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Introduction
80 - 1 DWBC Meridional
The Deep Western Boundary Current (DWBC) is the primary component of the lower limb (z > 1000 m) of - (a) | Transport Wavelet Power Spectrum
the Atlantic Meridional Overturning Circulation, therefore its structure and variability have been the subject é 40- :. o L ea— — 105
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\ Observations off the Abaco Island, Bahamas at 26.5°N
= Lowered-ADCP (LADCP) profiles obtained during 23 oceanographic cruises be-

tween 2001-2018. The cruises were conducted as part of the NOAA AOML's Western
Boundary Time Series (WBTS) program;
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Figure 2: Current meter-based (a) DWBC meridional transport anomalies, and (b) vertically integrated meridional velocity component anomalies at the WB3 site (26.5°N, 76.5°W). Black curves show values every 12-hr, the red /blue curves

26.5°N

are the 40-day low-pass filtered time series (positive and negative anomalies indicated in red and blue respectively), and the green curves show the 300-day low-passed time series. The magenta circles are the LADCP-based DWBC meridional

transport estimates. The shaded light gray areas and the vertical dashed orange lines highlight times when large anticyclonic eddies impacted the DWBC (Oct./20/2005 - May/10/2006, May/16/2011 - Feb./05/2012, and May/02/2017 -
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Jan./01/01). Panel ¢ depicts the wavelet power spectrum of the total DWBC meridional transport time series between 2008-2018 (i.e., black curve in panel a). The dashed black lines correspond to the dashed orange lines in panel a. Finally,
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the shaded area and gray box in panel ¢ are the wavelet cone of influence and periods between 100-360 days respectively. Both LADCP and current-meter based average transports are approximately -30 Sv.

2. Assessment of the DWBC variability in OFES

programs.

Ocean model For the Ocean Simulator (OFES)
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m OFES eddy-resolving hindcast simulation performed by JAMSTEC (Sasaki et : - -
T pomaen..al., 2008). The velocity outputs used in the present study have horizontal resolution S 40- | | | 1000 f | 10°
ongitude
of 0.1°x0.1°, 54 vertical z-levels, and snapshots every 3 days between 1980-2013. 7)) 6001 3
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ing array instrumentation (lower panel). of ¢ temporal anomalies;

The acronym CM stands for Current Me- w Eddy-driven circulation hypothesis (e.g., Rhines & Holland, 1979): E.Va =
ters. Moorings WBH2, WBC, and WB4 —V/.(@¢) (Turbulent Sverdrup balance), where ¢ = —(f;@ gg is the Ertel's potential

Figure 3: OFES simulated DWBC meridional transport anomalies (left panel). Black curves show values every 12-hr, the red/blue curves are the 40-day low-pass filtered time series (positive and negative anomalies indicated in red and

blue respectively), and the green curves show the 300-day low-passed time series. The shaded light gray areas and the vertical dashed orange lines represent five of the strongest positive anomalous events centered around the displayed dates.

were deployed after 2008. vorticity. Bilé & Johns (2019) show that the DWBC recirculation gyres south of 30°N Right panel depicts the wavelet power spectrum of the total DWBC meridional transport, where the dashed black lines correspond to the dashed orange lines in the lett panel, gray box show periods between 100-360 days, and shaded area is
(e.g-, Abaco Gyre) are characterized by mean streamlines crossing ¢ isolines. the wavelet cone of influence. Similarly to the observations, the average DWBC transport in OFES is approximately -30 Sv and the strongest positive anomalies (peaks of ~80 Sv) can last up to 6-9 months.
3. Sources of DWBC variability 4. Eddy-forced recirculation 5. Northward-propagating anticyclonic eddies
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(orange line in panel a) | i.e., streamline along the DWBC velocity core at ~2000 m depth. In panel (a), the black dots indicate the locations ~ vorticity fluxes —V.(@¢) (right panel) at 2000 m depth. The continuous gray lines represent the mean streamfunction Year

