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arcalimodels can Increase our
IREEIStanding ofithe oceanic eietiation

-

NNGateRNEriorsaresntioducedibysthes
disEretization of the Navier-Stokes eguations.

Jeed to guantify the impact of these

iIntroduced by the vertical coordinate choice
(for a given horizontal resolution)
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e @ff the vertical coordinate system;Is
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- The practical issues of representation and
parameterization are often directly linked to the
vertical coordinate choice (Griffies et al., 2000).
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COORDINATE MUST BE MONOTONIC \WARD Eﬂﬂh
=|ED DENSITY-RPROFILE.
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NOIDAL PRESSURE GRADIENT TERM SHOULD BE ABSENT OR

IMAEE OVIPARED IO THHE NOI\ SOLENOIDALPRESSURE
ERVINVIFHSPANTACCURATEEQUATIONIOFE STAT
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YIANERIAIECHANGES INIDENSITY DUE TO NUMERICS SHOULD BE MUCH
Sl\/lr\LLEF ) '-I\I CHANGES DUE TO PHYSICAL PROCESSES.

=G OQRJJI\ A TE SURFACES SHOULD COINCIDE WITH LOCALLY-REFERENCED
WAL SUREACES TO PERMIT A NEARLY TWO-DIMENSIONAL
EPRI ENTATION OF ADVECTION AND ISONEUTRAL MIXING.

,SﬁU_ULD BE POSSIBLE TO CONCENTRATE RESOLUTION WHEREVER
II\/IPORTANT PROCESSES OCCUR, INCUDING BOUNDARY LAYERS AND
_ INTERIOR REGIONS OF LARGE GRADIENTS.

6. CONSISTENCY IS MUCH EASIER TO ESTABLISH WITH A SINGLE VERTICAL
COORDINATE

7. THE COORDINATE SHOULD MAKE THE TOP AND BOTTOM BOUNDARY
CONDITIONS EASY TO IMPLEMENT EXACTLY.

8. THE COORDINATE SHOULD FACILITATE ANALYSIS OF SIMULATIONS.
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Euirrentiyasthere are ree main Vestical
co 00! m.ates i use, none of WhichsproVvides
universaltutilisy.




nahy.of . Development.in Ocear
_ odeling™ by Griffies, Boening,
assignet, Gerdes, Hasumi, Hirst,
|er, and Webb (2000, Ocean
- Modelling)




SOMENEY adVantages, 6li ~models are: e

MENSIHIPIESt nUMEricalfdiscrietization: tniS has allowed

rAIPGEEISIe e USediWidely seon afiter: their initial
, tiUSTproviaing valuable'years o
SXIIENIENCE with this class of model.
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- FOf 2l Be) ssinesq fluid, the horizontal pressure gradient
SCdi be easily represented.
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- The equatlon of state for ocean water can be cleanly
and accurately represented.

c"_.-.
a—
—

- The surface mixed layer is naturally parameterized
using -coordinates.



e disadva _@s o) m@? -

el

- The rer)rejg TziEle)pl 0jf s avection anardirrusior
zlorig) InclinigeleleaisiaAels neutral surfacesiin the ocean
iriterior s als ipersome (spurious diapycnal mixing that
sclIRPENTIUChIarger than the observed background
_vaJu_u see Griffies et a/. 2000 for details).
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Representatlon and parameterization of the bottom
boundary layer is unnatural.

- Representation of bottom topography is difficult.
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SNIEVAPIOVIGE @ SOt representation) of the ocean
SEueIIepPegraphy, with coordinate isolines
sseniated i regions where bottom boundary layer
PIEESEES dfi€ Most important. Hence, they allow for a
Se _‘kﬁ'c ramework to parameterize bottom boundary

...-

Slayer processes.

- :I'hermodynamic effects associated with the equation
of state are well represented.



PMENdISaEVantages of -models are:

ented)

SIENSIFEcE nixed layer cani be less well rer
ISTIER-{(s] (11 FEam WIthEEREN ~coordinate. e vertical
sistelcENIEtVEEH drid points denerally Increases  upon
IEVIIEREWeYAHON tAE Continental Sl regions'— 1ess
YelbiezINEselution in the middle of an ocean basin.

- A3 w]"rh:""I -models, the representation of advection
z2irie] rlm:e along inclined density surfaces in the
uc*-rc nterlor IS cumbersome.

’:-Slgnja-models have difficulty accurately representing
the horizontal pressure gradient. The horizontal
pressure force consists of two sizable terms, each
having separate numerical errors which generally do not
cancel = spurious pressure forces that drive nontrivial
unphysical currents.



SOmE ke advantages of™ modelsiare:

—
Sigtransport in thesecean, inte a Strong

ONOCCLI alone dlrectlons deﬂned Py locally

I deRsIty A (Grer, nettral alFECtonS),
achess. Hence, models are WeII
£present|ng the dynamics in this regime, so
pycnals are reasonably parallel to neutral

= Tﬁe bottom topography is represented in a piecewise
inear: fashion, hence avoiding the need to distinguish

bottom from side as traditionally done with z-models.

