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What is UXarray? 

● An open-source Python package that provides data 
analysis and visualization functionality for unstructured 
geoscience data 

○ pip install uxarray

○ conda install -c conda-forge uxarray

● E xtends  the extremely popular Xarray package to 
provide uns tructured-grid aware functionality while 
maintaining s imilar workflows  to s tructured grids

● Des igned us ing the Dask ,  Numba ,  and Datashader
packages  to enable the analys is  of kilometer-scale 
grids  and HoloViews for interactive plotting



UGRID Conventions

Grid BGrid A Grid C Grid D

● The UGRID conventions are a set of standardized definitions for representing unstructured grids
● UXarray only cares about the original grid format (i.e. MPAS, ICON, etc.) when initially loading the grid
● Each supported grid format is converted to the UGRID conventions for internal representation

○ This means that functionality can be written for a single grid format, instead of having separate 
functionality for each different grid format



UGRID Conventions  

By representing all grid formats in the UGRID conventions, notebooks or scripts can be written 
for one format and be directly applied to others, reducing the need to duplicate code 

SCRIP MPAS CAM-SEEXODUS ESMF GEOSICON HEALPix PointsUGRID Lat-Lon

Unstructured grid file formats Unstructured grid model outputs … also

Supported 
Files Formats & 
Model Outputs



Design Overview

ux.Grid()

Represents an arbitrary 
unstructured grid, storing 

coordinates, connectivity, and 
other information

ux.UxDataArray()

Represents a single data variable 
that resides on an unstructured grid 

Linked to a ux.Grid()

Inherits from xarray.DataArray()

ux.UxDataset()

R epresents  a dataset of variables  
that res ide on an unstructured grid

Linked to a ux.Grid()

Inherits from xarray.Dataset()



Grid -Informed Array and Dataset

Unstructured grid topology in 
UGRID format

uxarray.Grid()

Unstructured grid-aware dataset

uxarray.UxDataset()

Unstructured grid-aware array

uxarray.UxDataArray()

has a

inherits

inherits

xarray.Dataset()

xarray.DataArray()



Basic Example - Xarray vs UXarray



Visualization

● UXarray provides an extensive visualization toolkit, 
including both vector and raster based grid topology and 
data visualization functions

● Written around HoloViews and Datashader , with support 
for native Matplotlib workflows currently in development



Data Visualization Example - 3.75km MPAS Model Output

Global Plot
~42 million individual cellls

Zoomed 
Begin to observe the underlying grid 

topology (hexagons)

Further Zoomed Raster
After zooming far enough, the original 

hexagon grid becomes extremely clear



Subsetting

● Subsetting functionality can be used to restrict the domain of a 
grid to an area of interest
○ Bounding Circle
○ Bounding Box
○ Nearest Neighbor



Cross -Sections

● Similar to subsetting, the cross -section functionality can 
be used to take slices of data along specified regions
○ Constant Latitude
○ Constant Longitude
○ Latitude Interval
○ Longitude Interval



Remapping

● Lightweight remapping (regridding) functionality is 
provided to quickly convert data from one grid to 
another
○ Nearest Neighbor
○ Inverse Distance Weighted
○ Bilinear



Analysis Operators

● UXarray supports many operations to enable the 
analysis of unstructured grid model output
○ Zonal Averaging
○ Unweighted and Weighted Averaging 
○ Topological Aggregations
○ Point in Cell Containment

● Currently working with our SIParCS intern to develop 
operators for vector calculus operations
○ Gradient
○ Divergence
○ Curl 



UXarray Resources - GitHub Repo and Homepage

https://uxarray.readthedocs.iohttps://github.com/UXARRAY/uxarray



UXarray Resources - Pythia Cookbooks

projectpythia.org

Advanced workflow demonstrations through Project Pythia

https://projectpythia.org/
https://projectpythia.org/unstructured-grid-viz-cookbook/README.html
https://projectpythia.org/healpix-cookbook/README.html


https://uxarray.readthedocs.io

Summary

UXarray is  an extens ible, s calable, open s ource P ython 
package for analys is  and vis ualization of uns tructured grid 
data 

B uilds  on top of a s oftware ecos ys tem widely us ed by the 
E arth S ys tem S cience community; i.e. extends the Xarray
package, accelerated with Numba and Dask ,  documents  
with Jupyter ,  etc .
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