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

< SoE. (EE E. 1R HE B B KB T\ AN #E. PN =87 8B EL
*Ryosuke Shibuya', Kaoru Sato', Masaki Tsutsumi’?, Yoshihiro Tomikawa®®, Toru Sato*, Koji Nishimura’
, Takuji Nakamura?, Masashi Kohma'

1.HRAZ XZEREBZFRMAFERL. 2.EMRIATER. 3. EMRKFERKZ. 4. 7TEBRE  BHRZHAER
1.Graduate School of Science, The University of Tokyo, 2.National Institute of Polar Reserch,
3.University for Advanced Studies (SOKENDAI), 4.Department of Communications and Computer
Engineering, Kyoto University

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
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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
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Forcing and feedbacks of geoengineering by SO, injection into the stratosphere: Analysis
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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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BREBESOSFAICKDIATIVIZPYUYIORBELI7OVIL - KRBEERANDEE
Effects of geoengineering by stratospheric S0, injection on stratospheric sulfate aerosols
and circulation

e BE. BN BR. B =5E. AR 85
*Takashi Sekiya', Hiroki Kashimura’, Shingo Watanabe’, Kengo Sudo'’
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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

([F. DFHICSADZEEINSTEZ ($95%) -

F-—O—R:IATVIZFTVUVO REBEITOVIL. BEBRKKEER. T70OVILHE
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Cloud classification based on histogram analysis of pixel values of night time cloud
images over Manila Observatory (14.64N, 121.07E)

*GlennFranco Barroso Gacal'?, Nofel Lagrosas':’
1.Manila Observatory, 2.Ateneo de Manila University

Satellites and ground based instruments are utilized to achieve cloud detection. At night time,
detection of clouds is accomplished by satellites, whole-sky imagers, lidars, and sky cameras. In
practice, ground-based detection is executed by sky cameras and whole-sky imagers and incorporating
a threshold value into the analysis of cloud detection. This will classify pixels as clouds or
non-clouds. In this work, we use a ground-based sky imager using a digital camera to take pictures
of the sky. The digital camera (Canon Powershot A2300) is continuously operated to take images of
night time clouds at 5 minute intervals. The camera is configured to have an exposure time of 1s
and 5s and is situated on the roof top of the Manila Observatory building (14.64N, 121.07E). This
is to ensure that there is a minimal presence of obstructions for the camera. A threshold value is
applied to distinguish a pixel to be a cloud or non-cloud by analyzing the histogram of pixel
values of clear sky. Other works use the similar procedure of applying a threshold value to detect
clouds at daytime (Heinle et al., 2010). In this study, the RGB formatted images are converted to
greyscale format. Lastly, an algorithm is applied to compute cloud occurrence (Gacal et al.,
submitted). Cloud occurrence is determined but not its corresponding cloud types: thin, thick, and
cloud-free. The objective of this study is to determine these cloud types in terms of their range
of pixel values. Figs. 1a -1c show the images of a clear night sky, thin clouds, and thick clouds,
respectively. These images were taken on 16 January 2016, 21 October 2015, and 25 May 2014,
respectively. From visual inspection, thick clouds (Fig. 1c) are perceived to have no
distinguishable dark background as compared to the thin clouds (Fig. 1b). Figs. 1a -1c are taken at
1s exposure time except Fig. 1a with an exposure time of 5s. Figs. 1d -1f show the histogram of
each corresponding cloud type. The histogram of a cloud free sky (Fig. 1d) presents the pixel
values that range from @ -16. This implies that a minimal pixel value of 17 can be used to
discriminate the presence and absence of clouds of a night sky (Gacal et al., submitted). Comparing
this to Fig 1e, this histogram shows a superposition of a clear sky and thin clouds. Since the
range of pixel values for a clear night sky is from @ -16, it follows that the remaining range of
pixel values has to be from thin clouds. In this study, we observe that the range of pixel values
for thin clouds is from 19 -40. Fig. 1f is a histogram of an extreme example of a thick cloud where
pixel values range from 47 -111. Visual inspection of Fig 1c shows that there is no thin cloud or
clear sky component. This pixel range can represent of thick clouds at night time. This work has
shown the possibility of discriminating cloud types in terms of the range of pixel values. In the
future, these results will be used to calculate cloud cover from thin and thick clouds as the
calculation of cloud occurrence is simultaneously done.

