4. Patrick Eriksson (Chalmers; Odin-SMR);

5. Fredrick Irion (NASA-JPL, AIRS);

6. Natalya A. Kramarova (NASA-GSFC, SBUV and OMPS-LP);

7. Nathaniel Livesey (NASA-JPL; AURA-MLS);

8. Tom Marshall (SOFIE, SABER);

9. Vivienne Payne (NASA-JPL; AURA-TES);

10. Alexei Rozanov (Univ. Bremen; GOME, SCIAMACHY, GOME-2);

11. Patrick Sheese (Backup: Kaley Walker) (Univ. Toronto; ACE-FTS);

12. Viktoria Sofieva (Finnish Meteorological Institute, GOMOS);

Some further self-supported experts will complement the team.

6 Facilities required

• Meeting room with projector;

• Access to the Internet;

• (ideally but not mandatory) online access to relevant journals which are not open access, particularly
J. Geophys. Res., including back issues.

7 Financial Support Required

Per diem and accommodation for 12 team members for 2 one-week meetings at ISSI, Berne; in addition 2
return railway tickets Karlsruhe-Berne (2nd class, Halbtaxabo and Bahncard50 available) for the team leader.
Young scientist support according to the ISSI rules.
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A CVs of the Team Members

PD Dr. Thomas von Clarmann

Contact: thomas.clarmann@kit.edu
phone: +49-721-60825946
fax: +49-721-60824742

Affiliation: Karlsruhe Institute of Technology, Institute of Meteorology and Climate Research (KIT/IMK);

Role in the project: Team leader; Expert for MIPAS;

Current Position: Head of the IMK satellite remote sensing group (since 1995);

Former Positions: Postdoc, then staff scientist at Forschungszentrum Karlsruhe (1990-1995);

Education: Habilitation in meteorology (2003, Karlsruhe, Germany);
Dr. rer. nat (equivalent to PhD) (1989, Karlsruhe, Germany);
Diploma in meteorology (1986, Munich, Germany);

Services in National and/or International Committees: Member of MIPAS-QWG, ALTIUS-MAG;

Honors: “La Recherche 2014 – Environment” by the French journal La Recherche, for the ACP paper on
combined IASI and GOME-II ozone retrievals.
Envisat Medal by ESA, 2003;
Award (Jahresprämie für wissenschaftliche Leistungen) by Forschungszentrum Karlsruhe for work on
MIPAS-B, 1993

Relevant publications:

T. von Clarmann and U. Grabowski, Direct inversion of circulation and mixing from tracer measure-
ments – Part 1: Method, Atmos. Chem. Phys. 16, 1456314584, 2016.

M. Höpfner, R. Volkamer, U. Grabowski, M. Grutter, J. Orphal, G. Stiller, T. von Clarmann, and
G. Wetzel, First detection of ammonia (NH3) in the Asian summer monsoon upper troposphere, Atmos.
Chem. Phys. 16, 1435714369, 2016.

E. Eckert, A. Laeng, S. Lossow, S. Kellmann, G. Stiller, T. von Clarmann, N. Glatthor, M. Höpfner,
M. Kiefer, H. Oelhaf, J. Orphal, B. Funke, U. Grabowski, F. Haenel, A. Linden, G. Wetzel, W. Woiwode,
P. F. Bernath, C. Boone, G. S. Dutton, J. W. Elkins, A. Engel, J. C. Gille, F. Kolonjari, T. Sugita, G.
C. Toon, and K. A. Walker, MIPAS IMK/IAA CFC-11 (CCl3F) and CFC-12 (CCl2F2) measurements:
accuracy, precision, and long-term stability, Atmos. Meas. Tech 9, 3355-3389, 2016.

M. Chirkov, G. P. Stiller, A. Laeng, S. Kellmann, T, von Clarmann, C. D. Boone, J. W. Elkins,
A. Engel, N. Glatthor, U. Grabowski, C. M. Harth, M. Kiefer, F. Kolonjari, P. B. Krummel, A. Linden,
C. R. Lunder, B. R. Miller, S. A. Montzka, J. Mühle, S. O’Doherty, J. Orphal, R. G. Prinn, G. Toon,
M. K. Vollmer, K. A. Walker, R. F. Weiss, A. Wiegele, and D. Young, Global HCFC-22 measurements
with MIPAS: retrieval, validation, global distribution and its evolution over 2005–2012, Atmos. Chem.
Phys. 16, 3345–3368, 2016.

