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The EU Space Programme
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Copernicus Governance

Copernicus Is the European Union programme
almed at developing European information services
based on satellite Earth Observation and in situ
data

Programme
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Copernicus Is coordinated and managed by the . sz
European Commission | ! |

SPACE SERVICES IN SITU
Copernicus Is Implemented In partnership with L JECHNICAL . -
the Member States, the European Space Agency 51 T
(ESA), the European Organisation for the Lanenn 8 e
Exploitation of Meteorological Satellites conrmaurn

(EUMETSAT), the European Centre for Medium- _— ' -
Range Weather Forecasts (ECMWF), EU Agencies (hSSE
and Mercator Océan
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Sentinel Missions
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CLMS - Land Monitoring Service

Copernicus Global Land Service (opemicus
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https://insar.ngu.no/#llh=10.89839898,63.45697067,3864.30171123&look=-0.08459277,-0.89458461,-0.43881938&right=0.96816529,0.03032978,-0.24846746&up=-0.23558446,0.44586824,-0.86354008&layers=nib,insar-descending-1-v0_6

CMEMS / Marine Environment Monitoring Service
11 product groups & 140 products
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Global and Regional
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Satellite & In Situ obs. and Models

_ ~

A 3D and consistent ' o
estimation of the ocean “

PROGRAMME OF THE . Sta te N

EUROPEAN UNION @Eew!;!!!g}iﬁ &c A




European Air
Quality and
products in
support of
policy users
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Emissions and
surface fluxes

Solar radiation and UV
index

Atmospheric composition : global analyses,
forecasts and reanalyses
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C3S / Climate Change Service

* Observations and climate re-analyses

» Seasonal forecast data and products

« Climate model simulations

» Sectoral Impact Assessment
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of the Climate”
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RESILIENCE

PREPAREDNESS

Scope

« Complementary to
national efforts

* Supporting the EC’s
Emergency
Response and
Coordination Centre
(ERCC)

* Focus on Europe but
available globally

CEMS / Emergency Management Service

EMERGENCY RESPONSE

Flood Awareness System (EFAS - GLOFAS)

Flood monitoring and forecasting across
Europe and Global
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European Forest Fire Information System (EFFIS)

Near real-time & historical information on forest fires
In the European, Middle Eastern & N-African regions
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Very Low Danger

Low Danger

Moderate Danger
B High Danger
B \ery High Danger
B Eitreme Danger

Drought Observatory (EDO — GDO)

Early warning, monitoring & forecasting of
droughts & their impacts

B High ] Medium Low

Likelihood of Drought Impact, 16 October 2015

On-demand Mapping

On-demand provision of geospatial
Information in support of preparedness,
emergency response, recovery for any type of
disaster




CSS/ Copernicus Security Service

Number of Tents/Facilities
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Copernicus LAC Centres — Urban Atlas

2 Copernicus Centres in the LAC region:
* CopernicusLAC Panama Centre: based on DRR geospatial products.
* CopernicusLAC Chile Centre: based on cc and urban products.

-
{_Opemicus LAC Urban Atias for Latin Ametica and the Caribbear this? Signin Register Contact - America and the Caribbez What is this? SignIn Register Contact ES PT EN

Legend

Built-up Areas
Built-up Areas
B Transport Units

8 Bare Soil Transport Units

8 urban Greenlands L Fi S : ; e Tty .. X g e i vzl 3 ] ' i S - Bare Soil

B Water Bodiss L St : £ st ~EGE: . T e Urban Greenlands

Water Bodies

Select all

Possible uses:

™ Urban and Regional Planning — e.g. identify areas for urban expansion, supports infrastructure planning

4 Environmental Monitoring and Sustainability — e.g. tracking of changes in green areas

® Public Services and Social Infrastructure — e.g. Identifies underserved areas for targeted investments | orosRAMME OF THE
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Applications of EO by VITO

A. Introduction VITO.

B. Deep Dive into Earth Observation (EO)
& Spatial Analysis Tools
for Urban Development.

1. Urban Growth and Climate Impact
(India)

2. Waste Management
(Democratic Republic of Congo)

3. Flood Risk Management
(Belgium, Vietnam, India, and China)

C. Q&A Panel.
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We turn scientific insights into ground-breaking technological innovations,
Al solutions, and policy advice
v

& © -IIE L

1393 69 297M€ 21

Regenerative Economy

Circular & Bio-economy
Energy & Water
Closed Loops

: . . patent
Hea_lthy Environment employees nationalities revenues applications
IMPACT Environment - Health Impact
DOMAINS Space for All

Human Comfort W : @ _
40+ 9

Resilient Ecosystems 205
Climate mitigation
Climate adaptation publications  research domains spin-offs

Security

Year 2024




Earth Observation (EO) & Spatial Data @ VITO

PROCESS

REAL-WORLD
CHALLENGES 1010 S—

COLLECT | O | O 2 ENRICH

ADVISE &
RESEARCH

’ CALIBRATE
m & Gid & VALIDATE
GOV R&D IND CIT

|

M8 PCOPLE  PLANET  PROFIT y

REAL-WORLD
ANSWERS

v v ¥ v v

RAW ANALYSIS RAW ACTIONABLE BEYOND

DATA READY DATA INTEL INTEL INTEL
unprocessed processed, insights, visuals, secure & up-to-date

data transformed & models, etc. intel and interfaces

validated data

Offering integrated solutions based on expertise
on environmental aspect (air, climate, land use, health), and
spatial data gathering, processing and modelling technologies
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The Spatlal & Temporal Extent of VITO's

