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Ocean modeling principle

If we know: ——
ATheoceanstate at time t .
(uvw TS X0V s
ABoundaryconditions (surface, \/

bottom, lateral sideg
Ocean at time t - Ocean at time t + dt

We cancom putethe oceanstate

at t+dt usingnumerical Example of a finite
approximations of Primitive difference grid
Equations 1

For that we need to proceed . - 7Z
discretizationof the equations in time 7 St
and space: A2+ =Sy




Introduction

Why use of ocean model :

ACost effective
ASynoptic view
AEquilibrium diagnostics
ATest hypothesis

AHindcast and forecast Downloaded from Miami
ACoupling with different models IsopycnicCoordinate mode

AX ROMS surface temperature
o i > - = K -

4-AGRIF nested grid, SST Marchesiello et al, Ocean
modelling,2011



Introduction

Equations to solve:
ANavierStoke equations but with
approximations !

~ Atlantic Ocean
H=5km & L=5000km

AHypothesis Z
V Hydrostatic: H/L <<1, (aspect ratiow)

Aneglectvertical acceleration
AneglectCoriolisterm associatedo
verticalvelocities

S

V Waterisincompressible Primitive equations

V Boussinesq " =" ,=cstefor horizontal
gradient pressure




Primitive equations

Momentum
conservation
du 1 oP 1, ou\ -
o7 +u.Vu— fv = pﬂ o + Vi (Kan-Viu) + 92 (fi Muv 8,3) l
g 1 OP o (.. Ov
Fn +u.Vu+ fu = _p_n@ + Vi (K- Vo) + @ (f‘l.ﬂ-fvg) |
0 — 9P _ Hydrostat
— 5 Joe) y rostatic
0 — Ou 4 ov 4 Jw Continuit
Oz Oy Oz 4
or ) o0 T
B TEVT = VKo Val) + - (I‘”“ 82) Tracer
oS 0 oS\ | '
S | GVS — Y (KeVas) - (hst ) conservation
Ot Oz 0z

p = p(S,T,p) Equation of state



Primitive equations : Boundary conditior

With surface boundary i And bottom boundary
conditions (zHh): conditions (z=H):
on Ef,j,v( H) = w Kinematic
Ty ; .
% Kinematic K du _ —Cyluu 7 Bottom
KMU‘% _ Iz Mv, 00 friction
92 P Lindstress | fey, 00 _ —Caltlv
av Ty i Mva
KM’U— = —= | < PO
0z  po P or 0
Ky or _ 9 . T 1Y9z T 7 BottomHflux
Y0z pC E 0S5 B
P : KS’U— = (
S S(E-—-P) ' 0z
KSU@
< P0
Unknowns:
- Prognostic variables: u,v,T,S (+n) - Parameters: K, K, K , K ,K_, Kg

- Diagnostic variables: w, P, p 6



ROMS ocean model

ROMS: Regional Ocean Model System

3 version of ROMS:

ARutgerUniversity, USAhttp://www.myroms.org

AJCLA University http://ww.atmos.ucla.edu.cesr.ROMS _page.htm!
AwS5kLbwL! @GSNRAZ2Y OIF htp:/8ds.shpkildér { W! Dw

, The practicatlaseswill focuseon this [astROMS AGRIF versionts
main specialty is the online nesting capability using AGRIifveret al, Ocean
Modelling 2006 ; Debreu et al, Ocelfodelling 2011)

To perform of ROMS simulation, you need : ]
Aorizontal grid

Aottom topography Data computed
A and mask T using the
ASurface forcing ROMSTOOLS

Anitial Conditions
A ateral boundary conditions —


http://www.myroms.org/
http://www.myroms.org/
http://ww.atmos.ucla.edu.cesr.roms_page.html/
http://roms.mpl.ird.fr/

Summary of ROMS characteristics

ASolve the primitive equationBoussines@pproximation + hydrostatic vertical
momentum balance

ACoastline an terrain following curvilinear coordinate

ASplit explicit, free surface ocean model : short time stepd&votropic dynamic §shand
2D momentum) and a much larger time stepstaroclinicdynamic (T,S, 3D momentum)

AParallelization by twalimensionalsubdomainpartitioning
AShared and distributed parallelizatio®genMPand MPI)

AHigh advection scheme

ARotated tensors to reducdiapycnalmixing

Almproved calculation of horizontal pressure gradient
AKPP turbulent closure model (surface and bottom KPP)

AOpen boundary Adaptativemixed radiations/nudging open boundary conditions
(Marchesiello et al, 2001).
ANesting capability AGRIFAdaptativeGrid Refinement in Fortran) library .

