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The Problem

• SWOT 21 days = ~620 granules
• SWOT launched Dec 2022 and SWOT L2 

SSH 2.0 has 48,860 granules already
• Reading and concatenating thousands 

of netCDF files (even on AWS) is 
inefficient

• Exploration, analysis, and visualization 
are all bottlenecked, since data loading 
is the first step

Credit: NTRS Task 51 - Cloud-Optimized 
Format Study



Solution Using Kerchunk or Zarr
Kerchunk
• Granule metadata (chunk size, byte offsets) 

stored in separate lightweight ”sidecar” JSON file
• Works alongside existing netCDF remote store

Zarr
• Create N-dimensional arrays with Python numpy
• Chunk arrays along any dimension.
• Store arrays in memory, on disk, inside a Zip file, 

on S3, …
• However, data must be duplicated into .zarr file
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Solution Using DMR++
DMR++
• Granule metadata (chunk size, byte offsets) 

stored in separate lightweight ”sidecar” DMR++ 
file

• Works alongside existing netCDF/HDF5 remote 
store in S3, for example

• Using earthaccess, VirtualiZarr can parse DMR++ 
and build an equivalent Zarr metadata object

• Xarray can use that to read / subset /aggregate 
the data

• Using multiple DMR++ documents, aggregations 
can be formed on-the-fly
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Solution Implemented

• Query data, load, analyze
• earthaccess uses CMR to find data quickly

• Uses dask for parallel AWS reads of 
DMR++ files

• So far this is a working proof of concept
• Final API is still under construction

• Support for opening single datasets AND 
multi-file datasets (concatenation)

• Support for netcdf4 and hdf5 groups
• Save concatenated dataset “manifest” to 

pass to xarray directly



Benefits
• Join a dataset, create a concatenated 

“view” of the dataset and save that 
metadata using VirtualiZarr

• Data query engine (earthaccess) and data 
loader are connected  integrated search 
to access.

• Getting s3 credentials to the DAACs is 
handled by earthaccess

Also
• Current earthaccess approach uses 

dask so parallel AWS reads
• DMR++ parser is very fast: only 

milliseconds of overhead per dataset
• On-the-fly zarr reference creation 

(translates DMR++)



Future Steps

• Streamline access to the DMR++
• Currently it’s hard to access
• Will benefit both VirtualiZarr and ESDIS’s internal 

DMR++ users (Harmony, Giovani, AppEEARS)

• Decompose the DMR++ into pieces
• Enable selective transfer of DMR++ document’s 

information to improve performance
• Other performance improvements for support of 

HDF4 and HDF4-EOS2

• VirtualiZarr  Zarr Specification
• Any zarr reader (python, JS, C, etc.) will be able 

to read virtual zarr files
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