- For an adiabatic fluid, the horizontal pressure
gradient can be easily represented.
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A rlemw coordinate is an Inappropriate framework

for feos resenting the surface mixed layer or bottom

SO0 ary layer, since these boundary layers are mostly
ungﬁaUﬂed



__-Ilnklng s” to other varia

—> popular example: s=
continuity equation

Hence ....

vles.

potential density and
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Mainldesignelement of |5@pycnal Mod
Depth - -(p@t-enH )

depende varlables

SSaME nUmMber of UnNKNOWRS, Same
Wimber of (prognostic) equations, but
_-'different numerical properties
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—-r’wmg force for isopycnal model development:
control of humerically induced
diapycnal mixing and genetic diversity




SERURUItY equation Ingeneralized™
“s") coordinates

_ _ vertically
~ ( vertical vertical _
i _ _ Integrated
| motion motion _
P + =| horizontal
e of through

s surface s surface

I"Iil.

mass flux

divergence
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SExplicit PV and _&_entlal quﬂ;q_;}p‘yﬁ"' ..-i‘i--

sONSErVation -

Nealctionrefnmumescallyanducedidiapycnals
XA g durlng advection & diffusion

/Jz1ir) izl 15
SGEgEneracy in unstratitied water column

= ~ “term horizontal PGF is error-prone in

= steeply inclined layers (reduction to = term
- possible at the price of approximating state
egn.)

- layer outcropping (=> "massless” layers)

- strongly varying layer thickness requires
sophisticated advection schemes
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OVErTiow Repfeseﬂ_’@ggﬁh_a.
d SEJ’O}J UEPCE !' IE ChoIce of the
/;rrj(*r s0j0)relln

SMNixed coordinate models (- and ), the
iimerically induced entrainment (i.e. mixing)
SHEFgEr than observed => no need for

S parameterization, the focus is on reducing

1€ mixing to below observations (lectures by
Grlfﬁes and Treguier)

e In coordinate models, the densest
fluid will sink to the bottom => need for an
entrainment parameterization
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Colder fresher water
forms over the shelf
in the Nordic Seas
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and spills over the
Denmark Strait
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and entrains more
saline Irminger
Sea water
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Results from 1/12° Atlantic HYCOM



Vertical coordinate choic _-...-
BOPYCNIC coodiﬁate ocean models

‘Impact of the coordinate

epresentation and reference
density: c0, 62, 04, c*2 with
- correctlon for thermobaricity

—
——

=~ (Sunetal., 1999)
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Siiifimary. o' Chassignet et al. (ZOOBﬁPO 2;

- rhe frlz) dlfferenceﬁ'een the ey and o G experlments
SIONEN G thEesmedelisepresentation ofi AABMY.SIncE
ENGSNO distinct water mass representing AABW in
spdiscretization.

ences petween the o, and o*, experiments
te the importance of thermobaricity. Without
' Slon ofi the thermobaric effects, the pressure
=0 :adlent above and below 2000 m does not take into
'*'ac':count the modulation of seawater compressibility by
* potential temperature anomalies. Both the surface and
deep circulation are much stronger in the experiment
without thermobaricity. It is also only in the c*,
experiment that the AABW can be seen flowing north

along the eastern side of the domain.
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. Ideally,santeeean general circulation model (OGCM)

ShOUId J#

(21) retelnl water ma@aracterlstlc_for centuries

Eeheracteristic o)) (o1 (HCOOKAINALES)

YRieveENghi vertical reselution ini the surface mixed
gVErN(@r characteristic of -level coordinates) for a
'r)roc"* iepresentation of thermodynamical and

== pIOENEmIcal processes,
—

(c) ‘maintain sufficient vertical resolution in unstratified
or weakly-stratified regions of the ocean,

(d) have high vertical resolution in coastal regions
(ar characteristic of coordinates).



| HYCOWM T —
ENIyUcoordinate,is one thatisim'l‘?'
WENOPEN, stratified ocean, but smoothly reverts to
a1 terrain-followi dllevwrceasial
EulElRSHand to piressure coordinate in the mixed
Ve rlnrl/e Unstratified seas.
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RVIIGNMOUEIS With isopycnal interior. Hope they handle
IENIBRIIREAFEqUation off state and matching between vertical
SOBIEINELENETIONS in a guasi-adiabatic manner.

or)erJ.- ed numerical advection operators (I have yet to
lifiafene thatis fully suitable—though still looking)

- *_)rw at“e Via guasi-adiabatic operators such as Gent-

g:_rr McWilliams skewsion or variants. This has worked in

= ldeallzed tests, though research continues. Maybe of use for

" non-isopycnal models in combination with sophisticated
advection operators.
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Slinear combination of 2 or more
== conventional coordinates (examples:
a..Z+S|gma z+rho, z+rho+sigma)

- ALE (Arbitrary Lagrangian-Eulerian)

“coordinate or generalized coordinate



rhitrary Lagranglan-!ﬁﬂer_i'énl
céﬁrdmate =

= reas
=(1) to maintain minimum layer thickness;

- (2) to nudge an entropy-related thermo-
dynamic variable toward a prescribed
layer-specific “target” value by importing
water from above or below.

