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Motivacao: Inicializacao

e Condicao Inicial: GSI + BAM
e Previsdo: MPAS
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Geracao de Condicoes Iniciais:

Casos idealizados e Casos Realistas;
Requerem campos invariantes (static files)
Interpolacdo de dados

Geracgao de condi¢des de contorno

Casos idealizados: Ondas baroclinicas, super-célula e ondas de montanha
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Geracao de Condlgoes ln1c1als “Static Files”

Variancia Fracao da vegetacao Albedo
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Interpolacao
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Grade utilizada CVT-Centroidal Voronoi Tessellation:

e CVTs: construidas num processo iterativo
(A,B,C,..) séo centréides das células;
Arestas das células bissectam distancias
entre centroides;

Poligonos de entre 5 a 7 lados. 6 lados € o
tipo mais abundante.

e Grade - C: Gradiente e Divergéncia
acurados na 2da ordem. Precisa cuidado
na reconstrucao das velocidades.
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Grade utilizada CVT-Centroidal Voronoi Tessellation:

Quasi-uniform meshes and static files

480-km mesh (2562 horizontal grid cells)

Download the 480-km mesh (1.5 MB)
Download the 480-km static file (1.0 MB)

384-km mesh (4002 horizontal grid cells)

Download the 384-km mesh (2.4 MB)
Download the 384-km static file (2.3 MB)

240-km mesh (10242 horizontal grid cells)

Download the 240-km mesh (6.3 MB)
Download the 240-km static file (4.0 MB)

120-km mesh (40962 horizontal grid cells)

Download the 120-km mesh (25.7 MB)
Download the 120-km static file (16.2 MB)

60-km mesh (163842 horizontal grid cells)

Download the 60-km mesh (106 MB)
Download the 60-km static file (69.6 MB)

48-km mesh (256002 horizontal grid cells)

Download the 48-km mesh (182 MB)
Download the 48-km static file (174 MB)

30-km mesh (655362 horizontal grid cells)

Download the 30-km mesh (436 MB)
Download the 30-km static file (296 MB)

24-km mesh (1024002 horizontal grid cells)

Download the 24-km mesh (685 MB)
Download the 24-km static file (525 MB)

15-km mesh (2621442 horizontal grid cells)

Download the 15-km mesh (1659 MB)
Download the 15-km static file (1366 MB)

12-km mesh (4096002 horizontal grid cells)
(Download link below following Important notes).
10-km mesh (5898242 horizontal grid cells)
(Download link below following Important notes).
7.5-km mesh (10485762 horizontal grid cells)
(Download link below following Important notes).
5-km mesh (23592962 horizontal grid cells)

(Download link below following Important notes).

4-km mesh (36864002 horizontal grid cells) = T
(Download link below following Important notes). P ™,

3.75-km mesh (41943042 horizontal grid cells) A, D
(Download link below following Important notes). ,-/

3-km mesh (65536002 horizontal grid cells) i, \

(Download link below following Important notes). ¢ )
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Método iterativo permite gerar todas as grades

e S-CVTs: construidas num processo iterativo:
o (A,B,C,..) sdo centrdides das células;
o Arestas das células bissectam distancias
entre centroides;
o Poligonos de entre 5 a 7 lados. 6 lados é
o tipo mais abundante.






https://docs.google.com/file/d/1Gza0y6wV5jhZpjlMGlRUUJ9lrA8UmukX/preview

Grade utilizada Nomenclatura

1.
%

%1

x4
x4

40962 .grid.nc
163842 .grid.nc

- 655362 .grid.nc
x1.
- BN

2621442 .grid.nc
5898242 .grid.nc

163842 .grid.nc
so390954..grid.nc
%5

6488066.grid.nc

(Ax)?~ 1.15 * 4wR? | (#points)
1.15 ~ sqrt(3)*2/3

Quase-uniforme

X1 = sem refinamento
Grade variavel

X4 = refinamento fator 4
X5 = refinamento fator 5
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40962
(AX) ~ 119.6 km

