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An International Observation Campaign for a Study of Interhemispheric Coupling Initiated
by Sudden Stratospheric Warmings in the Arctic

gk W B =N 1R BEY. 5B EX. &N #HE
*Kaoru Sato', Yoshihiro Tomikawa®®, Masaki Tsutsumi’®, Masashi Kohma', Koji Nishimura®:

1.RRAE KEREFPRIARRS MIKRERFZER, 2. BB, 3. 8EHEXFERAZ
1.Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo,
2.National Institue of Polar Research, 3.The Graduate University for Advanced Studies

Recent observational and modelling studies suggest that the Northern and Southern Hemispheres of
the earth atmosphere are potentially coupled by the Lagrangian mean flow in the mesosphere
modulated by waves interacting with the mean flow. However, observations of modulated wave and flow
fields which are needed for quantitative understanding of the interhemispheric coupling are not
sufficient. Simultaneous observations of gravity waves at various locations are most important
because they are a main driver of the Lagrangian mean flow in the mesosphere.

With the start of full system observation by the PANSY radar in the Antarctic in March 2015, a
global mesosphere-stratosphere-troposphere (MST) radar network extending from the Arctic to the
Antarctic has been realized. The MST radars are able to observe wind vectors with fine temporal and
vertical resolutions including vertical wind components in the troposphere, stratosphere and
mesosphere, although an observational gap of the middle and upper stratosphere remains. Thus, the
characteristics of small-scale or short-period wave motions including gravity waves and the
momentum fluxes associated with these waves can be estimated with a good accuracy.

In addition, recent high-resolution general circulation models enable an explicit simulation of
gravity waves under ideal and/or climatological boundary conditions and allow us to examine the
momentum budget in the MST region including gravity waves, although their resolution is currently
not sufficient to resolve the entire gravity wave spectrum. Real atmosphere simulations utilizing
such high-resolution models are still a challenge for the MST region. However, if such real
atmosphere simulations are successful, they will help quantitative interpretation of the dynamical
fields observed by the MST radar network, and the observations will provide invaluable validation
data for the model improvement.

Therefore we will examine the interhemispheric coupling of the earth atmosphere through a
combination of simultaneous observations by networking the MST radars over the world and
high-resolution model simulations of the observed atmosphere. This is an official project, ICSOM,
for SCOSTEP, but it is closely related to SPARC. The first international observation campaign was
successfully performed during a time period from 22 January-17 February, 2016 when two minor
warming occurred in the Arctic stratosphere. Seven MST radars and many other radars and optical
instruments providing complementary observational data were operated. More than 30 scientists in
eight countries are participated in this project. A preliminary result from this observation
campaign will be presented.
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Characteristic of Vertical Winds Fluctuations in the Lower Troposphere at Syowa Station in
the Antarctic Revealed by the PANSY Radar
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Figure : The frequency power spectra of
zonal wind (black), meridional wind (red),
and vertical wind (blue) fluctuations by
PANSY radar. Both axis are log-scale.
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Inertia-gravity waves in the mesosphere observed by the PANSY radar
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The PANSY (Program of the Antarctic Syowa MST/IS radar) radar installed at Syowa Station (39°E, 69°
S), the first MST/IS radar in the Antarctic, provides vertical profiles of three-dimensional wind
vectors with fine height and time resolutions in the troposphere, stratosphere and mesosphere. We
performed the first successful observation with a complete system of the PANSY radar in 16-24 March
2015. During this observation period, strong wave-like wind disturbances propagating phases
downward were observed in the mesosphere. Their zonal wind amplitudes, vertical wavelengths and
vertical phase velocities were estimated at about 30 m/s, 13 km and -0.3 m/s, respectively. This
means that wave periods are about 11 h. We newly developed a grid configuration which were fine and
equally-spaced only for high latitudes of the Southern Hemisphere, and performed a simulation using
NICAM (a Nonhydrostatic ICosahedral Atmospheric Model) with the newly-developed grids. We
successfully simulated strong wind disturbances similar to the PANSY radar observations with wave
periods from 10-13 h in the mesosphere. First we examined amplitudes of the diurnal and
semi-diurnal migrating tidal components and those of gravity wave components with horizontal
wavelengths smaller than 1000 km as frequently examined by previous studies in the model-simulated
wind field. Their amplitudes were much smaller than the observation, suggesting that dominant wave-
structures in the mesosphere were not due to migrating tides nor small-scale gravity waves. The
remaining components have quite similar structure and amplitudes to the observations. We estimated
wave parameters of five dominant wave packets simulated near Syowa Station. Wave parameters of each
wave packet were estimated as was consistent with the linear theory of hydrostatic inertia-gravity
waves. Horizontal wavelengths are about 2000 km, which is also consistent with those estimated for
the wavelike disturbances observed by the PANSY radar assuming that they are due to inertia-gravity
waves. We examined propagation and sources of these wave packets using backward ray tracing method.
It was suggested that a wave packet simulated at 0@ UTC 19 March at 40° E in the mesosphere was
generated by spontaneous radiation from the imbalance of polar night jet at the height of 50 km,
while a wave packet simulated at @9 UTC 21 March at 120° W in the mesosphere was generated by
spontaneous radiation from the imbalance of polar front jet at the tropopause.
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A study on data assimilation using the ensemble Kalman filter and simulation of a sudden
stratospheric warming
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This study seeks to compare the “JRA-55 family” datasets in terms of the extratropical
stratospheric and tropospheric circulation in both hemispheres. In particular, we explore
large-scale dynamical variations such as stratospheric sudden warmings (SSWs) during NH winter and
SH spring when the extratropical stratosphere is dynamically active.

