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ABSTRACT –This paper has two aims. The first is to introduce to a wider audience the recently proposed
Bubble Model: a new method to reconstruct ancient settlement territories. After a preliminary
discussion of similar methods that have been used in archaeology, such as Voronoi diagrams (Thiessen
polygons), Multiplicatively Weighted Voronoi diagrams and XTENT, the Bubble Model is defined
and its characteristics are compared. Strengths and weaknesses are identified and discussed. The main
advantages of the new model are: a diachronic approach (the reconstructions of the territories depend
on the order of appearance of the settlements); the possibility to detect federative polities. 
The second aim is to discuss the problem of contemporaneity between settlements. It is quite common
to observe, in detailed regional studies, simple maps showing the increasing or decreasing number of
settlements for each chronological phase. However, since we cannot be certain of the contemporaneity
of all settlements, the trends over time might be biased by settlements with very short life (i.e. less than
an archaeological phase). Thus, it is worthy to introduce the concept of Minimum number of
Contemporary Settlements (MCS).
Finally a case study from Latium Vetus and Etruria (Italy) is presented. Using both methods, it has
been possible to hypothesise the presence of hierarchical polities in the Tolfa Mountains, from the
Early Bronze Age to the Final Bronze Age. Whereas, in the Cerveteri area only federative polities
seem to exist from EBA till FBA1-2. Moreover, it is shown that the progressive decrease in settlement
number in southern Etruria might partially be due to a gradual process of stabilization of the minor
villages. 
Since the EBA, major central settlements seem to be regularly distributed at about 100/120 minutes
walking time distance, resulting in territories of 50/60 minutes radius. At least at the beginning of the
EIA, the proto-urban settlements of Roma, Veii and Caere seem to almost double their territory radius. 

KEYWORDS – settlement systems, Etruria, Latium Vetus, Bronze Age, Iron Age

RIASSUNTO – Questo contributo ha due obiettivi principali. Il primo è di presentare ad un’ampia
platea il Bubble Model: un metodo per ricostruire l’ampiezza dei territori degli antichi
insediamenti. Dopo una discussione preliminare circa i metodi che fino ad ora sono stati utilizzati
allo scopo (i Voronoi diagrams, conosciuti anche come poligoni di Thiessen, i Multiplicatively
Weighted Voronoi diagrams e il modello XTENT), il Bubble Model è definito con precisione e
messo a confronto, evidenziandone pregi e difetti. I maggiori vantaggi sono: un approccio
diacronico, ovvero i risultati in una fase sono influenzati da quelli della fase precedente; la
possibilità di individuare federazioni di insediamenti della stessa ‘importanza’.
Il secondo obiettivo è di discutere il problema della contemporaneità tra gli insediamenti. Le carte
di fase degli insediamenti, così frequenti in archeologia, mostrano spesso un numero di villaggi
che varia allo scorrere del tempo. Tuttavia la tendenza che ne deriva è facilmente alterata dalla
presenza di insediamenti di breve durata che, pur appartenenti alla stessa fase, non necessariamente
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INTRODUCTION

The goal of this article is to introduce
to a wider audience both a new method
to reconstruct ancient settlement terri-
tories (Bubble Model) and two tech-
niques to calculate the minimum num-
ber of contemporary settlements (MCS).
After a brief discussion of alternative
methods (Voronoi diagrams, Multiplica-
tively Weighted Voronoi diagrams and
XTENT), the Bubble Model is precise-
ly defined and introduced. Advantages
and disadvantages of each approach are
compared. Afterwards, two different
techniques to calculate the minimum
number of contemporary settlements are
proposed and analysed. Finally, the new
methods are applied to the settlement
patterns of the Bronze Age - beginnings
of Early Iron Age 1 (2300 – 880 BCE),
in the area between the Mignone River,
the coast and the Astura River, that is in
a portion of Etruria and Latium Vetus
(Italy).The single phases will not be
analysed in detail but some general
trends in settlement systems will be dis-
cussed. It is shown that the simultaneous
application of both Bubble Model and

Minimum number of Contemporary
Settlements (MCS)is an effective ap-
proach, especially when dealing with
complex societies, for which settlements
of different ranks can be detected or hy-
pothesized.

HOW TO DETERMINE THE
TERRITORY OF A SETTLEMENT–
STATUS QUAESTIONIS

Three spatial methods have tradition-
ally been used to reconstruct the ancient
territory of a settlement: Voronoi dia-
grams(VD, also known as Thiessen poly-
gons), Multiplicatively Weighted
Voronoi diagrams (MWVD) and the
XTENT model. Each of these is briefly
described and defined here.

