




















fj "y WORLD BANKGROUP
Wy

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
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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

A R -‘.'.:o“ v
L
o 3 . oo 5%
\ - X i : I RELRL -
& : -
. e . o
. - PR »
. . Y ’
3 A o . -
) ' 5] % =
e S 3 -
v ' Y AR J —y
o v e Y R
L = e Al P 5 Ap Nt
7 ‘ N o “ . ,.'~," .- . .a
4 '.‘ % . i
3 LA ) e e
- - s . s
- 4 .' )‘;
'. 4 : i
. ® VS ‘. -~
S S IR e el i
Y . '
5 .
(2 ; b
by r
- "’ .
. 3
. -
{
N >.-' . "' Lha - - . ore. - . . - . ».-390.50 . ‘
P d R R LIPSt o STRih: s L de . ' 5

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



[ 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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European Cities Landuse

(Beyond 1M)
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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
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Example of regional / local dataset

European Urban Atlas
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Populationin 2001 1,852,281
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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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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.



