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Abstract. Geographic Information Systems (GIS) have revolutionized archaeo-
logical research by enabling precise spatial analysis, site mapping, and predictive 
modeling. This study examines the application of GIS at the Kymissala archaeo-
logical site on the island of Rhodes, Greece, where GIS technologies have been 
instrumental in uncovering settlement patterns, burial sites, and ancient trade net-
works. By integrating remote sensing and geospatial analysis, researchers have 
successfully identified previously unknown necropoleis and subsurface structures, 
reconstructed ancient road systems, and assessed environmental factors influenc-
ing settlement distribution. The study highlights GIS’s role in non-invasive archae-
ological research, cultural heritage preservation, and landscape reconstruction. 
Key findings indicate that settlements at Kymissala were strategically positioned 
near water sources and elevated terrains, reflecting defensive and economic con-
siderations. Additionally, GIS has mapped trade routes connecting Kymissala to 
other Aegean centers, reinforcing its historical significance. Despite its advantages, 
GIS-based archaeology at Kymissala faces challenges such as data gaps, preser-
vation threats, and the need for ground-truth verification. Future research should 
focus on AI-enhanced predictive modeling, advanced 3D site reconstructions, and 
enhanced remote sensing techniques to further archaeological knowledge while 
ensuring long-term site conservation. This case study underscores GIS’s transfor-
mative potential in archaeology, demonstrating how digital spatial technologies 
can expand historical understanding, optimize excavation strategies, and safeguard 
cultural heritage sites for future generations. 

Keywords: Geographic Information Systems (GIS) · Archaeology · Kymissala · 
Rhodes · Remote Sensing · Spatial Analysis · Cultural Heritage Preservation 

1 Introduction 

Geographic Information Systems (GIS) have revolutionized archaeological research by 
providing tools for spatial analysis, site documentation, and heritage management. GIS 
facilitates the integration of topograph.ancient landscapes, analyze settlement patterns, 
and monitor site preservation (Wheatley & Gillings, 2019). In recent years, GIS has 
become essential in digital archaeology, allowing for high-precision mapping, predictive 
modeling, and remote sensing applications (Verhagen, 2018).
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Kymissala, located approximately 70 km southwest of Rhodes city, encompasses 
an area exceeding 10 km2. The region is characterized by semi-mountainous, forested 
terrain and includes the acropolis atop Agios Fokas hill, overseeing several subsidiary 
settlements such as Vassilika, Napes, and Charakas. Systematic archaeological endeavors 
commenced in the late 19th century, with notable contributions from Italian archaeolo-
gists in the early 20th century. These efforts unveiled a plethora of artifacts and structures, 
underscoring the region’s historical significance. The presence of Mycenaean cemeteries 
and Classical-era fortifications suggests continuous habitation and strategic importance 
throughout various historical periods (Stefanakis et al., 2015). Notably, this environment 
is recognized as a NATURA 2000 protected rural landscape, highlighting its ecological 
significance (Georgopoulos et al., 2017). The region presents unique challenges for tra-
ditional archaeological methods due to its rugged terrain and dense vegetation (Stamati 
et al., 2022). The application of GIS has been instrumental in overcoming these chal-
lenges, facilitating comprehensive mapping and analysis of Kymissala’s historical and 
environmental context (Stefanakis et al., 2015). 

This study explores the role of GIS in surveying, mapping, and analyzing the 
Kymissala archaeological landscape. By integrating spatial data, remote sensing, and 
predictive modeling, researchers can reconstruct past human activities and gain insights 
into settlement patterns. Additionally, GIS supports cultural heritage preservation by 
monitoring environmental threats and planning excavation strategies (Wheatley and 
Gillings 2002). 

This paper will first discuss the theoretical framework of GIS in archaeology, fol-
lowed by an examination of its application to Kymissala. The study highlights key 
findings derived from GIS-based analysis and evaluates its impact on archaeological 
interpretations. Finally, the paper will address the limitations of GIS in archaeology and 
propose future research directions. 

2 Historical Overview of Kymissala 

2.1 Historical Significance 

The ancient site of Kymissala is situated approximately 70 km southwest of Rhodes 
city, within the modern boundaries of the Municipality of Atavyros. This region encom-
passes the coastal areas of the Monolithos and Sianna communities. The terrain is char-
acterized by a rugged, mountainous landscape, rich in dense forests, which has histori-
cally rendered the area relatively inaccessible. Notably, this environment is recognized 
as a NATURA 2000 protected rural landscape, highlighting its ecological significance 
(Stefanakis & Patsiada, 2009–2011). 

2.2 Historical Significance 

Kymissala stands as one of the most significant archaeological sites in the Rhodian coun-
tryside, with evidence of continuous habitation from the Mycenaean period through Late 
Antiquity. During the Hellenistic era, the area was part of the Demos of Kymissaleis and 
was administratively linked to the city of Kameiros (Stefanakis & Patsiada, 2009–2011).
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The site encompasses a wealth of archaeological features, including an acropolis, exten-
sive necropolises, and remnants of ancient settlements, offering profound insights into 
the region’s historical and cultural development (Stefanakis et al., 2015). 

