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Executive Summary

This report presents the results of Task 3.2 — “Urban Context data acquisition & integration”. The scope of
this deliverable is to provide a comprehensive and holistic overview of the urban context data acquisition
procedure, as well as the methodology of its integration into the HARMONIA project.

Task 3.2 aims to provide up-to-date information regarding the urban context of the four pilot cities of the
HARMONIA project. Hence, data related to the urban fabric was collected, evaluated and integrated into the
final datasets of each Pilot City. Proper data were retrieved from reliable data sources and categorised
according to the thematic axis of the project. Moreover, a semi—automatic procedure was developed for the
processing of the data, ensuring the efficiency and accuracy of the final HARMONIA results. Furthermore, for
the demonstration of the acquired datasets, individual maps have been composed based on their specific
characteristics and their content, aiming to depict a comprehensive view of each of the four Pilot Cities.

This deliverable is structured into four different chapters, each of which corresponds to the different stages
of the overall Task 3.2 procedure.

Based on the above, this report is structured as follows:

= Chapter 1 describes the scope and the objectives of the deliverable and its relation to other tasks of
the project.

= Chapter 2 provides an analytical view of the applied data acquisition methodology and all the
necessary information regarding the utilised data sources. Additionally, in this chapter, the sensitivity
and the GDPR issues of the acquired data are taken into consideration.

= Chapter 3 defines the standardised format and describes the management and analysis of the
acquired datasets by using geospatial tools. In accordance with data protection under GDPR, the
collected data were processed properly for their publication in open access.

= Chapter 4 describes the steps that were followed for the map composition procedure and presents
the characteristics of the pilot cities according to the results of the data analysis and the produced
maps.

HARMONIA D 3.2 — Urban Context data acquisition & integration 7
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1 Introduction

1.1 The HARMONIA Project

The HARMONIA project provides a resilience assessment platform in order to help urban stakeholders
understand and quantify Climate Change (CC) effects. For developing and applying diverse methodologies
and applications, four (4) European cities of different urban characteristics are participating in the consortium
as pilot cities, i.e., Milan, Piraeus, Sofia and Ixelles. Based both on satellite and auxiliary urban data, the
HARMONIA platform will be able to offer a user-friendly knowledge base, presenting detailed information on
building blocks and neighbourhood and level. Figure 1, illustrates a macroscopic view of the diverse
morphology of the HARMONIA Pilot Cities through the built-up area dataset.

(a) (b)

(©)
(d)

Figure 1. Illustrated maps of the built-up urban environment for the pilot cities: (a) Milan, (b) Piraeus, (c)
Ixelles, and (d) Sofia.

This framework aims to provide efficient tools and tangible recommendations for the decision-making
support system at city and neighbourhood levels, promoting also, a wide range of applications dedicated to
CC cities' adaptation and mitigation of respective effects. More specifically, HARMONIA is focusing on two
types of different - but also related to each other - CC effects: 1) Natural and 2) man-made hazards intensified
by CC, i.e., urban flash flooding, soil degradation, geohazards (e.g., landslides, ground deformation), urban
heat islands (UHI), urban heat fluxes (UHF), air quality, and gas emissions. Table 1 provides a synoptic
overview of the different urban hazards per Pilot City that are taken into consideration in the HARMONIA
project.

Table 1. Allocation matrix of urban hazards per pilot city

Milan ‘ Piraeus Ixelles Sofia
Air Quality v v v v
Urban Heat Fluxes v v
Climate Index v v v v
Urban flash Floodings v v
Geohazards v v v

HARMONIA D 3.2 — Urban Context data acquisition & integration 8
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1.2 Scope and objectives of the deliverable

In the context of HARMONIA project, in Task 3.2 provision of the spatial understanding and the current
situation regarding the Climate Change of the four (4) Pilot Cities. Hence, diverse and multidimensional urban
data have to be acquired, evaluated, and integrated within the framework of this Task. Afterwards,
appropriate links must be created to the Integrated Resilience Assessment Platform (IRAP) establishing the
integration of the datasets into other HARMONIA Tasks to be feasible.

The main scope of Deliverable 3.2 is to describe in detail the steps of the urban data acquisition and their
processing, as well as the data definition specification and the production of comprehensible maps.
Therefore, three interconnected chapters are following, describing the stages of the Task 3.2 process.

The second chapter copes with the methodology approach of the data acquisition, the different data sources
and data processing related to the representation of the current state of the four Pilot Cities. Furthermore,
within the third chapter, all the data harmonisation steps, integration, and standardisation are described in
order to ensure their accessibility, integrability, and useability in relation to the other HARMONIA Tasks. The
fourth chapter of this deliverable disseminates the outcomes of Task 3.2, providing a dedicated and cohesive
set of maps, illustrating the diverse urban aspects and the urban identity of each Pilot City.

D.3.2 and the complete datasets that are being presented through this document, aspire to constitute a
critical intermediary endpoint for other of the HARMONIA tasks, exploiting the rich spatial information
collected in the context of T3.2.

1.3 Relation to other tasks and deliverables

This report constitutes an integral part of the overall HARMONIA data acquisition process. The data related
to the characteristics of the urban fabric are fundamental components for developing the risk assessment
methodology and constitute the main inputs to the individual Decision Support Systems (DSSs) being
developed within the framework of WP 6 — “HARMONIA resilience DSS - HARMONIA IRAP platform”.

Based on the abovementioned, D.3.2 is heavily related with the developing of the WP6 components. In
particular, the outcomes of this Task contribute to
the development of the risk and vulnerability

Task6.2 I

assessment methodologies of Task 6.1 and 6.2.
Consequently, the majority of the urban context

Task 6.1 I

datasets will be ‘indirectly’ used as key inputs for
the “Multi-hazard mitigation & adaptation Sethersle2 e
measures” (76.3) and the “HARMONIA urban Tekes

planning application” (T6.4), aiming to provide

Task 6.7 (IRAP)

tangible recommendations for the urban planning
at neighbourhood-level. Moreover, Task 6.6 —
“IRAP platform integration and support to GEOSS”
and the corresponding deliverables, will integrate
the whole D3.2 urban context dataset into the
HARMONIA project. Finally, the further use of the acquired datasets will be investigated under the umbrella
of WP3.