5898242
(Ax) ~ 9.97 km
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Integraciio no tempo
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Integracao no tempo Runge-Kutta RK3 e RK32

e Runge-Kutta: combinam a informagao de varios
sub-steps para obter a informacdo como uma
série de Taylor até alguma aproximagao de ordem

Runge-Kutta time integration

superior (Numerical Recipes). ¢* — qbt i gRHS(qbt)
e E um método seguro, mas ndo necesariamente é 3
o método mais rapido! At

¢ =¢' + 7RHS(¢*)
¢t+At = ¢t +AtRHS(¢**)

- 4
0, =ikg; ¢""'=A¢"; |A|=1- —(szi) + HIOT
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Integracao no tempo Runge-Kutta RK3 e RK32

rk3 and rk3/2

2.50 1

2.25 4

(kAt)*

RK32 unstable for kAt > 2 A| =1- T +HO.T

¢’:ik¢; ¢"+l:A¢";

2.00 4

1751

| RK3 unstable for kAt > 1.73 Default in MPAS RK32: Menos acurado, mas mais estavel

\l/, ¢, =ikp; ¢""=A¢"; |A| = 1+ H.O.T

0.75 1

Amplitude

T T T T T T
0.0 0.5 10 15 2.0 25
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Integracao no tempo
(Multi-timescale Aproach)
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Integracao no tempo Controle de modos acusticos

Equacbes s&o nao hidrostaticas;

Em adicdo aos |G, R tempos os |IA waves;
Rapidas requerem dt pequeno
Multiescala: ts, ti, tf, tsf
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Integracao no tempo Multiescala temporal (Ates,itsn)

Default time integration &nhyd _model
config_dt =90
Call physics . . config_start_time = "2010-10-23_00:00:00"
Dinamica Ati

- : config_run_duration = "5_00:00:00"
Do dynamics_split_steps —~— : : e
RK Atf Do rk3_step = 1, 3 < - config_split_dynamics_transport = true
~ compute large-time-step tendency ~ config_dynamics_split_steps = 3
Do acoustic_steps w - config_number_of _sub_steps = 2 Default time
update u integration
update rho, theta a
End acoustic_steps
End rk3_step
End dynamics_split_steps

Do scalar_rk3_step=1, 3 4\
scalar RK3 transport

End scalar_rk3_step Escalares Ats

acusticos Atsf

config dt
config_dynamics_split_steps

At (dynamics)

’ At (dynamics)
At (acoustic) = config_number_of_sub_steps

At (scalar transport) = config_dt



MINISTERIO DA GOVERNO FEDERAL
CIENCIA, TECNOLOGIA “ rl
E INOVACOES Al I'm

UNIAO E RECONSTRUGAO

Integracao no tempo Multiescala temporal (Ates,itsn)

Runge-Kutta scheme:

Wicker, L. J., and W. C. Skamarock, 2002: Time Splitting Methods for Elastic Models
Using Forward Time Schemes. Mon. Wea. Rev., 130, 2088-2097.
https://doi.org/10.1175/1520-0493(2002)130<2088: TSMFEM>2.0.CO;2

Detailed presentation on the acoustic time splitting:

Klemp. J. B., W. C. Skamarock, and J. Dudhia, 2007: Conservative Split-Explicit Time Integration
Methods for the Compressible Nonhydrostatic Equations. Mon. Wea. Rev., 135, 2897-2913,
doi:10.1175/MWR3440.1

(specifically section 2 and Appendix section (a) which deal with height-coordinate models, i.e. MPAS)
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Operadores e Invariantes
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I'16. 1. Staggered arrays for the finite-difierence models.



