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A hybrid dynamical-statistical modeling approach for understanding tropical basin interaction

(W) - BT T VIC K 2 80E e 2: M HE BAEF Ot & HUBR)
TEFZEBR M Ingo Richter

1. Background

Interaction among the tropical ocean basins has received increased attention in recent years. While it has long been
recognized that El Nifio-Southern Oscillation (ENSO) has strong impacts on the tropical Atlantic and Indian Oceans,
it is becoming increasingly apparent that both remote basins have their own variability modes and that these modes
can influence the tropical Pacific and ENSO (Cai et al. 2019, Science). It remains an open question, however, how
important these influences are, to what extent the Atlantic and Indian Oceans can act independently of ENSO, and
what the dominant pathways of interaction are. Furthermore, there are many outstanding questions regarding how

tropical basin interaction (TBI) shapes the response of the climate system to greenhouse gas forcing.

2. Activities associated with the research project

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

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.

A free-running control simulation with a global climate model has been performed, and the model output has been
used to train a LIM. We have used this LIM to evaluate the influence of the equatorial Atlantic on ENSO and
compared the results to an equivalent experiment with our global climate model. The comparison suggests that the
LIM can reproduce the behavior of the climate model rather well, while only requiring a fraction of the
computational resources. A manuscript describing these results is currently in preparation.

2.2 ENSO's influence on the equatorial Atlantic

A study examining the influence of ENSO on the equatorial Atlantic was started in FY2023 and included support
from a RIAM Joint Research Grant (2023CR-AQ0-9). This study has been successfully concluded, and the results
have been published in the Journal of Climate (Richter et al. 2024b). The results of the study were obtained through
the analysis of climate models and led to the development of a simple statistical model to predict the impact of
ENSO on the equatorial Atlantic 6 months into the future.

2.3 Clarifying the mutual interaction between ENSO and the equatorial Atlantic

A study by Jiang et al. (2023, Geophys. Res. Lett.) has argued that the equatorial Atlantic cannot influence ENSO,
and that previous studies reporting such an influence (e.g. Rodriguez-Fonseca et al. 2009, Geophys. Res. Lett.) have
misinterpreted their results. We have critically examined the arguments by Jiang et al. (2023) and found that their
methodology contains several shortcomings. Our study relied on observational results but also on synthetic time
series of equatorial Atlantic sea-surface temperatures to test various hypotheses regarding the Pacific-Atlantic

interaction. The results indicate that an influence of the equatorial Atlantic on ENSO cannot be ruled out. These
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findings have been published as a Comment in the journal Geophysical Research Letters (Richter et al. 2024a).

2.4 Role of the extratropics in the observed acceleration of the equatorial atmospheric circulation

Experiments with a global climate model were performed to examine the influence of the extratropics on long-term
changes in the equatorial atmospheric circulation. The results suggest that sea-surface temperature changes in the
southeastern Pacific may have contributed substantially to the acceleration of the equatorial circulation during the
period 1980-2020. The study has been published in the journal Nature Geoscience (Toda et al. 2024).

2.5 International workshop held at RIAM

A workshop on TBI was held at RIAM on December 16—-17, 2024 with approximately 30 participants, including
researchers from China, South Korea, and the United States. The RIAM research grant was used to partially fund
the travel costs of the project members, and the travel costs of two researchers, one from Tohoku University and

one from the University of Tokyo.

3. Refereed publications resulting from the project
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Comment on “Resolving the tropical Pacific/Atlantic interaction conundrum” by Feng Jiang et al. (2023).
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Richter, 1., S. Kido, T. Tozuka, Y. Kosaka, H. Tokinaga, and P. Chang, 2024b: Revisiting the Inconsistent
Influence of El Nifio—Southern Oscillation on the Equatorial Atlantic. J. Climate, 38, 481-496,
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Toda, M., Y. Kosaka, A. Miyamoto, A., and M. Watanabe, 2024:. Walker circulation strengthening driven by sea
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024-01510-5

