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AT, JRF R — NV TOREMEZ RN T 272008 LWy Fa—F & LT, ERFm L
DEIIMEGEICEH LMESZE 7 L) Xae, ZO7 ATV X L2 AL PHIFEOMAEZBHIEL T
Wb, BRKZIIFEHREUA RO B TH 5,

o AEEMIRIANC B 2 JEHAMEE 2 R INCHIZET 2 713 ) X L ORFE

o HERUREOBLIEZ ERILT 28 L WIERORGT L. 2 0BLEEZEHLT 2713 ) XL D5k
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2 MEAHZE
AREEIX. FEEOWMZEEHINCH LT 2D Mh ST 2 H#E L 7=,
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FNARST L O TFELE O RNRIRZRICIANT T, N4 Xt & ZENEEIR (DFT) KHEHOLKE—H
HEtE R HASDERTFIEEZAR L, MRRE LT, 7772 e NARE(REYE (b-BN) 0&58%
TH5 h-BCN %23EE L7, h-BCON R, HE MO ZF 7 = v it D h-BN O RHEEZ R L.
M2 TRAEFREBICL o THOANY FF v v IOFENZEH 2 O FERNEH  TRE LT 28
BRERWHMEERTH 5,

PRRZE/E (3 x 3) JAHA - #HAE h-BN/graphene = 2 OFMF FTEFE L, 18 44 MIZBJEF 6 . N
JRF 6 i, C ¥ 6 iZALE S 2 2K 571 HiEDIET %, ZOWRRERMZEMED & LEMISE T
H3 720, FFERBEE2NZ MERICERT 220 a—F 1 Y 7FENRE R 2, AFKTIE. 1EED
one-hot T a—7 4 Y 7R LT, EFERFOEHRE F X4 VHEK B-NMEVPLZENMIHFET LW
SHIR) ZHHAAAT DKNA (Domain Knowledge-assisted Neighbor-Atom) T.> a—F 4 ¥ 7% #i7-
IR L7z, DKNA > a—7 4 ¥ 7 Tid, &34 POREFEAHRICMA, Kl 3 %4 b OITRER
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EDEEMREITS T vk, A KBS B 5 13 BB O T R ZE B O BRI R BB ¥ 5 TF
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T B> SRR EN 3,
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'y b)) BHOWT, IENHEBOFIECZ 7 v F2FIZE L, BH%E nag FITK DAL, ERY b0
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ERRE LT,

o BIERME EFHE I ILRIIY) KA I NGO 1 £y b&F(L (QSMAP) ZHWT,
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0.168 eV /atom (KEIRIEH v b4 7 60 Ry TOFEHEME) TH o7z,

X5, AR O R T —aF 27 M7 4 FHLE (RAEZAL¥— 0.157 eV /atom) HFHHR
L7ze ZHHOMEIVTNS, F—HK - F—FHOEITHATHE SNZET L (0.44 eV /atom B X
X 0.28 eV /atom) ¥ L TIERICKETH %, /2. BN BLU C-CHREBERALT 3 w5 BEA
DLEAHIE BBELTE D, BRSO EDOZYELEMNT Sz,

N FHEEDON NS, 7Y IITIE1.95 eV, 7T—AF = 7HTIZ1.05 eV OV FF ¥ v THHE
HE iz, Zhs OMERETIHETRE SNFR—HKETONY FXy v 7OHF (PBE L LT 0.98
~1.82eV) EAELTBD, A—MHNTHREFEEC L > TEFYELIKE SRR S Z e HIUD THERS
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—Ti. RITNT 4 VR ¥ E KBIRAR Y VRSN S 2 @l h ISR R R 2 IR & Wz s T A& R
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BN T ORI LRERICAAIRTH D, BTN T4 AR ) 3 F XIS OERICIGZ B R e LT
fESI b,

BUfE. KR ICAT 72 k6 st e LT SNARRT LD R AV ¥ 7% — > ORI S D A
ATWS, BRI, 6 x 6 ORIRPEEFS T EICER SN b —F RAEICBF 2 0 LIEX A LVORLE S
R—NZDOWT, WERE T = Zg x Zg ¥ HAEE Dg OFEM G =T x Dg (% 432) ZxFrfEe LT
FZ, R2AS6ED DK — U T EOEME (HE) oI e ER LIz, ZOFHEICEWT, Hilk
ZHUNT BT B A E OEHHIRZ X A L0 HETEIRO R ERIENTD O BEIEH U, BEED De XMED
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InGaN T v & % & ¥ v BCR A O AR I B

FERRS: KRBT LA ert A

[FFELE R - HR9) S8 InGaN 2iGHE L T2 R8T A 20RBIZHE S L L, S ATHH
B X O InGaN LED 28BS T3, —J7, L0 In Mz e 3 2 R 3R KiRic
K32, 2o—KE LT, InY v InGaN iGMEE Off s R IcF A T 2 SEE o R ORI v
Z=)pMER I T3, In Y v F InGaN iEHEE o & @B L ic g ¢, &SRR & & In K & Wiz 3 2 6
B REZH O 2T 208035 528, In MM ZIRE T 2 MmEREBHEO SR IIRZMHI AL TR v
DT, Fol i SRS ORI TFEY ORI Twb, 22T, AiFFEoHMWIE, KERHORT
W& & In fHKOMHBAZ O A2Ic 3 2 2 & T, AN ZABRE2 O In fHARERIEICE Y, SRR & & In
FHR A W3 B AS RS OBHIc O T2 2 2 TH B,

[=B751E] Bk~ 2 At 700 EIC R L 7 InGaN Jg o In #A% % FEERIVIC R 3 2 & [FIRFIC, RS v
Talb—%—%HwT, RERMOFFHE L In IUY ALEE L OMHBIRMR 2 HERIIC T3+ 2. 2ho
DIERZHNICT 4 — PNy 25528 T, JAFL_ATo In HKREEBE OB Z Hi5S.

[EEER]

DIn B Y 3A B O T F A E D FEERAFH « ey 2 L2 E T 2L v X0 GaN v 4 7 afifid
% (00011 GaN 7 v 7'L — F B LICTERL L, %2 D LIcH S B S BRE % F v € InGaN & 7 i
SRR L7z, % OfER, fiREEZEYICHIE T2 2 2T, w4 7 viEo o e s 5 (0001)
I iR EaFE, SMICR D> TAH 7 ARRE S R ICONTEERLL, A+ 7 M 10 KR cldE @k
Hicks Z &AL Lz, AR, In RO T EIC X 2 08E In #KZ O ATREM: 2 /R L
THY, OHED 7VH T —ERICH T - EHE AR ch v, Fockdft <d 2 [BUER 2].
@fEEFEY T 2L — 2 —IC X MmN - L v X B~ 4 7 ufiiEic s 0 3 In RO AR EED £
A = X LB AT C, B JREE RIS X BT 21T o 72, (0001 fUERANIC 3513 % In BT D%
B GE LR, InBOERTFIE N&IEINZAT Yy TinDinfFOJRF3 4 Mics v TLEN T 2 I
HD, LOHMEMHEIRE I N, KEERIE, InGaN ER O In f % RE T 2 G ERED 2%
I Ia T - BE AR TH Y, G e L TOHMRICE - 72 [BUER 4].

(GIEANE=200)
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2. FEAFE
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3. EEKER- BT

FPEAAG T OEFPETIE, 2413 OLERBEN G TN D EMR ORI R v N — 27 2157, 72
FEFRIENT/N S TMGa D A FVIENNEIC T ' =7 L RS L, BRI Ga(NHy)s £ 7213 GaH(NH,),
N DR ERANCA R TH -7, £ LT, Z OO AR R Tl E R
IR FEDNENZ ERbhrole, EERERISOFHETIE, AHALEL A7 L —a Vil
TR [FIRF IS B JE L7 fRMT 20 & NH; 23 % i BT NHH2H ~0 3 2 BB & S iz,
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AIN 3 X OVE ALKARL AlGaN (ZIR%E54 LED, LD DY T A A B L ONEGHEMEE 77 /3 A DO EHE
LT, BEF= XX —O@E2hERM b 2 0IF, B prF —Edirds KOG BT LBt BREE 7 X
ARELTHIFFESNTWD, TNHDOT A AZHNLN DM MERL, SRS E X ¥ —
(MOVPE}EIZ L » THES L5 28, Mk 5V ITFEHEA & MOVPE ik &34 (K95 REIC X
0. HPHEE D OFT A ARHEEZ IS D FENEE LV, ARAFIECIIRBRT 2 OKHBGRD i fa 5k
W EDORERIEE TOREGRE A T =X LAORAE B E T 5, FEBRIICIIE &0 fRRERS TR BVE
BOHTEEENT K D KU BOGIEATHAN OGS & SO 21T 9. B ONTZERT — 2 IIREET Y 7
OEEIZHERN L, 8K MOVPE fifailiR 7w & 2 O —i 72 Bifig 2 A9 2 & 2 i A
&5,

EBRGE

B 1 o A RE A T )RR 5y AT 448 (TOF-MS, KANOMAX #E# infiTOF) & FIV " C, AIN OJ5RF T % b
VAFAT =75 (TMAL Al(CHs);) & NH3 OSKAHBUGIENT 21T > 72, BUGHT & L TPEE 26 mm
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TMAI OFUSFEDKFE R NH; IR TH 50, F v U T AHKTHLI AT D2 LN TED, K
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F 2 —7I2L Y TOF-MS |2 A LT, 23 FREOFEE & TR E ORI TYEZ 0T LT,

FERER

FPTNH3 ZEAETIC, F¥ UTZARN2OEEE H2 DY o0
BT TMAL DRI E D 21T o 1=, FOFEHE. SRR Al(CHa),NH,

N o - - : = Al(CHs),-NH-AICH;3-NH
JEIIN2 & H2 TR 400CTH o7, 2D &b LENE | ooy o Sl

TMALIZH2 % U 7 A B0 HESGIC X 50 72bb

CH3 EDBEMAMEHE SN2 N & BNbaoT-, TMGa D

BIITEE SRR T 2R LIZZ &b, ALC fEA NI
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100 C7H>5 1000 CTHM 24T 7246 B2 KIor~7, 150°C Le03 | s
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[1] A. Okuno, M. Sasaki, Phys. Plasmas, 32, 032502 (2025).
[2] T. Kodahara, M. Sasaki, +, Plasma Phys. Control. Fusion, 67, 065012 (2025).
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The role of symmetries in fluid and plasma systems

Julian Mak
Hong Kong University of Science and Technology, and
UK National Oceanography Center

The present problem is motivated by the work of David et al (2022), who
identified that the two-layer quasi-geostrophic system naturally possesses
discrete symmetries (in combinations of Charge, Parity and Time) akin to those
symmetries in quantum systems, and investigated the consequences imposed
by the symmetries on the resulting solutions of the associated linear baroclinic
instability problem. Given a natural interpretation of baroclinic instability (and
more generally shear instabilities) in terms of interaction Counter-propagating
Rossby Waves, the present work considers the associated consequences of
discrete symmetries on the resulting wave interactions, initially for baroclinic
systems, but eventually for the wider class of shear instability problems.

To kickstart the project, Julian Mak made a research visit to RIAM in September
2025, to coincide with the 2025 AAPPS-DPS event in Fukuoka where Julian Mak
was a plenary speaker for one of the sessions. The trip involved discussing with
Prof. Kosuga and Onuki on laying the foundations into more general
collaboration, but also specifically in formulating the Phillips two-layer quasi-
geostrophic system in terms of Counter-propagating Rossby Waves variables,
resulting in a dynamical system where the variables of interest are the wave
couplet amplitudes and phases. Amplitude-phase equations analogous to the
work of Mak et al (2024) for the sloped Eady problem were derived, and the
problem of normal mode growth and transient non-normal mode growth, with a
particular focus on phase shifts between the wave couplets, is currently under
consideration by Julian Mak as well as his MPhil student Jiahui Yin. It is
anticipated there will be two articles attributable to the funded project to be
submitted by the end of the 2026 calendar year. Further work on this front
involving stratified shear instabilities, related instabilities problems in
magnetohydrodynamics/plasma systems, and more general considerations of
general wave-action variables and exploring the role of discrete symmetries in
the Hamiltonian formulations of the analogous continuum systems is being
considered and will be pursued in due course.
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Triadic resonant instability of internal gravity waves in a stratified
shear flow

APPLICANT: Anubhab Roy, (II'T Madras, India)

Summary

In this work, we study the stability of an internal gravity wave (IGW) mode in a 2D, inviscid, uniformly
stratified, linear shear flow confined between two walls. In a reference frame moving with the wave, we obtain the
Dubiel-Jacotin-Long (DJL) equation for the wave elevation (7):

U. N?

VQW:—(CiU)(Ug—QUz-H??)—mﬁ (1)

Assuming a periodic solution of countably infinite discrete modes, the DJL equation can be simplified to a
Taylor-Goldstein equation for each discrete mode. The TG equation is solved analytically and discrete IGW
mode eigenfunctions are obtained in terms of Bessel functions for the linear base-flow. The dispersion relation
is solved numerically.

To study the triadic resonance interactions (TRI) including modes from the continuous spectrum, the
weak shear limit has been chosen (|U| < N), allowing the use of the WKBJ approximation. A Lagrangian
coordinate system (&, () is used, which simplifies the analysis by reducing the material derivative to a form
that does not involve vertical differentiation:

Dy =0 + ()0 (2)

The analysis shows that for short-wavelengths, the triadic-resonance instability is spatially localized at a
particular vertical level (.. The governing equations are written in the vicinity of this level by stretching the
coordinates to n = 1/q/d(¢ — (). The resulting equation for the perturbation amplitude A(n) is derived as:

A1) + A() (1 +iho)? = (Ag +1)) = 0 (3)

Solutions for this localized instability are obtained in terms of parabolic cylinder functions U (v, +u). Recent
results imply that, unlike the no-shear case which yields discrete real eigenvalues (N = ++/—1II;), the presence
of shear (¢ # 0) may result in no discrete eigenvalues for this problem. We speculate that the shear-flow tends
to weaken the resonant instability at short wavelengths and are currently examining possible transient growth
of perturbations through numerical solutions of the slow-time evolution equations.
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3) “Trapping state of hydrogen implanted into B2 ordered FesoAlso alloy containing supersaturated vacancies” F. Hori,
S. Hirayama, J. Tian, Q. Xu, A. Kinomura, K. Ohsawa, K. Yasunaga, The 20th International Conference on Positron
Annihilation, 2025 Jun. Takamatsu.

4) “In-situ measurement of stress relaxation in hydrogenated bulk iron by gamma-ray induced positron annihilation
spectroscopy” F. Hori, S. Araki, Q. Xu, Y. Taira, The 20th International Conference on Positron Annihilation, 2025 Jun.
Takamatsu.
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Table 1: Maximum wind velocity in RIAM wind-wave tank. Different fan were used for the periods 2017-2024 and
2025. Values of U~ in 2020 and 2021 were extrapolated values. Values of Ujp in 2017 and 2019 were estimated
from U« using model (Takagaki et al., 2012). Values of Uig in 2020, 2021 and 2024 were estimated from u* using
model (Takagaki et al., 2012). Tap water were used in 2017- 2022,2024, and SDS solution was used in 2023,2024.

solution Nioop N r U Lo u
[num] [rpm] [m] [m/s] [m/s] [m/s]

Takagaki et al. (2017) ™ 0 1300 6.5 14.0 22.8 -
RIAM Report (2019) T™W 0 1700 6.5 222 36.8 -

RIAM Report (2020) ™ 0 1600 33 24 37.6 1.9

RIAM Report (2021) ™W 0 1700 33 25 43.5 2.2

RIAM Report (2022) and

Tukagaki et al, (2023) ™ 0 1700 20 24.0 40.3 2.0
lkeda et al. (2024) T™W 0 1700 20 22.9 - -
lkeda et al. (2024) SDS 0 1700 20 24.0 - -
Kurihara et al. (2024) ™ 0 1700 5.5 21.52 - -
Kurihara et al. (2024) ™ 0 1700 6.5 21.46 - -
Kurihara et al. (2024) ™ 0 1700 19 24.01 - -
Kurihara et al. (2024) ™W 0 1700 20 24.09 - -
Kurihara et al. (2024) ™ 0 1700 33 24.04 - -
Kurihara et al. (2024) SDS 0 1700 55 21.94 - -
Kurihara et al. (2024) SDS 0 1700 6.5 21.83 - -
Kurihara et al. (2024) SDS 0 1700 19 23.49 - -
Kurihara et al. (2024) SDS 0 1700 20 23.40 - -
Kurihara et al. (2024) SDS 0 1700 33 23.49 - -
Present ™ 0 - 35 33 - -
Present ™W 1 - 70 33 - -
Present ™ 2 - 105 33 - -

Fig. 1: Wave generator. Fig. 2: Multi fan.
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Fig. 1: Turbulence generating grid. Fig.2: Power spectrum velocity fluctuation.
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L, BZKGERE T A0S M2 CO2 Ml 5Tk © b HEREAFE L, NEEY otic X - TR
FITRIC R ELTE 23 U Tz, — R <, RO (LS 2008) < B@loEIC X b KE
ICEEHEENER I N Tz (K 1b, ). DR (23.0~23.4 op FFHE) O C IR ELFGES) = 4 1
F—EORE T 100 W kg, SHEILEURECT 10 m?2 s IGET2E L WELIRSE L Tz, C oEliiiz
PRI X0 ERIICELIR AR S 23R T3 A L, BEWRICERN T 2 /AL EIC L > TAEL T
Wiz, SN O X 5 N E OV, b L IFEEARRE D X 5 RIEHETTR R O LR E
IR L CTRAE L 72213 FAETE b 272208, WIS L THIRE~FEOBITIE CIRIERE O % EE
fHEICE W THHWELTREAPE L TV B EEDRHSL 2> & o 7z,

2025/10/29 - 11/04

28

2025 410 H 29 H2» 6 11
H4 HEFT2ILIA
KG2514 fiifE ¢ hE L 728l
TRBLHIAE R, (a) Hics T
2 HHEAE T 5 O K
F 72 13EE 500 m ¥ TOF
FSIFSLLSLS YIELTE B — 4 L ¥ —Hok
Vertical eddy diff m?s?'  He(h T ). RANIEREIC
B LMER 7 bV EIR
7. (b, ©) KFE#EIED N2
HWTINIC 35 1) 2 Ly E) =
AV F —HURHE & SRTE RN
0% WIS K, DI, 2 v

150

131°E 30 132°E 30' 133°E S 0@ & 0@ & 2 — [ IHEEER R T

33°N

Depth [m]

30 Kyushu

32°N

Depth [m]
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R T iED B H ARG OWFDILIEE) 2 48 T % 72 o0 O BLAIESE

RIGFRF: 1) 114 KR

THET, BEA 3=, ILhE - fE8R - RIFRIGETOKIER - EOEOE=42 1) 7, HETO
BN ZIT-> TV 5, EETIE, BIFRILESEOMTICALE T 5 LEBER T 5B % i
DTWD, ARG TIE, LIRS TIT o EEBLIR O Tk 2 £ L o 5,

TLRIFIER OBNE & i ROKIEIL, 2K 10 km &£ 700 m THD (K1), F 112, 2022 FELIKE
OB 2773, BRAEMY) 570 (Cross canyon) &Ik 5 F71A] (Along canyon) (ZBLRIE A 3% 1T T
BV | FEARHIIZ Cross canyon OWFET CTD HOBR 21T > TN D, v T XA DMIRENRBH D & Z1L,
A ADCP 7 — & 1> B oy % B s USRI 7o i EhE 215 5 7212, Cross canyon JHI#R % 25 IFR]
THEEEFEL TS, ZAVE T, EEOHREBIIL, RORFEHAE CIT>TElz, 72721, 2025
FEOFPIFHAIZER & L7z ADCP-150 kHz (XIEH 727 — 2 # UG T e hole, Fio, FMRMEEHET
— B E/DH-OIL, ~ T E— LRI X DRI RE 1T 72,

129°00

B TR
Felig K
)RR (WFFEREH)
JUNRS: S 058
TR FTRHEEAN),
ERETE (WFIEW)3)
FRERT InRERER PR 2 —
wAMEZ WFER )
e o Y K PEMRE R o 2 —
JLFASAS  (BF7E s J13)
(AW KENFZEE & —
e \ VSRR, JEEH R,
1. Cross canyon (O) & Along canyon ([) H P EERRR (WFSE T ) 3)
DR, AR A,

F 1. 2022 LI SE0E L 7= #01,

Date Mooring CTD/XCTD/XBT 25hr Ship-ADCP Multibeam
NO89  2022/04/24-28 - CTD (C) 75 & 300 kHz -
N112  2023/05/23 - XCTD/XBT (C) - -
K912  2023/06/12-14 - 25hr CTD-section (C) 300 kHz -
N132  2024/04/22-26  Deploy (GX) XCTD (C),CTD (A) 75 & 300 kHz v
N137  2024/07/23 Recover CTD (O) - -
N140  2024/08/08 - CTD (G7) - v
N141  2024/09/13 CTD (G7) - v
N150 2025/04/19-23  Deploy (GX, GY) Rinko-profiler (C) 75 & 300 kHz -
N157  2025/08/13 Recover XCTD/CTD (C) - -

(Cross or Along canyon)
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i ERREEIC B S 2 BT SE

[ESZBRIERTERT  PUiR

T HWY

HERSE~ D RGBT (27 v A E) o282 iYL U<, HRGLFRMERE B 70 2 = 2
I EarthCARE 25T L CH 0, 2024 455 HICARHEZ TS LiF b iz, REFEICIIENL —F —%H
W AR PARRT A X —ATLID &HICEL —X—, $HEA A= v —, INHE R
I, EEE -0l -2 Z2MHAL KGN 7 e &7 PEREREI NS, —/T, 207 RE
7 MITIFHEY) T2 A LRFECT —2 Y Y —20filli% 2 5 v | FHEEE R E o720 ofiiig{k et )
7T Zr MOKRE EOHIRIND 5, £ TR TR, TS ORIF R A . B mETFE O
BFECH 7o X7 b EHNE T5, 72 R TER LTI X L DR EarthCARE
7w Xyt oGEEE B L U7z R8I O ERE b A ofilk L 35,

WFgEsiik & AR

HHEMNTE R TR LD 7 4 £ —E51i3 (Ffic ATLID 28 0HE 74 £ —), k125X
L & HICHBEBELR S B S &N 3, LoT, 74 X — 252 w7z KK T D IEEEZ o )P
BHEE IC BT 2 L HEEEL S OBk ECFIH) ZEEAFE L 25, BT <. BERKERK
IA X —DHERS & LB ST 3 72010, SEEGELIS ZHHEST 2 74 £ — (L ERK
744 —) ZEBRI - WARCHIFcHRFFE L. 743 ) KL% - WRICHHALC& 2, Zof
<. M@ty =% =% Ao 7zFELHE € — F coS EEHEEHISE T b, v 2T L~DfRik% X
> TCE 7, SHEIZ. HHBETTIEENE CREE/NEFHT) 1< TBIIERH L < 2 ERYRELIE € —
FCTOSEMEL 7 4 X —~FREHE > 2T 228 AL, i€ — FHEZE L 72 EFB I Z AR L
T2, FREHIE S R T LICBWTHEE o TWAELREN RN ET 74 A v F OFEE X OE
SWIEZTEL T 2 ICIIERR BB OES kb o7, WENZEFEHICH T T, 5l 2 h X BTz iED <
Wi,

BREEHTE - LRSI o F ot EH BRI Z TR > TR EARYZ PARIRT A X —F — 2% Hv
T. ATLID KGR FHET L) XL OWKGEE - B %D 72, & 2 Tlk. KRR TFE O #7205
HoN T AR (GHBUREL. HRITHELREL RN R &) BREEE e, 2 - H B ol R v —
AR SN, ATLID FIRGR THEE T LT ) R LD YD RE Nz, — T, E- 270y L D#E
e RN 2 B KTl 2 7 — A3 B 5 EDXOPOFE LRI N, IO OFREICH LT
TATY RLOHRRPEME Nz, b OWIFEEER TR P FRFXEL TARI N,
WFFERR

FFRm L 1IE, P - ARSHKR 41

W ZE A AR

gk PEERR I (ENZBREERFERT)

Wroetm s = (ENZBREETIEAT) . MIARRL. FEEnTRk LN KEEIGR J12A T 98 T)
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RIAM JOINT RESEARCH REPORT SUMMARY (English Form)

1. Research ID: 2025CR-AO-15

2. Research Title: /1770 « HEGHIET /WIC K 2 BVERAFIAH AAEH O &R PR (A hybrid dynamical-

statistical modeling approach for understanding tropical basin interaction)
3. Category: Standard

4. Applicants
Affiliation: 'Japan Agency for Marine-Earth Science and Technology, 2University of Tokyo

Name: Ingo Richter!
5. RIAM Attendant: Hiroki Tokinaga

6. Summary (150~200 words in Japanese or 100~150 words in English):

Interaction among the tropical ocean basins has a profound influence on modes of interannual
variability, such as El Nifio/Southern Oscillation (ENSO), and contributes to shaping the patterns of
future climate change. The present project has used global climate models and simpler data-driven
models to study these interbasin interactions. Linear inverse models (LIMs) were used to emulate the
behavior of complex climate models. The results show that LIMs are capable of reproducing some
aspects of climate models, such as interbasin interaction, while only requiring a fraction of the
computational costs. This framework will form the basis of future investigations.

