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Arctic ice by ESA Envisat ASAR
Met Offce |n September 2007 and 2008
N iy 1 Arctic ice is retreating.

Global wave model needs
extension to cover the
Arctic.

Light brown: ice appear in
both Septembers.

Dark brown: ice free in
Sept 2008 but covered
in Sept 2007.

Blue: ice free in Sept 2007
but covered in 2008.

Highest ice-free latitude
86°, present model 82°.

Worst scenario: Arctic ice
free in summer 2030 (?)
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Polar problem with standard grid
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STD Grid 128x64 Projection Pole —60.0°E 45.0°N

Transportation equation in
spherical system:
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The Pole is a singular point
Flow has to go around it, not
crossing it.

Severe CFL restriction on
Eulerian advection time step
near the Pole.

Disparity in space resolution
E.,5=145, P_,,3=896.
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Summary and conclusions

Met Office

Spherical Multiple-Cell (SMC qrid IS developed to solve the polar
transportation problem in global lat-lon grid for application in ocean
surface wave model.

A round polar cell is introduced with intelgral conservation equation
to remove the Pole singularity and enable cross-pole transportation.

Solid-body rotation tests are used to demonstrate the performance
of r?MC grid with Upstream Non-Oscillatory (UNQO) advection
schemes.

Application of SMC grid in ?Iobal ocean surface shows its _
unstructured flexibility and transportation efficiency, saving 45% in
memory and computation.

Numerical results confirm that SMC grid with UNO schemes are
suitable for global, including cross-pole, transportation.
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This presentation covers the following areas

* The polar transportation problem

Spherical Multiple-Cell (SMC) grid

Solid-body rotation test

SMC grid for global ocean surface

Wave spectral transport in the Arctic

Summary and conclusions
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Polar problem with reduced grid
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Reduced grid (Rasch
1994) relaxes the CFL
restriction at high latitudes.
But the polar singularity
remains unsolved.

The Pole is still a singular
point and flow has to go
around it, not crossing it.




SMC grid with a round polar cell
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Conservation equation for
the polar cell:
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Discrete form:
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Singularity removed,

Instance cross-pole
transportation enabled




Upstream Non-Oscillatory (UNO)
advection schemes
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l//;Hl = WP +(uj—1/2WjNE/2 _uj+1/2WJ!v4IE/2)At/AXj betalls see:
Li, J.G. (2008)
ME N Mon. Wea. Rev.,
Wi =¥e +(Xue =% )G 136, 4709-4729.
Xye — Xo = O.5$ign(uj+1,2)(AxC — um,Z‘At)
UNO2 Ge :Sign(GDC)min(‘GDC"‘GCU‘) Y E(WA_WB )/(XA_XB)
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Unstructured SMC grid flux
werommee 1ACE poINter array

Internal and boundary Internal face
faces are treated
alike in 1-D array.
No boundary for mm!| n [nn
global model.

Single point island is
extended by 0O-cells,
allowing single-
island blocking.

Left boundary face

O10 | n [nn

Two-D spherical
surface advection is

done by 3 loops: u- . Right boundary face
and v-face flux Details see:
loops and cell Li, J.G. (2003)
update loop. Bounary-Layer mm m | O 0
Meteorology,. 107,
289-322.
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Solid-body rotation velocity
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Non-divergent 2-D flow on the spherical surface

u=aor [cosacow—sin a SIn gocos(i—/lp )]

v=orsinasin(i-4,), a=xz/2-¢;

Where r is radius, A longitude, ¢ latitude.

The rotation pole is at (A, @p) = (180°, 0°) and
the constant angular speed w = 10° per hour.
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N4=1120
N2=5120
N1=38720
NC=45302

Rotation Pole at
(0.0°N 180.0°E)

Spherical Step Function (SSF) solid-body
rotation on SMC 1° grid UNO3 scheme

Polar=2
N32=20
N16=80
N8=240

Projection Pole at
(45.0°N —45.5°F)

Initial

5 6



SSF s-b rotation on SMC 1° grid with
UNO3 scheme
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T= 9 hr

N= 270

C..= 5.0150
UNO3  cC_ = 0.9994




SSF s-b rotation on SMC 1° grid with
UNO3 and UNO2 schemes

Met Office

C,= 5.0050 LS C,..= 5.0010 e

Cpp= 0.9969 NRMS=0.1624  C, = 0.9966 NRMS=0.2161

0 S 6 0 1 S 6




SMC 40 km grid for global model

Met Office DXmin = 31 km

10000

1000 100 10

Depth (m)

