The role of bottom enhanced turbulence and non-linear ™ ,
Internal waves on the diapycnal velocities and cross- .
slope circulation in upwelling regions. e

<~
Marcus Denglert, Marin Visbeck?, Kevin Lamb?, Toste Tanhual, Jan
Lidke?!, Thilo Klenz3

1 GEOMAR Helmholtz Centre for Ocean Research Kiel and Kiel Unjxg:
2 University of Waterloo, Ontario, Canada
o . : 7

University of Alaska Fairbanks, Alaska, USA <8754 GEOMAR




A S o ¢

Ny BB e

Peculiarities of tropical upwelling regions g "
<~

Marcus Denglert, Marin Visbeck?!, Kevin Lamb?, Toste Tanhuat, Jan
Liudkel, Thilo Klenz?3

;e\ Germany
N
s;e7s4 GEOMAR

1 GEOMAR Helmholtz Centre for Ocean Research Kiel and Kiel U
2 University of Waterloo, Ontario, Canada
3 University of Alaska Fairbanks, Alaska, USA




o) &
Major Oceanic Upwelling Regions srp75a GEOMAR
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Coastal upwelling is
predominately forced by
alongshore winds and wind
curl.
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However, coastal upwelling
in tropical regions (<15°)
often exhibit seasonal
upwelling maxima out of
phase with seasonal wind
forcing variability.
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Motivation: Peruvian upwelling region (<15°S)
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(Echevin et al., 2008)
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> Dissipation rates of turbulent kinetic
energy suggests bottom enhanced
mixing above the continental slope/shelf
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» 30-day average cross-slope velocity from the
continental slope indicate near-surface
onshore flow
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Measurement program off Peru in austral summer sra7sa  CTOMAR
FS Meteor cruise M90-M93, M135-138 (2013 and 2017)
CTD / turbulence measurements Mooring program Tracer release experiment
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Cross-slope velocity on the Peruvian shelf

SFB 754

cross—slope flow (55° true) and stratification off Peru
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Mini-Lander and Mooring Positions M92
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Winds and Ekman transport srp7ss  GEOMAR

Average alongshore winds Jan. 2013 Hourly winds off Peru from
'- Jan. 5 to Feb. 3, 2013

N\

30"

Water Depth Ekman transport (T)

<125m 0.16 m3st
<500m 0.24 m3s
all 0.26 m3s1

Wind speeds (10m height) were 2-5 ms(1-3 Bft.)
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Currents on the Peruvian shelf

SFB 754

Velocity time series from 80m depth
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Bores on the Peruvian shelf
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Very-high resolution simulation of velocity variability &
generated by the barotropic tide impinging on the shelf sra7se  CTOMAR
Om
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Onshore transport by NLIWs due to Stokes drift
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x/ ¢ — Uw (xr Z) (e.g. Huthance, 1995; Lamb, 1997)

Is the wave duration time
Is particle transport distance due to Stokes drift

phase speed of the NLIW

particle velocity

c was determined from
Dubreil-Jacotin-Long model
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NLIW onshore transport due to Stokes drift
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» Average onshore transport in
the upper 10m of the water
column at 80m water depth:

Tuuw = 0.24 m?s-t

water depth Ekman transport (T)

<125m 0.16 m3s1?
<500m 0.24 m3s1?
all 0.26 m3s1
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Conclusion | SFB 754

courtesy A. Bracher
(AWI)
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» Coastal “upwelling” of Peru during upwelling season is likely not related to
offshore Ekman transport
» Instead, net onshore transport due to nonlinear internal waves may occur
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Motivation of the tracer release experiment g s,  GEOMAR

Artificial tracer (SF;CF3) represents
nutrients from anoxic sediments

Nutrient flux from the
sediments are potentially
important for the development
of oxygen minimum zone

Objective:

> Investigate spreading pathways
and fate of nutrients released
from the sediments

» Study exchange between the
continental margin and ocean
interior

anw

Picture from Madeline Freund
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Tracer release experiment at the continental @ N
slope off Peru 2015-2017 sra7ss  CEOMAR
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(Ladke et al., 2020)

