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Urbanization and sustainable development
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Source: United Nations Department of Economic and Social Affairs/Population Division 5. World Urbanization Prospects The 2014 Revision.

In future, urban areas will account for:
* 90% of population growth,
* 80% of increased prosperity,

* 60% of energy consumption.



Measuring Urban Growth

= At present there is no global source of information to consistently
and reliably monitor urban expansion and population change

= Wide variety of inconsistent methods in the past resulted in

estimations of urban land cover between 0.2 to 3% of land
mass

= EXxisting sources of data are not comparable because countries
define urban extents differently

= Redefinition of areas from rural to urban frequently lacks actual
change in land use and population density



Measuring Urban Growth

Human Settlements layers
Ongoing efforts worldwide indicate a global demand

" Global Rural-Urban Mapping Project
= Nightlights and ~1km resolution — Lower resolution
= 1990, 1995, 2000
= Sample of cities

= Global Urban Expansion Atlas/”Solly Angel” (200 cities, 1990, 2000,
2013)

" European Commission / OECD
= Europe + some of the OECD countries

= World Bank Regional Urbanization Reviews East Asia using MODIS
500(250m) and South Asia using nightlights

®" Global Human settlements Layer (JRC / EC) (currently in process)

= Urban Land C 2000 and Urban Expansion 2000-2010 — University of
Wisconsin, Madison

= Now extended to cover the world at 250 m spatial resolution
= NOAA'’s Nightlights Data
= ASTER Global Urban Area map, AGURAM
= And others....



Measuring Urban Growth

Currently available Global Human Settlements layers
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Measuring Urban Growth

Currently available global Human Settlements layers

* In the last decade several Global Human Settlements Layers (GHSL)
have been produced to map human settlements worldwide.

NASA MODIS 500 (493 m spatial resolution) and ESA GlobCover 2009 (309 m spatial resolution)

The limited spatial resolution does NOT allow a precise characterization
of urban settlements, especially in rural and peri-urban areas
(characterized by small and scattered villages and towns)
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Key Policy Questions:

How are cities changing over time?
How much, and in what proportion of uses, is land being consumed for urban development?

Where are the areas with the most significant land use change?

YV V VYV V

What are the drivers of urban and other land development, and what new infrastructure will be needed to support
this development?

» What are the possible effects of natural disasters and climate change, and how much of the population and assets
will be affected?

Key Data Needs:

e Detailed observation and monitoring
e Moving from Observing and Monitoring to the evaluation of the effectiveness of policy options and modeling
> Ie. urban growth scenarios, extent/proximity of green urban areas, accessibility, urban heat islands, etc.

> integration of geographic and statistical information into toolsets and models

Objective: Improved spatial planning based on the high quality and accurate data

European Space Agency
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Fundamental needs identified:
- Free or low cost data
- Better resolution® & accuracy* of measurements

- Fast* and operational* monitoring system to offset the
limitations of the existing estimations such as:

*  variability of methodologies and mapping results,
*  their low spatial resolution (250m-2km), and

* low frequency of updates.

Resolution: different urban scales: regional (250m-80m) / city level (30 m/10m/5m)

Accuracy: 75-90% , in situ data for validation is key

Fast: possibilities of updates every 3-5 years on the regional level and every 1 year on the national level
Operational: not R&D! based on the validated algorithms (automated) with quarantined long term (20+
years) data availability _ t

Free or low cost data: EMODIS (NASA, free), Envisat (ESA, free), ERS (ESA, free), Landsat (NASA, free),
Sentinels (ESA, free)
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Resolution: different urban scales: regional (250m-80m) / city level (30
m/10m/5m)

Accuracy: 75-90% , in situ data for validation is key

Fast: decadal is a minimum but true need is in possibilities of updates every 3-5
years on the regional level and every 1 year on the national level

Operational: not R&D! based on the validated algorithms, automated system
(cf. fast) with quarantined long term (20+ years) input data availability, ability to
integrate different sources of data (EO and non EQO)

Free or low cost data:

1km-10 m - Open & Free (Landsat, Sentinels) INFORMATION!
10-2,5m - Low cost, 1$ sq km(high value) (SPOT, RapidEye, DMC, IRS, CBRES, ..., ...)
<1m - At cost, cost vary (high value) (WorldView, Pleiades, Kompsat, ...,...)

ean space Agency
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Monitoring of human
settlements required a

breakthrough
in observational capacity
& analytic tools

European Space Agency



Rome (IT) Oklahoma City (USA) Saku (JP) Zanzibar (TZ)
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Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission



Global Coverage 2011/2b12
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Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission



