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Chapter 2. A method for modeling dispersed settlements:
visualizing an early Roman colonial landscape as expected
by conventional theory9

theory9
Abstract
This paper proposes a GIS quantitative method
for simulating dispersed distributions of sites in a
landscape. A number of sites might have escaped
archaeological detection due to adverse surface
YLVLELOLW\ FRQGLWLRQV GXULQJ ¿HOG VXUYH\ WKH VR
called ‘missing sites’). For the early Roman
FRORQLDO ODQGVFDSHV RI FHQWUDOVRXWKHUQ ,WDO\ WKHVH
surface visibility factors are traditionally seen to
be so dramatic as to have allegedly hampered the
GHWHFWLRQ RI WKH FRQYHQWLRQDOO\ H[SHFWHG GLVSHUVHG
DQGGHQVHO\VHWWOHGFRORQLDOIDUPODQGVFDSH,QWKLV
SDSHU WKH UHJLRQDO DQG VLWHRULHQWHG ¿HOG VXUYH\
conducted in Venosa (Basilicata, Italy) is used as a
FDVHVWXG\ WR VLPXODWH K\SRWKHWLFDO HDUO\ FRORQLDO
VLWHV7KHDLPRIWKLVWKHRUHWLFDOH[HUFLVHLVWRVKRZ
KRZWKHUXUDOGLVSHUVHGVHWWOHPHQWSDWWHUQH[SHFWHG
by the conventional theory could appear on a map,
and to visually highlight the divergence between
VXUYH\GDWDDQGFRQYHQWLRQDOVSDWLDOH[SHFWDQFLHV

9
This Chapter corresponds to the article “A method
for modeling dispersed settlements: visualizing an early
Roman colonial landscape as expected by conventional
theory” by Anita Casarotto, originally published (22 December
2017) in Archeologia e Calcolatori, volume 28.1 (publisher
Edizioni all’Insegna del Giglio) as an Open Access article
distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives License (https://
creativecommons.org/licenses/by-nc-nd/3.0/). This article
is accessible through this link: https://doi.org/10.19282/
AC.28.1.2017.09
I would like to express my gratitude to my supervisors, Dr.
Jeremia Pelgrom and Dr. Tesse D. Stek for their comments
throughout the writing process of the article. I would also
like to thank Prof. Maria Luisa Marchi for the methodological
information about the visibility map of the territory of Venusia.
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in this Chapter 2.



2.1

INTRODUCTION

In the debate on ancient settlement organization
RI 5RPDQ FRORQLHV WKH H[WHQW WR ZKLFK UXUDO
colonial settlements have been detected by modern
DUFKDHRORJLVWVLQWKH¿HOGSOD\VDQLPSRUWDQWUROH$
loss in recovery of sites as a result of the limitations
RI ¿HOG VXUYH\ PHWKRGRORJ\ i.e. visibility biasing
factors) is generally known (see discussion in De
*XLR   )UDQFRYLFK et al.   EXW LWV
precise scale is seldom clearly connected to historical
interpretation. In the conventional reconstruction
of Roman colonial landscapes, this notion of a low
site recovery rate is crucial to the argumentation. In
this paper, the colonial landscape projected by the
FRQYHQWLRQDOYLHZDQGE\H[WHQVLRQWKHUHODWHGOHYHOV
of site ‘loss’ between the Roman period and modern
GD\ ¿HOG REVHUYDWLRQV LV FDOFXODWHG DQG YLVXDOL]HG
by means of a GIS simulation. This not only reveals
the scale of modern correction needed to sustain the
conventional view of early Roman landscapes, but
also introduces a useful visualization method.
Numerous studies have addressed the impact of
factors that could prevent object detection in the
SORXJKVRLO i.e. artifact taphonomy). Several
methods have been proposed for the correction of
DUWLIDFW GHQVLW\ UHFRUGHG LQ LQWHQVLYH RIIVLWH ¿HOG
survey (e.g. Haselgrove et al.6KHQQDQet al.
 $OOHQ  *DIIQH\ et al.  6FKR¿HOG
 9HUKRHYHQ  9DQ GH 9HOGH  
YDQ /HXVHQ   *LOOLQJV  6ERQLDV 
)HQWUHVV  (EHUW  6LQJHU  *LYHQ D
DQGE'H+DDV)HLNHQ:DDJHQ 
In contrast, the development of methods to “correct”
VLWHUHFRYHU\UDWHVLQVLWHEDVHG¿HOGVXUYH\VKDVVHHQ
OHVV UHVHDUFK GLVFXVVLRQ LQ &DPEL  :LWFKHU
  :LOVRQ  )HQWUHVV   )RU
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surveys in Italy, only a few studies have proposed
concrete methods for simulating the sites that may
have not been detected due to poor ground visibility
FRQGLWLRQVLQZKLFKVLWHEDVHGVXUYH\VZHUHFDUULHG
out (e.g. 7HUUHQDWR  $PPHUPDQ  7HUUHQDWR
 VHH DOVR 1DQFH  IRU D PHWKRGRORJLFDO
GLVFXVVLRQ DQG )RNNHQV  IRU D QRUWKZHVWHUQ
(XURSHDQ FDVHVWXG\  ,Q WKLV SDSHU WKHVH SUHYLRXV
methods as well as new ones are taken into account
to simulate the possible effect of surface visibility on
site detection in survey.