References:

Heinle, A., Macke, A., Srivastav, A. (2010). Automatic cloud classification of whole sky images.
Atmos. Meas. Teach, 3: 557-567.

Gacal, G.F.B., Antioquia, C., Lagrosas, N. (2016). Ground-based cloud detection of night time
clouds above Manila Observatory (14.64N, 121.07E) using a digital camera. Aerosol and Air Quality
Research. (submitted).
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Observations of night time cloud cover sensitivity measurements with changes in threshold
pixel values

*Nofel DelaCruz Lagrosas''?, Glenn Franco Barroso Gacal''’
1.Manila Observatory , 2.Ateneo de Manila University

Detection of night time clouds is carried out in Manila Observatory (14.64N, 121.07E) for the
purpose of measuring cloud cover at night time since late of 2014. A digital camera (Canon A2300
Powershot) is used to take images of sky every 5 minutes. Images are taken at 5s exposure time. The
digital images, which are in standard RGB format, are converted to grayscale format for cloud
detection analysis. Cloud detection is possible by setting a threshold pixel value that
discriminates clear from cloudy sky. Previous study has shown that a threshold pixel value of 17
can be used for cloud detection (Gacal, et al, 2014). Cloud cover is defined as the ratio of the
sum of the number of pixels identified as having cloud signals to the sum of the total number of
pixels in the image. Cloud cover measurement has impacts on the radiation budget in the atmosphere
even during night time. High cloud cover of thick clouds covering majority of the sky tend to
reflect back radiation from the earth’s surface. Thin clouds, on the other hand, may transmit
earth’s radiation to space and reflect less. In an ordinary image of night sky, the image may
contain thick and thin clouds. In this work, we define a thick cloud in the image as cloud without
any clear dark background. The images of thin clouds have visible dark background. For the purpose
of quantifying cloud cover from thin and thick clouds, we present in this study the effects of
varying threshold pixel value used in cloud detection algorithm on the calculation of night time
cloud cover. Figs. 1a-c show images of clear sky, thin cloud and thick clouds taken on 12 January
2016 at ©3:05, 22 December 2015 at 05:40 and 16 January 2016 21:15 local time, respectively. Local
time is 8 hours ahead of coordinated universal time (UTC). Histogram of pixel values of clear sky
image shows that maximum pixel value is 16 and can be used as a threshold value for discriminating
clear from cloudy skies in the cloud detection algorithm. When this threshold value is changed from
10 to 40, cloud cover values also change. At threshold pixel value of 10, cloud detection algorithm
applied to clear sky outputs ~3% cloud cover but rapidly decreases to zero for higher pixel values
(Fig. 1d). When the algorithm is applied to thin cloud image, a sharp decrease of cloud cover
values is observed for threshold pixel value > 20 but almost 100% cloud cover for threshold pixel
value < 20 (Fig. 1e). From visual inspection of the image, a near 100% cloud cover is evident. The
near exponential decrease of cloud cover values is a common characteristic when threshold pixel
value is changed for images with thin clouds. Thus, without any idea of the image, this exponential
decrease of cloud cover trend can be used to indicate that the image is dominated by thin clouds.
When threshold pixel values are changed in the cloud detection algorithm and applied to images with
thick clouds, the decrease of cloud cover values is not as sharp as in the case of thin clouds.
Fig. 1f shows the non-exponential decrease of cloud cover values with threshold pixel value change.
The graph shown is Fig. 1f is also a characteristic graph for thick clouds. Thus, the
non-exponential decrease can be used for determining presence of thick clouds in the image without
inspecting at the image. Images of rain clouds are extreme examples of thick clouds. When images of
these types of clouds are processed using the same algorithm and changing threshold pixel value
from 10 to 40, resulting cloud cover values do not change and are at 100%. This is expected since
pixel values of thick clouds are usually in the range of 47 to 111.

Keywords: Night time clouds, Pixel value, Cloud cover
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HBEKEDIRITTEE
Three dimensional structure of the Arctic cyclones
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Arctic cyclones are unique low pressure systems appearing in the Arctic, which are different from
the tropical cyclones and the mid-latitude cyclones. Previous studies provided a new insight that
the surface Arctic cyclone connects to an upper polar vortex producing a deep barotropic vortex.
The previous studies also noted that the characteristic thermal and the vortical structures are
maintained throughout a life cycle. But, the three dimensional stereoscopic structure of the Arctic
cyclones was not investigated by the previous studies.

