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S. Shallow water dynamics
(barotropic and reduced gravity
approximations)

Sarantis Sofianos
Dept. of Physics, University of Athens

* Single-shallow layer dynamics
* Vorticity

* Reduced gravity models
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Single-shallow layer dynamics i (free surface)
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Large scale, ocean interior and inviscid flow (for simplicity)
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Hydrostatic approximation 1s valid
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Using the momentum equations (and u,v independent of z):
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Shallow-water

(n+H)(a—”+a—“)+w(n>—w<—H>=o (1) equations

or Jy (single layer model)
dn dn 0n  dn
w(n)=—=—+ +v— (2)
ar or oxr 9y %_"J,H(g_”ﬁa_”):o
5
(1)&(2):>an+uan+v—n+(n+b’) a_z/+8_v =0 o
oz dx  dy dxr 9y ou OJdu  Ju on
N ; _ tU—+V—=—g——+ f¥
=>a—73+a—[u(n+ﬂ)]+a—[v(n+ﬂ) =0 ot ox 9y dx
o 7 * Shallow Water 8U+u8’U+U3_U__g‘9_77_fu
:>6_77+H(8_L/+8_U)=0 n<< Continuity ot 0x dy dy
a7 oxr ay Equation



Shallow water geostrophic approximation:
Now, additionally R, = —<<1
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Vorticity (otpofiliopdg)
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Defining relative vorticity: P 5 =L (ocean velocity curl)
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Potential Vorticity (6vvapikog otpofriicpoc)
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Reduced gravity models
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Reduced gravity




