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The GHSL history s T i b e
: . ® Release of Landsat/S1/52 GHSL,
2020 pre-operational GHSL Copernicus products

Integrated Landsat/S1/S2 GHSL, Atlas 2020, GHS Tools
Degree of Urbanisation adopted at UN Stat Com
Second GHSL public release, refined DEGURBA, Alpha Sentinel 2,
Atlas 2019, GHS-FUA

First integration of Landsat and S1 GHSL, GHS-UCDB, Atlas 2018

First public release of the Sentinell GHSL,GEO HPF, Atlas 2017

2019

2018

2017

2016

2015
2014

First public release of the Landsat GHSL, GEO HPI, Atlas 2016
Beta release and testing of the Landsat GHSL

Alpha release of the Landsat GHSL and GEO GHSL WP and manifesto
2013
Demonstration on European wall-to-wall VHR data (Copernicus Core003)
o Global proof of concept with metric and sub-metric (HR/VHR) optical sensors

2011 Large Scale Experiment with ENVISAT ASAR

2010 Preliminary global testing on VHR optical imagery



GHSL - Global Human Settlement Layer

Open and free data and tools for assessing the human presence on the planet

Home Data and tools v Visual analytics v Degree of urbanisation v Knowledge v Partnerships v News

"""" ) 4
/II:/A ) ‘.““-I.l'
The GHSL history A
2021
. Release of Landsat/S1/S2 GHSL,
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2016
o First public release of the Landsat GHSL, GEO HPI, Atlas 2016
— Beta release and testing of the Landsat GHSL
Alpha release of the Landsat GHSL and GEO GHSL WP and manifesto
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Demonstration on European wall-to-wall VHR data (Copernicus Core003)
o Global proof of concept with metric and sub-metric (HR/VHR) optical sensors
2011

Large Scale Experiment with ENVISAT ASAR

2010 @ Preliminary global testing on VHR optical imagery




Objectives of GHSL

* Produce new evidence for decision making, e.g.:
« Sendai Framework for Disaster Risk Reduction
« 2030 Agenda for Sustainable Development (SDGSs)

« Paris Climate Agreement, New Urban Agenda

Key requirements for policy support

* Reproducible, scientifically sound, synoptic
« Sustainable information production

* Free and open framework

Satellite imagery
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http://ghsl.jrc.ec.europa.eu

* FAIR data principles (Findable, Accessible, Interoperable, Reusable)

Built-up areas

Green areas

Night lights

Population




GHSL: from data to policy

Emergency

venagement - The GHSL data hierarchy

High

ABSTRACTION

|
«& Low

Story telling

Spatial modeling ‘ .
Machine learning Set Assumptions Policy
Classification ‘ Design
Stat Induction Settlement Public discussion
Model data .
‘ o Implementation
Standardized Cities
Baseline data Towns & suburbs
Unstructured, Built-up' areas' Rural
large volume of Population grids
raw data
Remote sensors
Population census Action on real world
VGI

(Big / Big Earth / Spatial) Data processing paradigm



GHSL — an integrated global geospatial product suite:

Fine scale built-up areas grids
1975 - 1990 - 2000 - 2015
Landsat, Sentinel 1, Sentinel 2

Satellite
data

Fine scale population grids
1975 - 1990 - 2000 - 2015

GHS-POP
GHS-BUILT

Settlement model grids
Degree of Urbanisation
1975 - 1990 - 2000 - 2015
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GHSL — an integrated global geospatial product suite:

Fine scale built-up areas grids
1975 - 1990 - 2000 - 2015
Landsat, Sentinel 1, Sentinel 2

Satellite

data
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GHS-BUILT

GHS-BUILT

Fine scale population grids
1975 - 1990 - 2000 - 2015

GHS-POP

Settlement model grids
Degree of Urbanisation
1975 - 1990 - 2000 - 2015
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Types of GHSL built-up data

Resoluti Epoch Variable Satellite Coverage

Built-up Landsat Global
density

(0-100) or

label (0/1)

GHS-BUILT

20 m 2016 Built-up Sentinel-1 Global
label

(0/1)

10 m 2017/2018 Built-up Sentinel-2 Global
probability

(0-100)

2015 Land Copernicus
category VHR

(land / water
/ built-up)

GHS-BUILT-51

GHS-BUILT-52




Types of GHSL population data

/ \ 250 m 2015
| | 1000 m 2000
v 9 arc-sec 1990

Resolution Epoch Variable Coverage  CRS/Projection
Resident Global World Mollweide
Population WGS84