Voronoi diagrams 

“Given a set of two or more but a fi-
nite number of distinct points in the Eu-
clidean plane, we associate all locations
in that space with the closest member(s)
of the point set with respect to the Eu-

174

Alessandri

sono contemporanei. Viene dunque introdotto il concetto del numero minimo di abitati
contemporanei (MCS) e vengono illustrate due procedure per calcolarlo.
Infine i due metodi (Bubble Model e MCS) vengono applicati allo studio dello sviluppo dei sistemi
insediativi in Etruria meridionale e Latium Vetus, nell’età del Bronzo e nella fase antica della prima
età del Ferro. Tramite di essi è possibile osservare, per esempio, la presenza di comunità
gerarchiche nell’area della Tolfa, dall’antica età del Bronzo al Bronzo finale, contrariamente a
quanto accade nell’area in cui sorgerà il centro protourbano di Cerveteri, dove invece è possibile
ipotizzare la presenza di comunità federate, almeno fino al Bronzo finale 1-2. Inoltre si dimostra
che la progressiva diminuzione di numero degli insediamenti in Etruria meridionale può essere
dovuta, almeno parzialmente, alla stabilizzazione degli insediamenti più piccoli. Il territorio degli
insediamenti, almeno a partire dall’antica età del Bronzo, sembra attestarsi su di un raggio di 50/60
minuti di cammino, mentre i centri protourbani, agli esordi dell’età del Ferro, sembrano
controllare un territorio con un raggio radddoppiato. 

PAROLE CHIAVE – sistemi insediativi, Etruria, Latium Vetus, Età del Bronzo, Età del Ferro
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Fig. 1 – Voronoi diagrams applied to Etruria and Latium Vetus. 1, di Gennaro 1982 (FBA); 2,
Barbaro 2010 (FBA); 3,  Pini, Seripa 1986 (FBA3); 4, Fulminante 2014 (FBA3); 5, di Genna-
ro, Guidi 2000 (EIA).
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clidean distance.” (Okabe et alii 2000:
44)

Let P = {p1,p2, ... , pn} be a set of
points in the plane. A Voronoi cell V(pi)
for pi, is the set of points q in the plane
that are closer to pi than to any other
point. That is: 

V(pi) = {q | dist(pi,q) ≤ dist(pj, q), for j ≠ i}

In the social sciences, Voronoi dia-
grams (Voronoi 1907, 1908, 1909) are
alternatively called Thiessen poly-
gons(Thiessen 1911; De Mers 2000:
305-307). Thiessen polygons have been
widely used in archaeology; numerous
scholars tried to apply the method to
Etruria (Renfrew 1975; di Gennaro
1982; Barbaro 2010) and Latium Vetus
(Pacciarelli 1986; Pini, Seripa 1986; Ari-
etti 1996; Bouma, van’t Lindenhout
1998; Capanna 2005; Fulminante
2014); each facing some inherent limi-
tations (fig. 1):
1. In Voronoi diagrams the rule is that all
of the given area has to be assigned to
a single point, that is called the gener-
ation point. From an archaeological
point of view, that means that every
single piece of land must fall under the
control of one of the settlements, re-
gardless of the distance;

2. To obtain a plausible subdivision of
the landscape, the (almost) complete
archaeological record should be
known. Since this is not always the
case, usually the sizes of most of the re-
sulting polygons are overestimated; in
fact, the average polygon size varies in-
versely with point density. The dis-
covery of even a single settlement
might therefore greatly change the re-
sults. See for example the differences

between the coeval diagrams in figure
1;

3. Since a boundary of a Voronoi poly-
gon is always a result of the interaction
between two points (it is equidistant
from both), the Voronoi polygons re-
main open along the edges of the
studied area, where there are no “sec-
ond points”;

4. It is not possible to establish a hierar-
chy among the settlements, you nec-
essarily must decide it previously, or
anyway set a further “rule”. This is the
case, for example, in Barbaro 2010,
where settlements with higher defen-
sive potential are considered “prima-
ry”, and in Fulminante 2014, where
the generation points are the settle-
ments larger than 4ha (fig.1, 2 and 4);

5. The distances between q and pi and are
usually calculated without considering
the landscape morphology (isotropic
surfaces), i.e. as the crow flies;

6. It is a synchronic model: the results
obtained for one phase are not influ-
enced by the results for the previous
phase.

Multiplicatively Weighted Voronoi dia-
grams

The Voronoi approach has been mod-
ified in order to correct some of these
limitations. In particular, a different
“weight” has been assigned to any gener-
ation point in the plane (that is, in our
case, to any single settlement) to modify
its behaviour. The new technique is
known as Weighted Voronoi diagrams
(WVD) and can be subdivided in Mul-
tiplicatively, Additively, or Compoundly
Weighted VD(Okabe et alii 2000). Mul-
tiplicatively Weighted Voronoi diagrams
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have been widely used in archaeology,
with weights provided from settlement
size, and have recently been applied to
Latium vetus(Rajala 2005; Fulminante
2008; Fulminante 2009, Fulminante
2014, fig. 2).
Let w be a weight assigned to any sin-

gle pi: 

V(pi) = {q | dist(pi,q)/wi ≤ dist(pj,q)/wj,
for j ≠ i}

Unlike the Ordinary Voronoi dia-
grams, in the MWVD some areas (terri-
tories) might be enclosed in bigger ones.

