










































































Figure 12. Difference in particle trajectories advected by geo and geo+ekman velocity fields. Top
plots: SST and 25 day particle back trajectories advected with geostrophic velocities (geo, purple)
and with a combination of geostrophic velocities and Ekman velocity (geo+ekman, green
particles). a) SST from May 13th 2021, and particle trajectories initiated on May 10th. b) SST
from May 27th 2021, and particle trajectories initiated on May 24th. Because of the limited
satellite data, SST and particle dates are offset, with SST chosen for sufficient coverage and
particle trajectory initiation dates chosen to capture storm events. ¢) Histogram of particle
retention in eddy at the time of initiation. The average particle retention was 25 days for geo and
12 days for the geo+ek.

A flushing time scale for SCWs can be estimated as the amount of time required for an Ekman
driven current to displace a 15 km radius circle (Table 3). Using this rough calculation, 73% of
surface waters 15 km from the eddy center were replaced during storm 1, consistent with the
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jump in salinity between epoch 1 and epoch 2 (Fig. 11b, Table 4). Particle tracking (Fig. 12)

suggests that waters in the eddy at the beginning of epoch 2 may have exchanged with waters up
to a radius of 80 km from the EC and with origins within the warm salty filament west of the
eddy. Consecutive storm events resulted in smaller exchanges of SCWs.

Table 3: Flushing timescales for storms. Time required to replace waters over a 15-km circle for each

storm event (see discussion in section 5c).

Storm 1 Storm 2 Storm 3 Storm 4
(end epoch 1) | (during epoch 2) | (epoch 2 to 3) | (during epoch 3)
Timescale flush 5.5 53 6.3 8.5
(days)
% SCWs flushed 73% 38% 47% 23%

6 BIOGEOCHEMICAL TRACERS
6a Tracer Evolution

The degree to which a Lagrangian framework was achieved by conducting the study in a
retentive anticyclonic feature was presented in the last section, based on a budget analysis of
physical properties, with the conclusion that during the four storm events, wind driven Ekman
flows transport warm/salty water into the SCWs. This section draws on the analysis of physical
fields from sections 3 and 4 to understand the evolution of the biogeochemical and optical
properties within 15 km of the eddy center). Both the physical and biogeochemical environment
were sampled continuously by the three autonomous core assets (LF, core SG, and core BGC)
and sporadically from CTD casts from the process, survey and OTZ ships. Shown in Figures
13a-f are the temporal evolution of eddy center properties, including conservative temperature,
absolute salinity, chlorophyll concentration, POC concentration, %0,, and nitrate concentration.
Agreement across observational platforms is a product of the careful adaptive sampling strategies
and rigorous intercalibration efforts described in Section 2.

The physical oceanographic properties within the ECW (below ~200 m) were largely
homogenous and unchanging (Figs. 13). Within the ML above the ECWs, there is considerable
variability in the thermohaline properties in the SCW (Fig. 13 a,b). These changes were largely
due to the intense storm events driving Ekman transport replacing a fraction of the SCWs
(Section 5¢), as well as changes due to vertical ML entrainment events. When evaluated over the
three sampling epochs, an increase in SCW temperature and salinity is apparent from epoch 1 to
epoch 2, while mean SCWs do not change between epochs 2 and 3 (Table 4). MLD (solid black
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line in Fig. 13) varied from less than 20 m to nearly 100 m throughout the cruise.
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Figure 13. Evolution of eddy center physical, optical biogeochemical observations for a)
conservative temperature (°C) and b) absolute salinity (g kg™), ¢) chlorophyll concentration (mg
m*), d) POC [p mol L], €) % O,, f) NO; [n mol L']. The background fields in panels (a-e) are
profiles from the core SG (i.e. all fields except NO;). Glider profiles designated as being within

