
# Define the path to the folder containing images
images_folder = “ABI_ASCO/”

# Define the path to the CSV file containing image IDs
csv_file = “ABI_ASCO/ASCO_sites_20240320.csv”

# Open the CSV file in read mode and create a CSV reader 
object
with open(csv_file, ‘r’) as f:
    reader = csv.reader(f)
    # Skip the header row
    next(reader)
    # Create a list to store the updated rows
    updated_rows = []
    # Loop through each row in the CSV
    for row in reader:
        # Extract the image ID and corresponding image 
name
        image_id = row[0]
        image_name = image_id + “.jpg”
        # Define the path to the image
        image_path = os.path.join(images_folder, image_
name)
        # Check if the image exists
        if os.path.exists(image_path):
            # Load the image
            img = image.load_img(image_path, target_
size=(150, 150))
            x = image.img_to_array(img)
            x = np.expand_dims(x, axis=0)
            # Make predictions on the image
            predictions = model.predict(x, batch_size=20)
            # Determine the output text based on the pre-
dictions
            if predictions[0][0] > predictions[0][1]:
                output_text = ‘active’
            else:
                output_text = ‘inactive’
            # Append the output text to the row
            row.append(output_text)
            # Append the updated row to the list of updat-
ed rows
            updated_rows.append(row)

# Define the path to save the updated CSV file
output_csv_file = “ABI_ASCO/ASCO_sites_20240320_upd.csv”
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Clean 
Corridors A DATA-DRIVEN APPROACH FOR 

MULTI-SCALE GREEN INFRASTRUCTURE DESIGN
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Clustertype 1 mean median mode urban incidents

Structure 0 0 0 no structure
Plot size 2404.366667 1093 - square meters
Context 2.2 2 2 urban context
Operability 0.533333333 1 1 mostly operable

Clustertype 2 mean median mode Small industries/commerce

Structure 1 1 1 does have a structure
Plot size 4650.44 3529 - square meters
Context 2.28 2 2 urban context
Operability 0.64 1 1 mostly operable

Clustertype 3 mean median mode Polluting agriculture

Structure 0 0 0 no structure
Plot size 4209 2451 - square meters
Context 1 1 1 agricultural context
Operability 0.4 0 0 sometimes operable

Clustertype 4 mean median mode Industrial giants

Structure 1 1 1 does have a structure
Plot size 45586.42857 36281 - square meters
Context 2.714285714 3 3 urban context
Operability 0.857142857 1 1 operable

Clustertype 5 mean median mode peri-urban plains

Structure 0 0 0 no structure
Plot size 45243.83333 44599 - square meters
Context 1.5 2 2 urban/agricultural context
Operability 0.333333333 0 0 mostly inoperable
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1 2 3

The underlying problems

A G R I C U L T U R E

M E C H A N I Z E D  A N D  I N D U S T R I A L I Z E D

I N D U S T R I E S
H E A V I L Y  P R O D U C T I V E

U R B A N I Z A T I O N
G R O W I N G  T R E N D S  I N

Mechanized harvesting of rice in vercelli, piemonte. 
Image from: https://www.risoitaliano.eu/nuovi-cali-a-vercelli/, may 16th, 2023

Industrial skyline of vercelli, 
piemonte. Own image

Urban scene in Turin, piemonte. 
own image
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Soil contamination
LOCAL SCALE

•	 Pesticides, fertilizers, machinery
•	 Chemical additives, fossil 

energies, waste streams
•	 Atmospheric deposition, run-off, 

sealed soils
•	 Transport and mobility

7 5 0 K M2 5 00 5 0 0
N

L E G E N D

H I G H  C O N T A M I N A T I O N  L E V E L S

M E D I U M  C O N T A M I N A T I O N  L E V E L S

L O W  C O N T A M I N A T I O N  L E V E L S
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left: landscape fragmentation 
shown in aerial view (Gathered from: 
https://gardenerscoach.wordpress.
com/2013/03/17/habitat-fragmentation/, 
march 17,2013)
Top-right: habitat fragmentation and 
edge effects, by Canadian Centre for 
Translational Ecology. 2019 . Gathered 
from: https://ccte.ca/resources/
fig5.1.html
Mid-right: infrastructure fragmenting 
the natural landscape inear Drieber-
gen,the Netherlands, Airbus 2024.
Bottom-right: forest land-cover in 
pcentral Piedmont, from copernicus land 
monitoring services 2015-2019. Piemontese Forests in 2015

Infrastructure as cause for landscape fragmentation

and in 2019...

Landscape 
fragmentation

Connectivity within 
the ecological 

structures is essential 
as animal movement 
and ecological flows 
prevent contribute 
to gene flow, pest 

management, 
pollination, seed 

dispersal, and many 
others.

REGIONAL SCALE

From ‘Connectivity: a fundamental 

ecological characteristic of 

landscape pattern’ by G. Merriam 

(1984)
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•	 Human (and non-human) life is based on natural processes (climate regu-

lation, food production, photosynthesis, water cycles, etc.)

•	 ES depend on healthy ecosystems and balanced natural landscapes

•	 ES emphasizes the interrelationship between ecological health and human 

prosperity

B A C K B O N E  O F  O U R  E X I S T E N C E

Ecosystem services

ECO S Y S T EM S ERVICE S CAT EGORIZED 

image From “Roadmap to develop a stress test for forest ecosystem services supply” by Kramer et al. ,2022
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Image of riparian green structure along the Po-river [Photograph], by Seanshot, Gettyimages
(https://www.istockphoto.com/photo/after-river-gm999077318-270212471).

Green 
infrastructure “A strategically planned network of natural and 

semi-natural areas with other environmental 
features, designed and managed to deliver a wide 
range of ecosystem services, while also enhancing 

biodiversity.”

