
A cloud-native data repository for ocean, weather, and climate science.
 

R y a n  A b e r n a t h e y



W h o  A m  I ?
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Physical Oceanographer 
 
Ph.D. From MIT, 2012 

Associate Prof. at Columbia / LDEO 

https://ocean-transport.github.io/ 

Core developer of Xarray 

Core developer of Zarr 

Co-founder of Pangeo 

Open Source Advocate

https://ocean-transport.github.io/


• Problem: Weather and climate data is large and complex 🤯 

• Solution: Data-proximate computing in the cloud 😎 

• Problem: Analysis-ready, cloud-optimized data is scarce 🤔 

• Solution: Pangeo Forge 💪

T h i s  Ta l k
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Credit: NASA's Goddard Space Flight Center
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Credit: NASA's Goddard Space Flight Center
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Credit: NASA's Goddard Space Flight Center

https://earthdata.nasa.gov/eosdis/cloud-evolution

SWOT

NISAR



W h at  S c i e n c e  d o  w e  w a n t  
t o  d o  w i t h  A l l  T h i s  D ata ?
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Take the mean!

W h at  S c i e n c e  d o  w e  w a n t  
t o  d o  w i t h  A l l  T h i s  D ata ?
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Analyze 
spatiotemporal 
variability

W h at  S c i e n c e  d o  w e  w a n t  
t o  d o  w i t h  A l l  T h i s  D ata ?



8

Machine learning!

Credit: Berkeley Lab

W h at  S c i e n c e  d o  w e  w a n t  
t o  d o  w i t h  A l l  T h i s  D ata ?



H o w ?
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GB   😐
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TB   😖
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PB   😱
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N e v e r  M i n d …
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H o w ?

Let’s “bring the compute to the data”!



C l o u d - B a s e d  A n a ly s i s  S o l u t i o n s  
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Vertically Integrated 
Proprietary Platforms

Open Source 
Modular Architecture

…etc.



C l o u d - B a s e d  A n a ly s i s  S o l u t i o n s  
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Vertically Integrated 
Proprietary Platforms

Open Source 
Modular Architecture

✅ Tight integration btw. data and computing 
✅ Great UI / UX 
✅ “One stop shop” 
❌ Platform == provider (only one deployment) 
❌ Can’t be customized / remixed / extended 
❌ Controlled by one company 
❌ Designed to capture

✅ Free software 
✅ Community-driven development 
✅ Deploy anywhere 
✅ Interoperable 
❌ Have to manage your own deployment 
❌ Integration of data / computing can be hard 
❌ UI / UX is less polished



P i l l a r s  o f  C l o u d  N at i v e
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1. Analysis-Ready,

Cloud-Optimized 

Data

2. Data-Proximate 
Computing

3. Elastic Distributed 
Processing

compute node

compute node

compute node

compute node

compute node

compute node

compute node

compute node

compute node



P a n g e o  C l o u d  S ta c k
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Cloud-optimized storage for 
multidimensional arrays.

Flexible, general-purpose 
parallel computing framework.

High-level API for analysis of 
multidimensional labelled arrays.
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P a n g e o  C l o u d  S ta c k
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Cloud-optimized storage for 
multidimensional arrays.

Flexible, general-purpose 
parallel computing framework.

High-level API for analysis of 
multidimensional labelled arrays.

Kubernetes

Object Storage

Domain-Specific Packages
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0.0

2.0

1.0

Chunks

.zattrs

Metadata

Dask worker

Dask worker

Dask worker

Juptyer pod

T h e  P a n g e o  C l o u d  S ta c k

Cloud Object Store Cloud Compute Cluster

HTTP 
GET

http://pangeo.io/cloud.html



Xarray + Dask + Zarr 

21

Legacy Server

C l o u d  O p t i m i z e d  S c a l e s !



Xarray + Dask + Zarr 
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Legacy Server

C l o u d  O p t i m i z e d  S c a l e s !



• Think in “Datasets” not “data files”  

• No need for tedious 
homogenizing / cleaning steps 

• Curated and cataloged

A R C O  D ata
22

Analysis Ready, Cloud Optimzed

6F INDINGS

we got about the future of the data science, 

the most salient takeaway was how excited our 

respondents were about the evolution of the 

ĆHOG��7KH\�FLWHG�WKLQJV�LQ�WKHLU�RZQ�SUDFWLFH��KRZ�

they saw their jobs getting more interesting and 

less repetitive, all while expressing a real and 

broad enthusiasm about the value of the work in 

their organization. 

$V�GDWD�VFLHQFH�EHFRPHV�PRUH�FRPPRQSODFH�DQG�

VLPXOWDQHRXVO\�D�ELW�GHP\VWLĆHG��ZH�H[SHFW�WKLV

WUHQG�WR�FRQWLQXH�DV�ZHOO��$IWHU�DOO��ODVW�\HDUèV�

respondents were just as excited about their 

ZRUN��DERXW�����ZHUH�êVDWLVĆHGë�RU�EHWWHU��

How a Data Scientist Spends Their Day

+HUHèV�ZKHUH�WKH�SRSXODU�YLHZ�RI�GDWD�VFLHQWLVWV�GLYHUJHV�SUHWW\�VLJQLĆFDQWO\�IURP�UHDOLW\��*HQHUDOO\��

ZH�WKLQN�RI�GDWD�VFLHQWLVWV�EXLOGLQJ�DOJRULWKPV��H[SORULQJ�GDWD��DQG�GRLQJ�SUHGLFWLYH�DQDO\VLV��7KDWèV�

actually not what they spend most of their time doing, however.

