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‘ Introduction

These proceedings represent a sample of some of the
excellent papers and posters presented at the 45th
annual Computer Applications and Quantitative
Methods in Archaeology (CAA) conference. This
marked only the third time the CAAs had ventured
across “The Pond” to the United States, and we think
we were successful in attracting many first time CAA
participants, which speaks to the vibrancy and rele-
vance of the field. The week started with 12 workshops
that covered a range of topics. The conference itself
had over 350 papers and discussion sections along
with over 20 posters spread across almost 40 ses-
sions. These numbers also attest to the continued im-
portance of the CAAs as a venue where cutting-edge
ideas get shared. We experimented with novel session
formats giving organizers options on how partici-
pants would share their research and interact. There
were hybrid sessions with posters and discussions, as
well as sessions like “Everything Wrong With...” that
asked authors to contribute short, 10-minute papers,
which then provided lengthier time for discussion.
These accompanied more traditional session formats
along with discussion sessions and roundtables.

The theme of the conference, as reflected in the ti-
tle of this volume, was “Digital Archaeologies, Mate-
rial Worlds (Past and Present).” We chose this theme
to highlight the varying ways in which digital archae-
ologies are now practiced and how these practices
are leading to new and exciting ways to share our
data with interested publics. That diversity is reflect-
ed in the overarching themes we used to organize the
papers in the conference and to structure the papers
that make up this contribution. Those themes are 3D
Acquisition - at the object level and the structure and
site level, Broader View — Digital Archaeology and
the Humanities, Collaborative Data Management,
Critical Reflections, Education and Dissemination,
Geographic Information Systems (GIS), Geophysics
and Remote Sensing, Networks and Modeling, and
Virtual Reality. The thematic focus on the present
was also represented in a series of sessions focused

http://dx.doi.org/10.15496/publikation-43235

on ethical issues, both as a field of practice and as an
organization. These Critical Reflections are a sign of
disciplinary maturity as we can turn our critical gaze
on ourselves. There was a “Women in CAA” session,
the first of its kind, as well as a “Decolonizing Digital
Archaeology” session along with a discussion forum
on a CAA Code of Conduct.

The conference started with an “ice-breaker” at
the lovely Carlos Museum on Emory University’s
campus. On the way to Emory, everyone got to “en-
joy” some of Atlanta’s famous traffic, and although
we arrived a bit late, everyone had time to explore
the collections with the tasty snacks and cold bev-
erages. On the first morning of the conference,
we were treated to a keynote address by Dr. Ken
Kvamme who provided his reflections on the histori-
cal trajectory of digital archaeology and where we, as
practitioners, could grow as we move forward. The
first full day of the conference ended with a poster
session, that involved lively conversations fueled by
some of Atlanta’s finest local beers. While the tem-
peratures outside were unseasonably cold, that did
not stop folks from enjoying each other’s company
and the lunch options provided by local food trucks
on Wednesday. Following the AGM was the con-
ference dinner at Piedmont Park, Atlanta’s version
of New York City’s Central Park. We had delicious
BBQ (something us southerners pride ourselves on)
and some traditional, Americana music. While there
were not organized social events on Thursday, by that
time people had learned their way around the city
and were able to find warm spots to gather and con-
tinue the conversation after the conference had offi-
cially ended. While the conference was a blur for us,
it was an honor to host everyone in our hometown,
and we truly hope that everyone enjoyed themselves
and took new ideas and new friends away with them
from the conference.

Jeffrey B. Glover, Jessica Moss, and Dominique Rissolo
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Abstract

Over the years, predictive modelling has been characterized as being environ-
mentally deterministic, a-temporal, or even as a way of ‘effectively de-human-
ising the past. Over the past ten years, however, spatial analysis of settlement
patterns has progressed substantially, paying much more attention to the role
of socio-cultural factors and the analysis of settlement pattern dynamics. In
this paper, we will present an approach to site location analysis and predictive
modelling that can be characterized as essentially data driven, yet is very much
theoretically informed, and which has focused primarily on facilitating com-
parisons between various chrono-cultural contexts. Our experiments, that have
been carried out since 2010, have mainly used data from the Roman period
in various regions of France, but the general ideas and workflow can easily be
transferred to other settings. To enrich the approach new developments were
tested to understand the role of settlement hierarchy and its influence on the
subsequent development and structuring of settlement patterns. These new de-
velopments were applied to three case study carried out in the north-east of

France.

Keywords: site location analysis, predictive modelling, socio-cultural factors, temporal factors, Roman period

Introduction

In this paper, we present a new method to analyse
the role of socio-environmental variables in rural
settlement system development, with special em-
phasis on the role of the hierarchical structure of
settlement. This method was developed as part of
the PhD research conducted by the first author, in a
case study for the Roman period in the Alsace-Lor-
raine region (NE France; Niisslein 2018). This work
is based on several research projects carried out in
France between the 1980s and 2010s (Nuninger et al.
2012a; Favory, Nuninger & Sanders 2012; Nuninger,
Sanders et al. 2006). The main interest of this long-
term research is to study the dynamics of settlement
systems and land use with a socio-environmental
perspective and with a diachronic and transcultur-

al comparison approach, in order to investigate the
durability of the systems and the resilience of past
societies.

This research started in the eastern Languedoc in
the 1980s and was led by Jean-Luc Fiches, Francois
Favory and Claude Raynaud (Fiches 1987; Favory
1989; Raynaud 1989; Favory and Fiches 1994; Favory
et al. 1987; Favory, Ouriachi & Nuninger 2011). In
the beginning of the 1990s two projects led by Sand-
er van der Leeuw (Archaeomedes 1 and 2; Van der
Leeuw 1998; Archaeomedes 1998; Van der Leeuw
et al. 2003; Van der Leeuw et al. 2005) enlarged the
regional focus to the Rhone valley, and initiated a
partnership between French and Dutch scholars
working on spatial analysis. Later on, within the
framework of two other projects called Archaedyn 1
and 2 (led by Francois Favory and Laure Nuninger;
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Favory et al. 2008, Nuninger et al. 2008; Gandini
et al. 2008; Gandini, Favory & Nuninger 2012), re-
searchers from Slovenia were associated and brought
new case studies. Around 2010, a new collabora-
tion was developed between the French and Dutch,
called IHAPMA (Introducing the Human Factor in
the Predictive Modelling for Archaeology), bringing
in an additional case study in the Netherlands (Nun-
inger et al. 2012b; Verhagen et al. 2013a and b; Nun-
inger et al. 2016; Verhagen et al. 2016), and finally
the Alsace-Lorraine region. An original methodol-
ogy to study changes in the settlement system and
land use was built step by step over all these projects.
This has given us a common reference to perform
interregional comparison on a solid basis (Favory,
Nuninger & Sanders 2012).

In the IHAPMA project we were in particular in-
terested in the estimation of human impact on rural
settlement choices, and mainly for the Roman peri-
od.

The issue was to analyse changes in settlement lo-
cation during the Roman period to better understand
what drove the choices of past communities: the en-
vironmental conditions, the potential for movement
or control, or socio-economic considerations - or
all of them? In order to estimate the weight of each
factor we combined the ‘French’ approach, mainly
based on multivariate statistical analyses and classi-
fication, and the ‘Dutch’ approach, mainly based on
predictive modelling methods. Predictive modelling
is used here as a scientific tool to detect change from
one period to another, and not for heritage manage-
ment purposes (Nuninger et al. 2012b; Verhagen et
al. 2013a).

In this project, we put special emphasis on so-
cio-environmental variables, and it is the compu-
tation and analysis of one of these social variables
that we will present in this paper: the hierarchical
structure of the settlement systems.

This variable was originally defined by the Ar-
chaedyn team (Fovet in Nuninger et al. 2012c;
Mathian and Tannier in Favory, Nuninger & Sand-
ers 2012), but we adapted it to a raster environment
and we developed the model as an operational
GIS tool. It was then applied and analysed for the
first time on three regional case studies in the Al-
sace-Lorraine region.

|16

The Settlement of the Countryside
Between Moselle and Rhine in the
Roman Period

During Antiquity, the area between the Moselle and
Rhine rivers was a region in which many historical
events occurred (Gallic Wars, Germanic invasions,
battles in Late Antiquity). These events successive-
ly changed its administrative and political organi-
zation. The main aim of the PhD research was to
study, through spatial modelling and comparative
approaches, the evolution of the settlement of mi-
cro-regions in a large and complex area between the
Ist c. BC and the 5th c. AD.

The three study areas are located in Alsace and
Lorraine (Figure 1). Two are located on the Plateau
Lorrain (zone 1 “Entre Alsace Bossue et Pays de
Bitche”, zone 2 “Entre Seille et Nied”) and one in the
Plaine d’Alsace (zone 3 “Basse vallée de la Bruche”).
They are well known by survey and excavations.
Their size varies between 300 and 600 km?. All of
them were more or less systematically surveyed by
field walking and in addition about 10 to 15% of the
sites were excavated. The number of Roman settle-
ments per zone varies from 65 to more than 300 and
at least 30% can be dated at the century scale.

These sites are not all the same: their size varies
between 100 m* and 100 ha, and their wealth and
longevity are very variable. Based on these observa-
tions, we can assume different functional roles of the
settlements within the system. This is why a hierar-
chic-functional typology of the settlements was cre-
ated, based on the method developed in the Archaeo-
medes and Archaedyn projects, using a combination
of correspondence analysis and hierarchical cluster-
ing (Van der Leeuw et al. 2003; Favory et al. 1999;
Bertoncello et al. 2012a). “The principle is that of a
convergence of multiple indices whose combination
makes sense in the a posteriori interpretation by the
archaeologist and allows him to identify a typologi-
cal-functional hierarchy” (Favory, Nuninger & Sand-
ers 2012). This analysis resulted in 9 different, hierar-
chic-functional classes of settlements, depending on
several variables but in particular the surface area of
the settlement, its duration of life, and the quality of
the material used for construction (Figure 2 and Ta-
ble 1). The settlements are thus classified into hierar-
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Figure 1. Map of the study areas in Alsace and Lorraine.

chically ranked groups of settlements that can be in-
terpreted from agglomerations to small farms. When
we analyse the sites according to this classification,
we can see that the micro-regions have very different
settlement compositions. In zones 1 and 2, the habi-
tats are mainly isolated (villas and farms) whereas in
zone 3 the habitats are mainly grouped (villages and
hamlets).

Variables

Level of conveniences (presence of hypocauste,
bath, etc.)

Other artefacts (iron, silver, tools, etc.)

Duration of life span

Table 1. Variables used to create the hierarchic-functional
typology of the settlements (Niisslein 2018).

However, as mentioned by Favory, Nuninger & Sand-
ers (2012), it should be noted that these are “prop-
erties associated with the settlement referring to
various periods” and no time variable is taken into
account in the analysis. “Thus the existence of entities
refers to an abstract a-temporal level” and does not il-
lustrate the internal evolution of habitats. Indeed, the
excavations show that the studied habitats sometimes
follow long development trajectories in which they
move up in the hierarchical ranking, and then decline
(Niisslein 2016). Moreover, some sites of similar sta-
tus at the beginning of the Roman period will devel-
op more strongly than their neighbours. What are the
local factors explaining these different phenomena?

After this step of classification and site study, the
structuring spaces generated by the sites were stud-
ied using a number of statistical and geospatial tools
(for example: density, dispersion/concentration, dis-
tances between sites, etc.). These analyses showed
that the areas presented clear differences in occupa-
tion over the centuries. The second question then is:
what type of socio-environmental factors can explain
these variations in time and space?
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To answer these two questions, the local condi-
tions of settlement creation were studied based on
the variables developed in the previous studies cited
and focusing, in particular, on the relationship be-
tween settlements according to their rank within a
spatial and dynamical perspective. For this, a new
tool was developed in a GIS environment so as to
compute a raster map of the hierarchic-functional
structure of the settlement system.

The Map of Hierarchic-Functional
Structure of the Settlement System

The Original Concept

In the different cases studied in the previous projects,
it was observed that different types of settlements are
often spatially associated (Favory et al. 1994; Favory
et al. in Archaeomedes 1998; Nuninger et al. 2006;
Bertoncello et al. 2012a and 2012b). The issue was
how to qualify, with a synthetic index, the neigh-
bourhood of a location according to its potential in
terms of territorial organization.

There are many different types of hierarchi-
cal-functional assemblages, consisting of multiple,
interacting occupations. Based on these observa-
tions, the Archaedyn and the IHAPMA teams sug-
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gested further analysis by characterizing each portion
of space (place, grid cell) by quantitatively describing
its neighbourhood using a set of environmental and
archaeological attributes. Among the archaeological
variables, we will illustrate the “heritage” index and
the “hierarchical-functional structure” index.

The first one is based on the concept of “neighbour-
hood legacy”, characterizing the accumulated invest-
ment in the landscape at a time t. It gives the possibility
to compute heritage maps where each cell gets a value
calculated by the accumulated length of occupation
in the neighbourhood at a time t, weighted by tempo-
ral and spatial distance (Favory, Nuninger & Sanders
2012; Nuninger et al. 2016; Verhagen et al. 2016).

In parallel, and based on the same idea of char-
acterizing the social context, Elise Fovet suggested
to identify the level of “hierarchical organization” of
the settlement pattern within clusters of settlements
defined by a segmentation of the space based on a
density map (see Nuninger et al. 2012¢; Bertoncello
et al. 2012a).

In order to determine the level of hierarchical or-
ganization of settlement within each sector, two indi-
cators were calculated:

1. The hierarchical variety of the settle-
ments which shows the degree of diversifica-
tion of the settlement types (number of differ-
ent classes) and
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Step 1 : Calculation of hierarchical context for each point of space within a radius of 2000 m

Step 2 : Classification of contexts and creation of the map

Hierarchical types map

Contexts

Automatic
classification

2. The differentiation of the classes present
in each sector based on standard deviation.

For an equivalent value of the variety, we can distin-
guish:

a. alow range—i.e., a high homogeneity—
which indicates the association of settlements
belonging to hierarchically close classes (e.g.,
classes 1 and 2, or classes 5 and 6),

b. a high range or a strong differentiation
when classes are extreme (e.g., classes 1 and 6).

Then both indicators were combined so as to indi-
cate the degree of settlement organization within
a sector, i.-e., the value of the “hierarchical-func-
tional structure. It makes it possible to distinguish
poorly structured sectors (non-diversified settle-
ment types with similar hierarchical levels) from
highly structured sectors (highly diversified and
exhibiting a broad spectrum of settlement classes,
see Figure 4).

In this approach, the result is largely dependent
on the identified aggregates or sectors used for the

Figure 3. Protocol for the

° . map of hierarchic-func-
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analysis and the solution adopted remains problem-
atic with respect to monitoring regional compar-
ison. To overcome this problem, Hélene Mathian
and Cécile Tannier (see Favory, Nuninger & Sanders
2012) proposed to compute a value based on a neigh-
bourhood analysis using a regular point cloud and
taking account of the hierarchical ranking of the set-
tlements. Thus the distance to the closest neighbours
of the settlement was calculated according to their
hierarchical level. As a result, the potential of a place
n can be defined with respect to the structuring level
of the settlement system that surrounds it at a time
t, using the same index created previously by Fovet.
This approach takes into account the entire spatial
region studied rather than just its occupied area,
including the marginal or totally abandoned areas,
which help us understand the types of land use and
the organization of the settlement systems.

While the concept and the general method were
already designed to determine systematically the val-
ue of the hierarchical-functional structure within a
study area, its application within a GIS environment
remained to be developed. This new step was the
work done within the PhD of the first author who
adapted the method and developed a tool for Arc-
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GIS. This tool was then used in three regional case
studies for comparison.