SCWs are marked by the gray lines at the top of a) and b). For example, the core SG was not
sampling SCWs before May 6th, as well as around May 12th, which is consistent with warmer and
saltier water between 100-200 m. Samples collected in the eddy center (i.e. SCW profiles only)
from the process ship, survey ship and OTZ ship CTDs, the LF and the BGC argo are given by
circles overlaid on the background fields. The dark black contour denotes the MLD measured by
the core SG; the thin gray contours are 0.3 kg m™ o,
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In particular, there are signatures of vertical detrainment events temporarily depositing surface
ML waters just beneath the ML with events starting on May 13, 17 and 25. With the exception of
the last detrainment event, these waters were reincorporated with the surface ML as the ML
deepens. Last, the region just below the ML but above 200 m showed a good deal of variability
in thermohaline properties. Warmer temperature events correspond with higher salinity values,
possibly due to spatial variability in the eddy center and isopycnal heaving. In this depth region,
the thickness of the thermocline /halocline grows in time as shown in Fig. 7.

Variations in biogeochemical properties (Fig. 13c-f) reflect both changes related to the physical
oceanographic processes described previously and those driven by biological processes. The
discussion of these data here is not meant to be exhaustive but rather is intended to set the stage
for focused analyses of these coupled processes in subsequent manuscripts. SCW ML values of
Chl, POC, and %0, all decreased from epoch 1 to 3, illustrating that sampling caught the demise
of the North Atlantic spring bloom as planned (Figs. 13c-e; Table 4). ML nitrate and silicate
concentrations both increased throughout the experiment (Table 4). These increases were likely
due to the remineralization of organic matter and the entrainment of higher NO; and SiO, (and
lower %0,) values from depth during storm events. Below the ML, values of Chl, POC and %0,
are smaller than their ML values and comparatively little variability is observed within the
ECWs. As with the physical fields, signatures of vertical detrainment events occur and
temporarily suspend biogeochemical tracers beneath the mixed layer. For example, enhanced
levels of Chl, POC, and %0, were present below the shoaled ML starting on May 13, 17 and 25.

Table 4: Mean and standard deviations for SCW ML variables for each epoch.

Epoch 1 Epoch 2 Epoch 3
Conservative Temperature (°C) 12.440.2 12.5+£0.2 12.5+£0.2
Absolute Salinity (g kg~) 35.6910.01 35.7240.01 35.72+£0.01
Chl (mg m™) 1.0410.14 0.93+0.10 0.6610.06
POC (umol L) 8.23%1.6 6.74£0.9 5.09+0.7
% O, 103.942.2 102.5+1.0 102.1+1.4
NO, (umol L) 4.8610.11 4.7440.38 5.5240.27
SiO, (umol L) 0.24+£0.11 0.524+0.31 1.4540.21
MLD (m) 38.7£11.7 43.9+144 42.9+18.7
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Spatiotemporal variations in ML averaged quantities of I1, %0,, Chl-a, POC, NO,, PO,, Si0O,,
and bSi over the entire sampling domain, denoted by water mass (SCW, warm/salty, and
cold/fresh), are shown in Fig. 14. Throughout the cruise, spatial gradients in spice dominate the
variability over temporal gradients. This is not the case with any of the biogeochemical fields
which, overall, experience larger changes over time than across water masses, especially after the
first epoch (SCW ML mean and standard deviation values for each epoch are summarized in
Table 4).

The temporal evolution of the biogeochemical data fields reflects biotic and abiotic processes.
The ships arrived at the site at what appears to be the end of a large bloom. Relatively high
nitrate concentration (NO; ~ 4.8 umol L) but extremely low silicate concentrations (SiO, ~ 0.2
umol L) suggest that the bloom was dominated by diatoms (Sieracki et al 1993). Ample nitrate
remained to support an additional bloom of non-silicified phytoplankton. This dual-phase bloom
scenario is typical of the North Atlantic spring bloom, as seen during the JGOFS North Atlantic
Bloom Experiment ( NABE, Sieracki et al. 1993, Locthe et al. 1993) and 2008 North Atlantic
Bloom Experiment (Cetinic et al. 2015, Alkire et al 2014), as well as other studies in that area
(e.g., Henson et al. 2006, Leblanc et al. 2009 ). During the first epoch, Chl, bSi and POC were at
the highest levels observed during the entire field campaign (~1.2 mg m™, bSi average E1 and
8.2 umol L' respectively) and the ML was supersaturated in oxygen (~105%). The first epoch
ended with the storm on May 8, which was associated with the largest advection and entrainment
events observed during EXPORTS NA.

