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CAM-SIMA science goals

Atmospheric Modeling Ecosystem in Mid-2010s SIMA-based Atmospheric Modeling Sy in Mid-2020s

The System for Integrated Modeling
of the Atmosphere (SIMA) is an

attempt to expand CAM’s capabilities,

and create a unified modeling
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« What is the current status?
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CAM-SIMA current status

Working on modifying CAM4, CAM7, and MMM physics schemes to be
CCPP-compliant (and work in CAM-SIMA).

Also bringing in MUSICA capabilities (MICM and TUV-x) into CAM-SIMA.

Hope to have a “real” CAM4 simulation running by end of fiscal year, with a
“real” CAMY7 simulation running ~6 months after that.

But this is a software engineering talk, so has CAM-SIMA accomplished any
software engineerings?
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SIMA developments - Model configuration
Creating the configure object in CAM:  Creating the configure object in SIMA:

my $cfg = Build::Config->new($opts{’'config’}); config = ConfigCAM(case, _LOGGER)

CAM uses ~8000 lines of Perl code in various scripts to properly configure
the model and perform sanity checks. This has been entirely replaced with
python code in CAM-SIMA, which provides several advantages, including:

1. Better integration with CIME.
2. More easily understood by users/developers.
3. More thorough testing.
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SIMA developments - documentation

SIMA has attempted to expand
the documentation that exists in
CAM. Eventually CAM-SIMA will

include:
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SIMA developments - documentation

SIMA has attempted to expand
the documentation that exists in

CAM. Eventually CAM-SIMA will
include:

« User’s guide

= 4.3.3.1. SCAM
Configuration Options
= 4.3.3.2. Example
Setting up a SCAM run
= 4.3.3.3. Example
Efficient way to cycle
over several SCAM IOP
locations
= 4.3.3.4. Example
Setting up User
Defined 10P for SCAM
® 4.4, Other CAM compsets
= 4.4.1. Super
parameterized CAM
(SPCAM)
® 4.5. CAM-chem tested
compsets
= 4.6. WACCM compsets
= 4.6.1. Scientifically
supported WACCM
atmosphere compsets
= 4.6.2. Tested WACCM
atmosphere compsets
® 4.7. WACCM-X compsets

3. Building and Running the
atmospheric model within
CESM

5. User Defined Variable

Resolution Configurations
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4.1. CAM scientifically supported compsets

CAM has a number of compsets/resolutions which are supported scientifically. These compsets are detailed in the
following table. A specific compset may be listed below, but unless the resolution is also listed, that
compset/resolution combination is not scientifically supported. Different resolutions exhibit different behavior and as a
result require different tunings. The scientifically supported designation is limited to the specific compset/resolution
pairs listed in the following tables.

Scientifically supported CAM compsets

FHIST f09_f09_mg17 Historical CAM6 using 1 degree finite volume dycore 1979 to 2015
[Note - this is similar to the obsolete CAM5 FAMIP
compset]
F2000climo f09_f09_mg17 Climatological present day climate (year 2000) with  Climos over
CAMG physics using 1 degree fv dycore 1995-
2005
1995-
2005

To run the FHIST compset, and create a case called fhist, simply run the following commands

% cd cime/scripts

% ./create_newcase --case fhist --compset FHIST --res f@9_fe9_mg17
cd fhist

./case.setup

./case.build

% ./case.submit

2@ 3¢

To run the F2000climo compset, and create a case called f_present_day, simply run the following commands

% cd cime/scripts
% ./create_newcase --case f_present_day --compset F200@climo --res f@9_fe9_mgl?
% cd f_present_day

% ./case.setup

% ./case.build

% ./case.submit

An important reminder: On cheyenne, if you are building on a login node, you must say

% qemd -- ./case.build
It should be noted that a number of CAM4 and CAMS5-specific compsets have been eliminated from the CAM6 release.
The rationale behind this is that due to changes in code and namelist settings, a user is unable to numerically

reproduce CAM4 or CAMS runs similar to what they would get running CESM1.2. It is recommended that if a user wants
to make a true CAM4 or CAMS run, that they do so using CESM1.2 instead of CESM2.0.
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SIMA developments - documentation

SIMA has attempted to expand
the documentation that exists in

CAM. Eventually CAM-SIMA will [
include:

w  CAM-SIMA

e and build directorie
P in CAM-SIMA

this can be found with
nstituents

CAM-SIMA dir

User’s guide

3 under . /xmlquery
lopment
Nange

e the following is the CAM-SIMA build sequence:
1.Createa ¢

f1gcAn object, used to store build configuration information. Code
« Inpu

Developer’s guide

+ <case_log>: A python logger, which is usually created by CIME itself
Outputs:

dict : A dictio

ionary

eing the name of the config variable/option, and the dictionary values being
+ nane: The name o fig option/variable. Tt what is used as the key in the config_dict dictionary
« desc: Atext description of what this particular config option is, and f values the config o
« value : The value of that config option/variable. Current ly be an integer, s
o valid_val

ngs.
Optional property that contains either a list or range of valid values for this particular config entry
Optional property for alist g option that sta

whether this config o

ype c what data type the list elements can have.
Logical that states ytion can be used as an XML attribute in a namelist definition file.

