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Abstract

The dynamic coupling of the atmosphere-ionosphere system is a complex
interdisciplinary problem. Over the last three years our understanding of the relationship
between the neutral atmosphere and ionosphere has been dramatically altered due to the
research strategy focused on sudden stratospheric warmings (SSW), which are the
clearest and strongest manifestation of the coupling in the atmosphere-ionosphere system.
SSW events hold a special status in the arena of atmospheric coupling research, as it is a
large-scale, well-defined, long-lasting, and predictable phenomenon. As such, it
represents a “natural laboratory” experiment wherein theory and measurement can be
compared. Research in this direction has been accelerated in recent years mainly due to:
(1) occurrence of unusually strong, frequent or prolonged SSW events, (2) advent of
whole atmosphere modeling, (3) extensive observational campaigns and high-quality
satellite data. Recent studies suggested that a SSW couples all atmospheric layers from
the ground to the thermosphere and from the poles to the equator. However, the
mechanism of this coupling is only partly resolved. While the processes in the lower and
middle atmosphere are related to planetary wave anomalies, the coupling to the upper
layers and the role of gravity waves and tides are less clear. The strong influences of
SSW events on chemical composition, electrodynamics, mixing and transport processes
of the atmosphere and ionosphere have just started to be explored.

We propose to study dynamical coupling processes by bringing together experts
specializing in the middle and upper atmosphere. As significant observational data have
been already accumulated, we aim to focus on results from different ground-based and
satellite-based observations, including global maps of tropospheric/stratospheric water
vapor, stratospheric ozone, stratospheric and mesospheric temperatures, ionospheric
plasma density, and electrodynamics. These global maps will be analyzed in conjunction
with specialized datasets collected by microwave radiometers at altitudes 30-70 km,
medium frequency and meteor radars in the mesosphere-lower thermosphere (MLT)
region at altitudes 70-100 km and incoherent scatter radars at altitudes 100-800 km. The
interpretation of the observations and the elucidation of the impact of the associated
processes on the MLT and ionosphere will be provided by focused modeling efforts.

Scientific rationale, goals

This proposal arises as a continuation of the ISSI project started in 2008 and titled
“Bridging the gap between the middle and upper atmosphere: coupling processes due to
winds and waves over an extended altitude range”, team leader P. Hoffmann. Analysis of
the results identified studies of SSW events and other extreme events as a promising path
towards better understanding of vertical and horizontal coupling of atmospheric layers. It
also indicated that a joint analysis of different altitudinal regions is necessary to fully
understand coupling processes.



Several tasks have been identified for the proposed study:

1. Specification of anomalies associated with SSW at mesospheric and lower

thermospheric altitudes.

It is well known that stratospheric warmings lead to a cooling at mesospheric
altitudes.  This cooling is also associated with large dynamical changes in the
mesosphere. These include zonal wind reversal, enhanced energy dissipation rates,
increases in planetary wave activity and changes in the gravity wave activity. Recent
observational results also indicate a secondary warming at the altitudes of the lower
thermosphere, which is consistent with the modeling predictions.

There are a number of unanswered questions, including the magnitude, duration, the
onset time, and the latitudinal and longitudinal extent of these variations. We will
investigate variations in the zonal and meridional prevailing wind and tidal amplitudes
and phases using already available medium frequency, meteor radar, and incoherent
scatter radar data. We will also determine a global structure of temperature changes in the
MLT region and in the upper thermosphere using MLS, TIMED SABER and ENVISAT
MIPAS observations, and compare them to temperature changes from several incoherent
scatter radars to investigate vertical coupling. The observed variations in multiple
parameters will be compared with WACCM, TIMEGCM, KMCM, WAM, and
HAMMONIA model predictions. The goal of this task is the search for mesospheric and
lower thermospheric harbingers of SSW events in both models and experimental data.

2. Understanding of temporal development in stratospheric, mesospheric,
thermospheric, and ionospheric anomalies associated with lower atmospheric
forcing.

