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ABSTRACT

Situations of heavy and congested traffic in urban areas have been analysed by using a statistical approach based on
both the identification of specific locations that attract drivers in a multipoint-to-multipoint traffic structure and their
classification (attractor’s value) as a function of the number of people visiting them by car in different time ranges. By
using a Kernel Density Estimation (KDE) function, attractors’ distribution density values have been estimated and then
integrated with nodal and critical traffic points and traffic density in a“congestion” map. Finaly, cross-comparing con-
gestion values with the location of buildings, the road network and the Corine Land Use/Land Cover environmental
classification, a “Quality of Life” map has been generated. The authors use this term because the congestion of traffic
flows, with al the problems that it entails (such as long travel time, air and acoustic pollution, and so on) isagood in-
dicator of the quality of life, especially in small towns. Results show that this type of “off-line” analysis would allow
administrators to identify, quickly and at low cost, areas where citizens' quality of life is most affected by traffic noise

and jumps and, hence, to focus costly ground measurements and interventions primarily there.
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1. Introduction

The observation of vehicle traffic around and in abig and
modern urban area is instrumental in describing a very
complex situation that often turns into chaos, where data
from ground measurements vary quite widely in direction,
quantity and time in anon-linear and scarcely predictable
way. In order to study the problem, often a measurement
campaign is organized along road axes through flux
counters positioned in strategic locations for long periods
times. This methodology implies not only the positioning
of instruments (hence, their unavailability elsewhere) but
also high expenditures for data analysis; therefore, this
action is implemented only for the most important roads,
ignoring traffic areas that, by contrast, have a higher
synergetic impact on the overall road network. Moreover,
the analysis of collected data is often summarised in flux
simulation models through sophisticated mathematical
concepts, such as “cellular automata’” that refer to studies
by Von Neumann and S. Ulm [1] or to kinematic waves
with the LWR model [2,3]. Other authors are trying to
study the traffic system from the point of view of “Ori-
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gin” and “Dedtination”: then, these fluxes require an
“Origin” and a “Destination” into the urban aress, re-
ducing the modelisation to just a time-space-speed flui-
dodynamic analysis, which can be surely applied to
fluxes of daily commuters. However, when considering a
typical urban sprawl environment where origins and des-
tinations are very many, studying fluxes becomes com-
plicated and both the destination choice probability for
each vehicle and the vehicle percentage from one origin
to each destination are determined through historical se-
ries derived from an original OD matrix. The choice of
destination of each vehicle is normally done by using the
Monte Carlo method [4].

In addition, this type of methodology requires an im-
portant effort in energy for studying, time and money
that are not always available: for this reason knowing in
advance where to place the tools and to focus the study
could lead to significant savings. In this case, a situation
of very high urban fragmentation occurred in the metro-
politan area of Rome (Italy), for which this work was
meant to help in solving the problem of estimating and
knowing the traffic flux phenomenon through an indirect
and very cheap approach by using the geographical
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information system technology.

2. Study Area

The volcanic area of the so-called Alban Hills has been
considered. Located South-East of Rome (Italy) (Figure
1), this area of around 60 Km?2 includes the urban suburbs
of Rome and the two adjacent municipalities of Frascati
and Grottaferrata (Figure 2).

Between the big city and the two municipalities there
is an intense flux of local and intercity traffic inside a
complex road network that is based on two main axes:
the Tuscolana and the Anagnina roads. The entire area
between Rome and the surrounding municipalities is
densely built and nowadays urbanely connected without
interruption [5]. Upon demand from the interested mu-
nicipalities, some years ago studies were performed on
traffic fluxes, but were carried out without direct data
measurements, or else with measurements made only for
main roads; those studies did not take into account the
heavy local traffic that hinders the flowing of the cross-
ing traffic.