Discretization of Sadourny’s shallow water
equations

Enver Ramirez

O + nk x (P{r')+V(P+%i"-ir‘)=() (1a)
OGP+ V- -(Pv)=0 (1b)

-~

where v is the bi-dimensional velocity vector, k£ the vertical unit vector, P
density or pressure, 17 the potential vorticity

Vxv
= 2
7 5 (2)
Total mass: M = / Pds (3a)
1
Total energy: E = /i(P + v - U)Pds (3b)

1,
Absolute potential enstrophy: Z = / §n‘Pds (3c)



1.1 Energy conserving shallow water discretization us-
ing Sadourny’s grid

Special treatment is given to the nonlinear terms, the other terms are shared
between energy and enstrophy conserving versions. Thus

—— 1 Vii + Vinj Vii—1 + Vi1
nV a..,,z§[mj( = s = = )]
1

= g[’h‘j{(Pij + Pij+1)vij + (Piprj + R+1j+l)l’i+1j}+

+ Mij_1{(Fii=a + Pij)osi—1 + (Figaj—1 + Pf+1j)Ui+1j—1}] (9a)

_E Ui; + Uijn Ui—y; + Ui ]
~ 5 [7}3]( 5 ) g > '}l—lj( ) )

) + mij—a(

A -

’Iﬁyh.
if

1
i ij{(aj + Pipyj)ug; + (P + P )i H

+ Ni—1;{(Psj + Pic1j)ti-1j + (Pijs1 + Pf-1j+1)ui—1j+1}] (9b)



1.2 Potential enstrophy conserving shallow water dis-
cretization using Sadourny’s grid

=¥ ii + mii—1] 11, Vij + Viss Viic1 + Vig1i—
ﬁva Uz [77) 2713 1]5[( J : +U)+( j—1 ; +1j 1)]

lu

1
=% [77:, + ij— 1] [(Pij + Pij1)vij + (Pig1j + Piv1ja1)vis+
+ (Pij—1 + Pij)vij—1 + (Piprj—1 + Pi+lj)vi+1j—l] (10a)
—a- '7:; 25 i l_)] [ [j ng U’ij-‘}-l bri—lj T U’t'—lj+l ]
[ 5l g e =)
1

16 ['7:) + M l)] [(P 7 P+l])ua) + (f)ij+l + ‘Pi-i-lj-i-l)uij-i-l'{"

+ (Pij + Picyj)uioy + (Pija + Pf-1j+1)‘u-i-1j+1] (10b)
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Dinamica nao-hidrostatica e grade utilizada
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Atmosfera nao hidrostatica do MPAS

Escalonamento OVu _ d|
ot fm

(Ua v, Q, 6, QJ) = pd (u7 v, w, 0, Qj) Pd = Pd/(z

—VHVC v— ac FVH
Coordenada Vertical oW pd [ap " ]
e - =—— |z +9m| — (V- vW) + Fyw
(hibrida na altura) ot pm L OC ( )¢
09,
z=(+ A(Qhs(z,y,¢) 2 =~ (V:Vbn) +Fe,
0pa
at [ V)C Gradient operators
C?g%j B (V'ti)c + Fg, Nonlinear Coriolis term
Pm

:1+qv+QC+qr+---
Pd

Y
[):P()(Rdi%) Om = 01+ (Rv/Ra)gy)
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Atmosfera nao hidrostatica do MPAS

Cell center kinetic energy: KE;

SR

Vertex kinetic energy: KE,

3

o KE =2weu2

v v
e =1
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Vorticity at day 8 on model level 5 (~ 850 hPa)

Cell center kinetic energy: KE,
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Atmosfera nao hidrostatica do MPAS

Escalonamento OVu _ d|
ot fm

(Ua v, Q, 6, QJ) = pd (u7 v, w, 0, Qj) Pd = Pd/(z

—VHVC v— ac FVH
Coordenada Vertical oW pd [ap " ]
e - =—— |z +9m| — (V- vW) + Fyw
(hibrida na altura) ot pm L OC ( )¢
09,
z=(+ A(Qhs(z,y,¢) 2 =~ (V:Vbn) +Fe,
0pa
at [ V)C Gradient operators
C?g%j B (V'ti)c + Fg, Nonlinear Coriolis term
Pm