European commission, 2019

Green roofs Water retention parks Forest planning

•	 Designed to deliver ES and enhance 
biodiversity

•	 Applied across all different scales
•	 GI-planning ensures connectivity of 

ecosystems and collaboration between 
individual GI-elements

•	 Sustainable way for environmental 
adaptation and mitigation

•	 Gaining popularity and recognition
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Def. The use of green, plant-based systems to address the contamina-

tion of soil, water or air. Multiple phytotechnologies exist, each using 

different mechanism to absorb, stabilize, or degrade harmful contami-

nants.

Pros. Cost-effective, recreational & aesthetic purposes, potential eco-

nomic benefits (e.g. biofuel, construction material, phytomining), ability 

to strengthen ecosystems & biodiversity, health benefits,.

Cons. Long-term investment, lot of technical and practical require-

ments, often requires maintenance, no guaranteed success.

Phytomechanisms: summary diagram, from: Kennen, K., & Kirkwood, N. (2015). Phyto: Principles and Resources for Site Remediation and 

Landscape Design, p.41, figure2.13a.

N A T U R A L  D E C O N T A M I N A T I O N

Phytoremediation

OVERVIE W OF T HE DIFFEREN T PH Y T O T ECHNOL OGIE S
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Scalar 
challenge

Planning new green infrastructures in 
the most strategic locations improves 
landscape connectivity and ecosystem 
health

R E G I O N A L  S C A L E

Selecting the right plants can help 
in addressing soil contamination 
in a sustainable and nature-based 
manner.

L O C A L  S C A L E
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Soil contamination

Phytoremediation

Landscape fragmentation
GI-planning & landscape connectivity

Regional scale Corridor scale

Data gathering & computing Design strategies Assessment & optimization

How can phytoremediation be integrated in 
regional scale Green infrastructure design?
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What are the components of the current 
natural landscape structure, and how 

can they be enhanced?

What strategies can be used  to design 
the green corridor path based on 

spatial structure?

What types of contaminated sites exist 
within the study area?

Which plant species are suitable for 
the selected design patterns and 
site-specific conditions to effectively 

remediate the local soil?

Where would a new green corridor most effec-
tively enhance landscape connectivity?
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Which design strategies are most effective 
based on ecological movement potential?

What design patterns can be applied to the 
redesign of contaminated sites?

R E GION A L

C O R R ID O R

S I T E

P L A N T

U n d e r s ta n d i n g

U n d e r s ta n d i n g

U n d e r s ta n d i n g

O p t i m i z i n g

selecting & zooming in

selecting & zooming in

selecting & zooming in

O p t i m i z i n g

O p t i m i z i n g

S Q 1

S Q 3

S Q 5

S Q 7

S Q 2

S Q 4

S Q 6
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•	Based on accessible open-data
•	Uses data-analysis to construct design 

strategies
•	Uses quantifiable and assessable 

analysis methods
•	Systematically works across spatial 

scales

Data-driven 
design 
approach

Analysis

Strategy 
making

Design

Switching between 
spatial scales
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L A G O
M A G G I O R E
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N

W H E R E  C O N T A M I N A T I O N  A N D  F R A G M E N T A T I O N  M E E T

Piemonte, Italy
•	Enclosed by the Alps and the 

Apennines
•	Industrial triangle
•	Fertile and arable plain
•	>1.250 contaminated sites
•	+- 25,000 km²
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N O V A R A

T U R I N

B I E L L A
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R I V E R

S E S I A
R I V E R

D O R I A 
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•	Enclosed by the Alps and the 
Apennines

•	Industrial triangle
•	Fertile and arable plain
•	>1.250 contaminated sites
•	+- 25,000 km²

W H E R E  C O N T A M I N A T I O N  A N D  F R A G M E N T A T I O N  M E E T

Piemonte, Italy

C O N T A M I N A T E D  S I T E

S T U D Y  A R E A  O V E R V I E W

L E G E N D

N A T U R A L  L A N D S C A P E

U R B A N  L A N D  C O V E R

I N D U S T R I A L  L A N D  C O V E R

W A T E R

3 5  K M1 00 2 0

N
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Regional -scale
Where does new GI have the most impact?

Region

Analysis
Landscape structure
Landscape connec�vity
Contamina�on

Ecological Resistance Surfaces
Spa�al contexts

Spa�al con�gura�on

Local climate and
technical proper�es

Typology iden��ca�on

Pa�ern language implementa�on

Selection

Zooming in

Zooming in

Zooming in

Analysis

Selection

Analysis

Strategy
Design

Analysis

Strategy

Design

Corridor

Site

Plant
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•	 Classified structural elements

•	 Connecting- & Main elements

•	 Where can we improve these structures?

landscape structures
M O R P H O L O G I C A L  S P A T I A L  P A T T E R N S

L E G E N D

B R A N C H E S

L O O P

C O N N E C T I O N S

I S L E T

C O R E  A R E A S

E D G E

I N N E R  E D G E
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L E G E N D

B R A N C H E S

L O O P

C O N N E C T I O N S

I S L E T

C O R E  A R E A S

E D G E

I N N E R  E D G E
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N

landscape structures
M O R P H O L O G I C A L  S P A T I A L  P A T T E R N S
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•	Quantify connectivity per component
•	Ecological cores from MSPA
•	Distance and surface area
•	More link = more options
•	Wider link = more impact

H I G H  I M P O R T A N C E

F O R  C O N N E C T I V I T Y

O N  C O N N E C T I V I T Y

C O N T A M I N A T E D  S I T E

L E G E N D

L O W  I M P A C T

H I G H  I M P A C T

L O W  I M P O R T A N C E
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landscape connectivity
F R O M  S T R U C T U R E S  T O  N E T W O R K S
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corridor location

3 5  K M1 00 2 0

N

H I G H  I M P O R T A N C E

F O R  C O N N E C T I V I T Y

O N  C O N N E C T I V I T Y

C O N T A M I N A T E D  S I T E

L E G E N D

L O W  I M P A C T

H I G H  I M P A C T

L O W  I M P O R T A N C E

•	Mapping contaminated sites
•	Vercelli, Novara, Ticino
•	Zooming in to the new corridor

landscape connectivity
F R O M  S T R U C T U R E S  T O  N E T W O R K S
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corridor -scale
How to design the corridor to optimize ecological impact?

