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CHALLENGES AND BENEFITS  
IN MODELLING ANCIENT LANDSCAPES COMPLEXITY 

THROUGH RESILIENCE AND ANTIFRAGILITY.  
RELOAD: A PROJECT ON LIMINALITY IN NORTHERN TUSCANY

1. Introduction

RELOAD (REthinking Liminality Open Access Data) is a post-doc-
toral research project funded by FSR-FNRS at UCLouvain (2022-2025). 
The project complements several decades of research projects focusing on 
Volterran landscapes between the Roman conquest and Late Antiquity (Ca-
valieri 2019; Menchelli et al. 2023), analysing the settlement evolution 
and the distribution of specific material classes in liminal areas between the 
centuries 3rd BC-5th AD (Fig. 1). The aim is to re-evaluate the crucial role 
of liminality in space organisation and perception, and in the processes of 
identity formation. The importance of Volterra as a case study is related to 
the fact that most of the changes in landscape organisation have occurred in 
its liminal areas but also to the paradoxical situation featuring its social and 
environmental development when approached from a diachronic perspective. 
Despite its geographical isolation, if compared to other cases of northern 
Tuscany and the lack of an actual political weight, Volterra benefitted from 
a surprising centrality in the macro-dynamics of the Roman Mediterranean 
(Limina 2021a).

1.1 Goals, research questions, theoretical approaches

Social groups interacted in a specific milieu through strategies of space 
adaptation responding to environmental contingencies and cultural practices, 
continuously redefining interests, powers, and borders. In the last decades, 
the idea of the frontier as a permeable meeting zone where to display shifting 
identities emerged (Derks, Roymans 2009; Cifani, Stoddart 2012). Mar-
ginal areas delimited by physical boundaries could be considered liminal 
landscapes (Cambi et al. 2015; Dubbini et al. 2020). The term ‘liminal’ 
intrinsically conveys the idea of the Latin limen, while the anthropological 
‘liminality’ (Van Gennep 1909; Turner 1974; Andrew, Roberts 2012) 
could be merged with the liminal areas conceived by landscape archaeology. 
The marginal zones featured by peculiar environmental conditions (springs, 
forests, mountains, swamps, etc.), implying the need to adopt specific ways 
of living and control, could be defined as liminal (Holm et al. 2009). These 
marginal areas were permeable systems usually facing the challenges of cul-
tural entanglements (Stockhammer 2012).
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In this sense, liminal areas could be considered zones of real or percei-
ved frontiers, where exchanging ideas, rituals, technologies, and practices 
occurred, representing privileged viewpoints to better understand past human 
behaviour and how it modified ancient landscapes. Investigating processes of 
identity formation through material culture is intrinsically connected to the 
analysis of settlement pattern evolution and material assemblages’ distribution. 
It is significant that in northern Etruria, particularly in the ager Volaterranus, 
most of the changes in landscape organisation occurred in liminal zones, that 
is marginal zones featured by geothermal phenomena (Di Paola 2018), by 
extra-urban sanctuaries (Zifferero 1995), the Roman centuriation (Ciam-
poltrini 1981), the presence of imperial properties, and the early Christian 
worship places (Ciampoltrini 1995). Why did all this occur in liminal zo-
nes? Was it because of peculiar environmental natural features? Or was this 
system of settlement and ownership permeable because it was marginal and, 
therefore, difficult to manage and control?

Moreover, there is much scope for detecting if and how the survival of 
local Etruscan traditions in material culture merged with innovations facing 
Rome in these permeable areas. Indeed, within the broader context of ancient 
Etruria, the northern district fiercely retained alive Etruscan identity in mate-
rial culture, until the first century BC, at least (Hadas Lebel 1988; Bourdin 
2012; Limina 2021a). Given the importance of Etruscan heritage in Roman 
culture until the end of the Western Empire (Ramelli 2003) and the presence, 
in the 5th century AD, of individuals at the top rank of imperial hierarchies 
retaining estates in northern Tuscany – and often claiming descent from the 

Fig. 1 – RELOAD. A new project for ancient landscapes.
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same groups involved in the process of cultural integration with Rome – one 
wonders if the existence of a local Etruscan identity could be supposed. Thus, 
through the analysis of liminal landscapes evolution and family strategies, 
alternative interpretations about identity formation processes linked to a 
peculiar landscape organization could be prompted.