Creating the Map
of Hierarchical-Functional Structure

To create the maps, Niisslein (2018) used a hierarchi-
cal-functional typology and a contextual approach.
Compared to the method developed by Mathian and
Tannier, the approach differs in two major points: 1-
instead of a point cloud, a raster environment was
used to calculate the value of the “hierarchical-func-
tional structure” and 2- the choice of the radius was
not based on nearest neighbours analysis, but was de-
cided after testing a series of radii using the method
developed by Francois-Pierre Tourneux (Tourneux
2000; Nuninger et al. 2012b; Verhagen et al. 2013a).
For each cell in space, the hierarchical context
that develops there is established. This “context”
is representing the profile of one cell according to
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the assemblage of settlements surrounding this cell
(Figure 3, step 1). To define the size and morpholo-
gy of the “surroundings”, we chose to use a 2000 m
radius around each cell. The size of the radius was
fixed according to its statistical significance to get
enough variability locally and regionally. Once all
the “contexts” were computed for each cell in each
micro-region, we obtained a series of profiles de-
scribing the cells in the same way in the three case
studies (Figure 3, step 2, a). An automatic k-means
classification was then performed on the whole set
of cells to group those with similar context profiles
together. The result of the classification makes it
possible to distinguish five main context categories
(Figure 3, step 2). The results of this new classifica-
tion were then mapped (Figure 3, step 2). Each cell
on the raster map indicates the presence of each cat-
egory of the hierarchical-functional contexts, which
refers to what we call the “hierarchical type of con-
text”. According to the assumption that a settlement
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Categories ranked
by their level of

hierarchical
organization

Interpretation

This type represents a settlement system with a high hierarchical variety but with a low typo-

This type, which has a medium level of structuring, displays a moderately varied assemblage
and an average typological dispersion. Observing the spatial configuration of this type, we
can see that these are large isolated villas or small aggregates, composed of a large villa and

Dense settlement but not very varied, showing an average typological dispersion. This as-
semblage, with a level of structuration comparable to the previous type, is composed of small
aggregates mixing small and medium-sized villas accompanied sometimes by small farms.

This settlement system has a medium level of structuring and is not very varied, but there is
a very strong typological dispersion. This assembly is composed of medium-sized agglome-

These are the most structured and most complex settlement systems. The settlement is varied
and the hierarchical dispersion is very strong: the gap between small and large habitats is

important but includes intermediate sites. Morphologically, this type shows small sets whose
main settlements are large and medium-sized villas, around which gravitate many farms and

Level 1
logical dispersion. This type thus presents a low level of structuring.
Level 2
one or two small settlements in the periphery.
Level 3
Level 4
rations around which sometimes gravitate some small farms.
Level 5
small villas.

Table 2. Categories of the hierarchical-functional context ranked according to their level of hierarchical organization,

from unstructured to very structured.

can interact with its neighbors, we can assume a sort
of complementarity between settlements of the same
hierarchical-functional rank and between various
ranks. Based on this hypothesis, when considering
the choice of a place to settle or the potential of de-
velopment for a new occupation, it could logically
be presumed that the hierarchical type of context is
a variable playing a role. In other words, according
to its hierarchical type of context a portion of space
(cell) will presumably be more or less attractive to
settle.

In order to qualify the attractiveness, the statis-
tical composition of each category of the hierarchi-
cal-functional context on the map (Figure 3 step 2,
b) was analysed in order to interpret their level of hi-
erarchical organization. As in the method developed
by the ArchaeDyn collective for each category, we
computed the two indicators: the hierarchical variety
of the settlement and the range based on standard
deviation. The level of hierarchical organization for
each category was then defined by the combination
of both indicators (Figure 4). We estimate that the
more a type contains various types of settlement, and
the larger its typological dispersion, the higher its
level of organization.

Each category of the hierarchical-functional con-

text was then ranked from 1 to 5 according to their
level of hierarchical organization, from an unstruc-
tured to a very structured social landscape (Table 1
and Figure 5).

Integrating the Factors in Site Location
Analysis and Predictive Modelling

In order to analyse the potential attractiveness of
each cell according to the level of hierarchical or-
ganization in its surrounding, we used a predictive
model based on x2-tests and relative gain calcula-
tions developed in previous works (Wansleeben and
Verhart 1992; Verhagen 2007). This analysis aimed to
see if any significant site location preferences could
be established and how strong the preferences are.
The predictive values were computed for periods of
one century. For each century n, the model looked
at the location of new settlements according to the
pre-existent hierarchical context in century n - 1. For
example, the predictive value of new site locations
for the 2nd c. AD is calculated using the category of
the hierarchical-functional context of the 1st c. AD.
The analysis was done for 1st to 4th c. AD, the peri-
ods for which sufficient sites were available for quan-
titative analysis.
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Categories of
geo-environ-

mental context

Interpretation

(topography)
1 South to east aspect, very warm to warm environment with medium (4-8%) to steep (8-15%)
slopes.
2 South to west aspect, warm to medium-fresh environment with flat area (a-2%) or weak

slopes (2-4%)

3 West aspect, warm to fresh environment with medium to steep slopes. This context is marked

by a strong mix of criteria

4 No or north to east aspect, medium-warm to medium-fresh environment with flat areas

North to east aspect, fresh to medium-warm environment with flat area to medium slopes.
This context is marked by a strong mix of criteria

6 North to east aspect, cold to fresh environment with medium to steep slopes.

Table 3. Categories of geo-environmental context.

To estimate the importance of this social factor
against the topographical one in the evolution of site
location preferences, the predictive values were also
computed for the geo-environmental context. The
methodology used was exactly the same as the one
developed in previous work by the IHAPMA team
(Nuninger et al. 2012b; Verhagen et al. 2013a). The
geo-environmental context is based on three groups
of variables (slope, aspect and solar radiation) com-
puted using the IGN DTM with a resolution of 50m.
For solar radiation the qualitative value from cold to
very warm is determined according to the medium
value of the theoretical solar radiation per year cal-
culated on the three micro-regions. The extent of the
context was defined by an appropriate radius, which
provided the most statistical contrast in the con-
text profiles. The geo-environmental context profile
was calculated for each cell in each region. Then, a
Principal Component Analysis (PCA) followed by a
Maximum Likelihood Classification were done on
the whole cells giving a final map with six categories
of geo-environmental contexts (Table 3).

Results

The Map of Hierarchical-Functional Structure
Before integrating the geo-environmental variable
in site location analysis, we would like to comment

on the evolution of hierarchical organization and the
differences observed between the study areas.
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In the Ist c. BC, space is sparsely occupied in all
study regions. However, the intensity of occupation
is high around the main settlements (Niisslein 2018),
such as the villas in zone 1 and 2 (in reality, these
sites are still farms at this period). The maps show
that the sectors where level 1 (Table 2) is developing
dominate in all micro-regions. The spaces still have
a low level of hierarchical organization. Globally, for
all the micro-regions, in this century the most im-
portant sites are established, from which settlement
will intensify and expand, in the most structured
sector.

In the 1st c. AD, occupation becomes more in-
tense (Figure 6). The main settlements are expanding
in space. In all micro-regions, level 1 still dominates,
but weakens in favour of more structured assemblag-
es. It is now confined to the newly settled peripher-
al spaces. Level 3 becomes most important. In the
zones 1 and 2 the assemblages that combine medium
and small villa type of settlements take up more place
in the centre of the areas previously occupied, thanks
in particular to the densification of settlement. The
settlement system appears to become more complex.
In zones 1 and 2, the densification of space also al-
lows the emergence of level 5, the most organized. Its
extent is still very limited but it will increase in the
next centuries. This level of hierarchical organization
appears in an area where a highly structured set of
villas and small farms is developing.

In the 2nd c. AD, the settlement system is very dy-
namic, and small settlements appear in the surround-
ings where the main settlements are located. They are
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Figure 6. Maps of the hierarchical-functional structure for the 1st century AD.

founded in close proximity to the larger ones and in-
crease the intensity of occupation in many parts of
the space. Concerning the hierarchical organization
of spaces, the configuration changes strongly in the
zone 1 and 2 where the settlement pattern seems to
become more complex and the main habitats devel-
op. The increased density of population there leads
to an increase in the level of organization. Concrete-
ly, on the maps, this phenomenon is illustrated by the

increase in the number of contexts occupied by level
3 and 5, which appear in sectors formerly character-
ized by level 1 and 2.

During the 3rd c. AD, the hierarchical structure
of the spaces remains stable in zones 1 and 3 (Fig-
ure 7). In zone 2, the situation seems to evolve in the
3rd century. It shows a decrease in the representation
of level 1 in favour of level 3. This evolution is due
to the abandonment of certain isolated peripheral
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Figure 7. Maps of the hierarchical-functional structure for the 3rd century AD.

habitats but also to the densification of sectors al-
ready occupied where they are set up. New small sets
emerge, composed of small and medium-sized villas.
The process of increasing the level of structuring of
the settlement, which seems already to have been ac-
complished in zones 1 and 3, thus seems to continue
in zone 2. Finally, note that where occupation is most
intense, the level of hierarchical organization is high.

In the 4th c. AD, settlement systems change
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with an apparent decrease (Figure 8). The periph-
eral spaces are abandoned and the most intensive-
ly exploited and structured sectors are abandoned.
However, some densely occupied areas, where large
habitats are located, remain busy. Maps of the hi-
erarchical-functional structure of the settlement
system, show that overall, in all micro-regions, the
settlement system apparently becomes less complex
and the level of structuring of the spaces diminishes.
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Figure 8. Maps of the hierarchical-functional structure for the 4th century AD.

However, where large villas subsist, the settlement
seems to resist better.

Results of Site Location Analysis
and Predictive Modelling
Using Geo-Environmental Factors

In order to test the relevance of this variable and to
see its importance, we first apply the protocol only

with geo-environmental factors. The classification is
composed of six classes of environmental contexts,
ordered from ‘warm’ to ‘cold” (Table 3, Figure 9).
Here we present only the results for the three mi-
cro-regions presented in this paper. The comparisons
are based on an analysis of the full dataset, so includ-
ing both existing and new settlements.

For zone 1, the model has a low maximum rela-
tive gain for all settlements dated in Antiquity (= the
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whole Roman period; 7.2%). Thus, there is no evi-
dence of geo-environmental determinism according
to this index. Indeed, we observe that there are no
really attractive or repulsive contexts. However, for
settlements dated per century, the model presents
better predictive values than for all settlements, but
the maximum gain values remain low. Overall, it is
interesting to note that the evolution of the maxi-
mum gain shows that when the population increas-
es, the spatial distribution of habitats in the contexts
becomes more homogeneous and when the numbers
decrease, the differences become more significant.
The model presents a higher predictive value for all
settlements from Antiquity in zone 2 than in zone 1.
The choice is more pronounced. This sector also has
a different geo-environmental profile from the other
micro-regions. This illustrates the existence of dif-
ferent strategies in the two micro-regions. In zone 3,
the model has a greater maximum relative gain than
recorded in the other micro-regions for all settle-
ments dating in Antiquity (23.6%). Apart from the
fact that context 2 is the most attractive one during
almost the whole of Antiquity, the strategy adopt-
ed by the settlements of this zone is different from
what was observed for the other micro-regions. The
choices here are more marked and remain virtual-
ly the same throughout the period studied. Despite
the increase or decrease in the number of establish-
ments, the predictive values do not change and the
preferentially exploited environments remain the
same.

To conclude, we can see that the model based on
geo-environmental factors has a low predictive value
for two of the three micro-regions. It does not show a
very clear influence of geo-environmental factors for
site location in the Roman period, which confirms
the results obtained in our earlier studies (Nuninger
et al. 2012b).

Results with the Map of Hierarchical Structure

Next, we applied the protocol for the variable ‘hierar-
chical structure’ (Figure 10). Here, the comparisons
are based on an analysis of the newly created settle-
ments.

In micro-region 1, in the Ist c. AD, the settle-
ments are established in the areas previously occu-
pied by types 1 and 3. In the 2nd century there is an
increase in the maximum relative gain. This is due to
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the fact that a large number of new sites are estab-
lished in an environment that is moderately struc-
tured (type 3) and which becomes very attractive.
In the 3rd century the choices become even more
pronounced as the most structured spaces (type 5)
are preferred. Overall, structured occupancy types
(types 5 and 3) are more attractive than contexts
with low levels of structuring (types 1 and 2). In the
next century, the situation is somewhat balanced
because of the numerous abandonments that occur
in types 3 and 5. The sectors occupied by these two
types are nevertheless more attractive than the other
categories.

In zone 2, at the beginning of Antiquity, the ar-
eas characterized by moderately structured contexts
attract most settlements (types 2 and 3). In the 2nd
c. AD, the maximum relative gain is increasing, and
new settlements always favour contexts that were
weakly to moderately structured in the previous
century. In the 3rd century, contrary to what can be
observed in zone 1, the settlements do not necessar-
ily prefer a location in the sectors that were most hi-
erarchical in the previous century. In the following
period, the situation changes little. Nevertheless, the
less hierarchical contexts are now less attractive, the
settlements preferring to remain in environments
characterized by types 3 and 5.

In zone 3 in the 1st c. AD, new settlements are
predominantly found in contexts that do not have
the highest structuring values (types 1 and 2). The
most attractive category nevertheless gathers con-
texts of type 4. In the next century, the less structured
environments of type 1 become repulsive. During
the 3rd century, type 4 decreases but the situation is
not changing very much. However, in the 4th centu-
ry, the maximum relative gain increases because of
numerous abandonments in the zones with type 1.
Habitats thus refocus in contexts that are most struc-
tured.

To conclude, these analyses clearly confirm the
importance of this variable that has strong predictive
power. There are also differences between micro-re-
gions and types of hierarchical structuration. In zone
1, the structured sectors strongly attract settlement
in the early Roman period. This attraction becomes
less marked later and the situation tends to balance.
In zone 2, the choices are less pronounced, and it is
found that the settlements located in the most struc-
tured areas, that is, the areas dominated by the main
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settlements, are more resistant during Late Antiqui-
ty. In zone 3, settlements favour an establishment on
the most structured forms of occupation, through-
out the whole of the Roman period.

It should also be noted that this variable seems to
play an important role in the internal development
of sites. Indeed, we have seen from other analyses
that the sites, installed at the beginning of the Ro-
man period and which will later find themselves in
a structured hierarchical context, will evolve more
strongly.
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Conversely, small sites that set up later in such
context will evolve very little, but they will be more
sustainable.

Conclusion

The results of this research highlight the diversity
of habitat types, spatial patterns and dynamics be-
tween Rhine and Moselle during the Roman Period.
The study clearly shows that socio-environmental
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parameters have a very important influence on the
trajectory of sites and on the development of the set-
tlement patterns.

More generally, the study presented in this paper
shows the importance of taking socio-environmen-
tal variables into account in site location analysis,
the development of the sites studies, and predictive
modelling studies.

We want to emphasize, and this is one of the key
elements we have highlighted in this study, that the
evolution of settlements patterns depends not only
on geo-environmental conditions, but that socio-en-
vironmental parameters have a very important in-
fluence on the societies we are studying. Concerning
the way forward, we believe that the variable “map
of hierarchical structure” can be further improved
and made more efficient. A next step is to integrate
this variable directly with other geo-environmental
and socio-cultural parameters in site location anal-
ysis.

For the moment, this study confirms the interest
of predictive modelling tools to approach the com-
plexity of settlement system trajectories. The method
allows for diachronic and regional comparisons, but
we have to test it at a larger level on many case stud-
ies.
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Display Matters? Enhanced Visualisation

of Norwegian Neolithic Landscapes

Abstract

The paper explores enhanced visualisation of site distribution, with the
purpose of understanding shifts in landscape preferences from Middle to
Late Neolithic in East Norway. It includes single finds and artefacts from
excavations, and the criteria are spatiotemporal accuracy related to the
scale of analysis. The representativity of the dataset is evaluated. The ar-
tefacts are seen as a Poincaré set that describes the nonlinear system of
movement and tasks in the prehistoric landscape. This gives a different
approach to the study of site distributions that are results of single events
performed in a continuous time and space. This Poincaré set is visualised
as find densities in landscape subregions. Archaeological periods are used
as temporal scale levels, while landscape subregions, defined through a
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holistic landscape categorisation, are applied as the spatial scale level.