Region

Analysis
Landscape structure
Landscape connec�vity
Contamina�on

Ecological Resistance Surfaces
Spa�al contexts

Spa�al con�gura�on

Local climate and
technical proper�es

Typology iden��ca�on

Pa�ern language implementa�on

Selection

Zooming in

Zooming in

Zooming in

Analysis

Selection

Analysis

Strategy
Design

Analysis

Strategy

Design

Corridor

Site

Plant
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corridor location

V E R C E L L I

N O V A R A

T R E C A T E

T I C I N O - R I V E R

R O M E N T I N O



F O U R 

D E S I G N  S T R A T E G I E S
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Connect the dots

•	Between ecological cores
•	Remediation sites
•	Include existing green elements whenever possible



T R E C A T E

R O M E N T I N O

N O V A R A

T I C I N O

2 2 /6 0 P 5 -  P R E S E N TAT ION M A X VA N DE R WA A L |  JUNE 2 0 T H 2 0 2 4

G R A Y  I N F R A S T R U C T U R E

B U F F E R I N G

G U I D E D  B Y  L I N E A R

•	Spatially guiding
•	Vegetation buffer
•	Improving quality 

of the landscape 
behind



T R E C A T E

R O M E N T I N O

N O V A R A

T I C I N O

2 3/6 0 P 5 -  P R E S E N TAT ION M A X VA N DE R WA A L |  JUNE 2 0 T H 2 0 2 4

L A N D S C A P E  C E N T E R E D
S T A Y I N G  M O S T L Y

•	Minimal ecological 
resistance

•	Pollination and ES 
provisioning

•	Agriculture and Rural 
landscapes

P R O V I D I N G
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•	Peri-urban spaces
•	Reconnecting the city 

to the agricultural 
landscape

•	Open landscape

R U R A L - U R B A N  G R A D I E N T S

I M P R O V I N G

C O N N E C T I N G
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U R B A N  G R E E N  S T R U C T U R E S

C O N N E C T I N G  T O  T H E

•	Going “through” the 
urban cores

•	Valuable urban green 
spaces

•	Urban biodiversity

G A T H E R I N G
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•	Segmentation of corridor
•	Finding the most optimal path
•	combining strategy with space
•	Dependent on spatial context

Strategy 
implementation

C O N T A M I N A T E D  S I T E

A S S E S S E D  C O R R I D O R

L E G E N D

U R B A N  G R E E N  S T R U C T U R E

R U R A L - U R B A N  G R A D I E N T

L A N D S C A P E  C E N T E R E D

A L O N G  G R A Y  I N F R A
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L A N D - U S E / L A N D - C O V E R

V E G E T A T I O N  D E N S I T Y

C L A S S I F I E D

N O R M A L I Z E D

R O A D  D E N S I T Y

B U I L T  U P - I N D E X

N O R M A L I Z E D

N O R M A L I Z E D

Assessing the strategies

C U M U L A T I V E  E C O L O G I C A L  R E S I S T A N C E  S U R F A C E  M A P

S U P P O R T I N G  C O N N E C T I V I T Y  A N D 
W I L D L I F E  M O V E M E N T
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•	Informing design decisions
•	Cumulative resistance
•	Mean resistance
•	Path distance
•	Identifying bottlenecks

Strategy assessment
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T I C I N O

Strategy A.1 - Urban Green Structure
Cumulative resistance 	 92.5
Mean resistance		 4.0
Median resistance	 4.1
Overall distance		 2,314 meter

Strategy A.2 - Urban-Rural Gradient
145.0		 Cumulative resistance
2.7		  Mean resistance
2.4		  Median resistance
5,369 meter	 Overall distance
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Strategy assessment

A 1

A 2
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Strategy assessment
•	Informing design decisions
•	Cumulative resistance
•	Mean resistance
•	Path distance
•	Identifying bottlenecks
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Corridor path
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L I N E A R - P E R P E N D I C U L A R L I N E A R - L O N G I T U D I N A L P A T C H P A T C H M I C R O - P A T C H

C O N T A M I N A T E D  S I T E

5  K M10 2

N

A S S E S S E D  C O R R I D O R

L E G E N D

L O W - E C O R E S I S T A N C E

M E D I U M - E C O R E S I S T A N C E

H I G H - E C O R E S I S T A N C E

V E R C E L L I

N O V A R A

T R E C A T E

T I C I N O - R I V E R

R O M E N T I N O
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From path to patch

C O N T A M I N A T E D  S I T E

5  K M10 2

N

S T R U C T U R A L  G R E E N  E L E M E N T S

L E G E N D

E X I S T I N G  F O R E S T S

D E N S I F I E D  G R E E N  A R E A S

I N T R O D U C E D  F O R E S T S

V E R C E L L I

N O V A R A

T R E C A T E

T I C I N O - R I V E R

R O M E N T I N O
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Site-scale
How to redesign these sites while including 

space for phytoremediation?

