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Summary
Energetic particles enter the Earth’s atmosphere in the polar region. They ionize
the atmosphere and increase the amount of nitrogen oxides (NOx). It is supposed
that the NOx can be transported downwards from the thermosphere to the
stratosphere, where they lead to ozone destruction. However, it is still uncertain
which process causes the descent of NOx into the stratosphere. Here, we analyze
the transport of nitrogen oxides through the mesopause with the Hamburg Model
of Neutral and Ionized Atmosphere (HAMMONIA).

1.NOx is transported downward
• High energetic particles enter the atmosphere at the polar caps.
• They consist of particles with solar (SEP) and magnetospheric (MEP) origin.
• Energetic particles ionize the atmosphere and produce nitrogen oxides .
• During polar night nitrogen oxides (NOx) is transported downward from the
thermosphere to the stratosphere.
• They lead to ozone destruction, which affects the tropospheric climate.

The main points are:
• Nitrogen oxides are transported downward from the upper to the middle
atmosphere.
• This is observed but the responsible process is not yet identified.
• It is underestimated in the current version of HAMMONIA compared to
observations .

3. Underestimated transport in HAMMONIA
• In the thermosphere (upper figure) the NOx concentration increases after
energetic particle precipitation (EPP) events.
• In the mesosphere (lower figure) the NOx concentration increases directly
only after the strongest EPP event.
• Additional peak without corresponding ionization event indicates a
downward transport of NOx from higher levels.
• Compared to observations the transport is underestimated.
1.1e-4 hPa

Figure 1: Schematic illustration
of the occurrence of energetic
particle precipitation. SEP
corresponds to solar energetic
particles and MEP to
magnetospheric energetic
particles.

2. Uncertainty in downward transport
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Figure 3: Volume mixing ratio of nitrogen oxides (NOx) for the winter 2003/2004 for
two latitudes. The vertical bars indicate EPP events. The upper figure is for a level
in the thermosphere and the lower figure for a level in the upper mesosphere.
Figure from Kieser, 2011.

• Global circulation from stratosphere to mesosphere with a descent branch
over the winter pole.
• It is uncertain which process is responsible for the downward transport of
nitrogen oxides.

4. Outlook
• Underestimated transport is due to overestimation of the horizontal
diffusion (Funke et al., 2011; Possner, 2011)
Increase model
resolution.
• Perform simulations for the winter 2008/2009 with a passive tracer and
single transport processes switched off.
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• Further the study will cover:
Figure 2: Zonal mean of the
stream function for multiannual mean and north-winter
(DJ). Red, positive values
correspond to a clockwise
circulation and blue, negative
values to a counterclockwise
circulation.

‒ The dynamical influence on the downward transport (e.g. sudden
stratospheric warming events).
‒ The effects of energetic particle precipitation on the climate.
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