8 ot 4

science & innovation
Deparment - GEO msETEuI;& %O GROUPON
2023
SUMMIT EARTH OBSERVATIONS

Science and Innovation
REPUBLIC OF SOUTH AFRICA







8 ot 4

science & innovation
Deparment - GEO msETEuI;& %O GROUPON
2023
SUMMIT EARTH OBSERVATIONS

Science and Innovation
REPUBLIC OF SOUTH AFRICA




\ZIXEEK #TheEarthTalks GEO WEEK & Ministerial Summit 2023
Milan (ltaly)
Development of a Support System for Improved Sofia (Bulgaria) _Aog
Resilience and Sustainable Urban areas to cope wi iy s B HARMONIA

Climate Change and Extreme Events based on -
GEOSS and Advanced Modelling Tools

LGCLA19-2020: Integrated GEOSS climate
applications to support adaptation and
mitigation measures of the Paris Agreement

Politecnicadi Milano, Italy
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HARMONIA APPROACH

| ' wahbL! Qa YI AY
reorganise and integrate the huge

amount of data already available
and to make the best use of existin
monitoring technologies and
geospatial servicder urban hazard
assessment and disaster risk
management.

Data input

Data types (eg satellite, in-situ, socio-economic, citizen observato-

ries)

Data sources (existing open services such as GEOSS, Copernicus
services, ESA TEPs: local/regional/national statistical and geospatial

data; one-off campaigns, commercial; research)

Access routes (eg online open access, proprietary, commercial)

Licensing issues/constraints
00000

5

3/

Data preparation
Climate indexes, Essential variables,
Downscaling, Data integration, Data

annotation, Data cubes

o
Intelligence framework
» Atmospheric forcing & weather reanalysis
» CC at city level
* Ecological integrity indices
» Geotechnical models & CC
* Air quality & urban health
* Urban mobility & CC
* AI/ML tools for adaptation

Input to local
Air-Energy-Climate
Action Plan Air

°Piraeus (Greece)

LGREEMENT

CC Mitigation CC Adaptation
low carbon economy unavoidable CC—
increased resilience

Integrated Resilience Assessment Platform (IRAP)
for Urban environment

* Creating a climate baseline

* Assessing recent change and trends

* Short term future change, impact and preparedness (seasonal)

* Decision support for long term (decadal) planning: Baseline and Worst Case

CC Mitigation
* Housing stock and buildings
¢ Land use, including green
spaces, urban forests
* Transport infrastructure
» Community participation and
' behaviour change

CC Adaptation
= Reducing impact of extreme events
* Preparing for slow onset & unavoidable
changes (Sea level rise, Floods, Precipita-
tion, Temperature, Urban heat flux,
Drought, Wild fires, Landslides, Atmo-
spheric composition/pollution change)

Drive for increased TEST CASES

surface permeability Urban environmental
Reduced cumulative degradation
yearly rainfall Urban Heat

Islands o
Milan (ltaly) Ixelles (Belgium)

Urban greeness

Climate
) indexes
ollytion Geohazards & landslides
) & Urban health
Urban planning
towards reduction of
fuel consumption

oSoﬁa (Bulgaria}

Urban forest fires & heat tluxes

Urban llooding
& flash {loods

N\
.
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HARMONIA PURPOSE

HARMONIA capitalises on a wealth
of existing Earth Observation (EO)
datasets and services including
GEQOSS, Copernicus, ESA TEPs

services and other ESA data and & :

services, as well as National Data Models f e D
1 1 = - = izens N’ Historica

Cubes with ensemble modelling,

socio-economic and in-situ data at the o SN
spatial and temporal scales relevant '
for the urban environment e




\ZIX%EK #TheEarthTalks GEO WEEK & Ministerial Summit 2023

MINISTERIAL
SUMMIT

HARMONIA PURPOSE

eeto deliver an | s
Resilience Assessment Platform QT voses 3
(IRAP) \ SO
Continuity
HARMONIA

a system that allows stakeholders to AU

- . Intergrated Rselience Assessment Platfom (IRAP) wv
mOdel a range Of plannlng Opt|0nS Vulenarbility Analysis- Impact Assessment  Mitigation Measurements i

against a number of CC scenarios
towards targeted applications in order
to mitigate CC effect in urban areas,
helping deliver resilient cities for
current and future generations
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IRAP