The mesospheric cooling, wind reversal, and number of associated variations in the
mesosphere reportedly occur 1-2 weeks prior to stratospheric warming events and
maximize at high latitudes, while the largest disturbances in the ionosphere are reported
within several days (3-6) after the peak of the warming, and are observed in the low-
latitude ionosphere. We will investigate the reasons of the apparent discrepancy, focusing
on the following questions: What are the time scales of the mesospheric, lower
thermospheric, and ionospheric disturbances in relationship to stratospheric disturbances?
What is the sequence of events in the development of variations at different altitudes?
What is the role of longitudinal variability in the reported anomalies?

3. Identification and characterization of anomalies associated with SSW in

ionospheric parameters.

Multiple studies have indicated dramatic disturbances associated with SSW in various
ionospheric parameters: electric fields, total electron content, peak electron density. The
largest reported anomaly is a semidiurnal variation in ionospheric parameters, which is
interpreted as a result of non-migrating tides generated due to the nonlinear interaction of
quasistationary planetary wave with migrating semidiurnal tide. Other observed
phenomena include decrease in the global mean and in the diurnal variation of peak
electron density. We will investigate in details these and other variations, including
variations in tidal structures in ionospheric parameters (8-hour, 12-hour, 24-hour,
migrating and non-migrating tides). Knowledge of the ionospheric variations is of high
interest for radio communication and navigation as well as for the space weather field.
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4. Study of gravity wave activity before, during, and after SSW

To get a statistically significant picture on the gravity wave propagation and
dissipation and their interaction with tides and planetary waves, we plan to construct a
composite behavior of these waves. This work will be based on available experimental
data from MF and meteor radars and will include all SSW events since 1999.

Recent modeling studies suggest that gravity waves can be generated by the change
of stratospheric jet during SSW. Because these waves are not represented in current GW
parameterization in GCMs, their impacts are not well understood. We propose to study
the impact by including the wave generation in GW parameterization scheme.

5. Exploring the signatures of SSWs and planetary waves in geographical maps of

tropospheric water vapour, stratospheric ozone, and total electron content.

Global maps of tropospheric water vapour, stratospheric ozone, and ionospheric
plasma density are currently available with a time resolution of 1 day or better. These
maps of atmospheric composition will be utilized for tracing of atmospheric dynamics.
We will examine the radiative forcing of asymmetric distributions of water vapour and
ozone on atmospheric dynamics, as well as meridional and vertical mixing processes of
atmospheric composition during SSWs.

We propose to combine our knowledge about oscillations in water vapour, ozone, and
plasma density in order to understand vertical coupling processes of atmospheric layers
during SSW events. Oscillations with planetary wave periods will be compared
throughout the atmosphere, including planetary wave activity in the stratosphere, middle
atmosphere, and ionosphere. In particular, we will focus on nonlinear wave-mean flow
interactions arising from planetary waves, tides, and gravity waves as a key to the
phenomenon of sudden stratospheric warming.

We will focus on the series of recent stratospheric sudden warmings during 2008-
2011. The team members have collected comprehensive experimental datasets for this
time period. New sets of data will be added during the lifetime of the project, which will
allow characterization of atmospheric and ionospheric disturbances associated with
SSWs during the rising solar activity. The team members have access to all necessary
data and within the last few years have authored/coauthored multiple papers on different
aspects of the proposed project.

Expected output

Results of the proposed project will be presented at multiple national and
international conferences, including EGU meetings, CEDAR meetings (June 2012, 2013,
USA), Fall AGU meetings (Dec 2011, 2012, USA), ISEA13 meeting (Mar 2012, Peru).
Several members of the team are actively involved as organizers, conveners, and invited
speakers at these meetings.

We will combine in-depth case studies of these events with summarizing of main
dynamical features observed in multiple events in order to generate a set of dynamical
benchmarks for the modelling community. We expect to submit three or four papers to
the leading peer-reviewed journals.



The added value of ISSI

The project Team members are the leading experts in different aspects of the
proposed topic from several European countries, as well as USA, Japan, and Peru. Due to
the interdisciplinary nature of this research as well as limited resources within a particular
sub discipline and country, these experts do not have an opportunity to jointly address the
research topic in a systematic and comprehensive manner. The ISSI offers a unique
opportunity to bring together many experts. The synergy of this team therefore warranties
a major impulse to this research. Additional added value for ISSI is advanced diagnostics
of coupling processes with ENVISAT satellite data.

Most of the team members were actively involved with previous ISSI Teams and
ISSI workshops, and have a good understanding of ISSI operation mode.