The evolution of biogeochemical properties for the remainder of the field campaign is influenced
by storm events and variable MLs, in addition to biological and chemical processes. It appears
that the weakening of mixing between storms acts as a reset for biological productivity. This can
be seen most clearly in %0, (Fig. 14b), where storm-driven entrainment drives down oxygen,
followed by increases in oxygen saturation during intermittent quiescent periods and towards the
end of the experiment (epoch 3). The NO; evolution (Fig. 14e) has a similar, although inverse to
%0,, behavior, with increases during storm events and decreases during quiescent periods and at
the end of epoch 3, likely due to biological uptake. SO, and PO, respond similarly to NO; during
epoch 1, but consumption during other epochs and storms is less clear.
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Figure 14. ML average quantities across water masses and epochs a) I, b) %0,, C) Chl, d) POC,
e) NO;, 1) PO,, e) SiO,, f) bSi. Gray shaded regions denote storm dates, and gray dashed lines
delineate epochs. Epoch mean values for each water mass are given by the horizontal colored lines
and the platform by the different plot symbols.
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Though storm modulation is seen in all water masses, spatial variability suggests different
ecosystem dynamics across the eddy. This variability is largest in epoch 2, with the introduction
of warm salty waters elevated in POC and depleted in NO; and PO,, yet elevated in SiO, relative
to the SCW. In epoch 3, variability in SiO, is lower, demonstrating a further increase in SiO,
concentration across all watermasses. All biomass parameters (Chl-a, POC and bSi) trended
downward during epochs 2 and 3 with POC and Chl-a leveling off or increasing slightly at the
end of the cruise. Overall, temporal variability across epochs in the SCW biogeochemical
parameters is larger than spatial variability across water classes within any one epoch and are
particularly related to the storm events.

6b Entrainment estimates

The storms were periods where exchange between SCWs and waters outside the eddy occurred
via Ekman transport as described in section 5. The storms also enabled the vertical entrainment
of nutrients into the ML as can be clearly seen in the ML biogeochemical parameters (Fig. 14).
This section explores the impacts of storm driven entrainment on changes in SCW NO;, SiO, and

PO,. The change of an average ML quantity C results from the flux of that quantity across the
ML base that is then thoroughly mixed (e.g. Kraus and Turner 1967). Integrating over the ML,

the change of any variable C due to entrainment is:

_ - 2 =
AC,,/At~1/H (, * 9C/0z) ~1/H_(AH /At * 9C/02) (4)

written in a flux form and bulk form respectively. In the flux form, H f is the final ML depth after

each storm, K, is the turbulent vertical eddy diffusivity evaluated at the ML base and GE/ 0z is
the gradient below the ML. In the bulk form, AH ‘ is the thickness of the entrained layer and At is
the time it took to deepen the ML (such that AH E/At is the entrainment velocity, wg, in Table 2).

Entrainment rates can be difficult to estimate as turbulent fluxes across the ML base are highly
nonlinear and each method is sensitive to choice of parameters. Here, both forms in Eq. 5 will be
used to calculate changes in ML quantities during each storm event to provide an estimate of
how well entrainment rates can be constrained.

For the flux form, K, is taken from the ensemble of 1D models and is evaluated at 5 m below the

modeled ML base (Fig. 10, Table 2). The integration occurs over the final MLD, H;, at the end

of each storm. The gradient, 65/ 0z is calculated using a LOESS fit to SCW CTD nutrient
profiles, collected in the five days before each storm and over the depth AH 5 (Fig. 15a). Changes

of NO;, SiO, and PO, due to entrainment are the largest during storm three (Fig. 15b), coincident
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with the strongest winds and ML deepening to 80 m. Integrated entrainment due to storms inject
~0.3-1 umol L' NO;, ~0.3-1 pmol L™ SiO,, and 0.03-0.05 pmol L™ PO, into the ML (see Table
5). The difference in entrainment rate, estimated from the two methods, varies by a factor of two
for storms 1-3, yet varies by a factor of 10 for storm 4.
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Figure 15. Turbulent entrainment estimates at the base of the ML: a) Total changes in nutrients
due to entrainment for each storm event (shaded gray area). The triangles with red outlines are the
flux form estimate, the upside-down triangles with blue outlines are the bulk estimate and the bar

