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* Close data delivery gaps across regions, systems, and data
types.

* Reduce duplicated effort through reusable cloud workflows and
shared components.

Improve access and performance for models, observations,
visualization, and analysis.

* Design for cost-aware operations by tuning compute, storage,
retrieval, immediacy, and concurrency.

e Support community adoption with open-source software and
modular patterns shaped by RA and DMAC input.




Science Agencies Distributing
£ ECMWF |

ECMWF
(Copernicus Data Store)

Offers Analysis Ready,
Cloud Optimised (ARCO)
datasets as Zarr archives in

S3-compatible object storage.

confluence.ecmwf.int

NOAA
OWP

NOAA OWP
(AORC Project)

Converts native NetCDF to
cloud-optimized Zarr and hosts
via NOMADS with example
notebooks.

github.com/NOAA-OWP/
AORC-jupyter-notebooks

NASA
(Earthdata / ESDS)

Approves Zarr as an Earth
Science Data Systems
standard; also adopts Cloud
Optimized GeoTIFF (COG).

earthdata.nasa.gov

= USGS

science for a changing world

USGS
(Water Data)

A\

Uses cloud-optimized
approaches with Zarr and
Parquet for scalable
time-series water data.

waterdata.usgs.gov/blog/cloud_data

Why Cloud-Optimized Data?

Faster access
to subsets

Lower costs
and data transfer 1 I

OPENSCAPES

NASA
(OpenScapes)

Provides tools, libraries, and
cookbooks to help users
access and analyze Earthdata
in the cloud.

nasa-openscapes.github.io

esa

ESA
(European Space Agency)

Promotes STAC + Zarr
patterns and cloud-native
Earth observation access
for large datasets.

eoframework.esa.int

/J'I Scalable

analysis & ML

Cloud-Optimized Data

h NCAR

NCAR

Publishes datasets in the
cloud by converting useful
subsets from NetCDF to
Zarr for scalable access.

essopenarchive.org

Google Research
(ARCO ERAS)

Produces cloud-optimized,
analysis-ready ERAS datasets
in Zarr tailored for research
and ML workflows.

github.com/google-research/arco-era5

</> Programmatic
(—=—\ workflows

'l'.b TETRA TECH

@ NOAA
Ocean Acidification
Program
NOAA
Ocean Acidification
Program

Distributes global ocean
chemistry data as Cloud
Optimized NetCDF and Zarr
for open access in the cloud.

oceanacidification.noaa.gov

EARTH
DATA HUB

DESTINATION EARTH

Earth Data Hub
(Destination Earth)

Hosts a free ERAS Zarr mirror
(2,000+ TB) for direct cloud-
native access over HTTPS.

earthdatahub.destine.eu

(@) O Broader access
and collaboration




Efficient Project Execution

I00S

Projects CO-0OPS HFRNet
Project « ARCO data « Optimized « Optimized
Outcome « Client OFS Data Total Vectors
S services » OceansMap * Web
visualization Visualization

Cloud : LLM
W Context
orkflow Management Web Services Layer (TBD)
Compute Infrastructure

Shared
Services
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INPUT / PROCESSING DIALS

Control how we build data products

Cost Optimization: The Dials We Can Adjust

TETRA TECH

@ 100S

OUTPUT / ACCESS DIALS

Control how data is delivered and used

Compute Investment

W,

LOW HIGH
HIGH IMPACT

* Right-size resources (CPU / memory)

* Scale up or down based on demand

* Reuse shared infrastructure

+ Avoid idle or oversized resources

-

Processing Speed (Time-to-Availability)

+ Faster pipelines reduce time-to-value Optimized
+ Optimize workflows and scheduling data
LOW HIGH + Balance speed vs. compute cost products
MEDIUM IMPACT « Deliver data when it's needed flow to
users

Concurrent Workload (Concurrency)

e Support more users and workloads

N

LOW HIGH
LOW IMPACT

» Scale parallel processing and jobs
+ Handle spikes without degradation

» Design for scale across datasets

Data Retrieval Efficiency

N,

LOwW HIGH
HIGH IMPACT

« Faster access for maps, APIs, apps, Al agents

« Optimize data layout, chunking, and caching

» Reduce latency and transfer

« Retrieve only what's needed

Storage Efficiency

>

» Use cloud-optimized formats
« Compress and tier storage appropriately
LOW HIGH « Store once, serve many times
MEDIUM IMPACT * Reduce storage and egress costs