To investigated the three dimensional structure of the Arctic cyclones, we converted the
meteorological data from a latitude/longitude coordinate system into the cylindrical coordinate
system around the Arctic cyclone center. The original data used this study are the reanalysis data
of JRA-25 (Japanese 25year Reanalysis) and JRA-55 (Japanese 55year Reanalysis).

The Arctic cyclone has a deep barotropic cyclonic circulation, a secondary circulation in the
troposphere, a downdraft at the lower stratosphere, a coupling of a warm core at the lower
stratosphere and a cold core in the troposphere, and a deep tropopause folding over the cyclone
center.

For the Arctic cyclone, the positive relative vorticity related to the deep axisymmetric cyclonic
circulation stretches up to the stratosphere of 50 hPa level from the surface indicating a
connection with the stratospheric polar vortex. The upper vortex of the well-developed occluded
cyclone is not the polar vortex in the stratosphere. The Arctic cyclone at the surface is
characterized by the deep stratospheric polar vortex, which is a different from the occluded
cyclone in terms of the vertical scale.

Although additional studies are needed, a schematic diagram of the Arctic cyclone is proposed in
this study.

F—O—F I IRER. BOFEE. B8
Keywords: Primary circulation, thermal structure, polar vortex
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SIAVYTHRACEIEELZOESWRE - HEE OIS D#ENT
An anaysis of fine structure in the summer troposphere and stratosphere based on
radiosonde observations at Shigaraki, Shiga, Japan
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AAETE, WHRED XORBEORIDOBHHESEDIFEE ARSI, REBRASEMERIFRICEWVT
20155E7H27H18:001STH\528H18:00ISTOHARRICH VT, IEIDSIAV VT EMEKL, FREC & DKE
B, S8 BEOHREIOT71ILVEERLE. BESREEHSLZMTHD. RAHKRFP, [SEEEES
HEDFFARETLENDCLEFEL, BRNLGHRDEODKGBENRE S 5NZEDEEZXOND. FHik
BBEECEE LN RBREOMUBEIZE—ET, WIsknTH o>z, COF—9ERVT, ARBREDH
Zib, SEREOSEMKEM, KNEBCENCHEEBLRINEEDNZEM & ZDEIRICDVTOENTZ
o1z,

FTF, MENSTE - PEHNARBICEEL, KRBERBOHZELOKRFEF LU AL, B UZYEETE
fiI, MBS LUOKRSESLTHS. BEEREANTIE, WRMERICEBDIZHINSDRFEENR—EIIL
BEFEIND. BTOER, 95, 120, 158(CHTT, CNSOENREBEIC—EELEBZIBHNIEN, 20D
by IHEE. Skm 5 1. 2kmE CRIAE HIC LRI I FRF SN, CNEFENSFERICNITORRES
BORZEERITEEZSND. —HNOT—FICHUVTIE, HEMDEICEUORBYEGEENENTUE.
RIS, mMwD XA—BDmother wavelet&® HU\zwaveletfBEToe. ERZNKE, FHEE, MILEOHE
ZO7 77 )bDwavelet XRD RVEETEL, HBEOFEE RO, BEBBOTE (FE15~25km) &HE
(BE25~35km) TOEHEENZNZNH Tk, WekmE XS BEHLDEMBESHEL >IZ. ZFHIREEZE
BREBTEE—ETHD. T, BRAICEASLELEIRSNLEA>ECENS, BBBFEICRSNZE
HWREEORWVWEELL, EENSENIZHMRTREL, KECELUTELKETHIENMEZISNDS.
BEBRTEICESNZRUVMERROEBELOAMMAIL, RREACEHICTMA>TUE., CNEIXRILF—Z LE@EFI(C
GBI IABEENOAREMNSVCEERIRT S, Z2CT, ABMENRTH D EEERHIELT, TRIS
JfEthET . T, BE0kmU EORAR, EILEOHRETOD 7 rIIVER/N_FEZE BV TEZIALL
FENESRBE ULTRDRE, BEAROSZROE L. 2L T, BEALERDDOIREABDRRT S IE/ER L
BRTEMLZ. BRORMEBHOLNSEEEREEZ KRS, BERSHEIABE IO 71 ILHh 585N
[ZEABEREE U\ TOBBERRIC K DKEREE KD, B8E5NIEHEO/IIS X =5 HhStiREEEKs,
NABESASINIUMIREIE (FE—BI D EEERA TS 2. N, BEAARNBEIRTHDE UIZE
ERFNZEUTHORECEERBKRTSD. 5T, HD/IISA—FEERIBOMENS (i) KEEREE K
&, SROCBRBEERNLEECS, HEEFENTICUET SBESENSHEE L EAEBEKTH SN
BULCHERCE.

