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For better future projection of the environmental change due to the increase in green house gases and the decrease in sea
we need to understand precisely the atmospheric circulation and elucidate the embedded mechanisms. The polar region occug
one of the most important positions in the earth climate system, because it is the start and end region of the general circulatic
depending on the season and height. It is well known that the general circulation is mainly driven by atmospheric waves. How:
ever, comprehensive studies are needed to elucidate characteristics of the gravity waves among main drivers in particular in tl
polar region.

As gravity waves are not resolved by most climate models, the models include the momentum transport by gravity waves usin
parameterizations. However, a current generation of parameterizations does not sufficiently capture the gravity waves in the re
atmosphere. Recent studies using high-resolution general circulation models and high-resolution satellite observations indica
that the gravity wave activity is maximized in winter high latitudes and minimized in summer high latitudes. These features
are not expressed in the current gravity wave parameterizations. Thus, the understanding of the gravity wave characteristi
in high latitudes is essential to improve the climate model. In particular, observational studies for quantitative estimates of the
momentum flux associated with gravity waves in high latitudes are needed.

The PANSY radar installed at Syowa Station during the JARE VIII period is the only instrument that enables to directly
estimate the momentum fluxes associated with the gravity waves in the Antarctic. The PANSY program is planned in 2000.
After feasibility studies during the JARE VIl period, the radar was installed by Japanese economic stimulus package in the fisca
year of 2009. Continuous observations with a limited system started in April 2012 and observations by the full system were
successfully performed in March 2015, by overcoming various serious problems such as heavy snowfall and limited transport t
Syowa Station. In addition, various radio and optical observation instruments which provide complementary data to the PANSY
observations are operated or being installed.

This project is to promote the integration of various radio and optical observations with the PANSY radar as the main in-
strument, and the global network observation including MST/IS radars under the international collaborations. Combining these
observation data over the globe with the high-resolution model simulations, we will deepen our knowledge and improve under:
standing of the general circulation from the troposphere to the lower thermosphere of the earth atmosphere. This project we
accepted as one of the intensive research observations for the JARE IX period, which assures continuous observations at Syo
Station over six years from 2016-2022.
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Study of ionosoheric irregularities with large atmospheric radars
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We were successful of using the MU radar and the Equatorial Atmosphere Radar (EAR) for the study of ionospheric irregu-
larities. Multi-beam capability of these radars were very powerful tool to study time-spatial structure of the phenomena. In this
presentation we review observation method and results from the radar experiments, and discuss possibility of PANY radar the
was recently completed at Antarctic Syowa base.
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Basic study of adaptive clutter rejection technique with small sub array for lonospheric
observation of the PANSY radar
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The PANSY (Program of Antarctic Syowa) MST/IS radar has a VHF active phased array with 1045 crossed Yagi antennas
at Syowa Station, Antarctica. Receiver outputs of every 19 antennas are synthesized in-phase, constituting 55-channel adapti
array. The PANSY radar also has another antenna array (FAI array, in later) for the observation of the Field Aligned Irregularities
(FAls,) which consists of 24 Yagi antennas directed to where the line of sight crosses perpendicularly with the geomagnetic fielc
line of the earth. The FAIl array has 8 channels, with each 3 antenna output combined in-phase.

In ionosphere observations, the main and FAI arrays are designed to work simultaneously for observing the incoherent scatte
ings and FAls, respectively.

While FAIs are of great interest for the PANSY radar, they are also assumed to be clutters for the observations of ionospheri
incoherent scatterings and cause errors in estimating plasma parameters around 230 km, because they are very strong cohe
radio sources at the same range.

In this presentation, the result of basic study for suppressing FAI clutters in the ionosphere observations of the PANSY rada
is shown. The methodology is based on the norm- and directionally constrained minimization of power (NC-DCMP) algorithm,
and modified to be used with nonuniform-gain array. The receiver outputs of the main array are all synthesized nonadaptivel
and the FAl array is used as the sidelobe cancellers in this method. The simulational result shows that the proposed method e
joys smaller SNR loss and much less computational cost than the ordinary uniform-gain NC-DCMP method. Also the proposec
method is tested on an actual observation of the atmosphere and coherent clutter sources (the ground and a helicopter) by
PANSY radar with FAI array.
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Coordinated observation of the upper atmosphere by the space-borne instruments and t
large atmospheric radars
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The Earth’s upper atmosphere is the region where the observational method is limited because of the difficulty of the approact
The large-scale atmospheric radar is the one of the techniques that can elucidate the Mesosphere, Thermosphere and the Io
sphere using various scattering mechanisms from these regions. The ground-based observation can observe over a fixed local
with relatively continuous coverage in time. The space-borne instruments on satellites and rockets is another technique for th
upper atmospheric observation. The in-situ and remote sensing observations by space-borne instruments can investigate th
regions with relatively large field-of-view and without limitation by the local conditions, such as the weather and the moon phase.
The coordinated observation of these two observational method is a very powerful tool to study the upper atmosphere where tf
various phenomena are generated by the combined processes of the neutral and ionized atmospheres. At mid latitudes, the |
radar has conducted several coordinated observations with space-borne instruments. The observation with the Swedish satell
Freja, elucidated the relation between the Medium-Scale Traveling lonospheric Disturbances (MSTID) observed by the incoher
ent scatter (IS) observation of the MU radar, and the Midlatitude Electric field Fluctuations (MEF) observed by the electric field
observation of Freja. MSTID was also investigated by the another coordinated observation of the MU radar with the ISS-IMAP
mission on the International Space Station (ISS). The horizontal structures obtained by the large field-of-view observation of the
ISS-IMAP/VISI instrument was combined with the vertical profile observation of the MU radar to reveal the three-dimensional
structures of the phenomenon. The atmospheric gravity waves observations of ISS-IMAP/VISI also can be combined with the
PANSY radar observations although the observational field-of-views are not overlapped. The achieved results and learned di
ficulties of the coordinated observation between the space-borne instruments and the large atmospheric radar, including the
radar will be discussed in the presentation.
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Imaging observation of thermosphere and ionosphere near the auroral zone using the
Optical Mesosphere Thermosphere Imagers (OMTIs)
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The Optical Mesosphere Thermosphere Imagers (OMTIs) consists of 14 airglow imagers, 5 Fabry-Perot interferometers (FPIs
3 airglow temperature photometers, and 3 meridian-scanning photometers to measure dynamical variations of the mesosphe
thermosphere and ionosphere through airglow emissions. Two imagers and an FPI are located in and near the auroral zone
Athabasca (imager #7), Canada and Tromsoe (imager #12 and FPI #01), Norway. These imagers observe gravity waves in t
mesopause region and nighttime medium-scale traveling ionospheric disturbances (MSTIDs) in the thermosphere/ionosphere
well as neutral wind variation in the lower thermosphere. These phenomena show characteristics different from those observe
at middle and low latitudes. In this presentation we show the differences of the waves and disturbances in the mesosphere a
thermosphere in/near the auroral zone, and discuss their importance in the dynamics of the upper atmosphere and magnetosph
ionosphere coupling processes.
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Research in the polar upper atmosphere by the resonance scattering lidar
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The resonance scattering lidar is a valuable tool for remote sensing of the upper atmosphere. In this presentation, we will sho
a couple of topics in the polar upper atmospheric research using the resonance scattering lidar, and then we would like to discu
coordinated observation with the frequency-tunable resonance scattering lidar, to be installed at Syowa Station (69S, 39E) |
Antarctica, and colocated instruments, such as PANSY.
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International collaborative studies on the arctic upper atmosphere based on the EISCA]
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Japan joined the European Incoherent Scatter (EISCAT) Scientific Association in 1996 to promote international collaborative
studies with incoherent scatter radars in northern Scandinavia and Svalbard. The EISCAT radars enable us to measure ba
ionospheric parameters from the mesopause region to the topside ionosphere. In addition, the combination of the EISCA
systems in northern Scandinavia and Svalbard allows extended investigations of ionosphere in the auroral zone and the polar c:
Coordinated measurements with other ground-based instrumentation, satellites, and rockets are also actively carried out, in orc
to understand various geophysical and plasma-physical phenomena that occur in the arctic upper atmosphere. However, there
many difficulties to investigate physical phenomena characterized by their rapid variability in time and in space.