J. Plieninger, A. Laeng, S. Lossow, T. von Clarmann, G.P. Stiller, S. Kellmann, A. Linden, M. Kiefer,
K.A. Walker, S. Noël, M. E. Hervig, M. McHugh, A. Lambert, J. Urban, J.W. Elkins, and D. Murtagh,
Validation of revised methane and nitrous oxide profiles from MIPAS-ENVISAT, Atmos. Meas. Tech.
9, 765–779, 2016.

T. von Clarmann, N. Glatthor, and J. Plieninger, Maximum likelihood representation of MIPAS profiles,
Atmos. Meas. Tech., 8, 2749-2757, 2015.
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A. Laeng, J. Plieninger, T. von Clarmann, U. Grabowski, G. Stiller, E. Eckert, N. Glatthor, F. Haenel,
S. Kellmann, M. Kiefer, A. Linden, S. Lossow, L. Deaver, A. Engel, M. Hervig, I. Levin, M. McHugh, S.
Noël, G. Toon, and K. Walker, Validation of MIPAS IMK/IAA methane profiles, Atmos. Meas. Tech.
8, 5251–5261, 2015.

F. J. Haenel, G. P. Stiller, T. von Clarmann, B. Funke, E. Eckert, N. Glatthor, U. Grabowski, S. Kell-
mann, M. Kiefer, A. Linden and T. Reddmann, Reassessment of MIPAS age of air trends and variability,
Atmos. Chem. Phys. 15, 13161–13176, doi:10.5194/acp-15-13161-2015, 2015.

J. Plieninger, T. von Clarmann, G.P. Stiller, U. Grabowski, N. Glatthor, S. Kellmann, A. Linden,
F. Haenel, M. Kiefer, M. Höpfner, A. Laeng, and S. Lossow, Methane and nitrous oxide retrievals from
MIPAS-ENVISAT, Atmos. Meas. Tech. 8, 4657–4670, doi:10.5194/amt-8-4657-2015, 2015.

N. Glatthor, M. Höpfner, I.T. Baker, J. Berry, J. E. Campbell, S.R. Kawa, G. Krysztofiak, A. Leyser, B.-
M. Sinnhuber, G. P. Stiller, J. Stinecipher and T. von Clarmann, Tropical sources and sinks of carbonyl
sulfide observed from space, Geophys. Res. Lett. 42(22), 10082–10090, doi:10.1002/2015GL066293,
2015.

B. Funke, A. Seppälä and Thomas von Clarmann, Uncertainties and unknowns in atmospheric observa-
tions: How do they affect the solar signal identification?, in Earth’s climate response to a changing sun,
T. Dudok de Wit, I. Ermolli, M. Haberreiter, H. Kambezidis, Mai Mai Lam, J. Lilenstein, K. Matthes,
I. Mironova, H. Schmidt, A. Seppälä, E. Tanskanen, K. Tourpali, Y. Yair, eds., p. 171–177, EDP
Sciences, Les Ulis, 2015.

S. Bender, M. Sinnhuber, T. von Clarmann, G. Stiller, B. Funke, M. López-Puerts, J. Urban, K. Pérot,
K.A. Walker, and J. P. Burrows, Comparison of nitric oxide measurements in the mesosphere and lower
thermosphere from ACE-FTS, MIPAS, SCIAMACHY, and SMR, Atmos. Meas. Tech. 8, 4174–4195,
doi:105194/amt-8-4171-2015, 2015.

T. von Clarmann, Smoothing error pitfalls, Atmos. Meas. Tech. 7, 3023-3034, 2014.

T. von Clarmann, Chlorine in the stratosphere, Atmósfera 26(3), 415-458, 2013.

T. von Clarmann, B. Funke, M. López-Puertas, S. Kellmann, A. Linden, G. P. Stiller, C. H. Jackman
and V. L. Harvey, The Solar Proton Events in 2012 as Observed by MIPAS, Geophys. Res. Lett. 40,
1–5, doi:10.1029/2012JD018900, 2013.