Santo Mazzarino (1957) identified the survival of the Etruscan culture as 
the aspect underlying the continuity of land management in Etruria between the 
Archaic and Lombard periods. Thus, it is not surprising that concepts such as as 
‘traditional’, ‘conservative’, ‘resistant’, ‘persistent’ (Munzi et al. 1994; Torelli 
1995; Terrenato 1998; Augenti, Terrenato 2000) were used to define nor-
thern Tuscan elites and their management of territory. In the last decades, ‘resi-
lience’ has been more and more adopted for reconstructing human-environmental 
interactions (Redman, Kinzig 2003; Redman 2005; Toner 2012; Faulseit 
2016) and socio-political phenomena (Terrenato 2019). Then, this concept has 
been used to interpret the dynamics of continuity and transformation featuring 
northern Tuscany landscapes (Bertoldi, Castrorao Barba 2021; Cantini 
2022) and elites (Padgett 2010; Cortese 2017). Despite this, especially for 
the case of Volterra between the centuries 3rd BC-5th AD, it seems that cycles of 
continuity were accompanied by substantial changes that, skilfully managed by 
those who negotiated the power at different levels, brought a secondary centre 
of the Roman world to a real improvement of its social and economic systems, 
leading to an unusual centrality in the ancient Mediterranean.

The concept of ‘resilience’ seems reductive to interpret the complexity 
of Volterra. Consequently, RELOAD aims to adopt an alternative concept, 

Fig. 2 – Ager Volaterranus: QGIS map.
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‘antifragility’ that eventually could answer better to the peculiarities of the case 
study. Thus, the project intends to evaluate the benefits of approaches from 
the ‘hard sciences’ trying to prompt alternative reconstructions of the past.

1.2 Methodology

RELOAD adopts a multidisciplinary approach to investigate dynamics 
of change diachronically. The project collects the results of previous archaeo-
logical research and legacy data. Considering the difficulty of comparing data 
on settlement pattern, collected with different criteria, RELOAD includes new 
field surveys in Volterran liminal areas (Fig. 4). Focusing on significant sample 
zones, the new pedestrian field surveys, with intensive systematic methodo-
logy, lead to deepen knowledge on settlement pattern evolution. The open 
access databases by Regione Toscana (GEOScopio, CASTORE, RETORE) 
allow the analysis and integration of data on cartography, geomorphology, 
historical cadastre, aerial photos, LiDAR, toponymy, etc. The integration 
of this consistent amount of information with literary data and epigraphic 
sources, and management in QGIS, proves fundamental for reconstructing 
ancient occupation strategies and the distribution of archaeological materials. 

Fig. 3 – Settlement distribution (1st c. BC-5th c. AD): QGIS map.
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Fig. 4 – New field survey campaigns in liminal areas of ager Volaterranus: QGIS map.

Concerning the materials analysis, the aim is not only to determine the site’s 
chronology, but also to distinguish potential identity markers. The asso-
ciation of specific materials with toponyms and epigraphy will be analysed 
to understand whether their dispersal/concentration may have significance 
in relation with the owners’ identity and the settlement patterns evolution. 
Data interpretation in the light of resilience and antifragility theories would 
be possible through an agent-based model simulation approach, crucial for 
a better understanding of landscapes as complex systems where individuals 
and environment interacted. Simulations will allow to assess the role of agents 
behaving in a resilient or antifragile way and, consequently, to reconstruct 
how human agency shaped Volterran landscapes.

2. The case study

As confirmed by literary sources, in the 3rd century BC Volterra was deeply 
inserted into the Roman orbit. The civil wars between Marius’ and Sulla’s fac-
tions before, Caesar’s and Augustus’ land distributions then, represented turning 
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points for the community and the territory organization. After 27 BC, Volterra 
received the title of colony (Munzi, Terrenato 1994). After 68-69 AD and 
Vespasian’s rise to power a crisis affected the Italian peninsula and substantial 
changes occurred also in the ager Volaterranus. A moment of crisis, between 
the mid-2nd century and the beginning of the 3rd century AD could eventually 
be related to the Antonine plague. Diocletian’s reorganization was an essential 
driving force for the local economy. In contrast to other cities, Volterra expe-
rienced a reorganization of local powers and a renovate monumentalization. 
In the 5th century, the city centre continued to be stage of local and religious 
powers while in the territory only a few sites from the previous settlement sy-
stem survived in a wholly changed social and political context (Limina 2021a).

2.1 Liminal landscapes over the longue durée

The ager Volaterranus, delimited by the Cecina, Era and Elsa valleys 
bordered the territories of Pisa, Lucca, Florence, Siena and Populonia (Fig. 2). 
Integrating different sources and studying unpublished materials from previous 
surveys and excavations, it was possible to distinguish three phases of local 
ownership structure and settlement pattern development to be related to the 
events of the 1st century BC; to a reorganisation of local powers between the 
end of the 1st century AD and the 2nd AD; to a new social and political order 
between the end of the 2nd and the first half of the 3rd century AD (Limina 
2021b). In the 1st century BC, hidden monetary treasuries and a settlement 
crisis proved a period of disorder following the reorganisation of the territory 
as a centuriated landscape (Fig. 3). Indeed, traces of Roman centuriation have 
been identified in marginal zones along the northern and western borders 
of the district (Ristori, Ristori 1993; Brogi 2007; Ciampoltrini 2008; 
Pasquinucci et al. 2008), suggesting that areas obtained the status of ager 
publicus or belonged to the city.