4. Project members
P-I: YEFEIFZEBA R RS Ingo Richter
Co-L: VFFERFJEBAIEHERE AP B —BB
Co-I: HEKY MK Mc

Co-I: HpKY /MR &

HEE A UMK ReR 2R

58



HAERER5E 7] 5 57 BF
2024CR-A0-3 A in

KB « NWEBIE DIERTGME R O BRI T 5
HTE DB B D A AT ROAT FE

MF7EREE VSR AT 7B B T3 Al 78 KR

WED B

e BN, 2 BIIRICIE T 299958 « 90 8BCE T V&2 W, ML 2 IRoctE AR @
BAEMNT 21T 700, Y U R HIBIZES TAT ABRAER LGS Z 2R L. ZTHRICImEFRL
7 ZNETORFMIIZIE N T, FERIEMEL O BIED RO S AEER T 256 2 x4
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DRI D 1 IRGTHAEfENT 21T 72 > 7= (Kakinuma and Fukuura, 2024). MiZEpoE1THE & fR
TERIKIE DNEAREE ST & E 0, RE QIR ER S 7L, 236 ORI A3 22 P C SOt
EREEVIELT, BROEBSMKGE L. £2C, ZORKOEBHZEWT 57012, 2Dk
BERH L2, 51 0FiEE LT, ZEHEEo TRl Z2 ZMAICRIZICIR T S8, 208
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B3 B DS R R O BRI O ARIRE I <, BEOKEBBIEEER RE W E, 2, F
M & AT D EIE OB HEIR S .

ZLC, FioZBEMEOEREEREFRAREY 2 BHEOEHEEEAGRELRE L, KT
BiZLoThhi S a£mis, 721k, NEEO 1 WocBUE#ET #1772 > 7= (Kakinuma and
Kosugi, 2024). UL OBENEENERmEE— N, £720%, NEHKEE— FNOMHEEE LW
BT, ERE, RERESSHERIE S ER - B Iz, 1 BREICBW T, BEMRITCE o
H R S A MIEERRAE E  LTe L 2 A, BAKENELS, [UERERNPRKREWIZE, HKATHE
S ST A BB BN L VBB o7, [EROBENEE A v, BIEEKIEOMAH
WA ¢ & L, Froude $t% F,=vic TEFRT D L, WAKKIEN 2 hPa DA, [1 - F|> 0.1 &1
7oL, FKEN 10m LV KEWE, EREENEE XS, £, —D2ORERTYH, BHFF
ICERKIRN AL T B &, FAICIS U T OB Z AR L, Bl lZAEMR I Lo E8E A, MIER
i EOBEFOE M L EAR Y, &S INETDAREDH D Z ENbhrole. —J, 2 Bk
WZRBWTIE, BIEEKNESE OMNFIIEE Z ¢ & LT, HIEEH TWES Froude £ Fri=vic; 1Y 1 D
A, W E— FOWNEM AR S 722y, BEERNTEE— FoRmEEIX, Bilkror.

B, W MEONEEY OFOMAEZ B E LT, O KEEMD O il R 2
EELHEB A RIS E LI BIEET M K A58 E1T 70 o 7. ARBFSEIE, P Th 5.

W IR R R

i KRR - e E 2 T O KRB ENI M O B OBARMRAT, HEIE T2t e i, 41, 97-102,
2024. https://www.tsunami.irides.tohoku.ac.jp/media/files/ u/topic/file/23p50hj06g.pdf.

Kakinuma, T. and Fukuura, Y.: Control of floating body waves due to an airplane takeoff from a very
large floating airport, Eng, 5(3), 1513-1533, 2024. https://doi.org/10.3390/eng5030081.

Kakinuma, T. and Kosugi, J.: Numerical study on the excitation and propagation of surface/internal waves
due to air pressure waves over topography, Water Waves, 2024. https://doi.org/10.1007/s42286-024-
00099-x.

2E IR
Nakayama, K. and Kakinuma, T. Internal waves in a two-layer system using fully nonlinear internal-wave
equations. Int. J. Numer. Meth. Fluids 62(5), 574-590, 2010. https://doi.org/10.1002/f1d.2037.
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3. Naohisa Takagaki, Surfactant contamination effects on wave wind height in typhoon simulation tank, The 4rd

Joint Symposium on Advanced Mechanical Science and Technology, University of Hyogo, September 25 to 28,

2024.

Naoki Kurihara, Naohisa Takagaki, Gaku Terazono, Motoko Hatanaka, The effect of surfactant on the wave
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Table 1: Maximum wind velocity in RIAM wind-wave tank. Values of U~ in 2020 and 2021 were extrapolated

values. Values of Uo in 2017 and 2019 were estimated from U using model (Takagaki et al., 2012). Values of Ui

in 2020, 2021 and 2024 were estimated from u* using model (7akagaki et al., 2012). Tap water were used in 2017-
2022,2024, and SDS solution was used in 2023,2024.

solution N g U Yo “
[rpm] [m] [m/s] [m/s]  [m/s]