However, the MWVD model has
some limitations too:
1. In archaeology, the biggest problem
of MWVD is the supposed connec-
tion between settlement size and po-
litical strength and the postulate that
the bigger villages might control the
smaller ones. Even if this is likely to
hold true in most instances, it can-
not be taken as axiomatic. Further-
more, establishing the size of a set-
tlement is often very difficult (there-
fore highly subjective) and very often
turns out to be impossible. It should
be stressed that changing the settle-
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Fig. 2 – Multiplicatively Weighted Voronoi diagrams forLatium Vetus (FBA3)(after Fulminante
2014).
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ment size can greatly modify the re-
sult; 

2. It is not possible to construct territo-
ries for group of settlements of the
same political strength (federations);
either a settlement is alone or it par-
takes of some hierarchy;

3. As for VD, every single piece of land
should fall under the control of one of
the settlements, regardless of the dis-
tance. No unassigned areas are possi-
ble;

4. As for VD, some polygons remain
open along the edges of the studied
area;

5. To my knowledge, no MWVD based
on anisotropic surfaces has been real-
ized yet, so the landscape morphology
has never been considered (isotropic
surfaces);

6. As for VD, it is a synchronic model:
the results obtained for one phase are
not influenced by the results for the
previous phase;

7. Limited efforts have been made to
bring MWVD into GIS for practical
use. To my knowledge, only three pro-
grams are able to make diagrams that
can be used in a GIS environment:
Gambini software (Gambini 1966;
Tiefelsdorf, Boots 1997; used by Rajala
2005), WVD18 and MWVD_Shape
1.0 (Mu 2004; the latter used by Ful-
minante 2014) and an ArcGIS exten-
sion called Weighted Voronoi (Dong
2008). Each of these produces different
results, since they use different imple-
mentations of the original algorithm.

XTENT model

The XTENT model was introduced
in the 1970s by Colin Renfrew and Eric

Level. When considering the size of set-
tlements as a measure of their political
strength, it assumes that the “influence
of a settlement is proportional to a func-
tion of its size and declines linearly with
distance”(Renfrew, Level 1979: 149):

I = f(C) - kd 
with I ≥ 0

Let P = {p1,p2, ... , pn} be a set of
points in the plane; I is a measure of the
influence of the settlement at point p1, C
is the settlement size, d is the distance be-
tween the settlement and p1, k is a con-
stant. Each point pnis assigned to the
settlement with the highest I in that
place. 
In the original paper, Renfrew and

Level already pointed out the difficulty
of assigning the ‘correct’ values to f and
k. In literature, the f(C) is usually ex-
pressed as Ca, with a=0,5. Bigger ‘a’ val-
ues foster the domination of the major
settlements; conversely smaller values
lead to more autonomous centres. Ac-
cording to Renfrew and Level, changes in
the value of k might be used to simulate
the passage of time: if k decreases (thus
k becomes a further variable) the influ-
ence of the bigger settlements increase.
Thus, if the value of k continues to de-
cline, a progressive increase in the influ-
ence of a few bigger settlements can be
introduced into the model. David Red-
house and Simon Stoddart used this idea
to simulate the development of the ter-
ritories in Northern Lazio and Southern
Umbria (Redhouse, Stoddart 2011).
They use for k a range of values from 0,1
to 0,014, simulating a progressive ex-
pansion of some centres, for example
Veio, Orvieto and Vulci (fig. 3). Howev-
er, as James Conolly and Mark Lake
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(2006: 213) noted, referring to XTENT:
“There are, however, very few applica-
tions [of the XTENT model] beyond
their trial formulation, largely because of
the acknowledged subjectivity in deter-
mining the value of the constant that de-
termines whether territories are likely to
be more or less autonomous”.
Nevertheless, the XTENT model, es-

pecially when the distances are expressed
in travel time (Ducke, Kroefges 2008;
Redhouse, Stoddart 2011), constitutes a
considerably more refined methodology
than VD models and is much more sim-
ilar to MWVD. The limitations of the
XTENT model are:

1. As for MWVD, establishing the size
of a settlement, which usually pro-
vides the value of C, is often very dif-
ficult or even impossible;

2. As for MWVD, it is not possible to
construct territories for federations of
same size settlements. Either a settle-
ment is alone or it partakes of some
hierarchy;

3. The subjectivity in determining the
value of k;

4. It is a synchronic model: the results
obtained for one phase are not influ-
enced by the results for the previous
phase.