Task 6.3 I

Figure 2. Conceptual graph, illustrating the relation of
D3.2 with the other tasks

HARMONIA D 3.2 — Urban Context data acquisition & integration 9
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2 Data acquisition

The urban environment consists of different and diverse aspects that compose a multidimensional
ecosystem. A big set of various urban context data and a sophisticated analysis dealing with such information
are the keys to a better understanding of the urban ecosystem. Task 3.2, aims to provide this information
through the acquisition and harmonisation of essential datasets to this end. To achieve that, a dedicated
methodology and strict requirements had to be applied to define the steps of the task’s workflow.

2.1 Applied Methodology

The initial step for achieving the objectives of this task is to strictly specify the requirements, norms and
formats that have to be followed. Firstly, by taking into consideration the handling and further use of the
acquired data both internally (by other HARMONIA corresponding tasks) and externally during the outreach
and dissemination stages of the project, the data is crucial to provide reliable and up-to-date information.
Moreover, the urban context data acquisition procedure needs to follow specific guidelines and technical
rules in order to guarantee the reliability and quality of the final data outputs.

For specifying the necessary data and their requirements, several dedicated meetings were organised
between GEOSYSTEMS HELLAS (GSH) and Resilience Guard (RG), as they are the responsible partners of Task
6.2 and Task 6.3. Additionally, the recurrent meetings of WP3 and WP6 played a crucial role in establishing
dialogue between the partners for providing a well-defined data specifications definition. Based on that, all
gathered urban context data are referred to the maximum possible spatial resolution and provide the recent
state of each Pilot City. Based on the needs of the HARMONIA project, the most preferable and adaptive
spatial resolution was the “Building Block” level.

For this purpose, the utilisation of a variety of data sources has been explored as part of the work. In
particular, the data sources include Pan-European, European, national, governmental, municipal, cadastral,
and regional statistical levels and authorities. In order to achieve the optimal and proper spatial resolution
of the project, crowdsourcing sources such as OpenStreetMap, were also taken into consideration after
following their cross-verification relative to reliable sources. The different sources and the final acquired data
are analytically described in Section 2.2 of this deliverable.

For the accomplishments of the objectives of Task 3.2 and ensuring the acquisition of the needed data, a
series of communications between GSH and the responsible partners/data providers was organised to
facilitate the necessary data collection steps. Thus, dedicated online spreadsheets — acting as living
documents - were distributed to the data providers for collecting the necessary information regarding the
representative data sources, aiming to the efficient management of the data acquisition process.

With the completion of the data acquisition procedures, all respective complete datasets were transformed
and delivered in specific data formats and coordinate reference systems in order to be utilised for to the
sequent tasks, as well as to ensure its adaptability and the optimal integration into the IRAP. The data
harmonisation and integration specifications and process are analytically described in Chapter 3 — “Data
harmonisation and integration” of this deliverable.

HARMONIA D 3.2 — Urban Context data acquisition & integration 10
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2.2 Acquired datasets and utilised sources

The reliability of the data can be ensured by collecting it from verified governmental and authorised sources.
The needs of the HARMONIA project for urban context data premise the acquisition of a numerous set of
data for each of the Pilot Cities. In order to understand the various urban aspects and compose the
appropriate dataset that efficiently provide a holistic view for the Pilot Cities, the methodological approach
was to reverse the dataflow within the HARMONIA and to answer the queries: “Which urban aspects are
exposed in the case of extreme events?”; “Which urban components lead to the increase of the different
perils’ likelihood?”; “Which datasets stress the vulnerable urban components?”; “Which datasets can give us
the necessary information to provide reliable urban planning recommendations?”.

In order to address these questions and the additional needs, a strictly specified dataset list has been drafted.
The individual data have been structured into seven (7) hierarchical categories as presented below:

1. Municipality boundaries
Census data & Demographics

a. Population and/or Population density
b. Socioeconomic (i.e., educational, incomes and jobs level)
c. Vulnerable social groups (age groups & health)

3. Building footprints
a. Number of buildings and/or Building Density
b. Building height / Building floors and/or Urban Structured volume
c. Building construction period and materials

4. Land Cover
a. Municipality Master Plan
b. Land Use & Land Cover
c. Urban green
d. Urban water bodies
e. Imperviousness

5. Transportation
a. Transportation network (bus, tram, metro, subway, rail - lines/stations)
b. Road network
c. Cars/parking spaces per building block

6. Elevation
a. Digital Elevation Model (DEM)
b. Slopes

7. Critical/vulnerable infrastructure and places
a. Schools / Kindergarten
b. Hospitals/clinics
c. Critical infrastructures
d. Archaeological places/ruins

Appropriate data lossless formats have been selected for both raster and vector file formats, in order to
ensure that all necessary attribute and spatial information could be available for further analysis. These data

HARMONIA D 3.2 — Urban Context data acquisition & integration 11
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formats are the following: ESRI shapefile, GeoJSON and WFS format for vector-file data, and GeoTIFF for
raster-file data. In some cases, the attributes were provided separately from their respective data, in CSV or
XLS format. A specific initial coordinate system of the acquired data does not constitute a critical
requirement, as they can be transformed easily by open GIS tools and libraries to the European coordinate
system.

Regarding the spatial resolution, as it has been mentioned in Section 2.1, the optimal spatial resolution of
the acquired data is the “Building Block” level (BB). The diversity of the data sources and providers had a
great impact on the application of this process, since the demographic and census data were not provided at
the BB level. More specifically, the open demographic and census data are provided only in the census sectors
or multi-blocks for the pilot cities of Milan, Ixelles and Sofia. To address this issue, dedicated online
communication was held between the data providers (municipalities, statistical authorities and other
HARMONIA partners) and GSH.

The undermentioned tables (Tables 2 - 5) present the acquired data per Pilot City in correspondence with
their source/provider, initial format, initial CRS, spatial resolution, and reference date.

