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Introduction

● Climate data, both from climate models and satellite observations, are seeing rapid growth in 
volumes.

● Data stored historically either on storage media in labs or in department, university, or 
organizational data centers.

○ “Download and analyze” model.
● Lack of decision support systems - Scientific data analysis becomes complex due to the need of 

deal with complex file formats and large number of files.
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Multidimensional data

● Multidimensional arrays allow to organize and 
manipulate data with multiple dimensions or axes.

● Climate multidimensional arrays are both dense and 
quantitative, rather than sparse and qualitative.

● Different file formats for multidimensional data
○ netCDF
○ HDF5
○ Zarr

● Application data models are built on top of 
multidimensional arrays:

○ netCDF-java Common Data Model.
○ CF (Climate and Forecast conventions).
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Multidimensional data

● Dense multidimensional arrays can be physically 
stored contiguously or chunked:

○ Contiguous -  Stored as one long array in the 
file.

○ Chunked -  Stored in chunks of user-defined 
size.
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HPC

● Regarding climate model data, the Coupled Model Intercomparison Project (CMIP) coordinates 
the design and distribution of global climate model simulations (20 PB of CMIP6 data).

● Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC).
● Contributions to the increase in data volume include the systematic increase in model 

resolution and complexity of the experimental protocol and data request.
● The Earth System Grid Federation (ESGF) is a global infrastructure and network of 

internationally distributed sites that together work as a federated data archive, supporting the 
distribution of global climate model simulations.

● Data is downloaded to local HPC infrastructures and analyzed using job queues and ad hoc 
tools for data processing.

https://doi.org/10.5194/gmd-9-1937-2016
https://doi.org/10.5194/gmd-11-3659-2018
https://doi.org/10.5194/gmd-11-3659-2018
https://doi.org/10.1175/BAMS-D-15-00132.1
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Cloud

● Pangeo and the ESGF have established a working group to help coordinate efforts related to 
storing and cataloging CMIP data in the cloud.

● Google Cloud CMIP6 - Derived from the original CMIP6 data files, as distributed via ESGF.
● ARCO data - Analysis Ready Cloud Optimized.
● Complex workflow - See Pangeo Forge paper.

○ Involves data duplication.
○ Aggregation of time series.

f.h5

https://console.cloud.google.com/marketplace/product/noaa-public/cmip6?project=dark-star-138623
https://doi.org/10.3389/fclim.2021.782909
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OLAP - A IT scientific mandate

E.F. Codd et al. - Providing OLAP to User-Analysts: An IT Mandate.

Most notably lacking has been the ability to consolidate, view, and analyze data according to
multiple dimensions, in ways that make sense to one or more specific enterprise analysts at any

given point in time. This requirement is called “multidimensional data analysis”.

Scientific climate data analysis infrastructures can be classified according to:
● Transactional vs Analytical

○ Dealing with files (ESGF) vs dealing with data cubes (Pangeo*).
○ ETL process to transition from Transactional to Analytical (physical vs virtual ETL).

● HPC vs cloud
○ Parallel file systems (Lustre, GPFS) vs object stores (Amazon S3, GCS).
○ Institutional job queues vs pay on demand computation services.
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● “ESGF based Pangeo approach”.
● Goals

○ Remote data access and analytical 
capabilities on top of the ESGF infrastructure.

○ Single entry point catalog (see here).
● Requirement - Use the already existing software 

stack from ESGF.

The ESGF Virtual Aggregation

Dataset

Files in Dataset

Virtual dataset (NcML file)

Individual netCDF files found in ESGF

https://hub.ipcc.ifca.es/thredds
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The ESGF Virtual Aggregation

Find the catalog at https://hub.ipcc.ifca.es/thredds and Github 
repo at https://github.com/zequihg50/eva.

● Access to 12 PB of ESGF CMIP6 data (file sizes).
● 13,798,484 ESGF netCDF files (out of 30,753,032).
● 26 GB of NcMLs.

https://hub.ipcc.ifca.es/thredds/catalog/esgeva/catalog.html
https://github.com/zequihg50/eva
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Data hubs

● Simplify access to data and 
computation. Move from the 
“download and analyze” model.

○ Provide remote access to the 
data using remote data access 
services.

○ Provide computation services 
based on web interfaces 
(Jupyter/Python).

● A data hub can be deployed both in 
HPC and cloud infrastructures.

● Improve sophistication and speed of 
information systems.
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Data hubs - Remote data access

● Remote data access allows users to 
access data remotely without having to 
download the entire dataset.

● May offer interoperability between 
different data sources and formats:

○ xarray - netCDF, zarr, ...
● On the one hand, users from different 

locations can access datasets from 
their own infrastructures.

○ Far more close to FAIR principles 
than data downloads.

● On the other hand, lower data transfer 
throughput due to physical distance.
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Conclusions

● Climate data analysis still based on “file download and analyze” model.
○ New advances to transition from transactional to analytical systems.
○ New infrastructures appearing as alternatives (cloud vs HPC).

● ETLs needed to offer data analysis ready capabilities.
○ Physical ETL - Duplication of data with a new schema.
○ Virtual ETL - Different view of the original data without duplication.

● Data hubs are important tools for acceleration of climate scientific research.
○ Data hubs can be deployed either on HPC or cloud infrastructures, although differences in 

ecosystems between infrastructures need to be taken into account.
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