*Thanks to Courtney Peverley and
Michael Waxmonsky
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SIMA developments - documentation

SIMA has attempted to expand
the documentation that exists in pure elemental function t of theta rhod qy(theta, rhod, qv) result(t)
CAM. Eventua”y CAM-SIMA Wi” Compute temperature t as a function of potential temperature theta, dry air density rhod and water vapor mixing ratio qv.

. % piRa(ltgia) T
I n CI ud e " Essentially, 7' = @ ¢ | 7 <] @ . The formulation comes from Poisson equation with equation of state plugged in and
arranging for temperature. This function is the exact inverse of theta_of_t_rhod_gv, which means that: t ==

t_of_theta_rhod_gv(theta_of t_rhod_qv(t, rhed, qu), rhod, qv).(KCW, 2024-09-13)

« User’s guide Arguments
Type Intent Optional Attributes Name
real(kind=kind_r8), intent(in) i theta
* Developer's guide
p g real(kind=kind_r8), intent(in) : rhod
real(kind=kind_r8), intent(in) Tooqu
« Scientific documentation Return Value real(kind=kind r8)

*Thanks to Kuan-Chih Wang
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SIMA developments - documentation

SIMA has attempted to expand
the documentation that exists in
CAM. Eventually CAM-SIMA will

include:
« User’s guide
« Developer's guide

1
1
1
1
1
1
1

* Scientific documentation

pure elemental function calc_friction_velocity(taux, tauy, rrho) result(friction_velocity)

https://glossary.ametsoc.org/wiki/Friction_velocity

NOTE: taux,tauy come form the expansion of the Reynolds stress
Also found in:

Stull, Roland B.
DOI: https://do

An Introduction to Bound ~ Kluwer Acadg

©.1087/978-94-009-3

-

Equation 2

*Thanks to Michael Waxmonsky
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SIMA developments - testing

An improvement upon CAM is that
CAM-SIMA has unit testing which is
run automatically via Github Actions,

these currently include:

+«  All checks have passed

12 successful checks
* Python unit tests
v O Python Unit Tests / python_unit_tests (3.8) (pull_request) s
. . . v Q Python Unit Tests / python_unit_tests (3.9) (pull_request) S
* Python linting (pylint)
v O Python Unit Tests / python_unit_tests (3.10) (pull_request)
] « ) Python Unit Tests / python_unit_tests (3.11) (pull_request)
* Fortran unit tests

Q Python Unit Tests / python_unit_tests (3.12) (pull_request)
v O Python Unit Tests / python_unit_tests (3.13) (pull_request)

O Source Code Linting / source_code_tests (pull_request) su
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SIMA developments - CCPP

The Common Community Physics Package (CCPP) is a multi-agency effort to
try and create portable and inter-operable physics schemes for use across
various weather, climate, and earth system models.

TMOSp,
WO A Mg,
Y 5 /?/C

U.S.NAVAL

 RESEARCH_
LABORATORY
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SIMA developments - modularity

CCPP-ized scheme contains no model-

Original CAM scheme contains host- T _
specific “use” statements or DDTs/objects

model specific features.

ction arg_tabl eigh_friction_run
subroutine rayleigh friction_tend( \htmlinclude rayleigh_friction_run.html

ztodt sstate >ptend ) subroutine rayleigh friction_run(pver, ztodt, u, v, dudt, dvdt, dsdt, errmsg, errflg)

A e S
integer, intent(in) :: pver
real(kind_phys), intent(in) :: ztodt !physics timestep
use physics_types, only: physics_state, physics ptend, physics_ptend_init real(kind_phys), intent(in) ::
real(kind_phys), intent(in) ::
real(kind_phys), intent(out) :: :,:) !tenc f_eastward_wind
Jossssssssessascossssssssossees SEERISHES real(kind_phys), intent(out) :: :,:) !tenc f_northward_wind
real(rg), intent(in) :: ztodt : ysics timestep real(kind_phys), intent(out) :: dsdt(:,:) !heating_rate
type(physics_state), intent(in) :: state ! ysics state variables
character(len=512), intent(out) :: errmsg

type(physics_ptend), intent(out):: ptend an n dencies integer, intent(out) :: errflg
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SIMA developments - configurability

The CCPP allows a CAM-SIMA user <?xml version="1." encoding="UTF-8"2>
to easily change the order or create
new combinations of physics
schemes, called “suites”.

<suite name="held suarez 1994" version="1.0">

<group name="physics before coupler™>
<scheme>held suarez 1994</scheme>

<scheme>apply tendency of eastward wind</scheme>

CAM-SIMA also has the ab|||ty to <scheme>apply tendency of northward wind</scheme>
Change the number Of Vertical |eve|S <scheme>apply_heating_rate</scheme>

. . <scheme>geopotential temp</scheme>
and tracers at runtlme_’ WhICh CAM <scheme>»sima_state_diagnostics</scheme>
currently cannot do without a rebuild. SRR
Th|S aISO means CAM—S'MA W||| <group name="physics after coupler™>
eventua”y have runtime Chemistry <scheme>sima_tend_diagnostics</scheme>

configurability as well. </group>

</suite>
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Idealized physics results - moist baroclinic wave

cam6_3_132
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Specific Humidity at 850 hPa level (g/kg)

*Thanks to Adam Herrington
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Thanks for listening!

Questions?
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