Global change projections were examined with respect to how Pacific-Atlantic interactions change. It
was found that ENSO’s influence on the tropical Atlantic strengthens substantially under global
warming. Using a simple statistical framework, it was found that this can lead to higher predictability

of the tropical Atlantic on interannual time scales.

*) Submit either one of Japanese or English forms.
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A hybrid dynamical-statistical modeling approach for understanding tropical basin interaction

(IR - BERHRYE 7 VT & 2 BvE A A ELAE F O R A B0 ZRAE)

WETFERTZEBA 8 H%HE Ingo Richter

1. Background

It is increasingly being recognized that variability patterns in the tropical ocean basins, such as El Nifio-Southern
Oscillation (ENSO), mutually influence each other through atmospheric pathways. These interbasin interactions
shape the development of ocean variability on seasonal to multi-decadal time scales. Therefore, a deeper
understanding of the underlying pathways and mechanisms is expected to contribute to more skillful seasonal
predictions, and may also lead to a better understanding of how the climate system will react to changes in

greenhouse gas concentrations.

2. Activities associated with the research project

2.1 Building a data-driven model to replicate the behavior of global climate models

In previous work (also partly funded by a RIAM Join Research Grant), the well-known linear inverse model (LIM)
approach has been extended in two ways: 1) We have developed a technique to split the linear operator in such a
way that the interaction between specific basins can be suppressed by zeroing out off-diagonal elements of the
operator matrix (Kido et al. 2023, Climate Dynamics). This allows assessing the contributions of individual basins
to TBI. 2) While, traditionally, LIMs have been trained on observational data, we have trained the LIM on output
from a global climate model.

The LIM framework has been used to emulate the behavior about 40 global climate models and these simulations
have been analyzed. A manuscript is currently in preparation by a collaborator at JAMSTEC (Shoichiro Kido). The
work has been presented at several international conferences, including the Pan-CLIVAR meeting in Indonesia (see
reference under 4.).

2.2 Extending the LIM framework

In collaboration with researchers at Tohoku University and JAMSTEC, the LIM framework has been extended to
represent the seasonal cycle and the persistence of stochastic processes (Lien et al. 2026). These refinements
improve the seasonal forecast skill of LIMs and should also enhance their ability to emulate global climate models.
2.3 Projected strengthening of EIl Nifio's influence on the tropical Atlantic

Using the output from global climate change projections, we have investigated how the interactions between the
tropical Pacific and the tropical Atlantic change. The results show that the El Nifio’s influence on the tropical
Atlantic strengthens substantially as deep convection becomes more concentrated in the western tropical Pacific.
Based on a simple statistical prediction scheme, we show that this can lead to increased predictability of the tropical
Atlantic. The results have been presented at several international conferences (see 4.) and a manuscript is currently
in preparation.

2.4 Design of global climate model experiments for the study of interbasin interaction

In 2024 and 2025, the PI led the development of the experiment design for global climate model simulations that

study interbasin interaction. This experimental protocol has been published in the journal Geoscientific Model
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Development (Richter et al. 2025).

2.5 Review of interbasin interaction and the role of the Atlantic Meridional Overturning Circulation (AMOC)

The PI participated in a review of interbasin interaction with a focus on the role of El Nifilo and AMOC. The study
has been published in the journal Ocean-Land-Atmosphere Research (Hu et al. 2025).

2.6 International Workshop at the University of Tokyo

The PI and RIAM Host Tokinaga co-organized an international workshop on interbasin interaction at the University

of Tokyo. There were about 25 in-person participants and 15 online participants.

3. Refereed publications resulting from the project

Lien, J., H. Ando, L. Richter, and S. Kido, 2026: Noise persistence in a cyclostationary linear inverse model
framework and its impact on ENSO evolution and prediction skills. J. Atmos. Sci., , €250066,
https://doi.org/10.1175/JAS-D-25-0066.1, in press.

Aixue H., I. Richter, and 12 co-authors, 2025: Unraveling the Complexity of Global Climate Dynamics:
Interactions among El Nifio—Southern Oscillation, Atlantic Meridional Overturning Circulation, and Tropical
Basins Across Different Timescales. Ocean-Land-Atmos Res. 2025;4:0096.D01:10.34133/0lar.0096

Richter, 1., and 18 co-authors, 2025: The Tropical Basin Interaction Model Intercomparison Project (TBIMIP),
Geosci. Model Dev., 18, 2587-2608, https://doi.org/10.5194/gmd-18-2587-2025.

4. Selected conference presentations

L. Richter, Ping Chang, Takahito Kataoka, Shoichiro Kido, Noel Keenlyside, Yu Kosaka, Yuko Okumura, Hiroki
Tokinaga, Tomoki Tozuka, Isabelle Vilela, “Strengthening ENSO influence on equatorial Atlantic variability in
global warming projections”, 2025 International Workshop on Interbasin Interaction, University of Tokyo, Tokyo,
Japan, 2025/12/3

S. Kido, L. Richter, Y. Kosaka, T. Tozuka, H. Tokinaga, and P. Chang, “Emulating GCM Experiments with
reduced-complexity models: Insights into tropical interbasin interactions”, Pan-CLIVAR Meeting 2025, Bali,
Indonesia, https://pan-clivar2025.sciencesconf.org/data/Abstract_book revised 22Sept.pdf, 2025/9/24

L Richter: Introducing TBIMIP, “The Tropical Basin Interaction Model Intercomparison Project”, Pan-CLIVAR

Meeting 2025, Bali, Indonesia. https://pan-clivar2025.sciencesconf.org/data/Abstract _book revised 22Sept.pdf,
2025/9/24

L. Richter, “Robustness of Atlantic Nifio mechanisms in global warming projections”, BACO-2025 Meeting,
Busan, South Korea, 2025/7/23

Richter, L., N. Keenlyside, T. Tozuka, Y. Okumura, C. Wang, P. Chang, S. Kido, and H. Tokinaga, “Re-evaluating

the two-way interaction between the tropical Atlantic and Pacific”, APL-ICAR Workshop, Yokohama, Japan,
2025/7/10

4. Project members
P-1: ¥HFEAFFEBAFEHEAE Ingo Richter
HEEA: JUNKY: R 2
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Tidal impacts on wintertime mixed layer formation over the Bering Sea
by numerical simulation

Japan Agency for Marine-Earth Science and Technology, Hung-Wei SHU

Abstract

In the Bering Sea, the wintertime mixed layer is crucial for regional heat balance, yet its interaction with tidal forcing
remains poorly understood. Baseline numerical simulations reveal that omitting tidal forcing results in insufficient
mixed layer development and a significant warm bias (+20% increase in ocean heat content) in subsurface
dichothermal and mesothermal waters. To isolate the driving physical mechanisms, we conducted sensitivity
experiments applying tidal-derived vertical diffusion coefficients independently to the Aleutian Straits and the
Bering Sea Shelf within a non-tidal model. Results demonstrate that tidal mixing in the Aleutian Straits dictates
basin-wide hydrography, driving vertical salinity homogenization down to 600 m. It suppresses the vertical
stratification, deepening the wintertime mixed layer and thus cooling the mesothermal water by supplying surface
cold water to subsurface. Conversely, mixing isolated to the Shelf restricts mixed layer development and sustains the
high temperature in subsurface. While Aleutian Strait mixing dominates overall basin cooling and stratification
breakdown, persistent high surface salinities in the isolated Strait case highlight the critical role of subsequent
interactions with shelf-modified water masses. Accurately representing these localized tidal processes is essential for
future high-latitude ocean modeling.

1. Aim of research

Wintertime mixed layer in subpolar to polar regions plays a pivotal role in both the ocean cooling (Miura et al.,
2002) and fostering marine habitats (Stafford et al., 2022). Despite its significance, our understanding of its
interaction with tide remains limited, particularly regarding the pronounced impact of diurnal tide on water
properties modification in high-latitude regions (Vigan and Ohshima, 2021; Nakamura et al., 2004) such as the
Bering Sea (Nakamura et al., 2010). This study addresses this gap by comparing the tidal and non-tidal forced
configurations of the Bering Sea through a high-resolution ocean general circulation model covering the entire North
Pacific.

2. Method

To investigate the tidal impacts on the Bering Sea, we employed the CCSR Ocean Component Model, known as
COCO (Hasumi, 2006), featuring elastic-viscous-plastic rtheology-based sea ice dynamics (Matsuda et al., 2015) and
coupled with tidal oscillation on the pressure gradient term. Model results underwent validation against an Objective
Analysis Dataset (Ishii et al., 2017). Operating on a curvilinear coordinate grid, the COCO model covers the Pacific
Ocean from 10°S to 67°N, and 100°E to 90°W, achieving eddy-permitting horizonal resolution (~15km) in the Bering
Sea. The vertical grids consist of 84 layers, including 7 sigma coordinate layers in the uppermost 35 m depth.
Atmospheric forcings are derived from monthly-averaged climatology provided by the Ocean Model
Intercomparison Project (OMIP) (Rdske, 2005, 2006). The river runoff is monthly-averaged value from Dai and
Trenberth (2002).

The tidal forcing of the K1 constituent is incorporated through the tidal potential ({) in the barotropic momentum
equation. The tidal potential is written as § = Ksin2@cos (ot + 4) for the diurnal tide, where @ and 4 are the latitude
and longitude, respectively, with the amplitude K=0.14m. The surface mixed layer is parameterized using a turbulent
closure scheme by Noh and Kim (1999). In the tidal case, the tidal potential increases vertical shear along with
continental shelf and straits, leading to enhanced vertical diffusivity.

Finally, to conduct our analysis, given the momentum equation with/without tidal component () as tidal/non-tidal
cases, we first simulated the model over 60-year period using the climatology OMIP dataset without tidal component
and restarted with Tidal/Non-Tidal simulations for 20 years, focusing on the latest 10 years for in-depth analysis. The
validation process involved averaging the an Objective Analysis Dataset ProjD (Ishii et al., 2017).

3. Results
3.1. Overview of the Bering Sea temperature structure

By averaging the August over last-10 years simulation, the Non-Tidal case exhibits higher sea surface temperature
(SST) over the Bering Sea compared to the Tidal case. The warming is more pronounced over the Aleutian Arc,
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exceeding 1°C, where the tidally-enhanced vertical mixing dominates (Nakamura et al., 2010). It suggests that the
tidal forcing potentially redistributes heat vertically as Alaska Stream flows through straits, influencing the scale of
winter mixed region.

To assess the overall differences in the Bering Sea water mass structure between two cases, we averaged an oceanic
objective-analysis product (ProjD) 1980-2000 August for validation, given the abundance of observation data during
the summertime. Examining a cross-section from the northwest coast to the Aleutian Island’s major strait, Amukta
Pass, distinct water masses become apparent, including cold dicothermal water (enclosed by the 3°C isotherm) and
warm mesothermal water underneath. Since the dicothermal water is formed from winter mixed layer and covered
with summer surface warming (Miura, Suga and Hanawa, 2002), it then reflects the scale of winter mixed layer. In
the ProjD, dicothermal water extends from the northeast coast to the Aleutian Islands, while mesothermal water
underneath remains below 4°C. Simultaneously, warm surface water (4°C isotherm) penetrates only the subsurface
layer above the Amukta Pass. Although both two model cases have warmer tendency on the southern Bering Sea on
August after 10 years simulation, however, only the Non-Tidal case sees warm surface water intruded into the entire
basin, resulting in mesothermal water temperature exceeding 6°C, compared to less than 4.5°C in the Tidal case.
Considering the over 1°C differences between mesothermal water and the water on the Amukta Pass in the Tidal case,
it suggests that mesothermal water is modulated through the winter mixing.

This water mass differences results in ocean heat content differences in the Bering Sea. By estimating the ocean
heat content (OHC) from sea surface to 800 m depth, we find tidal case to reproduce the seasonal cycle of heat
content changes in the upper ocean, with only 3.48+0.87% differences compared to ProjD. However, the Non-Tidal
case has 20.36+1.39% increase than ProjD. Furthermore, as spatial distribution, the contraction of dichothermal
water in the Non-Tidal case, confined between 50-200m and located only on the west coast (<180°E), indicates a
shallower winter mixed layer than in the Tidal case. Conversely, dichothermal water in the Tidal case distributes
from 50m to 400m, covering most of the region where the Non-Tidal case shows mesothermal water above 4°C on
the west coast. This wide-distribution of dichothermal water in Tidal case suggests that the cold-water was supplied
to subsurface sufficiently, influencing surface to mesothermal layer temperatures. Tidal impacts extend beyond the
Aleutian Islands, where tidal activity is vigorous, to the basin-wide winter mixed region.

3.2. Winter mixed layer development

To understand the cause of the deepened winter mixed layer and its correlation with mesothermal water
temperature influenced by tidal impacts, we examine the seasonal cycle of water properties from September to
March, averaged over 10 years to illustrate the development of winter mixed layer. Given that the magnitude of
winter mixing is dictated by buoyancy flux, predominantly influenced by salinity in high-latitude area, the water
properties display the salinity differences in the cross-basin section. Beginning in September, preceding the winter
mixing period, a distinct salinity contrast is evident in the Non-Tidal case, delineated by the upper boundary of its
mesothermal water. This patter persists until November, with water above the Non-Tidal case’s mesothermal layer
being fresher than those in the tidal case. As winter mixed layer envelops the Bering Sea in January, the 3°C isotherm
aligns with the upper boundary of the mesothermal water in the Non-Tidal case, confirming that the winter mixing
cools the surface layer, and mesothermal water remains where winter mixing dose not approach. In contrast, the
Tidal case exhibits a disparity between the 3°C and 4°C isotherms, indicating deeper winter mixed layer and a
thinner mesothermal layer. Towards the end of the winter mixing period, examining the mesothermal water upper
boundaries of both cases reveals that, while the surface in the east side (>180°E) does not drop below 3°C, the Tidal
case experiences broader and deeper surface cooling, resulting in a thinner and deeper mesothermal water layer.
Moreover, the salinity difference surpasses 0.5 between the areas of black and yellow/red contours, which is the
region influenced by winter mixing in the Tidal case but not in the Non-Tidal case. This suggests that due to
shallower winter mixed layer, deeper salinity does not mix into the upper layer in the Non-Tidal case, rendering this
region saltier. The simulated winter mixed layer development in both cases illustrates that the Tidal case experiences
deeper winter mixed layer.

Examining the salinity vertical structure reveals that the Non-Tidal case has a fresher surface layer and a saltier
subsurface, precisely aligned with the upper boundary of the mesothermal water. It indicates that the intensified
stratification in the Non-Tidal case constrains turbulent kinetic energy. As per the Richardson number (see method),
the reduction in vertical diffusivity corresponds to an increased in vertical buoyancy diffusion. It thus results in a
shallower winter mixed layer, retaining most of the mesothermal water underneath in the Non-Tidal case.

3.3 Contributions of Tidal Mixing in the Strait and Shelf Regions

To determine the specific locations and processes by which tidal forcing homogenizes vertical salinity and
facilitates the development of the wintertime mixed layer, we conducted a series of sensitivity experiments. Because
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tidal forcing enhances vertical diffusivity across both the Aleutian Islands and the Bering Shelf, we isolated these
regions by selectively applying the AHV from a fully tidal model into a non-tidal baseline model.

e Transition Case (Control): When full tidal forcing was introduced to the non-tidal baseline, the
wintertime mixed layer developed robustly within five years. Concurrently, basin temperatures were
reduced to levels comparable to the fully tidal case.

e Strait Case: Applying tidal AHV exclusively to the Strait area resulted in a significantly slower
deepening of the wintertime mixed layer compared to the Transition case, taking approximately ten years
to reduce subsurface temperatures. Additionally, surface temperatures gradually increased during this
period, which was closely associated with a corresponding rise in surface salinity.

o Shelf Case: Applying tidal AHV exclusively to the Shelf area failed to develop the wintertime mixed
layer, leading to subsurface temperatures that remained higher than the baseline.

e  Strait + Shelf Case: The combined application of tidal mixing to both regions yielded hydrographic
outcomes that closely mirrored the isolated Strait case.

Overall, these results demonstrate that tidal mixing within the Strait area is the dominant driver of the observed
hydrographic changes, effectively overriding the influence of the Shelf area. Furthermore, the distinct difference
in the mixed layer deepening rate between the isolated Strait case (10 years) and the full Transition case (5 years)
implies that advection driven by tidal currents also plays a highly significant role in the region's overall mixing
and thermal distribution processes.

4. Summary and Discussions

Our analysis reveals that tidal impacts induce a broader and deeper winter mixed layer, leading to the cooling of
the entire basin and significantly influencing the heat stored within mesothermal waters. Notably, these tidal
effects are not confined to the continental shelf but extend throughout the wider basin. The sensitivity experiments
demonstrate that tidal mixing within the Aleutian Straits is the dominant driver of vertical salinity homogenization.
This localized mixing suppresses vertical stratification, thereby facilitating the development of the wintertime
mixed layer. However, an interesting anomaly emerged in the isolated Strait case, where both temperature and
salinity increased within the surface layer. A comparison of the interannual seasonal cycles reveals that the
deepening of the wintertime mixed layer is accompanied by a distinct increase in upper-layer salinity. Because the
inflow from the Pacific is already vertically homogenized by tidal mixing in the Aleutian Straits, this excess
surface salinity cannot originate from the straits; rather, it must be transported from the Shelf region.

We propose the following mechanism to explain this surface salinity increase: As the Pacific inflow is vertically
homogenized in the Strait, surface salinity increases along the gradient from the basin toward the shelf. This
elevated surface salinity preconditions the shelf waters, leading to enhanced brine rejection during wintertime sea
ice formation. Consequently, the shelf waters become progressively saltier. Finally, the ongoing water mass
exchange between the shelf and the basin transports this high-salinity water back into the upper layers of the basin,
driving the observed salinity increase. To fully validate this proposed mechanism, a comprehensive salinity budget
estimation, including the advective transport generated by tidal currents, will be required. Investigating the
quantitative relationship between this advection and interannual sea ice variations represents the next critical step
for this research program.
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Cross-shelf Kuroshio Intrusion and Its Impact on the Marine Ecosystem
BILRT KPBEE TP & 9
1. Dynamics of Water Mass and Nutrient Exchanges in a Day on a Continental
Shelf, Quantified using Rare Earth Elements

The East China Sea (ECS) provides essential biological resources for its local
fishery and contributes to biodiversity in its surrounding seas, mainly through the
Kuroshio Current (KC/KW), which regulates cross-shelf (CS) material transport on
various scales. A range of phenomena is involved, and a different mix of processes
occurs at each time and location, which makes CS exchanges complex and variable.
One valuable approach is to investigate in situ high-resolution time-series
observations of REEs as a proxy of the water mixing and coupled with hydrological
and physical observations at the shelf break— a method unprecedented worldwide that
can resolve water dynamics over a single tidal cycle, which is important for the local
material budget.

The results are: (1) Hydrodynamic processes influence the distribution of
chemical and physical properties in the bottom water of ECS on an hourly basis. (2)
Reintroduction of deep Kuroshio Water (KIW) during the onshore flow was notable
for its high nutrient content. (3) During the observation, net DIN and DIP fluxes from
the Kuroshio region (KW) were 5.59 and 6.69 times larger than the DIN and DIP
fluxes from the continental shelf water (MSW) on a daily basis.
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Figure 1. Schematic view of uplifted and downsunk pycnocline in the dynamic layer
at the shelf break of the ECS due to onshore and offshore flows leading to water mass
invasion/intrusion. Offshore flow is associated with the sinking of isopycnals, while
onshore flow corresponds to uplifted isopycnals. Sectional views of temperature and
salinity, contoured with potential density anomaly (solid black line) and embedded uv
current diagram, highlight the enhanced turbulence and the regulation of KW and
MSW, which drive CS fluxes of nutrients (N letter inside the green circle) on a daily
basis. (Haryanto et al., 2026 in prep.)

