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Air Quality and atmospheric chemistry datasets
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/ 1. Surface Networks\

% Inconsistent spatial
coverage

% Great temporal
resolution

% Limited chemical detail

& Limited vertical detoil/

ﬂAirborne Field Campaigrh

% Limited spatial & temporal
coverage (snapshots only)

% Great chemical detail
% Great vertical detail

. /

% Best spatial coverage and
great temporal detail (via
geostationary)

% Limited vertical and surface
detail

% Limited chemical detail
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How do you unify different sources of observations for the
comparison and evaluation of atmospheric chemistry and air
pollution models?

What happens when your models increasingly exist on
unstructured model grids?
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< Collaborative NOAA and NSF NCAR project: MELODIES (Model EvalLuation Using
Observations, Dlagnostics in Earth Science) MONET (Model ObservatioN Evaluation
Tool)

< Python-based, open-source tool to evaluate research and operational models
against surface, aircraft, and satellite observations.
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< Collaborative NOAA and NSF NCAR project: MELODIES (Model EvalLuation Using
Observations, Dlagnostics in Earth Science) MONET (Model ObservatioN Evaluation
Tool)

< Python-based, open-source tool to evaluate research and operational models

against surface, aircraft, and satellite observations.

% Integrate multi-resolution observations (temporal, vertical, spatial, & chemical) for a
deeper understanding of model biases.

Model Observations Pairing Plotting
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< Collaborative NOAA and NSF NCAR project: MELODIES (Model EvalLuation Using
Observations, Dlagnostics in Earth Science) MONET (Model ObservatioN Evaluation
Tool)

< Python-based, open-source tool to evaluate research and operational models

against surface, aircraft, and satellite observations.

% Integrate multi-resolution observations (temporal, vertical, spatial, & chemical) for a
deeper understanding of model biases.

Save the paired dataframe
as a netcdf for additional
analyses

Model Observations Pairing Plotting
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MELODIES-MONET

Core Functionality

A diagnostic, Python-based tool that
does data ingestion, pairing, & plotting.

Operational Impact

Unified evaluation of atmospheric
chemistry and air quality models against
NOAA, NSF NCAR, & NASA field
campaigns, surface observations,
TEMPO & TROPOMI satellites, & more.

Source Code: github.com/NCAR/MELODIES-MONET

User Guide: melodies-monet.readthedocs.io
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https://github.com/NCAR/MELODIES-MONET
https://melodies-monet.readthedocs.io/
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A diagnostic, Python-based tool that
does data ingestion, pairing, & plotting.

Operational Impact

Unified evaluation of atmospheric
chemistry and air quality models against
NOAA, NSF NCAR, & NASA field
campaigns, surface observations,
TEMPO & TROPOMI satellites, & more.

Source Code: github.com/NCAR/MELODIES-MONET

User Guide: melodies-monet.readthedocs.io W SCIENCE ELEVATED
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MELODIES-MONET

Core Functionality

@ Earth Prediction Innovation Center %{@ Unified Forecast System
i

A diagnostic, Python-based tool that

does data inges tion, pairing, & p’otting. Information related to the UFS-AQM community version, including how to build, install, and access
= the code, can be found on UFS-SRW’s documentation page®®.
Operational Iimpact of
on§ rong
Unified evaluation of atmospheric - -
chemistry and air quality models against = =
NOAA, NSF NCAR, & NASA field o

cam pa i g n s, su rfa ceo b serva t i on s, MELODIES MONET spatial overlay plots of select UFS-AQM8 model output fields.”
TEMPO & TROPOM’ sate"ites’ & m O re. Highlighted below are features included in the community version which will also be included in the

next UFS-AQM operational implementation:
+ CMAQ upgraded from v5.2.1to v5.4. This upgrade includes major code and science changes

primarily related to gas and aerosol chemistry, dry deposition, and structural software upgrades
(e.g., improved IO performance and configurability)®.

Source Code: github.com/NCAR/MELODIES-MONET

| User Guide: melodies-monet.readthedocs.io
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Community Earth System Model (CESM)
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Community Earth System Model (CESM)

} [ CESM-SE } CESM-MPAS

[ CESM-FV

NO2 [ppbv]




Community Earth System Model (CESM) & 2 NCAR
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Community Earth System Model (CESM) & 2 NCAR
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How are unstructured grids supported in &
MELODIES MONET?

% UXarray

Published July 21, 2026 | Version v2026.07.0 @
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uxarray EarthCube

Chen, Hongyu (&); Chmielowiec, Philip (&); Clyne, John (&); Eroglu, Orhan (2); Jacob, Robert (2); Jain, Rajeev PROJECT ¢ o

Medeiros, Brian €2; Ullrich, Paul ;. Zarzycki, Colin& rq IJ

Xarray extension for unstructured climate and global weather data analysis and visualization.
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How are unstructured grids supported in & 2 NCAR
MELODIES MONET?