F—O—RISIFVITEAU DTl v @R ABEIRK

Keywords: radiosonde observations, wavelet analysis, internal gravity waves
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JRA-55CRIRS NI TE BB FFHEBEROZE
Changes in the lower stratospheric residual circulation in JRA-55

IR BHE!

*chiaki Kobayashi'
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1.Meteorological Research Institute

Future projections by many climate models suggest that the Brewer-Dobson circulation (BDC) will be
intensified as a result of rising greenhouse gas concentrations. However, observations show a
diversity of the BDC strength changes. In this study, we investigate the changes in the BDC using
JRA-55 reanalysis data compared with JRA-55-related products. In JRA-55, the annual mean tropical
upwelling shows a significant increasing trend in the lower stratosphere from 1979 to 2012. JRA-55C
also indicate a significant increasing trend of the upwelling, but JRA-55AMIP does not. These BDC
strengths are assessed by climatological zonal mean which is removed diurnal variations.

Recently, Sakazaki et al (2015) found zonally uniform tidal signals in the tropical stratosphere.
The vertical wind diurnal amplitudes in the lower stratosphere is not a negligible amount compared
with climatological upwelling.

The BDC trend in JRA-55 linked with the representation of the tidal signals change related to the
observing system changes in the reanalysis. Comparison of the relation among the JRA-55 family
members is discussed in the presentation.

F—D—F ! JRA-55. TV 1D—RIVUREER. TERER
Keywords: JRA-55, Brewer-Dobson circulation, lower stratosphere
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KBBITREE L5 & PREBE T ERICH (T DBBOIKAE LA index DAFEN 11
Characteristics of the polar vortex and the AQ0 index in the upper stratosphere and lower
mesosphere in Arctic winter II

“REFH AL AT B kB & ML =
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AAEF. LFIBHICH (T IRAKRNETBEIRRTH 2REBEAREEZ. TEBEX CEHEHBAIEHED
BELE UTIRR. TOEELICOVWTRENE AR EENE & DBERZREET 5 C L EZREMNEERNE LTL)

3. NEBZEAFREABGEHNE L OBEEE. ABEENNEFHEICLIBBEORANEENZERE U THRER
EE TIIAENEA TV D, LRIBBHRERDARNEEHANES(F. JLHBRERIXE—FK (Northern
hemisphere Annular Mode: NAM) &IE(ENS/I5—V&ERL. BEMER - PEEBNSEELSIENE—R
EZDOH/II—VELBIANE—RICHEIND, Labitzke(2005)(F. It - FIEE D FEREBRE &
F10.7 index(#HES%. QBODMIARIC/(FTLHL® L. QBOAE (BR) EWUMER(C(E. KEEEEEATE (IE) O
NAM, T/\CIE (8) ONAMEE D &R LTz,

BEBRAFEENEEERIENE LT, ERIICEEBN TKERL H TZ5TEV ] HhE WD EMNEDLE
MEHONTE 2o ULHLZDKSIEEMMEILEIZ (I TIMMOBRRE DB L U\, Tz ZTZEHREEIC
FUVTIIREBEARRICEET SBEAEXRITIBENZFELLEV . ARKXTIE. FEEBICEHHEASE
BEXRGEHNEEETEN(CHHR T DIZHDEFE LT, FREBOEBIAEZRIBEE LTEDLSHEEDARD
BHDRFTZEBNT Bo

