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Abstract
Purpose:
The study intends to develop a digital procedure to ‘automatically’ create cycle paths compatible
with regional requirements

Method:
To achieve this goal a GIS will be used as a graphic tool to identify and assess the routes

Result:
The results validate the proposed digital approach, highlighting the substantial overlapping
between the design route and the automatically generated route

Discussion & Conclusion:
This paper intends to provide a simple, consultable tool that can efficiently and easily produce
the information required to support the design options specifically analysed and integrated in the
system

1 Introduction
Geographic information systems (GIS) are a useful and
important tool to interpret the changes made by natural or
anthropic events in specific locations. As we all know,
these systems are used to analyse the physical and
immaterial events that take place in a certain area; when
these events are turned into an interrelated and
georeferenced dataset then we can geometrically and
topologically represent space and create an integrated,
computerised and multisectoral dataset.
The interactive management of territorial information
and relative topic-specific representation means we can
control, elaborate and link all GIS data and, whenever
necessary, make alterations in order to establish criteria
that can ensure balanced development of an area or
location.
In light of the above, this paper will use ad hoc digital
representations to illustrate how a geographic information
system can be used in the management and validation of
design choices involving changes in the urban and
territorial environment. In particular, we will propose an
operational methodology to elaborate models which, by
recording and integrating location-related data and certain
ad hoc events, can create graphic simulations which will
make it possible to classify, represent and interpret a
territorial environment based on the spatial, synchronic and
diachronic relationships between its anthropic, natural and
environmental elements. This is a particularly complex
problem when the area in question has specific
environmental characteristics or when there are
monuments, archaeological sites or other kinds of
structures that act as cultural attractors which can to some
extent determine territorial transformation.
The study focuses on an area in the Municipality of
Capaccio-Paestum considered to be representative of the

issue in question given the presence of one of the most
important archaeological sites in the world and other
important tourism attractors which will be illustrated later. In
light of the above, this study will focus on the possibility of
installing cycle paths using digital procedures which
‘automatically’ create a network that can boost
development in this area and are based on specific design
choices and options1.

2 The analyzed territory
A territory or region can only be truly understood through
its history, so it’s important to outline the events which over
the years have characterised its development and
contributed to its urban and environmental identity. In this
case, the territory’s history is particularly important because
Paestum was one of the most important cities in Magna
Graecia.
The oldest findings of human habitation in this area
actually date to the Palaeolithic Age, but it was not until the
Bronze Age that extensive settlements were built, for
example the Necropolis of Gaudo with its many
underground tombs probably dug out of the limestone rocks
by populations from Asia Minor.
However we owe Paestum’s spectacular notoriety to the
Greeks for having made it an ‘open air’ museum of Greek

1

The methodological approach is developed by authors that work
together collecting their personal and specific contribution. In
detail, Barbara Messina treated about the database acquisition
and its organisation; she also edited the text in this scientific
format. Pierpaolo D’Agostino took care about the data analysis
and the GIS elaboration; moreover he made all the digital images
and thematic restitutions.
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art, renowned the world over for the beauty of its
monuments.
According to Strabo2 the city was founded by the
Achaeans of Sybaris around the mouth of the river Sele in
7 B.C. It was here they built the first fortified nucleus and a
temple dedicated to the goddess Argive Hera, the ruins of
which are still visible today. Its privileged geographical
location and rich soil boosted the city’s development and it
soon became a hub for traders and all sorts of commercial
activities. This rapid economic and demographic growth
th
made it necessary to enlarge the city: in the late 7 and
th
early 8 century B.C. a colony was founded in the nearby
area where the temples now stand, in other words at the
crossroads of the trade routes between the Ionian and
Tyrrhenian coasts.
th
However it was not until the late 6 century B.C. that the
3
new settlement called Poseidonia asserted its political,
economic and cultural supremacy over the neighbouring
Etruscan and Italic towns, probably when the Sybarites
arrived in the city after fleeing the destruction of their
homeland in 510 B.C. Poseidonia developed rapidly thanks
to the Sybarites’ wealth, life experiences and organisational
skills. The famous Basilica, Temple of Ceres and Temple of
Neptune are superb and rare examples of Doric-style
religious buildings preserved almost intact; they were all
built during this period, as were the massive town walls
considered to be some of the most majestic and imposing
fortifications in cities in Magna Graecia that have survived
to the present day. The 5 km, pseudo-trapezoidal perimeter
of the walls around the Greek city is still visible; the four
gates at each of the cardinal points and several square or
circular towers reinforce the wall structure which, as
mentioned earlier, has survived almost intact.
After the city was conquered for a brief period by the
Lucani, the city – occupied by the Romans in 273 B.C. became a Latin colony taking the name which it is now
known by: Paestum. The most important buildings and the
Hippodamian layout of the city were maintained unaltered,
but the original urban structure was slightly modified, above
all the road network and most of the public buildings4: the
Greek temples were simply ‘reconverted’ and used for
Latin divinities. The city also gained a forum, an
amphitheatre, hot baths and other buildings which turned
Paestum into a flourishing, bustling city.
Paestum was a successful city until the Late Imperial
period. Many different and concurrent reasons contributed
to its decline including the massive flooding of the River
Capo which took place around this time; the plain of
Paestum became an enormous marsh and the Roman city
was broken up into several small villages. Another reason
were the increasingly frequent Saracen raids which drove
the citizens to abandon the original site and build a new
city, Capaccio Vecchio, on the hills east of the plain. A
castle was built to protect the new settlement (the ruins are
2

