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The GHSL team

Two architect/planners, three geographers, three environmental/

electrical engineers, two computer scientists, three technical
assistants.

The Global Security and Crisis
Management Unit

Specializes in data mining, image processing, text analysis,
crisis management technologies, antifraud, conflict and
natural disaster modeling in a global context.

27 May 2015 10




Topics

European Settlement Map (ESM)
EU_Global Human Settlement Layer (GHSL) concept, method and
technology
ESM for
settlement classification
suburb definition
and the Urban Atlas
urban green detection
population disaggregation
disaster modeling
as input to policy makers
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THE GHSL CONCEPT

Global and data-driven
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The GHSL concept

«  Multi-scale vision
* Global @ Regional © Local

 Multi-sensor approach
« Any optical airborne/satellite data better than 10 m (EU_GHSL)

 Automatic image information retrieval
« Quantitative information: built-up area, size, density, urban green

- Inclusive concept of human settlements
- refugee/IDP camps, slums, rural hamlets

27 May 2015 13
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Opportunities and challenges

Amount of data
« Processing and storage

Image acquisition
« Scene availability and quality (cloud coverage, etc)

Objective and independent information
- Data-driven approach, global concept

High resolution data
» Population disaggregation

27 May, 2015




European

Commission

Available information today

« Global:
¢« MODIS urban layer (500 m spatial resolution)
* Night-light images (Suomi-NPP/DMSP, 750 m)
« Landscan population layer (1 km spatial resolution)
- Regional/local:
- land use/land cover at different scales (SSL, CLC, UA)

Gaps between the needs of the users and the information layers:

 Inconsistency and incompatibility of data sets

« Very high semantic abstraction

- Globally consistent data sets are too coarse for many
applications
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Human settlement characterization
Image multiscale morphological decomposition (DMP)
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Settlement classification model

jon

Classes XL L M S XS

pop per sgkm pop x cell 100m Metro City Town Village Hamlet

9 8 7 6 5
pop =0 Uninhabited Uninhabite 0 90 80 70 60 50
0<pop<10 Lowl?ens Peri p.hery 5 95 36 76 66
10<pop<100 MediumDens |2nd ring 6 96
100<pop<1000 HighDens Istring 7 97 55
1000<pop<10000 |VeryHighDens |Core 8 98 88 78 67
pop > 10000 HyperHighDens |Hypercore 9 99

>500000 po{50000<pop<50000{5000<pop<5000{500<pop<500pop<50C
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- GHSL SETTLEMENT MAP OF EUROPE
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GHSL SETTLEMENT TYPE SEGMENTS
(WESTERN EUROPE)
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GHSL SETTLEMENT TYPE SEGMENTS
(RUHR/RHEIN)
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GHSL SETTLEMENT TYPE SEGMENTS
(BALKANS)
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GHSL SETTLEMENT TYPE SEGMENTS
(CENTRAL EAST EUROPE)
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GHSL SETTLEMENT TYPE SEGMENTS
(SOUTHERN IBERIA)
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GHSL SETTLEMENT TYPE SEGMENTS
(NORTHEAST EUROPE)
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“Suburb” EU_GHSL definiton

e Built-up density 8 - 25% of the 100m GHSL pixel

« Geographic extent > 1 sgkm and > 5 sgkm

- Contiguity in 8 directions (possibly also in 2 to catch suburban
belt development) in a given spatial unit

« Low population density areas excluded with high resolution
population data

27 May 2015 37
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Suburban development GHSL detection
Brussels
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Suburban development GHSL detection:

= GHSL_BE_100m.tif
<VALUE=
[10-003
003 -012
012 -0.25
W025-030
[10.36-049
[1048-1
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Wien 10m GHSL - UA

27 May, 2015




Wien 10m GHSL Green - UA
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Wien GHSL 10m + Green - UA
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Urban green definition EU_GHSL:

¢ Min MU 2,5x2,5m = 6,25sgm

- Any chlorophyl emitting urban object (tree, grass, green roof
etc)

« Inlcusive definition of public or private green space, including
interstitial green, tree-lined avenues, internal green to the built-
up area

« Patches of natural vegetation or agricultural areas in proximity
to built-up areas are included.

