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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

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

dataase (as of 23 August 2024): 217,117
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Monitoring Archaeological Sites

There are four main questions that
need to be answered to accurately ( change

. . d?

monitor endangered archaeological ) Image Classification
sites:

1. Has a change or a potential

threat been observed in the
. . . . Is this Monitoring What type
V|C|n|ty Of the S|t€? (threat st|II Archaeological of change/)
ongomg'-’ Sites threat
2. What type of change or threat

has been observed?
3. When did this change or threat
? n di
occur: Time Series Analysis mhcia:gi/

4. |s the change or threat still f,:i?j;‘i )
ongoing?



EAMENA Automated Change Detection (ACD) Version 1

* First version of the EAMENA ACD used image
differencing to identify areas with changes
and areas with no change.

Instances where areas of detected change fall
within defined buffer zones around known
sites are highlighted for validation

* Advantages of this method that it is fast,
simple to apply and easy to adapt as it relies
only on the two images to detect the changes
between them.

E remote sensing

Article
Detecting Change at Archaeological Sites in
North Africa Using Open-Source Satellite Imagery
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EAMENA Machine Learning Automated Change ==+

Detection (Version 2)
* Platform: Google Earth Engine. : . ’ H .
* 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 time series of
images and generate land classification maps.

* Processing: Filter images based (AOIl, 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.

Data Coll

EAMENA MLACD Framework



EAMENA MLACD User Interface
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[Endangered Archasalegy in the Middle East & Nerth Africa
Monitoring Archaeological Sites using EAMENA MLACD

The automated change detection (ACD) system uses free satellite

imagery and high-performance computing power available via -}
Google Earth Engine to compare a series of Sentinel-2 images to
highlight areas of change and identify where, when, and what =
types of changes have occurred within the vicinity of known

archaeological sites.
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

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

Press the "Run” button to excecute the first stage of the
processing.

Run
Choose your Image Dates
*from the drop down menu select the First Image Date*

*from the drop down menu select the Second Image Date*

Press the second "Run” button to excecute the second and third
stages of the processing.

Run

Reset
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Bani Walid (Libya)

13°50' 13°55' 14° 14°5' 14°10' e
N = ,UNESéé:LiHyan Vta,lkley‘“
=) =)
LN To)
o K4
L Lo
M ™M
in in
< <
o | K
L =
m m
Tunisiafv 4
=) )
< <
o K
L Lo
M ™M
Algeria -
0 3 5 8km ° BaniWalid Sites
[ Eaaaa—
GCS WGS 1984 r 1 Study Area : : B PO 4 e
13950’ 13955’ 14° 14°5' 14°10' Google Earth:

Sites found within and around the city, are from Roman and Late Antique farm sites, to medieval villages

Imane 2023 Maxariechnolodies



Threat of Urban Expansion BAMBNA
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EAMENA MLACD Results
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Land Cover Classification EAMENA

Class Value
Bare Bare and rocky soil
C2

Area of Classification (sq km)

550

500 =

450
400
350
300
250
200
150
100
50
0

Disturbed Earth Areas of recently disturbed earth, exposing sub-surface soils
and geology, due to activities such as bulldozing, quarrying and
looting

Urban Buildings and roads

Vegetation Areas of natural or agricultural vegetation

Land Cover Classification Areal Time Series

—o—bare
disturbedEarth
—e—urban

—e—vegetation

2019-Apr 2020-Jan

2021-Jan 2022-Jan 2023-Jan

2024-Jan

Date

12
Land cover classification changes time series of Bani Walid between Jan 2019-Feb 2024



Change Detection b
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Sites_under_Threat_of_Class_Change
bare_To_urban
ClassificationChanges
Binary Change
Second_classifiedimage
First_classifiedlmage
post_imageNDVI
prior_imageNDVI
Image_Difference
Second_lmage
First_lmage
Stratifiedtraining_samples
Sites

Sites_buffer

Study_Area

EAMENA MLACD Results in the Layers Tab
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(a) Number of Sites according to Dominant Change Class
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Land Cover Change-Threat

Detected Change & Threat in Sites by EAMENA MLACD

Urban-Vegetation

Bare-Bare Vegetation-Vegetation

DisturbedEarth-Bare Urban-Bare

Vegetation-Bare | Urban-Urban
Bare-Urban

Example of classification change on a pixel level within the
buffer zone of site EAMENA0189582.
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EAMERNA

Threat of Vegetation Expansion

(g) Classification Time Series at Location (P) ( ) NDVI Time Series at Location (P)
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Date Date 15
Results of MLACD analysis at location (P) on site EAMENA-0189408, indicating vegetation growth originating from the modern farm
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Threat of Urbanization

(g) Classification Time Series at Location (P)
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Identified urban expansion activity at site EAMENA-0087052
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reat of isturbed Earth-Quarrying Activities

Google Earth

Google Earth

Google Earth
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L JFieldwork Survey for EAMENA MLACD Validation S*#=5%

(a) Vegetation growth (b) Construction

Fieldwork MLACD-50 m

Buffer Zone
Survey

63 136
35 34
Y,

5w
5w

Comparison between threats detected using EAMENA MLACD &
Fieldwork survey

Documented threats on the ground
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Outreach, Training, and Capaaty Bwldmg

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

* More than 20 workshops
since 2017, funded by the
British Council’s Cultural
Protection Fund.

* Training for over 200 heritage
professionals from Libya,
Algeria, Tunisia, Egypt, Jordan,
Palestine, Lebanon, Syria, Iraq,
Yemen, and Iran.

* Focused on using open-source |
data and software




Key Take Aways

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

* |t is provided with a simple user interface.

e The EAMENA MLACD can also analyse individually imported
isrlr(lasges f)rom other sensors (e.g., LandSat, Planetscope,
ySat...).

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

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

* EAMENA MLACD training documentation and APP 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.
Available at SSRN 4914336 (Under Review).
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EAMENA Machine Learning Automated Change
Detection (MLACD)

Training Documentation
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https://github.com/eamena-project/EAMENA-MachineLearning-ACD

EAMENA MLACD - EAMENA GitHub Repository

Thank-you!

Ahmed Mahmoud

m @Ahmed Mutasim Abdalla Mahmoud amam9@Ieicester.ac.uk X @Ahmed_MAMahmoud
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