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Motivation for a unified model

Met Office
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Could we merge all these grids into a single grid ?
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Conclusions

Met Office

“Yes, we can!”

How?

Multi-resolution SMC grid
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<7~ 1. Methodology

Met Office

e Generating a spherical multiple-cell (SMC) grid.
* Propagation on a global SMC grid.

« Application in a wave model
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Spherical Multiple-Cell grid

Met Office

N4= 1120 Polar= 2
N2= 5120 N32= 20
N1= 38720 N16= 80
NC= 45302 N8= 240

SMC 1° Grid Projection (60.0°W, 45.0°N) Rotation Pole (180.0°E, 0.0°N)
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* Merged cells at high
latitudes to relax CFL limit
on time step.

 Introduce round polar cells
with integral equation to
avoid polar blocking and
singularity.

More details please see:
Li, J.G. 2011: Mon. Wea.
Rev., 139, 1536-1555.



Surface wave energy balance
weromee  €CUAtION on SMC grid

e Ocean surface wave spectral energy balance
equation in spherical coordinate system:

oy oF,  0lF,cosp) alky) aléw)
ot  OX COS @ oy oK 00
F =(u+U )y —D,0y/dx
Fy=(0+V )y —D,dy /oy

Advection and diffusion terms are merged.

Great-circle turning is added to refraction.
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Upstream Non-Oscillatory 2" Order
(UNO2) Advection Scheme

Met Office
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Unstructured SMC grid flux
weromee 1ACE poINter array

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

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

Left boundary face

O10 | n [nn

Two-D spherical
surface advection is
done by 4 loops: u- Right boundary face
and v-face flux
loops and 2 cell
update loops.

mm|m | O | O
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How to create a SMC grid

Met Office
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Use regular lat-lon grid
bathymetry data at finest
resolution.

Make base resolution cells
as much as possible and
refined ones up to the
finest resolution near
coastlines.

Merge cells at high
latitudes once grid length
IS halved.

Sort cells in ascending
size order.

More details please see:
Li, J.G. 2012: J. Comput.
Phys., 231, 8262-8277.



Multi-Resolution SMC grid

Met Office

e Sub flux loop for refined faces on sub time steps.

 Temporary net flux variable to hold flux into each
cell between space and time levels.

o Sub-cell loop to update refined cells and reset net
flux variable.

* Resolution levels defined by user.

L

L
Halved sub
time step for UAt UAY4
halved faces —  udp |
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Refraction by rotation and depth

Pl gradient limiter

Ocean surface wave energy travels at depth
dependent group speed and refraction occurs in
shallow waters.

6. =-En-Vh—-n-vVU,
£ = w/sinh(2kh)

Refraction by rotation and limited to h-
gradient direction.

o = cos‘ll— (h, coso + h, sin 6?)/\/WJ

A0

mxrfr

=npmin(a, 7 — a)
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Wave travels along great circle

rather than fixed local direction
Met Office

 Great circle distance Is the shortest distance on a
sphere, hence the nature likes it.

* Wave spectral component is defined in relative to its
local east so It deviates from its direction in transport.
The direction changing rate Is

égct = _7} cosdtan D, 7/ = Cg /rEarth

Refraction and GC turning may be treated as a single
rotation, rather than directional advection.

Jat

A6=(0,, +6

gct refr
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*’J’EEHE%" Haol
GEBCLERSSES
SENRSERES

"&"ilg“
=

G
BeD,

BB
SanRae,
(LR

]

ey
oo
o

I
H
g

SR
g

woe P51
000 Sobo

oEgtonosn.
308 000 gonk)

LTSN
e oy
e
R
.ﬁ‘}éﬁaﬂ o
.?‘,Tn‘%

o
e

o
oo
SREETgut
EEREREGY

SaED
]

o8,

N1=

N2= 61394
N4= 412744
NC= 521054

SMC 6-25 km Grid

T

J...
e
SEEELE eRE

HeIE

g
g Sy 0
IR L

[ [

Frat 0

g0 P,
P B,

R,

%,
oty

A R

e psocied Son s

Lo
s
4,

27
2,

- SMC6-25 grid Arctic region

JHE
%58

LT ry
e
it

L




SMC6-25 SWH Arctic region

Met Office
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SMC6-25 grid European region
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<~ SMC6125 SWH European region

