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Linking Global Processes
to Regional Air Quality

Zhixu Sun, PhD Student
Advisor: Prof. Joshua S. Fu

University of Tennessee, Knoxville
MPAS-CMAQ global mesh, 120 km · 40,962 cells



Why model air quality in the AI era?

Sources: EPA AQS and CMAQ (2013); DOE/LBNL (2024); Liu et al. (2026)
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AI + industry Energy / emissions Air-quality questions
O3 monitoring sites Simulated O3 field ppb
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Observations
evaluate models.

Models assess
future scenarios.

Simulations also provide AI training data

Simulations Inputs + targets AI surrogate

https://www.epa.gov/cmaq/cmaqs-purpose


What is MPAS–CMAQ?

Source: Wong et al. (2024).

Zhixu Sun  |  A&WMA Southern Section 2026 03

A global weather model + CMAQ air-quality processes
MPAS
Weather + tracer 
transport
CMAQ
Chemistry, mixing
and removal
Shared coupler
Also supports
WRF–CMAQ

Two design goals: connect scales and maintain transport consistency.

https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024


Upstream scenarios need consistent regional inflow

Sources: Hogrefe et al. (2024), EPA EQUATES ISAM, May–Sep 2018; Wong et al. (2024)
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Boundary O3 · top-10 MDA8 days

1 2 5 10 20 30 40 ppb

> 40 ppb
Boundary-tagged ozone in the
intermountain West

Regional scenario
Change outside emissions → rerun
upstream model → update boundary

Global scenario
Change sources and follow the response
inside the same domain

Keep the upstream perturbation and the regional response in one experiment.

https://www.cmascenter.org/conference/2024/slides/1035_HogrefeEtAl_CMAS2024_EQUATES_ISAM_Final.pptx
https://www.cmascenter.org/conference/2024/slides/1035_HogrefeEtAl_CMAS2024_EQUATES_ISAM_Final.pptx
https://www.cmascenter.org/conference/2024/slides/1035_HogrefeEtAl_CMAS2024_EQUATES_ISAM_Final.pptx


Different chemical mechanisms require translation

Sources: Henderson et al. (2014); EPA CMAQ input guide; Wong et al. (2024)
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Global Model → CMAQ

Two separate products → one lumped species

One global mechanism avoids cross-model translation at a regional edge.

Mixture 1

Mixture 2

0.8 0.2

0.2 0.8

1.0 ppb of ISPD

1.0 ppb of ISPD

Grouped IsopreneMethacrolein
Methyl vinyl ketone

https://doi.org/10.5194/gmd-7-339-2014


Smoother mesh transitions, fewer artificial flow disturbances

Sources: Park, Klemp, and Skamarock (2014)
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Grid-induced wind disturbances can affect pollutant transport.

WRF: artificial peaks at 
nest boundaries

MPAS-A: refinement stays 
close to the reference

https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024


Consistent transport of air and pollutants

Sources: Wong et al. (2012, 2024); Byun (1999); EPA CMAQ source code.
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Offline WRF–CMAQ Coupled WRF–CMAQ

In the MPAS build
Advection + horizontal diffusion → MPAS

Advection of chemical species in MPAS identical to meteorological scalars

No need for mass adjustment for continuity

https://doi.org/10.5194/gmd-5-299-2012
https://doi.org/10.5194/gmd-5-299-2012


One global mesh, refined where detail is needed

Sources: NCAR x4.163842 mesh; Wong et al. (2024). 
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Global 92–25 km

No internal nesting boundary

25 50 75 100

Weather and chemistry share one global mesh, including its refined region.

https://mpas-dev.github.io/atmosphere/atmosphere_meshes.html
https://mpas-dev.github.io/atmosphere/atmosphere_meshes.html
https://mpas-dev.github.io/atmosphere/atmosphere_meshes.html
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Why extend CMAQ with MPAS?
CMAQ air-quality
processes
Gas and particle chemistry
Cloud chemistry
Wet and dry deposition

What does this enable?

Develop and test
CMAQ science across
global and regional scales.

CRACMM2: a chemical mechanism for gases and particles
EPA public case: 120 km uniform mesh · Next slide: separate 92–25 km evaluation

EPA’s direction: a gradual CMAQ transition from WRF toward MPAS.
EPA CMAQ science overview Willison et al. (2024), slide 14 CMAQ v5.5 release notes EPA CRACMM

https://www.epa.gov/cmaq/overview-science-processes-cmaq
https://www2.mmm.ucar.edu/wrf/users/workshops/WS2024/presentations/day1/7_Willison.pdf
https://usepa.github.io/CMAQ/DOCS/Release_Notes/CMAQ-Release-Notes:-MPAS-CMAQ-Coupled-Model.html
https://www.epa.gov/cmaq/cracmm


Does the coupled system reproduce observed ozone?

Source: Wong et al. (2024), 92–25 km mesh. 
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Bias (ppb)MDA8 O3 · July 2016 · AQS sites

−0.8 ppb
Mean MDA8 O3 bias

Underestimation in parts 
of California

East: many near-zero
or negative sites

Small overall bias, but regional differences remain.

https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024
https://doi.org/10.5194/gmd-17-7855-2024


Comparison with WRF-driven CMAQ

Sources: Wong et al. (2024)
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WRF-driven CMAQ
EPA EQUATES · 12 km · CMAQ v5.3.2

MPAS–CMAQ
92–25 km · CMAQ v5.4

>25
15

0

−15
<−25

ppb

July ozone: less overprediction in the eastern U.S.

Different setups—not a controlled comparison.

https://gmd.copernicus.org/preprints/gmd-2024-52/gmd-2024-52-AC1-supplement.pdf
https://gmd.copernicus.org/preprints/gmd-2024-52/gmd-2024-52-AC1-supplement.pdf


MPAS–CMAQ at UT: setup and initial evaluation
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Global simulations with ERA5 nudging · 120 km
ERA5 nudging targets + global inputs  |  120 km, chemistry enabled

Surface RMSE · lower is better No nudging Above PBL Including PBL

2-m temperature (K)
5.67

3.68 3.65

36% lower RMSE

2-m dew point (K)
7.11

4.06 3.89

45% lower RMSE

10-m wind speed (m/s)
4.14

2.84 2.68

35% lower RMSE

Next: evaluate O3 and PM2.5, then test an upstream emissions response.



Key points of MPAS-CMAQ: Global reach. Regional detail. 
CMAQ science.
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The design CMAQ air-quality processes
on one global, locally refined mesh.

Published work July ozone at U.S. sites: small mean bias;
regional differences remain.

Our progress Inputs ready; initial UT tests show
lower surface weather errors with nudging.

Thanks!
Zhixu Sun · zsun23@vols.utk.edu · University of Tennessee, Knoxville
Advisor: Prof. Joshua S. Fu.
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