The IRAP (Integrated Risk Assessment Platform) is a constellation of cloud-based datasets and
services made accessible through a REST APl and a suitable backend framework. It
encompasses several main functionalities:

Data Integration

Al-Driven Models

Risk Assessment and Mapping
Decision Support Systems
Urban Planning and Optimization

Health and Well-being Assessment



\ZIXEEK #TheEarthTalks GEO WEEK & Ministerial Summit 2023

MINISTERIAL
SUMMIT

IRAP platform is a sophisticated system consisting of multiple software components
designedto work togetherin a harmonizedway

The purpose of the integration is to facilitate efficient HARMONIAdata exchangeand
communicationamongthe variousparts of the platform

This Data regard the output datasetsand analysisof the various HARMONIAsoftware
Components

Development
|.  Toenablethis communication,a central repositoryis usedto store all the data neededby
the different parts of HARMONIAThisrepositoryis calledan FTPserver,whichis essentially
acomputerdesignedo store and managelargeamountsof files.

Il.  Ontop of the FTPServera middleware software was implemented (Springframework) in
orderto facilitatethe Serviceseededfor transferringthe correctdata
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Raw Data: EO Data | Citizen Data)

Harmonia Platform Users

IRAP Platform

Integration

Harmonia Software ‘
Components I l
) v

5 Middleware Harmonia Service Swagger REST API
Harmonia Orchestration

Repository Sprlng and Catalogue
boot
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Technical Integration Process & Roadmap

Investigation on
the integration

Discoverable & Accessibl
Create a PoC deployment of Create the appropriate
approach the integration framework

services for data retrieval Harmonia Data/Services

High level data lifecycle Store the output
management from Technical WP data of technical WP
-WP3

-WP4

-WP5
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A EO data represent a great opportunityunderstand and
improve

A the resilience of urban systems

Conclusions A their actualaccessibility and usability local
administrations is howevdimited by technical difficulties
and the immense amount and variety of data available

A there is therefore meed for integrated platformsuch as
HARMONIA IRAP to facilitate access to these data sour:
and make the results accessible

A the integration of the use of EO data into the processes
municipalities must necessarily start from mapping the
needs and requirements of local end users

A in order to support an effective translation of new
knowledge into active policies, risk assessment cannot
disregard thecitizens active engagement
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HARMONIA Get In touch!

contact@harmoniaproject.eu

/ (( http://harmonia-project.eu/
H https://twitter.com/ProjectHarmonia
THANKYOU FOR in https://www.linkedin.com/in/harmoniaproject/
OUR ATTE NTION https://www.instagram.com/harmonia.h2020/

.I: https://lwww.facebook.com/HarmoniaProject2021
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Enhancing Urban Resilience
with Al and Earth Observation Big Data

Yifang Ban
Professor & Director, Division of Geoinformatigdang@kth.sg

Department of Urban Planning & Environment
oyal Institute of Technology

) . & ( )
’ Associate|Director, Digital Futures 1 ) ]

Sto}:kholm, Sweden




Urbanization and Environmental Impact

Share of the population living in urban areas (projected to 2050), 2050

Share of the total population living in urban areas, with UN Urbanization projections to 2050. Urban areas are defined
based on national definitions which can vary by country.

Nodata 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
| N | I [ I
Source: OWID based on UN World Urbanization Prospects 2018 and historical sources (see Sources) CCBY
» 1500 2050  CHART MAP DATA SOURCES & < & I

Nearly One-Third of U.S. Population Under Heavy Smoke
Conditions Due to Wildfires

Di . masks for shipment to communities empacted by thick smoke and particulates n the ai

NEWS  TRAVEL

| Milan airport under water in flash =
floods




Early Warnings for All

The UN Global Early Warning Initiative for the Implementation of Climate Adaptation
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Today | announce the United Nations ! !

will spearhead new action 1o ensure every person on
Earth is protected by eardy waming systems within five
years, | have asked the World Meteorological
Organization to lead this effort and to present an
action plan at the nexx UN dimate conference, later
this year in Egypt.

