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MUSICA

CAM-SIMA structure s
System for Integrated Modeling of the Atmosphere

WRF CAM MUSICA Plasmal/ Physics/
Physics Physics Chem./Aero Thermo. Chemistry

i E Physics—Dynamics Coupling

Dynamical
Cores

CAM-SIMA schematic showing interoperability among dynamical cores,
physics, chemistry, and geospace parameterizations.

SE = Spectral Element
MPAS = Model for Prediction Across Scales




MUSICA

Multiscale Infrastructure for MUSICA SOftware Development Plan

Chemistry and Aerosols

NOAA : .
[ CAM-SIMA [ CAT-Chem MPAS-A ] Opportunity to bring in
- partner models and modules
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NCAR Atmosphere Model

MICM = Model Independent Chemistry Module Partner Atmosphere Model

Partner Chemistry Modules
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MUSICA

Multisca_lelnfrastructure for MUSICAVO and MUSICAV1 .
chemisty and Aerosas Configurations of CESM CAM-chem
MUSICAVO MUSICAv1

CESM/CAM

Hydrostatic Spectral Element DyCore

CESM/CAM
Non-Hydrostatic MPAS DyCore

=

Available in CESM2.2 CAM-chem and WACCM CAM-MPAS-chem currently being tested
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MUSICA
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Documentation, Tutorials, etc: https://wiki.ucar.edu/display/MUSICA/MUSICA+Home
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Grids available in CESM: CONUS, Arctic, Greenland Ice Sheet

Can create custom grids for MUSICAvVO (CAM-SE) — instructions on wiki h
44°N 1

MUSICAv1 (CAM-MPAS-chem) is being tested and evaluated =N

« Existing variable resolution grids can be rotated to region of interest 32°N 1 & G
il hfqri Mariscal, submit—t‘ed.to GMD

Commur.\it.y Users anq Projects: | ONW 118°W  106°W 08w B2W TowW
https://wiki.ucar.edu/display/camchem/Users+and+Projects



https://wiki.ucar.edu/display/MUSICA/MUSICA+Home
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MUSICA Regional refinement: CO during the Australian 2019/2020 Wildfires
The event created a large atmospheric perturbation

e MORPITT shows over 40% increase in CO to 2002-2019 average
e MODIS shows over 120% increase in AOD to 2002-2019 average
e Developing MUSICAVO RR for Australia to look at both local and transported impacts

Australia regional refined grid at ne30x8 (~14 km) R eg IOﬂ al Iy ref | N ed SCO
= = > ‘CX)to&ﬂcohunn,neSOxS2020—]f02 06
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ASIA-AQ
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https://worldview.acom.ucar.edu/

st Platforms and instruments: _ Primary collaborators include:
p -'f-;.f"”’v@ * NASA DC-8 (161 hours): 26 instruments ~ DENR, PhilSA, and Manila Observatory in the Philippines,
) measuring in situ parameters relevant to -~ NIER and KMA in South Korea,
gas phase and aerosol composition — GISTDA and PCD in Thailand,
« LaRC GllI (209 hours): GCAS + HSRL2 measuring |~ Ministry of Environment, NCU and Academia Sinica in Taiwan
. ¢t & 4 : with numerous other agencies and research institutions
B, Nt (f column densities of .N(.)2 and HCHO and profiles https://espo.nasa.gov/asia-ag/content/ASIA-AQ Participants
Uk « GisTON® of aerosol characteristics and ozone.
\- Google Earth| [+ T4 Gobgle Earth T Google Earth||) -
Philippi,ne Data SIO,&NOAA, U.S!Navy, NGA, GEBCO \ Talwan Data SIO, NOA?S. Navy, NGA, GEBCO South K Data/S10; NOAA’,‘U.S. Navy, NGA, GEBCO Thalland
Image Llandsat / Copernicus i Feb 147 28 = g _, Image Landsat/Copemicu ? |magmeLandsatICopemicus | MarCh 16, 18, 19,

Data LDEO-Columbia, NSF, NOAA March 1 3, 27 21 y 23, 25 r
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Maps of the geographical regions sampled in February-March 2024 during ASIA-AQ. Colore
areas are those mapped by the Glll and the white lines represent one flight from the DC8.

1 200 km |

Data will be released before Oct 2024


https://espo.nasa.gov/asia-aq/content/ASIA-AQ_Participants

MUSICA simulations for ASIA-AQ

We provided forecasts with MUSICAvO (CAM with Tagged CO tracers), as well as WRF with
tracers (G. Pfister, R. Kumar) and several other NASA-funded and international teams

Model evaluation ongoing using surface, aircraft and satellite observations
Comparing different emissions inventories (Anthro and Fire)

MUSICAvO with TROPOMI NO2 and CO assimilation,
comparison of existing emissions inventory and trends
(how is 2024 different from previous years) [B.Gaubert]

Local inventory for Thailand 2-5 times greater than other inventories over Bangkok
Local: 49.0 kTons

MIXv2.3: 25.0 kTons CEDSv2021 4 21: 18.0 kTons EDGARV5: 28.0 kTons

ASIA-AQv3: 8.0 kTons
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Fire emissions differ greatly — models with FINN are
closer to obs VOC speciation varies greatly between inventories

Always challenging to get accurate local speciation

Will be challenging to evaluate: sampled air mixed with
Anthro from China, etc.