Region

Analysis
Landscape structure
Landscape connec�vity
Contamina�on

Ecological Resistance Surfaces
Spa�al contexts

Spa�al con�gura�on

Local climate and
technical proper�es

Typology iden��ca�on

Pa�ern language implementa�on

Selection

Zooming in

Zooming in

Zooming in

Analysis

Selection

Analysis

Strategy
Design

Analysis

Strategy

Design

Corridor

Site

Plant



Tractor manufacturer - borgo vercelli

Abandoned military grounds - novara

Sports park Silvio Piola - Novara

Former Farm - Pernate

Former Farm - Romentino

Gas field - Romentino

Industrial zone - san martino

closed pharmaceuticals factory - trecate
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I N T E G R A T I O N  O F  C O N T A M I N A T I O N
R E D E S I G N I N G  C O N T A M I N A T E D  S I T E S



N O V A R A

T R E C A T E

R O M E N T I N O

V E R C E L L I

B O R G O  V E R C E L L I

B I A N D R A T E
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171 contaminated sites are mapped on: 
•	Surface area of contaminated site
•	Spatial context and land-use 
•	presence of buildings/structures
•	State of operability

U S I N G  S P A T I A L  D A T A 
F O R  P A T T E R N  R E C O G N I T I O N

site typologies

C O N T A M I N A T E D  S I T E

7  K M10

N

L E G E N D

U R B A N  L A N D - C O V E R

W A T E R

P L O T  B O R D E R S

I N D U S T R I A L  L A N D - C O V E R

A G R I C U L T U R A L  L A N D - C O V E R

2



Inactive
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Left: output of the neural network 

compared to the input image, 

exemplary case of an inoperable 

building in Novara-north

Right: schematic diagram of the 

neural network involving training on 

data from Dutch cases

Making use of 
neural networks

Using machine 
learning and con-
volutional neural 
networks, we can 
overcome data 
gaps, by using 

similar data from 
other locations 
and contexts to 
predict the val-

ues for our actual 
research area.



Labeled data

Labels

Square

Circle

Triangle

Output

Training Processing

Test data

?
Square

Circle
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Inactive

active

Inactive

Inactive
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Making use of 
neural networks

•	Cultural and (geo)morphological 
differences between training 
and study area

•	Inaccuracies in coordinates and 
locations

•	Covered sites and locations
•	Processing artifacts
•	Site versus building
•	Multiple buildings in frame



unlabeled data

Output

??

Processing
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How to categorize?



unlabeled data

Output

?

unlabeled data

Output

?

Processing

??

Processing
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How to categorize?



Clustertype 1 mean median mode 30/83 sites - 36%

Structure 0 0 0 no structure
Plot size 2404.366667 1093 - square meters
Context 2.2 2 2 urban context
Operability 0.533333333 1 1 mostly operable

Clustertype 2 mean median mode 25/83 sites - 30%

Structure 1 1 1 does have a structure
Plot size 4650.44 3529 - square meters
Context 2.28 2 2 urban context
Operability 0.64 1 1 mostly operable

Clustertype 3 mean median mode 15/83 sites - 18%

Structure 0 0 0 no structure
Plot size 4209 2451 - square meters
Context 1 1 1 agricultural context
Operability 0.4 0 0 sometimes operable

Clustertype 4 mean median mode 7/83 sites - 8%

Structure 1 1 1 does have a structure
Plot size 45586.42857 36281 - square meters
Context 2.714285714 3 3 urban context
Operability 0.857142857 1 1 operable

Clustertype 5 mean median mode 6/83 sites - 7%

Structure 0 0 0 no structure
Plot size 45243.83333 44599 - square meters
Context 1.5 2 2 urban/agricultural context
Operability 0.333333333 0 0 mostly inoperable

4 2 /6 0 P 5 -  P R E S E N TAT ION M A X VA N DE R WA A L |  JUNE 2 0 T H 2 0 2 4

K-means 
clustering

•	Unsupervised machine learning 
algorithm

•	5 different clusters, based on 4 
different criteria

•	Categorizes the sites in the 
study area

•	Results can be transferred 
to other contexts, but new 
typologies can emerge

R E S U L T S  S U M M A R Y
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site typology

I N D I V I D U A L  I N D U S T R I E S
S E M I - U R B A N

P O L L U T E D  A G R I C U L T U R E
E M P T Y  A N D  R U R A L

P E R I - U R B A N  P L A I N S
E M P T Y  P L O T S  I N  T H E

•	5 different types
•	Each with differing 

combinations of spatial 
properties

•	All in need of a fitting 
approach to address 
their contaminated soil

U R B A N  I N C I D E N T S
I S O L A T E D  P A T C H E S  O F

I N D U S T R I A L  G I A N T S
M A S S I V E  A R E A S  O F
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This type of contaminated site has a small to medium 
sized plot, ranging from 1,000 to 15,000 m2. The sites 
are typically situated in urban areas, but can be found 

in industrial zones as well and host one or multiple 
buildings. Operability of these sites differs between 

individual sites.

Often enclosed by urban landscapes, these locations hold 
immense value for hosting social program and elevate the 

living environments of local residents. The often large indus-
trial buildings are transformable into (temporal) office spaces, 

community hubs, urban farming practices, or pop-up stores.

Redesign directions for individual industrial sites

*not-accounting for inaccuracies in data-gathering and Neural-network reliability

Individual industries

30% 
of all sites

0.1 to 
1.5ha
Plot size

100%
Presence of 
buildings or 
structures

*

64% 
Abandoned

Redesign strategy

N E A R  O R  I N  U R B A N  A R E A S
I N D U S T R I A L  O R  C O M M E R C I A L  L O C A T I O N S

T R A N S F O R M I N G

S T R U C T U R E S

I N T R O D U C I N G 
S O C I A L  P R O G R A M

C O N N E C T I N G  T O  T H E 
U R B A N  C O N T E X T
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How to effectively redesign 
these contaminated sites?



Conver�ng urban or peri-urban polluted sites into community 
gardens fosters community par�cipa�on and well-being. 
Through educa�on on pollu�on, phytoremedia�on, and farming 
prac�ces, residents engage in sustainable soil remedia�on 
e�orts. Hyperaccumulators, alongside pollu�on-resistant 
crops, aid in this process while gradually revitalizing the soil. 
By promo�ng local food produc�on, these gardens enhance 
food security and strengthen community bonds.

community garden

Land-Use Plant habitScale

Remediation strategy

Mid
start

End

Phase

What design interventions can be used to 
redesign the contaminated sites?

