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A Study on the Structure of Instablllty in the Mesosphere Using a High Resolution Gen-

eral Circulation Model
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It is well known that in the winter mesosphere, a necessary condition of barotropic and/or baroclinic instability, i.e., nega-
tive latitudinal gradient of potential vorticity (PV), is frequently satisfied. This study examines dynamical mechanism of the
formation of such instability condition in boreal winter using high-resolution general circulation model data. This model does
not include gravity wave (GW) parameterizations and hence all GWs are resolved, allowing us to analyze GWSs directly. This is
a strong advantage of our study because GWs are quite important for the momentum budget in the mesosphere. First, the 2
TEM analysis was made. It is shown that the negative PV gradient is regarded as an enhanced PV maximum. This maximur
is due to the poleward shift of the westerly jet in associated with strong EP-flux divergence caused by planetary waves from th
troposphere. Strong GW drag slightly above the westerly jet shifts poleward as well, which can be understood by a selective
GW-filtering mechanism. It seems that this GW-drag shift induces strong upwelling in the middle latitudes and adiabatically
cools the middle mesosphere. Resultant enhanced static stability is the main cause of the PV maximum in the upper mesosphe
Because of the dominance of planetary waves during this event, this process may not be zonally uniform. Thus, the 3-d analys
was made using recent theoretical formula by Kinoshita and Sato (2013). As expected, the GW drag is distributed depending o
the longitude. The zonal structure of PV maximum is consistent with the GW drag distribution. An interesting fact is that the
spatial distribution of GW drag is not largely correlated with that of the zonal wind at the same level but highly correlated with
that in the stratosphere. This result indicates that the mesosphere reflects the zonal structure of the stratosphere via the selec
GW filtering.
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Dynamical mechanism of multiple tropopause structure observed over Syowa Station
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Multiple tropopauses which are determined following the definition by the World Meteorological Organization (WMO) were
detected in winter at Syowa Station (69.0S, 39.6E). It is shown that the multiple tropopause structures were observed along wit
a descent of the first (i.e., lowest) tropopause five times in the autumn period from 1 April and 16 May 2013. A detailed analysis
using data from the PANSY radar and radiosonde observations was performed for a typical case in 8-11.

The mechanism of the multiple tropopause structure was analyzed using the PANSY radar and radiosonde observations.
is shown that the multiple tropopause structure was regarded as strong temperature fluctuations with a vertical length of abol
3 km. Moreover, it is seen that the temperature fluctuations were out of phase with vertical wind fluctuations observed by the
PANSY radar by 900. This feature is consistent with the linear inertia-gravity wave theory. Thus, it is likely that the multiple
tropopause structure above the first tropopause was due to the temperature fluctuations associated with an inertia-gravity wav
(IGW) having a vertical length of about 3 km. The hodograph analysis also indicates that the multiple tropopause structure abov
the first tropopause is due to a monochromatic IGW.

To examine the dynamical mechanism and there-dimensional structure of this phenomenon, a numerical simulation was pe
formed by NICAM without using any gravity wave parameterization. The model simulation period is from 0000 UTC 7 April
2013 to 0000 UTC 12 April 2013.

A close look at the time-height cross section of the zonal wind velocity and the static stability over Syowa Station indicates
that the multiple tropopause structures together with the descent of the first tropopauses and associated wind disturbances wi
successfully simulated. A polar front jet strongly meanders in the time period from 8 April to 10 April and a tropopause folding
structure is developed near Syowa Station. This means that the descent of the first tropopause was likely caused by the pass:
of a developing tropopause folding over Syowa Station. The IGW parameters were also consistent with those estimated by tt
hodograph analysis using the PANSY radar data.

Next, possible sources of the IGWs observed over Syowa Station were examined using data from the NICAM simulation. As &
result, it was shown that wave packets observed over Syowa Station include gravity waves both excited by the steep topograph
effect and the spontaneous adjustment process.

This mechanism is quite different from mechanisms which previous studies examined in the monsoon region or midlatitude,
which is closely related to stratosphere-troposphere exchange (e.g. Randel et al. 2007). It is suggested this enable us to interp
a part of a significant seasonal sensitivity in the poles discussed by Anel et al. (2008). The static stability in the winter lower
stratosphere in the Antarctic is particularly weaker than in other latitudes (Gettleman et al., 2011). It is likely because ozone
heating is absent due to polar night. Based on the radiosonde observations, Tomikawa et al. (2009) also shows that the sta
stability in the lower stratosphere over Syowa Station is minimized in April through July. Temperature fluctuations associated
with gravity waves are observed as fluctuations of the static stability. Thus, when the background static stability is sufficiently
weak such as in the polar lower stratosphere, the temperature fluctuations associated with gravity waves can make local minin
of the static stability which are detected as thermal tropopauses. Therefore, it is likely that multiple tropopause events due ti
IGWs are considered to occur frequently in the Arctic / Ataractic region in winter.
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Tropical non-migrating tides appearing in a high vertical resolution GCM
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Atmospheric tides are global scale waves with periods that are harmonics of a solar day. They are primarily excited in the
troposphere and the stratosphere, and then, propagate upward. Tides are generally classified into two components: migrati
(Sun-synchronous) and non-migrating (non-Sun-synchronous) tides. Although migrating tides were examined by many previou
studies, a much fewer studies considered non-migrating tides particularly in the troposphere and the stratosphere. The purpo
of this study is to reveal the horizontal and vertical structure of non-migrating tides and its seasonal variations in the region fron
the troposphere to the mesosphere, as well as to clarify the underlying physical processes.

