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Essential inar'ediel’ﬂ'z Collaboration

Ryan Abernaﬂney, V. Balaj, Julius Busecke, Phiip Kershaw, Naomi Naik,
Serguei Nikonov, Ana Privette, Kristopher Rand, Ag Stephens, Charles Stern,
Hons Vahlenkamp, Mackenzie Blanusa, Anderson Banihirwe, Chris Blanton,
Nkeh Perry Boh Ben Evans, Richard Smith, Rhys Evans, Zac Flami@ Diana
Gergel, Thomas Jackson, Rebecca Monge, Natdlie O'Leary, Z ouberou Sayibou,

Martina Stockhause

Pangeo / ESGF Cloud Data Working Group
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https://pangeo-data.github.io/pangeo-cmip6-cloud/working_group.html

What's cookir\a?

Communier—dr'iver\ cloud-based research
efLorts led Iay EsSGF and Pangeo.
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# CMIPG data in the cloud

_] HPC / Cloud Compute )
] oS g8
- & > 2 - .
DF g(((.H dask / - ” web browser
3 -~ xarray =
(((. Antar R 47,74,.. X +

compute nodes Google sy
Fig 2. Diverse groups of users of EsGF. Cr: CMCC

Figl. Democratize access to climate model ou-l-Pu+ (e.g. CMIPG)

Efforts to host CMIPG data in the cloud ey zarepangeo n avisace, Netcor/esar under Aso)
Ihcreased scope for colaboration and unified APis

Make data more accessible

Reduce need for Dark repos

Recognize the stars behind the cloud: Original work From moale\ina centres,

additional efforts to make data more usable
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#2. Data exploraﬁon

Intake-esm API

E.g. s3://esgf-world/CMIP6/AerChemMIP/NOAA-
GFDL/GFDL-ESM4/hist-
piINTCF/r1i1p1f1/Amon/tas/gr1/v20180701/tas_Amon
_GFDL-ESM4_hist-piNTCF_r1i1p1f1_gr1_185001-
194912.nc

Intake-esm

/‘
)
xarray

exp_filter = ['historical']

table_id_filter = 'Amon'

variable_id_filter = "tas"

cat = col.search(experiment_id=exp_filter,
table_id=table_id_filter,
variable_id=variable_id_filter)

catalog with 55 dataset(s) from 1872 asset(s):

Many thanks: CF/CMOR, Directory Reference
Syhtax (DRS) established by the ESGF
communi+y mak.es ca+aloauing Possilole.

Taylor et al.2017, CMIP6-CV

STAC ( Comina sooh)

SPaJrioJremPoral Asset Ca’ra\ogs
Big open community, shared AP, shared interests

Flexible dev with STAC extensions, heterogenecus
data model

Supports Inclexina and searching

arch result:

ree-text search

# All these queries end up with the same

result = Client.search(g="AerChemMIP")

result = Client.search("AerChemMIP")

result = Client.search("aerchemmip")

result = Client.search("AerChem*") # the star, *, is a wildcard symbol.

# It is also possible to add other arguments to the free text search:
result = Client.search("aerchem*", datetime="2000-11-01T00:002/..")

resault » Client.search(
£ilter~{
"Anstitution Ad" 1 [ "CNRM-CERF”)

: Faceted search

Smith et al, AGU 2021
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http://cerfacs.fr/~coquart/data/uploads/cmip6_global_attributes_filenames_cvs_v6.2.6.pdf
https://github.com/WCRP-CMIP/CMIP6_CVs

B | | vips model output
- published in ESGF

"~ netCDF
: /
Amazon S3 || L l
1!
Cluster ngres
Amazon S3 [
Service ‘
Pod Pod Pod

User requests resolved by AWS Route53. A load balancer ingress controller handles requests to the
EKS services and PODs. The cluster in this figure may be an EKS cluster with an autoscaling group.
The cluster related services are all within a secure virtual private cloud. S3 (NetCDF CMIP6 bucket)

#3 ESEF in the cloud

Service

storage is mounted as a filesystem via goofys on to the EKS cluster.

