
Variable Resolution in CAM-SE!

•  A variable resolution feature has been recently implemented in NCAR 
Community Atmosphere Model (CAM) Spectral Element (SE) dynamical core.!

•  From Higher Order Methods Modeling Environment (HOMME)!
•  Quadrilateral elements on a cubed sphere!
•  Arbitrary quadrilateral elements (no rectangular restriction)!

•  Conforming refinement!
•  Every edge shared by only two elements!

•  Unstructured!
•  Domain not tiled in (i,j) fashion!

•  Static refinement!
•  Grid refined during initialization, does not follow atmospheric features!

Test 1: Intensifying Cyclone in Transition Region!

Test 2: Identical Cyclones in Uniform and Refined Meshes!

•  Pass cyclone from coarse 
mesh (~2°) to fine mesh (~0.5°)!

•  Insert synthetic, analytically-
derived, axisymmetric, weak, 
warm-core vortex in hydrostatic 
and gradient wind balance on 
an aquaplanet (T = 29°C) 
[Reed and Jablonowski, 2011]!

•  CAM version 5.1.09, default 
CAM5 physics package!

•  Parameterization scalability 
caveats apply!!
•  Model uses same single-

column physics in all cells, 
regardless of resolutions!

•  No true “solution,” look for…!
•  Vortex maintenance!
•  Symmetry!
•  Lack of stretching/

filamentation!
!

•  194,402 elements (uniform) vs. 38,666 elements (refined) = ratio of 0.199 -> this is the 
ideal scalability with SE dycore [Dennis et al., 2011]!

•  In reality? Refined mesh produces nearly identical results with 20.1% of computer time!

Test 3: Full Aquaplanet Climate Simulations !

•  Use same refined mesh from Test 2 (~2° to ~0.5°) to run a year-long 
aquaplanet climate experiment!

•  Zonally-averaged SSTs, run for 14 months, discard first 2 as “spin-up”!
•  Simulation reaches steady state with features similar to observed climate 

system!
•  Provides intermediate test between short-term, deterministic studies (Tests 1 

and 2) and full-scale weather/climate simulations (future work)!

Red dots are cyclone 
origins. Detected using 

Vitart et al., [1997] 
(GFDL) technique!

Spontaneous generation of 
cyclones in/near high 

resolution mesh!

•  Further refinement from ne15 (~2°) -> 
ne120 (~0.25°) (factor of 8)!

•  Example of one storm formed in 
northern hemisphere!

•  Category 4/5 equivalent cyclone – MSP: 
911 hPa, max near surface wind speed: 
~75 m/s!

•  ~25 km resolution with computing 
demand of globally-uniform 50 km 
model!

•  Asymmetric mesh allows for 
development of TCs in southern 
hemisphere as well!

•  Pass out of refined region as TCs, not 
extratropical (Test 1 conjugate)!

•  No numerical error or wave reflection 
back into refined domain!

•  Cyclone expectedly weakens as grid 
spacing becomes larger!

!
•  Compare idealized cyclone in A) a 

traditional uniform ne60 (~0.5°) mesh to 
a B) ne15 mesh (~2°) with a 4x refined 
area (ne60, ~0.5°)!
•  Key: same high resolution grid spacing!

•  Refined region: analogous to size of 
north Pacific Ocean!

Temporal evolution of intensity of both cyclones. Gray shading 
represents estimate of uncertainty due to internal variability!

850 hPa (mb) wind speed (m/s) of identically-initialized cyclones in 
uniform (uni) and refined (ref) meshes at 5 (top) and 10 (bottom) days!

•  Cyclones passing into/out of mesh transition regions are well-maintained and 
expected storm intensity increases/decreases are observed!

•  Identically-initialized ideal TCs can be simulated significantly more efficiently in a 
refined grid when compared to a globally-uniform grid of the same resolution!

•  High resolution nests produce realistic TC structure and simulations are able to 
generate TCs without vortex seeds on an aquaplanet with regionally-refined nest!

•  Careful refinement selection can provide a doubling (or more) of regional 
resolution for same computational cost of a uniform mesh!
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Conclusions!

•  Vortex maintains symmetric features across different grid scales during intensification!
•  Cyclone intensifies upon arrival in the fine mesh as dynamical processes are better 

resolved!

850 hPa (mb) wind speed (m/s) of idealized tropical cyclone initialized outside of transition region 
which then passes from coarse (~2°) to fine (~0.5°) mesh over an 8-day period!

Tropical cyclone origin locations (in red) during year-long aquaplanet simulation with zonally-
averaged, fixed sea surface temperatures!

850 hPa (mb) wind speed (m/s) of tropical cyclone (category 1 hurricane at t = 0 
hrs) passing out of refined mesh. The cyclone is plotted at 18 hour increments.!

850 mb wind speed (top left), instantaneous precipitation rate (top right), 
latitudinal cross section of wind speed (bottom left), and temperature anomaly 

(bottom right) of most intense cyclone generated during aquaplanet simulations!

Examples of meshes which can be used in variable resolution CAM-SE framework!

Uniform (top) and refined (bottom) mesh examples!

Levy and Taylor [2012]!

Background and Motivation!

•  Modeling of tropical cyclones (TCs) in General Circulation Models (GCMs) has 
historically been a challenging endeavor.!
•  Computing constraints have forced models to low resolutions making it 

difficult to resolve scales at which cyclones exist.!
•  Heavy parameterization of key TC thermodynamic processes is needed.!
•  Convection!
•  Fluxes!

•  However, higher resolution studies are becoming more prevalent in the 
hurricane research community, especially over the last five years.!
•  Bengtsson et al., 2007!
•  Gualdi et al., 2008!
•  Zhao et al., 2009!
•  Held and Zhao, 2011!

!
•  Variable resolution has been traditionally used for tropical cyclone 

studies in limited area models (LAMs), now we aim to apply this 
construct to GCMs.!

•  Focus computing power where we want it in a global 
modeling framework!!

•  Such a setup eliminates the need for externally-forced and 
possibly numerically and physically inconsistent boundary 
conditions.!


