Understanding satellite, aircraft, balloon, and ground-based composition trends:
Using dynamical coordinates for consistent analysis of UTLS composition

Abstract

The determination of atmospheric composition trends in the upper troposphere lower stratosphere
(UTLS) is still highly uncertain. The project Observed Composition Trends And Variability in the UTLS
(OCTAV-UTLS) will use different coordinate systems (for example, horizontal distance to the sub-tropical
jet and vertical distance to the tropopause) to study the large spatial and temporal variability caused by
competing transport, chemical, and mixing processes near the tropopause. The goal of this ISSI project is
to combine satellite, aircraft, balloon and ground-based observations with meteorological reanalysis in a
physical consistent way in order to understand the impact of the dynamical and/or chemical processes
driving the natural variability on the observed UTLS trends by the different sensors on different platforms.
Thus, the success of this project depends on the participation of several satellite, reanalysis and UTLS
experts complemented by airborne, balloon-borne, and ground-based specialists to fully capture the UTLS
complexities. This OCTAV-UTLS-ISSI proposal will focus mainly on reduction of ozone variability for the
assessment of long-term changes in the UTLS leading to two publications and two publicly available
datasets.

ISSI facilities provide an ideal place for the face-to-face discussions and collaborative work needed to study
all the possible meteorological coordinate combinations for different satellite instruments as well as the
complementary measurement techniques, to determine their intrinsic advantages and disadvantages
when reducing and understanding the impact of natural ozone variability. The international team is well
gender-balanced, with four women and five men, from four different countries.

Scientific rationale

Despite decades of space-borne, airborne, balloon-borne, and ground-based measurements, confidence
in UTLS long-term composition ozone trends remain low [e.g., Steinbrecht et al. 2017, Ball et al 2019,
SPARC/I03C/GAW, 2019]. This limits our understanding of the radiative impact of this climate-relevant
specie on the surface temperature and weather. Major obstacles to quantifying UTLS trends are the large
dynamical variability of the tropopause region and upper tropospheric jets, and varying repre-
sentativeness of measurements from platforms with diverse vertical/spatial sampling and resolutions.

Analyzing satellite data in conventional coordinates (e.g. pressure, latitude grids) does not account for the
local and regional variability near the jets and tropopause. To increase confidence in UTLS composition
trends, we propose to analyze ozone measurements from the different platforms in consistent coordinate
systems that account for the geophysical variability of the jets and tropopause. The use of these well-
suited coordinates will allow us to increase the homogeneity of the air masses sounded by the observation
platforms, and thereby reduce noise owed to natural variability, thus reducing the uncertainty in the
inferred UTLS composition trends. Analysis of the satellite records will provide the global picture while
airborne, balloon-borne, and ground-based measurements will complement it with localized but more
detailed picture of the processes affecting UTLS composition.



A key aspect of this analysis is using consistent meteorological information from modern reanalysis fields
to derive, for all datasets, the same dynamical coordinates (e.g. jet or tropopause referenced), thus
consistently accounting for the variability of the underlying dynamics. These coordinate variables are
computed using the JEt and Tropopause Products for Analysis and Characterization (JETPAC) software.
JETPAC is described in detail by Manney et al. 2011, 2014, 2017 and Manney and Hegglin, 2018. In short,
JETPAC provides equivalent latitude, tropopause characterization, and jet identification consistently for
the vastly different UTLS datasets. Figure 1 shows an example of ozone fields from the Microwave Limb
Sounder (MLS) onboard the Aura satellite mapped into traditional (latitude versus altitude) and dynamical
(latitude with respect to the subtropical jet versus altitude with respect to the 2PVU tropopause)
coordinate systems. This dynamical coordinate almost completely stratifies the ozone fields by separating
the tropospheric and stratospheric air and by displaying the local impact of the subtropical jet. This figure
also shows ozonesonde and lidar measurements mapped into this dynamical coordinate. This mapping
expands the ozonesonde and lidar profile view by revealing its dynamical sampling.
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Figure 1: Ozone data for December-January-February (DJF) 2005-2018 using conventional coordinates
(left panel) and dynamical coordinates (right panels) for MLS, ozonesonde in Boulder Colorado, and a lidar
in Wrightwood California, with overlaid windspeeds from MERRA-2 interpolated to the measurement
locations (black), 2PVU dynamical and WMO tropopauses (solid and dashed gray lines), and 345K and
380K potential temperature contours (solid and dashed orange lines).

