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1. Abstract
Energetic particle precipitation (EPP) is an important source of chemical changes in the polar middle atmosphere during winter. Recently, it has been suggested from modeling study that chemical changes by

EPP can cause dynamical changes of the atmosphere. Here, we study the atmospheric and climatic responses to the precipitation of medium-energy electron (MEE) during 2005-2013 by using Specific Dynamics
Whole Atmosphere Community Climate Model (SD-WACCM). Results show that MEE precipitation significantly increases the amount of NOx and HOX, resulting in mesospheric and stratospheric ozone decreases
by up to 60% and 25% respectively during polar winter. The ozone loss due to MEE precipitation induces the warming in the polar lower mesosphere by 1 K averaged 9 years. However, the temperature change has
a large fluctuation. These fluctuations in temperature change are caused by low ozone loss around stratopause and mesopause. The ozone loss by less than approximately -1 ppmv around stratopause disturbed the
temperature change in the polar middle atmosphere. In large ozone loss around stratopause, the changes in temperature and zonal wind show clear responses. The temperature increases by up to 11 K in the lower

mesosphere and the zonal wind reduced by 5-21 m s in the polar middle atmosphere. The ozone loss in the stratopause and mesopause seems important to induce the dynamic change by MEE precipitation.

2. Model simulation and Analysis 4. Result 2 : Dynamic changes by MEE precipitation
e Using SD-WACCM, focus on the chemical and dynamic impacts of MEE in terms of spatiotemporal 0 et ot SR, Du ), TR

Fig 3. Monthly differences of the zonal
mean ozone, temperature, zonal wind,
and vertical wind between control and
MEE runs from May to August in the

variations of NOx, HOx, ozone, temperature, and winds in the stratosphere and mesosphere during
2005-2013 period.
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(from Turunen et al., 2009)  (Ozone loss in secondary ozone layer (90-105 km) decreases; the ozone loss In tertiary ozone layer

(65-80 km) seems steady; but the upper stratospheric ozone loss gradually increases and the peak

3. Result 1: Chemical changes by MEE precipitation altitude slightly decreases from May to August.
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The ozone loss by MEE precipitation occurred most significant in 70-80 km, however, the relationship
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between temperature change and ozone loss has a low correlation, which correlation coefficient is -0.16.
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On the other hand, the relationships around stratopause and mesopause can be considered
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moderately correlated, which correlation coefficient is -0.55 and 0.52.
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« This may mean that the ozone loss in the altitudes of largest radiative control by ozone can be

205 20 important in the effect on the dynamic change by EPP.

os & s 5. Conclusions

ors I We investigated the chemical and dynamical effects driven by the MEE precipitation in the polar winter
:2;25 :3;:; during the period of 2005-2013 by using SD-WACCM. We found the significant enhancements of NOXx

Fig 2. Composite differences (MEE-Cont.) of averaged HO, and ozone in an altitude range of 65-75 km and HOx and the reduction of stratospheric and mesospheric ozone by MEE effect. The MEE-induced

and of averaged NO, and ozone in an altitude range of 40-50 km during boreal winter (DJF) and austral ozone loss leads to warming in the upper stratosphere and lower mesosphere during polar winter and
winter (JJA) from 2005 to 2013. The gray contours represent the 95% confidence levels, respectively.

leads to cooling above the lower mesosphere. Also, the downward motion generally weakens when the
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Energetic particle precipitation (EPP) is an important source of chemical changes in the polar middle
atmosphere during winter. Recently, it has been suggested from modeling study that chemical changes
by EPP can cause dynamical changes of the atmosphere. Here, we study the atmospheric and climatic
responses to the precipitation of medium—energy electron (MEE) during 2005—2013 by using Specific
Dynamics Whole Atmosphere Community Climate Model (SD—WACCM). Results show that MEE
precipitation significantly increases the amount of NOx and HOx, resulting in mesospheric and
stratospheric ozone decreases by up to 55% and 20% respectively during polar winter. The ozone loss
due to MEE precipitation induces the radiative warming in the polar lower mesosphere by up to 1.5 K
averaged 9 years and by temporarily maximum of 24 K. The zonal wind reduces by down to 3 m s—1
averaged for 9 years and by temporarily maximum of 30 m s—1 in the polar middle atmosphere. The
radiative warming was significantly disturbed in July 2009 during southern hemispheric winter. The
disturbance of the radiative effect seems to generate due to the decrease of ozone loss in the lower
mesosphere and the lower thermosphere even though the ozone loss in the upper stratosphere and
middle mesosphere generate normally or greatly. The reduced ozone loss in the lower mesosphere and
lower thermosphere induce the disturbance of radiative effect during wintertime and furthermore, the
dynamic effect may be activated. To persist in the radiative effect by ozone loss during polar winter,
the ozone loss in the altitude ranges of 50—60 km and 80—100 km seems important.
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