The EISCAT Scientific Association has therefore proposed a plan to construct a new state-of-the-art incoherent scatter rad:
system, named EISCABD, in northern Scandinavia. The EISCAD is a multistatic active phased array radar system to
observe three dimensional plasma parameters. The EISSDARdar system will contribute to space plasma and solar-terrestrial
physics, and also improvement of the space weather and climate models. A document of the B[3€&&nce cases was
published by international science working groups as part of the EU-funded Preparatory Phase project for the new facility. The
EISCAT_3D is included in the Japanese Master plan 2014 and Roadmap 2014 project named &quot;Study of Coupling Process i
the Solar-Terrestrial Systems&quot;, and researchers in Japan have prepared and discussed science plans using 8iz EISCAT
radar system.

In this paper, we explain outlines of the science outputs of the current EISCAT and the science plans of the futureIESCAT
and then discuss importance and possibility of international global network observations including the EISCAT and BISCAT
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Vertical motion in the polar lower thermosphere/upper mesosphere above Tromsoe
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Vertical motion of the neutral gases in the upper mesosphere and lower thermosphere is a peculiar issue. Observations of t
vertical wind are rather difficult because vertical velocities are generally about 2 orders smaller than horizontal wind velocities.
It is believed that the cold summer mesopause is set up by upward wind with strength of a few cm/s. During high auroral activity
intervals, some observations conducted by Fabry-Perot Interferometer (FPI) reported about 10 m/s or larger vertical wind in th
polar lower thermosphere. FPI measurements, however, suffer from a serious weakness of passive measurements: no informat
on the height observed. The sodium LIDAR at Tromsoe (69.6 deg. N, 19.2 deg. E) is capable of simultaneous measurements |
wind velocities with five directions with a m/s accuracy. By using the LIDAR data obtained from October 2012 to March 2015
together with EISCAT and meteor radar data, we will discuss the vertical motion of the atmosphere in the upper mesosphere ar
lower thermosphere.
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A study of the modulation of semidiurnal tide associated with mesospheric gravity
waves observed with Poker Flat MF radar

# Takenari Kinoshita[1]; Yasuhiro Murayama]|2]; Seiji Kawamura[1]
[1] NICT; [2] NICT

The neutral wind velocity data from mesosphere to lower thermosphere observed by MF radar at Poker Flat in Alaska ha
been observed since the late 1990s. The long-term wind velocity data at Poker Flat has been analyzed for 10 years of 19¢
&amp;#8211; 2008 to understand the coupling processes between mesospheric gravity waves and tidal waves in more dete
Climatological 1-day composite plots of semidiurnal components of zonal wind and GW-KE showed that the maximum of
GW-KE occurs at Poker Flat when zonal wind is westward in winter. It was confirmed that the phases between semidiurna
components of zonal wind and GW-KE are locked for more than 10 days in several years. The present study focuses on the pha
loch events and examines the modulation of background wind including tides due to gravity wave drags under an assumption thi
gravity waves dissipate and/or break when the GW-KE is large.

As with previous studies (SGEPSS2014, IUGG2015), observed wind velocities having the 174 hour period components are
analyzed as short-period gravity waves and those having harmonic components with periods of 24, 12, and 8 hours are calculat
every 30 minutes. The amplitude modulations of 12 hour components of zonal wind and GW-KE show that the time derivative
of zonal wind is negative after the GW-KE has large amplitude during the phase lock events in winter of 1999, 2000, and 2004
We plan to discuss more detail of underlying the physical processes, focusing on the local modulation of tidal waves associate
with gravity wave drags using not only observation data but also reanalysis and modeling data.

T AN e R—H—T T MIERBEE NIz MF L—X—Ic & b BB 5 FEREEIC 3510 2 R EiET— & BY 199041
BPLHEI S N TN %, FEEFIIENRIC K S VERNED R I D87 32 5 O 7z diR% Tz, 104:[H (1999
~20084) O LRI T— 2 Z VT, W E I3 &Y% O HNE K OFHIEZE O 217> T &1z, ZTO/ER, F
PR . U CAZ O EIE I O T %)L F— (GW-KE) O H E IR > 3 HEly O RER IRk L 725 T &
Woolz, iz, EidMiHBIERDMEEDFEIC BT 10 HEL B U The Moy 78S s RSN iz, AW TIE.
GW-KE WK ZVMEEFF DX A 2 V7 TEDEMNE « B L, SEICEBEIEEZ 52 TV EEL T, Mz ET
LB DZSINC DOV TR 21T 5 720

E9URDIC, BOKFEEGE T — 20 S E 1 & WOt ziro 7z, T 2T, WRYPHIE 307 a7 —% 5 HiE Y
S hL Y RERRE, 8,12, 24 MEIAD 5%k % 7 v T 4 > 7 U TIRIE & NitH 7% 305 & LR Tz, T Ot ik
W& D, 5 HEALL EOMIY I OIRNE « MAHOZ(LETINS T LIRS, —T5. 1~4 Wi RJE & RO Bl 7% 56 & 1 s
& UTHHT UTze GW-KE &, 5 HEHOO—SAT7 4 VR ZHWTEHE L., FHEY & GW-KE D 5 HLL EOHRIE
) PR U746 5. 1999, 2000, 20044F4&ZRIC A S Nzt w 7 BHSRHC BV T GW-KE DIRIEA K X WREHH D%
TG JEE DIRIE ORI Z (LD EUC R B RN R 5 Nz, 5141k, T OBROYPRZHEfRT 2 X T — 2 oftic,
R T —% « BETIVT—2E 2O TRERE— ROV HEY O 2110, PRGN LE S SR 7R 8175 35 Ok
MEZFHIC DOWTHARS TETH %,
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Seasonal and interannual variation of mesospheric GWs based on MF radar observatiol
over 15 years at Syowa Station

# Ryosuke Yasui[1]; Kaoru Sato[1]; Masaki Tsutsumi[2]
[1] Graduate School of Science, Univ. of Tokyo; [2] NIPR

http://www-aos.eps.s.u-tokyo.ac.jp/"yasui/

Seasonal and interannual variations of gravity waves (GWSs) in the high latitude mesosphere in the Southern Hemisphere (St
were analyzed by using horizontal wind observation data in the altitude range of 50-100 km from the MF radar at Syowa Statior
(69.0S, 39.6E) in the Antarctic. The GW climatology is maximized for the horizontal wind variances in winter for a wide altitude
range of 64-90 km. The GW interannual variability is large for the horizontal wind variances below 80 km in the spring and
autumn. These features are consistent with previous studies. In addition, we detected a weak but significant enhancement w
large interannual variability for the GW activity in summer: The GW climatology exhibits a weak maximum in summer for the
zonal wind variance in 70-78 km. The GW interannual variability shows that the meridional wind variance is large in summer.
Thus we examined three possible mechanisms to control the GW interannual variability in summer, namely, the interhemispheri
coupling associated with the stratospheric sudden warmings (SSWSs) in the Northern Hemisphere (NH), the modulation of GW
vertical filtering in association with the polar vortex breakdown in the SH, and the generation of GWs from tropical convection.
The GW variance does not have remarkable features in association with the NH SSWs. Although the GW variance increases |
the beginning of summer, the timing is not well correlated with that of the polar vortex breakdown in the SH. In contrast, there is
a good correspondence between the years with strong tropical convection and those with large GW variance at Syowa Station.
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Dynamical response of the SH middle atmosphere to energetic particle precipitations in
austral winter

# Yoshihiro Tomikawa[1]
[1] NIPR

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 influenc
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 indica
that EPP could have a significant impact on the Earth’s climate, comparable with that of TSI and UV. 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 southert
hemisphere were created from the latest reanalysis data and compared between medium and low EPF during the solar minimu
They showed that there was a statistically significant difference between medium and low EPF.
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Comparison study of mesosphere echoes between PANSY and MF radars

# Masaki Tsutsumi[1]; Kaoru Sato[2]; Toru Sato[3]; Takuji Nakamura[1]; Koji Nishimura[1]; Yoshihiro Tomikawa[1]; Masashi
Kohma[2]
[1] NIPR; [2] Graduate School of Science, Univ. of Tokyo; [3] Communications and Computer Eng., Kyoto Univ.