HARMONIA D 3.2 — Urban Context data acquisition & integration 12
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Table 2. Summary of the collected data for Milan

Pilot City: Milan

Spatial Initial
Dataset Title Source/Provider Resolution/ac Initial CRS
format
curacy

Municipality boundaries Geoportal of Milan 0.13m shapefile WGS84 2012 v
Population/Population

P . /Pop Data Portal of Milan | Census Sectors Ccsv N/A 2010 v
Density
Socioeconomic Data Portal of Milan | Census Sectors Ccsv N/A 2010 v
Age groups Data Portal of Milan | Census Sectors Ccsv N/A 2010 v
Buildings Geoportal of Milan 5m shapefile WGS84 2012 v
Building height / Buildin

g height / & Geoportal of Milan 5m shapefile WGS84 2012 v
floors
Municipality Master Plan Geoportal of Milan N/A Geopackage RDN2008 2019 v
Copernicus Urban
Land Use & Land Cover At 10m geoTIFF ETRS89, LAEA 2018 v
as
Urban green Geoportal of Milan 0.13m Shapefile ETRS89, LAEA | 2018 v
Urban water bodies Geoportal of Milan 0.13m Shapefile ETRS89, LAEA 2018 v
Imperviousness Copernicus 10m geoTIFF ETRS89, LAEA 2018 v
'(I'Irans)portatlon network Geoportal of Milan 0.13m Shapefile WGS84 2012 v
ines
Tranéportatlon network OpenStreetMap N/A Geopackage WGS84 N/A v
(Stations/stops)
Road network Geoportal of Milan 0.13m Shapefile WGS84 2012 v
Cars/parking spaces - - - - - X
DEM Eurostat 25m geoTIFF ETRS89, LAEA 2013 v
Schools / Kindergarten OpenStreetMap N/A Geopackage WGS84 N/A v
Hospitals/clinics OpenStreetMap N/A Geopackage WGS84 N/A v
Critical infrastructures OpenStreetMap N/A GeoPackage WGS84 N/A v
Archaeological places/ruins OpenStreetMap N/A Geopackage WGS84 N/A v
HARMONIA D 3.2 — Urban Context data acquisition & integration 13
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SLEiEL Initial
Dataset Title Source/Provider Resolution/ac Initial CRS
format
curacy
Municipality boundaries Geodata.gov.gr N/A shapefile WGS84 2015 v
Population/Population
pulation/Pop ELSTAT Building Block Ccsv GreekGrid | 2011 | v
Density
Socioeconomic ELSTAT Building Block Ccsv Greek Grid 2011 v
Age groups ELSTAT Building Block Ccsv Greek Grid 2011 v
Cars/parking spaces ELSTAT Building Block Ccsv Greek Grid 2011 v
Buildings Piraeus Municipality Building shapefile Greek Grid 2018 v
Bwlldlngs construFtlon Piraeus Municipality Building shapefile Greek Grid 2018 v
period and materials
Building height / Building )
Copernicus 10m geoTIFF ETRS89, LAEA 2012 v
floors
Municipality Master Plan Piraeus Municipality N/A shapefile Greek Grid 1988 v
Copernicus Urban
Land Use & Land Cover At 10m geoTIFF ETRS89, LAEA | 2018 v
as
Copernicus Urban
Urban green / Street Tree P 10m shapefile | ETRS89, LAEA | 2018
Layer Atlas
Urban water bodies Copernicus 10m geoTIFF ETRS89, LAEA 2018
Imperviousness Copernicus 10m geoTIFF ETRS89, LAEA 2018
Transportation network
(lines) OpenStreetMap N/A Geopackage WGS84 N/A v
ines
Tran§portat|on network OpenStreetMap N/A Geopackage WGS84 N/A v
(Stations/stops)
Road network OpenStreetMap N/A Geopackage WGS84 N/A N4
National Cadastral .
DEM 25m geoTIFF Greek Grid 2015 v
of Greece
Schools / Kindergarten OpenStreetMap N/A Geopackage WGS84 N/A v
Hospitals/clinics OpenStreetMap N/A Geopackage WGS84 N/A v
Critical infrastructures OpenStreetMap N/A GeoPackage WGS84 N/A v
Archaeological places/ruins OpenStreetMap N/A Geopackage WGS84 N/A v
HARMONIA D 3.2 — Urban Context data acquisition & integration 14
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Table 4. Summary of the collected data for Ixelles

