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Motivation: What are climate models? 
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Numerical Models
Weather Forecasting

NOAA National Weather Service

Process Understanding
IPCC AR4 FAQ, 

extracted from UCAR The Climate System

https://forecast.weather.gov/MapClick.php?CityName=Boulder&state=CO&site=BOU&lat=40.0269&lon=-105.251
https://scied.ucar.edu/learning-zone/earth-system/climate-system
https://scied.ucar.edu/learning-zone/earth-system/climate-system


Motivation: What are climate models? 
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Motivation: What are climate models

Trent L. Schindler (NASA and 
Goddard Space Flight Center 

Scientific Visualization Studio) 

Jet Stream
~106 m

Franzke et al. 2020 4/27

https://svs.gsfc.nasa.gov/3864
https://svs.gsfc.nasa.gov/3864
https://svs.gsfc.nasa.gov/3864


Motivation: Push towards Higher Resolution

Bob Henson (NCAR/UCAR 
Image and Multimedia 

Gallery) 

Tornado
~103-4 m

Franzke et al. 2020 5/27

http://n2t.net/ark:/85065/d7vt1q7c
http://n2t.net/ark:/85065/d7vt1q7c
http://n2t.net/ark:/85065/d7vt1q7c


Motivation: What are climate models? 

Snowflake
~10-6 m

Reddit r/mildlyinteresting

Franzke et al. 2020 6/27

https://knowyourmeme.com/photos/1694488-mildly-interesting


Motivation: Arrival of Kilometer-scale Global Models

NCAR Graphics
Intergovernmental Panel on Climate Change (IPCC) AR4; 

FAR/SAR/TAR: First/Second/Third Assessment Report, AR4: Fourth Assessment Report 

Increase in spatial resolution allows more 
climate process representations 

Limitation: 2x Increase in Resolution
requires 10x more computing power

Structured Lat-Lon Grid
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https://ngwww.ucar.edu/grids.html#LatLon
https://ngwww.ucar.edu/grids.html#LatLon
https://ngwww.ucar.edu/grids.html#LatLon


Motivation: Arrival of Kilometer-scale Global Models

…thus drives motivation for transitioning to 
unstructured grids, which allows increase in 

resolution in certain regions. 

Higher resolution is required for 
answers to critical questions at regional 

levels… 
Variable resolution, cubed sphere grid (CAM)

Warren Washington/NCAR; 
T42: mid-1990 typical model resolution; T85: 1 degree resolution (100 x 150km); 

T170 andT340: High resolution
Project Raijin - UXarray
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https://ngwww.ucar.edu/grids.html#LatLon
https://scied.ucar.edu/learning-zone/how-climate-works/climate-modeling
https://ngwww.ucar.edu/grids.html#LatLon


Motivation: Arrival of Kilometer-scale Global Models

…thus drives motivation for transitioning to 
unstructured grids, which allows increase in 

resolution in certain regions. 

Higher resolution is required for 
answers to critical questions at regional 

levels… 
Icosahedral grid

Warren Washington/NCAR; 
T42: mid-1990 typical model resolution; T85: 1 degree resolution (100 x 150km); 

T170 andT340: High resolution
Project Raijin - UXarray
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https://ngwww.ucar.edu/grids.html#LatLon
https://scied.ucar.edu/learning-zone/how-climate-works/climate-modeling
https://ngwww.ucar.edu/grids.html#LatLon


Motivation: Arrival of Kilometer-scale Global Models

…thus drives motivation for transitioning to 
unstructured grids, which allows increase in 

resolution in certain regions. 

Higher resolution is required for 
answers to critical questions at regional 

levels… 
Two triangular grid 

cells 

Warren Washington/NCAR; 
T42: mid-1990 typical model resolution; T85: 1 degree resolution (100 x 150km); 

T170 andT340: High resolution

Project Raijin - UXarray
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https://ngwww.ucar.edu/grids.html#LatLon
https://scied.ucar.edu/learning-zone/how-climate-works/climate-modeling
https://ngwww.ucar.edu/grids.html#LatLon


Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

Existing grid formats and files

Details for each grid format available on Uxarray readthedocs
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Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

2. Storm resolving resolutions 
generate a LOT of data

Vorticity plotted from 3.75km MPAS Atmosphere mesh, 
composed of roughly 84 million nodes and 42 million 

faces at a single timestep. 