2. Oceanic Interaction Between KC and Bungo Channel
The Bungo Channel is located in southwestern Japan between Shikoku and
Kyushu Islands and connects the Pacific Ocean to the Seto Inland Sea. There is a
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continental shelf slope south of the Bungo Channel along which the KC. The marine
environment in the Bungo Channel is influenced by perturbations of the KC, such as
KC meander and frontal eddies, and surface and bottom intrusions occur from early
summer to autumn. It is thus urgent to clarify the interaction between the KC and the
Bungo Channel and to understand oceanic processes by which nutrient is supplied
from the KC to the euphotic zone in the Bungo Channel. Some biochemical
parameters analyzed are REEs, Nd-isotopes, radium (Ra), nutrients, dissolved oxygen,
and water stable isotope analysis, collected from two cruises: NS-25-155 in Summer
2025 using the T/S Nagasaki Maru and KG-25-14 in autumn 2025 using the
Kagoshima Maru. Using a multicore sampler, sediment cores with overlying water
were collected at several stations. Additionally, shipboard and moored data from the
Acoustic Doppler Current Profiler (ADCP) and microstructure profilers were utilized
to help interpret physical forcings further.
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Figure 2. Temperature-Salinity (TS) diagram of A line and N line during the NS-25-
155 summer cruise using the T/S Nagasaki maru (left) and schematic view of CS
exchanges in Bungo Channel (right) (taken from Tsutsumi et al., 2025).

3. Healthy, Productive, and Sustainable Asian Marginal Seas (WESTPAC)

In FY 2025, chairwoman Prof. Jing Zhang and her team under the
Intergovernmental Oceanographic Commission for the Western Pacific (IOC-
WESTPAC) program have done tremendous work to advance health, productivity,
and sustainability in the Asian marginal seas. A special issue has been published and
is being updated regularly in the Elsevier scientific journal of Progress in
Oceanography (Cite score: 7.2; IF: 3.6). As of January 2026, 20 articles have been
published discussing various topics from nutrient dynamics and sources, material
transport, including the influence of the Kuroshio current and other factors.

In addition, a scientific session entitled Marine Environmental Changes in the
Western Pacific and Its Marginal Seas: Roles of Global Climate Change Versus
Anthropogenetic Impacts (OS41) will be hosted by the main convener, Prof. Jing
Zhang, in the AOGS 2026 meeting in Fukuoka, August 2026, with an expected
number of abstracts of 25.
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%o EHEPETIIANET T AT v 70D OFEFEREH 2 | BRIEERPE TITHEH) - D7 T « NIERIES o0 7
ERNCHERARE 2 L CHEH R ZHER L, BB K EOENNC L DY EO£EE L L, 7. @
% - RO B OB EFHET 5729, Community Multiscale Air Quality (CMAQ) €7 /L% v, b
PG EEE L7 HCB S8 b LV —H—IZ K it 247> 72, 208 1 g/mol OIRARRTEMME & ik
L, FUSTRLDOEMED G & TILEDOH AT B 2 72 BEMRNT 2 945 Lo, BARBYICI. 0k - Sl 2
ZEELT- Case A (BUS72 L - kB2 L) &, ¥ilhibE %2 G Case B (JUGRL < IEEH D) 2R T LT,
BEHIIH— A7 3D & LTV, 2028 AEIC4ER 1 Tg 1Y 2 #idEH 3% spin-up 217572, 2024 4F % 3l
WL L, BEEP RS OFEFR X Ok 2E) (carryover) Zf#HT L7z,
3. RLER

BE) L RO UV-328 OHEH R HEGH U 72/ R, Sk E o4 R HEH I 2 W o 2014 #I2/KkK 3.2
X103 kg, FEEE FETIE, #ERAEIE# O 2036 10K 1.5X 10%kg ICH#ETH 2 ERHR I, BHOFEM
BEHEIZATE O 4.7X10 (5 CH Y. T OETFEICHEEDEEARFI OBENRK TS B2 60, SitEE
TIEY—~ VA 7V (BEEMBEEANCEE S BAEIN) oy hu—A X vy s (EEREONC) (ki
IE AL S A o O BEREAE T AR 5 KA X OUKIA~DOHEH S B0 96.2% L1 L& Hd Tz, — 5,
IR EETCITBEEERS OB X ITRINT 2 KA - Kk« HEA~OHEHNRBEHED 93.7%% 5O Tz, 2
TR EEICB O CEEDEFLRHIN 010 HE S TR 53, IEEHIAILERE X)) N L ThATWn5
ERENM L TWD EEZLND, £72, FICEL BB bBEICHEASNIZTHT R by 7 230FkiIChT-
D AEGERI R BRI AR E R0 5D 2 L AR LTV D, £7o, HCB MW E IZ SV T, 2024 FICHEH B %
Yu b LR T, AR T DIREITHECHID Uiz, —5 T, Wl CIIiRE BN, it
Sh. BTEEICHEE SN -WE S KRS 2 U TRl CFR - B L TWAD Z EARENT,

4. EEREHE
M B (2026) ~7 U 7V 7 o —fRATIC K 5 BEELHE SO UV-328 OPEH ERFAM & sk,
ALTUIN TSR 2355w 5L, pp.1-43.
IR 2N (2026) A M ¥ 7w L OREHRICET DA L OV,
AETUINTHSE R P2 25w L, pp.1-50.
PHEEE, WG —. KIS (2025) REX - ERT# O KAWL - I2E& b
b FEOLFERE SRR, 30 B RRIb RS, TR 03-11, AR

5. WFFEARgR
Tt e HEdR eIV RS ERREREE L5
BE FH— B JUNKRE: TSR JIFr%ERT
[ AFD 4 4FE4E TN RS ERREREE TS50
W B 4 424 EIUNTINE RS ERRER S L5
RN o O T = ESZBREEWFZE AT HhERk S 2 T A fE

MR R BRIERENEER =R ENREMETT BREY 27 - TR
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ENEITHAETDHEO A 2L - FEZEAICBE 26 2 7 — iRt L3 BB oo Lo

RIRFREZER A GE G EERHAIITER AR

[H Y]

HIER RS D IS IS D /2P TE ER D —DIFERHE ThD, T DT HIERD KR DMERF LB 270 ~ 51213,
ZOFREMPERE DRHEOB RN EE THD, BIIHFITHELIZE | THY, BEOREMERA DL TED, T
ENEIZEPHES LI THON TVD, TRETHIEREE SITHE LM GREL TEAEY AT LE BNz
1ToTE, REBmREOEDVITHANSTE LT 7 =2 EHEITR> TS LE R THLHT20 | EEY A%
B D fFRE TR 22N TED, Lo TRIFZETIE, OEDVT —2Z MO TENGEITR AT 2HORHED B
Ak FEIZRA AL, H BB T — 2 EOBEM AT AT 5L LT,

[HiE]

TR GUTEA T — 77 =832 5 km PUFEL, 2022 4 3 H ~2023 45 10 A OHIC WU AT > 72, i

B —#ELT, OFEDY 8-9 FOEFEET v I QL iES SETHIRE - m B A2k 72880 2 Hv, |- T
12 Cloud Particle Sensor (CPSWZEDZERI DS IR FE SRifE% 10 73 IR CTHRUS L7z, SHIZK G O - &I -

SO Lz, CPS TESRHEIL, 2> DETHEEDS 2 km LT OSEMET-T 56 O R T — 24
L., BTN S TS FITHA T HZE T BRI T D 2 PR &4 385 UIAT LT,

[REREB L

ZZEL T, BRI B L ORI R R Rrfe 32 2358< | 2 BNR T IS RS 3R 30 R
G, ETEEEIX 1.5~2.0 km ([ZEFL, BIROBEEELL THEETIIEN RSN, EEHEE ITMEKEDZE
EEALELSHHIEL . B HIRAE OBEREE DB Z R DT EDVRIB SNz, FARNTRTIOICEEITT
KRG BN I AR BN REL IR D — T, =7 0 VAR DR CE RS b, IICHZ
{LEL T, BIEEICHEDN S RGN T4 - Rkl B HIE B SN LD FHRERE O ki L~ Tl - H RS
DEFIN A O, ZAUTE R ENC LD IR AT O m ALK ZEREBRE DK FICIRED . B PIERIR LA fE-T
TR T DLV B PR A W LT T D, 7272 U R HEEEE CPS BUIE O BIIX55< . B &
OMEET NV R LDOE DS FMEER THHESZ 2 HND,

HFEHES  BFOEHED BORTHE AFEiEs

@
=3
@
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N
@

‘:E‘i

sy 40 o 20
ot &
£ 30 ¢ 15
I E=| L
R 20 = 10 =

10 B * 5

-
0 0
18 28 38 48 58 sB 7B 8B 9F 108 1A 128 1B 2B 3R 4B 5B eR 7R 88 95 108 118 128
—8— 20225 - W -2023F —e—2022F - m - 20235F
[P ZERE R

AT (RIS # G EPERAIRERE, TR T — 2 - M b7 — X DT - 2R D ELD)
] AN UMK ISR TERT . SEARHERE - AT FIEIC DUV TD TR/ 3 A R)
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2025CR-A0-23 — AT
KEWEF ELIC BT 3 OREREE DfiEHH
KT e S d P p ke RS

BE KREMF L BEERICAIE T 2 2EEcH » . BINCE A FZIBEE | 2 JEE <R Gl 2588
TIWHRTH B, TDL I RERIZBPKOIERAEZIGEL T &2 LMD, [KEETIIEE, HFEE
P & > CREAME O CHEROETHMELE o CTh 0 . WIBFHAISEINED ST\ 3, WG
BRICITRBHOMIEA AR TH Y | I BT 2 EREACRBEREEZEOXREZHL 2 IcT 52 LT
EHECTH B, AWIETIE. KRBHEFICE T 3 KE#KES X OFEOMEREZ 8 L, #ic X 2B
ERBHOMEREIE~OHFSEALPICT L2 #HNE T 5,

ik REIRICE T 2 KR RN OMERE 2 KT 3729, 202547 H 18 0 (o5l & 12 H 5
H (CKEoEHE:) 1< KR ICE T 2KiE & RN OB 2 K EMEihEZEE M2 o g KB ©F
Wil 72, & DUFHEIT AN & AR CEATC Z 2R Y | G o thduic 3% 57z C & I HiT
REIZREEL, PRI LM &BMT L T hid e b v, 22, CHEICHRA® Stn. 0 2 5 &EEHD Stn. 5
DEf 6 OB AR 0.25 50 Z L ICHE L, KT UKESE XBT %2 w72 kiR 2 £ L 72, £72. M
JEEICERE X N7 B ITEE ADCP % F v CHRE 2 DK o2 B L 72,

2025 4E 7 A 18 Hi3f7% (Runl) (3E7FE, IR0 (Run2) (ZFEVE[ & 1m/s FREE O IFICELEI % 266 L 72,
Runl Ci¥ Stn. 1, 2,4 T F. Run2 TiE Stn. 4, 1 ©XBT 28 F L7z, 20254 12 A 5 H I PE[A % 507EIC
3 L C Runl & Run2 ##UHIL 72, Runl Tlt Stn. 1,2,3,4,5 T . Run2 Tl Stn.5,4,3,2,1,0 T XBT
T L=,

WREER BN NAHGRS L CFEALROMER T ZX 1 1cx~3, 7 A<, Runl 3 X U Run2 &
b Bl o D BRI ¢ b FE T 1.5 m/s LN CH 5 72, Run [BI-CHFERIIES R s o TR 2 2 DL, @it
W DENIC X 2 DTH B, —J7, 12 HEHICIZEEC 7 A X0 idE25m < . KEKEGE T DR

(Stn.2 & Stn.3 D) ICEWTHRKA 3.2m/s DFHE EFRABHIE Lz, KREXBEHEM (Stn.3~5 fHir) 13k
RIS L L RJE 2 S K $ CHUEIX 1 m/s K & | BN TR IR 2 R B3 94 L Tz,

7THDOKESM #2108 T, TEPRD EER T, EEE & I 1~2°CIK 3 2 UM 72 Bk E R 3 s &
N7z, Runl TIIEOPEH] (Stn.1) X 0 Bl (Stn.4) D BEILTH - 7225, Run2 T O %R L 72,
i Stn.d Cl, Runl 8B W CHEETE (8 10m) ©22.7CTH o 72D Icxf L. Run2 Tl 21.4°C & 47 1.3°C
KT LTz, Zhid, TERFEFO Runl b, PhlE & FRASEBR L 72 Run2 T, &% < BASEM CTRE/KERD L E
EIKDHFE~TRA L 722 e Z 2 b5, £7/-. Runl ® Stn.2 TiZ Stn.1 5 X O Stn.d X Y KK A EIH X
Nz, THIIRBIHLER DK E WBEIZ IS 3 B ARG o8 L iR i h 3,

12 HoKES 2R 3107 T KE 1 mLUFETIE 18.0510.05°COIFIF ke KB ATRR E N Tz, &
XY dKFOHFBLRLERTH Y, KRR L Z2REGH L NERADOHEIIRE S Nz, KRIFFETIZ, T
Mm% - A X 2N FNOFTHFE X USRI O R %208 U <. WiiiictE 5 IRARE ol 2 a7z, L L,
BHIE2S 7 HE 12 HTH o 72720, IR OB CITH 2 CTEHIEAF OB L & AT A AREMEDR S 5, Kifg
B OFFEEClE. XFTICEREGENIC X O JESERE L., £ o Eich I CEsnimil & i, EEICK
KA X N D 2 EAEIN TS (Zhuetal., 2022), L7=23- T, 12 A OBFERHICEN X h- 58
K BRIZ, HIFREAIC X 2 b D Cldha . FHIMNERICGER T 2 /lfED HETEX vy, 5% IZEZT DRI
RRELIN A2 SEhE L, Wik ORE L A 2 Y 0 CLLEMES 3 2 L ERDH 5,

PRI I AERE - IR (KRB EEMYER Bh#)
FTNHEEA © TFEIE OSHIEIERT  #E20%)

7 B Runl X 7 A Runl fatiR

- i l@fﬁt v T o <B1 202547 H 18 H& 12 ] 5 HICHUMH L 72 s/PG R & midLiio
b 1 | | [ N =
- %&ﬂh oo ST, W% W & L C RO AT A & 25 & 5 1o L I
. } [ DL ST 1 % JHI TR L7z, Stn. 0~51C 3513 2 XBT £ TRl % %
N 7: A Run2 iﬁﬁ‘ﬂ.‘ n:“ i 7 A Run2 ECIWE. *\%ij_
ol ‘g s A N L o o L e 5 i de: wring from westyard to eastward, Run — § tide: westward 6.5kn, runl —
WWM@{%’M@ ?fg?ﬁmm%}itﬁg; s ==l T
3 K" i £ 3 = i
il # = By i, =
S e T i MMM“M %
§ £ o i

2
:
#

m m

X2 202547 H 18 Hic#l X3 20254 12H5HIC
WX 7z Kl O $RTE 43 A B X A1 72K i D SR TE S04
(Runl & Run2) (Runl & Run2)

90



HHERER B ) 557 7
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A v RHEAKRRILETICBIT A S LVELy A—VHOEENEE) &
Z O HiIgktk D AREA

fRUEA - HRRT KRR

fFH SR TERHIER AN A
PR A JUIN K I H 0 R 26

EHET (L1 R

1. AFED BB

A2 R KEICBTDEKOFEHNLENIL, FiIZ® A= HE23RIiTbn Tz (B x2iX
Fujinamietal,, 2011), —F5 T, FET LB A= OB FENBE N OHEME S KREWed,
SHEFA~DRBENEAN S LTS, BN 7 TF a0, 0 R 7o 2N TIE, FEHRNEHO
ERBICHCER LD K9 i LW EEL (Mahanta & Yamane, 2020) 23%/E L TRV . KBS OB
TR L & IS BRI R O HIL TV B,

ZDOEIBRT VLRV A—UBOZTHENEENL. A 2 RS T EEORERBEEL & TEoKAK
IV & ORE DS EfR ST % (Kiguchi et al., 2016) 723, A o RHUKERALHEICIIT HF581TIE & A
Elrn, Fio, ZOBGRITE A= ORME E OB ER SN TRV BIBROEEN RO TV D,

E CAMED B, Box oFst 7 v—7" (SOHMON, https://sites.google.com/view/sohmon) 73
A2 FliREEAL IR T OMNEH Ay N~ EARFETCINEITITNE LEZRET — X, I5I1Z
G CHEMENTNDY T 7 =X 2024 4F 5 A 29 HIZH S EIF 67213220 @ EarthCARE
REDVE— BV T EEAL, A 2 FEREILHEEICE T 5 7 Ve A— U HOBKEE & 2D
ZEINEIZIEY . T O EREGE OMENT 2 18 U= RB0OMiE 4 X 5,

NWNUTTT v adb X HANMCBNTIE, [UEFIBEL L TRBOLWRE (RZ7A4742) O
LEV A=V IO A VB OERE L TURENTWS (Akter and Tsuboki, 2017), £ 7-Fx OWIHIHY
AT D . EEHNEEIOERE L CRERE FREBOKERR T T v 7 A, SHIZT v LN RA T T
WCBWTCIEA T T Y EHIC X AHEIRRE 2 5D, & 2 TR TR, WEEE FEokER T 7
v 7 A BAKEOHEMBEBRE , [UEFZRRIT RO Xy Mg 2@ U THL T 5, SFEIX
T E LT, TR A—VHIICRREDE - 72 2017 4F, 2020 4E%2 SR ICT 2 8D, A > Rl
KEALHER IS & ILHEEIC BT 2 53 OB L RO K B R 2 EEICH 60NN T 5,

2. R

HHIfEAT 2T 5720, WET — 2 06 Ofi 27, JAFFE TR AIEE72 APHRODITE %
AL, dBfislL, XUTAENPS e~ TV ETORRLBREEEZES, ¥y, YLy b, 1
U, TIONT g b Ule, RBEFTE T 1979~2007 A DWW TEHELEITENT L=, 29 FFR DT — ¥ % M
WT, E60Z 2 EEMNICEHET 572012, FE L EEFZE (o) 2V, ERMMEREL, £
1o ZBAZDA N MIROHRESR, +20 B2 DA X0 MIMHINHERER L 7 LT, FO5E
L. 1983, 1984, 1988, 1991, 1993, 2000 Zfiti L7z, Z Z Tix, 2000 FDOKR5Z 7 (K1),

20004F Guwahati 20004E _Shillong 20004F  Sylhet 20004 Dhaka

200
150 4
100 1
50 1 A 1 N

A paY Al A A

0 = V=2V 1 I D, 1! =
\——

~f

X 1:2004 3~5 A D 3 HERBEI Y Lo, 29 F 00 OBKERZE (BAL : mm/day) ORiR
Fl, R EHFOORL, ThEnEtlo &L £20 KT,

ZEICBIT 2R 2R 720, Y Lz (300hPa, 500hPa, 925hPa) % ERA5 7>

5. 0~ 35 ., R 60~150 EAHIE L7z, AE T, 2000 4EFDO T LT A— 2 DERA
XU bMDIL 4 HFHOA R MZOWTOfFTHRE R %2779, Kiguchi et al. (2019) THifig ST
% 300hPa iz A5 &, 4 A 21~25 HIZ, HHEET AT LD b7 7 BASGHUKOVEIZAE L, 4 A 26
~30 HIZidetgeigo B2l b T 7 nBEIL T D (B 2), TD% 5 H 11~15 BT THRA~BHE
L72. —7. Kiguchiet al. (2019) T/RrRIN7- g (925hPa) ~OmFEE ORI, 4 A 21~25 H

NH5H 1~6 BT CifbsinTnsgd (K8), —FH. A2 K 7 oW A, H~rEHEA
BEL, SNES T L TWD Z eI ST,
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X 2 :300hPa > (/£LE) 4 H21~25 H, (AF) 4H26~30H, (£F) 5 1~5H., (AF)
5 H 6~10 BHIZRIT DA EHEARR (AL : m/s),

e e
‘_Li/ e = e
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X3:K2&LFLC, 7272L. 925hPa i,

4. ¥

ARFZE CHME S - FHIfENTIE. Kiguchiet al (2019231 > R 25 TR LEERBIROZE 2 K
WEDOR B THRBED Z ENEZDHZ L aR LTz, 5%IE. TLEVA—VIICHRED S -T2
BN CHO N LT RS E BN ROMEMELZH LD, Y77 —4%, AWS KD
EarthCARE 55— % ZH W T LT 5, £72, 2008 FLIEDO T — X Bt D7 Lt o A— 2 HiI2
REDOZVMEEZHM L, [AEROfENT 2 £t 3 5,

5. WrooiER

R EE KD HER WK KR¥BE TR R EFZER
FrNTEEAN IO SR JUM R TSR 9eT e

i VA S B 'S BT BRTEE W

R AE K R FUES K ST U7 HUIS A Fe R Se T e

i
ARWFTEIE, TUNRFIE 1 Z2R5E T O SRR BFFE D BI A K - T3 S aviz,
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HHERER B ) 7 57 7
2025CR-A0-25 — AR5

et RE R OWERE F ) 7 2 — & SWOT s ERHT X 2 #EE

RO KB AR ISR VPR

1 HWY
W RERITEN - YooK - WEIRRICEERA&E 2 270 U, Frlodbiigs <k, RERIN KA
KRS D ) FIMRRIC R E R B a5 2. 5, 4, mfig EEBLIN & FTRRIC L7z SWOT 2 i3y-7" 2 v
A — AR ORRH & RIS LTV A2, BRI CORGEFNIIEAR L LT, ARBFZETiE, ki
RIZ R T B & K E L A BUREI & SWOT 7 — & 2 A bt CRRHT L. Kk g
& LMK OB 2 MR A BN L0155 2 &L &2 BICE 21T > 7=,

2 FE

2023 49 J1 17 H, JAMSTEC yHEMERIHA M (A5 K0/ N u— 7 & ER T A 2 i 2
F 2R BT 7 I PR Lo, JKBIROMEKIZ NOAA Tce Chart | JAVITVBOKEEHE DY 40-60%
Tholo, ik SIC TR SN TE LT, HAEWIIKIRE . £ORE 2RZZM AR ZE L T
NWHHDEEZBND,