In this study, data from a high-resolution (T213L256) global spectral climate model (Watanabe et al., 2008) are analyzed.
This model covers quite a wide height range from the ground surface to the upper mesosphere (80 km in altitude), enablin
us to investigate the full tidal coupling between the lower and upper atmosphere. Also, the vertical resolution is "300 m in the
vertical, which is almost sufficient to simulate realistic propagation and momentum deposition of gravity waves including tides.
We compared the model data with data from COSMIC GPS-RO measurements and TIMED/SABER satellite measurements, ar
confirmed that the model captures the observed characteristics at least qualitatively.

In the model data, we clearly see that non-migrating tides are mainly excited over the two large continents: over Africa and
South America. The excited tides are propagating three-dimensionally like internal inertia-gravity waves. During the propaga-
tion, tides with small wavenumbers are filtered out by background zonal wind (e.g., stratospheric semiannual oscillation (SAQ))
Thus, both excitation and filtering processes are important for understanding the tidal variability.

F—T— Ry, KEaJERS], KANTO, SABER, COSMIC
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Stratospheric Geoengineering
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Overview of stratospheric geoengineering simulations proposed by GeoMIP (Geoengineering Model Intercomparison Project
will be presented with emphasis on impact of anthropogenic stratospheric aerosols on stratospheric ozone and surface UV.
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Influence of topography onto the temperature variation around the tropical tropopaus

layer
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B LD, BENERINTVEREEZONS, TOMFEKT., 7IVE ViR EDOWEHIBIIIE NBHRHCIE, BFikbKE
BRIRATNE T, BEOERNBC % LT N5, 2EJEFHT122K5E 7V Non-hydrostatic ICosahedral Atmospheric
Model (NICAM) @ 20064F 12 F %25k (Miura et al. 2007yx iV T, BARE(DBEOSEET Zifiiz L TA, AV KRRy T
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W RIS R 2 B DIRIEZ R > TV TH D, THIVHERIE, ETIVOMENE LIVEWD, RICBFIC
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AEHIZE T, NICAM D157 — % Constellation Observing System for Meteorology, lonosphere, and Climate (COSMIC)
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SERREE N B BIC DN, IEHE TOXIRDO D HIEIE K E {E> TV o7z, FHC. KEH#EED 0.125 @ European
Centre for Medium-Range Weather Forecasts (ECMWWFYear of Tropical Convection (YOTCY— &2z W\ z& T A, 7
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B, HZE)R & ORTINEZZICED, KototabangD /iH D MMC K E WD, IEDTEENEOZ(IC K 2 E D TlXEh->
Teo AW TR, ETVREEBINT—2 T, ILE FECBOWTRIROZFHNKRE N EWMEIIE N, X 0 B RGE
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Constructing the Middle-Atmosphere Version of Non-hydrostatic Global Atmospheric

Model NICAM
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KEEI T IHITE DR FEE) « §iAR - Yoy M I Ko TS, INHT % T & THiREB X UHEAKOHEAL
FERIC K E R BR 52 %, il « & - RO 70t 2% GCM (KKKTEERET V) ThHIcRBT 5 LIdiLL, £
DOBERENFIHAF—LNHV5NS, Watanabe et al. [2008%7KF- 60 km, FHE 300 m &\ 5 EfREED GCM
ZHAWT, BEAPEEIAF— L2 VT ICHENGTE R PERKREARGZHET 2 LI Lz, LhL, B
WO BRIZE 12 R EIEF I ERTRER D . §/172RICHED < GCM TIIENIEOEMEHEO HEMEICRIEN B %
F7z. GCM TIEENPEDEIRD —DTH % Xhifiz B fiR{§ T E 720,

FEH S I REIERZRK&KE TV NICAM  (Non-hydrostatic Icosahedral Atmospheric ModeD &7 ) kv 7 7% k55
U7zt K& NICAM ZREE L T3, KPS 220 km 56 km, XU 14 km TH %, Sl RS 8 KA CRE
AN IZFEHEIC A hybrid-zZ V., EFV R 713 80kmE LT\, ShEEORMMIETEAKT—EEL L, 2km
(61)E). 1km (91)&#), 500 m (162)&). X!k 300 m (261f8) TIHEZTT> T\ b, BEIFEHEHIAF—LIFEHL TV
TV THUHANORRER, FISHRBEIIZE THL S N TV S EHER) 7 NICAM FR7E L IZIEFRETH S,

AFFTIEHEAREI NICAM OEARIGOHFEPEICOWTHIARRZRET %, A, whiE - P kKoK
BEBXCY 2y FOEAREGEIXICHAIN TV, @K Y FOMEMBAINTNTHEH, MERGEZE5D 5T
ETHIOMEZ I ORUHEEI NS, BHERORAY = v kOsf & PG FEHUERE DO QBO MG S . ShEMEREN &N
MHENICHIENS, —77, LM ORERE FES « BB O TR AL 7 ADBEETH O, LY = v b
WARICHEEINTWS, BUR TGS « SRIEfRIGE 2 m 6 5 EBIERZERRI LTV E WS BENSH 5, Y4
HORETWEU LD X S HRICDWTIET 2 L Lbic, EFIFET IV ERAVIESHOERKEMIEDAEEFEIC DL
Catkam L7200
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Physical interpretation on the mechanisms of spontaneous gravity wave radiation usin
the renormalization group method
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Gravity waves (GWSs) are categorized into orographic ones and non-orographic ones. The mechanisms for non-orographic G\
radiation are not clear, because the dynamics is quite nonlinear and complicated unlike orographic GWs. Recently it has bee
revealed that GWSs are spontaneously radiated from an approximately-balanced flow, especially in the jet/front systems (e.g.,

Sullivan and Dunkerton 1995). The balanced adjustment theory proposed by Plougonven and Zhang (2007) is considered
be the most likely to describe the spontaneous radiation. However, their theory does not give physical interpretations on GV
sources and radiation mechanisms. In this study, we derived a new theory and made physical interpretations.