The JRA-55 family consists of three datasets: a main product of the JRA-55 reanalysis data
(referred to as STDD below), and two sub-products of JRA-55C and JRA-55AMIP (referred to as CONV
and AMIP, respectively). CONV assimilates only conventional observations, whereas AMIP runs the
same numerical weather prediction (NWP) model without assimilation of observational data. Kobayashi
et al. (2014) reported preliminary results from these data, such as cold bias in the SH winter
upper stratosphere (i.e., strong polar night jet bias) for CONV and AMIP compared to STDD.

Our comparison of AMIP to STDD reveals characteristic features of AMIP in frequency and vortex
morphology of major SSWs during NH winter: AMIP shows a much smaller frequency, and has only vortex
displacement events. These differences are contributed by two factors. First, the fixed threshold,
or zonal wind reversal, for the major SSWs is disadvantageous to AMIP where the polar night jet is
strong more often. Furthermore, the zonal wind response to planetary wave activity bursts in the
lower stratosphere of a similar strength is weaker in AMIP than in STDD. This is particularly the
case when wave 2 plays an important role. As for SH spring, large variability occurs later in AMIP
than in STDD; e.g., AMIP exhibits no zonal wind reversal before late October

It is also found that CONV reproduces most of the DJF major SSWs identified in STDD, although some
cases are identified a few days later or missed. In SH spring, CONV misses the major SSW in
September 2002, as it, albeit slightly, underestimates the zonal wind deceleration. These
differences of CONV would be understood by the bias of the NWP model (as seen in AMIP) and the
paucity of data assimilation as hypothesized by Kobayashi et al. (2014).
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Formation of two dimensional and three dimensional circulation responding to unsteady wave
forcing in the middle atmosphere
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Dynamical characteristics of mesoscale disturbances around Asian monsoon anticyclone and
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150hPaDEEE L DERE-BENEICH LT, EVIA—VESENERIOEPVERFDEBELICEBLIEECS. £
DZL R TFEREMGLTULDCERDM DIz — AT, ILRITERERICI0hPaDFEEHE L TTEREZPVD
WMIERHF SN, CNET T v MBETHOBREDTEE L TSN TULSEDTH S (Shapiro, 1980), LU E
DIEREMOBEN T —SEAVZEDELRLUIZEC S, MERORKET S EMHERMIET —IBDOR—B
RRKZFVEDD. XYXT—ILOBBROEMFEICOVTEIEBEGLTLSCERDN DT,
CHDESIEBELICHSHEROBRICDVT. NSYIRONZCEDVWZEBEZHHB 1z, UTLSICEVT. &