HSEIRT — 212Nz . SWOT (Surface Water and Ocean Topography) #7212 X A¥EH 5% (SSH:
Sea Surface Height) T —#% L =, A L7277 — &% Level-3 (V2, 7 4 VA WLERFE L) T a i
7 R THY ., 120 km D AT AMEIZHOTZ0 . K2 km RO 2SR ERE TR T T\ 5, 7
By 9H 2 BHNG 2T RIZHT TET =X OXRBEDBHER SN, ZHUIHED Ny T ) —FBEHED
EA EOFBIC L 2BHITHIC L2 bDLEZ BN,

EP T PP T FES T TES T P ’ﬂ"’i"l‘e": IS ' Ll?/ fk”;’ = SWOT (SSHA+MDT) [m] — Sep 16 to Oct 10, 2023
9 @ Daily Sea Ice Concentration Analysis |, * ¥i# > IS “'A;;{é ';“ﬁf \ 7
NWS Alaska Sea Ice Program p S ;;"‘4,1\ 45:'1;/ ’%

v 2 }4 a8 T N Wt 3
o e
kAN ! “ g '

et s, o
e 5"
A< Pig A

" 5

) Analysis: Tuesday 19 Sep 2023
Confidence: Moderate to Low
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= ¥ ‘g 5 3 9-10 Tenths
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« ] ‘o
Fig. 1 (&) 7A RO WE AN DMK & 7 J ZiEa o REA#R GRIL) (R)
) 5 S WA BN ST B — 77 6 & B A OB (B & SWOT ¥ B RHC & B )
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(RS

R SN 7 A 13T, EBR% 2 ARV BRI L, 2 Hm B THRA L7z 5 X
BN E D LR SN D L o7z (Fig. 1), THAUBITERN LA 2 &I U EIC
WD SN D03, BUHHE OEWIZ LY | ZOBEL DI M TER L, —5T 2
M5 5y REEN 72 AL L O HLS B BB S 7 AT S 2 BRNIE EEEOEITH DN
PEIZ R Lt 72,

SWOT L3 7'm &7 M, EA50 km Al D ZH O 2 ARSI 2 72, 7' EEFREARIE SWOT 2>
DHERE S AT MR R OSERR E B —8A R UL, BHEESELEIIN0. 1 m, EEAr—
JFET km TH Y, HEE SN A0 A E—I3£0.02 E/hEW, ZDZ E0D, A IR
XA — )V OFRAVTHB IR VIRIBIZH D L B2 b,

—J T, 7 A Oif~OffiHEd L OBHIZR LIRS L TR Y | WERNMS A7 A%
A DEE B Fefz LT D ATREME DS RIR S vz,

BER

BRI 2, B, OB E EL LT, BUZOWTIT ERAS R T2 2R L Tx=7 <
PWGEREHEE L, BIT RY 72— LRI LR 7 1 (Figd, 3HEM) OBIFERICS &
DNWTA =7 AR 7 F2HEE L, MAVIRRPEREIC ST N LB LN, EENIC
HEETE Db DL LT SWOT BN B < Mg 2 HE 8 U 7e, B 400 s o 05 o0 i 3 A RN 72
BRI G A DBNIRER TH D72, ARWFIETIZ 25 B V- OFE 2K B LT,

J&, B, TN ENORE ST A HURIC BT DRERIIEE 2T 5 & RIS L OUEIR
(2 & DT 2R 2 BB A NS W5 T, IAVTBE R R AR 2R T 2 LSRR TE T, &
To. REIIZOWTIRER & HBRARREORE S THY, A =2 AR 7 MIZhBLIZ
A2 ERENTH LN, BETESRWERELEZDOND, U LORRND, KRBT 51
KB L OVHEDOERIL, #fRRIZ A S 5 RIBAIEED LI, BUZ X 5WERB LA h—7
ARY 7 bR LREEND Z EDRENT, LIZD3-> T, MIRICE 1T £ B85 TRIE L Ok
BAEBO I L, Mt - WOER « A h—27 ARV 7 FE2RENICEE T 2LERH D,

R R

BT — 2 DRI D I WA DRI T — 2 2155 Z L 3 TE | fER D DI KEB O BRI

FRICE T DUWOKOEIRICET D H A5 Z LN TE 2, Fo, SWOT [IMISAHTIZ I\ THLE D

PORT2RMEE2A L TRY ., ZORE, SR CIIBLIEEE SRR < 72D & O FRA

b2, AWTERGITEMEIALET D720, HRPEHEOBIHT -2 2155 Z LN TE T,

F7o, 2025 FEFIE, FRROMEY |, B D AR Z M LT,

® Kodaira, T., Waseda, T., Fujiwara, Y., Ichikawa, K., Kimizuka, M., Kawaguchi, Y.,
Nose, T., Fujiwara, A., Wind, wave, and current effects on sea ice drift based on
multiple drifting buoys deployed in the Canada Basin, the eighth International
Symposium on Arctic Research (ISAR-8), October 28-31, 2025, Hachioji.

o VPE, RARHEH, BRER, BRECC &, A, BREE, Aok ) 2 b
(2B DIEAROEN & ACTERL,  AAHEE T2 2025 FEMKZFERE, 9 H 21 H-26 H, 2025.
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B )P0 B

2025CR-FP-1 —MIIE
7T X< xf A8 ODS-W/Cu D SJZ2HHE I R AE 3 HRE D 2
KA R R ERF S AT I
4 UM K 1 T i K Fn
1. H
K E i o T2 ERIC Té¢#%&ﬁ@ OlE, XA N—=Z M PBIRZREBRE FIZBWT, E
Fn #Omﬁﬁﬁfé%fééﬂkoﬁ o BAE, A N—ZIZ1XFE L LT W/OFHC/CuCrZr DES

WEENERH S N TV D03, WECui%ﬁ%@®##%b< BRI CRRIZARAR 3L (CTE) DK & & R—Ezhn
Zy WREFIRIEFEME B E - T, SEHPICHRE CTERASDNE TSI, AR, FlE, 51 im
B 5] & Z U, ITER 72 & OEG@E S8 OB L RV 2 RANE T, 6o T, misE, |\ EeL
ﬁ\m%%@\@%o’%ﬁ4@ﬁ¢@$ %%sztﬁﬁ&AEmkiUMﬂwﬁﬁﬁﬁ<*b6
NWTWA, AFZETIE, W E Cu B DRI W-Cu BERERERA B (FGM) FRIE A A L, CTE OERE K
BIERLT D Z & T, RO BIEREIZEIT DO A2 Nl %2 . Wkl Al Bz #
BHHAR I L OB O BE R 72 8 T 2 FEEL L -  FOM SRBHZ DWW T B R VX —HF A F 2 S L,
WG & D8 & OB b AT~

2. FEBRFE

FGM i JE 2 AN 7= W/ Cu & 2B U=, BARMIZ, 9 0DS-W EM R /b2l L <)/
LHMBEE R L, F D%, 0DS-W & CuCrZr D RENT W-50wt. %Cu (W-50Cu) # @ eE LTEA L, ik
BT X BERETE (SPS) Hiffia v C =@ HE1E D 0DS-W/W-50Cu/CuCrZr B25& (FGM-2 L 327) % {EHl
L7z, el 7-6. FET /AR A HE L7z 0DS-W/Cu/CuCrZr #:4A& (FGM-0) & {ERL L 7=, =% 0. 3mm,
5mm® T 4 AV B E A Ty DUV L, FHEEZSEME L7, b OsEHIR LT, 2. 4MeV
DA AN LKV 673K T 2.2X10" ions/m’ £ CTHRE Z1To72, K 112, Cu A AL MREIZLD CufilFs
FOWHIOHEE LR ORRERT, CufilTiX, A5/ 700nm OALEIZHEEE— 27 B8, Z0v
—7@% 13#9 4. 8dpa TH 7=, —J7. WHITIE, X5 400nm [ZHEEGE— 7 ™MiE& L, B—27 148
I 3. 2dpa Thot-, BEOKIZ, T/ A F oo — g 8E (ENT-1100a, Elionix) %W
*CEGMOx;wBGMZ%ﬁ%@i%ﬁyﬁﬁﬁﬁmxﬁé%ﬁ@@%/4V?V?~vay@é
ZRE Uiz, BRI AW i KA EIY 10 mN, JHEFES 30 200nm & L, &K T 5 sUllE &2 170,
O EBA Lz,

3. EEBRRER LB
X 2121, %%m% B ABESKREEEOF A v F T —a USSR R, ALy
T HOSIIRE S H#Sy (AH) #3FR L. FHEBOBKNRZMEZ KL TWD, fERAS, BEIC LD T
DRI T & NSRS 2 2 & AR Sz, FGM-2 AT X v 7= it WS b A
%rbtoﬁmm i]MMOEAWTiOMHNE@%i@Cﬂﬂr%ﬁ@AHﬁ%ﬂ%ﬂ
123.9HV & 33.1HV THo7=Di2% L. FGM-2 #ARTIIInT 2E7 84.9HV BL O 26.8 HV
WIIKF L7z —J. W-50Cu g Tld. W #Ho> AH 2 124.6 HV & ODS-W XAk 84.9 HV %
Kx< EFY., Cu fHO AH ¢ 59.5 HV & CuCrZr #& (26.8 HV) L VWH S MNIE -7, 215
DOFERIT. PREEM B O BAHEELERN EA B L 0 IRV L 2R LTS, FGM-2 #4501
AT M PRAHE GRS KX OB L BNHIRFE I, ORI A I = X AIZERK LT b, W-50Cu
¢%E@$E&ﬁﬁﬁ@%ﬁ&bf%% RIS B LU 2 R R - Bk s S Z b
T, RECBT2EEHoOBRABIOCEREZIMEI L, BENILEERITDEEHIZ, ODSW BLW
CuCrZr FEOMEAVE Z &5, F7-. W=Cu RIIMHAILED /NS W=, FEE DL e
FFahnsd, FRBENSICHEETS (1) 727 —R) Cu Hd&Ei, #ENTEEBERIFERbo0, K
FRMaz T 2028 L TR Y. BRI BHRELZm Eics5d5E2x605, —J, 20X
9&%%%K<ﬁ0u¢ﬁﬁi FFBEENEL . REERT RV =D RN\, BB FEL, Fr
LU & H LS, ZIXPRSBEIEM LN A U9 <, BERRR (LA X 29, TORE, M
Ui 72 B S RIS wf@ OFEE L THWD Z ERFIRESNS, 512, ODS-W FEikdF o
La,0s; ZEHITRH Rz B R i L, CuCrZr T Zr/Cr #rHHHEAMEEEEZED 5, 2
O OFEDNFEERMICERT 5 2 & T, @miRBHERE TIck T 5 FGM-2 A ROELEMNR L U)F
FRENHER SN TV D

4. £

AKBFFETIZ, ¥ AN—ZEEMBO&ERFELm ESE52 2 L2 E LT, THEZ AT
ODS-W/W-50Cu/CuCrZr $6H Z 5% LT, TOREFR, AHEEH I 0DS-W/Cu/CuCrZr 64 L I L T,
VBN R A R T 2 E R B L 2 odo, AL, BFEICEIT 2 R R L E 0 TR &
D, Bl A N— 2 EEMEI oS E BT,
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2.4MeV Cu to Cu (Ed=24eV)

2.4MeV Cu to W (Ed=70eV)

96

: . . . s (b)), . . : . s
4 —_— —
/\ Displacement damage — E Displacement damage —
. - —_——
ar % Cu concentration | g é . | 1 Cu concentration | g é
S 8 S 3
-— o . _g ] ’. ’ s §
at & \ i‘ E .,S ",v Fa k_ 3 E
L e | L — ]
‘f. k 4 § E 2 "Q_ .‘; 'b_ 4 §
f £ E kK % £
? ' S g p 5
4 A 3 = 1 =
R 12 0 =1 . 120
1t LR £ o %
kR a ’/ 4
" L 1 ‘&—.o ol 1 L - 0
0 300 600 900 1200 1500 0 300 600 200 1200 1500
Depth (nm) Depth (nm)
1 2. 4MeV OFiIA A B L7z Cufll & WAIOEE
750 - 300
il FGM-0 1 FGM-2 4 Unirradiation
: : A 250
650 |- $ 6523 ! Irradiation
1
- #6176
600 I
1 < 200
550 | : —~
i 5284 ! As;y #5208 >
1
500 i -4 150 E«
i [ =
450 F123.69 ¢ i 124.6 % “
400 | : I & 405.2 1 100
T i SRR
ool 69.1 § 127 #1185 i - L F0s # 11|
& 854 1 [ 438734 50
50 | X583 3319 ! X603 -
1 1 1 1 1 1 1 ; 1 1 1 1 1 1 II
ODS-W Cu CuZrCr ODS-w W (;u CuZrCr
Region [ W-50Cu;



FZE 770 B
2025CR-FP-2 — AR5

BRlG 77 X =128 10 % 2k & AL O IEIEE IR DT 5T
RS &R

Hiy

IEDORKALG 7 7 X< WF9eCld, SLIRERE O AR 22058 Bl 2 AXELTU S SLI B

FHAMER R e LICHEERE T > T 0, FEEELE D ¥ 2 T & T 5 [F Kln et al,, Nucl.

Fusion 63, 2023], —/4 T, FEEBRCHEHIMEI & 2 KW AREEHR 2, £ X 9 B ic
Lo THEI XN TV E2IEHL AL Eo T, Hic, BADEMR L D X 5 IcELiE &t
AERALTWw2 2, ZOFRBREHO 2 ICT 2LELH 25, KT, ~VAbryv]
P& DII-D 2EE 2 FH ¢, ik L SR FRGERIZ KB L, MEET ) v 7 & O g
I XY S BERE ORI & i T <,

F5E D MBI

~VA ey EETE, Te—TE2HWZELT L
EORBEFENZ HiEL T\ 2, FEECE. RS
DB XYV r—TNMB R B2 %2/(3. £,
NIRRT 3 %8 4 XAEBRHIC A E AEE G L
RTE e, REERIFC, 70—T8f0 7 4 XL~
MEREHIE LT, [l — 7oy —1 Fitoz | 7|
W LUy — 7 ROk, TR - B 77 oS T ¥
YIAHRORBEL o kdux EhL 72, Aoz 08 ont o 0 o
77 X< O FHAE R (F « ST — %) M: 79 R<vEKNioTa—7
Do, FEEM, A A VEINER. FY AT e -7 F R DRI

A4 T ZAEMDOWTRICENTH, /[ AL

Vi (V)

Digging Under the Avalanche

KIBIEIR L T3 2 L ERTE 2, REOTo—7 e
ERWTERT — 2 0fE2iED Te b, BEMT21T-

TWw3,

—77. DII-D 3&#E <. Ziffk o Ve 2 H
f & U 7= B SRB o M 1) CREMREE 2 AFL L 72,
HREIFFEHE & Ok %E U TR RS X OEBIATREE %
RS - BEH L 7245, IREKFI S 17z, BES & ECEIL #
F o 72 8L & ik O [RIRFEHA & OV IRTV IC & % SOL ik
~OERENERT — < Lo T o, BIE, KEHLD I
LRI 1T T BRI FBNA S L OFIEOMIE [ g DD ssges o
DTV 5, .

— =
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/NBY Retarding field analyzer ZFL /=

PANTA 7S5 X2 D4 # ViR EZEM A MO

RAERZPR AP T EER mffse

1. B#
PANTA Tl A A L REARUH KT 2 RLEMITG T — R)OHECEE %2 B L 7= EBRAHE D
HNTND. ITG E— ROKERIIA A AREIKTFT 5720, KA E L TITG E— RIZET 5
BE 2RO D7 DIIEA A IREOFHNMLETH D, £ 2 CABFH TIE retarding field analyzer
(RFA) Z# WA A AREOFHNCE BT 5. (1) PANTA O T X< LT/ VWD
RFA Z#BHFRE L, Q) A A REZ AT A 7200l 2B EZHAE L, D9 2 T3) PANTA
THER LT VI T T XAvDA A AREZFHAIT 5 Z L 2RO B E Lz,
2. R
EAR BTN EFNZE1 8mm B L6 mm D HfE
sy RESORNERIZ, 48D 7 ) v & 1 OA A
a7 Z DRI S T RFA ZBA%E L72(1X 1). 777 X Alumina tube
K7V RPBIECZ Y v B 1 inb 7Yy k4 *Emmxomm
L9 5L, 77U F1121X635mesh/inch, 7'V v K2 7
735 4 121% 200 mesh/inch D&M REEIN TV 5
70y RBX Oz v 7 Z | Zi3ari @@V#EIUJDT

8 mm
4 mm
— (=

RETHDH. Z D RFA % A\ TH » I EBR S R O
1% 2 {ZRT. REAU—IX4kW & L7z, 7V B4 1. BAZE L 7= REA.
v N 1~4 B L0 L7 Z OBMIZZEER, -70V, =100V, -100 R —

4 kW, 0.26 Pa, ]
r~2mm

VEIOS50V & L7, RFA O~y RiE7 7 XAvHLnbBEIE 2
mm OFLEICFEE LTz, A A AERIERE T, K2 k)
IR oN LVREDO—FIT, 7Y v K3 DF uﬂ77zv@uu of
oL & A A MBERNBELND Z & BHERTE D, KAITE —
+%_k%w*u®k%i%ﬁ1ﬁW)_Wﬁﬁéz&%%ﬁfﬁ
L. B2(PNCRT L DIZ, IR IT CTlX 1.2eV 22 514 A Vil
FEEGD Z EITHH LTz, SRIZZ DEOZEEORGEZ HED 5.
3. BiR#SE

O MEREE fh, FR207T7 X~ EREFEES, 3pl6

@ S.Kagaya et al., Physics of Plasmas, 32, 112103 (2025)

RFA current [ pA |
n
o

RFA current [A ]
3,

107

-50 0 50

4. WrEiB&: Grid #3 potential [ V]
FUERSFICE S TR @Rz, MEAES 2. e LT BV RHED —f.
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BERIE 700 B
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FAROTSZARICHEITZEEBIREEF E— FICK ZEREEDET L2 BV
MR ERIERIZERT B HE—RL

1 HEE®

ELTREEIZ b g BT 5 X< FRIC B 2 EERED —DOTH 5, ALTREIEIZS ¥ 4 EERRAENT % VTS < B
HENTVD, MiIEETE—F (TEM) SRR, ko <1 THEIZNZ, 22Tk EEEL g 34420V %
LR TH D, HRLETEEEEED 1 Ko TEM &, SEHEBICE W THEYE TEM(d-TEM) & i3h
%o ZDEF—FRIFEFEHINC X 2H0RIC K o THEI S, A4 A4 2 IEANF FHEBICFEE S 2 081372 Wv, d-TEM &,
4 F RESE (ITG) E— RSB L D S EVRD 4 RAEEESTEHN XN S, JUNKFEISH 125205
Fid PLATO $#E % W= 75 R EBRMPEMINTWS, PLATO 2#ETOfAa—F (TASK a—F) 23Fll3
%75 X< Tld, BFEREPENIMINEF Y o RERFERE & D NS A A4 VEEREEE A A vy v
AR & D KE W, FBATHRTIE, PLATO TPRIEN-Zh oD 77 X228V T d-TEM DX s 2
EDMERZINT VD (1o R TIE. RATR Y v 4 2 #BEGHENTIC GKV 2 — F 2] 2w, HEEERNEF OIS
KT 2YIal—varviEMili, (ZL0Yy A wEEERENTA 4 VIREAR (ITG) £ — FRMESMIEE
FE—F (¢-TEM) 77 XRIZOVWTENTWD, ) AFEOENZ, <2777 X<icBT 5 d-TEM/ITG 77
A< QEREEOFHRLET LV EGZ 2 ThH D, RERLDHEDZ L DY v A nETEREN 2 d-TEM/ITG 7 F
ARIZDOWVTTORTWRWIASTH S, Z0bDELEEE T VL, HiEa— MGEAZN, 77 X350 T
HEITS ZeNTE B,

2 HAZERRR

M= 73EBICBT 5 d-TEM/ITG 77 X~ OfifHbE 7TV EIRIB L 72 & v A WEBERHENT 21T 5 B, E2E0%hR
FINEREZEE TOUVIE FE Wiz, e T LR, K> 7. RAEEMEICEET 2 &, EiUﬁJﬁ(}uL@ﬁﬂ%ﬁSé
DRI T 2BTH 2., WK 7 ORI, BREEE T VBV THZICEELRER Y LTHARAEN
7zo BLIREARE IR 2 HIRIROME LA T 270, RHDO K 4 ZVEEEIFIEEMRET Uiz E2ERBD T
W M ZREICBT 5 TREEOTRRBIIH L, BB LORIES I 2L -2 a Y RFEM L. K TFIRRURE
TN F —EEBRBOWE T T VRIERIEY S 2L —Y a VRN SREN D, BEETNMICBITZ T ALF — -
K FEEAN DO IRTROF L, IFES I 2L —> a VIEROMKARY P LFEEC AL, ES I 21—
a URERICE D, BERERSCEREE L2 S d-TEM 72 X< ITG 77 X< WEE SNz, RO IR
R S REINTW S, BLIRART ¥ > vy LEENE, BRAEEMEME WK 7 s CHET2BICK > TETMEE N5,
TIRRAR T > vy URRENZ, BLIRTIRIRD Y — R & A LT, WIRREERE C GLRR 7 > o vy Uiginc k- T
TULEND, BRY 7B X CRGEMEMICEET 2 &, &5 CIHRmBER N E D < M FIREURE . =L
IR OB E T AR EIN S, ZOET M M I~ 7 EBICBY % d-TEM/ITG 77 X~ DIEHRE >
a2l —Ya UEREEET 2, AR THEE LML T LTl IR Z 7 LT 2 BBICHW 2 Z oD%
BRI T 7 AN RL B0, MK 7 OMBEHCERARERE UTHARAAYE, Ldio> T, KRIFETH
HELLMBIBLETNZ, BRZLEEHEET 07 7 A NHIET 2 XS HRENT W S,

¢-TEM 79 X< THEET L EBET 3545, d-TEM 75 X~B LU ITG I X< BT 2 HIRTR O E
¢-TEM 75 X< ¥ Bz B HICOWT, WEETFTAEZHVWTEHRHTE S, c-TEM 73 X~I2B1T 2 HlLE T L O
FIISHOFEE T 5,

[1] S. Toda et al., Phys. Plasmas 31, 032511 (2024)
[2] T. -H. Watanabe and H. Sugama, Nucl. Fusion 46, 24 (2006)
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KRG )70 B
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B E T 20 DB O MRS T H O PR K O