M. Toohey and T. von Clarmann, Climatologies from satellite measurements: the impact of orbital
sampling on the standard error of the mean, Atmos. Meas. Tech. 6(4), 937-948, 2013.

T. von Clarmann, B. Funke, N. Glatthor, S. Kellmann, M. Kiefer, O. Kirner, B.-M. Sinnhuber, and
G. P. Stiller, The MIPAS HOCl climatology, Atmos. Chem. Phys. 12, 1965-1977, 2012.

B. Funke and T. von Clarmann, How to average logarithmic retrievals?, Atmos. Meas. Tech. 5,
831-841, 2012.

T. von Clarmann, M. Höpfner, S. Kellmann, A. Linden, S. Chauhan, B. Funke, U. Grabowski,
N. Glatthor, M. Kiefer, T. Schieferdecker, G. P. Stiller, and S. Versick, Retrieval of temperature,
H22O, O3, HNO3, CH4, N2O, ClONO2 and ClO from MIPAS reduced resolution nominal mode limb
emission measurements, Atmos. Meas. Tech. 2(1), 159-175, 2009.

T. von Clarmann, C. de Clercq, M. Ridolfi, M. Höpfner, J. C. Lambert, The horizontal resolution of
MIPAS, Atmos. Meas. Tech. 2, 47-54, 2009.

T. von Clarmann and U. Grabowski, Elimination of hidden a priori information from remotely sensed
profile data, Atmos. Chem. Phys., 7, 397–408, 200

T. von Clarmann , N. Glatthor, M. E. Koukouli, G. P. Stiller, B. Funke, U. Grabowski, M. Höpfner,
S. Kellmann, A. Linden, M. Milz, T. Steck, and H. Fischer, MIPAS measurements of upper tropospheric
C2H6 and O3 during the Southern hemispheric biomass burning season in 2003, Atmos. Chem. Phys.
7, 5861–5872, 2007.
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Prof. Dr. Douglas A. Degenstein

Contact: doug.degenstein@usask.ca
phone: +1 (306) 966-6447
fax: +1 (306) 966-6400

Affiliation: University of Saskatchewan;

Role in the project: Team co-leader; expert representing Odin-OSIRIS and OMPS-LP;

Current Position: Professor of Physics and Engineering Physics at the University of Saskatchewan (1999-
present);

Education: PhD in Atmospheric Remote Sensing (1999, University of Saskatchewan, Canada);
B.Sc. in Engineering Physics (1993, University of Saskatchewan, Canada);
B.Sc. in Computer Science (1988, University of Saskatchewan, Canada);

Services in National and/or International Committees: Past member of the Space and Atmospheric
Environments Advisory Committee (SAEAC); OSIRIS PI;

Relevant publications:

Adams, C., Bourassa A, Sofieva V, Froidevaux L, McLinden C, Hubert D, Lambert J-C, Sioris C,
Degenstein D, Assessment of Odin-OSIRIS ozone measurements from 2001 to the present using MLS,
GOMOS, and ozonesondes, Atmos. Meas. Tech., 7, 1, 49-64, 10.5194/amt-7-49-2014, January, 2014.

Toohey, M., Hegglin M, Tegtmeier S, Anderson J, Anel J, Bourassa A, Brohede S, Degenstein D, et
al., Characterizing sampling biases in the trace gas climatologies of the SPARC Data Initiative, Journ.
Geophys. Res., 118, 20, 11847-11862, 10.1002/jgrd.50874, October, 2013.

Bourassa, A.E., C.A. McLinden, A.F. Bathgate, B.J. Elash, and D.A. Degenstein, Precision estimate
for Odin-OSIRIS limb scatter retrievals, J. Geophys. Res., 117, D04303, doi:10.1029/2011JD016976,
2012.