“Environmental Intelligence

From Grid to Globe

Urban Challenges

Monitoring Scale

From Observing the Past to
Shaping the Future

o Historical Satellite

e Long-term
Climate Datasets

e Sensor Networks
e Al-driven Analytics

Observe

Understand

-
PAST PRESENT FUTURE
Remote Real-time EO Predictive
Sensing & In-situ Environmental
Archives e Satellite / UAV Data Models &
Forecasts

¢ Climate Scenarios

e Policy Support
Tools

e Restoration
Planning

Anticipate
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ehtal Intelllgence

in Urban Challenges

Urban Growth: Land Use -
Urbanisation - Spatial Planning

Climate Impact
- Heat Stress

5 Minute Read

Awareness Underground
& Capauty I\/Ianagement
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Air Quality

Waste Management
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http://www.menti.com/

Applications of EO by VITO

A. Introduction VITO.

B. Deep Dive into Earth Observation (EO)
& Spatial Analysis Tools
for Urban Development.

1. Urban Growth and Climate Impact
(India)

2. Urban Services - Waste Management
(Democratic Republic of Congo)

3. Urban Resilience and Risk Reduction

- Flood Risk Management
(Belgium, Vietnam, India, and China)

C. Q&A Panel.
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SRR Urbanlsatlon & Climate: a Dual Challenge
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Growth Rate

M < 1%
1-3%
3-5%

W 5%+

Data source: World Urbanization Prospec
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City Population in 2018

a 500 to 750 thousand
o 750 to 1000 thousand
O 1 million ta 5 million
) 5 million to 10 million

L] 10 million or more

is: Tha 2018 Revision
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1990-2018

> 56% of the world’s population
lives in urban areas & is expected to
reach 68% by 2050 (UN DESA, 2018).

Urban land expansion is occurring at
2-3 times the rate of urban

- population growth, mainly due to
- sprawl! (Seto et al., 2012).
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Urban Heat Island Effect 306
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How does thls Land Use Model work?

Demand for
space

Required input:

= Observed land use
change trends
derived from
Copernicus

Land use (time T)

historical data

= Expected demand

&

Interrelation o
and land

for space

= Transition

& population

otential for land use

= Present land use

(& population)
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Inertia
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Scale effects
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Spatial interaction
betwgen land uses

(physical) suitability
=

—




I O P L A S R ¥ S LRI S AR X b s o S TG ST S A ‘e oo

:; SRR .':.-:-3:.:-.’5-.'-:'{:'%-?fi:-:fi"‘? ittt '::"*.*-?.:157":,' H ,-: i ';':":".-.-.

AR B t‘z*‘-i"fl' U i et TeATRNS

-‘.':--:Mv-..-"r-'::-;'-f-;'--“ ; et o

“Types of Input: From Land Cover to Land Use

Type 1
land cover

. Tree cover

Shrubland

Grassland

Example:
ESA World
Cover

Cropland

Built-up
Bare / sparse vegetation
Snow and ice

Permanent water bodies

Herbaceous wetland

Mangroves
Moss and lichen

F’WW”"“.
- e 555822,35.7618
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et e Agriculture
SLEP L TY Forest
Vegetation
Sand

Type 3
land use

Rural settlements
Spontaneous (informal)
neighbourhoods
Mixed

Continuous (formal)
neighbourhoods
High rise zone
Villa-area

Industrial area
Airport

Leisure

Medina (old town)
Infrastructure
Water

Example:
machine
learning

result

g e > &7 DS
industry residential Villa’s
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Type 2
Local Climate Zone ‘in between’
land cover -

Wudapt Classification
land use
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SR “Erom Globaito Local Information
e Using UrbCLIM® Model

" hourly gridded (100-m)
'« temperature

~«  humidity

« Wwind speed % A g

Q LW,sky \
\ QSW,direct

QSW,diffuse

; vito De Ridder et al., 2015, Urban Climate gﬁﬁ‘%’é
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Climate services support the
initiation, design, demonstration,

European temperature statistics derived from climate projections

Onmryiew Application Documentation Source oode

and upscaling of urban solutions
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L Indla Case Study

Facts & Challenges

= Expected population growth by 2050 = 416 million urban dwellers (UN
World Urbanisation Prospects).

= Delhi, Mumbai, and Bangalore are among the world’s most populous
and fast-growing cities.

= Highly vulnerable to climate-induced heatwaves: urban areas reach
life-threatening temperatures during pre-monsoon periods.

= Lack of reliable data.
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ROREN nformation Decision Support
ek System

= Climate-health risk managementin
India with a focus on urban areas
= Urbanisation
= Heat stress
= Health

= Funded by International Climate

Financing through the Department of
Environment (Flanders, Belgium
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* Present at 100m resolution

* Present at 30m resolution

* Decadal urban growth up to 2070
* Present at 1m resolution (3D)

e Alternative urban growth scenarios

Census

e 2011 Census data
 Ward limits

I'-__ -.""

