OceanPredict COSS-TT meeting, Montréal, 2 May 2023

The importance of the land-sea breeze in driving coastal
dynamics of the southern Benguela upwelling system

Giles Fearon?, Steven Herbette?, Gildas Cambon?, Jennifer Veitch®3, Jan-Olaf Meynecke?, and Marcello Vichi®

1 Egagasini Node, South African Environmental Observation Network, Cape Town, South Africa.

2 Laboratoire d’Oc’eanographie Physique et Spatiale (LOPS), IUEM, University of Brest - CNRS - IRD - Ifremer, France.

3 Nansen-Tutu Centre, Marine Research Institute, University of Cape Town, Department of Oceanography, Cape Town, South Africa.

4 Griffith Climate Change Response Program, Griffith University, Southport, Qld, Australia.

> Marine and Antarctic Research centre for Innovation and Sustainability (MARIS), University of Cape Town, Department of Oceanography, Cape
Town, South Africa.

Find us:

Department of Foresty, ollow us: oo o Follow us: www.dffe.gov.za https://locims.environment.gov.za/

Fisheries & the Environmen! t nvironment @Department of Environmental Affairs

Forestry, Fisheries and the Environment “h N A T I N A @
NIz, |\ = OPERATION
(&%) Science and Innovation LlT—‘ ‘ | ' I) I I S A O < M

National Research | South African Environmental
Foundation | Observation Network




Probyn et al. (2000)

The context

3 " * St Helena Bay is the most productive region of the southern Benguela upwelling
199
5 SST/(C) system
| : G — * Physics and productivity is largely understood within the context of the
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Adapted from Kampf and Chapman (2016)
The forcing mechanism = T

[} QO Other
30°N<
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* When latitude ¢ = 30° N/S, f = 2Q sin @ = Q i.e. inertial
frequency is diurnal = resonant with the land-sea breeze
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Adapted from Kampf and Chapman (2016)

The forcing mechanism = S

Grand Banks O Seasonal (wind-driven)
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Adapted from Kampf and Chapman (2016)

The forcing mechanism o T

Grand Banks O Seasonal (wind-driven)
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* Locally forced vertical current structure can be produced with a
simple 1D model (Fearon et al., 2020)
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7 day vertical mixing experiment
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Impact on the mean state

upwelling conditions
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Impact on the mean state

upwelling conditions

da"y Y forcing

Upwelling front is retained closer to the
coast, driving a net warming in the nearshore
(Fearon et al., 2022)
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Impact on the mean state

upwelling conditions
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Summary

e St Helena Bay is a hotspot for eliciting diurnal-inertial oscillations and
associated vertical mixing

* It seems likely that the land-sea breeze plays an important role in the
enhanced productivity of the St Helena Bay

* The modification of the vertical water column structure impacts lower
frequency upwelling and circulation

* Land-sea breeze effects should be considered in the development of
operational forecast and climate scale models of this region, and in
general other regions near 30° N/S

Find us:

Depariment of Fresty, — Follow us: www.dffe.gov.za https://ocims.environment.gov.za/

ent nvironmen E @Department of Environmental Affairs

Science and Innovation

i " :
%\%; Forestry, Fisheries and the Environment %T—ILH lj OPERATI fg A 6A6?RAA\ é %RF

National Research | South African Environmental
Foundation | Observation Network



WASA: ~ 3 km

30" f————= I [

Summary SR

30'I ‘.‘\ ‘.“ g\“‘\ \'\|
e St Helena Bay is a hotspot for eliciting diurnal-inertial oscillations and 35 N\
associated vertical mixing ol

* It seems likely that the land-sea breeze plays an important role in the 3305
enhanced productivity of the St Helena Bay ol )
* The modification of the vertical water column structure impacts lower s b 17':55 - MJ -
frequency upwelling and circulation  CPSR:~30km
* Land-sea breeze effects should be considered in the development of aE . T
operational forecast and climate scale models of this region, and in B s[ " \ B
general other regions near 30° N/S T |
32“5[ ;“‘ : \\\ I‘.‘ 1 0.03 ‘\.‘E
30'[ \ "‘ 1 0.025 E%
3355 o e '\1
BUJ ! 1 0.02
[ 0.015

Find us:

Depariment of Fresty, ow us — Follow us: www.dffe.gov.za https://ocims.environment.gov.za/

ent nvironmen @Department of Environmental Affairs

%ﬁfé Forestry, Fisheries and the Environment ‘ N A T I N A R
iz — OPERATION
)./ Science and Innovation T—” | P | | S A O < M RF

National Research | South African Environmental
Foundation | Observation Network



Thank youl

g.fearon@saeon.nrf.ac.za

S ot ovis in www.dffe.gov.za https://ocims.environment.gov.za/

@Department of Environmental Affairs

e e il arsoares SETMS &CSIR

@)




	Slide 1: The importance of the land-sea breeze in driving coastal dynamics of the southern Benguela upwelling system
	Slide 2: The context
	Slide 3: The forcing mechanism
	Slide 4: The forcing mechanism
	Slide 5: The forcing mechanism
	Slide 6: A 3D CROCO model for the southern Benguela upwelling system (hourly atmospheric forcing)
	Slide 7: A 3D CROCO model for the southern Benguela upwelling system (daily atmospheric forcing)
	Slide 8: 7 day vertical mixing experiment
	Slide 9: 7 day vertical mixing experiment
	Slide 10: Impact on the mean state
	Slide 11: Impact on the mean state
	Slide 12: Impact on the mean state
	Slide 13: Summary
	Slide 14: Summary
	Slide 15: Thank you!  g.fearon@saeon.nrf.ac.za