Bourassa, A.E., C. A. McLinden, C. E. Sioris, S. Brohede, A. F. Bathgate, E. J. Llewellyn, and D. A.
Degenstein, Fast NO2 retrievals from Odin-OSIRIS limb scatter measurements, Atmos. Meas. Tech.,
4, 965-972, 2011.

Degenstein, D.A., C.Z. Roth, A.E. Bourassa, and E.J. Llewellyn, Limb scatter ozone retrieval from
10 to 60 km using a multiplicative algebraic reconstruction technique, Atmos. Chem. Phys., 9, 17,
6521-6529, 2009.
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Dr. Nathaniel J. Livesey

Contact: Nathaniel.J.Livesey@jpl.nasa.gov
phone: +1 818 354 4214
fax: +1 818 393 5065

Affiliation: NASA Jet Propulsion Laboratory and California Institute of Technology;

Role in the project: Team co-leader; expert for the Microwave Limb Sounder (MLS) instruments on Aura
and UARS;

Current Position: Principal Investigator for Aura MLS.

Education: D. Phil in Atmoshperic Physics (1995), University of Oxford, United Kingdom.
B.A. degree in physics (1991), University of Oxford, United Kingdom

Services in National and/or International Committees: MLS science team, Aura science team

Honors: 2006 NASA Exceptional Achievement Medal “In recognition of exceptional accomplishment for the
design and implementation of the retrieval algorithms for the Aura Microwave Limb Sounder to extract
critical atmospheric information.”
1999 NASA Exceptional Achievement Medal “For development of data processing algorithms that
allowed reduction in Upper Atmosphere Research Satellite Microwave Limb Sounder operational power
consumption, and enabled the delivery of the MLS version 5 data, the most ambitious version of UARS
MLS data products.”

Relevant publications:

Livesey, N.J., M.L. Santee, and G.L. Manney, A Match-based approach to the estimation of polar
stratospheric ozone loss using Aura Microwave Limb Sounder observations, Atmos. Chem. Phys. 15,
0045-9963, doi:10.5194/acp-15-9945-2015, 2015.

Neu, J.L., T. Flury, G.L. Manney, M.L. Santee, N.J. Livesey, and J. Worden, Tropospheric
ozone variations governed by changes in stratospheric circulation, Nature Geoscience 7, 340-344,
doi:10.1038/ngeo2138, 2014.

Livesey, N.J., J.A. Logan, M.L. Santee, J.W. Waters, R.M. Doherty, W.G. Read, L. Froidevaux, and
J.H. Jiang, Interrelated variations of O3, CO and deep convection in the tropical/subtropical upper
troposphere observed by the Aura Microwave Limb Sounder MLS during 2004-2011, Atmos. Chem.
Phys. 13, 579-598, doi:10.5194/acp-13-579-2013, 2013.

M. J. Schwartz, W. J. Read, M. L. Santee, N. J. Livesey, L. Froidevaux, A. Lambert, and G. L. Manney,
Convectively injected water vapor in the North American Summer lowermost stratosphere, Geophys.
Res. Lett., 40:2316–2321, 2013. dot:10.1002/grl.50421

Manney, G.L., M. L. Santee, M. Rex, N. J. Livesey, M. C. Pitts, P. Veefkind, E. R. Nash, I. Wohltmann,
R. Lehmann, L. Froidevaux, L. R. Poole, M. R. Schoeberl, D. P. Haffner, J. Davies, V. Dorokhov,
H. Gernandt, B. Johnson, R. Kivi, E. Kyrö, N. Larsen, P. F. Levelt, A. Makshtas, C. T. McElroy,
H. Nakajima, M. C. Parrondo, D. W. Tarasick, P. von der Gathen, K. A Walker, and N. S. Zinoviev.,
Unprecedented Arctic ozone loss in 2011, Nature 478, 469-475, doi:10.1038/nature10556, 2011.

Livesey, N.J., et al., Validation of Aura Microwave Limb Sounder O3 and CO observations in the upper
troposphere and lower stratosphere, J. Geophys. Res. 113, D15S02, doi:10.1029/2007JD008805, 2008.