The goal of this proposal is to analyze long-term ozone trends based on satellite observations in dynamical
coordinates and compare them with trends from higher resolution but much sparser complementary
datasets to identify and quantify long-term changes and their driving processes in the UTLS. This goal
directly aligns with the goals of OCTAV-UTLS SPARC (Stratosphere-troposphere Processes And their Role
in Climate) activity. This work also builds on several current and past SPARC activities, including the SPARC-
Reanalysis Intercomparison Project (S-RIP), the SPARC Data Initiative, the SPARC Long-term Ozone Trends
and Uncertainties in the Stratosphere (LOTUS), and on previous ISSI projects, including the international
teams on Network for the Detection of Atmospheric Composition Change (NDACC) Standardized Lidar
Algorithms and on the Atmospheric Trace Gas Data Set Inter-Comparison Project.



Expected outputs

We plan to produce at least two publications and two datasets. The first publication will explore which
meteorological coordinate systems best reduces natural UTLS ozone variability, exploring for example
transport and seasonal effects, and quantifying the impact of different sampling patterns from each
instrument. We will use MLS, the Atmospheric Chemistry Experiment Fourier Transform Spectrometer
(ACE-FTS), and the Stratospheric Aerosol and Gas Experiment (SAGE Il and SAGE III/ISS) data. These
satellite datasets will be complemented by lidar, ozonesonde, and airborne measurements. These
complementary measurements with sparse coverage but high temporal and spatial resolution will be used
to validate the satellite datasets in a consistent meteorological framework and to study the impact of local
small-scale processes on the natural variability in more detail. The second publication will use the
meteorological coordinates that best reduce the impact of ozone variability to compute long-term trends.
Trends will be computed using different methodologies (i.e. simple linear fits, multiple linear regression,
and dynamical linear modelling) to maximize reduction of uncertainties. In the publication, a common
trend methodology will be used for all platforms.

The datasets that will be made publicly available are:

- The JETPAC files (derived meteorological conditions, tropopause characterization, and jet
identification) for the spaceborne, airborne, balloon-borne, and ground-based measurements.
These files will be made publicly available by the owners of the original datasets.

- The ozone records, binned and remapped into different coordinate systems upon which the trend
analysis is based.

ISSI support will be acknowledged in all publications and datasets.

Added value of ISSI for the implementation of the team activities

A consistent analysis in dynamical coordinates is complicated by the different observation geometries,
vertical resolutions and sampling techniques, and thus requires using consistent coordinate systems
across the different platforms. Given the large number of potential coordinate combinations, all of which
affect the representation of ozone and hence the comparison across different platforms, direct interaction
and real-time collaborative work on site among the platform experts is essential — the success of this
project depends on bringing space-borne measurement experts together with ground-based, balloon-
borne, and airborne measurement experts for brain-storming and hands-on testing of common
coordinates that can benefit trend analyses for all or individual data records. /SS/ facilities and resources
are ideally suited to encourage the face to face discussions and collaborative work on-site needed to find
innovative ways to fully exploit the available UTLS datasets, to understand potential sampling biases, and
to assess the implications for process-dependent analysis in the UTLS.



Schedule of the project

The two meetings will last four days each. During the first meeting we will work on the first publication.
Bin sizes and coordinate systems to test and compare datasets during this meeting have been pre-
determined during a recent OCTAV-UTLS meeting. The first meeting will also be used to show preliminary
results on trends analyses and to determine specifics of the analysis methods to be used in the second
study. To keep up momentum, telecons will be organized quarterly to finalize the first paper and discuss
advances, obstacles, or solutions as necessary for the trend analysis.

The second meeting will be planned for approximately 12 months later to exchange and discuss trend
results and to outline the second manuscript. Completion of this manuscript will be ensured through
post-meeting quarterly telecons and as part of the OCTAV-UTLS workshops.

