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Horizontal computational grids



Vertical Charney-Phillips grid 



Terrain-following vertical coordinate of the log-hydrostatic-pressure type
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Figure 5. GEM4 with variable r (rmax=100, rmin=2) compared to GEM4 with 

constant r=4.5 below 200 hPa.

variable r r=4.5

rmax = 100, rmin=2



References
• Qaddouri, A., and V.Lee, 2011: 

The Canadian Global Environmental Multiscale model on the Yin-Yang grid system. 

Quart. J. Roy. Meteor. Soc., 137, 660, 1913-1926.

http://onlinelibrary.wiley.com/doi/10.1002/qj.873/pdf

•Girard C., A.Plante, S.Gravel, A.Qaddouri, S.Chamberland, L.Spacek, V.Lee, M.Desgagné, 2010: 

GEM4.1: A non-hydrostatic atmospheric model (Euler equations). 

RPN document. 

http://collaboration.cmc.ec.gc.ca/science/rpn/publications/pdf/GEM4.1.pdf

• Qaddouri A, and V.Lee, 2008: 

Solution of the implicit formulation of high order diffusion for the Canadian Atmospheric GEM model.

In Proceedings of the 2008 Spring Simulation Multiconference, 

Society for Computer Science International, April 13-16 2008, Ottawa, Ontario, Canada; 362-367.
http://dl.acm.org/citation.cfm?id=1400604

•Kageyama A., and T.Sato, 2004: 

The ‘Yin-Yang grid’: An overset grid in spherical geometry.
Geochem. Geophys. Geosyst., 5, Q09005, doi:10.1029/2004GC000734.

http://www.agu.org/journals/gc/gc0409/2004GC000734/2004GC000734.pdf

• Côté,J, S.Gravel, A.Méthot, A.Patoine, M.Roch, A.Staniforth, 1998: 

The Operational CMC–MRB Global Environmental Multiscale (GEM) Model. Part I: Design Considerations and Formulation.
Mon. Wea. Rev., 126, 1373–1395. 

http://journals.ametsoc.org/doi/pdf/10.1175/1520-0493%281998%29126%3C1373%3ATOCMGE%3E2.0.CO%3B2

• Shuman, F.G., 1957: 

Numerical methods in Weather Prediction: II. Smoothing and Filtering.
Mon. Wea. Rev., 85, 357–361.

http://docs.lib.noaa.gov/rescue/mwr/085/mwr-085-11-0357.pdf



RUN for 12 days

[1 deg - Dz=200m Top=12km L60]: DT = 3600 sec

•Traditional non-conservative semi-Lagrangian scheme
with Bermejo and Staniforth (1992) fixer
•The fixer is also applied to interpolations between Yin &Yang

T11 (3D Deformation Flow)



LL YY

Plot Lat_Lon hyb_t = .578866 close to z=4900 m  

Q4 

t= 0



LL YY

Plot Lat_Lon hyb_t = .578866 close to z=4900 m  

Q4 

t= 12 days



Plot Lat_Lon hyb_t = .578866 close to z=4900 m  

Q4 

t= 6 days

LL YY



0.3864071

0.3920970

0.1488639E-01

0.1460091E-01

0.1535967E-02 

0.1476286E-02

Q4         LL

YY

0.7635567 

0.8056100

0.2763509 

0.2728861

0.3239649E-01 

0.3097074E-01

Q3         LL

YY

0.2921945 

0.2913662

0.1079737E-01 

0.1085525E-01

0.1139193E-02 

0.1135893E-02

Q2         LL

YY

0.3074692

0.3072484

0.2177525 

0.2275852

0.2914849

0.3143167

Q1         LL

YY

LinfL2L1Tracer



T12 (Hadley-like Meridional Circulation)

RUN for 24 hrs

[2 deg - Dz=400m Top=12km L30  ]:  DT = 3600 sec 
[1 deg - Dz=200m Top=12km L60  ]:  DT = 3600 sec
[.5 deg - Dz=100m Top=12km L120]:  DT = 3600 sec



Plot Lat_Height along Lon=180 deg

Q1

t=0

LL YY2 deg, L30



LL YY2 deg, L30

Plot Lat_Height along Lon=180 deg

Q1 

t=24 hrs



Plot Lat_Height along Lon=180 deg

Q1 

t=24 hrs

LL YY1 deg, L60



Plot Lat_Height along Lon=180 deg

Q1 

t=24 hrs

LL 0.5 deg, L120 YY



Plot Lat_Height along Lon=180 deg

Q1 

t=12 hrs

LL YY0.5 deg, L120
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T13 (Horizontal advection of thin cloud-like tracers in the presence of orography)

RUN for 12 days

[1 deg - Dz=400m Top=12km L30  ]: DT= 3600 sec
[1 deg - Dz=200m Top=12km L60  ]: DT= 3600 sec 
[1 deg - Dz=100m Top=12km L120]: DT= 3600 sec



1 deg, L30

Plot Lon_Height at Eq. 