4 6/6 0 P 5 -  P R E S E N TAT ION M A X VA N DE R WA A L |  JUNE 2 0 T H 2 0 2 4

“A pattern language empowers designers by offering a col-
lection of proven solutions and best practices, which can be 
adapted to fit specific needs and contexts.”

Pattern 
language

•	Context and land-use
•	Intervention scale
•	Plant habit & size
•	Remediation strategy
•	Phasing and temporality

John Vlissides in “Pattern Hatching: Design Patterns Applied”, 1998



What design interventions can be used to 
redesign the contaminated sites?
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Conver�ng urban or peri-urban polluted sites into community 
gardens fosters community par�cipa�on and well-being. 
Through educa�on on pollu�on, phytoremedia�on, and farming 
prac�ces, residents engage in sustainable soil remedia�on 
e�orts. Hyperaccumulators, alongside pollu�on-resistant 
crops, aid in this process while gradually revitalizing the soil. 
By promo�ng local food produc�on, these gardens enhance 
food security and strengthen community bonds.

community garden

Land-Use Plant habitScale

Remediation strategy

Mid
start

End

Phase

Pat t e r n  t i t l e

V e g e tat i o n  r e q u i r e m e n t

A p p r o p r i at e  p h a s e
R e m e d i at i o n  s t r at e gy

•	 Remediation
•	 Stabilization
•	 Buffering
•	 Tolerance

•	 Industrial
•	 Urban
•	 Agricultural
•	 Natural

Requirements on growth habit 
or vegetation type to make it 
fit the spatial intervention.
•	 Herbaceous
•	 Shrubs
•	 Trees

Requirements on growth habit 
or vegetation type to make it 
fit the spatial intervention.
•	 Herbaceous
•	 Shrubs
•	 Trees

Definition and primary 
properties of the pattern in 
max. 250 words.

•	 Landscape (>1ha)
•	 Site (<1ha)
•	 Micro (<100 m2)

Pat t e r n  d e s c r i p t i o n

A p p r o p r i at e  l U L C

R e q u i r e d  s c a l e / s pac e



What design interventions can be used to 
redesign the contaminated sites?
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Conver�ng urban or peri-urban polluted sites into community 
gardens fosters community par�cipa�on and well-being. 
Through educa�on on pollu�on, phytoremedia�on, and farming 
prac�ces, residents engage in sustainable soil remedia�on 
e�orts. Hyperaccumulators, alongside pollu�on-resistant 
crops, aid in this process while gradually revitalizing the soil. 
By promo�ng local food produc�on, these gardens enhance 
food security and strengthen community bonds.

community garden

Land-Use Plant habitScale

Remediation strategy

Mid
start

End

Phase

Large-scale, severely polluted areas o
er poten�al for 
transforma�on into leisure and recrea�onal parks, 
integra�ng phytoremedia�on in phased approaches. 
Incorpora�ng ameni�es like walking and cycle paths, bird 
watching spots, and skateparks revitalizes urban and 
peri-urban landscapes. This strategy, complemented by 
exis�ng green structures, enhances environmental 
sustainability, biodiversity and community well-being. 

leisure park

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Bu�er zones around ac�ve industrial sites mi�gate 
pollu�on emissions, prevent runo�, and deter future pollu�on 
spread. This strategy establishes a separa�on between urban 
well-being and industrial pollutants, safeguarding community 
health. By containing pollu�on and restric�ng industrial 
encroachment into urban areas, bu�er zones foster 
environmental protec�on and urban sustainability.

industrial buffer

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

Transforming pollu�on sites into pocket parks and urban 
green spaces o
ers a sustainable solu�on for remedia�on and 
community revitaliza�on that enhance urban aesthe�cs, 
biodiversity, and local green structures. Conver�ng pollu�on 
sites into pocket parks promotes recrea�onal ac�vi�es, social 
interac�on, and mental health bene�ts for residents.  Pocket 
parks and urban green transforma�on turns once-neglected 
spaces into valuable assets for urban living.

pocket park

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Hyperaccumulators yield signi
cant biomass quickly, o�ering 
an economic opportunity for biofuel and bioenergy 
produc�on in polluted landscapes. As this transforma�on 
op�on requires a lot of infrastructure and processing, this 
solu�on is most feasible in larger plots outside urban areas 
due to space constraints and the absence of other social 
values.

bio-energy production

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

In areas lacking social opportuni�es, transforma�on can 
priori�ze green energy produc�on by integra�ng 
phytoremedia�ng plants with photovoltaic panels or wind 
turbines. Combining greenery with PV panels enhances energy 
produc�on e�ciency. This solu�on, devoid of direct social 
bene�ts, targets loca�ons where alterna�ve design op�ons are 
undesirable or unfeasible.

green energy production

Land-Use Scale

Mid
start

End

Remediation strategy Phase

Transforming larger polluted peri-urban and urban plots into 
orchards o�ers a mul�faceted solu�on by combining 
phytoremedia�on with diverse tree species. This approach 
revitalizes connec�ons between food produc�on and the urban 
environment. Orchards not only mi�gate pollu�on through 
phytoremedia�on but also serve as educa�onal tools, teaching 
communi�es about sustainable food produc�on and the 
remedia�on of polluted landscapes.

orchards

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

Temporary elevated program combined with 
phytoremedia�on o�ers a sustainable approach to site 
remedia�on. U�lizing containers for the program enhances 
convenience in transforma�on and transport, facilita�ng easy 
adapta�on to varying site condi�ons and allows for 
placemaking. Eleva�ng the program maximizes the plan�ng 
area for hyperaccumulators, op�mizing pollutant absorp�on in 
compact urban spaces, where pollu�on sites are of limited size. 
Mulitple units can be combined for applica�on in larger plots.