Archaeology proves, since the mid-1st century AD, a new development 
of rural settlements in the district’s northern and eastern marginal areas and 
epigraphy attests to the presence of new landowners. Between the mid-2nd 
century and the beginning of the 3rd century AD a progressive settlement 
deconstruction is attested in the Era valley, probably due to a demographic 
crisis linked with increasingly poor water management. This evidence would 
coincide with a moment of crisis that epigraphy could testify, attesting that 
new gentes arose in power while others died out. A general settlement de-
construction is attested in the marginal areas between the mid-3rd and the 4th 
centuries AD. However, since the 4th century AD, archaeology indicates the 
revitalization of the marginal areas and the survival of the coastal and internal 
villas until about the mid-5th century AD, in the context of a new reorgani-
sation of local powers. Since the mid-4th century AD, Christian individuals 
are attested by epigraphs.
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Even if a diocese was organized only in the second half of the 5th century 
AD, the Christian community became a more and more influential counter-
part in the framework of the local elites. The location of the oldest known 
diocesan churches, dating to the 5th-6th centuries AD, at the borders of the 
territory (Fig. 3) is interesting because it could eventually relate to areas of 
previous ager publicus or within imperial estates, or areas confiscated from 
pagan temples, or of uncultivated lands from urban estates (Limina 2021a e 
2021b). It seems clear that liminal areas of ager Volaterranus were the most 
effected by dynamics of change. Local elites continued to control and mana-
ge production and economic networks in these areas through their versatile 
family strategies (Limina 2021a). The extra-urban sanctuaries continued to 
survive as direct emanation (and visible presence) of the urban centre. The 
local epigraphy and place-names analysis indicate the presence of imperial 
properties in the marginal areas while on the same areas insist the first Chri-
stian holy places.

The diffusion, only in these liminal areas, of locally produced ‘Roman’ 
roof-tiles is relevant. Indeed, as demonstrated by E. Shepherd, these roof-tiles 
would indicate the presence of Roman soldiers in centuriated areas or the 
local access to military networks, or contacts through patronage (Shepherd 
2016). The local production of roof-tiles in the ‘Roman style’ is confirmed 
by the study of archaeological materials from previous research and from the 
2023 surveys (Limina 2021a e 2024). Local production implying the acquisi-
tion of technical knowledge different from the traditional one (Warry 2006; 
Shepherd 2016; Hamari 2019) could be proof of identity dynamics that 
currently escape us but are worth investigating. All this data from justifies 
RELOAD’s investigations for a better assessment of the landscape’s evolution 
in relation to liminality.

3. Alternative concepts and approaches for ancient landscapes

If ancient landscapes investigation is strictly linked to understanding 
complexity, simplification is the only way to deal with the challenges of 
interpretating the dynamics of change. Then, models, simplified representa-
tions of complex real-world phenomena, could be beneficial for landscapes’ 
reconstructions.

3.1 Resilience and antifragility

Resilience, defined as the ability of a system to maintain key functions 
in the face of stresses by resisting and then adapting to change, has been in-
creasingly adopted in archaeology (Redman 2005; Cumming 2011; Daems 
2021). The application of resilience theory implies turning archaeological 
data into key variables, based on the idea that complex systems are controlled 
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by the adaptive cycle (Bratmoller et al. 2017). However, there is another 
concept that can be applied to complex systems, ‘antifragility’ (Taleb 2012), 
that has been used in economy (Platje 2015), psychology (Markey-Towler 
2018), biology (Davis 2020), law (Law 2021). Antifragility is fundamentally 
different from ‘resilience’ (Munoz et al. 2022). According to Taleb (2012, 
430): «The resilient resists shocks; the antifragile gets better». Like all real 
systems, an antifragile one is characterized by complexity, randomness and 
‘learning ability’, the ability to recover from a shock learning how to survive 
the next. In this way, the antifragile improves itself. Agreeing that the history 
of elites is most visible at the archaeological level and that settlement distri-
bution reflects strategies of control and management of resources, it seems 
that Volterra responded in an antifragile way to dynamics of change.