Pilot City: Ixelles

Dataset Title

Source/Provider

Spatial
Resolution/ac
curacy

Initial
format

Initial CRS

Municioality boundari The metabolism of N/A hapefil BD72 / Belgian 5015 v
unicipality boundaries shapefile
pality cities Data hub P Lambert 72
Population/Population BD72 / Belgian
P . /Pop IBSA Census Sectors shapefile / Belg 2021 v
Density Lambert 72
. . ! BD72 / Belgian
Socioeconomic IBSA Census Sectors shapefile 2021 v
Lambert 72
. BD72 / Belgian
Age groups IBSA Census Sectors shapefile 2021 v
Lambert 72
. . BD72 / Belgian
Cars/parking spaces IBSA Census Sectors shapefile 2021
Lambert 72
Buildings OpenStreetMap Building Geopackage WGS84 N/A
Buildings construction
period and materials
Building height / Building )
Copernicus 10m geoTIFF ETRS89, LAEA 2012 v
floors
Municipality Master PI IBSA N/A hapefile | CD72/Belgian | pg |
shapefile
unicipality Master Plan p Lambert 72
Copernicus Urban
Land Use & Land Cover At 10m geoTIFF ETRS89, LAEA 2018 v
as
Copernicus Urban
Urban green / Street Tree P 10m shapefile | ETRS89,LAEA | 2018
Layer Atlas
Urban water bodies Copernicus 10m geoTIFF ETRS89, LAEA 2018
Imperviousness Copernicus 10m geoTIFF ETRS89, LAEA 2018
Transportation network
(lines) OpenStreetMap N/A Geopackage WGS84 N/A v
ines
Tran§portat|on network OpenStreetMap N/A Geopackage WGS84 N/A v
(Stations/stops)
Road network OpenStreetMap N/A Geopackage WGS84 N/A v
DEM Eurostat 25m geoTIFF ETRS89, LAEA 2013 v
Schools / Kindergarten OpenStreetMap N/A Geopackage WGS84 N/A v
Hospitals/clinics OpenStreetMap N/A Geopackage WGS84 N/A v
Critical infrastructures OpenStreetMap N/A GeoPackage WGS84 N/A v
Archaeological places/ruins OpenStreetMap N/A Geopackage WGS84 N/A v
HARMONIA D 3.2 — Urban Context data acquisition & integration 15
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Spatial
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Dataset Title Source/Provider Resolution/ac GE] Initial CRS
format
curacy
S . . S ) WGS 84 / UTM
Municipality boundaries Sofia Municipality N/A shapefile 2015 v
zone 35N
Population/Population Republic of Bulgaria WGS 84 / UTM
P . /Pop P & Census Sectors shapefile / 2021 v
Density NSI zone 35N
) . Republic of Bulgaria ) WGS 84 / UTM
Socioeconomic Census Sectors shapefile 2021 v
NSI zone 35N
Republic of Bulgaria WGS 84 / UTM
Age groups P & Census Sectors shapefile / 2021 v
NSI zone 35N
. Republic of Bulgaria . WGS 84 / UTM
Cars/parking spaces Census Sectors shapefile 2021
NSI zone 35N
Buildings OpenStreetMap Building Geopackage WGS84 N/A
Buildings construction
period and materials
Building height / Building )
Copernicus 10m geoTIFF ETRS89, LAEA 2012 v
floors
) T WGS 84 / UTM
Municipality Master Plan Sofia Municipality N/A GeoDB 1988 N4
zone 35N
Copernicus Urban
Land Use & Land Cover At 10m geoTIFF ETRS89, LAEA 2018 v
as
Urh Copernicus Urban N/A hapefil WGS 84 / UTM 5018
shapefile
rban green areas Atlas p sone 35N
Urban water bodies Copernicus 10m geoTIFF ETRS89, LAEA 2018
Imperviousness Copernicus 10m geoTIFF ETRS89, LAEA 2018
Transportation network
(lines) OpenStreetMap N/A Geopackage WGS84 N/A v
ines
Tran§portat|on network OpenStreetMap N/A Geopackage WGS84 N/A v
(Stations/stops)
Road network OpenStreetMap N/A Geopackage WGS84 N/A v
DEM Eurostat 25m geoTIFF ETRS89, LAEA 2013 v
Schools / Kindergarten OpenStreetMap N/A Geopackage WGS84 N/A v
Hospitals/clinics OpenStreetMap N/A Geopackage WGS84 N/A v
Critical infrastructures OpenStreetMap N/A GeoPackage WGS84 N/A v
Archaeological places/ruins OpenStreetMap N/A Geopackage WGS84 N/A v
HARMONIA D 3.2 — Urban Context data acquisition & integration 16
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In the following sections the different sources of the acquired data are summarised with a brief description.

2.2.1 European Union — Copernicus Services

European Union (EU) has funded a plethora of programmes and agencies related to the observation of the
urban environment of the European cities, either from space EO data or in-situ sensors. As a result, a wide
variety of open access services has been developed providing up-to-date and reliable spatial data and
information. For the purposes of Task 3.2, the European Statistical Agency (Eurostat) and the Copernicus
programme have been utilised.

More specifically, Eurostat “European Statistical Office” produces European statistics in partnership with
National Statistical Institutes and other national authorities of the EU Member States. This partnership is
known as the European Statistical System (ESS). It also includes the statistical authorities of the European
Economic Area (EEA) countries and Switzerland [1]. The acquired Digital Elevation Models (DEM) of Milan,
Sofia, and Ixelles are derived from this source.

Copernicus [2] is the Earth observation component of the European Union’s Space programme managed by
the European Commission, looking at the planet and its environment to benefit all European citizens. It offers
free and openly accessible services that derived from satellite Earth Observation and in-situ (non-space) data.
Copernicus is implemented in partnership with the Member States, the European Space Agency (ESA), the
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT), the European Centre
for Medium-Range Weather Forecasts (ECMWF), EU Agencies, and Mercator Océan. By leveraging these
services, a substantial part of the required data has been retrieved. In particular, land use/land cover (urban
atlas), building heights, imperviousness, street tree level, and ground wetness, are some of the acquired
datasets.

2.2.2 National and Municipal data portals

National and Municipal data portals constituted essential data sources for the completeness of the pilot
cities’ datasets. Each pilot city manages and provides both its demographic and census as well as several
reliable spatial-referenced data.

The municipality of Milan, Comune di Milano, provides a wide variety of open census/demographics and
spatial data through the “Milan Data portal” [3] and the “Milan Geoportal” [4] respectively. An integral part
of the acquired dataset of Milan is derived from the abovementioned sources providing verified and reliable
information for the city. Urban data, such as cadastral data and information for the built—up environment,
transportation network, green spaces, population, and socioeconomic data were provided.

The Geoportal of Piraeus Municipality [5] provided the opportunity to retrieve the majority of Piraeus’
necessary data. It is a nationally-funded project on behalf of the Piraeus municipality, that aims to dispense
earth observation, cadastral and administrative data derived from different sources. The spatial resolution
of the offered demographic/census data was inappropriate for the selected scale of the project, as they are
subject to the regulation of dissemination of personal data to the public. Hence, alternative sources had to
be used for the optimal acquisition of Piraeus urban context data.

The National Cadastral of Greece has been instituted in 1995 as a unified and constantly updated information
system that records legal, technical and other additional information on real estate and rights over it, under
the responsibility and guarantee of the State. Its compilation aims to create a modern, fully automated real

HARMONIA D 3.2 — Urban Context data acquisition & integration 17
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estate registration system ensuring the greatest possible publicity and security of transactions [6]. Piraeus
municipality provided HARMONIA with a detailed DEM dataset over the wider region generated by the
National Cadastral of Greece.

An additional source for the city of Piraeus was the Hellenic Statistical System (ELSS) [7]. ELSS comprises
agencies that have the responsibility or obligation to collect statistical data. The main agency in ELSS is
ELSTAT, the role of which is to coordinate all the activities of the other ELSS agencies that concern the
development, production, and dissemination of Greece’s official statistics and forward these statistics to
Eurostat. In order to provide HARMONIA with the census data of Piraeus municipality, GSH proceeded with
letter correspondence to get authorised access to specific high-resolution (BB level) census data and statistics
that finally were provided with confidentiality access.

