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 1987-1988 : Eastern Languedoc : F. 
Favory, J-L. Fiches, J.-J. Girardot 

 1990-1993  : GDR 954 – Eastern 
Languedoc 

 1992-1994  : Archaeomedes I – 
Southern Rhône valley 

 1994-1996  : Anthropos – Eastern 
Languedoc 

 1996-1998 : Archaeomedes II - 
Southern Rhône valley + eastern 
Provence 

 2005-2007 : Archaedyn I – South-east 
and central France / Slovenia 

 2009-2012 : Archaedyn II  - South-east 
and central France / Slovenia 

 2009-2011 : IHAPMA - South-east 
France + South-east Netherlands 



ArchaeDyn 1 & 2 (2005-2012) 
 

Archaeomedes 1 & 2 (1992-1998) 
 



 1987-1988 - Beaucairois  
 1990-1993 GDR 954 -

Lunellois 
 1992-1994 Archaeomedes 

I - Vallée du Rhône 
 1994-1996 Anthropos – 

Languedoc oriental 
 1996-1998 Archaeomedes 

II - Vallée du Rhône 
 2005-2007 Archaedyn I– 

Sud-est / Centre et Est / 
Slovénie 

 2009-2011 Archaedyn II 
Sud-est / Centre et Est / 
Slovénie 
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- systematic survey of all the available land within each study 
area 
- max. 10 m spacing between the surveyors  
- collection of all the pottery sherds 



% of settlements per century in 
various study areas from South and 
central France 
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% of settlements created and 
abandonned per century in various 
study areas from South and central 

France 
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 Different approaches were/are explored to identify the 
role of natural and social factors 

 Focus on the role of the interactions between the 
settlements 

⇒ Related to their relative position in space 

 

 



« Everything is related to everything else but near 

things are more related than distant things » 

      

• Role of the distance : defines the difficulty of moving 
between two places, in terms of effort, time, cost, etc. 

⇒ Frequency or intensity of the interactions decreases when the 
distance grows (more quickly than in linear function of 
distance) 



• Distance creates spatial heterogeneity and differenciation 
between places : 
 - Qualitative : specialisation of the places 
 - Quantitative : hierarchy 

• Spatial interactions creates complementarity and concurrences 
between places => define territories 

⇒The spatial scope of the interactions defines the spacing between 
places and the extent of the networks and territories 

Interactions play a key role in the spatial structure of 
the settlement and its evolution through time 



 Archaeological approaches to take into account the 
interactions between the settlements: 3 
phases/periods: 

1) Evaluate the degree of accessibility of each settlement 
(1987-1999) 

2) Model potential interactions between the settlements: 
the gravity model (1988-2005) 

3) Model potential paths network between the 
settlements: path modelling (2008- ) 

 

 

 

 

 



 1st attempts to take into account the potential of interactions 
between the settlements: evaluate the accessibility of each 
settlement through its connection to the road network 

 Distance to the network = 1 of the variables used to perform a 
hierarchical classification of the settlements (beside other 
variables : surface, building materials, durability, etc. + 
environmental) 

Ascending Hierarchical Clustering (AHC) : 
automatic classification of the settlements 

according to their similarities and 
dissimilarities in relation to these criteria. 

 
 

 

 

Correspondence Factorial Analysis 
(CFA): shows which criteria differentiate 
the settlements 



 Evolution of this criterion through time : 

- Distance to the main Roman roads and the Rhône river ; to the 19th 
c. (Napoléon) road network ; to the contemporaneous (« cleaned ») 
network 

- Number of roads connected to the settlements ; number of roads 
within a 250 m radius from the settlement 

- Number of direct connections to contemporaneous settlements 

 Problem : non contemporaneity of the settlements and the road 
network 

 Strong postulate : the degree of connection of a settlement to the road 
network is an indicator of its hierarchical range (the more the 
connections, the higher in the settlement hierarchy) 

 Bertoncello 1999 : test of the statistical relation between the number of 
connections of Iron Age and Roman settlements and their hierarchical 
rank (Chi² test) : strong correlation between the number of 
connections & 

• the surface of the settlements 

• the variety of the artefacts discovered on the settlement (pottery, 
     



Simulate the potential interactions between the 
settlements: identify networks of settlements 

 

Empirical model : 
- Hierarchy of the settlements : Factorial Analysis (CFA) + Hierarchical 
Clustering (AHC) 

- Networks : empirical knowledge of the terrain and topography   

2.1. Empirical networks (Archaeomedes 1998) :  observed 
hierarchies of the settlements => supposed dependance between 
close settlements to exploit, occupy and control agricultural land => 
areas of influence of the main settlements 



Settlement networks during the 1st c. AD. Archaeomedes 1998 (Nuninger, Sanders et al. 2006)  

Empirical networks  



2.2. Simulated networks (Archaeomedes 1998):  use the gravity 
model to simulate potential networks polarised on the main 
settlements  

F(a,b) = H(a) /(1+ n Dab2) 
Where F(a,b) correspond to the influence of a place a on a place b according 
to its masse (weight) H(a) and inversely proportional to the distance D which 
separates a from b 

D 

H(a) 
100 

20 

Local networks : different situations  

Pole 
« Satellite » settlement 
 

The gravity model : 



Gravity model : 

- Masse (weight): hierarchical level of the settlements (CFA + AHC) 

- Distance: euclidian 

Settlement networks during the 1st c. AD.  
Archaeomedes 1998 (Nuninger, Sanders et al. 2006) 
 



Calibration of the model : confrontation of the empirical and simulated 
networks  

Archaeomedes 1998 (Nuninger, Sanders et al. 2006) 
 