Q4 

t=0

LL YY



Plot Lon_Height at Eq. 

Q4 

t=6 days

LL YY1 deg, L30



Plot Lon_Height at Eq. 

Q4 

t=12 days

LL YY1 deg, L30



Plot Lon_Height at Eq. 

Q4 

t=12 days

LL YY1 deg, L60



Plot Lon_Height at Eq. 

Q4 

t=12 days

LL YY1 deg, L120
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Errors decrease with increasing resolution



T20 (Steady-State Atmosphere at Rest in the presence of Orography) (OPTIONAL)

RUN for 6 days

[1. deg - Dz=800m Top=12km L15]: DT=1800 sec
[1. deg - Dz=400m Top=12km L30]: DT=1800 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)



Plot Lon_Height at Eq. 

Dz/Dt

t=3 days

LL YY1 deg, L15



• The noise moves along the vertical
• Presence of the noise in sections far from mountain

Plot Lon_Height at Eq. 

Dz/Dt

t=6 days

LL YY1 deg, L15



Plot Lon_Height at Eq. 

Dz/Dt

t=3 days

LL YY1 deg, L30



Plot Lon_Height at Eq. 

Dz/Dt

t=6 days

LL YY1 deg, L30

Less intense with resolution



T21-T22 
(Non-Hydrostatic mountain waves over a Schaer-Type mountain)

RUN for 2 hrs

[1.5 deg - Dz=500m Top=30km L60]: 
DT = 2500/X sec = 2500/500 sec = 5 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)

Rayleigh friction absorbing layer



Case T21 : without vertical wind shear

Plot Lon_Height at Eq. 

Dz/Dt

t=3600 sec

LL YY

Yin-Yang slightly less intense



Plot Lon_Height at Eq. 

Dz/Dt

t=7200 sec

LL YYCase T21 : without vertical wind shear

Yin-Yang slightly less intense



Plot Lon_Height at Eq. 

Dz/Dt

t=3600 sec

LL Case T22 : with vertical wind shear YY

Yin-Yang slightly less intense



Plot Lon_Height at Eq. 

Dz/Dt

t=7200 sec

LL YYCase T22 : with vertical wind shear

The contours are more intense



T31 (Non-hydrostatic Gravity Waves)

RUN for 1 hr

[1.125 deg - Dz=1000m Top=10km N=.01 L10]:
DT = 3125/X sec = 3125/125 sec = 25 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)



Plot Lat_Lon nearest p=512.09 hPa (hyb_t=4.79337E-01)

Pert. Potential Temp. 

t=1200 sec

LL YY



Plot Lon_Height at Eq. 

Pert. Potential Temp.  

t=1200 sec

LL YY



Plot Lat_Lon nearest p=512.09 hPa (hyb_t=4.79337E-01)

Pert. Potential Temp. 

t=3000 sec

LL YY



The wave is more intense near the top of the model. 
The initial perturbation was maximum near 500 hPa.

Plot Lon_Height at Eq. 

Pert. Potential Temp.  

t=3000 sec

LL YY



T41X (Dry Baroclinic Instability on a Small Planet with Dynamic Tracers)

RUN for 30 days

[1 deg - Levels eta L30]: DT = 1800/X sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)



Case T410

Plot Lat_Lon

Surface pressure 

t=12 days

Scaling Factor X=1

LL YY



Plot Lat_Lon

Surface pressure 

t=12 days

LL YYCase T411

Scaling Factor X=10



LL YYCase T412

Scaling Factor X=100

Plot Lat_Lon

Surface pressure 

t=12 days



Plot Lat_Lon

Surface pressure 

t=12 days

LL YYCase T413

Scaling Factor X=1000

T413  loses intensity



Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YYCase T410

Scaling Factor X=1



Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YYCase T411

Scaling Factor X=10



Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YYCase T412

Scaling Factor X=100



Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YYCase T413

Scaling Factor X=1000



Plot Lat_Lon 850hPa

Tracer Q1

t=12 days

LL YYCase T410

Scaling Factor X=1



• Tracer Q1 and GEM’s potential
temperature have the same pattern

• Differences between Tracer Q1 and 
GEM’s Potential Temperature very small

Plot Lat_Lon 850hPa

Potential Temperature

t=12 days

LL YYCase T410

Scaling Factor X=1



Plot Lat_Height at Lon=290 deg

Tracer Q2=Abs(Equivalent Potential Vorticity)