2.3 Previous Archaeological Studies 

The archaeological significance of Kymissala was first documented in the late 19th cen-
tury. Initial surveys and excavations were conducted by E. Billioti and L’Abbé Cottret 
in 1881, focusing on the site’s necropolises. Subsequent explorations by Italian archae-
ologists in 1915 provided detailed studies of the acropolis, including the ancient temple 
and surrounding settlements. These early investigations laid the groundwork for future 
research endeavors (Stefanakis & Patsiada, 2009–2011). 

In 2006, the Kymissala Archaeological Research Project (KARP) was initiated as a 
collaborative effort between the Department of Mediterranean Studies at the University 
of the Aegean and the Ephorate of Antiquities of the Dodecanese. This multidisciplinary 
project has employed modern methodologies, including digital geometric documenta-
tion and GIS technologies, to systematically study and preserve the site’s extensive 
archaeological features (Georgopoulos et al., 2017). 

3 GIS and Archaeology: a Theoretical Framework 

3.1 Introduction to GIS in Archaeology 

Geographic Information Systems (GIS) have significantly transformed the field of 
archaeology by providing powerful tools for spatial data analysis, visualization, and 
predictive modeling. Originally developed for geographical and environmental sciences, 
GIS has since been adapted to archaeology, offering researchers the ability to digitally 
reconstruct landscapes, analyze settlement patterns, and assess environmental factors 
that influenced past human activities (Conolly and Lake 2006). 

3.2 Key Applications of GIS in Archaeology Spatial Analysis and Site 
Distribution 

One of the primary uses of GIS in archaeology is spatial analysis, which helps researchers 
identify patterns of settlement distribution, trade routes, and land-use practices. By inte-
grating topographic, hydrological, and environmental data, archaeologists can determine 
why certain locations were chosen for habitation or ritual purposes. For example, stud-
ies in the Mediterranean have used GIS to correlate ancient site distributions with water 
sources, soil fertility, and defensive advantages (Verhagen 2018). 

A practical example is the study of Neolithic and Bronze Age settlements in Greece, 
where GIS spatial modeling revealed a strong correlation between settlement locations 
and proximity to arable land (Bevan and Conolly 2004). Similar approaches can be 
applied to Kymissala, where GIS can help reconstruct ancient settlement networks and 
their interaction with natural resources.
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Predictive Modeling in Archaeology 
GIS-based predictive modeling is another critical application that helps archaeologists 
forecast the likelihood of discovering unknown sites. This technique involves analyzing 
known archaeological sites and their environmental variables to create models that pre-
dict where other sites might exist. Machine learning algorithms and statistical analysis 
are increasingly integrated into GIS software to refine predictive models (Lake 2014). 

For instance, a GIS-based predictive model for Mycenaean (16th - 11th c. BC) set-
tlements in Messenia successfully identified high-probability zones for Bronze Age 
settlements by considering terrain ruggedness, proximity to water, and historical trade 
routes (Wheatley and Gillings, 2002). A similar approach could be applied to Kymissala, 
identifying potential excavation areas that align with historical settlement patterns 

3.3 Challenges and Limitations of GIS in Archaeology 

Despite its advantages, GIS in archaeology faces several challenges:

• Data Accuracy and Resolution – Many archaeological datasets are incomplete or 
based on uncertain historical records, affecting GIS analysis reliability (Scianna and 
Villa 2011).

• Cost and Technical Expertise – Advanced GIS tools require technical skills and 
expensive software, limiting access for smaller research projects. However, open-
source alternatives like QGIS are increasingly popular (Hacıgüzeller, 2012).

• Ethical Considerations – Publicly sharing spatial data of archaeological sites can 
lead to the risk of looting or unauthorized excavations, necessitating careful data 
management policies (Evans and Daly, 2006). 

4 GIS Applications at Kymissala 

4.1 Introduction 

The Kymissala archaeological site, located on the western part of Rhodes, Greece, is 
an area of historical and cultural significance. Known for its Classical, Hellenistic and 
Byzantine remains, Kymissala contains temples, necropoleis, fortifications, and settle-
ments (Stefanakis & Patsiada, 2009–2011), making it an ideal site for archaeological 
exploration using GIS technologies. Given the rugged terrain and dense vegetation (Ste-
fanakis & Patsiada, 2009–2011), traditional archaeological methods face limitations, 
which GIS and remote sensing can overcome by enabling non-invasive site detection, 
spatial analysis and digital reconstruction. 

4.2 GIS-Based Surveying and Mapping 

The application of Geographic Information Systems (GIS) in the Kymissala archaeo-
logical site has significantly improved surveying and mapping techniques. The provided 
dataset, visualized as a satellite-based route map with kilometer markers, represents 
a structured survey of the region. By using GPS tracking, remote sensing, and digi-
tal cartography, researchers have been able to map the rugged landscape of Kymissala 
efficiently (Fig. 1). 

