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Motivation

The equatorial Pacific is home to a complex current system and the El Ninõ Southern Oscillation
(ENSO), which has profound implications for ecosystems and human communities that surround
the Pacific basin. Mixing processes across isopycnals are thought to be important for governing
the vertical transport of heat in the region, thereby playing a key role in modulating the ENSO
cycle. However, the full range of mechanisms responsible for mixing are currently unknown. Recent
modeling studies and observations suggest that Tropical Instability Waves (TIWs), which rim the
equatorial cold tongue during La Ninã and neutral ENSO states, may set near equatorial mixing
rates by altering the generation, propagation and/or breaking of internal waves. To investigate
this, the observations were designed to address the questions: What processes govern the observed
modulation of internal waves, and possibly turbulent mixing, by TIWs in the equatorial Pacific?
and, Do these processes play a large enough role in heat regulation to be significant in ENSO
dynamics?

To understand how TIWs modulate mixing in the equatorial Pacific, we made high temporal and
spatial resolution measurements of velocity, density, and microstructure turbulence (shear and tem-
perature) using ship-mounted acoustics, ship-based profiling systems, moorings, and autonomous
drifting platforms including:

1. The deployment of three moorings between 0.5◦ and 3◦ north of the 140◦W Tropical Atmo-
sphere Ocean (TAO) mooring at the equator to target the seasonal cycle in TIW-modulation
of internal waves and turbulent mixing.

2. Shipboard measurements using the Multiscale Ocean Dynamics (MOD) FastCTD and Epsifish
systems, targeting westward propagating TIW fronts to closely examine the generation and/or
modulation of the internal wave field and associated turbulent mixing processes below the
equatorial undercurrent (EUC) with the passage of TIWs.
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3. Measurements using the shipboard ADCPs (os38, os75, and wh300), EK80, WAMOS, and
ship-based thermosalinograph.

4. Two deployments of an array of freely drifting WireWalkers measuring the upper 750m of
the ocean.

5. A Seaglider deployment with the second WireWalker array deployment.

6. The deployment of three EM-Apex and two BGC-Argo floats.

7. A CPIES array circling Mooring C.

8. Full-depth CTD casts at each of the mooring sites.

9. Two Saildrones followed the 2nd WireWalker array

Timeline

The overall cruise timeline is detailed below where dates/times are in UTC.

Nov 5 The Sikuliaq departs Honolulu

Nov 6-9 FastCTD/Epsi Tests, 3 CTD calibration casts

Nov 11 EM-Apex float deployment

Nov 12 CTD cast at Mooring C cite with BGC water sampling and 2nd EM-Apex float deployment

Nov 12-13 CPIES deployment

Nov 13 Mooring C deployment, BGC Argo float deployment

Nov 14 Deployment of Northern WireWalker array

Nov 14-17 FastCTD/Epsi repeat section at 2.3N

Nov 19 Recovery of Northern WireWalker Array

Nov 19 Full depth CTD cast at Mooring B site

Nov 19 Mooring B deployment

Nov 20 Deployment of Southern WireWalker array, Seaglider deployment

Nov 20 1st occupation of southern FCTD/Espi repeat section at 0.73N

Nov 21 Full-depth CTD cast near Mooring A site with BGC water sampling

Nov 21-22 Mooring A deployment, BGC Argo float deployment

Nov 22-25 Continue occupying the southern FCTD/Espi repeat section at 0.73N

Nov 25 Short meridional FastCTD survey
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Nov 25-28 Long zonal FastCTD survey

Nov 28 Short meridional FastCTD survey near WireWalkers and Saildrones

Nov 28 Southern Wirewalker array recovery

Nov 29-Dec 1 Big meridional FastCTD survey

Dec 2 Deploy 3rd EM-Apex float

Dec 8 The Sikuliaq returns to Honolulu

Technical Overview

3.1 Moorings

Gunnar Voet
We deployed three close-to full-depth moorings in a triangle formation between 0.5°N and 3°N

near 140°W with 278 km (150 nm) separation distance between the moorings. The general scientific
goals for the moorings are measuring shear, stratification, and turbulence over a full seasonal
cycle, and to obtain a large-scale vorticity estimate within the triangle. Through an NSF RAPID
proposal we added instrumentation on two of the moorings to study turbulence near the bottom.
The moorings are equipped with ADCPs, CTDs, temperature sensors, and turbulence-measuring
�pods.

