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Chapter 4. Assessing visibility and geomorphological biases
in regional ¿eld surveys: the case of Roman Aesernia15
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sernia15
Abstract
$UFKDHRORJLFDO ¿HOG VXUYH\ GDWD FDQ EH ELDVHG E\
many factors, such as ground visibility conditions
(e.g. vegetation, plowing) and geomorphological
processes (erosion, deposition). Both visibility and
geomorphological factors need, therefore, to be
assessed when patterns of settlement and location
preferences are inferred from survey data. Although
both factors have been taken into account in a variety
RI ¿HOGZRUN SURMHFWV DQG VWXGLHV WKHLU FRPELQHG
effects remain hard to predict. In this paper, we aim
to address this issue by presenting a visualization
method that helps evaluating in combination the
possible visibility and geomorphological effects in
UHJLRQDOVLWHRULHQWHG¿HOGVXUYH\V&DSLWDOL]LQJRQ
¿UVWKDQG GDWD RQ ERWK DUFKDHRORJ\ DQG VRLO W\SHV
SURGXFHG E\ WKH UHFHQW /HLGHQ 8QLYHUVLW\ ¿HOG
survey project in the area of Isernia (Roman Aesernia,
&HQWUDO6RXWKHUQ ,WDO\  ZH SURSRVH D FRPELQHG
DSSOLFDWLRQ RI VWDWLVWLFDO WHVWV DQG JHRSHGRORJLFDO
DQDO\VLV WR DVVHVV WKH H[WHQW DQG VFDOH RI WKH PDLQ
15
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biases possibly affecting the interpretation of the
ancient settlement organization. Translating both sets
of biases into GIS maps, we indicate the likelihood
WKDW QHJDWLYH ¿HOG VXUYH\ REVHUYDWLRQV DEVHQFH RI
VLWHV LQVSHFL¿FSDUWVRIWKHODQGVFDSHDUHJHQXLQH
or rather distorted by biasing factors. The resulting
‘archaeological detectability’ maps allow researchers
to formally highlight critical surveyed zones where
the recording of evidence is likely unreliable, and
WKXVSURYLGHD¿OWHUWKURXJKZKLFKDUFKDHRORJLVWVFDQ
FDOLEUDWHWKHLULQWHUSUHWDWLRQVRI¿HOGVXUYH\GDWDVHWV
4.1

INTRODUCTION

Survey data are essentially fragmentary and biased
by visibility factors and geomorphological processes.
The impact of surface visibility on the recognizability
of archaeological material at the surface has been a
FHQWUDOGHEDWHLQ¿HOGVXUYH\DUFKDHRORJ\LQWKHODVW
decades (e.g.'H*XLR$OOHQ7HUUHQDWR 
$PPHUPDQ)UDQFRYLFKet al.YDQ/HXVHQ
*LYHQ7HUUHQDWRYDQ/HXVHQet al.
 $WSUHVHQWJHQHUDODJUHHPHQWH[LVWVWKDWRXU
YLHZ RI WKH SDVW DV RIIHUHG E\ ¿HOG VXUYH\ GDWD LV
FULWLFDOO\GLVWRUWHGE\PDQ\IDFWRUV %DQQLQJ
 IRU D VXPPDU\ RI WKHVH IDFWRUV  DQG WKDW ZH
should be very cautious using these data uncritically
)HQWUHVV   $V D ZD\ WR JHW DURXQG VRPH RI
these biases, various correction methods have been
proposed (e.g. 1DQFH  6KHQQDQ et al. 
9HUKRHYHQ  YDQ /HXVHQ   *LOOLQJ
 6ERQLDV  7HUUHQDWR   6XFK VWXGLHV
moreover, show that not only may surface visibility
conditions impact heavily on site recovery rates, but
that it is also fundamental to take into account the role
of Holocene erosional and depositional processes,
before attempts are made to infer settlement patterns

ASSESSING BIASES

Fig. 4.1 Distribution of the Hellenistic settlements registered by the LERC survey project in the survey sample area.
The palette highlights areas of different site density (d): d indicates the number of sites found in a circle of 1 sq km
from each location (20 by 20 m) of the study area. Base map: graphic elaboration of the shaded relief calculated from
the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

IURP¿HOGVXUYH\GDWD IRUDGLVFXVVLRQRQWKLVWKHPH
IRU 0HGLWHUUDQHDQ ODQGVFDSHV VHH 9LWD)LQ]L 
3RWWHU  6HYLQN  %LQWOLII  /HRQDUGL
D%DUNHUD%URZQ
%LQWOLII9HUPHXOHQ 'H'DSSHU)HLNHQ
:DOVK.RRSPDQet al. 
Through a systematic analysis of the most frequent
methodological biases affecting the discovery of
DUFKDHRORJLFDO PDWHULDO GXULQJ ¿HOG VXUYH\ DQG
using results from archaeological and soil research
in the area of Isernia (Molise, Italy), we aim to assess
WKH H[WHQW DQG VFDOH RI WKHVH ELDVHV LQ WKLV UHJLRQ
Our test case regards the territory of the ancient
settlement of Aesernia, where during the Roman
conquest of Italy a colony was established by Rome
LQ%&6LQFHDODUJHVFDOHDUFKDHRORJLFDO
project has been carried out in the territory of this
DQFLHQW WRZQ PDSSLQJ DQG UH FRQVLGHULQJ ERWK

archaeological and soil characteristics of the area
(Stek et al. 
In the current debate on Roman colonization, there are
divergent views about site densities and settlement
organization in early Roman colonial territories (see
Casarotto et al.  ZLWK IXUWKHU UHIHUHQFHV i.e.
&KDSWHURIWKLVERRN 7KHDVVHVVPHQWRISRWHQWLDO
biases in the archaeological surface record, therefore,
is becoming particularly pressing because it may
eventually disclose which among these theories
LV WKH PRVW SODXVLEOH RQH ,Q WKH VSHFL¿F FDVH RI
the territory of Aesernia, Stek et al.   QRWHG D
variegated settlement arrangement in the distribution
of Hellenistic and early colonial sites, characterized
E\ ORQJ WUDFWV RI HPSW\ VSDFH LQEHWZHHQ ORFDOL]HG
concentrations of settlements, although a regularly
dispersed settlement pattern was discerned in a
portion of the western part of the survey sample area
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VHH )LJ   ,I WKLV YDULHJDWHG SDWWHUQ RI FRORQLDO
VLWHV UHÀHFWHG KLVWRULFDO UHDOLW\ LW ZRXOG GLIIHU
considerably from conventional models of Roman
colonial territorial organization. Considering the high
LPSDFW WKDW VXFK DQ XQH[SHFWHG SDWWHUQ RI FRORQLDO
settlement has for historical debates on Roman
colonization, it becomes crucial to thoroughly assess
WKH SRVVLELOLW\ WKDW WKH UHFRUGHG FRQ¿JXUDWLRQ LV
actually patterned by biasing factors. By combining
DUFKDHRORJLFDO VXUYH\ GDWD ¿HOG REVHUYDWLRQV DQG
soil information, we develop a method to test whether
the recorded early colonial site distribution in the
territory of Aesernia is the result of visibility and
JHRPRUSKRORJLFDOELDVHVDQGLIVRWRZKDWH[WHQW
4.2

DATA

Our analysis capitalizes on the recently collected
dataset of archaeological sites registered by
the LERC team (Landscapes of Early Roman
Colonization project, http://www.universiteitleiden.
QOHQUHVHDUFKUHVHDUFKSURMHFWVDUFKDHRORJ\
ODQGVFDSHVRIHDUO\URPDQFRORQL]DWLRQ
https://
landscapesofearlyromancolonization.com/)
from
 WR  LQ WKH WHUULWRU\ RI WKH DQFLHQW FRORQ\
of Aesernia (Stek et al. 7KHSURMHFWZDV¿UVW
VWDUWHG ZLWK DQ (8 0DULH&XULH IHOORZVKLS )3 
granted to the second author and was based at Glasgow
8QLYHUVLW\EXWLQLWPRYHGWR/HLGHQ8QLYHUVLW\
and since then has been funded by the Netherlands
2UJDQL]DWLRQIRU6FLHQWL¿F5HVHDUFK 1:2 DQGWKH
5R\DO 1HWKHUODQGV ,QVWLWXWH LQ 5RPH .1,5  7KH
VXUYH\FDQEHTXDOL¿HGDVDUHJLRQDOVLWHRULHQWDWHG
VXUYH\ ZLWKLQ D VXUYH\HG DUHD RI  KD DOO
encountered scatters of archaeological material at the
surface were mapped with a GPS, using a threshold
IRU VLWH GHWHFWLRQ RI ¿YH VKHUGV SHU VT P 6XUYH\
WHDPV FRQVLVWLQJ JHQHUDOO\ RI ¿YH ZDONHUV VSDFHG
WHQ PHWHUV DSDUW LQYHVWLJDWHG HDFK DFFHVVLEOH ¿HOG
XQLW LQWRWDOXQLWVVHH6WHNet al.±
IRUIXUWKHUGHWDLOVRQWKHVL]HRIWKHVHXQLWV ,Q
WRWDODUFKDHRORJLFDOVLWHVZHUHLGHQWL¿HGRIZKLFK
 DUH LQWHUSUHWHG DV SUREDEOHSRVVLEOH +HOOHQLVWLF
VHWWOHPHQWV )LJ 
The other primary dataset used in this analysis consists
of information provided by two soil surveys of the