The Brussels Institute for Statistics and Analysis (IBSA) (perspective.brussels) collects, produces, and
disseminates statistics on the Brussels Region. It also carries out socio-economic analysis and evaluates public
policies [8]. In collaboration with the representative partners of Ixelles, GSH got access to the aforementioned
data via a personal account. All the offered datasets are free and provided with open access without any
limitations with regard to sensitivity and GDPR issues.

Auxiliary to the forenamed data source, Datastore.brussels (UrblS) is the regional platform for assemblage
and distribution of data and services in the Brussels-Capital Region. This platform aims to meet the needs of
data producers and consumers, beneficial to free access to the available data and services for the Brussels-
Capital Region [9]. For the purposes of HARMONIA, two datasets have been acquired from “UrblS”, the
cadastral data and the green areas of Ixelles.

The National Statistical Institute of the Republic of Bulgaria (NSI) is a public body under the Council of
Ministers with the status of a state agency. According to the Statistics Act, the statistics activity is carried out
by the National Statistical System (NSS). The NSS is made up of the National Statistical Institute (NSI), bodies
of statistics and the Bulgarian National Bank (BNB). The Bodies of statistics are state bodies or their structural
units, which develop, produce and disseminate statistical information under the methodological guidance of
the National Statistical Institute while implementing the National Statistical Programme (NSP) [10].

Additionally, NSI carries out the statistical activity by conducting periodical and one-off surveys included in
the NSP. The statistical activity covers developing the methodology and planning of the statistical surveys,
receiving, collecting, processing, storing individual data and statistical information, and analysing, providing
and disseminating statistical information. NSI constituted the main provider of the demographic up-to-date
data of Sofia Municipality in “census sectors” spatial resolution [10].

2.2.3 Open crowdsourcing data portals

The OpenStreetMap (OSM) Foundation is a non-for-profit organisation, dedicated to encourage the growth,
development, and distribution of free geospatial data and to providing geospatial data for everyone to use
and share. The OpenStreetMap License allows free (or almost free) access to a plethora of crowdsourced
data and maps. OSM aims to promote new and interesting uses of this data [11]. For enhancing the
accessibility to OSM data, many tools have been developed leveraging OSM services to provide its data for
various areas of interest. One of the most known services is the “geofabric” [12] server which provides OSM-
acquired datasets for large-scale areas such as countries.
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OSM services constituted a very useful source for the completeness of urban context datasets of each pilot
city, providing information regarding urban greenery, buildings, transportation network, etc. All the acquired
OSM data have been verified - where feasibly possible - with the use of relevant sources and maps that was
impossible to acquire and integrated due to their format.
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3 Data harmonisation and integration

The previous chapters described in detail the objectives of this deliverable and stressed all the methodology
principles that have been followed and applied for achieving the optimal results. The plethora of different
data sources and providers entails the acquisition of ‘rich’ datasets for the pilot cities and consequently a
great number of different formats, spatial resolutions, languages in the attribute information and
categorisations between the pilot cities’ respective datasets. To address these issues and finally provide and
integrate the acquired datasets aligned with the EU data sharing directives (e.g., INSPIRE [13]), the
harmonisation of each dataset was significantly important.

The following sections define the data-sharing formats, describe the harmonisation process, and point out
the crucial steps in order to achieve homogenous urban context datasets.

3.1 Definition of data public format

Every data source differs with regard to the data-sharing service and format. For instance, ELSTAT shared the
spatial entities (building blocks) in shapefile format and their census information (population, age groups,
etc.) in corresponding separated .xIs spreadsheets, in contrast to IBSA, which provides the information in an
integrated dataset. Hence, the final acquired dataset must be harmonised and edited based on prespecified
data formats for the reinsurance of integrability and adaptability to the different needs of the HARMONIA
project.

In order to address this issue, specific technical specifications were agreed between the partners, describing
the main principles and requirements that each dataset should follow. To this end, the final harmonised
datasets are presented based on the followings:

1) Coordinate Reference Systems (CRSs):
a) EPSG: 3035, ETRS89 — extended / LAEA Europe
b) EPSG: 4326, WGS 84
2) File format:
a) Vector:
i) ESRI shapefile
i) GeolSON
b) Raster:
i) GeoTIFF

In accordance to above requirements, the acquired datasets ensure the successful post-task integration
within the project and the IRAP. It is crucial for the IRAP to host the urban context data via a seamless
procedure and provide all the necessary interconnection links and services, that are aligned with the EU
strategies (e.g., INSPIRE), as well as other worldwide used data sharing standards (e.g., OGC).
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3.2 Geographic Information System (GIS) Approach

After all data have been successfully acquired locally, dedicated harmonisation processes have been carried
out respectively with the use of Geographic Information Systems (GIS). Due to the wide variety of data
formats, the harmonisation tasks constituted a preliminary action. Specifically, data harmonisation is the
process, where each dataset is evaluated, modified and saved into a new data file. All the different steps and
stages were executed in QGIS Desktop software latest stable version 3.26.3.

QGIS Desktop is a user-friendly, open-source Geographic Information System (GIS) licensed under the GNU
General Public License. QGIS is an official project of the open-
source Geospatial Foundation (OSGeo). It runs on different
operating systems and supports numerous vector, raster, and

database formats and functionalities. Also, QGIS is a volunteer- @\ G Is 3.26

driven project. [14] Buenos Aires

The evaluation of a dataset determines its value/usefulness and
reliability in order to be acquired and, later on, to constitute the basis of further calculations and analysis.
Following this principle, each dataset has been analysed with regard to the provider/source, spatial
resolution and the statistical coherence of its attributes.

After the evaluation of datasets, the next stage is the definition of a set resolution. Many of the data sources
provide data at a greater administrative level (e.g., Copernicus, Eurostat, IBSA) than the area of pilot cities.

