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m Model Details and Results Linear Stability Analysis

Earth’s oceans behave as a quasi-two-dimensional (2D) fluid A two-layer QG model is used where the top layer is forced with an (a) i - (b) - The Mean velocity profile is constructed by averaging the
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on large-scales (tens of km or longer) as the vertical velocity eastward background flow. Bottom topography increases linearly in the 1500 (. n O, 0 o S ;_l n— solution field for 500 snapshots in the moving frame.
component is of small magnitude in comparison to the zonal direction. Periodic boundary conditions are imposed on the - ¥ — . Ll = Fourier solutions 1)) = wi(q)ez(lp_“’t) and finite difference
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horizontal velocity vectors. Because of this 2D nature, small boundaries in both directions. Spatial resolutions of 512x256 and 1024x512 = - pA L o e ¥ —— discretization are used in p, q directions respectively. This
turbulent eddies can have a global effect in the oceans. In are used in the simulations. Other parameters are same as in Berloff (2005). la® Y — ';}]I AR - e '1 results in an eigenvalue problem that is solved at all
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eddy action. Below are the governing equations, e |
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zonal jets in the oceans, which are hundreds of km long and < 1000 | SN W O AT | o L O B 0.02 ’.g
. . . ’ an fO 87’]() 817&2 fo alrlb an 4 9 - 500 ..‘ ; " ‘ .""1, .N "“ "1. 'I' \'.\__ 14 T HE ! ; ! & - ! @ 0.009
once formed can remain in the oceans for months. Jupiter’s 5T J(a,Q2) + (B + B ) e vV iy — yV1s. R RN AR KA I —— - i | =l
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an important role in ocean transport and mixing. Generally Q1= V21 + S1(h2 — 1) Qo = V2o + So(1h1 — 1) Time (day) <10° Time (day) < 2% |
the jets arfe stez.:\dy;bhowever, they :]tart 50 hdrh: n the From Figure 1, the alternating jets tilt and drift meridionally in the presence  Figure & (z)a),((l;>) -:napsrrts;f Streaml}untction contours ir;;hettopl and tzz';tor_lrj LaTerS (T = " 002 Lo
resence ot varying bottom topogra and the dynamics : . ays); (c) - Hovmoller diagram of streamfunctio in the top layer, (d) - Total energy '
Ehan e i nificayntlg These fzatgureps yaren’t undyerstood of SIOpEd topography (con5|stent with Boland et aI' (2012))' The Steady (spatial mean) time series for different values of zonal slope. All runs were performed on ) & 0004
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completely and studying jets-topography interactions will 5 *%°
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improve our understanding of the ocean circulation. o
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Introductlon Streamfunctlon field is decomposgd into a set of Empirical QrthoanaI " oo
: Functions (EOFs). As expected, first two EOFs capture the tilted jets. =
" Alternating jets have been observed in the oceans in Interestingly, the jets become unstable and a purely zonal mode appears (EOF " 0.02 ; ,
satellite altimetry data [Maximenko et al., 2005] and eddy 3-4) when the eddy viscosity is 100 m2/s; however, this doesn’t happen in the 002 8 o002 wme O om
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permitting models. 2 case of h|gher Eddy VISCOSIty. Figure 5: Real parts of eigenvalues for different values of eddy viscosity (y
: , ' Wy Kk =2*1028s1 fixed) and bottom friction (v = 100 m?/s fixed) vs wavenumber
" There is a general agreement that this phenomenon can ) 3 i i Ci = k; |2 I (I=2mf/L)-Gr_owth rates(dav-l)areshov.vnif\the colorbar. -
be explained by simple Quasi-Geostrophic (QG) dynamics Sl - var 1 | var M Drife 1 | Drice M Eddy viscosity and bottom friction tend to stabilise the
in the presence of meridional gradient of the Coriolis ] ' ' . system at all wavenumbers because the growth rates
oarameter [Rhines, 1975]. x — . Ak (b) | (%) (%) | (cm/s) | (cm/s) decrease with increasing v and y. Large-scale modes are
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_ iac i = | mode via nonlinear interactions.
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Conclusions
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Figure 2: EOFs of streamfunction (data used between 8000 and 20000 days for Figulrgo& Szr;eC_tr? c;fEFé)CFslol(‘ ;)trEe;gfunC:m- Table 1: Variances, drift velocities of the jets (J) and the zonal energy further upscale to a purely zonal mode that
the EOF analysis). v = 100 m?/s in (a) EOF1, (b) EOF3, and v = 150 m?/s in (c) V= m7/sin {a ' ,aNA V=" (M) modes for different values of eddy viscosity (similar : :
EOF1, (d) EOF3. Colorbarrangeis [-1,1], blue to brown. 150 m*/sin (c) EOF1, (d) EOF3. behavioris observed if the bottom friction is decreased). propagates opposite to the Jets.
" From linear stability analysis, it is clear that large values of
Figure 1: Evolution OfVOFtICItyerld in the inverse cascade ofenergy. Linear Sta bility Analysis VlSCOSlty |nh|b|t thls upscale transfer (from alternatlng Jets
to the zonal mode) by suppressing small-scale
"= Many studies have given different mechanisms to explain In order to better understand the effects of eddy viscosity and bottom friction, linear stability analysis is instabilities.
the existence of alternating jets [Berloff et al., 2009a,b; performed by linearizing the governing equations around the tilted jets. For that purpose, a drifting
Berloff, 2005; Dritschel and Mclntyre, 2008]. rotated frame of reference is used in which the jets are purely zonal and steady. Linearized equations = This has also been verified by examining the kinetic
can then be written as, energy spectrum.
" The jets tilt with increasing bottom slope in the zonal 5 -5 5 S S
direction and also drift in the meridional direction [Boland = (V2 + S1(vs — v1)] + A1~ + B~ (V201 + S1(vh — ¥1)] + Ca 5 L+ D, 5 = = vV . .
etal., 2012]. - 1- P ! Future Directions
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"= Transient jets have also been observed in the presence of G 9] p q
wavy bottoms [Chen et al.,, 2015; Thompson, 2010]. Figure 4: New frame of reference (new axes are p, q), where A1 =Uscost+ T, B = —c— Upsing, Cy = (B + S1Us) cos 8 — @' + S1(@ — Ta), D1 = —(B + S1Us) sin 6 " Energetics of the QG system to understand the energy
;‘i’::ztei‘i:yGarzean”ag:‘:oilj?sp;Zzzrﬁe";':h speed cin g Ay =T, By = —¢,Cy = (B — S2Up) cos O — T, sin — s + Sa(Wz — ), Dy = —(B — S2Uy) sin 6 — T, cos § transfer between the jets and the zonal mode.
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