Propane

CO data assimilation (MOPITT/TROPOMI) for estimating
posterior emissions and track CO transport
FINN_ CO emissions 2024-03-16 QFED CO Emissions 2024-03-16 =
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ASIA-AQ Multi-model comparison

e Models supporting ASIA-AQ for

- 8
forecasting and analysis — global and 7/
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Surface Ozone Attribution
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MUSICAv1 (MUSICA-MPAS) for ASIA-AQ

Grid Centered at 20N, 121E

We are testing MUSICA-MPAS
for ASIA-AQ

60km-3km mesh is used

We are currently testing the
domain for Manila, Philippines
and Taiwan

Grids and simulations for
Thailand and Korea will also be
tested



observations of atmospheric chemistry
MELODIES: Model Evaluation using Observations, Dlagnostics and Experiments Software
MONET: Model and ObservatioN Evaluation Toolkit EarthCube

A modular framework to compare model results and

https://github.com/NOAA-CSL/MELODIES-MONET

d on wrfchem_v4.2
" o Lond ; '(:'f P o 'yfl
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Configuration file SI YAML P SA 0f | , ’;Bh"{ ;

e Define comparisons and analysi Conﬁguration file

e Call driver script o -

e Python notebook workflow ’;'- o -

e Development scripts = | I
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e Retrieves data if necessary and

e Reads global attributes, grid
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cloud) ' - [ Dopdea s 120
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Python (Xarray, l
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https://github.com/NOAA-CSL/MELODIES-MONET
https://www2.acom.ucar.edu/events/melodies-tutorial-2024
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MELODIES MONET pairs

model and obs, produces plots

* March monthly avg

* Model too high over China,
but too low over India,
Siberia, Tropical Pacific

Model evaluation with
satellite, aircraft and surface
observations provides
complementary information
on emissions accuracy and
model chemistry, etc.




Task Force on Hemispheric Transport of Air Pollution (HTAP)

Convention on Long-range
Transboundary Air Pollution

HTAP organized under UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP)
« Mandate to quantify the long-range (hemispheric to global) influence of remote sources of air

pollution (including methane) in the UNECE region

» Current legislation is not sufficient to meet the long-term clean air objectives of CLRTAP

New round of multi-model experiments (HTAP3-OPNS: Ozone, PM, Nitrogen and Sulphur
Deposition) to address:

Relative contributions of intra-regional and extra-regional sources to air pollution
Contributions under future emission scenarios and under future climate change

Impacts of ground-level ozone, especially damage to vegetation; effects of methane on ground-level
ozone; effects of wildfires on long-range air pollution; total atmospheric deposition

Free-running future simulations with chemistry-climate models

Still waiting for emissions

Please contact Louisa Emmons (emmons@ucar.edu)

if you want to contribute to CAM-chem simulations for this

Task Force on Hemispheric
LA Transport of Air Pollution


mailto:emmons@ucar.edu

Welcome to the CESM with Chemistry Wiki

CAM-chem (Low and Mid-Top): The Community Atmosphere Model with Chemistry (CAM-chem) is a component of the
NCAR Community Earth System Model (CESM) and is used for simulations of global tropospheric and stratospheric . .
atmospheric composition. Chemistry in CAM-chem is based on the MOZART family of chemical mechanisms, with various Wiki page'

choices of complexity for tropospheric and stratospheric chemistry. The first version of CAM-chem is described in Lamarque htt&S://Wiki .ucar.ed u/displav/camchem/Home
et al. (2012). An overview of CESM2, which is based on CAMB, is provided by Danabasoglu et al. (2020), with details of the

chemistry described in Emmons et al. (2020) and the secondary organic aerosols in Tilmes et al. (2019). CAM6-chem uses

the MAM4 modal aerosol model (Liu et al., 2016). Please help us fill in:

WACCM (High-Top): The Whole Atmosphere Community Climate Model (WACCM) is a comprehensive numerical model, CU rrent ProjeCtS
spanning the range of altitude from the Earth's surface to the thermosphere.
Development Plans

Run e Get an NCAR HPC Account

* Quick Start - Run CAM-chem on Derecho
(the new NCAR HPC)

o Home Machine (fully coupled version in
CESM)

e Glossary for **new users’

* Release Versions and Cor User

* Troubleshooting

Current Users/Projects

Community Development Plans
Tutorials e CESM Tutorials rsskaReste Tl e| Intercomparisons
e CESM 2022 Tutorial videc
« CESM Chemistry 2023 Tt (MIPs)
* MUSICA Tutorial Series e CAM-chem Forum
e Chemistry-Climate Working Group
Publications

e CAM-chem Publications from NCAR
e CESM Publications
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