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Pay Attention to Details of Model Setup!

Parameter choice Explanation
implicitDiffusion=.TRUE., Implicit vertical diffusion
useRealFreshWaterFlux=.TRUE., Real surface freshwater exchange
select_rStar=2, Choice of rescaled vertical coordinate
nonlinFreeSurf=4, Choice of nonlinear free surface
implicitFreeSurface=.TRUE., Implicit free surface
exactConserv=TRUE., Exact conservation of global ocean volume
tempAdvScheme=30), Multidimensional temperature advection
saltAdvScheme=30), Multidimensional salt advection
tempVertAdvScheme=3, Third-order vertical temperature advection
saltVertAdvScheme=3, Third-order vertical salt advection
tempImplVertAdv=.TRUE., Implicit vertical temperature advection
saltImplVertAdv=.TRUE., Implicit vertical salt advection
staggerTimeStep=.TRUE., Staggered time step

vectorInvariantMomentum=.TRUE., Vector invariant momentum equations

Table 1: Model parameters (PARMO1) in MITgcm configuration data file. See the MITgcm user
manual for more general details.



Discretizing the Primitive Equations: Volume

Forget et al. (2015), Geosci. Mod. Dev.



Discretizing the Primitive Equations: Volume

Diagnostic Temporal Description (Units)

ETAN Snapshot  Surface height anomaly (m)

oceFWflx Average Net surface freshwater flux into the ocean (kg m=2 s™!)
UVELMASS Average  Zonal mass-weighted component of velocity (m s™')
VVELMASS  Average  Meridional mass-weighted component of velocity (m s™')
WVELMASS  Average  Vertical mass-weighted component of velocity (m s™)

Table 2: MITgcm diagnostics required to evaluate the vertically integrated volume budget.



Discretizing
the Primitive
Equations:
Volume

19:

20:

: for t =ty,ts,...tp_1,t7 do > Loop over T' time steps (months) ¢
F,j = oceFWflx {t} > 2-D average freshwater flux over month ¢
Ui j» = UVELMASS {t} > 3-D average zonal velocity over month ¢
V; jx = VVELMASS {t} > 3-D average meridional velocity over month #
Wi j» = WVELMASS {t¢} > 3-D average vertical velocity over month ¢
;\fi(‘(;) = ETAN {t — At} > 2-D surface height snapshot at start of month ¢
;\",.(__f) = ETAN {t} > 2-D surface height snapshot at end of month ¢
po = 1029 > Reference density (kg m=?)
for i = iy; oy 91—y, ir dO > Loop over I longitude cells 7

for j = ji1.j2....J7-1.75 do > Loop over .J latitude cells j
for k = ky.ko.... kx—1. kg do > Loop over K vertical cells k

~1).tot Ar(f) A7(0) ,
('11..1_1.' - (’\’i.j - ‘\i.,,‘ ) / (Hi-.iA'L)
(':',I;\m = k1 Fi i/ (pohijxDzi)

GI’,{’“H = [(Uijk — Uitr,jk) DYij + Vigx — Vijrrk) Azij] [ (Aijhijx)

(7;'_i;f(,,)."L"‘ = [(1 = Okic) Wijrr — (1 = 0r1) Wijal / (hijalzi)
Gl = Gl + G
end for
end for
end for
end for
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Discretizing
the Primitive
Equations:
Volume

1/s

108 Volume budget at Lon=23.043, Lat=83.9937
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Discretizing the Primitive Equations: Salt

8*n—|—15n—|—3/2 . S*nSn+1/2
At

= A (S, u" ! 4 uptt) 4 st <Fg+1 + D2 ng’”)

Forget et al. (2015), Geosci. Mod. Dev.