List of confirmed participants and their areas of expertise

The project Team includes a group of experts in the dynamics of the middle and
upper atmosphere as well as in ionospheric processes. The Team membership covers the
necessary competences, there are no deficiencies. The scientists in the Team have worked
with various ground-based and satellite instruments and variety of models.

Larisa Goncharenko (Coordinator), MIT Haystack Observatory, USA [lonospheric
physics, ionosphere-thermosphere coupling, waves and tides in the lower thermosphere,
ion-neutral coupling. Data: incoherent scatter radars (Millstone Hill, Sondrestrom,
PFISR, RISR, Arecibo), GPS TEC]

Peter Hoffmann, Leibniz Institute of Atmospheric Physics at the University of Rostock,
Germany [Middle atmosphere dynamics, winds and waves at different altitudes ranges.
Data: Andenes and Juliusruh MF and meteor radar observations]

Christoph Zilicke, Leibniz Institute of Atmospheric Physics at the University of Rostock,
Germany [Middle atmosphere and mesosphere dynamics. Data: KMCM model]

Hauke Schmidt, Max Planck Institute for Meteorology, Germany [Dynamics, chemistry
and energetics of the middle and upper atmosphere. Data: HAMMONIA model]

Klemens Hocke, Institute of Applied Physics, University of Bern, Switzerland
[Atmospheric dynamics. Data: GROMOS 03, MIAWARA H20]

Dora Pancheva, Geophysical Institute, Bulgarian Academy of Sciences, Bulgaria
[Atmospheric dynamics, planetary waves and tides. Data: FORMOSAT COSMIC
satellites electron density, TIMED SABER temperature]

Manuel Lopez-Puertas, Instituto de Astrofisica de Andalucia, Spain [Composition and
energy balance of planetary atmospheres. Data: Envisat MIPAS, TIMED SABER]

Bernd Funke, Instituto de Astrofisica de Andalucia, Spain [Composition and energy
balance of planetary atmospheres. Data: Envisat MIPAS, TIMED SABER]



Satonori Nozawa, Solar-Terrestrial Environment Laboratory, Nagoya

University, Japan [Auroral MLT region, winds and waves. Data: EISCAT incoherent
scatter radars (Tromso and Svalbard), Bear Island meteor radar, Tromso MF radar,
Tromso sodium LIDAR]

Jorge Chau, Jicamarca Radio Observatory, Peru [Equatorial neutral atmosphere and
ionosphere. Data: Jicamarca ISR, JULIA, GPS TEC, magnetometers]

Hanli Liu, National Center for Atmospheric Research, USA [Coupling of the atmosphere
regions through dynamical, chemical, radiative and electrodynamical processes. Data:
WACCM model, TIMEGCM model]

Alan Plumb, MIT, Earth, Atmosphere, and Planetary Science Department, USA
[Stratospheric dynamics, Data: ERA-40]

Timothy Fuller-Rowell, CIRES, University of Colorado,USA, [Dynamics, energetics,
chemistry, and electrodynamics of the thermosphere and ionosphere. Data: WAM model]

Schedule of the project

All team members confirm availability and willingness to attend the proposed
ISSI workshop on the planned dates. Team members will also make every effort to attend
at alternate times if the dates would be adjusted in consultation with ISSI.

Before first meeting: Preparation of the initial material by each group member.
Every team member shall inspect their data and provide a list of SSWs that he/she is able
to analyze but that need other inputs that can help to advance the understanding of the
coupling phenomenon.

e First meeting (September-October 2011): Joint analysis of the selected events.
Identification of anomalies at different altitude regions in different sets of data
and model outputs.

e Second meeting (September - October 2012): Comparison of obtained results and
preparation of initial publications.

e Third meeting, if needed (September-October 2013): Preparation of final version
of manuscripts to be submitted.

Between the team meetings at ISSI, we plan to study the selected cases in every
institution, providing results to all team members. Series of online meetings is proposed
within 5-6 months after meetings at I1SSI.

Facilities required

e One meeting room
e Internet access for laptops.
e Printer connection for laptops (or access to a computer with a printer).

Financial support requested of ISSI

e Per diem to individual team members to cover living expenses while in Bern.
e Team leader travel costs.
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