On Energy Budgets and C grids

My eddy-internal wave research lives in a box shaped domain; open at the x boundaries, periodic in y and closed in z with
a flat rigid surface and bottom. An eddy is synthesised in the interior of the domain, and internal waves forced at the
west boundary propagate inward and soon interact with the eddy. Hydrostatic simulations show that waves of different
modes are formed, and the question remains how to quantify the results.

Global energy budget

An energy budget is easily constructed for this situation. It reads
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where the flux terms can be switched to their divergence form via the divergence theorem,
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Modal energy budgets

If we substitute into the momentum and density equations the decomposition
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we can derive modal momentum and density equations. Further applying the usual energy budget derivation procedure,
we eventually obtain the modal energy budgets, which read
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Most of the terms are familiar, except for the last term in each equation. Figure 1 shows the first few N and N/.

C grids
Which of these two equations is correct for computing the (horizontal) kinetic energy of the grid box shown in Fig 27
/1, 1 1, 1,
KE =pog || 5u(i,5)" + quli+1,5)7 ) + { 5v(i,7)" + 50(i,5 +1)7 | | AzAy (8)
1[/1 1 >N 1 ?
KE =pos [(Quu',j) + Suli+ m)) " <2v(i,j> it 1>> ]Amy )



Nf = (uho . Vh)ﬁhl + (ﬁhl . ﬁh)l_l:ho + 5 Z |:(’[_th . vh)ﬂ:hH»I + (ﬁhi+1 . Vh)ﬁhi — wiﬁhi+1mi+1 + wi+1ﬁhimi},
|:(’l_fh1 . V}Jﬂ’hl + w16h1m1:|

1 Z"" L s L s , ,
+ 5 (uhq‘, vh)uhz+2 + (uhi+2 ’ vh)uhi = Wil M2 + Wi 2Up, M|,

. . Lo 1. = Lo . .
. 3 {(uh1 - V)Uny + (Uny - Vi) U, + wolly, mi + wluhng]

-

1 ZOO e N , . ,
+ 5 (uhi ’ Vh)uhi+3 + (uhi+3 ’ vh)uhi = Willh; 3 Mi43 T Wip3Un; My | 5

=1
R 1en/ _ = . - 1
Ve = [ S + 53 (( T = (s Tt )|+ 3 3 (s = e ).
=1 i=1
P — = 1 - 1 = ’
N2 = (uho vh)( 52 vh)pz+2 (uh1+2 v )pz +§(uh1 'vh)pl

1

* 2 [wlpllml + ZZ_; (wi+2p;mi - wi/7§+2mi+2)] )
— — > N _ . . 1 B . ) B

Ngf = [(Uho -Vh)(Pé) + 3 Z ((uh -Vh)p§+3 - (uhi+3 . Vh)pé) + 5 ((Uhl 'Vh)plg + (i, 'Vh)pllﬂ

=1

1 oo
+ 5 |:w2p/1m1 + wlpIsz + E <wi+3p§mi — wip§+3mi+3)] .
i=1

Figure 1: The nonlinear terms up to the third mode.
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Figure 2: The Arakawa C-grid staggering of variables, used by the MITgcm. Left: 3D view, Right: top view.