IRERFEC(E. 1999/2000 - 2007/200800% = (9HART) (CDULIT. 1000~0.1hPa (¥I65kmEE) DEEEE TAO
indexZEtE L. FREBZ CEOEHBARDBIEEERIIBEL L CTHATEINRETZENH TL\D, A0
index ZEt&E L 2%, RBOIREEHET S/z6H(CSeviour et al.(2013) TERAITMNTLIS2D vortex moment
diagnosticsZRIFAL. 10hPa&0.316hPalcdH L\ TIEEDIREEZZHT L ITiER. U T O L SIHHERANEE TE
fzo 0.316hPa& 0. 1ThPadEMEIZ(FEFR U TH B,

- FHEBEAXKTOA indexMEDOE—(F. HHL130.5hPa (~50km) SEICH Do

+ 100hPa - 0.1hPaiEE(CH ULV TAO index DIEEFFF—HTDIH. EFTHD10hPadd E FTIEEREL D5
BEH Do

+ A0 index DEINOE—IERAZTUVCEEAREREEIWIG LKL FBOMBTHM100PaATZTEL TULS
CEBMTFULEREREEIHB UL,

- REBFREERICITHZEVEDORBEDAARY RSV TIEHEETEHE 1 H LU 2 DEBELMNERC R
N3, KF(C10hPalc H LN THE 1 BEAERU.

- VA FT—REBTE. 0.316hPaTEEL1 - 2 DEBELAHERTET DM, 10hPaTFBELIIIFE A ETEON. TRE
2 DEBELNE SN S,

- 10hPalcH VLV TEE 2 OGN & (FIEFEBEEEICOTZ D TAORAICE > TU S,

AFEKRTF. BFHEBRE TETIRDEP L T, 10hPaH L UV0.316hPamENTRES LUER - BEBEXE
SE. A0indexMEARIC DV TR EEH TULI<,

Keywords: Stratospheric sudden warming, Arctic, Mesosphere
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Dynamical response of the SH middle atmosphere to energetic particle precipitations
in the latest reanalysis data
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The latest solar cycle minimum sometime around 2009 showed unusually low solar activity and
suggested the possibility of a grand solar minimum in the near future. This event caused much
attention to be focused on studies regarding solar influence on the Earth’s climate. The recent
review by Gray et al. (2010) classified solar forcing on the Earth’s climate to be of four types:
galactic cosmic rays, total solar irradiance (TSI), solar ultraviolet radiation (UV), and energetic
particle precipitations (EPP). Although EPP has not attracted much attention compared with TSI and
UV in the past, several recent studies indicate that EPP could have a significant impact on the
Earth's climate, comparable with that of TSI and UV. However, reliability of some of these studies
was recently questioned (Tomikawa, 2015). In this study, the past 36 years were divided into high,
medium, and low energetic particle forcing (EPF), and solar maximum, medium, and minimum conditions
using Ap index and F10.7 radio flux, respectively. Then composite figures of middle atmosphere in
the winter southern hemisphere were created from the latest reanalysis data and compared between
medium and low EPF during the solar minimum. They showed that there was a statistically significant
difference between medium and low EPF.

F—DO—R ! FIRIFRFOEDIAH. BER. FBAR
Keywords: Energetic particle precipitation, Reanalysis, Middle atmosphere
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An observation of the mesospheric column amount of nitric oxide observed with a
millimeter-wave spectral radiometer at Syowa station in Antarctica

R gL KT B\ PE R KL B BRE BAL IR &L B B 18 BEL N a7
*Tomoo Nagahama', Akira Mizuno', Tac Nakajima', Hirofumi Ohyama', Yasusuke Kojima', Mitsumu K. Ejiri2
, Yoshihiro Tomikawa®, Masaki Tsutsumi’, Takuji Nakamura’

1. BOEXZEFEHMIKRIBMZRA. 2. BRI
1.Institute for Space-Earth Environmental Research, Nagoya University, 2.National Institute of
Polar Research