% UXarray
# Update MELODIES MONET to accept a SCRIP / MESH file

Published July 21, 2026 | Version v2026.07.0 @

S8, U.S. DEPARTMENT OF

Office of Science
uxarray EarthCube

Chen, Hongyu (2); Chmielowiec, Philip (&); Clyne, John {&); Eroglu, Orhan {); Jacob, Robert (&); Jain, Rajeev (&); PROJECT ¢ ¢ @ A

AV
Medeiros, Brian €2; Ullrich, Paul ;. Zarzycki, Colin& rq IJ I n 9’?

Xarray extension for unstructured climate and global weather data analysis and visualization.
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% UXarray

+ Update MELODIES MONET to accept a SCRIP / MESH file

) MELODIES
MONET
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% Satellite data?
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Satellites

¢ Geostationary Satellite
> Fixed point above Earth’s
atmosphere
> NASA TEMPO launched in 2023
m Hourly, daytime
measurements of key
pollutants (NO,, O,) over

the CONUS
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pollutants (NO,, O,)
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m Ixdaily, daytime
measurements of key
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globally
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Geostationary Satellite
> Fixed point above Earth’s
atmosphere
> NASA TEMPO launched in 2023
m Hourly, daytime
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Satellites

NO, (molecules/cm?)
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MONETIO

Model specific
grid geometry
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Model specific
grid geometry

MELODIES MONET

Core code
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Build two meshes
MONETIO @
Model mesh from grid a2
Model specific geometry
grid geometry
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Satellite mesh

calculated from corner
lat lon bounds

MELODIES MONET

Core code
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arrows BEFORE pairing
Blue arrows AFTER pairing




Build two meshes

) W |
MONETIO Model to satellite @ ‘é;‘ NCAR

Model mesh from grid el \ N
Model specific geometry g

grid geometry Conservative area

Satellite mesh regridding

calculated from corner
lat lon bounds

MELODIES MONET

Core code
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MONETIO

Model specific
grid geometry

Build two meshes

Model mesh from grid
geometry

Satellite mesh
calculated from corner
lat lon bounds

Model to satellite
mapping (horizontal)

Conservative area
regridding

Model to satellite
mapping (vertical)

Apply averaging kernels,
air mass factor,
scattering weights, etc.

MELODIES MONET

Core code
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Model specific
grid geometry

Build two meshes

Model mesh from grid
geometry

Satellite mesh
calculated from corner
lat lon bounds

Model to satellite
mapping (horizontal)

Conservative area
regridding

Model to satellite
mapping (vertical)

Apply averaging kernels,
air mass factor,
scattering weights, etc.

MELODIES MONET

Core code
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Pair

Paired observation and model data
can be saved in observation space
or conservatively regridded back to
the model or an arbitrary lat/lon grid

arrows BEFORE pairing
Blue arrows AFTER pairing
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Model specific
grid geometry

Build two meshes

Model mesh from grid
geometry

Satellite mesh

Model to satellite
mapping (horizontal)

Conservative area

Model to satellite
mapping (vertical)

Apply averaging kernels,
air mass factor,

MELODIES MONET

Core code

calculated from corner regridding scattering weights, etc.
lat lon bounds
Pair
) e Paired observation and model data
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can be saved in observation space
or conservatively regridded back to
the model or an arbitrary lat/lon grid
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Model specific
grid geometry

Build two meshes

Model mesh from grid
geometry

Satellite mesh

Model to satellite
mapping (horizontal)

Conservative area

Model to satellite
mapping (vertical)

Apply averaging kernels,
air mass factor,

MELODIES MONET

Core code

calculated from corner regridding scattering weights, etc.
lat lon bounds
Pair
) e Paired observation and model data
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Plotting

can be saved in observation space
or conservatively regridded back to
the model or an arbitrary lat/lon grid

arrows BEFORE pairing
Blue arrows AFTER pairing
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Planned Airborne Field Studies & 2 NCAR

NSF SCENICS & NASA HAMAQ

Stereoscopy of Multi-scale Chemical Exchanges and Interactions between a City and its Surroundings

NASA Hemispheric Airborne Measurements of Air Quality

Objectives include:

% Improving connections between satellites and
surface networks through chemically detailed, o —
vertically- and diurnally-resolved in-situ gt iy T | ST
measurements ' P . " -

% Investigating and further developing satellite
proxies for air quality

% Investigating the complex factors controlling air
quality across urban areas
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