PHDQVRIFRPSXWHUEDVHGVLPXODWLRQVWKDWXQLIRUPO\
allocated a large amount of hypothetical missing
sites (in other words, sites that might not have
EHHQ UHJLVWHUHG E\ SUHYLRXV ¿HOG VXUYH\V EHFDXVH
of the less than ideal ground visibility conditions).
The result is a hypothetical reconstruction of the
H[SHFWHG ³FRPSOHWH´ VLWH GLVWULEXWLRQ VXSSRVHGO\
the distribution that, according to the conventional
model, should have been observed during the survey
if surface visibility was constantly, not variably,
optimal across the entire landscape). The assumption
underlying such simulations of landscapes with
dispersed settlements is that there is a strong
association between surface visibility and the number
RIFRORQLDOVLWHVGLVFRYHUHGLQ¿HOGVXUYH\VDQLGHD
that, as previously mentioned, is widely accepted by
the conventional theory on colonial settlement.

Following the conventional theory on colonial
settlement (see below), hypothetically “corrected”
site recovery rates and “complete” site distributions
DUHE\ZD\RIH[SHULPHQWSURSRVHGIRUWKH5RPDQ
colonial landscape of the Latin colony of Venusia
IRXQGHG LQ  %& LQ VRXWKHUQ ,WDO\  7KH ¿HOG
surveys conducted in the territory of Venusia, and
in many other rural colonial landscapes around the
,WDOLDQ SHQLQVXOD LGHQWL¿HG RQO\ D IUDFWLRQ RI WKH
HDUO\ FRORQLDO VLWHV DQG VSHFL¿FDOO\ RQO\ D VPDOO
SRUWLRQRIWKHUGFHQWXU\%&IDUPV H[SHFWHGEDVHG
on the demographic information reported in ancient
OLWHUDU\VRXUFHV VHHWKHGLVFXVVLRQLQ5DWKERQH
3HOJURP 7KHJHQHUDOO\DFFHSWHG
H[SODQDWLRQIRUWKLVconundrum of missing colonial
VLWHVLVWKDWWKH\KDYHQRWEHHQLGHQWL¿HGEHFDXVHRI
WKH GLI¿FXOW\ WR GHWHFW VLPSOH SRRU FRORQLVWV¶ UXUDO
dwellings in pedestrian surveys, especially when
the surface visibility conditions are not optimal for
VLWH GHWHFWLRQ 5DWKERQH   0LOOHWW 
&DPEL  :LWFKHU   $FFRUGLQJ WR WKLV
conventional idea, this obstacle to site discovery
ZRXOGH[SODLQZK\WKHH[SHFWHGGHQVHO\SRSXODWHG
and regularly settled colonial landscape is not visible
WKURXJK¿HOGVXUYH\