ASediment module
ASeveral BGC model
AFloat tracking module



ROMS horizontal grid

ADiscretizedn coastlineandterrain-following curvilinear
coordinate

AArakawa Ggrid
. A& "
‘”n’._j 1 l
“lf._jl. {JI’J‘ h.f-"}};__j u.‘,_lu,
1. O —= Ay
t 1
Ui g

(a) Grille C d’Arakawa




ROMSyericalgrid :s generalized coordinate

GENERALIZESD
COORDINATE

Stretching &
condensing of
vertical resolution

(a) Ts=0, Th=0
(b) Ts=8, Th=0
(c) Ts=8, Th=1
(d) Ts=5, Tbh=0.4

z=C(1+s)+ hss+ (h—h.)C(s)

sinh|fs] ; tanh[f(s + %]] — ’ranh[%ﬁ] :

(-“(:" — r1 —[‘
(s) =( ) snho 2 tanh|[50)]




Time splitting and free surface

ROMS resolve free surface using the timplitting method :
C Direct integration of the barotropic equations
C Getting the free surface is straight forward
C Goodparallelizationperformances
C BUTdifficultiesto separatedfastand slow modes : possible

Instabilties Toavoidthat
Atime averagingpver the barotropicsub-cycle
Afiner mogl/ecoupling .

dtfast gforg;mpic

b
mn—1 T n+1 n+2
IIIIIIIIII|I||||IIIIII|IIIIIII .
K’_\/ﬁj time
Cov
Baroclinic
ROMS_ AGRIF usé @rder predictor (Leap mode
frog)/corrector (AdarMoulton) time =

stepping



Advection schemes

C By default, 3 order, upstreambiased advection scheme :
allows the generation of steep gradient, with a weak dispersion
and weak diffusion.

C No need to impose explicit diffusion/ viscosity to avoid
numerical noise (in case of 3D modeling)

C Effective resolution is improved :

temp - 10 Aug of model year 1

ROMS 6 ze"N:h:W
0.25 deg
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Pressure Gradient force

C Truncation errors are made
from calculating the baroclinic

pressure gradients across sharp

topographic changes such as
the continental slope

C Difference between 2 large
terms T

C Errors can appear in the
unforced flat stratification
experiment

,
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Reducing PGF Truncation Errors

C Smoothing the topography using a
nonlinear filter and a criterium: » r=ph/h<0.2

|

¢ Using a density formulation———_

L
_E [
g J x|

1 aF
o iIx =t

1 P

oy i .

C Using high order schemes to reduc () g [ [
the truncation error (4th order, _—,E__,[
McCalpin, 1994) :

o 7 i
A

x|,

C Gary, 1973: substracting a reference
horizontal averaged value from
density (Q ' - ") before computing
pressure gradlent

C Rewritting Equation of State: reduce
passive compressibility effects on
pressure gradient



Smoothing methods

A r=ph/h is the slope of théogarithmof h
A One method (ROMSpnsists of smoothinp(h)untilr <t
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BoundaryLayerParameterization

A Boundarylayersare characterized
by strongturbulent mixing |

A TurbulentMixingdependson:

I Surfacebottom forcing:
A Wind / bottom-shearstressstirring
A Stablelinstablebuoyancyforcing

I Interior conditions:
ACurrgptshearinstability 95 0¢0
A Stratification ds

1]
K theory /

A Welook for todeterminethe vertical ————
profile of K mixing parameter ) ( @ r'}c,-ﬁ-)

