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Why do we have to change the grid?

GY grid GU grid




GU25 /GY25

Lat-Lon grid GU25

1024x800 grid-points
2 singular points

High resolution near
poles: 39km/0.05km

Reached the limits of
scalability for GEM model

Needs special treatment
near poles

Yin-Yang Grid GY25

1287x417x2 grid-points
No singular points

Grille spacing quasi-
uniform: 25km/17.2km

Scales well for GEM
model

Needs special treatment
In the overlap regions.



Timings

GU 25km —v4.7.0-rch5

2X29x16

GY 25km —=v4.7.0-rch5

20x12x2
27x15x2 51 37






GY 25 for global Forecast
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The global forecast is based on the two-way nesting method
between 2-limited area models;
Qaddouri and Lee 2011 Q.J.R.Meteorol.S0c.137:1913-1926



Domain decomposition method
* On each panel (Yin/Yang)

— A system of forced primitive equations is solved
with a local solver based on Implicit semi-
Lagrangian time discretisation.

— Boundary conditions are passed by cubic-
Lagrange interpolation (non-matching grids)

— Implicit discretisation: 3D-elliptic problem is
solved by the iterative Schwarz method



Forced primitive Equations
Spatial discretization

Charney Phillips Grid
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Time lterative Solver

ﬁ+Gi:0

dt

FA .D
GA ——,BGiDERi; T=At/2

.

Linearisaion
A A A

L = [F GA]; Ni—F—JrGA [F GAJ
T lin T T

Do jter=1,2 (Crank Nicholson)
Do iter=1,2 (Non-linear)

(L = (R ~(N

er-sier, (N PR N (r, t— At)
end do = “’Neq
end do

Coté et al. 1998 Mon.wea.Rev., 126, 1373-1395



Elliptic problem P=¢+RT.(Bs+q)
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Vertical boundary conditions: Mixed type

“n(agp_gpg)l (), {ZRT(@PJFKPg)} ()

K[ * KT * S

Horizontal boundary conditions:  Dirichlet type

The others variables are calculated by back-substitution from P.



Semi-Lagrangian on GY grid

« 1-Extend each panel (Yin, Yang) by a halo
(size depends on CFL_max),

* 2-Interpolate from other panel to the halos
the fields and (u,v,{ ) from previous time-
step,

« 3-Do Semi-Lagrangian time integration as
usual in each panel. Goto 2

Qaddouri et al. 2012 Q.J.R.Meteorol.50c.138:989-1003
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Elliptic problem on GY grid
with Schwarz method

» Global solution is obtained by solving
iteratively 2 elliptic sub-problems ( Yin/vang)

— 1) receive Boundary conditions (BCs) from the
other panel; solve local elliptic problem.

— 2) If boundary conditions converge, stop; else
send BCs to other panel ; goto 1

Note : we use 2 degrees as overlap to increase convergence.

Qaddouri et al. 2008 Appl.Numerical.Math.,58,4,459-471



lterative Schwarz method : GY grid

BCs
Yang

Overlap
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GDPS_YY 25Km : only 4 iterations are needed for convergence

with 2 degrees overlap



Why are there differences in the
overlap?

At each time step, the value of all the dynamical fields are
prescribed by the other panel in its piloting region.

The local solution of each panel includes the overlap region
needed for the convergence of the elliptic problem.

The two LAM solutions in the overlap can evolve

iIndependently (even though we assure a global convergence
In the elliptic solver).

Small and sharp differences may arise between the two panel
point values in the overlap region ( due to some schemes that
have threshold parameters).



Solution: Flow relaxation scheme
(blending)

To eliminate the sharp differences, the
point values in the overlap region are
relaxed toward the value of the other panel

at the end of dynamical time step (before
physics).

aFl(th,t) —Kk(x) {FI (x,1) F 3! (X,t)}, =12

No change is made when the two panel
solutions are In agreement

H C Davies 1976 Q J Roy Met Soc 102 405-418



Solution: Flow relaxation scheme
(blending)

¢ k(x) constant
F(x,t)=05%\F' (x, )+ F*' (x, 1)}, 1=12

» Several tests have been conducted ; the
solution of relaxing only the winds (u,Vv)
and generalized vertical velocity ¢ in the
overlap region has been proven the best.



Flow of GEM GY grid

Initialize data in both panels &
Exchange all data in Pilot zones
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Flow of GEM Yin-Yang Dynamic core

Right-Hand-Side
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Overlap zone

BLENU

Blending

Finterval: 0.5 * 1.0e+00 decametres 48* 0*V20110729.000000*BLENU

2
(@) 5
=3
8
=]
c g
5
- — N
5
O 5
c o
@ H
2
3
— g
g
:
m :
g
£
S
2
3
]
@) <
%
3
14
.

