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1 INTRODUCTION

Transportation and sustainability are two intedidiphenomena in the city. The transportation sestor
one of those enabling sectors that offer a sigaifiaccontribution to economic progress and the apati
differences therein. At the same time, it also gates adverse effects in terms of negative extéiesl
such as air pollution, noise, fatalities and dexlin land use quality. Consequently, to develop a
sustainable transportation policy, it is of greaportance to understand the forces at work andsess
the complex relationship between land use, acdégsdnd urban development. Any statement on urban
sustainability would have to include the transpavtasector and urban land use.

This paper aims to extend the results of a prevatudy about the influence of accessibility on arba
development (Borzacchiello et al., 2007). In thegioal study, the impact of the proximity of
transportation infrastructure on the presence eflihilt environment was investigated by means of a
logistic regression approach (Kleinbaum and Klgi@02) using a geographical basis of raster grids
concerning four Dutch cities (Amsterdam, Rotterd&strecht and The Hague). The empirical results
obtained showed that it is possible to explainhwsitifficient goodness of fit, the presence and size
built-up areas by means of simple accessibilitycatbrs, such as the distance from major transponta
infrastructures and the localization charactedstidthin a particular urban area (e.g. the sphdre o
influence of airport noise, restrictive land-usarg). The methodology used also gave the posgitilit
identify distance thresholds, beyond which theuiafice of the transport infrastructures concerneub is
longer significant to explain the presence of ngdybilt-up areas. This result is particularly uddfu
studies which involve the analysis of accessibilitglicators to explain the impact of transportatamn
land use (Koomen et al., 2007).

There is, however, a need for a more compreherasiatysis, because the previous study did not take
into account socio-economic variables. In this pape aim, therefore, to further investigate thadigt

of that methodology, by applying it to an Italianse study (the city of Naples), and selecting as
accessibility indicators not only Euclidean distsicbut also a socio-economic opportunity-based
accessibility indicator. The outcomes will tell whether it is worth spending efforts retrievingaage
amount of data to try to explain the same phenomevith different independent variables, or whether

is enough to consider only Euclidean distances @soa&y for accessibility indicators. The paper is
structured as follows: Section 2 provides an owewof the most common accessibility measures, in
particular those measures used in this study. dti®e3 the authors’ own approach is outlined, e
Section 4 the statistical results are compared wigipect to the three accessibility measures ceresid
here. Finally, Section 5 draws conclusions andcaugis further research issues.

2 OVERVIEW OF ACCESSIBILITY MEASURES

This study aims to use already commonly employezkssibility indicators, rather than find a new
accessibility indicator. In the current literatuneany studies deal with the definition of new asdabty
measures (a new approach considering, for exardaily, activity schedules can be found in Ettema and
Timmermans, 2007), and it is possible to find savgood reviews as well (Reggiani, 1998; Geurs and
Ritsema van Eck, 2001; Geurs and van Wee, 2004).tfEditional account of accessibility indicators,
which identifies in the indicator a transport, adause, a time and an individual component, defines
different measures, depending on the importan@acii component in them.

In each of the above review studies, it is cleat the definition of the accessibility concept ahd
choice of the relative measure depend on the pdatistudy context.
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In our case, as we want to investigate the infleasfcaccessibility on urban development we cameefi
accessibility as the ‘possibility to reach trangpirastructures from a built-up location’.

The most common classification of accessibility suras (Geurs and Ritsema van Eck, 2001)
identifies three main categories: infrastructuredah activity-based, and utility-based measureg Th
infrastructure-based approacinvolves the calculation of the transportationtegss performance. The
activity-based accessibility measuresainly tied with the spatial distribution of adties, include (i)
simple distance measures; (ii) contour measuresgthount of reachable opportunities within a given
time or space); (iii) potential measures, which bora factors related to the transportation systech a
factors related to the socio-economic system, deioto explain the potential accessibility to diéfiet
kinds of opportunities (jobs, services, and so ¢ii);measures obtained using the balancing faaibes
spatial interaction model, in order to take inte@mt competition effects between different locasio
(Wilson, 1971); (v) measures which involve tempoaspects, which consider the activities that
individuals do at different times of the day. Thglity-based measureBnd their roots in economic
theory and consider accessibility as an indicagsivethg from the maximum utility that a particuleind
of individual obtains from the transportation ahd tand use system.