DUHD DURXQG ,VHUQLD .RRSPDQV  YDQ 2WWHUORR
YDQ2WWHUORR 6HYLQN 7KLVLVXVHGWR
assess the occurrence of possible recent gradational
processes of erosion and deposition at a regional
scale. The original soil surveys were carried out by
the Laboratory for Physical Geography and Soil
6FLHQFHRIWKH8QLYHUVLW\RI$PVWHUGDP .RRSPDQV
 YDQ 2WWHUORR   DQG D VXPPDU\ PDS ZDV
SXEOLVKHG ODWHU RQ YDQ 2WWHUORR  6HYLQN  
7KHVRLOPDSE\.RRSPDQVZDVRULJLQDOO\DWVFDOH
 DQG FRYHUV PRVW RI WKH WHUULWRU\ VXUYH\HG
by the LERC team around Isernia, whereas Van
2WWHUORR¶VVRLOPDSLVDWVFDOHDQGSDUWRILW
FRYHUVWKHH[WUHPHSRUWLRQRIWKHZHVWVXUYH\WUDQVHFW
(published in Stek et al. 7KHVHPDSV
ZHUHUHFHQWO\UHYLHZHGDQGFKHFNHGLQWKH¿HOGE\
van Otterloo and Sevink as part of the LERC project
in order to produce a single, integrated map (van
2WWHUORR 6HYLQN 7KLVLQWHJUDWHGPDSLVDW
VFDOH  DQG ZDV REWDLQHG WKURXJK D FURVV
check of the previously collected soil information
and maps (i.e..RRSPDQVYDQ2WWHUORR 
ZLWKQHZO\DYDLODEOHKLJKHUGHWDLOWRSRJUDSKLFPDSV
&75V PDSV ± &DUWD 7HFQLFD 5HJLRQDOH  
The part of this updated soil map covering the area
XQGHULQYHVWLJDWLRQLQWKLVSDSHULVVKRZQLQ)LJ
4.3

METHODS

Survey visibility factors and geomorphological
processes operate at different spatial and temporal
levels, and can interrelate in intricate ways. Modeling
their combined effects with respect to site detection
in order to predict their potential impact on the
VXUYH\UHFRUGLVWKHUHIRUHFRPSOH[)RUH[DPSOHVRLO
erosion peaks drastically on arable land, lacking a
protective arboreal mantle (water erosion is induced)
and seasonally disturbed by tillage activities (Torri
et al.   EXW D FOHDUHG RU SORZHG ¿HOG XVXDOO\
offers better visibility for the survey (and, thus, a
KLJKHUGLVFRYHU\H[SHFWDQF\ WKDQDYHJHWDWHGDUHD
%HFDXVHRIWKHVHFRPSOH[LQWHUUHODWLRQVKLSVLQWKLV
SDSHU ZH ¿UVW GLVFXVV VXUYH\ YLVLELOLW\ IDFWRUV DQG
geomorphological processes separately and only in
D¿QDOSKDVHFRQVLGHUWKHLUFRPELQHGHIIHFWVRQVLWH
GLVWULEXWLRQV 7R PDLQWDLQ D GH¿QHG FKURQRORJLFDO
focus we only consider the early Roman or Hellenistic
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sites as attested by black gloss pottery (c.±
B.C.).
First, we assessed the role played by visibility
conditions in favoring or preventing site discovery
LQWKHZDONHG¿HOGXQLWVRIWKH$HVHUQLDVXUYH\:H
focused on the physical characteristics of the modern
landscape (e.g. vegetation cover, tillage status, or
land use) and their correlations (if any) with site
GLVFRYHU\:H FRQVLGHUHG ZKHWKHU WKH UHFRUGLQJ RI
VLWHVE\¿HOGZDONHUVPD\KDYHGHSHQGHGRQSK\VLFDO
constraints by means of statistical tests (i.e. &KL
VTXDUH .ROPRJRURY6PLUQRY DQG $WZHOO)OHWFKHU
tests). These tests highlight visibility categories
ZKHUH WKH QXPEHU RI UHFRUGHG VLWHV LV VLJQL¿FDQWO\
higher or lower, thus offering an indication of
possibly biased samples.
As part of this analysis, a Multi Criteria Evaluation
(MCE) was implemented in IDRISI GIS (Selva
HGLWLRQ  (DVWPDQ LQRUGHUWRSURGXFHDPDS
indicating favorable units for survey visibility.
The MCE is a decision support tool frequently
applied in archaeological predictive modeling for
location preference analysis of past settlements
(e.g. *RRGFKLOG  'L =LR  %DUQDEHL 
Casarotto et al. ,WFRPELQHVGLIIHUHQWFULWHULD
(predictors) and, depending on the problem at issue,
shows the most suitable choice to be taken amongst
many alternative solutions. Since most predictive
models aim at identifying the most attractive
landscape features for settlement in antiquity, this
choice usually regards the most suitable locations for
ancient settlements or past agricultural land use (see
WKHGLVFXVVLRQLQ'H*XLR ,QRXUFDVHLQVWHDG
we wanted to choose the most suitable units (choice)
for survey visibility (problem) according to a set of
visibility factors (criteria/predictors).
7KH PRVW LQÀXHQWLDO YLVLELOLW\ IDFWRUV IRU
archaeological detection (which we previously
established through quantitative tests) were used
LQ WKLV PRGHO DV H[SODQDWRU\ YDULDEOHV7KLV PHDQV
that, according to their weight of importance, they
proportionally contributed to the construction of a
suitability map showing which surveyed units are
H[SHFWHGWRRIIHUDKLJKSUREDELOLW\RIHQFRXQWHULQJD
site based on the favorable visibility conditions. Such