30 arc-sec 1975

2011 Resident @ LAEA ETRS89

Population

1000 m 2011 Night-time Europe LAEA ETRS89

30 arc-sec  allmonths Population WGS84

(Night & Day)

ENACT-POP

Day-time
Population
with Tougi




GHSL: data access & usability

Emergency
Management

Com%rSZ GHS-FUA

1975 Multitemporal

2017-2018

Current selection:

Product: GHS-BUILT. epoch: 2015. resolution: 2560 m. coordinate system: Mollweide.
Technical details

{7 To be noted that some variation might be available only for a certain product (e.g. the 30m resolution is only available for the
GHS-B ulti-temporal classification)

Download by tiles)click on each box to download a single tile):

Resolution

2m 10m 30m

1km 9 arcsec

30 arcsec

{ |

Coord. system

0 d Mercator

WGSE4 UtTMm

ETRSB9Y/LAEA Europe

https://ghsl.jrc.ec.europa.eu/download.php
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Degree of Urbanisation: GHS-SMOD

« A harmonized global definition of cities and settlements

« Combines BU and POP grids @ 1km

« Settlementmap:

S5SSaa = WY -
Populatlon size i, " i 1

_.:]"l.l.is LI : “r k-
Populatlon densnty : - i Urban Centre grid cell
' Grid contiguity

w Settlement types

‘s Ll UReAN CENTRE
Urban Cluster "= % JEE DENSE URBAN CLUSTER

,I‘- gnd cell : : 1 m SEMI-DENSE URBAN CLUSTER
.N [ 21 ] suBureAN GRID CELL
= L (68 RURAL CLUSTER
. . |:| LOW DENSITY RURAL GRID CELL
|:| VERY LOW DENSITY GRID CELL

= | o l
Rural cluster grid cell

e e 1l Bangkok, Thailand




GHS-UCDB

Emergency
Management

* Urban Centres

10,000+ Urban Centres in 2015 (>50k inhabitants)



GHS-UCDB

o2 Urban Centre Database (UCDB) basics - Conceptual design

Management

Satelliteimage data

¥ s .
Automatic classification GHS-BU — Degrlee of urbqn;zaﬂon GHS-SMOD
Built-up area Spatial modelling Urban Centres

'
&

Land cover examples

Training set for machine learning
L

» Spatial Aggregation

r 3

r

GHS-UCDB
GHS-POP Urban Centres Database
Population grids

External sources

v
| . Place names
Spatial modelling Geography

GHSL Air
Built-up areas
Census data Population '




UCDB - Global urban population exposure to extreme heat

PNAS, OCt 2021 PN S :roceedmgs of the » :
ational Academy of Sciences SR
y| & of the United States of America Keyword, Author

- GHS-UCDB
Articles Front Matter
- GHS-POP
. RESEARCH ARTICLE 4 )
« for 13,115 cities

Global urban population exposure to extreme heat
* measure urban extreme

Cascade Tuholske, Kelly Caylor. Chris Funk, Andrew Verdin, Stuart Sweeney, Kathryn Gr..
heat exposure e | A :

+ See all authors and affiliations

1983 to 2016 PNAS October 12, 2021 118 (41) £2024792118; hitps://doi.org/10.1073/pnas. 2024792118

“ NEws Extrome heat in cities a growing problem as climate warms, study finds HARE ThT f v =

* urban exposure increased
nearly 200%

» 52% above population " Extreme heat in cities a growing problem as
growth alone

climate warmes, study finds

h tps://www.pnas.org/content/118/41/e2024792118 People flocking to cities in rapidly urbanizing areas such as southern Asia and sub-Saharan Africa

are increasingly vulnerable to soaring temperatures and high humidity.




Beyond DRM - other users of GHSL.:

G'uha' Strate OECD: Green Growth Indicators
. UN-Habitat/UN-Statistical division: High Level Political Forum
y UNESCO: Global Education Monitoring Report

Plol tests of # inl lone

FAO: Global Strategy for Improving Agricultural & Rural Statistics
: UNEP: Global Environmental Outlook

,l | b 4 5_6 ’. ‘.’ o~ PLANET
J h Q:.R z '.‘. . prOME

Migration, displacement
and education
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In: Atlas of the Human Planet 2020

 Applications of GHSL ranked by contribution to DRM phase:

Prevention Rehabilitation
(planning+mitigation)