BEATEIETREEREBEOLHEIHFLENSSKEOR, BRI T Y CARE-T B26. HER/NS VX
[F+RITTHZETNTUND, IENDBE. Semi-GeostrophicRZEE < Balanced-Jet 3T (Hoskins, 1975)(CE D)
T, WERAICERT SHE(y-zHE T 3) LD XBEROEE RGN DSawyer-Eliassen RN ZHV TN
SUARDSEMTE D,
(1) 1 N°9 %9/ 0 y+2570 9/ 3 y 3 z+F *( 8 "/ 3 2°-y/4H")=Q
22 US’=-g/8 88/9y. F'=f(f-0u/dy)THB. BANDAUINS Y IRNSZHINZEBTH D, CNSER
E - BEAMICGROBISHFEHEERLU BB —59Z2RA0T. SRNERORE(CHU TEHELR,
STHETEERIRY T v MBETOBRAE MEICDVT. () EBV T I NS REERNAEROIEH
EHRECINERE CTEMICHEIRT 3 EMREINTUL S (Shapiro, 1981; Uccelini ,1985), EVX—VESREIL
BIOBEBHREI v hDOIBEE. LITHEEREKIC. Iz v ROROTHEIWNEFHO L TFICTrR—ILBIOKE
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FQMVELC. FEICROIFBBERKSD . MERDDHARIHIGLTUE, —AT. BRERRAITEQ & FFE
BRODMEIHTFUEBENTIEIENDE. T T BRERRINDXAY T —)LOIRBEROERICEAL T, 5B
HEBREOERBAERARC, TERESEADO LEERERCHE>TELDCENRZL., TRASHIIBESEMNECR
DELFERBCIBEBVEBEER DCERDI DIz, COXLDEESHE. BERNMEENIIALZECLDEERD
CELKOTEHHATES, HBIRLDPY, #HETR. HYEUS LUENAESENRESENEZKICT
T, 15-20°N. 125-250hPaffiff (CH L\ THEEM CHEXNAESEOFERIIVWTFNEEAESIICEST. MEBDES
MELEO2TUVD. CNEREENPILIGEVC EZRBIKT B, BRASEEREFAETICEVNTULDCE
E. RO OBRBMOBFENSEREIT D EMTE S,

PEEZFEHDE. EVRA—VBRENEEERITIERRHEin-nixinglC XD, BPVOELRZE R SBELNAFESE
T5, TNICHVBOSNDIBEELROOTERIZ. BREROY v MhANBRE TBROBEDLSE/NS
Y ZRBEIC K ZEHITIEEL . SEENHTALEICKDOERINTULIAREERS UV C ERREINTZ,

F-O—R RGN KEE - NRESS. WEER
Keywords: Atmospheric dynamics, Stratosphere-Troposphere coupling, Tracer transport and mixing
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Spatial and temporal variations of atmospheric methane concentration and its carbon and
hydrogen isotopic ratios in the upper troposphere/lower stratosphere over the Eurasian
continent observed by commercial airliner
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HIKEBE(CHVT, BREVNRIMEDORZEEEESH P ZOMEREZASMNCITBIMHIc, MEEERLT

F v IR=VERAMRCNFITEROITONTEZ (Sugawara et al., 1996; Tohjima et al., 1997; Nakazawa
et al., 1997; Paris et al., 2008) . LA\L, MZEHEIC LD RENERRIERIIER(CDEL L (Matsueda
et al., 2002; Haszpra et al., 2012; Umezawa et al., 2012) , CNE TICESNIZHRIIESNTL)

lz. |IC, O,ICRVWTEBFRENRRUATHBMH,CDOVT, ZORE - HEBEDBRESTKRE - KK

RAHALL (67C, 6D) &CHEEORBSEEENE LT REN S TEHRBREICH T TEREL ZHIEIERICR
S5NTHD (Sugawara et al., 1997; Rice et al., 2002; Réckman et al., 2011) , JL¥EKESBER(CH(F
BRMAVIERFIE NI TICHESINTUEL. AFFRTIEONTRAILZOI 1 5 LO—ERT20128F4B K

D, 1RV (EXDO7D) -PFH (BH) BICHVT. REEHEREE ECTAIC—EENT e XSERZRLTH
JBE, 6°C, DDRARERESENETY, 1-SYPAELEO LHEHRE - THREBEICHITZENSDR
FREEERESHIC L.