(s

H.mn s



Boundary layeparametrization KPP

Mixing coefficient
profils

C All mixed layeschemes
Akt & Akv

arebasedon one 0m 5 |

] _ urface mixed (HBL
dimentional« column layer
physics»

Interior

C Boundarylayer 7
parameterizationsre based .
_ Bottom mixed
eitheron: layer (HEBL)
Aturbulentclosure(Mellg ]

YamadaTKE)
AK profile (KPP)

Principle scheme of KPP turbulent
closure



Surface and Bottom forcing

EJ( Ko O
da \ H.mn ds

)

The vertical boundary conditions can be prescribed as follows:

top (z = {(z,y,1))

and bottom (z = —h(z,y))

‘ Wwind
v g—fa = 75 (@, y,1) «— stress
v o =1¥(x,y,t)
wr GF = pf;:; b ST — Trr) < Heat flux
rs 95 = DS < Salt flux
a
w= 5
du _
va: =T @ut) L Botom stress
v g =13 (z,y,1)
K ?TT _ 7 = (7 +7evu? +v?)u
e
ks %g _ = (1 + 7 vui+ v
“w AT Vh =0 Drag Coefficient ¢
1,=3.164 m/s Linear
1,=2.5103 Quadratic

18



Bottom frictionparametrization

V Linear friction, with r
friction velocities [m/s]

V Quadratic friction,

—> [Tg“'.'rf) = —7r (up, vp)

controled by a constant> (7,77 ) = C“'d_\/ug + v (up, vp)

drag coefficientCd

V Quadratic friction
coefficient, using
variableCd(Von Karman,
log layer)

: Y- Y 2 2 .
(75 . Ty ) = Cd\/ub + vy (Up, vp)

Y K \2 L oomin - oY .
C«fd _ C*fgl-in ol Cw{;?g:g C ‘fgmx
Zr = Rugosity scale

Az, =thickness of the first bottom level

19



Alr Sealnteraction

Heat fluxes & Freshwater fluxes

ADirectly read the forcing files

AUse of a bulk formulae :
Adeat flux : compute total heat flux from latent,
sensible, solar and longwave fluxes and model SS|T
Areshwater flux : compute from evap, prate and
model SSS bulk _flux.F

ANind stress:
Mirectly read the forcing files
ACompute the windstress from the Cd drag

coefficient, model SST and wind stress




Open boundary conditions | (OBC type

Adaptativemixedradiations/nudgingopen boundaryconditions
(Marchesiellcet al, 2001).

f f f 1
X Yy ext
ut X uy || ¢
Radiation, (Orlanski, 1982) | Adaptative nudging term :
) o Adaptitivity
APossibility tause Angoing signal Gx >0) : strong nudging toward
a Ct | U K eonditions .| /| external data using RPN
for barotropic mode: S
Specially designed for | AOutgoing signaldx >0) : weak nudging toward
tidal applications ext. Data fogp

out

t ©°180 days
out Y Uy ins T oue - Momentum
t, ° 1days U1 i, Ur oue tracer

n

21



Sponge/Nudging Layer

JL Sponge & NudgingLayer

Sponge & Nudging Layer
I I I I I

ASponge : Additional viscosity/diffusivity

ANudging : Add a weak nudging,z =0- ¢, ,

toward climatology, if available (see after)

K™h, K'h profil across sponge
layer

§ vsponge [nd.s1]
>

[

Xsponge [in m]
t ., Profil cross nudging layer

/

.

g o
\ >

Xsponge [in m]

22



Open boundary forcingdlimor Bry)

Different ways to impose OBC

CLIMYO BMb G A YSQ  Brilyfused éggygggﬁ%gw T sk

at boundaries point + sponge/nudging boundaries point : much less data

1 -
layer: large amount of data unused. needed !! but no nudging laye(for
the moment)

Data used here only Data used here only

: [—
Sponge/Nudging ——
< layer §‘>

A

These type of file 3D (x,y,z) are used for /
Initialization



Tides

Arhe tides are imposed at open boundaries, usingrRia¢herOBC.
(OBC_M2FLATHERpkey$

A Cridess Utides €t Ugides shand depth averaged zonal and meridian currents)
are added at the open boundarie Cclim: Uclim €t Uclim
A Ciides: Uiides €t Tges computed from the tidal harmonics given by some
tidal model, in our case TPXO7 (0.&solution, 10 tidal components : M2,
N2, S2, K2, K1, O1, P1,Q1,Ln, Mm
AThe global tidal model gives harmonics constants for all the principal tida
waves. These constants permits to compute at every tir ¢, (), (

uly, (), i (t) ahe tidal wavecomponent N.