a predictive map helps us to highlight where absence
RI HYLGHQFH PD\ LQGHHG UHÀHFW D UHDO HYLGHQFH RI
DEVHQFH RI VHWWOHPHQW LQ DQWLTXLW\ EXW VHH QH[W
section on geomorphological biases), and conversely
which units may have instead yielded unreliable
information, and thus where absence of evidence can
OLNHO\EHH[SODLQHGE\DGYHUVHYLVLELOLW\FRQGLWLRQV
The second approach aimed at investigating the
H[WHQW WR ZKLFK /DWH +RORFHQH HURVLRQDO DQG
depositional processes may have destroyed or
obscured Hellenistic sites. If degraded or buried,
such sites could not have been detected in the topsoil
GXULQJ ¿HOG VXUYH\V HYHQ WKRXJK VXUYH\ YLVLELOLW\
conditions were optimal. The absence of recorded
sites there may not be reliable and geomorphological
¿OWHULQJ LV QHFHVVDU\ EHIRUH DWWHPSWV FDQ EH PDGH
to interpret the data in historical terms. This is a
ZHOONQRZQ LVVXH WKDW KDV DWWUDFWHG PXFK DWWHQWLRQ
of scholars working in the Mediterranean world,
above all ever since New Archaeology stimulated
WKH DQDO\VLV RI GHSRVLWLRQDO DQG SRVWGHSRVLWLRQDO
formative processes of the archaeological record
(e.g.&ODUNH6FKLIIHU/HRQDUGLE 
*HRSHGRORJLFDO LQYHVWLJDWLRQV DUH LQFUHDVLQJO\
being carried out in Mediterranean archaeological
studies, not only for land evaluation analyses of
ancient agricultural practices (e.g. Finke et al.
%DUNHUE.DPHUPDQV9DQ-RROHQ
*RRGFKLOG.DPHUPDQV 6HYLQN&LWWHU
$UQROGXV+X\]HQYHOG%URZQ :DOVK 
but also for assessing geomorphological biases in the
survey results. As regards the latter, sophisticated
FRPSXWHUEDVHG VLPXODWLRQ PRGHOV KDYH EHHQ
recently developed in order to study and quantify
ORQJWHUP VHGLPHQWDWLRQ DQG HURVLRQ UDWHV SRVVLEO\
affecting the archaeology (e.g.=ZHUWYDHJKHU
)HLNHQ RUORQJWHUPVRLOGHJUDGDWLRQ
UHODWHGWRDQFLHQWDJURSDVWRUDOODQGXVHV e.g. Barton
et al.   +RZHYHU WKH PRVW ZLGHO\ DSSOLHG
methods for assessing archaeological preservation
potential are those based on more general landscape
FODVVL¿FDWLRQ SURFHGXUHV RI JHRORJLFDO DQG VRLO
maps (e.g. /HRQDUGL D (EHUW  6LQJHU 
$UQROGXV+X\]HQGYHOG   )HLNHQ 
 VHH WKH GLVFXVVLRQ LQ 6HYLQN   7KHVH
methods are much more intuitive than the previous
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ones and more appropriate for a regional analysis
that aims at testing sedimentation or erosion affecting
ODUJHVFDOH VHWWOHPHQW SDWWHUQV +HUH ZH DSSO\ DV
ZHOO D SDUWLFXODU ODQGVFDSH FODVVL¿FDWLRQ SURFHGXUH
of soil maps to assess the Late Holocene gradational
effects on our Hellenistic settlement distribution.
0RUH VSHFL¿FDOO\ ZH DQDO\]HG WKH LQIRUPDWLRQ
SURYLGHGE\WKHVRLOPDSRIWKHDUHD .RRSPDQV
YDQ2WWHUORRYDQ2WWHUORR 6HYLQN WR
gain understanding of the most recent sedimentation
or erosive processes that may have occurred after the
Hellenistic period. On the basis of this evaluation, we
established the detectability (that is, the probability of
recording sites, also known as preservation potential)
RI+HOOHQLVWLFSHULRGDUFKDHRORJ\LQHDFKVRLOXQLW:H
XVHG WKH$WWZHOO)OHWFKHU WHVW RI DVVRFLDWLRQ 
  IRU DQDO\]LQJ ZKHWKHU JHRPRUSKRORJLFDO
biases may have affected the detection of Hellenistic
VLWHVDQGWRZKDWH[WHQW
As a last step, we combined the results of the
visibility and geomorphological analyses in order
to obtain a comprehensive detectability map of the
walked survey units: to each unit, a pair of values
was appointed indicating the probabilities that the
site sample (or the vacuum) recorded in that unit is
representative and, thus, reliable. This was done in
,'5,6, WKURXJK D FURVVWDEXODWLRQ WKDW GLVSOD\V IRU
each surveyed unit, the different Hellenistic visibility
and preservation potentials.
4.4

EVALUATING SURFACE VISIBILITY
BIASES

,QWKLV¿UVWVHFWLRQZHIRFXVRQWKHSK\VLFDOREVWDFOHV
DW WKH VXUIDFH WKDW FDQ DIIHFW WKH UHVXOWV RI ¿HOG
surveys, such as vegetation cover or modern land
XVH 'XULQJ WKH ¿HOG VXUYH\V FDUULHG RXW LQ ,VHUQLD
WKH YLVLELOLW\ FRQGLWLRQV RI HDFK ZDONHG ¿HOG XQLW
were registered systematically. Precise indications
about tillage status, soil humidity, shadow conditions,
stoniness, presence of recent material at the surface,
vegetation cover, and land use were recorded on
D VFDOH IURP RQH ORZ  WR ¿YH KLJK  LQ D GDWDEDVH
DQGUHSURGXFHGLQ*,6DVJHRUHIHUHQFHGYHFWRU¿OHV
Such indications are particularly precious for the



purpose of the present analysis, since they allowed us
WRKLJKOLJKWSRVVLEOHVLJQL¿FDQWFRUUHODWLRQVEHWZHHQ
site recovery rates and survey visibility conditions.
Using predictive modeling techniques, we modeled
the aptitude for discovery of archaeological sites
E\ PRGHUQ ¿HOG ZDONHUV LQ UHODWLRQ WR PRUH RU OHVV
favorable visibility conditions. This analysis helped
us to point out those surveyed units where, despite
the optimal visibility, site discovery did not happen.
The emptiness attested there may be due to either
past constraints against settlement (thus ancient
people chose to avoid those locations) or to a possible
geomorphological bias affecting the preservation of
VLWHVZKLFKZHZLOODGGUHVVVHSDUDWHO\LQVHFWLRQ
Before proceeding, however, we needed to take
into account that different types of sites are variably
visible in the survey record according to the periods
DQG UHJLRQV 6ERQLDV   ,W LV XVXDOO\ DVVXPHG
that small and diffuse artifact concentrations escape
detection more easily than large and dense scatters
RI PDWHULDO )ODQQHU\  &KHUU\  %DUNHU
D 7REDODQFHWKLVHIIHFWLQWKLVVWXG\VPDOOVLWHV
such as Hellenistic farms were treated separately from
the other settlement categories (e.g. sites interpreted
as villages or villas). Site categories were formulated
for each site by the LERC survey team. Therefore,
we could easily make a selection of small Hellenistic
sites (‘farms’). In this analysis, we considered both the
totality of sites recorded (independently from period
DQG FDWHJRU\    WKH +HOOHQLVWLF VHWWOHPHQWV  
DQGWKHVPDOO+HOOHQLVWLFIDUPV  0RUHSUHFLVHO\
in order to assess the role played by ground visibility
in site discovery, we controlled the surface conditions
characterizing those units where the actual discovery
RIVLWHVWRRNSODFH,IDVLWHH[WHQGHGRYHUPRUHXQLWV
RQO\WKHYLVLELOLW\FRQGLWLRQVRIWKH¿UVWXQLWZDONHG
were considered in this analysis since this is where
WKHGLVFRYHU\LQWKH¿UVWSODFHKDSSHQHG
352&('85(
7HFKQLFDOO\ VSHDNLQJ VLJQL¿FDQW DVVRFLDWLRQV LI
any) between the proportions of discovered sites and
survey visibility conditions are evaluated through
QRQSDUDPHWULFRQHVDPSOHWHVWV IRUDJRRGRYHUYLHZ
RI RQH DQG WZRVDPSOH WHVWV VHH 6LHJHO  
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 6KHQQDQ    .YDPPH 
:KHDWOH\ *LOOLQJV&RQROO\ /DNH
 7KHVHWHVWVDUHRIWKHJRRGQHVVRI
¿WW\SH 6LHJHO WKH\FRPSDUHWKHREVHUYHG
sample with a theoretical distribution in order to
VLQJOHRXWXQH[SHFWHGDQRPDOLHVLQWKHIUHTXHQF\RI
the phenomenon under consideration (in our case,
site discovery).
For the visibility factors which are nominal in type
(i.e. FRPSRVHG RI GLIIHUHQW FDWHJRULHV IRU H[DPSOH
ODQG XVH  ZH DSSOLHG WKH FKLVTXDUH WHVW WR VHH
ZKHWKHU D VLJQL¿FDQW GLIIHUHQFH H[LVWHG EHWZHHQ
WKH REVHUYHG DQG WKH H[SHFWHG SURSRUWLRQV RI VLWHV
)RU WHVWLQJ WKH LQÀXHQFH RI WKH RUGLQDO YDULDEOHV
(i.e. variables for which values can be ordered on a
ranking scale such as vegetation cover rate, stoniness,
HWF ZHSUHIHUUHGLQVWHDGWKH.ROPRJRURY6PLUQRY
test, which measured the strength of the divergence
EHWZHHQ WKH REVHUYHG DQG WKH H[SHFWHG FXPXODWLYH
IUHTXHQF\GLVWULEXWLRQV 6LHJHO6KHQQDQ
 
