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Milan (Italy)
Development of a Support System for Improved Sofia (Bulgaria) o
Resilience and Sustainable Urban areas to cope with Piraeus (Grece) HARMONIA

Ixelles (Belgium)

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

LC-CLA-19-2020: Integrated GEOSS climate
applications to support adaptation and
mitigation measures of the Paris Agreement

Politecnico di Milano, Italy
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HARMONIA APPROACH

HARMONIA’s main objective is to
reorganise and integrate the huge
amount of data already available
and to make the best use of existing
monitoring technologies and
geospatial services for urban hazard
assessment and disaster risk
management.

Data input

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

ries)

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

%
4

PAR S

Data sources (existing open services such as GEOSS, Copernicus g G RE E I I E NT

services, ESA TEPs: local/regional/national statistical and geospatial

-
W

CC Mitigation

low carbon economy

CC Adaptation
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 )
o e Urban environmental
Reduced cumulative degradation
yearly rainfall Urban Heat

Islands

Milan (ltaly) oIx¢=_-lles (Belgium)

Urban greeness

Input to local Climate
Air-Energy-Climate _ ) indexes
Action Plan &ALIJI 9]]'iltl}]]n] Geohazards & landslides
o Urban planning R o
Piraeus (Greece)  fopvards reduction of Urban flooding Sofia (Bulgaria)

fuel consumption
I & flash {loods

Urban forest fires & heat tluxes

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...
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HARMONIA PURPOSE

annanlf deliver an Integrated g

Resilience Assessment Platform QT voses 3

(IRAP) = O 8

\
HARMONIA
a system that allows stakeholders to S ——— .  ——

ntergri lence ssmen om v
wv

model a range of planning options Vilerarbity Analysis: Impact Assessment  Mitigation Measurements
against a number of CC scenarios s SPGB R e B A B
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
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IRAP platform is a sophisticated system consisting of multiple software components
designed to work together in a harmonized way

The purpose of the integration is to facilitate efficient HARMONIA data exchange and
communication among the various parts of the platform

This Data regard the output datasets and analysis of the various HARMONIA software
Components

Development:
I.  To enable this communication, a central repository is used to store all the data needed by
the different parts of HARMONIA. This repository is called an FTP server, which is essentially
a computer designed to store and manage large amounts of files.

lI:  On top of the FTP Server a middleware software was implemented (Spring framework) in
order to facilitate the Services needed for transferring the correct data.
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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 Discoverable & Accessible

the integration 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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 EO datarepresent a great opportunity to understand and
improve
» theresilience of urban systems

Conclusions

their actual accessibility and usability by local
administrations is however limited by technical difficulties
and the immense amount and variety of data available

* thereis therefore a need for integrated platforms such as
HARMONIA IRAP to facilitate access to these data sources
and make the results accessible

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

* in order to support an effective translation of new
knowledge into active policies, risk assessment cannot
disregard the citizens active engagement




\ZIXEEK #TheEarthTalks GEO WEEK & Ministerial Summit 2023

MINISTERIAL
SUMMIT

HARMONIA .
Get in touch!

contact@harmonia-project.eu

(( http://harmonia-project.eu/
/ E 4 https://twitter.com/ProjectHarmonia
THANKYOU FOR IN https://www.linkedin.com/in/harmonia-project/
OUR ATTENTION https://www.instagram.com/harmonia.h2020/

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

Yifang Ban
Professor & Director, Division of Geoinformatics (yifang@kth.se)
Department of Urban Planning & Environment )
\ - KTH Royal Institute of Technology \
| o ( e
T Associate Eﬁirector, 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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a—/,,j/l‘\\%e EGYPT2022
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Earth Observation Big Data

» Thanks to the fast growth of satellite technology, we are moving forward into a
new era of Earth Observation Big Data.