Keywords: landscape categorisation, taskscape, nonlinear systems, MUSIT database, map-based EDA

Introduction

This study is an extension of the project Dynamic
Distributions (Matsumoto and Uleberg 2015a; Ule-
berg and Matsumoto 2015; Uleberg and Matsumo-
to 2016), which investigated changing relations be-
tween humans and landscape during the Stone Age
in East Norway. The elements in the analysis are ar-
chaeological single finds and landscape regions. The
lithic finds are from the collection at the Museum of
Cultural History (Kulturhistorisk Museum, hereaf-
ter KHM) at the University of Oslo. The datasets are
published through MUSIT (MUSeum IT), at www.
unimus.no. The landscape regions are based on a ho-
listic landscape categorisation (Puschmann 1998).
Dynamic Distributions analysed the find distri-
bution at different temporal and spatial scales. The
scales correlated with different spatiotemporal ag-
gregations of archaeological material projected onto
varying aggregations of landscape regions. The site
distribution visualised changes in landscape prefer-
ences over time. This combination of archaeological

single finds with varying aggregations of landscape
regions has contributed to a different approach to ar-
chaeological distribution maps.

The present article extends the analyses from Dy-
namic Distributions by focusing on sites as well as
single finds dated to the Middle and Late Neolithic
from seven counties in East Norway (Figure 1). The
sites and single finds are results of events that took
place in a time-space continuum, and are analysed
as a 3D Poincaré set (Uleberg 2004). The points in
this set are aggregated and visualised as distributions
in the holistically defined landscape regions (Pus-
chmann 1998).

The MUSIT Database

The current analysis is based on KHM’s open data
published through MUSIT, which is a cooperative
initiative created by the Norwegian university mu-
seums (Matsumoto and Uleberg 2015a; Uleberg and
Matsumoto 2009). The MUSIT database is event
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based and developed in line with the CIDOC-CRM
concept (Jordal, Uleberg & Hauge 2012: 256). The
artefact catalogues, published and handwritten, have
been digitised and converted to the MUSIT database.
Original terminology for place names, artefacts, and
raw materials have been kept as old classification
events, and new, updated terms are consecutively
added as new events.

The archaeological museum in Oslo, Universi-
tetets Oldsaksamling, was founded as part of the
University in 1829 and is now part of KHM. KHM
is responsible for archaeological excavations in East
Norway, and archaeological finds from this area
are curated by this museum and registered in the
MUSIT database (Matsumoto and Uleberg 2015b).
The majority are georeferenced to a cadastral unit,
but some have exact site coordinates. Given the long
history of the collection, it is natural that some finds
can only be georeferenced to wider areas like a parish
or municipality. Metadata to describe the accuracy
of the provenance are recorded in the database, and
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Figure 1. Seven coun-
ties in East Norway: 1.
Telemark, 2. Vestfold,

3. Buskerud, 4. Oslo, 5.
Akershus, 6. Oppland, 7.
Hedmark.

different sets of artefacts can be selected for analysis
at different scales (Uleberg and Matsumoto 2015).
The applied set of metadata is in accordance with the
Norwegian standard for georeferenced information,
SOSI (Kartverket 2016). The precision levels that are
used in this paper are the equivalents of site and ca-
dastral unit.

Representativity

The finds included in this analysis are georeferenced
with an accuracy of cadastral unit or site. The ques-
tion of representativity should address whether the
visualisation includes a sufficient number of sites to
capture the variation in tasks performed in the land-
scape during the Stone Age.

Generally in Norway, Stone Age finds have been
abundant close to the coast and in the high moun-
tains, but scarce in the intermediate woodlands and
valleys. This pattern could be a result of modern
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activity rather than a reflection of Stone Age task-
scapes. Single finds dominated the artefact assem-
blage from the seven counties presented here (Figure
1) as late as 1940, and many of them were accidental-
ly found during farming. However, a study compar-
ing the number of single finds with area of farmland
in municipalities in Vestfold and southern Buskerud
could not demonstrate a covariation between these
two factors. This indicates that the distribution map
is not only a reflection of modern farming. The num-
ber of surveyed and excavated sites increased from
the late 1950s onwards as the development of hydro-
electric power in the mountains led to the discov-
ery of numerous sites near lakes and rivers (Glors-
tad 2002; Glerstad 2006; Indrelid 2006). From the
1980s there have been larger development projects
producing new knowledge about the intermediary
zone (Boaz 1998; Stene 2010), and in recent years the
construction of modern infrastructure have provid-
ed more knowledge about Stone Age landscape use
around the Oslo Fjord (Damlien and Solheim 2017;
Glorstad 2004; Jaksland and Persson 2014; Melvold
and Persson 2014; Reitan and Persson 2014; Solheim
2017; Solheim and Persson 2018).

The archaeological surveys included in the de-
velopment plans related to hydroelectric power in
Norway from the late 1950s marked a beginning of
systematic archaeological surveying, and today all
development plans involve documentation of cul-
tural remains from all eras. The national systematic
archaeological surveys from the 1960s were mainly
concentrated on Iron Age sites, but also included
Stone Age sites. This development is reflected in the
Stone Age collection, as new accessions are more and
more dominated by finds made more systematically
by archaeologists. However, the surveyed areas are
generally not chosen by archaeologists’ research in-
terests, but determined by developers’ interests and
concerns (Indrelid 2006: 21).

This selection of areas can be seen as detriment to
the archaeological research, but construction work
also sends archaeologists into areas that otherwise
would not be studied. Surveys in the initial phase
of road and railway planning are carried out with-
in rather wide corridors, and from an archaeological
point of view this can be seen as an arbitrary path
through the landscape. However, the survey meth-
odology will be influenced by the expectations and
research interests of the archaeologists doing the sur-

vey. As an example, digging of test pits will be used
more frequently in surveys concentrating on Stone
Age sites than when the focal point is remains from
the Iron Age or later (Prescott 1995: 38-43).

An example of this can be found in the surveys
in the Oslo fjord area. The Ice Age ends around
12,000 BP, and the subsequent isostatic uplift has
given the fortunate situation that height above sea
level is related to archaeological periods. The earlier
coastal sites are always at a higher altitude than the
later. The shoreline at the end of the Ice Age is now
at a height of 220 m a.s.1. in the inner Oslo fjord. The
isostatic rebound was strongest shortly after the Ice
Age when the shore displacement curve for Vestfold
indicates a 30 m rebound within 400 years, which
gives an annual average of as much as 7.5 cm (Jak-
sland 2014: 16-17). The changes during the Neolithic
were more gradual. A sea level of around 30 m higher
than the present can be used as an approximation for
the situation around the Middle and Late Neolithic
in the inner part of the Oslo fjord.

Recently, a site at 193 m a.s.l. in Akershus dated
to 11,000 BP was excavated due to a new railway line
in the area (Eymundsson and Mjerum 2015). Parts
of the new highway through southern Vestfold were
planned further away from the coast and at a high-
er altitude than the existing road, and the surveyed
transect cut through previously unknown Early Me-
solithic sites between 95 and 125 m a.s.l. In calendar
years, this is equivalent to the period around 11,200
BP to around 10,800 BP (Jaksland 2014: 16-17). Fur-
ther north in Vestfold, nine Middle Mesolithic sites
were excavated where the highway corridor passed
through landscapes between 49 and 70 m as.l
(Damlien 2013: 8-15). All these sites are interpreted
as coastal sites that are now in forested areas. Corri-
dors at lower altitudes have given more knowledge
of Neolithic occupational sites. The Svinesund proj-
ect (2000-2003) excavated sites in @stfold east of the
Oslo fjord between 55 and 28 m a.s.l, equivalent to a
shore line dating between 6300 BC (Late Mesolithic)
and 2800 BC (Middle Neolithic).

Shorelines should, however, only be used as a
post quem dating method. A site at 90-93 m a.s.l. in
southern Vestfold was interpreted as a Mesolithic site
during the survey, but diagnostic artefacts and C14
dates from the excavation revealed that it could be
dated to Late Neolithic or Late Neolithic/Bronze Age
and interpreted as a forest hunting camp (Jaksland
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and Kreemer 2012: 226-227). The Svinesund project
also excavated sites that were at a distance from the
coast when they were inhabited. These sites corrobo-
rate that the Late Neolithic (2350-1700 BC) is a peri-
od with more sites further from the coast and gener-
ally in areas well suited for agriculture or pastoralism
(Glorstad 2012).

All of these sites were found during surveying
connected to modern development. It can be argued
that the combined modern archaeological surveys
and collected stray finds give a reasonably good rep-
resentation of the distribution of prehistoric human
activity in the landscape. The archaeological survey
follows transects through the landscape determined
by modern planning, and the strategy will be deter-
mined by expectations based on previous archaeo-
logical knowledge. It is, however, necessary to aggre-
gate the archaeological material in ways that make it
possible to visualise spatial analyses that can eluci-
date connections with different landscape types.

Landscape Categorisation

Spatial analysis of archaeological finds has been done
in relation to a number of geological, geographical,
and topographical variables. The purpose has often
been predictive archaeology, and sites have been an-
alysed in relation to variables like slope, soil types,
and distance to water. This kind of analyses is sensi-
tive to the scale of the geographic data, and in many
cases it can only use finds that are georeferenced with
high accuracy. A more holistic approach combines a
set of distinct variables in the definition of landscape
areas and this allows an inclusion of finds with low-
er accuracy. This approach can also reflect how the
landscape is understood and created by people living
and moving in it.

The Norwegian Institute of Land Inventory (NI-
JOS) developed a landscape reference system for
Norway based on a method from the US Forestry
Service and adapted in collaboration with the Insti-
tute of Landscape Architecture at the Norwegian Ag-
ricultural University (NLH). The landscape system
is described at three different geographical scales:
agricultural region, landscape region, and subregion.
The three-dimensional content and the interaction
between cultural and natural factors are important.
This classification represents a multidisciplinary un-
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derstanding and holistic evaluation of the landscapes.
The description of the landscape character is based
on six components: major landform, geological com-
position, water and waterways, vegetation patterns,
agricultural areas, and buildings and technical instal-
lations. The final division into subregions was done
in meetings with representatives from county de-
partments for cultural heritage and agriculture and
nature conservation. The outcome was a division
into 45 landscape regions and 444 subregions. The
borders of the subregions were defined from maps
of the scale 1:250 000 (Puschmann 1998). Of the 444
subregions, 175 are within KHM’s museum district.
The map scale level is important to understand the
accuracy of the borders, and to decide which accu-
racy levels in the archaeological material that can be
analysed in reference to the subregions (Uleberg and
Matsumoto 2016).

Landscape categorisations based on this system
have earlier demonstrated that Puschmann’s regions
are quite useful for archaeological studies. Solheim
(2012) has created broad categories based on Pus-
chmann while Matsumoto and Uleberg (Matsumoto
and Uleberg 2015a; Uleberg and Matsumoto 2015;
Uleberg and Matsumoto 2016) have created different
intermediate categories to find patterns in site dis-
tribution at different scale levels. This paper will use
Puschmann’s subregions to explore how the transi-
tion from Middle to Late Neolithic society is reflect-
ed in the archaeological sites in the landscape.

Experienced and Created Landscapes

The purpose of archaeological surveying is to reg-
ister traces of human activities in a landscape. Each
activity or sequence of activities can be described as
events, an action taking place at a certain place and
a certain time involving a single person or a group
of people. The traces are grouped as sites, and in the
case of Stone Age sites, the area is defined through
a combination of topographic features and positive
test pits.

Each event exists within a defined part of a spa-
tiotemporal continuum. The archaeological notion
of a site invites a delimiting aspect of an event. This is
of course necessary when the event is registered as an
entry in a database and a Geographical Information
System (GIS). This reflects the general understanding
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of space, where we give names to cities, valleys, and a
range of other defined parts of the continuous land-
scape around us to be able to refer to them. Anyhow,
points on a map tend to direct our understanding to-
wards limited, secluded spaces (Welinder 1988).

Probably the practical aspects of the site have kept
it a widely used concept in spite of some aspects of it
being criticised several times (e.g., Clarke 1972). One
suggestion has been to replace the site by the con-
cept of an archaeological landscape. Landscape ar-
chaeology employs spatial relationships of artefacts
and features to understand how the landscape was
used (Crumley and Marquardt 1990; Wagstaft 1987).
The archaeological landscape can be defined as a
surface within a certain timespan, an approach that
can give a better understanding of the totality of hu-
man behaviour. An analysis without initially defined
sites can give a more accurate definition of artefact
clusters and can include off-site elements like cul-
tural residues and paleoenvironmental data (Zvele-
bil, Green & Macklin 1992). Landscape archaeology
could in this way achieve a more objectified descrip-
tion of human interaction with landscape. This ef-
fort to objectify the relationship between humans
and landscape is also evident when the model is ex-
pressed in terms of organisms moving across a land-
scape (Stafford and Hajic 1992). This highly func-
tional view of archaeological landscapes contrasts
with the phenomenological view where all elements
are endowed with meaning and deliberately placed
in the landscape (Tilley 1994).

The landscape experience is different for people
with different intentions. A study of pastoralists and
fishermen in North Norway has shown how these
two groups look for different traits and features and
register different details in the landscape surround-
ing them (Meloe 1989). Pastoralists look for signs
telling them when the grazing in the mountains
can start, while fishermen look for signs indicating
where the richest catches can be made. A good dwell-
ing site for a pastoralist has good grazing conditions
where the animals can be controlled and protected.
A good dwelling site for a hunter/gatherer can be a
place near animal trails. These different ways of un-
derstanding the landscape are then reflected in how
the sites are placed in the landscape (Uleberg 2003;
Uleberg and Matsumoto 2007).

Landscape archaeology has turned away from
natural science to a view inspired by the humanities.

The landscape is perceived, experienced, created, and
transformed by people performing tasks. Tim Ingold
set focus on this aspect of humans’ relation to space
by introducing the term taskscape (Ingold 1993). The
concept of taskscape leads us to look for the active
relation between humans and the time and space
they live in; however, Ingold has later stated that he
prefers the term landscape because of the connota-
tions it has (Ingold 2017: 26).

A taskscape is created through the tasks per-
formed by people in a space. Tasks are generally
repetitive and can be described as cyclic, recurring
events. Different tasks will have different duration,
repetitiveness, and different spatial distribution. A
task can result in objects that can be found during
an archaeological survey, but not all tasks will leave
tangible traces. An example of a task is the produc-
tion of expedient stone tools. This is a task, an event,
which is of short duration, can be recurring several
times at the same place, and even be part of a larger
event like a seasonal hunting of migrating reindeer.
A place where a wide range of different tasks are per-
formed can be identified as a habitation site, while
a place with specialised tasks can be described as a
butcher site, or simply a wood-procurement site. The
term off-site can be used for a place where several in-
dependent but recurring tasks have been performed
(Binford 1980). Places with recurring events have
been described as persistent places (Schlanger 1992)
but can better be seen as attractors; places where the
artefacts are tangible evidence of the tasks performed
there (Uleberg 2003; Uleberg and Matsumoto 2007).

Attractors in Nonlinear Systems

The taskscape is created by the combined trajectories
of all tasks of short and long duration. These interwo-
ven trajectories are an extremely complicated nonlin-
ear system with minute variations that are irrational,
accidental, historical, and specific (Spencer-Wood
2013: 5). This will probably be a better modelling of
actual human behaviour than the equilibrium, slow
change and rational behaviour that system theory
otherwise presupposes. Nonlinear systems theory
gives an opportunity to introduce sudden change
without the influence of external factors. This is a
property of the self-contained system that can shift
between order and chaos without external influence.
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Change can be triggered by small deviations inher-
ent in the system and make it oscillate to chaos. The
self-contained system can also go from chaos to a
new equilibrium as a result of internal mechanisms
(Luhmann 1992).

