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Interhemispheric differences in the roles of SAO in mid- and high latitudes
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Previous studies showed the existence of the climatological upwelling in the subtropical stratopause region. It is known that th
seasonal variation in the subtropical upwelling is closely related to the equatorial semiannual oscillation (SAO). The SAO and the
residual circulation in the middle atmosphere are driven by atmospheric waves such as planetary waves and gravity waves. Tt
study shows a dynamical link between the SAO and the subtropical upwelling in the austral and boreal winter from statistical
analysis using a reanalysis (MERRA) data. All years (1979-2010) are divided into two groups, strong SAO years and weak SAC
years, defined by the zonal wind at the equatorial stratopause. For the austral winter (July), the composite analysis shows tl
strong connection between the interannual variability of the SAO, the subtropical upwelling, and the planetary wave activity
at lower stratosphere. Since interannual variations of the SAO and planetary wave activity affect the subtropical momentun
deposition in the mesosphere, the variation in the upwelling is controlled by the SAO and planetary wave activity. In contrast,
the planetary wave activity is not correlated to the subtropical upwelling for the boreal winter (January), although the SAO and
the upwelling are negatively correlated. The interhemispheric difference is attributable to the difference in the property of the
planetary wave. Transient planetary waves are dominant for the austral winter, while stationary component is dominant for the
boreal winter.
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Propagation characteristics of gravity waves in the austral winter using the AIRS high

resolution data
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Circulation changes in the mesosphere during stratospheric sudden warming events
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A role of eddy on the tropospheric circulation trend corresponding to the stratospheric
ozone reduction in boreal summer
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The tropospheric responses to changes in the stratospheric ozone radiative heating are examined by assessing influence:
long-term trends in the stratospheric ozone on the troposphere. A linear trend analysis was applied to five reanalysis data sets &
five chemistry climate models (CCMs) for boreal summer (June-July-August) in ozone depleting period (1981-2000). Sensitivity
simulations of depleting ozone using CCMs show poleward shifts of the subtropical jet and expansion of the Hadley cell as well
as reanalyses show. Anomalous radiative heating associated with the decrease of the ozone induces the negative potential \
ticity (PV) anomalies near tropopause. Steady responses to the ozone radiative heating anomalies evaluated by the PV inversi
technique show the poleward shift of the subtropical jet but have small amplitudes in the lower to middle troposphere. Eddy
feedback associated with changes in the basic state due to PV anomalies is examined by idealized experiment using dry gene
circulation model (GCM). In the upper troposphere, wave forcing accelerates the zonal wind north of the jet and decelerate:
south of the jet. Then, the deceleration forcing south of the jet drives anomalous residual mean circulation in the lower latitude:
corresponding to the expansion of the Hadley cell in the middle troposphere. The Coriolis force associated with the anomalou
residual mean circulation expand the zonal wind anomalies around the jet from the upper troposphere to the lower tropospher
The results suggest an important role of the stratospheric ozone on the tropospheric climate changes via modifying the edc
activity in the troposphere.
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Long-term trend in the stratospheric quasibiennial oscillation and tropical mean upwelling
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The zonal-mean zonal circulation in the tropical stratosphere is dominated by the quasibiennial oscillation (QBO) betweern
prevailing easterlies and westerlies with periods of about 28 months. The vertical structure of the QBO in the lowermost strato
sphere is linked to the mean upwelling there, which itself is a key factor in determining stratospheric composition. We report
on an analysis of near-equatorial radiosonde observations for 1953-2012 and reveal a previously unknown long-term trend c
weakening amplitude in the QBO of zonal flow in the tropical lower stratosphere. The trend is particularly notable at 70 hPa (719
km), where amplitudes dropped by roughly 1/3 over the period. This trend is also apparent in the global warming simulations of
the four models in the Coupled Model Intercomparison Project Phase 5 (CMIP5) that realistically simulate the QBO. This effect
is most reasonably explained as resulting from a trend of increased mean tropical upwelling in the lower stratosphere. Almos
all comprehensive climate models have projected an intensifying tropical upwelling in global warming scenarios, but attempts
to estimate changes in the upwelling by using observational data have yielded ambiguous, inconclusive, and/or contradictor
results. Discovery of a significant trend in the lower stratosphere QBO amplitude provides strong support for the existence of
long-term trend of enhanced upwelling near the tropical tropopause and this trend can be considered a subtle, but robust, indica
of the response of the climate system to anthropogenic forcing over recent decades.

