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DESTINATION HOW IS DATA ORGANISED

EARTH

* Digital Twin data is a high-dimensional datacube (~ 6D or 7D) stored on the databridge
* Multiple PiB in size (~20PiB)
* Too big to cache or transpose into different orientations

* Stored as global fields

Timestep =

ECMWF Numerical Weather Forecast

ESA’s Earth System Data Cube.

Picture taken from https://www.earthsystemdatalab.net
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DESTINATION WHAT IS POLYTOPE

EARTH

* Polytope is a data service specialized to efficiently serve datacube data
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DESTINATION
EARTH

* Polytope can serve global fields in the traditional way

WHAT IS POLYTOPE?

* But its key feature is the ability to directly extract “features” from the datacube

* Server-side data reduction massively reduces the amount of data transferred to the user

Regions and Series

s ECMWF

Spatiotemporal
Trajectories

Point Data

10-diay apsgram total precipitation (mm/eh)
Base date: Friday 7 Jun, 00 UTC

L]

10-dlay epsgram 10m wind speed (m/s)
Base date: Friday 7.Jun, 00 UTC

and more...



DATA REDUCTION EXAMPLE

Polygon extraction of Spain, France and Italy
VS.

Extracting the entire global field

Percentage Reduction: ~¥95%

. 4.8 MiB

£ ECMWF i



DESTINATION

EARTH DATA REDUCTION EXAMPLE

Climate DT 20-year time-series of one parameter
Global fields: ~770 GiB
VS.

A single point: 5.5 MiB

Percentage Reduction: ~¥99.999%
(1:140000)

I 2.3s

& ECMWF



DESTINATION WHAT IS POLYTOPE?

EARTH

* Polytope consists of a four main components:
— Polytope (service), the web service which delivers the data externally
— Polytope (library), the algorithm for translating N-dimensional features to grid indexes
— GribJump, responsible for “jumping” to indexes within individual GRIBs in FDB

— Covjsonkit, which translates the data to OGC CoveragelJSON.

@ Q
® GribJump

e
—

+ covjsonkit

s ECMWF + polytope-mars



EXAMPLE

e Users can submit a Polytope request for a global fields

* And receive a grib file containing the data they requested

"class": "od",
"stream": "enfo",
"type": "pf",
"date": "206231205",
"time": "0000",

"levtype": "sfc",

"expver": "0001",

"param”: "228/49/164/165/166/167",
"number": "1/to/50",

Data.grib



EXAMPLE

e Users can submit a Polytope request with a feature specification

* And receive an OGC CoveragelJSON with just the few bytes of extracted data

"class": "od",
"stream": "enfo",
"type": "pf",
"date": "20231205",
"time": "0000",
"levtype": "sfc",
"expver": "0001",

"param”: "228/49/164/165/166/167",
"number": "1/to/50",
"feature": {
"type": "timeseries”,
"points": [[ 51.5, 2.1 ]],
"start": 0,
"end": 9




DESTINATION EXAMPLE USE CASE

EARTH

IFS-FESOM mean near-surface temperature - Austria

hist 1990-2014 SSP3-7.0 2015-2049

Mean 2m temperature (1990-2014)
IFS-NEMO IFS-FESOM
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DESTINATION INTEROPERABLE WITH OTHER DATASETS

EARTH

Climate DT annual mean 2 m temperature — IFS-NEMO historical 2010 (*C)

Climate DT JJA mean 2 m temperature — IFS-NEMO SSP3-7.0 2040—-2049 (*C)

T I
00 25 50 75 100 125 15.0 7.5
2 m temperature (*C)

s ECMWF

I I
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2 m temperature (°C)
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DESTINATION EUROSTAT DATA

EARTH

Population aged 65+ (%, Eurostat 2023) Climate DT annual mean 2 m temperature — IFS-NEMO historical 2010 (°C)

i T T
10 12 14 16 18 2 2 24 00 25 50 75 10.0 12.5 15.0 175

Population aged 65+ (%) 2 m temperature ("C)
% over 65 Present temperatures

s ECMWF

Climate Health Hazard — Present

(60% summer heat, 40% elderly share | Climate DT hist 2005—-2014, Eurostat 2023)

01 02 03 0.4 05 0.6 07 08 09
Hazard score (0 = low, 1 = high)

Climate heat hazard
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DESTINATION
EARTH

Population aged 65+ (%, Eurostat 2023)

T
10 12 14 16 18 20 22 24
Population aged 65+ (%)

% over 65

s ECMWF

EUROSTAT DATA

Climate DT JJA mean 2 m temperature — IFS-NEMO SSP3-7.0 2040-2049 (°C)

2 m temperature (°C)

Future temperature

Climate Health Hazard — Future (SSP3-7.0)
(60% summer heat, 40% elderly share | Climate DT SSP3-7.0 20402049, Eurostat 2023)

0.1 02 0.3 0.4 0.5 0.6 07 08 09
Hazard score (0 = low, 1 = high)

Climate heat hazard
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DESTINATION
EARTH

s ECMWF

EUROSTAT DATA

Change in Climate Health Hazard
(Future SSP3-7.0 2040-2049 minus Present hist 2005-2014)

-0.04 -0.02 0.00 0.02 0.04
Hazard score (0 = low, 1 = high)

Climate Heat Hazard Change
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DESTINATION

EARTH

* Feature Extraction

O

©)

TimeSeries
Bounding Box
Polygon
Trajectory

Vertical Profile

e Full Field Extraction

O

O

Grib

All Digital Twin Data

s ECMWF

POLYTOPE FUNCTIONALITY

* Post Processing

O

Regridding

o Area Subset

O

Different Interpolation Methods

e Format Conversions

©)

Grib
CoverageJSON
GeoJSON

GeoTIFF
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Catalogues

* Novel solutions for cataloguing vast datacubes
e STAC and OGC Features compatibility/extensions

e Xarray Polytope Explorer

https://github.com/ecmwf/

STAC Items c ¢ Selecti
urrent seilection
Select one or multiple items and then click next to iteratively build
up a full request. This is a MARS Selection object in JSON format. Hover ovel Sel D
Last database update: { elect a Dataset
"root": "root",

"activity": "scenariomip",
Raw STAC “ "c.lass": "dlll 1
"dataset": "climate-dt",

"date": ["20241201", "20241130", "20241129", "2024:

time "experiment": "ssp3-7.0",
"expver": "0001",
Key Type: enum "generation": "1",
Optional: No "model”: "ifs-nemo",
No description available... :: r:allzﬁi.:lgn Ilit :: 1,
,,:e;:;:'e;. ﬁs fi,,' Climate DT Extremes DT On-Demand Extremes
Select one or more values: nresolution”: "h'igh" , DT
“type": "fc",
2300 Ilparamll: [II9II’ II8II] ,
}
2200
2100 v Raw STAC Response
[J 2000 See the STAC Extension Proposal for more details on the fo
(J 1900
(J 1800 { ,
"type": "Collection",
et ion": "1.0.0",
D 1700 "idﬁf_xﬁgf‘igzl—matches" , Skip straight to the full catalogue browser =
"description™: "STAC collection representing poter

"links": [
r



DOCUMENTATION

* Polytope Examples Repo https://github.com/destination-earth-digital-twins/polytope-examples

* Aviso Examples Repo https://github.com/destination-earth-digital-twins/aviso-examples

Polytope Examples for DT Data Access

17
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