One file at this resolution in a single timestep has the 
size of ~10GB. 
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Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

2. Storm resolving resolutions 
generate a LOT of data

3. Trivial structured grid operators 
typically need to be 

reimplemented

Xarray functionalities are built upon structured grids, 
which discrepancies are introduced when using 

unstructured grids. 

Regridding
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Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

Why Uxarray? 

1. Supports wide range of 
unstructured grid conventions
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Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

2. Storm resolving resolutions 
generate a LOT of data

Why Uxarray? 

1. Supports wide range of 
unstructured grid conventions

2. Avoids duplication of memory 
consumption from regridding
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Model Output on Native 
Unstructured Grid 

Regridded Model Output 
on Lat-Lon Grid 



Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

2. Storm resolving resolutions 
generate a LOT of data

3. Trivial structured grid operators 
typically need to be 

reimplemented

Why Uxarray? 

1. Supports wide range of 
unstructured grid conventions

2. Avoids duplication of memory 
consumption from regridding

3. Avoids introduction of 
discrepancy from regridding
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Challenges of Using
Unstructured Grids

1. No widely-used convention for 
unstructured grid representation

2. Storm resolving resolutions 
generate a LOT of data

3. Trivial structured grid operators 
typically need to be 

reimplemented

Why Uxarray? 

1. Supports wide range of 
unstructured grid conventions

2. Avoids duplication of memory 
consumption from regridding

3. Avoids introduction of 
discrepancy from regridding

 
4. Eliminates overhead from 

regridding

17/27



Project Raijin and UXarray Goals

Computational operators��
∬

Regridding

Plotting

1. Develop extensible, scalable, open 
source software for data analysis on 
unstructured grids 

2. Sustainable and community owned
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Routine Enhancement: Weighted Mean

Click to add footer

Lat-lon grid
For Dummies

Grid box in the tropics would 
cover a spatial area that is larger 

than that in the midlatitudes. 
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https://ngwww.ucar.edu/grids.html#LatLon
https://www.dummies.com/article/academics-the-arts/science/geography/grasping-the-global-geographical-grid-hip-hip-hipparchus-201220/


Project Raijin - UXarray

Routine Enhancement: Weighted Mean

Single datapoint 
covers a larger area

Single datapoint 
covers a smaller area

…Weighted mean will normalize data by the weights 
(e.g. face area or edge length)
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Regular mean would not take the area into account…

https://ngwww.ucar.edu/grids.html#LatLon


Routine Enhancement: Weighted Mean

Large file size makes loading 
datasets in-memory impossible…

…but Dask implementations allows 
conducting operations in-parallel. 

= 17.28 GB for a single timestep at 3.75km 
resolution
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Benchmarking for Weighted Mean

Data for benchmarking: 
Synthetic Data on MPAS grid for DYAMOND, the global storm resolving models intercomparison 
project (Stevens et al., 2019) 
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Documentation Enhancement for UXarray

Populate user guide for Uxarray – Dask Implementation for Parallel Loading
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Documentation Enhancement for UXarray

Populate UXarray usage examples – Visualization with Holoviz with E3SMv2 EAM 1-degree 
resolution 
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Documentation Enhancement for UXarray

Populate UXarray usage examples – Conducting operations with UXarray and Visualization with 
Holoviz 
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Summary and Future Steps 
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User Guide GitHub

1. UXarray meets the need of unstructured-grid data analysis

2. Uxarray is now progressing towards higher scalabilty, in parallel to 
populating with more functionalities on unstructured grids.

3. UXarray always welcome user feedback for improvements. 

rtam@ucar.edu