ﬂ.
_4.'- T
',q‘.& .

Climate

Derived climate indicators, relevant for health impact

& Tlmellnes

’-. *®.

* L,

at 100m resolution e.g. no. heatwaves, heatwave

intensity, night temperatures

Multiple climate scenarios (RCP4.5, RCP8.5)
Multiple heatwave definitions

Derived indicators relevant for heat stress

Thermal comfort assessment at 30m resolution

Illustrative thermal comfort assessment
- at 1m resolution,
- for different times during the day,
- with adaptive measures
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Heat vulnerability index (cf. Azhar et al.,
2017, Int. J. Environ. Res. Public Health)
Relative Risk of Mortality due to
heatwaves (cf. Hales et al., 2014, Word
Health Organization report).

Loss of Labour productivity due to heat
stress

Thermal comfort classification at 30m
resolution

Dengue risk maps present

Assessment of influential parameters for
dengue

Simulations

2011 2020 2030 2040 2050 2060 2070>
I
reference future land use

present climate

future climate
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Lucknow

soil sand

low plants

bush scrub
ccattered trees
dense trees

water

compact high-rise
compact midrise
compact low-rise
open high-rise
open midrise
open low-rise
lightweight low-rise
large low-rise
sparsely built
heavy industry

rock paved

. airport
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Statistic per inhabitant
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Where Data Becomes Powerful

RIS Loss of working hours due to heat stress (moderate work)

2021 2050
g il TR r&ﬁ'ﬁ'f_ L~ AH‘_L_I 1 R '.., i . - 0
o f‘- - India facing highest labour work hour loss due to heat

ﬁcr 2 of ; stress: Study
. -|_ 1 By Jayashree Mandi, Hindustan Times, New Delhi

o A : s & .' f 08l Dec 15,2021 04:54 AM IST O O @ 9 doil.
| IIldlEl SUffer.IEd lncome ]-OSS Of $159 bn due to Heat exposure of labourers is linked to many health impacts, including early

| extl-eme heat 1n 2021. Report dfaath; injures at the workplace: death from heat-related illness; and acute

R

kidney damage

, Heat exposure in the country led to the loss of 167 billion potential labour hours, a39 per e

cent increase from 19901999, said the Climate Transparency Report 2022 -

PressTrustofindia hewbeni .. India To Report 34 Million Job Losses Due
. . ‘s @ . ToSevereHeatWavesBy 2030: World
Bunk

World Bank has given an ominous warning for India stating that it will
soon be one of the first countries that will experience severe
heatwaves to the intensity capable enough to break the human
survivability limit.

[7] Updated: December 7, 2022 5:38 PM IST
/7 By Shrimansi Kaushik =) | Edited by Shrimansi Kaushik 5=
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SELECTED INDICATORS
Urban growth (100m)

TRANSPARENCY

DESCRIPTION

Simulation of the evolution in
urban growth at 100m x 100m
resolution. Land use categories
are derived from historic Landsat
(satellite) images and simulated
up to 2050 considering urban
growth driven by population.

REFERENCE
https://geodynamix.eu/what-we-
do/simulation

Urban Growth Scenario

Population-driven

Reference

ADD A MAP

M soil, sand
M low plants

water
compact high-nse
compact midrise
compact low-rise
open high-rse
open midrise

M open low-rise

B lightweight low-rise
large low-rnise

B sparsely built
heavy industry
rock, paved

:' . .I::-::.-&-#




\ersion: v3.0.9 Latest release: 11/18/2023, 4:34:55 PM

ADD AN INDICATOR Q

[© Land Use [© climate

Seasonal mean night temperature

description: For a particular spason, all
(hourly) air temperatures bgiliaaaakaseas
18:00 and 06:00 are averaS8

reference: Attri and Tyagi, 2080, Climate
Profile of India, Environment Monitoring
and Research Center, India Meteorology
Department, New Delhi

O Climate

Local climate zones (30m)

i PRSI LAY o S SIS PRpSpeL ety Sy

Terms & Conditions

Seasonal average of maximum day

temperatures

Indicator explanatio

reference: Attri and Tyagi, 2010, Climate
Profile of India, Environment Monitoring
and Research Center, India Meteorology
Department, New Delhi

O Climate

Annual mean temperature

i JEpEREEL S LS Ty e | |

Seasonal mean day temperature

description: For a particular season, all
burly) air temperatures between the hours

n 00 and 18:00 are averaged.

erence: Attri and Tyagi, 2010, Climate
Profile of India, Environment Monitoring
and Research Center, India Meteorology
Department, New Delhi

O Climate

Urban heat island index

i PRGNS S LGN o W - SRSl Spiy T o

I n d icato r n a m e Seasonal average of minimum day

description: Simulation of the evolution in
urban growth at 100m x 100m resolution.
Land use categories are denved from
historic Landsat (satellite) images and
simulated up to 2050 considering urban
growth driven by population.

reference: https://geodynamix.eu/what-
we-do/simulation

O Land Use

Or REMOVE

Number of combined hot day tropical

nights

temperatures

description: For a particular season, all

daily minimum temperatures are averaged.