® Process (2) renders the grid quasi-isentropic
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z-coordinate P-coordinate hybrid

sea surface

mixed layer . a-e=== g e mm

isopycnic .ﬂ"# \ isopycnic
Iayers "K ? Iayers
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temperature zonal sec. 29.91n model day: 0.00

temperature zonal sec. 29.91n model day: 0.00 [02.8H]
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o Hybrid



- Th‘m- OLotype HYCOM “re-grigger“'

| ——
of Jpn genérali@r —
JjJUJJ rinciples:s -
SR SCONSErVative

o Monorr ICIty-preserving (no new: T/S extrema
rl Iigng re=gridding)

2 Lejys 8itoo dense => entrain lighter water from
°C E- Ve

ayer too light => entrain denser water from
be 0)1}

e Maintain finite layer thickness in u,a per ocean
but allow massless layers on sea floo

¢ Minimize seasonal vertical migration of
coordinate layers by keeping
layers near top of water column.
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_[he pt totype HYCOM
genelmr (co

o —

o Yejore haI-Ienge achieve smooth
biSIioN Detween fixed-depth and isopycnic
SEQ) ients of a coordinate layer.

= BNE0al: avoid sideways-looking algorithms, i.e.,
_, a’ccompllsh transition through clever
=T gridding alone.

- ® Solution: employ a “cushion” function. Details
of the algorithm are as follows ....




_[he pt totype HYCOM
genelmr (co

SRVELETNE oW MUCH WaLERTrom NEIgNDOKING
Ja\/er (_“\o layer™) would be needed to
rezlen)i: get density.

SRIE ¢ mount needed may exceed the amount
SEVEIEbIE i source layer.

'ffer computing new hypothetical layer

- thickness Ap of source layer (values < 0
allowed), the converts Ap
into the final layer thickness.
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The prototype HYCOM
generator (co

A , Whichs sets the final
trlle; e fthe source layer,

g *_ oS Iarge positive Ap values unchanged:
sh(Ap) =Ap
Jeturns a (small) constant value if Apis large

:—*___,,- negative: cusi(Ap)= const.

__-

— links the two cases above by a smoothly
varying function for intermediate values of

Ap.



__Ihe prototype HYCOM
genemr (co

0 J\Jegacue'\cc TeticalrtATCRAESS Vallies typically

sliiflnaer tne following conditions:
— rece)y _:_g layer s too dense

— rest ation to target density requires more water
@m source layer than is available.

—

 — = —

L .

""*?-'ij'l‘:he likelihood for this to happen is greatest at
~ high' latitudes immediately below the surface

=> high-latitude near-surface layers are more
likely to end up with constant thickness than
layers elsewhere.
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Th?b'rototype HYCOM grid
| generator (cont.)

-.:—"' Ap
-~ cush(Ap)=<J|1+
~ cush (Ap) { (3 :

0.750

where o Is a suitably chosen reference thickness. Note continuous
first derivative at transition points Ap=—1.56 and Ap=30.



/25 AN EON East Asian Seas
NEsted insidesd/62 HYCOM, Racifi

sea surt. height year 8.16 Heb 2/7) 101, 1HJ

Boundary conditions via one-way nesting
and 6 hrly ECMWF 10 m atmospheric forcing



1/25° East Asian Seas HYCOM

density front
associated with
sharp topographic feature
(cannot be resolved with
fixed coordinates)

: Isopycnals over || Yellow Sea flow
shelf region reversal with depth

Snapshot on 14 October

BN TN AN L LEEN L

Snapshot on 12 April
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e rJ\ BHEOcean MoQ_eng Environment,.

(HOME)

ANisien fer Communit f‘,:,r Circu s,ﬂp}ug- ——
dliZzed" Vertcal Coordinates

—

------

. Jevelo{; Ients Aversatile, open-source,
vomf Inity-Ocean Modeling Environment
= AISI] [GE @ generalized hybrid vertical

= Lmo ordinate.

e Science: Study best practices for
modeling various important oceanic
phenomena.




1€ 10-yearVision
HECIISOI Ocean ﬁ%ﬁs—dlsappear

e
—

SWAVLIlicialNaultlines off ecean modeling
s@IIMUNIty based on vertical coordinate (p Vvs.
Vi vsJ__:__é' dlie erased.

—
-

—

==’-’H1e same ocean modeling codes usable for
“education, research, and operations.

p—

® Open, international, and multi-disciplinary.



	Quasi-Lagrangian vertical coordinates in ocean modeling – The isopycnic and hybrid-isopycnic option
	Contradictory Considerations in Choosing a Vertical Coordinate
	
	
	Continuity equation in generalized (“s”) coordinates
	
	Overflow Representation
	Vertical coordinate choice in isopycnic coodinate ocean models
	Summary of Chassignet et al. (2003, JPO)
	DEEP WATER TRANSPORT
	Possible solutions to control numerically induced diapycnal mixing (S. Griffies’ lecture)
	ALE: “Arbitrary Lagrangian-Eulerian” coordinate
	The prototype HYCOM “re-gridder” or “grid generator”
	
	
	
	
	
	The 10-year Vision

