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Our ambition

Farmers .
Agricultural
I/R agencies

* We develop a Crop Digital Twin
(CDT) using:
* Crop models

e Satellite imagery - Agricultural
. CROP DIGITAL TWIN insurers
* With the CDT, we want to: S v

 Democratize access to actionable [ﬁ*//g {@ ][%] G
insights in agriculture

* Enable efficient information |
transfer | m';f,zfry

e Connect actors in agriculture Sl - Veawi/

Food processing
Retail
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& Earth Observation

Great opportunities ...

* Gain actionable insights
* Near real-time information
* Traction through public (European Green Deal) and private incentives (Space 2.0)

But still difficult to use ...

* Datasets are complex, not easy to handle
* EO expert knowledge still required to make sense out of data
* Many solutions exist but most of them have major drawbacks (level of usability, complexity, openness, flexibility, scalability)

-> missed opportunities in research and business
-> high barrier to entry

-> unexploited potential (that’s why we are here)
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EOdal — Earth Observation for Everyone

The Earth Observation Data Analysis Library (EOdal) is A
— A light-weight, modular Python package
— An open-source (GPL v3) tool to work with any kind of Earth Observation (EO) data thon
— Developed at ETH Zurich and Agroscope Reckenholz pg 3

— Access to 50+ years of EO data

ETH:zurich
EOdal enables

— Reproducible, reliable, and scalable EO workflows 9 Ag roscope
— Access to TB of EO data through SpatioTemporal Assets Catalogs (STAC)
— Generic interfaces to popular open-source libraries (xarray, geopandas, numpy, ...)

=) EOdal makes EO data available to non-experts.

) smee - E@dal =

N NumPy

xarray

GeoPandas

SpatioTemporal ; —
Asset Catalog Earth Observation Data Analysis Library
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EOdal — Enables EO workflows

v’ Query
— Query cloud (Planetary Computer) or local EO data archives by time, area, EO platform and instruments Knowledze
— Connectors to STAC or PostGIS databases s
v’ Load

— Load any EO data format understood by GDAL (geoTiff, COG, JPEG2000, netCDF)
— Enhanced support for EO satellites (PlanetLabs, Sentinel-1, Sentinel-2, Landsat, more to come)

v’ Analyze
— Analyze data using pre-defined workflows and familiar Python (geo-spatial) libraries
— Tools for visualization, statistics and data science

v’ Scale

— Deploy EOdal on local premises, cloud environments or in hybrid setups
— Bring your own data and models (open-source intelligence)
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EOdal — An open-source EO ecosystem

v'EOdal enables access to EO data

— By application: agriculture, forestry, urban planning, disaster relief, ...

— By sector: NGOs, governments, private sector »
v’ Users can bring their own data and models

v’ Envisioned: EOdal as the base for an open-source EO ecosystem

Biodiversity .
Relief
Example Jupyter notebooks Source Code on Github
Planning

[m] 331 [m]

[=] [ 2
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Research example: agriculture

2021-06-18(Baef’|:re_ﬂood 2022-03-10 Winte(rbeiﬁreen-l.lp 2022-03-25 Winte(rc‘."ZELGreen-Up Understanding impacts Of flooding
' on crop productivity

— 5205140 — 5205140

Y [m] (EF5G: 32632
Y [m] (EPSG:32632
Y [m] (EP5G:32632)

5204640 ;_ 5204640 | 5204840 - \ Se ntl nel-z
354340 354340 354340
X [m]{EPSG:32632) ¥ [m] (EPSG:32632) X [m] {EPSG:32632) ’ .
—— 2t W \ Optical Imagery

—#— flooded
=&~ unaffected

e S i
~

.

