Interfaces, Discovery and Intelligence in
Digital Earth Observation

14 March 2024, ACAT

Stefanie Lumnitz

Climate Action, Sustainability
and Science Department, ESA

ESA UNCLASSIFIED — For ESA Official Use Only
m il BEE_—_ BB EE R EEEEEEEEESE = E e » THE EUROPEAN SPACE AGENCY



What is the European Space
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Promoting cooperatlon among
participating States in space

| L |
ESA Workforce research, technology and
applications, for exclusively

peaceful purposes
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The Explorers and Their Challenge

1. EXPLORE THE UNIVERSE

...WHILE SERVING

PEACEFUL PURPOSES...

.. AND STRENGTHENING THE SPACE INDUSTRY
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ESA’s Earth Observation Vision
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Taking the Pulse of our Planet
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ESA’s Earth Observation Missions
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Space helps to
bend the curve..
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From space, the evidence
for climate change is compelling




~of burned area in 2019
pared to the 2001-2018 average

decrea;ev,of-b'umed areain 2019 |*% : A e In Brazil

1.7%

of burned area in 2019
compared to the 2001-2018 average

Data sources:

Percentages derived from

Lizundia-Loiola et al., (2020)

Temporal anomalies in burned area trends: Satellite
estimations of the Amazonian 2019 fire crisis

Above ground biomass ranges from 0 to >350 tons/ha (dark green).

Dataset from Santoro, Maurizio (2018): GlobBiomass - global datasets
of forest biomass. PANGAEA

Space helps to
bend the curve..

through the
global stocktake
(IPCC)
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Space plays a
significant.role

Still far below
strategic and
societal potential
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The Paris Agreement aims to keep global temperatures well below 2°C and ideally 1.5°C relative to the pre-industrial period and reduce climate change vulnerability.
Satellite observations are increasingly contributing to national mitigation and adaptation progress to meet these objectives.

Atmospheric observations help to
analyse net global greenhouse gas
emissions and removals

Identifying opportunities for point source
GHG mitigation e.g. power plants, cities, and
fossil fuel extraction areas

Enabling countries to improve
checks and consistency of national
GHG inventories

Assessing emissions and removals
from the second largest source of
human-related GHGs

Satellites can monitor remote and
unmanaged natural carbon sources e.g.
permafrost and wetlands

ENERGY
TRANSITION

MOBILITY
TRANSITION

Satellite observations help to estimate the carbon
budget and guide climate actions needed to limit
global warming

Tracking progress towards meeting
emissions reduction contributions

Assessing if the Earth system is
responding as prediction to inform the
global stocktake

Satellite data provide the foundation of
climate services used to identify hazards
and impacts to improve climate resilience

ing adaptati
Earth observation data have potential
to track progress and implementation
of adaptation measures

SUSTAINABLE CARBON
CITIES ACCOUNTING

EO ADAPTATION
SERVICES
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Space for a Green Future
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EARTH EXPLORERS

Pioneering scientific and technical
excellence
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BioPAL

BIOMASS Product Algorithm Laboratory

biopal@esa.int

= Open Source Software Project @ python' biopal.org @
= official BIOMASS algorithms github.com/BioPAL E

= first time that official algorithms are made publicly accessible

Banda, F, Giudici, D.; Le Toan, T.; Mariotti dAlessandro, M.; Papathanassiou, K.; Quegan, S.; Riembauer, G.; Scipal, K.; Soja, M.; Tebaldini, S.;
Ulander, L.; Villard, L. “The BIOMASS Level 2 Prototype Processor: Design and Experimental Results of Above-Ground Biomass Estimation”

Remote Sensing, 2020, 12, 985. doi.org/10.3390/rs12060985
15
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https://www.mdpi.com/2072-4292/12/6/985

= Open Source
Algorithms

Continuous
Git & Version Open License/ Documentation integration &
Control Open repository testing Outreach
Best-coding Reproducible Governance Packaging & Improvement/
principles environment structures distribution Maintenance

Open Source
Software Projects
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Enhancing the
Biomass
JJ Processor
: collaboratively _ .
BioPAL L biopal@esa.int [
BIOMASS ’ ‘ \ \ biopal.org @
D github.com/BioPAL Eﬂ
(_; /|
Suc[ess
[} -
™ e f Bringing User
Scientific Discovery /ﬁ X rﬁ\ 7 activities closer to
i’ ‘\u the data

ECOSYSTEM LIDAR

- NISi/I%

NASA - ISRO SAR Mission S~
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Open ! N Open &
OLpigpaEi;gste Workflow Open Data Closed
Management Applications
\- J \ y
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Open Source Geospatial — A Mature Ecosystem Eesa

|
The State of Open Source GIS @ L 4

fﬁ‘

Refractlons Java tribe

ESEARCHK
@ C tribe

Prepared By:  Paul Ramsey, Director
Refractions Research Inc.
Suite 300 — 1207 Douglas Street
Victoria, BC, V8W-2E7
pramsey @refractions.net
Phone: (250) 383-3022
Fax: (250) 383-2140

ﬁ Python tribe

\id
Y

Julia tribe

Last Revised: September 15, 2007 Web wild card _
R tribe
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The Why and Who

® Overview of the open source for geospatial and EO ecosystem

@® Guidance through the complexity of the geospatial ecosystem - sustainability, technical
and legal interoperability and all the dependencies levels;

® Community building, a promoting and maintaining platform for new and innovative open

source solutions for EO and geospatial,

A ®oseeo OGC =

Making location count. A 4

TERRASIGNA" spa
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OSS4gEO - The How Qesa

project viability @ & Request
User query on @ / “
OSS solutions <[>

programming language </> based on filters FJU (®é®) [%
|_®

core libraries O
server-side .

desktop ‘
web tools .

mobile .

