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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 Ui in 2017 and 2019 were estimated from U« using model (Takagaki et al., 2012). Values of U1
in 2020 and 2021 were estimated from u* using model (Takagaki et al., 2012).

N F Uoo Ul() M*
[rpm] [m] [m/s] [m/s]  [m/s]
Takagaki et al. (2017) 1300 6.5 14.0 22.8 -
RIAM Report (2019) 1700 6.5 222 36.8 -
RIAM Report (2020) 1600 33 24 37.6 1.9
RIAM Report (2021) 1700 33 25 43.5 2.2
Present 1700 20 24.0 40.3 2.0
3.0 T T T T T /
O X =20 [m](Present values) 2
Takagaki et al. (2012) 4
251 ’ 5
20F
@
‘é L5}
*
=
1.0}
05F
0.0 1 1 1 1 1
0 3 10 15 20 25 30
U, [m/s]

Fig. 1: Relationship between freestream wind speed U, and friction velocity u* at x =20 m.
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[1] Ishimoto H., S. Adachi, S. Yamaguchi, T. Tanikawa, T. Aoki, and K. Masuda, 2018: Snow
particles extracted from x-ray computed microtomography imagery and their single-scattering
properties. Journal of Quantitative Spectroscopy & Radiative Transfer, 209, 113-128.

[2] Shishko.V.A, D.N.Timofeev, A.V.Konoshonkin, N.V.Kustova, N.Kan, I.V.Tkachev, K.Masuda,
H.Ishimoto, H.Okamoto, A.G.Borovoi. 2022: Backscattering characteristics of optical and
electromagnetic waves in joint sensing of cirrus clouds by a polarizing lidar (0.355um) and a

94GHz radar. Atmospheric and Oceanic Optics, Vol.35-6, 775-781.
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W (b T XU k) DERATHS. REFRFIAIFFETIE, WET LR U7 O PR EHER
TG ACHER T 5720, Wi R FIEE L T NO 2 RICHHE BT — X R— A T4 £ TR
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2 & D NOLHEH EHERHRS SR (Zheng et al., 2021) & HHEAS LT\ e, EEENZIZIEZEIX N TH > 7203,
2016 AELIRE, $Eem /el Em & Rz, £/, BAREREARBDEm 2R L

R &L, Frlan oA L ZERGERYIEI O 2020 4F & oz LT, 2021 4 - 2022 4F & H i
3 HETHAMEA DN TNV R TH D, 2O REPRICT 2729, 2005 FFEE THIM(L L7 NO;,
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FFTRI R O E 18 M T/ E D Z BN E e o7, HEICOWTIE, 2022 FFEHMHEIT
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E & AARDS 2022 FEHEITRER/NTH Y, BREIEERNE L A S, NOHEHESE LT3k
FEDMAZMED D VBN H 5. FAlaa - 7 A )V ADBYE R, 2 RIAEZE L TV 5,
WY TNEA LOFEFTHNT —F ORI O E TOFREHGLENTE

1.5
1.4 — China ~
— Republic of Korea

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6

Normalized NO2 column trend

0.5 I I I I I I I I I I I I I I I I 1

>

B R SN S S I R S S AR AR A

Year

X 2. 2005 FFEIME THAL L2 NO2 1 7 A EDOBRELAL.

4, F& 0
BRFHAT — X AT S S ML L CO D HEHEE LD E R T o7 Ar— )L CTHEFF L7, =
DX HIRERE D LT, WHEHTIEICL2PEHET — 2 XR— 2R, TNaE AT —F2 &L=
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« BEIHR
Zheng, B. et al.: Trends in China’s anthropogenic emissions since 2010 as the consequence of clean air actions,
Atmos. Chem. Phys., 18, 14095-14111 (2018).
Zheng, B. et al.: Changes in China’s anthropogenic emissions and air quality during the COVID-19 pandemic
in 2020, Earth Syst. Sci. Data, 13, 2895-2907 (2021).
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Clarifying mechanisms for the tropical basin interaction using climate model simulations
Ingo Richter, Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

1. Aims of the current research project

The impact of the tropical Atlantic and Indian Ocean on El Nifio-Southern Oscillation (ENSO)
in the tropical Pacific has been highlighted in recent years but much remains to be learned about
the importance of these influences and their pathways. Using a novel experiment design based on
global climate model (GCM) experiments, the current project reexamines the influence of the
tropical Atlantic on ENSO.