For further insight into the different measureg fresent authors refer to the above-mentioned stud
(Geurs and Ritsema van Eck, 2001), which providesrg detailed state of the art and discusseshior t
advantages and disadvantages of each measure.

In this paper, we want to explore the relationshgtween accessibility and urban development by
means of a methodology based on available geogralplind socio-economic data organized in spatial
grids as inputs of a multinomial logistic regressinodel. Because of the huge amount of data indolve
we are interested in finding an as simple as ptessibcessibility measure which involves minimum
computing efforts, but gives good results in thedslo For this reason, we selected two kinds of
accessibility measure in order to test the approsei in the previous study (Borzacchiello et200Q7)
with different accessibility indicators. The sekttaccessibility measures are:

» distance measure, operationalized as Euclideaandiss of built-up areas to the main urban centres
and infrastructure points and lines;

e a potentiality measure, to consider not only vdeabrelated to localization and transport
infrastructure characteristics but also socio-eaunovariables.

The first measure is obtained calculating Eucliddatances from the source infrastructure, to the
centre of each of the surrounding built-up cells.
The second one involves a formulation based omvieknown equation:

A :ig(Wi)Df(Cu) O] (1)

where A is the accessibility of zone g(Wj) is a function of the activitie®/ in j; andf(C;) is a function
of the impedanc€; to reach fromj. As anticipated, this formulation belongs to thenfly of potential
accessibility measures (or gravity-based measseesGeurs and van Wee, 2006, Dong et al., 2006), an
measures the accessibility of opportunity in zoteall other zones (n) (Geurs and van Wee, 200.
formulation above considers mutual influences antbegopportunities of the zones of a study area.
Although several complex formulations of thendf functions have been proposed in the literature, in
our case we will use as the opportunity measuratimeber of jobs in the built-up cell concerned, asd
the impedance measure the Euclidean distancesedeéibhove. In this way we can combine in this
measure both physical variables which derive fromposition of the built-up area we are considering
and the opportunity which that particular built-aea offers to people willing to localize theiridesce
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potentiality. In our analysis, we will not take anaccount mutual influences among the differenit a#f
the study area, thus discarding the sum. The difovenulation is:

A, = Jobs " 0 )

where A is the accessibility measure of the c¢edlith respect to the infrastructupeJobs is the number
of jobs of the cell; and d; is the Euclidean distance between theicafid the infrastructure

Clearly, the basic potential accessibility measwae some limitations (e.g. it does not take intmoaat
individual behaviour) (Geurs and Ritsema van E€Q1J. But because of the particular aim of thislgtu
which does not involve competition effects amongarfunities, and because of the particularly dedai
geographic scale chosen (25x25m grids), it seeasorable that these limitations can be ignored. The
choice of a unitary parameter of distance detegesexplained by the fact that this is an expltosat
study in which we want first to determine the weitlrat the simple variables have in explaining arba
development. Once we have obtained results comfgritiat the potential measure is better in expigini
urban development, we can then start to investigdieh particular potential measure is best, by
calibrating the exponent value. This will be furtb@tlined in Section 3.

3 METHODOLOGY

The case study used in our analysis concerns thefctNaples, in Southern Italy. Geographical data
organized in an ESRI software based geo-databaskai® derived from national data sets (ISTAT,
2001) and commercially available datasets (Tel@aAtNorth America, Inc., 2006). The input data for
each case study represent (in brackets the shape géographic data set):

» the area of interest (chosen with the criteriothef minimum bounding rectangle applied to the city
borders);

» the buildings (spatial polygons)

» the railway stations, including the Intercity stais (spatial points);

» the highway exits (points);

» the highway lines (represented by their surfaca argolygon);

» the railway lines (polygon);

» the location of the city centre (point);

» the areas subjected to noise influence from Capotbcairport (Mennitti, 2005);

» the areas subjected to environmental protectiocuipsent urban plans.