This is how Strabo, a Greek geographer who lived between 60
B.C. and 20 B.C., describes the geographical location of
Paestum: “...After the mouth of the Silaris one comes to
Leucania, and to the temple of the Argoan Hera, built by Jason,
and near by, within fifty stadia, to Poseidonia..." (Geography,
book VI, 1, 1). Thanks to the absolute accuracy of Strabo’s
topographical notes, it was possible in 1934 to identify the
remains of Heraion, about 9 km from the archaeological site of
Paestum, and other minor temples around it.
3
The city was called Poseidonia in honour of Poseidon, god of
the sea, thanks to whose protection the Sybarites were able to
cross the Tyrrhenian and build the new city.
4
The Roman alterations to old Poseidonia also involved private
buildings: several sumptuous domus were in fact built during this
period.
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still visible), but it was not enough to stop the siege and
th
destruction of the city by Frederick II in the 13 century.
In the centuries that followed the city’s fame and fortune
were forgotten and the area of the Greek and then Roman
city passed into oblivion; during those same years the
Saracens plundered and raided the coastal areas near
Paestum as well as the rest of the Cilento coasts and
Southern Italy. The ruling dynasties tried to stop these
incursions by building, amongst other things, defence
towers – above all during the reign of the Viceroy; these
towers still stand today and include the so-called ‘Saracen
tower of Paestum’ in the hamlet of Licinella, a solid,
truncated cone construction with battlements accessed by
steps resting on a ‘gooseneck’ arch.
th
Forgotten until the 18 century, classical Paestum was
finally discovered by archaeologists in 1752 thanks to the
reclamation initiated by Charles III Bourbon. The
archaeological site became a ‘must see’ on the Grand Tour
captivating the many artists and literati who chose to visit it.
This is how Goethe in his book Italian Journey, describes
his arrival in Paestum: “…finally, we were uncertain whether
we were driving through rocks or ruins, then in the distance
we recognised what they were, huge quadrilateral masses,
the remains of temples, monuments to a once glorious
city… While I found a countryman to conduct me round the
temples, at first sight they excited nothing but stupefaction. I
found myself in a world which was completely strange to
me” 5.
Together with greater political and cultural awareness
sparked by the excavations, the discovery of the old city
marked the rebirth of this area: several initiatives to reclaim
and recover the area around the temples involved important
changes to the urban and rural landscape including
reclamation of the marshlands on the Paestum plain and
the construction of highway SS 18 between Salerno and
Calabria. Although the motorway was strategic in terms of
mobility, it was a poor choice from an archaeological and
conservation point of view since it crosses the centre of the
site surrounded by the old walls, cutting it in half. On the
other hand construction of the road did allow a new
settlement to gradually develop; known as Capaccio Scalo
it has slowly become the city’s commercial hub.