Livesey, N.J., W.V. Snyder, W.G. Read, and P.A. Wagner, Retrieval algorithms for the EOS Mi-
crowave Limb Sounder (MLS) instrument, IEEE Trans. Geosci. Remote Sensing 44, no. 5, 1144-1155,
doi:10.1109/TGRS. 2006.872327, May 2006.
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Prof. Dr. Adam E. Bourassa

Contact: adam.bourassa@usask.ca
phone: +1-306-966-1418
fax: +1-306-966-6400

Affiliation: University of Saskatchewan;

Role in the project: Expert for OSIRIS;

Current Position: Associate Professor, University of Saskatchewan, Canada (2008-present);

Former Positions: Research Scientist, Science Systems and Applications, Inc., NASA-Langley, Hampton,
Virginia (2007-2008);

Education: Ph.D. Physics and Engineering Physics (2007, Saskatchewan,
Canada);

Services in National and/or International Committees: OSIRIS Deputy-PI, CATS Science Team;

Relevant publications:

Bourassa, A. E., McLinden, C. A., Bathgate, A. F., Elash, B. J., and Degenstein, D. A. Precision
estimate for Odin-OSIRIS limb scatter retrievals, J. Geophys. Res., 117(D4), 2012.

Bourassa, A. E., Degenstein, D. A., Randel, W. J., Zawodny, J. M., Kyrola, E., McLinden, C. A., and
Roth, C. Z., Trends in stratospheric ozone derived from merged SAGE II and Odin-OSIRIS satellite
observations, Atmos. Chem. Phys., 14(13), 2014.

Rieger, L. A., Bourassa, A. E., and Degenstein, D. A., Merging the OSIRIS and SAGE II stratospheric
aerosol records, J. Geophys. Res., 120(17), 2015.
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Prof. Dr. Patrick Eriksson

Contact: patrick.eriksson@chalmers.se
phone: +46-31-7721832
fax: +46-31-7721884

Affiliation: Chalmers University, Gothenburg;

Role in the project: Expert for Odin-SMR;
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Baron, P., P. Ricaud, J. de La Noë, P. Eriksson, F. Merino and D. Murtagh, Studies for the Odin
sub-millimetre radiometer: 2. Retrieval methodology, Canadian J. Phys., 80, 341–356, 2002.

Eriksson, P., Analysis and comparison of two linear regularization methods for passive atmospheric
observations, J. Geophys. Res., 105(D14), 18157–18167, 2000.

11



Dr. Fredrick W. Irion

Contact: bill.irion@jpl.nasa.gov
phone: +1 818-393-4337
fax:+1 818.354.3223

Affiliation: NASA Jet Propulsion Laboratory;

Role in the project: Expert for AIRS;

Current Position: Research Scientist with NASA JPL (since 2004);

Former Positions: Scientist with NASA JPL (1999-2004);
Caltech Post-Doctoral Scholar (1996-1999);
Staff Researcher, California Institute of Technology (1996);
Graduate Research Assistant, California Institute of Technology (1989-1995);

Education: B.A.Sc, Chemical Engineering, University of Ottawa (1988);
M.S., Chemical Engineering , California Institute of Technology (1992);
Ph.D., Chemical Engineering with minor in Planetary Science, California Institute of Technology (1996);

Relevant publications:

F. W. Irion, M. Brown, G. C. Toon and M. R. Gunson, Increase in atmospheric CHF2Cl over southern
California from 1985 to 1990, Geophys. Res. Lett., 21 , 1723-1726, 1994.

F. W. Irion, M. R. Gunson, C. P. Rinsland, Y. L. Yung, M. C. Abrams, A. Y. Chang, and A. Goldman,
Heavy ozone enrichments from ATMOS infrared solar spectra, Geophys. Res. Lett., 17, 2377-2380,
1996.

F. W. Irion, E. J. Moyer, M. R. Gunson, C. P. Rinsland, H. A. Michelson, R. J. Salawitch, Y. L. Yung,
A. Y. Chang, M. J. Newchurch, M. M. Abbas, M. C. Abrams, and R. Zander, Stratospheric observations
of CH3D and HDO from ATMOS infrared solar spectra: Enrichments of deuterium in methane and
implications for HD, Geophys. Res. Lett., 17, 2381-2384, 1996.

