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Complex

credit: getech, wikipedia,  
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https://getech.com/earth-system-modelling/
https://en.wikipedia.org/wiki/Climate_model#/media/File:Global_Climate_Model.png


!3
Further reading
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CU ATOC core class titles

‣ Atmospheric Thermodynamics and Dynamics

‣ Introduction to Physical Oceanography

‣ Dynamics of the Atmosphere and Oceans

‣ Introduction to Atmospheric Radiative Transfer and Remote 

Sensing

‣ Atmospheric Chemistry

‣ Biogeochemical Oceanography

‣ Physics and Chemistry of Clouds and Aerosols

‣ Introduction to Fluid Dynamics

‣ Marine Chemistry and Geochemistry

‣ Paleoceanography and Paleoclimatology
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Reducing the climate system
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DYNAMICS PHYSICS

The nature of the idealization must be amenable to the problem at hand.
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EVERYTHING SHOULD BE 
MADE AS SIMPLE AS 
POSSIBLE, BUT NOT SIMPLER



Different tools for different jobs

dry 
dynamics

simple 
physics

aquaplanet

agcm

idealized 
oceans

ESM RCE

SCMinitialized

nudging
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What’s in the tin?

POLVANI ET AL., EOS, 2017 
BENEDICT ET AL., JAMES, 2017 
MEDEIROS ET AL., JAMES 2016 
GETTELMAN ET AL., JAMES 2019

PUBLICATIONS

One-liner to change 
prescribed “APE” SST.

Ability to use SST 
dataset.

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

FADIAB adiabatic
FDABIP04 Adiabatic (baroclinic lifecycle)
FHS94 Held-Suarez Idealized Physics
FKESSLER Kessler warm microphysics
QPC4 Aquaplanet, prescribed SST, CAM4
QPC5 Aquaplanet, prescribed SST, CAM5
QPC6 Aquaplanet, prescribed SST, CAM6
QSC4 Aquaplanet, slab ocean, CAM4
QSC5 Aquaplanet, slab ocean, CAM5
QSC6 Aquaplanet, slab ocean, CAM6
FSCAM Single column model
“PORT” Radiative transfer
“SD” Specified dynamics

RCE Radiative convective 
equilibrium on the sphere

GrayRad Frierson gray radiation 
aquaplanet
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http://www.cesm.ucar.edu/models/simpler-models/
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Earth System Atmosphere

Aquaplanet Radiative-Convective Equilibrium Idealized Dry Physics

Maher et al. 2019

http://dx.doi.org/10.1029/2018RG000607


Equilibrium climate sensitivity using 
regression method

Cess’ sensitivity parameter 
from AMIP warming 
experiments

Medeiros et al. 2015

https://doi.org/10.1007/s00382-014-2138-0
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Response to external forcing (warming)

Change in CRE for CAM 
aquaplanets under SST+4K.



Sensitivity to model structure

TOTAL PRECIPITATION [mm d
�1

] ZONAL STRESS [N m
�2

]

SWCRE [W m
�2

] TOTAL CLOUD [%]

ref
aci
micro
micro+dyn

Changes with aerosol assumptions, 
microphysics, and dynamical core 
(Medeiros et al. 2016).

Precipitation sensitivity to physics 
package, air-sea coupling, and 
resolution (Benedict et al. 2017)

http://dx.doi.org/10.1002/2015MS000593
https://doi.org/10.1002/2016MS000891
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Land/Topography/Ice 
Seasonality

“AMIP” AQUAPLANET RCE

Uniform SST 
No diurnal cycle 

Uniform insolation 
No rotation
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RCE: precipitation changes with Tsfc

Geophysical Research Letters 10.1002/2016GL071285

Figure 1. Monthly mean precipitation from a randomly chosen month for each simulation, with specified sea surface
temperature (SST) at the top left.

Figure 2. (a) Global-mean precipitation, (b) change in mean precipitation between simulations, (c) global-mean
near-surface specific humidity (circles) and saturation specific humidity at each simulation’s specified SST (line),
(d) extreme precipitation (the average rain rate of events over the 99th percentile), and (e) the change in extreme
precipitation between simulations with 2 K SST increments in global RCE CAM5 simulations. (f ) Number of regions N,
(g) distance between events (cluster distance D), (h) event duration T , and (i) convective aggregation index (CAI;
equation (1)). (j) Fraction of total precipitation from events with >99th percentile rain rate. (k) Fraction of rain
contributed by events as a function of event area (see text for description).

PENDERGRASS ET AL. EXTREME PRECIPITATION AND CONVECTIVE ORG 3

Geophysical Research Letters 10.1002/2016GL071285

Figure 1. Monthly mean precipitation from a randomly chosen month for each simulation, with specified sea surface
temperature (SST) at the top left.

Figure 2. (a) Global-mean precipitation, (b) change in mean precipitation between simulations, (c) global-mean
near-surface specific humidity (circles) and saturation specific humidity at each simulation’s specified SST (line),
(d) extreme precipitation (the average rain rate of events over the 99th percentile), and (e) the change in extreme
precipitation between simulations with 2 K SST increments in global RCE CAM5 simulations. (f ) Number of regions N,
(g) distance between events (cluster distance D), (h) event duration T , and (i) convective aggregation index (CAI;
equation (1)). (j) Fraction of total precipitation from events with >99th percentile rain rate. (k) Fraction of rain
contributed by events as a function of event area (see text for description).

PENDERGRASS ET AL. EXTREME PRECIPITATION AND CONVECTIVE ORG 3

Pendergrass et al. GRL 2016

http://dx.doi.org/10.1002/2016GL071285
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Cloud-resolving model: day 10, 20, 50

AQUAPLANET Non-rotating RCE (rotating) RCE (non-rotating)

http://dx.doi.org/10.1029/2018RG000607
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Thinking about RCE in a SCM…

Requirements: 
- Ocean surface with fixed SST 
- No Coriolis effect 
- No seasonal cycle (every day should be 

the same) 
- No diurnal cycle (constant sunshine) 
- [reduced insolation]

Hints: 
- Consider the available IOPs 
- Coriolis in SCAM? What controls Coriolis 

strength? 
- Why are there seasons? 
- Why does sunshine vary by location?

https://doi.org/10.1029/2007GL031320
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Preliminary solution outline
Configuration change: 
Modify the csh script to change to an ocean IOP (e.g., cgilsS6) (or location)


Namelist change: 
Turn off seasons: modify orbital parameters in user_nl_cpl


Source code modifications: 
Turn off Coriolis:

physconst.F90 (physconst_readnl) and put in src.cam 

Uniform insolation:

modify solar zenith angle calculation in 
shr_orb_mod.F90 (suggest: cos(0.73391095))

Boundary Condition change: Make SST constant

/opt/ncar/inputdata/atm/cam/sst/sst_HadOIBl_bc_1x1_2000climo_c180511.nc 

Stretch goals
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‣ Idealized modeling enables a reductionist approach to 
understanding the climate system.


‣ There is a long history of such modeling (in fact, the evolution of 
models parallels this approach)


‣ CESM2 has enhanced support for simpler/idealized 
configurations (probably more than any other earth system 
modeling platform); more still coming.


‣ The CESM developers encourage the community to establish 
needs for additional configurations, and are willing to 
collaborate to implement them. *But they need to be 
configurations of widespread appeal.