graph is the average of the two. Entrainment estimates were evaluated for NO; (orange), SiO,
(green) and PO, (purple). b) Lines represent the cumulative increase in nutrients due to
entrainment (i.e., sum of bars in (a)). The diamonds are the ML averaged nutrient concentrations
of SCWs relative to the average nutrient concentrations during epoch 1. Dashed gray lines
represent epoch boundaries.

The cumulative change in nutrient concentrations due to entrainment is 2-3 times larger than the
observed increase of SCW nutrients, consistent with a biologically active upper ocean that draws
down the entrained nutrients and regenerates O, during post storm events (Fig. 15b).

Section 4 explored the role of HORIZ on SCW T/S variability. Though there is insufficient data
to calculate horizontal nutrient gradients, and therefore advective fluxes as in Section 4, the weak
lateral nutrient variability (a maximum difference of 1 pmol L' for SiO, and NO;; Fig. 14) stands
in contrast to the strong vertical nutrient gradients across the ML base (4-10 umol L' for NO;
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and 0.3-3 umol L' for SiO,). This suggests that vertical mixing dominates the physically
modulated changes in SCW nutrients during the field campaign. This differs from the physical
properties (Section 4), where horizontal advection plays a leading order role in the T/S evolution

in the SCW. The differing contributions of lateral processes to physical and biogeochemical
budgets highlight the importance of both gradients and transport on the physical evolution of

tracers in the SCWs.

Table 5. Estimated total changes in ML nutrients as a result of entertainment during each storm event.

Each estimate includes the flux form estimate (A C_p;yx and triangles with red outlines in Fig. 15) and the

second value is the bulk estimate (A C. gy x and upside down triangles with blue outlines in Fig. 15).

Storm 1 Storm 2 Storm 3 Storm 4
ANO; i ix 0.6070 umol L™ 0.6775 umol L™ 1.4522/ umol L™ 0.0352 umol L™
ANO; sk 0.6232 umol L™ 1.0479 umol L™ 0.6829 umol L™ 0.3807 umol L™
A SiO, _pLux 0.5625umol L' 0.3567umol L' 0.7933 umol L™ 0.0550pmol L
A SiO, _suix 0.5774 umol L"! 0.5517 umol L! 0.3731 umol L! 0.5945 umol L*!
A PO, 1 x 0.0497umol L' 0.0422pmol L 0.0718pumol L' 0.0046 umol L™
A PO, sk 0.0510 umol L! 0.0652 pumol L' 0.0337 umol L' 0.0497 umol L!

7 COMPARING OCEANOGRAPHIC CONDITIONS DURING THE EXPORTS NA
FIELD CAMPAIGN TO PREVIOUS YEARS

The conditions during the EXPORTS field campaign were somewhat anomalous for the study
site. The heat flux zero crossing in early April was consistent with previous years, and the
surface net heat flux during May was typical for the region (Fig. 16). The storms experienced by

the upper ocean during the field program were anomalous, reaching 2-3 times the mean values
for May. The strong winds, even in the presence of stabilizing surface heat flux, cause slightly
deeper ML, (avg ~ 40 m) than previous years (median ~ 25 m).

33




150
2020

2015

2010

100 -
! - i 2005
- {TF — 4+ +EXPORTS 21 b) L EE S i d TR !
o 03/01 03/15 03/29 04/12 04/26 05/10 05/24
1
50 H
CTS
- 05 7 T
( H il 1 } <2021
L T B T
0 Tﬁ Bl W = ] ul I
a) o]
0 100 200 300 o L b RSl U i Rt
MLD (m) 03/01 03/15 03/29 04/12 04/26 05/10 05/24

