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Urban Policies at a Glance
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Sentinels Fleet [

Advent of steady satellite data streams

] Big Data Era

>20 TB per day

Mobilise the data
revolution

Data are the foundation
of urban development
policies and program
iImplementation

High Performance Computing
Infrastructures
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Building on ICT advances
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) :.4 (opermicus @esa
The European Copernicus Programme
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Commercial EO data for urban monitoring Eesa
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Piazza del Popolo, Rome, Italy
Pleiades Neo © AIRBUS

Potsdamer Platz, Berlin, Germany
ICEYE SLEA resolution © ICEYE

Commercial data providers under contract with ESA deliver very
high resolution (VHR) optical, SAR and thermal data that offer a
unique view of urban settlements. These data are a vital tool to
support planning decisions that mitigate challenges like urban
pollution detection, sustainability and development, mapping, heat
maps, hazards and risk detection, flood extend monitoring among
others.

©® LEARN & DISCOVER - DATA APPLICATION

* Vision 1 - PAZ Discover more at:

«  WorldView « CosmoSkyMed : S8y https:/learth.esa.int/
+ ICEYE * GEOSAT-2 HOW SATELLITE DATA EMPOWER SagatenEy
 PlanetScope -+ TerraSAR-X/TanDEM-X B/ ERIEEI T

©® LEARN & DISCOVER - DATA APPLICATION

« SkySat - SatVu - |
« Pleiades/PNEO+ GHGSat observation is a vital tool for facilit B //,,‘ ————-—'f,

the sustainable development of thd
world's cities, helping to ensure th{

HOW SATELLITE DATA HELP TO

Since 2022, more than 50 research projects in Sl

mm) the urban monitoring domain have been
sponsored with commercial data as part of ESA's It

promoting food security, the responsible

Thlrd Party MlSSlonS (TPM) Program use of natural resources, sustainable...
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About

THIRD PARTY MISSIONS PROGRAMME

What are TPMs? =

Third Party Missions are earth observation
missions that are not owned or operated by
ESA. The agency has an agreement with these
third parties to distribute data products from
their missions to sdentific users

History? =
ESA's TPM arrangement has been operating for over

—— U5 YEARS —

providing EO data to users in Europe and worldwide
for research and pre-operational applications
development

How many? =

TPMs currently include over 60 instruments on
more than 50 missions

<60 50*

© Atmospheric @ Optical

ESA Third Party Missions

Free commercial data for research and applications development

® SAR @ Reflected Global Navigation Satellite System (GNSS-R) and Radio Occultation

Lesa

TPM datasets are distributed under specific
agreements with the owners or operators of
the mission — some sets are available under
the free dataset policy, requiring only a fast
registration, others are part of a restrained
data set and require the submission of a
project proposal or service request

How?

Innovation?

IN 2018 csi cuanges e

agreements with the commercial TPM data
providers in order to also include start-ups and
entrepreneurs in incubators, to access the data.
This greatly supports ESA's Technology Transfer
Programme Office (TTPO)

Data Access?
https://earth.esa.int/eogateway/search? category=Data



Market demand from smart cities for green
solutions, new regulations, space opportunities
awareness and cross-sector collaboration

will support future growth in green and sustainable
investment

that were created in the period 1970 2015

Green cities

Buildings and accessibility

URBAN HEAT — TREND ANALYSIS

switch

Mobility infrastructure Climate change
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EO for Sustainable and Resilient Cities: standard products @esa

Built-Up Extent, Building Footprints and
Imperviousness 3D Models

Population Transport
Areas/Networks Density Infrastructure

Waste Informal
Sites Settlements

Baseline Optical Products

Urban and Peri-Urban
Land Use / Land Cover

Detailed

Specialised Observations

Microwave radar, thermal radiometry,
troposhperic spectrometry

Landslide

Flood Risk Sl

Terrain Urban Heat
Motion Islands

Air
Quality

10
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From Use Case to EO-based Product Development

(7)) (‘.\ .:;:. CTT0TTS

S AEmh A | | INEE

S ARy —— . ® e

®) ‘ = N = Tuliml )} Oyt Tt

L Land and ildi ivati i ili

S | gpov:trt‘l Buildings Deprivation NBS Liveability Transport Master Planning Socio-economic I

v

EO-Derived Input Data Non-EO Input Data

v v v v v

v v
11| hih,| === T
@ a2 @i Q) ol

LULC/Imper- Open Green P‘;ﬁ;"a:ml‘/ Buildings Waste/ Air / Hazards Census Adminis- Municipal Attractors/ Sensor Economic
viousness/  Areas orma UHI Data trative Dashboards  Pols Data Projections
I Transport Settlements I

Information Product / Service Development

User-tailored Enhanced Production User-Focused Analytics Backcasting -> Now- Project-specific

geospatial data and Service Modality (GIS, interactive, casting -> Forecasting (e.q. city-scale -> Innovative Products

products (automatic/cloud/Al) indicators, dashboards) Modelling quadrant/neighb.)
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Monitoring and understanding Urban Growth dynamics

