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SIMA

(System for Integrated Modeling of the Atmosphere)

SIMA is an effort to unify community atmospheric modeling across

weather, climate, chemistry, and geospace

Atmosphere component of CESM is CAM

CESM (=Community Earth System Model)  (community Atmosphere Model)
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Example frontier SIMA Application: Coupled regional climate

in global CESM (e.g. polar) Alot of effort has been put in to developing community tools
for setting up custom regional refined simulations!
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Movie at: https://www.youtube.com/watch?v=YwHgqDu75s8
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Example frontier SIMA Application: Geospace
(WACCM-SE-CSLAM at ~25km, ~600km model top)
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Coupling to dynamic magnetohydrodynamic model GAMERA

(provides electric potential and energetic particle information which is efficiently mapped to model grid)

Species dependent thermodynamics

Molecular viscosity and thermal conductivity in spectral-element dynamical core

Vertical winds: WACCM-X (NE120/L273)

120 elements ~ 25km resolution, 273 vertical levels ~ 1/10 scale height

WACCM-X Coupled to
plasmasphere model:
Waves generate
ionosphere bubbles
(first in a global model)

Stratosphere ~30km E-region ~130km F-region ~250km



Example frontier SIMA Application: Ultra-high res

EarthWorks

- . . Model for Prediction Across Scales dynamical core (MPAS):
arthWorks is a five-year project to ] . . . B
develop a global coupled model, based on Consistent coupling with the CAM physics package

the CESM, that uses the same

~4 km global grid for the atmosphere,

— d ‘ —
ocean, and land surface. 9777/ : v ; [) E\ ) : m, <£> % T, vV ] AT). q (é)
The model will be used to study both /

weather and climate. 2.1 CAM physics state variables

Not including state variables in specific parameterization, the CAM physics prog-
nostic state variables are (omitting horizontal index)

EarthWorks is based on the CESM
infrastructure, but it is not a CESM project.

« Tj: mid-level temperature

« Apy: pressure level thickness

« ¢+ layer mean specific/moist mixing ratio of constituent £
« velocity components at mid-level

where k is level index




Example frontier SIMA Application: Chemistry

MUSICA V0 Applications

v
i

e MUSICA-VO = CAM-chem, Spectral Element with regional

L=

refinement
e Default grid: ne30x8 over CONUS (14km over US, 1-deg rest of ;
globe)

e Other grids: Asia, India, South Korea, Africa

o Ozone air quality and chemical complexity (R. Schwantes)

o PM2.5 and health effects (F. Lacey)

o Fire emissions (W. Tang)

o Asian monsoon outflow ACCLIP campaign (R. Smith, J. Zhang)
o India air quality (B. Roozitalab)

o Effect of biomass burning in the Gulf of Guinea (O. Ajoku)

o Set of CONUS simulations for community analysis (S. Tilmes)




Pressure (hPa)

Next generation CAM

List of CAM developments underway

Vertical grid/resolution (higher top, more levels)

Dynamical core development (SE,MPAS,FV3)

CCPP infrastructure

Physics re-ordering

Enthalpy fluxes to other components (MOM®6)

CPT: Implementation of CLUBB-EDMF

CPT: Prognostic momentum fluxes in CLUBB

CPT: Land surface heterogeneity interacting with atmosphere
Other: Microphysics (PUMAS), Radiation (RRTMGP), Convection
(ZM2)

(CAM7 in CESM3)
Grid spacing
o1l ° WaccM ¢ .
* O CAM =
e New grid, L93 < S
® New grid, L58 ¢ °
H
L
0.1 .
L]
L
L]
° .
L] ¢ ®
° L ]
1 EJ &
L °
:. ° . ¢ o
o ® °
L)
10 AET . °
'y . o
o - o
i 0 =
°
Q0
100
High top (~80km) = 93 levels
Low top (~40km) = 58 levels
20°°
1000 . - . : . ’ .
0 1000 2000 3000 4000 5000 6000 7000

Grid spacing (m)

T T 0
default

— transfer of enthalpies

T
— default
—— transfer of enthalpies

-0.5

-1.0

-15

Sep
Oct
Nov
Dec
Jan

4 :
a ﬁ p(d){K + @s + C;d)T =+ Z mw) [K + q)s di c;)e) (T _ T()()) ) thoce)]
teLu,o

+m L, o0 + mED L f,oo}dA dz

~ [[{ S Faf[Re+ 0.0 (7.~ Ton) o P Lot P g FL L

LeLHy0

Lauritzen et al. (in prep): Reconciling and improving formulations for
thermodynamics and conservation principles in Earth System Models




