Nonlinear Ekman pumping and coastal upwelling
off the Oregon coast

Tom Connolly (thomas.p.connolly@sjsu.edu)
Moss Landing Marine Laboratories, San Jose State University

Take home messages Spatial patterns Detailed look at an equatorward wind event
“«nin” ici i i i relative vorticity nonlinear upwelling [m/day]  focus area OOl glider transect extends inshore during a period of equatorward wind stress
The sp!n (vorticity) assouated.W|th surface currents in the upwelling season mean upwelling season mean  for tempora g gap q
coastal jet off the Oregon coast is strong enough to affect the 44.8°N [T ¢ 001 moorings e o0l miGors  variability alongshore v relative vorticity ~ nonlinear upwelling
. . . . . i sy
spatial patterns of wind-driven upwelling and downwelling r—_— wind stress 7 [m/s] ¢/f Wnon [m/dayl
. 0.3 2 2/ / /7 2 equatorward ...
44.7°N 7 // : // /f%ﬁ i flow :
Downwelling can occur over parts of the shelf during periods of %ﬁ/ 0.2 %ﬁ/%%ﬁ; 1 | downwellifg_ )
upwelling-favorable winds. This may bring phytoplankton to ﬁfﬁé %ﬁa‘%%”;} i 1 .
. R 44 6°N ////// - 0.1 //// ﬁ rarai 07-05 00
lower light levels or concentrate buoyant particles /1777 i b = s
LI, NN =) Y oo
YYNIHNN 0.0 & ////%é/////// o E £
44.5°N NINIIIY N s = *
g 178 _2
. z _ A i
QueStlonS wind stress T %&f??? o 44/////’4' _ 0212 upwelling =
Y, 71719714 AV 1
44.4°N 7771078 YV X . e .
. % % % X //4%4 -0.2 “5 f f f;: ; ; 005 ~0.04 v;?\ijo:tre_s(s):?szy[;;m 0.00 124:307124.25124.207124.15 124.30-124.25-124.20-124.15 »12'430—12'4.2565221.20—1214.15
Where does Upwegmg occur 7 M jé 1 i f ! :‘ Tl ) «<— upwelling favorable ~ +— offshore
(inshore/offshore): . ‘ - 03 \ P o -
X f nonlinear upwelling w [m/day]
Wha.t processes drive upward S A TRTT Sanw TYVL 154 2%\ SaeW |
motion? / | Average vertical and ; |
i _ ownwelling
Three potential mechanisms for  Ekman transpor Strong positive (cyclonic) vorticity Theory indicates broad ZrOS_S'Sh?: vetlocmest £ —
_ : : : : : uring glider transec 5
wind-driven upward motion (w): Ugie = T/Pof inner shelf (surface on inshore side of coastal jet reglon.of upwelllr)g g8 5
and bottom boundary following coastal jet 5
* Inner shelf upwelling layer overlap) Range of ( is a significant fraction cross-shelf velocity w [m/s] o | | |
+ Curl-driven Ekman pumping / Bottom boundary layer of f (submesoscale dynamics) Downwelling inshore of jet J ' 12428 -l2424 -124200 12416 -
core
T : 107 £34.0
_ HF radar observations reveal
Wk =V % f db d Edwards (2012) I
Cartoon inspire Jacox and Edwards (2012), Upwellin _ : ili ; osro et al. e coastal iet: Observations o 20 1
Po source deptFP)\ in ch presence of nearshore wind Scress cﬁrl, JGR small S(:.ale Varlablllty in the sKurfacetculrrfeln?:szgr] the O:eglgi)r;ccg:tinen:al sheI]; offshore flow . r33.5
° Non“near Ekman pump|ng CoaStaI Jet (eg KOSFO et aI 1997) from HF Radar, Oceanography = 30 - E E o
S 40 : °
° ege % § % 32.5
Background: Nonlinear Ekman pumping Temporal variability § .
60 - i 60 - practical salinity
E 2019-07-04 03f15 - 315
"T Upwelling or downwelling can occur even " ' 0 R | | 2019:07-05 06'54'
equatorward surface velocity N if there is no wind stress curl if the Upwe INg tra.nsport (.per m coast me) can Yy ——— 0.;,)0 s 12428 12424 12420 -12416  -124.12
o) S— . - . be a substantial fraction of Ekman transport longitude
relative vorticity ¢ is comparable to f
negative positive ¢ / \ . . . .
) cl gy  du Complex offshore/offshore cross-shelf velocity profiles are consistent with
(=——— 1.5- j _ onenore Bkman transport theoretical upwelling/downwelling at similar salinity values.
divergence/upwelling at upwelling front 0x ay P 9 Hransho

— . -

1.0 A
== 7 Nonlinear Ek lling velocity: 0s. ‘ l k‘ L A
“ onlinear Ekman upwelling velocity oZ—J “ ,. H ‘ s w A “ ",“A H “, B Data sources %I ocean

[m?/s]

curl INITIATIVE

(spatial gradient) \k:::;;llnvglr:;;gaeﬁj ﬂtr'fi?fim) o5 ‘ 2019 upwelling season, as defined by Pierce and Barth
—_ % / o e ‘ | (April 19 — August 28) e
R glider transect
— V% T ~1.51 = -\ =i
W = F+0) | | | | | HF radar — 2km product provided by UCSD Coastal
> X Po C May Jun Jul Aug Sep . ; | ST
> ” % Observing Research and Development Center .
Coriolis parameter relative vorticity from HF . E
(based on latitude) radar surface currents Contribution diminishes over > . . .
. Wind and ADCP current velocity and glider data from  §&8
Cartoon adapted from Brink (1987) Upwelling Stern (1965) Interaction of a uniform wind stress course of upwelllng season Ocean Observatories Initiative Oregon Shelf site \ | LA

fronts: implications and unknowns with a geostrophic vortex. Deep Sea Res.