Such input data are processed, according to thbauelogy, whose full explanation can be found in
Borzacchiello et al. (2007), and overview of whislgiven in Figure 1.

FIGURE 1 ABOUT HERE

In order to investigate the influence of accessjbiineasures and context characteristics, our apati
representation employs continuous and binary visabelating to urban development, which is
explained by a binary variable which assumes aevaluO or 1, depending on whether there are non-
built-up or built-up areas, respectively. Then #bgi regressions will be performed, since this is a
particularly suitable technique for this kind oftala
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The binary variables are geographically represehtedaster grids at a scale of 25 by 25 metres. In
addition, the study tries to define the distanaeghold beyond which the influence on the presehee
built-up area of that particular transport infrasture becomes negligible.

As indicated in the introduction, the following gsewere carried out:

* preparatory analysis and retrieval of data;

* rasterization of vectorial data;

» calculation of Euclidean distances;

» calculation of accessibility indicators accordingarmulation (2);

» logistic regression using as explanatory variabtesitext information, and three alternatives,
accessibility as Euclidean distances (case A),ssdo#ity as Euclidean distances, with the addition
of an “opportunity” variable, represented by thenter of jobs per cell (case B), and accessibikty a
a combination of the opportunity measure and degariCase C);

» Comparison and discussion of results related tontleeel’'s goodness of fit statistics and to the
distance threshold that it is possible to recogfiaen the analyses.

Tables 1 and 5 contain a list of the variablesetiogr with their definition and description, foetthree
cases described above. The choice of distancehtiicesvas made by considering the independent
variable not as continuous variables, but as catesgjoones, that is, classifying them as individual
segments of 50 metres, from 0 to a distance thlést8000 m) determined with a trial and error
approach; above that threshold, the influence aif plarticular infrastructure on the presence afii-bp
area is considered to be negligible. The distam@shold of railway stations is not included, beseatihe
results of the logistic regression using the distaftom railway stops as categorical variables werte
all significant enough.

In the next section, the results of the logistgression analyses for the different cases are ipiese

TABLES 1, 2, 3, 4, 5 ABOUT HERE

4 COMPARISON OF RESULTS

4.1 Accessibility asa Euclidean distance (Case A)

The use of Euclidean distances as accessibiliticators leads us to a direct comparison between the
case of Naples and the Dutch cities previouslyyemeal (see Tables 2, 3 and 4). In the current dadg,s

the goodness of fit statistics are comparable eéabst similar Dutch case, that is, the city of Hague
(from Table 4 we see that the areal extent of these cities, both located near the sea, is rather
coincident). On the basis of the elaborations peréal, there are analogies between Naples and The
Hague (this could also be due to the similaritglofpe and dimensions of the area of interest, @srsh

in Table 4). The tables relating to the case of lB&plo indeed show almost the same values for the
binary variables: we expect ef(to be lower than 1 for the binary variables iweaadl, that is, the
Capodichino airport influence and environmentainplariables, because it is most unlikely to find a
built-up cell within those areas. However, althowgh expect exfff) to be lower than 1 but increasing
with the distance when categorical for the varialklway polygon and road polygon distances, beeau
we expect urban development near those infrastegtibut not exactly next to them, these expectsitio
are not confirmed from a logistic regression perfed on the corresponding categorical variables of
Naples (whose values, all higher than 1 in theig@mt cases, are not reported here for reasons of
space). The explanation for this trend could be ith¢éhe Italian city the built environment is veriose
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to the highway and railway, not having been subjeca systematic regulation. Similarly, while we
expect exd§) to be higher than 1 initially increasing then @&sing for the variable highway exits, we
see that the trend behaves in the opposite wayisfdherefore that it is unlikely to find built-lgreas
near highway exits. Hence, looking at the resultsthe logistic regression performed using only
categorical variables (Table 3), the Naples casevshsome similarities to the Dutch cities, perhaps
related to resemblances in the physical distrilutid buildings recognisable in areas with the same
extent, and, particularly, with the same form (s&e,, the presence of the sea in the case of Huth
Hague and Naples). But the outcomes of the appredth categorical variables are different, as
explained before, and this also concerns differemtehe definition of distance thresholds (seel@ d@.