B E R gesT RYSGA D
URLPNE SN DA 20 A -
RERANERE: P St

1. HRY

IR F DT DA e — RV F I LGN T T 7y M, Li-6 [N ARG Z L7 Th 4y 7 ikkh
RN F 7 NESH LA A D2 LN FTRE T AL ZEFIEDN B EIND RV A0 &\ o 7 RPE - HE 54 A B
THHEZAPMOERITITENEE THD, T UTLE SO P ERS ERICBW T, L
EATY TN 30 dpa FREEETIIHIMT 2500, ZHLIFRITIK T 5, WhIZRK 2 ROBRERLEL
LN ESNTOD[1], ZRHOBZXRUIL, 5 OBLE TIIELR W BT 14 (TisSis) O
Hr# DI EFIL THDZ D ENDBIN RGO F 72 v 7Lz o TOL LIRS TS,
DIHEERLE G A EFUEH TV, ERNEREE CH CBELEFHF MO T VY LG EORFE N
ARELE 2 HID, LU, REHI7R A = XA AT R ARATHY, HYE T ERF OSSN ELN2NT2D
P BRGSO, ARAFZETIEIR S S 2 BB B LS B D LN LB By 72 B A A R
FHEMWTZOXI BB F T HA BT AL 0IE0 . F DA =X LE SN UHIET 528,
EBITHICH A R REFB AT 20 BRI HZEH BRIET 5,
2. EBRIE

KA o0 DA O R FIE S AT B NIFS-HEAT-2 (NH2) | @ #lE V-4Cr-4Ti €7 V&
4 (Z44) KON, ENHOFREZ RSO O F NI S e A AR5 Ti O & A 25 L7z V-10Cr-
1Ti 54 (ZX1) ZHHHBIE LTz, & 1 ITESOLFHARE R T, 244, ZX1 2OV T H 755
AT W) TisSis O ICHE THD Si LSMITH THLHDN, Cr, Ti IWEIZOWTIBEMHE, C. N,
O BEIZOWTIZINETRIUFEEI CRUEL =B & DI EE S EfHEL TORL TV D, 2025 FEIT,
INETITIGSH A TR T O EA A BE S AT 2% W T Cu A A BREFEHT BN FR & 2 S0 L
55 60 dpa FCORGELT —2Z TS LT-, £ 1 VALOLEMR
3. R RLH R o |v [or [1ir [si [¢ [N Jo

LTI T =T —va WSO [
BRAMEEZ R, RHBREREOBAIL dpa [,y
(displacement per atom) T&HY, 2.4 MeV @ Cu**
AT AZLDBEEOE — L E, RS 800 nm (235
B EHIE T D, NH2 TiE 15 dpa £ TORE
LOEHL TR0 A3, Z44 B OV ZX1 TlE 60 dpa
F TR EEREE ML, BEICH N —

Bal. | 4.02 | 3.98 | 270 | 69 122 | 148
Bal. | 4) | (4) |370 | (100) | (50) | (200)
7X1 | Bal. | (10) | (1) | 400 | (100) | (50) | (200
*mass%, L% mass ppm, (YA AT ClLAE F
Tl HEE 2 7R

LB LR BRI |
M- BRECEZRIN Q0D ED7: 30 dpa LLET 400 . .
PRI PR TS AT, Wagy 5 | 9N (VHaHTD i
HYORERLTER THD Ti REZZ(LSE TR o

UBEELRDZLD, Ti 2 & CREFEN L g i
AL TV RNEHEE TE 5, FEBRIZ 15 dpa TIEAHT é’

HITACTWRNWZ LR LTRY, 5 %I3dh & .
R RORBOF L ED LI, ey 2§
WU & A A BRSO FES A AL 28 B 8 B 70 2 R 05030 N Dslodpgoo 120 140
DT ETHD, [1] HM. Chung, J. Nucl, 1 ﬂ‘//r‘/%“:/-?w\‘;a‘/ﬁﬁéwﬁlﬁ%q‘@{%%
Mater. 239 (1996) 139-156. (dpa: displacement per atom) {17
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B ) 07 B

2025CR-FP-6 R
BEMRAEEZBLE LI i~ 0RENEBHIBERE 7 4 — KRy
AT ADBF

HARRE: INRE
HrEE R, B

7T X< DR A XV A N L L ST L RGEIEL b b~ 7 7T X~ DO E MR LD
FCEHEELRTFELZ-TWVWD, BRHEBELIVESND b ~7 DR v A X VI Z KT R
ELTEAE, BHERDS, BAENEFT2L2x VX ULADHENREI RS Z &
IFIE LTEHBILTWS, =MABEIZEI L TIE EIM O EE 245 % 573 argett 3 fe
SNTW5, FLEHFETIHAOZAE LRSS T A2 AR THZ ET R~ 7 FIZBNT
EFOMEL o TEIIRESHOBMEMNZ I THIE S BIFRA CIADNELND Z & RS
ENTWD, BIREEENC LD N~ 7 O@tERe b4 U 2O/ 2 = L I3 U KZ)s
FH 12T 3 A9 % PLATO 25 & IC B W CRAEEMFFEIRED — D L o T 5,

RGN 21T 5 ECRIEE 22 ON E T HMOLZENETH D, W77 A~vDRa A Xl
HEMAENORESBILESELI ETHLETTANETIIBH LEDODNSCT K 25, A
ETIX ETHENCKT D 7T A~ LED T 4 — KNy 7 AT L%&B% L, PLATO 3E&E|2E
WCEVREHE, “AERF O I A~E2AKRTHZ ERET,

AREEDRE

PLATO R~ 7B W TCary T o HEEZITO LD aA NVOERBEENFEDFETIEL<

HAOESNRWESERHER I (® 1), 2. 77 XA~ONEHIEZ1T 5 F T %2 55
Bl BE(E BTl

D coil&# : 600A, L ERZI:1.31s D coil &7t : 600A, i ERFZI:1.31s D coil &7t : 600A, M ERZ:1.31s
Bank2EE :~620V, i ER%I:1.31s  Bank2EE :~960V, B %:1.31s Bank2EE:~1250V, i EEZ:1.31s

F1 coil & :0A F1 coil&F:0 F1 coill i :0A

15 ; : 15 , , 1.5 ; .

—0 bank2 — camp —0D bank2 —— damp —0D pank2 —— clamp
| A ILDER ] | O ot

g 10 R g 101 Eacoil +OHD —E8
= = F1 coil
o5t o5t

0.0

1000l ZBITO—T DEERK

1.30 T3 132 133 1.30 757 732 133 1.30 73 132 733
time[s] time[s] time[s]

X1 ZNFEFTOasT oI HEOME (D coil B CiElid

LA, arT U DOEFEE T EFEEORETD coil B
DILH EIRN DX A I TNELIRD)
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T DT HEOMHE LT IER SR, & 2 TAREBRTIZ, PLATO O 7 ¢ — K3 7 il
AL (Fl aA ) ICHER2 GEEINIERG L, &K1 KV, 35 AZFl aA /LZ@EET L
J: T“D ANV EZONDFHEEOEENENT D0 E2HHAE LTz, DA LV ToiERL & Lk

L BIEBRARALZBAEO TN i ns BREa T U AN T RENS D a A L ~DOFED
wwﬁﬁﬁéhiilzm SRITFE A NVEROHREM(WEDZ A I TE)D/NT A —H
AF ¢ UEATV, K OFHFEORENENIND/NT A —FRELIRKT D,

HEE

D coil Ejit :600A, HERZI:1.31s
Bank2&EE :~1250V. EMZI: 1.31s
F1 coilE i : ~35A. MERZ:1.3s

1.5 T .
— D —— bank2 —— cdlamp

| ol TV OERIE
g | D cail
= F2coil +OHD—%
S 0.5} F1 coil

0.0

1500 ;
— VMyway —— Vbcoir

1.30 1.31 1.32 1.33
time][s]

X 2 BIEIR Myway EJR) Z0FHT 52 & T

D coil IZH-2 BN DFHEOEENATREM

(Foms FREE) L7

AR DRF SRR

[1] S. Kato, D. Shiojima and T. Kawaguchi, "Magnetic Field Coil Power Supply Using a Flywheel
Generator With a Planetary Gear and a Low-Rated Inverter," in /EEE Trans. on AS, vol. 36, no. 3, pp.
1-5, Art no. 5000105, doi: 10.1109/TASC.2025.3628589.

[2] T. Nishizawa, -+, S. Kato, -, A. Fujisawa, "Initial plasma achieved within engineering constraints in
the PLATO tokamak, " Fusion Engineering and Design, Volume 219, 2025, 115222, ISSN 0920-3796,

https://doi.org/10.1016/j.fusengdes.2025.115222.
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FZh 4 ) F o) B
2025CR-FP-7 — AT

NI LA A VEE LEHEREEDF v ET ¢ A &S
EFAFBEIRE HERS

HAEY B E 50 S 147 OB SRS OB & L T8 v A Be0 H V) | BEAFIEIC S 2 5
MG EBOMIZENEA TWD, BMEIFE 777> b (Fe-8Cr2W 64) Tlk, 77 A~ HRRHTHA
T2 B DOFHE CHREREFEEDO AN B LIE L 72 5708, BEMEIC 5 2 5 ST 2O PRITHEA TV,
Z 2T, BEEIF OBEEIRA R COBBGHM (FCEHLBESS Y BT 4 B ZEET D TikE
LTAFVBRERD L, L, HEESRBIZRON D=0, HEBOYMEE DL TR Z L
LV, ZHICK L THRA TSR E T VAR FR LT A A U E U, BEGEHIZ1T 5 iFFETF
EERELTCND, IRET, EDRD Fe-20%Cr % He RS L TRALIIFROIINZ bk L |
HRIHZ X 2Bt WL (BEKU7ZeEi{k) &R SKFHAHI OGN LTE iz, 4El, Cr ¥ v > 7fEaH
V72 Fe-10%Cr &7 /LB O A BT L <3G L. He MU U CRE(LEBL R O 2 Mt L7z,

ik JRAE LoV T MgO(001) B dh Bio, MEmEEh CE e —A&E A E L, RO -
Fe-10%Cr (/5 200nm), #&EH2) : Cr (FEE 0, 50, 100, 150, 200, 250nm) / Fe-10%Cr (BE 120nm)# 5 4 /E
@Lt&@%&%ﬁﬁEMMV@mﬁﬁﬁﬁa%%%i%ﬂ%mCmﬁMWImmﬁCﬂywﬂHwﬁ
THRH L7z, SRIM HHE L v, SO CITEERIZZES 75n0m T 5dpa T, HEE 125 nm TEEA~U 7 A
BN —2 %2 LD L EHR L, /o T, B TIE, Cr F+v v 7EOBIEL 0 725 100nm Okl
TlE, Fe-10Cr JENDFREE~Y ¥ A BN <, BED 150 75 250nm Tl 70kt & 72 b, Ziub o
AEHZOWT, MR OMIE 4 EBSD, TEM, XRD T, % VSM Tili~7z,

R OEZ B ()® EBSD HIZEL V., MgO EIZ bee HEED BN T E X XU v LI E LIz Z &,
FEemAEIE & LI T b Lo 2 & 2 s L7z, XRD JIEL V. FEZIZ(002)perocr D B — 7 (i
RN 7 b LTz, 2O Z &l HeMgT L 7otk - M 2 S FEE T W2 IR RN > 72 2 & &2oR
LTW2, TEMBIZE LY | PR OB TEBEDF v ©F 1 208 Lz, BT OB OB
% VSMIZ K0 JIE U7t R, FREHT & 0 AREE 230 L AL DR EEA L AVE U e, 3BHIZ >V T,
TEM BB L XRD EL V| Cr Fv v FTEOBIEAS 0 225 100nm OFEN Tl Fe-10%Cr JEN D
Y ET 4 BENE L, 150 225 250nm DOFEFTIEF ¥ BT 4 B3O RN T L AR T L8R B,
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HeBHICT LD v ©F 4 DB & CriRth 34 U, 2Bt N #2282 0| X 2 L7 S HEE S D,
RS

Y. Kamada, H. Ishida, S. Yoshida, T. Murakami, H. Watanabe, Y. Shiratsuchi, “Effects of cavity formation on
the magnetism of iron and iron-chromium alloys”, ICFRM-22, Sep 28 - Oct 3, 2025, Shizuoka, Japan
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ET VG4 KO F82H SO Wik AIX 8IS, HAGIE T2 2025 AR ISR 177 [7) 46K, 2025.9.17-19.
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[1] K. Ida, et al., Commun. Phys. 5, 228 (2022)
[2] T. Kobayashi, et al., PNAS 121, e2408112121 (2024)

[3] T. Kobayashi et al., submitted to Rev. Sci. Instrum. (2025)
[4] T. Nishizawa et al., Phys. Plasmas 28, 032504 (2021)
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Effect of Irradiation on Mechanical Properties of Nuclear Materials
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TR, REMEESER ALY, BERERBEHRRICE T 2L BEICOZ2YEERICO W
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T, iz, x=005RE (B—BICHY), =0, RO, L, OBRE (X4 5= 24KIc
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A e e
- H. Hasegawa and S. Ishiguro, J. Adv. Simulat. Sci. Eng. 12(1), 275-284 (2025).

* H. Hasegawa, Proc. of 44th International Conference on Simulation Technology, 351-354
(2025).
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[1]S. Entani, et al., RSC. Adv. 6, 68525 (2016). [2] S. Entani, et al., Nanotech. 31, 125705 (2020). [3] S. Entani, et

al., Beilstein J. Nanotech. 16, 1082 (2025).
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1) [BIAERS, FERE, i HEk, S X — A4 RINEIC LD E LRI FEOERL, 5 86 [EIGHY
AR AR R, 2025 429 A

2) Shiro Entani, Mitsunori Honda, Masaki Mizuguchi, Hideo Watanabe, Takeshi Ohshima, Makoto Kohda,
“Formation of CI-C Chemical Bonds by High-Energy Heavy lon Irradiation of KCIl/Graphene Heterostructure”,
ACS Omega, 10, 21537 (2025).
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52 %3 DTHY, Scientific Reports ICEEFk23HIE L 7z (K. Yamasaki et al., Scientific Reports 15, 19751
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Science and Technology 37, 015403 (2026)).
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PR HEAEMERE D BN MR Z B E LT, IhF CodFEFHMEICBNT, Kty 7
iz WA R o 12 % (FBGER ) RS L, AR OIE I 5AR I B ) L
T3 DAY SENEZ Ot v L AAROERE £ 2T EHWT, MERROREL 2 21T
WAFHEITFEHZET 22 2 —D20HE L TWAS,

FOHT, KEEFHAY T LTS =120 TIFLEEHI S 2 AR TE 2 v 72 LB S L35 T,
WOZFOFHIEENEETH L. T TRITFETIX, SHED X T 248 L2 2 B CEks
BRI 28 L WEilE 2 46 2 &2 EHE L-WIex BRI 5. ARIIFECTIE IS, WG ET
12 & AR SR O IRER 2 47V, BRI BRI oK B X OME MR L2 X - 72,

fEH 3 2 s & L CHERMELD RIOS bulk carrier HEEAR I HN 2, JTAEBES S - Bk BT
IR 55 & W IVE IR Z £l o 2 il 2 w7z, AL B0 2 PukEhn, ik
FKHENZFOFH S Ehti L 7-.

2. MR
K % s W % e - 4HY
e I B SEE T AR LR Se R Bk - 3RS A7 LB | R R - EBAT
RA 5k JE BRI T REF LR GeRE B0k - BB A7 A | 5L 14 | B
#H BRI T ARRETRGER B0 - B Y A7 ABY | 5E 14 | ER
T Ky JEERSET S0 8 %y AF 47075 A A4 | EBEE
B 2R IR RS TS 8 W%y AF A 7075 A S A | EERER
AR s | RBKETHM S W% AT A TUT T 4 A | EERER
3. ERBROBIE

2025 FFFEED 9 H, B L 11 FIZIUNKAICH IS T ORI FZEBRKAE (L x Bxd = 65x5Xx Tm
VISTRMERER 2 FEh L7z, ARFEBRCTHH LB/, ChETHHLCEMEEEY LY~
%o RIOS bulk carreir BRI & F 8 5038 CHBTH IR A 5 1L 2 AR E AR %2 F52 bulk carreir #575
RO 2ETHSL. N 2MEHIKEIIF—TH Y, BUKRUTIXFEZIRTHRERD 7 L 7 H5 0 H
MEZLG o> T 5D, DEEIZHERD RIOS bulk carreir B 2 A ARHY (Type A), RIS THEGTEINL
WA O N D METERZ FEOMI 4 CHEY (Type C) LI 5. EBRIZIKE L ZOD3— Mo
THY, Ff =+ TlE, TSmO ERE L o2 ORAR, GRENITEER N
FhaaxdE L, EEEHIEERE £ 5 2 & T, MERERIEDRMRENEIE Ot 21T o 72, Rk AR
FEA OARRWIE 2 BHRIEATIZ X Y HUS L7z 43— Tl BRIt > o > 78l 2 w728
=R L, EEIEHIERER A ET 5 2 & T, MAREKEENOZ SEH T 72, EB S
D= b THHMY Y W2 XET AH 2 & T, ASHE AR Y oI E WL % [FREHI L 72

WA IS B\ CIE, AT LA EHEIFAT % v 72 multifold 2 1T- 7. RFETEM IS 2T 25
L6BEDL—F—EH Lz xEL, HEWIEE 1 ENs oWk 2sHIl§ 2Ex 2 o%EL, &5 2
RO 2 3R L7z, 72, EHEES A 12T SN2 HIS 0 5 13KE EBERIO T v F12i -
TRV eNZBEBOT—TETOE 7 CVEDFHII S, ZOHRE 7 VD b EEOHEE 2
52 & TR ORI 217 .
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3.1, @HEER

REBCTHET L 723 % Fig. 1 12/R"$. F72, Table. 1 ICHHAEIOFEH, RO Fig. 2 IZE
5@ body plan #7879, 72, body plan |ZIEENRTE /L HOEDIAAMED R LTBY 2 EE
512BWTH ord. 9.0, ord.9.5, stem O 3 WD IARZIT- T A, AFRE (Z2H) IZEAL, CARE
(HIN) IZBEALTRLTBY, stem FB3IC BT 5 LBEOIDIABAEIZE L TIIHRALTRL T 5.

Fig. 1: HEEUER (1A AREL FHI.C AR

Table 1: fLEUER EZH

Ttem | Value

Ly, 2.400 m
B 0.400 m
d 0.128 m
\% 0.098 m3
Cy 0.800 -
Ay 0.835 m?
TG 0.051 m
KG 0.115 m
K/Lpp | 0.250 -

Fig. 2: Body plan & FEXFE ¥ > H ORLENE (FLH:A
AR, A HC AL

3.2. EEIETEIGER

EENFHIEER CEH L 722 E X Fig. 3, E72FEZBehoitills A7 AKX % Fig. 4 1~ d. EE)FHIR E
2BV CTIIBEAR R 9 % 388 (surge,heave,pitch) X ORI D T v FIZH) T 5N 7203 AT —2
THAEEFTHIANI 22 2 PUELZFHI L T2, KEHIEERCIE F, = U//gL = 0.18 THA % HLfi
LCEBREIT-oTEY, kb LERPZNZIIIB W THEEEE LERIZiTo T 5.
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Fig. 4: BE)FHIRBRICB T 2502 27 4

3.3. EHAIEH

FBREAFIZOWTIE, Table2 ISR L72E B THAH. At — b OEBFHIAEBR COFHITIE, Ef
BT, ARl & RIS y = 320mm ORLE 2 Bk el YD 0 dkEaEt) 2 akE L AT
WOFHNZ AT > 72, B S— N R/ S— b EFEERICIEE R CEHll 2 520 L 7245, H BykmEer (i
Y0 WEEt) RN FBG E )& v 3 0K L T /27280, ZRMEA 5 y = 591mm OALE |2 5%E L
72, T2 50FHIITH AT L TOWRIRIED 12mm & %25 X ) IEEEICES 2%, Aghkh %
HALZETWVED.
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Table 2: FEERSA)

AL (K.L) | 7)Vv— N | & FHIIE %L (TypeA) | EHAIEIEL (TypeC)
0.3 F,=0.18 0 = 180degs. | 6 6
0.4 F,=0.18 [ = 180degs. | 5 3
0.5 F,=0.18 0 = 180degs. | 4 5
0.6 F,=0.18 [ = 180degs. | 5 8
0.7 F,=0.18 0 = 180degs. | 3 5
0.8 F,=0.18 [ = 180degs. | 7 5
0.9 F,=0.18 0 = 180degs. | b 6
1.0 F,=0.18 [ = 180degs. | 6 6
1.15 F,=0.18 0 = 180degs. | 5 5
1.25 F,=0.18 0 = 180degs. | 4 4
1.3 F,=0.18 0 = 180degs. | 3 -
1.4 F,=0.18 0 = 180degs. | 4 -

3.4. SEEH X T2 & BMAIKTETR

WA L7z h 2 7 1d ditect N4 A¥ — F 4 2T [HAS-U2(Fig. 5)] Thb. T/, ko
HATDIAYT A ar%, Table. 31I/RT. #Hgllid DITECT #5352 7 b [HAS-Xvierwer] %
EH L, % L 72WUROMATIZ X DITECT A8 &% 7 b [DIPP-MOTIN V/3D] =M L 7.

B X TN X B EHINE, RO Ty FIZih-o CTREOTF—7%2iRD, MEICIRS SN
L=HF =R EIZBWTREDT — 7O T D 5K TOR S 242 S N72ER) 5 H I % multifold
FErERLZ. ZLTC, ZORSEFHIEKEEROOT—TOTFEHE TORESNLFI Z L1 L0 v
BIEOIRMEDSE I SN D &) ODSEGEIENTIZ BT 5 ARRREFHI O A TH 5.

HAT2EE, 6BOL = —BH LEEEHE X O (MK EE L7z, AL 6 KDL —H—
FEAEAPNINE 5 L) ICAHEZRELEE L. 6 KDL —¥—JI2 & ) B SN AEEMEIEIC
BULEEREIZ, HEVWELEMGOWEZ 2R —F—FTO7—) THBCTERT 5. ATl
COWERXIIRL, 2BDHN AT TEEDL V2O E 2y MW, AFH4B0H7 2 712X
DEHIZATH 2 & T, Wik 2 B o2 FHi L 7.