» National/International space agencies and innovative companies are supporting
various EO programs acquiring huge volumn of data every day

400+
Model
=== Satellite/Radar ‘

350 | ™ In Sitw/Other

3001 OVeR THE Periop 2014 - 2020,
BETWEEN AND 2,750

NANO/MICRO-SATELLITES ARE
2004 FORECAST FOR LAUNCH

Petabytes (1,000 TB)

2010 2015 2020

(L
| EEILLEELIY

Year

- anet.
LS apella Space

%\ Synspective I ( E Y E 19




EO Big Data:
Opportunities & Challenges

~ Opportunities

- Near-real 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

~ 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. social
media, ground sensors, crowdsourced data)



EO Time Series for Urbanization Monitoring

Dubai Coastal Expansion, 1984-2012



EO& Al for Urban Mapping

['Supervised

Out poP

LU-Net
Concat. H Out == p’**

LU-Net
Out p*

EConsz‘stency

— Labeled (source)

=== Unlabeled (target)
==== Unlabeled (inference)

Hafner, S., Y. Ban, and A. Nascetti. 2022. Unsupervised Domain Adaptation for Global Urban Extraction using Sentinel-1 and Sentinel-2
Data. Remote Sensing of Environment, Volume 280, 113192, https://doi.org/10.1016/j.rse.2022.113192.

Hafner, S. and Y. Ban. 2023 Multi-Modal Deep Learning for Multi-Temporal Urban Mapping with a Partly Missing Optical Modality.

IGARSS 2023


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

5°8 35°N 75°N

45°S

Urban Mapping

* Microsoft Building Footprints as labels

First stage - Semantic Segmentation Second stage - Polygonization

DNN < (

 Introduce a domain gap
* Produced Sentinel-1/2 data and

corresponding labels

Locations of the training and validation sites

7| [ Source (30)

Dataset
. ® Train. labeled (26)

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

[ Target (66)

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

(a) Athens

(c) Milan

(b) Brussels

(d) Sofia
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EO&AI-Powered Tool for Urban Mapping

-

\_

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

Drive Folder

1 Setup up Drive Folder

(2

Google Earth Engine

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

Data Download in GEE

a




EO & Al for Urban Change Detection

Multi-Modal Siam-Diff Dual-Task

1 12 £1 12
Imgﬁ_.—;; R Imgg; R | lmgﬂptx'ml | |lmgOptx’mI | £ 11 2 2
t } I 1 f.s—SAR fs Optical f.s—SAR f»,- Optical

SAR
encoder

QOptical
encoder

12 _ g2
ff)piioﬂ ff)piicu{

12 2
Isan fg‘AR

1

SAR
semantic
decoder

SAR
change
decoder

Optical
change
decoder

Optical
semantic
decoder

Hafner, S., A. Nascetti, H. Azizpour and Y. Ban. 2021. Sentinel-1 and Sentinel-2 Data Fusion for Urban Change Detection using a Dual
Stream U-Net. IEEE Geoscience and Remote Sensing Letters, Vol. 19, 4019805.

Hafner, S., Y. Ban and A. Nascetti. 2022. Urban Change Detection Using a Dual-task Siamese Network and Semi-supervised Learning.
IGARSS 2022.

Hafner, S., Y. Ban and A. Nascetti, 2023. Multi-Modal Consistency Regularization Using Sentinel-1/2 Data for Urban Change Detection.
Remote Sensing.



Urban Change Detection

Time series of monthly Planet
images

Covering ~ 100 unique sites

Approximately 24 images per site :
Dateset / :jl . "uf !\er N/ )
&

1 e Tain F o v

Over 10 million individual
annotated building footprints

45°S

® Test e

=T T T T T T
120°W 80°w 40°W 0° 40°E 80°E 120°E 160°E

52 t1 52 2 GT Ours Ours  SiamDT DSU-Net MM Siam
(S1S2) (S2) (51S2)  (S1S2)



3D Urban Mapping with Al & Sentinel-1 SAR
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Methodology

