Influence of the Wind Stress Curl on the Eddy Saturation Behavior of the ACC in a Barotropic Perspective
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l. Introduction lll. Eddy Saturation with Uniform Wind V. Sensitivity of the Volume Transport and Eddies to the Wind Curl with
Nonzero Wind Stress

We validate our method against Constantinou (2018) [7] for a uniform wind profile where 97 = 0

= The strength of zonal transport of the_AntarcﬁC Circumpolar Current (ACC) is almost
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independent of the variations in westerly winds over the Southern Ocean: this phenomenon ying We solve equations (4) and (5) with a constant wind curl where F' and 0,7 = constant varies.
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= Solved using DEDALUS [11]. e x
= Monoscale topography, L = 775 km, H = 4 km, hyms = 200 m [ /] . . .
Figure 1. (Left) The time-mean large-scale domain averaged zonal nondimensional flow U as a function of Figure 3. The mean zonal transport where F' varies for varying wind ;tress curl valyes. On the Ieft,. threg
5 cos(14z:/ L) nondimensional mean forcing. The highlighted lines show the analytical steady-state solutions of Eq (4) and Eq (5). decomposed eddy streamfunction snapshots are given for various wind curl magnitudes, for nondimensional
= Thrms ' Three eddy streamfunction snapshots are given for different values of F. [7] (Right corner) The nondimensional EKE F=0.14.
.. : : and sEKE as a function of the nondimensional wind forcing.
= Doubly periodic 2D domain, 2rL x 2w L, and 512 x 512 grid. 5
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= The vorticity equation with the added wind curl term is given as: . - _
9,920 4 ] oy, 02 P2 5 | = Lower branch region before the eddy saturation regime is dominated by the form stress and " The lower branch is not observed for positive higher values of wind stress curl.
VoY +J (v —=Uy, VY+n+0y)=— Y — 07y (1) wind forcing terms and shows laminar characteristics = Bifurcation to the upper branch realizes at lower forcing values with increasing wind stress
- o= : : . . . . curl values.
The wind curl enters the vorticity equation through the stream function. * In the eddy saturation region, EKE increases, while the mean zonal transport and sEKE stay . | |
/ nearly constant = An asymmetry in the system with varying eddy profiles.
Y=+ Ve (2) oher b ) - domi Shvb ; 4 wind forc A ibits lanm = We report that the zonal transport and the eddy saturation regime are sensitive to the wind
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, , , , Zero Mean Wind Stress _ . : : - - :
O +.J (¢ — Uy, V' +n+ ﬁy) +Voy (VQ% + B+ 77y) = — DV — Oy Analytical solutions for different stable and unstable regimes exist depending on the (1)
R A ~ . : wind profile and (2) topography with a focus on eddy saturation regime.
ekman drag + hyperviscosity  wind curl We solve equations (4) and (5) where F = 0 and 9,7 = constant varies. P (2) topograp Y 4 S
(4) = The source of the asymmetry in the system.
= = Further experiments with various topography and wind profiles.
W= F - U — (o) (5) RG] -
<~ \ , . x'l/, 4 (UM SR _
Wlﬂd fOFCiﬂg bottom drag fOrm StreSS - N} H‘t-, ’ S ) ”””” © -6~ F/(lynins) =0
R s PP References
X 38 "4 4 aev0s ¢'//
£4 %57 Y8 . 1073 ;o"
= The eddy kinetic energy is decomposed into the total eddy kinetic energy (EKE) and standing E = ,'
. . § 0 [1]  Louis Philippe Nadeau and David N. Straub. Basin and channel contributions to a model antarctic circumpolar current. Journal of Physical Oceanography, 39:986-1002, 2009.
eddy |<I HEhC energy (SE KE) 1 lg ," [2]  Louis Philippe Nadeau and David N. Straub. Influence of wind stress, wind stress curl, and bottom friction on the transport of a model antarctic circumpolar current. Journal of Physical
5 o) Oceanography, 42:207-222,1 2012.
EKE — §< |v¢ | 2> (é) " TR N | g o [3] /ISEUB Plhi(gppe Nade;u,fg\fg;\i Sltérga3u7b,2agf3David M. Holland. Comparing idealized and complex topographies in quasigeostrophic simulations of an antarctic circumpolar current. Journal of
L0-2 ] & ysical Oceanography, 43: - , .
]- N o i ] /'Dz [4]  Louis Philippe Nadeau and Raffaele Ferrari. The role of closed gyres in setting the zonal transport of the antarctic circumpolar current. Journal of Physical Oceanography, 45:1491-1509, 2015.
SEKE = = (|V¢)? E o <] L
o 2 ) 1(0-\1 ’ [5]  Navid C. Constantinou and Andrew Mc C. Hogg. Eddy saturation of the southern ocean: A baroclinic versus barotropic perspective. 46:12202-12212, 11 2019.
'''''' -107° -1077 ag N ] 1077 107 [6]  Navid C. Constantinou and William R. Young. Beta-plane turbulence above monoscale topography. Journal of Fluid Mechanics, 827:415-447,9 2017.
) ’ [7]  Navid C. Constantinou. A barotropic model of eddy saturation. Journal of Physical Oceanography, 48:397-411, 2 2018.
[8]  David P. Marshall, Maarten H.P. Ambaum, James R. Maddison, David R. Munday, and Lenka Novak. Eddy saturation and frictional control of the antarctic circumpolar current. Geophysical Research
Letters, 44:286-292,1 2017.
X [?]  Ryan D. Patmore, Paul R. Holland, David R.. Munday, Alberto c.Naveira Garabato, David P. Stevens, and Michael P. Meredith. Topographic control of southern ocean gyres and the antarctic
Figure 2 The mean Zona| tranSpOrt Where F _ O, ]cOr Varying Wlﬂd StreSS Curl ValueS. Oﬂ the |€ﬂ:, tWO circumpolar cur‘rent: Abarotr.oplc perspec.hve.'Joumal O).‘Physmal Oceanography, 49:3221—1.%244, .10 2019. | | | B
. . . L. X [10] Geoffrey K. Vallis. Atmospheric and Oceanic Fluid Dynamics: Fundamentals and Large-Scale Circulation. Cambridge University Press, 2. edition, 2017.
deCOmpOsed eddy StreameﬂCthﬂ SﬂapShOtS are glveﬂ fOr ﬂegahve and pOSltIV@ ValueS Of the |argeSt Wlﬂd StreSS [11] Keaton J. Burns, Geoffrey M. Vasil, Jeffrey S. Qishi, Daniel Lecoanet, and Benjamin P. Brown. Dedalus: A flexible framework for numerical simulations with spectral methods. Physical Review

curl magnitudes. Research, 2(2)::023068, April 2020.

Topography Take away: Asymmetrical nonzero mean zonal flow solutions exist for zero mean forcing.
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