ERSRE TSRS S HEEAH SNEH . —AT, TEREBE TIEH,BEE6"C, 6DI3BRBEREMIE
OEEERL, (HEE (67C, 6D) F1~1RICEBX () &, HCHE) (BX) £RUE. GHRSEED
(EHITETEREB COEMEHDERE UTIFE, ENSICHTTEEERIN S TRBEDESENRAT S
CE&, BNSEICMNITIVI—D— RIVIBRICHE D> TH - LEREBHN S ZEKEMNEET B NS
Z 5Nz (Sawa et al., 2015) . 5T, (HIEBELE6°C, SDDEEERARDCLICLD, LEBHHRETIEH,

EKBIESTIAIL (H) EDRIGICKBHEBNZENTHSD—AT, TEREBTEOHICMRT, BR>IN

L (CL) , FiEEsRRF (0('D)) & MMEBMRISHEL TLBAREMNRIBE NIz,

F—D—R XY, KK - KERBEEL, EHBORE - THRRER. 15T 7K

Keywords: Methane, carbon and hydrogen isotopic ratios, upper troposphere/lower stratosphere,
Eurasian continent
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€0, and SF, concentrations in the stratosphere over Indonesia
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Stratospheric air collections were carried out at Biak, Indonesia in February 2015, by using the
compact cryogenic air sampler (J-T sampler). Eight sets of air sampler were launched from the
experiment field in LAPAN observatory (001°10'32" S, 136° 06'02" E) using 4 large plastic balloons.
The data obtained at 8 different altitudes will be used for elucidating the vertical structures of
GHGs and their chemical processes in the TTL and the tropical stratosphere, with an average
vertical resolution better than 2km. Air samples were analyzed for concentrations of C02, CH4, N20,
and SF6 at Tohoku University and Miyagi University of Education. The concentrations of C02 and SF6
at 29 km altitude were 392.9 ppmv and 7.5 pptv, respectively. Stratospheric C02 and SF6 are known
as the ‘clock tracer’. In this study, we estimated the mean age of air in the tropical stratosphere
over Biak, and compared them with the results obtained from the previous experiments at Japan,
Kiruna, and Syowa station. The C02 concentration data was corrected for the airborne production by
methane oxidation. C02- and SF6-age were estimated by comparing the observed concentrations with
the CONTRAIL data records in the tropical upper troposphere. As a result, the mean age of air was
estimated to be about 3 years at 29km altitude. This value was significantly lower than those
obtained from the satellite SF6 measurements.

F—J—R 1002, SF6. K=REFMN
Keywords: C02, SF6, Age of air
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Diffusive separation of major atmospheric components in the stratosphere over Indonesia
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In the atmosphere over the turbopause (about 100 km), the mole fraction of heavier molecules
decreases with increasing altitude due to diffusive separation in Earth’s gravitational field.
Recently, Ishidoya et al. (2013) reported such gravitational separation of the atmosphere is also
found in the middle to lower stratosphere (about 15-35 km) over Japan from high precision
measurements of the composition of the atmospheric major components. To investigate whether
gravitational separation is also detectable over the equatorial region or not, we carried out
collection of the stratospheric air using a balloon-borne cryogenic air sampler over Biak,
Indonesia during February 22-28, 2015. For the observation, we used a Joule-Thomson minicooler,
developed by Morimoto et al. (2009), as the cryogenic air sampler, and succeeded to collect 8 air
samples at heights of 17-29 km. The collected air samples were analyzed for delta(Ar/N,) delta(0,/N
F delta"N of N,, delta®0 of 0, and delta*Ar by using a mass spectrometer (Ishidoya and Murayama,
2014), and the measured values showed small but significant decrease with altitude probably due to
gravitational separation. The amount of gravitational separation, evaluated as delta values for the
mass number difference of 1 (e.g. delta for "N"N/"N"N), is found to be 11 per meg at the height
of 29 km. Based on the observed gravitational separation and a 1-dimensional steady state eddy
diffusion/molecular diffusion model, we estimated 1-dimensional vertical eddy diffusion
coefficients (K,) over the equatorial region. By using the average K, from the surface to the
middle stratosphere, we calculated a timescale of the vertical diffusion for a length scale from
the surface to the middle stratosphere assuming simple Fickian diffusion. We found that the
calculated timescale agrees with the elapsed time since the stratospheric air passed an upper
boundary of the tropical tropopause layer (TTL), estimated from tape recorder signals of
stratospheric water vapor (Mote et al., 1996), which is significantly smaller than the mean age of
air estimated from CO, concentration (CO, age). This discrepancy may be due to insensitivity of
gravitational separation to mixing processes in Brewer-Dobson circulation, of which variations
change the mean age of air significantly.
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Observational study of the short-lived ozone depleting substances, bromoform and
dibromomethane

