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Solar particle events have a significant impact on the chemical composition
of the upper and middle atmosphere. Solar eruptions, such as flares and Coronal
Mass Ejections, and geomagnetic storms cause high fluxes of protons as well as
electrons in the Earth’s atmosphere. These high-energy particles can penetrate
into the atmosphere mainly in polar regions along open magnetic field lines and
in the polar oval. These particles penetrate depending on their energies to dif-
ferent altitudes and lead to the formation of odd-hydrogen (HO

x
: H+OH+HO

2
)

and odd-nitrogen (NO
x
: N+NO+NO

2
), and also lead to an impact on chlorine

compounds. Especially during polar winter NO
x
has a quite long life-time and

can destroy ozone within the polar vortex very efficiently. As NO
x
is trans-

ported downward in the polar vortex, it can destroy ozone even down to the
lower stratosphere over a rather long time period. NO

x
can be either formed

directly in the stratosphere during, for instance, Solar Proton Events (SPEs),
or formed in the mesosphere and thermosphere by Energetic Particle Precip-
itation (EPP) events and then transported into the stratosphere. The latter
mechanism is called the indirect effect of EPP events, they are mostly induced
by precipitating auroral electrons. The impact on ozone and HO

x
constituents

can have an impact on the radiative and chemical heating of the atmosphere
and therefore on atmospheric dynamics.

To investigate the above mentioned impacts of EPP events on the middle and
upper atmospheric chemical composition and heating rates, model simulations
with different versions of the Bremen 3-dimensional Chemistry and Transport
Model (B3dCTM) have been performed and results will be presented. Model
results show that HO

x
and NO

x
increases lead to an ozone depletion during a

SPE by up to 60% in the upper stratosphere and lower mesosphere and that
the long abundance of increased NO

x
values affect ozone down to the lower

stratosphere even to weeks and months after the event. They also show a signif-
icant impact on chlorine compounds in the stratosphere. Simulations including
also electron precipitation also show high increases in NO

x
in the mesosphere

and thermosphere that is transported into the stratosphere leading to a large
increase in NO

x
and a consequential ozone depletion there. The decrease in

ozone then causes, for instance, changes in the radiative heating rates in the
stratophere of a few Kelvin.
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