250 mb
250 mb

GZ*P*
GZ*P*




GOPL40OBH1JM2 comxvylwmsg{mos (hiv 2011) No blending copL 408t 1Mz comH TG oo (ete 2011)

— N
0-P 96 hr Blending 0-P 96 hr.
< cont. o conl. ] cont. % conf. ® conl. % conf. R cont. % conf.
BINS, VARIANCE 16809 BWS VARIANCE 1867 - AL SRR ) VARIANCE 23154
1= T — T V8 10 B L Ty 1T L4 . : 30641 T T o
H e W s - - — -
20+ i = ok ; 4 h% 20 ; ma 20 =
30+ 3 158 3o} ; 488 i : § B i =
s0 45 sof N BE sof- : Jime Asp T2=
«
70 - zg 704 { - ::” 70 :' - esam o -1 s
: xs i
100 4% 1wof 3 oy 1001 o émm 1001 o e
AN s
150 445 150} ; 4 5w 150+ 158 ol e
200 48 200k 1" o 200+ o w2001 - s
Ty . “@e | d a7 L. 17
250 o1®] e 250 I - g 250 «ar 250 887 ws1r
42607 N ] b4+ byl
300 Qp®] e 300+ ' oB3] <ue 3004 4w 300 087} e
H O8] R
400 ] e T 15 i ] sq0- - dos 400+ - an
“wars -nn
300 x| doi  saof '. 75| St 500~ o was  saof o @
. wan «c
700 3% 70F gox 1o 7001 R | @
o ez noas
an0 - mme S50 i 488 850 1 uen1 850 - s
31540 31240 fipeed Fibid
925 - nse 925b L - 38k b K 99| Hoe 9251 - e
1000 L PR SRR S S [} SR VI e TP e 44 10000 4 L PR SRR B S [+ -] S PO ISR I
0 3 o 13 o 10 15 1 13
% conf. R tonf, % conf, % cont. R tant, % conf,
GZ VARIANCE 3¢ sus L VARIANCE tsass GZ VARIANCE 36718 8IS VARIANCE 3578
10 T T T | foece 10 T TS T T T ez T T ] ] T T %8
. mNe 0y
20 188 2of P 4 | w20 4 &%
30 438 sofF < 1 Jeses 48 sof Sl
' & e 44132
50 {9 sof \i 4@ Sl ol - e
0138 An144
70 4&E8 - ¥ 48 485 el Bt
L} “ave AT144
100 488 100k 2 450 o e 1001 o aia
150 4488 150 ": E it e sk 4 i
- Ll 4w0re
200 ozxf e 200 12 oss] dp 6% vam 200 < B RCE
v, soons - 40
250 P e 250k Y. 97 b1 - w0 250+ ] BRI
H ‘e H 313
300 ol fun 300k i 917 ook - s 300+ t SRt
. pre . Py
400 i ao00f 4 : a3m] en 400F o2% w400 & SR
“omon Au7S
500 445 so- I\E 1 e 500 oa% ] woe  S0CH i.\ < oo
. on) v e
700 4% 700 i S 700+ - ian 700 o B b
4ol e sy H 41081
850 - 451 ESOp- ‘ R 850 - wos;  ESOH " -4 4:m|
. e e
925 4 haw  e2sp v asm 925} | 5m e2st ( S
1000 L PR S—— 1 o) I R Lol g o, Jims 10000 " " L L P - Lau) % 1000kl I\ Y RS W —— - 4 R
5 10 15 -+ -2 0 2 4 [ 8 5 10 15 -4 -2 0 2 4 6 8
(dam) (degrea) (dom) (degrea)
% cont. e % _cont. =
BIATS £S R 1848 B £5 it It
70 70
100 - B 100 - Wi
150 7 - 3t 150 : -
200 - Bt 200 4 4 Bt
250 - it 250 \ - $iBiE
300 E 300 RE:il]
400 B 400 b
500 - i 300 -
700 - 35 700 #ag
850 Rk 850 4 80
a25 - i 925 B
1000 i 1000
5 10 15 0 % 10 T
(degree} (degree}
Type : =P 96 hr Type : O=P 96 hr
=T m_ua110201.110%31.240_coloc.uo_gopuibn1 jm2.ca V13 enos ( Rugjon : Hemisphere Nord E=T m_uc10701.110831_240_roloc.ua_gdpMObe1jm2.uarr15eLenD2 ( Rogfon : Hemisphere Nord
BAS m_uo110201-110331240 colec_ua gapiaCbnt 2. rYI5EEN03 Lat=lon: ( 20N, 18CW) { 90N, 180E} BAS m_ua110701_1 10831240 _coloc_ua gapidCbe ! jn2 bo YY15ELEn02 Lat=lon: ( 20N, 180W) { 90N, 180E)
=T m_uol 10201_110531_240_coloc_wa 7| SIENDS ua_gdpi4dbn1jm2 ( SIAY. inversees E-T m_uo110701-110431_240_coloc_ua Y71 SBLEND2 ua_gdpi40te 1jm2 ( Stal. inversees
BWS m_ual10201-1 10331240 _colcc_ua_ YY1 SELENDS.La_gdpHatn] jm2 BWS m_ual10701_110B31._240_coloc_ua_YY I SELENDZ ua_gdpkabe1[m2




Differences between GU and GY

GY (proposed)

GEM version 4.7.0
Yin-Yang Grid

Blending in Overlap Zone

Advection using trapezoid wind average
and cubic interpolation for trajectories

Explicit horizontal diffusion
Vspng_zmean = False
Psadj = True

Geophysical fields created on each Yin
and Yang grid individually

Output fields on 'U' grid

No thermo level above momentum level
(# of Thermo = # of Momentum)

Diagnostic level Winds and Temperature
are not written out at 1.0 hyb. Instead:
Winds are written at 10 meters
Temperature at 1.5 meters

Scabality allows faster timings

GU (current)
GEM version 4.6.1
Global Lat-lon

Advection using mid-point wind average
and linear interpolation for trajectories

Implicit horizontal diffusion
Vspng_zmean = True
Psadj = False

Geophysical fields created on global
lat-lon

Output fields on 'Z' grid

Thermo level above momentum level
(#of Thermo = # of Momentum+1)

Diagnostic level Winds and Temperature
are written out at 1.0 hyb

Scalability limit reached