In Table 3, some of thg values for the different case studies have a macuhlue, different from the
usual ones. This happens especially for the citRatterdam and its variables representing the rtista
from railway stops, and this trend could be intetpd by considering the localisation of the railway
stations (all on one side of the river). Regardimg positivef value for the variable distance from the
city centre of the city of Utrecht, this may beateld to the presence of the railway polygon passing
directly through the centre of the city. Instedw fluctuation of3 values for the variable distance from
the railway polygon of the different case studieald be again due to the influence of other inteiveg
variables. Figure 2 presents the predicted loadlipeobabilities as they result from the logistic
regression with continuous variables, for the adddaples (case A).

FIGURE 2 ABOUT HERE

4.2 Addition of an “opportunity” variable (Case B)

Before using a combined accessibility indicatorisiinteresting to see whether it is possible tche
some better results by involving in the analyses@o-economic variable, represented by the nuraber
jobs in each cell, as a further variable descrililmg attractiveness of the area (known as potéwtial
variable). In order to explore the influence ofsthirther variable, together with the others emetbin
case A, a similar logistic regression was performedding to the outcome shown in Tables 6 and 7.
Perhaps not so surprisingly, the goodness of fietser than in all the other cases, while theritistion

of the model coefficients is largely similar to eas, with a high level of significance. The same te
said for the logistic regression performed withegatiical variables, which led to the definitionrobre

or less similar distance thresholds (Table 9). €fmgcomes show therefore that the model wouldeidde
benefit from the inclusion of a socio-economic ahte, which would explain part of the phenomenon of
the urban development without reducing the powehefother accessibility variables.

TABLES 6, 7, 8, 9 ABOUT HERE

4.3 Accessibility as a combination of opportunity m easures and distances (Case C)

In this case, formulation (2) was used to calcutateore complex accessibility indicator, which dones
involve the consideration of a socio-economic iathc as a separate variable, but only as partef th
complex indicator. A description of the variablemsidered in this case is provided in Table 5. The
results connected with this case show worse gosdokft statistics (Table 6), and model coeffidien
that do not reach a high level of significance dtirvariables (Table 8). In addition, the definitiof
distance thresholds is not possible in this casealise we cannot refer to simple distance meaantks
classify them.
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Looking at Figure 2, representing the probabilitgp®s for the three cases, let us consider thatewnhil
case A gives a more continuous representationeoptbbabilities concentrated in the central parthef
city, cases B and C are able to better explaindib&ibution of the built environment throughoueth
entire city area. However, case B is able to beligribute the probabilities in the central araad can
benefit from a higher level of significance.

5 CONCLUSIONS AND FURTHER RESEARCH

It is clear that our exploratory study on the pbiisy and the appropriateness to use more or less
complex accessibility indicators to identify infees on urban development has led to various
interesting results.

First of all, a comparison of the merits of the huetology in a wider European scale has been
undertaken, by evaluating the same approach appdietbur Dutch cities and an Italian city. In
particular, similarities have been recognized betweities having the same areal extent and comiearab
form (The Hague and Naples), but only if takingpiaccount continuous variables: in other wordsy onl
regarding the problem from a general point of viéveonsidering the problem with a major insighig(e
use of categorical variables), such similarities aside and the real distribution of buildings is
highlighted.