dates

Figure 16. a) Histogram of May MLDs from Argo profiles near the field campaign (between -20W to -13W, and
47N to 50N) from 2006 to 2020. The box plot includes MLDs from all EXPORTS NA profiling assets. In general,
storms resulted in deeper MLD than seen on average. b) Daily mean surface heat flux (and standard deviations) from
NCERP reanalysis from 2010-2020. The heat flux at the field site during the 2021 EXPORTS NA field program
depicted in red. Thin dashed lines are the date of zero crossing of the heat flux for each year designated by the
colorbar on the right. In general the heat flux was consistent with previous years. ¢) Mean surface wind stress (and
standard deviation) from NCEP reanalysis from 2010-2020. The wind stress at the field site during the 2021
EXPORTS NA field program is in red. Wind stress was higher than previous years and is marked by the storm
events encountered during the experiment.

These anomalously high wind events during 2021 induced Ekman currents that transported ML
tracers above the eddy core waters. The advection of biogeochemical tracers by upper ocean
flows is usually evaluated in the context of altimetrically derived geostrophic velocity fields;
however these results point to the importance of Ekman driven flows in particle transport under
high wind forcings. Results in section 5 and shown in Figs. 11 and 12, point to the need for more
understanding of how wind-driven currents impact the trajectories of near-surface tracers.

8 CONCLUSIONS

In dynamically complex regions such as the North Atlantic, retentive eddies can provide
well-contained regions for the assessment of changes in upper ocean biogeochemical stocks,
rates fluxes in a nearly Lagrangian frame. Logistically, this involves the ability to track the eddy
center throughout a field campaign. Here, eddy tracking was accomplished through both the
reference frame provided by the subsurface Lagrangian float and a dedicated eddy tracking team
onshore (see Erickson et al, 2022). A sophisticated situational awareness program allowed data
to be shared readily between research teams on the ships and onshore. Both the Lagrangian float
and eddy tracking efforts were necessary as the rapidly evolving mesoscale field caused periodic
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uncertainty in real-time eddy center estimates. The delayed time eddy center product and
Lagrangian float are within 10 km of each other throughout the field campaign, confirming the
success of eddy tracking efforts and is consistent with a retentive eddy core (Erickson et al,
2022).

The multi-ship, multi-asset campaign surveyed the physical and biogeochemical fields within,
across, and around a single anticyclonic mode water eddy (A2) in the North Atlantic. Three
gliders that surveyed the surrounding eddy field leading up to the ship-based program recorded
deep wintertime ML (100-150 m) followed by basin-wide solar radiation-driven restratification
and increases in evaluated %0, and Chl through mid-April. The goal of the ship-based program
that followed was to target the center of a retentive eddy and to conduct a Lagrangian assessment
of changes of biogeochemical stocks, rates and fluxes within the eddy SCWs to assess the fates
of the North Atlantic spring bloom. Extremely low silicate concentrations indicated that a diatom
bloom had indeed occurred, while relatively high residual nitrate and orthophosphate
concentrations maintained the potential for subsequent blooms of non-siliceous phytoplankton.
Geostrophic velocities and in-situ measurements confirm that the eddy contained a deep retentive
core. Yet Ekman transport and vertical mixing challenged the Lagrangian framework within the
surface waters above the eddy’s core. The massive field campaign distributed sampling efforts to
collect continuous measurements near the eddy center (core assets and process ship) and survey
the surrounding physical and biogeochemical field simultaneously. The importance of these two
separate efforts for understanding the role of physics in the biogeochemical fields cannot be
overstated. Core assets tracked consistently the tendency of physical and bio-optical properties in
the ML, while assets and ships traversing the eddy offered rich detail about the lateral structure.
Combined, these provide an unprecedented opportunity to evaluate the impact of horizontal and
vertical advection on water transformations near the eddy center.

Four storms brought strong westerly winds that deepened MLs by 25-40 m to as deep as 100 m
and resulted in Ekman exchange in the surface layers. Estimates of flushing time scale range 5-8
days, with SCW exchange ranging 20-75% during storms. The SCW exchange is consistent with
particle tracking advected by combined geostrophic and Ekman velocities which estimate a
particle retention time in the eddy of 12 days. This is less than half the retention time of 28 days
estimated using particle tracking with geostrophic velocities alone.