Using the renormalization group (RG) method (Chen et al. 1996), which is a singular perturbation method, the interaction
between the vortical flow and the Doppler-shifted GWs which both have slow time-scales is formulated for the hydrostatic
Boussinesq equations on the f plane. In general, the RG method enables us to extract slowly-varying components systematica
and naturally from the system containing multiple timescale motions. The derived time evolution equations (RG equations,
referred to as RGES) describe the spontaneous radiation of GWs from the components slaved to the vortical flow through a qua:
resonance together with the GW radiation reaction on the large-scale vortical flow. The quasi-resonance occurs when the spa
and time scales of slaved components are comparable to those of GWSs (quasi-resonance condition).

The RGEs are validated using numerical simulations of the vortex dipole by Japan Meteorological Agency Nonhydrostatic
Model. The flow near the dipole center is quite strong due to the confluence, which is similar to a localized jet stream in the
atmosphere. GW distribution obtained by the RGE integration accords well with the numerical simulation. This result supports
the validity of our theory.

The main GW sources in the vortex dipole can be classified into two groups by using the RGEs. The GW sources in the
first group are the slaved components produced by the horizontal divergence of acceleration of the vortical flow near the dipol
center (Fig. A). The acceleration can be regarded as the sum of Coriolis and pressure gradient forces. This fact indicates th
the GW sources express the horizontal compression of fluid. The horizontal compression can produce vertical motion, whicl
radiates GWs when its space and time scales satisfy the quasi-resonance condition. This radiation mechanism corresponds to
velocity-variation mechanism proposed byidiez (2007).

The slaved component in the other group is mainly produced by the vortical flow over the deformed potential temperature
surfaces (Fig. B). The deformation of potential temperature surfaces can be attributed to the Bernoulli effect due to the stron
vortical flow near the dipole center. The vortical flow over the deformed potential surfaces can produce vertical motion, which
radiates GWs when its space and time scales satisfy the quasi-resonance condition. In other words, the deformed potent
temperature surfaces act like a mountain as in the radiation process of orographic GWs. This radiation mechanism correspon
to the mountain-wave-like mechanism proposed by Mcintyre (2009).

F—U— R EHAWE, Vo MRUR, BFENE, <O T, i, REETE
Keywords: gravity wave, jet stream, spontaneous radiation, renormalization, wave, singular perturbation method
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(A) velocity-variation mechanism  (B) mountain-wave-like mechanism
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QBO-like oscillation in a radiative-convective equilibrium state obtained with a two-
dimensional moist convection model
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QBO (¥ 2 5 HAHRE)) (3R EEREEIC 5T 2 NEREEI TH O . FHRED S BUEENRRE L T R it e
MEEHT S LIc& BT TWS, 204ELL ERGIC Held et al.(1993)3 2 JOTidfsiiE 7L T 5 N B Ui Bk
REICODWTHIZE L., QBOWikE 2187z (B2 hHDEES LizDH), 15 DETIVIZIEREERD 2 XocEHERET
JVTHEICHA L SN2 E D TH S M. QBO DEAMN I FHEEZUZTL TV, AL TIE. ARW(Advanced Research
WRF) E7 L% W 2 420 FOEWIRIE ) %2175 T, Held 5572 QBO MRS % Fiatd %, Tz, FHEREE /) i#
fe. BERSRME (i CORPESHmRIE R E) ZAZ TREFERZIT> T, QBOMIREIMENTZF TN N THSH
NS,

a2 b a—)VEEIIEAWIC Held 5 L[HCTH B, ThbHB. KIS 640kmDFHE ToHfiEkEIE Skm, $AE 1308 T
)V Fid 26kmiciE <, BEMNFH/ ST ARV E— 3 VIFMEHE T, EMYHELBROA R AND, EHkks. Bl
g, WERT Ty A, REERE, BLRILEL BRI TO LA ) —Hoks & OYEERR I EEERN R DR S, KF
MR % &, RAE VT v TOBICEEFIRGRIZE L 120.6 H OB R QBO RS Z/73, Bl N3 QBO L Hix v,
QBO MHEHE I AR T E A TH O . RSP E I NIREEZZFTH STV S, R Tl & Nz BRI E B AE
L. MNEMHEIEH LT QBOMIREIZAEA TN S, — /. M T, ML Lzshii s A7 LO5i & AR R
BNOFIGRPRROZE L A L TEE L, FIREE L RkES QBO MIREND A E K772 & D,