The PANSY radar (47MHz) at Syowa st. can measure 3 dimensional neutral atmosphere motions in troposphere, stratosphe
and mesosphere with high time and height resolutions. In the mesosphere PANSY radar observes characteristic polar echoes
summer (Polar Mesosphere Summer Echoes) and winter (Polar Mesosphere Winter Echoes). An MF radar system (2.4MH:
has also been operating at Syowa st. for mesosphere and lower thermosphere observations. Although the MF radar has onl
much poorer height resolution and is incapable of vertical wind measurement, it almost continuously measures mesosphere d
and night and can provide complementary horizontal wind data for the PANSY observations. Studies of atmospheric dynamic:
such as gravity waves are planned using these combined data set. Prior to these, the nature of the mesosphere echoes are b
compared between PANSY and MF radars in the present study. In spite of the large difference in the radio frequencies thi
occurrence of the mesosphere echoes show a lot of similarity between the radars in time and height, especially during winte
which is thought to be a key to the better understanding of the generation mechanism of these echoes.

FIMAA A AT RS L— & — (PANSY L—&— 47MHz) 1. W RAETIE— RICB W T, SHRRE D S R e e e
DR & TR O S B 2 3 8 U7 72 I I m O IR @ FE ) fRRE TRINATRE CTd %, B EICB VW TE, B
L CHE DR % T a— (Polar Mesosphere Summer Eckink UF Polar Mesosphere Winter Echd)&ill &, Ta—0DK
K, B, K&EIE7% & DTS %IR S N5, —J7, BAIEMITIE MF L—4— (2.4MH2) I K 2 8lA° 19994
E0IFbN TS, MF L—X =@ REEIC )T PANSY Ik E K 451t SAEJEEH > OBIIE TER0nia LD
HilBRIZ % & DD, HIRKPE R g 72 IR 7zl U C b Eie i IS T & % 728, PANSY I & o THINZR 7 — & Z2 Hefit
TE%, BIfE, SH%ORKIIFEMZ R SIS, WL —X—THELNZEED P T a—DEE DR 827> T
%o ZFCBWVT PMWE X, HEHHC X 3 &ERED D % B2 HuOIC & S0km AR S 80kmAREEIC B L [Nishiyama et
al., 2014] MF L—X—IC X 2 [F@E SN 5 O a— LIEFICFERIREDE V. —77. EFICBVWTIEHICHHNH 51T
Mhb5T, XRELCFNEETTII-NMELNE T LML —F—E Bk, EZERPHORES ARSI AT
LIZBIZ2Ta—0FUMkE. Ta—DNZHS FTEERERE TS, FFEREHE N7k EEGE I L — 2 —
BTEWVHBEZRLTED, 5B ESICHKRZED D TETDH 5,
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A study on gravity waves in the thermosphere simulated by GAIA

# Yasunobu Miyoshi[1]; Hitoshi Fujiwara[2]; Hidekatsu Jin[3]; Hiroyuki Shinagawa[3]
[1] Dept. Earth & Planetary Sci, Kyushu Univ.; [2] Faculty of Science and Technology, Seikei University; [3] NICT

It has been recognized that gravity waves play an important role on the momentum and energy balance in the thermosphere. T
effects of upward propagating gravity waves on the general circulation of the thermosphere are studied using a whole atmospher
ionosphere coupled model (GAIA). The GAIA contains the region from the ground surface to the upper thermosphere, so that we
can simulate excitation of gravity waves in the lower atmosphere, their upward propagation to the thermosphere, and their impa
on the general circulation in the thermosphere. We have recently developed the GAIA with a high horizontal resolution (about
1 degree longitude by 1degree latitude). In this study, we focus our attention on seasonal variations in gravity wave activity ir
the thermosphere. Our simulation result indicates that gravity wave activity in the winter thermosphere is strongly influenced
by variations in the polar night jet. Moreover, the impacts of thermospheric gravity waves on variability in the ionosphere are
investigated. To assess the ionsopheric variability associated with gravity waves, cooperative research with atmospheric rad
observations such as Pansy and Eiscat radars, are desirable.

TFRERKUEIRO R SE 1D, BB E TRB L. 2B - EFBEOKRKKTERICE R B ZRIFLTVWS T L
M, EFEORMEE T IV CBINC XK BW9E THOLMC R D DDH %, AW TIE. KKBEEHENSSGET IV (GAIA -

Ground to-topside model of Atmosphere and lonosphere for AeronoyK -3 fi#fez < LIz BT V2V T, #AREE
TIED 5% F 0 E TFTERKDTEREH) & OBIHEMEIC DWW THNTH Iz, GAIA 1. FHREMN 52 LiiE T2 A TY
B8, NERGKTOHREJWEORNE, BAEANOREIRRE, ZAE TOMZ ED—HOElZ fHBld 2 C EARETH 2,
IEXEARBHICEOTHMEY I 2 L—a vy eEF L, BEENEORE EESOEHETE L FEAKOIEEE
g OBEMEICIER UL it ziT> 7,

FENTORER, LLFDO T EDHL M IR 5Tz, BEOREEIZ, —HEMHTET 57z, ENEFIE. —HEMT
B misldayDA—R—T) KELZILT BT eV ol £z, BAETOEIEFOMEFMEROEHI 22 RN
THize TORE, 1 - EHEEIC I 2R, REE - DB TOMK Y oy N OFRWEERE « B & —3d
HTEhmholz, TOT &I, MIEY v b OEWIERGEED, BAEANOE R OMELIFIC L > TG ThS T &

r%bfv%o#ﬁﬁ%%u HKELYHITRT, TOXK D REABTOEIIGIC LS ZEE, iR e BRI OM
HAERBREZE LT, BHAKICEEERENITT, Lich> T, BBEJIEOESNEFR AR « fEics oy Tid, @
A Gtoh 5 1 RRIERE) OBMEEZ#HNET S, ThbOEMBEZTHICOVTE, BRI KKL—F D3y
FU—ZEREEELEDNS, SN LTVERZVWEEZ TS
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Gravity waves in the mesosphere observed by the PANSY radar and a numerical
simulation using NICAM

# Ryosuke Shibuya[1]; Kaoru Sato[1]; Masashi Kohma[1]; Yoshihiro Tomikawa|2]; Koji Nishimura[2]; Takuji Nakamura[2];
Masaki Tsutsumi[2]; Toru Sato[3]
[1] Graduate School of Science, Univ. of Tokyo; [2] NIPR; [3] Communications and Computer Eng., Kyoto Univ.

http://www-aos.eps.s.u-tokyo.ac.jp/ shibuya/index.html

The Antarctic Syowa MST/IS Radar (PANSY radar) is the largest MST radar installed at Syowa Station in the Antarctic (39E,
69S) which enables us to observe vertical profiles of three-dimensional wind vectors with fine time and height resolutions in
the troposphere to the mesosphere. In the time period from 16-24 March 2015, we succeeded in the first observation with
full-system of the PANSY radar. Figure shows the time and height section of zonal winds in the mesosphere for 20-23 March
2015. Clear wave-like wind disturbances with downward phase propagation are observed around 1200 UTC on each day. Tt
wave parameters are estimated by using a hodograph analysis assuming that they are due to inertia-gravity waves. Horizon
and vertical wavelengths are estimated at about 570 km and 6.5 km, respectively. The ratio of estimated vertical and horizont:
wavelengths accords well with that of the amplitudes of vertical wind component and horizontal one parallel to the horizontal
wavenumber vector, which is consistent with the theoretical characteristics of gravity waves. Thus, it is likely that the observed
wave disturbance are due to inertia-gravity waves. In addition, from the orientation of hodograph and from the phase relatior
between the horizontal and vertical wind component, it is inferred that the inertia-gravity wave propagates south-westward.