In this case, the complete datasets were clipped based on the official municipal boundaries of each city
respectively. Regarding the raster data analysis, the tool entitled “Clip raster by mask layer” has been
deployed, whereas for the vector data the “Clip”. It is needed to be mentioned that due to the large
administrative area of Sofia municipality the “Imperviousness” and “DEM” layers provided by Copernicus and
Eurostat respectively, did not include the wider municipality region, but only the urban fabric of Sofia. To
address that, all the overlapped layers were downloaded and merged together using the raster-
miscellaneous tool “merge” and after that, clipped based on the boundaries of the city of Sofia.

The building blocks layer for each pilot city constitutes the basis for additional layers that have to be created
within this task, such as the building density layer. Only Piraeus municipality provided the authorised BB
spatial layer. In all other use cases, the Copernicus Urban Atlas dataset was utilised. In particular, the building
blocks emerged from the erase of the selected Urban Atlas values “12210: Fast transit roads and associated
land” and “12220: Other roads and associated land”. The new dataset includes all the BB entities of each city.

The demographic/census data of Milan and Piraeus were initially provided in tabular form. To tackle this
issue, the spatial information of the corresponding census sectors was acquired in shapefile format from
relative authorised sources. Using as the common field, between the tubular and spatial data, the id of each
census region, the individual data were joined in a new spatial one assembling all the important information.

The population density of each pilot city was calculated by dividing the population by the area of the
corresponding census region, in order to provide a more advanced and useful representation of the
population’s allocation in the city, considering also the built-up environment.

The median age was calculated according to European Environment Agency, as the age (age group) that
divides a population into two numerically equal groups: half the people are younger and half are older.
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Making use of the produced demographic datasets, a comma-separated values (CSV) file was extracted
containing the ID of the spatial entity, the total population number, and the number of residents per age
group. In contrary with the other pilot cities, Ixelles provides only the percentage of the population per age
group. To calculate the median age group, a dedicated script was developed through the usage of Python3
programming language, taking as input the extracted CSV file and calculating the median age based on the
median formula, detecting the age group that contains the median value. The output of this script was a new
CSV file with two columns; the ID and the median-age group. Then, spatial join of the CSV file to the
demographics file has been accomplished, based on the ID property. Finally, a new georeferenced file was
created containing the demographics per age group and the median age.

The Critical Infrastructures and Vulnerable Locations data was acquired from the OSM-based service
Geofabric. The Geofabric provides OSM vector datasets for the whole country’s extent. In order to keep only
the needed information of the pilot cities, each layer was clipped using the QGIS tool “Clip”. Then, feature-
based queries were applied to select only the essential categories from the whole dataset, as described above
in section 2.2 of this deliverable.

Information regarding to the built environment constitutes a very important asset for the HARMONIA
project, especially for the later stages of the vulnerability assessment. Starting from the acquisition of
building height, further spatial calculations have been done to generate useful additional information, such
as the number of buildings, building density, and building volume in BB level. To this end, different sources
were used in order to collect the most reliable information for each city. Then, a series of calculations were
applied to result to the final building datasets.

The buildings’ height layer differs per city. For instance, Milan Geoportal provides Milan’s cadaster which
includes a vector layer of the buildings with their corresponding height. On the contrary, for the other three
pilots, detailed information about the building height was not provided. To resolve this, the Copernicus Urban
Atlas service - which provides an EO-based raster layer of the Building Height with 10m spatial resolution -
was hence utilised.

In the latter case, the raster layers were clipped based on cities’ boundaries and converted to vector layers.
More specifically, each pixel was converted to a centroid point using the QGIS tool “Raster pixels to points”.
To transfer the information of height (point) to the spatially correlated buildings, a spatial join was executed
for each city using the tool “Joint Attributes by location (Summary)”. The new layer combines the spatial
information of the buildings with a large variety of statistical results (e.g., sum, max, mean, min value). The
most representative statistic for the task’s needs is the mean height per building. Having generated the
building height information, the next step is to scale it up at the BB level, in order to be adaptable to the
different processes of HARMONIA. To scale up the building information to BB level, the building centroids
were extracted using the tool “Centroids” tool. Consequently, using the same tool “Joint Attributes by
Location (Summary)” the building height layer joined with the Building Blocks layer creating a new temporary
layer. The new layer had the hereunder fields in the attribute table: the BB ID, the number of buildings inside
each polygon, the sum area of the buildings per BB, and the mean height. They were significant for further
analysis of the urban environment and the map composition.

To calculate the building density per BB, the area of each BB was calculated in square meters using the
attributes calculator tool and then the sum of the buildings area of each BB was divided by the area of the
respective BB. To this end, the final layer includes also the building density of each BB. Moreover, aiming to
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provide extra useful information, the building volume was calculated per BB, multiplying the area of the
building with the mean building’s height in BB level.

An additional needed information was the topographic slopes of the pilot cities. To create this layer, the
individual DEM layers were the input in the terrain Analysis tool “Slope”, which calculates the corresponding
slopes as a raster file.

3.3 Urban context data integration

The integration of the acquired datasets constitutes one of the main - | & piaeus

™ piy P
objectives of this deliverable. All acquired datasets had to be refined, —, — = )iy

L~ Piraeus_Building_blocks 3035_final
evaluated, harmonised, and organised in a way that ensures successful gy T'a”;rmti;" .
. K X . A - ransit Stops - Stations
integration into the IRAP. A dedicated QGIS project has then been created ¥ (- Railway - Subway Staticns
consisting of four main layer groups one per pilot city. The refined layer vl & Tram Stops

v = Bus Stops

was organised into the corresponding pilot city layer group following the
dataset’s structure of Section 2. Figure 3 depicts the tree structure layers’
organisation that was implemented inside the QGIS software.
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Moreover, for the purposes of the map composition and the illustration of
the datasets a Styled Layer Descriptor (SLD) file have been created for each
layer, describing its styling and visualisation.
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Figure 3. An example of the tree
structure layer organisation
within QGIS software
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4 Map composition

Cartography can play a significant role in the of decision-making process, especially in urban planning. The
cartographic representation of the urban characteristics makes more tangible and understandable the
complex spatial problems to the different stakeholders. Maps aid the decision-makers to detect problems
and find solutions and therefore also generate new knowledge. In addition, Geographic Information Systems
(GIS), have been systematically used to understand the geographic context of climate change and mitigation
of urban hazards [15].

