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

in 2020 and 2021 were estimated from u* using model (Takagaki et al., 2012). Tap water were used in 2017- 2022,

and SDS solution was used in 2023.

_ N F Us Uo u*
solution
[rpm] [m] [m/s] [m/s] [m/s]
Takagaki et al. (2017) T™W 1300 6.5 14.0 22.8 -
RIAM Report (2019) ™ 1700 6.5 22.2 36.8 -
RIAM Report (2020) W 1600 33 24 37.6 1.9
RIAM Report (2021) ™ 1700 33 25 43.5 2.2
RIAM Report (2022) and
™ 1700 20 24.0 40.3 2.0
Takagaki et al. (2023)
lkeda et al. (2024) ™ 1700 20 22.9 - -
Ikeda et al. (2024) SDS 1700 20 24.0 - -
5 T T T T T T
A Henveking et al (Field, 1968) /
4 Mitsuvasu et al (Tield, 1969)
> Johnson et al. (flcl(l, 1998)
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O Bell et ai(Ficld, 2012) AA o
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Fig. 1: Relationship between 10-m height wind speed U1o and drag coefficient Cp. This figure is reproduced
based on Fig. 12 of Takagaki et al. (2023).
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Elucidating tropical interbasin interaction mechanisms using climate models

(RIEET NV K DB BAREEERA DA I =X L fER)
MEPERTFEBH SEREAE AN TR #B1 £ #B M Ingo Richter

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 these remote basins have their own variability modes and that these
modes can influence the tropical Pacific and ENSO (Cai et al. 2019). 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.

The tropical Atlantic is home to two major modes of interannual sea-surface temperature (SST) variability, namely
the Atlantic meridional mode (AMM) in the northern tropical Atlantic (NTA), and the Atlantic Nifio, or Atlantic Zonal
Mode (AZM) in the equatorial Atlantic. It has been well established that ENSO events force same signed SST
anomalies in the NTA region during the decaying phase (Enfield and Mayer 1997). An El Nifio event peaking in
winter (DJF), e.g., is typically followed by a positive AMM event in the following spring (MAM). Despite this robust
influence on the AMM, ENSO’s influence on the equatorial Atlantic is inconsistent (Chang et al. 2006; Liibbecke
and McPhaden 2012), with El Nifio events followed by AZM events of either sign. The perhaps striking example of
this inconsistency is the fact that the strong El Nifios of 1982/83 and 1997/98 were followed by AZM events of the
opposite sign (negative and positive, respectively).

Several explanations have been offered for the inconsistent influence of ENSO on the AZM. These include the
competition of thermodynamic and dynamic remote ENSO impacts (Chang et al. 2006), the influence of off-
equatorial Rossby waves in the tropical Atlantic (Liibbecke and McPhaden), the timing of ENSO decay (Tokinaga et
al. 2019), and the influence of intrinsic tropical Atlantic variability (Kido et al. 2023). The relative importance of

these mechanisms, however, remains to be evaluated.

Aims of the current research project
The current research project reexamines the impact of ENSO on the equatorial Atlantic, with the aim of clarifying
the importance of individual mechanisms. Based on the insights gained from this analysis we will build a simple

statistical model to predict the AZM 6 months into the future.

Methods

1) Data

While the eventual goal is a better understanding of the observed relation between ENSO and the AZM, here we
focus on 44 coupled global climate models (GCM) from the Coupled Model Intercomparison Phase 6 (CMIP6) that
were integrated under pre-industrial control (piControl) scenario. The advantage of piControl simulations is that they

offer long time series (typically 500-1000 years) under steady radiative forcing, thus eliminating the confounding
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influence of changes in radiative forcing due to increasing greenhouse gas concentrations. In addition, we use two
observation-based data sets, the ERA-5 and NCEP reanalyses.

2) Composites

We use two kinds of composites: El Nifio events followed by a negative AZM event (AZM-), and El Nifio events
followed by a positive AZM event (AZM+). For the former composite, we average over those years for which both
the Nifio 3.4 index (an indicator of ENSO activity) in DJF is above +0.5 standard deviations, and the ATL3 index (an
indicator of AZM activity) in the following JJA is below -0.5 standard deviations.

Results

A simple correlation analysis indicates that despite the inconsistent ENSO-AZM relationship, there is a robust
relationship between the Nifio 3.4 index in spring (MAM) and the surface winds over the equatorial Atlantic during
the same season (Fig. 1), with El Nifio events associated with easterly wind anomalies over the equatorial Atlantic.
Such easterly surface winds over the equator are known to contribute to AZM- events through enhanced equatorial

upwelling. The consistent relationship in MAM had received little attention in the literature so far.
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Figure 1. Correlation between MAM Nifio3.4 SST and MAM ATL4 (45W-20W, 3S-3N) surface zonal wind anomalies
in the ERA-5 and NCEP reanalyses (leftmost two bars), the GFDL CM 2.1 model (a previous generation climate model)
and 44 CMIP6 models.

Based on composite analysis of the CMIP6 models, we find that the timing of ENSO decay is indeed an important
factor for whether El Nifio is followed by AZM- or AZM+. Specifically, we find that early El Nifio decay tends to be
followed by an AZM+ event in the equatorial Atlantic.

Further composite analysis suggests that the competition between dynamic and thermodynamic influences is indeed
an important factor in the ENSO-AZM relationship, as is internal tropical Atlantic variability. The Rossby wave
mechanism, however, does not appear to play a major role, though it does become important in certain years.

Using simple multilinear regression, we build a statistical model to predict the JJA ATL3 index based on conditions

two seasons earlier, in DJF. In many CMIP6 models, this simple statistical model can predict the target data quite
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skillfully with correlation coefficients above 0.5. For observations, however, the skill is somewhat lower, possibly
due to the relatively short data record.
The results have been presented at several international workshops and conferences, and a manuscript is currently in

preparation.