Data Redundancy (Copies)

ny,

» Reduce duplicate copies across teams

« Establish authortiative data sources

LOwW HIGH » Share data products across the organization

HIGH IMPACT » Lower storage and management costs



a Binary Data

Source data stored in
object storage

o

S3 / Object Storage

1010
0101

1010 1010
\0101 0101

Format examples:
NetCDF, HDF5, GRIB,
etc.

Read with Rust
(Obstore)

High-performance 1/O
from object storage

< obstore

@ Fast, asynchronous 1/O

@ Efficient HTTP range
requests

@& Minimal overhead

-

e Chunked Data
(Zarr)

Cloud-optimized, chunked

array layout

P 7 /’
Lo S

Read in parallel by Xarray

l \\

@ Parallel chunk reading
@ Lazy, labeled N-D arrays

Cloud-Optimized Data Access Pipeline

o Map Rendering Layer

Chunks are transformed
into map tiles (images)

@ Reproject / resample

@ Color mapping

@ Encode to image (PNG/WebP)
@ Tile caching (optional)

TETRA TECH

@ 100S

e Display on Website

Tiles are served and displayed
in the browser

® ©® your-website.org

@ Fast, interactive map
& Smooth zoom / pan
@ Up-to-date data



Dagster: Improving Workflow Observability TETRA TECH
IOOS
g dagster PIPELINE OVERVIEW @

| ASSET LINEAGE |

c Tj s3://nf>dd/ 0 Waeat @ Metadate.a @ Quality @ Agaregate Zarr
raw-files Generation Checks Product

Materialized Materialized Materialized Materialized Materialized Up to date

RUN OVERVIEW STEP DETAILS
@ RunID: 7f3c...a91b Mar 24, 2025 02:15 PM A Aggregate
Assets Materialized Steps Executed Duration Data Volume Started 02:12 PM
6 20 27m 14s 1.2TB Duration 8m 42s
Retries 20of3
STEP TIMELINE Error Timeout reading source file
02:00 02:0 02:20 | 02:30 $3://nodd/cbofs/2025/03/24/
e | cbofs_his_20250324_1200.nc
] :
Metadata Generation E UPSTREAM
Quality Checks E @ Quality Checks View logs
Aggregate [ = Ly ig =3 @ Metadata Generation
|
Publish Metadata ro— DOWNSTREAM
Update Catalog i &) (O Publish Metadata Not materialized

(O Update Catalog

THE IMPACT

Faster J\ Less operational More reliable Lower compute 88 More time for
\\ issue detection \ overhead data products and storage costs science and users




l Technology alignment with other projects TETRA TECH

N7 @Ioos
* Technology convergence with across several |IOOS projects

» Dagster — data workflow orchestration

» Fast cloud native data storage formats
« Zarr — multidimensional/grids
« Parquet — tabular/timeseries

« S3 — scalable cloud native data access to ARCO datasets

* Aligned projects
« CO-DMAC
 MODL (Metocean Data Lake)
» Water Level

 Builds community expertise, capacity, and efficiency




l Vector tiles in xpublish-wms — now available TETRA TECH

@ 100S

\\\\\\

* Vector tiles
 Derived at render time from u/v component variables
* Underling raster symbolizes magnitude
» Overlay glyph (arrow) symbolizes direction

» Missing for years in xpublish ecosystem AR

» Implemented by @honzaflash in xpublish-wnie
« https://github.com/xpublish-community/xpublish-wms/pull/168

« Some additional fine tuning (limiting to a single glyph per cell, 7
minor xreds changes, etc) finished but yet to be merged i

\\\\

\\\\\\

et e

* Intent to investigate adding to xpublish-tiles in the
future as well



https://github.com/xpublish-community/xpublish-wms/pull/168
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Vector tiles in xpublish-wms - screenshots
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