* Kk

European
Commission

JRC TECHNICAL REPORT

GHSL-OECD Functional Urban Areas

Public release
of GHS-FUA

Schiavina M., Moreno-Monroy A., Maffenini L.,
Veneri P.

2019

EUR 30001 EN




This publication is a Technical report by the Joint Research Centre (JRC), the European Commission’s science and knowledge service. It
aims to provide evidence-based scientific support to the European policymaking process. The scientific output expressed does not imply a
policy position of the European Commission. Neither the European Commission nor any person acting on behalf of the Commission is
responsible for the use that might be made of this publication.

Contact information

Name: Thomas Kemper

Address: Via Fermi, 2749 21027 ISPRA (VA) - Iltaly - TP 267
European Commission - DG Joint Research Centre

Space, Security and Migration Directorate

Disaster Risk Management Unit E.1

Email: thomas.kemper@ec.europa.eu

Tel: +39 0332 78 5576

GHSL project: JRC-GHSL®@ec.europa.eu
GHSL Data: JRC-GHSL-DATA®@ec.europa.eu
OECD contact: RegionStat@oecd.org

EU Science Hub
https://ec.europa.eu/jrc
JRC 118845

EUR 30001 EN

PDF ISBN 978-92-76-11258-7 ISSN 1831-9424 doi:10.2760/67415

Luxembourg: Publications Office of the European Union, 2019
© European Union, 2019

The reuse policy of the European Commission is implemented by Commission Decision 2011/833/EU of 12 December 2011 on the reuse
of Commission documents (0J L 330, 14.12.2011, p. 39). Reuse is authorised, provided the source of the document is acknowledged and
its original meaning or message is not distorted. The European Commission shall not be liable for any consequence stemming from the
reuse. For any use or reproduction of photos or other material that is not owned by the EU, permission must be sought directly from the
copyright holders.

All content © European Union, 2019, except: cover image (satellite imagery) U.S. Geological Survey 2015

How to cite this report: Schiavina M., Moreno-Monroy A., Maffenini L., Veneri P., GHSL-OECD Functional Urban Areas 2019, EUR 30001 EN,
Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76-11258-7, d0i:10.2760/67415, JRC 118845



Contents

Authors

Abstract

1 Introduction

1.1 Overview

1.2 Rationale

1.3 Terms of Use

2 GHS Functional Urban Areas (GHS-FUA), derived from GHS-UCDB and GHS-POP, (2015) R2019A

[GHS_FUA_UCDB2015_GLOBE_R2019A]
2.1 GHS-FUA specification

2.2 Input data

2.3 Technical Details

9 MB

How to cite

References

List of figures
List of tables

W W W W N =

O 00 N O un L1 1 N N



Authors

Marcello Schiavina?® Ana Moreno-Monroy®, Luca Maffeninic, Paolo Veneri®

aEuropean Commission-Joint Research Centre, Ispra, Italy )
®OECD Centre for Entrepreneurship, SMEs, Regions and Cities m European | // OECD

. N Commission
¢UniSystems Luxembourg SaRL BETTER POLICIES FOR BETTER LIVES



Abstract

Function Urban Areas (FUAs), as defined by the OECD and the European Union, are sets of contiguous local
(administrative) units composed of a ‘city’ and its surrounding, less densely populated local units that are part
of the city’s labour market (‘commuting zone’). To be included in the commuting zone, local units should have
at least 15% of their working population commuting to the city. This definition is limited to OECD countries and
Colombia and is subject to both availability of commuting flows data at the local level and to the definition of
administrative unit boundaries. In the context of international comparability of urban-related statistics and
indicators, the aim of this document is to propose a FUA definition that does not depend on arbitrary and not
harmonized administrative units and scale it to the globe.

To pursue this goal it is proposed an automated classification procedure of FUAs based on objective
characteristics (travel time from the Urban Centre, area and population of the Urban Centre, local population
and GDP per capita at national level), to classify areas within and outside FUAs. The automated classification
of FUA is done in collaboration with the OECD and supported by DG REGIO.

This document describes the public release of the GHSL-OECD Functional Urban Areas 2019 (GHS-FUA).



1 Introduction

1.1 Overview

The Global Human Settlement Layer (GHSL) project produces global spatial information, evidence-based
analytics, and knowledge describing the human presence in the planet. The GHSL relies on the design and
implementation of new spatial data mining technologies that allow automatic processing, data analytics and
knowledge extraction from large amounts of heterogeneous data including global, fine-scale satellite image
data streams, census data, and crowd sourced or volunteered geographic information sources.

This document accompanies the public release of the GHSL Functional Urban Areas 2019 and describes the
contents.

This product is named according to the standard GHSL naming convention:
GHS_<name>_<temporalCoverage>_<spatialExtent>_<releaseld>

Therefore the product name “GHS_FUA_UCDB2015_GLOBE_R2019A” indicates the GHSL Functional Urban
Areas (GHS-FUA) for 2015 and a global spatial extent, release R2019A.