ZHEB K FHIMEKEIEM IR & Bt (320 11EH S HE U CRIBBEAEI(C250 HzE S REBILE
ZEMERVNEZ RN NERARBEERZE L. 2012F18LDPREEO—B{EEER (N0) hSREEIh
BARTRIOERETOTUD, XRD MILOERHS 1 BT ORBEDREETSETS kmh 5100 kmiZE D
FREE - TEEBONN S AEDREZEHER TL D, FRBOXSHES FHEREXREBEN NSV EH
SERANDRBEFNEEE Z (TP I <. TEH TEMKROBIZEEIC XD ABGEECRA T BRELEZ
B I XILF—RFHHERAKOIMAN SBEIRITA > THRIF EZE(CEED CH. TN S MFREEAC T SREVE it
RREAA VP FRIGESIEHR I C & TNOACHO DIBINE ZNICHESTY VBDEDASHERZEEBZEERLS
FENMSENTULSD (FIX(E. Andersson et al. 2014) , CNFTICERALADRE LI ABBEBARE ST
AERD = JSKRETEIST — S OEERH S, RIFHREBONN S LAENEHBLIE. HMEERGHIEE SHEUVRE(C
BRIDIM. W4ELXEZ(CDVTIEMMDEEERTASLERM/ZUTEEREFHNRKREZTVC ERDM Dz, T
1220154 (C (I AR EEN & BEE U Iz BUERRRE O AEIENON S LEDEBRABEEICR SNz, B, KBEE
EFEILU2015F6BS KUSANS10BICHNNITEINS LERMIOEDAEIHEL D EHUSBEMLIz—F5
T. SAOXKEEHSEAANY LEIETEERUEAS LAEDEBMNEEANINEN Dz, HRTIIEATESN
BN S LENZHZ{bE SURKHRZEBNFHE . ZNSEABBEFS JUHIHREEFDED CHE
DEZECDOVTHNHOHETHEET B,

F—O—F PEE. XEREE. = KRS

Keywords: mesosphere, atmospheric composition change, millimeter-wave measurement
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QB0 & X BEENMMLIRIZA Y V (C (X T HE
Influences of QBO and solar cycle on the Arctic ozone

LT B g Ea

*Yousuke Yamashita', Hideharu Akiyoshi'
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REREE%E2FEEAEARE (quasi-biennial oscillation : QB0) & 1MERHOKEEESNE. FLEBREBD
FEREHEBRIDCENRMSNTLS (e.g., Holton and Tan, 1980; Labitzke and van Loon,

1988) . Yamashita et al. (2015) (. QBO& ABZEENDAIABTADICHFEL TRHFZEITL). QBODTERE
(QBO-W) MDOAEEEMBAHA (S,,) Tld. #FIL(ICEBNEBBZ(CHE N EZER LIz, —5 TQBO-WHDKE
SEENERNER (S, ) (QBO-W/S,.) ([C(EHZMNSKBEFITHRENMS ., BZ(CIBA Y Y MET IS LRI
%o EBRIC. Li and Tung (2009) (& BRI NZAY VU EEMNQBO-W/S,, DEEZLH LT, DT — EHHEL
TREELEBZIE&a@BRLI.

AHAETIE. E2URET IV (chemistry climate model : CCM) TIT2721979~2011EE THBEHIREER
(ETILDKKBEHADEDICT VIV URREER) OBREMETL. QBO-W/S,, (CH(FTBHEDILEZHA Y
VELE. AV VERCACENT Y VEEDOB SR T TRANZ, 2~3HMDQB0-W/S, FFCIF. [URMEXD €M
WMIRADERI S NZ, £122~3AMEB0-W/S ; F(C(F. B AV VEEMETI BRI NI =Za—L—23 v
N, BEFABREE—BLIE, R, EFIVTIYZ1—L—I3ayEanNtEMNICREGLEAY U
L—Y— (BROIFPETMEEREEBETRECIHEVED) EFEFL. EhX(C KDL EBZERNEZEDEID
DIETOlR. REELEAY YL —F—DSBRINZAYV VEEDRERETOAVVEEBESHLZT—H
LTHD. 2~3HMDQBO-W/S, , FECHITBImA Y VEEDET(FEME(C L DTV VELICERT S &hD
holze @5(C. ZYVDIMBEBEICDVTEBRZETO L. BV YV EEDET(EE(C100~200 hPafif(c
HFBFYVVEEDELICEL DTV EDD. 20~50 hPaftifr (& L) TQBO-W/S, ; FFICHRBRDSRE T HER
INTED. ZNICHESAY VRIBEORENRUCESENDAY VEEDET EHRONICIEIBHRT D ENRIBE
nre.