3 The cycle path project for the city of
Capaccio-Paestum
The imposing presence of archaeological ruins and the
pleasant geographical location6 have helped boost tourism
in this area and encouraged economic growth based mainly
on tourism and trade.
The construction of hotels, bathing establishments and
all sorts of tourist-oriented cultural activities, production
plants and commercial enterprises has turned this area into
a popular tourist destination, even for international visitors.
Many visitors come to Paestum each year especially during
the summer and the number of temporary residents
increases significantly. This inevitably brings with it an
increase in traffic in the main tourist areas.
To try and tackle the problem the local Municipal
Authorities recently decided to improve the existing cycle
path which runs chiefly along the coast; they decided to

5

J. W. Goethe, Italian Journey:1986-1988, translated by W. H.
Auden & Elizabeth Mayer, Penguin Classics, London 1962.
6
The city of Capaccio-Paestum in the plains of the Sele Valley, is
bordered on the east by the mountains of the National Park of the
Cilento and Vallo di Diano, and on the west by a sandy coastline.
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make most of their area of responsibility accessible on a
bicycle and reduce traffic on the main road network.
This decision is very much in line with the (increasingly
international) trend to reorganise transport in favour of
‘light’ vehicles that can streamline traffic, above all in cities;
one of the advantages of this approach is an increase in
the quality of life.
Having recovered its original role as a means of
transport the bicycle is obviously competitive in this regard,
not only from the point of view of health and the
environment, but above all because it is cheap and can be
used in so many ways. In recent years more and more
people use bicycles. In Italy habitual users, i.e., those who
use it three or four times a week, average roughly 13%,
while approximately 23.5% are occasional users, i.e., those
who use it not more than one or twice a week.7 These are
national averages, but figures vary significantly from region
to region, decreasing considerably in the south. For
example, in Campania habitual cyclists are only a little over
4%. This shows how much work still needs to be done to
promote non-motorised two-wheel culture.
There are many other reasons why people use bicycles:
statistics show that people use bicycles mainly in their free
time (39.5%) even if they are now starting to use it on
family business (33%), in other words as an everyday
means of transport.
Free time
Family business
Work
Study
Total

4 A digital approach: the GIS as a
graphic tool to assess cycle paths
The goal of the proposed methodology is to validate an
analytical system that can be used when it is necessary to
create or implement non-vehicular routes in a consolidated
urban environment - in particular a network of cycle paths.
The objective is to use graphic and analytical tools to make
a preliminary assessment regarding the compatibility of the
decisions taken during the design stage with several
specific urban and territorial features which inevitably need
to be taken into consideration.
To develop the operational procedure we decided to
focus on the reuse of existing pathways; we immediately
realised we needed to use vector graphics to represent the
roads in the municipality of Capaccio-Paestum. We also
decided to initially disregard the type of roads and their
geometric characteristics and vehicular use (Fig. 1).

Bicycle Other modes
39,5
31,2
33,0
29,1
24,4
33,7
3,2
5,9
100
100

Tab. 1 Destinations reached on a bicycle and other modes of
transport (percentages by Audimob)

However, in Italy the potential of this transport mode is
still underestimated: in fact bicycles are used as
transportation only by 4% of the population for longer
journeys of not more than 5 km. We should point out that
for shorter distances it’s much better to use a bicycle than a
car considering that at rush hour the average speed of
motorised vehicles is less than 10 km/h. This option has
been corroborated by several ad hoc studies which show
that, on average:
people walk up to 1 km;
cycle from 1 to 5 km;
use motorised means for more than 5 km.
However it’s obvious we have to encourage the use of
bicycles, above all by envisaging ad hoc infrastructures to
provide safe conditions for cyclists. We would like to
emphasise that this does not necessarily mean building
new cycle paths; very often it’s possible to design pleasant,
safe routes simply by slightly modifying secondary roads
with very little traffic. Good results can be achieved quire
cheaply.
Based on the project proposal by the municipal
administration of Capaccio-Paestum, this study intends to
verify (1) whether or not the cycle paths (still to be built) are
located near several attractors believed to be important in
terms of a possible urban cycle route, and (2) the possibility
to improve existing paths. To achieve its goals the study
will use digital graphic simulations generated by an ad hoc
Geographic Information System (GIS).