The largest horizontal exchange occurred during the first storm between epochs 1 and 2, which
replaced much of the surface core waters with warm/salty water from outside of the eddy’s core
region. Each storm event resulted in the vertical entrainment of low O, and high nutrient water
into the ML. The relative contributions of horizontal vs. vertical advection on tracer fluxes
depended on the horizontal and vertical gradients of that tracer. While horizontal advection
played a large role in salinity fluxes, entrainment played a larger role in the fluxes of nutrients
discussed here. After each storm injected nutrients and drove down oxygen, the ML appeared to
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respond by driving down nutrients and driving up %O,. Overall, chlorophyll and POC were
highest at the onset of the field program, and decreased throughout the campaign, particularly
after storm 2 and the beginning of epoch 3 (Fig. 13, Fig. 14).

Satellite SST and Chl imagery highlight strong spatial variability with warm, salty chlorophyll
rich water to the south that is stirred by the mesoscale circulation around the eddy periphery
(Figs. 5, 6 & 9). The spatial variability of nutrients across the eddy was largest during epoch 1
for POC and Chl, but was largest in epoch 2 for NO; and SiO, (Fig. 14). Changes across water
classes were not necessarily consistent. For example, Warm/Salty waters during epoch 2 are
elevated in SiO, compared to SCWs yet are depleted in NO;. This suggests spatial heterogeneity
in biogeochemical processes across the eddy. Yet, even in the presence of spatial heterogeneity,
temporal changes across epochs, marked by storms, dominated the variability of the
biogeochemical tracers. This is a reminder of the complexity inherent in observing the multiple
spatial and temporal scales of biophysical interaction, and reinforces the strengths and novel
capabilities that lead to the ability to create a physical based context for the North Atlantic
EXPORTS field program.

The month-long field campaign captured the importance of physical processes that evolve on
timescales of hours, days and weeks, yet changes in the mesoscale eddy field could play a role in
biogeochemical tracer evolution on these and longer timescales. Here, the eddy evolved during
the observational campaign. This is evident in the satellite images of both Chl and SST showing
a circular-shaped eddy at the beginning of epoch 1 that became elongated by the end of epoch 3.
All in-situ metrics confirm the eddy retained its retentive core, though the weakening pycnocline
suggests an evolving PV structure with implications for the biophysical interaction not explored
here.

One of the primary goals of the EXPORTS science plan was to collect ecological and
biogeochemical observations in a Lagrangian fashion over finite sampling epochs (Siegel et al.
2016). If the water column were truly Lagranian, then the organic carbon exported from the
upper ocean food web would directly feed the export flux pathways sampled at depth. The
present analysis, while also summarizing the physical and biogeochemical landscape of the field
site and creating oceanographic context for future studies, quantifies the degree to which the
sampling conducted was truly Lagrangian. This effort also highlights the many challenges of
conducting production-flux experiments even in a Lagrangian frame and calls into question the
inherent uncertainties of interpreting biological carbon pump observations that were collected in
a Eulerian frame of reference.
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APPENDIX A
Platform Sampling System
Process Ship
RSS James
Cook CTD/Rosette
CTD and bio-optical sensors, hyperspectral absorption/attenuation, multispectral
backscatter, fast repetition rate fluorometry, small particle imaging (Imaging Flow
Cytobot [IFCB]), net community production (O,/Ar) time series at 5-m intake depth
Underway with discrete samples
Marine snow Large volume (100 L) sampling bottles that enable particles to be sorted based
catchers upon sinking speeds
Neutrally buoyant and surface-tethered sediment trap arrays with polyacrylamide
Sediment traps gel, O, respiration and optical sediment traps, upward looking cameras
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In situ optics

Compact optical profiling system (C-OPS) spectroradiometer profiles, near-surface
hyperspectral reflectance (THSRB), slow-drop inherent optical property (IOP)
profiling system and multispectral backscatter

