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o Urban Development Agenda
e [European Contribution
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e Level of support
e Products and Use Cases examples
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Massive urbanization is a global and challenging trend
(especially in the context of climate change)

2.5 billion people i.e. 66% of the global population will live in urban
areas by 2050 (UN 2018) so the Urban Development Agenda is
dominated by:

- Sustainable Urban and Population Growth Sustainable Development

- Climate Change Resilience
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Urban Development Agenda

« Challenge for governments and city authorities to manage such a
growth and provide adequate infrastructure, housing, access to
services and safety

« Opportunity to drive city on the sustainable development trajectory
towards prosperous, green, inclusive and resilient cities

SUSTAINABLECITIES 13 CLIMATE These challenges and opportunities are
FIGESHIERIS MG reflected and embedded in the UN

E @ Sustainable Development Goals (5DGs)
‘2

ESA EO4SD Urban Project address these challenges by services
providing multi-scale dedicated EO based information support
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European Contribution
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European Contribution \‘\&Q&:esa
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European Contribution |

COPERNICUS IN SUPPORT OF THE
UN SUSTAINABLE DEVELOPMENT GOALS
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Urban Planning and EO

Regional and urban planning goal is to effectively direct
settlement development into high-value, livable, sustainable
and resilient structures.

= highly complex process based on responsible balancing of
advantages and disadvantages from a holistic perspective,
taking in account multiple public or private interests.

= the most important condition for the balancing of pro’s and
con’s and a development of strategic orientation for future
planning activities is knowledge e.g. knowledge on the
inhabitants of the city, the physical urban environment,
myriads of related processes as well as change over time.
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Urban Planning and EO

Knowledge needs are complex

ACTORS
Planners
Local Govt.
Investors
Developers
Communities
Users

MACRO
Economy
Population
growth

Real estate cycle
Space demand

URBAN FORM
Extent
Density

Land Assets
Urban Design
Evolution
Typology
Public Space
Transportation
Services
Engineering

GOVERNANCE
Policies & regulations
Zoning & FARs

Evidence-based
planning with reliable
and trackable data

PUBLIC LIFE/PEOPLE
Culture

Health

Safety

Recreation
Livelihoods

Mobility

Inclusion

-
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Urban Planning and EO \&é—‘-esa

Reality is often simple

( It’sa "
. Fan!
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Urban Planning and EO

Urban planners need answers on many space-oriented questions like:

What defines our city?

How is the city arranged spatially?

How dynamic is the urban environment changing over time?
Where are traffic hot spots?

How is the life quality in different neighborhoods?

How many people live there?

How they access to basic services?

Earth Observation has the unique capability to support decision-making with
spatial, quantitative data and information products on various topics, from the
extraction of urban morphology to the detection of urban growth, surface
temperatures, monitoring of traffic, assessment of population with different
spatial, temporal and thematic resolution.
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Urban Planning and EO

s,

Potential for EO support is high

{cesa

Physical Urban assets- Existence of a
accessibility to related comprehensive
cities Data Availability | land inventory
v/ v v S e Potential for EO support
Middle/high-
\/ \/ x income cities
Most of WB
Client Cities Extreme potential for
x x x FCV Cities EO SUppOI’t
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EO4SD Urban Service Offer

EO Potential to Support Urban Planning

* Understanding & measuring urban growth

e City global or regional context, benchmarking

* Urban growth dynamic analyses

* Analysis of the effectiveness of Urban Master Plans

* Infrastructure planning (e.g. Road Network Analysis,
Accessibility Analysis)

* Assessment and monitoring of informal settlements
or slums areas (e.g. EO-based monitoring of
unplanned urban sprawl)
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EO4SD Urban Service Offer

EO Potential for Support for Urban Planning

* Public spaces - urban green and open
areas design and planning

* Population distribution and density estimations
* Building heights data for tax estimation

* Hazards, vulnerabilities and risk assessment, disaster
Mmanagement
e.g. flood risk, land subsidence monitoring
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- Strategic

Context understanding
Long-term assessment
Comparison with other cities
Potential and risk identification
Strategic action prioritization

Operational

Design support

Scenario / option prioritization
Implementation monitoring
Evaluation of impact of actions
Reporting
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EO4SD-Urban Service Portfolio
Building Population Waste

Green Areas/Networks Extent, Imperviousness and Change Footprint Density Sites

Transport Informal
Settlements

Flood Risk Landslide Risk  Terrain Motion

Baseline Products
Urban and Peri-Urban Land Use / Land Cover

Regional Detailed Change d
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Strategic level

General city diagnostic

How much is my city expanding ?

What is a dynamic of such expansion 7

What are the trends of such expansion ?

Where are the areas and axis where it is concentrated ?

How we are in our city comparing to other cities ?
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Urban Extent (and Change)

Global products

e Amount and distribution of built-up area
e Changes in space and time
e Main axes of development

Urban/Settlement extent is binary information product (built-up or
non-built up areas + level of sealing), long time series supported,
harmonized

Global or regional benchmarking

Development plan monitoring

Transport and services actions prioritization

Run-off and flood modelling (sealing)

<«— global ° local —»
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Urban Extent (and Change)
Global products
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Urban Extent (and Change)
Global products
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Urban Extent (and Change)

Global products

e Changes in space and time, axes of development
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| Marconcini et al. (2018). Outlining Urbanization from 1985 to 2015 — the WSF Evolution. In preparation.
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Urban Extent (and Change
Global products