Various instruments were calibrated on shipboard CTD casts 1 through 4 (Table 1).
Our general approach for mooring deployments was (a) to obtain multibeam observations over

previously chosen sites based on Smith&Sandwell bathymetry to obtain a good bottom depth
estimate and to confirm relative flatness of the bottom, (b) to carry out a shipboard CTD cast
to within 10m from the bottom to confirm multibeam measurements, (c) to re-terminate mooring
line if needed to adjust mooring length to updated bottom depth estimate, (d) to commence with
mooring deployment, and (e) to carry out a trilateration survey if deemed necessary.

For all three moorings we set up to have between 5 and 6 hours for deployment at a towing speed
of about 1 knot through the water. We overshot planned deployment sites by 400m to account for
anchor fallback of about 10%.

For deck operations we used a Hawboldt mooring winch with pre-spooled mooring wire and a
small winch mounted on the A-frame. We set up two cleats and used one hook- and one slip-line for
stopping off between segments. The A-frame winch was used to both deploy the bigger syntactic
foam floats and to hang the MOD 508 traveling block. Anchors were put inside the A-frame near
the transom prior to and ready for deployment which proved to be quite comfortable. We had
excellent support from the ship’s crew during deck operations.

CTD Cast Maximum Depth Instruments

1 1200m SBE56, 1700m-rated RBR Solo, 3500m-rated SBE37
3 500m SBE39
4 >4000m 10 km-rated RBR Solo, 7 km-rated SBE37

Table 1: Mooring instrument calibrations on shipboard CTD casts.
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MOTIVE C was deployed Nov 13, 2024. Based on multibeam and CTD measurements we
had to shorten the mooring by about 16m. Operations went smoothly without any notable events.
We skipped the trilateration survey and may do one on recovery.

MOTIVE B was deployed Nov 19, 204. We added two extra line shots we had on hand (100m
and 44m) to account for larger bottom depth than expected. Operations again went very smoothly.
We were ready for the anchor drop quite a bit ahead of time and decided to drop the anchor a
bit earlier northeast of the planned site as the bottom was quite flat and exact positioning did not
matter due to the large size of the mooring triangle. We dropped the anchor at 20:55 UTC. Based
on our approach route, drop location, and anchor fallback, our best estimate for the mooring site
is 137° 49.553’ W, 1° 45.907’ N. Multibeam depth at this site was 4327m. We did not obtain a
location estimate via trilateration to save time.

MOTIVE A was deployed Nov 21, 2024. Bottom depth compared well with Smith & Sandwell
and we did not have to adjust mooring length. For setup, we did not account for much of the
mooring catenary hanging into the relatively strong EUC at this site. Winds were relatively strong
and not well aligned with the EUC. At some point during the deployment, we started having a
sharp angle towards starboard with the mooring almost taking us over. The ship was able to reset
at a different approach angle. We still were not able to make it to the original drop site and landed
in about 40m deeper waters. The anchor was dropped at 04:01:39 UTC. We did a trilateration
survey at this site due to the different drop location. Trilateration points were chosen a bit too
close to the location such that one of the survey points appears to have been almost directly over
the site. We had to use the over-the-side transducer as the ship transducer didn’t seem to work
well. Location is 0° 31.299’ N, 139° 59.712’ W at 4389m multibeam depth.