F—T— F: QBO, IR, - BAEM, 2 XOTifehii e 7 )b, B - et ) 24 &
Keywords: QBO, radiative-convective equilibrium, wave-mean flow interaction, two-dimensional moist convection model,
stratosphere-troposphere dynamical coupling
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Interannual changes of the semiannual oscillation induced by stratospheric sudden warn

ing events
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FREEHERGUC L S N2 PR HRENE, AE B AT & RN MO U 7ok Z2 455 i3I EAH OBt
ICH BT ENHBNTVS [FIAIE Andrews et al., 1987] B NI TIZEE - LEOYICHEMK, £« oD
B TUEMCRZ IO . TR T T N LI ONI &7 5 P FHREY ORI BB S & i & T
BERTRBDEMNENTHED, TNEDELLZIEMICOVTLRETH 2 LEZBND, AT, Aura MLS
IC KB EEBIT — R 2T T — 2B U, PERIHRENC D 2 5. BRSO I2A N 21T > 7eo T DR
RAPERROZFEORHNC, A THIRBI OIRIEIC IZBIE R FE L ZN R SN, ZNABUEREZEAA RO R & B L
TVB T ENMSD o e, FERFHRICHE S FA A HTEROIZRIC K D | ARE I E FE O (KR 2 & R o
iR AD T SR SN, TN EAIREOIREE - 7258 U, JEE S m AL CRmmE, HE bRz & e
5L, #RMNICZENTNORIKCFHERANHRI 2005 D EEZ BNS,
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Keywords: semiannual oscillation, stratospheric sudden warming, MLS data

1/1



Japan Geoscience Union Meeting 2014 /0 d ;,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

AAS21-10 215313 FFRd:4 A 30 H 11:45-12:00

Recent variability and zonal asymmetry in upper troposphere and lower stratosphere ok

served with GPS radio occultation m
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Tropical upper troposphere and lower stratosphere (UTLS) variability and zonal asymmetry are explored using global posi:
tioning system radio occultation (GPS-RO) measurements. GPS-RO offers global monitoring of fine structures of the UTLS
temperature variability. GPS-RO continuous measurements from CHAMP (2001-2006) and COSMIC (2006-2013) for about 13
years allows us to study the interannual variability, trends (over the last decade) and its fine zonal structures. The warming c
UTLS temperatures between 100 and 50 hPa, warming of tropopause and decrease in its height have been observed over the
decade. The possible reasons for such changes linking to the recent moderate volcanic eruptions and dynamical changes invc
ing changes in sea surface temperature and Brewer Dobson circulation will discussed. The variability and structure observed |
GPS-RO will be compared with existing conventional radiosonde and reanalysis datasets.

F—7— F: UTLS Temperature, Zonal Assymetry, GPS Radio Occultation, Moderate Volcanic Eruptions, Dynamical Changes
Keywords: UTLS Temperature, Zonal Assymetry, GPS Radio Occultation, Moderate Volcanic Eruptions, Dynamical Changes
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BEERBEE A VI & B IR LIS B RIS 7 1 v |k 1R E| |
The role of the mid-latitude oceanic front in the ozone-induced climate change in the
Southern Hemisphere

/NI EEEH T ; OMRANI Nour-Eddiné ; piH: f152 1+ ; AT 17 1 ; KEENLYSIDE Noef
OGAWA, Fumiakit ; OMRANI, Nour-eddiné ; NISHII, Kazuaki* ; NAKAMURA, Hisashi' ; KEENLYSIDE, NoeP

LU R AR i 28 2 > 2 —, 2GEOMAR, University of Kiel,>Geophysical Institute, University of Bergen
'RCAST, University of Tokyo?GEOMAR, University of Kiel,>Geophysical Institute, University of Bergen

The Southern Hemisphere Annular Mode (SAM) is the dominant mode of low-frequency atmospheric variability in the ex-
tratropical Southern Hemisphere, exerting substantial impacts on regional distributions of temperature and precipitation. It
multi-decadal trend in the troposphere observed in late 20th century has been related to the lower-stratospheric changes induc
by the ozone depletion. Known as a manifestation of meridional shift of the eddy-driven polar-front jet (PFJ), which is collo-
cated with the storm-track, the SAM variability may be sensitive to the near-surface baroclinicity associated with the midlatitude
oceanic frontal zone.

In the present study, aqua-planet atmospheric general circulation model experiments are conducted with two different zonall
symmetric profiles of sea-surface temperature (SST) whose frontal gradient in midlatitudes is retained or eliminated. A com-
parison of the tropospheric response to the assigned stratospheric ozone depletion between the two SST profiles reveals criti
importance of the frontal SST gradient for the intensified stratospheric polar vortex, which is due to the ozone depletion, in
triggering and keeping positive phase of the tropospheric SAM in late spring through summer.

We also reveal that the SAM trend in late 20th century simulated in CMIP3/5 models is sensitive to the position and intensity
of the mid-latitude oceanic frontal zone. Specifically, a model that simulates the zonal-mean frontal zone at higher latitude tend:
to simulate the maximum positive trends in the zonal-mean westerlies and midlatitude precipitation also at higher latitudes thal
another model with the oceanic frontal zone at lower latitude. This relationship is more obvious in a subset of the models with
the relatively strong oceanic fronts.