Prior calculations of site recovery rates for colonial
landscapes have been based upon preconceptions
about rural colonial landscapes, and which recovery
rates we would end up with when following certain
established assumptions on density and distribution
(e.g. 5DWKERQH  &DPEL   7KLV DQDO\VLV
IXUWKHU H[SORUHV WKLV OLQH RI WKRXJKW E\ RIIHULQJ
a visual, concrete picture of how the envisaged
dispersed colonial settlement pattern would have
EHHQ UHFRUGHG LI LW H[LVWHG DQG ZDV YLVLEOH RQ D
VLWHEDVHG VXUYH\ PDS 7KLV WKHRUHWLFDO H[HUFLVH
VHUYHV DV DQ LPSRUWDQW ¿UVW VWHS WR JDLQLQJ D EHWWHU
understanding of the quantitative and spatial
implications of this conventional theory. However,
the alleged direct relationship between object of
study (i.e. distribution and density of sites in colonial
landscapes) and methodological survey limitations
(i.e. visibility biasing factors) cannot be taken at face
YDOXHEXWQHHGVWREHWHVWHG VHH&KDSWHU 

Using a quantitative method for correcting possible
survey visibility distortions in settlement patterns,
this study shows how the territory around the
colonial center of Venusia may have appeared if
the conventional model is correct (for this model
of dispersed Roman colonial settlements see e.g.
6DOPRQ  %URZQ  5DWKERQH  
&HOX]]D 5HJROL6HWWLV%XVVL 9DQGHOOL
IRUDFULWLTXHRIWKLVPRGHOVHH3HOJURP
6WHN 3HOJURP 7KLVZDVDFKLHYHGE\

Recently, several scholars have started to question
the conventional Roman colonial settlement theory,
which predicts a colonial countryside settled regularly
and densely. By noting that, instead, irregular
patterns underlie the settlement sites registered in
surveys, the question is now raised as to whether
WKHVHSDWWHUQVUHÀHFWDQRWKHUDOWHUQDWLYHVHWWOHPHQW
PRGHO 3HOJURP6WHN UDWKHUWKDQEHLQJ
the result of visibility biasing factors (Rathbone
 7KH FXUUHQW SDSHU DLPV WR FRQWULEXWH WR WKLV
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Fig. 2.1 Hellenistic settlement site distribution and visibility map (based on Marchi & Sabbatini 1996, 107; graphic
elaboration by author). The raster base map is the shaded relief calculated from the 10 m-resolution DEM named
TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

debate by offering a tool that enables a visual, direct
assessment of the substantial spatial discrepancy that
H[LVWV EHWZHHQ WKH FRQYHQWLRQDO VHWWOHPHQW WKHRU\
DQG VXUYH\ GDWD VHH GLVFXVVLRQ LQ 3HOJURP  
This, in turn, can be used to evaluate the validity
of this model for the settlement organization of the
colonial countryside.
2.2

DATA

7KH UHJLRQDO VLWHRULHQWHG ¿HOG VXUYH\ LQ QRUWK
HDVWHUQ%DVLOLFDWDZDVFRQGXFWHGEHWZHHQDQG
ZLWKLQWKHFRQWH[WRIWKHForma Italiae project
$]]HQD  7DVFLR  6RPPHOOD  0DUFKL
DDQGE0DUFKL )RUWH DQGUHSUHVHQWV
RQH RI WKH ULFKHVW GDWDVHWV RI WKLV W\SH IRU FHQWUDO
VRXWKHUQ,WDO\ 0DUFKL 6DEEDWLQL6DEEDWLQL