reference: Attri and Tyagi, 2010, Climate
Profile of India, Environment Monitoring
and Research Center, India Meteorology
Department, New Delhi

O Climate

Number of heatwave days

e mndimamwns Rl sl v o Aes o Fme saddninks
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LREL0 Interactive Features

SELECTED INDICATORS POINT INFORMATION

Wards 2011

v Wards 2011

Ward name Rajaji Puram
Ward

¥ Mean day air temperature 201 1 M e a n

cell value 32.389
Legend

WARDS 2011 } T o - 3 ;“ NE - - | ¥ Mean day air temperature 2041 + 1 00 c
Single symbol 4 i 7a 6 AN o e e : , RCP 4.5 Y
b . TN el T, (R e T - | cell value 33.425
MEAN DAY AIR TEMPERATURE ' '
=304

’ 4 : £ ‘ ' ‘_‘(:':"'l- N . & :.l :' =% , f oc
30.93 = ™ N = ‘) o o ¥ ‘;.‘_‘ % F 4 I'_\“;- . v Mean day air temperature 2041 +1 ' 5

31.46

— o colb i 31.99 ‘ \ < = - 3 N T =] v ‘ o RCP 8.5
= 32.52 » 2 \ | YIS cell value 33.812

Mean day air temperature
R MEAN DAY AIR TEMPERATURE

=317
32.25 .
3335 ’ .5 b R : :

>339

MEAN DAY AIR TEMPERATURE
<317 . \
3225 | 'é‘, ‘ 1L .'-_-.__. wall !._-::' .|'_i'.'- Dumo

2 328 Lo /' \ /= . 2 )
33.35 and put everything in plac
=339 : ‘ 4 :

= Shelter = Provision of water = Health centres : :
= Cool spots = Cooling of hospitals = Etc.



https://cdkn.org/sites/default/files/files/Ahmedebad_Inside_Story_final_web-res1.pdf

Census data of 2011
layer op - Total female population and

g 2011-2020
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ght air temperature

- od: 2011-

erature

: JF « Period: 2011

,}_\'

e i

-

Nighttime t t dh | I [ |
g Ime temperature an uman sieep 10ss Iin a | ,
1 h L] I- t LapKipuram =
| changing climate ] o
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under future climate change scenarios: a modelling study - s ”
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Applications of EO by VITO

A. Introduction VITO.

B. Deep Dive into Earth Observation (EO)
& Spatial Analysis Tools
in Urban Development.

1. Urban Growth and Climate Impact
(India)

2. Waste Management
(Democratic Republic of Congo)

3. Flood Risk Management
(Belgium, Vietnam, India, and China)

C. Q&A Panel.
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: Case Study Presentation Outline

= Objectives & Advantages
= Tasks

= Field Data Collection
» Other examples: 3D mapping of buildings and trees
« Alternatives to field data collection

= Study Area

= Evaluation of OpenStreetMap
 Buildings and roads

= Digitization of Green Spaces

= Field Mapping of Urban Layers
« Drainage and solid waste analysis

= Project Video

f: VITtO
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= Enhance and generate data layers of solid waste, drainage networks, and urban green spaces using EO
data in combination with field data collection.

= Train students/youth and officials in the generation and management of high-resolution baseline data for
the city.

= 500+ local youth close to communities and officials capacitated to collect and process EO and field data.
=» Adigital repository of geospatial layers, for data-driven urban planning and disaster risk management.

= Local maintenance, updating and expansion of the database.

= Deployment of open-source software, tools and data that are suitable in the local context.

¥4 J UNIVERSITE
f VltO %DE KINSHASA

# -
“FNpErEtY



. " .- ) B ':' (T .-:'-..."-.l: '. " L ‘.E""f.?:f.“".‘d-' _.. .'_I '; : +.,-- _.... Y _-.. '.'-'5':." ?;-';i-.'?"'s-'-_\'.‘ -,‘ *}.s l'.‘.r:.;-:;:_ .! ", ; -.-.- ' . . . . .
- 1 | - ’ - ..'.“;g '.- -* ' -'- 'rl'l : *. .: ! r“ " f ;'.... ! . . . . .

_p.d".' . -"-...._ '..' d 0 o e o @ 0 ¢

- . . -.' o l. q. °% o ® & 57

o . Saspndind ::;; L -.....

Digitization and classification of land cover with a focus on green
spaces on high resolution satellite imagery.
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F|eld Data Collection
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= Field work: more challenging, but better results.

= Demonstrated a unigque set-up with self-training materials, sessions and hands-on training and testing before
going in the field.

