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What applications are dynamical cores used for in CESM?

• “IPCC class” simulations: 1o, 32 levels, 33 tracers
- throughput important (~20 SYPD): CAM-FV (needs to be replaced!)

• WACCM(-x): well-resolved stratosphere, 1o, 70 levels, 200 tracers
- throughput important (~4 SYPD): CAM-FV (needs to be replaced!)

• New(er) frontiers: 

- data-assimilation (Pause-Resume project + SIMA)

- variable resolution climate modeling (~100km to ~25km or ~10km); Artic configuration!

- SIMA: coupled and uncoupled “weather”-scale modeling (~3-10km)

-> at ~3km need non-hydrostatic equation set

applications: regional air quality, tropical cyclones, hydrological extremes

- SIMA: geospace modeling (to ionosphere) 

-> should use “deep” equation set

SIMA = System for Integrated Modeling of the Atmosphere (used to be called SingleTrack)
SIMA is composed of common atmospheric model components & infrastructure



Current status of dynamical cores in CESM/CAM

• CAM-FV: only fixing bugs, no new development

• CAM-SE and CAM-SE-CSLAM developments:
- dry mass vertical coordinate (Lauritzen et al., 2018)

- separate physics grid option (Herrington et al., 2018)

- more accurate and faster transport option (Lauritzen et al., 2017)

- ~20 SYPD with CAM6 on ~1800 cores
~4 SYPD WACCM6 with ~5400 cores

- support for variable resolution (Zarzycki et al., 2017, …)

- promising CAM-SE-CSLAM AMIP results thus far
- still needs to be setup and evaluated in coupled 
configuration and scientifically evaluated in WACCM and CAM-Chem
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Figure 3: (a) The latitude-longitude grid, (b) the cubed-sphere grid based on an equi-angular central projection and

(c) icosahedral grid based on hexagons and pentagons. The triangular grids used by models herein are the dual of the

hexagonal grid.

volume implementation (i.e., the Lin and Rood, 1996,

algorithm). An example of a two-dimensional extension

based on the PPM algorithm that is third-order is given

in, e.g., Ullrich et al. (2009).

CAM ISEN is an isentropic version of CAM FV. In-

stead of the hybrid sigma-pressure vertical coordinate

a hybrid sigma-θ vertical coordinate is used (Chen and

Rasch 2009). Apart from the vertical coordinate the

model design is identical to CAM FV.

3.2. Cubed-sphere grid models

The assessment includes two dynamical cores that are

defined on cubed-sphere grids. The finite-volume cubed-

sphere model (GEOS FV CUBED) is a cubed-sphere

version of CAM FV developed at the Geophysical Fluid

Dynamics Laboratory (GFDL) and the NASA God-

dard Space Flight Center. The advection scheme is

based on the Lin and Rood (1996) method but adapted

to non-orthogonal cubed-sphere grids (Putman and Lin

2007,2009). Like CAM FV, the GEOS FV CUBED dy-

namical core is second-order accurate in two dimensions.

Both a weak second-order divergence damping mech-

anism and an additional fourth-order divergence damp-

ing scheme is used with coefficients 0.005× ∆ Am i n / ∆ t

and [0.05× ∆ Am i n ]
2

/ ∆ t , respectively, where ∆ Am i n

is the smallest grid cell area in the domain.

The strength of the divergence damping increases

towards the model top to define a 3-layer sponge. In

contrast to CAM FV and CAM ISEN, the cubed-sphere

model does not apply any digital or FFT filtering in

the polar regions and mid-latitudes. Nevertheless, an

external-mode filter is implemented that damps the hor-

izontal momentum equations. This is accomplished

by subtracting the external-mode damping coefficient

(0.02× ∆ Am i n / ∆ t) times the gradient of the vertically-

integrated horizontal divergence on the right-hand-side

of the vector momentum equation.

GEOS FV CUBED applies the same inner and outer

operators in the advection scheme (PPM) to avoid the

inconsistencies described in Lauritzen (2007) when us-

ing different orders of inner and outer operators. The

cubed-sphere grid is based on central angles. The angles

are chosen to form an equal-distance grid at the cubed-

sphere edges (undocumented). The equal-distance grid

is similar to an equidistant cubed-sphere grid that is ex-

plained in Nair et al. (2005). The resolution is specified

in terms of the number of cells along a panel side. As an

example, 90 cells along each side of a cubed-sphere face

yield a global grid spacing of about 1◦ .

The second cubed-sphere dynamical core is NCAR’s

spectral element High-Order Method Modeling Environ-

ment (HOMME) (Thomas and Loft 2004, Nair et al.

2009). Spectral elements are a type of a continuous-

Galerkin h-p finite element method (Karniadakis and

Sherwin 1999, Canuto et al. 2007), where h is the num-

ber of elements and p the polynomial order. Rather

than using cell averages as prognostic variables as in

geos fv cubed, the finite element method uses p-order

polynomials to represent the prognostic variables inside

each element. The spectral element method is compat-

ible, meaning it has discrete analogs of the key integral

properties of the divergence, gradient and curl operators,

making the method elementwise mass-conservative (to
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Challenging for less 
diffusive dycores …



Current status of dynamical cores in CESM/CAM

• CAM-FV3: NOAA funded effort to integrate the official EMC version 
of FV3 dynamical core into CAM
- hydrostatic version integrated (non-hydrostatic is a “switch”)

(scientifically verified that it is coupled to physics correctly using energy diagnostics – Lauritzen et al., 2019)

- Simpler models configurations tested
- AMIP configuration is being scientifically evaluated
- working towards a CAM trunk supported version
- setting up coupled & WACCM configurations

- our deliverable to NOAA is functional support for various 
configurations (includes making sure it is integrated scientifically 
correctly) and making it accessible to the community
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Current status of dynamical cores in CESM/CAM

• CAM-MPAS developments (SIMA effort):

- Non-hydrostatic dynamical core with mesh-refinement capability
- Being integrated into CAM in a way that it can be supported 

(both scientifically and from a software engineering perspective)
- Collaboration between MMM, CISL and CGD.
- Status: MPAS build inside of CESM/CAM complete; next step is 

setting up grids in CAM and coupling to CAM physics



Summary

• CAM-SE and CAM-SE-CSLAM nearly ready to attempt to replace FV for CAM, CAM-Chem, and 
WACCM applications; CGD is working with HAO on CAM-SE-CSLAM version for WACCM-x.

• Several CESM/CAM dycore integration efforts ongoing (FV3 and MPAS)

-> Once they are integrated we can start evaluating them for various applications:

Last year we discussed idealized testing for CAM applications

http://www.cesm.ucar.edu/events/wg-meetings/2018/presentations/amwg/lauritzen.pdf

• Note: None of the new (or old) dynamical cores currently have non-hydrostatic deep
atmosphere capability!

• Please contact me if you want to be involved in dynamical core testing and evaluation

http://www.cesm.ucar.edu/events/wg-meetings/2018/presentations/amwg/lauritzen.pdf