Y

O =t SwissTopo

D._l- uj’\m_v/ . e ; ; (,;‘\ N .. .
£ 202105 202107 2021-08 202111 202201 202'2—9; I 202205 ;q‘@ Dlgltal Elevatlon MOdeI

(e} SwissTopo DTM

e e

— [T 432.00 2000
T5m oo i mmm Cumulative Rainfall
5205155 1 b 431.75 o E —— Cumulative GDD (f) 1750
a \ 43150 @ = 250 1500§~
& Sz B £ =
L] o = 200 1250 5
by 431.00 ; :,i? ‘ 10008
: = f | o .
u ; =
= 430.75 2 % o = 0 MetEOSWISS
> 030 3 3 " : - 500 § o .
E . L
i | [ || Temperature and Precipitation
5204090 1— 430.00 oLl ne
" "'I.— o A "’3 Qh £ "U
X [m] (EPSG:32632) 1@&” @\' @” 1@?«” wg&Q & q@” wg&Q

24.10.2023 EOdal - Open Source Earth Observation 8



Rapid mapping

e Kachowka dam

* Pre-dam-break (before 06.06.2023)

* S2 overpass this morning, data available

in the evening
* Map large-scale flooding

* Assess impact on agriculture and
local livelihoods

Destroyed
dam on
06.06.2023
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EOdal — we want you!

* Contributions of all kind are very welcome!
* Coding

* Expand functionality (new platforms, methods, ...)
* Tests
* Bugfix
* Maintenance
* You don’t need to code!
e Tutorials

* Improve the documentation
* Got a good idea? Start a discussion on Github!
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Earth Observation Data Analysis Library

Thank youl!




Technical Deck



EOdal — Modules (“Layers”

E&dal

Earth Observation Data Analysis Library

.
o In-Situ Observations % l
B Axiliary Data Sources ——t’fg—

User-Defined Modules

Yield =
Prediction

Analysis ! Processing
Layer Layer

Phenology

Estimation

E
Masking and
Band Math
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EOdal — Data Model

L3

SceneCollection

h

Scene Scene
20230104T101578 20230109T101702

A A

Q

. Metadata

RasterCollection RasterCollection

Band
B02 ("blue”)

7

Metadata .

Values e P‘
P

Geo-Info

Operations
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Band Band Band Band
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EOdal — Support for EO Platforms

nir08, red, green

v'Sentinel-1 Landsat 1

— GRD 1972-09-20
— RTC

v’ Sentinel-2
— Level 1C
— Level 2A (Sen2Cor)

v PlanetLabs
v’ Landsat

— Collection 2 Level 1+2

v Any data format understood by GDAL and dataset offered by STAC e e AR A

X [m] (EP5G:32632)

Y [m] (EPSG:32632)

v' Adding new platforms and sensors easy and straight-forward thanks to the sensor-agnostic design of
the core and mapper sub-packages and modularity
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Why not ...

OpenDataCube (xarray)
— Highly complex setup
— Only datasets ingested can be used -> limited flexibility
— xarray mimics a file format (netCDF) -> does not provide a sophisticated EO data model

— APl complex -> hard to learn

OpenEO
— Only supports (pre-defined) cloud-workflows -> limited flexibility

— Complex handling and setup
— Not lightweight -> maintenance questionable

Google Earth Engine
— Proprietary APl -> locked-in effects -> high business risk
— “black-box” -> unclear what is going on



Scientific Deck



10.10.2023

Computers and Electronics in Agriculmre 203 (2022) 107487

Contents lists available at ScienceDirect

Computers and Electronics in Agriculture

| SFVIFR journal homepage: www.elsevier.com/locate/compag

EOdal: An open-source Python package for large-scale agroecological
research using Earth Observation and gridded environmental data

Lukas Valentin Graf >>*, Gregor Perich ?, Helge Aasen *"

*Crop Science, Institute for Agricultural Science, ETH Zurich, Universit 2 CH-B092 Zirich, Switzerlond
b Earth Observaiion of Agroecosystems Team, Devision Agroecology and Frvironment, Agroscope, Reckenholzstrasse 191, CH-8042 Ziirich, Switzerland

https://doi.org/10.1016/j.compag.2022.107487
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EOdal drives agricultural research
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EOdal drives agricu
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