Settlement Area Expansion 1985-2015
km2 Area growth in km2

’ i
Proposed Urban Planning Map of Mandalay

Settlement Area Expansion 1985-2015
Annual growth rate % (base = 1985)

- \‘; e T
Source: Mandalay Urban Development European Space Agency
Conceptual Plan, MOC




Urban Extent (and Change)

Global products

e Changes in space and time, axes of development
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World Settlement Footprint (WSF) [Evolution 1985'52_'01'_5
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Urban Growth Patterns in Arusha City &__jesa

(2000 - 2015)

Pronounced Scattering

Leapfrog
Islands

@® Leapfrog Growth . : ,;5*‘?‘
® Edge and Infill Growth .. _ AT
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Suburbs are commonly - ? -
aligned to major road -

Leapfrog Islands
—> urban developments &t a

infrastructure. They
develop in the form of
linear strips &

-5

-

used land in-between
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distance from the Core with un- )

- Urban Extent in 1990
- Leapfrog Growth between 1990 and 2015 b

= - Edge and Infill Growth between 1990 and 2015
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Vijayawada: Urban Growth between 1990 - 2015 {<€Sa

Mainly densification and
compaction around the

Extensive infill
growth

Suburbs are commonly
aligned to major road
infrastructure. They
develop along major
Foads.

I Urban Extent in 1990 B e
B 1 capfrog Growth between 1990 and 2015 0 10 20 km
I Edge and Infill Growth between 1990 and 2015 : ' :

Esri, HERE, Garmin, © OpenStreetMap contributors, and the GIS user community
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Urban Extent (and Change)

Global products

@ Global urban growth |SCUDEC -~ X +

« C @ umban-tep.eujvisat/scude

QA% PGFHO06 @

GLOBAL URBAN GROWTH  GREEN AREAS  LAND ASSETS STRUCTURE

Global Urban Growth
Dynamics Monitoring

Earth Observation data can provide unprecedented insight into long term trends in
urban growth dynamics globally

The urbanized World is our playground. Facing global massive urbanization trends in climate change context, urban
expansion needs to be monitored to ensure it proceeds on a sustainable basis, does not impair or overexploit

environmental resources, nor worsen the quality and life and safety of the urban population. Nowadays, EO based
global products are available for urban studies to be done in rich spatial temporal context, quickly and accurately.

Settlement Area Expansion (1985-2015)

[pakar
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@ Global urban growth | SCUDE © X +
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Settlement Area Expansion (area growth in km2)

W Dakar | Tianjin

Maximum settlement area (km2) displayed: O Fullrange @ 2000km2 O 500km2

of, rtime can phases of s illustrated. early growt!
period, siow or e saturation. Information about the its dynamics are important to
cluster cities with similar Jearned exch individual cites.

Settlement Area Expansion (annual growth rate in %)

W Dakar | Tianjn

Maximum settlement area growth rate (%) displayed: @ Fullrange O 15% O 5%

Simitarly, urban t2 over time can tween different
trajectories in the context of existing urban policy framework in particular city and time.

o explore development

Urban Expansion Coefficient
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Strategic / Operational level

- What are land assets in my city 7

- Are they in optimal composition and quantity / quality ?
- Are they in risk?

- How they evolve ? As planned ? Formal/Informal?

- Are there trends of their change ? Positive or negative ?
- Which actions to take to improve ?

- Where are the hotspot 7

- Which option or scenario to follow ?

- How we perform 7

- How we are in our city comparing to other cities ?
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(Peri-) Urban Land Cover / Land Use s

dzesa

Regional and Detailed Products

e Land cover / land use composition in wider context
e Quantity and quality of changes and land flows
e Support to assessment of main processes behind changes

Urban & Peri-Urban Land Cover and Land Use are categorical products
classified into standard nomenclature of land cover and land use
classes, HR/VHR resolution, long-time series supported, harmonized

e Land Assets Management

o Risk Management

e Detailed development plan assessment

e Green and Public Spaces monitoring

e Prioritization of development focus

e Population and services access modelling

<«— global e local -e
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(Peri-) Urban Land Cover / Land Use
Regional and Detailed Products

ols ok Addlayer | €3 Snap
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(Peri-) Urban Land Cover / Land Use

Regional and Detailed Products

Land Cover Land Use Nomenclature (LCLU)
Standard nomenclature o e e e )
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80%) <

Discontinuous Low Density Urban Fabric (S.L.
10% - 50%)

Industrial, commercial, Industrial and commercial units
public, military, private
and transport unit Non-residential urban fabric

L Road and rail network and associated land
- (Open Street Map)
' ‘ : Alrport areas
Urban greenery Urban green
Sport and leisure facilities
LULE [VHR - Level IV - City Spacific Caonstruction and other Construction sites
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(Peri-) Urban Land Cover
Regional and Detailed Products

CF level 1 LCF level 2

LCF10: Urban
) extension
urban
(: development
N cousd Flood related infa

Layers @ Areas = Selections T Areas filter k Maptools <. Addlayer ) Snapshots @

LCF20: Urban
internal changes

n_LULC Change [VHR] - Level IT
v

Urbian extension: extension of residential urban fabric

Urbian extension: extension of cammercial and industrial units

Urbian extension: extension of non-residential urban fabric

Urbian extension: extension of tran: ation units

Urbian extension: extension of canstruction sites

Urbian extension: edte

development

of residential url

nternal Lrban development: formation and densificat

nternal urban development: forn n of commercial and industrial units

nternal Lrban development: formation of nan-residential urban fabric
nternal Lrban development: formation of transpartation units

n of construction sites

i
i
i
i
Internal Lrban development: forn
i

nternal Lrban development: formation of urban greenery
agriculture uptake

Agriculture sbandonment i
semi-natural

internal changes

agriculture development: censumption of urban fabric
natural and semi-natural areas internal changes
Riverbed development: Bxtension of agriculture LCF50- Riverbed
and water bodies
development