F—T—R: AV R, BIRE— R, BETO Y b
Keywords: Ozone hole, Annular mode, Oceanic front
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Global response to the major volcanic eruptions in 9 reanalysis datasets

PRI B 1, HEEE d)a] 1 Mehta Sanjay ; Gray Lesley ; Mitchell Danief ; Anstey James
FUJIWARA, Masatomé* ; HIBINO, Takashl ; MEHTA, Sanjay ; GRAY, Lesley ; MITCHELL, Daniel ; ANSTEY, Jame$
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The global climate response to the eruptions of Mount Agung in 1963, El @hich1982 and Mount Pinatubo in 1991 is
investigated using 9 reanalysis datasets (ERA-40, ERA-Interim, JRA-25/JCDAS, JRA-55, MERRA, NCEP/NCAR, NCEP/DOE,
NCEP-CFSR, and 20CR). Multiple linear regression is applied to the zonal and monthly mean time series of key dynamical
variables by considering the components of linear trends, seasonal variations, the Quasi-Biennial Oscillation (QBO), solar cycle
and El Nino Southern Oscillation (ENSO). The residuals are used to define the volcanic signals. Latitude-altitude distributions
of the volcanic signals and of the regression coefficients are compared and discussed among the different reanalyses. In respo
to the Mount Pinatubo eruption most reanalyses show statistically significant negative and positive temperature anomalies in th
tropical troposphere and in the tropical lower stratosphere, respectively. The signals are similar for the &1i €hipkion,
with a statistically insignificant tropospheric response. The response to the Mount Agung eruption is asymmetric about the
equator with significant warming in the Southern Hemisphere midlatitude upper troposphere to lower stratosphere. This work i
a contribution to the SPARC Reanalysis Intercomparison Project (S-RIP).

F—T— R KM, S, FiAT, BOE R, e
Keywords: volcanic eruption, climate, reanalysis, stratosphere, troposphere
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Simulation of stratospheric aerosol changes after the Pinatubo eruption

By s s JHE s !
SEKIYA, Takashi* ; SUDO, Kengd

YHEERYE RESENTZR

!Graduate School of Environmental Studies, Nagoya University

An explosive volcanic eruption can inject a large amount of, 8o the stratosphere, which is oxidized to form sulfate
aerosol. Such aerosol has an impact on the Earth’s radiative budget by enhancing back-scattering of the solar radiation, ai
causes stratospheric ozone depletion through heterogeneous chemical reactions. This study investigates spatiotemporal char
in the volcanic aerosol after the 1991 Pinatubo eruption. We particularly focus on impacts of (1) heating due to volcanic ash
(2) injection height, and (3) temporal evolution of the aerosol radius, on transport and distribution of the volcanic aerosol. We
conducted a control simulation and three sensitivity simulations using the MIROC-ESM-CHEM chemislimate model. In
the control simulation, 20 Mt of the SGand 30 Mt of the ash were injected into the altitudes between 16 km and 18 km over the
Mt. Pinatubo on June 15th 1991. The radius of stratospheric sulfate aerosol is prescribed by the data estimated from SAGE Il i
the control simulation. The first sensitivity simulation injected only the 8@ the altitudes between 16 km and 18 km. The
second sensitivity simulation injected the SiBto the altitudes between 17 km and 26 km. In the third sensitivity simulation, the
radius of the sulfate aerosol was fixed to 0;08. The control simulation reproduced a general feature of the observed aerosol
optical depth (AOD) derived from SAGE Il and AVHRR, although the simulated residence time of the aerosol is longer than
the observed one. The sensitivity simulations show the following: (1) heating due to the ash causes an anomalous upward at
equatorward transport of the volcanic aerosol during 8 days after the eruption, (2) the $@jection into the altitudes of 17
— 26 km does not represent the anomalous transport due to the heating which is caused by long-wave absorption of the ash , {
the temporal evolution of the aerosol radius slightly facilitates the removal of the aerosol from the stratosphere.

P — I BT 7 L, ML, (IR E 7L
Keywords: stratospheric aerosol, volcanic eruption, chemistry-climate model

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

AAS21-14 215313 FFRd:4 A 30 H 14:15-14:30

SMILES 7 — & 7% FHU 7z HE R SR AIC DU T Dl D RR
Recent Results for Middle Atmospheric Sciences using Data from SMILES

HEAY HEN 1
SHIOTANI, Masatd*

VR A AF BRI ST

'Research Institute for Sustainable Humanosphere, Kyoto University

The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) aboard the Japanese Experiment Module (JEM
of the International Space Station (ISS) made atmospheric measurements of minor species in the stratosphere and mesospt
for about six months from October 2009 to April 2010. Data for scientific community are now provided from DARTS (Data
ARchives and Transmission System) of ISAS/JAXA (http://darts.isas.jaxa.jp/iss/smiles/). In this talk, we will present recent
results from the SMILES measurements in association with middle atmospheric chemistry and dynamics. The main topics to b
highlighted are as follows.

[Diurnal ozone variations in the stratosphere] The SMILES observations have revealed the global pattern of diurnal ozone
variations throughout the stratosphere. The peak-to-peak difference in the stratospheric 0zone mixing ratio reaches 8% over tl
course of a day, suggesting careful consideration when merging ozone data from different satellite measurements (Sakazaki
al., 2013).

[Ozonesonde bias suggested from comparisons with SMILES] The SMILES ozone data have been extensively compared wit
other satellite data sources (Imai et al., 2013a). Further comparisons of SMILES ozone profiles with those from ozonesonde
show that the agreement was generally good, but at low latitudes the SMILES ozone data showed larger values than those
middle and high latitudes. To explain this bias, we examined an issue of the ozonesonde’s response time, and found a negati
bias in ozonesonde measurements more than 7% at 20 km in the equatorial latitude (Imai et al., 2013Db).