NPo=1
N64=10
N32=60
N16=200
N8= 783
N4=2545
N2=14619
N1=149726
NC=167944

Spherical Multiple—Cell Grid

Regular lat-lon grid 480*640 (AA=0.5625° Ap=0.375°)
SMC grid total cell number 167 944, reduction 45%
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SMC grid single points islands
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~~~— SSF rotation on SMC with UNO3

Met Ofﬁ ce

NTS = 0

Coox= 5.000E+00
Coin=1.000E+00




- SSF rotation on SMC with UNO3
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.= B5.001E+00

= —4.251E-06




SSF rotation on SMC with UNO3
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= 5.002E+400
= —4.251E-06




SSF rotation on SMC with UNO3
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NTS = 360
Coex= 5.004E+00
Coin= —1.164E—-16




SSF rotation on SMC with UNO3
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NTS = 720
Crnax 5.003E+00

C..n= 0.000E+00




SSF rotation on SMC with UNO3
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Comparison of UNO3 and UNQO2

Met Office

oy

T=36 hr

N= 1440
Co= 5.0040 C,= 5.0010
C,.= 0.000E+00 UNO3 C,,= —6.006E—22

0 1 2 3 4 5 6 0 1 2 3 4 5 6
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Arctic part > 66° N
Fixed reference dir.

Lower part 50-66°N
Std local east dir.

Two rows of extra
cells as boundaries
for each parts.
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Initial wave spectral
as typical wind-sea.

Peak direction at 60°
from reference dir.,
local east in lower
part and fixed dir in
Arctic part

£(9)— E,cos’(@—-x/3),  for|0—rx/3<x/2
0, Otherwise

N= 0
C,= 5.0000
Con= 0.000E+00

0 1 2 3
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Wave spectral transport in Arctic
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Wave spectral transport in Arctic
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Wave spectral transport in Arctic

Met Office
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Wave spectral transport in Arctic
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500N

.

M= 40 N= 40 SHC
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Wave spectral transport in Arctic
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Wave spectral transport in Arctic
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Wave spectral transport in Arctic

Met Office
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Wave spectral transport in Arctic
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N= 240
C..= 0.4503
£,..= 0.000E+00

mA

0 1

Wave spectral transport in Arctic
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Summary and conclusions

Met Office

Spherical Multiple-Cell (SMC qrid IS developed to solve the polar
transportation problem in global lat-lon grid for application in ocean
surface wave model.

A round polar cell is introduced with integral conservation equation
to remove the Pole singularity and enable cross-pole transportation.

Solid-body rotation tests (SSF and CB) and spherical deformation
test are used to demonstrate the performance of SMC grid with
Upstream Non-Oscillatory (UNO) advection schemes.

Application of SMC grid in ?Iobal ocean surface shows its _
unstructured flexibility and transportation efficiency, saving 45% in
memory and computation.

Numerical results confirm that SMC grid with UNO schemes are
suitable for global, including cross-pole, transportation.
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SMC Grid Polar Views --- 40 km

Met Office
Regular lat-lon grid 480*640 = 307,200 SMC grid 167,944 reduction 45%

10000 1000 100

Depth (m)

NPo=1
N64=10
N32=60
N16=200
N8= 783
N4=2545
N2=14619
N1=149726
NC=167944

Spherical Multiple—Cell Grid
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< Pole blocking on reduced grid
MetOfﬁce

NTS=1440
C..= 5.5000
C_. = 0.9857
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Cosine bell solid-body rotation
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N,=1531 N,=1536 NRMS = 0.0292
N.=1385 NS=1396 0.0117
No= 957 NS=1016 | 0.0244
T= 9 hr — Exaet T= 9 hr e UNO3
T= 5 hr SMC 1° T=5 hr SMC 1°
T=0 hr a=m/2 T=36 hr a=m/2
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g Spherical deformation flow on SMC
~ =" 10° grid with UNO3 scheme
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<~ Spherical deformation flow on SMC
~—" grid with UNO3 scheme
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Anglytic

T= 600
Comee= 1.53703
Crin= 0.46297




Comparison of ULTks and UNO2
In wave model

_Along—track SWH: Envisat Ku and § bands vig Globdal Model 070518
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Implicit diffusion of UNO2/3
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NAEWW3 Model domain
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MNAEW bathymet

-
longitudes :
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grid points :

sea points :
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