Fig. 1 Road network of Capaccio

The entire road network was linked to an ad hoc
database: we then inserted all road-related information8 we
thought would be useful in the future running of the system.
When we had to decide which existing roads could
potentially host a cycle path we filtered the available data
based on a road hierarchy. In particular, we decided to
exclude inter-urban and high-speed urban roads which
would have made cycle paths incompatible with vehicular
traffic because of the elevated speed limit, the type of road
and pavements, and their geometric and formal
characteristics. Similarly, we excluded smaller streets,
mainly those in private property, because we deemed them
incompatible with the construction of public cycle paths.
The remaining network involved district and local roads;
it was exported in a new shape and further simplified based
on possible pedestrian use. In particular, having assessed
the length of the roads, we excluded those which were less
than one kilometre long since this is a distance that can
easily be covered on foot. We proceeded to identify a
network which was potentially suited to cycle ‘traffic’.
The second methodological stage involved using simple
maps to identify and locate all the attractors; we divided
them according to the cultural, productive, commercial and
accommodating facilities that could ‘attract’ tourists and

7

All data in this paper were taken from statistical studies
periodically carried out by the Observatory “Audimob” on mobility
in Italy.
June 15th – 17th, 2011, Venice, Italy

8

The information regards toponymy, road hierarchy, geometric
characteristics, size, etc.
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accordingly influence road traffic in the municipality of
Capaccio-Paestum (Fig. 2). The location of these attractors
was graphically mapped using a Euclidean distance
analysis; this procedure was used to identify the catchment
area of each location.

elaborate the contour lines using the statistic technique
called kriging (Fig. 4).
The ensuing curves allowed us to analyse the slope9
using an automatic triangulation procedure based on the
points already inserted (Fig. 5).

Fig. 2 Location of the attractors

Fig. 4 Interpretation of the altimetry

Fig. 3 Distance analysis based on the attractors

In particular, as concerns the attractors, we localised all
the points within a pre-determined distance which, again in
this case, was one kilometre (limit of how far a pedestrian
can walk) (Fig. 3). By reciprocally superimposing the areas
around each attractor, it was possible to visualize the
distance within which a cycle path can be placed to ensure
that the path between locations remains unbroken and can
potentially influence the above-mentioned tourist flows.
Another important step involved identifying so-called
‘critical areas’, i.e., municipal land considered either
unsuitable for bicycles, or physically obstructed, or with
features that make cycling difficult or dangerous.
This analysis focused on two main issues:
land slope,
density of the urban environment.
Regarding the slope, the first step was to import several
points on the base maps; these points were used to
June 15th – 17th, 2011, Venice, Italy

Fig. 5 Analysis of the slopes

Having completed this procedure we decided on a figure
that represented the threshold beyond which it was difficult
to use a bicycle. This figure was 15% and corresponded to
the limit beyond which an amateur cyclist cannot easily
pedal uphill. Obviously the areas for which this slope was
higher than the threshold were not considered from the
map because they represented unfavourable areas.
Similar considerations, albeit using different spatial
analytical functions, were used to identify the critical
perimeter of the urban area.
The graphic study took into account only civil or
industrial buildings: we decided that all other building types
9

In this particular case, the slopes established using the related
spatial function are included between 0 and 82%. However we
should point out that most of the municipal region is flat, in other
words with gradients of less that 11%.
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(rural farmhouses, greenhouses, temporary constructions)
had a limited impact on cycle paths, either because they
were small in size or because their location did not create
dangerous vehicular traffic intersections (Fig. 6).

At the same time, the map showing distances between
the attractors was transformed into a vector shape using a
series of points.

Fig. 6 Mapping of civil and industrial buildings

Fig. 8 Representation of the critical areas

Fig. 7 Analysis of the kernel density of the built-up areas

Fig. 9 Shape of points from the analysis of the attractors

By analysing kernel density, we were able to establish
where the buildings were located and the areas in which
the urban fabric tended to be denser; these areas were
considered comparable to critical areas and were
extrapolated (Fig. 7).
At this point we decided to pool the information
elaborated so far; using an automatic procedure created by
the GIS we identified the stretches of road that could be
used by cyclists (albeit taking account of the critical and
unusable areas) but were also well-positioned vis-à-vis
regional attractors (Fig. 8). This meant we also needed to
create a buffer around the viable cycle paths10 and
establish the width of the buffer.