[Mesospheric ozone variations during the solar eclipse] During the annular solar eclipse on 15 January 2010, SMILES suc
cessfully captured temporal changes in ozone concentration. We found that in the lower mesosphere 0zone amounts get closel
the normal nighttime average, and the mechanism is detailed with use of an atmospheric chemistry box model (Imai et al., 2014

Keywords: Middle Atmosphere, Ozone, Satellite Observation
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JEM/SMILESIC & D Al CIO Bl DN T
Stratospheric ClO observation by JEM/SMILES

FARBE B EEL 2O THE S ST L BB 2 4 kiR SR 0 MR HEAN S
SUZUKI, Makoto'* : MANAGO, Naohird : MITSUDA, Chihiro® ; IMAI, Koji L - OZEKI, Hiroyuki4 : SAKAZAKI, TakatoshP
: SHIOTANI, Masaté

Lo, 2 THER/CEReS? &1l FIP, 4 BB ZPRAAE, © AR A S i
LJAXA/ISAS, 2Chiba U./CEReS’Fuijitsu FIP.Corporatior;Faculty of Science, Toho UniversiiKyoto U./RISH

SMILES operated on the ISS from Oct. 12, 2009 to Apr. 21, 2010. Since the detector (Superconductor-Insulator-Superconduc
SIS mixer) was cooled down to 4K, SMILES showed system noise figure, Tsys "250K, or spectral noise floor “0.4K, which gave
one order better signal to noise ratio compared to previous sub-mm observations from space (Aura/MLS and Odin/SMR).

Aura/MLS have been measuring ClIO with a 0.1 ppbv precision at 25-50km altitude. Theoretical precision of SMILES has
been reported to be about 0.01 pptv at 30 km. This value can be verified from bin-width of histogram of nighttime CIO, which
should be almost zero below 35km at the background atmosphere. We obtained actual bin-width, or CIO random error, to b
0.015 pptv, which is slightly larger than the theoretical value. It has been estimated that

the additional random error might come from IFOV pointing error, a priori pressure error, or baseline fitting error.

In tropical region (N10-S10), difference between day and night profiles was 792 pptv at 25km. This result agreed quite well
with reproductive calculated value (nearby 80 pptv) by using Chemical Transport Model (SD-WACCM). On the other hand,
in middle latitude (N30-50) during Mar. 13-25, 2010, SMILES value were 712 pptv at 22km, and 352 pptv at 19 km. These
value were significantly larger that reported as 10 pptv by airplane and balloon observation in 1986. SMILES mid-latitude value
is about 3-7 times higher than the past observation, however, agrees with reproductive calculated value like as tropical regiol
These discrepancy in the mid-latitude between SMILES and past observation can be explained partly by the historical increas
of total CIx from 2.4 pptv in 1968 to the present value, 3.0 ppbv.

F—T— RN IR, EE, ERTHAT— a0, YT IV, AV
Keywords: Chlorine monoxide, Stratosphere, International Space Station, submm, ozone, SMILES
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SMILESIC & - THIHE ?rLtT*‘BJﬂZEI’C@z“/ > & HCI DB
Correlation between £and HCI in the lower stratosphere as observed by SMILES

AHEZER D SRR FRADR D RE ARSI 582 g e e A S
SUGITA, Takafumt* : KASAI, Yasuke : TERAO, Yukio' : HAYASHIDA, Sachiko® ;: SAGAWA, Hided ;: SUZUKI, Makotd*
: SHIOTANI, Masaté
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FEHREIC BT B AV I3E T TORGFERIINCES L TW05b, MHRETIEA Y > DY AR D AR 5T,
BB S OIEIC X 2 E5E X0 ERNICHEET S C ENEETH S, ITEDOETIVIIZED SIZRJEE D 5 0HRE AN
40075 700 Ty E DR 50 % & AL 5N TW5 GE LRI U TRK 2 8IfEE) . L7hi > T EExhR
M CRUIIC BRI A Y > DEEZ AEE 5 T L IZEETH 5, Marcy 5 (2004 1 FEBEEEITA Y > & HClIC
387 R IFAHBERERD D O EERRHRENCIE HCl Y — AR EFEN T LI H U, MiZeEHRRS 5 S e
A Y > OElG 2 HREE 5 T L 2R Lz, L L NKEE TOA Y > HCI OMHBIRGROMRE G < Mk TIER I
. N2 T AT LREETH S, A TRERFHAT— 3 VEROBREY 7 IV LYY 2
(SMILES) 504V > & HCl OF — 2=l L, IR5NFH Tl H 2 H RO h ke i CHIBIRIfRZ A 5 M L
Teo Fio FAIZEHITOIEEROMHEBERMGR & DL ZT 750, FITA Y VIS U T RO 7D EERK D & HCIE
ERADITMITENT &R LTz, TNHDOAY VHCI BN EREEIC BT 2IEOEE XY 77 L A& U THED
J5N5,

F—1"— R: SMILES, ISS 4V >, Hi#
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FTIR CEIHIE N/zD <X EZEHCI, HF 2= O/
Reincrease of total columns of HCIl and HF observed with FTIR at Tsukuba