A NEW APPROACH: THE BUBBLE MODEL

The Bubble Model has recently been
applied in the Latium Vetus area
(Alessandri 2013). There is only one pa-
rameter: the maximum distance within
which it is likely that a settlement can de-
ploy an effective influence (maximum
distance of influence = mdi). This dis-
tance must be calculated in travel time
on an anisotropic surface. A settlement
territory includes all areas that can be
reached by expending less than mdi; in
other words, it is the circle with the set-
tlement as the centre and mdi as the ra-
dius. It must be underlined that the val-
ue of mdi should not be assumed, but
has to be established empirically for each
case (see the case study below for an ex-
ample).
Once the territory of a settlement has

been reconstructed, it is possible to in-
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Fig. 3 – XTENT models for Etruria, 900-600 BCE (after Stoddart 2011).
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troduce some rules to analyse its evolu-
tion over time, in a diachronic perspec-
tive.
Let A and B be two points (settle-

ments) in a given plane, Ta the space as-
sociated to A (territory of settlement A),
dB the distance between A and B, mdi
the maximum distance of influence;
then, passing from one phase to the next,
three circumstances might occur (fig. 4).
1. Settlement B is born inside Ta, at a
distancedB≤ mdi. In this case both ter-
ritories merge into a single polity;

2. Settlement B is born outside Ta, at a
distance mdi<dB<2mdi. Where the
two territories overlap, the boundary
is the line equidistant from A and B;

3. Settlement B is born outside Ta, at a
distance dB>2mdi. In this case Ta does
not change.

Limitations

1. The major limitation is the accuracy
in determining the maximum distance

of influence (mdi). This value can de-
pend on many factors. For example, if
we consider the capacity to exploit the
surrounding territory as a good ap-
proximation of the term ‘influence’,
then we can use the average territori-
al radius for cereal farming economies
(if applicable) suggested by the Cam-
bridge palaeo-economy group in the
1970s (Vita-Finzi, Higgs 1970). But
usually the most important parameter
is the presence of a second settlement
in the surroundings, which can be
used as a measure of the influence of
the first; 

2. It is possible that mdi might change in
different areas or periods; 

3. A second issue relates to the function
of the settlements. Special purpose
sites (e.g. for salt production) proba-
bly do not have any political strength,
and thus no autonomous territory.
Since it is very often difficult to de-
termine the function of a settlement,
it is not always possible to exclude
them from the model; 
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Fig. 4 – Bubble Model, the rules to analyse the evolution of the territories over time.
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4. Of course, when trying to identify hi-
erarchical relationships, the Bubble
Model shares with all the other mod-
els the problem of determining the
political strength parameter(s). 

Differences with previous models

1. The Bubble Model is a diachronic
model. This is a first big difference
with the already discussed MWVD
and XTENT: without changing the
parameter (mdi), the reconstructions

of the territories depend on the order
of appearance of the settlements (fig.
5);

2. Furthermore, since more than one set-
tlement can share a territory, and no
other parameters than mdi have been
used in the model, all such polities are
supposed to be federative. Afterwards,
it is possible to detect (or not) a hier-
archy choosing a parameter (for ex-
ample, size, antiquity or defensive po-
tential) or a combination of them. It
is a central tenet of this approach that
hierarchical relationships should be
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Fig. 5 – Hypothetical application of the Bubble Model. The reconstruction of the territories de-
pends on the order of appearance of the settlements.

Tab. 1 – synthetises the characteristics of each model

�* to be evaluated on parameters external to the model
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inferred after the reconstruction of the
territories. This is a big difference with
MWVD and XTENT, in which the
hierarchical relationships between set-
tlements, even if based on the same
parameters, are based on a priori as-
sumptions about the major settle-
ments. In other words, in MWVD
and XTENT the strength parameters
change the behaviour of the model, in
the Bubble Model they do not.

HOW TO DETERMINE THE CONTEM-
PORANEITY OF THE SETTLEMENTS -
THE MINIMUM NUMBER OF CONTEM-
PORARY SETTLEMENTS

It is quite common to observe, in de-
tailed regional studies, relatively simple
charts showing the increasing (or de-
creasing) number of settlements for each
chronological phase. From these charts,
maps are created for different historical
moments. But actually we cannot be cer-
tain of the contemporaneity of all settle-
ments. Besides, it is possible (or likely?)
that the increasing or decreasing number
of settlements is partially altered, espe-
cially for the longer phases. To better un-
derstand the settlement pattern develop-
ment, it is therefore useful to introduce
the concept of Minimum number of
Contemporary Settlements (MCS).
Definitions of terms that will be used:

1. Phase: the shortest chronological inter-
val that can be discerned on the basis of
ceramic (or metal, where available)
analysis, for the complete study area;

2. Duration of settlement: the chronolog-
ical interval between the first and the
last dated artefact found in the settle-
ment;

3. Position of settlement: the settlement

position on the timeline with respect
to the phases.