This allowed us to overlap the latter on the road buffers
and extrapolate the points inside or on the edge of
perimeter of the buffers, i.e., those located inside the road
network potentially chosen to host a cycle path only
according to its characteristics (Fig. 9). We eliminated from
these points all those in critical areas; as a result, taking
into account the unfavourable conditions described earlier,
the only remaining mapped points indicated areas
considered appropriate to the purpose (Fig. 10). Using
automatic procedures this points set was then turned into a
linear graph which we used to establish the routes
compatible with cycle paths based on the formulated
hypotheses and subsequent studies. The cycle paths
established using the above procedures were then
compared with the draft network drawn up by the municipal
office to validate the success and efficiency of this
operational methodology.

10

We decided to assign a value of constant width, equal to 10 m,
to the road buffers in order to create continuous linear buffers
around the roads selected. This overall measurement is equally
divided compared to the road network.
June 15th – 17th, 2011, Venice, Italy
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(Triangulated Irregular Network) is created and this
ultimately determines the maximum slope of the
planes. Since the contours for the roads refer only to
the centre-line, the software considers as critical uphill
routes for which it does not calculate the real slope,
something that can be calculated only if more detailed
surveys are carried out compared to the roadside.
Another ‘automatic’ break in the route was the
coastline because of the density of the built-up area.
Indeed, although the route designed by the
Municipality passed through critical areas, it veered off
from the existing road network with its many
dangerous intersections and followed a route through
the pine forest located between the sea and the
houses.
These differences or discrepancies do not invalidate the
methodology, but in some cases actually corroborate the
accuracy of the indications automatically generated by the
system.
Fig. 10 Cycle paths compatible with the analyses

5 Conclusion
The results appear to be very interesting insofar as they
confirm the validity of the digital approach used to
‘automatically’ create the cycle paths in question. The two
networks coincide to a large extent, except in a few areas
which were then examined to discover the reason behind
the discrepancy. In essence, differences depended on
three emblematic situations described below:
1) to make the project quicker and more economical, the
network created by the GIS tends to privilege the
reuse of existing roads. This network does not always
overlap with the route envisaged by the Municipality. In
fact in some areas even though we identified several
existing roads as being suitable, the planners
preferred to create completely new routes rather than
use them. This is probably due to the discretion left to
planners which allows them to choose between
several valid alternatives and select one based on
their own choices or preferences;
2) compared to the location of the attractors and
considering all other options, the study showed that
certain parts of the existing road network which we
believed to be suitable, were in fact excluded by the
municipal administration. This could depend on a
different approach to the problem or different input
data. In fact, the instrumental study used a series of
attractors as hubs around which the traffic could
potentially flow; these attractors were divided into
categories, but were in any case considered of interest
to ‘tourists’ (in other words users not necessarily
resident in Capaccio). This assessment was based on
earlier considerations according to which people use
bicycles above all in their free time;
3) where there were discrepancies, the routes identified
using the digital procedure were slightly discontinuous;
instead in the same places the planners routes were
continuous - for example in an area eliminated
because believed to be too slope, but where a cycle
path could actually be created by following the
orography. The reason for this discrepancy depends
on the procedure used by the software. In fact, the
process that automatically creates the slope of the
analyzed area takes as its input data the contour lines
established by the aerophotogrammetric survey. A TIN

June 15th – 17th, 2011, Venice, Italy

Fig. 11 Overlap of the designed route and GIS-created routes

Finally we should point out that the study was carried out
using a ‘standard’ platform for the elaboration with the
software. In other words, a system capable of managing
and analysing all kinds of spatial relationships between
elements in the system’s database. However normal
topological analysis of data was graphically controlled to
ensure rapid visualisation of the results. As a result,
although we did not intervene or modify the software
programme, we were able to provide less expert users with
a tool which was not only simple to use and consult, but
could also efficiently and easily produce the information
required to support the design options analysed and
integrated in the system.
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