Building Height Building Footprint

O

o Outputs
2 s /
S > 7
B . “-=_.
e i P .
F ~ i s tation Head / +"
“ . Regression Hea% ( / W
\ B y Q~+
A D —dew.. Temporal | ____ A
\ 2 w B -~ . """~ ~-a } T
‘\\\ * ) “1 - 7 ).
\\J . : . | - Temporal / £ Y
S N D) * | Attention _ 7
EfficientNet N - | L
. Encoder | ‘
t=1lt=2i ------- lt:nr — S
§  HI2xWI2 x 64

Temporal Attention ~ ~-----------ooo

B G >
H/4 x H/4 x 128 - =
e H/4 x H/4 x 128

Linear Embed
D —

H/8 x H/8 x 128 x 48

i ColeD i
Reshape ’ > Downsample +

Swin Transformer |

« 4 Country Data Do |x2

e 12 month Sentinel-1 SAR & p::l:j:::g . (59
‘\\7 B // H/16 x H/16 x 64 x 96

Sentinel-2 MSI Time Series

Convolutional Block

Convolutional Block
+ Upsample

TA-SWinUNETR Network Architecture



Building Height Estimation at 10m Resolution

RMSE (m)l R?*1 LU?

UNet 3.02 0.369  0.481
TransUnet 2.49 0.422  0.501
SwinUNETR 2.05 0.456  0.512
UTAE 2.04 0.489 0.510
T-SwinUNETR 1.89 0.533 0.58

Prediction (m)

RMSE (m)]

1 lLoU*

w/o MTL 1.91 .50 0.56
With MTL 1.89 0.53 0.58
51 2.25 0.37 047

52 1.94 047 0.56
S1452 1.89 0.53 0.58

(b) S2
i T

(c) Reference Height

(d) Predicted Heigh

t

(e) Predicted Footprint




Comparison with GHSL-
Built-H product at 100 m

3

RMSE (m)) | R*t | loU+t

T-SwinUNETR (100m) |~ 0.26 0810 | 0.691
GHS-Built-H (100m) 047 0269 | 0483

T-SwinUNETR (90m) 0.37 0.789 | 0.681
DLR-WSF3D (90m) 303 | -11.265 | 0345

Comparison with DLR-
WSF3D product at 90 m

(c) Reference (100m) (d) GHSL (100m) (d) OURS (100m)

3
»

(e) OURS (90m)

(c) Reference (90m) (d) DLR (90m)




EO for Mapping Urban Heat Island

Temperatures in Canada and north-west
US reached record highs on 29 June

* Heatwave in recent years almost impossible without
human-induced climate change. ¢ o

4962
o

L)
Vancouver:

* EO-based analysis can support improved urban thermal
environment with nature-based solutions.

ST
«San|francisco .

Athens Paris

lotitude (°N)

18.0

17.0

16.0

Source: EO4SmartCities



Urban Risk Analysis

Athens Land Surface Temperature: 1990 Athens Land Surface Temperature: 2020

Q  Search places

Earth Engine Apps Q  search places

FERE y Y ” v = -~ G g
M  satlite | | and Surface Temperature Explorer b j % < : - | [ Me saiie
\ : 5 9L o R 2

E an.

Click a point on the map to inspect LST value.

LST transect across different land covers
(1: water, 2: forest, 3: park, 4: urban, 5: road)

LST (°C) [0-invalid]
@
Land Cover

23.00 2325 2350 2375 24.00 2425
Longitude

LST Time Series Variation (°C)
——water —e— uban  —— vsge'aﬂnn

o phH b e ok
m::‘.;.- \dﬁg“" Eﬂ J! \R.,Mu

A J 207 J 2018 J 2019 J 2020 J O

LST(C)

Daily Maximum Air Temperature at 2m Height (°C)
o

A J O2017A J O2018A J O02019A J 02020A J

Air Temperature (°C)

LST by day of year in different years
— 2016 — 2017 —— 2018 — 2019 — 2020

LST_cmean
8 8

100 200 300
Day of year

https://omegazhangpzh.users.earthengine.app/view/uhi-athens



Urban Risk Analysis

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

o communities impacted by thick smoke and particulates in the air from wildfires in