This high-resolution spatial dataset allows for:
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Fig. 1. A route map with kilometer marker 

• Accurate geolocation of archaeological features, such as necropolises, ancient 
settlements, and pathways.

• Topographical modeling to assess terrain elevation, slopes, and accessibility.
• Route optimization for field surveys and excavation teams, ensuring systematic 

exploration. 

The marked distance points in the dataset help in spatial referencing, allowing archae-
ologists to correlate artifact distribution with geographical features. This methodology 
minimizes errors in site documentation and enhances historical landscape reconstruction. 

4.3 Spatial Distribution of Settlements and Site Management 

Using GIS-based georeferencing, archaeologists in Kymissala can document the precise 
location of settlements and excavation sites. The dataset allows for:

• Predictive modeling to identify potential excavation zones.
• Heritage site monitoring to prevent illegal excavations.
• Tourism planning by designing guided routes for cultural heritage trails. 

By integrating the surveyed route data with archaeological site markers, researchers 
can create a spatially interactive database for Kymissala, ensuring better site manage-
ment, conservation planning and historical analysis.
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4.4 3D Modeling and Predictive Analysis in Kymissala 3D Modeling 
for Archaeological Reconstruction 

One of the most advanced applications of GIS in Kymissala is the creation of 3D mod-
els based on digital elevation models (DEMs) and GPS data. These models provide a 
realistic representation of the ancient landscape, offering valuable insights into how past 
civilizations adapted to their environment. Using high-resolution elevation data from the 
provided GIS dataset, archaeologists can:

• Reconstruct historical settlements, mapping ancient structures in their original 
geographic context.

• Simulate past landscapes, understanding how environmental changes influenced 
settlement patterns.

• Virtually restore ancient roads and pathways, integrating the surveyed route map to 
visualize historical connectivity. 

For example, if the kilometer markers in the dataset align with known excavation 
sites, archaeologists can overlay excavation data onto the 3D terrain model, helping them 
assess site accessibility and preservation challenges. 

Predictive Modeling for Site Discovery 
GIS-based predictive modeling is a powerful technique that uses spatial data to identify 
potential archaeological sites. By analyzing environmental factors, terrain features, and 
artifact distributions, researchers can estimate high-probability excavation zones. In the 
case of Kymissala, predictive models leverage:

• Topographical features (elevation, slope, proximity to water sources).
• Known settlement locations and their spatial relationships.
• Accessibility patterns derived from the GIS-mapped route data. 

4.5 GIS Techniques in Kymissala: Mapping and Analysis 

Spatial Analysis Techniques 
The use of GIS spatial analysis in Kymissala enables archaeologists to interpret site 
distribution patterns, predict new archaeological sites and assess environmental impact. 
Key techniques include: 

– Georeferencing and Digital Mapping 
– Georeferencing historical maps allows researchers to compare past and present 

landscapes (Wheatley & Gillings, 2002). 
– Topographical Analysis with Digital Elevation Models (DEMs) 
– LiDAR-derived DEMs reveal hidden structures, such as buried foundations or ancient 

road networks. 
– Slope and aspect analysis helps determine preferred settlement locations in antiquity. 
– Site Predictive Modeling 

Archaeologists use weighted overlay models to combine factors such as:

• Proximity to water sources (ancient settlements often located near springs) (Ste-
fanakis, 2017).
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• Slope suitability (gentle slopes favored for construction).
• Artifact density clusters (areas with a high probability of containing new sites). 

– Network Analysis and Ancient Route Mapping.

• Using GIS network analysis tools, researchers reconstruct possible ancient pathways, 
correlating them with documented burial sites and settlements.

• The route map surveyed (provided dataset) serves as a modern reference to assess 
historical travel and trade routes. 

4.6 Pathway and Route Analysis 

Mapping Ancient Roads 
GIS-based analysis of ancient pathways at Kymissala can provide crucial insights into 
historical movement patterns and trade connectivity and reconstruct a network of roads 
and pathways using GPS tracking, topographic models, and historical records. Key 
findings include:

• The route follows natural terrain contours, suggesting optimization for travel 
efficiency in antiquity.

• Several nodes align with archaeological remains, supporting the hypothesis that this 
was a major trade corridor.

• Proximity to coastal areas indicates a maritime connection. 

5 Conclusion 

The integration of GIS technologies in the archaeological study of Kymissala has 
provided groundbreaking insights into site distribution, landscape evolution, and cul-
tural heritage preservation. By combining spatial analysis, remote sensing, and pre-
dictive modeling, GIS has enabled the discovery of previously unknown archaeolog-
ical features while ensuring long-term digital documentation. Future research should 
focus on enhanced AI-driven predictive models, expanded LiDAR surveys, and interac-
tive virtual reconstructions to further refine archaeological methodologies and heritage 
management. 
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