Lake Albano

e St

3. Data

This work has been carried out at ESRIN, the establish-
ment of the European Space Agency (ESA) in Italy, lo-
cated in Frascati, near Rome, by using ERDAS/IMAG-

Figure 1. The Alban Hills volcano near Rome (Italy), with
the municipalities of Grottaferrata and Frascati (red
square); Image ALOS AV.2 July 2007, ms (multispectral) +
pan (panchromatic) RGB 3, 4, 2.

Figure 2. Municipalities of Frascati (orange contour) and of Grottaferrata (red contour); Orthophoto, August 2008, MS

(multispectral), resolution 0.50 m.

Copyright © 2012 SciRes.
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INE 9.1 and GIS ArcInfo 9.2 data processing software in
order to perform the analysis of satellite images, ortho-
photos (Table 1) and cartographic maps. Cartography is
based on a mosaic of 21 sections of the 1990 Regional
Technical Map (CTR-Carta Tecnica Regionale). Both
images and maps are projected in the UTM geographic
system, 1924 international ellipsoid, 1950 European da-
tum.

Information drawn from satellite images, orthophotos
and maps has alowed the generation of a series of vecto-
rial images, such as:

e Landuseand cover (at 1:10.000 scale);

e  Map of Environmental Qudlity (at 1:10.000 sca€);

e  Buildingsin the two municipalities;

e  Municipal and inter-municipal road network.

In the land use and land cover classification, territorial
homogeneous units have been considered according to
the Corine Land Cover 2000 legend, with the V level for
natural areas and with a minimal cartographic unit of 500
m? for urban and semi-natural areas and of 300 m? for
natural ones [6]. This feature class has been reorganized
in eight classes of environmental quality, with values
from 1 to 8 (Table 2), on which the calculation of the
Index Landscape Conservation (ILC) is based.

ILC isanindex of landscape ecology, which expresses
the conservation status. Its value varies from O (=areas
with highest level of anthropic presence) to 1 (=areas
with highest level of natura conditions):

A
ILC =1- [A—J 1)

max

where:

A=(>"x)-100; with x = cumulative percentage area
occupied by the i-th category and i = number of classes
of environmenta quality;

Amax isthe highest value that 4 can reach. In this case,
there are eight classes and A, = 700.

Finally, data concerning the attractors were obtained
from ISTAT publications, documents of the Chamber of
Commerce of the Province of Rome, telephone White
Pages books and Google information via Internet.

4. Methodology Applied and the Results
Obtained Step by Step

The problem of missing measured data has been resolved
by designing a geographic information system (GIS)
based on an indirect methodology centred on traffic “at-
tractors’ through density measurements and traffic con-
gestion and quality of life indicators.

An “attractor” is intended to be any point of a complex
network that draws traffic fluxes: malls, schools, offices,
shops, and so on; that is to say, points in aterritory that
attract a certain number of people with vehicles (esti-
mated with a scale [weight] from 1 to 10) in specific pe-
riods of the day, calculated in total amount of hours.

Table 1. Satelliteimages and aerial photo used in this study.

Image Platform Band Resolution Acquisition
Ikonos.img Ikonos MS+ PAN 1m 2005
Quickgpsitif QuickBird MS+ PAN 0.61m February 2002
Spotresm.tif SPOT 5 MS+ PAN 5m July 2002
ALOSAV2.img ALOS MS + PAN 10m July 2008
Kompsat.img Kompsat MS+ PAN Im August 2008
Orthophotocast.tif Aeria photo MS 0.50 m August 2008

Table 2. The eight classes of environmental quality used in this study.

Environmental Quality

Class number Description
Classl Urban texture and road network
Class2 Urban green, nurseries, continuous olive groves and vineyards canopy
Class3 Orchards, _pastures, agricultural complex pattern zone, olive groves mixed with vineyards,
rows of olive groves and rows of vineyards
Clas4 Discontinuous olive groves
Classb Natural grasslands and uncultivated areas
Class6 Groups of trees outside forests and shrubbery in evolution
Class7 Chestnut, pinewood and mixed forest of conifers and hardwoods
Class8 Oak woods and deciduous forests

1
2

o N o o b
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In the study area 259, attractor points have been iden-
tified by making use of authors persona knowledge of
the area and of ISTAT publications, Google maps and,
more generally, with the help of commercia internet
databases.

