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Motivation

Conclusion

During polar night, nitrogen oxides (NOx) produced by energetic particles are
transported downward from the thermosphere to the stratosphere. It remains
uncertain which processes are responsible for this descent. We analyze the
importance of single transport processes for the descent of NOx. We use
simulations of the GCM and chemistry model HAMMONIA (Schmidt et al.,
2006; J. Climate) with a passive tracer and transport processes switched off.

We found that nitrogen oxides in the thermosphere are transported
downward due to molecular diffusion and advection. Below the mesopause,
advection is leading. Shortly after a sudden stratospheric warming event, the
transport through the mesopause is strongly dominated by advection.

Smith et al. (2011; JGR) analyzed the origin of particles in the polar
stratosphere in WACCM and stated that in most winter the air originates from
the lower latitudes. Diffusive processes may play a major role for the transport
across the mesopause. They suggested additional model runs to quantify the
role of the transport processes.

Eddy diffusion has limited impact on the transport in the upper mesosphere
and negligible impact on the transport in the thermosphere. A sensitivity
study shows that with a higher Kzz eddy diffusion impacts strongly on the
transport in the MLT region. Robust measurements of the eddy diffusion
coefficient are needed.

1. Undisturbed conditions
• Molecular diffusion and advection transport NOx from the
thermosphere to the mesosphere.
• Advection is the dominant process below the mesopause.
• Impact of molecular diffusion decreases with decreasing altitude,
while the impact of advection increases.
• Eddy diffusion is at no level the lead process.

2. Impact of the SSW 2009
• Sudden stratospheric warming has little impact on eddy and
molecular diffusion.
• After the SSW, advection strengthens strongly in the thermosphere
and mesosphere.
• Barrier in the transport at 0.01 hPa related to the collateral
mesospheric cooling.
• The impact of advection depends on the emission time.

Fig. 1: Polar mean normalized tracer mass (30 days after emission) for single transport processes
switched on (A = advection, M = molecular diffusion, D = eddy diffusion) for undisturbed conditions
(emission at 01.11 and 01.12 2008 (mean) – upper row), SSW conditions (emission at 20.01.2009 –
middle row) and 2×Kzz (emission at 01.11 and 01.12 2008 (mean) – lower row). The horizontal line
is the respective emission height: 10-4 hPa, 10-3 hPa, 10-2 hPa (from left to right).

3. Impact of doubled Kzz
• Hoffmann et al. (2011; JGR) and Emmert et al. (2012; Nature
Geoscience) suggested a positive trend in Kzz.
• The absolute value of Kzz is uncertain (Collins et al.,2011; AGp).
• We doubled the eddy diffusion coefficient in the gravity wave
parametrization.
• Eddy diffusion strengthens at all altitude but most in the lower
thermosphere.
• Molecular and eddy diffusion are dominant for the transport
through the mesopause.

Fig. 2: Trajectory of the tracer maximum for undisturbed conditions (emission at 01.11 and
01.12.2008 (mean) – left) and 2×Kzz (emission at 01.11 and 01.12.2008 (mean) – right). Only the
tracer emitted at 10-4 hPa is shown. The middle figure shows the trajectory of the tracer maximum
only driven by advection for three different emission times (01.01, 20.01, 01.02.2009). Wind
anomalies (vectors) and temperature anomalies (contour) are shown.

4. Comparison with MIPAS
• HAMMONIA underestimates the vertical gradient of NO
concentration in the MLT region.
• NO is slightly overestimated in the lower thermosphere.
• Doubling Kzz improves only slightly the agreement with MIPAS.
Satellite instruments designed for gravity waves observations are
needed to clarify the role of eddy diffusion.

Fig. 3: Polar mean vertical profiles of
NO vmr for November and December
2008 in HAMMONIA (coloured lines)
and in MIPAS (black line) Two
experiments of HAMMONIA with
different eddy diffusion coefficient
are shown: 1×Kzz (red) and 2×Kzz
(blue).