Avou need :
AChoose the number of tidal wave component you want.
Alnterpoleon the grid the different harmonic constants

A-or the moment, there is no generator potential (for the moment)



ides

T

Phase [in degree] of tide : M2

Amplitude [m] of tide : M2

T
£
o
<
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Online Diagnostics :
Momentum equations terms

ou , O 0
—+v-Vu— fv=
ot T = dr 0z
dv o )
— +v-Vu U =
ot +fu= dy 0z
MRate change term: d,u
T a- fvo
Koriolisterm: &  §
ct fu =

Addvection term : .V
Mressure gradient term :
A/ertical mixing term :

MAorizontal mixing term : kb

— T JD J,-f 0.
0, (K,0.1)

"H.I'EP

Advection - u.Vu

| |||'|||||‘--: f (|

Gradient de pression :

Tendance temporelle

Termes daceélérations en m.s

—lef.p[]

I UL

du

Oz

/

) + Fu+ Du

viw! — ) + Fo + D,

— %
_.‘:_..-'l.""hi _.I"__-'Ilh_},"'L ‘"l. .\_l : e .
-.-“\‘__F-'--\..‘_;- 5 r-,,-:‘f!-. & ‘ri 1}% }
_..‘u'.._-" KJ‘H-" ?r‘_.l"-o—" ':I . i }-

—-‘,:w*- ...h..,..-‘L llrJ' ;Ir‘f \_,f

Oy . - ...r..+'.¢'=
404 _..:.-q__ q:'\"\-..\_'ﬁ _; IIP| J:,-'_'_E : =
—s-l-h.. .;"-ﬁ.‘ :- L B A
"' 1\“ . ..I
l'-: 3 i ":-\..-;:Ha-\..:

30kt - 2T

42N = e
o '




Online Diagnostics :
Momentum equations terms

N D X T X D %
u.Vi e

0 O
aeuu VARV WRY D L (U)o (V) R (vaw) 2 Formulation

000 B

xadv yadv vadv =

BUT take care -

up u, p (uu)

only

(ux(u.u) + uy(u.v) + uz(u.w)): (uuxu +vp U+ Wuzu)

CPPKEY®IAGNOSTICS UV

Storage
Aoms_diaM.nc and roms_diaM_avg.nc files.
ACan choose irms.inthe writing frequency and the terms to store

27



Online Diagnostics :
Tracer equations terms

Cumulative Temperature change

Ifl'}t I T T_I_ETTJ = F‘T - DT Whole Domain
= K[AT+08.(KIo.T) +

—— . :
—JanstippCcphjat|

1 : L i
| Qe 2) - oy IR
ﬂ[](_-,F': -( gm.t- } | n Ib S SO SRR S SIS SN S SR

—

o,/T : =Time rate (rate)

?C cumulated
1

V.(u'T) : = Advection (adv)

Oy (KE@ZT) : Vert. mixing (vmix)

KIAT : Hori. mixing (hmix)

0, (M) Solar heating forcing ( body)

poCp

7 a0
Wit 8



Parallelization

C Parallelization by 2 dimensional

subdomain partition.

C Multiple subdomain can be assigned to

each processor.