In addition to these approaches, we also used the
analytical technique devised by Attwell and Fletcher
 WRRYHUFRPHVRPHLQWULQVLFOLPLWDWLRQVRI
the previous two tests. This test of association, unlike
the other two, has the advantage of indicating both
the magnitude and the direction (positive or negative)
of the association in each category and can be used on
VPDOOVDPSOHVRUFDWHJRULHV:HUHOLHGHVSHFLDOO\RQ
WKHUHVXOWVRIWKH$WWZHOO)OHWFKHUWHFKQLTXHEHFDXVH
it is more sensitive and powerful than the other two
WHVWV $WWZHOO  )OHWFKHU   VHH DOVR WKH
GLVFXVVLRQLQ6LHJHO 
$VZHZLOOVHHWKH$WWZHOO)OHWFKHUWHVWLQGLFDWHGD
VLJQL¿FDQWDVVRFLDWLRQRQO\ZLWKWKHWLOODJHYDULDEOH
However, because other factors, such as the presence
of overgrown vegetation, are known to prevent the
surveyors from properly seeing the ground while
surveying (e.g. 7HUUHQDWR  $PPHUPDQ 
7HUUHQDWR ZHDOVRFRQVLGHUHGWKHRWKHUIDFWRUV
in the following Multi Criteria Evaluation. It is worth
remembering that our aim here was to visualize those
landscape locations where visibility conditions were
optimal for site discovery independently of whether
or not a site was actually found. This allowed us

to pinpoint reliable settlement vacuums in the
Hellenistic pattern (but see the discussion below on
geomorphological biases).
Before proceeding with the Multi Criteria Evaluation,
we wanted to assess a possible linear relationship
FROOLQHDULW\  EHWZHHQ WKH H[SODQDWRU\ YDULDEOHV
YLVLELOLW\IDFWRUV  6KHQQDQ9DXJKQ
&UDZIRUG/DQJVWRQ &ROOLQHDU
variables are dependent variables, which means that
they depend on each other and are related to the
very same phenomenon. These factors are redundant
SUHGLFWRUV DQG WKXV VRPH FDQ EH H[FOXGHG IURP WKH
model. For instance, it is very likely that the degree of
shadow could be highly correlated with other factors
WKDWFRQWULEXWHWRWKHVKDGLQJRIWKH¿HOGVXFKDVWKH
vegetation cover rate (which is directly proportional
to the shadow) or the soil humidity (which, like the
shadow factor, depends on the time of survey and on
the weather conditions).
The visibility factors were therefore tested for
collinearity by means of the Band collection statistic
WRRORI$UF*,6 (VUL 7KHWKUHVKROGRI
 ZDV FKRVHQ IRU WKH H[FOXVLRQ /DQJVWRQ 
 7LOODJHDQGODQGXVHGLGQRWH[KLELWFROOLQHDULW\
and were selected as suitable independent predictors.
On the other hand, stoniness, soil humidity, shadow
condition, recent material, and vegetation cover rate
H[KLELWHG KLJK FROOLQHDULW\ LQGH[ RI FRUUHODWLRQ !
 $VPHQWLRQHGHDUOLHUXVLQJWKHPVLPXOWDQHRXVO\
would have entailed redundancy in the model.
Therefore, only one of them was selected as candidate
predictor for the calculation of the predictive map of
YLVLELOLW\:HRSWHGIRUWKHYHJHWDWLRQFRYHUIDFWRUIRU
two main reasons: among these collinear factors it is
WKHPRVWWDQJLEOHDQGWKHPRVWREMHFWLYHO\GH¿QDEOH
E\VXUYH\RUVLQWKH¿HOG
These three independent visibility factors were then
UHFODVVL¿HGLQYLVLELOLW\VFRUHVDFFRUGLQJWRH[SHUWV¶
judgments, in order to obtain criterion maps for the
0&(WRRO7KHSURFHGXUHRIXVLQJH[SHUWV¶MXGJPHQWV
for assigning scores and weights of importance is a
common practice in predictive modeling (Judge
 6HEDVWLDQ  9DQ /HXVHQ  .DPHUPDQV
 9HUKDJHQ   7KH WHDP OHDGHUV WKDW KDG
been working in the various LERC campaigns in
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,VHUQLD JDLQHG TXLWH VRPH H[SHULHQFH LQ VXUYH\LQJ
this landscape and thus were the most appropriate
persons for assigning visibility scores from one (low)
to three (high) to the categories of the three selected
visibility factors (tillage, land use, vegetation cover
UDWH  7DEOH 
Afterwards, weights of importance were appointed
to these three variables according to the statistical
UHVXOWV 7DEOHV  ±   DQG WKH H[SHUWV¶ SHUVRQDO
judgments. These weights numerically represent the
GLIIHUHQW LQÀXHQFH HDFK IDFWRU WKHRUHWLFDOO\ ZRXOG
play in site discovery. According to the survey team
leaders and the statistics, tillage plays the most
VLJQL¿FDQWUROHLQLQÀXHQFLQJWKHGLVFRYHU\RIVLWHV
followed by land use and then by vegetation cover
UDWH7KH3DLUZLVHWHFKQLTXHRI,'5,6,*,6±6HOYD
HGLWLRQ (DVWPDQ    ZDV DSSOLHG WR
carry out this weight calculation and the following
UDQN RI ZHLJKWV ZDV HVWDEOLVKHG FRQVLVWHQF\ 
WKHVXPRIWKHZHLJKWVPXVWEH 


7LOODJH



/DQGXVH



9HJHWDWLRQFRYHUUDWH

factor) seem to be favorable for the discovery of all
sites, Hellenistic settlements, and small Hellenistic
IDUPV 7DEOHV± ,QVSLWHRIWKHIDFWWKDWRQO\
 RI WKH DUHD VXUYH\HG E\ WKH /(5& WHDP ZDV
¿QHO\ SORZHG WKH QXPEHU RI DUFKDHRORJLFDO VLWHV
UHFRUGHGWKHUHLVVLJQL¿FDQW PRUHVLWHVWKDQH[SHFWHG
IURP D UDQGRP GLVWULEXWLRQ  7KH $WWZHOO)OHWFKHU
WHVWGLGQRWLGHQWLI\DQ\RWKHUVLJQL¿FDQWDVVRFLDWLRQ
for site discovery with the other visibility factors,
neither for the totality of sites nor for the Hellenistic
settlements and small farms.

Table 4.1 Experts’ visibility scores for the variables
used in the MCE analysis.

Tillage
none

Visibility score:
from 1 (low) to 3 (high)
1

rolled

3

harrowed

3

finely plowed

3

medium plowed

2

heavily plowed

2

Land use

2QFHWKHYLVLELOLW\IDFWRUVZHUHUHFODVVL¿HGLQFULWHULRQ
maps, they could be merged through the MCE tool to
¿QDOO\REWDLQDSUHGLFWLYHPDSRIWKHVXLWDELOLW\IRU
site discovery based on survey visibility conditions
(regardless of ancient settlement strategies or recent
geomorphological erosive or depositional biases).
The three criterion maps representing respectively
tillage, land use and vegetation rate were combined
LQD:HLJKWHG/LQHDU&RPELQDWLRQ :/& DFFRUGLQJ
WRWKHIROORZLQJIRUPXOD (DVWPDQ 
S wi xi

Arable / arable cleared

3

Arable completely
cultivated

1

Horticulture

1

Olives / fruit trees

1

Viticulture

2

Fallow

2

Fallow clean / burnt

2

Fallow with stubs

2

Wood / macchia / fallow
overgrown / pasture

1

Vegetation cover rate

S VXLWDELOLW\IRUVLWHGLVFRYHU\EDVHGRQYLVLELOLW\
factors, wi  ZHLJKW RI YLVLELOLW\ IDFWRU i and xi 
criterion score of visibility factor i.
5(68/76
7KH $WWZHOO)OHWFKHU UHVXOWV VKRZHG WKDW DW D 
OHYHO RI SUREDELOLW\ WKH ¿QHO\ SORZHG XQLWV WLOODJH



0

3

1

3

2

2

3

2

4

1

5

1

ASSESSING BIASES

Fig. 4.2 Predictive map of the suitability for site discovery in the surveyed units based on surface visibility conditions
(i.e. detectability map based on surface visibility). The probability for site discovery (detectability) based on surface
visibility goes from low to high and is indicated in each unit by the different colors of the palette. Raster base map:
shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini &
Nannipieri 2017).

$V D ODVW VWHS RI WKLV ¿UVW DQDO\VLV D YDOXH RI
suitability for site discovery was assigned through the
Multi Criteria Evaluation (MCE) to each surveyed
unit, which is the result of the sum of the visibility
factor scores (i.e. the scores for tillage, land use,
DQG YHJHWDWLRQ FRYHU UDWH LQGLFDWHG LQ 7DEOH  
characterizing that unit, multiplied by their respective
factor weights (see before). Such a predictive map
)LJ KLJKOLJKWVHIIHFWLYHO\UHOLDEOHHPSW\VSDFHV
in the recorded settlement pattern or, in reverse,
possibly unreliable vacuums where there is the risk
of missing some archaeological evidences due to the
critical survey visibility conditions.