One way to approach an understanding of inter-
action and movement is by visualising the system
through its attractor. The attractor is the state that
the system converges to. A simple, two-dimension-
al system like a pendulum will eventually come to
a stand-still as it has converged to its point-attrac-
tor. Nonlinear systems can converge towards much
more complicated attractors which are called strange
attractors. The strange attractor has a deterministic
but totally aperiodical path. The movement converg-
es towards the attractor, but two paths close to each
other can diverge and follow different developments.
The only way to describe such a system is by observ-
ing the trajectory of the strange attractor (McGlade
1995: 119-120).

In the case of past societies, it is not possible to
describe the attractor which is how people moved
through the landscape or produced artefacts. This
attractor can, however, be visualised indirectly; by
studying its Poincaré section, a hyperplane intersect-
ing the strange attractor. The Poincaré section can be
obtained from an m-dimensional attractor through
the intersections of a continuous trajectory with a
(m-1)-dimensional surface in the phase space. In
our case, m is the 4D time-space continuum and the
(m-1) surface is the 3D landscape with its sites and
artefacts (Tsonis 1992: 83; Uleberg 2004: 445).

Another aspect of the Poincaré section that makes
it applicable to archaeology is that it can be obtained
by sampling the system occasionally, and not neces-
sarily continuously (Tsonis 1992: 83). Not all activ-
ities will be registered in the archaeological record.
The finds in the landscape will be the Poincaré sec-
tion, and important variables will be landscape and
find density that can incorporate a wide range of
chronologically defined subsets. It follows that it is
not necessary to know all sites in an area to give a
valid description of the landscape use system. Such
visualisations will feed the map-based Exploratory
Data Analyses (EDA) (Andrienko and Andrienko
2006) that we will return to later - giving a new un-
derstanding leading to new interpretations followed
by renewed clustering and new visualisations.
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Turning back to the Stone Age in East Norway,
it is rare to find sites with a stratigraphy that makes
it possible to discern separate visits to the same site.
Each site may have been visited several times with
regular or erratic intervals. It is events taking place in
the 4D time-space continuum and this material that
can be analysed as a 3D-Poincaré set. The Poincaré
set includes sites with multiple occupations or visits
within a wide time span. It is scalable in the sense
that it can be used to understand movements at a site
or across regions. This view is possible because the
focus is on accumulation at certain places through
time and not detailed activities at special occasions
(Uleberg 2004).

Map-Based Exploratory Data Analyses

Map-based Exploratory Data Analyses (Andrienko
and Andrienko 2006) is an iterative process where
results and new insights create new input (Figure
2). Different segments of space and time are de-
fined in a process of aggregation and segmentation
where the definition of boundaries is given special
attention. This can be referred to as combinations of
the Modifiable Areal Unit Problem (MAUP) (Harris
2006) and the Modifiable Temporal Unit Problem
(MTUP) (Cheng and Adepeju 2014). The discussion
of MAUP addresses the fact that the geographical
data are correct at the scale they were prepared for
and should not be used at a very different scale. This
is actualised as digital data can be studied and com-
bined at any scale in a GIS. The landscape subregions
used in this study are constructed for a map scale
of 1:250,000, and this must be kept in mind when
combining these data with other datasets. They form
a continuous space within the outer borders of the
study area. Similarly, MTUP addresses the problems
of separating different time intervals. Here, the tem-
poral scale levels have been set as broad archaeolog-
ical time periods, and MTUP must be considered to
avoid a misleading combination of wide and narrow
timespans. Certain patterns and covariances will be
visible only at certain scales, and this will determine
the questions that can be posed. The analysis can be
too detailed for a pattern to be recognized or too
large so that more detailed and important associa-
tions are lost. The scale of explanation must relate to
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the scale of observation (Harris 2006; Holdaway and
Wandsnider 2006; Uleberg and Matsumoto 2015).

The map-based Exploratory Data Analysis starts
with the general knowledge that is necessary to inter-
pret the archaeological dataset. The dataset is taken
from the database with object information, dating
,and georeferences. The research question guides the
clustering in lieu of the MAUP and MTUP. They are
both a consideration of segmentation, aggregation,
and boundaries of the chosen time/space. The sub-
sequent GIS visualising can include the landscape
with elements like topography, riverine systems, and
paleoenvironment. This leads to new understand-
ing and new knowledge that starts a new cycle (Fig-
ure 2).

In this process, the archaeological dataset is clus-
tered according to the spatiotemporal divisions and
visualised with a GIS. It is important that the tempo-
ral and spatial scale levels in the analysis correspond
with the accuracy of the basic data (Holdaway and
Wandsnider 2006). Each archaeological site can be
the result of one or several events, each of longer or
shorter duration. The archaeological material could
be from a series of consecutive or separate events
spread out over a longer time span. A site that is
the result of many such events cannot be dated pre-
cisely. The distribution along the time axis can no

longer be seen. The original 4D time-space attractor
is projected on the landscape and can only be doc-
umented as a distribution map, a 3D-Poincaré set.
Diagnostic artefacts at the site could be given a more
precise date, but expedient tools and debris can only
be traces of events that took place sometime during
the period.

The Middle Neolithic-Late Neolithic
Transition

The transition from the Middle to the Late Neolithic
in Norway is seen as a period of marked and lasting
changes in economy, technology, and social organ-
isation. There were several local groups during the
Middle Neolithic, and marine activity was an im-
portant part of the subsistence economy. Agriculture
and pastoralism become more important at the on-
set of the Late Neolithic, ca 4300 BP, and sites can
be found at further distances from the coast. There
are even indications of metal prospection (Glerstad
2012; Melheim 2012; Prescott 2009; Prescott 2012;
@stmo 2012).

The Scandinavian flint daggers are impressive ob-
jects made with the pressure-flaking lithic technolo-
gy which is a diagnostic treat in the Late Neolithic/
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Early Bronze Age. Flint daggers were imported to
Norway, in some cases as almond-shaped roughouts
(mandelflint). Most of the flint daggers are single
occurrences, but they can occasionally be found in
graves, as evidenced in the few monumental stone
cists that occur in Norway (@stmo 2011). The flint
daggers belong to a society with a warrior class and
reflect the contact with the Bell Beaker Culture
(Glorstad 2012; Prescott 2012; @stmo 2012). Flint
daggers are categorised in six main types (Lombo-
rg 1973), that have a chronological as well as geo-
graphical distribution (Apel 2001; Madsen 1978).
The production of the earliest type of flint daggers,
Type I, can be located to Jutland in the western part
of Denmark. The later types were produced on the
isles in Eastern Denmark and in the adjoining part
of Sweden (Apel 2001). The early daggers from Jut-
land shows increased contact across Skagerak and
also reached the Oslo fjord further north (@stmo
2012).
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Figure 3. Middle Neolit-
hic (MN) find density in
landscape subregions.

The fact that flint daggers have been found as
grave goods in stone cists indicates the special status
of these artefacts in the Late Neolithic society. Al-
though most of them are single finds without a reli-
able context, it is reasonable to assume that they were
deposited at meaningful places in the landscape,
places that had been chosen for a grave or an offering.
The daggers also signal that the surrounding land-
scape was controlled by people with power and status
as well as contacts that enabled them to own such a
precious object (Apel 2001; @stmo 2011: 166-167).

The daggers of type I and II made in the first 400
years of the Late Neolithic have parallels in bronze
daggers in Western Europe and the British Isles.
The daggers of type III, IV and V were made during
the last 250 years of the period and have parallels in
the Unetice culture in Middle Europe, especially in
Moravia and Bohemia. The production of Scandina-
vian flint daggers decreased markedly towards the
end the period, but the dagger of Lomborg’s type VI
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continued into the early part of the Bronze Age (Apel
2001: 259-275; Madsen 1978). The flint daggers can
safely be presumed to be signs of cultural contacts
between Norway and the rest of Europe during the
Late Neolithic.

The influence from the Bell Beaker Culture is also
evident in the two metal objects in this study area.
They are flanged axes that can be dated to Late Neo-
lithic T (4300-3900 BP). One (C25254)' was found
in a river close to the Oslo fjord in a high-density
subregion, the other (C7978) at the innermost part
of a narrow fjord adjacent to a high concentration
subregion. This appearance already in the first part of
the period could indicate that metal had a wider role
than just being exotic items of high value. Such finds
in more peripheral areas may even be seen in a metal
prospection context (Melheim 2012).

1 Individual objects or sets of objects are numbered with the
prefix ‘C’ in KHM’s catalogue.

Figure 4. Late Neolithic
(LN) find density in land-
scape subregions.

Methods and Results:
The Visualised Distribution

The general dating of the sites in the MUSIT data-
base refers to archaeological periods. The dating
can be based on typology, technology, C14-dating,
or shore line curves. In addition, a more specific or
even different archaeological period can be indicat-
ed by single artefacts from a site. The finds include
artefacts from sites dated to the Middle or Late Neo-
lithic as well as single artefacts typologically dated to
these periods. Puschmann’s landscape subregions are
chosen as the spatial scale level. The corresponding
accuracy level for the georeferenced finds is site or
cadastral unit. With these limitations, 837 Middle
Neolithic and 1812 Late Neolithic artefacts are used
in the current analysis.

The maps show the archaeological finds divided
in three classes. The values that create the classes
are calculated by dividing the number of points in
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the Poincaré set by total area in each subregion with
a sea level 30 m higher than the present. The total
area includes lakes and rivers. The class breaks are
calculated as geometric intervals. The geometric in-
tervals are defined by an ArcGIS algorithm designed
for continuous data. It creates geometric intervals by
minimising the square sum of element per class. The
geometric coefficient for the classes in this dataset
is 10.

The map (Figure 3) shows that subregions with
the highest concentration of Middle Neolithic finds
are concentrated to the narrow areas around the Oslo
fjord. In addition, there are areas with intermediate
find concentrations along the larger river systems,
especially to the north.

The map of Late Neolithic finds (Figure 4) pres-
ents a continuity in the concentration around the
Oslo fjord.

Our preceding studies of axes, sickles, and dag-
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Figure 5. Late Neolithic
(LN) metal objects and

flint dagger find density
in landscape subregions.

gers have indicated that the development from the
Middle to the Late Neolithic is an intensification and
expansion into the interior areas (Uleberg and Mat-
sumoto 2016). A comparison of Figures 3 and 4 in-
dicates a higher concentration of activity in the land-
scapes best suited for agriculture. The interior areas
with intermediate concentration shift from one pe-
riod to the next. The interior areas northwards from
the coast are along the river systems, and it should
be noticed that the inland areas with highest Late
Neolithic concentrations are on clayish or Silurian
soils which are especially well suited for pastoralism.
There are a few areas with higher concentrations far
from the fjord that can be related to metal prospect-
ing.

Flint daggers and metal objects are prestige ob-
jects that indicate a stratified society. The two metal
objects are found at the Oslo fjord, but not in the area
with the highest concentration of finds. The distri-
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bution of flint daggers as densities and the two Late
Neolithic metal objects as points (Figure 5) have the
same high-density areas as the overall Late Neolith-
ic finds, but fewer intermediate areas. This indicates
that groups in the best agricultural areas had con-
tacts that gave them access to such prestige objects.
This visualisation of the find distribution supports
the claim that the activity in the Late Neolithic was
more concentrated on agricultural activity (Glerstad
2012).

Landscapes Created Through Events

The analysis of the existing dataset has enhanced as-
pects of the transition from Middle to Late Neolith-
ic in East Norway; the interior areas become more
inhabited, and landscapes with better conditions for
agriculture, also at a distance from the coast, have a
higher frequency of more prestige artefacts.

This visualisation is based on the idea that all ar-
tefacts can be seen as points on a Poincaré map that
describes the underlying nonlinear system. In this
way, all artefacts which meet the criteria for dating
and provenance precision are included in the anal-
yses. It makes it possible to include both excavated
material and finds with less precise provenance. The
artefacts have been aggregated according to pre-
defined landscape areas, and the difference between
the Middle Neolithic and Late Neolithic can be seen
as a movement into the interior areas that favours the
landscapes best suited for agriculture.

This paper has analysed wide time categories, as
the Middle and Late Neolithic have been treated as
units. Future work could look at finer chronological
divisions and also include more paleoenvironmen-
tal information. The Norwegian Late Neolithic is a
period with increasing cultural contact with other
parts of Europe. The most distinctive artefacts, the
flint daggers, are imported as finished products or
next step could be to analyse the spatial distribu-
tion of these artefacts at more fine-grained temporal
scales and understand more of the landscapes creat-
ed through these actions.

References

Apel, ] 2001 Daggers knowledge ¢ power. The social
aspects of flint-dagger technology in Scandinavia
2350-1500 cal BC. Uppsala: Coast to coast project.
Series: Coast-coast-book 3.

Andrienko, N and Andrienko, G 2006 Exploratory anal-
ysis of spatial and temporal data. Berlin, Heidelberg:
Springer Verlag.

Binford, L R 1980 Willow smoke and dogs’ tails: hunt-
er-gatherer settlement systems and archaeological
site formation. American Antiquity, 45(1): 4-20.
DOI: 10.2307/279653.

Boaz, J 1998 Hunter-gatherer site variability: Changing
pattern of site utilization in the interior of Eastern
Norway, between 8000 and 2500 B.P. Oslo: Universi-
tetets Oldsaksamling. Series: Universitetets Oldsak-
samlings Skrifter Ny rekke, Nr. 20.

Cheng, T and Adepeju, M 2014 Modifiable Temporal
Unit Problem (MTUP) and its effect on space-time
cluster detection. PLOS ONE, 9(6): 1-10.

DOI: 10.1371/journal.pone.0100465.

Clarke, D L 1972 Models in archaeology. London:
Methuen & Co Ltd.

Crumley, C L and Marquardt, W H 1990 Landscape: a
unifying concept in regional analysis. In: Allen, K M
S, Stanton, W G and Zubrow, E B W (eds) Interpret-
ing space. GIS in archaeology. London, New York:
Taylor & Francis, pp. 73-80.

Damlien, H 2013 Innledning. In: Solheim, S and Dam-
lien, H (eds) E18 Bommestad-Sky. Undersokelser av
lokaliteter fra mellommesolitikum, Larvik kommune,
Vestfold fylke. Oslo: Portal forlag, pp. 8-15.

Damlien, H and Solheim, S 2017 The pioneer settle-
ment of Eastern Norway. In: Blankholm H P (ed.)
Early economy and settlement in Northern Europe.
Pioneering, resource use, coping with change. Shef-
field, UK/Bristol, CT: Equinox Publishing, pp.
335-367.

Eymundsson, C and Mjrum, A 2015 I fotsporene til
steinalderpionerene - en utgravning av pionerbo-
plassene pa Elgsrud i Sermarka. Follominne, 53:
15-30.

Glorstad, H 2002 QOstnorske skafthullhakker fra me-
solitikum. Arkeologisk og forhistorisk betydning
— illustrert med et eksempelstudium fra vestsiden av
Oslofjorden. Viking, LXV: 7-47.



CAA
2017

Espen Uleberg and Mieko Matsumoto
Display Matters?

Glorstad, H 2004 Svinesundprosjektet. Bind 4 Oppsum-
mering av Svinesundprosjektet. Oslo: Universitetets
kulturhistoriske museer, Fornminneseksjonen, Uni-
versitetet i Oslo. Series: Varia 57.

Glorstad, H 2006 Faglig program Bind 1. Steinalder-
undersokelser. Oslo: Universitetets kulturhistoriske
museer, Fornminneseksjonen, Universitetet i Oslo.
Series: Varia 61.

Glerstad, H 2012 Historical ideal types and the tran-
sition to the Late Neolithic in South Norway. In:
Prescott, C and Glerstad, H (eds) Becoming Europe-
an. The transformation of third millennium North-
ern and Western Europe. Oxford: Oxbow Books,
pp- 82-99.

Harris, T M 2006 Scale as artifact: GIS, ecological fallacy,
and archaeological analysis. In: Lock, G and Moly-
neaux, B L (eds) Confronting scale in archaeology.
Issues of theory and practice. New York: Springer,
pp. 39-53.

Holdaway, S ] and Wandsnider, L 2006 Temporal scales
and archaeological landscapes from the Eastern
Desert of Australia and Intermontane North Ameri-
ca. In: Lock, G and Molyneaux, B L (eds) Confronting
scale in archaeology. Issues of theory and practice.
New York: Springer, pp, 183-202.