RIE Dy b v S B 2 5 AR 55 %S PG D8R 2
MURATA, Isao'* ; NAKAJIMA, Hideaki? ; MORINO, Isamd ; AKIYOSHI, Hidehart?
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HALKZE & FENTEREIWIZEAT Tl ENTERBIMISEFATATE O fREE 7 — 1) AR EEE (FTIR) ZHW T, D<K
ICHBWT1998FE 12 HX O AV Uzl U &3 2 REAMER D O EBIINC X 207872175 T, Slalid HCI, HF 4
BOBEZEIC OV TH IR EAN R SNTZDOTHIET %, HCI, HFIZZNZTNIEZR, 7 vEOER Y P —N\—5FT
Ho. yICTO VORI ERKER THREBICZ S 2T %, Z0RHTaVHEICK S TNE DR DOZE L,
FRC HCI OZ kA Y VERIEOE AN STEH TN TV S,

BINIIARNC X > THRIZ 20T ZEH LTV 20, UM REEIZ V9 1 E 0.0035cn ! TRRHTICIE AR LT
T4 7ay IS LSFITIZ VT NS, FARYT MU EROI-EEIFERIHEICEE L, COREZ(LEFINT,

BIRE LT HCI, HF & & EMK « v hNOZFFIZ(b 2R D, BEZICEHT % &, HCIHZ 19994Eh 5 200141
MFTEROREINL TNBE K S IR A ZH, 2003FLBFIE D U, 20074FED S UL TW3a, HF & 19994
5 2002FICHT TR LU TWVB XS IR A, 2003FEN SIKIFIFRIEV. Z LT 20074EEHA G S i L
TWb, ZT T. 2001-2006F & 2007-2013FED 2 DDOHAMNC /3 TH A VB (FEIZL) & EAR (REZ(L) TT 1 v
T4 VT LTHSB L, HCLIZZNTN-1.8%lyr, +1.0%/yr, HREX ZNZN+0.3%/yr, +2.5%/yDFFEZ{L LIz o Tz,

20004EARIC A - TH 5 OJERE HCl DA d HALOE *® ACE R Y DRI TCE Ron T, 7a vHifilic ks
B ERODDMENE N2 DEEZSNTVAD, FRTPHTRRREROERRIZZOEEHMD LT3 X
NTHEH, TNHFHUTEINCIRUIzE k3 AV VERIENENSC LICEDENEEEZOND,

HCI, HE BMEINICEZ 2R IA & LT, U EDIKE RKHEDZEEIE X bNb, REMEFEXEET NV Wz 2 2
L—y g vicknid, [ 2slEICEE LEWETIVTIE 2000428 LT HCl 25 LA LEET B2 Dicxf L.
KB ERA-InterimZ U1 % & 20084EED SIDDIEE 2ERMESNTHE D, KRR SHhDELDDH -7z &
ITH B, HETY a—T—— RITYV NERICEEDREROENZ LWV ISWMEEHEN, TH Vo728 DEHEND 2 D)
BREEARNEANZ AL DOWTIREERNHTH S, £50EDERETa e LTHbNTWS HCFC (ClLFZ&
) X HFC (FOAET) OHHEMEINL ThE iz, ThEDRBTHRENZW I bIcKBE E CEIEN 2
MEMULIZCLEEZEZAONED, THELHICDWTIEEIZHHNE 755 X 5 IR0,

P T TR, KA, T
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D

The/ Impact of altitude mis-estimation caused by Vaisala RS80 pressure bias on ozone ar
temperature profile data

FRR VE— b S HEN L BRI IER 2 BB Sl 2
INAI, Yoichi'* ; SHIOTANI, Masatd ; FUJIWARA, Masatomé ; HASEBE, Fumid

U RCERRAEAFOE, 2 Jbgi KHERER 5
'RISH, Kyoto Univ.,2EES, Hokkaido Univ.

Non-biased meteorological data are necessary for studies for detecting long-term climate change. Vaisala RS80 radioson
is widely used for operational and scientific observations. It has been known, however, that the RS80 has pressure bias. Tl
pressure bias affects height information of the profile in a traditional way where the geometric height (or geopotential height in
some cases) is calculated from the hydrostatics equation. In addition, the pressure measurements affect the mixing ratio values
any chemical species because the calculation needs air pressure value. The RS80 pressure bias is estimatett@ bée).3
-0.4+0.1 hPa, and -0.40.1 hPa (&) at 20 km, 25 km, and 30 km, respectively from the observations using RS80 together with
global positioning system (GPS) sensor in the Soundings of Ozone and Water in the Equatorial Region (SOWER) project during
from December 2004 to January 2010. Since ozone mixing ratio and temperature are also measured simultaneously, the impe
of the mis-estimated altitude on observed profiles of 0zone and temperature was evaluated. The net biase$.d61:8.5
+0.7%, and 3.14-1.9% (Ir) at 20 km, 25 km, and 30 km, respectively for ozone mixing ratio and that of0.2 K, -0.2+0.3
K, and -0.44+0.7 K (1) at 20 km, 25 km, and 30 km, respectively for temperature are estimated as impacts from RS80 pressure
bias. Those ozone and temperature biases can result in artificial variation in the long-term meteorological records when there
a radiosonde change from or to RS80. Especially, sign-reversed biases of ozone and temperature appear as artificial variatic
when the instrument is changed from RS80 to non-pressure-biased radiosonde (for example GPS sonde).