0DUFKL 7KH¿UVWGDWDSXEOLVKHGZHUH
collected in the area around the ancient urban center
of the Latin colony of Venusia (c.VTNP  0DUFKL
6DEEDWLQL ,QWRWDOVLWHVZHUHGHWHFWHG
KHUH RI ZKLFK  DUH VHWWOHPHQW VLWHV GDWLQJ WR
WKH+HOOHQLVWLFSHULRG2IWKHVHVLWHVWKHUHDUH
VHWWOHPHQWVLWHVGDWHGZLWKFHUWDLQW\WRWKHHDUO\
FRORQLDO SHULRG JLYHQ WKDW UG FHQWXU\ EODFN JORVV
SRWWHU\ZDVDWWHVWHGDWWKHVHVLWHV )LJ 
In this paper, all Hellenistic settlement sites are
taken into consideration as possible early colonial
settlements. This is because sites possibly occupied
LQWKHUGFHQWXU\%&EXWODFNLQJGDWDEOHGLDJQRVWLF
10
Fields were systematically walked by surveyors
spaced ¿ve to ten m apart who recorded all visible material
concentrations (i.e. sites) with a material density equal to or
higher than ¿ve shards per sq m (see Pelgrom et al. 2014, 3135; Marchi 2016a for more details on the survey method). IGM
(Istituto Geogra¿co Militare) maps (1:25,000) were used as a
support to register the position and the extension of sites, in
combination with CTRs maps (Carta Tecnica Regionale 1:5000;
1:10,000), and GPS technologies (Azzena & Tascio 1996).

)$0,/,$5,=,1*:,7+7+('(%$7(

archaeological evidence (e.g. UG FHQWXU\ %&
black gloss pottery) can be dated only to a broader
chronological range (namely the Hellenistic period)
(for further argumentation of this choice see also
&KDSWHU  VHFWLRQ   ,Q WKH FXUUHQW VLPXODWLRQ
settlement sites are treated as simple and homogenous
dots.
The survey team paid attention to the relationship
between ground visibility and site discovery. After
noting that different land uses and the plow status
RI WKH ¿HOGV RIIHUHG VXLWDEOH YLVLELOLW\ IRU VXUYH\
especially in certain seasons (e.g. olive and vineyard
orchards in winter and spring), repeated coverage of
WKHVDPHVXUIDFHZDVSODQQHGDQGH[HFXWHGLQRUGHU
to retrieve the necessary information. For the territory
around the ancient town of Venusia, a visibility map
was produced by the team and published in Marchi
6DEEDWLQL$JUDSKLFHODERUDWLRQRIWKLV
PDS E\DXWKRU LVRIIHUHGLQ)LJ
Such a map integrates the land use information
DQG WKH ODQG FRYHU FRQGLWLRQV UHJLVWHUHG E\ ¿HOG
walkers in the season of optimal visibility for survey,
DQGFODVVL¿HVWKHODQGVXUIDFHVRQDYLVLELOLW\VFDOH
IURPRQH QXOORUYHU\ORZYLVLELOLW\ WRVL[ RSWLPDO
YLVLELOLW\  $]]HQD  7DVFLR   :LWK
this map, surveyors wanted to test if there is a link
between the low number of archaeological sites
recorded in wide portions of the landscape and
surface visibility. The archaeological site points
displayed in their distribution maps had a particular
pattern: very densely populated zones constantly
alternated with much less dense site areas and large
YDFXXPV 0DUFKL  6DEEDWLQL  
  7KH YLVLELOLW\ PDS FDQ KHOS WR HYDOXDWH
11
A majority of these sites was occupied during several
phases. Therefore, their size is not necessarily indicative
of an early colonial occupation and may likely be related to
those archaeologically “more visible” periods characterized by
the abundant consumption of non-perishable material. As a
consequence, it would be incorrect to use the documented size
as a parameter for distinguishing different settlement categories
(e.g. farm, villa, village) for individual periods. The aim here is
not to perform analyses of visibility for correcting the number
of different settlement categories. The fact that there exists a
well-acknowledged problematic relationship between material
concentrations recorded at the surface during surveys and the
reliability of site classi¿cations based on this type of data (e.g.
Barker & Lloyd 1991; Alcock & Cherry 2004) justi¿es here the
methodological choice of disregarding categories in favor of a
more neutral de¿nition of surface material scatters.
12
For more details see Azzena & Tascio 1996, 292 –
296 (especially footnote 18).