1) A previous study by Richter et al. (2021) mostly relied on global climate model (GCM)
experiments, in which SSTs were prescribed (so-called atmosphere-only experiments). While such
experiments are useful, they cannot represent the coupled ocean-atmosphere interactions, thought
to be important in amplifying ENSO events. For the current research project, we therefore use a
fully coupled ocean-atmosphere GCM, to conduct additional experiments for investigating the
influence of the tropical Atlantic on ENSO.

2) In addition to investigating the Atlantic influence on ENSO, we also aim at developing a general
framework for investigating interaction among the tropical basins using a relatively simple data-
driven modeling technique.

2. Methods

1) To quantify the tropical Atlantic influence on ENSO we developed, together with Yu Kosaka
(University of Tokyo), a novel GCM approach that combined so-called perfect model hindcasts
and pacemaker experiments. In these experiments, 12-month predictions are initialized from a
free-running 1000-year control simulation with the GFDL CM 2.1 model. We selected events for
which a warming in the northern tropical Atlantic in spring was followed by an El Nifio event in
winter. For these years, we ran hindcast experiments initialized from January 1 and integrated until
the end of the year. In the control hindcast experiment, we ran a regular hindcast by letting the
model evolve freely. In our SST intervention (pacemaker) experiments, on the other hand, we
restored the SSTs in the tropical Atlantic to their climatological values, thereby removing the warm
event in the northern tropical Atlantic. These experiments were used to quantify the importance of
the northern tropical Atlantic in triggering ENSO events. Analogous experiments were performed
for warm events in the equatorial Atlantic. In addition to restoring tropical Atlantic SSTs, we also
performed a set of experiments in which we restored the Pacific SSTs to climatology. This was to
test, whether the warm events in the tropical Atlantic were themselves a result of previous forcing
from the tropical Pacific.

2) To develop a general framework for investigating interaction among the tropical basins, we
collaborated with Shoichiro Kido (JAMSTEC), Tomoki Tozuka (University of Tokyo) and Ping
Chang (Texas A&M University) to modify the well-known linear inverse model (LIM) approach.
LIMs use statistical analysis to derive a linear operator from observations, such as SSTs, in order
to approximate and predict observed variability. Kido et al. (2022) modified this technique to allow
separating the interaction among basin pairs (e.g., Atlantic and Pacific). The linearity of the
operator then allows to eliminate the interaction among certain basins and to test how this affects
the variability.
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3. Results

1) Perfect model hindcast experiments with and without restoring tropical Atlantic SST to
climatology indicate that both the northern tropical and equatorial Atlantic have a very small
influence on ENSO development (Figs. 1a and 1c). During decaying ENSO events, on the other
hand, northern tropical Atlantic SST anomalies strongly accelerate the decay (Figs. 1b and 1d).
Key to the Atlantic influence on ENSO decay are Atlantic SST anomalies just north of the equator
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Results from perfect model hindcast experiments with selective

SST restoring. In the CTRL simulation, the model evolves freely over the 12-
month forecast. In noTATL, the SSTs in the tropical Atlantic are restored to
climatology, while in noTPAC, SSTs in the tropical Pacific are restored to

climatology. The left (right) column shows the
developing (decaying) El Nifio. The individual

in the Nifio 3.4 region (green line; 170-120°W,

average over years with a
lines show anomalies of SST
5°S-5°N), SST in the ATL3

region (blue line; 20°W-0, 3°S-3°N), SST in the NTA region (40-10°W, 8-
20°N), 10m wind in the Nifio 4 region (brown line; 160°E-150°W, 5°S-5°N),
and 10m wind in the ATL4 region (red line; 45-20°W, 3°S-3°N). Filled circles
indicate differences from CTRL that are significant at the 95%-level.

(~ 5°N). These lead to local
convection anomalies that
change the Walker circulation
so as to accelerate ENSO decay.
Importantly, anomalous events
in either the northern tropical
or equatorial Atlantic fail to
develop in the hindcast
ensemble mean (Figs. le and
1), when tropical Pacific SSTs
are restored to climatology.
This indicates that anomalous
tropical Atlantic events in
boreal spring and summer are
strongly dependent on
preceding ENSO events in
boreal winter. Thus, the role of
the tropical Atlantic is to
mediate a negative feedback of
ENSO on itself (Richter et al.
2022).