2.3. Simulated networks (Nuninger 2002):  

refinement of the gravity model : cost distance 

Cost distance (walking time) Euclidian distance 

Settlement networks during the 2nd c. BC. (Nuninger 2002, Nuninger, 
Sanders et al. 2006) 
 



 
- Calibration of the the gravity model : visibility model: visual control 

from each pole over its network   

Visual control and 
settlement network of 
Nîmes. 2nd c. BC.          
(Nuninger 2002) 



Applications of the gravity model: 
 On the same area at different periods => follow the progressive 

structuration of the settlement system : 

5th c.BC 

3rd c.BC 

1st c.BC 

Evolution of the settlement networks in 
eastern Languedoc  5th- 1st c. BC 
(Nuninger 2002) 



 

  On different areas at the same period  => compare regional 
settlement patterns 

Applications of the gravity model: 

Auvergne Languedo
c 

Provence 

Settlements networks in 3 areas of central and 
Southern France  during the 1st  c. AD 

(Bertoncello et al. 2007) 



  Strong hypothesis: the structure of ancient settlement systems is 
polarised by the most important settlements: the « smallest and 
ephemerous » settlements are supposed to be under the control of 
the main ones (poles) 

  Question : what kind of control (territorial, economical, social, 
religious, political, …?) 

 Debate about this hypothesis amongst archaeologists 

 Simulated networks: interactions between settlements of various 
hierarchical ranks (complementary for land exploitation) at a local 
scale 

=> do not take into account the interactions between settlements of 
equivalent hierarchical rank: concurrences at a regional scale 



 
2.4. Simulated networks (Garmy et al. 2005): development of the 

gravity model: 
 

- Optimal paths between all the settlements  
- Cost distance (time) calculated on optimal paths 

 
-2 types of interactions : 

-Symetrical: exchange of goods, agricultural 
and craft products  

⇒ Gravity model: distance treshold of 5 
hours journey between 2 settlements 

Optimal paths between all the 
settlements (Garmy et al. 
2005) 

-Asymetrical: hierarchical relations (administration, special 
services offered by the main settlements)  

⇒Gravity model: links between one settlement and the 
nearest settlement of higher hierarchical rank 

 



Symetrical interactions Hierarchical interactions 



3.1. Zakšek, Fovet  et al. 2008; Fovet 2010 
 Calculate optimal paths between the main settlements in order to 

follow the evolution of the potential connection network and to 
evaluate the position of the main settlements in the network  

• Cost surface: slope (least cost energy model) + visibility 

• 2 scales models: regional paths and micro-regional paths 

Paths from a common start site (white circle) to 
other points (made with the final model). 

Model the potential path network between the settlements 
to  identify its influence on settlement patterns 

 

=> Define optimal corridors (density 
of paths on the same track per 
century) 
 



⇒ Show the mutual influence of communication and settlement networks on their 
respective structures 

⇒ Differenciate « active » settlements (creating their own network) / “opportunistic” 
settlements (settling along the previous network) 

Density of main paths for each 
period (darker colour presents 
higher density; the lightened 
zone is the study area, and the 
circles mark the archaeological 
settlements).  
Zakšek , Fovet  et al. 2008 
 



3.2. IHAPMA project: Nuninger, Verhagen et al. 2012 

 
 Evaluate the impact of various environmental and social factors on 

settlement choice and durability: 

- Slope, aspect, solar radiation 

- Visibility (total viewshed), path density (least cost paths) 
- Settlement hierarchy, heritage 

 

 

 
 Each variable is 

calculated for each cell of 
the study area within a 
certain radius => 
« contexts » 
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A 

radius = 20 cells 
 
1- flat areas = 5 cells 
2- gentle slopes = 5 cells 
3- medium slopes = 1 cell 
4- steep slopes = 9 cells 
5- very steep slopes = 1 cell 

A B C D 
E F G H 

Nuninger, 
Verhagen 2012 



+  +  + +  +  +  +  + 
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 Path density:  least cost paths calculated between the central point of 
each context and a number of points regularly placed on the edge of 
each context 

Verhagen 2012 



 Classification of the contexts 
characterised by the different 
variables  

⇒ geo- and socio-environmental 
profile of the study areas 

 434 389 contexts 
 6 components 
 5 classes 

 

 

Zuid-Limburg, Netherlands Vaunage, Languedoc 

Slope/aspect/solar radiation/path density 

Verhagen 2012 
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Site distribution & predictive value 

-      Path density       + 

 Analysis of settlement distribution 
over the classes 

⇒ Identify the degree of 
attraction/repulsion of the different 
contexts 

⇒ Identify different settlement 
choices 
(environmental/accessibility) 

⇒ Impact of path density on 
settlement’s choice 



 The proposed approaches are able to detect the impact of interactions 
in the spatial configuration of the settlement and its transformation 

 But, whatever the approach, the proposed interactions remain 
hypothetical and strongly related to the hypothesis used to build the 
models 

 Even when accessibility is calculated to a « physical » road: 
contemporaneity road/settlement ?? 

 Chronological resolution: 

 of the settlements: interaction supposes contemporaneity 

 of the roads/paths: not always easy, even when excavated 

⇒ Chronology of the link between settlement/communication network: 
which one comes first ? 

 How to cope with uncomplete data (ancient road / settlement networks) 
? 



 What kind of interactions ? Different purposes (economical, social, 
administrative, defensive, etc.) will create different types and intensity 
of interactions (symetrical/asymetrical), at different scales (space & 
time) 

⇒ Have an impact on the nature, scale and materiality of the « physical » 
network supporting these interactions 

 Path modelling: a powerful tool to estimate the potential of interactions 
of the settlements 

 But necessity to cross the simulated networks with « physical » 
archaeological networks: 

 Lidar data 
 Rescue archaeology 

⇒ Implies to cope with multi-scalar and discontinuous data: probably one 
of the main challenges for network studies 
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