@A B FEE At G M. mH AL Stephen Montzka’
*Yoko Yokouchi', Takuya Saito', Jiye Zeng', Hitoshi Mukai', Stephen Montzka’

1. BIAEREREAEIBEMZA. 2.National Oceanic and Atmospheric Administration
1.National Institute for Environmental Studies, 2.National Oceanic and Atmospheric Administration

Bromoform (CHBr) and dibromomethane (CH,Br,), which undergo photolytic degradation and react with
OH to produce inorganic bromine, are the large contributors of organic bromine from the ocean to
the atmosphere, where it can affect stratospheric and tropospheric ozone chemistry (Carpenter and
Liss 2000; Montzka and Reimann 2011). These naturally produced ozone-depleting substances (0DS) are
attracting more interest as concentrations of anthropogenic ODS decrease under the provisions of
the Montreal Protocol. The major sources of these bromocarbons are believed to be seaweed or
macroalgae, followed by phytoplankton and other biological sources, but many uncertainties remain
with regard to their production amount and mechanism. In this study, we conducted high-frequency
long-term measurements of CH,Br, and CHBr, at Hateruma Island, and found that the relationship
between [CH,Br,]/[CHBr;] and [CHBr ] could be explained by their chemical decay in the atmosphere
with a fairly consistent CH,Br,/CHBr, initial emission ratio, and some additional coastal effects.
By combining these data with NOAA global observation data (14-yr monthly data from 14 ground
stations), we obtained new insight into the global sources of these bromocarbons and their chemical
degradation.

F—O—R:JOEN—RY, RER. KRB
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Box-model simulation for atmospheric effect of solar energetic particles: variation of
trace chemical species in the middle atmosphere
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Recently, the atmospheric effect of solar energetic particles (SEPs) has attracted interests.
High-energy protons in SEPs are able to come down to the stratosphere in the polar region and they
are considered to induce increase of reactive odd nitrogen species (NOy) due to dissociation of
nitrogen molecules. Furthermore, they cause depletion of ozone through the catalytic reaction cycle
involving NOy over a period longer than SEP events. The concentration variations of several
chemical species have been observed and their simulations have been attempted [1].

We have studied concentration variation of trace chemical species induced by SEP protons through
the Box-model simulation. It involves multitudinous reactions of various ionic and neutral chemical
species but no transport processes. We simulated the concentration variations for the middle
atmosphere in polar region during the SEP event in October-November 2003. In this simulation, we
adopt 77 chemical species and 522 gas-phase ionic and neutral reactions. We assume that the prompt
products are charged and neutral species generated from nitrogen and oxygen molecules and that the
yields of the prompt products are determined only with the energy deposit in the air. These prompt
products generated by the SEP protons induce subsequent ionic and neutral chemical reactions
(SEP-induced reactions). The production rates of the prompt products were estimated using the
G-value [2,3]. The daily energy deposits were estimated from the calculated daily ion-pair creation
rate due to the SEP protons [4]. The concentration variation of each species due to SEP protons was
estimated as the difference between the result by considering both SEP-induced and photochemical
reactions and that only for photochemical reactions under the same initial condition.