Moreover, we performed a numerical simulation using a Non-hydrostatic ICosahedral Atmospheric Model (NICAM) whose
top was extended to the upper mesosphere for the observed time period. The vertical resolution of the model is 400 m from th
troposphere to the mesosphere except near the ground and around the top sponge layer. We adopted a grid configuration such
a finer horizontal resolution around the polar region of the Southern Hemisphere. The horizontal grid spacing is nearly-uniform.
which is about 35 km, to the south of 40S. The NICAM successfully simulated wave-like wind disturbances similar to the PANSY
radar observations, in terms of horizontal and vertical wavelengths, wave amplitudes, the direction of the wavenumber vector:
We will examine the generation mechanism and propagation characteristics of the inertia-gravity waves in the mesosphere &
combination of radar observations and model simulations for future studies.

PARTAFISEG KBRS L — 2 — (PANSY L—4&—) (ExiikE 0 5 i £ T 3 XoT)EdiZ @ 3 fifRE « miks e Tt
BTG 2 C &N TEDHMBE RO —F—TH%, 20154£3 H 16 HH S 24 HICHT T, PANSY L—XZ—D 7 )l
AT L KBNS TIrbN Tz, KIZHEBICIHITS 20154 3 H 21 HA S 23 HOHRPGEERT, TNZFNDOH
D 1200UTCHIRICNHBEED N & OPRIRBELDEE TH 5, TOWIREELZENI TH S EAINE L/ST XA—RZHEE
UTzo KFRERR 570 km SREE 6.5 kmTH oz, Tz, HEE S NIKERE L MEHRED K. BT MV
WA TR0 & OKFE & SRR DL & JEFIC K —B LTz, THREMEE IR OBERISR M S BENTH 5, DRI,
B E NP2 RCRIEELIZEMEE T K B aTREME DY &V AT, R RS 7 OEMOME, KUO/KFEE & PAE RO
DOFEFEN S, EEENEIEEES UL TV EZ BN 5,

I 5T ORI RS E U, S EEHEE A R E & CHieE U 72 IEER 124 1E —HEIATE TV NICAM Z W, RHRED S
R OSSO BB ZIT- 120 SAE A ROMGEIZHENEB X OCAR Y VBERNT 400 mT—EE Uiz,
T RICiE, M1z s I & B OKE MBS 2 @72 7)) » ROz IKCERS BRI rE#E 40
JEL R TIRIE I —TH ., ZTORKEIERI35kmE Lz, NICAM IC & D ¥ 2 2 L— b INTERE. Bl hiz
EE O - ShERE. RIE, B MLomE A EoRME L <BEHLTW T e h -1z, 5Bk hsn
HHPEOFERERHFICOVT, PANSY L—X—0DFHHT—RZ ETT I I al—ya VEHAEGEDE TR LIRS T
i?%%o
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Occurrence of stratospheric sudden warmings and its predictability during the Northern
Hemisphere winter

# Toshihiko Hirooka[1]; Hitoshi Mukougawa[2]
[1] Earth and Planetary Sci., Kyushu Univ; [2] DPRI, Kyoto Univ.

http://fx.geo.kyushu-u.ac.jp

Recent satellite observations and model studies show large circulation changes are caused in association with stratosphe
sudden warming (SSW) events for the wide region up to the ionosphere and thermosphere. SSWs are caused by enhanced pla
tary waves and classified into vortex displacement and vortex splitting types. Many studies have revealed that the amplification c
planetary waves of zonal wavenumber 2 (wave 2) plays more important roles in the letter type warming than that of wave 1. We
have examined the predictability of recent SSW events on the basis of ensemble one-month forecast data operationally produc
by the Japan Meteorological Agency (JMA). In our studies, each predictable period is estimated by a root-mean-square errc
(RMSE) and an anomaly correlation (AC) in the ensemble-mean geopotential height field on 10 hPa. The resultant predictabl
period widely varies from five to twenty days depending on the cases; the predictable period in the stratosphere is generall
longer than that in the troposphere. It is also found that the predictable period of vortex-splitting events is shorter than that o
vortex displacement ones. This is probably reflected by the fact that wave-2 components have generally shorter predictabilit
than wave-1 ones.

IEFEOHEBNRET NV ZHVIERICK S & BUEEZCAFRBIROZEII, FBREE DB X T ORW R I
MATVB T Lo TE, HEEZARIRE. WIRL/ZT 32V —c X byl &N, Mz i & g
NN H N TES, TNETOZLOMFICE D, BEIIE, RIEWE 2 KD TT 32U — N, 1
T & DB EERREHNZRICLTHWBETENHAENEE>TVES, HLEINE T, JLPFEREFOMIRIC I 5 BUERE
ZERFRMD TRATRENEZ . ST LAY Y TVl THNT E o, Tlal eI, 10hPads i & g O
7 YT IVTHCTIAMEICHE D TR RERAE (RMSE) & 7/ <) —HHES (AC) 5 RAEE 57z, ZTOME. T
HATREIIRIE B LIS 5 HA S 20 HOM TR E 2L L Tz, O TMIATREMIAIZ . SCHRFETEER O Tl AT Ae i &
DL RINICRY, T/, Mdo2RARIE, Bz A RIC AR TRRTREHRAE N C L RSNz, 2D LI,
FRPEIEL 2 o O TRRTREEDS, [ LIS HNTERNC L ZRBIL TWS EEZ BN %,
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Characteristics of the polar vortex and the AO index in the upper stratosphere and lowel
mesosphere in Arctic winter

# Kazuyo Sakanoi[1]; Takenari Kinoshita[2]; Kaoru Sato[3]; Yasuhiro Murayama[4]
[1] Komazawa Univ.; [2] NICT; [3] Graduate School of Science, Univ. of Tokyo; [4] NICT

Purpose of this research is to clarify relationship between solar activity and disturbance in the middle atmosphere during Arctic
winter. In this research we consider stratospheric sudden warming (SSW), which is a typical phenomenon in Arctic winter, as
disturbance in the middle atmosphere including the mesosphere. Some previous studies reported clear relationship betwe
the 11-year solar activities and SSWs in the stratosphere. However, traditional classification of SSW, Major or minor SSW, is
not suited for quantitative comparison with other indices. Therefore we are exploring new indices which display condition of
disturbance in the stratosphere/mesosphere.

There is a typical circulation pattern of Arctic winter which is called as the Arctic Oscillation: AO or Northern hemisphere
Annular Mode: NAM in the troposphere and stratosphere. A strong low pressure, the polar vortex, is dominant in the polar
region and high pressure in the mid latitude at the positive AO/NAM mode, and vice versa at the negative AO/NAM mode. The
AO index is often used to show condition of the AO/NAM mode in the troposphere and stratosphere.

In this work, we calculate the AO index in the altitude range from 1000 hPa to 0.1 hPa (65km alt) which extends in the lower
mesosphere and compare between AO index profiles and circulation patterns at 10 and 0.316 hPa altitude in order to discu
potential use in diagnostics of middle atmosphere disturbance which includes the mesosphere. We analyze climatological glob
assimilation data, UKMO data provided by the Met Office and MERRA data by NASA, in five winter seasons from 1998/1999
to 2002/2003 and get following results: 1) A peak of the AO index is usually at 0.5 hPa. 2) There is a case where mode of the AC
index is not same at 100 and 0.1 hPa. 3) Strong peaks and extension of the negative AO index to the lower stratosphere are r
always correspond to the Major SSWs. 4) There are a few weak disturbances only in the mesosphere which are not categorizi
as SSWs. 5) The negative AO index tend to extend in the all altitude range at the event of two wavenumber pattern, on the othe
hand, that tend to be limited in a particular altitude range at the event of one wavenumber pattern.

In this presentation, we will analyze longer period data and discuss more detail about relationship between AO index profiles
SSWs and circulation patterns at 10 and 0.316 hPa altitude.