As has been demonstrated, visibility factors may
favor or prevent the discovery of sites (e.g. Terrenato
 $PPHUPDQ   +RZHYHU LQ RXU FDVH
FRQVLGHULQJWKHZLGHO\VFDWWHUHGFRQ¿JXUDWLRQRIWKH
IHZ VXUYH\HG XQLWV FKDUDFWHUL]HG E\ ¿QHO\ SORZHG
surfaces, the previously detected association with the
WLOODJHIDFWRULVLQVXI¿FLHQWIRUH[SODLQLQJWKHHQWLUH
regional pattern recorded. Other factors may have
DIIHFWHGWKHRYHUDOOSDWWHUQPXFKPRUHVLJQL¿FDQWO\
VXFK DV ODUJHVFDOH JUDGDWLRQDO SURFHVVHV RI HURVLRQ
DQGGHSRVLWLRQ:HWXUQRXUDWWHQWLRQQRZSUHFLVHO\
to these processes.
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Table 4.2 Attwell-Fletcher test for the tillage variable. Sample: totality of sites (99). Surveyed area 1886.031 ha.
Number of simulations: 200. Critical values: 95th percentile = 0.43 ± 0.016; 5th percentile = 0.00 ± 0.000. Notes:
the Kolmogorov-Smirnov test indicates a maximum difference of 0.283 between the observed and the expected
cumulative frequency distributions (critical value to reject the null hypothesis of no association is 0.137, with Į =
0.05).

Tillage
class

Area (ha)

Number
of sites

Expected
proportion
of sites

Observed
proportion
of sites

Category
weight

Positive
association

Negative
association

None

1426.880

47

0.757

0.47

0.06

no

no

Rolled

22.054

1

0.012

0.01

0.08

no

no

Harrowed

51.488

5

0.027

0.05

0.17

no

no

Finely
plowed

62.601

18

0.033

0.18

0.50

yes

no

Medium
plowed

276.398

27

0.147

0.27

0.17

no

no

Heavily
plowed

46.609

1

0.025

0.01

0.04

no

no

Table 4.3 Attwell-Fletcher test for the tillage variable. Sample: Hellenistic settlements (81). Surveyed area 1886.031
ha. Number of simulations: 200. Critical values: 95th percentile = 0.46 ± 0.022; 5th percentile = 0.00 ± 0.000.
Notes: the Kolmogorov-Smirnov test indicates a maximum difference of 0.238 between the observed and the expected
cumulative frequency distributions (critical value to reject the null hypothesis of no association is 0.151, with Į =
0.05).

Tillage
class

Area (ha)

Number
of Hellenic
settlements

Expected
proportion
of settlements

Observed
proportion
of settlements

Category
weight

Positive
association

Negative
association

None

1426.880

42

0.757

0.52

0.06

no

no

Rolled

22.054

1

0.012

0.01

0.09

no

no

Harrowed

51.488

5

0.027

0.06

0.20

no

no

Finely
plowed

62.601

15

0.033

0.19

0.49

yes

no

Medium
plowed

276.398

17

0.147

0.21

0.12

no

no

Heavily
plowed

46.609

1

0.025

0.01

0.04

no

no
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Table 4.4 Attwell-Fletcher test for the tillage variable. Sample: Hellenistic farms (62). Surveyed area 1886.031 ha.
Number of simulations: 200. Critical values: 95th percentile = 0.47 ± 0.021; 5th percentile = 0.00 ± 0.000. Notes: the
Kolmogorov-Smirnov test indicates a maximum difference of 0.305 between the observed and the expected cumulative
frequency distributions (critical value to reject the null hypothesis of no association is 0.172, with Į = 0.05).

Tillage
class

Area (ha)

Number
of Hellenic
farms

Expected
proportion
of farms

Observed
proportion
of farms

Category
weight

Positive
association

Negative
association

None

1426.880

28

0.757

0.45

0.04

no

no

Rolled

22.054

1

0.012

0.02

0.10

no

no

Harrowed

51.488

4

0.027

0.06

0.18

no

no

Finely
plowed

62.601

14

0.033

0.23

0.51

yes

no

Medium
plowed

276.398

14

0.147

0.23

0.12

no

no

Heavily
plowed

46.609

1

0.025

0.02

0.05

no

no

4.5

EVALUATING
GEOMORPHOLOGICAL BIASES

7KH DLP RI RXU QH[W DQDO\VLV LV WR DVVHVV WKH H[WHQW
to which recent erosion and deposition may affect the
SUHVHUYDWLRQ RI WKH +HOOHQLVWLFSHULRG DUFKDHRORJLFDO
UHFRUGLQWKH,VHUQLDEDVLQ &ROWRUWL9DQ2WWHUORR
 6HYLQN  6WHN et al.   3RVWGHSRVLWLRQDO
geomorphological processes that have been occurring
over the Late Pleistocene and Holocene may be a
source of bias for the distribution of Prehistoric and
later sites. For the period of interest to us (i.e. the
Hellenistic period) we focused on the most recent
Late Holocene features and gradational processes
(i.e.%&SUHVHQW LQRUGHUWRSRLQWRXWFULWLFDO
zones where deposition or erosion may have covered
or deleted Hellenistic sites after their abandonment.
Gradational processes comprise both degradational
DQGDJJUDGDWLRQDOSURFHVVHV %RV 6HYLQN 7KH
former stand for erosive forces acting in a landscape to
destroy, remove, and occasionally also uncover (Ebert
6LQJHU WKHDUFKDHRORJLFDOUHPDLQVDIWHUWKH
primary deposition (i.e. in our case the Hellenistic
period). The latter indicate the processes leading
to sedimentary accumulative facies (alluvium and
colluvium) and may result in the burial of sites (see
WKHGLVFXVVLRQLQ&UHPDVFKL 1LFRVLD 

