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Chapter 15
Rethinking Approaches for the Study 
of Urban Movement at Ostia

Katherine A. Crawford

Abstract Despite a range of existing approaches for examining movement within 
ancient cities, the study of movement intent has received limited attention. This 
paper begins to address this gap by considering how pedestrian movement can be 
studied at Ostia, Rome’s ancient port, by transitioning focus to what structured 
movement routes, namely the built environment and social activity. Using the UNA 
(Urban Network Analysis) Toolbox developed for ArcGIS, betweeness centrality is 
calculated in relation to different types of buildings. The results, when associated 
with Ostia’s streets, provide a visualization of potential areas of movement specific 
to certain social activities that occurred within the urban landscape. This provides a 
novel methodological approach for assessing different forms of directed movement 
within ancient urban landscapes.

Keywords Urban Network Analysis · GIS · Archaeology · Ostia

15.1  Introduction

The study of movement within ancient Roman cities has seen a growing corpus of 
scholarship in recent years (Laurence 2008; Laurence and Newsome 2011; 
Östenberg et al. 2015; Poehler 2017). While the majority of research has followed 
either literary accounts of ancient movement (Favro 1996; Laurence 2011) or proxy 
evidence that is indicative of movement (Ellis 2004; Hartnett 2008, 2017; Poehler 
2017), an increasing number of studies are beginning to apply computational 
approaches as a way to study pedestrian movement that is otherwise invisible within 
the archaeological record (Stöger 2011; Van Nes 2014).

Network science methodologies constitute one of the most frequently used meth-
ods for examining pedestrian movement, providing a quantitative approach for 
studying urban movement patterns that have developed out of modern urban plan-
ning techniques (Barthelemy 2011; Porta et al. 2006; Sarkar 2013). In particular, the 
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application of space syntax theories and methods, developed by Hillier and Hanson 
(Hillier and Hanson 1984) for spatial analysis, has been predominantly applied to 
questioning how ancient street systems structured movement (Kaiser 2011; Stöger 
2011). However, such methods do not address questions concerning different types 
of pedestrian movement or movement with varying intents.

Roman pedestrian research is largely limited to the analysis of random move-
ment patterns that are structured by a city’s street network. Studies of movement 
intent, movement with intended goals, that use computational approaches have 
received very little attention (Branting 2004; Poehler 2016; Thaler 2005). The 
majority of pedestrian movement, arguably, would have occurred with pedestrians 
having intended destinations or varying levels of knowledge of the urban landscape 
they traversed. And while the topic has received some attention in the context of 
Roman cities (Macaulay-Lewis 2011), the lack of engagement is largely due to the 
minimal trace that is left within the archaeological record and the limited written 
commentary about specific forms of movement. Thereby, any attempt to study 
pedestrian intent within a specific city is increasingly complicated.

This paper addresses this limitation by introducing a new computational approach 
for the study of directed urban movement that focuses upon how the built environ-
ment, indicative of social activity, may have played a role in structuring movement 
routes throughout a city. Using Ostia, Rome’s ancient port, as a case study, this 
paper proposes a new way to look at how pedestrian movement can be studied 
within the late second century CE city. The size of the city and the extent to which 
it has been excavated make Ostia an ideal case study for applying an integrated 
computational approach that combines archaeological data, GIS, and urban network 
analysis (Sevtsuk et  al. 2016), enabling the study of possible urban movement 
patterns.

15.2  Methods

15.2.1  Modelling Movement Intent

Recognizing the difficulties of studying urban movement, a new method needs to be 
developed that moves beyond studying how a city’s streets promoted generic move-
ment patterns. One way to approach this is by questioning how a city’s built envi-
ronment and corresponding social activity played a role in structuring different 
types of urban movement. Scholars have long recognized the relationship that 
existed between a city’s built form and social activity (Lawrence and Low 1990; 
Rapoport 1982). Various urban theorists have focused attention upon how people 
understand and inhabit cities as well as how a city should be structured to promote 
different forms of social activity (Jacobs 1961; Kostof 1985; Lynch 1960). In terms 
of Roman studies, these theories have been adapted by scholars such as MacDonald 
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(1986) to gain a better understanding about how people both interacted with and 
experienced a city.