If we consider a phase (e.g. phase
number 2), then we are able to observe
three settlement positions: 
Type A. Single-phase: the duration is

smaller than that of phase 2; the position
is unclear but inside the phase;
Type B. Including previous (B1) or

following (B2) phases: the duration is
equal to or smaller than the sum of the
phases 1+2 or 2+3;the position is partial-
ly clear;
Type C. Including both previous and

following phases: the duration is bigger
than phase 2 and smaller than the sum of
the three phases (2<duration<1+2+3);the
position is partially clear.
As far as the contemporaneity is con-

cerned, a limited number of scenarios are
possible (fig. 6):
1. Type A with type A: it is never possible
to establish the relative positions. In
other words: for any number of single-
phase settlements, it is not possible to
determine their contemporaneity. Be-
sides, the reality is placed somewhere
in between the case 1 and the case 2 in
figure 6;

2. Type A with type B: it is never possible
to establish contemporaneity between
settlements with a single phase (A)
and others with previous or following
phases (B1 or B2). The reality must be
placed somewhere in between the case
1 and the case 2 in figure 6;

3. Type A with type C: it is always possi-
ble to establish the contemporaneity
between single-phase settlements (A)
and others with previous and follow-
ing phases (C). The MCS will be the
sum of C-type settlements plus one,
since the reality must be placed some-
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Fig. 6 – The contemporaneity between different types of settlements.
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where in between the case 1 and the
case 2 in figure 6;

4. Type B with type B:it is always possible
to establish contemporaneity among
settlements with the same two subse-
quent phases. It is never possible to es-
tablish contemporaneity between set-
tlements that share only one phase
(between B1 and B2 in figure 6). The
MCS is the larger of the sum ofthe
B1-type and the B2-type settlements;

5. Type B with type C: it is always possi-
ble to establish contemporaneity be-

tween settlements with previous or
following phases (B1 or B2) and set-
tlements with previous and following
phases (C). In this case, the MCS is
the sum of C-type settlements plus
the larger of the sums of B1-type and
the B2-type settlements;

6. Type C with type C: it is always possi-
ble to establish contemporaneity
among C-type settlements. 

Synthesizing, the contemporaneity
can be established:

Given these facts, there are two ways
to calculate the MCS:
Keeping the phase by phase approach,

it is possible to use a (somewhat com-
plex), algorithm (fig.7). Alternatively,
slightly changing the perspective, it is
possible to count only the settlements
that include materials of any two subse-
quent phases (fig. 8) which must neces-
sarily be contemporary. In this case, the
settlement map of the MCS crossing the
phases 1/2 boundary will show only the
settlements with archaeological materials
from both phase 1 and phase 2. Thus the
map does not represent a period of time,
but a moment in time. Actually, to be
more realistic, this moment could be ap-
proximated to the time frame in which
phase 1 materials are completely replaced
with phase 2 ones. Especially when re-
constructing territories, this represents a
safe datum, even if, of course, a contem-
poraneity with other settlements (with
only phase 1 or only phase 2 materials)
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Settlement positions A-type B1-type B2-type C-type
A-type No No No Yes
B1-type No Yes No Yes
B2-type No No Yes Yes
C-type Yes Yes Yes Yes

Fig. 7 – How to calculate the MCS inside the
phases.
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could not be excluded. In the following
case study I will use this second ap-
proach.

A CASE STUDY - LATIUM VETUS AND
SOUTHERN ETRURIA

Data and methodology

The test area is a portion of the so-
called Latium Vetus, from the Tiber Riv-
er to the Astura River and including the
Alban Hills, plus a portion of Southern
Etruria, from the Tiber to the Mignone
River including the Bracciano Lake and
part of the Sabatini Mountains. The
anisotropic cost surface is only based on
the orography. A Digital Elevation Mod-
el with a horizontal grid spacing of 20
meters has been used. Only for the
Latium Vetus, the coastline and the an-
cient lakes have been reconstructed,
based on Alessandri 2013. No other pa-
rameters have been used, such as rivers or
marshes. Indeed, further developments
of the model could take these factors in-
to account. 

All distances are walking time dis-
tances calculated by means of the Nai-
smith and Langmuir rule, which takes
into account only the orography (Nai-
smith 1892; Langmuir 1984). This rule
has been applied using the Path Distance
function of ArcGIS. 
All data used are relative to settlement

finds. For the positioning of the settle-
ments, their chronology and characteris-
tics, some existing repertories and lists
have been used. For Etruria, the follow-
ing repertories, resulting both from sur-
veys and excavations, have been used:
for the RBA, Damiani 2010; for the
FBA, Barbaro 2010; for the other phas-
es (EBA, MBA, EIA1), di Gennaro
2006; Belardelli et alii 2007; di Gen-
naro, Barbaro 2008b. For Latium vetus,
data are taken from the analytical review
of the evidence in Alessandri 2013. The
interpretation as settlements is given by
the authors.
Only the settlements with an assigned

certain chronology (i.e. without uncer-
tainties, question marks etc.) have been
plotted, with the following exceptions.
In La Tolfa and Caolino del Fosso Eri the
RBA phase has been assumed, since they
both have the MBA3 and the FBA1-2
phases; in Castellina del Marangone, the
FBA1-2 has been assumed, since the set-
tlement has both the RBA and the
FBA3. For the Early Iron Age, in Latium
Vetus only Roma-Colli Albani (RMCA)
IIA settlements have been considered,
and for Etruria the Early Iron Age 1. See
figure 9 for the adopted chronological
scheme (Pacciarelli 2000; van der Plicht
et alii 2009).
In Etruria, the defensive potential

(PD) of the settlements is based on the
list published by di Gennaro and Bar-
baro (2008b). For the twelve settlements
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Fig. 8 – The difference between the simple
phase count of settlements and the MCS.
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that are not in the list, the PD has been
assigned by the author, following the
same criteria.
The chronological maps are based on

the contemporary settlements, as deter-
mined by the MCS method; therefore
they do not represent the phases them-
selves but the transitions between them.
Single-phase settlements have been plot-
ted too, but with a different symbol
(white symbols). Territories will be re-
constructed by means of the Bubble
Model described above.