Riverbed development: cansumption of agriculture

Riverbed development: extension of natural and semi-natural areas
Riverbed development: cansumption of natural and semi-natural areas
Riverbed development: cansumption of urban fabric

Riverbed development: cansumption of urban fabric

Riverbed development: cansumption of urban fabric

Trees development: cansumption of urban fabric

LCF30: Agriculture

LCF40: Natural and

LCF11: Urban extension: extension of
residential urban fabric

LCF12: Urban extension: extension of
commercial & industrial units

LCF13: Urban extension: extension of
transportation units

LCF14: Urban extension: extension of non-
residential urban fabric

LCF15: Urban extension: extension of
urban greenery

LCF16: Urban extension: extension of
construction sites

LCF21: Intemnal urban development:

formation and densification of residential
urban fabric

LCF22: Intemnal urban development:
formation of commercial & industrial units

LCF23: Intenal urban development:
formation of transportation units

LCF24: Intemal urban development:
formation of non-residential urban fabric

LCF25: Intemnal urban development:
formation of urban greenery

LCF26: Intemnal urban development:
formation of construction sites.

LCF31: Agriculture uptake

LCF32: Agriculture abandonment

LCF33: Agriculture development:
censumption of urban fabric

LCF40: Natural and semi-natural areas
internal changes

LCF51: Riverbed development: Extension
of agriculture

LCF52: Riverbed development:
consumption of agriculture

LCF53: Riverbed development: extension of
natural and semi-natural areas

Land Cover Flows (LCF)

Description

Formation of new residential urban fabric over non-
artificial land over non-artificial land

Formation of new commercial & industrial fabric over
non-artificial land

Formation of new transportation units over non-artificial
land

Formation of new non-residential urban fabric over non-
artificial land over non-artificial land

Formation of new urban greenery areas over non-
artificial land

Formation of new construction sites over non-artificial
land

Internal conversion between artificial surfaces, formation
and densification of residential urban fabric over other
urban classes

Internal conversion between artificial surfaces, formation
of commercial and industrial units over other urban
classes

Internal conversion between artificial surfaces, formation
of transportation units over other urban classes

Internal conversion between artificial surfaces, formation
of non-residential urban fabric over other urban classes

Internal conversion between artificial surfaces, formation
«of urban greenery over other urban classes

Internal conversion between artificial surfaces, formation
of construction sites over other urban classes

Conversion of various types of natural and semi-natural
land inte agricultural land

Abandonment of agricultural land in faver of various
types of natural and semi-natural land

Conversion of various types of urban fabric into
agricultural land

Internal conversion between various natural and semi-
natural classes

Conversion of water body into agriculture (related mostly
to riverbed development)

Conversion of agriculture into water body (related mostly
to riverbed development)

Conversion of water body into natural and semi-natural
land (related mostly to riverbed development)

Natural areas development: consumgtion of urban fabric

Natural areas development: consumgtion of urban fabric
Wacant land development: cansumption of urban fabric
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(Peri-) Urban Land Cover / Land Use
Regional and Detailed Products

)
urban
development

Mandatay
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= > Amasl-llofll d |Page [1 |ol1 M2 Io-
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LULE [VHR) - Level TV - City Specific

H 11100 - High density continuous residential urban fabric (Sealing level: 50% - 10
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12111 - Commercial urits
12112 - Industrial units

12121 - Education
12122 - Museum
12123 - Government
12124 - Military

12125 - Medical
12126 - Religious
] 12127 - Hatel
]

~ Urban expansion - structure of consumption [level V) km @ = = B @ x

Amarapura
12128 - Other
12130 - Mix function
12220 - Transpartation units
12212 - Callector roads
12400 - Airport
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14110 - Parks

| l 14210 - Stadium
14220 - Sport fields
14230 - Recreatianal

B 10300 - cemetery
20000 - Agricultural Lsnd
21000 -

Permanent culture
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(Peri-) Urban Land Cover / Land Use

Regional and Detailed Products

Land Assets Statistics - comparison of trends - overall

Mandalay (Myanmar) - Land Cover Flows Analysis - Overall
2002-2014 2014-2016

50000
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10000 10000
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20000 20000

20000
20000

30000 30000
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30000 500003
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(Peri-) Urban Land Cover / Land Use g
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Regional and Detailed Products

Land Assets Statistics - Trends in Urban Expansion

Mandalay (Myanmar) - Land Cover Flows Analysis - Urban Expansion
2002-2014 2014-2016

33000

11100

51000

11200
31000

12100

12200

13300
20000

13400

- 14100
- 14200

LULC [VHR] - Level IV - Gity Specific

11100 - High density continuous residential urban fabric (sealing level: 3% - 10 [l 12220
11210 - High density discontinuous residential urban fabric (Sealing level: 12

> EARTH OBSERVATION FOR SUS - European Space Agency
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(Peri-) Urban Land Cover / Land Use g
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Regional and Detailed Products