AW, LTI B 2 REMTEELISR Th 2 EB 2R A2, B X TED P ERKREROEIL L
LA, ZOEELIC DWW TENMNZGKGHEEIE & OBGRZEIT 2 C & ZHEHNE LTWa, BUEBEZRARARE
KIFTEEhE & OBEIE. KRGS 11 F I X 2 BB OISO e LT, REBREE TN EA TS,
CNSOWE TR, REBZAFIROBREZETIEEE UTEHEMIC, FiED TRENR) » TKEIR TRV e
EMENRPEMEDNTE Tz, LHLZOXK S REMNED T TIIMMOBES E DL #H LV, T Dis, HitkE
ETADIRBRGIEIL & KBHEENE 2 @ /IR T 2 72 0l & LT, RERKOEREZRTHFEELTED
EI9REDLBEMZMHE LTS,

A ZE] oot - R PR OB X, JbRRE) % 7213 FERERIRE— R (Northern hemisphere Annular Mode:
NAM) EREENDZ/SZ—272R U, Rl DWW 2 i S AVIGE - PRV ERE RS EDOE— b, ZOHSZ2—
ERBEADT—RICHEIND, WFE - BEEIC O TR ZORERETIEEL LT A0 index P LIELIEFHWSEN S,

AW TlE. FRIE REE TED 72 1000~0.1hPa(F 65km &) OEEICHBWT AO indexZEHE L. A& E FER
(10hPa #J 30km &%) & HfE R (0.316hPa £ 55km &) OMIROZH ORI & hs U, mJEB Ei - AR
TECEH TNz AO indexh ED K 5 BAGSEM 2R TN, BELOREZRITIHEEE UTHET L T\, T
. AR EEREBIENT T — 2 (FEE Met Office BMEMET % UKMO 7—%, B X UKE NASA HMEfitd % MERRA 57—
Z) ZHWTED, 1998/1999%H 5 2002/2003 1 E TD 5 IO 5. LFOX S AT EAHLMNICE>TE
2o 1) HEKKTO A0 indexDEDO Y —7 1%, FHIE542 0.5hPaC50km @EICH %, 2) 100hPa- 0.1hPaEEICH
WT AO index DIEEIFIFIF—ET SN, £EHBD 10hPaD F FCIEENRELEAEH D, 3) AO index DED Y —
JEPKRENC & ERFR LIS LRV, ERAOMEED 10hPaL FETELTWS L, 49 LEKFIRE TR
JELEW, 4) ABMIEFIRO 2B TR ARE B ZSAFIR & HIE SN WHRIE O A DEELEFET 5. 5) EELRFICH
B2REENAHENE &, AO MFIEEEETAEITZDRTV, HE 1 EDHEEF SN2 551, AO ADEEHFRIFANE S
NB5EIICHZ %,

AFERTIZ. O Z B LT 10hPals X U 0.316hPac 351 B 1B/ S 2 — > L B EIZ29R FH ik, AO index
DRI DOV TG Z D TV L,
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A 3D analysis on the role of atmospheric waves in the interannual variability of
stratospheric final warming in SH

# Soichiro Hirano[1]; Masashi Kohma[2]; Kaoru Sato[2]
[1] Earth and Planetary Science, Univ of Tokyo; [2] Graduate School of Science, Univ. of Tokyo

Material circulation of the middle atmosphere has often been studied in the two-dimensional (2D) meridional cross section
using the transformed Eulerian mean (TEM) framework (e.g., Plumb 2002). There are, however, increasing evidences that th
circulation has zonally asymmetric structures (e.g., Sato et al. 2009; Hitchman and Rogal 2010). These facts suggest the necess
of examining and quantifying three-dimensional (3D) material circulation. The formulae of residual mean flows applicable both
to Rossby waves and to gravity waves derived by Kinoshita and Sato (2013) should be a powerful tool for the examination.

In the middle and high latitudes of the stratosphere, each winter terminates with a breakdown of the polar vortex, called the
stratospheric final warming (SFW). This drastic change is accompanied by a transition of the circumpolar flow from westerlies
to easterlies. Significant relation between ozone depletion and persistence of the Antarctic polar vortex during austral spring he
been shown by many studies (e.g., Haigh and Roscoe 2009). On the other hand, wave activity can influence the timing of SF\
in the Southern Hemisphere (SH), although there are few studies from this view point. Moreover, SFW can affect tropospheric
circulation and the tropospheric responses to SFW have zonally asymmetric structures (Black and McDaniel 2007).

In the present study, we perform a 3D analysis as well as a zonal mean, i.e., 2D one regarding the role of wave-driven circulatio
in the interannual variability of SFW in SH using recently-published reanalysis data, JRA55 over 35 years from 1979 to 2013.

We first focused on the relation between wave activity and SFW date in SH in zonal mean field. It was shown that the vertical
component of EP flux at 100 hPa during austral spring is significantly related with SFW date. In order to clarify the role of wave-
induced residual mean flow in the interannual variability of SFW date, we categorized SFWs into early and late SFW groups
according to the SFW date and examined differences between them. There is a rapid increase of polar temperature differen
in early October, although the difference is insignificant until September. In order to examine what causes the sudden increas
of temperature difference, we calculated differences in time derivative of potential temperature, potential temperature advectio
by meridional and vertical component of residual mean flow, and diabatic heating by long and short wave radiation. Significan
positive differences in potential temperature tendency in the middle stratosphere correspond well to those in potential temperatu
advection by the vertical component of residual mean flow, which is partly cancelled by negative differences in diabatic heating
by long wave radiation. Differences in diabatic heating by short wave radiation are minor. This result suggests the importance o
adiabatic heating associated with wave-induced residual mean flow in determining polar stratospheric temperature during austr
spring, and hence SFW date.

This analysis is then extended to three dimensions to investigate the longitudinally dependent structures, which cannot be sel
in the TEM framework. Although basic characteristics are similar to the results by the 2D analysis, zonally asymmetric structures
are revealed: significant positive differences in potential temperature tendency and vertical potential temperature advection b
residual mean flow are dominant in the south of Atlantic Ocean.

Furthermore, the influence of SFW on tropospheric circulation is examined. Downward residual mean flow is continuously
observed around SFW both in the lower stratosphere and troposphere in East Antarctica, where significant temperature increa
is observed in the troposphere. This result indicates that the wave-induced downward residual mean flow in the stratosphe
penetrates into underlying troposphere and raises the tropospheric temperature.
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For integration of radar observations with a high-resolution general circulation model
using data assimilation techniques

# Kazuyuki Miyazaki[1]
[1] JAMSTEC

https://sites.google.com/site/kazuyukimiyazaki/
For integration of radar observations with a high-resolution general circulation model using data assimilation techniques.
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The response of the meridional circulation to unsteady wave forcings

# Yuki Hayashi[1]; Yuki Yasuda[1]; Kaoru Sato[1]
[1] Graduate School of Science, Univ. of Tokyo

The Lagrangian-mean meridional circulation in the middle atmosphere not only transports ozone but also changes the tempe
ature structure in the atmosphere. This meridional circulation is driven by the momentum redistribution by atmospheric waves
In many previous studies, the steady-state assumption is used in the analysis of the meridional circulation. In general, howeve
the wave forcing changes transiently and the understanding with the steady-state assumption has limitation. Therefore, in th
research, we investigate the response of the meridional circulation to the unsteady wave forcing.

The large-scale atmospheric response to the forcing can be described by the linear response because Rossby number is st
ciently small. Green’s function is one of useful methods for the analysis of the linear response to the forcing. Thus, we obtainec
the horizontal divergence, which describe the meridional circulation, by using the Green'’s function method. As the wave forcing,
we set an external forcing for the zonal momentum equation. The dependence of the shape and time variation of wave forcin
on the formation of the meridional circulation is examined.