27 May 2015 45
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In this application, the optical bands are only two: RED and
GREEN. Then, a pseudo-vegetation index (veg, ) is calculated
as follows:

NIR — lum,,
NIR + lum,

vegr = 4)

It can be easily noticed that the formula [4] is a modi-
fied NDVI where the RED band is replaced with a feature
extracted in The fact is that the NDVI is created for
purpose of environmental studies in order to distinguishing
soils and vegetation. Here, the goal is to shift the focus
from soil to the potential built-up structures. The veg, plays
important role in the final classification for creation of the
vegetation classes. The lum, is used as an input for the
textural and morphological processing, which are performed
simultaneously.
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I Discontinuous Dense Urban Fabric (S.L.: 50% - 80%) | . s

I Discontinuous Low Density Urban Fabric (S.L.: 10% - 30%) = U
I Discontinuous Medium Density Urban Fabric (S.L.: 30% - 50%) === ' "-'ﬂ]..
I Discontinuous Very Low Density Urban Fabric (S.L. < 10%)

[7] Green urban areas .

B Water bodies !
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GHSL population disaggregation

____i____

—-— - - —-— o oy

/ Census / / LUl / /GHSLb.Idg. /
aoip. ' density

+" GHSL masked, o
i wel_ghted £

_______ — o

h[ Dlsaggregate ]
/ Pop grid /
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Weights:

CODE CLC_C3

0

23C.
GLOBAL

23C.
3CSOUTH

BLDGS RESID. MASK

POP_HA WGI1H

POP_HA WS1H

1
2

111 High-density urban fabric
112 Medium-density urban fabric

45 113 Low-density urban fabric Y Y 30.0 9.60 30.0 8.80 40.0 17.4|

180.0  57.58
60.0 19.19

200.0 58.65
70.0 20.53

27 May 2015

4 122 Road and rail networks and associated land Y

5 123 Port areas Y

6 Y

7 131 Mineral extraction sites Y

8 132 Dump sites Y

9 133 Construction sites 10.0 3.20} 40 1.17
10 141 Green urban areas
11 142 Sport and leisure facilities 4.0 1.28 3.0 0.88
12 211 Non-irrigated arable land 2.0 0.64 1.0 0.29
13 212 Permanently irrigated land 1.0 0.32, 0.5 0.15
14 213 Rice fields 1.0 0.32 0.5 0.15
15 221 Vineyards 1.0 0.32 1.0 0.29
16 222 Fruit trees and berry plantations 1.0 0.32 1.0 0.29
17 223 Olive groves 1.0 0.32 1.0 0.29
18 1.0 0.32] 3.0 0.88
19 241 Annual crops associated with permanent crops 3.0 0.96) 40 1.17
20 242 Complex cultivation patterns 3.0 0.96 5.0 1.47
21 243 Land principally occupied by agriculture, with significant area 3.0 0.96 50 1.47
22 244 Agro-forestry areas 1.0 0.32 1.0 0.29
23 311 Broad-leaved forest 0.1 0.03| 0.1 0.03
24 312 Coniferous forest 0.1 0.03 0.1 0.03
25 313 Mixed forest 0.1 0.03 0.3 0.09
26 321 Natural grasslands 0.1 0.03| 0.1 0.03
27 322 Moors and heathland
28 323 Sclerophyllous vegetation 0.1 0.03| 0.1 0.03
29 324 Transitional woodland-shrub 0.1 0.03 0.3 0.09

POP_HA WN1H

ul
(o))
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Improving population disaggregation by weighting land use:

I:l Census tracts
POPW9_GHsSL100w11 |
<POP>
] 1.7-116
] 117-214
B 315-578
Bl s79-8902
| se3- 1305
B 1205-189.9
1 I 100 -2857
| I 28554211

130 & 482
4505 A

. .~ ™Y
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Reclassifying urban atlas by CLCv2 land use in Luxembourg
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EIZ3 ;3 JRC analyses and modelling
News highights “* support the 6th Cohesion Report

Commission press release

Other news
JRC analysis of EU human Sixth report on economic, social
Events e p
settlements, land-use and and territorial cohesion
JRC Newsletter resource efficiency, as well as

Global Human Settlements

modelling work addressing 7
ayer

options for urban and regional
development have fed into the
6th Report on Economic, Social
and Territorial Cohesion,
released on 23 July by the
European Commission. The
report examines the state of
cohesion of the Union and
highlights challenges faced by
national, regional and local
authorities in overcoming the
impact of the financial and
economic crises.