t=12 days

YYCase T410

Scaling Factor X=1

LL



Small EPV deformation with the smallest planet

Plot Lat_Height at Lon=290 deg

Tracer Q2=Abs(Equivalent Potential Vorticity)

t=12 days

YYCase T413

Scaling Factor X=1000

LL



T42 (Moist Variant of the Baroclinic Wave Test with Large-Scale Condensation)

RUN for 15 days

[1 deg - Levels eta L30]: DT = 1800 sec
[.5 deg - Levels eta L30]: DT = 900 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)

Off-centering Epsilon = .1



Plot Lat_Lon

Surface pressure 

t=12 days

LL YY
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More resolution more activity

Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YY
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Plot Lat_Lon 850hPa

Large-scale precipitation rate 

t=12 days

LL YY
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T43 (Moist Variant of the Baroclinic Wave Test, driven by Simple-Physics) (OPTIONAL)

RUN for 15 days

[1 deg - Levels eta L30]: DT = 1800 sec 
[.5 deg - Levels eta L30]: DT = 900 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)

Off-centering Epsilon = .1



Plot Lat_Lon

Surface pressure 

t=12 days

LL YY
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Plot Lat_Lon 850hPa

Dz/Dt

t=12 days

LL YY
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Plot Lat_Lon 850hPa

Large-scale precipitation rate 

t=12 days

LL YY

1 deg
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T51 (Idealized Tropical Cyclone experiments coupling to the Simple-Physics Physical Parameterizations)

RUN for 10 days

[1 deg - Levels eta L30]: DT = 1800 sec
[.5 deg - Levels eta L30]: DT = 900 sec
[.25 deg - Levels eta L30]: DT = 450 sec 

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)

Off-centering Epsilon = .1

Sponge layer 3 top levels C=.38*10**6 m**2/sec



Plot Lat_Lon Lower Level

Wind Speed

t=3 days

LL YY1 deg



Plot Lat_Lon Lower Level

Wind Speed

t=5 days

LL YY1 deg



Plot Lat_Lon Lower Level

Wind Speed

t=10 days

LL YY1 deg



Plot Lat_Lon Lower Level

Wind Speed

t=3 days

LL YY0.5 deg



Plot Lat_Lon Lower Level

Wind Speed

t=5 days

LL YY0.5 deg



Plot Lat_Lon Lower Level

Wind Speed

t=10 days

LL YY0.5 deg



Plot Lat_Lon Lower Level

Wind Speed

t=3 days

LL YY0.25 deg



Plot Lat_Lon Lower Level

Wind Speed

t=5 days

LL YY0.25 deg



• The intensity increases with the resolution
• The cyclone is more concentrated in space with the resolution

Plot Lat_Lon Lower Level

Wind Speed

t=10 days

LL YY0.25 deg



Plot Lon_ Height Through the center latitude of the vortex 

Wind Speed

t=10 days

0.25 degLL YY



T52 
(Idealized Tropical Cyclone experiments using GEM's Full Physics Aqua-Planet Mode with SST=302.15 K) 
(OPTIONAL)

RUN for 10 days

[.5 deg - Levels eta L30] + DT=900 sec

2D Del(6) Diffusion (2 Delta-x removal ratio of 4% per timestep)

Off-centering Epsilon = .1

Sponge layer 3 top levels C=.38*10**6 m**2/sec



Plot Lat_Lon Lower Level

Wind Speed

t=3 days

0.5 degLL YY



Plot Lat_Lon Lower Level

Wind Speed

t=5 days

By contrast to simplified physics, here for the same 
space resolution,  we see expansion of the cyclone  
over time

0.5 degLL YY



Eye of the cyclone is clearly defined with Full Physics

Plot Lon_ Height Through the center latitude of the vortex 

Wind Speed

t=5 days

0.5 degLL YY



Plot Lat_Lon Lower Level

Wind Speed

t=10 days

Appearance of several small cyclones

0.5 degLL YY
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