For the forcing with a step function in time, gravity waves in a wide range of frequencies are radiated as a transient response
and a quasi-steady meridional circulation as well as inertial oscillations finally remain. This meridional circulation is composed
of two cells in the vertical, and accords with the circulation which was analytically obtained as the steady state. Time scale
needed for the formation of the meridional circulation depends on the shape of the wave forcing, as is consistent with a theoret
cal expectation. In addition, it is shown that the group velocity of gravity waves radiating from the source region determine the
time scale of the circulation formation. We also investigate the case for the forcing changes gradually, slower than the inertia
period. The response is mainly in the form of meridional circulation and changes slowly following the changing force.
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A study on gravity wave parameterization including three dimensional propagation

# Arata Amemiya[1]; Kaoru Sato[2]
[1] The Univ. of Tokyo; [2] Graduate School of Science, Univ. of Tokyo

Recent studies suggest the importance of horizontal propagation of gravity waves (GWSs), especially in high latitudes of the
winter Southern Hemisphere (SH), although most standard gravity wave parameterizations (GWPs) treat GW simply as vertica
In this study, a new orographic GWP including three-dimensional GW propagation is developed and its impact on large-scale
dynamical fields is examined. Our GWP calculates the horizontal location and change of wavenumbers of GWSs explicitly by
vertical integration of the ray tracing equations, and the body forces due to horizontal refraction of GWSs, that exist even without
dissipation. In addition, the computational cost for ray tracing is greatly reduced by effective parallelization using Taylor's series
approximation for background fields of the ray tracing. Two numerical experiments are performed by Model for Interdisciplinary
Research of Climate (MIROC)-AGCM, to which the new orographic GWP and a conventional one are respectively implemented.
For the experiment with the new GWP, westward forcing above the core of the polar vortex in the Southern Hemisphere is
enhanced in winter. This is mainly because latitudinal propagation of parameterized GWs which amounts to 30 degrees at mo
toward the axis of the jet. It is also shown that the forcings produced by the refraction contributes to the significant amount.
The zonal wind in SH winter is slightly stronger in the polar upper stratosphere for the experiment with the new GWP, which
is consistent with the differences in the GW forcings. The strength and seasonal evolution of polar vortex is less affected by
the GW forcings possibly because of the compensation by EP flux divergence by resolved waves. These results suggest t
potential importance of the three-dimensional propagation in GWPs for better representation of the momentum budget of th
middle atmosphere in climate models.
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A study of frequency power spectra of wind disturbances based on observation data by
the PANSY in the Antarctic

# Yuichi Minamihara[1]; Kaoru Sato[1]; Masaki Tsutsumi[2]; Toru Sato[3]; Takuji Nakamura[2]; Koji Nishimura[2]; Yoshihiro
Tomikawa[2]; Masashi Kohma[1]
[1] Graduate School of Science, Univ. of Tokyo; [2] NIPR; [3] Communications and Computer Eng., Kyoto Univ.

1. Introduction

Atmospheric waves mainly originating from the troposphere play an important role driving the general circulation in the middle
atmosphere by redistributing momentum. Gravity waves are most difficult to observe because their spatial and temporal scale
are small. Especially observations of gravity waves in the polar region are still not sufficient. However, recent studies indicate the
importance of gravity waves in high latitudes for improving climate models such as cold bias in the polar stratosphere and bia:
in the timing of the polar vortex breaking (e.g. Geller et al., 2013). The PANSY radar provides wind vectors with high temporal
and vertical resolutions continuously by using five beams pointing to the vertical, to the north, east, south, and west at a zenit
angle of 10 degrees. The purpose of this study is to elucidate dynamical characteristics of wind disturbances in the polar regio
in terms of the frequency spectra by using the PANSY radar observation data.

2. Data and Analysis

An analysis was made of three-dimensional wind vectors over about three years from May 2012 to May 2015 with the time
intervals of 180-240s. This time resolution and duration of observations are sufficient to analyze a full range of the gravity wave
frequency, from the inertial frequency to the buoyancy frequency, if we can assume that the Doppler effects by the backgroun
wind are weak. For comparison, reanalysis data (JRA55) and JMA radiosonde observation data for the same time period are al
used. As the observations were performed by a partial system of the PANSY radar before March 2015, the data in the heig}
range from 1.5 to 5 km, where data quality is sufficiently high, is used for the spectral analysis. The vertical resolution is 150 m
in the line-of-sight direction.

3. Results

Figure 1la shows the frequency spectra of the zonal wind fluctuations calculated using the PANSY radar data over the whol
time period of three years. Itis clear that the spectra slopes are different between the high (wave periods shorter than 10 d) ai
low (longer than 10 d) frequency ranges. For the low frequency range, the spectrum slope is about -0.4. This is consistent wit
the spectrum obtained from JRA55. For the high frequency range, its slope is about -1.9. This is much different from that of
JRA55 whose slope is about -2.4. The spectra of meridional wind fluctuations have similar structure. The vertical wind spectrur
obtained by the PANSY radar observations is shown in Fig. 1b. The spectral shape is different from that of the horizontal wind
spectrum in terms of the spectral slope and transition frequency. For high frequency range (wave periods longer than 1 d), th
spectral slope is about -0.3, which is consistent to the spectrum by JRA55. For low frequency range (shorter than 1d), the spectr
slope is about -1.0, which differs from the JRA55 spectrum whose slope is about -1.5.
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Proposal of detail observation of temperature variation in the UTLS region with
EMU-RASS

Hiraku Tabata[1]; # Toshitaka Tsuda[2]
[1] Informatics, Kyoto Univ.; [2] RISH, Kyoto Univ.

There are a number of interesting phenomena in the upper troposphere - lower stratosphere (UTLS) region in the tropics
including transport and exchange of energy and atmospheric minor constituents. It is important to observe structure and variatior
of wind velocity and temperature in UTLS. We have been promoting to construct the Equatorial Middle and Upper atmosphere
(EMU) radar at Koto Tabang (E100.320, S0.204), Indonesia. The EMU radar is a high power Doppler radar similar to the MU
radar at Shigaraki, Japan, and it can measure three components of wind velocity up to about 25 km height. In addition, wi
plan to apply the radio acoustic sounding system (RASS) to the EMU radar. RASS is an advanced radar observation metho
by combining an acoustic transmitter and a radar, to measure a temperature profile. Adding RASS in the EMU radar enable
us to observe the height profiles of temperature in the entire troposphere and lower stratosphere with good accuracy and hi
time resolution. In order to estimate a possible height range of RASS measurements in the equatorial region, we analyzed tt
sound propagation characteristics using ray-tracing method, assuming realistic profiles for horizontal winds and temperature
Although it is known that wind velocity is relatively weak in the equatorial region, the zonal winds sometimes become strong
at a height range of 5 -15 km, and a sharp bent in the temperature gradient near the tropopause affects the RASS observatit
The quasi-biennial oscillation (QBO) of the zonal winds in the stratosphere also gives large influence on the observation heigh
range of RASS. We also investigated that steering of radar antenna beam and relative position between an acoustic speaker «
the radar enable us to observe temperature from the ground up to 25 km height throughout a year, where the speakers should
moved along the wind direction by 200 to 500 m.

BT D _E ISR IE - SR PE (upper troposphere - lower stratosphere: UTLSBEWTCIE, T3V F—, RUOKEM
EYVEOHE LM > THED, BE < DBKGFENKRKBSNBNE NS, Lich> T, UTLS TOEGEHPIRE O
WA ERET S LlE. TNEDORGKHEREHRT 2 FCIERICEETH S, T2 T, BLWE, AV Ry 700
I 273> (E100.320, S0.204) 7/ MU(EMU) L— X —DOERGETH 2 #H T 5, EMU L—X—&, B MU L—X—
ERUEHNI Ry 79— —X—=TH v, ) 25km X TOEH 3 ) ZHET 5 ENATEETH S, EHIC, EMU L—
Z'—|Z radio acoustic sounding system (RASB)&EH 3 % C L Z5HH LTV %, RASSIE, STk & L— X —7x M
BHEBLICES T, KT T 7 AV EET 5HH7a L — 2 —BTFETH 5, K> T, EMUIC RASSZAHINY
3T EICK> T, FMEETHDOERFR D MRE THRED S NEREEIC BT 25IROEE T 0T 7 A )V 2id% T & T
X%, MEBICI) % RASSEIITHE: @ #iH 2 RAEE % 72ic, AKFm E KIROBENZ a7 7 4 )V E L T,
LA b L—2REIC & B S O 2 T Uz, R 380 2 M3 R gs DN C EWVHIS N TV S A, spEJEIS
1. 5— 15kmOEEH T 55, Fie. MRBERmALIICH T 2IREAROZMEZbIE. RASSEIICEET %,
R RENC 3505 % s pE R oD UE 2 4R F RS (Quasi-Biennial Oscillation: QBO} & 7z RASSO @& g #ipH Ic &% 5% %,
I, TR, L—R—=7 VT —LEE, NOAE—— L —X—DHiBEIc K> T 1ERZBECTCHLENS
= 25 km £ TOSURAE D FREMEZ Tz, ZDHE. A —A—2EED 5 MIcih-> T 200-500 M EBH S 5
DEINH D T B 2,
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Lower-tropospheric horizontal wind variability over Syowa Station, Antarctica