0o0o000.0002000,0000
Keywords: QBO, Brewer-Dobson circulation

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

AAS22-06 0 0:301B 00:50 200 10:15-10:30

0000000000000 00000000000000000 _ _
Gravity waves associated with an extratropical cyclone and possible role in the formatior

of tropopause inversion layer

oooobhoooo?
Shigenori Otsukg Shigeo Yodefi

00000000000 000000000,?00000000000000000000
IRIKEN Advanced Institute for Computational ScienéBjvision of Earth and Planetary Sciences, Graduate School of Science,
Kyoto Univeersity

We perform a numerical simulation on the generation of gravity waves associated with an extratropical cyclone and investigats
its possible role in the formation of tropopause inversion layer (TIL), which is a persistent layer with high static stability (Birner,
2002). We use a JMA regional non-hydrostatic model (NHM), which has 200 layers in the vertical from the surface to 25 km
in altitude, and the horizontal domain is 4140 km x 4000 km around Japan with a horizontal resolution of 20 km. The time
integration period is 72 hours from 19th to 22nd in February, 2009, during which a typical explosive cyclogenesis was observed
For the initial and boundary conditions, we use NCEP FNL.

An arc-shaped wave packet propagating northward from a jet streak associated with the extratropical cyclone is identifiec
during its developing stage, and the wave packet satisfies the dispersion relation of inertia-gravity wave with a period of abou
300 minutes. Histograms ofNat the TIL classified by Hv/dz?> and dw/dz at the TIL show that enhancement divliz> by
vertically-propagating gravity waves have a significant impact on the strength of the TIL. The effect of gravity waves on the TIL
is clearer in the regions where relative vorticity at the tropopause is negative. This result implies that gravity waves may have al
important role in making the negative correlation between the strength of the TIL and relative vorticity at the tropopause.

goooo:goo,0oboog,ooooo,0oobo,bodooooood
Keywords: gravity waves, extratropical cyclone, tropopause, inversion layer, numerical simulation

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

AAS22-07 0 0:301B 00:50 200 10:30-10:45

obogoboobboobboobtoobuobuooboobuoobboobd

000
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Volatility and conposition of aerosol in tropical stratosphere and TTL
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Cirrus cloud particles in the tropical tropopsuse layer observed by HYVIS
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Development of a balloon-borne chilled-mirror hygrometer for climate monitoring
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Atmospheric water vapor plays important roles in the global climate system. In upper troposphere and lower stratosphere, |
contributes strongly to the radiative balance and influences variability of ozone layer through its photochemical nature. Accurats
monitoring of water vapor is crucial for improving our understanding of climate change. Chilled mirror hygrometers have been
used as transfer standard in laboratories and metrology labs, because this type of hygrometers can measure water vapor c
sentration with high accuracy. We have converted FINEBE{\(Azbil Corporation), which is a chilled mirror hygrometer for
industrial application, into a hygrometer for upper air observation. Because the FINEMEWes a two-stage Peltier cooler,
it does not need cryogen and thus is easy to handle. We have conducted flight tests in Japan and Indonesia to evaluate the
formance. The results showed that this hygrometer has ability to measure atmospheric water vapor from the surface to the low
stratosphere. Also, simultaneous soundings with the Cryogenic Frostpoint Hygrometer (CFH) showed good agreement at lea
in the whole troposphere. With some more improvements, it is considered that our hygrometer will contribute to the monitoring

of water vapor in the stratosphere as well as the tropsphere.
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A CCM experiment on the effects of solar proton events on HNO3 and O3 in the polar

middle and lower atmosphere
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Observation of O3, CIO, HOCI, HO2, and BrO by JEM/SMILES
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SMILES; Superconducting Submillimeter-Wave Limb Emission Sounder is a 4 K cooled 625-650 GHz limb sounder to observe
03, HCI, CIO, HO2, HOCI, BrO, HNO3, and O3 isotopes. SMILES had been operated on the International Space Station
from Oct. 12, 2009 to Apr. 21, 2010. ?Since ISS is 51 degree inclined orbit, 30-45 days SMILES zonal mean could provide
diurnal variation of chemical species in the stratosphere and mesosphere. Diurnal variation of O3, CIO, HOCI, HO2, and BrO
are compared with two nudged CGCM calculations (SD-WACCM; Specified-dynamics WACCM, and MIROC) and satellite
observations.

Diurnal variation of O3 agreed with SD-WACCM over 50-82 km, but small peak in the morning (7 am local time) is apparent
for the SMILES but not for the SD-WACCM at 70 km.

Diurnal variation of CIO agreed quite well between SMILES L2 ver. 2.2 and SD-WACCM from 19 to 76 km altitude region.
But nighttime CIO value of SMILES L2 ver. 2,2 above 50 km is less than SD-WACCM (70%), which is not clearly explained by
the SMILES retrieval issue or our current knowledge of chemical kinetics.

Diurnal variation of HOCI also agreed quite nicely from 31 to 76 km. The nighttime build up of HOCI observed SMILES at
44-68 km are nicely reproduced by the SD-WACCM calculation using JPL2006 chemical kinetics dataset.

HO2 diurnal variation also agreed with SD-WACCM from 24 to 72 km. Above 76 km, SMILES L2 ver. 2.2 needs modification

of a priori and its co-variance, and we will get better agreement with model calculations. SMILES L2 ver. 2.2 also shows night
time bias due to AOS (Acousto-Optics Spectrometer) characteristics.
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Atmospheric response during annular solar eclipse of 15 January 2010
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