F—U—FR  REEE2FEFRRE. NERMHOABRES. R4V >

Keywords: quasi-biennial oscillation, solar 11-year cycle, Arctic ozone
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TOMSF—%& EMIR0C3.2F W IV IEZERIRE T ILZEALW/N\OT VIBNHRICH (T4 Y VY EEDZEH]
AIZER~L Y RV Y TEZDERD

A global analysis of seasonal total ozone trend for the CFC increase period using TOMS
data and the MIR0C3.2 nudged Chemistry-Climate Model

INE BW. g A LT B PR E

Risa Obama', *Hideharu Akiyoshi', Yousuke Yamashita', Masanao Kadowaki'

1. B RIBHIER
1.National Institute for Environmental Studies

AAETIE. 1979FE~1992FERD/\OF VIBMEBIC S FTDAVIVEEDO ML Y ROEROE ORER/\NOST >
HRCKBIEZRIRMRTH BN HDVWEZNLEADHZRNMRESATZEDTHIDHERRDBZHIC. &
BT =S EMRZRIRETIVCLD ATV VEED L Y R ET O Ic. BRAUZEESEIDAY VEET—5
(&Total Ozone Mapping Spectrometer (TOMS) Data(DVersion 8Tdr 3. HRHULIZETIVIE. EHIIEREBHEFAD
MIR0C3.27w IV T2 RIZE T IL(ERA-Interim>—HSI(C L BU,V, TFHYI VI TH D, COEFIVEEST
OFRASINIZA YV VERIRYE(DS)BEES X TR (BIRER) L QUSEEZE Y VR—ILEELRID
19795 (CEE U Tz EBR (0DS1979EEXER) &EiT o lc. BRIE CNSDEFILOERRERNS/\OT VIBIHA(C
HFB3AYVVEREORBMERDERE ML,

FF. /N\OT VEINEEICH V) THRHEERFIEE (35-60°N - 35-60°S) (CH (TR AV YERE L Y ROBIIE{TDIZ
ER. HACBREBOAYVIUERERLYREELSKEDTU R, £2T. AARTEETILOREREFEHBL T
ZYVVEEDREMEANOBRDHZETOCEET D, BERDFIE. OBERERE@0DS197IEERERD2DNE
BOAYVYEENLYRHNSHET D, QODS1979BEEEED ~L v RI(E, N\OFT Y H BN LD HZHRMR
(CBES5IBRLYRTHD. OFREREQDS197IEERBROEI/N\OT Y HBIIC X BIEERMRICES
ITBIRLYRTHD, ILERPBETI(E. F - RICSVWT/N\OT VARDNONZHMRICL>THY VEE
NBAMEEICH D ERDH o, Fle. B - RCHUVTIR/N\OT Y HRICKBIEEMREZNLUAND ZER
MREIABETH D ERDN D, MHEKFRBETE. £ETOSHICHFLT/N\OT VHIBMIC K BEFH
MROBENKZTUVCERDMDE. COBERIE. 1979-1996F D L DRV ZEE S ZIHB/ICHVNTE(Z
ERICTH T,

RIS, ZERIDAVIERESL YREEANT—SNET VY REIUETILOET Y Y RTKRH., Vv IEE
BUTz. ZORBR. BICERDIHERFBETIE. BOMLYREL>THD. BEROEODKFE L EJLKKBEE
BE. I—Ov/MEICERLEEDO L Y RBHERES NIz, CNSREAROEEEHD LV ROFEE R
BLTULWBEEZXSNBE6. ERA-InterimT—S DI ART VI v IILEENDIRT SIVEREIT>TUL S,

F—O—R:FVVERE RELLVYR. TYIVTREURETIU. TOMS. ERA-Interim
Keywords: total ozone, long-term trend, nudged Chemistry-Climate Model, TOMS, ERA-Interim
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7Y VR—IVICEBHD 3 REBN RBERSE DR
Variations of stratospheric and tropospheric circulations related with ozone hole

*thft {ZER'. &8 ERRL S =E. LUT BN
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ABERAY VERIRYEOREIC KD, EFEMERER TI1980FEEN STV VR—ILREEL TUD ., &
VVERABHEIRINT D EICEDAKIEREN D, TDRHAYV Y ORBDIIRIZHREB D SHUEEERT