3.2 WireWalkers

Caique Dias Luko

Wirewalkers are vertical-profiling platforms powered by ocean waves. Several sensors can be
easily integrated to wirewalkers, which allows concurrent, rapid and high vertical resolution sam-
pling of different key ocean variables. The Wirewalker system is composed by a buoy, a wire, the
wirewalker platform, and bottom weights. Wirewalkers can be deployed as anchored moorings, or
as drifting moorings. During the cruise, we deployed three drifting wirewalker systems twice. Each
wirewalker had a different configuration, including different sensors and lengths of wire:

• Wirewalker systems 1 and 2: These Wirewalkers spanned 750m and were equipped with a
CTD (RBR Concerto), a 4 beam ADCP (Nortek Signature 1000), an Epsi-minnow system
(MOD), a Dissolved Oxygen Sensor (RBR coda3 T.ODO), and a RBR Tridente with fluo-
rescence and backscatter channels. Wirewalker 1 was also equipped with a RBR solo3 PAR
(Photosynthetically Active Radiation) and with a surface shortwave radiation sensor attached
to the buoy (DL4-I07 Pyronometer).

• Wirewalker system 3: This Wirewalker system was composed of two wirewalkers. The first
one spanning the upper 100m and the second one spanning from 100m to 750m. The upper
wirewalker was named WW4 and was equipped with a CTD (RBR concerto), and a 5 beam
ADCP (Nortek Signature 1000). The lower wirewalker was named WW3 and was equipped
with a CTD (RBR Concerto), a 4 beam ADCP (Nortek Signature 1000), an Epsi-minnow
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Depl. Range
Time Start

(UTC)
Time End

(UTC)
Avg. Round
Trip Time

Number of
Pro�les

WW1 1 0-750 m 2024-11-14 10:29 2024-11-18 22:50 55 minutes 119
WW2 1 0-750 m 2024-11-14 12:41 2024-11-18 21:00 55 minutes 114
WW3 1 100-750 m 2024-11-14 13:04 2024-11-18 19:29 44 minutes 138
WW4 1 0-100 m 2024-11-14 12:58 2024-11-18 19:29 11 minutes 531

WW1 2 0-750 m 2024-11-20 10:26 2024-11-28 23:49 58 minutes 211
WW2 2 0-750 m 2024-11-20 11:55 2024-11-28 19:47 1 hour 196
WW3 2 100-750 m 2024-11-20 12:23 2024-11-28 21:54 53 minutes 229
WW4 2 0-100 m 2024-11-20 13:35 2024-11-28 21:34 10 minutes 1116

Table 2: Wirewalker deployment information and profiling performance.

system (MOD), a Dissolved Oxygen Sensor (RBR coda3 T.ODO), and a RBR Tridente with
fluorescence and backscatter channels.

The ADCP, RBR Concerto, Tridente and ODO sensors were set to sample on continuous mode at
8Hz sampling rate, while the PAR sensor was set to sample every 2 s. The ADCP ran simultaneously
on Burst and Burst High-Resolution mode, with configurations supporting velocity measurements
both on a 30m range with 1m resolution, as well as a 3m range with 0.12m. The High-Resolution
measurements will be used in the future to estimate dissipation of turbulent kinetic energy (")
through structure functions.

Prior to the actual deployments, the ADCPs were compass calibrated at the dock using the
Signature Deployment Nortek software. The RBRcoda3 T.ODO was calibrated pre- and post-
deployment by immersing the sensor for an hour in saturated and oxygen-depleted solutions. The
saturated solution is a 800mL water solution aerated with an aquarium pump, while the oxygen-
depleted solution is achieved by adding 30 g of Sodium Sulfite to 800mL of water. To calibrate the
RBR Concerto and Tridente we attached them to the ship’s Rosette and performed a CTD cast
at 12◦37.8′N and 149◦32.9′W. The Concerto measurements will be calibrated against the ship’s
CTD, while the Chlorophyll measurements will be calibrated against chlorophyll samples collected
during the cast. Water samples (and duplicates) were taken at 6 depths (3 below the chlorophyll
maximum, 1 at the chlorophyll maximum, and 2 shallower than the chlorophyll maximum). Samples
were drained from Niskine bottles and stored on 250 ml calibrated bottles after rinsing them three
times. The samples were then filtered using 25mm Whatman GF/F paper filters. The paper filters
were then folded and stored on paper foil before being frozen. Finally, the samples were sent back
to the ODF lab at Scripps to be analyzed.