Global Coverage 2011/2012

Baseline data — New Delhi, India
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original backscattering amplitude extracted speckle divergence Global Urban Footprint

New Delhi Area: 88 images (~90,000 km?)
Validation (evaluated over 2000 randomly distributed samples): OA% 86.6, Kappa 0.73

Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission



Global Coverage 2011/2012

Baseline data — National Demonstrator - Japan

Japan: ~-800 images

Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission




Global Coverage 2011/2012

Baseline data — Shanghai, China

Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission



Global Coverage 2011/2012

Baseline data — Shanghai, China
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Urban Footprint

Credit: DLR/German Space Agency Global Urban Footprint, Satellite data: TerraSarX/TandemX mission



Global Coverage 2011/2012

Historical data

Urban spatio-temporal development based on historical optical (Landsat MSS, TM and
ETM+) and SAR (ERS, ASAR) data + Global Urban Footprint.

Manila
(Philippines)

2010
2000
1990

Credit: DLR/German Space Agency, Satellite data: TerraSarX/TandemX mission, Landsat, ERS, Envisat



Global Coverage 2011/2012

Historical data
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Istanbul (Turkey)

1990 2000

Credit: DLR/German Space Agency, Satellite data: TerraSarX/TandemX mission, Landsat, ERS, Envisat



Global Coverage 2011/2012

Historical data

Seoul (South Korea)

Credit: DLR/German Space Agency, Satellite data: TerraSarX/TandemX mission, Landsat, ERS, Envisat
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2014 ESA Innovators Project led by DLR

Phase 1 (2015-2016) :

i) the past urban extent (2002-2003) with ASAR WSM data for East Africa;
« 75m spatial resolution built-up extent
« It includes entire Uganda, Rwanda, Burundi and Kenya in addition to big
parts of Somalia, Ethiopia, South Sudan and Zambia

ii) the current urban extent for Addis Ababa, Dar es Salaam and Nairobi
from Sentinel-1 IW GRDH data acquired in 2014-2015.

Phase 2 (2016-2017):

i) the past urban extent (2002-2003) with ASAR WSM data of the
remaining part of the African continent;

ii) the current urban extent for Kigali and entire Uganda (including
Kampala) from Sentinel-1 IW GRDH data acquired in 2014-2016 " o
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Credit: DLR/German Space Agency, Satellite data: TerraSarX/TandemX mission, Landsat, ERS, Envisat
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World Bank

Data Type

Spatial

Data Temporal

Area of Interest

Resolution Range
ASAR WSM 75m 2002-2003 East Africa
Phase 1 Addis Ababa
(01.04.2015 - 31.03.2016) | Sentinel-1 IW GRDH 10m 2014-2015 Dar Es Salaam
Nairobi
remaining part of
ASAR WSM 75m 2002-2003 the African
continent
Phase 2 Kigali
(01.04.2016 — 31.03.2017) Uganda
Sentinel-1 IW GRDH 10m 2014-2016 (Addis Ababa)

(Dar Es Salaam)
(Nairobi)

Credit: DLR/German Space Agency
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ESA Urban Thematic Exploitation Platform (Urban TEP)
BROCKMANN terrodue?.O' .) giSil‘I: IT4T

CoNsuLT

DLR

* Primary thematic fields of application for urban TEP

Global monitoring, analyses and products.
On-demand hot spot observations.
Comparative and historical studies.
Establishment of long-term urban observations.

* Key characteristics of urban TEP

Free and open use of state-of-the art infrastructure, algorithms and products.
Efficient exploitation of available data streams and archives (i.a., EO-based).
Use of high-performance computing and data management infrastructure.
Advanced analysis, data fusion and visualisation capabilities.

Validated and benchmarked techniques and products.

Profit from network of experts and best practice applications.

Functionalities for quick implementation and conversion of innovations and
customized adaptationsinto services.

Credit: DLR/German Space Agency, GISAT, Brockmann Consult, Terradue, ITI, Urban TEP Kick Off Meeting,
Frascati March 2015



ESA Urban Thematic Exploitation Platform (Urban TEP)
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From complex data...
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[ i i Back-end
uuuuuu * On-demand computation capabilities - modeling,
| what if support

* More power, more scalability — both for computation,

| v Advanced filters

Urban fabric (%)

and access demand

* Through sandboxes/parallel (cloud) computing

* More data - open data access

- - EO data and services (Copernicus, Landsat8) catalogues
oJ e P - open data using OpenlinkedData approaches (RDF,
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ESA Urban Thematic Exploitation Platform (Urban TEP)

- Multi-scale approach needed reflecting various scales of urban
structures for information support.