The dataset is named according to the standard GHSL naming convention:
GHS_<name>_<epochCode>_<extent>_<releaseld>_<EPSG>_<resolution>_<version> <ext>

The dataset unique identifier “GHS_FUA_UCDB2015_GLOBE_R2019A_54009_1K_V1_0.gpkg” indicates the
GHSL Function Urban Areas layer (GHS-FUA) of the epoch 2015 with global extent, release R2019A in World
Mollweide projection at 1 km resolution v1.0 in GeoPackage format.

1.2 Rationale

Open data and free access are core of principles GHSL (Melchiorri et al., 2019). They are in-line with the Directive
on the re-use of public sector information (Directive 2003/98/EC). The free and open access policy facilitates
the information sharing and collective knowledge building, thus contributing to a democratisation of the
information production.

The GHSL Functional Urban Areas 2019 contains the new GHSL data produced at the European Commission
Directorate General Joint Research Centre in the Directorate for Space, Security and Migration in the Disaster
Risk Management Unit (E.1) in collaboration with the Organisation for Economic Co-operation and Development
(OECD), Centre for Entrepreneurship, SMEs, Regions and Cities.

1.3 Terms of Use

The data in this data package are provided free-of-charge © European Union, 2019. Reuse is authorised,
provided the source is acknowledged. The reuse policy of the European Commission is implemented by a
Decision of 12 December 2011 (2011/833/EU). For any inquiry related to the use of these data please contact
the GHSL data producer team at the electronic mail address: JRC-GHSL-DATA®@ec.europa.eu

Disclaimer: The JRC data are provided "as is" and "as available" in conformity with the JRC Data Policy? and
the Commission Decision on reuse of Commission documents (2011/833/EU). Although the JRC guarantees its
best effort in assuring quality when publishing these data, it provides them without any warranty of any kind,
either express or implied, including, but not limited to, any implied warranty against infringement of third parties'
property rights, or merchantability, integration, satisfactory quality and fitness for a particular purpose. The JRC
has no obligation to provide technical support or remedies for the data. The JRC does not represent or warrant
that the data will be error free or uninterrupted, or that all non-conformities can or will be corrected, or that
any data are accurate or complete, or that they are of a satisfactory technical or scientific quality. The JRC or
as the case may be the European Commission shall not be held liable for any direct or indirect, incidental,
consequential or other damages, including but not limited to the loss of data, loss of profits, or any other
financial loss arising from the use of the JRC data, or inability to use them, even if the JRC is notified of the
possibility of such damages.

! http://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32003L0098
2 JRC Data Policy https://doi.org/10.2788/607378




2 GHS Functional Urban Areas (GHS-FUA), derived from GHS-UCDB and
GHS-POP, (2015) R2019A [GHS_FUA_UCDB2015_GLOBE_R2019A]

A Functional Urban Area (FUA) consist of a city and its commuting zone, where the latter represents the area
of influence of the city in terms of labour market flows. The OECD defines and maps a FUA as the union of the
administrative units in which at least 15% of the population is commuting to the main Urban Centre of the area
(OECD, 2012). This definition is limited to OECD countries and Colombia and is subject to administrative unit
boundary definitions and modifications and on the availability of commuting flows data between local units. To
further international comparability of urban-related statistics and indicators with an explicit spatial dimension,
GHSL, OECD and DG REGIO have proposed a method to estimate the number and extent of FUAs in the entire
world. The proposed method does not rely on neither information on local unit boundaries nor on commuting
flows data, which are usually unavailable in most countries. The estimation method uses a probabilistic model
which is trained using information on actual FUA boundaries available in OECD countries and Colombia and
defined using commuting flows data. The proposed estimation method produces a people-based definition of
FUAs covering the entire world, using grid cells as spatial building blocks instead of local administrative units.

In more detail, GHS-FUA (GHS_FUA_UCDB2015_GLOBE_R2019A) for the epoch 2015 (Figure 1), also called
eFUA to differentiate from the original boundaries of OECD-FUA, are delineated through an automated
classification procedure (developed in collaboration with OECD, Moreno-Monroy et al., 2018, 2020) based on
objective characteristics (i.e. travel time from Urban Centres; area of Urban Centres; local population; and
country GDP per capita). Information on Urban Centres are derived from GHS-UCDB dataset (Florczyk et al.,
2019a) (GHS_STATS_UCDB2015MT_GLOBE_R2019A); population information are derived from 2015 GHS-POP
dataset (GHS_POP_E2015_GLOBE_R2019A); travel time is estimated from each grid cell toward the edge of
the closest Urban Centre by using a global friction matrix (Weiss et al., 2018); and Urban Centre GDP is inherited
from the country GDP per capita, as provided by The World Bank (source: NY.GDP.PCAP.CD; World Development
Indicators, The World Bank). Missing 2015 country GDP per capita is filled through linear interpolation of data
in different years for 11 countries.