D, TOHER. BEROBRICIDEREMRET D, CNSAYVVR—ILOFEFE(CESHBRER CIEN
Bz, WHRBOMRRRICETHEESILOWTHID2EEXISNTET T, ULHALERS10ERRTH
5. ZYVVR—JLOFEENEHERLEOBRPHRURICEFEES I TV ENBEECE>TETHD. %
THRETIEZREBB TENS ZY VR—ILOFERSZEE L EICEBEZ TITESURBICENSREEEMN
BIENTUND, FYVR—IVICKLBDESTRBEICH(TIEEN/ T — VITEHEROKIRY T LOKEDES
Bd 9 DSouthern Annular Mode&EBEIL THD. CHTEMNSAY VR—ILOFRZESEBRIFGRERE (T TIEE
<. B¥RUARBEAORMREY AT LICETEEEEZXZ2EEZISNTUD, ULMLERS, COFEEODXANZ
ALIEDVTIEBESMCEINTUWENDfZo ECTARIAETIE. TV VR—IICLEIEZHEBE CENSZEH
M EQOKSICLUTESTRBICKEES X TLBIDMNCDVLWTEITL 2.
CNFTORETIEZHFEEICPEFEAT S EFEHA UM TONTE 2. Z0M17 BLDEVKEEE
EENMCETCUOEN D, ECTAMRETIE. 10BFEIFT—FZEAVD LD BEEOHRTHMSREE
FCEB U ET Iz TOEBR. AV VR—IVICKBFEAAZILOITFIVIE12B. 1A, 2BE(CIEN
BBAAIGEVWVRELTVBCERD D D NEBOFERD Y I FILIEEICKERB E LB RB TCOHES. 18
(B ERBETD Y IFIVEEL EDONRBE TCOHFEHNH SN, 2BICIFIEEAE T FIVRESNIK
Mofce Z2CT. EP-FluxE BU\ZERETS E. 1NAICEVTIIREBICGEL 5 3R DEP-FluxZE N E
ETHOD. 1BTIEIRBUE REBOICLDMBEERNREETH D EEHESHICUTR,
B(CAARTITBRILE AY VR— VAR RRIR(CE X DREIC DV TEER LIz, K[IEZETJUMIRC3.2%
R—=REURIMEZRIREETIL(CMERL. 1960FE(CAY VIEYEEEEZRBE T DR E1960FE(SEENRS
ZEEZRETERETL. 7Y VR—ILERRILICKDIEEDUD D TETOR. TD/R. VY
R—IVEE(CL > TEEURBICTFIVABNSIFERAR LD MmN, —A. BERILICEK>TT
Da1—"— - RIJVIVEBEHNEILIN, BIEAOFY VERXEBMEINDC ETHRANE T D EHN@RFIN
feo FATHRETIEZBLIREKRICLDFEE U THRBRBI(ICH (TRIREBHACLDBHAMENEESINTETZA,. K
MECKI > TRBRILICKDNEBNDEICEEETH D EMNTREBI N,
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201641 B ([CBRBE N EELR FEHEERE CRRAIS N S D LZEOREBRR TEHAERET 7OV
VB

Un-volatile aerosol layer in the lower most stratosphere over tarawa, Kiribati, observed
bu balloon norne Optical Particle Counter in january, 2016

S BE' IO FEx. A/ & R ¥ =N 2. RA% . %M E
*Masahiko Hayashi', Naomi Equchi', Koichi Shiraishi', Yoichi Inai?, Satoru Mimura’, Fumio Hasebe’,
Takashi Shibata’

1.BRXZEZE. 2.6EEXFE, 3. 2HEXE
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Size distributions and volatility of aerosols in the Tropical Tropopause Layer (TTL) over Tarawa
(1.5 °S, 173.0 °E) were observed using balloon-borne dual optical particle counters (OPC) in
January 2016. One OPC observed number concentration of ambient aerosols and another OPC observed
aerosol size distribution denuded at 200 °C, in order to discuss volatility of aerosls.

Unusual aerosol layer was found in the stratosphere from 18 to 22 km in altitude. The layer was
divided into two sub-layers. Upper layer was characterized by smaller high volatile aerosol, and
lower one by mixture with larger submicron un-volatile aerosol. The feature was similar to fresh
volcanic aerosol layer, however we did not find any report of large volcanic eruption in 2015. We
will discuss about origin of the layer.

F—O—R ! BENREREE. NEE. IOV, BRG
Keywords: Tropical Tropopause Layer, stratsphere, aerosol, volatility
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