The first wirewalker deployment lasted for about four days (Figure 1). The wirewalkers were
deployed at about 2.3◦N 138.2◦W as a triangle west of a TIW leading edge front. During the
deployment, the wirewalkers moved north from warmer waters towards the TIW cold cusp edge.
As they approached the front, the strong surface convergence deformed their triangle formation
into a line. After four days, we recovered the Wirewalkers and re-deployed them south at about
0.7◦N 139.1◦W. The second deployment lasted for about 8.5 days (Figure 2). The Wirewalkers
were deployed slightly east of a leading edge TIW front, and were recovered after crossing a big
portion of the TIW cold cusp. In total, the wirewalkers performed 2654 profiles, providing high
vertical resolution data (0.25m for T, S and BGC variables and 1 m for currents) from the surface
down to 750 m with 1 hour resolution for the deep ranging systems, and 10 minutes resolution for
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Figure 1: Wirewalker Trajectories and Sea Surface Temperature (MUR) maps during the: (left)
start of the first deployment, and (right) end of the first deployment.

Figure 2: Wirewalker Trajectories and Sea Surface Temperature (MUR) maps during the: (left)
start of the second deployment, and (right) end of the second deployment.
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the 100m range system (See Table 2 for more details). Turbulent measurements were also obtained
with the Epsilometer (Figs 3 and 4) and are going to be used to compute heat, momentum and
biogeochemical fluxes. This high-resolution wirewalker dataset allowed us to observe different
phenomena such as shear-layers at depth, Deep Cycle Turbulence, and the impacts of mixing and
fronts on biogeochemistry. These observations are further described in Section 4.

Figure 3: Epsilometer data from the first deployment (Upfront). Top panel: Wirewalker ascent
Velocities. Middle panel ". Lower panel �. Post-Cruise Processing, the final product will need the
application of the QC flag.
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Figure 4: Epsilometer data from the second deployment (Down front). Top panel: Wirewalker
ascent Velocities. Middle panel ". Lower panel �. Post-Cruise Processing, the final product will
need the application of the QC flag.

3.3 FastCTD / Epsifish

Nicole Couto and Arnaud Le Boyer
We collected 13 zonal and meridional sections measuring hydrography and turbulence param-

eters using the FastCTD winch system, built by the Multiscale Ocean Dynamics group (MOD) at
SIO, and two different profilers. The FastCTD carried a Seabird SBE49 CTD, an RBRtridente
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Depl. Instrument Start
Date

No. of
Casts

Notes

d1-6 FCTD and
Epsilometer

11/5 Engineering tests (not shown in Figure). No
science goals

d7 FCTD 11/14 163 Eastward cross-front section at 2.25 N

d8 Epsilometer 11/15 33 Westward cross-front section at 2.25 N

d9 FCTD 11/16 135 Eastward cross-front section at 2.25 N

d10 Epsilometer 11/17 54 Westward cross-front section at 2.25 N

d11 FCTD 11/20 96 Westward survey from the 2nd Wirewalker ar-
ray deployment location towards Mooring A

d12 FCTD 11/22 4 Uncoiling the FCTD cable. No science goals.

d13 Epsilometer 11/22 38 Eastward section at 0.7 N

d14 FCTD 11/22 84 Westward section at 0.7 N

d15 Epsilometer 11/24 26 Eastward section at 0.7 N

d16 FCTD 11/24 32 Westward section at 0.7 N

d17 FCTD 11/24 30 Northward section

d18 FCTD 11/25 287 Eastward section aiming to cross the leading
and trailing ends of the instability wave front

d19 FCTD 11/27 37 Southward section in the vicinity of the Sail-
drones and Wirewalkers

d20 FCTD 11/29 201 Northward section starting at the Equator

Table 3: FCTD and Epsilometer deployment details.

fluorometer, and a microconductivity probe. The MOD-designed Epsilometer carried a Seabird
SBE49 CTD, two shear probes and two FPO7 fast-response temperature probes. Each deployment
is briefly described in Table 3.