F. W. Irion, M. R. Gunson, G. C. Toon, A. Eldering, A. Y. Chang, E. Mahieu, G. L. Manney,
H. A. Michelsen, E. J. Moyer, M. J. Newchurch, G. B. Osterman, M. J. Prather, C. P. Rinsland,
R. J. Salawitch, B. Sen, Y. L. Yung and R. Zander, The Atmospheric Trace Molecule Spectroscopy
Experiment (ATMOS) version 3 data retrievals, Appl. Opt., 41, 6968-6979, 2002.

B. H. Kahn, F. W. Irion, V. T. Dang, E. M. Manning, S. L. Nasiri, C. M. Naud, J. M. Blaisdell,
M. M. Schreier, Q. Yue, K. W. Bowman, E. J. Fetzer, G. C. Hulley, K. N. Liou, D. Lubin, S. C. Ou,
J. Susskind, Y. Takano, B. Tian, J. R. Worden, The Atmospheric Infrared Sounder version 6 cloud
products, Atmos. Chem. Phys., 14, 399-426, 2014.

12



Dr. Natalya A. Kramarova

Contact: natalya.a.kramarova@nasa.gov
phone: +1-301-614-5115
fax: +1-301-614-5903

Affiliation: NASA Goddard Space Center;

Role in the project: Expert for SBUV and OMPS;

Current Position: Lead Research Scientist, Science Systems and Applications Inc., NASA Goddard Space
Center, Greenbelt, MD, USA;

Education: Ph.D. Degree in Physics and Mathematics (2007), Moscow State University, Moscow, Russia;
MS degree in physics (2000), Moscow State University, Moscow, Russia;

Advisory boards, panels, etc.: OMPS LP Science Team;

Relevant publications:

Kramarova, N. A., Bhartia, P. K., Frith, S. M., McPeters, R. D., and Stolarski, R. S.: Interpreting
SBUV smoothing errors: an example using the quasi-biennial oscillation, Atmos. Meas. Tech., 6,
2089-2099, doi:10.5194/amt-6-2089-2013, 2013.

Bhartia, P. K., McPeters, R. D., Flynn, L. E., Taylor, S., Kramarova, N. A., Frith, S., Fisher, B., and
DeLand, M.: Solar Backscatter UV (SBUV) total ozone and profile algorithm, Atmos. Meas. Tech., 6,
2533-2548, doi:10.5194/amt-6-2533-2013, 2013.

Kramarova, N. A., Nash, E. R., Newman, P. A., Bhartia, P. K., McPeters, R. D., Rault, D. F., Seftor,
C. J., Xu, P. Q., and Labow, G. J. (2014): Measuring the Antarctic ozone hole with the new Ozone
Mapping and Profiler Suite (OMPS), Atmos. Chem. Phys., 14, 2353-2361, doi:10.5194/acp-14-2353-
2014..

Parrish, A., Boyd, I. S., Nedoluha, G. E., Bhartia, P. K., Frith, S. M., Kramarova, N. A., Connor,
B. J., Bodeker, G. E., Froidevaux, L., Shiotani, M., and Sakazaki, T. (2014): Diurnal variations of
stratospheric ozone measured by ground-based microwave remote sensing at the Mauna Loa NDACC
site: measurement validation and GEOSCCM model comparison, Atmos. Chem. Phys., 14, 7255-7272,
doi:10.5194/acp-14-7255-2014..

Frith, S. M., N. A. Kramarova, R. S. Stolarski, R. D. McPeters, P. K. Bhartia, and G. J. Labow (2014),
Recent changes in total column ozone based on the SBUV Version 8.6 Merged Ozone Data Set, J.
Geophys. Res. Atmos., 119, 97359751, doi:10.1002/2014JD021889.

Labow, G. J., R. D. McPeters, P. K. Bhartia, and N. Kramarova (2013), A comparison of 40 years of
SBUV measurements of column ozone with data from the Dobson/Brewer network, J. Geophys. Res.
Atmos., 118, 73707378, doi:10.1002/jgrd.50503.

