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Present day, annual mean climatologies as simulated by CESM

CESM1 Precip Climatology (1979-2005) CESM1 700hPa U climatology (1979-2005)
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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 that it's supposed to e.q.,

Energy Balance
Momentum balance
Moisture balance

All compaonents 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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- stripped down versions of CESM that only contain
certain components and/or idealized representation of other

components.

Easy to perturb

Allows for idealized
experiments to identity
causal pathways

Cheap

Allows for parameter
sweeps to identify
sensitivities

| ess realistic

Always keep your eye on the

real world/fu
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Know your model's limitations
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The Dry Dynamical Core

Dynamics

Newtonian Relaxation of the temperature
\ field toward a specified equilibrium profile
or  T-T,
ot T

Linear drag on wind at the lowest [evels
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The Held-Suarez Configuration

(PPELIRIHIGUEI VI A Proposal for the a2 M, ok
: Intercomparison of the
following Held and Suarez (1994) Dynamical Cores of Atmospheric

General Circulation Models

Flat sphere default

Perpetual equinox conditions

Lompset = FHS34

Relaxation T profile T output
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The Held-Suarez Configuration

500hPa Vorticity in a Held-Suarez simulation




Step 1:Set up the Held-Suarez case

http://www.cesm.ucar.edu/maodels/simpler-
models/held-suarez.html

Step-by-step instructions

Example plots and scripts
for validation




Running wit
Running wit
Running wit

Running wit
(Polvani anc

http://www.cesm.ucar.edu/models/simpler-
models/held-suarez.htmi

1a different dynamical core

1 different horizontal/vertical resolutions
1topography

1a different analytical relaxation temperature profile
Kushner 2002 stratosphere as an example)

Running wit

1a relaxation temperature profile from netedt

Modifying the default configuration
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The Dry Dynamical Core

Example uses:

t%. Equilibrium temperature (y=4)

10 " — e

Iropospheric response to
stratospheric cooling (ozone

hole like)
Kushner and Polvani (2004)

-60-30 0O
latitude latitude

a. Zonal wind (y=2)

d
-75 -60 -45 -30 ~-15 -75 -60 -45 -30 ~-15
latitude latitude
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The Dry Dynamical Core

Problems in large scale atmospheric dynamics that are not highly
dependent on moisture

e.q.. mid-latitude jet dynamics, eddy-mean flow interactions,
tropical-extra-tropical connections, stratosphere-troposphere
coupling

Aspects of the atmospheric circulation where moisture is key e.g.
Hadley circulation, tropical dynamics
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The Aquaplanet
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QAGU 3

Journal of Advances in Modeling Earth Systems "k

RESEARCH ARTICLE Reference aquaplanet climate in the Community Atmosphere

10.1002/2015M5000593

Model, Version 5

Brian Medeiros?, David L. Williamson1, and Jerry G. Olson?

Available out of the box with CAM4, CAM3 and CAMB physics
Finite Volume Dynamical Core (I° and 2° horizontal resolution)
Arepetual Equinox with seasonal cycle capabilities

Prescribed SSTs or Slab Ocean

Easy to modify 38T profile

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



al0hPa vorticity

Total precipitation




Example uses: sensitivity of
hurricane formation to the

|atitude of the [TCZ

Merlis et al (2013) using GFDL- _
HiRAM (a0km Resolution) X\ KX:) QPN == e

BallhPa relative vorticity — =

White is positive (cyclonic)

~4[% increase in # of
cyclones per degree poleward

shift of the [TCZ from 8N

ITCZ 12N

Movies courtesy of Tim Merlis (McGill University)
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The Atmospheric Model Hierarchy

Thatcher and Jablonowski (2016)
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The Atmospheric Model Hierarchy

Thatcher and Jablonowski (2016)

Like Held-Suarez, but with a simple representation of

boundary layer fluxes of moisture and heat and a >

simple representation of diabatic heating from
condensation of saturated air parcels.

Single Column
Atmospheric

Model (SCAM

Dynamical Core
with ldealized
moisture

Examine the behavior of
physical parameterizations in
a single column in the absence
of dynamical feedbacks.

AAA
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The Atmospheric Model Hierarchy

AV

Gray radiation
aquaplanet

Frierson et al (2006)

Part way between the dynamical core with
idealized moisture and the full aguaplanet.

|dealized representation of moisture and an
idealized radiation scheme.




Dynamical Core Test Cases

O Muoist baroclinic wave with Kessler microphysics
bcwup
Ulrich et al (2014) dry baroclinic wave with Kessler (1963) microphysics.

o loy terminator chemistry (Lauritzen et al 201a)

Simple chemistry that mimics photolysis-driven processes near the
solar terminator

Terminator reaction coefficiant: k,(A 0)

Large-scale precipitation rate at day 10 using the 1 degree FV core
pe-scake (stable) peacipnation rate (g + ita) i/




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

Moist baroclinic wave with Kessler microphysics

Introduction

Running the FKESSLER test case

Step 1: Create the FKESSLER test case

Step 2: Configure the FKESSLER test case

Step 3: Set up and build the FKESSLER test case

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

'Toy' terminator chemistry

Introduction

Running the FKESSLER test case (with terminator chemistry)

Step 1: Create the FKESSLER test case

Step 2: Configure the FKESSLER test case




We'd like to hear from you



We'd like to hear from you

It you make use of idealized configurations of CESM, please contribute
your paper to the CESM simpler models publications page and mention
it in your acknowledgements. This will ensure continued support.

www_cesm.ucar edu/models/simpler-models/simplerpubs htm| www_cesm.ucar.edu/models/simpler-models/

Publications using CESM simpler models .
Acknowledgement of CESM simpler models and
" to be included on this ndittolsla § : publications




We'd like to hear from you

It you make use of idealized configurations of CESM, please contribute
your paper to the CESM simpler models publications page and mention
it in your acknowledgements. This will ensure continued support.

www.cesm.ucar.edu/models/simpler-models/simplerpubs.html www.cesm.ucar.edu/models/simpler-models/

Publications using CESM Slmpler models Acknowledgement of CESM simpler models and

publications

It you have an idealized configuration that you've
developed / would like to develop and you would like to
make this available to the wider community, get in

touch




Summary

Simpler versions of the model are an extremely useful tool for
understanding the behavior of the comprehensive version of the
model and to explore mechanisms and sensitivities

Make use of the model hierarchy to break down whatever problem
you're investigating, if there is a simpler model that is relevant.

Let in touch if you are keen to develop your own simplified version of
the model

For dry dynamical core: Isla Simpson, islas@ucar.edu

For aquaplanet: Brian Medeiros, brianpm@ucar.edu



The Aquaplanet

Example uses: understanding the behaviour of clouds and precipitation
and their coupling to the circulation

stevens and Bony (2013)

CHANGE IN CLOUD RADIATIVE EFFECTS

CHANGE IN PRECIPITATION

MPI-ESM-LR MIROC5 FGOALS-G2 IPSL-CM5A-LR