Secondly, the evaluation of the decision to incladeio-economic variables in the model, investigate
using alternatively an opportunity variable as adependent one, and then incorporating in an
accessibility indicator, has brought to light thaban development is better explained in the fieste
than in the second, thus leading to the considerdkat it is not worth using too complex indicatam
order to achieve the aim of this study.

Further research is needed to analyse the usetwbriedistances, instead of Euclidean distances, as
accessibility indicators within the same methodglognd different formulations of the accessibility
indicator, in order to confirm the results hereaintd.

Moreover, it will be interesting in future researth examine the model power in explaining urban
development using input data deriving from previdimse horizons, in order to find cause-effects
relationships between transport infrastructures taedbuilt environment. The latter direction coble
followed only if data regarding the past were aaal#, thus highlighting the importance, for thiadkiof
studies, of systematically monitoring both the large and the transportation system, as is strongly
recommended by several research sectors in thiplitsc(see, e.g., Ballis, 2006; Bejleri et al. 0B).
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Table 1 Accessibility measures and other explanatory Béesused in the case studies A and B

\Variable Name Type Measure
unit

Euclidean distance to the city centre dis_city ent|Continuous km

Euclidean distance to the nearest regular tratiosténot dis_rail_stop_km| Continuous km

Intercity)

Euclidean distance to the nearest Intercity treatien dis_IC stat km | Continuous km

Euclidean distance to edge of nearest highway

dis_road_poly_kiContinuous/Categorigkm/50m

Euclidean distance to edge of nearest railroad

raiis poly km

Continuous/Categorigkm/50m

Euclidean distance to the nearest highway entranesgit

dis_hw_ex_km

Continuous/Categoridgkm/50m

Location in a zone of environmental protection

Baoolline

Discrete (1/0)

Location in zone influenced by noise pollution doe
Capodichino airport

Capodichino_infl

Discrete (1/0)

Number of Jobs per cell (case

jobs_per_ce

Continuous

no. jobs/ce

Note: “Categorical” means classified as individsegments of 50 metres, from 0 to the trial distance
threshold; above the threshold, the influence isitered negligible.

Table 2 Summary of goodness-of-fit statistics of the lagisegression: Case A

Statistics Case study
Amsterdam Utrecht [Rotterdam |The Hague |Naples|
-2 Loglikelihood 379255 138923 | 653391 230893 230687
Nagelkerke R Squared 0.205 0.244 0.158 0.165 0.1¢7
Overall correct model percentage [72.1 71.8 74.5 62.7 64.4
Table 3 Logistic regression coefficients: Case A
Amsterdam  |JUtrecht Rotterdam |The Hague Naples Il
VARIABLES B Exp () |B Exp@B) |B Exp®)[B Exp®) IB Exp@) |Sig.
Bufferzone (na_hills) -1.6720.188 |-0.80[D.449 |-1.7770.169 |-2.3540.095 |-1.4280.240 |.000
Schiphol (Capodichino)_infl |-0.7750.461 | -- -- -- -- -- -- -1.054.347 |.000
dis _rail_stop_km -0.2590.772 |-0.319.730 | 0.7142.042 |-0.1210.886 |- 0.01%®.982 |.000
dis IC_stat_km -0.2720.762 |-0.74p.474 | 0.6281.874 |-0.1220.885 |0.060( 1.062| .000
dis road_poly_km 0.438 |1.550 | 0.50#4.656 | 0.9222.514 | 0.3281.388 |0.164| 1.179| .000
dis_rail_poly_km 0.560 |1.750 | -0.060.942 |-0.7820.457 |0.165| 1.179| -0.15@.854 |.000
dis hw_ex_km -0.3180.727 |-0.08p.917 |-0.99€0.369 |-0.4980.608 |-0.1170.890 |.000
dis_city_centre_km -0.1060.899 | 0.284.335 |-0.6110.543 |-0.0571.058 |-0.28Q0.756 |.000
IAdamNorth -0.4230.655 | -- -- -- -- -- -- -~ -- .000
RotterdamNorth -- -- -- -- -- -- -0.197/0.821 |-- -- .000
Constant 0.844 2.325 | 1.5481.692 |0.974] 2.648 0.282 1.32% 1.657 5.242 .00p
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Table 4 Estimated distance thresholds compared with ar¢aht Case C