Indrelid, S 2006 Vassdragsundersokelser og tap av
kildemateriale til var eldste historie. In: Glorstad, H,
Birgitte, S & Dagfinn, S (eds) Historien i Forhistorien.
Festskrift til Einar @stmo pd 60-drsdagen. Oslo: Kul-
turhistorisk museum, Universitetet i Oslo, pp. 21-28.

Ingold, T 1993 The temporality of the landscape. World
Archaeology, 25(2): 152-174.

DOI: 10.1080/00438243.1993.9980235.

Ingold, T 2017 Taking taskspace to task. In: Rajala, U
and Mills, P (eds) Forms of dwelling. 20 years of
taskscapes in archaeology. Oxford: Oxbow Books,
pp. 16-27.

Jaksland, L 2014 Den lokale/regionale settingen —
topografiske forhold og milje. In: Jaksland, L and
Persson, P (eds) E18 Brunlanesprosjektet. Bind I
Forutsetninger og kulturhistorisk sammenstilling.
Oslo: Kulturhistorisk museum, Arkeologisk seksjon,
Universitetet i Oslo, pp. 16-22. Series: Varia 79.

Jaksland, L and Kraemer, M B 2012 Ngkkelgérd 1 -
lokalitetet fra senneolitikum. In: Jaksland, L (ed.) E18
Brunlanesprosjektet. Bind III Undersokte lokaliteter
fra tidligmesolitikum og senere. Oslo: Kulturhistorisk
musem, Fornminneseksjonen, Universitetet i Oslo,
pp- 199-227. Series: Varia 81.

|44

Jaksland, L and Persson, P 2014 E18 Brunlanesprosjek-
tet. Bind I Forutsetninger og kulturhistorisk sammen-
stilling. Oslo: Kulturhistorisk museum, Universitetet i
Oslo. Series: Varia 79.

Jordal, E, Uleberg, E, and Hauge, B 2012 Was it worth
it? Experiences with a CIDOC CRM-based data-
base. In: Zhou, M, Romanowska, I, Wu, Z, Xu, P,
and Verhagen, P (eds) Revive the Past. Proceedings
of the 39th Conference on Computer Applications
and Quantitative Methods in Archaeology, Beijing,
12-16 April 2011. Amsterdam: Pallas Publications,
pp. 255-260.

Kartverket 2016 SOSI-Standard in English. [online ac-
cess at http://www.kartverket.no/en/geodataarbeid/
SOSI-Standard-in-English/SOSI-Standard-in-En-
glish/ last accessed 31 July 2017].

Lomborg, E 1973 Die Flintdolche Dinemarks. Stud-
ien iiber Chronologie und Kulturbeziehungen des
siidskandinavischen Spdtneolitikums. Kebenhavn:
Det kgl. nordiske Oldskriftselskab. Series: Nordiske
Fortidsminder Serie B - in quatro, Bind 1.

Luhmann, N 1992 Hvorfor “systemteori’?. In: Jacob-
sen, ] C (ed.) Autopoiesis. En introduktion til Niklas
Luhmanns verden af systemer (Vol. 1). Kebenhavn:
Politisk Revy, pp. 10-20.

Madsen, T 1978 Perioder og periodeovergang i neoliti-
kum: om forskellige fundtypers egnedhed til kronol-
ogiske oppdelninger. Hikuin, 4: 51-60.

Matsumoto, M and Uleberg, E 2015a Scale dependent
patterns in South-Eastern Norway. In: Traviglia, A
(ed.) Across Space and Time. Papers from the 41st
Conference on Computer Applications and Quanti-
tative Methods in Archaeology. Perth, 25-28 March
2013. Amsterdam: Amsterdam University Press,
pp- 283-288.

Matsumoto, M and Uleberg, E 2015b Digitizing archae-
ology in Norway. In: Piotrowska, K and Konieczny, P
(eds) CONDITION.2015 Conservation and digitaliza-
tion. Gdansk: National Martime Museum in Gdansk,
pp. 159-164.

McGlade, ] 1995 Archaeology and the ecodynamics of
human-modified landscapes. Antiquity, 69(262):
113-132. DOI: 10.1017/S0003598X00064346.

Melheim, A L 2012 Towards a new understanding of
Late Neolithic Norway - the role of metal and metal
working. In: Prescott, C and Glerstad, H (eds) Be-
coming European. The transformation of third millen-
nium Northern and Western Europe. Oxford: Oxbow
Books, pp. 70-81.



Espen Uleberg and Mieko Matsumoto
Display Matters?

CAA
2017

Meloe, ] 1989 The two landscapes of Northern Norway.
Inquiry, 31: 387-401.

Melvold, S and Persson, P (eds) 2014 Vestfoldbanepro-
sjektet. Arkeologiske undersokelser i forbindelse med
ny jernbane mellom Larvik og Porsgrunn. Bind 1
Tidlig- og mellommesolittiske lokaliteter i Vestfold og
Telemark. Oslo: Portal forlag.

Ostmo, E 2011 Krigergraver. En dokumentarisk studie
av senneolittiske hellekister i Norge. Oslo: Kulturhis-
torisk museum, Universitetet i Oslo. Series: Norske
Oldfunn XXVI.

Ostmo, E 2012 Late Neolithic expansion to Norway. The
beginning of a 4000 year-old shipbuilding tradi-
tion. In: Prescott, C and Glerstad, H (eds) Becoming
European. The transformation of third millennium
Northern and Western Europe. Oxford: Oxbow
Books, pp. 63-69.

Prescott, C 1995 From Stone Age to Iron Age. A Study
from Sogn, western Norway. Oxford: Tempus Repara-
tum. Series: BAR International Series 603.

Prescott, C 2009 History in prehistory - the later
Neolithic/Early Metal Age, Norway. In: Prescott,

C and Glerstad, H (eds) Neolithisation as if history
mattered. Processes of Neolithisation in North-West
Europe. Lindome: Bricoleur Press, pp. 193-216.

Prescott, C 2012 Third millennium transformations in
Norway: modeling an interpretative platform. In:
Prescott, C and Glerstad, H (eds) Becoming Europe-
an. The transformation of third millennium Northern
and Western Europe. Oxford: Oxbow Books, pp. 115-
127.

Puschmann, O 1998 The Norwegian landscape refer-
ence system — use of different sources as a base to
describe landscape regions. As: Norsk institutt for
jord- og skogkartlegging. Series: NIJOS rapport
12/98.

Reitan, G and Persson, P (eds) 2014 Vestfoldbanepros-
jektet. Arkeologiske undersokelser i forbindelse med ny
jernbane mellom Larvik og Porsgrunn. Bind 2 Seinme-
solittiske, neolittiske og yngre lokaliteter i Vestfold og
Telemark. Oslo: Portal forlag.

Schlanger, S H 1992 Recognizing persistent places in
Anasazi settlement systems. In: Rossignol, ] and
Wandsnider, L (eds) Space, time, and archaeological
landscapes. New York, London: Plenum, pp. 91-112.
Series: Interdisciplinary Contributions to Archaeol-
ogy-

Solheim, S 2012 Lokal praksis og fremmed opphav:
arbeidsdeling, sosiale relasjoner og differensiering i

gstnorsk tidligneolitikum. Unpublished thesis (PhD),
University of Oslo.

Solheim, S (ed.) 2017 E18 Rugtvedt-Dordal. Arkeologiske
undersokelser av lokaliteter fra steinalder og jernalder
i Bamble kommune, Telemark fylke. Oslo: Portal
forlag.

Solheim, S and Persson, P (eds) 2018 Early and
mid-Holocene coastal settlement and demography
in southeastern Norway: comparing distribution of
radiocarbon dates and shoreline-dated sites, 8500
2000 cal. BCE. Journal of Archaeological Science:
Reports, 19 (June): 334-343.

DOI: 10.1016/j.jasrep.2018.03.007.

Spencer-Wood, S M 2013 Nonlinear systems theory,
feminism, and postprocessualism. Journal of Archae-
ology, 2013: 15 pages. DOI: 10.1155/2013/540912.

Stafford, C R and Hajic, E R 1992 Landscape scale. Geo-
environmental approaches to prehistoric settlement
strategies. In: Rossignol, ] and Wandsnider, L (eds)
Space, time, and archaeological landscapes. New York:
Springer, pp. 137-161.

Stene, K (ed.) 2010 Steinalderundersokelser ved Rena
elv. Grifjellprosjektet Bind III. Oslo: Kulturhistorisk
museum, Fornminneseksjonen, Universitetet i Oslo.
Series: Varia 76.

Tilley, C 1994 A Phenomenology of landscape. Places,
paths and monuments. Oxford, Providence, USA:
Berg. Series: Explorations in Anthropology.

Tsonis, A A 1992 Chaos. From theory to applications.
New York, London: Plenum Press.

Uleberg, E 2003 Settlement patterns and landscape
perception in Norwegian High Mountains in the
Stone Age. In: Tsonev, T and Montagnari Kokelj, E
(eds) The humanized mineral world. Towards social
and symbolic evaluation of prehistoric technologies
in South Eastern Europe. Proceedings of the ESF
workshop, Sofia 3-6 September 2003. Liége-Sofia:
Université de Liége, Service de Préhistoire et Centre
de Recherches Archéologiques, pp. 83-88. Series:
ERAUL 103.

Uleberg, E 2004 Strange attractors in the High Moun-
tains. In: Fischer Ausserer, K, Borner, W, Goriany,
M, and Karlhuber-Vockl, L (eds) [Enter the Past] The
E-way into the Four Dimensions of Cultural Heritage.
CAA 2003 Computer Applications and Quantitative
Methods in Archaeology. Proceedings of the 31st Con-

ference, Vienna, Austria, April 2003. Oxford: Archae-
opress, pp. 444-447. Series: BAR International Series
1227.

45|



CAA
2017

Espen Uleberg and Mieko Matsumoto
Display Matters?

Uleberg, E and Matsumoto, M 2007 Stedet Laerdal II.
Viking, LXX: 23-34.

Uleberg, E and Matsumoto, M 2009 National extensive
databases in Norway - pitfalls in a bright future. In:
Computer Applications and Quantitative Methods in
Archaeology (CAA). Papers from the 37th International
Conference, Williamsburg, Virginia, United States of
America, March 22-26, 2009. [available at http://ar-
chive.caaconference.org/2009/articles/Uleberg Con-
tribution339_c%20(2).pdf Last accessed 31 July 2017].

Uleberg, E and Matsumoto, M 2015 Visualisation based
on the Norwegian University Museum Database. In:
Gilligny, F, Djindjian, F, Costa, L, Monscati, P, and
Robert, S (eds) CAA2014. 21st Century Archaeolo-
gy. Concepts, Methods and Tools. Proceedings of the
42nd Annual Conference on Computer Applications
and Quantitative Methods in Archaeology. Oxford:
Archaeopress, pp. 323-331.

Uleberg, E and Matsumoto, M 2016 Dynamic Dis-

tributions in macro and micro perspective. In:
Stefano, C, Scopigno, R, Carpentiero, G, and Cirillo,
M (eds) CAA2015. Keep the Revolution Going

>>> Proceedings of the 43rd Annual Conference on
Computer Applications and Quantitative Methods

in Archaeology (Vol. 1). Oxford: Archaeopress, pp.
309-317.

Wagstaff, ] 1987 Landscape and culture. London: Black-

well.

Welinder, S 1988 The landscape of prehistoric man.

Memoranda Soc. Fauna Flora Fennica, 64: 50-56.

Zvelebil, M, Green, S W, and Macklin, M G 1992 Ar-

chaeological landscapes, lithic scatters, and human
behavior. In: Rossignol, ] and Wandsnider, L (eds)
Space, time, and archaeological landscapes. New York,
London: Plenum, pp. 193-226. Series: Interdisciplin-
ary Contributions to Archaeology.



Daniel Plekhov and Evan Levine
http://dx.doi.org/10.15496/publikation-43232

In the Land of a Thousand Cities:

Evaluating Patterns of Land Use in Bactria
through Survey and Remote Sensing

Daniel Plekhov

Joukowsky Institute for
Archaeology and the
Ancient World

Brown University
daniel_plekhov@brown.edu

Evan Levine

Joukowsky Institute for
Archaeology and the
Ancient World

Brown University
evan_levine@brown.edu

Abstract

Bactria, a region today comprised of parts of Afghanistan, Turkmenistan, Uz-
bekistan, and Tajikistan, has historically been the homeland for a wide range
of cultural groups that have produced a palimpsest of archaeological sites. Fo-
cusing on those parts of Bactria within the northern provinces of Afghanistan,
this paper draws on decades worth of archaeological survey and excavation to
investigate the history of land use in this region and its relationship to the highly
variable landscape. Periods of increase and decline in site frequency are iden-
tified which, through analysis of topographic, environmental, and ecological
data derived from remote sensing, are examined in respect to where increas-
es are occurring and how that may reflect land-use and subsistence strategies
of different groups. By doing so, a better understanding of how these different
groups historically utilized the landscape is achieved, while also emphasizing
the significant changes that occurred during transitions between different his-

torical periods.

Keywords: Bactria, settlement pattern, land use, GLCC, spatial statistics

Introduction

Known since antiquity as the land of a thousand cit-
ies, a trope frequently employed by Mediterranean
geographers and historians,' Bactria was a region
that, at times, experienced periods of rampant ur-
ban development, wealth, and agricultural pros-
perity (Figure 1). However, this rather frequently
contested region was also met with long stretches
of unrest, destabilization, and settlement dispersal:
an oscillating trend that can still be witnessed with-
in some parts of the region today. This paper seeks
to explore these periods of growth and contraction
through the synthesis of archaeological, topograph-

1 Apollodorus of Artemita (fr. 6.9), in his fragmentary histo-
ry of the Parthian Empire, describes the region as evxpatidav
yoov moAelg xthiag, an account redeployed by Strabo 15.686,
who employs the same phrase. Likewise, Justin 41.1.8 refers to
the region as opulentissimum illud mille urbium Bactrianum
imperium in his broader geographical treatise on the region.

ic, and environmental data. We outline the spatial
characteristics of human occupation of the region on
a diachronic scale, examining not only when there
are expansions in the number of sites, but where. In
so doing, we address the characteristics of land use
and occupation during distinct chronological peri-
ods while also shedding light on long-term trends
and patterns that continue despite abrupt changes in
political or cultural organization.

At a general level, we predict that increases in the
number of sites occur primarily in areas suitable for
irrigated agriculture, and that it is primarily during
such periods of growth that increases also occur in
more marginal areas. Conversely, we predict that de-
creases in site counts result in the abandonment of
these marginal areas and a contraction of occupation
to rain-fed or irrigated agricultural areas. We also
predict that increases in site counts will correspond
to a higher density of sites with clustering positively
correlating with site frequency at local scales. This
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Figure 1. Map showing Bactria (hatched area) and neighboring modern countries.

would indicate the preferential occupation of areas
with preexisting settlement. These predictions are
largely based on the assumption that marginal ar-
eas, which we define as grassland and shrubland,
will only be occupied if sufficient population pres-
sure prevents exploitation of more productive areas,
such as dryland and irrigated cropland - as behav-
ioral models like the Ideal Free Distribution (IFD)
predict (Fretwell and Lucas 1969; Winterhalder et
al. 2010). We predict that variations from this model
may be the result of conflict (i.e. preference for high-
er elevations for defensive reasons), an emphasis on
particular subsistence strategies that exploit certain
ecological zones (i.e. upland pastoralism), or a more
variable land-use strategy in the region that other
studies from north of the Amu Darya River have al-
ready noted (Stride 2007).