The work carried out by the JRC on
human settlements shows that

Press centre

Land-Use-based Integrated
Sustainability Assessment
Modelling

Crisis management

Disaster risk management

Integrated sustainability
assessments

Natural and man-made hazards

cities are more efficient in te_rms of | S=Fohesion e OTIIE R Regional economic analysis and
land and resource consumption development and governance of EU modelling

compared to rural areas. According  regions and cities

to the report, the amount of buiit- © EU, 2014

up land (i.e. land with a building on

it) per person in urban areas is four

times lower than that in rural or 1IES

peripheral areas. This analysis is backed by the first ever map of IPSC

European settlements from satellite imagery, which offers a
comprehensive overview of all built-up areas at an unprecedented
detailed scale, reporting on the location and surface area of buildings
across urban and rural agglomerations.

IPTS

The map was produced using an innovative technology and method
developed by the JRC - the Global Human Settlements Layer (GHSL) -
which is able to automatically analyse a huge amount of data coming
from different satellite sensors, at different resolutions, from anywhere
in the world and taken at different moments in time. A land-use
efficiency analysis was also carried out through the JRC's Land Use
27 M based Integrated Sustainability Assessment (LUISA) modelling platform, 63
coupled with another JRC tool, the Regional Economic Model
(RHOMOLO). A particular focus was given to urban growth since the
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Land-use efficiency of cities

Built-up area per inhabitant,
EU regions, 2012

sq. km per mp Jrban Inter- = Rural

inhabitants  '€gions mediate regions
regions

EU-15 94 221 372

EU-13 126 260 362

Source: JRC European Human Settlement Map and DG REGIO
calculations

Joint
Research
Centre

Dwellings in cities are smaller
and more vertical

Offices are more vertical

Energy use for transport,
heating and cooling also lower in
cities
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- European Settlement Map 2014

Spatial data set

Metsdata Lanpnape Resource Language Aletadats Date Conditions Applving To Access And Use

Englizh Englizh 2014-11-23 These data are provided for scientific research purposes only. No other
Metadata Foint OF Contact uze, including cummerc:iai,_is authgrized_ H_i} Thlrdparh distribution of ~ #

; o s ; all, or parts, of the electronic files 13 authonized. Dizclammer: The JRC
Global f&ecu;tg_a.nd Crizis Management Unit, E-mail: follows procedures desipned to ensure that data produced and
matina halkia@jre ec.europa.eu dizzeminated by JRC are of the best qualitv possible. However, JEC v
does not guarantee the accuracy, relisbility, or completeness of the

e A e e e

Principal fverfigaror: European Commission, Jomnt Research Centre, Limitafions On Pablic Acces

Insitute for Protection and Securnty of the Citizen, E-meil: B

Matina Hallaoa @ ec.europaea no limitation

Author: European Commissicn, Joint Research Centre, IPSC -
GlobSec, E-mail: globesec-zecretariatiflec.europa.eu

Resource Title Spatial Data Theme
European Settlement Map 2014 Buildings (Buildings)
Topic Category

Imagery / BaseMaps / EarthCover

Resource Abstract

European Settlement Map 2014 (also referred as &apos; EUGHSL2014 & apos;) is raster data that represents percentage of built-up per spatial unit.
This product is released in 100m resolution (i.e. the unit 15 a pixel of 100x100 m). It originates from average aggregation of raster data outputs at 10m
resolution produced by automatic mformation extraction processes using SPOT-3 and SPOT-6 satellite images input at 2.3m resolution

Lineage
The method uses machine learning technigues in order to understand svstematic relations between morphological and textural (pantex) features,
extracted from the multispectral and panchromatic bands, describing the human settlement. For the machine learning the following two data sets are
used as training sets Corine Land Cover 2000 and Sealed Surface Laver (v2)

Conformity Unigue Resoarce Identifier

Specificatior: Commizsion Repulation (EUY No 108972010 of 23 November Code: ESM-EUGHSL-2014-100
2010 implementing Directive 2007 2/EC of the European Parliament and of the

Council as regards interoperability of spatial data sets and zervices. Dare of

publication: 2010-12-08

Degree: Not evaluated
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Conclusions

The European Settlement Map (ESM) is publicly available at 100m of
resolution (native data at 10m)

It is based on multi-scale, multi-sensor automatic extraction of
information mapping built-up in an inclusive way, the EU_GHSL

It more refined, more thematically consistent than any other reference
dataset in Europe and globally, and provides a powerful tool for
settlement analysis.

ESM can be used for population disaggregation, for settlement
classification and for urban green detection.

ESM data have been used to derive policy recommendations about land-
use efficiency
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Thank you

M. Halkia
matina.halkia@jrc.ec.europa.eu

The European Settlement Map 2014
http://land.copernicus.eu/pan-european
view service, WMS, download and a feedback form

More info:
http://ghslsys.jrc.ec.europa.eu/
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