:1+qv+QC+qr+---
Pd

Y
[):P()(Rdi%) Om = 01+ (Rv/Ra)gy)
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Calculo da vorticidade MPAS Operadores na malha

Voronoi

% s [VC ([_)) = G%Hp] n Vorticidade Absoluta - Termo nao linear
()f Pm C: ()C

0} ;
= VHVC -V — g C)‘C,H = pdvch + Fy,,

n = Vorticidade planetaria + vorticidade relativa
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Example: absolute vorticity at vertex a

(45[CA + .| 4B} + [

@1

Area(ABC)
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Calculo da vorticidade MPAS Operadores na malha
Voronoi

Coriolis
Tangential e, e 5
Ve|OC|ty vei — Z Wei juelj [n k X W‘I]ei = Z i(nei -1 nei,j) Wei,jpei,juei,j
reconstruction: - j=1

A reconstrucao da velocidade tangencial produz divergéncia consistente
na grade primal e dual, e permite conservacao da energia e enstrofia no
solver da agua rasa nao lineal.




MINISTERIO DA IRkt
CIENCIA, TECNOLOGIA “ rl
E INOVACOES Al 'm

UNIAO E RECONSTRUGAO

Voronoi - MPAS

Cada ponto dentro de Vi é
mais proximo de xi do que de
qualquer ponto xj (j Neq i)

(x1,x2,...xN) geram as células
Voronoi-Tesselations e essa
€ a grade primal;




A
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An icosahedral mesh

A quasi-uniform MPAS mesh

uniforme RELEMBRA o Icosahedro!

A grade quase
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Ondas no MPAS:

As equacdes de estrutura vertical (EV) e horizontal (EH) estdo acopladas;

Os parametros (c,H) prentes em EV(c,H) e EH(c,H) - Método iterativo;

Nas eq. Primitivas (hidrostaticas) os modos sao: (IG,R) + Lamb waves + External R
Nas eq. Nao hidrostaticas: (IG,R,AG) + Lamb waves + External R

Efeitos da ndo hidrostatica afetam os modos |G (alta resolugcéo e nos mov. de escala
vertical profunda..
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Muito Obrigado!
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Slides adicionais
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Excitacao de Ondas de Gravidade:

OG Orograficas;

OG convectivas;

OG devido a instabilidade baroclinica umida;
Quebra de ondas de gravidade;

OG instabilidade de Kelvin-Helmholtz;
Outras fontes.

mesosphere

altitude

stratosphere

Gravity-Wave Drag Parametrization for Climate and NWP Models / 87

<= Gravity Wave Breaking and Drag
——» Gravity Wave Group Propagation (Ray) Path
\/\I\ﬂﬂ; Gravity Wave Amplitudes and Wave forms
P Jet Stream Instabilities

s Convection/Thunderstorms

Ad Orography

@ Other Unspecified Sources of Gravity Waves horizontal distance

()
e
(]
K
(o
2]
(o]
Q.
o]
—
—
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Impactos da modelagem de Ondas de Gravidade:

Hines, 72: transporte de momento linear GW => Circulacao média @atmosfera;
Lindzen 81: L(GW) ~ 10°km responsaveis pela Interacdo GW-fluxo médio;

Vincent &Reid 83, Meeck et al. 85: L(GW) ~ 10%km s&o mais importantes na
transferéncia de momento para atmosfera;

Weinstock 86. GW s GW poderia explicar quebra&GWD;

Fritts&Dunkerton 85, Fritts&Tastogi 85: Instabilidades convectivas >> GW s GW
Fritts 85, Fritts et al. 94. Instabilidades dinamicas muito importantes na quebra de
GW



