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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.
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Gravity waves associated with an extratropical cyclone and possible role in the formatior

of tropopause inversion layer
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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.
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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.

000oo:0000,000000,000000,00000,0000000000,000
Keywords: Ozone layer, Chlorine species, Bromine species, sub-mm, International Space Station, mesosphere
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Atmospheric response during annular solar eclipse of 15 January 2010
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ENSO-induced changes in the Northern winter stratosphere revisited

oooo
Masakazu Tagucht

lopoo0oo
L Aichi University of Education

Using the JRA-25/JCDAS reanalysis and JMA hindcast (HC) data, this study re-examines the ENSO-induced changes in th
Northern winter stratosphere.

This study seeks to better understand the observed changes in the time mean states and variability (such as occurrence
stratospheric sudden warmings, or SSWs): it is widely accepted that the polar vortex is weaker and warmer on average for wari
ENSO years than for cold years, whereas occurrence of highly disturbed situations of the vortex such as SSWs is more freque
(or as frequent) for cold ENSO years. For this purpose, we utilize the reanalysis and also the HC data. The HC experiments wel
conducted by the JIMA using March, 2011 version of the 1-month ensemble prediction system. The ensemble predictions wer
made from each of the 10th, 20th, and last day of each month for 1979-2009, with an ensemble size of five.

In the analysis data (real world), we first confirm the existing results that the polar vortex changes in the time mean state:
and variability with ENSO. Then, we find that the frequent occurrence of disturbed situations for cold ENSO years is mainly
contributed by a couple of SSWs (e.g., those in 1984/85 and 2005/06 winters). These SSWs occur with moderate upward prop
gation and marked poleward propagation of wave activity under the easterly condition of the QBO.

In the HC data, we further show that, when initialized about 10 to 20 days before the SSWs, the data only roughly reproduce
such propagation features and underestimate (or miss) the deceleration of the polar night jet. These features of the wave propa
tion are therefore the key for the HC data to well reproduce the SSWs, and hence the ENSO induced changes in the stratosphe
variability as observed.

oo0o0O0o0O:000,ENSOOD0,0000,0000000
Keywords: stratosphere, ENSO-induced changes, stratospheric sudden warming, QBO
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Boundary regions in the upper atmosphere play important roles in the global budget of material and energy. It is difficult to
perform in-situ observations and sample recovery in/from the regions. There are some platforms for them, airplane, balloon
rocket and so on. They require heavy loads and/or cost for observations.

Small Unmanned Aerial Vehicle (UAV) is one of the most cheap and mobile platforms. Recent developments of electronic
devices, microcomputer, and navigation system have been drastic and it supports to develop many types of small UAV. On th
other hand, a small rubber balloon is very cheap and useful to lift instruments to upper atmosphere. We started to develop ne
type of platform, combined a balloon and an UAV. In the first stage, an UAV is hanged and lifted by a rubber balloon to the
stratosphere. Aerosol instruments borne in UAV observe aerosol concentration and collect sample during ascending. At the tc
altitude, planned to separate position, UAV cut hanging rope and return to ground base with instruments and sample by sell
control with micro-computer system.

We performed aerosol observations upto 10 km a.s.l. at Syowa Station (69.0 0S, 39.6 oE) in January 2013, as one program
the 54th Japanese Antarctic Research Expedition. Five successful flight were carried out and observe vertical profiles of aeros
concentration ranging from 0.3 to 11.4 um in diameter, and collect sample up to 8 km a.s.l.. Tropopause is locate around 8 to 1
km a.s.l over Syowa Station in summer season.

We are planning to develop more advanced platform, using balloon, parachute, and UAV, which can realize observation up t
30 km.

We will report details of the developed new type of platform and preliminary results of aerosol observations at Syowa Station.

goddbo:0bb0o000oobo,000ooooboob,oo
Keywords: balloon seperated UAV, stratospheric aerosol, Antarctica
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Updates of JEM/SMILES L2Product v2.4: improvements of mesospheric O3 and HCI
profiles
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Analysis of Arctic stratospheric minor gases related to ozone depletion by coupled use o

JEM/SMILES and ACE-FTS

0oo™oooohoooo?z?oooo?
Yuji Tachiband*, SAITOH, Naokd, Takafumi Sugitd, KASAI, Yasuko®

000000000 000000000000,20000000,%00000000
LCenter for Environmental Remote Sensing, Chiba Univerditgtional Insitutute for Environmental Studié$|ational Institute
of Information and Communications Technology

00000000000 00000000000000000000000000000D 000 SMILES; Superconducting
Submillimeter-Wave Limb-Emission Soundel 0 0 000 0000000000000 O0OO0OODOODOOOOO0OO 2009
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Correlation among water vapor and ozone as observed from Aura/MLS
Correlation among water vapor and ozone as observed from Aura/MLS

Vivek Panwat*, H. Hashiguchi, M. K. Yamamotd, S. K. Dhaka
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!Research Institute of Sustainable Humanosphere, Kyoto University, FApapartment of Physics and Electronics, Rajdhani
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'Research Institute of Sustainable Humanosphere, Kyoto University, ZApapartment of Physics and Electronics, Rajdhani
College, University of Delhi, India