Local elites managed to transform disadvantageous geographical and 
political conditions into opportunities for progressive integration into imperial 
dynamics. However, if ‘antifragility’ seems suitable at a narrative level, can it 
be verified from Taleb’s heuristic formula and archaeological data?

3.2 Preliminary data about the application of AMBS

ABM is a method of computer simulation based on agents moving in an 
artificial environment, governed by rules which specify how they respond to 
the system and relate with the other agents’ behaviour. RELOAD approach-
es modelling and simulation in NetLogo. To assess if the agents’ behaviour 
is fragile, resilient, or antifragile it would be necessary to setting values for 
the parameters to evaluate response to changes in the system. Applying the 
mathematical heuristic to detect fragility, if the value is positive, the system 
is fragile; when it is zero, the system is resilient; for negative values, the sys-
tem is antifragile. RELOAD is still in a very preliminary phase of modelling 
but trying to simplify theorization: suppose we want to understand why the 
archaeological materials testify to a decrease in the number of rural sites af-
ter the 2nd century BC, in parallel with the restoration of Roman-style villas. 
Through the GIS extension in NetLogo it would be possible to build a virtual 
environment with actual characteristics of the archaeological context; then, it 
will be possible to simulate the local landowners’ behaviour by writing a code.

Agents can abandon the sites, maintain their ownership without mod-
ification, or improve estates restoring them. ABMS is an iterative process, 
so the repeated decision-making and the stochasticity produce a pattern that 
changes at the macroscopic level in site number, type, and spatial location. 
By analysing the parameters, one can assess the agent’s behaviour as fragile, 
resilient, antifragile based on the variation in the number of changes in the unit 
of time, and the ability to recover from the number of unchanged, abandoned 
restored sites. Then, it would be necessary to compare the results with the 
archaeological data and repeat the simulations to validate/modify the model.
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4. Conclusive remarks

Despite the increasing use of ABMS in archaeology, some sceptical points 
relate to the complexity and difficulty of using them, considering that a specific 
education in archaeologists’ curriculum is still lacking (Nakoinzm 2018; Daems 
2021; Romanowska et al. 2021). Aware of limitations due to methodology and 
data collection, the necessary simplification underlying modelling is a good prac-
tice for data standardization, while the opportunity to test results and what-if 
scenarios under different perspectives justify AMBS applications in archaeology. 
Using a specific computer program forces us to make explicit assumptions, to 
emulate a specific process that produced the observed archaeological evidence 
(Wurtzer et al. 2015). For all these reasons, ABMS are beneficial to reinforce 
conceptual clarity, helping to understand how things changed; of course, em-
ulating the past does not explain it, and only by iterative adjustments a model 
obtains a reasonable fit between its output and the archaeological evidence. 
In any case, the advantages of applying AMBS are evident: they are explicitly 
concerned with the time in process, they do not require mathematical formality, 
they include randomness variables as in natural complex systems.

RELOAD, ensuring open access to programming codes aims to promote 
the standardization of practices and the reproducibility of results, among the 
main challenges of landscape archaeology (Attema et al. 2020). Approach-
ing resilience and antifragility trough ABMS, RELOAD takes the challenge 
to provide a ‘scientific’ endorsement over these concepts, above a suitable 
narrative. To conclude, the challenges of applying concepts from other disci-
plines, but always keeping central the archaeological datum and the historical 
perspective can only strengthen the approach of landscape archaeology by 
making the techniques of the ‘hard sciences’, tools that should be used not as 
new religions (Zubrow 2006) but to open new research paths, or to analyse 
old problems with new perspectives.

Valentina Limina
FRS-FNRS, UCLouvain, INCAL
valentina.limina@uclouvain.be
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ABSTRACT

RELOAD intends to re-evaluate the marginal areas of northern Tuscany to demonstrate 
their central role in the dynamics of management and perception of space between the Roman 
conquest and late antiquity. Considering that landscape archaeology, complemented by an 
anthropological perspective, allows a deep understanding of the linked dynamics of social and 
ecological systems, the project is expected to fill a gap of knowledge about ancient landscapes 
in northern Tuscany analyzing the case of Volterra to provide innovative interpretative models 
through a multidisciplinary methodological approach and a diachronic perspective. Integrating 
all available sources with new data collection, RELOAD approaches landscape complexity 
in a flexible way. Introducing for the first time in archaeology the concept of ‘antifragility’, 
RELOAD engages in the wider debate about adopting concepts and techniques from different 
fields for archaeological and historical reconstruction. The paper presents the project and 
preliminary data regarding the challenges and the potential benefits of applying agent-based 
model simulations to test the validity of approaching the past through the lens of ‘resilience’ or 
‘antifragility’ leading to alternative reconstructions of the human-environmental interactions.