F 72, BHFFENTIC X A AREE T R R L T X — P O AR THER L 72,

Table 3: Camera condition

Parameter Value
7L —A4L—} 200 fps
[T 4 A A 1920 X 1080 pixels
SHAl 7 L — A% 1,030
VX —AE—-F open

Fig. 5: Camera(HAS-U2) M) —F—F start & positive
4
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4. FBREER

BT, AWFZEIC TR S N7 EBRE R 2 LT IR

4.1. FORTIERHIEMN

Fig. 6 (BB FHIABROBICE Y — DI L o TRl E NP o R4 /R" 3. LERIE, SR
TEHAI L 722 CosHllEl oHeign, GRIL, B CHEMREI T I FMEL B L, Spline #ifH
M CHEAZ DD TH S, W T 78612, BEIC ARICE L -z ik ERE]L 2L I2TFY
fExB M L, Spline ffiff] L7zli#iz, 77— OBEWUDHIED/ZDRLTVE. TD2OD7 T 7 Dift
BHIIRPLOMRICIETH V), HEIEEMELTH 5. SEOEBR TP Z KO 5 BRI H V723K
HCOEILIE, A MRTIAT0.26883kef, CHREIDS 0.27004kgf THDH. ZD2DODT T T 06, SHEDFT
WXEEDE D5 0D FHEEZEH LZBISBED AMREOFHE L LW E2b, BEEEDOFEW
FHllCHh o722 e d. 72, AMRME CHBZ IS 5 &, EHEEE N/L = 1.15 THEH»PTIZ
B 5 CABENZ BRI HERTE 5.

2/p2 2/n2
Raw /P98 (B7/L) Raw /P98 (B7/L)
| | —A—— PastRes-AVERAGE || —A—— PastRes-AVERAGE
A RIOS-Bulker 2025 09 —A— RIOS-Bulker 202509-AVE
10 - A RIOS-Bulker-SK25 2025 09 10 H —A—— RIOS-Bulker-SK25 202509-AVE [
I N I
[ 4
5 o/ 5 N
I A A A i
§a, . I
A $ g
0 2 0
0 1 2 0 1 2
AL AL

Fig. 6: EX:FES — ¥ Crlll S L7z KPLHgin F,=0.18, B=180degs. i [X: 37 — ¥ CTHI S /- 4KHTHY
MO EMELZ & OFHE F,=0.18, 3=180degs.

4.2. MAEFREESD

BT Fig. 7 124 8— b OB RHIRBR CE O N ERET (F—=YE) 27, FEIZERED
YU oRER, FTEIEFBCENE Y HOFBETHL. 212, 2 5IEIC ord. 9.0, ord.9.5, stem
D3IWHOFEREZFIE L ORLTWA, #EEIEFTES (F—2 ), f##liE Deckline # & & L7z &
EDOT—AERELTwD. ARE, CHRBEOKBRIZNENHFFRME, FHRTORLTWS, /2, 2
CTIRFERO—BIE LTA/L =115 2B 5FREZRL TS, ZO#ERPL, FXAE L Ok
BEAFEERZL2EE, FBGIENE VT TIEZADIELDEDBALNLD, TO=WHIZEL Tlddh s
FEDOBEVEDGMERTE B, 72720, FH L Z2BERH5 12 X o T, BB E L DI R 7 LTS D
DRI AXDVDEVE Y HPEETNT0DE720, BITOTEISBEREPLETH L. T, Kk
RIROE (RETHEE) ORBLZZIIR TV LRy FOEMAHEA T S EAERE LTE
ZoN5. FmMICOMEL B LB, EArTEHLIPMHELPAOND. ZOERZFN) R
TP L3 v ¥ =M% Fig. 8 IR, KD AME, HHACHREOERTHL. Zoary—
BMiE, AEEEHCERE LS TOERENL U HE FBGENE Y EHOTERLTWwA., oo
VE—h 5, CHEICIE AMRE L LB L T, stem L CHEIMEEDFERTE 5.
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ngl(p u?2) ZPE/(p u?2) P,/ (p U*2)

——o0—— Type-A (SSK)
—0—— Type-C (SSK)

——0—— Type-A (SSK)
——o0—— Type-C (SSK)
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—o—— Type-C (SSK)

AL 4 A

0 A 0 o= 0
D-—o\ o/
_10 0.1 0.2 0.3 0.4 0.5 -1() 0.1 0.2 0.3 0.4 0.5 -10 0.1 0.2 0.3 0.4 0.5
GL(m) GL(m) GL(m)
2 2
2Pgl(p u?2) 2P§ 1 (p U%12) P,/ (p U%I2)
——o0—— Type-A (FBG) —o0—— Type-A (FBG) ——0—— Type-A (FBG)
——o—— Type-C (FBG) —o0—— Type-C (FBG) ——o0— Type-C (FBG)

N
4 ot 4 A

-1

-1 -1
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Fig. 9: Steady and unsteady wave profile (1T component) at F,=0.18,1 /L=1.25. y =180 degs.
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Fig. 1 Experimental apparatus.
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IO AR A TT N ) U T2 B (w5 ) ymean % FIARAE LT2FZEMIRICTH 5. #itlhiE 2 F7h)
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Fig. 2 Visualization of three-dimensional vortices structure.
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BE R

(1) C. H. K. Williamson, “Vortex Dynamics in the Cylinder Wake”, Annu. Rev Fluid. Mech. Vol.28 (1996), pp.477-529
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(&35 k] (1) Fayyazbakhsh, F., & Leu, M. C. (2020). A brief review on 3D bioprinted skin substitutes. Procedia
Manufacturing, 48, 790-796.

(2) Si, H., Xing, T., Ding, Y., Zhang, H., Yin, R., & Zhang, W. (2019). 3D bioprinting of the sustained drug release
wound dressing with double-crosslinked hyaluronic-acid-based hydrogels. Polymers, 11(10), 1584.

(3) Shojaee M., Navaee F., Jalili-Firoozinezhad S., Faturechi R., Majidi M., Bonakdar S.,Mater. Sci. Eng. C Mater.
Biol. Appl., 48,158-164 (2015).

(4) Sornkamnerd, Saranyoo, et al. "Micropatterned cell orientation of cyanobacterial liquid-crystalline hydrogels." ACS
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1 Introduction

It is well known that the macroscopic mechanical properties of bone are closely related to the micro- and
macrostructural features. However, no theoretical model has been developed to correlate the mechanical
properties and the structural characteristics. In the present study, a theoretical model was developed to correlate
the elastic modulus of bone and a structural property such as BMD along with the mechanical and structural
properties of carbonate apatite and collagen.

2. Theory

In this theoretical modeling, cortical bone is firstly considered as an ideal poroelastic medium along with
the theory of composite material. Based on the poroelasticity, the elastic modulus of cortical bone can be
obtained as a function of the elastic modulus, Es, of bone tissue without pores, and the porosity of cortical bone.
On the contrary, the cubic strut model was introduced into the modeling of trabecular bone. The elastic modulus
of trabecular bone can be expressed as a function of £, and the porosity of trabecular bone. The volume fraction
of bone tissue Vzr can be expressed as a function of porosity. Then, by assuming a linear relationship, we get
the Young’s modulus-BMD relationship. According to Wanger’s model, the bone tissue is considered to be a
three-layer structure of lamellae consisting of thick and thin lamellae. Then, based on the concept of the theory
of composite material, Es can be expressed using the volume fractions and the elastic moduli of thin and thick
lamerae. The elastic moduli can be calculated from the longitudinal modulus, the transverse modulus, and the
shear modulus of the lamerae. Those parameters are also expressed as functions of the elastic moduli of the
apatite platelets and the collagen matrix, along with Padawer and Beecher theory.

3 Results and discussion

Results of calculation of the Young’s modulus-BMD relationship are shown in Figure 1. The variational
tendencies of E with increasing BMD obtained from the hybrid models are basically consistent with the
empirical formulae of Keyak and Keller, and the predicted values are lying between the Keyak and Keller’s
values. These results validate the theoretical models. It is interesting to note that when BMD is low, the
variational trends of the three theoretical results are more similar to that of Keller formula, while they are
consistent with Keyak formula when BMD is high. It is thus concluded that the E-BMD relationship can be
well predicted by using the macroscopic models, and the effects of bone quality on the E-BMD relationship
can be controlled by using the microscopic model.
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Fig.1 Variation of Young’s modulus with BMD from PB model.
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1. Introduction

In this study, previously, two femoral bone models with different bone quality were developed from CT images
of two female patients. Three different stem models of THA were then implanted into the bone models and
their FE models were analyzed using nonlinear theories under four different falling conditions. Effects of bone
quality, stem design and falling condition on the femoral damage mechanism were then investigated.

2. Methodology

FE bone model was developed from the 61 and 87-year-old patient and denoted with bone X and Y, respectively.
Inhomogeneous material properties were introduced in every element that form the FE bone model which was
computed from the linear relationship between CT value and BMD. Then, the mechanical properties e.g.,
young’s modulus was assigned to the element by using the established equations, hence enabling the non-
linear FE analysis. Next, the THA models of bone X and Y were constructed and three different types of
implants were introduced. Those implants were denoted by stem Z, stem K and stem B, where every implant
has a different design and geometry. The stem of the implant was assigned according to the properties of
titanium alloy while the femoral ball was based on the properties of alumina ceramic. Next, the falling loading
and boundary conditions were adapted from well-established studies. The analysis was terminated at the load
after the complete failure of shell elements.

3. Results and discussion

Distributions of element failures with stem I and stem III are shown in Figure 1. The damaged solid elements
expressed the distribution of internal micro-damages of bone at both the initial and final stages of fracture,
while the damaged shell elements indicated the distribution of external micro-damages of the outer surfaces at
the final stage of fracture. It was observed that the initial damages were concentrated in the region close to the
shoulder of the THA stem in bone X, despite having different implant designs. The damage initiation was seen
to be scattered at several locations along the stems. At the fracture stage, it was found that the micro-damage
formation occurred at the trochanteric region in all the THA models of both bone X and bone Y. This type of
fracture mode drew a parallel view to type Ag in the Vancouver Classification of periprosthetic fracture.

Solid element Shell element Solid element Shell element
Damage initiation : Fracture Damage initiation : Fracture
Internal I External | | [T - External
£ )
X X
posterior posterior lateral posterior posterior lateral
= i
Y Y
posterior § posterior posterior lateral posterior posterior ' posterior lateral
Compressive Tensile Compressive o TENSile Compressive Tensile Compressive _ Tensile
(solid) (solid) (shell) (shell) (solid) (solid) (shell) (shell)
(a)Stem I (b) Stem I1I

Figure 1 Distribution of element failures in bone X and Y.
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1. INTRODUCTION

The purpose of this study is to research the pattern of secondary fracture on fractured spines using
CT-FEM. Load simulations on 3 different fractured spine models from patients’ CT-images data were
conducted. Simultaneously, compressive load simulations on single vertebral bones were also conducted
to estimate their strength against load. Based on the analysis and comparison of these results, the feature
of secondary fracture and some factors which may effect this process can be found.

2. METHODS

CT-FEM software MECHANICAL FINDER (RCCM) was applied to extract models and conduct
finite element analysis. Three 7-piece spine models where the fractured vertebrae is the center were
created based on the CT-images of three patients from Saga University Hospital. Making the fractured
vertebra as the center, three spines of 7 pieces were extracted from CT-images, which means from T9
to L3 in case No.1, from T10 to L4 in case No.2 and from T11 to L5 in case No.3. In each model, a
process about the occurring of the secondary caused by a uniformly distributed load on the top of the
spine piece was simulated in the finite elements simulation software. Then, compression load
simulations were conducted respectively on four vertebrae which are respectively next to the top, bottom
and fractured vertebra in each model.

3. RESULTS

Figure 8 shows that the bending movement took place surrounding the fracture. In case No.1, the
fractured part was T12 where the primary fracture occurred. It’s a typical case that due to the geometric
deformation from the primary fracture, the structure of fractured vertebra becomes unstable and prone
to deform by a load again. In case No.2, L2 and L1 were fractured simultaneously and the fracture was
more obvious in L2, which fits the vertebrae strength ranks that L2 held the weakest strength in case
No.2. In case No.3, the deflection was not obvious because the movement was constrained in x-y plane
on the top of the spine in case No.3 in order to avoid a consequence that a large backward deflection
appears in the simulation, which contradicts a fact that the spine in limited by the muscles and ligaments
in human’s body and it’s hard to be bend backward. By making such a constraint, the bending moment
increased slowly and was not so significant that the main load type was compression in case No.3. As a
consequence, T12 was the first fractured vertebra because it held the weakest strength in case No.3 and
it bore the largest normal compressive load according to force analysis.

Figure 1 The deformation in three cases.
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16:40-17:05 Fan Yumeng, [Plasma instabilities in a two-dimensional bounded system |

In collisionless magnetic reconnection, magnetic field fluctuations observed along the current
sheet inside magnetic islands have been reported but cannot be explained by the Weibel
instability because they show a finite wave number in the outflow direction. Here we account
for weak electron magnetization inside the island current sheet, extract local plasma
parameters from 2D PIC simulations, and perform enlarged-domain simulations. By
analyzing the fluctuation morphology, k—w spectra, and growth rates and comparing them
with linear dispersion relations, we show that these fluctuations are consistent with the

oblique electron firehose instability.
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10:45-11:30 &% EAK, [Scattering Theory in Noncanonical Phase Space: A Drift-Kinetic
Collision Operator for Weakly Collisional Plasmas |

After developing a scattering theory for grazing collisions in general noncanonical phase
spaces, we introduce a guiding center collision operator in five-dimensional phase space
designed for plasma regimes characterized by long wavelengths (relative to the Larmor
radius), low frequencies (relative to the cyclotron frequency), and weak collisionality (where
repeated Coulomb collisions induce cumulatively small changes in particle magnetic moment).
The collision operator is fully determined by the noncanonical Hamiltonian structure of
guiding center dynamics and exhibits a metriplectic structure, ensuring the conservation of
particle number, momentum, energy, and interior Casimir invariants. It also satisfies an H-
theorem, allowing for deviations from an equilibrium Maxwellian distribution due to the
nontrivial kernel of the noncanonical guiding center Poisson tensor, spanned by the magnetic
moment. We propose that this collision operator and its underlying mathematical structure
may offer valuable insight into the study of turbulence, transport, and self-organizing

phenomena in both laboratory and astrophysical plasmas.
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PERD & 5 LU WFREER 2 M4 S A, BUERIZAECER, JREMSE» O BRN AR AERIZS
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FEREFRTH D I L WRERA L Bbh s EHEFEDBRFHEL RR I W, €I T, EHEREFEDOK
EAF—LZffBHICERELUTAMIEEERL L 25, IEMENRRNDZEF 22 HERMES
N, FAEBEOWEIRINS,

< M KRR (JLKRISHIHF), Comparison of Non-Breaking Wave Induced Mixing Schemes Used in a Regional
Ocean Model around Japan

The effects of two non-breaking wave induced mixing schemes were compared based on numerical experiments by
a regional ocean model around Japan, in order to improve the representation of upper ocean state. One scheme is
derived from wave orbital motion, and another is derived from Langmuir circulation. Both schemes modifies the
TKE budget model by adding the mixing effect terms by wave orbital motion and Langmuir circulation, and the
Langmuir circulation scheme also amplifies the mixing length scale. This study attempts to clarify which scheme is
the best. This problem is still in debating currently.
Three experiments were designed. The control run, named as CR, uses Noh and Kim scheme for TKE budget. The
experiment LC has additional mixing effect of Langmuir circulation, and the experiment OM has additional mixing
effect of wave orbital motion. The simulation period is from 2018/01/01 to 2018/09/30. The analysis period ranges
from 2018/04/01 to 2018/09/30.
The results were compared with HIMAWARI SST and temperature profiles of GTSPP data. These comparisons
indicated that both schemes enhanced the vertical mixing in the upper layer. OM significantly overestimated the
vertical mixing in the upper 10 m, but performed better than LC between 20 m and 30 m. The mixed layer depth of
simulations and observations was also estimated for comparison. The result showed that for cases with low
Langmuir number, so wind is weak, LC performed better than OM. This may be because LC involved the local

wind effect, but OM not.
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Doppler spectrum
50 T T

11 = acos(kr —wt) + %koﬂ cos(2(kx — wt)) + %kza:” cos(3(hw — wt))
40 .

w2 = gk’ 30: /\/\f i
w? = gk(1 + k%a®) ) sl ¥ "o

dB

1
-2 =1 0 1 2

4 Normalized Doppler Frequency

” BDARRE=-FyT>—ARKE

(b)
5

k
S Acyy ~Agy = :2I " o(OKS(K)dk = 2k | w(R)S(K) dk.
0 k

-70 B

1 2

k/k,

k.
Ac gy ~ Acpgpe = =2 LBw(k)kS(k) dk = 2kBJ: w(k)S(k) dk. o =
B
TABLE 2. Correlation coefficients (with 95% confidence intervals) between HFR radial curreats and AWAC currents (Upwac.<) to which the different possible contributions of Acg 3 2E(U’ Uk da + 2E(0) Uks da’
Q oy

the Stokes drift were added. In the right section, Upp vs Uswac< + Ac; [where i = (6. L, L62) for onehalf of the surface Stokes drif, the weightad depth-averaged Stokes
drift and the filtered surface Stokes drift, respectively], the second lire indicates the correlation coefficients that have been calculated wih the approximations to the nonlinear
corrections. The best correiations for cach radar station ire highlighted in boldface type. The bearing offsets are given for each radar-moored current meter pair.

Urrr vs Uawac Unr ¥s Uswace + ¢
HER site Mooring ’ a0 I Us0) Ay dape  Ahns Ao A Aap Mg
WERA
PAB  Bic (winter 2017) 063+002  —4 020035 073+003 -3 (80003 —1° 075004 ¥ 0H=0H -3
070 + 0.04 079 = 003 073 004 071 =003
PAO  Forestille (winter2017) 030 003 -3 042004 080004 4 00003 & 087002 & 08400 4
078+ 0.04 88 = 005 086 0.03 083 = 005
CODAR
PAP  Forestille (winter 2017) 047 £003  —12° 0522006 051005  0°  096=003  0° 083003  0° 077005 O
058 = 0.04 094 = 004 080 = 005 075 = 0.04
PAP  SaintUlrich Gummer 2013) 091002 —1° 032003 093=003  —1°  093=003 —1° 093002 -1 093200 I
092 = 002 093 = 003 093 002 093 = 0.03
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an 00 B
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Dispersion relation
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Trend of Sea Surface Temperature The seasonal cycle of the SST

Sea surface temperature trend (°C per century) (1854-2019) iS a|SO an essential part Of Climate
- B 0.75 e.g. longer winters / short summers can
9 P 0.50 trigger marine heatwaves & change biological activities
0.25
o M
425 ®a Question:
-0.50
. 075 Is the Seasonal Cycle of the
60°E_120°E 180°W 120°W 60°W  0°

[Garcia-Soto et al., 2022]

Ocean Changing?
Under Global Warming, Ocean is getting Warmer

Previous Study The goal of this study

e Amplitude of seasonal cycle v Intensified seasonal

. v
W

cycle in the Northern Use observation/reanalysis data and clarify:
hemisphere

1. How the seasonal cycle is changing in the Western

North Pacific (WNP).

0 60E 120E 180 120W 60W 0-10 1
C° per 40 years

2. How the length (phase) of seasons is changing.
v Stronger than the annual

T T T T T T T T —

-1. -0.7! 7 4 .

15 07 0 07 15 mean warming trend
[Liu ot al,, 2024]

0.75 >>0.25 (trend) °C per 40 years

Data used for analysis Define seasons using data from early period

» Compare two periods:

Early period: 1982-2004 Late period: 2005-2024 ssT
Amplitude
« Sea Surface Temperature: 90 Days T cummer
OISST [Huang et al., 2021] Days
* Oceantemperature, mixed layer depth, and surface heat flux: T_winter
ORASS reanalysis [Zuo et al., 2019] _——e —
k\i\\\\\\\\‘ 90 Days
0ISST ORAS5 3
Period 1982-2024 1982-2024 Min .
Temporal Resolution Daily Monthly Autumn Winter Spring _ At
Spatial Resolution 0.25° x 0.25° 0.25° x0.25°

v Winter/Summer: 90 days that includes min/max
-> T_summer & T_winter are defined
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Evaluating the change in seasonal length

Under Global Warming:

Late Period

Longer

Shorter

Early Period

v Warming temperatures lead to

shorter winters & longer summers

By detrending:

Late Period
T

Early Period

Earlier

v Change in phase (length & on/offset)

of seasons can be better extracted

Winter got longer across the WNP

Winter Length Anomaly (late-early)

Days
30

R°N
East China Sea w

& Subpolar Area

~13 days longer

36°N

30°N

- L —
Kuroshio Area “Z4°N -

~8 days shorter

18°N

~21 days longer

117°E

126‘E 135°E

The impact of external heat source

Mixed layer heat budget equation

amT_ Q.
E pC 3 + advection + mumg Q - surface heat flux

h : mixed layer depth

T : mixed layer temperature

By partitioning the terms to:
annual mean & seasonally varying component

T=T+T,Q0=0Q+Qsc, h=h+hy

' A
A(g) == i —Q M+ a
h, 1A 3l (h + hst)
Change due to Change dueto

reduced surf

Which is more dominant?
Changes in Heat Flux or Mixed Layer Depth

l> Subtropical
Area
~6days longer
144°E ISE 30
Q Q
-3 4=
h[ I:>h[
get cold
Q Q
P o
h
h[ T |= -.I-
o get cold
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Result:

Seasonal Cycle Intensified across the WNP

Amplitude Anomaly (late-early)
s | !

&

Kuroshio Al

Weaker
~-0.5°C

Why did the Seasonal Cycle Change?

126°€

2 & Subpolar Area

i 42°N 7
East China Sea w " J L5 Strongly
. intensified
Intensified ! ~0.8°C
~0.5°C 36°N -

ree

26C ECS Seasonal Cycle

26/ Early Period
2
,, | -ate Period

Subtropical

Area

Patchy
-0.3~0.3°C

Open Ocean Seasonal Cycle

132E | 138E

Start from ECS and Subtropical open

ocean where Kuroshio does not exist.

i 9 get cold

Man Feb M Ap

Result (1): Open Ocean
Winter gets longer

Z‘JC T T T (‘1!, 5
b Early Period _ [gfejwaﬁﬁ%\ o
8 0.05
27+
B =40
26
0.05
25+
T 01
—winter &
24 ’v 015
! i
1 . 1 I |
PPy S R . . 02
iy M Al M J A s o N D
e +

Longer Winter

8 days —>

v' Colder & Longer Winter

2C
w Early Penod
27 Late Period t

14 Longerwmter 10days
S R Mw A May w3 Earlyonsetandlateoffset
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Longer winter = 8days
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. Result (2): ECS
Reduced Surface Heat Input Lengthens Winter Shallower MLD Lengthens Winter

28/
1soW m? _ . W m? 26}
Early Period 20 u .
100 heat loss decrease » |
T 1 i 10 Q Q - H

20 Longer1winte|':

50

=0 — 3 - — =

T - L’y
o || | T =] | T

— +8 days —

50, gel cold
20014 s L L L L L L 30 50
Ji F M A M J ] A s o N D
€~ Winter —>| !
L ! v Reduced surface heat input in late winter "
—> less warming —> lengthen winter / i
. ) .‘;‘_q A e v 0 0 4 s o N b
In Open Ocean, change in heat flux appears important v Heat{uﬁ'ﬂms'@h&ﬁé‘w{sﬂﬁeﬂ'mﬂ v MLD shallower throughout winter

Conclusion

KPTZAX—8AICKS
EZ!K;’E_};EP/E.\iﬂ/\@,EJ ||Zk/)\b)\®i§'ft

» Winter is getting longer across Western North Pacific:

1. Changes in Surface Heat Flux dominates in the Open Ocean. )1 4R
FHHTEN - AB A0 TR KHE2 - kF T - IR HETF
FOER - BT EB - BERRS- AZBEA
2. Changes in Mixed Layer Depth dominates in the ECS.
1: 2KEF
% Future work: 2:NOC

3 mARRPERD
1) Quantitatively examine the heat budget.

