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| Observation: near-bottom current measurements

In-situ observation site (10.5°N, 131.3°W; KOMO station)
T b ST S - Clarion-Clipperton Zone (CCZ)

.‘ " ' s - KoreaDeep Ocean Study
2 . (KODOS)
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A % : environmental estimation for

mining of manganese nodules

= - Long-term observation
: during 2004~2013

Australia

A -
https://dsmobserver.com/2017/10/refer deep-

https://ocean-energyresources.com/2021/09/10/deep-sea-
ic-nodul - ith-hidd

- Near-bottom current (~5000 m)

observation

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

- No one has found why the near-bottom currents vary.

- In order to figure out the variability: power spectral density (PSD)
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| Connection between near-bottom current & TIW

PSD and time series: seasonal and interannual variation with period of ~32 days
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Farrar (2011): filtered SSH satellite measurements

son | | | 02-Dec-1998 ' 1 - Tropical Instability Waves (TTWs)
20°N 1 : westward, periods of ~30 days,
10°N - seasonal and interannual variations
On? ' - TIWs can induce the | Barotropic|Rossby Waves
10°S +

(BTRWs) which can propagate north of 10°N
1 —— . : : , il There are barotropic signal in our near-bottom current data
140°E 160°E 180°E 160°W  140°W  120°W  100°W soow
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| Relation between SSH and deep ocean currents

Coherence map between SSH and in-situ near-bottom velocity
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- Averaging over the frequency range of periods 25-40 days o

20°N A
- High values of coherence
SSH & U velocity: south of the mooring observation site

SSH & V velocity: southwest of the mooring observation site

10°N 4
0°N A
10°S A
- latitude 10°N: no significant coherence and abrupt change in phase 2 |

=> superposition of TIWs with BTRWs OE 160
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| BTRWSs in GLORYS12V1 results

Correlation between filtered in-situ near-bottom velocity and velocity results of GLORYS12V1
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- PSD of near-bottom velocity of in-situ measurements (left) and GLORYS12V1 (right)
: correlation of ~0.8

- Assumption: BTRWs have same frequency and zonal wavenumber with TTWs

- Using barotropic velocity results of GLORYS12V1 (depth average)
band-pass filter with wavelengths and periods of TTWs
=> filtered barotropic velocity
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Coherence & Phase

| BTRWs in GLORYS12V1 results
First-mode(56.5%) CEOF phase, amplitude and amplitude of principal component
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| Verifying CEOF phase

Comparison the wavenumbers
CEOF Phase & Amplltude
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The dispersion relation of BTRW on wavenumber axis

Smallest circle
: dispersion relation with a period of 25 days

Largest circle
: dispersion relation with a period of 40 days

Purple shading
: theoretically possible ranges for BTRW

Wavenumbers calculated from the CEOF phase
: blue and pink small circles

Propagating direction of BTRW
C, (direction of phase velocity): southwestward
C, (direction of group velocity): northward
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| summary

- New evidence
to confirm BTRW,, signals at 10.5°N
by using the long-term in-situ near-bottom current measurements

- Clear evidence
that BTRW,,,, transport their energy to the abyssal ocean in high latitudes

- Itis also verified from numerical simulation (GLORYS12V1)

: northward energy propagation by BTRW
inter-annual variations (La Nina periods)

7 BTRWs

A

B e ——

Mooring site
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Abstract Tropical instability waves (TIWs) in the equatorial eastern Pacific ex hibit 25—40-day
westward-propagating fluctuations with szasonal and interannual variations, which are stronger during
July-December and La Nina periods. There is evidence that the instability of the equatorial currents that
generates TI'Ws also induce radiation of barotropic Rossby waves (BTRW.;,, ). Long-term near-bottom current
measurements at 10.5°N and 13 1.3°W during 20042013 revealed a spectral peak at 25-40 days, whem
significant coherences weme found with satellite-measured sea surface height with maxima approximately
5°N. Simulated deep currents from a data-assimilated ocean model concur with the observed near-bottom

currents, and both currents vary seasonally and interannually, consistent with the typical characteristics of TIW.

Further analyses using 25-40-day bandpass-filtered barotropic velocity data from the model revealed that they
reasonably satisfied the theoretical dispersion relation of BTRW ,_ The in situ and model analysis support the
conclusion that BTRW ;,, propagate north of 10°N in the northeastern Pacific.

Plain Language Summary Tropical instability waves (TIWs), which are located at the boundary
between the warm pool and the cold tongue in the eastern Pacific, propagate westward with 25-40-day
periods and vary seasonally and interannually, which ame stronger during July-December and La Nifia periods.
Near-bottom velocity measured over a 10-year period at 10.5°N, 131.3°W just above the northern boundary
of the waves fluctuates with 25-40-dav periods. coinciding with that of sea surface heieht (SSH) in the
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