Temporal elevated program

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Constructed wetlands mimic the natural processes of 
wetlands, u�lizing a combina�on of vegeta�on, soil, and 
microbial communi�es to treat polluted water. As water �ows 
through the wetland, pollutants such as heavy metals, 
nutrients, and organic compounds are absorbed, transformed, 
or degraded by plants and microorganisms. These wetlands are 
a long term solu�on and can only be implemented in sites 
which allow for remedia�on over longer periods of �me.

constructed wetlands

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

Floa�ng wetlands  consist of buoyant platforms suppor�ng 
wetland vegeta�on, which e�ciently absorb and detoxify 
contaminants from water bodies. By harnessing the natural 
�ltra�on capabili�es of plants like reeds, ca�ails, and water 
hyacinths, �oa�ng wetlands o�er a sustainable solu�on for 
water puri�ca�on while improving biodiversity and habitat 
quality.

floating wetlands

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

Sustainable parking spaces employing semi-open pavement 
and hyperaccumulators allow rainwater to penetrate the 
ground, reducing runo	 and facilita�ng natural �ltra�on 
processes. Hyperaccumulators planted in these spaces absorb 
and detoxify pollutants from the soil, gradually remedia�ng 
contamina�on. This approach is especially useful in urban and 
industrial areas which are bound to car accessibility.

sustainable parking lot

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Repurposing inac�ve polluted warehouses and industrial 
buildings into urban/ver�cal farms presents a dual solu�on 
for environmental remedia�on and sustainable food 
produc�on. By u�lizing the ground �oor for phytoremedia�on 
and hyperaccumulators, pollutants can be absorbed and 
detoxi�ed, improving soil quality. Meanwhile, mul�ple �oors 
can host sustainable, local food produc�on, maximizing land 
use e�ciency.

Vertical farming

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Stormwater �lters can capturing and trea�ng runo� laden 
with pollutants. These 
lters, typically installed in urban areas, 
can be strategically placed in loca�ons prone to runo� from 
paved surfaces, industrial areas, and agricultural lands, mostly 
along paved infrastructure. Stormwater 
lters help prevent 
further soil contamina�on and water pollu�on.

stormwater filters

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

In remote and heavily contaminated sites unsuitable for 
socio-economic solu
ons, transforma�on into natural 
habitats through phytoremedia
on o�ers an ecological 
remedy. Speci�cally chosen phytoremedia
ng species that 
require no harvest, restore ecological balance and provide 
habitat for diverse wildlife. Though less bene�cial for human 
uses due to lacking infrastructure, this approach strengthens 
ecological resilience and fosters biodiversity.

protected nature

Land-Use Plant habitScale

Mid
start

End

Remediation strategy Phase

Former industrial sites with abandoned structures hold 
poten�al for conversion into residen�al spaces, o	ces, retail 
areas, and ateliers, among other func�ons. Shi�ing the focus 
away from heavy infrastructure and transporta�on allows for 
more pavement conversion to open soil, facilita�ng 
phytoremedia�on. Incorpora�ng temporary func�ons can 
gradually transi�on the area into a green space, preparing it 
for future development.

building transformation

Land-Use

Mid
start

End

Remediation strategy Phase

Plant habitScale

R E D E S I G N  O P T I O N S  U S I N G  A



closed pharmaceuticals factory - trecate

Trecate Centro
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I M P L E M E N T A T I O N  S H O W C A S E
C O N T A M I N A T E D  S I T E  R E D E S I G N
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Trecate Centro
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•	Close to the urban center
•	Bordering the railroad tracks
•	Methanol, Ethanol, Aceton, Kaliumhydroxide, 

Nitric acid, Sulphuric acid, Talc, Palladium 
(Pd), Platina (Pt), Nickel (Ni)

T R E C A T E  P H A R M A C E U T I C A L S
C O N T A M I N A T E D  S I T E  R E D E S I G N



Structure
transformation

Pocket parksCommunity 
gardening

Temporary
program

Community center in transformed 
factory buildings

Temporary food production in elevated 
greenhouses and repurposed storage 
containers

Reconnecting the green with the city 
center by adding pedestrian pathways 
and green street profiles

Buffer zones Recreational
park

Sustainable
parking

Community gardens; options for 
flower gardening or small-scale food 
production

Vegetation buffer, covering the site from 
noise, air, and soil pollution from railroad 
traffic

Improved recreational values for the 
biopark by the connection to the 
community center and petting zoo

Existing parking lot is repaved 
with permeable pavement and 
phytoremediating grass species
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T R E C A T E  P H A R M A C E U T I C A L S
C O N T A M I N A T E D  S I T E  R E D E S I G N

U S E D  P A T T E R N S

T R A N S F O R M I N G

S T R U C T U R E S

I N T R O D U C I N G 

S O C I A L  P R O G R A M

C O N N E C T I N G  T O  T H E 

U R B A N  C O N T E X T

1

1

2

3

4

5

7

6

2

7

3

4

5

6
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T R E C A T E  P H A R M A C E U T I C A L S
C O N T A M I N A T E D  S I T E  R E D E S I G N
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T R E C A T E  P H A R M A C E U T I C A L S
C O N T A M I N A T E D  S I T E  R E D E S I G N
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plant-scale
How to select the right plant species to fit 
the local contaminant, site characteristics 

and introduced program?