Deployments d7-d10 and d11-d16 were repeat transects along a single latitude (2.25° N and 0.7°
N respectively). On these transects we alternated using the FastCTD and Epsifish depending on
the direction we were steaming. We chose the direction for Epsifish profiling based on the direction
of the strongest currents; since Epsifish is a freefalling profiler, using it while steaming against
a current would lead to excessive line payout with the possibility of running out of cable before
achieving the target depth. For the deployments at 2.25° N, where there was a westward surface
current, we profiled with Epsifish on the westward transects. For the deployments at 0.7° N, where
there was a strong eastward surface current, we profiled with Epsifish on the eastward transects.

The following section plots show a summary of CTD, ADCP and microstructure data from all
deployments (Figs. 6-18). The results presented are raw, and using these data will require QC
flags for publication. This first section shows several ”fake” short profiles due to inefficient profile
identification during post-processing. This can be fixed in post-cruise processing. However, the
micro-conductivity sensor and its associated �T had an issue, and the collected data could not be
used. This is fixed for the next transects. As expected in this part of the equatorial ocean and the
measured depths, temperature and salinity decrease with depth. A clear signal of the EUC can be
seen in velocity, shear, N2 and � data between 150-200 m (ex. Fig. 7).

9



Figure 5: FastCTD and Epsilometer sections collected during the cruise. Left side shows their
location on a map and right side shows their timing. For more deployment details, see Table 3

3.4 CPIES

Andrew Davies

The six CPIESs were deployed around one of the moorings as part of a larger effort to deploy
Internal Wave Resolving (IWR) Arrays throughout the global ocean as part of the National Ocean
Partnership Program (NOPP) Global Internal Wave (GIW) study. The project: “A Distributed
Network of Internal Wave Resolving Moored Arrays for Assessing Tide-Resolving Model Fields and
Improving Forecasts in the Coastal Ocean” is led by PI A. Waterhouse at SIO and is funded by the
Office of Naval Research with a subaward for the CPIES component of the arrays to M. Andres at
WHOI. The IWR Arrays combine a high vertical-resolution mooring to resolve the waves’ modal
structure with an antenna of vertically-integrated measures of variability to resolve the speed and
direction of beam propagation.

The CPIESs will provide hourly measures of bottom pressure and temperature, near-bottom
currents (50-m above the seabed), and round-trip surface-to-bottom acoustic travel time. The
CPIESs will provide spatial context for the variability observed at the mooring and the mooring will
provide high vertical resolution measurements to complement the vertically integrated measurement
provided by the acoustic travel times.

This “Equatorial Array” is the second deployment of an IWR Array and follows the successful
deployment and recovery of the first IWR Array west of California. The third IWR Array will be
deployed off the Aleutian Islands in summer 2025.

ID Lon (W) Lat (N) Depth (m) IES SN CM SN Telem/XPND/Beacon Release

E1 139.6859 2.9998 4205 283 43 65/69/73 27
E2 139.8415 3.2702 4330 292 256 65/69/73 37
E3 140.1583 3.2724 4319 304 244 65/69/73 48
E4 140.3158 3.0000 4313 306 257 67/71/75 50
E5 140.1583 2.7273 4320 331 112 65/69/73 11
E6 139.8432 2.7262 4317 332 115 66/70/74 12

Table 4: CPIES deployment locations and serial numbers

Deck Setup and Deployment Operations. The overhead heavy lift winch mounted on the
A-frame was used for all of the deployment operations. The CPIES was mounted in its stand with
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