C Parallelization operational on shared and

distributed memory computer

C Good scaling performance Ported successfully on

ROMS CPPKEYS : different computing center :

"—'> Atdefine OPENMP Egrtgr?;rgf Igtz;?nlidrifé ljonal
Attdefine MP! P ’ sl

Of dza 1 SNE X

29



AGRIF Nesting

Nesting capability of ROMS: ROMS_ AGRIF

MManage arbitrary number of fixed grid and
embedded levels

A\GRIF : Adaptative Mesh Refinement
(http://www_ljk.imag.frMOISE/AGRIF/)

Al-way and 2 way nesting capability:
V1 way coarse grid feed fine grid
V 2 way nesting : feed back of the fine
grid on the coarse grid

Temporal coupling between a parent and a child grid for a refinement factor of 3 :

At

Interpolation

________ Update

30


http://www/

AGRIF Nesting

The file Agrif_FixedGrids

1

23 37 12 29 3 3 3 3

0
# number of children per parent
#imin imaxjmin jmaxspacerefxspacerefytimerefx timerefy
# [all coordinates are relative to each parent grid!]

2 grids : #0 and #1
#1 is embedded in #0

1
23 37 12 29 3 3 3 3
1
12 28 15 33 3 3 3 3
0

# number of children per parent
#imin imaxjmin jmaxspacerefxspacerefytimerefx timerefy
# [all coordinates are relative to each parent grid!]

3 grids : #0,#1 and #2 Surface forcing and initial conditions datas files.

#1 embedded in #0 ; For grid #xX :

#2 is embedded in the #1 Aroms_grd.nc.xx Aroms_blk.nc.xx Aroms.in.xx
Aroms_frc.nc.xx  Aroms.ini.nc.xx

Needs to run an embedded model :

31



AGRIF Nesting

2
23 37 12 29 3 3 3 3
9 22 28 38 3 3 3 3
0
0

#number of children per parent

| X

3 grids : #0,#1 and #2
At1 embedded in #0
A2 is embedded in #0
independent grids




Many realistic applications

ROMS surface temperature

4-AGRIFnested grid, SSTMarchesielloet al,
Oceammodelling 2011

Peru-Chile
configuration,
Camboret al

temp - 28 Apr 2003

tamp - 15 Feb of modsl ysar S
: !

w{1CoQ

§ : . . fu] : ...... LT PR
— : p:%\ml Configuration 0 e T
!5‘\ Penveret al : 2
| ”~ - \° 10%5 : : A TR
20°s '8 1 : § 3

| EDDS ....... ,. ......
a0°s 3 : : ° .

3075 ....... ......
hiKSNA Xo . :

4’s g

i T e e ; PSR 96™w 90™w B4 78w 720w

19 L 2 > 15 zZ0 25 30




Strategy to build a configuration

ROMSTOOLS

ROMS output netcdf files:

roms_his.nc, roms_avg.nc

ROMSGUI Diagnostic tools

Visualization Analysis

34



ROMS AGRIF & ROMSTOOLS

modellingsystem
AROMS download anduntar the file S

| Adere WCEP I Sk

||: ..k:i-::r-'..':'l.ll!d"?.-'s'[' |I: és_lr-mmﬁwlﬂ
Roms_Agrif_v2.1. e [T;Tw
. . F Docrroonintion TP?:E
At provides the ROMS_AGRbRran code | e i E‘?’;;:mfm
I mnk WA
A ) [Ep— b WA
AROMSTOOLSIownload anduntar the file I memae

ROMSTOOLS v2.1.tar.gzfiles.
At provides thematlabroutines to preprocess

the input file and to visualize them

E

i

|

i
AUtilities ROMSTOOL Slownload andintar ~ PIrectory |

tree of the | o

the file UtilitiesROMSTOOLS.tarfdes. system I*
i

|

}

|

|

I

- FEDGRA _X64
4 . . . . Preprocesing boals
At provides thenetcdflibrairy, mapping toolbox S RaRI oM

I AGRIF FILES

L Work is
Suo0 X done in
Roms_tool|
s/Run dir

I

| | ACEIFINC

| | ACRIF.CEIS

| | ACRIF_YCOURVFILES
| | LiB.desn

1
-DATA

- FORECAET
- ROMS_FILES
ECRATCH

ADatasets: It provides the global datasets
needed by the ROMSTOOLS




Steps to prepare and run a regional mo

Presentation of the main step to run a model of the Southern
Benguelat low resolution test case ( 17Bwith climatological
forcings