Region

Analysis
Landscape structure
Landscape connec�vity
Contamina�on

Ecological Resistance Surfaces
Spa�al contexts

Spa�al con�gura�on

Local climate and
technical proper�es

Typology iden��ca�on

Pa�ern language implementa�on

Selection

Zooming in

Zooming in

Zooming in

Analysis

Selection

Analysis

Strategy
Design

Analysis

Strategy

Design

Corridor

Site

Plant



Starting phase

Mid-phase

ending phase
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PhasingPlant selection 
workflow
1. FITTING THE CONTAMINANT & LOCAL CLIMATE

2. INVASIVENESS & NATIVITY

3. ROOT DEPTH  & SEASONAL VARIATION

4. CO-BENEFITS & SOCIO-ECONOMIC OPPORTUNITIES
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P L A N T  S P E C I E S  S E L E C T I O N

H O W  T O  G E T  T O  A  F I T T I N G

Phytoremediation

•	 Deciduous tree (25-30m)
•	 Accumulator of heavy metals & 

hydrocarbons
•	 Phytoextraction & -accumulation

Populus nigra - black poplar
•	 Perennial grass (<165cm)
•	 Hyperaccumulator of arsenic, copper, lead 

& zinc
•	 Phytostabilization, -extraction, -degradation 

& rhizodegradation

Festuca arundinacea - tall fescue
•	 Perennial grass (<15cm)
•	 Accumulator of lead, zinc, copper,  cadmium, 

PAHs
•	 Phytoaccumulation
•	 Useful as permanent pasture or groundcover

•	 Herbaceous perennial plant (0.9 - 2m)
•	 Accumulator of PAHs and PCBs
•	 Rhizodegradation
•	 Valuable source for butterfly larvae, nettle 

extract can be used as pesticide/fungicide

•	 Annual flower (<30cm)
•	 Hyperaccumulator of aluminium, copper, 

iron & zinc
•	 Phytoextraction
•	 Valuable food source for honeybees and 

butterflies

•	 Type/habit (size/height), growing speed
•	 Accumulator of petrol hydrocarbons
•	 Phytodegradation, -extraction 

& -stabilization, 
Rhizodegradation

•	  Fast growing

•	 Deciduous tree (10-30m)
•	 Accumulator of petroleum hydrocarbons
•	 Phytoextraction & -accumulation
•	 Useful for basket-making

•	 Herbaceous perennial (<80cm), short-lived
•	 Accumulator of cadmium & lead
•	 Phytoextraction
•	 Valuable food source for butterflies, edible 

and used in salads or as garnish

•	 Woody perennial (3-4m), fast-growing
•	 Accumulator of petrol hydrocarbons
•	 Phytoextraction & rhizodegradation

•	 Deciduous tree (<20m), fast-growing
•	 Accumulator of arsenic, lead, copper, 

manganese and zinc 
•	 Phytostabilization & phytoaccumulation
•	 Root depth of ±50cm

•	 Perennial herb (20 - 30cm)
•	 Accumulator of petrol hydrocarbons 
•	 Phytoaccumulation
•	 Considered as a weed in rice fields

•	 Annual shrub (<1m), fast-growing
•	 Accumulator of Lead, Cadmium, Copper & 

Zinc
•	 Phytoextraction
•	 Fast-growing and fast-spreading

•	 Perennial herb (<20cm)
•	 Accumulator of phosphorus, nitrogen & 

PAHs
•	 Rhizodegradation & phytorextraction
•	 Low maintenance

•	 Annual flowers
•	 Hyperaccumulator of Aluminum, Arsenic, 

Cadmium, Copper, Flourine, Manganese, Zinc
•	 Rhizofiltration

Axonopus compressus - carpet grassUrtica dioica - Stinging nettle

portulaca grandiflora - Moss rose Populus deltoides x trichocarpa - 

Hybrid poplar

Salix alba - White willow

Calendula officinalis - marigold Salix dasyclados - Shrub willow

Populus Alba - white poplar Scirpus mucronatus  - bog bulrush

Hirschfeldia incana - shortpod mustard

festuca rubra - red fallow Iris x germanica - bearded iris

•	 Herbaceous perennial plant (5-10cm)
•	 Accumulator of diesel, petrol, PCB & PAHs
•	 Rhizodegradation

trifolium repens - white clover

•	 Herbaceous grass (10-90cm)
•	 Accumulator of pentachlorophenol, Cd & Hg
•	 Fast growing, high yields
•	 Used for animal fodder or biomass
•	 Phytoextraction & rhizoextraction

Lolium perenne - perennial ryegrass

•	 Woody perennial (<4m)
•	 Tolerant of petrol hydrocarbons
•	 Tolerance
•	 Fruits can be grown and consumed in 

(slightly) contaminated soils

•	 Woody perennial (<5m)
•	 Tolerant of petrol hydrocarbons & several 

heavy metals
•	 Tolerance
•	 Fruits can be grown and consumed in 

(slightly) contaminated soils

•	 Perennial herbaceous (0.2 -1.8m)
•	 Tolerant of petrol hydrocarbons & heavy 

metals
•	 Tolerance

•	 Fruits can be grown and consumed 
in (slightly) contaminated soils, sow 
together with Marigold as nat. pesticide

•	 Perennial herbaceous (0.3 -1.2m)
•	 Tolerant of petrol hydrocarbons & several 

heavy metals
•	 Tolerance
•	 Fruits can be grown and consumed in 

(slightly) contaminated soils

Ficus carica - common fig Citrus aurantifolia - key lime Solanum lycopersicum ‘Costoluto 

Fiorentino’ - beefsteak tomato

Capsicum annuum - Sweet pepper
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Conclusion & 
remarks

Analysis

Strategy 
making

Design

Switching between 
spatial scales

•	Allows for quick design explorations 
across multiple scale

•	Communication and collaboration 
between stakeholders

•	Data-driven and customizable to context
•	Top-down/bottom-up



Clustertype 1 mean median mode 30/83 sites - 36%

Structure 0 0 0 no structure
Plot size 2404.366667 1093 - square meters
Context 2.2 2 2 urban context
Operability 0.533333333 1 1 mostly operable

Clustertype 2 mean median mode 25/83 sites - 30%

Structure 1 1 1 does have a structure
Plot size 4650.44 3529 - square meters
Context 2.28 2 2 urban context
Operability 0.64 1 1 mostly operable