Above water

optics Hyperspectral ocean reflectance from bow-mounted system (HyperSAS)
Survey RSS
Discovery CTD/Rosette
CTD and bio-optical sensors, hyperspectral absorption/attenuation, multispectral
backscatter, small particle imaging (IFCB), net community production (O,/Ar), pH
Underway and NO; time series at 5 m intake depth with discrete samples
TMC
CTD/Rosette Trace metal clean (TMC) collection of discrete water samples with CTD sensors
TMC towfish Large volume TMC collection of water for experiments
uCTD Fast profiling CTD

Large volume

pumps Size-fractionated, large volume particle sampling at 7-9 depths
C-OPS spectroradiometer profiles, THSRB hyperspectral reflectance spectra and
lowering frame with hyperspectral absorption/attenuation, multispectral backscatter,
In situ optics small particle size distribution profiles

Above water

optics HyperSAS ocean reflectance from bow-mounted system
OTZ RV
Sarmiento de
Gamboa CTD/Rosette
Multiple opening/closing net and environmental sensing system (MOCNESS) that
enables zooplankton collections in depth-discrete intervals from 0 to 1,000 m with
MOCNESS CTD sensors
Net tows Vertically integrated collection of live zooplankton for experimental work
Tow sled with physical sensors (T,S) , bio-optiocal sensors (02, Chl) and an In-Situ
Ichthyoplankton Imaging System
Stingray
Autonomous
vehicles

43




The Lagrangian float is designed to follow the motion of water parcels. A LF was
deployed in the center of the eddy, below the ML and profiled from the therermocline
Lagrangian to the surface twice a day. The eLF was equipped with a CTD, O,, chlorophyll

Float fluorescence, and NO;

Sampling from the surface to about 1,000 m around the Lagrangian float and ships,
profiles every 6 h, instrumented with CTD, O,, optical backscatter, chlorophyll
fluorescence, spectral downwelling irradiance (412, 443, 554 nm, PAR) and acoustic

SeaGlider Doppler current profiler sensors; operational July-December 2018

Two BGC Argo floats were deployed from the survey ship. BGC304
(wmo#1902304) was deployed in the center of the eddy while BGC303
(wmo#1902303) was deployed near the edge of the eddy. Results shown here
are from BGC304. BGC304 profiled once each night, to 1000m with every 4th
profile extending down to 2000 m. Daily profiling was continued through June,

BGC float after which the float profiled at 10-d intervals.

Profiles every 40 min from surface to about 500 m, instrumented with CTD and O,,
optical backscatter, chlorophyll fluorescence, CDOM fluorescence, beam
attenuation and PAR sensors; deployed at the start and recovered at the end of

Wirewalker every epoch
Drifters Surface Dirifters, deployed throughout campaign (global drifter program)
APPENDIX B

Competition between turbulent mixing driven by winds and surface cooling, and buoyancy input
from warming, freshwater fluxes and entrainment fluxes at the ML base drives ML deepening
(e.g. Kraus and Turner 67, PWP, KPP, GLS). This study explores the impact of vertical mixing
on the surface ocean using three different SC models within the common framework GOTM
(Umlauf and Burchard, 2005). The list of parameterizations used in this study and the references
are summarized in Table (A1).

Table A1: ML models

model Citation

KEPS Rodi 1987; Umlauf, Burchard, 2003
ePBL Reichl and Hallberg, 2018
KPP-CVMIX VanRoekel, 2018
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The simulations were run with a uniform vertical grid spacing of 0.5 m, a time step of 60 s and
initialized with profiles of mean T and S from the core SG. An ensemble of models is used to a)
evaluate the sensitivity of SC model turbulence parameterization choice (e.g. Li 2019, Johnson
2023) and b) to gauge the uncertainty in approximating 1D physics in the eddy center. To address
(a), GOTM was run using three different turbulence parameterizations (Table (A1)), used
commonly in regional and global circulation models. To address (b), 1D models were initialized
with each core SG profile, resulting in 96 simulations for each model approximately 6 hours
apart (i.e. length between seaglider dives). Combined, a total of 288 SC model simulations were
run from 5/4-5/30. The spread among models provides uncertainty in the 1D estimate when
using it to understand spatial variability as discussed in section 5 and is used to estimate error
bars on Fig. 10 and 11.
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