1. Preprocessing data : for that use of ROMSTO@&Eb toolbox
A Grid and mask creationmake_grid.m
A Atmospheric forcing make_forcing.mmake_bulk.m
A Initialization and oceanic forcing at OB@ake_clim.m(make_bry.n
2. Preparing and compiling the model : Compilation usimgcompscript
A A executableromsis compiled
3. Running the model.7romsroms.in
4. Vizualizeghe results : for that use ahatlaband the ROMSTOOLS

A Vizualizatiorgui: roms_gui.m



1) Preprocessing data

First : edit general parametersnomstools param.nfile

T B0 %% %0 %0 %0 % %0 % 0 %0 %0 %0 %0 % He % T T % %0 % % e
b

% Grid parameters

% used by make_grid.m {and others..)

%

T %0 %% %6 %6 % % %0 %0 %0 % %0 % %0 % % % % % % % % % e

% 3

% Grid dimensions:

%

lonmin = 12.3; % Minimum longitude [degree east]
lonmax = 20.45; % Maximum longitude [degree east]
[atmin = -35.5; % Minimum latitude [degree north]
[atmax =-26.5; % Maximum latitude [degree north]
%

% Grid resolution [degree]

%

dl=13;

% /

% Mumber of vertical Levels (! should be the same in
param.h 1}

%

N =232

%

%a\erical grid parameters (1 should be the same in
roms.in 1)

%

theta_ s =6

theta bh=0;

he =10,

}

}

Horizontal
grid

parameters

Vertical
grid

parameters

% Minimum depth at the shore [m] {depends on the resolution,
% mule of thumb: dli=1, hmin=300, di=14, hmin=150, ..}
% This affect the filtering since it works on grad{h)h.

%

hmin = 75;

%

% Maximum depth at the shore [m] (to prevent the
generation

% of too big walls along the coast)

% /
hmax_coast = 500;

%

% Topography netcdf file name (ETOPO 2 or any other

netcdf file

% in the same format)

%

topofile = [ROMSTOOLS\_dir,"Topo/etopo2.nc'];

%%

%-’.;_Slupe_ rameter (r=grad(h)/h) magjmum value for
“@EJEEQEEPF mesthing——— 7= 55 = 5 T,
rtarget = 0.25;

%%

% Mumber of pass of a selective filter to reduce the
isolated

% seamounts on the deep ocean.

%5

n_filter_deep_topo=4;

%%

% Mumber of pass of a single hanning filter at the end of
the

% smoothing procedure to ensure that there is no 2DX
noise in the

% topography.
O

37



1) Preprocessing data

A Gointhe /CMS20tIP/TP_ROMS80bms_tooltRun
A Launchmatlab ¢nodesktop
A >> start :Add all the needehatlab path of the system

A >>make_grid
A Horizontal grid : position of the grid points, size of tyred cells

A Bottom topography . /poMs FILES/roms._grd.nc
A Land mask

A >>make _forcing
A Surface forcing : wind stress, surface heat flux, surface freshwater flux
— ROMS_ FILES/roms_frc.nc

A >>make_ini:

A initial conditions: T, S, currents , SSH
= ROMS_FILES/roms_ini.nc

A >>make_clim{resp.make_bry
A Lateral oceanic boundary conditions : T, S, currents , SSH

= /|ROMS_FILES/roms_clm.mesp.roms_bry.nc) s



2) Preparing and compiling the mode

Edit theparam.handcppdefs.hfile to setup the model

param.h defines the size of the arrays in ROMS:

sl defined REGIONAL Given by running make_grid

# if defined BENGLELA

] N N
pauweta..@ =—- Southern Benguela test Model
# ElSe x
parameter (LLm0=77, MMm0=7?, N=77)

# endif

Defined in romstools_param.m

__—» Basic options
cppdefs.h: <__

e

* More advanced options

- Define CPP keys used by the C-preprocessor when compiling the model.
- Reduce the code to its minimal size: fast compilation.

- Avoid FORTRAN logical statements: efficient coding.