Preparedness Response dR
DRM applications and Recovery

DRMKC Risk Data Hub

INFORM epidemic

SEDAC Global COVID-19 Viewer

ENACT project

Mapping drought risk

European Wildfire Risk Assessment

Low Elevation Coastal Zone

GloFAS Rapid flood risk assessment
Flood Impact Using Social Media (FIUME)

GDACS automatic identification of Areas of Interest

Copernicus EMS mapping 2 3

Preparedness I Prevention

Afterconflictsin Iraq



GHSL for DRM: focus on Europe

Emergency

e European Settlement Map (ESM 2015)

* Input data: Copernicus VHR Europe (39 countries)

* Reference year: 2015
* Released in October 2019
Three main types of products:

« 2-m thematic classes

* 10-m typology of built-up: RES/NRES >

Scientific uses (upon request):

« 10-m open spaces, distance to open spaces, green in open
spaces

In: Sabo et al., 2019. Update and improvement of the European Settlement map. 2019
Joint Urban Remote Sensing Event (JURSE), 1-4.

« Semi-operational product with 3-year updates

https://ghsl.jrc.ec.europa.eu/download.php?ds=ESM




* European Settlement Map for DRM

Used in DRMKC Risk Data Hub River floods:
« Exposure: BU RES/NRES _
* Region
« Hazard: by extent and intensity
« Pan-European analysis @100 m
* Multi-scale analyses
* Province

https://drmkc.jrc.ec.europa.eu/risk-data-hub#/

Local




* European Settlement Map — updates

New ESM 2018
IN:

. CORE 032012 b

- VHR_IMAGE_2018 (2 — 4m)

|| KompSat
B Planet
B Pleiades
I Spot

B SuperView
[ ] TripleSat

» Ancillary data

OUT:

- BUmap 2018

* BU changes 2012-2018
« BU RES/NRES

c @ 2m




‘A GHSL for DRM: focus on Europe

Emergency

e European Settlement Map 2018 - preliminary results

Residential
BU

Non-
residential

h U=

* Thessaloniki, GREECE




= ENACT (ENhancing ACTivity and population mapping)

12 monthly matrices

Population per
1300 NUTS-3
X

— 16 sectors

ENACT co-production:
JRC.E.1 Disaster Risk Management
JRC.B.3 Territorial Development
JRC.B.6 Digital Economy

DAYTIME POPULATION
POl layers

LU m ap , . Workers in sector ...
-

ves Workers in sector C
/ - +

Workers in sector A

Spatial
disaggregation

University students

School children

Incoming tourists

Residual residents
Population -
land use
weight matrix

¢ Day & Nighttime == 24 pop. grids

https://ghsl.jrc.ec.europa.eu/enact.php



https://ghsl.jrc.ec.europa.eu/enact.php
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= ENACT (ENhancing ACTivity and population mapping)

T m - %

Total population
distribution:
Night vs Day,

X 12 months


https://ghsl.jrc.ec.europa.eu/enact.php

Increasing temp resolution

Emergency

‘e = Potential population exposure to seismic hazard
I

» Temporal patterns — Greece vs Spain

«  MMI>VI (Strong +)

GREECE SPAIN
_ MMI VII - VIII - IX MMI VII - VIII - IX
v' Mapping . _
E Night = Day & Night = Day
v Quantifying = 11,400 = 3,600
£ £
v’ Spatio-temporal patterns S 10,900 S 3,400
v 5 5
Hot spots £ 10,400 E 3,200
= S
3 )
8 9,900 8- 3,000

+ 2013 SHARE map

« Spatial resolution: ~ 6.6 km (WGS84)
« PGA converted to MMI scale

In: Freire et al., 2018. Advancing exposure and risk assessmentin the EU by modeling population
distribution in daily and seasonal cycles.

https://ui.adsabs.harvard.edu/abs/2018FEGUGA..2019691 F/abstract




@ GHSL: more than data

Emergency

vanagement - The GHSL tools

Degree of Urbanisation, population and settlementanalysis

* Include toolbox for ArcGIS (Esri)
» Freely available at:

https://ghsl.jrc.ec.europa.eu/tools.php




Conclusions:

« GHSL is constantly evolving

» Range of datasets with different technical specs

« From extracting BU areas to mapping Urban Centres & Metro areas

» Designed with DRM in mind: support to all phases

Future from current developments:

« 15:45 ‘Everything you wanted to know about the new GHSL data release’

- Stay tuned for following sessions!