Land Assets Statistics - Trends in Urban Densification

Mandalay (Myanmar) - Land Cover Flows Analysis - Urban Densification

2002-2014 2014-2016
11100

14100

11100
11200

11200

11200 11200

12100

12200
1110043300

12100
12200
13300

13400
14200

11100

LULC [VHR] - Level IV - Gity Specific

111400 - High density continuous residential urban fabric (Sealing level: 0% - 10 - 12220 - Transportatian units
11210 - High density discontinuous residential urban fabric [Sealing level: 50% 12212 - Collectar roads

ity discontinuous residential urban fabric {Sealing level.: 10% 12400 - Airpert - 3100

1 Canstruction Sites

i-natural Areas including wetlands
13400 - Land without current use 33000 - Bare land

. 14110 - Parks B 51000 - intand Water

1

4210 - Stadium

ment 14220 - Sport fields
14230 - Recreatianal

11111 - Cemetery

2 EARTH OBSERVATION FOR SUS I : o European Space Agency

Urban development



Urban Planning
Land Use / Land Cover Maps of Tanzanian Cities
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Comparative Analysis with existing Master

Plan

Example Use Case — Arusha, Tanzania
1985 Master Plan 2015 Actual Land Use
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Source: Huang, C.Y. et all (2018): Translating Plans to Development, World Bank Group.
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Comparative Analysis with existing

Master Plan

Comparison of existing land use (2005) to master plan (1985) in Arusha

Diversion from proposed
land uses

DODOMA

9517000
L

Urban parks I — 1
Residential | L
Institutional  — = —
Industrial = = 1
Forest and shrubs e ——
Commercial  — — 1
Arterial and collector roads =_ | ]
Agriculture L] | B |
0% 10% 20% 30% 40% S0% 60% 708 80 90% 100%
Residential, 0-10% Residential, 10%-30%
Residential, 30%-50% Residential, S0%-80%
m Residential, 80%-100% ® Forest, shrublands, woodlands and other natural areas
® Urban parks and recreational Agriculture
® Institutional, commercial, public, education® 8 Industrial, construction site, mining quarrying, dumpsites
Arterial and collector roads and railway = Airport and port
| Bare soil Land without current use
| Water
Comparison of existing land use (2015) to master plan (1985) in Arusha
Urban parks I ————— ]
Residential I -
Institutional — = -
Industrial e = 1
Forest and shrubs T B}
Commercial R ____ = == 1
Arterial and collector roads  — -
Agriculture | B0
0% 10% 20% 30% 40% 50% 60" 70% 8066 90% 100%

Residential, 0-10%

Residential, 30%-50%

= Residential, 80%-10

& Urban parks and recreational

B Commercial and CBD

B Industnial, construction site, mining quarrying, dumpsites

® Airport and port

Land without current use

Residential, 10%-30%
Residential, 50%-80%

m Forest, shrublands, v dlands and other natural areas

Agriculture

B Government, public buildings, hospitals, schools, cemeteries, military
Arterial and collector roads and railway

W Bare soil

B Water

T EANIN VDJERVYAILUN TVUR JUJ TRALNADLEL UJLYELLUrNr MiCini

Urban development
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~——= Boundary
—— Arterial_Roads
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Source: Huang, C.Y. et

__[rans/ating Plapns to Development World
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B Unplanned to planned settlements

B Decrease of unplanned settlements

Bl Expansion of unplanned settlements

' I Expansion of planned settlements

| B No change in unplanned settlements
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' I Unplanned to planned settlements

B Decrease of unplanned settlements

il

I Expansion of unplanned settlements

Il Expansion of planned settlements

Bl No change in unplanned settlements
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I:I Core City
[ targer urban zone

—— Primary & Secondary Road

Residential densification
is more dominant in
peri-urban zone while
extension was more
dominant in Core City.

Esri, HERE, DeLorme, Mapmyindia, @ OpenStreetMap contributors, and the GIS user community

- Urban Densification

- Urban Residential Extension

I Other Urban Land Use Extension

- Change within Natural and Semi-MNatural Areas

Q 5 10
1Kilometers
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6,96%
11,40%
49,56%

km?
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40

30
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Cit 5,42%
Overall Corachty )
10,89%

Qverall Core City Larger Urban
Zone

= Urban Densification = Urban Residential Extension
= Other Urban Land Use Extension
= Change within Natural and Semi-Natural Areas

European Space Agency




(Peri-) Urban Land Cover / Land Use

Regional and Detailed Products

@ Land assets structure | SCUDEO - X @ Landessets structure [SCUDEC - X+

€ > C B ubantepeu/visat/scudeoStaries19/landAssetsStructure a G 0 @ @ | ¢ 5 C & ubantepeuisat/scudeoStories! YlandAssetsStructure ax POFo6 0 :

GLOBAL URBAN GROWTH  GREEN AREAS  LAND ASSETS STRUCTURE
Land Cover Land Use Structure

11
1

City Land Assets Structure
and Evolution

Earth Observation data can provide insight into Land Use and Land Cover (LULC) assets Total Area Fhanged
structure and evaluate quantity and quality of LULC changes 2003-2018

s % of the fotal area) in observed cities fora given reference year. Note:
ge.

Land is a non-renewable resource and its quantity and quality play a vital role in the development of a city. Land
structure and spatial-temporal pattems to a large extentinfluence city livability and resilience as well as determine
physical constraints, opportunities and potential for further development

Saint Louis - A_n_nlnR.

Distribution and the spatial composition of LULC classes for two reference years is presented in the maps o
below. Pick the city from the pull-down menu on the top to display the maps for respective city.

&
« RO

The graph above provides an overview of the amount of LULC changes (in km sq | in observed cities for a given period. Note: Lima ~
Only partial data are available, not complete City coverage.