2) An interbasin LIM was
constructed from observed
SSTs and sea-surface heights.

Experiments with
modifications of the linear
operator successfully

reproduced many results that
previous studies obtained from
GCM experiments, indicating
that the technique may provide
an alternative to GCMs at low
computational costs (Kido et al.

2022). We are planning to further develop this technique in order to utilize output from existing
multi-model data bases (such as CMIP6) for the study of interbasin interaction.
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Establishment of international cooperative research: changes in stratification
and material cycle in the East China Sea related to global warming

We conducted a quantitative study of the water mixing in the East China Sea via
chemical tracers, and promoted scientific communication by organizing the
International Brainstorming Workshop on Healthy & Sustainable Terrestrial and
Coastal Waters in University of Toyama.

1. Water origins of low-oxygen water on the outer shelf and material transport
from the East China Sea to the Kuroshio area (NS22-095)

In recent years, it has been reported that the occurrence frequency of hypoxic
water masses has increased and its area has expanded in the East China Sea (ECS). The
continental shelf margin in the ECS plays an important role in supplying biological
resources to the sea around Japan via the Kuroshio. Considering about the deterioration
of the marine environment and accompanying changes in ecosystems, it is urgent to
clarify the dynamics and formation mechanism of hypoxic water. In this study,
seawater, sediment, pore water and isotopes samples were collected on outer shelf of
the ECS, to study low-oxygen water on the outer shelf and to analyze the transport of
the nutrients and the impact on the Kuroshio from the shelf pump both in temporal scale
and spatial scale.

The Nagasaki Maru NS22-095 cruise was conducted from 11 to 19 July 2022
along M line, K line and KM line in the East China Sea (Fig.1). Seawater samples were
collected by Niskin bottles attached with CTD sensor for REEs (160 samples),
Nd-isotopes (32 samples), Nutrient samples (30 samples), Dissolved Oxygen (33
samples), Hydrogen and oxygen isotopes (200 samples), Nitrogen isotope (87
samples), Ra-isotopes (16 samples) and Rn (6 samples). Sediment samples were
collected by multiple corer, and then were sliced in 1 cm and 3 cm onboard. Pore water
was squeezed in syringe under low temperature condition (~ 4°C). DO samples were
analyzed by Titrator instrument onboard. The REEs and Nd-isotopes, nutrient samples

etc. will be measured in the laboratory on land.

The preliminary results obtained are as follows: Low-oxygen water has been

identified for the summer months of the ECS outer shelf. Based on mixing model
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combined with rare earth elements (REEs), as they allow a good distinction between
different water masses, the origins of low-oxygen water were quantified. We
determined that the low-oxygen water on the outer shelf mainly originated from
Kuroshio Subsurface Water and confirmed the contribution of coastal water. Moreover,
the influence of factors on the formation of this low-oxygen water may include water
stratification, water mixing, organic matter remineralization, spring tide and so on.
2. International Brainstorming Workshop on Healthy & Sustainable Terrestrial
and Coastal Waters

Within the framework of the 10-year WESTPAC program for “Healthy,
Productive and Sustainable Asian Marginal Seas” that started in 2021, the International
Brainstorming Workshop was held on November 30th, 2022 in University of Toyama,
combining with recent research and specific scientific questions. The overall objective
of the workshop was to gather up-to-date information on existing knowledge, research
gaps and challenges related to the flux of nutrients and heavy metals in WESTPAC etc.
To attain the objectives, the workshop commenced with 16 participants, represented
Japan, Cameroon and Indonesia in person and 5 participants, represented Thailand,
Korea, China, Bangladesh and WESTPAC through zoom. The introductory remarks by
the chairperson (Jing Zhang) reiterated the raison d'étre of the workshop to the
participants, who in turn presented specific case studies for each topic in the workshop.
Moreover, a multidisciplinary evidence-based research activities involving natural and
social sciences, will not only identify the variables, local vulnerability, impact and
challenges in coastal ecosystems, but will also enable adequate understanding of the
program’s subject matter in the AMS and Coast of Cameroon (CC), for sustainable

biodiversity production and ecosystem services.

Picture: Photo of Participants (In person and Online) during the workshop

noted sampling stations.
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