= Flexibility to deploy in any other context and to any other spatial data need in urban and other environments.
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3D AYODHYA
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B Residential
Education

B Other
Residential shops
Hospitality
Industry
Religion
Warehouse
Hospital
Recreation
Offices
Heritage
Tree with round crown
Tree with umbrella crown
Tree with spreading crown
Tree with irregular crown
Unknown tree
Tree with conical crown

3D data can be collected in the field for urban inventorying and heat stress analysis
fk vIto (example of city of Ayodhya, India).
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tree [2340]

¢ amaltas (cassia fistula) [25]

¢ anjeer (ficus carica) [27]

@ babool (acacia nilotica) [93]

@ Dbael (aegle marmelos) [64]

@ bamboo [3]

@ banyan (ficus benghalensis) [128]

i Tree data collection
@ qulmohar (delonix regia) [45]
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@ jamun (syzygium cumini) [55] WoW | ) ooy e LT B K R O G e biodiversity

kassod (senna siamea) [54 - NONIBP ™ [ Ao i o ol T T Al =~ ,. . : : :
© ( ) [54] by o B SRR R S e a®: ;B evaluation, with

i

..‘- ‘-,’s: y

¢» mango (mangifera indica) [130]
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@ neem (azadirachta indica) [390] EoR | T Ry e Eaaapiia il S (WSR-Sl ST ylek SR LB et ’ colours |nd|catmg
@ ofher [740] “ il oo ¥ LEeT CES RS Ly TN i gy A 7Y L G, , different tree species

sh (b 6 .
: ﬁ:::, [7(2]"tea L and the size of the

® peepal (ficus religiosa) [192] L P BT L wa ala T e AR G circles indicating the
@ <al (shorea robusta) [11] 7 JO € .0 W s el 5 IO e crown diameter.

@ semal (bombax ceiba) [6] - o D W5 NEG IR o N : ';".'— et ._'f""‘ e

@ sheesham (dalbergia sissoo) [24]

@ teak (tectona grandis) [2] |
@ vilayiti kikkar (prosopis juliflora) [102] H& 7
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Urban Plannmg Applications with Field Data

“Dark red spots indicate high absorption of solar 3-30-300: urban tree cover rule for a green city.
radiation, increasing indoor heat. Pie chart indicates - 3 trees visible from every house.
the distribution of roof colour across the city. - 30% tree coverage in every neighbourhood.

- 300m maximum distance to a green space with trees.
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Alternatives to Field Data Collection
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Satellite image of
Kinshasa:

= in blue the study area
for desktop mapping,
encompassing the
entire city of Kinshasa
and some of its

surrounding rural areas.

= in red the 6 communes
considered for field

mapping.
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= Quantitative and qualitative evaluation

= Buildings and roads evaluated
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v

full_id
w207040303

'w207040305

w207040309

w211001594

w211001792

w211001793

w211001794

w2 11014924

w211022536

w211022538

f VItO

&
asm_id

207040303
207040305
207040309
211001594
211001792
211001793
211001794
211014924
211022536

211022528

Y EDRD ¥ =
osm_type building

way yes

way yes |

way yes

way yes

way yes

way yes

way yes

way schiool

way yes

way yes |

Building and road labels

-

full_id
w4631614

wa4631627
w4631650
w4631656
w4631691
w4631718
w4631720
w4631728
w4631731
wd631732

wdh31741

&
osm_id

4631614
4631627
4631650
4631656
4631691
4631718
4631720
4631728
4631731
4631732

4631741

highway — Features Total: 22777, Filtered: 22777, Selected: 0

A T EQD 2 E S
osm_type highway

way tertiary

way tertiary

way unclassified

way unclassified

way tertiary

way tertiary

way tertiary

way tertiary

way unclassified

way tertiary

Wav unclassified

.....

Poorl/unidentified buildings

-
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Evaluated polygons shown by size indicating the percentage of building incompleteness,
with in black the building footprint of OSM

“1. .out of 3 buildings'r.h'apped‘in Kinshasa



A

Percentage of classified buildings (1% classified)
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s house m commercial » residential = school = hospral m Construction a church

s industrial | m3partments s retail = mxed s university = hotel n Other

Distribution of classified buildings over different classes.
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Around 90% completeness and correct classification for roads
in OSM.
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Bare Soil
Between buildings
Courtyard
Flowing
Low plants
Mixt / Grass
Other
Parking
Schrub
Square
Stagnant
Tree

Street

tree canopy
shrub

ow vegetation

hare soil
npaved areas

buildings
water
other
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Trainig of partiipants for field m'apping
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Il.‘-.-h'-.‘-l..-.'
=

__;.E_5_..__.,.__-__,_.‘__-;_._.;.-.-- “Field Ma‘iﬁbpmg of Urban Layers

1 Zoom to 2. Toggle

i 3. Identify begin
localisation editing mode

and point

QField

{i e e ™
\|'=rr~g.5.“¢:\ e 'u'ln‘l‘.:‘.;ﬁ

4 fill in attributes 5 save

6 Push to cloud

QGIS

7 Synchronize on QGIS

Field mapping steps to digitize geospatial features through QField
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Mapped waste heaps
= More than 3,000 drainage lines identified PP P

= More than 30,000 waste cover points recorded
= More than 5,000 waste heaps inventoried

= More than 200 illegal dumpsites identified

points

I[llegal dumpsite at qully

Mapped drainages

/1
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Total drainage length per km2 (km/km?2)

~Total drainage length per km? per commune

14 A

124

109

Kinsenso Lemba Matete Mont-Ngafula
Communes

Ndjili

Total drainage length per community per km? Example of drainages Mapped drainage lines
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Averaqe waste cover per commune
Waste volume per km® per commune 9 ; P