Since the 1990s, GIS has been a powerful tool for analyzing and presenting spatial information. GIS-based
decision-support tools bridge the communication between scientists and decision-makers, as it operates as
an interdisciplinary platform. It has become an essential decision-making support and information
management tool for disaster management, as it has been used to produce hazard, vulnerability and risk
maps to understand and manage risks in cities more effectively [15].

More precisely, as the concept of urban resilience has arisen, it is important to assess the climate change
risks through a detailed understanding of the three components-hazard, vulnerability, and exposure. There
is a need for different stakeholders to obtain tools that contain information and guidance for risk and
adaptation decision-making. GIS, spatial data and maps are generally utilised to better assess and control
threats in the built environment [16].

One of the advantages of GIS is the capability of different types and large quantities of data integration, such
as geological, social, and meteorological data in one system that contains in parallel the geospatial
information [17]. In more detail, it can develop a base map that presents the administrative borders, the
main city infrastructures such as transportation, water supply and sewerage network, land uses, important
buildings that assemble population (markets, temples, etc.), critical infrastructures (hospitals, fire stations,
police stations, government offices), and major environmental areas (coastline, wetlands, water bodies,
conservation areas, and brownfields) [18].

Combined with the abovementioned data, demographic data can be overlaid in order to understand the
socioeconomic profile of the city and particularly the spatial distribution of the vulnerable populations (senior
citizens, poor households, women-headed households) [18].

4.1 Map layout composition

In this section, the methodology applied for the map layout composition is presented. All the different steps
of the map composition process (layer’s symbology, map layout, map extraction) was executed in the QGIS
Desktop 3.26.3 ‘Buenos Aires’ programming software.

Concerning the layout of the maps, the chosen basemap is a general reference map, the “ESRI Gray (light)”
that depicts a smooth and low color fluctuation view of each pilot city. By using this basemap, the overlayed
data layers are pointed out, enhancing the readability of the map, and simultaneously additional generalised
information is provided for the mapped area.
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Aiming to illustrate each pilot city in a common Coordinate Reference System (CRS) with the minimum
cartographic deformation, the EPSG: 3035, ETRS89 — extended / LAEA Europe is selected. Additionally, this
CRS enhances the compatibility of the acquired data and provides the optimal integration for the purposes
of HARMONIA and other EU-funded projects.

Following the fundamental principles of map composition, a common map template was designed and used
for each map, depicting all the important components that provide the user with all the necessary
information for the optimal understanding of the final composed map.

In each map layout, the grid of the coordinate system is shown providing the ability to the reader to be
informed of the coordinates of the map entities. The scale bar, the north arrow, the label of the used CRS
and the EU-funding acknowledgement were also located in the left bottom corner of the map frame.
Furthermore, in the right part of the map layout the following are depicted: the title of the map, the logo of
the project, the legend and the data sources. It is needed to be noticed the different scales were chosen for
each set of maps for each pilot city, as their area extent differs. For instance, the area of municipality of Sofia
is 1,349 km? and of Ixelles is 6.34 km? and respectively the scale of the maps is 1:250.000 and 1:22.000
accordingly.

In order to achieve the best map composition and provide a comprehended and analytical view of the
different urban aspects of each pilot city, eight (8) thematic maps have been composed, illustrating the
variety and diversity of the different acquired data. In addition, as it is mentioned above in section 3.2, some
acquired datasets have been combined in order to generate useful information to the end-users, both for
internal consumption within the HARMONIA project and externally for citizens, municipalities and
researchers. Below, table 6 provides information regarding the incorporation of the data in the different map
compositions.
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Table 6. The inclusion of acquired data in the different map compositions of D3.2

Map Title

Critical

Population | Median Age| Land Building  Transportation infrastructures/
Datasets Density Groups Cover Volume Network Vulnerable locations Elevation Imperviousness

(a) (c) (e) () (8) (h)

Municipality v Vv
boundaries

Building Blocks / Y}
multiblocks

Population /
Population v
density

Vulnerable social
groups (age v
groups & health)

Building Volume

Land Cover /
Land Use

Green Urban
Areas / Street v v
Tree Level

Urban water v
bodies

Imperviousness

Transportation
network (bus
stops, tram lines,
metro lines)

Road network v

DEM \'

Schools /
Kindergarten

Hospitals/clinics v

Critical
infrastructures

Archaeological
places/ruins

Based on Table 6, each map illustrates a composition of different data, which had to be symbolised properly
for achieving the optimal map visualisation result, taking into consideration both the geometry and the
attributes of the layers. The following paragraphs describe the content of each map with regard to the layers

that were combined.
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The “Land Cover / Land Use” maps of Milan, Piraeus, Sofia and Ixelles, illustrate the vector layers of
Copernicus Urban Atlas LC/LU (2018). In order to maintain the proposed symbology of the Copernicus Urban
Atlas, the classification and the styling of the layer follows exactly the same symbology of the official legend.

The “Elevation” maps of Milan, Sofia and Ixelles illustrate a part of the raster Digital Elevation model provided
by the Eurostat. In the case of Piraeus, the DEM was provided by the municipality of Piraeus. Additionally,
the vector layers of the buildings, green urban areas and urban water bodies have been included in the final
map, providing extra information for the urban fabric and environment.

The “Population Density” maps of Milan, Piraeus, Sofia and Ixelles illustrate the population density in the
level of the census units. For each of the pilot cities, this level differs, as was described in Chapter 2. For the
illustration of these datasets, the Natural Breaks method was chosen for the classification, as it was designed
to determine the best arrangement of values into different classes. Additional information was included as
the layers of water bodies, urban green areas/trees, and urban water bodies, to be related with the
population density.

The “Median Age Group” maps of Milan, Piraeus, Sofia and Ixelles illustrate the population median age in
the level of the census units. Based on the demographic/census sources the data acquired, are categorised
in group ages following the equal interval statistical method. Thus, the range of each class is 5 years for each
pilot city. The legend of the corresponding maps presents only the age groups that are calculated as the
median.

The “Transportation Network” maps of Milan, Piraeus, Sofia and Ixelles illustrate both point data for transit
stops and stations (railway-subway stations, tram stops and bus stops) and line data for transit networks (rail,
subway and tram). Also, the road network is illustrated, classified as highways, primary arterial, secondar
arterial, collector and pedestrian.