Moy, L., Bhartia, P. K., Jaross, G., Loughman, R., Kramarova, N., Chen, Z., Taha, G., Chen, G.,
and Xu, P.: Altitude registration of limb-scattered radiation, Atmos. Meas. Tech., 10, 167-178,
doi:10.5194/amt-10-167-2017, 2017.

Tweedy, O. V., Kramarova, N. A., Strahan, S. E., Newman, P. A., Coy, L., Randel, W. J., Park, M.,
Waugh, D. W., and Frith, S. M.: Response of Trace Gases to the Disrupted 20152016 Quasi-Biennial
Oscillation, Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2017-76, in review, 2017.

13



Mr. Benjamin T. Marshall

Contact: b.t.marshall@gats-inc.com
phone: +1-757-952-1045
fax: +1-757-873-5924

Affiliation: GATS

Role in the project: Expert for SABER and SOFIE;

Current Position: Chief Technology Officer, GATS, Newport News, Virginia (1986-present);

Former Positions: Data Analyst, SASC, Inc. (later to become Hughs-STX and now part of Raytheon),
NASA-Langley, Hampton, Virginia (1982-1986);

Education: M.S. Geophysics (1981), Georgia Institude of Technology;

Services in National and/or International Committees: SABER and SOFIE Science Teams;

Honors: NASA Group Achievement Awards for SABER and LIMS data analysis, 2003;

Relevant publications:

Marshall, B. T., Deaver, L. E., Thompson, R. E., Gordley, L. L., McHugh, M. J., Hervig, M. E., and
Russell, J. M. III, Retrieval of temperature and pressure using broadband solar occultation: SOFIE
approach and results, Atmos. Meas. Tech., 4, 893-907, 2011.

Gordley, L., Burton, J., Marshall, B. T., McHugh, M., Deaver, L., Nelson, J., Russell, J. M., and Bailey,
S., High precision refraction measurements by solar imaging during occultation: results from SOFIE,
Applied Optics, 48, 25, 4814-4825, 2009.

Remsberg, E.E., Marshall, B. T., Garcia-Comas, M., Krueger, D., Lingenfelser, G. S., Martin-Torres,
J., Mlynczak, M. G., Russell, J. M., Smith, A. K., Zhao, Y., Brown, C., Gordley, L. L., Lopez-Gonzalez,
M. J., Lopez-Puertas, M., She, C.-Y., Taylor, M. J., and Thompson, R. E., Assessment of the quality
of the retrieved temperature versus pressure profiles in the middle atmosphere from TIMED/SABER,
J. Geophys. Res., 113, D17101, 2008.

Mlynczak, M. G., Marshall, B. T., Martin-Torres, F. J., Russell, J. M., Thompson, R. E., Remsberg, E.
E., and Gordley, L. L., Sounding of the Atmosphere using Broadband Emission Radiometry observations
of daytime mesospheric O2(1) 1.27 m emission and derivation of ozone, atomic oxygen, and solar and
chemical energy deposition rates, J. Geophys. Res., 112, 2007.

Marshall, B.T., Gordley, L. L., and Chu, D. A., BANDPAK: Algorithms for modeling broadband
transmission and radiance, J. Quant. Spectrosc. Radiat. Transfer, 52, 581-599, 1994.

Gordley, L.L., Marshall, B. T., and Chu, D. A., LINEPAK: Algorithms for modeling spectral transmit-
tance and radiance, J. Quant. Spectrosc. Radiat. Transfer, 52, 563-580, 1994.

14



Dr. Vivienne H. Payne

Contact: Vivienne.H.Payne@jpl.nasa.gov
phone: +1 818 354 0353
fax: +1 818 393 5065

Affiliation: NASA Jet Propulsion Laboratory;

Role in the project: Expert for the Aura Tropospheric Emission Spectrometer;

Current Position: Group Supervisor, Tropospheric Composition, JPL.