Number of waste heaps per kKm? per commune
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Questions that can be answered with these data, e.g.:
= What is the relative cleanliness of communes?
= What is the total quantity of waste to be cleaned up in every place?
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Solid waste heaps

volume (m?3) [4484]

1000
300
100
50
10

1

waste heaps [4484]
other [204]

plastic bottles [367]
construction [564]
plastic [2055]
organic [632]

soil [654]

Map of solid waste
heaps by type (colour)
and volume (circle size)

Example of waste heap
(a concentrated pile of




) ! 8 0. 8. o o 0 . % ST T e RS s AL LB g Oy ey . K 0 A0 ©e06 999
..-‘.-.' : _: :'.: :-. i_‘.-.gf:_:_:'_; AP _."';:..- I‘-Q:- ........ P "-'“l“"ﬁl"' r ., 3‘..._ r. : .:.'. o 000
.. -. ‘e ¢ ® l. 2] ; ? I'_.l.' v-.-.*-'-, ‘1- ":.:' . - '-_ 't"-lpl‘.'. . s ] r " .. ® .. & @ & .

s ’. d rc@-° l'.iti e . " . aeids i'-""' ey " 75
» . @ ‘t.'t:. P2 e et L eiesees .o d i-!""'i;"' ® .'0-0. ® o ¢
. ‘01:'41.*?-.'-;'!':-:'.". e | RS fh ? e

o ..-- ‘- g s g L S S L L R

L] * @ * - .g °

. . L & s ® - ® 0

" L 8, «® « ® ¢

Solld Waste Analysis
o : oot

Population density Waste volume ~ population
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OB- Kinsenso Lemba Matete Mont-Ngafula Ndjili & g 20 300 159, 100: 1230° 1500 11730
Commune People
Population density Population density Waste volume vs people

(red: high, blue: low) per commune in 300m grid cell,

no correlation between both
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""P'roject Video: Earth Observation and Community

Mapping for Urban Resilience in Kinshasa

https://vimeo.com/christianmorgan/review/891672175/8b1b9d8e75
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Applications of EO by VITO

A. Introduction VITO.

B. Deep Dive into Earth Observation (EO)
& Spatial Analysis Tools
in Urban Development.

1. Urban Growth and Climate Impact
(India)

2. Waste Management
(Democratic Republic of Congo)

3. Flood Risk Management
(Belgium, Vietnam, India, and China)

C. Q&A Panel.
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- Flood Risk Management
(Belgium, Vietnam, India and China)
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*
» ® '
® 2§ %« o »
A P s . S A $ o o4° “ “‘ ‘» 6‘00 ° .
PN » * b 4 2 PR ¥ 3’ ,‘
* \ s > s‘ < ‘0. P4 ® >
’ . G > g pe
* ¢ ’0 - s ¢ S o &,* % ‘ ‘v“ " »
. s, AR 2 ¢ $ * & ¢ 2 o o &
R RN PR 2 IR TCFOR L AN
N * P »® € e
4 ¥ < ¢ ° * o ¥ * L R .‘."‘ ® .0 v R s
® . * ¢ . $ 'S 4 *
p < ® v ¢ > o & »2 o & %o
B . ® o ¢ o o &
. k4 * ® s “~ % > »® & *
R S > o $ - - . g v 2 NP S o,
AP P A BRI DL SIS RS SN
» D . @ ) PS . . o v seved \.x
< ~ - 4
*a . 0 & M I IAPRIEI AR -
> > 4 L N . 8, A R AP By o
» . . s, . 4 ¢ » Cor % B 6w »
> 4 £s o <
* > e " ¢ Yearare E Y
» .
»

 Case study: Belgium, Vietnam, India and China

Michel Craninx
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Urban flooding > world-wide problem
Many studies confirm:

= High impact cities!

= Climate impact:
Urban floods: high confidence (IPCC

= Impact: urbanization - land use changes
High confidence (IPCC

Bangalore (2021) UrbClim model VITO

i
Bogots '

A
Jakarta

B vetting @0Orying

Source: WaterAid
Trends in wetting and drying in citles from 1982 to 2022,
The larger the spike, the stronger the trend in wetting or drying

(Wateraid, 2025)
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Total Deaths per Country (2000-2025 Total)
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Flood risk mapping and modelling:
- Where are floods occurring now and in the future?

- What can we learn from these flood maps?
e.g. post event analysis

Flood resilience measures
- What can we do to reduce the impact?

Simulate the measures in a model
to see if the impact will be as expected

- Urban drainage planning and engineering
- Local climate impact analysis and adaptation scenarios

Operational use
- Use of flood models in real-time flood situations
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Datacollection

Validatioh with
stakeholders

Transfer f
knowhow

Validated
flood maps

Climate
scenarios

Deelop
solutions

. scenario
L models
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Flood Modelling

RAINFALL DATA

SURFACE RUNOFF LAYER
| SURFACE FLOW |

1

URBAN FLOODING & REFEED

.

