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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. 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) with passive tracers and single transport processes switched off for
two situations: October 2008 and January 2009.

1. Transport process is not yet identified
• Solar and magnetospheric energetic particles enter the atmosphere at the
polar caps.
• They ionize the atmosphere and produce nitrogen oxides.
• During polar night nitrogen oxides (NOx) is transported downward from the
thermosphere to the stratosphere.
• It is uncertain which process is responsible for the downward transport of
nitrogen oxides.

The main points are:
• For a high emission level the horizontal advection is enhanced.
• Turbulent and molecular diffusion transport NOx downward during normal
conditions.
• Increase of NOx concentration in the mesosphere during a SSW event.
• Stronger transport to lower latitudes in January 2009 if the tracer is emitted at
a low level.

3. Enhanced NOx transport during SSW
• Clear warming of the stratosphere during the sudden stratospheric
warming (SSW) event in January 2009 and subsequent warming of
troposphere until end of February.
• NOx concentration decreases in thermosphere during and after the SSW.
• Strong increase in NOx concentration in mesosphere in January 2009.
• This indicates a stronger transport from higher levels during and after SSW.
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Figure 1: 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.
Figure 3a (top): Zonal mean of temperature
averaged between 70◦N and 80◦N in winter 2009.
Figure 3b (right): Mass mixing ratio of nitrogen
oxides (NOx) for winter 2008/2009 for two latitudes
and two heights.

2. Stronger advection for high emission level
• Simulation with passive tracer at different emission height for October
2008, where single transport processes are switched off.
• Passive tracer mass is normalized with total emission mass.
• Stronger horizontal advection away from the pole for the simulation with a
high emission level.
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4. Stronger transport to lower latitudes
• Simulation with passive tracer at different emission height for January
2009, where single transport processes are switched off.
• For a high emission level the tracer reaches only 0.1 hPa.
• Enhanced transport to 80◦N as to 90◦N for a low emission level due to eddy
diffusion.
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Figure 2a (left): Normalized tracer mass with different transport processes switched off (A =
advection, D = eddy diffusion, M = molecular diffusion) for October 2008 with a emission
height of 10-4 hPa. Figure 2b (right): Same as Figure 2a but with a emission height of 10-2 hPa.

Figure 4a (left): Same as Figure 2a but for January 2009.
Figure 4b (right): Same as Figure 2b but for January 2009.
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