Education: D. Phil in Atmospheric Physics (2006), University of Oxford, United Kingdom;
M.Phys degree in Physics (2001), University of Edinburgh, United Kingdom;

Services in National and/or International Committees: TES science team, Aura science team,
Suomi-NPP science team;

Honors: NASA Group Achievement Awards for contributions to the success of the Global Precipitation
Measurement Mission (2015) and the Aura Tropospheric Emission Spectrometer (2014);

Relevant publications:

Oetjen, H., V. H. Payne, J. L. Neu, S. S. Kulawik, D. P. Edwards, A. Eldering, H. M. Worden and
J. Worden, A joint data record of tropospheric ozone profiles from Aura-TES and MetOp-IASI, Atmos.
Chem. Phys., 16, 10229-10239, doi:10.5194/acp-16-10229-2016 (2016)

Worden, J. R., A. J. Turner, A. A. Bloom, S. S. Kulawik, J. Liu, M. Lee, R. Weidner, K. Bowman,
C. Frankenberg, R. Parker and V. H. Payne, Quantifying lower tropospheric methane concentrations
using near IR and thermal IR satellite measurements: comparison to the GEOS-Chem model, Atmos.
Meas. Tech., 8, 3851-3882 (2015)

Payne, V. H., M. J. Alvarado, K. E. Cady-Pereira, J. R. Worden, S. S. Kulawik and E. V. Fischer,
Satellite observations of peroxyacetyl nitrate from the Tropospheric Emission Spectrometer, Atmos.
Meas. Tech., 7, 3737-3749 (2014)

Oetjen, H., V. H. Payne, S. S. Kulawik, A. Eldering, J. R. Worden, D. P. Edwards, G. L. Francis,
H. M. Worden, C. Clerbaux, J. Hadji-Lazaro and D. Hurtmans, Extending the satellite data record of
tropospheric ozone profiles from Aura-TES to MetOp-IASI, Atmos. Meas. Tech., 7, 4223-4236 (2014)

Alvarado, M. J., V. H. Payne, E. J. Mlawer, G. Uymin, M. W. Shephard, K. E. Cady-Pereira, J. S. De-
lamere and J-L. Moncet, Performance of the line-by-line radiative transfer model (LBLRTM) for tem-
perature and species retrievals: Recent updates evaluated with IASI case studies, Atmos. Chem. Phys.,
13, 6687-1711 (2013)

Shephard, M. W., K. E. Cady-Pereira. M. Luo, D. K. Henze, R. W. Pinder, J. T. Walker, C. P. Rinsland,
J. O. Bask, L. Zhu, V. H. Payne and L. Clarisse, TES ammonia retrieval strategy and global observations
of the spatial and seasonal variability of ammonia, Atmos. Chem. Phys., 11, 10743-10763 (2011)

Payne, V. H., M. W. Shephard, S. A. Clough, J. A. Logan and R. Nassar, Information-centered rep-
resentation of retrievals with limited degrees of freedom for signal: Application to methane from the
Tropospheric Emission Spectrometer, J. Geophys. Res., vol 114, D10307, doi:1029/2008JD101055
(2009)

15



Dr. Alexei Rozanov

Contact: alex@iup.physik.uni-bremen.de
phone: +49-421-21862084
fax: +49-421-21862070

Affiliation: University of Bremen;

Role in the project: Expert for SCIAMACHY, GOME, GOME-2, OMPS;

Current Position: Head of the IUP Bremen SCIAMACHY limb group ;

Education: Dr. rer. nat (equivalent to PhD) (2001, University of Bremen, Germany);
Diploma in physics (1994, University of St. Petersburg, Russia, 1994);

Services in National and/or International Committees: SCIAMACHY-QWG;

Relevant publications:

Gebhardt, C., Rozanov, A., Hommel, R., Weber, M., Bovensmann, H., Burrows, J. P., Degenstein,
D., Froidevaux, L., and Thompson, A. M.: Stratospheric ozone trends and variability as seen by
SCIAMACHY from 2002 to 2012, Atmos. Chem. Phys., 14, 831-846, doi:10.5194/acp-14-831-2014,
2014.

N. Rahpoe, M. Weber, A. V. Rozanov, K. Weigel, H. Bovensmann, J. P. Burrows, A. Laeng, G. Stiller,
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