PUMPS |

SEWER SYSTEM LAYER

[sswsk NETWORK } g

| OVERFLOW TO STORM WATER |
| LAYER OR SURFACE LAYER

URBAN STORM WATER
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= Open access, global images . T A e
= First launch in 2014 s’
& -
Sentinel-2: Sentinel-1: R A ; | T
= Multispectral = Radar | NP .««gé « | P
o 3 ;‘ ; '{z |
= easy to interpret = not hampered by clouds o ,
Sentinel-2 Sentinel-1
= Clouds! =10m
= 20-60m O every 2-12 (6) days Visible Microwave
-everySdays uvéégwm Ka|K [Ku| XJC|S|L|P
o]
Advantages and disadvantages: wavelength (um)  10% 10 104 103 102 1017 1 10 10" 102 103 10* 10° 10°

= Advantage: large areas

. . . . s Fry, Yo Y, Vo, "he, =
» Disadvantage: miss flood/historic floods (revisit time) . %s et R e 1 Y DROSCAN f VItO
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ensing:

specular
reflection

Scattering mechanism

Image tone

NI

corner

diffuse

reflection scattering

volume
scattering
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Flood mapping using Sentinel-1 SAR satellite data: methodology - change detection

SAR Pixel-based approach
Image pair
Thresholding
Region growing
Edge refinement

Land Cover

Combination pixel-
and object-based

approach
Elevation Object-based approach
'
Optional - Thresholding s, | 0 X
- Region growing Final flood | PP s AS G

Flood Risk Edge refinement map ) permanent water ] long-term flooding
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RO FIood4Cast Masterplanner

Lo T

"I: f.

Flood4Cast Masterplanner overcomes typical issues related to the
set-up of a physically based hydrodynamic flood models:

- Extensive data requirements

- Set-up often time-consuming task

Urban | layer

- High computational demands

2

Flood4Cast Masterplanner:

.. can be used for

- general pluvial flood mapping
» - climate impact analysis

v" Limited data needed
v' Semi-automatic set-up
v" Fast model runs

- land use changes
- adaptation scenarios

_—
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5500 Flood4cast Masterplanner: Model .
Tt T T "." s
e " ¢ ORI T “* . _" . ‘?
" ST 7’L e

Integrated modelling approach . &
of Flood4Cast Masterplanner L Adh sl L

Ra'i’nfallmtlmeserles Radar data

RAINFALL DATA
—

SURFACE RUNOFF LAYER

Interactions SURFACEFLOW |
between layers e
and hydraulic — [rows)

structures U

SEWER NETWORK b—""

OVERFLOW TO STORM WATER
LAYER OR SURFACE LAYER

V AND QUFLOW SURFACE WATER URBAN STORM WATER

data (1-10m) to coarse
model resolution (100m)

Subgrid method

—

Model development 2016 - 2021: collaboration VITO and HydroScan NV === HYDROSCAN f V|to

This research was funded by VLAIO (Flemish Innovation and Entrepreneurship) T RN R

Translation high resolution



e -4 - I R LR il - oy L I R R L *a g _ " o W,
. ...: . ‘ .- - .- .- .l. [ )] ‘. .: 'l.. -‘1-_.:_1‘;';.:‘?.'.- -.' .._‘ -.::.&ffjf-:' -.. .: -.. : l. . ll;. -::..--. t . ':‘.-,"r*., " . l..l...ll ". '. ’ . . . - .
. . . = [ ] H . & ™ F3 . as - "8 *f ez [ . i . . ..
@ e ] ® 9 "o o ., ‘."_._'_.-‘.u ,.I._. “oi'g e I'i'... . -.‘_-_ . . ., . . ': e “.I? » . . ] .l. H . "9, . @ ® .
f w -:,,'. “ec o ‘o "0 .o {Nb NI .',."..'-"'::';‘ . ca Tttt et e D ;;I"x'."'d'f " '.'.'-'_,-’d' w,0 00 009 90
. ’. ' .. - ' - "'..-‘-:;‘-:‘-"..-i ""-; oot i.- T ..;‘--, I. -. -‘...' ‘!:.‘. . ° . ® .
' ~.. b I 1 .. ‘ r‘?‘ - .-'::"‘..f 'r‘ ‘m .- - | * ) » ':'f-'-i.‘?;!'...::.::: ‘ @ ‘ ; . .. .
.0.;-:'.‘,. ab¥SE SN L RN i b LEPV Ly A
(] .-.. L] LX ] - . L. *e,s
¢ ‘s o @ L ] o g @ - - "t
'. g , o, ° .0 . ® e * ‘,I
I G R esu ts
.8 e - " o '] I.
. ° .= '.- ) - . LY o
@ o g = @ Lhe .'- . *
® . @ ® * " o "
(] -
.ii.'=|'.-.' ’
R B e SRR AR Tt
5 .- ‘ .:“‘ ) 4 » . : . “. »

....

Current Climate

f VItO

”‘.'\

hAQ |

h... .‘L.

4.}

Javty
..“‘.o.‘/
& &
SR

d:

2050 (High Climate Impact Scenario)

- o ; v - - {
;'_ ‘,‘ A - ' ! -8 : 5
(e e L VRS N )
) . - : ) o »4) »

. - ‘ - I AL y » . .