« User communities on all levels:
» Global

» Regional

» National

» Local

> Page oft c o Displayng 1 - S0t
[ A 22 Poputation deveiopmenn x Uban Fabsicdevion € 7 [ ik 01 2 X -

Credit: GISAT, Urban TEP Kick Off Meeting, Frascati March 2015



Example of regional / local dataset

European Urban Atlas
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Example of regional / local dataset

European Urban Atlas
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Example of regional / local dataset

European Urban Atlas
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Example of regional / local dataset
European Urban Atlas
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Example of regional / local dataset

European Urban Atlas

Urban Landuse
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Example of regional / local dataset

European Urban Atlas
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Example of regional / local dataset
European Urban Atlas
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Example of regional / local dataset
European Urban Atlas
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(Beyond 1M)

Continuous Urban
fabric (S.L. = 80%)

Discontinuous Dense
Urban Fabric (S.L.:
50% - 80%)

Discontinuous Medium
Density Urban Fabric
{S.L.: 30% - 50%)

Discontinuous Low
Density Urban Fabric
(S.L.: 10% - 30%)

Discontinuous very
low density urban
fabric (5.L. < 10%)

Isolated Structures

Industrial,
commercial, public,
military and private
units

Fast transit roads
and associated land

Other roads and
associated land

Railways and
associated land

Port areas
Airports

Mineral extraction
and dump sites

Construction sites

Land without current
use

Green urban areas
Sports and leisure
facilities

Agricultural Areas

Forests and
semi-natural areas

Wetlands
Water



-

"‘..QJP?,‘TO‘“W"Q,T&WW_J
= { _'.-“: '\-M\_‘: ~ - ,'j‘ .
s "ol P2 “Hepuiriacexa
L 7 Jofracre |
] .

" e i "'SE TOMOGRE . S ‘:'
) odnacty i X Ny |k
g . e R v

Nowe4T\
Y 1 O

2 o)
bievatska \ o

i cBosna | Hercegovina




€ 9 unigeta

M Setogs | Wbon Atles (EU9)

Unbiany Al + Uvbaon At (A1)

Uhans Aot (E57)  Ubaowy Ao Db Aoy (08 + IO

Toom sy

o

Detach wp

Bitretoan obnacTy

o Medera LLT)

) Mook LT}

I Pacos ALT)

o) Paterres LU
~JFeruge LU

L Pescrs JAT)

) Petanea QuZ)

Ll Repgn & Caatels ALUT)

MOEHAA DONACTE ©

BpecTxan abnTE o,

HTTOMIDOCERA

{
;

o) Salerris LLT)
) Sessant L)
I Tararrts AT)
) T QLUT)
I Ty AUT) &
o Trwnte (LL12) .
) verezs QUZ)
4 L) vevons UT)
& lTagde QL)
=R [Ag
S L) R (U7}
A Pwrevedy D)
3 L Vs 22)
33w

etk idebibeneeree

Lwywry 1 ogened S tings

Ly order

Aetfoul mrface (% of arwa) L

STipazata Sk

4 < sétif
Khenchela i

Lrban fabac (% of o ticel surfaces) L

O Melila evwy

P
CLCLS (%) - 2006

chatndd, corercs and Yasport uris | ATSET) (QCLS - HORM) Stardyo
(% of ertfoel wrfaces)
§ Harse Srengturs LUD)  Lverped (LU2) Londen QL) Marchaster (LUZ)  Weltnghae (LUD)  Rorsa BUS)
11100 - Continusus Lvban Fatex (5.1 » 33%) 0. 394 b2 0434 110 (131 165
Actficd, ron e sl veguiated areas | 11210 « Oconiueus Deus Lvban Faboc (5.1 : 50% - 50%) n 2.0 284 ey Ex 1%
(% of wrtfioe) srfaces)
TH $1330 - Chmcontruoos Medkn Denmty Lrban Pabric (50, © 30% - 1% 763 am 7. LA ES ) 133
11230 - Desconsnuous Low Censty Urbas Fsboc (51 1 20% - 30%) L8 0,57 L) 113 0.93% 3%
Scatter hert L 112490 - Descorinuous very Low Dersty Urten Falre (5L « 10%) [ 8% ] 000415 0431 a0 0018 173
L1300 - lastated Strocturm c.on 6.1 0.5% Q. o oM
12100 - frchmniy, commercisl, pubic, ritary and prvade Uty L8] ne | 4 1. LS 2 T
z v ” 12210 - Fost transe roads and asseosted and LR )} 0,855 026 0642 o1 0.%5
12220 - Other raads &nd associaied lard N 6,35 ER) 5.68 3 in
I o= 13230 - Radwwya erd macciated bt o4 0,518 o4 0518 [ 22 0.4
« 13300 -Poct ress 2.000%0 L0 0% om 0 3.0003¢
12400 - Mrports o8 0.515 o 0.4z 0.4% 0.%a
fear 206 -

Credit: GISAT, Urban Atlas Plus project

£ 3 & D-

CLELZ (%) - 2006
AT QCL2 ~.