Land Cover and Land Use Changes

Land Cover Land Use Structure

ble at
scudeoStories

[visat/
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Operational detailed level

Planning on building or building block level

« What is building density, distribution, size?

« Formal or informal settlements ~

« What is the population density ?

« What is the buildings utility (space efficiency, building
occupancy) ?

« Are there trends of their change ? Positive or negative ?

« Where are the hotspot 7
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Building Footprints

Very Detailed Local Product

e Building footprints - contour of buildings close to

cadastral systems representation

e Detailed information on individual buildings or building

blocks

Product is realized either by semi-automatic feature extraction or
visual interpretation of commercial VHR imagery (sub-meter pixel
resolution) with a help of auxiliary information (e.g. OSM).

3D Models

Urban air pollution modelling
Thermal comfort modelling
Cadaster reality check

Tax valuation modelling

<— global —® local —»
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Building Footprints
Very Detailed Local Product

Building Information
D Area of Interest
Building Unchanged (2009/2014)
I suilding New (2014)
- Building Demolished (2014)
Building Footprint
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Building Footprints
Very Detailed Local Product

T

S el S e RS T W Y AN e AR

Structural indicators on individual buildings level : §
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Population Density

Local Product

e Spatial distribution of population (population density

Droxy)

The product provides spatial disaggregation of population density
produced using modelling from Census statistic and Building footprint,
Land Cover / Land Use or Soil Sealing datasets. Provides more precise
information about spatial distribution of population in city.

Access to services
Mobility studies
Heat impact studies
Risk analysis

<— global ® local =

2 EARTH OBSERVATION FOR SUSTAINABLE DEVELOPMENT

Urban development




Population Density
Local Product

e ey, i'?

g Wyl

i

< - x-a:":ﬁ-\_’: ‘__i!'r--,., ! .:‘

W
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-~ Population Density
» Local Product
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Population Density
Local Product

e upport [Redmine Video Help Tomas Soukup
urban
development
Mandslay Theme  Open and Green Arsas

Layers @ Areas == Selections Y Areasfilter R Moptools f. Addlayer @ Snapshots @ Views @ App tour
- = - -
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Population Density
Local Product

VR Support [Redmine]
(g, urban

-,h development

X, Place  Mandalay

2 Layers @ Areas = Selections Y Areas filter
2014

Mandalay

Papulation - MTU

more than 2500
2500 - 2000

’ 2000 -1500
1500 -1000
1000 - 500

500 -0
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Population density :
(inhabitants per hectare) |
<10 1
- 50
=100
- 200
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Transport &&;esa

A street density (road surface / total area) gives a quick understanding
about the typology of the City.

Transportation network map Network density

Motorway —— Secondary I:I Core City

Primary Local
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Transport &&;esa

Street density and connectivity can be used as a proxy of urbanity (i.e.
highly urbanized areas have denser street grids) and walkability.

No. intersections/urban fabric/ward Density of intersections/sq.km
Streets and public spaces (s o
support the livelihoods of <R S B s AT 2
many residents, such as
vendors, and facilitate social
interaction within
communities.

The density of intersections
is often used as a measure
of mobility and safety on
streefs.

‘Dhaka
I:] Core City
\ | No connectivity nodes in ward
0 1000 2000 0 1200
5km 0 5km S—
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Transport

Street density and connectivity can be used as a proxy of urbanity (i.e.
highly urbanized areas have denser street grids) and walkability.

Intersection density / urban fabric / distance from the centre (CBD)

Based on the

160 -~
benchmark of 100 %10
intersections per km? S 10 \,7,
as an ideal threshold U“’O‘L/ TN
for walkability (UN- 2 0 V/\ \ &
Habitat 2013), cities tal '\ \f\f/\
generally fall short of ‘AN S
thltsl,.] benc?mark,tht g . 123 456 7 8 91011121314151617181920212223242526
Wi great variation Distance from city center, kilometers
across HEighbourhOOdS —— Dhaka, Bangladesh Lima, Peru Karachi, Pakistan Bamako, Mali

within each city.
y Source: World Bank, based on 2019 EO4SD-Urban data
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Green Areas

Green Areas help in reduction of the energy costs of cooling buildings
effectively. Due to their amenity and aesthetic, green areas increase property
value. Green areas in a city are also the social and psychological benefits.

2006 = 2017 =

F |
Greeness Index

Total area of urban green spaces accessible in 10

Greeness Index change per unit
3 ~aG | _/,' minutes walking distance per urban block.

Kolkata

M Il Urban Greenery
KOLKATA green distribution

Dhaka .~ Dhaka—i’

0-4
4-5
Decrease (<- 5%) I:l Core City = ; Il
Stable (+- 5%) -100 0 20 B 11-145

[ Kolkata ACT
Increase (>+ 5%) | ’

Bontributors ©
-
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Green Areas

@ Greenareas | SCUDEO Stories X + @ Landessets structure [SCUDEC - X+

oStories19/landAs:

€& C @ urban-tepeu/visat/s /greenareas a ¥ G066 9 : < C @ urban-tep.eu/visat/scu

GLOBAL URBAN GROWTH GREEN AREAS LAND ASSETS STRUCTURE
S — ‘Green Areas Share (%)

ofreltive meric: share o 0 {otalarea ofthe city; and on fota rea o articial

uoan aress (upsn fabric).

Green Areas vs. City Total Area

Mapping and monitoring | 5
of urban green areas

How green, open and public spaces are defined — opportunities and limitations.

