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Summary

Based on simulations with the Middle and Upper Atmospheredél
(MUAM) the relative role of those sources of tides that ateated in the
middle atmosphere is considered: non-linear interactietveen stationar
planetary waves and migrating tides, heating due to ahbiearmif solar
radiation by ozone distributed in longitude.

The vertical propagation of tides is controlled by the baokgd wind. Due
to interactions between the tidal components and the zoeahrwind, they
are able to influence the background circulation as wellinkestigate the
generation of secondary tides due to non-linear intenachietween the
primary thermal tides and to estimate the contribution efrfigrating tides
into the formation of the zonally averaged circulation theating
parameterisatic in the MUAM was modifiec to allow filtering of the
thermal sources of different tidal components.
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Middle and Upper Atmosphere Model

(MUAM, Pogoreltsev et al., 2007

« 3D nonlinear mechanistic model of the atmospheric cittataextended
from the 1000 hPa surface up to heights ionospheric F2;l&pesed on the
Cologne Model of the Middle Atmosphere-Leipzig Instituteor f
Meteorology (COMMA-LIM, Frohlich et al., 2003.

» Up to 60 levels in log-pressure heights z=x*7 km, where népi1000)
with a step-size of about 0.4. In the present study a 48 lemedion of the
MUAM is used (upper boundary is around 135 km). Horizontabhetion
is 5°*5.625°(latitude/longitude) .

» Marchuk-Strang splitting of the initial Cauchy problemcarding to the
physical processes and Matsuno time-integration scherteartime steps
of 450s have been used. The prognostic equation for geddthaight at
the lower boundary has been used to simulate the globalaasproperties|
of the atmosphere.

Middle atmosphere sources of non-migrating tides

When planetary waves are strong in the stratosphere (ftarios, during
sudden stratospheric warming events), the main middle sphere
contribution to the generation of non-migrating tides is an-tinear
interaction between primary migrating tides and the statip planetary
wave with zonal wave number m=1 (SPW1). Large-scale lodgial ozone
inhomogeneitie leac to additiona source of nor-migrating semidiurne
(m=1) and diurnal (m=2) tides (SDT1 and DT2).

14

12—

Amplitude of SDT1, M wind, m/s
Amplitude of DT2, M wind, mis

Fig. 1: Amplitudes of SDT1 and DT2 in meridional wind at 120 kharing strong and weak
SPW1 amplitudes in January (red and blue lines) with takirtig account the 3d and 2d ozong
field (solid and dashed linesp(vorova and Pogoreltsev, 2010
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Non-linear interaction of tidal components

The 3 different®Rumsvere calculated with MUAM for March:

FO run:without filtering of any harmonics in total heating (coritron).

F1 run:with filtering of the 2harmonic;

results the amplitude of migrating diurnal tide (DT1) is negligtb(Fig.2),
and the amplitudes of DT2, TDT3, QDT4 are a bit smaller thatinéFO run.
SDT2 has approximately the same amplitudes as in the FO run.

F2 run:with filtering of the 2 harmonic;

results the amplitude of migrating semidiurnal tide (SDT2) is slmalthis
tide is generated by self-interaction of DT1, Fig.3) and ktges of SDT4,
SDT3, QDT4 are smaller.

Both DT1 anc SDT2 tides generat circulatior cells in the meridiona anc
vertical winds from 40S to 40N that result from acceleratiatue to tidal
dissipation. The filtering of thermal harmonics changes zbnally average
temperature by about 1-4 K above 100 km, and the mean flow kg 8an/s
above 60 km (Fig.4), and the circulation cells in the mendicand vertica
wind components (Fig.5).

There are daily variations of accelerations due to disgpaif gravity waves

distributed through the tidal structure of wind. In the casédiltering of the

thermal tidal sources these variations disappear (24heifrthrun and 12h in

the F2 run, not shown).
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Fig. 2: Mean zonal flow and zonally averaged Fig. 3: Migrating diurnal (DT1) and

temperature, migrating diurnal (DT1) and semidiurnal (SDT2) tides in meridional wind
semidiurnal (SDT2) tides in meridional wind (F1 and F2 runs).
(FO run).
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Fig. 4: Difference between runs (FO-F1 and
FO-F2) for mean zonal flow and zonally
averaged temperature.

Fig. 5: Difference between runs (FO-F1 an
FO-F2) for zonally averaged meridional an
vertical wind components.

The simulations of the migrating and non-migrating tideshvthe MUAM
show that the model is capable the observed tides in the Mibmeas well as
the large-scale features meridional circulation to repoed
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