2) Examine the seasonal cycle change in Kuroshio area. BAEIS ST A EZXUYIWS 4Dec 2025 1
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hy =150, h, =2000 -> b = 1295134
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(a) wave orbital motion

The wave orbital motion is the process that water particles follow a
circular or elliptical path along the wave direction, with the energy
moving forward but the water itself returning to its criginal position.

(from https:/isciencebb weebly.com/)

The orbital motion is strongest at the surface and decreases with
depth, disappearing at a depth of about half of the wavelength, and it
changes from a circular path in deep water to a flatter ellipse in
shallower water.

Deep Water Intermediate Depth Very Shallow Water

i =P waw Direction == Wave Direction - Wave Direction

(Ahmed et al, 2010)
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(a) wave orbital motion

the sea surface wave orbital motion of a parcel of water

Viavelength

Turbulence can be produced by the wave orbital
motion vertically at the scale of the wavelength

(Babanin, 2006, 2017).

moadified turbulence kinetic energy (TKE)
budget equation (Stoney et al., 2018):

P: TKE production from shear

P=v1M2+aN2)+@

Wbk | Ll "2)3 w=2E
—bic| L o _2n
2 T,
k=21
T2 b=0.0014

According the liner theory, the
horizontal wave orbital velocity
(WOV) is expressed as follows.

wov =2
2

where v is the turbulent viscosity, M is the shear fre-
quency, and aN”is a parameterization of the breaking of
internal waves, first suggested by Mellor (1989). For this
study, we add the new term W to paramcterize the wave-
induced mixing:

hy: significant wave height
Tw: peak wave period

hw and T are from CWM output provided by JMA
CWNM: Coasta Wave Model, 0.05° x 0.05°

Similar (but complicated) scheme of Qiao (2004, 2010) has been applied in famous OGCMs

such as MOM4 or NEMO.

(b) Langmuir circulation

additional term in TKE equation
(Choi et al., 2022):

)2 2
£ 20, 2) [ + (2] - m22-
at  az\ 7 az "\ az az

U
+ K”'(E az

amplification of mixing length scale:

) 1.1 1
Ky =S4l T

r=1 Acc =0.49 (Ctoi et al., 2022)

1o = k(2] + z).

Langmuir number (La) incicates
the relative importance of wind-
driven shear and Stokes drift in
generating turbulence

Us
La=4/— us: Stokes drift
u
LC velocity'scale (GBO9):

=32
Uy =V Uaug

\/r)z( +2 2 7'(3h€,
— Y =
Pq s gTi

The wind stress 7 is derived from
MSM/GSM output + Kondo (1975)

hwand Ty are from CWM output
provided by IMA

[3]
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(b) Langmuir circulation

Langmuir circulation (LC), the
alternating horizontal roll vortices
basically along the wind direction,
is one of the mostimportant
characteristics of the upper ocean
mixed layer (Noh et al. 2016).

LC can enhance vertical mixing greatly

0.0

-0.2
-0.4
-0.6

§ -0.8
-1.0
-1.2
-1.4

ey o
N pind_ ;& ~ 7
,

A J
i
1

-3 -2 -1 0 1 2 3
TKE Budget (scaled)
(GBO09: Grantand Belcher, 2009)

theoryof LC
(Craik and Leibovich, 1976):

interaction of Stokes drit and
wind-driven surface shear current

Us XW

Fujiwara and Yoshikawa (2020)
invesligaled the dynamics of
wave—current mutual interaction
based on wave-resolving
simulations of monochromatic
surface waves and Langmuir
circulations.

[7]
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Long-term Statistics of Snowfall Microphysical Features for EarthCARE validation activities
Dr. Alessandro Bracci

National Research Council of Italy, Institute of Atmospheric Sciences and Climate
Rome, ltaly

Summary

This research activity is rooted in long-term work conducted in the Antarctic environment, where the
combination of scientific relevance and severe logistical constraints makes high-quality precipitation
observations both essential and difficult to obtain. The JAXA/ESA EarthCARE mission offers a unique
opportunity to advance the understanding of cloud and precipitation vertical structure, including ice and
mixed-phase precipitation, thanks to its highly sensitive 94-GHz Cloud Profiling Radar (CPR) with Doppler
capability and a synergistic multi-sensor payload. In this context, the validation of satellite retrievals is a
key prerequisite for ensuring the reliability of EarthCARE products over remote regions such as Antarctica.

Retrieving snowfall properties from remote sensing remains challenging because snow microphysics
varies widely and the relationships linking particle properties to electromagnetic observables are
uncertain. Nevertheless, remote sensing is indispensable in Antarctica, where routine in situ precipitation
measurements are sparse and expensive to maintain. Satellite observations therefore represent the
primary source of continent-wide precipitation information, reinforcing the need for validation strategies
based on robust, affordable, and widely deployable ground-based instrumentation. Satellite-borne radars
provide high-resolution vertical profiles of clouds and precipitation: CloudSat pioneered 94-GHz W-band
profiling, and EarthCARE, launched in May 2024, extends these observations with a more sensitive
Doppler CPR.

Within this framework, our different joint research programmes have investigated how two instruments
commonly available at Antarctic stations, the 24-GHz Micro Rain Radar (MRR) and a optical laser
disdrometer, can be combined to support the validation of satellite W-band radar observations, including
Doppler products. In the first joint research programme (2022, led by Dr Baldini), we developed the K2W
methodology, which uses ground-based measurements to simulate 94-GHz reflectivity and Doppler
profiles. The initial evaluation showed that K2W can reproduce CloudSat-equivalent reflectivity with a
mean difference of ~0.2 dB at the lowest CPR range bin (within +12.5 min and 25 km of the overpass).
K2W also provides W-band Doppler velocity profiles below 1 km with a typical uncertainty below ~0.2 m
s71, supporting its use to assess EarthCARE CPR Doppler performance and related Level-2 precipitation
products in polar conditions. The methodology was refined through conference presentations and
published in Remote Sensing of Environment in 2023.

To further test the robustness and transferability of K2W, the second joint research programme (2023,
led by Dr Baldini) extended the approach beyond Antarctica by applying it to additional climatic contexts,
including the Arctic. A key case study is Ny-Alesund, where a ground-based 94-GHz radar operates
alongside complementary instrumentation. The application of K2W to a snowfall dataset from Ny-Alesund
is being documented through a summary manuscript and was also presented as a poster at the EGU
General Assembly 2024.

Building on the outcomes of the previous developments, this Early Career Joint Research project
strengthens EarthCARE validation by adopting a long-term statistical perspective, which is essential to
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overcome the intrinsic limitations of satellite/ground coincidence in space and time. The activity focuses
on the Italian Antarctic Station “Mario Zucchelli” (MZS) and aims at producing multi-year statistics of
snowfall microphysical properties and vertical radar observables (reflectivity and Doppler velocity). The
main objective is to characterize how precipitation signatures evolve in the lowermost atmospheric layers,
where spaceborne radars are impacted by near-surface blind zones (ground clutter and attenuation), and
to quantify the role of near-surface sublimation (virga) in controlling how much snowfall effectively
reaches the surface. These reference statistics provide a physically consistent basis for meaningful
comparisons between EarthCARE products and ground-based observations, directly supporting validation
activities in polar environments (pp. 3-8).

In parallel, the project addressed three methodological aspects that are critical for the validation of
EarthCARE CPR products at MZS (pp. 9—15). First, we investigated the choice of data-selection windows
and relative time shifts, identifying temporal and spatial averaging strategies that maximise
representativeness between spaceborne and ground-based observations and quantifying the sensitivity
of validation metrics to window size and offsets. Second, we implemented and tested an optimisation of
the K2W algorithm to improve numerical stability and reduce sensitivity to small perturbations in the input
configuration. Third, we developed an approach for air vertical motion estimation by decomposing
Doppler velocity into reflectivity-weighted particle terminal fall speed and vertical air motion using the
MRR-Parsivel synergy, consistently with the decomposition provided by selected EarthCARE products.
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| - Long-term Statistics in support of the EarthCARE validation activities

Rationale

Here we analyse multi-year measurements collected with a vertically pointing Micro Rain Radar (MRR) at
Mario Zucchelli Station (MZS), Antarctica, with the specific aim of assessing how near-surface processes
may affect satellite retrievals of surface snowfall. The available dataset covers the 2020-2024 period;
however, a major power outage in 2022 produced extended gaps and potential seasonal imbalance. For
this reason, year 2022 is excluded, and the analysis is performed on four austral years (2020-2021 and
2023-2024), ensuring a more consistent sampling across seasons. Austral summer (DJF) is the best-
sampled season, consistent with the period of peak station occupancy and easier maintenance conditions,
which improve data continuity.

Methods

MRR profiles are obtained by averaging the native 1-minute observations to 5-minute resolution to reduce
high-frequency variability while preserving the evolution of snowfall events.

Surface snow-rate (SR) estimates are derived by applying four different Ze—SR relationships to the
reflectivity measured at the lowest usable range gate. The four parameterisations are intentionally
selected to span a broad range of plausible Antarctic snowfall conditions and to explore the uncertainty
envelope in SR retrievals. In particular, the chosen relationships sample:

(i) different Antarctic coastal sites (MZS and Dumont d’Urville);

(ii) different MRR vertical sampling set-ups (e.g., different vertical resolutions and lowest usable range
gates such as 100 m/300 m and 35 m/105 m);

(iii) different assumptions on particle habit and degree of aggregation, representative of pristine versus
aggregated snow.

Virga events are defined as cases with valid hydrometeor signatures aloft in the vertical column, but with
no detectable signal at the lowest considered range gate (105 m), consistent with precipitation
sublimating before reaching the surface. To classify an event as surface precipitation, the signal must be
present at the lowest usable gate and in the two adjacent gates above it (a vertical-continuity
requirement), to reduce contamination by ground clutter or sporadic noise. Cases where a signal appears
only at the lowest gate, without vertical continuity, are treated as ground noise and excluded from
precipitation statistics. Conversely, situations limited to the lowest gate are separately tracked as “lowest-
level virga” and included in the overall virga counts.

Results

Occurrence of sublimation

The median, mean, and the 5th—95th percentile envelope of the 5-min aggregated MRR profiles provide
useful insight into microphysical processes occurring in the lowermost cloud layers (Figure 1). The
pronounced decrease in Ze occurrence from about 1000 m down to 100 m a.g.l. is a clear signature of
sublimation, likely favoured by drier near-surface conditions associated with katabatic flows, which
prevent a substantial fraction of snowfall from reaching the ground. In contrast, the increase toward the
surface in mean fall velocity and Doppler spectral width may indicate particle growth and/or riming in the
presence of supercooled droplets. Over the analysed period, the MRR detected a hydrometeor signal 12%
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of the time, while precipitation reaching the lowest usable range gate occurred 7% of the time. Virga
events exhibit a larger interannual variability, ranging from 3.5% to 5.7% (Table 1).

Seasonality and annual trends

Seasonal composites of Ze profiles (Figure 2) show a marked difference at the lowest range gate, with
mean Ze values in austral autumn and winter (MAM and JJA) about 4 dBZ higher than in austral summer
(DJF). Interestingly, the median spring profile (SON) resembles the winter profile around 1000 m, but
approaches the summer profile close to the surface, suggesting a season-dependent modulation of near-
surface processes. Austral summer is also characterised by slightly faster fall speeds (= +0.1 m s™') and
larger Doppler spectrum widths (= +0.05 m s™), consistent with warmer and moister conditions. Clear
monotonic annual trends are not expected over a four-year window; however, the Doppler-velocity
distributions show an apparent grouping, with 2020-2021 exhibiting fall velocities about 0.25 m s™" higher
than 2023-2024 across most of the vertical column.

Effects of evaluating the virga phenomenon at different levels

How does virga identification change when the height of the lowest usable range gate is increased? Table
2 compares virga statistics obtained using the 105 m gate with those derived using higher “virtual” lowest
gates: 140 m, 315 m (representative of the lowest bin in the 100-m configuration commonly used in
Antarctica), and 490 m, which is close to the lower boundary of the EarthCARE CPR blind zone. Figure 3
shows the corresponding continuous behaviour from 105 to 560 m. The occurrence of virga increases by
more than 7% when moving from 490 m down to 105 m a.g.l.,, with roughly half of this increase
concentrated in the final step near the surface (as also highlighted by the red curve). Ground-noise cases,
as defined above, remain consistently below 3%.

Estimates of accumulated Snow Water Equivalent

Snow Water Equivalent (SWE, mm) is computed at 5-min resolution using reflectivity at the lowest
selected MRR range gate. The different Ze—SR relationships yield a wide spread in SWE estimates (Figure
4). The relationships derived using our instrumentation (Aggregates and Pristine) provide the lowest SWE
estimates, followed closely by that calculated at DDU (particularly in 2023), while ERA5 reanalysis
produces even higher totals. Focusing on 2023,the year with the most continuous data coverage, the SWE
excess associated with using a higher lowest range gate is about 25 mm, which exceeds the typical
confidence interval (89 mm).

Conclusions

The four-year MRR data collected at MZS provides clear evidence that near-surface sublimation is a key
process in coastal Antarctica and has direct implications for spaceborne radar validation. Overall, the
ground-based MRR detects a hydrometeor signal in ~12% of all 5-min samples, but only ~7% show
precipitation reaching the lowest reliable radar bin (105 m a.g.l.). Virga accounts for ~4.8% of all samples,
corresponding to roughly ~40% of the radar-detected columns.

These statistics are especially relevant for EarthCARE CPR validation, because the CPR cannot reliably
observe the lowermost few hundred metres due to the near-surface blind zone. When the lowest
considered range gate is raised from 105 m to 490 m a.g.l. (a height representative of the lowest
EarthCARE-reliable range bin), the inferred virga fraction decreases by more than 7 percentage points.
This indicates that a substantial portion of sublimation occurring between 500 m and 100 m is likely missed
by satellite radars, potentially biasing the interpretation of precipitation that arrives at the surface when
relying on radar profiles alone.
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The impact is not only qualitative but also propagates into surface accumulation estimates. For 2023,
shifting the lowest gate from 105 m to 490 m increases annual SWE by 20-40 mm, an effect larger than
the uncertainty associated with the Ze—SR parameterisation confidence intervals (largely driven by ice
microphysics assumptions). Consequently, near-surface sublimation introduces a measurable, process-
based uncertainty term that should be explicitly accounted for when validating EarthCARE snowfall
products over MZS, and more broadly over Antarctica.

These findings motivate the development of a transfer (or correction) function to link radar observables
measured aloft (i.e., at the lowest satellite-reliable bin) to surface-reaching snowfall, using the high-
vertical-resolution perspective provided by ground-based profilers. Such a transfer is expected to be
season-dependent and likely site-dependent, and it can be supported by the growing availability of MRR
systems across Antarctic stations. Integrating these long-term statistics with the K2W framework will
strengthen EarthCARE validation by enabling consistent comparisons between satellite CPR products and

ground-based observations, particularly in the critical near-surface layer where satellites are intrinsically
blind.
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Figure 1: Overall distribution of the vertical profiles of equivalent reflectivity (Ze), Doppler vertical velocity (W) and
Doppler spectral width (sW)
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Figure 4: Snow water equivalent (SWE) accumulation for 2020, 2021, 2023 and 2024 at MZS.
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Table 1: Occurrences of precipitation and virga at MZS, from MRR data aggregated at 5 minutes.

5 min- 5 min-
Year Valid data samples Precip. samples Virga
counts with (%) with (%)
precip. virga
2020 85136 6166 7.24 4062 4.77
2021 100991 7597 7.52 5799 5.74
2023 103680 7064 6.81 3634 3.50
2024 86273 5772 6.69 4542 5.26
Overall 376080 26599 7.07 18037 4.80

Table 2: Occurrences of precipitation and virga considering different heights as lowest range gates.

Height (m) Precip Precip Precip Virga Virga Virga change Noise Noise
Count % change from Count % from est. at Count %
est. at490m 490m
105 ‘ 26599 58.9 -5.87 (%) 18037 39.94 +7.68 (%) 524 1.16
140 \ 27519 60.94 -3.83 (%) 16334 36.17 +3.91 (%) 1307 2.89
315 \ 27976 61.95 -2.82 (%) 15923 35.26 +3.00 (%) 1261 2.79
490 ‘ 29252 64.77 0 (%) 14568 32.26 0 (%) 1340 2.97

Table 3: Total SWE accumulation (mm) for year 2023, calculated at different height levels of the MRR profile and
with different Ze-SR relationships. Estimates inside round brackets come from the confidence intervals of the
relations parameters. Percentages inside square brackets are the gain in snow amount with respect to the
estimate performed at 105 m.

Ze-SR relation 105m 315m 490 m
Bracci 2022 (Aggregates) 41.84(35.03, 49.02) 52.69 (44.50, 61.30) [ +26 % ] 59.37 (50.50, 68.69) [ +42 % ]
Bracci 2022 (Pristine) 51.12 (43.06, 60.22) 64.87 (55.04,75.84)[+27 %] 73.55(62.77,85.45) [+44 %]
Grazioli 2017 48.88 (40.72, 62.14) 64.37 (54.75,79.72) [ +32 % ] 75.41(65.72,91.21) [+54 % ]
Scarchilli 2020 80.87(77.29, 86.06) 102.99 (98.66, 109.34) [ +27 % ] 117.09 (112.40, 124.07) [ +45 %]
ERAS (tp) 112.07 (estimated at the ground)
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Il - EarthCARE validation activities

Motivations

1. Whattemporal and spatial averaging scales provide the most representative comparison between
spaceborne and ground-based observations of the same phenomena? How sensitive are the
validation results to the averaging-window length and to relative time/space offsets?

2. Is the K2W methodology numerically stable and conceptually robust at its current stage of
development, across a broad range of snowfall conditions?

3. Can the MZS experimental setup support a separation of the measured Doppler velocity into (i)
the reflectivity-weighted particle terminal fall speed and (ii) the vertical air motion, consistent
with the decomposition provided by some EarthCARE products?

Methodologies and Results
1) Data-selection windows and relative time shifts

EarthCARE travels at approx. 7.68 km s™" and, for the analysed sample, its ground track reaches a minimum
distance of 6-20 km from MZS. CPR vertical profiles are integrated every 1 km of horizontal ground track,
while the MRR is a vertically pointing, non-scanning ground instrument with 1-min temporal resolution.

A meaningful comparison between satellite and ground-based profiles therefore requires harmonising
spatial and temporal scales, while accounting for (i) the characteristic time/space scales of snowfall
variability, (ii) advection, and (iii) the fact that the instruments effectively sample different parts of the
column (CPR 20.000 to 500m vs MRR 1050 to 105m).

To address this representativeness problem, we defined four adjustable parameters: two integration-
window widths and two relative time shifts among the three observing systems. The degrees of freedom
are:

e cpr_scale: integration length along the satellite track (expressed in seconds of flight time or
equivalently in km);

e mzs_scale: temporal averaging window at the station (minutes), applied consistently to the two
ground instruments;

e dm: time delay between CPR and MRR (CPR - MRR);
e dp: time delay between MRR and Parsivel (MRR = Parsivel).

The windows of integration develop along the satellite track for the CPR products (its width expressed
either in decimal seconds of flight time or in km on the ground), and along the time elapsed at the ground
station (in minutes) for the two ground instruments.

Spatial scales along the track are connected to the temporal scales at the ground by the meteorological
conditions and advection motions, and by the temporal scales of the microphysical processes involved in
precipitation. Since the precipitation physically starts falling inside the EarthCARE observation window,
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then reaches the MRR window and only later arrives at the Parsivel measurement point, delays are built
in a consecutive way. All the windows (before applying the delays) are centred symmetrically around the
time of the closest overpass distance. Distances are calculated as geodetics over the terrestrial geoid.
Temporal windows at the ground are kept of the same total width between each other.

The four variables were initially set up to best-guess values in accordance to the a-priori considerations
reported above:

cpr_scale mzs_scale dm dp
First guess \ 3.91 s (30 km) 40 min 10 min 10 min
Optimal \ 5.21 s (40 km) 60 min 5 min 10 min

Given the high number of total permutations, they are examined two at a time, letting the other two to
the default values guessed from a-priori considerations.

Contour-based sensitivity maps (Figures 1 and 2) summarise the scores derived from scatterplots built
using the overlapping CPR and MRR profiles from the three analysed cases, with results aggregated as the
mean across a set of EarthCARE CPR Level-2 products (CCLPjBB, CFMReAB, CCLDeBB, ACAPeBB). By
construction, this aggregation is not intended to isolate the role of specific meteorological conditions (e.g.,
wind direction, exact overpass geometry, or local advection). Instead, the goal is to identify robust
representativeness scales for EarthCARE—ground comparisons, avoiding case-by-case tuning and
condition-dependent optimisation.

Each map explores the sensitivity of the comparison metrics (e.g., correlation, RMSE, bias, and number of
matches) to the chosen averaging/selection parameters. Markers highlight the main configurations
tested: the a-priori best-guess setting, the best-performing point for each individual map/metric,
intermediate trial configurations explored during iterations, and the final selected compromise
configuration, which is the set adopted for subsequent analyses and is reported in the table above.