Calculations have been made over 24 hours, but with
an analysis over atotal or a sum of hourly fluxes on the
basis of the observation of the attractor type. For exam-
ple, in Italy a high school with 1000 students causes a
non trivia traffic problem, with repercussions in a big
area. These schools can “attract” teachers, parents and
students, but only at certain hours: the first part of the
morning and at the end of lessons, with repercussions on
the traffic during a total period of up to 3 hours; hence,
these “3 hours’ have been assigned the maximum weight
of 10 (traffic congestion).

Therefore, the value 7 of an attractor has been calcu-
lated considering the product of its weight (heavy or
congested traffic) multiplied by the total of associated
hours of these specific traffic conditions, as follows:

V=vPxT 2

where P is the weight related to the traffic conditions,
hence to the number of people involved, and T the asso-
ciated total traffic period in hours.

In the case of the school mentioned above, the value of
this attractor is 5.4, that is to say the square root of the
product of 3 hours for the maximum value of 10.
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It has been possible, then, to make use of the Kernel
Density Estimation (KDE) function, which provides the
estimate of a punctual phenomenon by generating a sur-
face from a cloud of points distributed in a region of
space. This function weights the values selected within a
sphere of influence as a function of their distance from
the point where the intensity is estimated [7].

The density or intensity of the attractors distribution
in the point s can be defined with the following equation:

A0) =X

T

©)

where A(s) represents the estimate of the distribution of
points measured in the point s, s; is the i-th event (value),
k the Kernel function and 7 the threshold that permits to
obtain more or less rounded surfaces.

The function KDE applied to the attribute “Value” has
provided the result visualized in Figure 3.

Then, the resulting grid file has been vectoralized,
considering its 10 density classes. From Figure 4, it's
possible to see that the distribution of KDE depicts the
main road linking the towns of Marino (south-west of
Grottaferrata), Grottaferrata and Frascati (Figure 4).

Besides the attraction points (attractors), traffic nodes
have been considered, that isto say all those nodal points
like simple crossings, crossings with lights (example
“Crossroad o) or roundabouts (example Squarciarelli),

FID Shape * Id tipo genere peso | ore | valore
226 | Paint 0 |centra anziani aftivita' associative 3 8 4.899
227 |Point 0| zcunla inglese privata =cuola 10 3 3477
228 Paint 0 |%illa Metcedes Hotel 2 2 2
229 |Point 0 |area commerciale mercato diffuso [ 3 6.925
230 | Paint 0 azilo nido =cuala 10 3 5477
231 |Point 0 |area commerciale mercato diffuso 5} g 6.928
232 |Pairt 0 | studio dertistico servizi privati El g £.325
233 |Point 0 |Hatel Flora Hotel 2 2 2
234 |Poirt 0| Willa Graziol Hotel 2 2 2
235 |Point 0 |Hotel-ristorante Squarciarelli Hotel 2 2 2
236 |Poirt 0 |Locands dello Spurting Huotel 2 2 2
237 |Point 0| Autozcuola Di Biagio Autoscuola 2 2 2

3 238 |Point 0 |area commerciale mercato diffuzo B g 6928
239 | Paint 0| Scuola Materna & Media via Garibaldi =cuala 10 3 2477