The “Critical Infrastructures / Vulnerable Location” maps of Milan, Piraeus, Sofia and Ixelles illustrate the
city’s areas and location with high exposure to urban perils, based either on their importance for the city
(utilities, military, airports, industries) or the sensitivity of citizens that are hosted there (clinics, hospitals,
schools). For all the pilot cities, critical infrastructures were acquired from OSM, and have been classified
based on its categorisation. In the case of vulnerable locations, the data were illustrated as points, in contrast
to critical infrastructures that were as polygons of the whole area.

The “Imperviousness” maps of Milan, Piraeus, Sofia and Ixelles illustrate the percentage and change of soil
sealing in the range from 0-100% for the period of 2018. The spatial resolution of the raster layer is 10m and
the applied classification and colour pallet aim to the reader’s optimal understanding of the dataset.

The “Building Volumes” maps of Milan, Piraeus, Sofia and Ixelles illustrate the built-up volume of each
building block. In order to illustrate a clear view of the highly built-up areas of each city, the building volume
data were spatial aggregated from building to building-block level. The calculations that were applied to
provide the final dataset are described in Section 3.2 of the deliverable. Regarding the symbology ‘Natural
Breaks’ was chosen as the method for dataset’s classification.

The following four sections provide a high-level description of each pilot city, based both on relative sources
and the final composed maps. The produced maps in greater resolution are integrated into Appendix | of this
deliverable.
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4.2 Milan

Milan is a municipality in northern Italy, in the region of Lombardy, and the city of Milan is the second-most
populous city in Italy after Rome. The city has a population of about 1.4 million and its area is 181.76 km?.
Milan is the economic capital of Italy and concentrates industrial uses on the outskirts. A high percentage of
impervious density is detected in the central area of the city and alongside the primary and secondary arterial
road network. The topography constitutes of high altitude (ranges from 98 to 199m above the sea level) and
of a rich hydrological network. The abovementioned factors provoke a variety of threats to the inhabitants
and to the environment. More detailed information regarding the following maps can be found in Table 6
and are available in Appendix I.

= (g) ™ (h)

Figure 4. Deliverable 3.2 composed maps: The Pilot City of Milan, corresponding to Table 6.
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4.3 Piraeus

Piraeus is a coastal city and is included as a part of the metropolitan area of Athens. According to the Athens-
Attica Regulatory Plan (2014), Piraeus is the biggest port in Greece and one of the main entrances of the
country. The urban characteristics of the city are the variety of contradicted land uses, lack of open and public
green spaces, and built environment of high-density and highly populated. The proximity to the sea along
with its urban morphology and the concentration of big-scale infrastructures increase the environmental
challenges and urban risks. More detailed information regarding the following maps can be found in Table 6
and are available in Appendix I.

(8) (h)

Figure 5. Deliverable 3.2 composed maps: The Pilot City of Piraeus, corresponding to Table 6.
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4.4 Sofia

Sofia is the capital of Bulgaria and is placed at the foot of Vitosha. Due to the vicinity of the Iskar River, there
is a plethora of water bodies in the western part of the municipality and rivers cross the city. High building
volumes accrue in the east part of the city and aggregation of industrial uses at the peripheral zone along
with the geographic characteristics expose the physical and man-made environment to multiple urban perils.
More detailed information regarding the following maps can be found in Table 6 and are available in
Appendix I.

Figure 6. Deliverable 3.2 composed maps: The Pilot City of Sofia, corresponding to Table 6.
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4.5 Ixelles

Ixelles is one of the nineteen municipalities of the Brussels Capital Region of Belgium and it | located to the
south-east of Brussels’ city center. The municipality consists of two parts, as divided by Avenue Louise. Ixelles
have a population of 87.052 inhabitants (2022). The total area is 6.34 km? with a population density of 13.730
inhabitants/km?. The city has a dense urban fabric with very few open public spaces. More detailed
information regarding the following maps can be found in Table 6 and are available in Appendix I.

(h)

Figure 7. Deliverable 3.2 composed maps: The Pilot City of Ixelles, corresponding to Table 6.
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5 Conclusion

The HARMONIA project is a research project that aims to provide useful tools to policymakers for enhancing
climate change adaptation and mitigation to hazard-driven effects in the urban environments of European
cities. For achieving this goal, a ‘rich’ dataset of urban context data for the four (4) pilot cities (Milan, Piraeus,
Sofia and Ixelles) has been acquired and integrated, in order to provide the necessary up-to-date information.

Deliverable 3.2 is responsible for the acquisition and integration of this data, ensuring also the reliability,
validity, and integrability of them. The acquisition of the necessary data followed specific specifications that
ensured the successful completion of this procedure. Consequently, a strict methodology has been defined
and applied in terms of the data handling and processing. In addition, dedicated meetings have been
organised and living online spreadsheets have been distributed to the collaborative HARMONIA partners to
collect all the different perspectives and the needed information in regard to the urban context data. To
successfully acquire all the different data a multiply-source approach has been followed, leveraging
European, national, cadastral, statistical, crowdsourcing, and other relevant sources.

Important steps of the task process constituted the evaluation, refinement, and harmonisation of the
acquired data in order to be integrated into the IRAP and be useable for the HARMONIA partners and end-
users. Every dataset has been evaluated with regard to the provider/source, spatial resolution and the
statistical coherence of its attributes. Furthermore, the QGIS Desktop application was used for the
management of the data, the GIS analysis and their refinement. Finally, all concluded datasets were
organised into 4 individual layer groups, one per pilot city, and styled following basic map data symbology
techniques.

For the demonstration purposes of the acquired data, eight (8) different maps were composed per pilot city
based on a dedicated map template, aligned with the cartographic principles. The illustration of each dataset
was dependent on its geometry and its special characteristics. Representative symbology (colour ramp, icons,
etc.) was selected carefully in order to provide all the illustrated information efficiently.

Finally, all acquired and generated urban context data are ready to be integrated into the IRAP, via which
they will be accessible to different HARMONIA partners and the following tasks.
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RMONIA  Map Tilte: Land Cover / Land Use
L City: Milano, Italy
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