WSF 2015

S1 and Landsat 8
10m

Released
in June 2019

WSF Evolution
1985-2015

Landsat
30m

Released
in Nov 2021

-4 iE

Percent Settlement Extent Growth

Percent Population Growth

Europe & O North America
Central Asia
DLR ® East Asia & @ lc_;ztrlinbbA;inca &
S1 and S2 Pacific
10m urban @ Middle East &
() South Asia North Africa
Released
in Nov 2021 @ Sub-Saharan Africa
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tep

e UTEP | UNHABITAT

C | ® unhab.gisatcz
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Informal Settlements

@ GeoVille

IDEA UN@HABITAT

MAPS FOR A BETTER URBAN FUTURE
UNIV:F;I: Information Systems and Network
OF TWENTE. Data Processing Gmot
IDEAtlas
Multi-temporal Analysis — Nairobi
. . [ Non Built-up ‘ g1 o
Spatio-temporal transferability (2019-23) M Formal Built-up
Informal Built-up -
B
2019 2022
2019 2020

Slum expansion shown in black arrow (basemap image is from 2022)

The orange polygons indicate the
slum extents predicted by the Al
model for two different years
within the same area

2021 2022 2023

2019 2022
Demolished slum in Mukuru (shown in a rectangle outline)
14
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Urban Heat
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Air Quality

NO2 tropospheric column (umol/mA2)
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Green Areas

Data exploration Porta t (Redmine) Felix.Bachofer

Place @ Oslo Theme  City characteristics Periods @ 2019 Visualization = Land cover - overview

£3 Layers Q Areas = selections Y Areasfiter R Maptools <*: Addlayer 3 Snapshots @ Views

Layers = & X >  Areas1-150f16 I« | Page |1 |of2 [P M |2 | D~

S e ; 4+ A~ Structure of Land cover (% of AU area) [%] 0 = B® x 8
- nalytical Units Layers ¢ 1 v o R ) ?
} Area outlines | o AT Tl W T o ?:\“
| By : ; S ,',,f7'-_ SR T ,'., ) Alna Bjerke Frogner Gamle Oslo Grorud
- Info Layers g A TN O Tl T 0
- [@w Land Cover Land Use
(O Land use / Land Cover - Sentin... D
- [@ Urban Green
Urban greenery - Tree crown |
SR G AP B Grinerlokk Nordre Ake Nordstrand Ostensjo Sagene
rban greenery - Green view in...
= [ Background layers
Sentrum Sondre Nor St. Hansha Stovner Ullern
~ Summary of Land cover [ha] O =B @A X
Name Agriculture / low veget... Open land (2019) Built-up Area (20"
Alna 11.31 28.53 764.5

Green Urban Areas Inventory, Oslo, Norway
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Transport and Mobility Planning

EO inputs Macroscopic Transport Model for Dhaka, Bangladesh

Links v ~N ) - [ ’ O
d ple O ° § t? | 3

Type number

e motonwvay

=== motorway_link

trunk

primary

| 1]

secondary
tertiary
——— unclassified
~———— residential
ffffff footway

------- cycleway

= ww rall

POIS/EQ4SD (40)

B srcutualLana
I Aivon
X [ saretana
P, S [ omrcial and ndustia units
3 R constiucton ses
T B

B8] [ Hioh density continuous residential utban fabric. (Sealing level 80% - 100%)

I s censiy discontinuous residenial uban abic (Seaing levet: S0% -80%)

BN I v ot curentuse

B[] Low density discontinuous residential urban fabric (Sealing level.: 10% - 50%)

S8 [ Non-residentialurban fabric |
Other Natural and Semi-natural Areas including Wetlands 0 1 5 in h / p X

Sand-filed areas

Sport and leisure facities

S [T p— Population density
ke I vroan Grecnery

I Vitaoe Settements
I voter sodies

& . AIT Caribou
ASIAN DEVELOPMENT BANK GAF,A_\__G_ ‘#;; _)II?AEM.RA .) gisat J—— Space

18

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

1

s 11 S o= — [ | > THE EUROPEAN SPACE AGENCY



Ground truth

Deployment path

(ARREE

tDeﬁne »‘.,j.Acqqire . '~'$i€léap : Calib'ration,‘
uirements. imagery = data groundtruth

Apply ML _ Condition

model -~ analysis



Ground Motion / Subsidence esa

Building footprints layer

Ty 4 TR A TR ’«'&.""?.a?;;igéb
: 20

o TSR
p o 8

Intervention priority levels based on ground
displacement

Ground displacement map
(TerraSAR-X descending pass,

April 2018 to July 2022) . i — < (G worwosanceroup
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Urban Floods

P\ amone

'./, o > ~
Economic damage”
(thousands of Euro)
. W £ : : W0-99
Water depth L% > 3 ; ! W 99 - 415
17 May 2023 o 415 - 1,220
&8 . 1,220 - 3,775
‘] 3,775-19,335
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Energy Transition and Renewables: Solar