ZKHWKHUVXFKDFRQ¿JXUDWLRQRIVLWHVLVWKHUHVXOWRI
visibility biasing factors or, rather, the result of ancient
settlement rationales.
2.3

VISUALIZING THE
CONVENTIONALLY EXPECTED
EARLY COLONIAL LANDSCAPE

In this section, a quantitative method is proposed to
correct possible visibility distortions in site density
and distribution. A similar method has been presented
E\ 7HUUHQDWR   +LV DSSURDFK DOVR DLPHG DW
measuring the probability of a site being present
in a certain location, even though it had not been
LGHQWL¿HGE\VXUYH\RUVGXHWROLPLWHGYLVLELOLW\7KH
relation between local variations in ground visibility
DQGVLWHGLVFRYHU\LVFRPSOH[WKHYDULDEOHHIIHFWRI
visibility on site recovery rates must be taken into
account when constructing a simulation of missing
sites. Additionally, the simulation of a dense and
dispersed early colonial landscape is based on the
assumption of uniformity in the original settlement
distribution. Therefore, hypothetical colonial missing
sites should be allocated across the landscape in a way
that is calibrated in accordance with the relationship
between visibility and the recorded site density and
pattern at each landscape location. This simulation
was conducted in three steps.
$VD¿UVWVWHSDSUREDELOLW\VXUIDFHIRUWKHDOORFDWLRQ
of hypothetical missing sites was constructed. This
surface must indicate the likelihood that a missing
FRORQLDOVLWHH[LVWHGLQHDFKORFDWLRQRIWKHODQGVFDSH
but was not recorded by surveyors. This probability
thus depends on both ground visibility conditions
H[SHULHQFHG GXULQJ WKH VXUYH\ DQG VLWH GHQVLW\
recorded at each landscape location. The calculation
RI WKLV VXUIDFH ZDV LPSOHPHQWHG LQ $UF*,6 
using three GIS tools:
 )LUVWDNHUQHOGHQVLW\HVWLPDWLRQRI+HOOHQLVWLFVLWHV
ZDVFDUULHGRXW )LJ 7KHNHUQHOGHQVLW\WRRORI
ArcGIS calculates “a smooth estimate of a probability
density from an observed sample of observations”
%DLOH\ *DWUHOO 7KHSUREDELOLW\GHQVLW\
is highest at the location of points and diminishes
gradually with increasing distance from the points
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Fig. 2.2 Kernel density surface calculated for the Hellenistic settlements. The legend indicates the number of
estimated sites in a circle of one square km from each location (cell resolution 10 x 10 m). The raster base map is
the shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini
& Nannipieri 2017).

(VULD 7KHVLWHSUREDELOLWLHVZHUHFDOFXODWHGLQ
a circle of one sq km from each recorded point, and
then were summed up in each location (cell size set at
ten by ten m). The resulting density surface displayed
the probable intensity for a particular distributional
phenomenon in each location and over the entire
landscape, and is based on the density of recorded
Hellenistic sites.
 $IWHUZDUGVWKHIX]]\WRRORI$UF*,6ZDVXVHGWR
linearly and inversely transform the kernel density
HVWLPDWH )LJ   DQG WKH YLVLELOLW\ PDS )LJ  
into probability surfaces, with values that range from
]HUR WR RQH (VUL E  7KH WUDGLWLRQDO PRGHO IRU
WKH RUJDQL]DWLRQ RI WKH FRORQLDO FRXQWU\VLGH H[SHFWV
KLJK DQG KRPRJHQHRXV VLWH GHQVLW\ IROORZLQJ WKLV
idea, landscape locations with a low recorded site
density received a high probability value for missing
FRORQLDOVLWHVFRQYHUVHO\ODQGVFDSHORFDWLRQVZLWKD
high recorded site density received a low probability
value for missing sites. This means that, for instance,



