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The problem

Ailanthus altissima (Mill.) Swingle
in the Alta Murgia protected area

Alien plants, also termed non-native, exotic or 
allochthon plants, can modify diversity and 
functioning of ecosystems especially when they
exhibit invasive tendencies.

Courtesy of F. Casella



• To address problems caused by invasive 
alien species, reduce and monitor their 
negative impact on the environment, the 
European Member States have approved 
a specific regulation (Regulation 
1143/2014).

• This act supports interventions aimed at 
prevention, early detection, rapid 
eradication and management of invasive 
species spreading.

• Traditionally, early detection of alien species 
has been based on in-field inspections.

• Area accessibility, extent and speed of alien 
plants invasion can be both time consuming 
and costly especially in areas where quick
management decisions needed.

• Remote Sensing (RS) data and techniques 
can not only allow coverage of large areas 
repetitively, but also provide data for areas 
difficult or dangerous to reach.

Addressing the problem

alien plant detection with RS



Common name: Tree of Heaven Native to: China and Taiwan
Deciduous tree in the Simaroubaceae family. 
Characteristics:  Rapid growth

Reproduction from both seeds and root sprouts
High seed production and good seed viability
Seeds are able to grow in a variety of site conditions

Ailanthus altissima (Mill.) Swingle

Courtesy of  F. CasellaThe tree was brought to Europe in the 18th century for ornamental purposes.

Subsequently, the plant spread and became an invasive species due to its ability to colonise
quickly any area, either natural or disturbed, and to compete with native species for the use 
of resources.

The tree also resprouts vigorously when cut, making its eradication difficult and time-
consuming.



Alta Murgia protected area 
(SCI/SPA) within the EU Natura 2000 network, National Park included since 2004

It is included in the 25 Protected Areas within EU 
H2020 ECOPOTENTIAL project (2015-2019) 
(http://www.ecopotential-project.eu/)

• Surface area: 68077 hectares
• It is among the most important karst areas in Italy
• The most significant habitat types are dry grassland 

and quercus woods
• The Park hosts about 1500 plant species, rare bird 

species and many other animals. 
• Part of the area is exploited  for agricultural and 

pastoral activities Protected area

Study area (~500 km2)



Damages caused by Ailanthus in Alta Murgia
• Loss of biodiversity

• Changes of the ecosystem structures
• Alteration of native plant communities of considerable 

conservation value
• Natural habitat loss and degradation

• Damages to agriculture

• Damages to structures and to cultural landscape

Courtesy of F. Casella



In-situ measurement of Ailanthus infestation in Alta 
Murgia (project LIFE Alta Murgia) - 2012

Data available on the website of the project



Ailanthus altissima mapping 
Mapping deciduous 

vegetation
- High spatial resolution
(30 m) - (free available)

Mapping Ailanthus altissima
- Very High spatial
resolution (2 m) –

(Commercial)

Two-stages 
cascading

classification 
approach



Algorithm Workflow: First stage
Multi-class classification problem

Input: 4 multi-seasonal Landsat 5 
images (30 m)

Approach: data-driven/pixel-based

Classifier: Support Vector Machine 
(SVM)

Classes: 7 classes (FAO-LCCS 
taxonomy)



Algorithm Workflow: First stage
Two-classes classification problem

Input: 2 multi-temporal WV-2 images (2 m)

Approach: data-driven/pixel-based

Classifier: Support Vector Machine (SVM)

Classes: 2 classes (Ailanthus/Other 
deciduous vegetation)

2012

2012



Paper published



Ailanthus altissima mapping Workflow

The workflow for Ailanthus altissima mapping results robust to be adapted to:
• different areas, asking for availability of:

• ground truth data (training and validation) for each study area
• 2 VHR multi-temporal images

• different invasive plant species, asking for:

• Characterization of the invasive species (i.d., deciduous or not…)

Workflow Implementation by IJI Team
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BIGOWL
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BIGOWL



TITAN

Core TITAN platform’s 
architecture is composed of 
a Graphical user interface, 
a  REST API and an 
orchestrator for executing 
the workflows. 



TITAN

The REST API requires RDF
storage and database solutions 
for data persistence. Besides, 
workflow executors also depend 
on remote data file storage for 
storing component’s outputs. 
Finally, a message broker 
(Kafka) is used for distributing 
messages between the 
components 



TITAN
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TITAN

DESIGN

TESTING

DEPLOYMENT

Tesseract 
Workflow 

Editor
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AILANTHUS Workflow 



AILANTHUS Workflow 
Component Type Script

Import File Data Ingestion Python

Image Stacking Data Transform R

Splitter Data Transform Python

SVM
Classifier

Data Analysis R

Extractor Resamper 
Masking

Data Processing R

Extractor Data Processing R
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AILANTHUS Workflow 

Full catalog of 
components 
that could be 
reused in new 

VREs



AILANTHUS Workflow 
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AILANTHUS Workflow 



AILANTHUS Workflow 

56GB RAM



AILANTHUS Workflow 

TITAN's scheduler manages the queues in order to control the number of task 
in a queue. In this case, we have configured TITAN for checking if the next 

task is "SVM-Classifier-2", which requires an enormous amount of RAM 
memory, and thus, that component is executed in exclusivity in a worker.



A step forward: modeling Ailanthus diffusion 
and optimizing control actions
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Optimal control model workflow (module II)

HSI

HSI_E

No

Yes

Yes

No

HabSuit.R

habitat_suitabilityhabitat_suitability

Roughly estimates 
the HSI map

Does it exist a HSI 
map? 

Do you want to 
include the habitat 

suitability index 
(HIS) in the model? 

Control

No

Yes

Diffusion 
Model

COINS.R

Optimal 
Control Model

Predicts the spread of the 
NIS in space and time

Returns the optimal 
control strategy and 
predicts the spread 

under the control action

Do you want to 
optimize a control 

action?

land_cover

initial_density

boundaryPA

density

parameters

effort



The model
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Habitat suitability

Initial density



Habitat suitability map



Diffusion maps
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