National, regional and local/rooftop
solar potential, Armenia

Solar potential

Land use & land cover

] GE
iaBG 9§ o) VIDA o

N

ez
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Energy Performance Certification

Public access to EPC databases across
Europe (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 ﬁ

e Limited Public Access

o Highly labour intensive
e Lack of Update and Maintenance "
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Energy Efficiency Estimation with Al

WHAT: Assessing buildings' energy performance and retrofitting

potential by jointly leveraging Earth Observation and in-situ L{RENOWAVE.ART
data. & . _
mmobiliare.it Insights
HOW: Design, implement, and validate a multi-modal AI-based system o &
able to automatically estimate the energy efficiency level of AUF/ KLABRREURT

single buildings, ranking them from "A" (most energy-efficient) to

_ . .
"G" (least energy-efficient)and to generate recommendations for 112 ?A",?:',f
interventions.
KAB
C local scale ): :Cregional scale): :C global scale )
N ] N
.Q @) Mobile mapping Human flows ,/""\ Spatial inference
and information and POls from ' @ ; from satellite data
extraction mobility data =7/ through ML/AI
J J

24
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Urban Morphometric Changes

Alan Turing

EuroFAB — Europe’s Urban Fabric Institute

WHAT: Assessing urban fabric and urban morphometric change over
time by leveraging Earth Observation data.

CHARLES
UNIVERSITY

HOW: Design, implement, and validate an AI-based system able to
automatically classify spatiotemporal urban morphometric
signatures, endorsed by national statistical offices and to support
spatial development policy of the Check Republic and UK and generate

recommendations for green transition predictive services.

BETTER POLICIES FOR BETTER LIVES

Disconnected suburbia

“Disconnected suburbia” includes residential
developments in the outskirts of cities or even
towns and villages with convoluted,
disconnected street networks, low built-up and
population densities, and lack of jobs and
services. This signature type is entirely car-

dependent.

Hyper concentrated urbanity

The epitome of urbanity in the British context.
“Hyper concentrated urbanity" is a signature
type present only in the centre of London,
around the Soho district, and covering Oxford
and Regent streets. This signature is the result
of centuries of urban primacy, with a multitude
of historical layers interwoven, very high built-

up and population density, and extreme

abundance of amenities, services and jobs.
Leaflet | Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye,
Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community,

i-cu
Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community,

& Wfin FlelschmantDanliAtBas: RalRlr ol G e eI © Martin Fleischmann, Dani Arribas-Bel, Urban Grammar Al research
project project
25
E =1111 = 55 = Bl b= Bl =R = — im [l ?
I I = = - i s . ® AR mm N | * THE EUROPEAN SPACE AGENCY



Urban Energy Efficiency: ThermCERT esa

. search 30 Mode @D Muttiple Maps @EIID n S e 2
" =
X ) r

Prestonfield - 03 388

Total households 388

Bplore | epc [INDN (NARAEN

E.ON Market Share
E.ON ECO Data

Fuel Poverty

Thermal Satellite Data

SN Vi va v

Residential Heat Loss (Deviation)

ASTROSAT

=
‘‘‘‘‘‘

Targeted Users:

Thermal and optical satellite images, government and national
census data to derive Residential Heat Loss, R sidential

local authorities Energy Efficiency, Building Age, and Fuel Poveriya rediction

26
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Urban Super-Resolution Imagery

P S saaia Y

Jaén, Spain

The issue:
« Very-High Resolution imagery comes usually
at cost and acquired infrequently
* Free and open datasets have lower resolution
but available more frequently

Super-Resolution techniques:
« Creation of higher resolution images from
lower resolution inputs
« Advanced algorithms, machine learning
models, and mathematical optimisations to
infer high-frequency details and enhance
spatial resolution

« Techniques can be implemented Sentinel-2 Super-Resolved (2.5 m resolution) Y

computationally efficiently and scalable, REFEES LT SRy Y 7T ST R
. . . RS RSST s Ly o S @,@J
inputs from various satellite platforms and o, ]‘T;:ﬁ‘ b
sensors SRS LN SSERL T 3 Sl

« Single-Image Super-Resolution (SISR) vs
Multi-Image Super-Resolution (MISR)

“tRIX4US 28
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City Data Cubes

EO data — Sentinels, commercial data, drones, aerial data, ...

EURO DATA CUBE

ot \R\:\-Qﬁ# —/_,/;7

N

7

Machine learning Ad-hoc analysis

Non-EO data: socio-economic, mobility data, ...

>

Web / Mobile apps

Bring your own data

.~ P ——

FriTedy | TR TV
Scripting (R, Python, ENVI...)

-------

Desktop (QGIS,, ArcGIS...)

Applications

29
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street-view ga - ¢ @esa

Digital Twins of Cities |

E ? A MIND
Al4SC ' o B Ay = EARTH

Digital Twin Urban Pilot

EO & Ancillary Data Integration

Land surface temperature

DLR

Mobility
Information

B

S2 super-resolution