Despite the acknowledged correlation between the built environment and social 
activity, questions of different types of ancient pedestrian movement have yet to be 
addressed with appropriate methodological rigour. The predominant methodologies 
for studying Roman pedestrian movement adopt either phenomenological 
approaches informed by random walks through the city (Favro 1996; Yegül 1994) or 
apply computational approaches like space syntax that consider movement in terms 
of a city’s street network design (Stöger 2011). In both instances, the pedestrian 
movement under consideration is random and does not account for other urban 
dynamics that influenced pedestrian routes. By transitioning focus back towards 
how a city influences movement patterns, beyond solely its visibility or geometric 
design, a more nuanced approach can be developed for looking at ancient urban 
movement.

15.2.2  Ostia’s Urban Landscape

In order to question how Ostia’s built environment shaped different pedestrian 
movement patterns, a detailed plan of the second century CE built environment and 
street network is required. The excavated city represents a palimpsest of periods 
ranging from the end of the fourth century BCE into the sixth century CE (Pavolini 
2006). The present study focuses upon the end of the second century CE because it 
represents one of the most well-defined periods for Ostia’s urban landscape 
(DeLaine 2005). The extensive number of studies into buildings dating to the sec-
ond century CE means that the built environment and corresponding streets are rela-
tively well identified (Calza 1953; DeLaine 2002; Mar 2008; Meiggs 1973; Pavolini 
2016). The extent to which the city has been excavated and knowledge of its street 
network provide an excellent opportunity to study pedestrian movement dynamics 
within the city.

Following a general conception of Roman urban space, buildings are classified 
within five broadly defined categories of space: commercial, production, residen-
tial, public, and religious (Fig. 15.1). These classifications do not negate the com-
plexity of urban space, instead, they serve as an exploratory method to assess how 
different buildings, associated with specific types of social activity, shaped move-
ment patterns within Ostia’s urban landscape. All excavated buildings that compose 
the late second century CE city were classified into one of these five categories 
following their general architectural function (Flohr 2013; Heinzelmann 2005; 
Meiggs 1973; Packer 1971; Russell 2016). There is a certain degree of speculation 
within these classifications. First, due to how the site was excavated the purpose of 
many of the buildings has to be inferred through various comparative studies at 
Ostia and other Roman cities. Second, the majority of structures found at Ostia 
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Fig. 15.1 Plan of Ostia at the end of the second century CE showing the building classifications 
and the main streets. (After Calza 1953; Mannucci 1995)

would not have had only one purpose. Instead, ground floor and upper storey spaces 
could have accounted for a variety of different activities, such as ground floor shops 
and storage rooms and upper storey residential spaces (Pirson 2007). For the present 
study, the classifications are indicative of ground floor spaces that are directly acces-
sible from the street. Furthermore, the limitation of space classifications to five cat-
egories enables a workable dataset that begins to question how different aspects of 
the built environment structured movement patterns throughout Ostia.

The street network used within this study needs additional clarification. Within 
the excavated city, the streets date to the end of the second century CE (Mar 2008). 
In order to more accurately study movement patterns, the extended street network is 
additionally included following preliminary geophysical survey results 
(Heinzelmann 1998; Martin and Heinzelmann 2000) as well as the space syntax 
axial graph produced by Stöger (Stöger 2011) based upon these initial survey 
results. It needs to be noted that portions of the extended street network date to the 
beginning of the third century CE, thereby slightly postdating the present period of 
study. However, until the geophysical survey results are fully published it is difficult 
to know exactly which sections of the street network date to which period. Therefore, 
the total extended street network is included in order to negate issues of an edge 
effect, or the creation of an artificial boundary, within the urban network analysis 
calculations by accounting for the possibility of movement travelling beyond the 
excavated city. While it needs to be acknowledged that any adjustment to the 
extended street network design may have some effect upon the network analysis 
results, the variation is less extreme than if only the excavated streets were used.
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15.2.3  Urban Network Analysis