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

RIAM Report (2020) T™W 1600 33 24 37.6 1.9

RIAM Report (2021) T™W 1700 33 25 435 2.2

RIAM Report (2022) and

Takagaki et al. (2023) ™ 1700 20 24.0 40.3 2.0
Ikeda et al. (2024) ™ 1700 20 22.9 - -
lkeda et al. (2024) SDS 1700 20 24.0 - -
Kurihara et al. (2024) ™ 1700 5.5 21.52 - -
Kurihara et al. (2024) ™ 1700 6.5 21.46 - -
Kurihara et al. (2024) ™ 1700 19 24.01 - -
Kurihara et al. (2024) ™ 1700 20 24.09 - -
Kurihara et al. (2024) ™ 1700 33 24.04 - -
Kurihara et al. (2024) SDS 1700 5.5 21.94 - -
Kurihara et al. (2024) SDS 1700 6.5 21.83 - -
Kurihara et al. (2024) SDS 1700 19 23.49 - -
Kurihara et al. (2024) SDS 1700 20 23.40 - -
Kurihara et al. (2024) SDS 1700 33 23.49 - -
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Fig. 1: Relationship between 10-m height wind speed Uio and drag coefficient Cp. This figure is reproduced
based on Fig. 12 of Takagaki et al. (2023).
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W gD b B OB 2 {04 9~ 5 720 O BT FE

IR )RR

LIIC®IT ZHET WFEA 3=, HH - 530 - RIGRGE TOKIE - HOFEOT=21 70,
HE TORBEINAZIT > T D, TORMNT, 2024 FOFN G EIZNT TO 3 H B, LRSI
HMAREZRBELIZOT, TOMELZRET D,

2. FREEEH R RKFKE SN RAE R [RIEA) 2V, RERORE - [FINETT o7, EOME
EHMER1IOTT, EHEIES DR IRKEITK 700m TH Y (Oiwane et al., 2011, Marine Geology) . ##
i DK 347.5 m OALEICRE Lz (B 1), HR¥EARICIE 5-beam ADCP (Sentinel V 300 kHz, Teledyne
Marine) & 2 B OFERFEEE (INFINITY-EM, JFE 7 R80T v 7)) B0 £+ 7=, FERGFOER, UL
EEF ORI, ISR OMEEBLR - fftr s 27 A BRI L7z, ADCP (3 B & (2R
L7ce A OREIIREN 22 Z sy (K2). ADCP DENE Y b, € ORERLITF
¥J176.4 m L7257, BREAEHFHIIIE BB Tnvieny, FREXKZ S &I12, ADCP BRETRE &
KGEN S JAE S » T2 BTG OB IE 235 m & 304 m CToh o 72, ADCP D% E L. broadband (bandwidth
25%) JBE 6m THIEL T & 144m & LT, Z2C. 7 7 VR 30 43 Z & 1 BDIEIRRE T 120 ping
RS LTz, BRI ETORBEIL, /N— A MRFE 10 43 Z &1 1 BPEFE T 10 JIE & LT,

F 1. 2024 FOHEWERICEB T AR RHE - FUUEHR,

EE REEE IKER xEH = A
32°17.5143’N 128°42.2198°E 347.5m 472401 7H23H
240 - — 2024 £ 4 A ABRBAFRBER FEKR0M, =& 175m
SB16
Gm g "
$B16
g SB16
- A—k
$B16 3E
80omB—7
3220 fis (65 m)
N 60m O—7
5 m Shig
EHER g
i SB16
fovavsEE= V%4
—F—T TR SPCS22
BHERERT
[ N ERTEY R
A= T OF 56n I 70— 0L 15nT (54)
el e .
(15 m i
3200’ Soh—
1. fREACE (FX). 2. FPREGROMIME, DU (B R O FEE
HATH S, T
iw = S PN S ) T RRR (F7EAEH)
JUINREE IS 2T FE AT TFE (FTNIEEAN), =ikEFE WHFEh E)
IR MBI YL Y — RIS (R E)
TR KPEREFE A v 2 — M B W #E)
A KEEMTIEE > 7 — PN BsR, FAaiA—, 8 Bk (WFEW #)
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FBRABKMFERT 1T A h
[H]
HORE K« REBREAR DREMEIT A H AR TRO TEHETH D, R, MHTORIL, BEARE®R
JRER G 0> 58 A= R L TR RO 70 U D 58ARI K % ST . BRI KT EGE O I & 2 BEREE O F L, a7

KGRI T CORKEOMER E, KESCREOBAND, EEMICHET L2 2L BKRETH L, AliOR
ML EET L2 00, MERBEIEOEEICL DV TAZA LTOE=F) 7L eI, fHx Dk
WoMEE & G CRBLATRE S THABMEET L ML TH D,