Overall, the sensitivity patterns indicate that increasing the ground delay relative to EarthCARE tends to
reduce RMSE, but often at the expense of introducing a more negative bias. Additional promising solutions
appear for either smaller Parsivel delays or smaller MRR delays, but not simultaneously, and these
solutions are generally less stable across products and cases. For this reason, the final choice prioritises
robustness and consistency over maximum performance in a single metric, providing a practical
configuration for EarthCARE validation activities at MZS.
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Figure 1-2: Contour maps from the sensitivity analysis of the EarthCARE—MZS co-location strategy. The panels
show how the CPR—-MRR comparison scores vary with the selected averaging windows and relative time shifts,
aggregated over the analysed cases and averaged across CPR Level-2 products. Markers indicate the first-guess
setting, best-performing points, and the final selected configuration.
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2) Optimization of the K2W Algorithm

The original implementation of K2W presented in Bracci et al. (2023) was found to be highly sensitive to
(i) the power-law fit of the mean V (D)relationship derived from the disdrometer and (ii) small shifts along
the Doppler-velocity axis used in the conversion factor (i.e., the x-axis shift in the right-column diagnostic
plots). As a consequence, minor changes in data-selection settings (e.g., averaging windows or relative
delays) could lead to disproportionately large variations in the reconstructed W-band profiles. To improve
numerical stability and reduce sensitivity to small perturbations, several mitigation strategies were
implemented.

First, the power-law fit of the weighted-mean V (D)relation was performed using a Trust Region Reflective
(TRF) optimisation (SciPy, Python), adopting data-driven adaptive initial guesses and constraining the
parameters within physically realistic bounds. TRF is generally robust; however, a fallback to the “dogbox”
algorithm was also implemented. If neither optimiser converges or if the available points are insufficient
for a reliable fit, a second fallback assigns the power-law parameters (a, b) from the literature, allowing
the K-to-W conversion to be performed also when precipitation does not reach the surface (virga).
Additionally, disdrometer points associated with unrealistically high snow fall speeds (above 5 m s!) are
excluded as outliers.

Second, because K2W is defined only for positive (downward) fall velocities (consistent with the imposed
V(D)power-law constraint), the Doppler spectral reflectivity n was previously cropped on the negative-
velocity side, which can introduce inconsistencies in the reconstructed W-band profiles, particularly for
Doppler velocity and, to a lesser extent, reflectivity. While a more physically consistent correction would
require removing the vertical-air-motion contribution from 7 (so that negative velocities are no longer
present in the hydrometeor reference frame), a provisional mitigation was adopted: the K-band spectrum
is filtered to retain only the positive (downward) velocity component before applying the K2W conversion.
This ensures spectral consistency between input and output and prevents artefacts driven by asymmetric

cropping.

Finally, because low-reflectivity conditions are characterised by reduced SNR and increased uncertainty
in locating the Doppler-spectrum peak, a reflectivity threshold of -11 dBZ is applied when estimating
V,ir(see Section 3), to reduce noise-driven biases in the decomposition.

As illustrated in Figure 1, the disdrometer-derived PSD and the fitted V(D) relationship directly control
the shape of the K2W conversion factor. In particular, the diagnostic plots highlight how the conversion
factor exhibits a very sharp dependence on Doppler velocity, and how applying a smooth spectral mask
helps regularise the transformation and reduce sensitivity to small shifts along the velocity axis.

Pag. 12 di 15

275



Velocity {m s71)

PSD (m-3 mm-1)

PAR disdrometer fit: a = 1.61, b = 0.32

—&— v(D)_mean K2W conversion factor vs velocity
v(D)_sem 3003:00
v(D)_fit 3002:30
30 02:00
2 30 01:30
¥ 30 01:00
30 00:30
30 00:00
29 23:30
wvelocity [ms5°-1]
1 K2W conversion factor - temporal mean
-=- 11line !\ﬂ
0 100+ omjs
0 1 2 3 4 5 6 7
Diameter (mm)
PAR: Particle Size Distribution 101
104
= average
10° velocity [ms~-1]
Mean etaMask
102 —— etaMask_K
0.6 — etaMask_W
10! %
% 04
B
100 0.2
0.0
1071 -10 -5 5 10 15 20
0 3 4 5 6 velocity [m s7-1]

Diameter (mm)

Figure 1. Example of intermediate variables used in the K2W processing for an EarthCARE overpass. Left panels:
Parsivel particle size distribution (PSD) with the time-aggregated mean (top) and the corresponding fitted
V(D)power law using the disdrometer-derived mean fall speeds (bottom; shaded area indicates the uncertainty on
the mean). Right panels (top to bottom): K2W conversion factor as a function of Doppler velocity over the analyzed
time window (here constant by construction for the scene), its temporal mean (logarithmic scale), highlighting the
sharp dependence on velocity, and the smooth spectral mask following Maahn and Kollias (2012) applied to the
Doppler spectrum.
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3) Air Vertical Motion Estimation

Following the decomposition adopted in the JAXA Level-2 ATBD, the measured Doppler velocity can be
expressed as:

Va =Viz + Vair (1)

We applied this decomposition to the MRR observations following Adirosi et al. (2016), exploiting the co-
located Parsivel laser disdrometer as an independent constraint on particle terminal fall speed.

The method relies on the following assumptions:
1. Zero vertical air motion at the surface

At ground level (0 m a.g.l.) the vertical air velocity is assumed to be zero, consistent with mass
continuity (no flow penetrates the ground).

2. Parsivel provides a proxy for terminal fall speed

The Parsivel installation height is assumed negligible, so that Parsivel-derived fall speeds can be
interpreted as terminal velocities of individual particles. Their weighted mean is taken as a proxy
for the reflectivity-weighted terminal fall speed of the population, denoted V;,(PAR).

3. Vertically uniform air motion in the MRR layer

The vertical air velocity V,;-between 100 m and 1000 m a.g.l. may differ from zero but is assumed
constant with height within this layer. Under this assumption, vertical variations in V;measured
by the MRR are attributed to changes in V;,(microphysics) rather than to variations in V..

4. Near-surface Doppler—terminal mismatch is driven by air motion

The difference between the MRR Doppler velocity at the lowest reliable bin (105 m) and V,(PAR)
is assumed to be caused primarily by vertical air motion at that level, rather than by microphysical
changes, scattering-model limitations, or sampling of different air parcels due to advection.

Within this framework, the vertical air motion is estimated as:
Vet = V;(MRR, 105 m) — V,,(PAR) (2)

A height-dependent estimate of the terminal fall speed from the MRR is then obtained by removing the
estimated air motion from the Doppler velocity profile:

VEY(MRR, z) = V4(MRR, z) — V£t (3)

By definition, V/;,should not be negative (upward). However, Eq. (3) can yield negative values when V(fisrt >
V;(MRR, z)at some heights. In those cases, Vis flagged as invalid and set to NaN.

The derived quantities can be compared directly with EarthCARE Level-2 outputs:
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Figure 1 provides an example of the Doppler-velocity decomposition applied to co-located MRR and
Parsivel observations and its comparison with EarthCARE CPR Level-2 products. In this case, the MRR
Doppler velocity profiles (K-band and K2W-derived W-band) are consistent with each other in the lowest
kilometre and are generally more negative than the CPR Doppler estimates, highlighting the impact of
sampling/representativeness differences and near-surface limitations. Using the Parsivel-derived terminal
fall speed at the surface as a constraint, we estimate a near-surface vertical air motion of about 0.6 ms™
(downward). Subtracting this term from the MRR Doppler profile yields a height-dependent reflectivity-
weighted terminal velocity V;,, which can be compared directly with sedimentation velocity. The
comparison illustrates how the MRR—Parsivel synergy can provide an independent, physically consistent
separation of microphysical fall-speed variability from vertical-air-motion effects, thereby supporting the

V&¢can be compared with sedimentation velocity (ESA products) and with the JAXA terminal-
velocity proxy obtained as difference between Doppler velocity and cloud_air_velocity _1km;

V25t can be compared with difference between Doppler velocity and sedimentation_velocity (ESA

products) and with cloud_air_velocity_1km (JAXA products).

interpretation and validation of EarthCARE Doppler-based products over MZS.
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Abstract

This study investigates the predictability of the Southern Hemisphere (SH) stratospheric
sudden warming (SSW) event in September 2019 and its impact on tropical cyclone (TC)
activity over the North Pacific. Using high-resolution lagged-ensemble forecasts from the
Nonhydreostatic Icosahedral Atmospheric Model (NICAM), a total of 96 ensemble members
are categorized into two groups based on their success in capturing the SSW event. The
ensembles that accurately predicted the SSW exhibit a pronounced temperature decrease in the
tropical lower stratosphere, which resulted in reduced static stability and enhanced tropical
deep convection. This SH SSW-related enhancement of tropical convection results in increased
genesis of TCs over the North Pacific and frequent TCs visiting the Korean peninsula and
western Japan. The findings highlight the influence of SH SSW on tropical convection and TC
activity during the boreal summer, suggesting potential implications for seasonal forecasting

int the North Pacific region.
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Research Purpose

This study aims to investigate the dynamical processes underlying troposphere-
stratosphere interactions during Sudden Stratospheric Warming (SSW) events, with a particular
focus on their modulation of tropical convection and TC activities. SSW is one of the most
dramatic events in the atmosphere, typically involving rapid warming with the breakdown of
the stratospheric polar vortex. SSWs influence not only stratospheric circulation but also
surface climate for up to 2 months. While previous studies predominantly emphasized the
impacts of SSW over the mid- to high-latitudes in the same hemisphere, however, SSWs also
can modulate convective activity over the tropics in the opposite hemisphere. To discuss the
climate impacts in the troposphere by SSWs more quantitatively, we need an integrated
understanding of the entire atmosphere on a global scale. By better understanding the
interaction processes between the troposphere and stratosphere associated with SSW, we can
further develop a comprehensive understanding of the entire atmosphere which has been poorly
understood currently. Therefore, we explore the dynamics of atmospheric interaction of the

SSW events between polar to tropical circulation.

Data and Methods

The Nonhydrostatic Icosahedral Atmospheric Model (NICAM; Tomita and Satoh 2004;
Satoh et al., 2008, 2014) version 16 is used in this study. Both 6-hourly JRA-55 and the 3-
hourly fifth generation European Centre for Medium-Range Weather Forecast atmospheric
reanalysis (ERAS) fields are used to initialize the model from 20th to 27th August 2019, this
allows a total of ensembles with JRA-55 32 and 64 ensembles with ERAS, respectively. Each

ensemble is independently regarded. The 30-day simulation was performed. Temperature,
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zonal wind, and vertical velocity are analyzed on pressure levels. The outgoing longwave
radiation (OLR), i.e., the upward longwave flux at the top of the atmosphere, is also examined.

The 3-hourly output is daily averaged.

The TCs are autonomously tracked in the NICAM system with the following criteria. The
TC is detected when the maximum wind speed at 850 hPa is faster than 17.5 m s™!, temperature
deviation is warmer than 8 K, relative vorticity at 850 hPa is stronger than 3.5x10 s™!, and the
height of the central location is less than 10 m (personal communication with Dr. Yamada at
JAMSTEC). The 5°x5° grid box in latitude and longitude from the TC center is counted to

calculate the horizontal distribution of mean TC frequency and genesis.

Results

In September 2019, a minor SSW occurred in the SH. Unlike the NH, the SH has recorded
only one major SSW in 2002 since observations began. Because SH SSWs are very rare, it is
also meaningful to analyse minor SSWs that do not manifest until the zonal-mean zonal wind
reversal at the edge of the vortex. Though the 2019 SH SSW event is referred to as a minor
event, its wind deceleration was comparable to that of the 2002 SH SSW (Lim et al., 2020),
with the warmest polar temperature anomaly in September since satellite observations began
(Noguchi et al., 2020). Moreover, the zonal-mean zonal wind at 50°S was reversed from
westerly to easterly, affecting the troposphere in a major way (Rao et al., 2020). Although
SSWs in SH are not frequent, when they occur, they can impact the tropics as well as the

Antarctic and midlatitudes in SH.

It is possible that the SH SSW event can affect NH TC activities as TCs are most active

in the boreal late summer to early fall. Since it is difficult to establish a causal relationship with
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a case analysis, the numerical model study is inevitable. In previous studies (Noguchi et al.,
2020; Yoshida and Mizuta, 2021), cumulus parameterization was used in numerical
experiments. It has been pointed out that cumulus parameterization makes a difference in the
response of cumulus activity in the tropics to the stratospheric dynamic field. This study
eliminates this effect by using a reliable cloud resolution model that does not use cumulus

parameterization.

And the case of the 2019 SH SSW event, even though the SH polar vortex substantially
weakened, it did not exhibit the reversal of zonal-mean zonal wind at 10 hPa and 60°S, so it is
classified as a minor warming event. Instead, zonal-mean zonal wind at 10 hPa and 50°S (Rao
et al., 2020) is reversed to easterly. Therefore, this study did not indicate an explicit onset of

2019 SH SSW.

Figure 1a shows the time series of zonal-mean zonal winds at 50°S and 60°S in 2019 for
JRA-55 reanalysis. The climatological values are also indicated in green. The Antarctic polar
vortex continued to weaken from the end of August, showing about 60 m/s of zonal-mean zonal
wind deceleration at 60°S until mid-September (Figure 1a). However, it did not cross the zero
line. Nevertheless, it exhibits a substantial vortex weakening enough to refer to this case as a
minor SSW. At 50°S, the wind direction is switched from westerly to easterly (e.g., Rao et al.,
2020) with a comparable wind deceleration to that in 60°S. Such a rapid deceleration of the
zonal wind appears not only at a specific vertical level but also throughout the stratosphere,
showing the breaking of the polar vortex (Figure 1b). Consistent with this polar vortex
weakening, the polar-cap averaged temperature increases, showing a positive anomaly of about
40 K or higher in the middle stratosphere by mid-September (Figure 1c). At the same time, the
lower stratospheric temperature in the NH tropics decreases (Figures 1d, e); this see-saw-like

temperature change between the SH polar stratosphere and NH tropical stratosphere indicates
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an enhanced stratospheric meridional circulation. It is important to note that the cooling in the

tropical lower stratosphere destabilizes the UTLS. This can strengthen deep convection over

the region where deep convections frequently develop (Figure 11).
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Figure 1. Time series of zonal-mean zonal wind at 10 hPa and 50°S, 60°S for 2019 and
climatology: a), pressure-time cross sections of b) zonal-mean zonal wind at 60°S, c) polar cap
(70°S to 90°S) temperature, d) NH tropical (equator to 20°N) temperature, ¢) NH tropical
temperature tendency, and f) derivative of NH tropical potential temperature with respect to

height for JRA-55 reanalysis.

The time evolution of the zonal-mean zonal wind and temperature in the SH polar
stratosphere and the stratospheric temperature in the NH tropics simulated by NICAM is
illustrated in Figure 2. There is no noteworthy difference between ensembles in the zonal wind

until the 4th of September. After that, ensemble spread increases in both JRA-55 and ERAS
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initializations. Some ensembles show a rapid wind deceleration, while others show a gradual
wind deceleration (Figures 2a, d). In former ensembles, polar-cap averaged temperature rapidly

increases within two weeks (Figures 2b, e) as in observation.

The stratospheric cooling in the tropics also differs significantly in amplitude and timing
depending on the ensemble (Figures 2c, f). The later-initialized ensembles tend to better
simulate polar vortex weakening, polar-cap temperature increase, and tropical stratospheric
cooling in the SSW period. This propensity is somewhat anticipated, as the later-initialized
ensembles might have a relatively small bias and better simulate the SSW. However, their
differences are not only determined by the initialization time, as some ensembles initialized

early well predict polar vortex weakening than those initialized after that time and vice versa.
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Figure 2. Time evolution of NICAM prediction results by their initialization date: (top) zonal-
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mean zonal wind at 10 hPa and 60°S, (middle) polar cap temperature at 10 hPa, and (bottom)
temperature at 70 hPa over the equator to 20°N. Initialized by JRA-55 (6-hour interval) are
shown in the left column, and ERAS initialization (3-hour interval) results are shown in the
right column. Black vertical lines denote the 3rd of September and 12th of September, which

denote the period of defining NICAM_SSW and NICAM_noSSW groups.

To determine the effect of the SH SSW on tropical convection and TC activities, the
difference between the ensembles that simulate SSW (hereafter NICAM ySSW) and those
missed SSW (hereafter NICAM_ nSSW) is examined. More specifically, NICAM ySSW and
NICAM_ nSSW are defined as the ensembles with their zonal-mean zonal wind at 10 hPa and
60°S from 4 to 17 September (black vertical lines Figures. 2) are lower 25% and upper 25%,
respectively, in each initialization dataset (JRA-55 and ERAS). Although model output is
available since 28th August, the data only after 4th September is analyzed to avoid bias in the

early period.

The relationship between the polar vortex intensity and polar/tropical stratospheric
temperature is presented in Figure 3. The time-averaged 10-hPa polar-cap temperature, during
4th-17th September, is related to the zonal-mean zonal wind at 10 hPa and 60°S are shown for
each initialization. Not surprisingly, the polar stratospheric wind and temperature are
negatively correlated, with a correlation coefficient of -0.97. This value is statistically
significant at the 99% confidence level. The mean of NICAM ySSW ensembles shows zonal
wind (44.7 m/s) and temperature (234.3 K), close to reanalysis (green triangles in Fig. 3),
distinctly distinguished from stronger vortex and colder stratosphere for the mean of
NICAM_nSSW. The SH polar stratospheric wind and the NH tropical temperature at 70 hPa

are positively correlated. Although their correlation coefficients are not large (0.83 for JRA-55
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initialization and 0.73 for ERA initialization), they are still statistically significant at the
confidence level of 99% (Figures 3b, d). Such a positive correlation indicates that a weak polar
vortex accompanies a cold tropical stratosphere, as shown in Figure 1. The ensemble mean of
NICAM_ySSW shows a relatively cold tropical stratosphere, contrasting with relatively warm

in the case of NICAM nSSW.
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Figure 3. Scatterplots of time-averaged variables during 4-17 September in each ensemble: a)
zonal-mean zonal wind at 10 hPa and 60°S versus PCT at 10 hPa, and b) zonal-mean zonal
wind at 10 hPa and 60°S versus zonal-mean temperature at 70 hPa over the equator to 20°N.
The upper and lower triangles denote JRA-55 initialization (6 hourly) and ERAS initialization
(3 hourly), respectively. The red (blue) triangles represent NICAM_SSW (NICAM_ noSSW)

ensembles.

Figure 4 presents the differences between NICAM_ySSW and NICAM_nSSW ensembles
as a function of pressure and time. A systematic difference is observed in the polar-cap
temperature (Figure 4a). From September, a negative difference also becomes prominent in the

tropical lower stratospheric temperature (Figure 4b). A significant cooling in the tropical lower
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stratosphere is particularly evident from the end of August, which was maximized on 5
September 2019. This temperature difference results in the negative potential temperature
derivative with height at 100 hPa from 3rd September to mid-September, leading to reduced
static stability in the tropical lower stratosphere and the TTL region (Figure 4c). It is speculated
that reduced static stability in the NH tropics (equator to 20°N) may allow more active deep

convection and TC genesis.
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Figure 4. Pressure-time cross sections of lagged-ensemble mean differences of the
NICAM_ySSW from the NICAM nSSW prediction: a) polar cap (70°S to 90°S) temperature,
b) NH tropical (0 to 20°N) temperature, and ¢) derivative of potential temperature with respect
to height. The area with a statistical significance of difference larger than 95% (Welch’s t-test)

is denoted by dots.

The impact of the 2019 SH SSW on TC activities is investigated in Figure 5 by comparing
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TCs in NICAM_ySSW and NICAM_ nSSW ensembles. The TC genesis and frequency maps
averaged from 4 to 17 September are particularly illustrated for NICAM_ySSW,
NICAM nSSW and their difference. Both NICAM_ySSW and NICAM_nSSW ensembles
show that TCs frequently form over the tropical North Pacific and North Atlantic, move
northwestward, and turn to the northeast in midlatitudes (Figures 5a, b). The TC differences
between NICAM ySSW and NICAM nSSW are characterized by the broad positive areas
centered from 20°N and 170°E and reaching the Korean peninsula and Japan (Figure 5c). They
are accompanied by negative differences in the east. Such track changes are associated with a
westward movement of TC genesis. The TC genesis increased around 15°N and 140°E but
decreased in the northeastern region of this area. Here, it is important to note that the amplitude
of the positive difference is more prominent than that of the negative one. It indicates that TC
genesis is also enhanced in the western region. Although positive and negative frequency
patterns are also observed in the North Atlantic, the TC difference in this region appears less

systematic.

289



a) NICAM_ySSW

0.5
0.45
04

40°N 0.35
0.3
30°N 0.25
0.2

015

0.1

20°N

10°N
0.05

0° -
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 40°W 20°W

b) NICAM_nSSW

0.5
045
04
0.35
0.3
0.25
02

015
01
0.05

0°
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 40°W 20°W

c) NICAM_ySSW minus NICAM_nSSW

4 -’/Jf _ 5. 05

50°N 4 /%ﬂ \z S, o4

. - i 4 e | 03

40°N 02

ol

30°N 0.1

II.O‘ (; 0.2

20°N - - - _ 0.3

10°N %H;Sﬁ\_: - b\ 0.4

0° e r“'/ﬂi.hdﬁ i ™ 05
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 40°W 20°W

Figure 5. The horizontal distribution of TC frequency (shading) and genesis (contour): a)
NICAM_ySSW, b) NICAM_nSSW, and ¢) NICAM_ySSW minus NICAM nSSW which is
generated from 4 September to 17 September. Black dots in c¢) denote the statistically

significant areas in TC genesis at a 95% significance level.

Summary and discussion

The present study examines the possible influences of the 2019 SH SSW on the NH
tropical convection and TC activities using the high-resolution lagged-ensemble model

simulations. The weakening of the SH polar vortex accompanies the cooling in the tropical
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lower stratosphere. It weakens the static stability in the tropical UTLS and provides a favorable
condition for enhanced deep convection and TC activities in the NH tropics. The enhanced TC
activity is found over the western North Pacific, where deep convection is prevailing. This
result indicates that a successful stratosphere simulation can improve the subseasonal

prediction of tropical convection and TCs.

This study provides a unique hint of how the SH SSW can modulate the NH TC activities.
Since the stratosphere has longer predictability than the troposphere, the SSW-TC linkage
explored in this study may provide an additional TC prediction skill. Such a relationship
deserves a separate study while a hint of the SSW-TC relationship is presented. Nevertheless,
the results here have several limitations. It is necessary to investigate the dynamical explanation

for the difference in TC activities.

Conference presentations

The content of the research was presented at 28 May 2024 in JpGU.

Title: “Possible Impact of the 2019 Southern Hemisphere Stratospheric Sudden Warming on

Tropical Cyclone activities over the western North Pacific”
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