# Miho Yamamori[1]; Kaoru Sato[2]; Yoshihiro Tomikawa][3]
[1] Tsuru Univ.; [2] Graduate School of Science, Univ. of Tokyo; [3] NIPR

Characteristics of lower-tropospheric horizontal wind variability over Syowa station (69 degrees S, 39 degrees E) in the Antarc.
tica are investigated by using high vertical resolution data of the routine radiosonde observation by the Japan Meteorologice
Agency for January 2011 to January 2014. We particularly consider the intensification of northeasterlies which is sometime:
observed in the lower troposphere, usually below the 1.5 km altitude, and lasts for 1-2 days.

It has been described that the prevailing surface wind direction at the Syowa Station is northeasterly throughout the year. On
of the main causes of these northeasterly winds is orographic effects. Since the Syowa station is located on an island to tf
west of the steeply rising edge of the Antarctic continent, the katabatic wind from the continent has westward component anc
also southward component due to Coriolis effect (Sato and Hirasawa, 2007). Another is low pressure systems developing o
the equator side of the station. There are some features that are not simply accounted for with both mechanisms in the abo
mentioned northeasterly intensification.

Statistical analyses show that variances of the zonal and meridional wind components are maximized at the altitude of 1.2 kr
and 8 km, and minimized around the altitude of 3 km. At the 1.2 km altitude, increased power spectral density is observed aroun
period of 3 days. Phase differences between zonal and meridional wind components below the 2 km height are distributed in tt
vicinity of O degree, consistent with that prevailing wind is northeasterly. Cospectrum between meridional wind component and
temperature is significantly negative in periods longer than 3 days, and especially large in the vicinity of the period of 7 days. Or
the other hand, the cospectrum is small in periods shorter than 3 days, suggesting that these components have large amplitude
horizontal wind components but do not contribute to the net meridional heat transport.

It is found that the northeasterly intensification in the lower troposphere is often accompanied by an elevated temperatur
inversion layer at similar altitudes. The inversion layer is sometimes observed as an enhancement of the echo power of PANS
radar when the layer is located higher than the altitude of 1.5 km. We expect detailed examination of the phenomena using th
PANSY data.
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A prominent surface melting event of Antarctic ice sheet near Syowa station

# Naohiko Hirasawa[1]
[1] NIPR

A prominent surface melting of Antarctic ice sheet occurred near Syowa station in 2012/13 summer. This study discusses th
mechanism of the event with limited in-situ data, satellite data and numerical model.

2012/13FEEZICEROK K OV B 50 X, HEE 1200mOHE CIKKRTIC TE 2 IRILD MERIOKDER E TV
BOMNFEREN, ZNEEIHADBEEZREBRUESEEZ 5N, TORRBENIND, EOXSKERETRT 7D
MCOWVWT, KT —&, HET—2 BIEET )V EHANTHSNMIT %,
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Correlation between PMWE and CNA and its height dependance: first simultaneous ant
common volume observations by the PANSY radar

# Takanori Nishiyama[1]; Kaoru Sato[2]; Takuji Nakamura[1]; Masaki Tsutsumi[1]; Toru Sato[3]; Koji Nishimura[1];
Yoshimasa Tanaka[1]; Yoshihiro Tomikawa[1]; Masashi Kohma[2]
[1] NIPR; [2] Graduate School of Science, Univ. of Tokyo; [3] Communications and Computer Eng., Kyoto Univ.

In the lower thermosphere at the altitude of around 100 km, both neutral turbulence and ionization of atmosphere due tc
solar radiations cause irregularities of refractive index, and as a result back scatter echoes from that altitude are frequent
observed by radars on the ground. In the mesosphere, Polar Mesosphere Summer Echo (PMSE) is reported to be a strong e
associated with ice particles, which are produced around the coldest mesopause region in the polar summer, by a number of p
radar observationsgho and Rottger1997; Rapp and Luebker2004]. It should be also noted that occurrence rate of PMSE
is very high (80-90%) Bremer et al, 2003]. On the other hand, Polar Mesosphere Winter Echo (PMWE) is also known as
back scatter echo from 55 to 85 km in the mesosphere, and it has been observed by MST and IS radar in polar region durir
winter [e.g.,Ecklund and Balsley1981; Czechowsky et al.1989; Luebken et al. 2006; Strelnikova and Rapf2013]. Due to
the lack of of free electrons and ice particles in the dark and warm mesosphere during winter, it is suggested that PMWE require
strong ionization of neutral atmosphere associated with precipitations of Solar Energetic Particles (SEPs) during geomagnetical
disturbed periodsKirkwood et al., 2002;Zeller et al.,2006]. However, the detailed generation process of PMWE has not been
identified yet, partly because the reported PMWE occurrence rate was quite low (Z&feé) et al.,2006].

The PANSY (Program of the Antarctic Syowa MST/IS) radar radar alreday observed many PMWE events since it has startec
mesosphere observations in June 20ABhiyama et al.,2015]. In this presentation, we would like to focus on occurrence
characteristics of PMWE during both Solar Proton Event (SPE) and big geomagnetic storms. When PMWE was detected by th
PANSY radar, highly energetic particle precipitations, either protons or electrons, were frequently observed by Polar Operationg
Enviromental Satellite (POES) / Medium Energy Proton and Electron Detector (MEPED) above Syowa Station. In order to
estimate background electron denisty for PMWE altitudes, we established an application method of the PANSY radar as riomete
using measured temporal variations of background noise level. For example, one event study during the SPE that occurred in Mz
23, 2013 is presented. After large flux of precipitating protons were observed by POES/MEPED above Syowa Station, sudde
appearance of PMWE around 65 km and strong Cosmic Noise Absorption (CNA) of "0.8 dB were detected simultaneously.
This strongly suggested that energetic proton precipitations triggered electron denisty enhancement at altitudes for 60-100 kn
Moreover, a statistical study on a relationship between observed height of PMWE and CNA in May 2013 was done. As a result
strong CNA ¢0.4 dB) during SPE has good correlations to PMWE below 70 km. Therefore, it is revealed that PMWE for lower
altitudes (60-70 km) can be generated when strong ionization enough to observe CNA occurred. However, the most of PMWI
occurred without CNA, and therefore, electron density enhancements by precipitations are not necessarily required for PMWE.
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Statistical analyses of polar mesosphere summer echoes and mesospheric winds
observed by the PANSY radar

# Masashi Kohma[1]; Kaoru Sato[1]; Toru Sato[2]; Masaki Tsutsumi[3]
[1] Graduate School of Science, Univ. of Tokyo; [2] Communications and Computer Eng., Kyoto Univ.; [3] NIPR

Strong radar echoes are observed in the VHF wavelength range in the polar summer around the mesopause region. This ec
is called Polar mesosphere summer echo (PMSE). Since the number of observations of PMSEs in the Antarctic is small con
pared to that in the Arctic, its regional dependence and interannual variability are still unclear. In the present study, the PMSE
and wind velocities estimated from PMSE'’s Doppler frequency were examined statistically using observations from the PANSY
radar installed at Syowa Station, which started continuous observations from 2012.