WKH PD[LPXP VLWH GHQVLW\ YDOXH KDG WKH ORZHVW
probability (i.e. zero) and the minimum density value
had the highest probability (i.e. one) for missing sites.
The same operation was performed for the ground
visibility map: high probability values for missing
colonial sites were given to low values of visibility,
and low probability values for missing sites were
assigned to high values of visibility. Again, this means
WKDWWKHPD[LPXPDQGWKHPLQLPXPYLVLELOLW\YDOXHV
(i.e. VL[ DQG RQH VHH )LJ   UHFHLYHG UHVSHFWLYHO\
the lowest and the highest probability for missing sites
(i.e. zero and one).
 7KHUHFODVVL¿FDWLRQRIWKHVHWZRYDULDEOHV i.e. site
density and ground visibility) on the same probability
scale (from zero to one) made them unitless, and
allowed for direct comparison and integration. Fig.
 VKRZV WKH UHVXOW RI WKH LQWHJUDWLRQ RI WKHVH WZR
variables. In order to correct the estimated site density
IRU SRVVLEOH YLVLELOLW\ ELDVHV WKH UHFODVVL¿HG GHQVLW\
PDSZDVPXOWLSOLHGE\WKHUHFODVVL¿HGYLVLELOLW\PDS
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Fig. 2.3 Trend surface created for missing site allocation. The legend indicates the probability for the allocation of
missing sites and ranges from a minimum of 0 to a maximum of 1. The raster base map is the shaded relief calculated
from the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

through a raster overlay operation. In this way, a trend
surface for the allocation of missing sites was created.
This trend surface takes into consideration the possible
visibility distortions involved in the recording of sites
and can be used as a base to allocate hypothetical
missing sites across the landscape.
As a second step, it was necessary to calculate
the hypothetical number of missing sites, before
implementing the allocation of points on the trend
VXUIDFH7KHUHDUHDOUHDG\¿JXUHVIRUPLVVLQJVLWHVLQ
colonial landscapes that were calculated by scholars
following a demographic method (see below). In
WKLV DQDO\VLV KRZHYHU WKHVH SUHYLRXVO\SURSRVHG
QXPEHUV ZHUH QRW XVHG LQVWHDG QHZ WKUHVKROGV IRU
PLVVLQJ VLWHV ZHUH FDOFXODWHG XVLQJ D *,6EDVHG
VSDWLDODQGVWDWLVWLFDOPHWKRG6SHFL¿FDOO\WKHQXPEHU
of sites necessary to recreate a dispersed pattern was
calculated through several tests: increasingly larger
numbers of missing sites were simulated until the site
GLVWULEXWLRQ FOHDUO\ VWDUWHG WR H[KLELW D VWDWLVWLFDOO\

VLJQL¿FDQWUHJXODUSDWWHUQ7KHSDWWHUQRIWKHVLPXODWHG
distributions was evaluated by means of the nearest
neighbor tool of ArcGIS (for other methods see e.g.
2UWRQ'XFNH 
As a third step, the trend surface was used as a base
for the allocation of simulated sites. The allocation of
13
This tool allows researchers to categorize the
dominant pattern displayed by the simulated dots (either
clustered, random, or dispersed) (Clark & Evans 1954).
The nearest neighbor analysis calculates the distances from
each point to its nearest neighbor and then averages all
these inter-distances (Hodder & Orton 1976, 30-52; Kintigh
& Ammerman 1982; see the discussion in Orton 2004).
If this average is higher than that obtained from a random
distribution of dots, the site distribution exhibits regularity (i.e.
dispersed distribution). This tool also calculates the nearest
neighbor ratio by dividing the observed average distance by
the expected average distance: a ratio less than 1 indicates
clustering, equal to 1 randomness, and more than 1 indicates
uniformity (Esri 2014c). The z-score and the p-value resulting
from using this tool, then, reveal whether the detected pattern
is signi¿cant: in other words, a signi¿cant pattern is identi¿ed
if very high or very small z-scores exist in association with very
small p-values (see Esri 2014c for the mathematical details on
this procedure).
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Fig. 2.4 Trend surface created for the allocation of missing sites (probability from 0 to 1), and the simulated “complete”
early colonial settlement distribution (262 recorded settlements plus 600 missing sites, therefore 862 sites in total).
The raster base map is the shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini et
al. 2007; 2012; Tarquini & Nannipieri 2017).