In this talk, we will mainly report the results of our simulation for the variations of ozone and
reactive odd nitrogen species for the SEP event in October-November 2003.
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Characteristics of dynamical and chemical fields in Chemistry Climate Models
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We analyzed results from three coupled chemistry-climate models (CCM) to investigate
characteristics of climatological differences between free-running (FR) and specified dynamics (SD)
modes, by paying attention to interactions between dynamical and chemical fields. The three models
used in this study are the NCAR Whole Atmosphere Community Climate Model, version 4 (WACCM4) (Marsh
et al., 2013), the Model for Interdisciplinary Research on Climate 3.2-Chemistry-Climate Model
(MIROC3.2-CCM) (Imai et al., 2013; Sakazaki et al., 2013), and the Meteorological Research
Institute-Earth System Model Version 1 Revision 1 (MRI-ESM1r1) (Deushi and Shibata, 2011; Adachi et
al., 2013). Outputs from the three models are based on simulations proposed by IGAC/SPARC
Chemistry-Climate Model Initiative (CCMI) to improve our understanding in modelling of the
chemistry and dynamics of the troposphere and stratosphere. REF-C1 and REF-C2 simulations for FR
mode CCM (FR-CCM) and REF-C1SD simulation for SD mode CCM (SD-CCM) are used for the period of
1980-2010 as monthly means.

We carefully analyzed differences found at mid-high latitudes in the stratosphere of the winter
hemisphere, the extratropical upper troposphere and lower stratosphere (Ex-UTLS) and the tropical
tropopause layer (TTL). Comparisons of stratospheric temperatures at mid-high latitudes show that
for all FR-CCM results the seasonal change is delayed in both hemispheres during the winter and
spring; especially in the southern hemisphere all FR-CCM results show cold biases in early spring.
Results for ozone are similar to those for temperature, and the biases in the southern hemisphere
are clearer than in the northern hemisphere. We also investigated the Eliassen-Palm fluxes (EP
flux) and resulting residual mean meridional circulations, because the seasonal changes in
temperature and ozone during these seasons and in those regions are affected by the meridional
circulation. EP flux convergences and downward velocities in winter are smaller for all FR-CCM
results than SD-CCM ones, indicating that the time of maximum wave activities seen in EP fluxes are
delayed about 1-2 months for all FR-CCM results. These suggest that the temperature and ozone
biases are due to some problems with model reproducibility of planetary waves propagating into the
stratosphere from the troposphere.

In the Ex-UTLS, all FR-CCM results show cold biases especially in summer, and all SD-CCM results
overestimate radiative cooling effects. Comparisons of water vapor with satellite observations
(Aura-MLS) and models show that all model results overestimate water vapor in the upper troposphere
at mid- and high latitudes. Because water vapor has an important role in the radiation budget
during the summer in this region, the FR-CCM cold biases and the SD-CCM overestimations of
radiative effects are from water vapor overestimations. The dynamical fields are specified in
SD-CCM, therefore these overestimations are due to the model reproducibility of chemical, transport
and microphysics processes associated with water.

In the TTL, we compared ozone distributions in SD-CCM and FR-CCM results. We found that FR-CCM of
MIROC3.2-CCM and WACCM4 cannot reproduce the increase of ozone in boreal summer. This is due to the
annual cycle of upwelling and the horizontal transport from mid latitude; this mechanism is called
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in-mixing and is understood as the nearly isentropic transport owing to the Asian and North
American monsoon anticyclones. WACCM4 FR-CCM can reproduce this increase in isentropic coordinate,
and the Asian monsoon anticyclone is weak in the FR-CCM of MIROC3.2-CCM. These indicate that
temperature and monsoon anticyclone reproducibility is strongly related to the improvement of ozone
results in the TTL.

F—D—F EZRIRET L. REBONZEAZE. PE@E LEYRES SO TEHREE. BETRERE

Keywords: Chemistry Climate Model, stratospheric dynamics and chemistry, extratropical upper
troposphere and lower stratosphere, tropical tropopause layer
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The future quasi-biennial oscillation (QBO) in ozone in the equatorial stratosphere is examined by
analyzing future transient reference simulation (REF-C2) for the period from 1960 to 2100 in a
climate change due to increasing GHGs and decreasing ODSs under the Chemistry-Climate Model
Initiative (CCMI) activities. The REF-C2 simulation is conducted using the Meteorological Research
Institute Earth System Model (MRI-ESM), which constitutes a core component of the atmosphere-ocean
coupled global climate model and components of sea-ice, aerosol, and ozone models. We have
conducted the wavelet analysis to provide inter-annual variability of amplitude and phase of the
ozone QBO in the vertical structure of tropical stratosphere.

