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Problems:

CESM is complicated (everything is changing all at once)

The atmosphere is typically in a quasi-equilibrium/balanced 

state, obeying the various balances it’s supposed to e.g., 

- Energy Balance

- Momentum Balance

- Moisture Balance

All components are strongly coupled and interacting to 

ensure these balances are maintained.  One thing 

changes, everything else responds.  Hard to establish 

causal relationships.

To obtain this climate, we needed to use this…
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Simpler Models: stripped down versions of CESM that only 

contain certain components and/or idealized representation of 

certain components.

PRO’s CON’s

Easy to perturb

Allow for idealized 

experiments to identify 

causal pathways

Cheap

Allows for parameter 

sweeps to identify 

sensitivities

Less realistic

Advice

Always keep your eye on 

the real world/full CESM

Use the model hierarchy

Know your models 

limitations
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The dry dynamical core

500hPa Vorticity in a Held-Suarez simulation



http://www.cesm.ucar.edu/models/simpler-
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Step-by-step instructions

Example plots and scripts for 

validation



http://www.cesm.ucar.edu/models/simpler-

models/held-suarez.html

Instructions on:

Running with a different dynamical core

Running with different horizontal/vertical resolutions

Running with topography

Running with a different analytical relaxation temperature profile (Polvani and 

Kushner 2002 stratosphere as an example)

Running with a relaxation temperature profile from netcdf
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http://www.cesm.ucar.edu/models/simpler-models/held-suarez.html

Good for:

Problems in large scale atmospheric dynamics that are not highly 

dependent on moisture

e.g., mid-latitude jet dynamics, eddy-mean flow interactions, tropical-

extra-tropical connections, stratosphere-troposphere coupling

The dry dynamical core

What it has:

Dynamics

Idealizations:

No radiation (simplified relaxation of T)

No moisture

No clouds

No land or ocean
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Dynamics

Newtonian Relaxation of the temperature 

field toward a specified equilibrium profile

Linear drag on wind at the lowest levels

The dry dynamical core



Moist Held-Suarez

Dynamics

Newtonian Relaxation of the temperature 

field toward a specified equilibrium profile

Simplified bulk formulae for surface fluxes

Water covered 

Earth, prescribed 

SSTs

Evaporation
Heating associated 

with precipitation

http://www.cesm.ucar.edu/models/simpler-models/moist_hs/index.html

Thatcher and Jablonowski (2016)



Moist Held-Suarez

What it has:

Dynamics

An idealized representation of moisture and its interaction with dynamics



Moist Held-Suarez

What it has:

Dynamics

An idealized representation of moisture and its interaction with dynamics

Idealizations:

Radiation: Simple Newtonian relaxation of T

No clouds

Only large scale condensation of moisture (no convection schemes)

No Land



Moist Held-Suarez

What it has:

Dynamics

An idealized representation of moisture and its interaction with dynamics

Idealizations:

Radiation: Simple Newtonian relaxation of T

No clouds

Only large scale condensation of moisture (no convection schemes)

Good for:

Idealized studies of dynamics and interaction with heating from large 

scale condensation

Dynamical Core development

No Land
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Moist Held-Suarez

Dynamics

Newtonian Relaxation of the temperature 

field toward a specified equilibrium profile

Simplified bulk formulae for surface fluxes

Evaporation
Heating associated 

with precipitation

http://www.cesm.ucar.edu/models/simpler-models/moist_hs/index.html

Thatcher and Jablonowski (2016)

Water covered 

Earth, prescribed 

SSTs



Gray radiation aquaplanet

Dynamics

Simple gray radiation radiative 

transfer.  Specified longwave 

absorber.  Longwave radiative 

flux depends on T only.  No 

solar absorbed by atmosphere.

Simplified bulk formulae for surface fluxes

Slab Ocean

Evaporation
Heating associated 

with precipitation

(website under construction)

Frierson et al (2006)
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Gray radiation aquaplanet

What it has:

Dynamics

An idealized representation of moisture and its interaction with dynamics

Idealized radiation.  You can e.g., double the longwave absorbed to mimic 

CO2 increase

Can be run with a simple convection scheme

Idealizations:

Simplified radiation

No land

No clouds

Idealized studies of dynamics and interaction with heating from large scale 

condensation.  Idealized climate change studies e.g., influence of increased 

CO2 on jet streams

Good for:
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Radiative Convective Equilibrium

What it has:

Full CAM Physics

Idealizations:

No Land

Spatially uniform insolation

No rotation

Spatially uniform prescribed SSTs

Good for:

Idealized studies of tropical processes, clouds, convection, climate 

sensitivity
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Aquaplanet

What it has:

http://www.cesm.ucar.edu/models/simpler-models/aquaplanet.html

Full CAM physics

Prescribed SSTs or slab ocean

Idealizations:

No Land

Good for:

Studying the behavior of comprehensive atmospheric processes in an 

idealized setting



Aquaplanet example

Sensitivity of hurricane formation 

to the latitude of the ITCZ

Merlis et al (2013) using GFDL-

HiRAM (50km resolution)

ITCZ 8N

ITCZ 12N

850hPa relative vorticity.  

White is positive (cyclonic)

~40% increase in number of 

cyclones per degree poleward 

shift of the ITCZ from 8N

Movies courtesy of Tim Merlis (McGill University)
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The single column atmospheric model (SCAM)

What it has:

Full CAM Physics

http://www.cesm.ucar.edu/models/simpler-models/scam/index.html

https://ncar.github.io/CAM/doc/build/html/users_guide/atmospheric-configurations.html#cam-single-column-fscam-

compset

Idealizations:

Only at a single point

Prescribed large scale circulation and associated fluxes

Good for:

The study of the behavior of column physics e.g., the convection scheme

Parametrization development

Available in a Docker container

http://www.cesm.ucar.edu/models/cesm2/atmosph

ere/CAM6tutorial/

You can run it on your laptop!
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Moist baroclinic wave with Kessler microphysics 
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Some other things…

Dynamical core test cases:

Moist baroclinic wave with Kessler microphysics 

http://www.cesm.ucar.edu/models/simpler-models/fkessler/index.html

Toy terminator chemistry

http://www.cesm.ucar.edu/models/simpler-models/terminator/index.html

Current development of idealized ocean models:

Idealized ridge configuration in an aquaplanet with a fully dynamic ocean.

(Xiaoning Wu, Scott Bachman, Frank Bryan, Gustavo Marques, Alper

Altuntas, Pedro DiNezio)



Conclusions

An extensive range of idealized atmospheric configurations are available 

(or will soon be)

We hope to expand the simpler models suite to the other components 

soon (ocean and land)

Check out http://www.cesm.ucar.edu/models/simpler-models/