Amster dam|Utr echt Rotterdam [TheHague [Naples
built-up areasextent (km?) |70 29 103 55 55
built-up areas extent (no. 112000 46400 164800 88000 880Q0
cells)
total area of interest* (km?) [224 81 408 117 114
total area of interest* (no. 358400 129600 652800 187200 182400
cells)
road polygon threshold 2000 m 1000 m 4000 m 1200 m 2504 m
railway polygon threshold 2500 m not significang> 4500 m 3600 m 800 m
highway exitsthreshold 2000 m 500 m 4000 m 300 700

*For the cities of Rotterdam, The Hague and Naplegdtal area of interest does not consider theat®

cells
Table 5 Explanatory variables (Case C)

\Variable Name Type M easur e unit|
Accessibility indicator of city centre acc_city ¢en |Continuous | no. job/m
[Accessibility indicator of the nearest regularnratation (not na_acc_rail_stop [ Continuous| no. job/m
Intercity)
Accessibility indicator of the nearest Intercitgitr station na_acc_IC_stat Continuous  no. job/m
Accessibility indicator of the edge of nearest higly na_acc_road_poly Continuou§ no. job/m
Accessibility indicator of the edge of nearestrcab na_acc_rail_poly| Continuous| no. job/m
Accessibility indicator of the nearest highway ante or exit na_acc_hw_ex Continuoug  no. job/m
Location in a zone of environmental protection riks h Discrete (1/0)
Location in zone influenced by noise pollution da€Capodichino |Capodichino_infl | Discrete (1/Q)
airport

Table6 Case studies on Naples: Comparison of goodnegsstatitics of the logistic regression (continsiwariables

only)
Statistics Case study: Naples
A B C
-2 Loglikelihood 230687,9B 229389,$4 237588 55
Nagelkerke R Squared 0.167 0.175 0.123
Overall correct model percentage |64.4 65.0 63.8

Table 7 Summary of logistic regression coefficients (contius variables only) (Case B)

NAPLES Case B

VARIABLES B Exp(B)/Sig.
na hills -1.345%261 |.000
noise infl -1.007.365 |[.000
jobs per_cell .059 |1.061| .0Q0
dis rail_stop_km [-.02C [.981 |.00(
dis IC_stat km  |.05& [1.05¢ |.00(
dis road_poly_km [.133 [1.142| .0Q0
dis rail_poly km [-.134(.875 |.000
dis hw_ex_km -.1141.892 | .000
dis city centre km|-.241(.786 | .000
Constant 1.41%14.11¢ (.00(Q
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Table8 Summary of logistic regression coefficients (coantins variables only) (Case C)

NAPLES CaseC

VARIABLES B ExpB)[Sig.
na_hills -1.252286 (.00(
noise infl -.766 |.465 |.00(

jobs per_cell ].126 |1.134].00(
rail_stop_acc |-18.8(.000 |.004
IC stat acc  |-.004 [.996 |.00(
road poly acc |.409 |1.505|.472
rail_poly acc |1.259(3.520 |.00(
hw_ex_acc -.003|.997 (827
city centre acd.002 |1.002).86(
Constant -.005[.995 |.433

Table 9 Estimated distance thresholds for different caseiss

NAPLES Case A Case B
road polygon threshold 2500 m 2500 m
railway polygon threshold |800 m 700 m
highway exitsthreshold 700 m 700 m
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Figurel Overview of the applied methodologyror a detailed description of the processes s,
http://support.esri.com

1 x, y, z tables contain the information about thealisation of each cell in terms of xy coordinatesl, as z-values, the
value of the variable concerned.
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Figure2 Predicted probability maps compared with input d&ase A, B and C)
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