Centrality measurements are one of the predominant network analysis calculations 
used by modern urban researches to investigate pedestrian movement. Until rela-
tively recently, however, these measures have been used within the context of rela-
tional networks rather than accounting for geographical scale (Crucitti et al. 2006; 
Hillier and Hanson 1984). The concept of centrality is based upon the idea that 
within a network, certain nodes are more important. In terms of urban movement, 
centrality provides a way to determine likely areas of movement. Among the pos-
sible measurements, the most relevant for the present study is the application of 
betweenness centrality. Betweenness centrality computes the likelihood that a cer-
tain node, or in this case building, will be passed when travelling the shortest dis-
tance between two nodes (Brughmans 2010; Brughmans et al. 2016; Isaksen 2013). 
This enables the subsequent study of individual streets with a high degree of move-
ment potential relative to the built environment. By focusing attention upon through 
movement, what is passed by pedestrians can be assessed regardless of their desti-
nation or origin. In this way, focus remains upon what is being passed regardless of 
the overall purpose of the journey.

Betweenness centrality graphs are traditionally computed using two network ele-
ments, nodes and edges. When applied to pedestrian studies on the scale of a city’s 
street network, this correlates to nodes representing intersections while edges sym-
bolize the streets (Porta et al. 2006). Space syntax, in contrast, inverts this network 
structure where the edges become nodes, and nodes represent edges (Hillier and 
Hanson 1984). In both of these types of network analyses, the level of enquiry is 
focused upon the spatial connection between the nodes and edges. However, within 
these network graphs, the relationship of the surrounding urban environment or 
related social activities remains unaccounted for within present movement-centred 
studies (Sevtsuk and Mekonnen 2012).

The vast majority of archaeological studies use betweenness centrality measures 
within the context of regional queries, focused upon the structure and connectivity 
of various sites (Bikoulis 2012; Brughmans 2010; Groenhuijzen and Verhagen 
2015). Within these studies, the mobility of objects, people, or ideas within a land-
scape often becomes the emphasis of study. Despite the predominant applications of 
centrality to archaeological questions based upon regional scales, this does not limit 
its application to smaller urban datasets, such as a specific city (Mol and Mans 
2013). The only existing example of betweenness centrality applied to an ancient 
urban street network is Poehler’s (Poehler 2016) analysis of movement potential 
relative to doorways located along Pompeii’s street system. While innovative in 
determining which Pompeiian streets saw the greatest amount of traffic by applying 
network analysis principals, it considers only generic movement patterns. Other 
urban factors that may have affected traffic within the city in addition to the network 
structure are unaccounted for within the present model.

To transition enquiry away from assessing movement in isolation to its surround-
ing built environment, urban network analysis is used to focus upon how buildings 
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played a role in structuring movement along a street network using an adapted form 
of network analysis. Betweenness centrality is calculated in relation to the previ-
ously specified building classifications using the ArcGIS UNA (Urban Network 
Analysis) toolbox (Sevtsuk et al. 2016). The toolbox was created by urban planners 
as a way to question how the presence of buildings affects traditional centrality 
measurements (betweenness, centrality, reach, etc.) directly within GIS. Whereas 
standard network analysis is computed using nodes and edges, urban network anal-
ysis enables the addition of buildings as a third metric of study, creating a tripartite 
network. As a result, buildings become the focus of analysis, which are then com-
puted in relation to their position along the street network previously detailed in 
ArcGIS. The betweenness centrality equation used by the UNA toolbox is adapted 
from Freeman (Freeman 1977) to highlight which buildings within the urban sys-
tem saw the greatest potential of having passing movement along a street network. 
The results indicate the likelihood of a building being passed by through movement 
regardless of its destination or origin.

An innovative feature of the UNA toolbox and its application to archaeological 
questions of urban movement concerns the adaptability of the scale of measurement 
and the ability to attribute buildings with different variables or building weights. In 
terms of scale, a specific radius can be defined within the betweenness centrality 
calculations which limits the distance calculated from one building to all other 
buildings within the cityscape. Within modern cities a 400 m radius traditionally 
conforms to pedestrian scale movement while a 800 m radius is specific to vehicular 
traffic (Omer et al. 2015). However, these values do not necessarily directly relate 
to movement scale within the ancient city.