Status quaestionis

From the Early Bronze Age to the Iron
Age, some trends in the settlement pat-
terns have already been detected, espe-
cially in Southern Etruria (Pacciarelli
1982; 2010; di Gennaro, Peroni 1986;
Guidi 1992; Peroni 1996; Carandini
1997; Guidi 2006; Guidi 2010; di Gen-
naro, Guidi 2010; Barbaro 2010).
1. Stabilization: a gradual increase in the
duration of the settlements, all over
Italy;

2. Selection and concentration: a decreas-
ing number of settlements, but an

overall increase in the total size, com-
bined with a gradual preference for
places that can be more easily defend-
ed;

3. Proto-urban centres: large settlements
of between 126 to 190ha in size, start
to develop between FBA3 and EIA1
in Southern Etruria, whereas the ear-
lier settlements, between 1 and 5 ha,
mostly disappear. In Latium Vetus, on-
ly some settlements seem to enlarge
the settled area between FBA3 and
EIA1 (Pratica di Mare and Ardea),
while the proto-urban phase of Rome
coincides with the displacement of the
Forum necropolis to the Esquiline
hill, at the end of phase RMCA IIA.

It should be stressed that points 1 and
2 were first hypothesized or Southern
Etruria (di Gennaro, Peroni 1986). Af-
terwards, similar trends have been sug-
gested for most of Italy, however with lo-
cal and significant exceptions.

Determination of mdi (maximum dis-
tance of influence)

In order, to apply the Bubble Model
we first have to determine the mdi. In
the case under discussion, it is possible to
use the average distance between the
contemporary settlements (MCS), at the
transition between the EBA and MBA1-
2. This has been calculated for the Tolfa
Mountains, in which several studies(sys-
tematic surveys and occasional discover-
ies; di Gennaro 1990) have been con-
ducted. The distances between two set-
tlements have been calculated as half the
time needed for a return trip. Some very
near settlements are considered to be part
of the same polity (group 1: Bufalareccia,
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Fig. 9 – The Bronze Age and the Early Iron
Age phases in Central Tyrrhenian Italy,
chronological scheme.
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Bufalareccia q77 and Fosso del Laghetto,
11 minutes on average; group 2: La Sug-
hera and La Tolfa, 18 minutes). The av-
erage distance between settlements
turned out to be 106 minutes (fig. 10),
which corresponds to a territory radius of
53 minutes. This value (adjusted to 50
minutes) will be applied to the whole of
the study area, and is very close to the
maximum radius of daily exploitation
already proposed for Site Catchment
Analysis (Vita-Finzi, Higgs 1970). More-
over, 5-kilometer radius territories, cor-
responding to around 60 minutes in flat
terrain, have been hypothesized in dif-
ferent scenarios and constitute one of
Bintliff ’s ‘settlement quanta’ (Bintliff
1999). For Southern Etruria, in the FBA,
Barbaro proposed the presence of some
‘micro-systems’, composed of one major
settlement, some minor villages in the
surroundings, and one or more necrop-
oleis. Using a different approach, she
equated the radius of the territory of the
major settlement to the maximum dis-
tance recorded between a settlement and
its necropolis. This radius turns out to be
2500m, or around 30 minutes walking
time, in flat terrain. However, she allows
the possibility that other minor villages
outside this radius still belong to the
same micro-system (Barbaro 2010: 45).

From the Early Bronze Age to the Final
Bronze Age: hierarchical and federative po-
lities

M. Pacciarelli already noticed the
presence, in the Bagni di Stigliano area
(in the Tolfa Mountains area), of a large-
meshed net of larger and more defensible
MBA settlements together with a small-
meshed net of smaller and not much de-

fensible ones, that are very often located
in good agriculture landscapes (Paccia-
relli 2000; 2010). A similar situation has
been reported for the Vesca Valley (Ci-
farelli, di Gennaro 1993) and F. di Gen-
naro already proposed the presence, at
least since the EBA, of settlement sys-
tems composed by primary and sec-
ondary villages (di Gennaro 2000). In-
deed, the EBA/MBA1-2 MCS map (fig.
11) shows some quite regular patterns es-
pecially in the Tolfa Mountains area.
Here, from EBA to MBA1-2, all the sin-
gle-phase settlements are just inside the
polities of the contemporary sites (de-
fined by MCS) with only two EBA ex-
ceptions which, however, are located on-
ly a few minutes outside are constructed
territory. To detect hierarchical polities
in this case, we can use both the duration
and the defensive potential of the settle-
ments. The significance of the latter in
the development of the landscape of
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Fig. 10 – The walking time distances (min-
utes) between the contemporary settlements in
the Tolfa Mountains (EBA/MBA1-2).
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Etruria has been widely explored and a
general increase in defensive potential
has been detected, starting from the EBA
(di Gennaro 2000; Schiappelli 2003; di
Gennaro, Barbaro 2008a; Schiappelli
2008).
In the Tolfa Mountains area, from the