240 | Paint 0 Scunla Elementare via Roma =cuola 10 3 5477

241 |Paint 0| Castelli International school =cuala 10 3 5477

242 |Point 0| Divina Prowvidenza mat. elem =cuola 10 3 5477

243 | Paint 0|Tecn. Comm. Yills Dusmet =cuala 10 3 5477

244 |Paint 0 |Little Genius inat. inglese) scuala 10 3 5477

245 |Pairt 0 |The School on the Souare altre scuole 2 4 2.828

246 | Point 0 Liceo Scientifico 5. Giuseppe =cuola 10 3 3477

247 |Pairt 0|ITC 5. Giuseppe souola 10 3 5477

245 |Point 0 |Liceo Artistico 5. Giuseppe scudla 10 3 5477

248 | Paint 0 |asilo-materna Fantazoo =cuala 10 3 5477

250 |Point 0 |asio Papero Azzurro scudla 10 3 5477

251 |Paint 0|aszilo La Frecciazzurra =cuala 10 3 5477

QA 252 |Point 0 |Accademia Neoclassica (danza) impiarto sportivo 2 5 3162
253 | Paint 0| =cuola di musica Mote Blu altre scucle 2 B 3162

@ 254 |Point 0| Studio Dance Theatre altre scuole 2 a 3162
255 |Paint 0| Teatro il Giarding Segreta testra 2 2 2

256 | Paint 0| =zcuola di musica Viva Musica altre scuale 2 ] 3162

257 |Paint 0 |zcuola materns Regina Apostolarum Foudla 10 3 2477

255 | Paint 0 |Liceo Classico Benedstto XY =cuala 10 3 2477

259 |Point 0 |area commerciale & servizi Roma Tuscolano 10 10 10

Figure 3. Left: Attractors (blue dots) and the distribution of the Kernel Density (red = max density and green = min density)
for the municipalities of Frascati (in the upper part of the figure) and Grottaferrata (in the lower part). Right: Table of at-
tributes, in which for each attractor areindicated: type, kind, weight, timein hoursand Kernel density value.

Copyright © 2012 SciRes.
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Figure 4. Left: Attractors (fuchsia dots) identified in the study area. The size of attractors depends on their value. Right: the
relative Kernel Density values. Both theimages are drawn on the CTR.

where the vehicle flux is slowed down according to val-
ues of afield “class’ from 1 to 10, where value was de-
termined for the highest slowdown in al directions. Thus,
28 nodal points have been introduced in the study. Val-
ues of these points have been interpolated by applying
the IDW geostatistical function and creating another grid
surface, which has been then vectoridized. IDW is a
technique of interpolating a surface using an inverse dis-
tance weighted. The inverse distance weighted method is
based on the weighted average of the scatter points with
the weight assigned to each scatter point that diminishes
as the distance from the interpolation point increases.

Traffic density (Valkpe) and the dowing down effect
due to nodes (Valnope) have been added together in order
to create a new value field call “congestion” (C), for
which:

C =Valpe +Valyope 4

The term “congestion” is meant to describe the in-
crease of traffic generated by the density of the attractors
and the dowdown effect due to the nodes. The result isa
map, more complex than the one resulting from Kernel
Density analysis, but that better reflects the reality of the
study area: in fact, there are significant values of conges-
tion outside the continuous urban fabrics and their sur-
rounding areas (Figure5).

At this point, using the GIS intersection functions,
cross-comparisons have been made among congestion
values and:

1) Road network;

2) Land cover and land use;

Copyright © 2012 SciRes.

3) Buildingsin the area.

Thereby obtaining a map of the most congested roads
and of the buildings most exposed to vehicular traffic
pollution and noise, classifying them in a colour code
from green (min) to red (max).

1) The comparison of the CTR (generated in the
1990's) with the most recent satellite imagery shows that
the primary road network has remained relatively un-
changed, whilst the area has been affected by a strong
urban growth according to the pattern of urban sprawl
(Figure6).