The best radius relative to pedestrian movement needs to be determined in rela-
tion to Ostia’s built environment. A specified radius ensures that the centrality cal-
culations of each building are computed only if a building is located within an equal 
or less geodesic distance from the specified radius from every other building along 
the street network (Sevtsuk and Mekonnen 2012). Additionally, calculations are 
computed using a network radius rather than a Euclidian radius to ensure that the 
results correspond to movement only occurring along the streets, not through build-
ings. To determine the ideal radius, six different betweenness centrality calculations 
were run using a 100–600 metre radius (Fig. 15.2). Within each betweenness graph, 
the buildings included within the highest betweenness centrality category (indicated 
in black) were then used as nodes to create a delineated area of greatest movement 
potential. Figure 15.2 shows that the greatest area of high movement potential is 
illustrated with a 100–300 metre radius; however, in these examples, movement is 
concentrated within either the western or eastern ends of the city. A 400 or 600 
metre radius is more indicative of continuous movement across a larger portion of 
Ostia’s cityscape. To ensure that the measurements correspond to both the exca-
vated cityscape and local-scale pedestrian movement, a 400 metre radius is ulti-
mately chosen.

A second feature of the UNA toolbox that has significant potential for the study 
of directed movement is the ability to weight buildings with different attributes. 
This can include variables such as a building’s size, number of occupants, or 
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Fig. 15.2 Betweenness centrality measurements using a radius of 100–600 metres. The general 
areas with the highest betweenness values are detailed
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 building type. For the present study, weighted values relate to the five different 
building classification categories and their individual influence upon passing move-
ment. Betweenness centrality was run for each classification category, weighted 
with a value of 10 to reflect its assumed importance for pedestrian movement. The 
other four spaces were provided with a value of 1 to ensure that every building 
within the excavated cityscape is accounted for within the calculations (e.g., com-
mercial spaces, weight 10; other four spaces, weight 1).

The application of betweenness centrality using Ostia’s building classifications 
as the focus of analysis enables the assessment of what buildings were likely passed 
when weighted according to building type that is indicative of various social activi-
ties. The resulting betweenness centrality graphs (Figs.  15.3 and 15.4) present a 
visualization of the betweenness values relative to each building classification cat-
egory. To more easily correlate this to possible movement routes, the streets corre-
sponding to the two highest betweenness values are subsequently detailed. This 
enables a comparison between the different graphs to determine the extent to which 
the five building classifications affect pedestrian movement along Ostia’s streets, 
ultimately reflecting distinct forms of movement intent.

15.3  Results

The calculation of betweenness centrality weighted by building importance gives 
some insight into the way in which social activity structured possible movement 
routes. To assess the degree to which weighted calculations affect the results, an 
unweighted betweenness centrality graph, applying a 400 m radius, was initially 
calculated (Fig. 15.3). The results illustrate the areas of the cityscape that saw the 
greatest potential of use. Ostia’s primary street, the decumanus, has the highest 
degree of movement potential which correlates to the highest centrality measures. 
The areas of movement potential largely reflect how random movement is struc-
tured by the design of the built environment and the street network configuration if 
no other factors are taken into account. While the unweighted graph provides insight 
into the general configuration of the city for generating movement, weighted calcu-
lations begin to address the nuances of how the built environment structures move-
ment depending upon what buildings are significant for passing pedestrian 
movement.

The calculation of weighted betweenness centrality shows some variation in 
results (Figs. 15.3 and 15.4), indicating that building importance can play a notice-
able role in structuring movement directionality. While the highest betweenness 
centrality values stay relatively consistent throughout all of the graphs, variation is 
shown by the second highest betweenness value, represented by the top 40% inten-
sity of street use visualization. This provides a clear indication that building impor-
tance has a direct correlation to potential movement routes.
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Fig. 15.3 Betweenness centrality measurements following unweighted buildings, commercial 
weighted buildings, and production weighted buildings and the corresponding streets with the 
greatest intensity of use (radius, 400 m)
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Fig. 15.4 Betweenness centrality measurements following residential weighted buildings, public 
weighted buildings, and religious weighted buildings and the corresponding streets with the great-
est intensity of use (radius, 400 m)
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15.4  Discussion

A range of different movement patterns become visible through the calculation of 
betweenness centrality when applying urban network analysis (Figs. 15.3 and 15.4). 
The results, when compared to the unweighted calculation of betweenness central-
ity shown in Fig. 15.3, indicate that building functionality has a notable effect upon 
areas of movement. While the movement potential along streets can be attributed in 
part to how various buildings have been classified, the potential of the method for 
exploring questions of how building type affected areas of urban movement is 
evident.

