From Leicester to Libya: Training and Collaboration in
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* Create a baseline inventory and database of sites for the MENA region — from
Mauritania to Iran, from the Palaeolithic to the Second World War

* Record and track condition, disturbances, and threats to heritage sites

* Development and improvement of remote sensing methodologies and workflows for
heritage recording and monitoring

* Share data and methodologies to aid those responsible for cultural heritage in the
MENA region to protect and maintain these sites
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Distribution of heritage site records recorded in the EAMENA database (as of May 2025):
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Monitoring Archaeological Sites EAMENA

There are four main questions "
which need answering for effective ( ehoree ) -

e o [] . I C ° o tn
monitoring of archaeological sites: observed? mage Classification

1. Has a change or a potential
threat been observed in the
vicinity of the site? ( _ ( - (

Is this Monitoring What type

2. What type of change or threat e ) SS9 SR )

has been observed? )

3. When did this change or threat

occur?

. When did
4. |sthe change or threat still Time Series Analysis (this change

/
. threat
ongoing? occur? )



EAMENA Machine Learning Automated Change =**="*
Detection (ACD Version 2) TP

* Platform: Google Earth Engine.

* Data: Harmonized Sentinel-2 MSI Level-2A
optical imagery (10m spatial resolution);
Heritage sites; Study Area; Classification sample
datasets collected from high resolution archived
images (Google Earth, PlanetScope, etc) or
ground surveys.

* Concept: It applies machine learning algorithms
(i.e., Random Forest) to process a series of
Images and generate land classification maps.

* Processing: Filter images based (AOI, dates,
cloud coverage), train classification model for
image classification, supervised classification
and change detection analysis.

* Results: land classification maﬁs, change
detection maps, time series change detection
charts, statistics on archaeological sites under
threat and changes.

EAMENA MLACD Framework
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EAMENA MLACD User Interface SRS
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Q  Search places « Google Earth Engine Apps
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Monitoring Archaeological Sites using EAMENA MLACD ® 9N w B ‘ ' .1! ~  Map satellite &,

The Machine Learning Automated Change Detection (MLACD) tool s Afghanistan
leverages freely available satellite imagery and the high-performance +

computing capabilities of Google Earth Engine to analyze time-series

Sentinel-2 images. By comparing sequential images, the tool detects =

and determines areas of change, identifying where, when, and what
types of changes have occurred within the vicinity of known
archaeological sites.

1-Define the start and end dates of the study period

Define the start date in the following format: e.g. 2020-01-21.

Start: YYYY-MM-DD

Define the end date in the following format: e.g. 2023-12-31.

End: YYYY-MM-DD

2-Define the feature buffer distance in meters, e.g. 50m. Note that the
buffer function will not accept a null distance; 0 meter in that case you
must specify a small decimal fraction number e.g. 0.1m.

Buffer in meters
3-Press the "Run” button to excecute the first stage of the processing.

Tanzania opares Salaam

4-Choose your Image Dates
*from the drop down menu select the First Image Date*
*from the drop down menu select the Second Image Date*

5-Press the second "Run"” button to excecute the second stage of the
processing.

®Port Louls.
*Optional-Press the "Rest" button to redefine your inputs. e Is;m it iop datn ©2025 Coogie INEGH | 500kt o
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Lefakat (Libya)

 Lefakat is situated about 30 km southwest of the
city of Benghazi, the second largest city in Libya.

* EAMENA MLACD was used to detect
disturbances in 30 heritage sites in the area of
Lefakat.

e Urbanization poses a significant threat to
heritage sites in Libya and Lefakat in particular.
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Land Cover Classification
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Change Detection between Feb 2019 and Jan 2024

Select First Image —

31°55'N

Binary change map between Feb 2019- Jan 2024
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Select Second Image

Layers

" Threatened Sites: bare to urban

v Change Areas: bare to urban

ClassificationChanges
Binary Change
Second_classifiedimage
First_classifiedimage
spectralSamples
Second_imageNDVI
First_imageNDVI
Image_Difference
Second_Image
First_Image
validation_samples
training_samples

Sites

Sites huffer
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EAMENA MLACD Results in the Layers Tab
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Detected Change & Threat in Sites by EAMENA MLACD

6-Change Detection Analysis  |[FE ™ oo |
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Threatened Sites (bare to urban): JSON
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.Fleldwork Survey for EAMENA MLACD Validation

"3 (d) Vegetation growth

* Comparison between
threats detected using
EAMENA MLACD and
fieldwork survey.

* The fieldwork survey may
not have covered as large
an area as the 100-metre
buffer used in the MLACD
analysis.