Regional Historical Overview
The region of Bactria consists of a topographically

varied landscape, bordered rather dramatically by
the Hindu Kush mountain range on its southern and
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eastern edges, the Karakum desert and grass steppes
of Margiana to the west, and the Pamir mountains
of Sogdiana that lead to the Central Asian steppes to
the north (Holt 1999: 10; Rawlinson 1912: 1-2). The
Amu Darya River, known in antiquity as the Oxus,
runs through the center of the region, from the east
to the west, eventually turning to the northwest to
empty in the now-shrunken Aral Sea. This seemingly
divergent combination of hot and cold, wet and dry,
high and lowlands was a theme that was continual-
ly evoked in ancient geographic treatises, serving to
mark Bactria as something of a land of opposites. The
first century CE Roman historian of Alexander the
Great, Quintus Curtius Rufus (7.4.26), summarizes
this concept, remarking on the variable topographic
and ecological nature of the region.?

The earliest archaeological evidence for urban-
ism in the region is associated with the Bronze Age
civilization termed the Bactria-Margiana Archae-
ological Complex (BMAC). Comprising a series of
major urban centers spread throughout the regions

2 The full passage reads as follows: “Bactrianae terrae multi-
plex et varia natura est.”
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of Margiana and Bactria—from the arid Karakum
Desert in southern Turkmenistan, through the fertile
valleys on either side of the Amu Darya, to the harsh
terrain of the Hindu Kush — BMAC culture thrived
from the late third to the early second millennia
BCE. These early urban centers are characterized by
a planned urban form, large-scale mudbrick archi-
tecture, major fortifications, and intensive irrigation
(Askarov and Sirinov 1994). This irrigation, drawing
from the large Amu Darya, as well as the smaller riv-
ers that flow into it from the plateaus to the north
and south, served to create broad fertile oases within
an otherwise oppressive landscape, and allowed for
the development of intensive agriculture on a large
scale, alongside the continued practice of extensive
pastoralism.’

Despite this longstanding tradition of urbanism
in the region, the first definitive historical attesta-
tion of Bactria does not occur until the Achaemenid
period, in the middle of the first millennium BCE.*
Bactria was brought under Achaemenid control by
Cyrus the Great in the 6th century, and first men-
tioned by Darius I as a Satrapy of the Persian Empire
in the Behistoun Inscription of 520 BCE.” This in-
scription stands as the first marker of direct exter-
nal control of Bactria, a trajectory that saw foreign
interventions in the region by Hellenistic Greeks,
Indo-Iranian Yuezhi states, Sasanian Persians, Turks,
Mongols, Huns, and several Islamic Persian empires,
all of which mixed with the already multicultural in-
digenous population. These administrative interven-
tions, coupled with continuous trade with the Med-
iterranean, as well as South and East Asia, served to
mark Bactria as a multicultural, cosmopolitan space.
Each new era of cultural control brought novel per-
spectives toward urbanism and settlement pattern-

3 Evidence for this combined practice is found at Gonur Tepe,
one of the most significant and well-studied BMAC urban sites.
At this site, Moore et al. (1994) have conducted a thorough
review of the intensive agriculture, large-scale irrigation, and
herding practices that worked in tandem to support the large
Bronze Age population at the site.

4 Potential earlier attestations of both the region and the
name of Bactria are found in the Avestan Vidévdad, where it is
called Bax’i§ or Baxdri$ (Humbach 1966: 52).

5 The Behistoun Inscription (In. 6) describes Bactria (Baxtris)
as one of the 23 kingdoms under the control of Darius the
Great. It also recounts a tale of a revolt in Margiana (Margus),
one of the minor satrapies within Bactria, led by Frada, which
was quashed by Déadarsi, the satrap of Bactria proper in 521
BCE (1l. 38-39).

ing—often adopting characteristics from multiple
cultural groups simultaneously—a feature that is
preserved within the broad archaeological record of
the region.®

Methodology

We hypothesize that periods of overall increased
site frequency correspond to higher site density at
relatively local scales and a preference for low-ele-
vation and topographically flat irrigated areas ideal
for intensive irrigation, that is paired with the ex-
ploitation of more marginal areas necessary to sup-
port increased populations, such as upland pastures.
Conversely, we predict that periods of overall low
site frequency correspond to lower site density and a
less variable land use pattern that exploits primarily
low-elevation areas suitable for irrigation. The com-
bination of site density and land use classification is
meant to evaluate both first and second order effects
on the data.

First order effects are those that describe the av-
erage intensity of point patterns over a given area
and are usually influenced by external variables,
such as those employed here. Second order effects
are those that influence the location of data points
across a study area due to the location of neighboring
points, due to some forces of attraction or repulsion
inherent to the points themselves (Bevan and Wilson
2013: 2416).

Archaeological site data for this project was com-
piled from Ball and Gardin’s (1982) Archaeological
Gazetteer of Afghanistan, which synthesizes several
decades worth of archaeological survey, excavation,
and exploration within Afghanistan. Though the
Délégation archéologique frangaise en Afghanistan
(DAFA) is planning an updated edition of this by
now quite dated volume, the period of conflict and
instability that followed its publication makes it a
valuable record of sites that have since been damaged
or destroyed, while also remaining more or less cur-

6 See, for instance, the characteristics of Ai Khanoum, which
features several distinctly Greek urban features such as large
ashlar fortifications, a theater, and a series of Hellenic temples,
while actively engaging with local architectural and artistic
traditions, a practice witnessed in the form taken by local sculp-
ture, and the presence of Persian and Mesopotamian architec-
tural forms (Bernard 1987; Leriche 1986).
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Period Abbre- Duration

viation

Paleolithic PL 50,000-8,000 BCE
Neolithic NL 8,000-4,000 BCE
Bronze Age BA 4,000-1,500 BCE
Iron Age IA 1,500-530 BCE
Achaemenid A 530-330 BCE
Seleucid SE 330-250 BCE
Greco-Bactrian 1 Gl 250-180 BCE
Greco-Bactrian 2 G2 180 BCE-1 CE
Kushan 1 K1 1-100 CE
Kushan 2 K2 100-200 CE
Early Sasanian ES 200-300 CE
Kushano-Sasanian | KS 300-400 CE
Hephthalite H 400-550 CE
Late Sasanian LS 550-650 CE
Turkish Khanate 1 | T1 650-800 CE
Turkish Khanate 2 | T2 800-875 CE
Samanid SA 875-1000 CE
Ghaznavid GZ 1000-1050 CE
Seljuk SL 1050-1150 CE
Ghurid GH 1150-1225 CE
Chaghatai Khanate | C 1225-1380 CE
Timurid ™ 1380-1500 CE

Table 1. Chronological periods used in this study (adapted
from Ball and Gardin 1982).

rent. Even so, the synthesis of archaeological inves-
tigations by different projects over several decades,
of varying intensity and analytical focus, necessarily
makes a broad scale regional analysis of all these data
problematic. Recording standards are inconsistent,
with some projects recording a group of mounds as
a single site while others recording such groupings
as a series of individual sites. Overrepresentation of
sites from certain periods may also be the result of
differences in the diagnosticity of materials or the
lack of specialists familiar with certain types of mate-
rial, a problem common to all archaeological surveys
(Millet 2000 53-59). For the identification of general
trends and deviations, however, the wide temporal
and spatial scope of the analysis should allow for the
integration of these data despite their inconsistencies
in recording or analysis.

With our survey area constrained within the
boundaries of Afghanistan (a region of roughly
160,000 square kilometres), we selected sites from
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Figure 2. Plot of pair correlation function for sites during
Paleolithic (PL) period. Distance (r) is in metres. gPois
represents theoretical distribution of points under the
assumption of CSR. gRipley and gTrans are empirical ob-
servations of the data. The farther above the gPois line, the
more clustered the data.

all provinces that bordered the Amu Darya River
in the north. Working from the distribution maps
provided in the Gazetteer, we then digitized the data
provided for these sites. Attributes included coordi-
nates provided in degrees minutes and chronolog-
ical attestations, with sites lacking either of these
attributes excluded from our dataset. While many
site entries go into detail about possible functions
of the site (e.g., urban settlement, fort, cemetery),
we largely ignored these descriptions given their
inconsistency and the unclear methods by which
these characterizations were made. The sites used in
this study thus represent cultural activity in gener-
al, rather than a focus on settlements of a particular
function or nature. In total, 289 sites were mapped,
covering a timespan from the Paleolithic to the
Timurid period. This timespan follows the chrono-
logical divisions set by Ball and Gardin (1982: 372),
which we adapted and divided into twenty-two pe-
riods (Table 1).

To test the above predictions about the relation-
ship between site counts and density, we calculated
nearest neighbor distances and the pair correlation.
These statistics measure how site density changed
between chronological periods while also measur-
ing the scale at which these changes occurred. We
recognize that chronological periods are not equal
in length, and our analysis should be understood as
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Code Description
100 Urban and Built-Up Land
211 Dryland Cropland and

Characteristics

Majority of land covered by structures

Land alternates between periods of bare soil and vegetation, following
Land alternates between periods of bare soil and vegetation, independent of

Land covered by combination of cropland and grassland, with neither

Pasture rainfall trends
212 Irrigated Cropland and
Pasture rainfall trends
280 Cropland/Grassland Mosaic
covering more than 60%
290 Cropland/Woodland Mosaic

311 Grassland
321 Shrubland

Land covered by combination of cropland and woodland (vegetation ex-
ceeds 5 m in height), with neither covering more than 60%

Land with herbaceous cover. Tree and shrub cover less than 10% of land
Woody vegetation less than 2 m tall and covering between 10-60% of land

Land covered by combination of shrubland and grassland, with neither

330 Mixed Shrubland/Grassland

covering more than 60%
500 Water Bodies Oceans, seas, lakes, rivers
770 Barren or Sparsely Vegetated

tation

Most of land is exposed soil, sand, rocks, or snow with less than 10% vege-

Table 2. USGS Land Use/Land Cover (Modified Level 2) classifications.

tracking changes between periods rather than over
continuous time. The pair correlation function de-
scribes how density varies as a function of distance
from each point (Baddeley, Rubak & Turner 2015:
225-230; Bevan et al. 2013; Stoyan and Stoyan 1994).
It does so by creating rings around each point at
certain distance intervals, within which points are
counted. The statistic it provides is the probability
of observing a pair of points separated by a distance
(r) divided by the probability expected from a Pois-
son point distribution defined by complete spatial
randomness (CSR). The empirical point pattern can
then be evaluated as clustered or dispersed through
comparison to this theoretical, null point pattern
(Figure 2).

The distance at which point patterns deviate from
CSR can also be assessed from this statistic, and in
this study is used as a measure of the minimum dis-
tance at which the point pattern deviates most from
CSR as calculated by the pair correlation function.
A small minimum r value indicates clustering at a
relatively small scale while a greater minimum r in-
dicates clustering at larger scales — suggesting a more
extensive pattern of clustered sites. For a more gen-
eral measurement of distance between sites during
each period, nearest neighbor distance was also cal-
culated by averaging the distance from each site to its
five nearest neighbors, per period, and then taking
an average of all those values. The resulting value

represents the average nearest neighbor distance of
sites during each period, to the fifth neighbor. Eval-
uating these distances in conjunction with the in-
formation provided by the pair correlation function
provides insights into the second order properties of
site patterns in the region during each period and
how they changed through time. These calculations
were done in R using the spatsat package (Baddeley
and Turner 2005).

Archaeological data were complemented by envi-
ronmental and topographic data meant to evaluate
the first order relationships between sites and these
various factors over time. Topographic data were
derived from 30-metre resolution digital elevation
models provided by the Shuttle Radar Topography
Mission (SRTM). Mean annual precipitation was
provided by WorldClim Version2 (Fick and Hijmans
2017). Together, these two datasets generally relate
to the suitability of the environment for various ag-
ricultural strategies and provide a coarse perspective
on the variation within the study area that may de-
tect macro-level trends in site location in respect to
these variables.

For a more nuanced and higher-resolution per-
spective, land-use classification data provided by
the Global Land Cover Characterization (GLCC)
were employed (Anderson et al. 1976; Loveland
et al. 2000). This dataset is based on unsupervised
classification of 1-kilometre resolution Advanced
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Figure 3. Land Use/Land Cover classifications with archaeological sites.

Very High Resolution Radiometer (AVHRR) 10-day
Normalized Difference Vegetation Index (NDVI)
composites, and provided by the Land Processes
Distributed Active Archive Center (LP DAAC) and
the United States Geological Survey (USGS). Of the
twenty-four land-use types classified in the USGS
Land Use/Land Cover System, ten had sites locat-
ed within them (Table 2). The remainder were ei-
ther land cover classes not found in this region (e.g.
wooded tundra), or those that did not contain sites
(e.g. herbaceous wetland). Long-term and high-res-
olution environmental data is required to determine
whether significant environmental changes have oc-
curred within this region during the temporal scope
of this study that would alter the land-use classifica-
tion of certain areas during periods of occupation.
In lieu of such data, we assume that environmental
conditions today generally reflect conditions during
the majority of periods studied here, with areas suit-
able for irrigation today being those that could have
been successfully irrigated in the past as well. On the
other hand, the classification of some sites as with-
in Urban and Built-Up Land or Water Bodies is due
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to the 1-km resolution modern imagery from which
land-use types are derived, as well as the resolution
of the spatial coordinates provided for the archaeo-
logical sites. Rather than reclassify these points into
other classes, their classifications were maintained
so as to remain consistent, and these sites and their
land-use type were excluded from further analysis.
Only one site was classified within mixed shrubland/
grassland areas, during the K1-ES periods, and thus
was also excluded from further analysis. Analyses of
these data were conducted in R using the raster pack-
age (Hijmans 2016).

Bringing these data together, elevation, precipi-
tation, and land-use information were extracted for
each site, while spatial statistics and counts of sites
were calculated for each period (Figure 3). From
these data, we identify periods of relative site count
increases and decreases, which are then explored
further through analysis of environmental and topo-
graphic variables. In other words, we seek to identify
when increases in site number and density within
this region of northern Afghanistan occur, and in
what ecological zones these increases occur.
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Figure 4. Number of sites per period, with
average site count (84) shown by horizon-
tal black line. For period abbreviations, see
Table 1 and text.
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Figure 5. (a) Site distance plotted against site count per period and (b) minimum pair correlation function plotted against

site counts per period.

Results

A simple breakdown of site counts per period re-
veals notable peaks in overall regional occupation
(Figure 4). The Achaemenid period (A) is particu-
larly pronounced and reflects the investment in the
region attested in historical sources from the period
(Leriche and Grenet 1988). This peak is notable both
for the marked increase in site counts compared to
preceding periods as well as the sharp fall during
the Hellenic periods (SE-G2) that followed. Indeed,
site counts in this region during the Bronze and Iron
Ages (B-I) appears generally consistent, with a slight
increase in count during the early first millennium
BCE. The arrival of the Achaemenid Persians clear-
ly had a massive impact on the region, with sites in-
creasing by almost four times. After the conquest of
Alexander, site counts decreased by half, with only a
slight increase during the Seleucid and Greco-Bac-

trian periods. Yet even with this significant decrease,
sites during the Hellenic periods were still about
twice the number of sites before the Achaemenid pe-
riod.

The Kushan and Sasanian periods (K1-KS) show
another marked increase in site counts that, while
fluctuating slightly over several centuries, comes
close to matching the counts reached during the
Achaemenid period. The gradual increases seen
during the K1-ES periods, similar in magnitude to
the increase seen during the SE-G2 periods, suggests
stability and gradual growth, with the dip during the
KS period historically attributed to conflict (Grenet
2006). Sharp peaks, as seen during the Achaemenid
and Hephthalite period, seem to indicate intense in-
vestment and expansion that ultimately appear to
be unsustainable. The Hephthalite period in partic-
ular, is a significant peak above the Kushano-Sasa-
nian and Islamic periods surrounding it, which are,

53|



CAA Daniel Plekhov and Evan Levine
2017 In the Land of a Thousand Cities
A B Figure 6. Plots showing
2 relationship between en-

84 o ° . 23 _'//-"" o g4 ° vironmental and topo-

- D" Roy & graphic variables and site
= 3 ] 7 5 &) o counts per period: (a) mean
5 g4 —7° 5 s oj_v’f__.—? o5 elev.atl.on, (b) stan(flard
g . a) om0 2 o deviation of elevation, (c)

e " .
- 5 g | e mean rainfall, (d) standard
g g - 8 " |o = deviation of rainfall.
g R-squared = 0.27 8 - R-squared = 0.01
o p-value = 0.007 o p-value = 0.28
I I I | I 1
50 100 150 50 100 150
Count Count
c D
8 o & o P - = [+]
(2] - e ]

o o “gag %0, © 5

o~ e o
_ - n gﬂ 0n0
E o 0 § = & P el
E & -] -~ _*?_: T 3
:g g e é e a 5 o o D
s . g 2
é L _u_g c )

o
g 8, 5|

8 e

o R-squared = 0.47 R-squared =-0.02

© 4 o p-value = 0.0003 o+ o p-value = 0.43

I | I | I |
50 100 150 50 100 150

Count

themselves, mostly above the site count average. Site
counts during these latter periods (LS-GH) appears
to show a return to levels last seen during the Hellen-
ic periods, and more severe fluctuations that parallel
the more frequent historically-attested conflicts that
were prevalent in the region during these periods
(Soucek 2000).