2.1 GHS-FUA specification
GHS-FUA specifications are the following:

— 2015 Urban Centres, as classified and validated in GHS-UCDB are split by country (GADM 2.8), exploding
multipart results (according to 4-connectivity rule) and dropping those not anymore compliant with GHS-
SMOD class 30 (L2) logic (Florczyk et al., 2019)

— Urban Centres with area greater than 2500 km? and at least 20 million inhabitants are split into parts as
following the GHS-SMOD level 3 classification (unpublished results, Florczyk et al., 2019)

— Each populated pixel (from GHS_POP_E2015_GLOBE_R2019A layer) is linked to an Urban Centre according
to minimum travel time among all possible Urban Centres of the country

— Classification model applied to each pixel with more than 300 people: logit generalized linear model with

binomial distribution:
2 2
FUA;jc = 6, + Z Ty dist],. + Sarea;;c + Z @i POp)c + WGDP_PPP; + €;j¢
k=1 k=1

where FUA is a dummy variable that takes the value of 1 if the grid cell belongs to a FUA and the value
of zero otherwise; dist is the travel time from each grid cell to the edge of the closest Urban Centre; area
is the area of the Urban Centre; pop is the grid cell population; and GDP_PPP is the country GDP per
capita. The threshold above which cells are considered part of an eFUA is determined optimally by
maximising prediction accuracy for each world region.

— Cells estimated to be part of an eFUA are aggregated through alpha-shape with median radius (among all
alpha-shapes radii from convex hull to minimum one-region)

— Adjacent eFUAs are merged by keeping one single 500k inhabitants Urban Centre per aggregation
o The main Urban Centre of the aggregation is the most populated

o The population of the Urban Centres set the priority for the aggregation in case of multiple
500k-inhabitants Urban Centres



— eFUA attributes:
o eFUA_ID
o UC_num (number of Urban centres are contained)
o UC_ID1 (Urban Centre IDs contained in each eFUA, as GHS-UCDB “ID_HDC_GO”)
o UC_ID2 (continue previous list when needed)
o UC_ID3(continue previous list when needed)
o eFUA_name (name of the primary Urban Centre in the eFUA)
o Commuting (logical: 1 eFUA with commuting area; O eFUA without commuting area => eFUA==UC)
o Cntry_ISO (GADM IS03 code)
o Cntry_name (GADM country name)
o FUA_area
o UC_area (sum of UCs areas contained)
o FUA_p_2015 (2015 eFUA pop)
o UC_p_2015 (2015 Urban Centre pop)
o Com_p_2015 (2015 population in Commuting area per year)

2.2 Input data

The input data are: the 2015 GHS-UCDB (GHS_STATS_UCDB2015MT_GLOBE_R2019A version 1.1) and the
multi-temporal GHS-POP grid of the GHSL Data Package 2019 (GHS P2019); the global friction surface map?;
the Global Administrative Map 2.8% and the World Development Indicators® produced by The World Bank.

2.3 Technical Details

Author: Marcello Schiavina, Luca Maffenini Joint Research Centre (JRC) European Commission; Ana Moreno-
Monroy, Paolo Veneri Centre for Entrepreneurship, SMEs, Regions and Cities, Organisation for Economic Co-
operation and Development - OECD.

Product name: GHS_FUA_UCDB2015_GLOBE_R2019A

Spatial extent: Global

Temporal extent: 2015

Coordinate System: World Mollweide (EPSG: 54009)

Resolution available: 1 km

Encoding: eFUA_ID integerl6 [1, 13174]

Data organisation: The features are provided as polygons with attributes in a GeoPackage open format.

Table 1 outlines the technical characteristics of the datasets released in this data package.

Table 1. Technical details of the datasets in GHS_FUA_UCDB2015_GLOBE_R2019A

GHS_FUA_UCDB2015_GLOBE_R2019A

ID Description Resolution (Projection) Size

GHS_FUA_UCDB2015
_GLOBE_R2019A
_54009_1K_V1_0

Features representing Functional Urban 1 km 9 MB
Areas (World Mollweide)

3 https://map.ox.ac.uk/research-project/accessibility to cities/
4 https://gadm.org/data.html

5 https://datacatalog.worldbank.org/dataset/world-development-indicators
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Figure 1 GHS Functional Urban Area (GHS-FUA) GHS_FUA_UCDB2015_GLOBE_R2019A_54009_1K_V1_0 in the area of
Rio de Janeiro (Brazil) displayed together with Urban Centres from GHS-UCDB -FUA. The boundaries and the names shown
on this map do not imply official endorsement or acceptance by the European Union © OpenStreetMap
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