Figure 4: Hovmoller diagrams of the OFES 40-day low-pass filtered relative vorticity anomalies along the modeled DWBC mean path Figure 5: OFES mean potential vorticity advection @.Vg (left panel) and convergence of the mean eddy-potential

of Elbow Cay, Abaco, Bahamas (~26.5°N) and San Salvador Spur (~24°N) while the dashed line shows the 26.5°N transect. The yellow  with interval of 1.5x1073 m? s~!. The gray vectors are the mean eddy-potential vorticity fluxes u@’'q’. The spatial Figure 6: Time series of the OFES modeled (upper panel) and current meter observed (lower panel) 300-day low-pass
stars represent the dates of the five of the strongest DWBC meridional positive transport anomalies at 26.5°N shown in Figure 3. To the correlation between the turbulent Sverdrup balance terms is ~0.85. Additionally, the patterns of —V.(ﬁ’—c/) are ey velocity vectors anomalies vertically integrated over the 1000-5000 m layer at the RAPID-MOC /MOCHA WB3

north of 20°N, two types of oscillations can be seen: (1) Fast southward-propagating eddies/meanders (phase speed~ 6 cm s71); and (2) produced primarily by fluctuations on time scales associated with DWBC southward-propagating eddies/meanders. mooring site (i.e., 26.5°N, 76.5°W). The shaded light gray areas and the vertical dashed orange lines indicate DWBC

. . _1
Slow northward-propagating anticyclones (phase speed~ 1 em s7). transport anomalous events identified in Figures 2 and 3. The highlighted vector counter-clockwise rotation is a typical

velocity evolution at a fixed point in space at the western lobe of anticyclonic eddies propagating northward.

Summary and conclusions

Observed DWBC variability at 26.5°IN

= DWBC transport variance between 2008-2017 is dominated by two “kinds" of perturbations (Figure 2):
@ Periods of 250-280 days that seem to occur regularly throughout the time-series;

= Bil, T. C., and W. E. Johns, 2019: Interior Pathways of Labrador Sea Water in the North Atlantic From the Argo
Perspective. Geophys. Res. Lett., 46 (6), 3340-3348, do0i:10.1029/2018GL081439.

= Johns, E., R. A. Fine, and R. L. Molinari, 1997: Deep flow along the western boundary south of the Blake Bahama Outer

@® Energetic oscillations with periods larger than 400 days that occur sporadically (i.e., every 5-6 years). Positive phase can last up to 6-9 months. Ridge. J. Phys. Oceanogr., 27 (10), 2187-2208, doi:10.1175/1520-0485(1997)027h2187:DFATWBi2.0.CO;?2.
Varlablllty in OFES = Rhines, P. B., and W. R. Holland, 1979: A Theoretical Discussion of Eddy-Driven Mean Flows. Dyn. Atmos. Oceans, 3
| o o f | Addit N (2-4), 289-325, doi:10.1016/0377-0265(79)90015-0.
. DWBC.tranSport time series indicate energy concentration in the same irequency bands as the observat10n§ (e.g., ~100-360 days). Additionally, the strongest positive + Sasaki, H.. M. Nonaka, Y. Masumoto, Y. Sasai, H. Uehara. and H. Sakuma, 2008: An eddy-resolving hindcast
alomalles last several montns arl ave S1211111Cant amount ol ener 111 tlIme-scales [onger all ays 1gure : simulation of the quasiglobal ocean from to on the Earth Simulator. High resolution numerical modelling o
lies last I ths and h gnificant t of oy in t les longer than 400 days (Figure 3) | f th lobal from 1950 to 2003 on the Earth Simulator. High resol | modelling of

the atmosphere and ocean, Springer, 157-185.

= Variability at 26.5°N is mainly due to eddies propagating along the western boundary (Figure 4).
= High spatial correlation between @.Vq and —V.(u'q’) suggests the turbulent Sverdrup balance holds and eddies are responsible for forcing the deep recirculation (Figure 5).

Velocity signature of northward-propagating anticyclonic eddies This work was supported by the National Science Foundation (NSF) under grants OCE1332978, OCE1259398, and
OCE1756231. We also thank the University of Miami Ocean Technology Group for their incredible effort and efficient work

= Northward-propagating anticyclonic eddies present a particular velocity signature that have been observed in the current-meter moorings (Figure 6). th the moored current meter records acquisition and processing
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