E04SD-Urban provides & range of tailored products derived by advanced analysis of recent very high resolution
satellite imagery o describe distribution of urban green areas in the city, their structure and typology and evolution
over the time. This presentation brings simple but powerful examples of mapping and statistical outputs derived
directly from E04SD-Urbar's Urban Green baseline products, which provide means for high level comparative
analysis between different cities.

Urban Green Area (km2)

Abidjan - T -

Distribution of artificial green areas (consisting of two classes) in the current year is presented in the map
format. Pick the city from pull-down menu in the top-left corner to display the map for respective city.
Status in former time horizon (as mapped using archived imagery) and changes between the two horizons
can be presented in the same manner to show spatially explicit pattems of areas subject to transition
either uptake (formation) of former green areas by other classes or their consumption e.g. by urban
sprawl or infilling.

hows overal ares of urban green in o ime horizons

Green Area Flows

Green Areas Distribution

—Discaminuous dense

e s incaen
Colarmor oads
Consmrucnion Stes

i i faio (0% -2
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Service: ldentification, quantification and characterization of potential

public_urban spaces (using EO)
Coherent with SDG 11.7 implementation (UN-HABITAT)

\\"\\\””“///
. o -,
Urban Spaces: 3 NS
~ spd = i P
- o ST Ty LA
ER“\ /\{,: o '::‘;;" -1
- 3
” N

Open and Green Spaces

Streets
1 1 ACTIVE COMFORTABLE NATURAL
B ul | d N g BUILDINGS STREETS OPEN SPACES

European Space Agency
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Public Space - Green and Open Areas

Methodology via GOA Characteristics

Indicator group Indicator

« For each candidate GOA object several e Cr—r———
indicators are derived by OBIA and GIS accessibilfty jBwenes to e

Patterns Shape linearity, size, compactness

« 6 base GOA indicators are used as criteria Vegstation typology (hgh,ow, bare

Park probability indicator

for classification of potential PS LULC patterns and proprtions

Contextual Built-up proportions and adjacency
LULC adjacency
C1. C3. .
. Cc2. . C4. C5. Location .
Distance to Adjacent to Water Cc';mpactness. Patterns (Urban Mask) Cé. Size
nearest Road? Linear or not

High vegetation Vs suburban
(<100m) General High built up and open Neighborhood (<2ha)
Inaccessible (>100m) City
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Public Space - Green and Open Areas

Rule-based GOA typoloc

In order to better understand multi-faceted characteristics of public
spaces, a rule-based typology has been developed and applied in case

\ \\3 Pocket Square
C5. Location | VrB3" x 4

C | t | e S -I Waterfront |
0 ~| Linear Park |
reen g00®
. \ES s;B;C“.lt. Market amr! Markat |
Adjacent to 8 Gl Uving
A water [\g L Streggs E |
/] pioha? | O i Streets
= 3.
G Compactness ll Pocket Park |
Urban & “Shape” \C‘
g;l:) _§ / 3 fr\\.f %& @e“-‘;\ “\w(" . ?-“3 wl Neighborhood Park |
sporte  § ¢ e ¥ ?*“°g Size >2he
e | w [ e City Park |
- / Patterns || ——— " &No horti ‘““”'al mng.
/ =\
/ \ Sport g e Forest & Woodland |
o / \ " Dattern
Distance to \ 1 Sport & Leisure Facilities |
nearest Road?

»
(Urban Mask)
Bt R ﬂ Neighborhood Square
1
OBIA |
@ i ! Central Square
: |
GIS E— I Suburban Square
% H
- - ' . Inaccessible potential PS
rpretatio
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Public Space - Green and Open Areas

EO Part of the Full Planning Cycle

\ "h.‘f-i:‘fy‘ Ui U A i) BT i | =,
<

Dhaka - Green and Open Areas (GOA)

Square - Nelghbaurhoad Green - Linear, Green - Unear
‘Square - Pocket [ Green - Tress, Forest & woodland ¥

Square = suburban Green - Cther

Other open space Green - Sport & Leisure £

varcet opensy) [N insccessive potntal P '| ey gisat —
Waterfront Stroots with public space potential E .) glsat

Park - Neighbourhood Residential fabric sireets

~ Prapased improvament

(B wonoossenaue

Current situation

In a data scarce environment, efficiently identified targgted,nedghborhoodg
and public spaces I \‘/w

5. KHILGAON-BASHABO.

B -t N e Tvee OWNER  DIMENSION  coSTWSD)  VEAR
s ® ? o

TN 3 Sl 001 strosts scuna shhanpur e sreeer 1526700 2
i Voo s
W it sround Seiahanour st 1265100 I
004 Atah Despaniar Crossing 276600 I

005 amtola Mosjlr ol osa 135500 2

. D06 ShanBad Rosa 2872500 s

[ V| | D7 KniasonTekol commuety caneer 192300 ]

D08 Ros i ront of Khignen Tatols Camantery 750900 2

. $0 | 009 ossmBrusnmamanes 1190200 5

D10 DSCC off and Commanty Canter 2762500 2

Byan Moth Playoround V100 2

02 Goran s 53560 2

1 om D5 shantiour Rosa 247200 \

21 014 Green soocesaroun B Commnity Genter 346200 I

A 2 015 At Desparkar Sdenaks SrReET 210000 i

KAMRANGIR CHAR L] Bashabo Bakr Mathand Roae 1525000 i

PuBLIC spACES e #1017 Roacs around Bashano Baur Mith STREET 394500 I

B T ¥ D16 Shasuibag Thans Mukeloddns Community Center BUILDING 345000 '

Shabulbag i Bashabo Chiden prk -

_/ rops ] 020 Street rcund Basnavo henssres rreET o

T T o2 s Deepaniar Communiy conter suLDING 2213800 '
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Heat Intensity / Heat Stress

City structure (LU/LC) links to a climate conditions in the city
(distribution of heat-stress)

« Lack of vegetation: low evapotranspiration/no shadows

« Heat absorbed by buildings and artificial surfaces

« Solar radiance reflected from building-walls etc.