» About 70 kg of SF:CF; were injected into the
BT Tmm——— bottom boundary layer of the Peruvian
------- | I on o1 continental slope in October 2015.

m— Gaussian fit
= = = standard deviation

W0 20 3 a0 > Tracer was released at three sites at 250m
SF5CF; amount [moll depth and sampled 17 month later.

density S, [kg m'3]

RESEARCH FOR
Temperature, salinity and density during injection of the tracer. HELMHOLTZ oiciiiliee



Tracer survey cruise on RV METEOR

Depth-integrated tracer concentrations from
survey in March 2017
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Tracer survey:

Q
GEOMAR

» March 2017, ~17 months after injection
» 132 stations (10-30°S, coast to 86°W)

Results:

» ~40+10% of tracer found

» 2000 km southward and 1400 km
offshore of release site

» more than 2-10°% km? covered
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Exchange of tracer between the continental @ N
slope and ocean interior sra7ss  CEOMAR
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Density change / vertical displacement of the

tracer’s center of mass

Concentration vs. density

246l (@) - open ocean samples
) — mean profile
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Density of tracer’s center
of mass decreased by
0.13 kgm-3.

Corresponds to an upward
displacement of about 70m

Density change / vertical
displacement is independent
of region!
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Tracer distribution in ©-S space
and related water masses
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ESSW - Equatorial Sub-Surface Water
with linear ®-S, transported by PCUC

ESPIW — Eastern South Pacific
Intermediate Water, low salinity (~150m)

SEPSTMW - South Pacific Eastern Sub-
Tropical Mode Water

AAIW - Antarctic Intermediate Water

Density of the tracer’s center of mass
density decrease (0.13 kg/m?3) due to

» warming by 0.28°C
» freshening by 0.10 g/kg

RESEARCH FOR
GRAND CHALLENGES
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Diapycnal mixing processes at the §
Peruvian continental margin GEOMAR

Average dissipation rate of turbulent kinetic energy (TKE) & [m?s3]
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by an order of magnitude
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Diapycnal mixing processes at the W
GEOMAR -

Peruvian continental margin SFB 754

Average dissipation rate of turbulent kinetic energy (TKE) € [m?s-3]  Turbulent density flux at 250m depth
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» Vertical density flux convergence leads to downward diapycnal velocities (Ferrari et al., 2016)
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Evaluating upward along-slope diapycnal velocities sra7sa  CEOMAR
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» We assumed that diapycnal downwelling &gy, in the stratified mixing layer
induces diapycnal upwelling egg; in the BBL

> Evaluating €531 = —p, g‘lrg—;n—z’ from microstructure profiles collected between
bottom depth of 200m and 280m yields: &gy = - 0.5 m day*
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Density flux determined from all ) _ _ L A R ———
profiles measured at bottom depth > ASSUMING &gy, = —&€ppy, Yields diapycnal 1T e
between 200m and 280m. upwelling velocities of 0.5 m day* in the BBL. | romsless mecton
25.4 T T T T 1 B

» Aresidencetimein the BBL requires to be

about 1.5 to 3 month to explain the density
25.6 1 | ,
Banth change of the tracer’s center of mass of 0.13
-3
258/ | 45m kg m
Caveat:
1 90m

» Vertical distribution of the density flux does not =% 'w;mm;m[;ﬂm_q
decrease near the bottom (vanishing flux at
the bottom is required)
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Conclusion Il GEOMAR

SFB 754

» At the Peruvian continental slope, turbulent mixing processes exhibit a near-bottom

maximum that is estimated to drive a diapycnal downwelling of 0.5 m day-!in the
lower 50-100m of the water column.

» Diapycnal upwelling in the bottom boundary layer can explain the density decrease

of the tracer’s center of mass, requiring a BBL residence time of the tracer of 1.5 to
3 month.

Upwelling in the bottom boundary layer provides a direct pathway for nutrients
released from the sediment to contribute to primary production in upwelling
region.
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Perform concerted multi-disciplinary, multi-parameter, multi-platform study

cABO VERDE
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