Additional activities

In addition to the ENSO influence on the AZM described above, Ingo Richter has also contributed to a study on the
influence of the AZM on ENSO. The study, published in Nature Communications, identified atmospheric Kelvin
waves as the major pathway for the equatorial Atlantic influence on ENSO. It also found that the topography over
the Maritime Continent interacts with the atmospheric Kelvin waves, and that this interaction is important to mediate

the Atlantic influence on the tropical Pacific.

Achievements

Articles in peer-reviewed journals

1. Liu, S., P. Chang, X. Wan, S. G. Yeager, and I. Richter, 2023: Role of the maritime continent in the remote influence
of Atlantic Nino on the Pacific. Nature Communications, 14, 3327. https://doi.org/10.1038/s41467-023-39036-w

Conference presentations

1. Ingo Richter, Shoichiro Kido, Tomoki Tozuka, Hiroki Tokinaga, Yu Kosaka, Ping Chang: Revisiting the

inconsistent influence of ENSO on the equatorial Atlantic. Ocean Sciences Meeting, New Orleans, USA; 2024/02/20
2. Ingo Richter, Yu Kosaka, Hiroki Tokinaga, Shoichiro Kido: Toward quantifying the tropical Atlantic influence on
ENSO. APL-ICAR-CMCC Workshop, Yokohama, Japan; 2023/08/07

3. Ingo Richter, Shoichiro Kido, Tomoki Tozuka, Hiroki Tokinaga, Yu Kosaka, Ping Chang: Evaluating interbasin
linkages with GCMs and LIMs. CLIVAR/TBI Science Meeting, Guangzhou, China; 2023/11/21

Meetings organized

Workshop on interbasin interactions and predictability in the tropics. JAMSTEC, Yokohama, Japan; 2023/12/20
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Impact of Climate Changes on Water and Nutrient Transport: from Land to
Open Ocean
Throughout 2023, two joint cruises (Nagasaki Maru and Kagoshima Maru) have
been successfully conducted to study water movement in the East China Sea (ECS) by
the University of Toyama, Kyushu University, Ehime University, and Kagoshima
University. Both qualitative observation and quantitative calculation have been
partially carried out to understand the dynamics of low-oxygen bottom and subsurface
water layers. Additionally, a time series station, coupled with physical observation,
was observed to conceive water dynamics temporally. Furthermore, in response to
global climate change in the marine environment, a meeting (in the JpGU 2023
session) in collaboration with the IOC-WESTPAC program concerning healthy,
productive, and sustainable Asian Marginal Seas (AMS) was conducted in May 2023.
1. Dynamics of bottom waters in the time series station and low-oxygen water in
the subsurface layer observed during the 2023 NS23-117 cruise
The East China Sea is one of the largest marginal seas, lying over a broad
continental shelf (~500km) from the Chinese coast to Okinawa through. The ECS
plays a vital role in supplying biological resources to the sea around Japan via the
Kuroshio. Considering the deterioration of the marine environment and accompanying
changes in ecosystems, it is thus urgent to clarify the dynamics of low-oxygen water.
Low-oxygen bottom water during summer months has been widely identified in the
outer shelf of the ECS from 2018-2020 and currently in 2023. In the 2023 cruise, the
positive correlation between low oxygen bottom (and subsurface) waters and turbidity
1s much more prominent than in 2018, 2019, and 2020 (Figure 1). Many seawater,
sediment, and porewater samples were collected to be analyzed chemically and
biologically. Seawater samples were collected by Niskin bottles attached with CTD
sensors for REEs, Nd-isotopes, radon, radium, nutrients, dissolved oxygen, and water
isotope analysis. Sediment samples were collected by multiple corers and then sliced
in 1 cm and 3 cm onboard. Pore water was squeezed in a syringe under low-
temperature conditions.
Some preliminary results obtained are as follows: (1) based on the simple
mixing model by using temperature and salinity combined with Heavy Rare Earth

Elements (HREEs), it is found that temporal factors and physical forces might
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significantly influence the variability of the KIW and KSSW intrusion into the shelf
area, thus influencing biological activity in the area, (2) Part of the low-oxygen water
on the outer shelf is originated from KSSW and MSW. Nutrient (DIN, DIP)
contribution in low-salinity, low-oxygen waters in the subsurface layer of the ECS is

further required to quantify the material budget in the area.

Depgelr @SR VET Lads C-Star %]

Figure 1. Sectional view of fluorescence contoured with DO<3.75 and
transmission<88% (left); Sectional-contour view of %transmission, contoured
with DO<3.75 (right).
2. JpGU meeting: healthy, productive, and sustainable Asian marginal seas in
response to global climate change

As the AMS is a very important region for human society due to its high
productivity, the changing climate and human economic activities have significantly
changed the hydrological and biogeochemical cycles, affecting the marine ecosystem.
Understanding the nutrient and material cycle is urgent to evaluate the biological
productivity changes due to global warming. This meeting discussed various
approaches regarding the behavior of nutrients by applying various studies, such as
remote sensing, numerical experiments, and physical, chemical, and biological
sensing. Oral and poster presentations were given to around 20 scientists, students,
and practitioners from various countries (Japan, China, Bangladesh, Thailand,
Malaysia, and Cameroon) to deliver their thoughts. We emphasized two main
international projects, focusing on nutrient footprints of primary productivity and
long-term variations in the water structure and circulation of the Pacific AMS. We
hope that the continuation of this collaborative work will help us understand the

impact of climate change on the marine environment globally.
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Hoppmann, Masafumi Kimizuka & Takuji Waseda (2023) An affordable and customizable wave
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