N b

e

Srrmeghan LUL  Lversedl QUL Loglon (LUE  Maschenter (L) Motteghae (UL

X ArtAcial surteces (%) V) Mine, deap and coostruchon .. (%) - 2606

" v fLLIZ) + Ltent Pabvec CLC L5 « 3006

X Lo Aratos sorlaces YO Ve, ung nd Consucton stes .
ot (@]
#:s » o
! o <
L. ) |
| 2B [ |
v’ (T "4
i:': e © ® [
i
g0y b G. o
¥ o

0 - v . v ——

0 « L) w ™ w W W

Aol sartaces (W)

ATEET! Urban fatrc QLT LS v COMPARIGN  ActfoslsxfacesCICLS - 8

O L Rome i) Artfcalsrfces CUC., <206 O L




Moseonyn:

_ Ba|l
YN




Moseonyn:

_ Ba|l
YN




Lol Ll guatcs

bt Scilings Sueus  Dunges Changes Deihi

# L fesrch renults
3 Aremy
& ) Dete
A ) Dveka
A Lnnts

] | secoozwy
Layers  Logesd | Selliogs
Lavery ordat

1 Anaf. casees 13 snuchure

Dormeant dass L3
Doonrant o, class L3

V] LCAL Lyban fabre st

¥ A
EC brage (pot, SancEye)
V! Google invbne
Yo 201002011)

Status L3 (ha) - 2010(2011)

ATEET: Sana v

Kane

11

0 -

+ Contrudcs Lrban Falvic
Dwssrviros high Denme Lvrhun Pebre

- DEcon®nuous Loss Dense Lrban Fabrc

< Inchntril, Corrwernad anc Trarmporct Unds
» Consruction Stes

~Lihan Grewnery

- Aura Sevterent

- Agnastis ¥ L

) - Forest

« QOthwr Nrtrel ang Sems cutael A inchuding Wethnce

- Bve Land
- Vit Doches
- River Bed

NORME | e vfum.'.v

nRa
LS
am
»¥SE
Bns
Bus

Credit: GISAT, eoworld project

18335
wars
£%23
=y
M0
X472
M0
700
a3

B/EL
242
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Delhi, Dhaka, Mumbai - case studies using European Atlas Methods
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Delhi, Dhaka, Mumbai - case studies using European Atlas Methods
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Urban Atlas methodology

. Dheli Mapping/monitoring principles:

’ II\)/IhakI: . - Two to three decades of urban growth 1990,
* Mumbal 2000, 2010

 Lima

- Bogota - At least 13 urban classes

* Quito

. Jalalbad - Showing land conversions across classes

- Karach Using th definitions f bl

. Chittagong - Using the same definitions for comparable

results
« Colombo

« Ho Chi Min City

- Yogyakarta

- Georgetown
(Guyana)

* Rio de Janeiro

 Manila

« Cebu City

« Hai Phong

« Surabaya

- Ulanbaatar




From maps to indicators

Indicator 1: Urban growth

Indicator 2: Growth of residential areas

Indicator 3: Growth of industrial areas

Indicator 4: Urban growth and population development
Indicator 5: Productivity of land consumption
Indicator 6: Urban sprawl intensity

Indicator 7: Land cover replaced by built-up area
Indicator 8: Land use

Indicator 9: Loss of natural areas

Indicator 10: Structural indicators

Indicator 11: Informal Settlements
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Measuring Urban Growth
Global Urban Unit Data Initiative

= Phase 1 Creating a Standard Baseline (c.2010) — (completed by end 2015)
> Urban areas definition (based on adapted OECD Methodology)
> Urban territorial extent (based on Global Urban Footprint)
> Population distribution data (based on WorldPop)
» Updated administrative boundaries dataset (as available)
> Roll out of the PUMA Platform as a WBG urban data hub

= Phase 2 (2016 - ....)
» Long term monitoring / historical urban change

o gathering comparable data from prior years, in order to apply track
changes in urban extent from 1990-2000-2010 (combination of
various sources of data Global Human Settlements Layer, GUF,
nightlights, Modis250, etc.)

o updates collected in 2015, which will coincide with the new post-2015
Sustainable Development Goals.

o Looking beyond urban growth: green cities, natural hazards, climate
resilience, urban planning and economic perspective, and so on.