« Decreased air-flux in ,street canyons”

« Anthropogenic heat from air-conditioning and traffic exhalations

Urban Heat Island effect

Rural Suburban  Commercial Downtown Urban Park Suburban Rural
Residential Residential Residentiol  Farmland

e) gisat »~vito
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Heat Intensity / Heat Stress

Heat stress level
UrbClim Medium Resolution model (100m)

Urban Heat Island (UHI) intensity

Average difference in 2m air temperature
comparing to coldest location in the model
domain at the moment of maximum urban
heat island intensity

Cooling effect of Green Areas

o ]
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Heat Intensity / Heat Stress {2esa

=

Hot-spots identified subject of detailed modeling of the heat stress in
specific areas of interest inside the city in very high spatial detail (1m)

Heat Stress Index (WBGT Index)

IS a wide spread used indicator (ISO
/243:2017) for assessment the
impact of urban climate environment
on the people in the city.

| WBGT (Wet Bulb Globe
Temperature) takes into account not

¥ only air temperature, but also the

radiation load (both shortwave and
longwave), humidity and wind speed

S

a2
v 1S L
) o O
SO ——y HIGH
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Heat Intensity / Heat Stress \‘@i @Sa

Improvement planning of local Heat Stress situation
Modelling local user-defined design scenarios

Different distribution of new buildings, trees (crown size, height) and I
paved or unpaved surfaces I

Heat stress level

Scenario A Scenario B J i ] Scenario D
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Informal Settlements / Slums {cesa

\

Potential slums detection and
delineation

- large slum areas

A T T L L,

pocket slums
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Informal Settlements / Slums

On-site verification (e.g. crowd
source supported)
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Slum area characterization - slum
areas typology

cl
L ]

0
g
&
)
&
£
‘%
.
sRwad I
A
/_' ey

Tor s
El .
/ E" 2 S - e Ji Raya Dupgy
LT : = \ » § S?_.f‘ L if ®
-~ 5 \_¥5_?. s {?'_?. 5 (- f
g = = i ety
J i o
o — g“jlf';f;:wan = Name: Tambak 02
I Taniungsar @9 )\w\““Q LN %%W Location: Tanjungsari
i v TRy 4 City: Surabaya
¥, " Petemany ’ 5, Whjlogen Pz Type: AlongRailway
§~fa% . : Area: 2ha
Slum Areas Typology = Perimeter: 600m
i Shape compactness: Medium
. . & e Built-up density: High
Residential Center m, g Built-up homogeneity: Medium
Suburban Industrial . il L RA Koy Open spaces density: Low
: g 3% St © Greenness: Low
Urban Frlﬂges g Avg dwelling size: 50m2
Along Rai |Way f Eﬁ" > Roof heterogeneity: Low
& : Distance to paved road: 0.01km
Aang Roads ihy g Distance to railroad: 0.01km
Al ong Shore hmu"gk“""“ Yot Distance to centre: 6.3km
POCkEt S|um5 S- ““"Bq“"‘;K : Distance to shoreline: 5.7km
5 & L g SR Avg terrain slope: Sdeg
Inundation risk: Low

Landslide risk: Medium
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Slum development monitoring -
change detection

»
Ji
o,
o Pbay, 6
= ek
/ E
(| &
2
® ~
slum delineation
[ slum area extension
slum area reduction
[}
! Tan gsar| % 5
3
® &
s
3
E
S
8
&

o
4‘19
-

)
£ Bukit Darmo Golf ¥

- large slum areas

® pocket slums : - o
3% <
.,,‘.é.o,r o P - . |
Sl B { froim A AT :
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Informal Settlements / Slums

Service deprivation modelling. Beside slums identification, delineation and
change monitoring, thorough characterization was done. Statistical model was
trained by WASH data. Service Deprivation estimates extrapolated.

T Indicator Group / Indicator Indicator type Input Data Indicator Group / Indicator Indicator type  Input Data
Change rate per Ward Change rate pe ..o ccetons ape
; A 19 \ Distance to paved foad Quanttatve  OSM, LULC A SRS i
- %
5 Distance to railroad Quantitative  OSM, LULC Perimaiar Quantitative  GIS
Distance to centre/CED Quanlitative  LULC Shape compactness Quantiative  GIS
Distance o nearest important connectivity node Quanlitative  OSM, LULC LULCp
Distance to (Neavy) industry Quantitative  LULC LULC strueture in surroundings Quantitative  GIS
Distance to shorsiing (river, canal, lake of sea) Quantitative  LULC Neighbourhood internal structure
Nelghbourhood accesslbility Built-up homogeneity Quantitative  OBIA
Distance to arterial (capacity) road Quantitative ~ OSM, LULC Built-up density Quantitative  OBIA
Distance to (selected) public services Quantitative ~ OSM/GPS Open spaces density Quantitative  OBIA
Occurrence of feature within X metres Qualtative  OSM, LULC Greenness density Quantitaive  OBIA
Road network "winding index" Quantitative  OSM dwelling
- e - N
L Density of read network Quantitative ~ OSM Mean cwelling size Quantiiative  Imagery
| Stucture of road network typology Qualtative ~ OSM Mean dwelling separation Quantiative  Imagery
\ Mean estimated dwelling height Quantita [
01 \,t Road connectivity - end point nodes Quantitative  OSM ean esimated dweling heig A ragely
X 3
5 Road connectivty - junction point node weights Quanitative  OSM Kool netarogenety Quanftstve ey
L
\ Roaof & masonry material Qualitative Image|
Road connectivity - junction point nodes Quantitative osm i gery
Estimated dwelling age Qualitatve  LULC
S
Lo N |
Peripheralization of Slums Densification of Slums
& e 94 .
- s .
"
= . al
= B \ -
2 o) gisat
/ N = o
o o B 5 £ \
o x £ i Y
g \ ) E £ 5 £ ] .,
” s
Core Ci Core Cit & LE -~ LN
ore City ore City = 84 - UMASS
0 250 0 2 o - L
0 5 km o . . , o
E ¢ DIST_CBD mw s 5 10 5 kS 25 %
DWW MSER