     

$V�\RX�FDQ�VHH�IURP�WKH�FKDUW�DERYH����RXW�RI�HYHU\���GDWD�VFLHQWLVWV�ZH�VXUYH\HG�DFWXDOO\�VSHQG�WKH�

PRVW�WLPH�FOHDQLQJ�DQG�RUJDQL]LQJ�GDWD��<RX�PD\�KDYH�KHDUG�WKLV�UHIHUUHG�WR�DV�êGDWD�ZUDQJOLQJë�RU�

FRPSDUHG�WR�GLJLWDO�MDQLWRU�ZRUN��(YHU\WKLQJ�IURP�OLVW�YHULĆFDWLRQ�WR�UHPRYLQJ�FRPPDV�WR�GHEXJJLQJ�

databases–that time adds up and it adds up immensely. Messy data is by far the more time- consuming 

DVSHFW�RI�WKH�W\SLFDO�GDWD�VFLHQWLVWèV�ZRUN�ćRZ��$QG�QHDUO\�����VDLG�WKH\�VLPSO\�VSHQW�WRR�PXFK

time doing it.

Data scientist job satisfaction

60%

19%

9%

4%
5%3%

       Building training sets: 3%

       Cleaning and organizing data: 60%

       Collecting data sets; 19%

       Mining data for patterns: 9%

�������5HĆQLQJ�DOJRULWKPV����

       Other: 5%

�,!;�&!;!�9$-'2ধ9;9�96'2&�;,'�139;�ধ1'�&3-2+
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How do data scientists spend their time? 
Crowdflower Data Science Report (2016)

What is “Analysis Ready”?



E X A M P L E  O F  A R C O  D ATA
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Chunked 
appropriately for 
analysis

Rich metadata

Everything in one 
dataset object

https://catalog.pangeo.io/browse/master/ocean/sea_surface_height/



• Compatible with object storage 
(access via HTTP) 

• Supports lazy access and intelligent 
subsetting 

• Integrates with high-level analysis 
libraries and distributed frameworks

A R C O  D ata
24

Analysis Ready, Cloud Optimzed

What is “Cloud Optimized”?



• Compatible with object storage 
(access via HTTP) 

• Supports lazy access and intelligent 
subsetting 

• Integrates with high-level analysis 
libraries and distributed frameworks

A R C O  D ata
24

Analysis Ready, Cloud Optimzed

What is “Cloud Optimized”?



P a n g e o  C l o u d  D ata  C ata l o g
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catalog.pangeo.io

http://catalog.pangeo.io


P r o b l e m :
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Making ARCO Data is Hard! 
😩

👩💻

To produce useful ARCO data, you must have:

Data Scientist
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Making ARCO Data is Hard! 
😩

👩💻

Domain Expertise: 
How to find, clean, and 

homogenize data

Tech Knowledge: 
How to efficiently produce 
cloud-optimized formats

Compute Resources: 
A place where to stage and 

upload the ARCO data

Communication Skills: 
To explain to others how to 

use the data

To produce useful ARCO data, you must have:

Data Scientist



P a n g e o  F o r g e
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Let’s democratize the production of ARCO data! 
🤓

👩💻
Data Scientist
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Let’s democratize the production of ARCO data! 
🤓

Domain Expertise: 
How to find, clean, and 

homogenize data

👩💻
Data Scientist



Recipe defines: 

• How to get the inputs 
(e.g. 14000 daily netCDF files) 

• How to combine the inputs 

• Target format (e.g. Zarr)

28

P a n g e o  F o r g e  R e c i p e s

https://pangeo-forge.readthedocs.io/
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P a n g e o  F o r g e  B a k e r i e s

Recipes
https://github.com/pangeo-forge/

AWS US-West-1

GitHub action

nc nc nc
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P a n g e o  F o r g e  B a k e r i e s

Recipes
https://github.com/pangeo-forge/

AWS US-West-1

GitHub action

GCP US-West-1

OVH P19

ECMWF OnPrem? 😉

Bakeries are “Franchisable” 
Will operate in a federation



P a n g e o  F o r g e  D e v e l o p m e n t
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https://github.com/pangeo-forge/roadmap

This is a 💯% open project!



• Problem: scientific data is large and complex 🤯 

• Solution: data-proximate computing in the cloud 😎 

• Problem: analysis-ready, cloud-optimized data is scarce 🤔 

• Solution: Pangeo Forge 💪

S u m m a r y
32

https://github.com/pangeo-forge/roadmap

We need your help!



• “Cloud-Native Repositories for Big Scientific Data” 
Abernathey et al. 2021. Computing in Science and Engineering 
https://doi.org/10.22541/au.160443768.88917719/v2 

• “Opening new horizons: How to migrate the Copernicus Global Land 
Service to a Cloud environment”. Abernathey et al., 2021. Publications 
Office of the European Union. http://dx.doi.org/10.2760/668980  

• “Closed Platforms vs. Open Architectures for Cloud-Native Earth System 
Analytics”. Abernathey & Hamman, 2020. 
https://medium.com/pangeo/closed-platforms-vs-open-architectures-for-
cloud-native-earth-system-analytics-1ad88708ebb6 

L e a r n  M o r e
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https://doi.org/10.22541/au.160443768.88917719/v2
http://dx.doi.org/10.2760/668980
https://medium.com/pangeo/closed-platforms-vs-open-architectures-for-cloud-native-earth-system-analytics-1ad88708ebb6
https://medium.com/pangeo/closed-platforms-vs-open-architectures-for-cloud-native-earth-system-analytics-1ad88708ebb6