1 June 2023

& EarthCam



Urban Risk Analysis

Wildfire Smoke Forecast

35



36

GEO-UN Habitat EO4SDG11 Toolkit

EO-based Monitoring:
SDG Indicator 11.3.1 Land Use Efficiency

R R v S B Rescuing SDG 11 for a
: Resilent Urban Planet

d SDG 11 SYNTHESIS REPORT
SR indlohar 113 HIGH LEVEL POLITICAL FORUM 2023

Gy Wervd LCR PGR LORPGR

O owrome o

Downiond Cay Oefrstion Stothom 000 GHS-Pa

https://eo4sdgll.users.earthengine.app/view/sdg-1131-indicator

About | Contact Us
DATA TOOLS USE CASES LEARN GETINVOLVED

The Earth Observations Toolkit
for Sustainable Cities and
Human Settlements

Enables the use of Earth observations

to advance Sustainable Development
Goal 1
and the New Urban Agenda

Special Technical Contributions o
KTH Roval Institute of Technology and Digital Futures: Yifana Ban

Visit: eotoolkit.unhabitat.org



http://eotoolkit.unhabitat.org/
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The HARMONIA Integration

HARMONIA integrates GEOSS climate
applications (i.e., APIs, datasets) to support
the adaptation and mitigation measures of the — e el

Paris Agreement for urban environment. E=— __ o
Moreover, HARMONIA exploits Al tools on top '

of GEOSS and offers innovative solutions for:

Ground based in situ observations Measurements of relative humidity
at DEM_Athens, Greece (2013010..§ 2
Organt:

rganisation: WIS GISC DWD)

= : *Codh BNrapua
L . b 1) { |
PY r I k m n m n un ations o £ is service provides nephelometer v LAy cews
] article. ribution at... f relative humidity observed... a4 ey stan|
Tekir:
P € X

- Ground based in situ observations : Ground based in situ observations .
f hI ter at DEM_Athens... f nephelometer at DEM_Ath !
® dam age preve ntl On ] 0f ﬂep elomet r[a ens. ;m:::?a‘:nome”l;(an b ens... -
unt Ground based in

obse!
nephelometer tDEM Ath [GROlOOB]

« protection from eco-hazards B Pl o il

Ground based in situ observations Measurements of relative humidity
of nephelometer at DEM |_Athens... at DEM_Athens, Greece (2012010...
ga S GISC DWD)

« preparedness for potential future | e
calamities.
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Dynamic Downscaling of Climate Change Maps to the Urban/Regional Scale

| : ’ )
I Piraeus Milano FEIIES

The HARMONIA concept

Remote @
Sensing @
. J

Citizens
as sensors

Health Business
Planning Planning Continuity




2023 GEO WEEK & Ministerial Summit 2023

MINISTERIAL
SUMMIT

The IRAP Platform

Visualization Layer

Processing Layer
Streaming Layer

Processing tools ecosystem W Processing tools ecosystem A

7 External sources ecosystem 2 :’ ‘: Locally stored files §§ Keras @ E iQ - Keras @ é
- cEoss | ; i P DS e

(2 I .
% ' . 1 R =
Z e QO 1| 2w
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HARMONIA DATACUBE

LONGITUDES LATITUDES DATE-TIME

COORDS

BAND_1 BAND 2

LATITUDE

Image List | | Image List
of Size N of Size N

CLOUD SHADOW
MASK

N
e‘*f&w
g?

LONGITUDE

Includes metadata information about
the data variables of the data cube.
These metadata information can be:
ATMOSPHERIC AND (@) the band names; (b) the EPSG : : : :
TOPOGRAPHIC N GEOGRAPHIC _;TEMPORAL PIXEL (Coordination reference Systam); (C) 0 :
WARPING COMPOSITION the spatial resolution; (d) several o : BAND_M
CORRECTION parameters for radiometric and B 0
topographic correction; etc.