AT HE R 70 S HMEM R T B CORK T OESh X, iR OFEHEMEICER LT ML E#h T+ 5,
Z WV o RIEEF R RIROE B & E BT D 720X, W CHRLIE & BHIC KB RE/: Large-Eddy
Similation (LES)E 7 /L& W5 Z E NN TH D, £ Z TAIFFETIL, B0y, M 2 Ko 25 T RE
72 LES £7 /L& FWT, MK m - CORK FEIZRIT 2 EL A B0 RKEL U O S 4 Rl £ 81
L. REOEHEES) & 2> ZORBBREOWIRREZH LT 5 2 L2 A E T 5, Frlo, it
ICBITDEOHMICED ETOMIIRRIZER L, KXEENE COELIGERCEH B [ OEs) & - Bk H
BT DL E I k@iQLwﬁ%xiéﬁ_OWTﬁ“é Flo, AVRBEET N EMAEDED Z LI
0. Wl D OBRIENE I BITTHEIZ OV TH AR D,

[t 711

R OFET X = L—3 3 1%, Weather Research and Forecasting (WRF)E 7 /L& VN, X AT 4 7
2 &0 b NAIOFHEEROMS 7L | km & L7z, @WfEf LES €7 /L& LT, PALM E7 V& HWiz,
KRBT 2 ek ettt & LT, EEMIZEIC K 5 2 m 23f#RED DSM/DEM 7 — & % IV T, ELEO i - 2
WAk % W iRt LES &7 /L O FEEE U Y A AT, BT O N LHEIEW 23 K BT T B A TR 5 72
HEAR EIXBRSN L. BN IEE OES S DA EEE LT, WRF 7 VAW I alb—2 a3 Tl
3EER AT 4 L 0 FHREE AR E L, 4.5 km/1.5 km/0.5 km S fiREIEERAIC BT LI L, K
BOTEEFCHRAE LT EFO R 2Bk Z2 58 L L, 2023 FEEOEF 2R L, 8 A 27 AOKKHTEI TOR
M 7 Bk ] 2 8 0E LTz, ZOFEBIZ R E LT, FHABMGIRA Z k4 [Z2(b S BTN 7 o7
NoIalb—varaFEl, BBEEHi~, KiZ, #HHn b OPEGNROEIC L 2 K[E B O %
DTHICE X, HIERE D D O BRI R A 5 U7 BUE SE SR A T LT
[R5 ]

WG LES £ 7 TRV T, @6 OB R PEEVEE L, @R E D S O BB Of HOEN
2 X DR E T oEB RS - PR a i Lz, TORE, PG 0 ERICE VT, EEEREES KX
K720, S OFEOETEREEL ETREEVPEET LIEHKICBWTHETHDL Z LW DhoTc, T0D
B RS O KA OB L, B EIC bR KIE T, RS, @B EVOMFEN, EEE D B S RN

ICHAE LTV D 2 E N Do T,

DX D OB R OE N, JFHIZREEKIZ E D X 9 7B E RIZT OOV T, WRF E7 /L
LD BEEBR AT o 7=, PR D OB LR E 50%ICWE L ERICE W BKEDOELEFH- L 2 A,
k%?%?ﬁﬁ?ﬁbk%m%ﬁ2%@@&Kifﬁ@bfwka
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BEEDNSHNFADK « REEZICHN T SRIRREIDRE
BUARF KFERETFMRREE R
Impact of Climate Changes on Water and Nutrient Transport: from Land to
Open Ocean

ARIMEETIE, £I12 1.2024 £ 7 BICEmBEI N [RiFgH] O EMmE
(NS24-137) OFE#H. HLUN2.2024F 12 B6 H~8 HICELAKF ChH#E S
N7- I0C WESTPAC-FECEET7 —27 > a vy 7OMEICOWTHRET 5,

1.  Dynamics of bottom waters observed during the 2024 NS24-137 cruise

The East China Sea (ECS) provides essential biological resources for its local
fishery and contributes to biodiversity on its surrounding seas, mainly through the
Kuroshio Current, which regulates cross-shelf material transport on various scales. It is
thus urgent to clarify the dynamics of bottom water (onshore and offshore dynamic)
that potentially influence local marine productivity and further downstream areas like
the Japan Sea. In the NS24-137 Nagasaki Maru cruise, three sections in the outer shelf
of ECS were studied during the Summer of 2024. CTD observation and water sampling
were conducted on a spatial and temporal basis (time-series station). Some biochemical
parameters analyzed are rare earth elements (REEs), neodymium isotopes, radon,
radium (Ra), nutrients, dissolved oxygen, and water isotope analysis. 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
and microstructure profilers were utilized to help interpret physical forcings further.