Discretizing the Primitive Equations: Salt

Diagnostic Time Description (Units)

ETAN Snapshot  Surface height anomaly (m)

SALT Snapshot  Salinity (psu)

SFLUX Average  Total salt flux (g m™2 s71)

oceSPtnd Average Salt tendency due to salt plume flux (g m=2 s7!)
ADVr_SLT  Average Vertical advective flux of salinity (psu m® s™1)

ADVx SLT  Average Zonal advective flux of salinity (psu m® s™!)
ADVy_SLT  Average Meridional advective flux of salinity (psu m® s™1)
DFrI_SLT Average Implicit vertical diffusive flux of salinity (psu m?® s™')
DFrE_SLT Average Explicit vertical diffusive flux of salinity (psu m® s™!)
DFxE_SLT Average Explicit zonal diffusive flux of salinity (psu m® s™!)
DFyE.SLT  Average Explicit meridional diffusive flux of salinity (psu m® s™')

Table 4: MITgcem diagnostics required to evaluate the grid cell salt budget.



Discretizing the Primitive Equations: Salt

1. 1: fort=ty,tg,...tr—_1,tr do > Loop over T time steps (months) ¢
2: () ; = SFLUX {t} > 2-D average total surface salt flux over month ¢
3: P, j» = oceSPtnd {t} > 3-D average salt plume tendency over month ¢
4 po=1029 > Reference density (kg m=)
5 fori =414, «. 371,47 do > Loop over I longitude cells ¢
6: for j = j1,jo,---Js-1,js do > Loop over J latitude cells j
7: for k = ki, ko, ... kg—1. kg do > Loop over K vertical cells k
63—

9: if k=1 then

10: GIIre = Gl + Qi/ (pohij ez
iBE end if

12: ;?Jf;:}r‘ = ;,sjf;:"‘ + P, jx/ (pohi jxAzi)
13: end for

14: end for

15: end for

16: end for



Discretizing
the Primitive

Equations:
Salit

psu/s
o

«10® Salt budget at Lon=23.043, Lat=83.9937
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Diagnosing Approximate Budgets: Salinity

) ] I * use chain rule
3(; S) _ S*%_S i 53; ., *combine salt & volume
L ’ t I conservation equations
oS o 1 0s* * a(SwTes)
E = _3_* [S 6t VZ (S Svms) + az* ] + .FS + DS
0S 1 es
— = — |SV,: (s"V) + S@_w — V. (8" SVyes) 9 (Stres) +Fg —SF+ Dg
ot s* 0z* Oz* NN
~— - ~— ~ Gt fore Gt.diff
GT,tot Gt,adv




Diagnosing Approximate Budgets: Salinity

) I * use chain rule
Proportional to 3(gt5) _ S*?‘?_f N Sa;t ¢ * combine salt & volume
tendency in 1§ conservation equations

salt cons. eq.

oS 1 [ 0s* O (Swyes)
~, — — o ‘*(-' 5 * Tes - A <
5 p= [ 5 + V. (8" SVyes) + e ]—I—fs—i—DS
88 1 Tes
ot s* 0z* o0z* —_——
~—~ - -~ . Gt fore Gt.diff
GTt.tot Gtradv




Diagnosing Approximate Budgets: Salinity

) I * use chain rule
Proportional to 3(gt5) _ S*%j N Sa;t ¢ * combine salt & volume
tendency in 1§ conservation equations

salt cons. eq.

oS 1 0s* 0 (SWyes
— = —— |8+ V. (575Vpes) + 0 (Stres) + Fs + Dg
ot s* ot 0z* g .
|
oS 1 w W,
ot s* 0z* 0z* —_— ——
S~ “ ~— _ G Reore Gt.diff
GT,tot Gt,adv




Diagnosing
Approximate
Budgets:
Salinity

psu/s

psu/s
o

«10~7 Salinity budget at Lon=-48.5, Lat=28.3603

GT tot GT Jfore Gf.adv Gszff
; | A
kn I/N,Awfﬁ) Ny f f\ " N M;ﬁ | A '\ \Jlﬂj M W \ ][(\
'
w‘r M‘M Ww TR 'H'
1995 2000 2005 2010 2015
yr
<107 Salinity budget at Lon=-48.5, Lat=28.3603
] —RHS—LHS  RHS-LH! _
1995 2000 2005 2010 2015

yr

14/15



/15