EBA to FBA3 (figs 11, 12, 14-16), in
most cases a single major settlement (for
both duration and defensive potential)
shares its territory with minor villages
(fig. 13; it must be recalled here that the
contemporaneity is ‘certain’ only among
the MCS settlements, i.e. black symbols,
and uncertain with the single-phase set-
tlements, i.e. white symbols). This con-
figuration indicates the existence of hi-
erarchical systems. 
More to the south, in the Cerveteri

area, the contemporary settlements are
located at an average distance of 51min-
utes walking. Tracing the 50-minute ra-
dius around them, we are able to recon-

struct a very large polycentric polity,
from the EBA to FBA1-2.Contrary to
what happens in the Tolfa Mountains,
no settlement in this polity stands out for
both its duration and defensive potential.
This configuration points to a federative
system. 
However, it should be clear that even

in a federative polity, minor settlements
coexist with major ones. The two clusters
of single-phase settlements that appear
near the polity boundary in MBA3 (fig.
12) might be considered minor villages
(with specific functions?). 
It is noteworthy that, both in the fed-

erative and in the hierarchical polities,
the single-phase settlements are quite
often located in the proximity of the
territory boundaries. Considering that
many scholars have already suggested
for these periods a subsistence economy
partially based on shifting cultivation
(Bietti Sestieri, Gianni 1988; Piercy
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Fig. 11 – The reconstruction of the territories
of the contemporary settlements, between
EBA and MBA1-2. The single-phase settle-
ments have been plotted too.

Fig. 12 – Reconstruction of the territories of
the contemporary settlements, between
MBA1-2 and MBA3. The single-phase settle-
ments have been plotted too.
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Evans 1988; Gianni 1991; Alessandri
2013), it is possible that at least a por-
tion of the smaller single-phase settle-
ments would have moved around in

search of fresh terrain not impoverished
by agricultural use.
In Latium Vetus, data for the begin-

ning of the Bronze Age are quite rare.
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Fig. 13 – The development of the settlement systems in the Tolfa area, between EBA and EIA1.
Symbol shapes indicate the defensive potential, symbol sizes are proportional to the overall du-
ration; black symbols, MCS settlements; white symbols, single phase settlements; H, hierarchi-
cal polity.
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However, from the Recent Bronze Age
onwards, a 50-minute territory radius
seems to fit very well with the settlement
patterns (fig. 15). In the FBA3 some
“older settlements, undoubtedly stable,
are surrounded by other villages of less
importance that are founded and aban-
doned in a much shorter time” (Alessan-
dri 2013: 51, where a radius of 60-
minute had been); most of the older set-
tlements dated from the MBA. More-
over, federative polities appear since
MBA1-2, in the Colonna area (fig. 12). 

The transition from the Final Bronze Age to
the Early Iron Age: the proto-urban centres

In Southern Etruria, the transition be-
tween FBA3 and EIA1 is marked by the
rapid birth of the first proto-urban cen-
tres (early states). These are characterized
by a radical change in size (Veii, 185ha;
Caere 160ha) with respect to the FBA3

settlements (size between 1 and 5ha).At
the same time, the large majority of the
latteris abandoned (di Gennaro 1982; di
Gennaro, Peroni 1986; Pacciarelli 1991;
2000; 2010; di Gennaro, Guidi 2000;
Guidi 2006; di Gennaro Guidi 2010).
Also in the coastal part of Latium Vetus,
both Ardea and Pratica di Mare enlarge
their size to respectively 41ha and 30ha
(Modica 2007; di Gennaro, Guidi
2000). In Rome, at the end of the RM-
CA IIA phase, the use of the Forum area
as a necropolis comes to a stop and, at
the same time, the evidence for the start
of the farther Esquiline necropolis be-
comes abundant. Some scholars have al-
ready connected this development to an
enlargement of the inhabited area, which
has been calculated to be in the range of
67-205 ha (Müller-Karpe 1962; Guidi
1982; Bettelli 1997; Guidi 2006, 150ha;
Carandini 2007, 205 ha; Alessandri
2013, from 67 to 150ha). The identifi-
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Fig. 14 – The reconstruction of the territories
of the contemporary settlements, between
MBA3 and RBA. The single-phase settle-
ments have been plotted too.