Potential Density Anomaly o, [kgim’] Beam Transmission %
0

REEs

b

8

Potential Temperature @ [degC]

31 32

02 o023 03 o
Ra 223

Figure 1. The sectional view of beam transmission contoured with potential density
anomaly (Tosca line) and overlapped with the 2*Ra (colored dots) data from the NS24-
137 Nagasaki Maru cruise. Locations of stations are also given. The temperature-
salinity diagram of all stations with the REE samples (green dots) is also presented.
By incorporating REEs and Ra isotopes, it is now possible to clarify the
mechanism and changing rate of water masses in the outer shelf of ECS on a temporal
basis. Some preliminary results are as follows: (1) based on the simple mixing model
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by using temperature and salinity combined with heavy REEs, it is found that temporal
factors and physical forces might significantly influence the variability of Kuroshio
Intermediate Water and Kuroshio Subsurface Water intrusion into the shelf area. (2) A
change in vertical structure could further generate a geostrophic flow, usually indicated
by the turbidity tongue around the shelf break (Line C in Figure 1). (3) The Ra value
decreases from the inner to the outer shelf, indicating that the water from the inner shelf
mainly regulates Ra (Figure 1). On a zonal basis, it is seen that Ra value does not
change significantly, indicating that Kuroshio intrusion may not be the driving factor
of Ra distribution along the shelf of ECS (Figure 1). Further, this study will combine
these results with water mixing analysis to understand the spatio-temporal variation of
Kuroshio Intrusion onto the shelf area.

2. 10C WESTPAC-FEC Workshop: Role of human activities on the marine
environment through the exchange of materials between land and the ocean

Figure 2. Group photo during the IOC WESTPAC-FEC Workshop, December 6-8,
2024, in the University of Toyama, Japan.

The workshop focuses on sustainable and healthy oceans, with a particular
emphasis on the stage of economic development and the transport of nutrients from
land. The forum, part of the workshop, is a joint event organized by the
Intergovernmental Oceanographic Commission for the Western Pacific (IOC-
WESTPAC) and Future Earth Coasts (FEC). The workshop aims to advance scientific
understanding of the biogeochemical process in the Asian Marginal Seas. The first day
was designed for a business meeting among scientists under the IOC-WESTPAC
framework. The second day was intended for a scientific forum, open to the public, to
report current research and progress in understanding water and nutrient transport
between land and ocean. In addition, perspectives from social and economic are given
to enhance our understanding of nutrient management in coastal oceans under global
climate change. A poster presentation session was also conducted for early career
researchers to deliver their research updates and thoughts about the workshop topic.
Researchers from 11 countries, totaling more than 50 participants, attended this
workshop. Ultimately, enhanced collaboration, communication, information exchange,
and cooperative activities with FEC are projected.
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72 5F, KR I L CELWILRIEASEL T Y, HiEHEgRBCHED 7 ~ v ES O L
P OMAERZH G2 CF 5 2 &, ZoROELRIES OEBNFHficHELLEZ LN,

01 02 03 0405 08 07 08 1615 14 131211 10 09 24 23 22 20 19 18 17 25 26 27 28 2
0 P e L [O) R 2 FIE 28 2 S S 0 e = Gy Or=v T iy

(k) K1 BEREBERKEEEIC

2 SLIKAHAR IR (0S01-32).

(7£) M 2: tﬁ@%ﬁ%ﬁﬂﬁ%ﬁ% X DT
A B KR, TSI D T R O P,
ELyEE = % 1»#~Hﬂz@}: FAER

cWkg]

Depth [m]

n

K [m2s™

JRERE 2 R L, 28 A o M pa ]

024681012 024681012 024628112 02 46 8 1012 5 ORIFRITTIS T 5.
Dist. [km]

79



HHERER 15 7 7 57 7
2024CR-A0-16 — R

Delury {EIZ X D EHE D XU A I =GR EDHEE

W\ EER )

1. B
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WEF O B ERIELHE], 1997 LI D TAC #iifil 72 E &SN L0, mFOFREE &I 400 t 5>
5600 t LELERNCHRB L TWS, B h—Z LOEHBTRESINDS TAC ZHHAN THENITE
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W&, 2) 2022/6~2023/6 DFRREELAT— % X 015 5 - BHAIEE 32 2 Bt (2023 R BERFFERRE DAk
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fER 2022/6~2023/6 OIRHELAEERSIX, ADCP BUAIKEIZ X 0 B9 OEELD & T IEME P 23 i S
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