Clustertype 3 mean median mode 15/83 sites - 18%

Structure 0 0 0 no structure
Plot size 4209 2451 - square meters
Context 1 1 1 agricultural context
Operability 0.4 0 0 sometimes operable

Clustertype 4 mean median mode 7/83 sites - 8%

Structure 1 1 1 does have a structure
Plot size 45586.42857 36281 - square meters
Context 2.714285714 3 3 urban context
Operability 0.857142857 1 1 operable

Clustertype 5 mean median mode 6/83 sites - 7%

Structure 0 0 0 no structure

Conver�ng urban or peri-urban polluted sites into community 
gardens fosters community par�cipa�on and well-being. 
Through educa�on on pollu�on, phytoremedia�on, and farming 
prac�ces, residents engage in sustainable soil remedia�on 
e�orts. Hyperaccumulators, alongside pollu�on-resistant 
crops, aid in this process while gradually revitalizing the soil. 
By promo�ng local food produc�on, these gardens enhance 
food security and strengthen community bonds.

community garden

Land-Use Plant habitScale

Remediation strategy

Mid
start

End

Phase

Trecate Centro

Trecate Centro

5 9/6 0 P 5 -  P R E S E N TAT ION M A X VA N DE R WA A L |  JUNE 2 0 T H 2 0 2 4

D E S I G N  A N D  P L A N N I N G  P R O C E S S
S U M M A R I Z I N G  T H E S P E C I E S  S E L E C T I O N

P AT T E R N  E X P L O R AT I O N

A S S E S S M E N T  P R E P A R AT I O N

L A N D S C A P E  S T R U C T U R E S

D ATA  G AT H E R I N G  O N  S I T E S

D E S I G N I N G  C O R R I D O R

R E D E S I G N  W I T H  P AT T E R N S

T Y P O L O G Y- M A K I N G

I M P L E M E N T I N G  I N  S P A C E

N E T W O R K  A S S E S S M E N T

C R O S S I N G  D ATA - G A P S

A S S E S S I N G  S T R AT E G I E S

S I T E  A S S E S S M E N T

P AT T E R N  L A N G U A G E

C O R R I D O R  P AT H  S T R AT E G I E S

C O R R I D O R  S E L E C T I O N

corridor locationregion

Plant
•	 Perennial grass (<165cm)
•	 Hyperaccumulator of arsenic, copper, 

lead & zinc
•	 Phytostabilization, -extraction, -degradation 

& rhizodegradation

Festuca arundinacea - tall fescue

•	 Deciduous tree (<20m), fast-growing
•	 Accumulator of arsenic, lead, copper, 

manganese and zinc 
•	 Phytostabilization & phytoaccumulation
•	 Root depth of ±50cm

Populus Alba - white poplar



# Define the path to the folder containing images
images_folder = “ABI_ASCO/”

# Define the path to the CSV file containing image IDs
csv_file = “ABI_ASCO/ASCO_sites_20240320.csv”

# Open the CSV file in read mode and create a CSV reader 
object
with open(csv_file, ‘r’) as f:
    reader = csv.reader(f)
    # Skip the header row
    next(reader)
    # Create a list to store the updated rows
    updated_rows = []
    # Loop through each row in the CSV
    for row in reader:
        # Extract the image ID and corresponding image 
name
        image_id = row[0]
        image_name = image_id + “.jpg”
        # Define the path to the image
        image_path = os.path.join(images_folder, image_
name)
        # Check if the image exists
        if os.path.exists(image_path):
            # Load the image
            img = image.load_img(image_path, target_
size=(150, 150))
            x = image.img_to_array(img)
            x = np.expand_dims(x, axis=0)
            # Make predictions on the image
            predictions = model.predict(x, batch_size=20)
            # Determine the output text based on the pre-
dictions
            if predictions[0][0] > predictions[0][1]:
                output_text = ‘active’
            else:
                output_text = ‘inactive’
            # Append the output text to the row
            row.append(output_text)
            # Append the updated row to the list of updat-
ed rows
            updated_rows.append(row)

# Define the path to save the updated CSV file
output_csv_file = “ABI_ASCO/ASCO_sites_20240320_upd.csv”
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Clean 
Corridors A DATA-DRIVEN APPROACH FOR 

MULTI-SCALE GREEN INFRASTRUCTURE DESIGN

JUNE 2 0 S T,  2 0 2 4DE L F T UNI V E R S I T Y OF T E C HNOL O G Y 
M S C A R C HI T E C T U R E , U R B A NI S M A ND B UIL D ING |  U R B A NI S M T R A C K S C IE NC E S

M A X VA N DE R WA A L |  5 0 13 9 7 6

Clustertype 1 mean median mode urban incidents

Structure 0 0 0 no structure
Plot size 2404.366667 1093 - square meters
Context 2.2 2 2 urban context
Operability 0.533333333 1 1 mostly operable

Clustertype 2 mean median mode Small industries/commerce

Structure 1 1 1 does have a structure
Plot size 4650.44 3529 - square meters
Context 2.28 2 2 urban context
Operability 0.64 1 1 mostly operable

Clustertype 3 mean median mode Polluting agriculture

Structure 0 0 0 no structure
Plot size 4209 2451 - square meters
Context 1 1 1 agricultural context
Operability 0.4 0 0 sometimes operable

Clustertype 4 mean median mode Industrial giants

Structure 1 1 1 does have a structure
Plot size 45586.42857 36281 - square meters
Context 2.714285714 3 3 urban context
Operability 0.857142857 1 1 operable

Clustertype 5 mean median mode peri-urban plains

Structure 0 0 0 no structure
Plot size 45243.83333 44599 - square meters
Context 1.5 2 2 urban/agricultural context
Operability 0.333333333 0 0 mostly inoperable