. - g TR T - . . o2
v - . . » y i, '.l A a < ‘
. o LR 23 ~" “ . A% & S
: | RS X ¢ o
- o <9 . }-". A'“-v;\ A
. ’
LN A ~ A
. Y - A T \f 0’0’ x -..‘.‘-’\r

2050 (High Climate Impact Scenario)
with Adaptation Measures



L]
=
. | »

Differer

Differer

Norway,
Bodo A

Belgium a

It topography and climate

It data availability

R R L IR ¥ L AL SR SIS LE b g I8 SN IXTTIR SRS AT

--'--- . f

*2,° eeq

’...'.

ey a_‘_..ooooo
'_.J-u-l'....

Ayodhya,

Lucknow, a1, INdia

India

Zhengzhou,
A China

Quang Nam,
Vletnam

-
“’“-3 HYDROSCAN

e age

f VItO



o m T T L R T N N e e e e
® 02 .0 co. o 00 .':;'-'.J'!-_"-'*". SRRSO R IR S o o et P % 0" 0 0 0 0
® o > AT 8 e @t T AT S Y I " F ey, a0 0 92
4;"‘6.:.‘;.'1.':..!:1‘-';"-.-:-f"-:i' L e AR
p g Sy 0% "p.tt g® g e ® e Y e e T e e e e 0 “e
¢ e .. > w» o °° .
“Climate Portal Flanders (Belgium)
= Internet portal developed by the Flemish e .
environment agency, VITO, HydroScan, Sl et —
and SumAqua -
= Supports local / regional governments to
assess the consequences of climate e :
change on: e :
* Floods
* Droughts ZI',:"..ZZZT.";... :
= Heat waves ——— ;
= Supports in identifying and assessing the
effectiveness of climate adaptation

measures

Source: https://klimaat.vmm.be
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— K- }:\ HE Geen bijkomande acties - 2050

'1\1 «‘ 8: Hitte * Wateroveriast ﬁ; Droogte

Gebiedsgemiddelde piekwaterdiepte bij wateroverlast (T20) &
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Percentage gebouwen met wateroverlast
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CHARISMA: limiting climate and
health risks in India

GOAL
Set-up flood model in limited time
and with (very) limited data input e

During these three years, we examined how to help Indian

policymakers make their cities more sustainable, climate-resistant and

heaithy - with data-driven strategies and plans.
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Live: Heavy rain floods Lucknow city

y Vinoot Maurya
DA 24T

= Open-source data (topography,
land use, and rivers) & literature

= |nformation recent floods (news)
« Flood model | [

w"?’ A

= Central river

= Open drains/nalas Xy - B '

- Ma‘.lor portlon Sewers ChOked SarkaaNalane Nala near Nehru
and/or broken

= The severe flooding In monsoon
period Is believed to originate
from Insufficient drainage capacity
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Local experts - validation
~ and adaptation
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= Quang Nam often hit by tropical storms
with urban floods

= Satellite-based flood mapping approach
combined with urban flood model

= Validated urban flood model
- scenario-analysis
- real-time flood model
- economical flood damage
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Operational DSS for flood warning in Vietnamese
conditions

measurements

Flood4Cast Real-time AIerte"ncIuding water level

Installation of X-band rain
radar

Awareness and preparedness, transfer of
know-how

Increasing flood awareness and preparedness
for all stakeholders and users

99

Flood maps

Integrated flood model, flood
maps of the existing situation,
validation with Sentinel-1
satellite

Flood maps for future climate

To provide insight into the economic impact of
floods

Economic Flood Risk Model and Economic Flood
Risk and Damage Maps

Oct 13-17 Oct 30-Nov9 Nov 29-Dec4 Dec 5-8 Dec 11-18

R port ed ! l
(USS millions) .

—_—
== HYDROSCAN
e vater management
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Legend

I permanent water

| I flooding

B unsure flooding
B long-term flooding
1 flooded vegetation
| forests/trees, flood state unsure
|

Extreme rain and floods caused by storm No.
1, appearing only once in 40 years

June 2025 (not in
. According to the National Center for Hydro-Meteorological Forecasting, the flood
monsoon p eri Od ) caused by storm No. 1 (Wutip, meaning butterfly) is special, unusual and
extreme, rarely seen in the history of hydro-meteorology in the Central region.

' Bao Cong an Nhan dan « 17/06/2025
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e Ask the Experts

Karolien Vermeiren Jente Broeckx Michel Craninx
Expert land use analyses & modelling Expert climate impact modelling Expert flooding modelling

& Citizen science

karolien.vermeiren@vito.be jente.broeckx@vito.be michel.craninx@vito.be
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Earth Observation & Spatial
Analysis (EO&SA) Webinar
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Please give us your opinion
Scan the QR code to fill in the survey.

INTPA F4 - Urban Development Technical Facility UDTF.

The UDTF focuses on supporting partner countries in their urban development challenges. It
delivers technical assistance and policy advice to improve the quality and impact of the EU’s
interventions in urban development at all levels - local, regional and global - with a focus on
Africa, Asia, the Caribbean, and Latin America.

Disclaimer. The contents of this presentation do not reflect the official opinion of the European
Union. Responsibility for the information and views expressed lies entirely with the author(s).
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