Met Office
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=~ SMC6-25 SWH in Pacific region

Met Office
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The 6-12-25km SMC grid

Met Office
Total cell 547,374 ~ 70% of 25km lat-lon grid 1024x768

N4= 405360
N2= 84415
N1= 157599
NC= 547374

Global SMC6125UK Grid



<~~~ SMC6125 SWH global view
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SMC6125

L
SWH m
2012092818

Hoy= 10.93 m
H, = 1.348E-21




<= 2. Compare SMC6125 with
~=" global and regional models

Met Office

Met Office global 30km operational model.

Global 25km model.

European 8 km regional model.

UK 4 km model.

Validation with buoy wave spectra.
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-~~~ Global 30km (mid-section) SWH
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=~ Euro 8 km and SMC6125 grids
Met Office

SMC6125 Grid
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<~ Euro 8 km and SMC6125 grids

Met Office

"é “fl SMC6125 SWH
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Model Hs m

Comparison G25 - SMC6-25
weromee  VIA BUOy SWH Sept 2010
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For more see: Li, J.G. 2012: J. Comput. Phys., 231, 8262-8277.
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Model Hs m

Model Hs m
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Comparison SMC6125-ST3

werorre  VIA BUOy SWH Sept 2012
SMC6125V314f model via A32Bs during 201209WAM : WW3 V3 | 14
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Comparison SMC6125-ST3
werorme  WIth Buoy 4-bin SRWH

16-10s SM06125V314f via buoy A32Bs dates 201209WAM
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Comparison SMC6125 & Euro8
with buoy SWH — all buoys.

0 Error Bias (-) and Std (--): 5% subsample 16 Taylor Plot and Linear Fit (y:0Obs)
T i .

Met Office

_ L EU8 EC12:y = 0.96x +0.06
Eus_EC12 SMC_EC12:y = 0.94x +0.09
15 — SMC _EC12(] 14
1.0 1.2
_ 05 P 1.0
E Lot e
)
o I
@ _05 0.6
-1.0 0.4
EU8_EC12 / SMC_EC12 "
-1.5 Overall Bias: 0/0170.04 0.2
Overall RMSE: 0.40/0.40
-2.0 0. 0
0 2 4 6 8 10 % 1.6
Hs (m)
40 Lower range Q-Q: pc 0.1 to 90.0 10 Upper range Q-Q: pc 90.0 to 99.9
35 g oA
3.0 = e
. 8
2'5 : o/ :
—_ - — 7
£ e £ o A
wn 2.0 o 0 /e
o o L
e " © 6 S
15 A S
e 5
1.0 e
.! L ..:...
0.5 -+ EUB_EC12 || 4 I i -+« EUB_EC12 [
H - ++ SMC_EC12 -+« SMC_EC12
0.% [ [ [ 3 [ [ [
0 05 10 15 20 25 30 35 40 3 4 5 6 7 8 9 10

© Crown copyright Model (m) Model (m)



Summary and conclusions

Met Office

Ocean surface wave propagation on variable resolution
spherical multiple-cell (SMC) grid is presented.

A multi-resolution 6-12-25 km SMC grid WW3 model is
compared with G30, G25, Euro8 and UK4 models.

The unified wave model is capable of replacing the present UK
Met Office global and nested regional operational suite.

Other applications of the SMC grid for regional models can
also benefit from the unstructured, variable resolution grid.

Improvement may be possible if regional high resolution wind
forcing could be blended with global one in the unified model.
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<= 3. Other applications

Met Office

Global SMC50km hindcast (Met Office).

Atlantic SMC6-25 ensemble (Met Office).
Great Lakes SMC 0.5-2km (NOAA NCEP)
Global SMC 0.25-1° (Ocean University China).
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SMC6-25 grid Atlantic model

Met Office

Regional grid for
the Atlantic Ocean.