F—U— R VTR, BUERE, IERE A >, R, R R 28 E)

Keywords: sonde observation, observational bias, stratospheric ozone, stratospheric temperature, stratospheric long-term vat
tion

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

AAS21-19 215313 F#fi:4 H 30 H 15:30-15:45

VA« HYO IR (ZIVEYFY) E2RicEiF3 20094 11 H OEMIOA Y V4

X FCOWT AL AHNEE T VIS K BEME L it — _
Total ozone reduction over Rio Gallegos (Argentina) in November 2009 simulated by
MIROC3.2 Chemical Transport Model
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RRAH RS (IST) 45 K O EB 7 /RS (JICA) O HIBR A ERRE R G IR AR it 15534 (SATREPS) [FKic $5
2 K&ERRY R 7EMY AT Lo (IR /KBS Tk, eimBiiliER D2 [k T b % rkitiis T ot A
BlME, 7TILEYFUBXOFIOMFEED L1 USSR L. Z ORISR S Hd i ikt A0 75—k
(B« FEME) BRETB1ODHRV AT LRI ST EHBEL TS, TOMEOHT, kiAo AY
VER—IVDEEDOWTOMSEERB LTz, 7IVEYFUBXOF VU EERO SR I =7 X X mEi O Mm@ O #EiIC H
D, AV VR—)VE FOSENNEIC X 5 ENSEREDE V. AT, ENERENTZT CHFZ1T > 72 MIROC3.2
T VU TREEREE T IV E VT, 20094 11 A E:K TEIEIE Nz EIHRNIC D 72 54V 2 ) (de Laat
et al., Geophys. Res. Lett., 200@HEHFIEZITV., DX 5 AV VD DO TZRED KD J12255 3 X CL2E5 OfR
*ﬁ‘%??o f:o

TIWEYF DA « Y adA (B1S, 69W TlE, T4 X —IC KB4V VIBEORESMOBIATTHONTED
(Wolfram et al, 5th SPARC General Assembly, Queenstown, New Zealand) 2@DO94E 11 H 13~14 HUEHIC 675K f3ED
BAETA Y VIBEME R, F0%0 11 H 22~23 HEICIZZN LD FEO 475K B THY ViIEEME R LIz &M
MEINTWVD, 675KB LT 475K DZFNFNDIRMAIENT, 10 HIRERL 2 B TA Y VR — IV D% 525 T- /i
WA « HY 2 TRAD F22H 5 0EZ OUHIE LTz T &Y 20094 11 A O EWHOA Y V2B R
febLizeEZ NS, BREBIONIEETIV (MIROC3.2 KIEERE T IV R— RICHE) 2 WAy V20
NMOFENS E TNZEMNT 2HERME SN

S#13. 2009 LISKDAEIT DN T DT 21D, 20094 D EaE ARG D F 123 K LA DR R I S i L
TV TETH %,

F—U—F: 7NE YT, F Y YRV ACAEREE TV, M, MR IO E R A B e ) 953, 20094 11 H
Keywords: Argentina, ozone hole, CTM, polar vortex, SATREPS, November 2009
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FA MK OILENES) & A U RRB KU A iR & ORISR _
Relationship between total ozone and wave activities in Antarctic region
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AV YR—IVDOREE - REG, RFONDT YV EPRGIEIN O E 22T %, HIZIE. 20024EDAY > R—)VIJ,
WKEEOHZFRRENEIEE— T THoIICE DD 5T, WHIEHINKED o 7clcd, AV Y R—IVOBRIZNE >
Too Tz, vk bZE TR 1 OE R &P 2 DIFEH WA AT B0, PHELHKRLTEDSMKD 5l 201
X0 T, ZOF YV VRN BIGENINEC 2 LB BNS, WA 2 OIFEH BT K O Ml sl U 72854,
FIEIEL E N F M HLOIC RS 5 T & T MRS OREDER, B D 5 O @i NOX A Y > ORI
ANDMAC &> T CIORERET L, &V VR—IVDHNT 5T EMNEZSNS, BlAIc & 55 B & NI—SOG
OHETZMA, AV VA=)V 2HINT 2N <o Fio, W OEFWEOHDHEBLUIGE, NOX A4V Y DRE

WRELBELS TS, SRS EA U TR —RICOETZMA S TH 5 50 £D—)5 T, MEBOHLDHMEDN 59N
THIET 2DT, HORTRMREAE D HEICBEE N2 E 2D, HENCHFEE NI TIE K O A VBN ES T &
LTPEENS,

TOMS BX U OMI DAY VBT —EZh 54V U 2EN 220DULL RIcA%EMEZ 9 A 7 H~10 A 13 H ORI THf
BL., ZTOmRKEEAY VR—)IVEBOFERKEE Uz, iz, 4V U 2BEREMEEIF TORBKME ALY V28D
EREMEE Ulz, ABIZETIE. ERA-InterimDEBIRMT7— 2 (HpE)E, rEitml. &R 27y YV 7 LibZimit s
IV BEORRZEH W, F YV Y R— VD0 5EE LTz 1985-201 UEDWIRIC BT, mEER « @i optEhigH) & 4
VUR—)VHER., YV RRREEKR TV U EIC R B R0 & OBRE N, AREE TSN E D
K IBRAE L THY VR — VDK E XITHET 2O DOW TN A2 HET 5,
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Keywords: stratospheric ozone, dynamics, chemical transport model
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