Movement along the city’s primary street, the decumanus, has the greatest move-
ment potential within all of the weighted betweenness calculations. The western 
portion of the decumanus sees predominant use within the commercial and residen-
tial weighted calculations. The production and religious weighted graphs show the 
greatest intensity of movement occurring along the eastern portion of the decuma-
nus. When weighted by public buildings, in contrast, the results indicate a relatively 
even dispersal, which likely corresponds to the number of public buildings that are 
accessible from this street.

The Via della Foce, one of Ostia’s secondary streets, sees a substantial amount of 
likely passage. Residential and religious weighted graphs have the greatest percent-
age of potential movement along this street, while commercial and public have the 
second highest probability of use. This street’s high degree of movement activity is 
not surprising considering its connection to the decumanus and that it leads to the 
city’s river harbour that is located northwest of the excavated city.

A less consistently used street is the Cardo degli Aurighi, which parallels the Via 
della Foce. The residential weighted graph shows that this street has a high degree 
of use, which is unsurprising considering the concentration of residential spaces 
located within its vicinity. The other betweenness graphs indicate that it has some 
degree of movement potential when the calculations are weighted by both commer-
cial and public buildings. In these two examples, the street has the second highest 
degree of movement potential. Movement along the internal streets connecting both 
the Cardo degli Aurighi and the Via della Foce also occurs only when weighted by 
residential space. This provides an indication that potential movement routes can 
have noticeable variation depending upon what structures are deemed important for 
movement travelling throughout the city.

The Semita dei Cippi, which extends south off of the eastern decumanus has an 
inconsistent degree of use. All of the betweenness graphs, except for the public 
weighted measurements, indicate that this street has the second highest probability 
of use. In terms of Ostia’s commercial movement economy, this street likely saw an 
increased amount of commercial traffic since the street served as a connection 
between Ostia’s southern entrance gate and the Tiber (DeLaine 2005; Mar 2008).

The final street that sees a medium degree of use is the cardo maximus. The 
southern cardo maximus consistently has the second highest probability of use. 
When weighted by religious structures, this area of movement extends to the limits 
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of the excavated portion of the street. The northern cardo maximus sees a bit more 
variation in usage. Production and residential weighted graphs show the greatest 
probability of movement travelling towards the northern cardo maximus. This cor-
relates to the concentration of apartment buildings located within the vicinity of this 
street as well as a number of production buildings positioned near the Tiber. The 
other weighted classifications show little potential of movement travelling along 
Ostia’s northern streets. Considering the number of warehouses and storage build-
ings located along the Tiber’s edge, it is unsurprising that movement within parts of 
the northern city is limited.

The results of these different weighted betweenness centrality graphs all show 
the degree to which buildings influenced possible areas of movement throughout the 
second century CE cityscape. When compared to the unweighted betweenness cen-
trality graph (Fig. 15.3), the five weighted calculations (Figs. 15.3 and 15.4) provide 
a visual representation about how movement directionality can change when study 
is focused upon what is being passed rather than just the structure of a city’s street 
network.

15.5  Conclusion

This paper has aimed to introduce a new approach for studying directed pedestrian 
movement by applying urban network analysis to assess how building usage shapes 
potential movement areas. By moving enquiry beyond traditional approaches that 
focus upon how the construct of the street network promotes pedestrian movement, 
the calculation of betweenness centrality using building importance at a weighted 
scale shows distinct areas of movement potential. The results indicate that there is 
noticeable variation in possible routes at Ostia depending upon what types of build-
ings are most influential to pass.

The framework introduced above for studying movement intent can be subse-
quently tied to more detailed questions concerning Ostia’s built environment. 
This could range from considering how additional building classifications or the 
occupancy size of buildings effects movement throughout the city. The results 
provide a heuristic tool for assessing how different aspects of Ostia’s built envi-
ronment impact movement throughout the city, allowing different assumptions to 
be tested. At present, only one building was weighted, but future analyses can 
assess how different combined weights of building types affect the betweenness 
results. This paper has illustrated the possibility of studying how pedestrian 
movement may have been shaped by different urban factors at Ostia. The applica-
tion of urban network analysis shows significant potential for enabling new ave-
nues of research to be developed that consider the nuances of urban pedestrian 
movement.
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