. N Q.8
main organisation ( )
2 @@@

Yo

Open Source license n -

Platform response on Q
OSS solutions ﬂl
based on applied filters Q

standards compliance % Response

interdependencies rju

8

platform curator

Open Source geospatial ecosystem OSS project maintainer 0SS 4 Geo platform user platform interaction
0 user account )
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244 repositories
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P, Ay vl 0 Py—
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Eardmind{s
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DOI 10.5281/zenodo.5869837

mapuniiedicr

. : \— ) Crmtipag SRR oporiarers “ “
QGIS is a full-featured, user-friendly, free-and-open-source (FOSS) o — e (' 4
BN N . '4/ S S ‘

. Mg rrd-propctUend

geographical information system (GIS) that runs on Unix platforms, oy - , . S ; ad
Windows, and MacOS. e G Preunmgrmr oA R :'Z'L/"Z"‘h;r’wzb‘c“em
b orth/llwisCore
Features airbusgeo/cogger
1. Flexible and powerful spatial data management O ottt apache/calcite
2. Beautiful cartography .mm,ww PO apache/doris
3. Advanced and robust geospatial analysis - g — n J aseldawy/spatialhadoop?2
4. Powerful customization and extensibility &, TR B JoS— AN\ : axismaps/colorbrewer
5. QGIS Server 17 \ ! m%,‘ N\ azavea/raster-vision
Under the hood o / A\ qgis/QGIS N\ : birgander2/PyRAT
Versions and release cycle | w::mw W ey : bjornharrtellfjsts
Free and Open Source sunets @i | {DouUE JCTrgus_gecece \ ) N\ boostorg/geometry
Installing and using QGIS SRy A~ WDMM > N = < A - 50 : cambecc/earth
Documentation A Avmy T | A\ -
Help and support channels P 7 aw )V
Get involved with the community e O ol \f ‘
Bug reporting and bug fixing ."Mm

New features and enhancements
Translations
Other ways to contribute

Features

1. Flexible and powerful spatial data

manacrnaoamant
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BEE.AI — Building energy efficiency estimation with esa
Artificial intelligence g;; MindEarth

[< RENOWAVE.AT

WHAT: Assessing buildings' energy performance and retrofitting potential by jointly
leveraging Earth Observation and in-situ data.
{immobiliare.it Insights

HOW: Design, implement, and validate a multi-modal Al-based system able to &

. . .. i e KLAGENFURT
automatically estimate the energy efficiency level of single buildings, RBEN A WERTHERSEE
ranking them from "A" (most energy-efficient) to "G" (least energy-efficient) ‘; \SAtI?edr:
and to generate recommendations for interventions.

( local scale ): :(regionul scule): :C global scale )
.Q @) Mobile mapping Human flows ,""\\ Spatial inference
and information and POls from I @ , from satellite data
extraction mobility data =7/ through ML/AI
25
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EU Green Deal — Building Sector Objectives

Distribution of the building stock in EU per EPC class

Energy Performance Certificate (EPC)

Current Potential

Score Energy rating

69-80 C solc  solc
55-68 D
39-54 E

21-38

97%

of buildings in the EU
need to be upgraded
to meet the 2050

EU Green Deal
decarbonisation
vision (BPIE Data).
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Public access to EPC databases across Europe saf
(BPIE, 2015) :

Limitations of EPC Databases

. PUBLIC ACCESS WITH PROTECTED PRIVACY

for Urban Planning B ACCESS FOR SOME ORGANISATIONS

DEPENDS ON REGION
B norusuC Access
EPC REGISTER NOT AVAILABLE

PROVISION OF AGGREGATED STATISTICS
e Data Gaps and Incompleteness

e Lack of Standardisation
o Coverage Limitation

e Limited Public Access

o« Highly labour intensive

e Lack of Update and Maintenance

1|
i
1
|
.I.
I
Il
1|
il
Il
[
4



Input data

Street-level imagery

Optical imagery
(Mapillary)

Optical imagery
(Field Survey)

A

Survey Design

A

Thermal imagery
(Field Survey)

\i

Top-view imagery

Orthophotos

v

Optical + Thermal
Satellite imagery
(VHR, Landsat LST, ...)

Building vector data

N
I

(outlines, age,

National GeoPortals ’
height, use, ...)

Pre-processing

Facade image
cropping and
selection

Facade crops

;

Labelling

Labelled data
(rooftop + facade)

Rooftop image
cropping

Rooftop crops

Morphological

Street-level features

Thermal analysis

Regressors
(Age, AT...)

Facade features
(Materials, window area,
maintenance, style...)

Classifiers / detectors
(materials, window area,
maintenance, style,...)

Top-view features

Thermal analysis

Classifiers / detectors
(green roof, PV, shape,

Rooftop features
(green roof, PV, shape,
materials, conditions...)

material, conditions, ...)

feature

Energy Performance Data

computation

- Energy Performance
Certificate (EPC)
AOI Definition
A
’
4

- 4 11

i

= e Feature concatenation

Train / Test split

Ensemble
Model

Performance evaluation

> Spatial join

#MapYourCity

AlAEO

i

End Users

= Il

5
A
Building morphology
features
(orientation, FAR, shared
4 +
wall ratio...)
hy!
2
Reference
building-level EPC
U (A-G rating, consumption,
improvements...)

-+ >

N LA
SIS m eEm am ¥

Validation
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WHAT NEXT?
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rGuterres

We have a moral imperative to leverage ‘ = =
50+ years of public funding and private We have an obligationto .
investment in space to address the | - ACTNOW - . ..
greatest challenge of humanity. g -
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Thank you!

Stefanie.lumnitz@esa.int

Oss4geo.org, biopal.org @
github.com/slumnitz @
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