In the simulation the power spectra of the equatorial zonal-mean ozone mixing ratio shows a double
peak structure with maximum amplitude at two pressure levels of around 30 hPa and 10 hPa and a node
at 15 hPa. The vertical residual-velocity anomalies are in phase with the ozone anomalies in the
upper stratosphere with the abrupt phase change at around 15 hPa. Below this level, the phase is
almost reversed from what it is above. Quantitatively, the amplitude of the ozone QBO in the
model-free simulation (REF-C2) is reduced to ©.25 ppmv at 10 hPa, which is about half of that in
the simulation forced by the meteorological reanalysis data (REF-C1sd).

Compared with the past climatology of 1960-1980 at the time before the severe ozone destruction,
the amplitude of the future equatorial ozone QBO during the period of 2040-2070 at the time of the
ozone recovery is characterized by the decrease by 20-30% at 30 hPa and the increase by around 20%
at 5-10 hPa. This can be explained by the fact that the dominant role of future ozone decrease in
the lower stratosphere is due to the changes in tropical upwelling. In addition, it is found that
chemical ozone production and destruction do contribute to the ozone changes in the tropical upper
stratosphere.

F—O—R I AYVQB0. E_FEBIRE. 4V VBRIRCOE

Keywords: ozone QBO, quasi-biennial oscillation, ozone depletion and recovery

©2016. Japan Geoscience Union. A1l Right Reserved. - AAS11-16 -



AAS11-17 HAMERSER S EA2016EAS

FUBEISO, FACLDRURTFDMEIE T+ — /3w D GeoMIP GARERDEEMT
Forcing and feedbacks of geoengineering by SO, injection into the stratosphere: Analysis
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H) ERS L. MRKBETIFLSETIENTH D, [MELRICET SETIVIEELLERETE (GeoMIP) T
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M. #%F 5 Tg (1991FEEFVRILEADI/ACHET D) OZBLHRE (S0,) ZHRETHBRERICEATS
EVWSBENDRBRTH S, L. BB I 7OVILEAOBRAEIHE—SINTHSTF. SO,NSTHEIEAD
b2 RIGBROZIER - RERRLE OHYNEBEREE T ILEL THICE ETILESNL. BIC19NFDE
FTWYARILEBANEOREBBO I 7OVILONZEREES (Aearozol Optical Depth; AOD) EE & (CESNIEBED
ADZEBFRET—FELTERBILITOETIVESDD. ERBEROURICEITIXREEIT D, Fic. REBIT 7O
VIVEAILL > THIR (WFRE) ORBHRMETIBZCET. DU EEEE - KEKE - HRA 7 ILRARRE
ETBEEZXOND. CNSFREORECIKINICEET B2, SRMDMEICHLTTr—RNRvOEER
Bo

Z_TAMETIE. UMERCHITIZETIVOSRMEFHIE T+ — RNV IOMREDEL TKRHDEHIC. 1BX
S[ERE UIEEBEHEZEE T IIVEIGE T %, 91D 5. GeoMIPTIRIHIN TL\IYIEETH S KK LIk
(TOA) EHIRECHIFREOTAE - LATHHE (EXSLUBEX) 'S, BRXROERREEE - [RIX
xR, EOME. MRETILRRERDHD. LT, TNENOELE (64 -RCP4.5) O, EKMIRZFRBHND
ZEEICNITDBFESEKRKNDCET. SRERFHIEEZ T r — RNV IMRZERBEE D, COBR. BRXAKDREE
DELEHREBB I 7O0VILICELDEN. RIGEOELIFIKBRIEDELICEIDIENTH D EIREL TLB,
BT OER. SREAFINAZ S (IR - KETIETH LZ-3.605-1.6 W/m* &, EFILSEDNSYERK
FOCERNRINR, 2. SO,MNSREIE~DILE: - B - WX BEEB(CEE L TEF LD I3 HSRMaEH
BREL, RMEDADTFEE 5 TgDS0SFAIC KL BSRMAEFIE U TIHBNFHECTH D C L MBI h e, EE
EKRBREDTICHES T —RNAWIEFEEIC, +0.50541.5 WnIZREDMEBMETH oz, L. KE
S[EOZEOMRG. MRKEDEE L (FFHA (KBETHRRKETVEEMBANREALZV) LTUBNDIC
MUT. EEZREOMREITBETEEHEBEME. ZORBIBVEGETILET—ELTULEL, —FA. 1F
IR ROZIEARHAMRBRD T+ — RNV IOEERZSTEDOD., TORES(E (ZERFHETRSIERD(E) N
T\,