Image List of Size N

DATA YARS

SCENE .| CLOUD/SHADOW
SELECTION ! DETECTION

Image List
of Size N
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Use Case 1: Extraction of information

Extraction of information
related to air pollution,
geomorphological characteristics,
socioeconomic factors, etc

Deployment of machine learning
algorithms

Upload raw data and information

Municipality

Approval { rejection of mods

A e odn Update existing data

Administrator
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Use Case 2: Deployment of Machine Learning Algorithms

Deployment of machine learning
algorithms

Municipality

Administrator
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Use Case 3: Uploading/Updating data and information

Upload raw data and information

Approval / rejection of mods, changes

elc

Update existing data

Administrator
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IRAP demo g
HARMONIA
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Development of a Support System for Improved Resilience and Sustainable Urban areas to cope

with Climate Change and Extreme Events based on GEOSS and Advanced Modelling Tools
LC-AA-19-2020: Integrated GEOSS climate applications to support adaptation and mitigation measures of the Paris Agreement

The IRAP platform
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Project funded in the Horizon 2020 Programme under Grant Agreement 101008517
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Partners and Affiliations

The HARMONIA project has received funding
from the EU Horizon 2020 research and

Innovation programme under agreement No.
101003517.

Wmﬂp

T & Sclence & innovation
:ﬁ‘ Department: GROUP ON
4 Science an d Innova tion
W REPUBLIC OF SOUTH AFRICA

EARTH OBSERVATIONS
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The added value of HARMONIA DSSs to
efficient urban policies towards urban
sustainability and resilience
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Resilience DSSs

HARMONIA develops three advanced Decision Support
Systems tailored to the needs of today’s cities for urban

resilience and sustainability.

Multi-hazard mitigation &
adaptation measures DSS

Urban Planning DSS

Urban health & well-being DSS
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HARMONIA DSSs

#TheEarthTalks

Hazard Score
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The Urban Planning DSS

A wide variety of tangible urban planning recommendations (interventions and policies) __

has been collected and categorised into different urban planning solution

Each recommendation is analysed based on 6 indicators as well

as the requirements of its implementation:

Peril (UHI, air quality, etc.)

Pilot Cities (Piraeus, Milan, etc.)
Scale (BB, neighbourhood, global)
Cost (score 1-5)

Performance (score 1-5)

S oA A

Co-Benefits (biodiversity, well-being, etc.)
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The Urban Planning DSS

A rich dataset of urban context data has been acquired A Rule-based Algorithm is developed to point out the
and harmonized for each Pilot City providing the urban planning solutions that befit each study area,
current state of the urban environment based on the analysed indicators.
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All-in-one DSS solution

The Urban Planning DSS utilizes the hazard and risk outcomes
of the other 2 collaborative DSSs as well as the acquired geo-
information to focus on the urban critical areas and provide
efficient urban planning recommendations and reports.

Risk score

E@ 0.8
\‘. 0.6g
gy N
L 4
e ——— A wide variety of advanced visualization methods and

tools has been explored to find the most efficient and
user-friendly approach to visualise the final outputs
aiming for a better understanding and an enhanced
user experience.
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DSSs’ Online Visualization Tool

The DSSs visualization tool is a web-based user interface with an end-to-end connection to the

IRAP and capable of:

1. User-friendly dynamic content interface ?
IRAP
2. DSSs - end-user interaction and parameterization l l
) i i ) i Visualization Tool Decision Support Systems
3. Scenarios builder, spatial and graphical comparison tools 8 T 3 e
4. Geospatial data handling — 3 i e —
3 R ' Mitigation Measures & Well-Being
5. 3D spatial layers’ symbology & visualization S i Q
| Parameters | 1 Flask ~ mongadi ; Urban Planning
B (0) ..@ ‘53
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DSSs’ Online Visualization Tool

Welcome to Harmonia DSSs' Visualization Tool

Select your Role

OROR

Citizen
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