The vertical interval and height resolution of data in the mesosphere are about 4 minutes and 600 m, respectively. The an:
lyzed period is two PMSE seasons, namely, from November 2013 to February 2014 and from November 2014 to February 201"
PMSEs are defined here as signal-to-noise ratio (SNR) of scattering echoes greater than -12 dB in the altitude range of 80-95 ki

PMSEs were observed from November 15 to February 15 and were most frequently observed around 85 km. These chara
teristics of PMSESs are consistent with previous observational studies (e.g., Morris et al., 2005). In the following analyses, the
altitude range of 82-90 km, where PMSE’s occurrence frequency is greater than 20%, is examined.

In order to examine momentum fluxes of gravity waves, we calculated high-pass-filtered components with a cut-off period of 1
day, and gravity waves are defined here as subtraction of tidal components from the high-pass-filtered components. Momentu
fluxes associated with gravity waves are calculated following Vincent and Reid (1983). In the altitude range of 83-89km, the
zonal (meridional) component of the vertical momentum flux is positive (negative), which is consistent with previous studies
based on MU radar observations (Tsuda et al., 1990). However, almost all kinetic energy and momentum fluxes associated wi
gravity waves are attributable to low-frequency components with periods longer than 1 hour, which means that spectral charac
teristics in the Antarctic are different from those in the mid-latitudes.

B RO M REREATIC BT VHF L—2—TIEFIdEnae—Ly b a—2" il h s, chud, sk
5 Z= T a1— (Polar Mesosphere Summer EchB. F PMSE) £ MHEN %, PMSEDFEERTOBIIFIIES N T O, Hl
BURAFIESDE L Z I D E DFARSN TRV, AL TIE, 20124FLI, mfFIEH KRS L — 2 — (PANSY L—
R—) THLNT-HRE T — 2% HWT, PMSERT, HEE X NS OEH#T 2175 T,

PANSY L —X—Iic & % P RIEEH T — Z ORI IER 4 0. SEDEREIX 600 M TH B, Slal. 20134 11 A~
20144F 2 H & 20144 11 H~20154F 2 H D@7 — X Zfitht Uiz, B 80~95 kmic 1) B EELZ I —dD SN ED —
6dBLLEL 5 D% PMSELEZE L., PMSED Kv FS—REIEH KL D, U— L) ROEEEHEE Lz,

PMSED#MHIAMIE. 11 H 156 H~2 H 15 H TH > 7z, MBI EE 85 km Tiv A &% % (8 70%), TN b DK
&, DavisHHD A (Morris et al., 2005 #4510 TH %, LLFTld. PMSEDHBIHED 20 % LA E & 7% % & 82~89
km IZDWTCEEL L fig#f L7z,

AWML T, BEHPERGTE. 11 HULTOBAKR G DS EY R Z 2 Lslnied D) & LTERK L. Vincent and Reid
(1983)D FiEZE AW THEBIE T T v 7 R HEE Uiz, i 83~89 kmIc W T, HINEBIEOIE Y T v 7 AIFIE,
JGHEENEDOIE T Ty 7 AFATH D, ZTOREITWE, BEMU L—A—Ic X2 1T0155 L. FAREE TH -7z (Tsuda et
al., 1990) JAHA LR K D BV E WD TR TH B &, LR EOFMOE A, @8 )L F—, i)
BTV T ADIFZEAEZFAT S N0, AXRT MVERRIZHREE L 38x 5 2 e hbho Tz,
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Propagation characteristics of mesospheric gravity waves observed by Antarctic Gravity
Wave Imaging/Instrument Network (ANGWIN)

# Takashi Matsuda[1]; Takuji Nakamura[2]; Masaki Tsutsumi[2]; Mitsumu K. Ejiri[2]; Michael J. Taylor[3]; Yucheng Zhao[4];
P.-Dominigue Pautet[4]; Damian Murphy[5]; Tracy Moffat-Griffin[6]
[1] Sokendai; [2] NIPR; [3] Utah State University; [4] Utah State University; [5] Australian Antarctic Division; [6] British
Antarctic Survey

Gravity waves, generated in the lower atmosphere, can propagate to the mesosphere and the lower thermosphere, and trans
energy and momentum, and release them at various altitude regions. Among many parameters to characterize gravity wave
horizontal phase velocity is very important to discuss vertical propagation and where the momentum is released. Near th
mesopause region, OH and other airglow imaging has been used for investigating the horizontal structures of gravity waves fc
more than two decades. Although the huge amount of the image data has been observed at various observation sites distribu
globally, the same procedure has been used for detailed data analyses of horizontal propagation characteristics, and cau:
difficulty in obtaining a global map of gravity wave characteristics in the mesopause region. Another important fact on the
mesospheric gravity wave studies is that observations over the Antarctic region were significantly rare despites a significar
amount of gravity waves generated in this region.

ANGWIN (Antarctic Gravity Wave Imaging/Instrument Network) is an international airglow imager (and other instruments)
network in the Antarctic, started in 2011. It seeks to reveal characteristics of mesospheric gravity waves, and to study source
propagation, breaking of the gravity waves over the Antarctic and the effects on general circulation and upper atmosphere. |
this study, we obtained distributions of horizontal phase velocity of the gravity waves at around 90 km altitude over different
locations using our new statistical analysis method using 3-D Fourier transform, developed by Matsuda et al. (2014). Result
from the airglow imagers at four stations: Syowa (69S, 40E), Halley (76S, 27W), Davis (69S, 78E) and McMurdo (78S, 156E)
out of the ANGWIN imagers have been compared, for the observation period between April 6 and May 21 in 2013. We have alsc
compared the results at Syowa and Davis with blocking diagram using wind profiles from re-analysis data and MF radar data
and found that effect of wind filtering by critical level could only explain the directionality over Syowa. It suggests that gravity
waves observed at Davis could be secondary waves generated above the polar night jet.
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Global lightning variability and the relation to climate change and solar activities

# Mitsuteru SATO[1]; Yukihiro Takahashi[2]; Masashi Kamogawa][3]
[1] Hokkaido Univ.; [2] Cosmosciences, Hokkaido Univ.; [3] Dept. of Phys., Tokyo Gakugei Univ.

Lightning activity is one of the good proxies representing the intensity of the vertical deep convection in the troposphere.
Since "80% of lightning discharges occur in the tropical and subtropical zones, monitoring of lightning activities enables us to
assess the activities of the deep convection at the tropical and subtropical atmosphere. For this purpose, observation systems
electromagnetic waves in the ELF range excited by lightning discharges and DC electric field maintained by lightning discharge
currents are installed at Syowa station in Antarctica. According to ELF data analyses, it is found that global lightning activities
dynamically change with a periodicity of “5, “10 and 30 days. "5-day and “10-day variations of lightning activities are possibly
related to the passage of the low- and high-pressure air masses over the continental regions. On the other hand, “30-day variat
of lightning activities is considered to be related with the variations of the solar activities. We also found “30-day periodicity
in the tropical and subtropical cloud amount variability and found the antiphase relation between the cloud amount variations
and lightning activities. Recently, it is reported that lightning activities and the upper tropospheric water vapor variability in
the tropics are well correlated. Such water vapor, which is a potent greenhouse gas, was transported from the lower altitude |
the upper troposphere through the deep convections related with the active lightning activities. It is reported that the "11-yea
variations of global cloud amount and cosmic ray flux are closely correlated and that the amplitude of the variations peaked at th
solar minimum period. To the contrary, recent studies on the global lightning activities revealed that there is “11-year periodicity
in the amplitude variations of ELF electromagnetic waves excited by lightning discharges and that the amplitude of the variation:
peaked at the solar maximum period. Thus, it is deduced that the antiphase relation between the “11-year cloud variabilit
and "11-year variations of the global lightning activities are also exist. In order to nowcast and forecast the short/long perioc
variations related with the global climate change and effects of the solar activities on the Earth’s climate, continuous monitoring
of global lightning activities are very useful. Future collaboration between the measurements by the large atmospheric radar
newly installed at Syowa station and ELF and DC electric field measurements will contribute more quantitative understanding o
the deep convection in the tropical and subtropical zones, global climate change and possible Sun-Earth connection.
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