DIEOERNS. REB T 7OVIVEALLDISIREIZNDT =2 —23 Y (GAEER) (CHULT. SRMEEFHIZD
EODNSYFERKRETVNCE. ZUTSREHIFEE - KERE - HMRTILRROZEIERERLST T+ —R
NYDICX DT, MERTIFHEPEEICHL 25 EMRIN,
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Effects of geoengineering by stratospheric S0, injection on stratospheric sulfate aerosols
and circulation
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IATIVIZFTIVIE, HEKERIENEE LT, BRNICRIZEY X T LERET SFECH D, €DHT
. BEBBEADSOFAIKIRENILIEN (C KB REBEADSO, KL & ZNDEDEIRFEIDM ERURE T CED
WTWB, ULMLIERS, IATVIZPYUIYTEFTIVEELR IOI T K (GeoMIP) (CEINL TUL\BRIZ
EFIE. KEESDVERBRARLTVD. ZORERMEO—HEE. T7OYVILOHERIECRBE X
[ERTHDEZXS5ND, T CAAEE. MEKZ X5 LEFTIUMIROC- ESM-CHEMICBEBREIE T 770V )L
YRIBETI1—IVEBAL. REBRBETI 7OYVILODH - BEFEEBICSHETE3ITETILVEBRLE
(LAB%. MIROC-ESM-CHEM-AMP& Y 3) o MIROC-ESM-CHEM-AMPZEFHU\T. GeoMIPODGARER(CHERL eI AT VY
ZTFYVYDRBEIT Oz, GAERRIE. RCPA.5TFUATTODS Tg/yearMSO, & FEBBEIDRE EADEAZ
BELTULS, Efc. MIROC-ESM-CHEMIC X BGARRRDBR E LB ZET o fc, 1212 L. MIROC-ESM-CHEMT(E. &
FTVRKLBAFICERSNERER T 77OVILNFRIRS (stratospheric aerosol optical depth;

SAOD) (CEDKSADES RSB & THEBES), TANEEEZRIEL TLD, LHEBDIE

5. MIROC-ESM-CHEM-AMP(Z. MIROC-ESM-CHEM&K D¥I2{ZE A E7LSADZE R L Tz, F/c. MIROC-ESM-CHEM-AMPT
(F. BBESO,FAICKL DT, MEIET7OYVILOBIRIEM.51 un FTHRELUTZ. 2040~2069F(CH (TS
BEMEIE T 770V ILOFIIHBREET. 13596, RBEHEE 2.85 TgSTHH. 1FEDS0EAE (2.5

T9S) LDEXEM DT,

e, BEBESIEADHRBEARDIFAFAADEEERE LIz, MADETIVICH T EREBBEXRDFIIE
(3. 50 hPadk D FATI(IEI (BX0.154) . 50 hPak D EZETIEREAL LIz (BX

0.25%F) , MIROC-ESM-CHEM-AMPIC & (T B ARRDFIERDZEL(E. MIROC-ESM-CHEME LEER U T3HHBU LR ELE
{tERUIZ, @5(C. MIROC- ESM-CHEM-AMPZEFEW\T. RCP4.5 (IAITVIZFUITERMELUIEL) REDHE
KEBREESXCMAERREITV. BEBBAROFIFNRCH (T IHEBES FADHEC DOV THUIARL
Izo ZDER. 50 hPak D EZE(CH(FTRIRROFHAERDBL(E. RUVILE (AIxE. MEEI 7OVILICK
DINBEDIRINDFE) (CKD>TRIFRCINTULDCENTREINZ, —7. 50 hPak D THEICH(FTHDFI
FARDOEMIZE. BOILE (FIRE. IHREOENL) (CEEL TULI, BULILEICHESREBBERDNSEL
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F-—O—R:IATVIZFTVUVO REBEITOVIL. BEBRKKEER. T70OVILHE
Keywords: Geoengineering, Stratospheric aerosols, Stratospheric circulation, Aerosol microphysics

©2016. Japan Geoscience Union. A1l Right Reserved. - AAS11-18 -