Boundary condition
IS minimised by
extending to
coastlines. Only
the west section in

SO requires input E

boundary condition. 5
A5 =

The eastern section SMC625 Atlantic Grid

IS mainly outward N1= 12720

waves S0 no N2= 15947

boundary input is N4= 109018 g

required_ NC= 137685
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SWH in SMC6-25 Atlantic model

Met Office

North boundary sealed
by Arctic sea-ice;

Southern boundary is o
defined by sea ice or /
Antarctic coastline; /

Influence of SO west /
boundary is limited and
has no effect on the N [

Atlantic. \

SMC—At!
Sheltered waters (Gulf of h\ SWH m "
Mexico, Hudson Bay and 2011091218
Mediterranean Sea) are \ Ho= 7.53 m

neglibile to N Atlantic.

Hpy= 1.063E—-07
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SMC6-25 Atlantic ensemble
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<~~~ SMCO0512 grid for Great Lakes
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Slﬁlc resolution at
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SWH of SMC0512 GtLakes model
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Hp= 1.772E-13

SWH hardly
grows over 4 m
In the Gt Lakes
due to limited
fetch and wind
during the study
period (08-09
2012).



Summary and conclusions

Met Office

Ocean surface wave propagation on variable resolution
spherical multiple-cell (SMC) grid is presented.

A multi-resolution 6-12-25 km SMC grid WW3 model is
compared with G30, G25, Euro8 and UK4 models.

The unified wave model is capable of replacing the present UK
Met Office global and nested regional operational suite.

Other applications of the SMC grid for regional models can
also benefit from the unstructured, variable resolution grid.

Improvement may be possible if regional high resolution wind
forcing could be blended with global one in the unified model.
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Refined 6-25km SMC grid

Met Office

EnnnANnooonooonnoonoE * Refined resolution up to
el e eeeere 6km near coastlines,
T e e e resolving small islands.

o S . Number of cells (520615)
e a-ker still smaller than lat-lon grid
3L Lt (1024x768=786 432) 66%.

e Could make regional
models redundant.

e Multi-time-steps to handle
refined cells.
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Comparison SMC6125-TC96
werorme  VIA BUoy SWH Sep-Dec 2012

SMCTCs model via A30Bs during 20120901-1231
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Comparison SMC6125-ST4
werorre  VIA BUOy SWH Sept 2012

SMC6125Med model via ABZBs during 201209 _ST4
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Comparison SMC6125-TC96
werorme  WIth Buoy 4-bin SRWH

T>16s SMCTCS via buoy A30Bs dates 201 20901 1231

16-10s SMCTCS \na buoy AaoBs dates 20120901 1231
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swell, model is
higher than buoy;

Last two bins for
windsea, model
IS lower;

TC96 source
term is fine for
global buoys.

But wind sea
grow becomes
too slow for short
fetch regions.



Comparison SMC6125-ST4
werorme  WIth Buoy 4-bin SRWH

16-10s SMCB125Med \ﬂa buoy A32Bs dates 201 209_ST4

T>16's SMC6125Med via buoy A32Bs dates 201209 ST4
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swell, model is
higher than buoy;
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So the ST4
source term Is
still not enough
for wind sea
generation

But the weak
dissipation term
compensates a
bit so swell Is
Increased.



Arctic ice by ESA Envisat ASAR
Met Offece |n September 2007 and 2008

L ~i~-',.
¢

Arctic ice is retreatlng

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 2013 (?)
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<~ Lunar circle perfect 25 blocks

Met Office

» Polar block radius r

e First and second
circle height 2r

e Each block area
exactly rr?

e (3r)2=(8+1)r?
e (5r)?2=(16+8+1)r?

 May find one in a
garden centre.




Comparison of G25 and SMC models

Met Office
G25 Lat-lon SMC25 SMC6-25
Wave model grids 1024x688 429722 (61%) 520823 (74%)
Min adv time step (S) 180 s 600 (333%) 600/300/150

One-day hindcast on

0 0
1-node 32 PEs (64 co) 330 s/task 210 (64%) 336 (102%)

5.5-day forecast on

A e 198 PEs 1800 s/task 1240 (69%) 1860 (103%)

RA2 rms / correlation  0.542/0.933 0.553/0.931 0.546/0.932

Buoy rms / correlation 0.315/0.927 0.335/0.917 0.312/0.928

© Crown copyright Met Office
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