PLVVLQJVLWHVRQWKHWUHQGPDS )LJ LVEDVHGRQ
the conventional assumption of homogeneous site
density and pattern for the colonial countryside.
Only few sites (or none) were thus allocated in
those landscape locations where the recorded site
density was high and the ground visibility was
good, since the probability for missing sites there
was low. As the density and visibility decreased,
more sites were allocated: in the zones where
both the recorded site density and visibility
were low, many sites were spread out because
of the high probability for missing sites in these
locations. In other words, those landscape locations
characterized by both low visibility and low
recorded site density were more likely to receive
missing sites than locations with a high recorded
site density in good visibility conditions. In ArcGIS
there is a tool precisely suited for this operation: it
is called ‘create spatially balanced points’. By using
this GIS tool, points representing missing sites
were scattered across the study area in a balanced



way (i.e. in proportional accordance with the trend
surface probability values, see above) to create a
uniformly dotted landscape. As a future step to
improve this simulation, it would be interesting
to consider other constraints for the allocation of
sites (e.g.WKHUHOLHI DQGWRQRWHWRZKDWH[WHQWWKH
H[FOXVLRQRIIRULQVWDQFHVWHHSVORSHVFKDQJHVWKH
VLPXODWHGVLWHFRQ¿JXUDWLRQ
By using the nearest neighbor tool, the pattern
type characterizing the simulated distributions
ZDV DVVHVVHG VHH IRRWQRWH  S   7KXV WKH
number of missing sites required to create a
dispersed early colonial settlement distribution
ZDVHVWDEOLVKHG)RURXUFDVHVWXG\WKHRULJLQDOO\
UHFRUGHG+HOOHQLVWLFGLVWULEXWLRQ VLWHVLQWRWDO 
H[KLELWHG FOXVWHULQJ LQ LWV SDWWHUQ QHLJKERU UDWLR
 ]VFRUH  SYDOXH   ,Q
order to transform this clustered distribution into a
regularly dense distribution of early colonial sites,
D WRWDO QXPEHU RI DW OHDVW   PLVVLQJ VLWHV KDG
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Fig. 2.5 Point-density analysis of the “complete” early colonial distribution (262 recorded sites plus 600 missing sites,
therefore 862 sites in total). The legend indicates the number of sites located in a circle of one square km from each
location (cell resolution 10 x 10 m). The raster base map is the shaded relief calculated from the 10 m-resolution DEM
named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

to be allocated over the trend surface and added
WR WKH  UHFRUGHG VHWWOHPHQWV )LJ   )URP
this new hypothetical “complete” distribution (in
WRWDOVLWHV WKHQHDUHVWQHLJKERUUDWLRWDOOLHVWR
WKH]VFRUHLVDQGWKHSYDOXH
LV
This simulated dispersed settlement distribution
KDV DQ DYHUDJH GHQVLW\ RI  VLWHV SHU VT NP
)LJ   :KDW LV LQWHUHVWLQJ WR QRWH LV WKDW WKLV
¿JXUH DOLJQV YHU\ ZHOO ZLWK WKH GHPRJUDSKLF
information cited in the literary sources, from
ZKLFKDQXPEHURIFRORQLVWV¶IDUPVSHUVTNP
has been calculated by previous studies (Pelgrom
    0RUHRYHU WKLV DPRXQW RI
PLVVLQJFRORQLDOVLWHVLVFRQVLVWHQWZLWKWKH
recovery rate that has been estimated for a regional
VLWHEDVHG VXUYH\ FDUULHG RXW LQ DQRWKHU 5RPDQ
FRORQLDOFRQWH[WLQ,WDO\ i.e. the Albegna valley in
7XVFDQ\IRUWKH/DWLQFRORQ\RI&RVD&DPEL
IRU RWKHU FDOFXODWLRQV VHH 5DWKERQH  :LOVRQ