Soil formation requires landscape stability in order to
OHWWKHUDWHRISHGRJHQHVLVH[FHHGWKDWRIHURVLRQRU
GHSRVLWLRQ %RV 6HYLQN ,QRWKHUZRUGV
when erosion or accumulation on previous unstable
surfaces stops, pedogenesis can start and, eventually,
a soil is formed on these now stable land surfaces,
whether in the sediment accumulated (following
aggradation) or the truncated land surface (following
degradation), with eventually remainders of the
former soil. A given soil thus represents the record of
the gradational history of the land surface concerned,
allowing for making inferences about its pedogenesis
and formative history.
352&('85(
:HXVHGWKHLQIRUPDWLRQSURYLGHGE\WKHGHVFULSWLRQV
RI WKH VRLO W\SHV E\ YDQ 2WWHUORR  6WHN et al.
 DQG.RRSPDQV  WRDVVLJQZLWKLQ
the survey sample area, gradational scores to each
of the individual mapping units of the integrated soil
PDS VHH)LJS SURGXFHGE\YDQ
2WWHUORR DQG 6HYLQN 6FRUHV UDQJH IURP  UHFHQW
JUDGDWLRQDO SURFHVVHV DOPRVW DEVHQW  WR  UHFHQW
gradational processes very prominent). In this way,
the landscape stability of each soil map unit was
FODVVL¿HG 2Q WKH EDVLV RI WKLV HYDOXDWLRQ ZH WKHQ
established the detectability of Hellenistic sites, that
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LV WKH SUREDELOLW\ RI ¿QGLQJ VXFK VLWHV GXULQJ ¿HOG
VXUYH\UHJDUGOHVVRIWKHLQÀXHQFHRIDQFLHQWORFDWLRQ
SUHIHUHQFHV VHH$SSHQGL[$ +RZHYHUWKHVFDOHDQG
the temporal resolution of the soil map allowed us to
make an evaluation of the depositional and erosive
SURFHVVHVRQO\DWDUHJLRQDOVFDOH  DQGZH
did not reach more detailed assessments. For instance,
due to the relatively large scale of the soil map, we
FRXOG QRW HYDOXDWH WKH HIIHFW RI SRVVLEOH VPDOOHU
scale geomorphological phenomena observable only
DW D ¿QHU VSDWLRWHPSRUDO UHVROXWLRQ VXFK DV DW WKH
XQLWVFDOHUHVROXWLRQUHSUHVHQWHGE\PRGHUQIDUPLQJ
¿HOGV VHHWKHGLVFXVVLRQLQ%XW]HU 
)RUH[DPSOHLWLVQRWSRVVLEOHWRDVVHVVWKURXJKWKLV
soil map the occurrence of potential local transport
of topsoil related to modern mechanized agricultural
DFWLYLWLHVSHUIRUPHGZLWKLQWKH¿HOGVXFKDVSORZLQJ
RUODQGOHYHOLQJIRU¿HOGFOHDUDQFHDQGSUHSDUDWLRQ
:KLOH LW LV GHPRQVWUDWHG WKDW VXFK VPDOOVFDOH
processes could affect the distribution of artifacts in
WKHSORXJKVRLO e.g.*LYHQ LWUHPDLQV
XQFOHDU WR ZKDW H[WHQW WKHVH ORFDO SURFHVVHV DIIHFW
ODUJHVFDOHSDWWHUQVVXFKDVUHJLRQDOGLVWULEXWLRQVRI
DUFKDHRORJLFDOVLWHV EXWVHHWKHFDVHVWXG\LQ'LH]
0DUWtQ :LWKUHJDUGWRWKH$HVHUQLDFDVHVWXG\
the difference in scale between the mapping of the
¿HOG XQLWV DQG WKH VRLO XQLWV PLJKW KDYH LQÀXHQFHG
in certain zones of the landscape our analysis of the
reliability of our regional pattern of sites. As long
as higher resolution soil maps are not available, the
RQO\ZD\WRDVVHVVWKHSRWHQWLDOLPSDFWRIVPDOOVFDOH
geomorphological processes on the position and/or
H[WHQVLRQ RI VLWHV GHWHFWHG DW WKH VXUIDFH ZRXOG EH
WKURXJKVPDOOVFDOHWDUJHWHGH[FDYDWLRQVRUSURELQJ
Such ground truthing campaigns aimed at testing our
predictions on the date and character of colluvial and
erosive processes, and their effects on site presence
and position, are scheduled for the future.
In this analysis, however, we concentrate only on the
HIIHFWVWKDWUHFHQWODUJHVFDOHHURVLYHRUDFFXPXODWLYH
phenomena may have had on the visibility and
connected discovery of archaeological sites. The
diagnostic indicators we used can help disentangle
degradation (erosion) and aggradation (accumulation)
processes. Degradation was evaluated through
MXGJPHQWRIWKHVRLOSUR¿OHGHYHORSPHQWSDUWLFXODUO\
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WKH VRLO KRUL]RQ GLIIHUHQWLDWLRQ DQG HYHQWXDO H[WHQW
of truncation of the soil concerned. For instance,
ZHOOGHYHORSHG DQG ZHOOGUDLQHG VRLOV RQ ROG VWDEOH
VXUIDFHV H[KLELWLQJ DOO WKH FKDUDFWHULVWLFV RI D QRQ
WUXQFDWHG DQG ZHOOSUHVHUYHG VRLO QRWDEO\ D ZHOO
developed A horizon and eventually E horizon,
indicate that natural or anthropogenic erosion (plow
erosion) and colluviation did not occur over a very
prolonged period of time. On the contrary, soils that
H[KLELWDSURQRXQFHGDUJLFKRUL]RQEXWODFNDQHOXYLDO
horizon and have a poorly developed Ah horizon,
evidently have been recently truncated, losing their
topsoil.
$QH[DPSOHRIDXQLWZLWKZHOOSUHVHUYHGVRLOLVXQLW
 VHH)LJV±DQG$SSHQGL[$ 7KH(XWULF
1LWRVRO )$281(6&2   RQ ÀXYLRODFXVWULQH
GHSRVLWVLVDZHOOGHYHORSHGSRO\JHQHWLFVRLORIROG
VWDEOHDQGVXEKRUL]RQWDOVXUIDFHVZKHUHRQO\PLQRU
recent erosion occurred, evidenced by the presence of
ZHOOGHYHORSHG$DQG(KRUL]RQV)RUWKHVHUHDVRQV
we established that the detectability of Hellenistic
sites at this unit was high.
Evidently, land surfaces may also be so recent that
they postdate the Hellenistic period and in that
FDVH FKDQFHV IRU ¿QGLQJ +HOOHQLVWLF VLWHV GR QRW
H[LVWRUDUHYHU\ORZ7KLVLVWKHFDVHZKHQVHULRXV
degradation took place after that period, and may
be the situation on truly unstable land surfaces, e.g.
VWHHSXQVWDEOHVORSHV&KDQFHVIRUVXFKVXEUHFHQW
strong degradation can be judged by evaluation of
WKHH[WHQWRIVRLOIRUPDWLRQ$QH[DPSOHDUHXQLWV
 VHH)LJVDQG$SSHQGL[$ LQZKLFK
Rendzinas and Regosols dominate on relatively
unstable and steep marls and shales, with prominent
DFWLYHHURVLRQ7KHOLPLWHGH[WHQWRIVRLOIRUPDWLRQ
and currently active erosion strongly suggested that
the current land surface is of a younger age and thus
the detectability of Hellenistic sites was low.
As regards the evaluation of land surfaces that
H[KLELW DJJUDGDWLRQ FULWHULD YHU\ PXFK UHVHPEOH
WKRVH GHVFULEHG DERYH FUXFLDO LV WKH H[WHQW RI VRLO
formation and soil horizon differentiation, which
provides a clear indicator for the time elapsed since
the deposition of the sediment in which the soil has
formed. In fact, this approach forms the basis for
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Fig. 4.3 Soil map, 1: 25,000 by van Otterloo and Sevink (van Otterloo & Sevink 2016). The numeric labels indicate
the soil units (see Appendix A). Raster base map: shaded relief calculated from the 10 m-resolution DEM named
TINITALY/01 (Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

all studies on soil chronosequences and has led to
considerable insight into the rate of soil formation
as dependent on climate and parent material (see
IRUH[DPSOH6HYLQNet al.6DXHUet al. 
Evidently, also other criteria were used by van
2WWHUORR DQG .RRSPDQV LQ WKHLU DVVHVVPHQW RI
the age of sediments encountered, in particular
the presence of archaeological material in these
VHGLPHQWV 6XFK D FULWHULRQ KDV EHHQ H[WHQVLYHO\
used in soil studies, paying attention to the age and
origin of anthropogenic colluvial topsoils in the
Mediterranean (e.g. 5HPPHO]ZDDO  /DQJ 
%RUN 
7KHUH LV DQRWKHU YHU\ UHJLRQVSHFL¿F GLDJQRVWLF
indicator in the evaluation of these soil map units.

Throughout the Isernia area, the latest major
Holocene tephra layers, called the Avellino pumice
OD\HU QHDU  %&  DQG WKH 9HVXYLXV 3RPSHLL
ash layer (79 A.D.) have been deposited and thus
should be present in “stable” soils. They were easily
LGHQWL¿HG WKURXJK WKH GDUN FRORU RI WKH WRSVRLO
because rather than distinct layers the volcanic
PDWHULDO RIWHQ DSSHDUHG DV DEXQGDQW ¿QH DQJXODU
pyroclastic particles. Therefore, the presence in the
WRSVRLO RI S\URFODVWLF PDWHULDO ZDV D SUR[\ LQ DLG
of the evaluation whether a soil has been recently
truncated or ‘aggraded’ after the last eruptions (for
D GLVFXVVLRQ RQ DVK IDOO DV DQ H[FHOOHQW WHPSRUDO
marker for studying gradational processes in the
0HGLWHUUDQHDQ VHH -XGVRQ  9LWD)LQ]L 
-XGVRQ  %URZQ   /HIqYUH et al.
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Fig. 4.4 Detectability map for the Hellenistic period based on geomorphological processes (i.e. geomorphological
detectability map). Raster base map: shaded relief calculated from the 10 m-resolution DEM named TINITALY/01
(Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

  ,I QRW SUHVHQW ZH FRXOG FRQFOXGH WKDW VRLOV
were formed on late Roman or younger deposits,
or on strongly truncated, more recent land surfaces
and thus are devoid of Hellenistic and earlier sites.
)RUDQH[WHQVLYHUHYLHZRIWKH/DWH3OHLVWRFHQHDQG
Holocene ash falls in the Isernia area, reference is
made to Stek et al.  
In areas where such unique ash falls did not occur,
the dating of soils, their truncation, and the age
of the deposits in which they were formed in case
of relatively young soils, is more problematic to
establish and often far less reliable, having to be based
on rather tentatively established rates of soil genesis



