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MUSICA: MUlti-Scale Infrastructure for Chemistry & Aerosols

Provides flexibility to use different:
• Chemistry schemes
• Aerosol schemes
• Photolysis calculations
• Physics parameterizations
• Atmosphere models

Vision: Enable chemistry and aerosols to be simulated at different resolutions in a coherent fashion
Development is consistent with SIMA (System for Integrated Modeling of the Atmosphere)

Note: This is our initial vision 
but the design may change

MUSICA

Model Independent 
Chemistry Module (MICM)

MUSICA web page: 
https://www2.acom.ucar.edu/sections/multi-
scale-chemistry-modeling-musica

MUSICA Vision paper published in BAMS: 
Pfister et al., 2020, 
https://doi.org/10.1175/BAMS-D-19-0331.1

https://www2.acom.ucar.edu/sections/multi-scale-chemistry-modeling-musica


Model-Independent Chemistry Module (MICM)
● Database of chemical mechanisms and data needed for solving chemistry

○ Allows easily changing the chemical mechanism, properties of chemical constituents, etc.

● Portable MICM software library usable in different atmosphere models

● Expandable suite of solvers for chemistry
○ CPU-optimized Rosenbrock
○ GPU-based solvers
○ Solvers for multi-phase systems

Reactions &
Reaction rates

Photolysis rate 
data

Compound 
properties

D
at
ab
as
e

JSON files 
that configure 
the chemistry

Atmosphere Model 
(CAM, MPAS, box model, and others)

MICM software library

Chemistry API

Mechanism 
Interpreter Solvers

run-time 
configuration of 
chemical system



Database: “Chemistry Café”
Species





Café:
• Provides filtering for examining subsets of mechanisms
• Keeps track of multiple versions of reaction rates
• Easy to select reactions for a given mechanism
• Export of mechanism in multiple formats (current CESM, 

KPP for WRF-Chem, MICM/CAMP)



MusicBox: MICM in a box model
https://github.com/NCAR/music-box

● Available with command-line control or browser interface

● Allows for run-time configuration: 

○ Uploading existing mechanism

○ Modification of chemical mechanism

○ Specification of initial and time-varying environment

○ Browser interface plots results, allows download of 
output

○ Flow Diagram of chemistry

● MusicBox Tutorial and Demonstration Video
○ https://www2.acom.ucar.edu/event/workshop/musica-tutorial-2021

Being used in atmospheric 
chemistry classes 
(Baylor Univ., 
Univ. of Arizona, etc.)

https://github.com/NCAR/music-box
https://www.youtube.com/watch?v=OiDm_w3Eq80
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Reaction rate diagrams illustrate the contributions of species to products and 
the relative importance of each reaction pathway



Features of MICM

● MICM is being designed so that it can be easily connected to any model, including CESM. 
MICM will not rely on particular coupling code (e.g., CCPP) being present, making it truly 
"model-independent”.

● MICM builds as a stand-alone software library. 
A model simply needs to link to the library at compile time (i.e., you don't need to add code to 
your model).

● MICM will have a well-defined API. 
This means you won't need to modify the MICM source code to use it in your model, you just 
interact with the components of the MICM library in a clear, predefined way (like netcdf). 

● MICM will have >80% coverage by unit tests. 
This means you can have confidence that the code is operating in the way it was intended, and 
reduces the likelihood of needle-in-a-haystack bug searches.