Fig. 15 – The reconstruction of the territories
of the contemporary settlements, between
RBA and FBA1-2. The single-phase settle-
ments have been plotted too.
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cation of the proto-urban phase at Ficana
is more problematic: even if it is contin-
uously occupied since the MBA3, its set-
tled area seems to enlarge only in the VII
century BCE. However, the overall mag-
nitude of the phenomena might justify a
recalculation of the territory radius, at
least among the proto-urban settlements.
The average walking distance between
Caere, Veii and Rome is 146 minutes; if
we take into account also Pratica di Mare
and Ficana, it becomes 135 minutes.
The only exception to this scheme is the
distance of about one hour between
Ardea and Pratica di Mare; since these
two already coexist before EIA1, it is
possible that they were unable to extend
their borders at the expense of each oth-
er.
For Southern Etruria a similar radius

(7-10km)for the territories of proto-ur-
ban settlements has already been pro-
posed by Rendeli (1991).Using a slight-

ly different argument, a territorial radius
of 132 minutes has been reconstructed
for Rome from FBA1-2 to EIA1, on the
assumption that a number of small set-
tlements were located along its bound-
ary, thus marking its territory (Alessandri
2013: 40 and fig. 1.30). Moreover, it
seems that, at least at the beginning of
the EIA1, Rome, Veii and Caere coexist-
ed with some other smaller settlements
with their own territories(fig. 17). This
result would confirm the gradual in-
crease in the size of proto-urban territo-
ries, developing during EIA1, as opposed
to the theory of an immediate and com-
plete control of the landscape as depict-
ed in some Thiessen-based maps. If this
hypothesis turns out to be true, the
provenance of the first settlers from very
distant districts such as the Sabatini and
Cimini Mountains,as has been suggested
in the case of Veii (di Gennaro 2012:
45), becomes questionable.
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Fig. 16 – The reconstruction of the territories
of the contemporary settlements, between
FBA1-2 and FBA3. The single-phase settle-
ments have been plotted too.

Fig. 17 – The reconstruction of the territories
of the contemporary settlements, between
FBA3 and EIA. The single-phase settlements
have been plotted too.
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Stabilization, selection and concentration

A few more observations can be made
by observing changes in the MCS over-
time. Assuming a territorial model par-
tially based on shifting villages, the mis-
leading nature of the simple phase
count of settlements becomes clear. In
Etruria (fig. 18) the decreasing number
of the settlements might partially be
due to a gradual process of stabilization
of the minor villages (fig. 19). In all
Italy, a similar trend has been already
hypothesized and related to the spread
and diffusion, from the EBA to the
FBA, of some capital intensive form of
subsistence technologies (Gilman et alii
1981) such as olive domestication and
oil production, animal powered plough
use and salt production (di Gennaro,
Peroni 1986; Guidi 1992; Mandolesi
1999; Pacciarelli 2000; Alessandri
2013). Although, in Etruria a process of
settlement concentration it is undeni-
able, using the MCS it appears to be
much more gradual: in about one mil-

lennium, from EBA/MBA1-2 to
FBA12/FBA3 the contemporary settle-
ments drop from 24 to 13. That also
means that the nucleation process on
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Fig. 18 – The MCS compared with the sim-
ple phase count of settlements for Etruria and
Latium Vetus, from the EBA to the EIA.

Fig. 19 – the effect of one shifting village(grey hut) on both the MCS and the simple phase count
of settlements. 1 to 10,subsequentmoments inside the phases; black hut, stable settlement.
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the Caere and Veii plateaus must have
been very rapid. 
The overall picture for Latium Vetus is

different. Here the MCS is a precise mir-
ror image of that of Etruria and shows a
continuous increase from EBA, with the
exception of a slight decrease between
FBA1-2 and FBA3. This confirms that
no concentration processes are detectable
in Latium Vetus.

SYNTHESIS

Using the MCS and Bubble Model
methods together it was possible to make
some observations:
1. In the Tolfa Mountains area it is possi-
ble to hypothesize hierarchical polities
from EBA to FBA3. Whereas, in the
Cerveteri area only federative polities
seem to exist from EBA till FBA1-2; 

2. Both in Etruria and Latium Vetus, in
the Bronze Age, the major settlements
are regularly distributed at about
100/120 minutes walking time dis-
tance, resulting in territories of 50/60
minutes radius;

3. It seems that at the beginning of
the EIA1, proto-urban settlements
control only a portion of the sur-
rounding landscape, probably to

around 132 minutes walking dis-
tance (mdi);

4. In Etruria, selection and concentra-
tion appear to be very slow processes,
as opposed to the rapid nucleation on
the proto-urban plateau between
FBA3 and EIA.

FUTURE RESEARCH

Small scale landscape reconstructions
are necessary to better understand the set-
tlement patterns and to simulate the walk-
ing time, and a similar small scale recon-
struction of the ancient roads would be of
extreme interest. In fact, the incorporation
of other parameters (e.g. ancient rivers and
lakes)should make the model much more
realistic. Moreover, the boundaries of the
territories could be tested against other
features, like necropolis or hoards. 
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