* Fieldwork documented
additional threats (animal
pens, dumping, bulldozing,
and looting) that were not
detected by the MLACD.
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B Number of Sites (Fieldwork)

B Number of Sites (MLACD)

2
L

Looting

EAMENL

angered Archaeology in

12



2 SV S g - S
o S it - @@ BRITISH |5
i) | ) F Dl Department for
Endangered Archaeology in the Mlddle East & North Africa “ CO U N C I L Dlglt:’:ll Culture
Media & Sport

Outreach, Tramlng, and Capauty Building

* Training in remote sensing, GIS, s ymE
change detection and database
recording.

Developed bespoke scripts
tailored to case studies in Libya.

More than 5 workshops since
2023, primarily funded by the
British Council’s Cultural
Protection Fund.

Training about 40 heritage
professionals from Libya,
Algeria, and UK, along with 25
participants from international
institutions during CAA 2025.




Endangered Archaeology in the Middle East & North Africa

Partnership with DOA in Libya

* Trained over 20 heritage professionals from DoA through three training programmes, equipping participants
from various Antiquity offices in Libya; including Triploi, Bani Walid, Benghazi, Ghadamis, Shahat, Lepcis Magna,
Tocra, Tobruk, and Jarma; with the skills to use and adapt the EAMENA MLACD tool for heritage preservation.

e Each training programme was followed by a fieldwork survey to document threats and disturbances on the
ground at heritage sites, and to validate the EAMENA MLACD results.

e Additional funding has been secured to facilitate the integration and ongoing adaptation of the EAMENA MLACD
method into the DoA’s heritage preservation workflows.

* Feedback from users helped improve the technical and practical aspects of the MLACD method.

Led by Leicester EAMENA Team Led by Leicester EAMENA Team with support from
7 Previous Trainees

Led by DOA previous trainees with minimal support
from Leicester EAMENA

7\l f;

(Cyrenaica) Training in Tunis Oct 2023 South Derna Online Training, May 2024 Fazzan Training in person in Jarma Nov 2024

Bani Walid (Tripolitania) and Lefakat 14



Key Takeaways

The EAMENA MLACD allows heritage professionals to rapidly identify
changes and threats to heritage sites.

It is provided with a simple user interface.

The EAMENA MLACD supports the analysis of individually imported
images from other sensors (e.g., LandSat, Planetscope, SkySat...).

Further development includes the integration of LandSat for longer
time series.

The EAMENA MLACD is a powerful tool that has various applications
in Earth Observation and Environmental Monitoring such in
Deforestation, Mining...etc.

EAMENA MLACD tool and training documentation can be found on
the EAMENA GitHub repository.

https://github.com/eamena-project/EAMENA-MachinelLearning-ACD

Mahmoud, A. M. A, Sheldrick, N., & Ahmed, M. (2024). A Novel
Machine Learning Automated Change Detection Tool for Monitoring
Disturbances and Threats to Archaeological Sites. Remote Sensing
Applications: Society and Environment, 101396.

https://doi.org/10.1016/j.rsase.2024.101396.

EAMENA Machine Learning Automated Change
Detection (MLACD)

Training Documen tation

Developed and written by Dr. Ahmed Mahmoud
Revised by Dr. Nichole Sheldrick

Translated into Arabic by Dr. Ahmed Buzaian
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https://github.com/eamena-project/EAMENA-MachineLearning-ACD

-\
. ~

i o e

-
—

: ,v- = ‘L‘“';’, : -
s Y ) . o S 3
>3 /_-», — Py ‘ 4\' e - .
% - T - =

g - - : » . B / ;‘l~ ;‘: ' \' : { ;7-/ /. S b 3 _-'-1 ' " ‘ . “"‘_,—é - :
m @Ahmed Mutasim Abdalla-Mahmoud:~ amam9@feicester.ac.uk X&hm’e‘aﬁ MAMahmoud
- : Vo TN R LT g s ~ :
- . — - el = -‘ ‘. -V :

b ~ TN P » R - ;'.._*3’,“
gma g o g e g > - =
4 . -\ . ! ] :5
‘ "s‘.'l ‘ﬂ: !3 .

W Durham #
Endangered Archaeology in the Middle East & North Africa

@@ BRITISH
@@ COUNCIL

ol 3
P

O

pe

UNIVERSITY OF

% =
Department for LEICESTER UNIVERSITY OF

Digital, Culture OX RD
Media & Sport 5 g ]F@




	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5: Monitoring Archaeological Sites
	Folie 6
	Folie 7: EAMENA MLACD User Interface
	Folie 8: Lefakat (Libya) 
	Folie 9: Land Cover Classification
	Folie 10: Change Detection between Feb 2019 and Jan 2024
	Folie 11: Detected Change & Threat in Sites by EAMENA MLACD
	Folie 12: Fieldwork Survey for EAMENA MLACD Validation
	Folie 13
	Folie 14: Partnership with DOA in Libya
	Folie 15: Key Takeaways
	Folie 16