List of confirmed International Team members

The team consists of members with leading expertise on the relevant measurements from all platforms,
the JETPAC developers, and trend analysis experts to ensure that the data analysis generate the best
available information on data quality and adequacy for future use in model/measurement inter-
comparisons, instrument development, and trend analysis.

List of team members

- Harald Bénisch (IMK, regular commercial aircraft data)

- Michaela Hegglin (University of Reading, reanalysis, data analysis)

- Peter Hoor (Johannes Gutenberg University Mainz, research aircraft data)
- Daniel Kunkel (Johannes Gutenberg University Mainz, aircraft data)

- Thierry Leblanc (NASA JPL, lidar data / trend analysis)

- Gloria Manney (NWRA / NMT, reanalysis, satellite data / JETPAC)

- Luis Millan (NASA JPL, satellite data / JETPAC / team leader)

- Irina Petropavlovskikh (NOAA, Ozonesondes / trend analysis)

- Kaley Walker (University of Toronto, satellite data)

Facilities required
- Meeting room with projector (preferably with video conference capabilities)
- Wireless internet access
- White board
Financial support requested from ISSI
- Accommodation and per diem are requested for the 9 members for the two four-day meetings.

- Travel support for one of the team members.
- Early career scientist support as specified in the ISSI call for proposals.
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Affiliation: Institute for Atmospheric Physics
Johannes Gutenberg-University Mainz

Role in the project: Aircraft data / UTLS transport
Current position: Research scientist and junior lecturer (since 2017)

Former Position(s): Postdoctoral researcher, Johannes Gutenberg-University Mainz (2012-2017)
Research assistant, Max Planck-Institute for Chemistry (2009-2012)

Education: PhD (2013, JGU Mainz)
Diploma, Meteorology (2008, JGU Mainz)

Services in National and/or International Committees:

- Convener of EGU Session on “Dynamics and chemistry of the upper troposphere and stratosphere”
(since 2020).

- Convener of EGU Session on “Atmospheric transport of trace species and aerosols: Modeling and
observations” (since 2014).

- Co-Lead of the German research aircraft (HALO) mission WISE (Wave-driven isentropic transport, 2017)
- Organizer of the 2018 international SPARC-UTLS workshop in Mainz, Germany

Selected Publications:
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layer, Geoph. Res. Lett., 41, 7822-7829, d0i:10.1002/2014GL061970, 2014.

2012 - Kunkel, D et al: Urban emission hot spots as sources for remote aerosol deposition, Geophys. Res.
Lett., 39, L0O1808, d0i:10.1029/2011GL049634

2010 - Borrmann, S., Kunkel, D., et al..: Aerosols in the tropical and subtropical UT/LS: in-situ
measurements of submicron particle abundance and volatility, Atmos. Chem. Phys., 10, 5573-5592,
doi:10.5194/acp-10-5573-2010.
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Junior (2007-09) and Senior Scientist (2010-2015) at University Frankfurt

Education: PhD Meteorology (2005, University Frankfurt)
Meteorology (1999-2001, University Frankfurt)
Physics (1994-1998, University Heidelberg)
TH (1991-1993, Karlsruhe)

Services in National and/or International Committees:

- Regular journal reviews

- SSC member of the SPARC activity OCTAV-UTLS

- Co-Author of SPARC Report N°6 (2013) Lifetimes of Stratospheric Ozone-Depleting Substances, Their
Replacements, and Related Species
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(since 2010).
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Chem. Phys. Discuss., 2019, 1-36, 10.5194/acp-2019-796.
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lowermost stratosphere, Atmos. Chem. Phys., 11, 817-827, 10.5194/acp-11-817-2011.

2011 - Bonisch, H. et al: On the structural changes in the Brewer-Dobson circulation after 2000, Atmos.
Chem. Phys., 11, 3937-3948, 10.5194/acp-11-3937-2011.
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programme (since 2019)

- Scientific Lead / Principal Investigator, ESA Water Vapour Climate Change | Initiative (since 2018)

- Editorial Board Member, Nature Scientific Reports (Impact factor: 4.3) (since 2017)
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