Distance from Central Business District Mean Distance between Dwellings
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Informal Settlements / Slums ‘\Q“Tﬁesa

Dispersion of Slums over the city. Built-up area extracted from the LULC
product, the Informal Settlement product as well as Population census data
provided by local authorities at Ward level used to locate urban population living
in informal settlements. |

Howrah

H RE G jOp enStreatiap contributors, E HER._ Gar, {c} CpenStreetMap contributors, |
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Informal Settlements / Slums

Informal Settlements and Distance to major infrastructures indicators
was calculated for the example of Kolkata. Specifically, main roads and
railway stations were taken into account.

In Kolkata, the proximity
of the slum population
to infrastructure s
comparable to that of
the formal high and
very  high density
residential.

These trends are stable
over time.
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Percentage of population by settlement types as a function of distance to all infrastructures in
2017

=

II

7z

100 200 300 400 500 600 700 8OO 200 1000 10000 ™

=—e—Formal high density residential {Sealing level: 50% - 80%) —s=Formal low density residential (Sealing level: 10% - 50%)
—s—=Formal very high density residential (Sealing level > 80%) Informal settlement (Sealing level > 80%)
—a—Village settlement (Sealing level < 10%) —a—All settlement types

SIRS

2 EARTH OBSERVATION FOR SUSTAINABLE DEVELOPMENT European Space Agency

Urban development




Risk Assessment

{cesa

Multiple hazards which put in danger the City assets, some of them
boosted by Climate Change (flood, subsidence, earthquake, landslides)

Flood hazard zones

| Area of Interest

Flood Hazard
| Low Hazard

| Medium Hazard

Residential and Public Urban Fabric in Flood Risk Zones

Residential and Public Urban Fabric in Flood Risk Zones

B Hioh Hazard

Flood risk zones

| Area of Interest

Flood Risk
Low Risk

High Risk
I very High Risk |8
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Example from Semarang for flood risk.
Hazard and risk zone and base
statistics of the City assets affected.
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Risk Assessment

Subsidence monitoring on a city level (Mandalay example) or

monitoring of individual buildings, road,
railways, bridges, banks, dams etc.
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Monitoring of Urban Terrain Motions with InSAR

Mandalay, Myanmar

To follow up on mapping and technology uptake activities conducted in frame of EOTAP-K project
(2015-2016) and to increase an impact of land use mapping results derived in framewark of EO45D-
Urban project (2017-2020) the terrain motion map has been derived by GISAT by means of
interferometric persistent scatterers technique (PS InSAR) for Mandalay city area

Results based on analysis of 3-year long time series (2015-2017) of SAR imagery from European
Sentinel-1 satellite identify significant and disturbing pattem of probably vertical terrain
displacement {land subsidence) in the arez east of the city centre. The pattern with relatively regular
shape reveals zone with potential serious geological / tectonic hazard to affected assets and
population. Mean downward annual vertical displacement rates for detected persistent scatterers
exceed 5 cm [ year in the central part of elliptical pattern. In other words, this ares has subsided by
more than 15 cm in the last three years. Questionable is when the process of subsidence had
commenced. Anyway, such a high displacement rate may possess a serious risk of structural damage
to exposed buildings.
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Conclusion
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EO4SD-Urban: Value of the EO Products

EO4SD Urban EO-products are based on:

« Verified user requirements

« Harmonised and standardised state-of-the-art methodologies
« Comprehensive and transparent documentation

« Application of statistically sound accuracy assessment

« Stringent Quality Control to ensure:
« {ransparency
* repeatability
e completeness
 validity
User feedback welcomed to improve the services
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More Resources
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More Resources

et Urban Services Improvement in | X B8 Mandalay Urban Services Impran. X D EC4SD-Urban x - B 2 *
& > (€ (@ Nezabezpeéeno | www.eodsd-urbaninfo g B o E Q 2] o [+ "
al
[
1
¥ urban development
- ~ urban earth observation for sustainable development
I development n .
eousd '

-' -i.:;-Lea'fn moré about -
_: EOLSD-URBAN

[/an ESA project aimed at'deriving key geo-
information/products from E== =
data in support of urba

/! brogrammes ;

Since 2008 the European Space Agency (ESA) has worked closely together with the international Financing Institutions (IFig)

and their Client States to harness the benefits of Earth Observation {EQ) in their operations and resources management. In

this context, Earth Observation for Sustainable Development (EQ4SD) is a new ESA initiative, which aims at increasing the
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More Resources
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Thank you for your attention!

tomas.soukup@gisat.cz
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