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What? How?

We use a regional numerical model to assess the impact of fine-scale wind on upwelling and the local circulation. This

IS done in an embayment in the Southern Benguela Upwelling System, where the wind shadow and wind stress curl We created a high-resolution curvilinear grid embedding the WASA 3 km ERA 30 km

St. Helena bay region of the Southern Benguela Upwelling

have a high impact on local upwelling dynamics and oceanic currents. Results show that the decrease in coastal Svstem (Figure 2) and ran two simulations using the CROCO e
upwelling associated to wind drop-off is not compensated by the increase of vertical Ekman pumping associated to Y : eu . % . USIng . . 1
the wind-stress curl. This likely plays a role in the establishment of an intermittent poleward current. regl.ongl oeeal model. The two simulations only differ from - \\ N
their wind forcing: XN
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Why? e oneis forced by ERA5 winds with a 30 km resolution : | | ﬁ&
Yy: e oneis forced by WASA3 winds with a 3 km resolution s S |
St. Helena Bay, the most productive embayment of the Benguela upwelling system, is regularly subject to harmful
algae blooms and anoxic conditions. These are hypothesised to be generated by the retention and restratification of The latter comes from a refined WRF model which has been T T ST
upwelled water in the bay which follows a relaxation of upwelling favorable winds. Improving the representation of forced with ERAb5 in order to create a high-resolution wind
upwelling and hence predictability of bloom generation requires a high-resolution ocean model, capable product for South Africa. The ERAS-forced simulation  Figure 2: Schematic view of the cross-shore structure
of reproducing ocean currents and fine scale processes associated to vertical mixing (Flugel et extends over 27 years (1993-2020), whereas the of the upwelling favorable winds (black arrows) in the
al., 2025). As fine-scale wind variability is often thought to have a strong impact in shallow- WASA-forced simulation only covers a five resoslit'?:r:e;jn E;?;/) ;ee%:z’xg ;e*l"(%\f/‘A“Ses)E/g’A";’. (Eriizgsion :’GP‘:'::::E
waters, one may wonder about the gains of using high-resolution atmospheric models — year period (2009-2014). The 2009-2014  f the oceanic model is superimposed (black solid), as wind
when forcing a regional ocean model. This study wishes to understand how the wind — A R SRE. period common to both models is used well as the sub-region used for estimating the
drop off and the resulting cyclonic wind-stress curl affect the dynamics of St. Helena for the subsequent analyses. upwelling (red solid).
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Upwelling Downwelling large-scale equatorward transport by the Benguela jet on the
o S — WASA 3 km ERA 30 km west of the bay, and a smaller but consistent equatorward
a1 —— SWCCERA current along the coast. The relaxation of upwelling favorable
%0_8_ - winds Is hypothesized to lead to a cyclonic recirculation and
. g the development of a poleward current close to the coast - a
%0_4 i _ ! phenomenon also observed in the California upwelling system
Bl = > e e ; during periods of wind relaxation. There, this current is
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e W) Figure 1: World map of Ilfllegl::]easl_;; j;gir:;s;'z;Vperﬁ;eg”::\lorzgl‘:x dC\I/\r/(i:r:Jc;a:;(l);xlarjciitr; gquatorward .wind relaxes,.this pressure gradient is no longer
Figure 3: Seasonal mean Figure 4: Integrated vertical transport from Clil]g);zl)o.thuedr:;g:i?;;zgg;(;;n periods, conceptirom Pitcher & Jacinto, 2019, " gegstrqphlc balance with the onshore ge-OStr?phIC riow,
summer Ekman transport the coast over the upwelling region, averaged shows an aerial photograph of l x resulting in a poleward current. Hovyever, n sit Clilrrent
along a cross-shore transect over the St. Helena Bay region (red region in a harmful algae bloom in the . T measurements from an ADCP, moored in the coastal region of
In St. Helena Bay (red solid Figure 2). Grey contours show the isotherms. Southern Benguela Upwelling Figure 6: 2-month average b - St. Helena Bay at the end of the upwelling season, show a
contours in Figure 2). System (Pitcher et al., 2008). (16/02/2011 - 13/04/2011) 10 i
northward component of the quasi-permanent poleward flow beneath the surface that
current velocity in St. Helena  _ episodically outcrops at the surface (Figure 6). This may
Bay from in situ ADCP =0 suggest that, in St. Helena Bay, the upwelling favorable winds
Both models simulate a similar linear drop-off of the along-shore upwelling favorable winds, which leads to a 33% gizssgsf;f:vzss(fgﬂ?agfﬁ:) ~401 o could actually act as the drivers of a surface equatorward
decrease of the Ekman transport between 100 km and 50 km offshore (Figure 3). Then, within the 50 km width described above. 50 [ e e current that superimposes over the underlying poleward
coastal-band, the high-resolution atmospheric model (WASA) simulates a much more pronounced drop-off than O 010 oz current.
ERA. While in WASA there is a 75% decrease of the wind-intensity, the intensity of the upwelling alongshore wind vme
stress remains almost constant in ERA. As expected, weaker upwelling favorable winds in the coastal zone result in WhCIt next? References
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