The significant drop in site counts during the
Chaghatai period is particularly striking. While
the severity of the Mongol and Chaghatai conquest
during this period is not in doubt (Soucek 2000: 105-
106; 121), the paucity of archaeological remains is
also perhaps not surprising given the intent of con-
quest rather than settlement. The site counts during
the subsequent Timurid period, while relatively
modest, indicate that many abandoned or destroyed
sites were quickly resettled. Unfortunately, it is not
possible to evaluate the continuation of this rebound
given the available data, as the archaeological scope
of Ball and Gardin’s (1982) Gazetteer ends during
this Timurid period.

Bringing in environmental and topographic data
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adds further dimensions to this record. As stated, we
predicted that periods of increased site count would
correspond to both increased use of areas suitable for
irrigated agriculture as well as exploitation of more
marginal areas, while periods of low site count would
be limited primarily to areas suitable for irrigated ag-
riculture. Settlement density would be greater during
periods of overall increased site count, and less
during periods of low site count. This relationship is
well supported by the data, showing a clear negative
relationship between site counts and mean distance
between sites (Figure 5a). Pair correlation function
analysis also supports this, with minimum r values
increasing as site counts increase (Figure 5b).
Looking at elevation and rainfall shows little evi-
dence of significant patterns. The mean elevation of
sites increases as site counts increase (Figure 6a), but
much of the variation is unexplained by this variable.
Variability, measured here by the standard deviation
of elevation values of sites per period from the peri-
od mean, shows no significant relationship (Figure
6b). As site numbers increase, sites are not neces-
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sarily occurring in more topographically-varied ar-
eas. Mean annual precipitation (Figure 6¢) shows a
stronger relationship, with an increase in site num-
bers corresponding to expansion into areas of great-
er rainfall. Rainfall variability, again measured here
by the standard deviation of rainfall values for sites
per period, shows no relationship or trend (Figure
6d).

Sampling sites within land-use classifications
adds further resolution to these changes in settle-
ment pattern and identifies areas of significant oc-
cupation (Table 3). Per period, plotting site counts
against sites per land-use types shows notable dif-
ferences in the preference for certain areas during
periods of increased site numbers, while also allow-
ing for clearer detection of periods in which land-
use occupation increases while site counts decrease.

G1 K1

Barren or sparsely vegetated areas are apparently
unaffected by changes in regional site counts, with
occupation in these areas occurring during periods
of both relatively high and low site counts (Figures
7a & 8a). Dryland cropland and pasture areas, on the
other hand, have a strong positive correlation with
site count (Figures 7b & 8b). Per period fluctuations
in dryland cropland and pasture occupation follow
overall regional trends of increases and decreases.
The exception is a notable spike during the G1 and
G2 periods, during which overall regional site counts
decrease while dryland cropland and pasture occu-
pation increases. Use of these areas decreases during
the K1 period, despite the overall regional site count
increasing. This spike is absent in irrigated cropland
and pasture, which otherwise exhibits an even stron-
ger positive correlation between site count and land-

55|



Daniel Plekhov and Evan Levine
In the Land of a Thousand Cities

CAA
2017

Description Count R-squa- P-value

red

Dryland Cropland 49 0.67 <0.0001
and Pasture
Irrigated Cropland | 48 0.83 <0.0001
and Pasture
Cropland/Grassland | 11 0.52 <0.0001
Mosaic
Cropland/Woodland | 53 0.93 <0.0001
Mosaic
Grassland 36 0.86 <0.0001
Shrubland 57 0.81 <0.0001
Barren or Sparsely 17 0.001 0.32
Vegetated

Table 3. Land Use/Land Cover classifications with site
counts and correlations values.

use occupation (Figures 7c & 8c). Increases and de-
creases in irrigated cropland and pasture area usage
matches regional trends in site count increases.

Cropland/grassland areas demonstrate a mod-
erately strong positive relationship with site counts
per period and generally conform to regional trends
through the KS period (Figures 7d & 8d). Beginning
with the H period, usage of these areas decreases
considerably and ceases entirely after the Chaghatai
destruction, which to some extent mirrors the re-
gional trends in site counts. Thus, increases in site
counts during the SA-GH periods are matched by
increases in occupation of these areas, though still
remaining relatively scarce. In contrast, cropland/
woodland areas show a much stronger positive cor-
relation with regional site counts, while also follow-
ing trends in site increases and decreases (Figures
7e & 8e). Whereas the highest number of cropland/
grassland sites was seven, during the K1-KS periods,
cropland/woodland areas had, on average, seventeen
sites across all periods and as many as thirty-three
during the Hephthalite period, during which crop-
land/grassland sites began to decline.

Grassland areas show a strong positive correla-
tion with site counts and generally follow regional
trends in site count fluctuation (Figures 7f & 8f). The
only exception is a slight increase in grassland area
occupation during the SL-GH period, while overall
site counts decreased. Shrubland areas also exhibit a
strong positive correlation with site counts, with in-
creases and decreases mirroring changes in overall
regional site counts (Figures 7g & 8g).
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Discussion

We had predicted that increased site counts would
result in greater use of irrigated croplands and ex-
pansion into marginal areas, while lower site counts
would be mostly concentrated in irrigated croplands.
The result of the above analyses show that irrigated
cropland does indeed demonstrate a strong pos-
itive correlation with site counts, but remains high
even during periods of population decline, such as
during the LS-T2 periods (Figure 7c). Barren and
sparsely vegetated areas, which we can define as the
most marginal, remain largely unoccupied in gener-
al and otherwise bear little relationship to increases
or decreases in site counts (Figure 7a). After the KS
period, their numbers consistently decline and do
not recover after the Chagatai period. Grassland and
shrubland areas, which from an agricultural perspec-
tive are the next most marginal areas, actually have
just as strong a positive correlation to site counts as
irrigated cropland (Figures 7f-g). Up to the Hephtha-
lite period, these areas generally follow overall trends
in site increases and decreases, due to either paral-
lel exploitation of irrigated and grassland/shrubland
areas or exploitation because of over-exploitation
of irrigated croplands. Both irrigated cropland and
grassland/shrubland areas decline during the LS-
T2 periods, suggesting overall demographic decline
after the Hephthalite period. After the Hephthalite
period, however, particularly during the Islamic SA-
GH periods, exploitation of grassland and shrubland
areas notably increases despite only slight growth in
overall site counts and an actual decrease in irrigat-
ed cropland use. We interpret this reorientation as
a change in subsistence or settlement strategies that
favored these more upland areas, either for reasons
of defense (difficulty of access and increased obser-
vation potential) or for pastoralism.

Other relatively marginal areas may be those clas-
sified as cropland/grassland mosaic and cropland/
woodland mosaic (Figures 7d-e). They are classified
as mosaicked because of their variability, being a
combination of these various land classes. Cropland/
grassland mosaic areas do not contain many sites,
and perhaps for this reason do not demonstrate par-
ticularly insightful trends. They have a moderately
strong positive correlation with site counts and peak
during the Kushan periods. Cropland/woodland mo-
saic areas, on the other hand, demonstrate the stron-
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Figure 8. Plots showing linear relationships between Land Use/Land Cover occupation levels and overall regional site counts.
See Table 3 for correlation values. (a) barren or sparsely vegetated, (b) dryland cropland and pasture, (c) irrigated cropland
and pasture, (d) cropland/grassland mosaic, (e) cropland/woodland mosaic, (f) grassland, (g) shrubland.

gest positive correlation with site counts and mirror
almost perfectly increases and decreases in overall
regional site counts. These areas also see increased
occupation during the SA-GH periods, while irrigat-
ed cropland declines. Assuming land-use character-
istics today largely reflect conditions in the past, the
high frequency of sites in these cropland/woodland
areas and their continued exploitation during later
periods, may be the result of this variability which al-
lows for the exploitation of a wider range of resourc-
es during times of stress.

Dryland cropland areas were expected to large-
ly mirror changes in irrigated cropland, which they
do, albeit with a slightly less strong positive correla-
tion. The most significant departure from regional
site count trends occurs during the SE-G2 periods,
where occupation of dryland cropland areas in-
creases while regional site counts decrease. Use of
irrigated cropland also decreases during this period,
suggesting a greater focus on rain-fed agriculture as
opposed to irrigated. From these analyses it is clear
that the reputation of Bactria as the “land of a thou-
sand cities,” most prevalent in Greek and Roman
sources, must actually be based on settlement during
the Achaemenid or the Kushano-Sasanian periods,
rather than during any period of Hellenic occupa-
tion (Leriche 2007). While the paucity of material
during the Bronze and Iron Ages can, on one hand,

be attributed to the lack of focus on these periods by
archaeological projects or the difficulty in identify-
ing diagnostic material from these periods, the long-
term effects of Achaemenid investment and develop-
ment should not be undervalued. Investment in the
region in terms of irrigation, demographic growth,
and migration likely paid off in terms of providing
the infrastructure necessary to encourage and sup-
port increased settlement in low-land irrigated ar-
eas (Rapin 2007: 35). The shift away from irrigated
cropland towards dryland cropland is thus quite sur-
prising, assuming that the irrigation infrastructure
constructed by the Achaemenids remained largely
intact during these periods. Irrigated agriculture was
rare in ancient Greece and Macedonia, from which
many settlers to Bactria had come (Mairs 2014: 38-
39). Increased use of dryland cropland during these
periods may then be the result of an interest of these
settlers in occupying new, non-Achaemenid areas,
and maintaining agricultural practices familiar to
them from their homelands.

First order effects are therefore significant in the
land use history of this region, with different land
use/land cover classes having major influences on
the presence and magnitude of occupation during
different periods. Second order effects are also no-
table, however, and our prediction that site density
would increase with site count is demonstrated to
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be largely true. Figure 5a shows a negative, though
non-linear, relationship between the mean distance
between neighboring sites and overall regional site
counts, while Figure 5b generally shows the same
trend. The exception, again, is during the SA-GH pe-
riods where the minimum distance at which sites are
most clustered increases to larger distances, despite
site counts being relatively low. The combination of
this increased minimum distance with a reorienta-
tion towards grassland and shrubland areas during
the SA-GH periods indicates significant changes in
land use at this time that occurred in tandem with an
increase in site count and expansion.

As discussed previously, there is always the risk
that archaeological surveys over-represent certain
periods, thus creating artificial spikes in site frequen-
cy or size that do not accurately reflect the settlement
history of the region. Given the variability in the data
that Ball and Gardin (1982) synthesize in their work,
regional site counts appear to be quite consistent and
generally demonstrate the long-term patterns ex-
pected based on historical sources. Thus, while site
counts dropped substantially after the Achaemenid
period, the levels they dropped too would become a
more or less consistent baseline from which counts
would increase, sometimes significantly, during lat-
er periods of investment and development. It is also
worth noting that the periodization employed in this
paper is not equal in terms of duration. The Bronze
Age period itself covers as much time as the next
fourteen periods, and likely experienced significant
fluctuation within that time. Yet it is only through
comparison to later time periods that the overall
magnitude of changes between periods can be con-
textualized and multi-period trends in land use and
site occupation can be identified.

Conclusions

The archaeological record of Bactria is understudied
as a whole, and when studied often limited to specif-
ic periods or cultures. By making use of all the data
and periods available to us from Ball and Gardin’s

(1982) Gazetteer, we demonstrate the value of taking
such a broad diachronic and spatial approach. Gen-
eral models of settlement pattern and organization
that predict relationships between land use and site
count, such as the IFD, are shown to be useful frame-
works within which much of the variety in the data
can be explained. Deviations from this model are,
however, also more noticeably evident when using
these models and can be better explained through
the examination of first and second order effects that
consider exogenous and endogenous factors influ-
encing the placement of sites. The results presented
here are necessarily preliminary due to the nature
of the data and scope of this paper. Yet we consider
these results promising, and believe that they can be
further improved through integration of larger data-
sets to increase site counts, and more consistent data
that can add further resolution by breaking down
what kinds of sites are increasing or decreasing in
usage. While this study homogenized all sites to be
generic, in reality the sites used here represent a vari-
ety of functions that, upon further investigation, will
serve to provide a more nuanced understanding of
the Bactrian landscape over time.
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Abstract

Ritual activity constitutes one religious practice that pervaded ancient
cities like Ostia, Rome’s ancient port. Despite the extensive surviving ev-
idence at Ostia for religious practice, the ways in which the urban land-
scape shaped religious movement has not received previous attention.
This article focuses on how economic activity may have helped to struc-
ture areas of ritual movement throughout the city. Using the Urban Net-
work Analysis Toolbox developed for ArcGIS, areas of economic activity
are studied by applying betweenness centrality to determine ‘hotspots’ of
movement. These ‘hotspots’ can be used as nodes for undertaking further
study of processional movement. The preliminary results suggest that the
proposed methodology can enrich archaeological investigations into ritu-
al movement and religious landscapes.
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Introduction

The idea that urban and social landscapes have an im-
pact on religious activity underlies a number of stud-
ies focused on religious movement (e.g., Demarest
2006; Popkin 2016). Scholars have long recognized
the relationship that existed between social meaning
and the built environment (e.g., Giddens 1984) and
the ways in which these shaped patterns of interac-
tion (Lawrence and Low 1990; Rapoport 1977). The
spatial organization of a city not only structured dai-
ly exchanges between people but affected how ritual
or religious activities interacted with the cityscape
and its inhabitants (Moore 1996). The potential of
studying ritual movement has only recently garnered
attention. Early research into past landscapes saw
movement as secondary in importance within phe-
nomenological based studies (Tilley 1994) whereas
movement is now recognized as a central component
for a city’s organization and its subsequent analy-
sis (Alvarez and Oubifa 2007; Paliou, Lieberwirth,
& Polla 2014). Movement within the cityscape was

shaped by a variety of different factors, ranging from
the pre- existing street network, movement intent,
urban activity, and the built environment (Giddens
1984; Russell 2016). How movement can be studied
within the context of an ancient city and the ways
in which it informs our understanding of social
practices has resulted in an influx of recent studies
(Laurence 1994; Ostenberg, Malmberg, & Bjornebye
2015; Poehler 2017). Current methods for examining
movement and the reciprocal relationship that exists
with the built environment provides the context for
undertaking the present study of ritual movement.
Considering the city of Ostia, Rome’s ancient port,
this paper explores how a specific aspect of the built
environment, indicative of different types of social
activity, may have impacted processional movement.
In particular, it discusses the potential of applying
an urban network-based approach using between-
ness centrality measures to investigate the possible
correlation between Ostia’s commercial spaces and
ritual movement. Specific processional routes at
Ostia are unknown within the archaeological and




CAA
2017

Katherine Crawford
Unravelling Urban Religious Landscapes

historical record. By questioning how one form of
social activity influences ritual movement, which is
represented within the built environment through
recognizable architectural structures, “influences
ritual movement” can hypothesize about which ar-
eas of Ostia may have seen processional activity if
influenced by commercial activity. This builds upon
previous pedestrian-based studies, like Hillier and
Hanson’s (1984) model of space syntax, in order to
provide new insight into a religious landscape that
encompassed the entire cityscape.