39



2-Preparing and compiling the model

Vl ew ! BASIC OPTIONS ! MORE ADVANCED OPTIONS
1 !

cppdef.h i

pp . ‘,. Configuration Name */ * Model dynamics */
. # define SOLVE3D

file # define BENGUELA # define UV_COR

" Parallelization */ # define UV_ADV
‘ # undef OPENMP # ifdef TIDES

# undef MPI # define S5H_TIDES

# define UV TIDES

! Embedding */ # define TIDERAMP
# undef AGRIF # endif
™ Open Boundary Conditions */ J¥ Grid configuration #*/
# undef TIDES # define CURVGRID
# define OBC_EAST i gegne {I'?HTSE(FI{AI%AL
efine
# undef OBC_WEST I* Input/Output & Diagnostics */
# define OBC_NORTH # define AVERAGES
# define OBC_SOUTH # define AVERAGES K
® Embeddmg conditions */ # define DlAGNOST'CS_TS
# ifdef AGRIE ;}; define DIAGNOSTICSEUV .  State +/
# undef AGRIF_OBC_EAST I Sﬂ‘r‘ggg'}gmm@ f,
# define AGRIF_OBC _WEST J* Lateral Forcing */ ...
# define AGRIF_OBC_NORTH * Input/Output & Diagnostics */ ...
# define AGRIF_OBC_SOUTH * Bottom Forcing */...
# andif It Point Sources - Rivers */ ...
i o * Lateral Mixing */ ...
! Applications */ /* Vertical Mixing *#/ ...
# undef BIOLOGY [* Open Boundary Conditions *#/ ...
# undef FLOATS I* Embedding conditions */ ...

#undef STATIONS

# undef PASSIVE_TRACER
# undef SEDIMENTS

# undef BBL



2) Preparing and compiling the model

For that use thehe jobcomptcshfile
Jjobcomp

1. Setlibrary path
2. Automatic selection of option accordingly the platform used
3. Use ofmakefile
A Gpreprocessing step : & .f using the CPP keggfintions(in
cppdefs.Hile, customization of the code)
A Compilation step : A .o (object) using Fortran compiler
A Linking step : link all the .o file and thierairy (Netcdf MPI, AGRIF)

A - produce the executabl®ems



3) Running the model

Thenamelistroms.in

roms.in provides the run time parameters for ROMS:

title:

Southern Benguela
time_stepping: NTIMES di[sec] NDTFAST NINFO
480 5400 60 1
S-coord: THETA_S, THETA_B, Hc(m)
6.0d0  0.0d0  10.0d0

grid: filename

Warning ! These
ROMS_FILES/roms_grd.nc

forcing: filename should be identical to
ROMS_FILES/roms_frc.nc

bulk_forcing: filename
ROMS_FILES/roms_blk.nc

climatology: filename
ROMS_FILES/roms_clm.nc

boundary: flename
ROMS_FILES/roms_bry.nc

initial: NRREC filename

1

the ones in

romstools_param.m

ROMS_FILES/roms_ini.nc
restart: NRST, NRPFRST / filename
480 -1
ROMS_FILES/roms_rst.nc

history: LDEFHIS, NWRT, NRPFHIS / filename
T 4380 0O
ROMS_FILES/roms_his.nc
averages: NTSAVG, NAVG, NRPFAVG / filename
1T 48 0O
ROMS_FILES/roms_avg.nc

primary_history_fields: zeta UBAR VBAR U vV wriT(1:NT)
T FF FF 10
auxiliary_history_fields: rho Omega W Akv Akt Aks HEL Bostr
FF FF F F F F
primary_averages: zeta UBAR VBAR U V wrT(1:NT)
T T T TT 10T
auxiliary_averages: rho Omega W Akv Akt Aks HBL Bosir
FT TFTFTT

rho0:
1025.d0
lateral_visc: VISC2, VISC4 [m*2/sec for all]
0. 0.
tracer_diff2: TNU2(1:NT) [m*2/sec for all]
10*0.d0

bottom_drag: RDRG [m/s], RDRG2, Zob [m], Cdb_min, Cdb_max
00d-04 0d-3 1d2 1d4 1d1

gammaz2:
1.d0
sponge: X_SPONGE [m], V_SPONGE [m*2/sec]
100.e3 800.

