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Summary: 
The proposed work will extend studies begun three years ago under the LWS investigation entitled Long-term Atmospheric
Effects of Solar Proton Events and their Contribution to the Polar Solar Cycle Variations. The proposed work will provide further
quantification on solar proton events (SPEs) and their atmospheric influence. The work will also quantify the chemical influence
on the atmosphere from galactic cosmic rays (GCRs). The objectives of this effort will be to answer the following questions:

1) How do SPE effects on middle atmospheric ozone depend on high-latitude interannual dynamical variability?

2) How does the upper mesosphere respond to SPE-induced changes in the middle atmosphere, including the effect on polar
mesospheric clouds?

3) How do GCRs influence the chemical composition of the atmosphere over decadal time-scales?

We will use a global model, the NCAR Whole Atmosphere Community Climate Model (WACCM), as well as satellite
measurements to address these questions. WACCM is a global chemistry climate model, whose domain extends from the
ground to about 140 km. WACCM includes the chemistry and physics of the troposphere, stratosphere, mesosphere, and lower
thermosphere and incorporates a module for the computation of polar mesospheric clouds. WACCM can also be utilized in a
new Specified Dynamics version (SD-WACCM), which is driven by assimilated winds and temperatures, to more closely
reproduce actual dynamical conditions for particular time periods. This will enable us to better separate the impacts of SPEs and
GCRs from other atmospheric variations for specific time periods.

Previously computed daily average ion pair production rates for SPEs, which were calculated from proton flux data, will be used
in studies addressing the first two questions. The third question will be addressed with ionization rates for GCRs from the NASA
Langley Nowcast of Atmospheric Ionizing Radiation for Aviation Safety (NAIRAS) investigation.

The proposed work is directly relevant to the Living With a Star Sun Climate Theme. It will improve the understanding of how
SPEs and GCRs impact the middle atmosphere, whose coupling with the troposphere can influence the climate system.
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