during early soil formation, e.g.GHFDOFL¿FDWLRQDQG
accumulation of organic matter (e.g. Cremaschi
  %RWK SURFHVVHV DUH YHU\ PXFK FOLPDWH DQG
parent material dependent, and do not allow for
more than broad statements on soil age. Processes
like clay translocation and weathering were not
discriminative at the time scales concerned, and were
thus unsuited for our purposes (see e.g. Sevink et al.
&UHPDVFKL 6HYLQN6DXHU 
$QH[DPSOHLVSURYLGHGE\WKH/H3LDQHNDUVWEDVLQ
ORFDWHG QRUWKHDVW RI ,VHUQLD XQLW  VHH )LJV  ±
 DQG $SSHQGL[ $  +HUH SRVW5RPDQ FROOXYLDO
¿OO GHSRVLWV GHYRLG RI S\URFODVWLF PDWHULDO FRYHU
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any previous archaeological remains. These
colluvia probably originated through strong
erosion impacting on the unstable surfaces of the
surrounding mountains, and subsequent deposition
of the eroded soil material in this basin, which may
be related to intensive anthropogenic deforestation
and agricultural activities especially in Roman times
(see the discussion in Burri et al. 
5(68/76
Through the evaluation of the soil maps we could
identify and delineate zones where erosion and
sedimentation likely took place recently to various
H[WHQWV )LJS ,QDUFKDHRORJLFDOVXUYH\V
WKHVH FULWLFDO XQLWV LQ GDUN JUH\ LQ )LJ  
FDQ EH H[SHFWHG WR PRUH OLNHO\ H[KLELW D ELDVHG
archaeological record: the higher risk of Late
Holocene erosion and deposition at these units must
be taken into account when evaluating the reliability
of the recorded Hellenistic archaeological evidence.
2Q WKH EDVLV RI )LJ  D SRWHQWLDO ELDV SRVVLEO\
hampering the detection of sites seems strong in
WKH VRXWK WUDQVHFW DQG WR D OHVVHU H[WHQW LQ WKH
central, east, and north parts of the survey sample
area, whereas in the west transect its effect should
be minimal in light of the predominantly highly
VWDEOHVXUIDFHV:HXVHGDVWDWLVWLFDOWHVWWRDVVHVVWKH
probability that the archaeological pattern is indeed
LQÀXHQFHGE\WKLVIDFWRU
Statistical tests of association can systematically
compare the proportion of the total sites found by
the LERC team in a certain detectability class to
the proportion of the total survey coverage at that
detectability class (i.e. the proportion represented
E\ WKH DUHD ZDONHG LQ WKDW FODVV VHH )LJ   DQG
tell us whether or not this association is statistically
VLJQL¿FDQW ,Q RUGHU WR DVVHVV ZKHWKHU D VLJQL¿FDQW
DVVRFLDWLRQ H[LVWV EHWZHHQ GHWHFWDELOLW\ FODVV DQG
VLWH GLVFRYHU\ WKH $WWZHOO)OHWFKHU VWDWLVWLFDO WHVW
of association was performed within the surveyed
XQLWV $WWZHOO  )OHWFKHU    7KLV WHVW
indicated, for the surveyed units in each detectability
FODVV ZKHWKHU WKHUH ZHUH VLJQL¿FDQWO\ PRUH RU
VLJQL¿FDQWO\ IHZHU VLWHV WKDQ H[SHFWHG vis-à-vis
random distributions. These random distributions

theoretically represent site distributions which
FRQ¿JXUDWLRQV DUH LQGHSHQGHQW IURP WKH YDULDEOH
under consideration (i.e. geomorphological
GHWHFWDELOLW\  DFFRUGLQJ WR WKH H[WHQW RI WKH DUHD
surveyed in each detectability class, sites were
thus proportionally allocated by means of several
VLPXODWLRQV LQ RXU FDVH  VLPXODWLRQV ZHUH
run). This means that the site proportions of these
simulated random distributions that were allocated
in the various detectability classes (i.e. H[SHFWHG
proportions of sites) corresponded to the proportions
of the total surveyed area at the detectability classes.
,IDVLJQL¿FDQWQHJDWLYHDVVRFLDWLRQH[LVWHG i.e. in that
FODVVWKHUHZHUHIHZHUREVHUYHGVLWHVWKDQH[SHFWHG
from distributions unaffected by geomorphological
processes), the category weight of the detectability
class under consideration resulted lower than the
FULWLFDO YDOXH IRU WKH WK SHUFHQWLOH &RQYHUVHO\ LI
WKHUHZDVDVLJQL¿FDQWSRVLWLYHDVVRFLDWLRQ i.e. more
UHFRUGHG VLWHV WKDQ H[SHFWHG  WKH FDWHJRU\ ZHLJKW
H[FHHGHG WKH FULWLFDO YDOXH IRU WKH WK SHUFHQWLOH
VHH7DEOHV± 
$V VKRZQ LQ 7DEOHV  ±  WKHUH VHHPV WR EH
a positive association with the medium/high
GHWHFWDELOLW\ FODVV FRYHULQJ  RI WKH WRWDO
surveyed area, i.e.DSURSRUWLRQRI DQGWKH
presence of Hellenistic settlements and farms. This
PD\ EH H[SODLQHG E\ WKH UHODWLYHO\ VWDEOH VXUIDFHV
characterizing this land class, which are favorable for
the preservation of Hellenistic settlement sites (see
IRU LQVWDQFH WKH9DOOH 3RUFLQD LQ WKH:HVW WUDQVHFW
)LJ +RZHYHUWKLVGRHVQRWFRPSOHWHO\H[FOXGH
the possibility that, rather than more preserving
landscape units, ancient location preferences
instead caused sites to cluster in certain zones. This
hypothesis is supported by the fact that we did not
GLVFHUQ DQ\ RWKHU VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ
detectability classes and site numbers: indeed, site
numbers in the theoretically low and medium/low
GHWHFWDELOLW\ ]RQHV ZHUH DFWXDOO\ QRW VLJQL¿FDQWO\
ORZHU WKDQ H[SHFWHG 0RUH LPSRUWDQWO\ SHUKDSV
there was also no positive correlation between site
numbers and the high detectability zones. Despite the
highly stable surfaces associated with these zones,
WKH\ GLG QRW VKRZ VLJQL¿FDQWO\ KLJKHU SHUFHQWDJHV
of sites.
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Fig. 4.5 Geomorphological detectability map for the Hellenistic period with the indication of the surveyed units within
each detectability unit. Raster base map: shaded relief calculated from the 10 m-resolution DEM named TINITALY/01
(Tarquini et al. 2007; 2012; Tarquini & Nannipieri 2017).

Therefore, the overall picture that emerged
from this analysis is that there is not always a
clear correlation between site recovery rates and
detectability classes in the investigated territory of
Isernia. As a matter of fact, if geomorphological
GHWHFWDELOLW\ZDVUHVSRQVLEOHWRDVLJQL¿FDQWGHJUHH
for the discerned regional settlement pattern, we
ZRXOG KDYH H[SHFWHG WR ¿QG SRVLWLYH FRUUHODWLRQV
with the high and medium/high classes and also
negative correlations with the medium/low and low
classes. Consequently, the low site density areas
recorded in several large portions of this territory,
DQGWKHIHZORFDOL]HGKLJKHUGHQVLW\]RQHVZLGHO\
VFDWWHUHG )LJ   FRXOG SODXVLEO\ EH WKH UHVXOW
of genuine Hellenistic settlement patterns. This



hypothesis is supported especially by the low
site numbers recorded for the high detectability
units. Considering the minimal susceptibility to
SRVW+HOOHQLVWLFSHULRG HURVLRQ DQG GHSRVLWLRQ LQ
these units, it seems implausible to assume that
the recorded pattern of thinly populated zones
in the Hellenistic period is entirely the result of
geomorphological biases.
7KH IDFW WKDW WKHUH ZHUH QRW VLJQL¿FDQWO\ IHZHU
VLWHV WKDQ H[SHFWHG LQ WKH ORZ GHWHFWDELOLW\
conditions may possibly be related to the large
sample of surveyed units in the medium/low and
low detectability zones affected by high erosion
HURVLRQ VFRUH  RU  VHH $SSHQGL[ $  ,W LV
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Table 4.5 Attwell-Fletcher test of association on the Hellenistic settlements. Total number of settlements within the
geomorphological detectability map: 77. Surveyed area within the geomorphological detectability map: 1688.93 ha.
Number of simulations: 200. Critical values: 95th percentile = 0.34 ± 0.012; 5th percentile = 0.04 ± 0.022.

Geomorphological Area (ha)
detectability
class

Number
of
Hellenistic
settlements

Expected
proportion
of
settlements

Observed
proportion
of
settlements

Category
weight

Positive
association

Negative
association

High
Medium/High
Medium
Medium/Low
Low

6
12
25
26
8

0.065
0.071
0.223
0.343
0.299

0.08
0.16
0.32
0.34
0.10

0.19
0.36
0.24
0.16
0.06

no
yes
no
no
no

no
no
no
no
no

110.382
119.928
375.959
578.492
504.172

Table 4.6 Attwell-Fletcher test of association on the Hellenistic farms. Total number of farms within the
geomorphological detectability map: 58. Surveyed area within the geomorphological detectability map: 1688.93 ha.
Number of simulations: 200. Critical values: 95th percentile = 0.37 ± 0.013; 5th percentile = 0.00 ± 0.025.