nudg_cof: TauT_in, TauT _out, TauM_in, TauM_out [days for all]

1 360. 10, 360
42



3) Running the model

Launching the simulatio{n

Jromsroms.in

Southern Benguela
480 ntimes Total number of timesteps for 3D equations.
2400.00 dt Timestep [sec] for 3D equations
60 ndtfast Number of 2D timesteps within each 3D step.

1 ninfo Mumber of timesteps between runtime diagnostics.
Activated C-preprocessing Options:

Spherical grid detected

hmin hmax grdmin grdmax Cu_min
75.000000 4803.032721 .301836927E+05 331215714E+05 0.12176008N\0.91533005
volume=9 523986093261087500000E+14 open_cross=6 104836888312444686890E+09

MAIN: started time-steping.

STEP time[DAYS] KINETIC_ENRG POTEN_ENRG TOTAL_ENRG NET_VOLUME trd
0 0.00000 0.000000000E+00 2.1475858E+01 2.1475858E+01 9.5239861E+14 0
1 0.06250 1.306369099E-04 2. 1476230E+01 2.1476361E+01 9.5239208E+14 0

Courant number:

evaluation of the CFL criterion:
dx/dt > fastest waves (here
gravity waves).

Cu_max <11



Vizualization

In /CMS20114TP/TP_ROM®8bms_toolRun

$matlab
>>roms_gui 3
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Grid Tle

RIOME HORIZONIAL PLOTTER -0 =

Coastiing fle  Town names e Wiew bathwmetry

Feast plot

| Rernowe conat I Rernove tc\wnal

| zota - & Jan of model year 1

Wear orlgin {ran=climato ) VEL]

RO MS wariables

et ]
ubiar
whar

u

£

tarngp
aalt

Lely gieie oY
w

Akt
hial
hbhl
bostr

Derived variables
I |
“He

“Fiho
“Riho_port
“ByT
“art
“Fot_wort
*Pai
*Gpeed
“Traagaart
*Olkukbo
*Chia

o S55T-1T

J 1 -
Eobatts 1o plot iy

| 0 500 1000
mlumber of boundang
| 1 | 1 |1_| 1
W E & N
ek lical sactian
Hovmuller

T aeries
ertical profie

=
28°s 267
: | 0. ll
P;DI‘I NDIIiDIh D15 Letitce
a DA il
3075 e
n.os =
wiertizal Lateal:
0 #0  A-lewvel
<0 : Depth
aets
B e I
Zoom out I
-01
|
. o -015 l_ﬁ
_ ] o]
% \ N Latiude
: ) Agulhas
13%E 14°E 15°E  16"E 17PE 18FE 19FE
<[ <7 = <[ | L
Lorngitucle Tirne index Lorgitucde '
=[O = [ e A _Roast colors [[ 078 [D.238 =<0 ] [T

Vectors T Wectors Color min -~ Color max  Number of Coerficient
(0 nowectory  yiertors acoke unit {rss} color levels {Cff * war)
Flat atyle:  contowr I PLOT I Helc! Bint |
Mare | averaged fres-surtace
peolor I oy l:nnt.l .
= Sieparate |:|||:lt| Frint | it | Tister
cottour] I aeaify I Cata: | 2 Jan of model yezr 1 44

__Aninotion [T Gtopimace



Embedding : Introduction

Nesting capability added to ROMS

— AGRIF package

— Adaptive Mesh Refinement
— Manage arbitrary number of fixed grid and embedding level

Temporal coupling between a parent and a child grid for a refinement factor of 3 :

At
7 = —
<
\

Atl

- Interpolation

_______ - Update

@,

Needs to run an embedded model : Surface forcing and initial conditions datas files.

AGRIF names the different datas files as :

First child file names : XXX.nc.1
second child file names : XXX.nc.2

Parent file names : XXX.nc
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