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Introduction

Conclusion

Energetic particles enter the Earth’s atmosphere in the polar region, they ionize the
atmosphere and increase the amount of nitrogen oxides (NOx). The NOx can be
transported downward from the thermosphere to the stratosphere. However, it is
still uncertain which process is responsible for 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 transport processes switched off for two
situations: November 2008 and January 2009.

We found that nitrogen oxides in the thermosphere is transported downward due
to molecular diffusion and advection. Especially at high altitudes, the molecular
diffusion is the major force, while with decreasing height the advection overtakes
it. Eddy diffusion has limited impact on the transport in the upper mesosphere and
negligible impact on the transport in the thermosphere.
Downward transport of thermospheric NOx into the stratosphere can lead to
substantial ozone destruction. Hence, GCMs covering this altitude range should
include molecular diffusion for a realistic ozone reduction.

2. Advection strengthens and diffusion
weakens with decreasing altitude

1. Motivation - Role of transport
mechanisms is not yet quantified

• During polar night, nitrogen oxides (NOx) are transported downward from
the thermosphere to the stratosphere. It is uncertain which process is
responsible for the downward transport of NOx.
• Smith et al. (2011; JGR) state that advection transports air mainly from the
lower latitude instead of from the higher altitudes. Diffusive processes may
play a major role for the transport across the mesopause. They suggest
additional quantitative model runs.

• Molecular diffusion plays no role below 0.001 hPa.
• Change of transport in the mesosphere during a SSW event (January 2009).
November 2008

• HAMMONIA (Schmidt et al., 2006; J. Climate) is a general circulation model
based on the ECHAM5 GCM and MOZART 3 chemistry model, extending
from the surface up to the thermosphere.

• Importance of advection increases with decreasing altitude, while the
importance of diffusion decreases with decreasing altitude.
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Figure 1: Zonal mean of the
stream function for northwinter (DJ). Red, positive
values correspond to a
clockwise circulation and blue,
negative values to a
counterclockwise circulation.

Stratosphere

January 2009

Thermosphere

Figure 2a (left row): Normalized tracer mass with single transport processes switched on
(A = advection, D = eddy diffusion, M = molecular diffusion) for an emission height of 104 hPa. Figure 2b (middle row): For an emission height of 10-3 hPa. Figure 2c (right row):
For an emission height of 10-2 hPa. Upper panel shows November 2008 and lower panel
January 2009. Dashed lines indicate the emission heights.

3. Molecular diffusion and advection are the
major forces above the mesopause
• Eddy diffusion is at no level the lead process.

4. Reasonable NOx concentration in
HAMMONIA

• Molecular diffusion has a major impact on the downward process above
the mesopause.

• The model performs well in simulating NOx concentration in the upper
mesosphere and lower thermosphere.

• Advection is the dominant process below the mesopause.

• Too weak transport from the mesosphere to the stratosphere highly
depends on gravity wave parameterization.

• No significant influence of SSW on the transport through the mesopause.

Figure 4: Polar mean vertical
profile of NOx concentration
for north-winter (DJ
2008/2009) measured by
MIPAS (dashed line) and
calculated by HAMMONIA
(solid line).
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Figure 3a (left): Height of tracer maximum for the emission level of 10-4 hPa for November
2008. Single transport processes are switched on (A = advection, D = eddy Diffusion, M =
molecular diffusion). Figure 3b (right): Same as Figure 3a but for January 2009.