Geomorphological Area (ha)
detectability
class

Number
of
Hellenistic
farms

Expected
proportion
of
farms

Observed
proportion
of
farms

Category
weight

Positive
association

Negative
association

High
Medium/High
Medium
Medium/Low
Low

5
10
15
22
6

0.065
0.071
0.223
0.343
0.299

0.09
0.17
0.26
0.38
0.10

0.21
0.38
0.18
0.17
0.05

no
yes
no
no
no

no
no
no
no
no

110.382
119.928
375.959
578.492
504.172

important to underline that erosive agents can
GHVWUR\VLWHVEXWWKH\FDQDOVRXQFRYHURWKHUZLVH
EXULHGDQGWKXVSUHYLRXVO\LQYLVLEOHDUFKDHRORJLFDO
PDWHULDO VHH(EHUW 6LQJHU )LHOGZDONHUV
RIWHQ ¿QG VLWHV DW SODFHV ZKHUH HURVLRQ LV DFWLYH
and this may be also the case for some of the sites
IRXQG LQ RXU VWXG\ DUHD )RU H[DPSOH ZKHUH /DWH
Holocene degradational processes are prominent
and still active (e.g. ORZ GHWHFWDELOLW\ XQLWV  ±
 VLWHVPLJKWKDYHEHHQRFFDVLRQDOO\H[SRVHGDW
the surface by forces of erosion (e.g. local slope
movements, plowing).
Overall, if we accept the validity of the principle
XVHG KHUH WR SUHGLFW WKH HIIHFW RI ODUJHVFDOH
geomorphological biases (in other words, strong
recent deposition may cover Hellenistic sites, and
strong recent erosion may destroy or occasionally
uncover Hellenistic sites), on the basis of our

tests we may therefore conclude that this analysis
underscores the value of the Aesernia survey data
for studying past settlement behavior at a regional
scale of analysis.
4.6

COMBINING RESULTS

%\ PHDQV RI D FURVVWDEXODWLRQ WKH SUHYLRXV WZR
detectability maps, based on surface visibility and
geomorphology respectively, were combined in order
to assign to each surveyed unit a pair of detectability
scores which aid archaeologists to evaluate the
combined effect of these two sets of biasing factors.
$V VKRZQ LQ 7DEOH  DQG LQ )LJ  WKH
combination of these two types of information
allows the archaeologist to assess for each surveyed
unit whether the density and pattern of sites recorded
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Fig. 4.6 Cross-tabulation between the detectability map based on surface visibility and the geomorphological
detectability map. Each surveyed unit receives a combination of detectability scores (the ¿rst score refers to
the detectability based on surface visibility, the second score refers to the Hellenistic detectability based on the
geomorphological evaluation): 0 = outside soil map coverage; 1 = low; 2 = medium/low; 3 = medium; 4 = medium/
high; 5 = high. Raster base map: shaded relief calculated from the 10 m-resolution DEM named TINITALY/01 (Tarquini
et al. 2007; 2012; Tarquini & Nannipieri 2017).
Table 4.7 Cross-tabulation between surface visibility classes (columns) of the predictive surface visibility map (see
Fig. 4.2, p. 75) and geomorphological detectability classes (rows) of the geomorphological detectability map (see Fig.
4.5, p. 82). The numbers indicate the percentage (%) of the surveyed territory (1886.031 ha) for each combination
of classes.
Geomorphological
detectability

Detectability based on surface visibility
Low

Medium/Low

Medium

Medium/High

High

Total

outside soil maps
Low
Medium/Low
Medium
Medium/High
High
Total

8.18
20.16
22.98
14.25
5.07
4.05
74.69

0.03
0.29
0.19
0.38
0.06
0.08
1.04

0.12
0.33
0.89
0.36
0.23
0.13
2.06

0.04
0.33
0.48
0.72
0.3
0.06
1.94

2.25
5.62
6.15
3.96
0.71
1.58
20.27

10.62
26.74
30.7
19.67
6.37
5.9
100
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may correlate with either, or both, types of bias.
7KH FRPSOH[LW\ RI WKH LQWHUUHODWLRQVKLSV EHWZHHQ
surface visibility and geomorphology can be better
HOXFLGDWHG ZLWK WZR H[DPSOHV )LUVW D XQLW PD\
display optimal surface visibility conditions, but
GHVSLWH D PD[LPXP YLVLELOLW\ VFRUH +HOOHQLVWLF
evidence will hardly be found if covered under
SRVW+HOOHQLVWLF GHSRVLWLRQ 6HFRQG VWDEOHROG
surfaces may have a high detectability score, but
thick vegetation may still prevent archaeologists
from detecting a site.
Surface visibility and geomorphological biases
DUH LQWULFDWHO\ LQWHUZRYHQ DQG WKHLU FRPSOH[
UHODWLRQVKLSV DUH GLI¿FXOW WR SUHGLFW ZLWKRXW D
suitable support for systematic consultation: if we
aim to visualize the potential implications of these
UHODWLRQVKLSVIRUWKHVXUYH\UHFRUGZHQHHGWR¿QG
a means to calculate them and then represent them
simultaneously on a map. A combined detectability
PDS DV WKH RQH GLVSOD\HG LQ )LJ  PD\ IXO¿OO
this task. Archaeologists may use this map as a
¿OWHUWREHVXSHULPSRVHGRQDVLWHGLVWULEXWLRQPDS
FRPSLOHGGXULQJ¿HOGVXUYH\,QWKLVZD\WKH\PD\
HYHQWXDOO\EHDEOHWR¿OWHURXWSRWHQWLDOGLVWRUWLRQV
provoked by visibility and geomorphological
processes on site numbers and pattern, calibrate
the pattern, and possibly correct it through the
simulation of the potentially missing evidence and
WKHQ ¿QDOO\ DVVHVV GLIIHUHQFHV LQ WKH KLVWRULFDO
interpretations they will put forward before and
after such a calibration.
4.7

CONCLUSIONS

%\ GH¿QLWLRQ VXUYH\ GDWD DUH IUDJPHQWDU\
Nonetheless, archaeologists by necessity have to
EDVHWKHLUUHFRQVWUXFWLRQVRQKHUHDQGWKHUHVXUIDFHV
where preserved and uncovered archaeological
PDWHULDO FDQ EH REVHUYHG :KHQ LQYHVWLJDWLQJ
regional settlement patterns and site numbers as
UHÀHFWHG E\ ¿HOG VXUYH\ GDWD LW LV WKXV FUXFLDO WR
understand the formative processes leading to
WKH FUHDWLRQ RI WKH ¿HOG VXUYH\ UHFRUG $VVHVVLQJ
the constraints that may affect the preservation
and the recording of sites in different portions of
WKH ODQGVFDSH VKRXOG EH D ¿UVW VWHS WR WDNH EHIRUH

LQIHUULQJ DQFLHQW ORFDWLRQ SUHIHUHQFHV ODQGXVH
strategies and, more broadly, historical processes.
Detectability maps can help achieving this goal.
Not only are detectability maps useful to test for
biases in survey data, they can also help designing a
targeted sampling strategy for future surveys. In this
ZD\GHWHFWDELOLW\PDSVFDQLQFUHDVHWKHHI¿FLHQF\
and reliability of survey methods and data: stable
DQG ZHOOYLVLEOH VXUIDFHV RI FRXUVH DUH PRUH
likely to return a more representative settlement
density and pattern than those where erosion and
sedimentation are, or have been recently, occurring.
Detectability maps are by no means a new tool.
However, the innovative aspect of our method is that
it offers a formal, and widely applicable, procedure
for combining a systematic statistical analysis of
visibility biases with a straightforward assessment
of regional geomorphological biases based on soil
characteristics. The resulting maps that highlight
the position of visible and less visible, stable and
XQVWDEOHVXUYH\HGVXUIDFHVSURYLGHD¿OWHUWKURXJK
ZKLFK DUFKDHRORJLVWV FDQ FDOLEUDWH RU UHHYDOXDWH
LQWHUSUHWDWLRQV RI UHFRUGHG VLWH GLVWULEXWLRQV :LWK
its formal character, the method proposed here may
also contribute to overcoming current challenges
LQ WKH FRPSDULVRQ DQG LQWHJUDWLRQ RI ODUJHVFDOH
VXUYH\GDWDRQWKHVXSUDUHJLRQDOOHYHO
As regards the case of the colony of Aesernia, we
used the detectability maps to assess whether the
few localized high site densities and the large tracts
of empty zones in between them may be the result of
visibility and geomorphological biases, or rather the
result of settlement location preferences of ancient
FRPPXQLWLHV :H REVHUYHG WKDW ORZ VLWH GHQVLW\
and blank areas are also frequently present in areas
characterized by good surface visibility and high
geomorphological detectability. This conclusion
strengthens the reliability of the recorded empty
units in between clusters of sites and, thus, further
supports the clustered early colonial settlement
hypothesis recently proposed for this Apennine
landscape in the Hellenistic period.
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