Research Background: Ritual Activity
at Ostia and Movement Studies

Ostia’s Religious Landscape

The temples, shrines, and religious artefacts uncov-
ered at Ostia provide a rich source of information
about the city’s religious life. Inquiry into temples
and cultic practices remains one of the most contest-
ed areas of Ostian scholarship over the past decade
(Pavolini 2016: 201). Until recently, studies were pre-
dominantly confined to individual temples or cults
without considering their placement within the total
cityscape (Squarciapino 1962; Taylor 1912). Recent
scholarship has attempted more general investiga-
tions into the city’s religious space (Arnhold 2015;
Rieger 2004; Steuernagel 2004), while acknowledg-
ing the importance of Ostian rituals and their need
for further study (Bruun 2009). How ritual activities,
like processions, contribute to our understanding
of Ostia’s religious environment have not been ade-
quately addressed. The numerous debates about the
identification of individual temples do not shed light
on the ways in which religious practices intersected
with the city’s residents (Van der Meer 2009).

The lack of existing information, either archae-
ological or literary, alluding to the nature of pro-
cessional rituals at Ostia has resulted in minimal
discussion of their presence within the city. While
processions constituted a regular component of rit-
ual practices, ancient authors rarely describe proces-
sions in detail, likely because they formed a standard
part of the city’s landscape and did not necessitate
further commentary (Flower 1996: 97). Processions
were ephemeral events, with their occurrence pre-
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dominantly held in the memories of those who at-
tended or heard about the event while leaving little
to no lasting impression within the archaeological
record (Connelly 2011: 314; Russell 2014). Existing
discussions of Ostian processions focus on either
the construction of a processional route that was
structured by the spatial location of early temples
(DeLaine 2008: 101) or their probable occurrence
along Ostia’s major streets (Boin 2013: 75). Under-
taking new study of processional movement presents
an unexplored method of looking at how religious
practices were disseminated across the city. Direct-
ing enquiry away from identifying particular Ostian
rituals and movement routes to considering what
influenced processional movement more generally
is one way to address the issues inherent in Ostian
processional studies.

Movement Studies within Roman Archaeology

The formal study of human movement has been a
popular avenue for archaeological research. Within
studies of Roman urbanism, approaches to move-
ment have predominately developed out of Pompeian
research. These studies consider urban movement ei-
ther in terms of proxy data or through the application
of urban theories like space syntax. Early research
focused on archaeological indicators of movement
such as the presence of wheel ruts (Poehler 2006;
Tsujimura 1991) or how architectural structures like
street-side benches helped to structure pedestrian
movement (Hartnett 2008). An alternative approach
widely used is space syntax, which consists of a set of
theories and methods initially developed for urban
planning to explore the relationship between space
and human society (Hillier 1996; Hillier and Hanson
1984). In relation to a street network, their method-
ology contends that a street’s spatial arrangement
is related to various social phenomena including
movement flows. In particular, space is defined by
its position in relation to other spaces within a city.
Space syntax has been applied to archaeological con-
texts to explore the characteristic of both individual
buildings as well as urban street systems (Grahame
2000; Laurence 1994; Stoger 2011).

Axial analysis, developed by Hillier and Hanson
(1984), has commonly been applied in order to study
the spatial configuration and movement potential of
ancient street systems (Kaiser 2011; Stoger 2011). In
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this instance, the street network is modelled topolog-
ically in order to identify which street segments are
more accessible and therefore saw greater use (Hilli-
er and Hanson 1984: 82-142). The analysis first rep-
resents the street in terms of axial lines, which con-
sist of the longest and fewest lines that can be drawn
within the open spaces of a street that often correlates
to lines of sight. These lines are then converted to a
connectivity map where nodes represent streets and
links represent intersections (Porta, Crucitti, & La-
tora 2006b: 854). The distance between each node
provides an index of its connectivity to every other
node in the system and which can be used to cal-
culate various space syntax metrics. The outcome of
axial analysis is a visualization produced on a colour
scale of red to blue that indicates which axial lines,
corresponding to streets, are most integrated within
the network, providing an indication into likely areas
of movement.

While space syntax is useful in determining how
a city’s street network design promoted movement, it
does not account for how the space was actually used
or other urban or social activities that influenced
movement (Batty 2003; Benedikt 1979; Ratti 2004;
Steadman 2004). Furthermore, it cannot account
for specific types of movement or movement intent
within a street network. This poses issues when try-
ing to address how processional movement can be
studied within the ancient city when routes are un-
known. Processions have a particular purpose when
traveling through the streets of a city, an intent that
cannot be properly accounted for within space syn-
tax models.

One way to address the difficulties of movement
intent is to question what factors influenced move-
ment directionality. Processional movement had an
underlying purpose, to move from point A to point
B. And while movement was not the only purpose of
a procession, this allowed the ritual to be seen and
experienced (Grimes 1992: 72). Current studies of
ritual movement highlight that a close relationship
existed between urban space and the construction
of sacred routes (Lawrence and Low 1990; Popkin
2016). In many instances, a landscape or city had
certain attractors that helped to guide and structure
processional routes (Kristensen and Friese 2017;
Malville and Malville 2001; Morton et al. 2014). In
particular, looking at how commercial activity affect-
ed ritual movement, or vice versa, enables us to ques-

tion how a specific form of urban activity may have
structured possible areas of ritual movement. This is
far from the only factor that would have impacted
ritual movement, but the focus on commercial activ-
ity is used as a way to think about how processional
routes were formulated within the city and how this
form of movement can be studied.

By the 2" century AD Ostia had a rich commer-
cial landscape, ranging from large warehouses (hor-
rea), areas of production like granaries, and small
shops (tabernae). Ostia’s streetscape in particular
was characterized by shop fronts, with an estimat-
ed 800 tabernae located across the city (DeLaine
2005; Ellis 2011). Shops, warehouses, and areas of
production define Ostia’s commercial spaces, re-
flecting three distinct types of commercial activity.
Three categories are used within this study for the
purposes of simplicity and to show the potential of
the proposed method. The complexity of defining
commercial space at Ostia cannot be negated. Con-
sideration of how these different commercial spaces
either encouraged or deterred movement sheds new
light on possible areas of processional movement at
Ostia. While the potential of undertaking a move-
ment-based study at Ostia has previously been ad-
dressed through space syntax analyses (Kaiser 2011;
Stoger 2011), it has yet to be applied to the study
of processional movement. The street network and
existing architectural landscape at Ostia provides
a unique opportunity to consider how commercial
activities, structured by the built environment, may
have regulated processional movement. This pres-
ents a novel approach to examining a specific form
of movement within the ancient cityscape.

Urban Network Analysis
of Commercial Spaces at Ostia

The application of network science approaches to
archaeological studies has seen considerable atten-
tion in recent years (Brughmans 2013; Brughmans,
Collar, & Coward 2016; Knappett 2013). In particu-
lar, network analysis has been applied as a quantita-
tive approach to study the topology and movement
structure of cities using methods like space syntax
(Hillier and Hanson 1984; Porta, Crucitti, and Latora
2006a). As previously discussed, however, several is-
sues limit its application to the study of processional
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movement. As a result, a new form of network anal-
ysis is employed as a way to address some of the is-
sues implicit within space syntax by focusing on how
commercial activity, recognizable by specific archi-
tectural structures, effects movement.

Urban Network Analysis Toolbox &
Betweenness Centrality

Recognizing the above limitations for studying pro-
cessions, the present study applies an innovative
approach to studying urban movement patterns us-
ing the Urban Network Analysis (UNA) toolbox in
ArcGlIS, created by Sevtsuk and Mekonnen (2012).
Unlike axial analysis within space syntax which only
looks at the geometric design of a city’s street net-
work, this toolbox implements a third metric for
considering movement patterns along a street net-
work, the built environment. The urban landscape
is modelled using three elements within the ArcGIS
toolbox: edges (streets), nodes (intersections), and
buildings. This tripartite network enables buildings
to become the focus of analysis, enabling a new un-
derstanding about the fundamental relationship that
existed between urban activities and the study of
movement along a city’s street network. Buildings
can be prescribed various attributes that range from
their total size to their urban function. This enables
the different properties of individual buildings to be
studied within the context of both their spatial po-
sition within the city as well as how they may have
affected movement along a street network. The size
of the study area can also be specified, correlating to
different forms of movement (e.g., pedestrian or ve-
hicular).

Additionally, innovative is the fact that all calcu-
lations occur within ArcGIS 10.0-10.3, presenting
new possibilities for undertaking various urban spa-
tial analyses. This negates previous issues of having
to undertake network analysis in a separate software
program (e.g., Pajek, Visone, Gephi) and importing
the results into a GIS platform in order to visualize
the results (Andris 2016). This toolbox allows for the
calculation of the most common network centrality
measurements directly within ArcGIS: reach, grav-
ity, closeness, betweenness, and straightness (Sevt-
suk, Mekonnen, & Kalvo 2016).

Centrality measurements are one of the prima-
ry network analysis functions used by urban plan-
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ners to determine areas that are related to increased
pedestrian access (Wilson 2000). For considering
movement potential in relation to commercial spac-
es at Ostia, the present article applies betweenness
centrality, which computes the probability that a cer-
tain node or building will be passed when travelling
the shortest distance between two points (Isaksen
2013: 61). While this is not the only measure that
can be used to address movement along a city’s street
network, it presents a visual indication into potential
movement patterns corresponding to passing specific
commercial structures. Since the actual processional
routes are unknown, this specific centrality measure-
ment provides an indication into certain areas that
may have been passed, regardless of the start point
or destination, rather than attempting to define ac-
tual routes. The UNA toolbox applies a betweenness
centrality equation adapted from Freeman (1977)
whereby commercial buildings are considered based
on their likelihood of being passed by movement
along Ostia’s street network (Sevtsuk, Mekonnen, &
Kalvo 2016: 14).

Betweenness is not an indication of the ease of
a potential movement route, but indicates whether
or not a building will be passed (Isaksen 2012: 62).
Assessment of betweenness centrality is important
because it provides an indication of which commer-
cial structures had greater control over structuring
movement within Ostia’s street system within the
framework of the present study (Freeman 1977: 35).
In terms of movement patterns, betweenness is often
associated with higher traffic volume or bottlenecks;
meaning that a building with a higher betweenness
value indicates that it had a more important role
within the city’s total infrastructure. More impor-
tantly for the present study;, it presents the potential
of being passed by through-traffic, providing insight
into how commercial structures have the potential
for generating movement.

The application of betweenness centrality in
relation to Ostias different commercial buildings
presents an innovative approach to looking at how
commercial activity may have helped to structure
areas of ritual movement. As the commercial struc-
tures are weighted relative to their assumed impor-
tance, betweenness measures provide an indication
of areas most likely to be passed. The resulting val-
ues constitute ‘hotspots, or areas that can be used
to help inform our understanding about commer-
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2nd century AD Ostia
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Figure 1. Ostia’s 2™
century AD built environ-
ment showing commer-
cial building classifica-
tions and the extended
street network (after
Calza 1953; Mannucci
1995).

cial areas of the city possibly passed by processional
rituals.

The Model

In order to examine what impact commercial spac-
es may have had on ritual movement, a model (Fig-
ure 1) of the city during the late 2™ century AD was
first digitized within ArcGIS following the original
plans of Calza (1953) and the updated map created
by Mannucci (1995). The street network that extends
beyond the excavated city is additionally included
after the preliminarily geophysical survey results
undertaken by Heinzelmann (1998; Martin and
Heinzelmann 2000) and the space syntax axial graph
produced by Stoger (2011) following these results.
It needs to be noted that portions of this extended
street network likely postdate the period under con-
sideration, however, since the final results are still
awaiting final publication it was not possible to dif-
ferentiate all the streets specific to the late 2™ century
AD from the current plan. The extended street net-
work’s inclusion accounts for the potential of move-
ment travelling in and out of the city rather than con-
fining analysis to only the excavated city, helping to
negate the issue of edge effects.

Three different types of commercial spaces
(shops, warehouses, production spaces) were then
classified within the late 2™ century AD city. Regard-

ing these classifications, the complexity of trying to
define individual spaces within the ancient city can-
not be discounted. This presents just one interpreta-
tion following previous scholarship on the definition
of commercial spaces throughout the city (DeLaine
2005; Rickman 1971). Due to how the city has been
excavated and studied, it is difficult to identify each
commercial space with accuracy. In many instances,
the size and location of a structure along the street
network has informed our definition of a commer-
cial space where there is limited existing archaeolog-
ical material. The different space classifications serve
as the focus of analysis within the UNA toolbox ap-
plying betweenness centrality measurements as an
exploratory approach for studying ritual movement.

Metric Radius

The study radius must first be determined in order
to set the scale at which movement will be assessed
within the city. The input radius specifies the net-
work radius for which the betweenness calculations
occur (Sevtsuk and Mekonnen 2012: 292). If a radius
is not specified, then the measurements are comput-
ed for an infinite radius that can reach all structures
within the graph. For example, if a 100 m radius is
used, then movement will be calculated for each
building relative to every other building located
within a 100 m network radius. To determine what
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Figure 2. Image showing change in betweenness centrality with different radii values.
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radius should be applied to the present study, Ostia’s
commercial landscape and extended street network
was examined with eight different metrical radii
(100-700 meters and infinite). Betweenness central-
ity was calculated in relation to each radius based
on unweighted buildings to address the correlation
between betweenness centrality and movement ra-
dius. The radius affects the network calculations in
that each commercial space is considered only if it is
an equal or less geodesic distance than the specified
radius from every other building within the network
(Sevtsuk and Mekonnen 2012: 292). The difference
in radii is shown below (Figure 2) in relation to the
182 commercial spaces. The graphs are represented
on a colour scale from red to dark green, with red in-
dicating spaces of the highest betweenness centrality
or areas most likely to be passed and dark green as
areas of the lowest betweenness centrality.

Figure 2 shows that there is considerable variation
in betweenness centrality values when the radius is
adjusted. Local pedestrian movement is generally
best accounted for with a 400 m radius, while a 800
m radius tends to correlate to vehicular movement
(Omer, Rofé, and Lerman 2015). Within the present
calculations, a 300-400 m radius shows the best av-
erage of the two highest betweenness centrality mea-
sures, displayed in red and orange (Figure 2), locat-
ed throughout the city. A 400 m radius is ultimately
used throughout this study because it accounts for
movement within a greater portion of the cityscape.
In relation to pedestrian movement, this associates
to movement potential across the majority of Ostia’s
excavated environs. The application of a smaller ra-
dius (e.g., 100-300 m), alternatively, could be used
for exploring smaller ritual movement areas, such as
those confined to neighbourhoods rather than city-
wide processions.

Weighting of Commercial Buildings

One of the most innovative features of the UNA tool-
box is the ability to weight commercial spaces based
on pre-determined values such as occupancy, im-
portance, or size. The present study attributed each
commercial space a weighted importance value 0,
50, or 100. The exact combination of weighted values
is arbitrary. The choice to use intervals of 50 serves
to more clearly differentiate between the three dif-
ferent commercial space classifications. The result-

ing betweenness calculations present a visualization
of which commercial areas of Ostia had the highest
movement potential weighted by building impor-
tance. Since the extent to which different commer-
cial spaces influenced processional movement is un-
known, three different iterations of building weights
are run to determine how weighting the three com-
mercial spaces in different ways effected movement
potential across the cityscape. The highest between-
ness values are displayed in red, indicating the great-
est movement potential while dark green indicates
the lowest movement potential areas. The following
graphs (Figures 3-5) illustrate the difference in be-
tweenness centrality for weighting shops, warehous-
es, and production areas each with an importance
value of 100 while the other two classifications are
given lower values.

The results indicate that the alteration of weights
for different commercial classifications has a sig-
nificant impact on the betweenness calculations
and movement potential. The greatest difference in
movement potential is shown with the last figure
(Figure 5), where production areas were weighted
highest and shops lowest. 