2) Through a cross-comparison (intersection) of con-
gestion values (C) with values of the eight classes of area
environmental quality, defined by land use and land
cover (Gullotta 2010), a shapefile has been generated, in
which areas with different levels of anthropic inconven-
ience have been identified, that is to say urban zones at
different Quality of Life (QL). The indicator QL com-
bines state of conservation of the landscape with the val-
ues of congestion of traffic flows, asfollows:

OL =(ILC, +ILC,)~C ()

where ILC; represents the state of landscape conserva
tion in the municipality of Grottaferrata and /LCr repre-
sents the state of landscape conservation in the munici-
pality of Frascati. These areas, too, have been classified
with a colour code from green to red (Figure 7). There-
fore, the calculation of the QL parameter offers an addi-
tional level of information. In fact, the highest values of
congestion substantially correspond to areas with low
values of environmental quality; however, areas with

JGIS
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Figure 5. Left: nodes (red dots) identified in the study area on the CTR. The graphical size of the attractors depends on their
KDE value. Right: the“ congestion” values.

& 5 A I N
dflarcia¥lr 5

Figure 6. Classification of roads as a function of traffic congestion (red: max; green: min).
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Crossroad a

Figure 7. Cross-comparison between land use/land cover and traffic congestion coverage; zoning based on human distur-

bance dueto thetraffic flows (red: max; green: min).

higher environmental quality but located around areas
with high values of traffic congestion will certainly be
impacted by this phenomenon more than areas with the
same environmental quality but which are far away from
the red traffic congested areas.

The same analyses were carried out considering only
the buildings of the two common objects of study. The
buildings were classified according to the values of con-
gestion through a colour code from red to green (red =
max congestion; green = min congestion). In Figure 8
are clearly visible in red buildings that undergo major
disturbances due to traffic congestion, in terms of high
travel times, air pollution and noise.

The analysis of the congestion values indicates that
areas with most traffic are those along the way Marino-
Grottaferrata-Frascati with a nodal point in Squarciarelli,
and the “Crossroad ¢, which is, however, located off the
above mentioned Grottaferrata-Frascati link.

At this point, a good indication of where to place
measuring tools for a more complex and detailed analysis
has been found.

5. Conclusions

The indirect method adopted in this study exploits the
potential of Geographic Information Systems, which al-
low to obtain, for a given area, arange of information at

Copyright © 2012 SciRes.

different levels. Calculated data is very close to the real
situation. Results of this study revea a situation quite
common in small towns in the Lazio region. These are
municipalities that have endured over the last twenty
years a major building expansion, often even illegal and
without agood municipal plan.

In most cases, as in the case of Frascati and Grottafer-
rata (Figure 9), the main roads have remained the same
as fifty years ago, while the urban texture has increased
fivefold, and the road network converges in the same
nodal points with an increase of both traffic and conges-
tion. Obvioudly, the indirect method used in this study
does not provide data as accurate as those obtained with
the classical direct measurements of traffic flow, and it is
not intended to replace it. On the contrary, it is supposed
to be useful for getting a general idea of the traffic flows
in a given area by identifying the critical issues at low
cost.

In actua fact, this is enough to enable administrators
to plan interventions and allocate resources minimising
the risk of wasting them in unnecessary or low priority
actions.

Finally, studies like this one may be preliminary to
planning or optimizing a possible campaign of direct
measurements. The results obtained are very important,
not only in terms of knowledge of the congestion patterns,

JGIS



E.LORET ET AL. 501

2 B RS [P
0 5" g ol ;
2 WY Syt ‘
o B T G
‘7.:" o & 4 (TN PR
- = 10 -
ety ) 'T&%@M &
ey o WS
“ieepis 1 <

g
s
b, 5
&

Y

Crossroad a

.a &

Yty -4
R L

' °=4,Sg€uaruar

S e
elli’
2 ”

Figure 8. Classification of buildings in the municipalities of Frascati and Grottaferrata according to the values of the “ Qual-
ity of Life” indicator (red: bad quality; green: good quality).
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Figure 9. Classification of buildings and streetsin the Grottaferrata municipality (Squar ciarelli area) according to the values
of the “Quality of Life” indicator and street congestion (red: bad quality-high congestion; green: good quality-lower conges-
tion).
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but aso in terms of urban re-qualification and, thus, of
planning for a better quality of life for the citizens. An
operational GIS of this type should be a key tool for local
governance for any administration!
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