OBackﬂroundz Initial NetCDF data
transfer to the cloud used the GFDL
unified Data Archive*

eDeployed the containerized Future
software architecture of ESGF in
Amaozon (Cr: ASDI, CEDA)

oESGF cloud node prototype is up and
running

eData Publica‘rion/r‘eplicaﬁon to the cloud
via ESGF data publisher

ePublished data discoverable via Gynda
(cr: IPSL),THREDDS and direct S3 access;
even+ually EsSGF-search API

eFuture: ESGF node fFederation

*GFDL Unified Data Archive is GFDL's centralized data repository with IPCC chapter fields, GFDL user-requested CMIP model output and other projects such as OBS4MIP
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#4 Panaeo—?orae

Encodes source g recipe.py [==--__
file locations /,/' \\\
-7 \
7 \\ Defines ARCO
el \ format details
// \
4 \
Z |
1
S .
Traditional Bakery
. Source
data archive data B compute
(HTTP, FTP, etc.) infrastructure
v

Cr: Charles Stern
Provehnance: Panﬁeo—ﬁorge—r‘ecipes Pr'ovicles logic For +ran91:ormin3 al of these source Files into a
single consolidated zarr store.

Future: Automated workflow pipeline in the cloud to Pr'oduce Zorr dota From cloud-hosted NetCDFE
using Pangeo—?orﬂe recipes.

A.Radhakrishnan, Pangeo and ESGF in the cloud, WGCM24




#5 Brina eltHcient analy9'|9 to data

Despite the CF/CMOR/DRS standards, there are
several non-uniform dimension names, etc in

CMIPG model output making model xarray
intercomparison +ime—cor1~;umir\g

PREPROCESSING

GFDLESMA-Historica] 1872 1891 * Preprocessing for dataset homogenization

*Baosed on the xarray datamodel

. |n+eﬁra+ec:- with the exiering pohgeo stack
where possible (xgcm, xesmk, etc)

* Lightweight, dask. Priendly
*Works on or off the cloud

OHC [2Z)] Below 2000m

Cr: Julius Busecke

Researchers including young scientists have enjoyed working in the cloud with amazing results in
short time.
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The Finic;hina Touch TODO

Automated workFlow pipelines For daota version consistency checks, cataloguing and
usage reporﬁng

Process for tracking and servicing community requests For CMIPG data in the cloud

Documentation on different cloud-dota efforts
*Data discover*alailﬁy
*Data citations
*Errata information
Awareness ok cloud optimized solutions and pathways for researchers- How?

Sustainability of cloud efforts, beyor\d CMIPG - How? Process?

Realues+ed 3PB of additional $3 alocation (used approx 40% ofF the present alocation).
Balance avai\abi\Hy ofF NetCD¥F (cloucl—op-l-imized) ond Zarr CMIPG model output in the cloud
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REFERENCES

intake-esm https://intake-esm.readthedocs.io/en/latest/

CMIP6 Controlled Vocabulary: https://github.com/WCRP-CMIP/CMIP6 CVs
intake-esm https://intake-esm.readthedocs.io/en/latest/

Example notebooks: https://github.com/pangeo-data/pangeo-example-notebooks
https://github.com/aradhakrishnanGFDL/gfdl-aws-
analysis/blob/master/examples/intake-esm-s3-nc-simple-access.ipynb

* Pangeo documentation: https://pangeo-data.github.io/pangeo-cmip6-cloud/

* Pangeo-forge: https://github.com/cisaacstern/pangeo-forge-
slides, documentation: https://pangeo-forge.readthedocs.io/

* CMIPG6 registry in AWS
* CMIP6 preprocessing

THANK You

Contact: aparna.radhakrishnan@princeton.edu
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