We present a relationship between water vapor mixing ratio (WV) and ozone mixing ratio (O3) measured by Aura/MLS in the
tropical upper troposphere and lower stratosphere during 2005-10. Seasonal variability is analyzed in WV and O3 using MLS
data. During summer (April-September) WV and O3 scatter plots are used to examine the relationship between them at differer
pressure levels. Around 100 hPa and above, it seems that there is an increasing linear tendency between WV and O3 with a hi
correlation coefficient. However, during winter (October-March) it seems that there is an association between WV and O3 bu
comparatively lesser than summer. From the scatter plots of WV and O3, it appears that during convection WV is injected from
troposphere to lower stratosphere in the tropical region. However, the increasing amount of O3 and WV just above tropopaus
appears that it is dynamically controlled during summer. The O3 values are in general high during summer as compared to winte
and are larger by a factor of "2 while at 68hPa WV values are high during winter by a factor “1-2. The temperature during summel
show high values as compared to winter above tropopause. Our analysis suggests that there is a need to study jointly O3 and W

that would help in better understanding the transport in the TTL region and above.

00000 : Tropical Tropopause Layer, Water Vapor, Ozone
Keywords: Tropical Tropopause Layer, Water Vapor, Ozone

1/1



Japan Geoscience Union Meeting 2013 0/0)

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

Union

AAS22-P06 go:booboboobo 00:50 200 18:15-19:30

SMILESOODUOUOOOOOODODOOoOooooooooo
Validation of ozone and chlorine compounds data observed by SMILES
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The Superconducting Sub-millimeter Limb-emission Sounder (SMILES) onboard Japan Experiment Module (JEM) of the
International Space Station (ISS) have observed atmospheric minor constituents related with ozone chemistrygstitlas O
ClO, HG,, HOCI and BrO, with high sensitivity. Especially;OHCI and CIO can be detected with altitude up to the mesosphere
(around 80km). In comparison with the stratosphere, "in situ” photochemistry controls concentration of minor constituents,
so that we can examine current understanding of whole atmospheric chemical reactions by the direct comparison with SMILE
observational data and results from numerical model calculations. In this study, we report the characteristics of ozone and chlorin
compounds in stratosphere and mesosphere observed with SMILES instrument. Some results of comparative validation with pa
satellite data and numerical model calculations, and their characterisics of diurnal variation are also presented.

gooobo:oobo,0ob,0ogo,boobo,oobbooboboog,bboobog
Keywords: stratosphere, mesosphere, diurnal variation, ozone, limb sounding, submillimeter wave
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Characteristic of Vertical Wavenumber Spectra in The Lower Stratosphere Observed witl

COSMIC GPS Radio Occultation _ _
Characteristic of Vertical Wavenumber Spectra in The Lower Stratosphere Observed witl

COSMIC GPS Radio Occultation
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Vertical wavenumber spectra of atmospheric temperature perturbations in the lower stratosphere were analyzed by using CO
MIC GPS Radio Occultation data. This study used high resolution profiles from January 2007 to December 2009 derived from the
Full Spectrum Inversion retrieval method (Tsuda, et.al., 2011). The height range between 20 to 27 km was selected considerir
the atmospheric conditions are relatively stable over the entire latitude range. We investigated latitude variations of spectra ove
two longitude regions; 90 to 150 and 170 to 230 degree east, considering land and ocean distributions. The logarithmic spectr
slope of temperature perturbations in the equator region agrees with the model spectrum throughout the year showing saturat
gravity wave due to convective activity. It has been depicted an annual variation in the spectral slope at mid latitude in northerr
hemisphere, which is close to -3 in winter and gradual (-2.4 to -2.7) in summer. It also found an annual variation at mid latitude
in southern hemisphere, which behaves differently from northern hemisphere, showing a latitudinal drift of the region southwarc
(from 20S to 60S) from May through October. These variations are related with jet stream as described from zonal wind data
We calculated the moving average of z-score value that showed good correlation between temperature variance, spectral sloj
and zonal wind.

0O 0 00 0O : vertical wavenumber spectra, temparature perturbations
Keywords: vertical wavenumber spectra, temparature perturbations
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Global Structure of Brunt Vaisala Frequency as revealed COSMIC GPS Radio Occulta:
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COSMIC GPS RO data were utilized to investigate the atmospheric stability through deriving Brunt Vaisala fre@Nncy (
from temperature profilesy? is calculated using 100 m height difference and averaged into 1 km resolution. Height versus
latitude section ofV? showed the sharpness of tropopause layer. It depicted a very stable condition of the stratosphere layer
The deviation ofN? in the equator region pronounced clearly relation with QBO phase. Time variations of the struchifte of
in the stratosphere of polar region between northern hemisphere (NH) and southern hemisphere (SH) are quiet different. A
annual oscillation is described in the SH showing the polar night jet during winter season, whereas in winter season of NH the
atmospheric stability are influenced by sudden stratosphere warming. An annual oscillation is also depicted in the equator regic
through time versus longitude diagram/gf at 17 km that represent the fluctuation of tropopause layer. Time longitude diagram
over 30N latitude at 15 km for the global region showed eastward propagation of atmospheric waves.

0O 00O 00 : Brunt Vaisala frequency, COSMIC, GPS RO
Keywords: Brunt Vaisala frequency, COSMIC, GPS RO
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