Q UN Secretary-Ceneral Antono Guterres on
e

World Meteoralogical Day 23 March 2022

N oopar
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Earth Observation Big Data

U Thanksto the fast growth of satellite technology,we are movingforward into a
new era of EarthObservatiorBigData

U National/Internationalspaceagenciesand innovative companiesare supporting
variousEOprogramsacquiringhugevolumnof dataeveryday

400
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EO Big Data:
Opportunities & Challenges

x Opportunities

- Nearreal time monitoring of phenomena affecting built and natural
environment

- Dense time series for analysis of global environmental changes
- New possibility to deploy operational and reliable services

x Challenges

- Computing infrastructure to handle, store and process the data
- New methods and algorithms to extract valuable information

- New approaches to Integrate EO Data with other geospatial big data (i.e. s
media, ground sensors, crowdsourced data)



EOTimeSeries folJrbanizatiorMonitoring

Dubai Coastal Expansion, 1984-2012



EO& Al for Urban Mapping

Out poP
LU-Net
© ['Supervised
fus
Concat. [ Out === p
EConsz‘stency
LU-Net
— Labeled (source)
=== Unlabeled (target)
Out " .
==== Unlabeled (inference)

Hafner, S., Y. Ban, and ANascetti 2022. Unsupervised Domain Adaptation for Global Urban Extraction using Sehtinel Sentinel
Data.Remote Sensing of Environmgvidlume 280, 113192yttps://doi.org/10.1016/j.rse.2022.113192

Hafner,S. andY. Ban 2023 Multi-Modal DeepLearningfor Multi-TemporalUrban Mapping with a Partly Missing Optical Modality.
IGARSS023



https://doi.org/10.1016/j.rse.2022.113192

Urban Mapping

A Microsoft Building Footprints as labels

First stage - Semantic Segmentation Second stage - Polygonization

DNN
d i 4 ¢ —l N -

A Introduce a domain gap
A Produced Sentinel-1/2 data and
corresponding labels

Locations of the training and validation sites (a) Athens (b) Brussels

S S : S
Y - e
- - = - it

75°N

35°N

508

| Dataset
. ® Train. labeled (26)

@ . Val labeled (4)
A Train. unlabeled (66)

Domain
7 1 source (30)
[ Target (66)

T = \ T
120°W 80°wW 40°W 0° 40°E 80°E 120°E 160°E

45°S

(c) Milan (d) Sofia







EO&AIPowered Tool for Urban Mapping

-

\_

Drive Folder

My Drive > urban_extraction_app ~ ::: NG
‘ Type =~ H People ~ Modified ~ ‘
Name Lastm.. v ¥ i
urban_extraction_app.ipynb 2% 10:36
5§ fusionda_10m.pt &% 8 Sept 2023

[ 1 Setup up Drive Folder

/2 Data Download in GEE

Google EarthEngine

1. Dram 3 region of ivrest
[T ——

2. Select a time period for the satedite
images.

3. Generate satellite data. You can sso
change the visusization of the images.

[

vz

. Export the data o Google Drve.

3 Inference using Colab

tion_app.ipynb

o ins your Gaogle Driy

Alza make

f the davenic

i Faldar




EO & Al for Urban Change Detection

Multi-Modal Siam-Diff Dual-Task
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semantic
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change

Optical
change
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Hafner,S., A. Nascettj H. AzizpourandY. Ban 2021 Sentinell and Sentinel2 DataFusionfor Urban ChangeDetectionusinga Dual
StreamU-Net |IEEE Geosciencand RemotesSensing_etters Vol. 19, 4019805

Hafner,S., Y. BanandA. Nascetti 2022 Urban ChangeDetectionUsing a Dualtask SiameseNetwork and Semisupervised_earning
IGARSS2022

Hafner,S., Y. BanandA. Nascettj 2023 Multi-Modal ConsistencyRegularizationdJsing Sentinell/2 Datafor Urban ChangeDetection
RemoteSensing



Urban Change Detection

A Time series of monthly Planet
Images

A Covering ~ 100 unique sites
A Approximately 24 images per site

A Over 10 million individual
annotated building footprints