 :LWFKHU   ,QGHHG IRU WKLV VLPXODWHG
HDUO\ FRORQLDO GLVWULEXWLRQ )LJ   WKH QXPEHU
of hypothetical unrecorded missing sites amounts
WR  RI WKH WRWDO 7KHUHIRUH WKH QXPEHU RI
UHFRUGHG VLWHV FRUUHVSRQGV WR  RI WKH WRWDO
Interestingly, the GIS method described in this
SDSHU SURSRVHV WKUHVKROGV IRU ERWK WKH H[SHFWHG
and the missing colonial sites that comply with
the thresholds calculated by other scholars who
used a completely different method (i.e.WH[WEDVHG
demographic method, cf. supra).
It is important to stress, however, that the scale of
the source visibility map played a key role in the
VLPXODWLRQ ,I ¿QHU PRUHGHWDLOHG EDVH PDSV RQ
which to perform the allocation of missing sites
were available, a different hypothetical distribution
of early colonial settlements would probably have
been obtained, and thus different percentages for
recorded and missing sites.
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2.4

DISCUSSION AND FURTHER
DIRECTIONS

It is generally understood by archaeologists that
biasing factors such as ground visibility conditions
can strongly affect the detection of sites. These
SRWHQWLDOELDVHVDUHXVXDOO\VHHQDVWKHH[SODQDWLRQ
IRU WKH PLVVLQJ FRORQLDO IDUP VLWHV LQ PRVW ¿HOG
VXUYH\ SURMHFWV LQ FHQWUDOVRXWKHUQ ,WDO\ e.g.
5DWKERQH   7KH OHJDF\ VLWH GLVWULEXWLRQ PDSV
compiled during these projects do not show, as a
UXOHWKHH[SHFWHGHYHQO\GRWWHGFRORQLDOODQGVFDSH
,Q WKLV SDSHU D WKHRUHWLFDO H[HUFLVH WR VSDWLDOO\
YLVXDOL]H WKH FRQYHQWLRQDOO\ H[SHFWHG VLWH
FRQ¿JXUDWLRQ ZDV RIIHUHG ,I ZH DFFHSW VXFK DQ
understanding of colonial settlement organization, as
ZHOODVWKHH[LVWHQFHRIDVWURQJUHODWLRQVKLSEHWZHHQ
VLWHGHQVLW\DQGVXUYH\YLVLELOLW\WKHFRPSXWHUEDVHG
simulation proposed here clearly shows the high
number of sites that need to be simulated in order to
create a dispersed distribution.
However, this conclusion of very high missing site
percentages fully depends on the validity of the
conventional and historically informed theories
about colonial population density and settlement
FRQ¿JXUDWLRQ $V WKLV XQGHUVWDQGLQJ RI FRORQLDO
rural landscapes has recently been undermined
by a series of revisionist studies, the question
arises whether the idea of biasing factors heavily
hampering the detection of this alleged dispersed
ODQGVFDSHLVDFWXDOO\FRUUHFW VHH&KDSWHUVDQG 
Therefore, as a subsequent research step, the validity
of the conventional model needs to be tested using
GHVFULSWLYH PHWKRGV DQG FRPSXWHUEDVHG VWDWLVWLFDO
WRROVDVZHOODVLQWKH¿HOGZLWKQHZVXUYH\V
As a matter of fact, the new colonial settlement
models that have been proposed recently not only
question the conventional theories on Roman
territorial strategies in recently conquered areas, but
DOVRKDYHDVLJQL¿FDQWLPSDFWRQEURDGHUGLVFXVVLRQV
DERXWPLVVLQJVLWHVDQG¿HOGVXUYH\ELDVHV 3HOJURP
 6WHN  3HOJURP  6WHN et al. 
Casarotto et al.  &DVDURWWR et al.  IRU D
discussion of the scholarly debate related to these
settlement models see e.g. %LVSKDP  %UDGOH\



7HUUHQDWR9DQ'RPPHOHQ 7HUUHQDWR
6WHN 3HOJURP 7KHIRFXVQRZVKLIWV
from showing how sites could have appeared on a
map to understanding whether ancient settlements
VKRXOGHYHQEHH[SHFWHGLQWKH¿UVWSODFHDQGPRVW
importantly, which site patterns are the result of
biasing factors, and which, instead, are the result of
genuine settlement preferences.
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