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Large-scale transport infrastructure projects such as high-speed rail (HSR) produce significant effects on 
the spatial distribution of accessibility. These effects, commonly known as territorial cohesion effects, are 
receiving increasing attention in the research literature. However, there is little empirical research into 
the sensitivity of these cohesion results to methodological issues such as the definition of the limits of 
the study area or the zoning system. In a previous paper (Ortega et al., 2012), we investigated the influ
ence of scale issues, comparing the cohesion results obtained at four different planning levels. This paper 
makes an additional contribution to our research with the investigation of the influence of zoning issues. 
We analyze the extent to which changes in the size of the units of analysis influence the measurement of 
spatial inequalities. 

The methodology is tested by application to the Galician (north-western) HSR corridor, with a length of 
nearly 670 km, included in the Spanish PEIT (Strategic Transport and Infrastructure Plan) 2005-2020. We 
calculated the accessibility indicators for the Galician HSR corridor and assessed their corresponding ter
ritorial distribution. We used five alternative zoning systems depending on the method of data represen
tation used (vector or raster), and the level of detail (cartographic accuracy or cell size). Our results 
suggest that the choice between a vector-based and raster-based system has important implications. 
The vector system produces a higher mean accessibility value and a more polarized accessibility distri
bution than raster systems. The increased pixel size of raster-based systems tends to give rise to higher 
mean accessibility values and a more balanced accessibility distribution. Our findings strongly encourage 
spatial analysts to acknowledge that the results of their analyses may vary widely according to the def
inition of the units of analysis. 

© 2013 Elsevier Ltd. All rights reserved. 

1. Introduction 

One of the key goals of transport policy is to achieve cohesion, 
which is intimately linked with economic and social policy con
cerns. At the strategic planning level, cohesion motivations fre
quently justify the construction of high-speed rail (HSR) projects 
(Chen and Hall, 2011; Garmendia et al., 2011; Gutierrez et al., 
2010, 2011; Lopez et al., 2008). These projects - with the trans-
European networks (TEN) as a prime example - are aimed at 
reducing the disadvantages supposedly triggered by poor accessi
bility in peripheral and/or landlocked locations (Brocker et al., 
2010; Gutierrez et al., 2011; Lopez et al., 2008). 
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E-mail address: e.ortega@upm.es (E. Ortega). 
1 Tel: +34 913366656; fax: +34 913365362. 

In transport-related studies, cohesion impacts refer to the 
changes elicited by a new infrastructure on the distribution of a gi
ven variable - frequently the accessibility to certain destinations. A 
positive effect appears if this distribution becomes more balanced; 
the opposite holds if the new infrastructure results in a more polar
ized distribution, therefore increasing disparities (Lopez et al., 
2008; Ortega et al., 2012; Ribeiro et al., 2010). This distribution is 
usually investigated from two main perspectives, i.e. social and 
spatial. On the one hand, the distribution of accessibility is investi
gated among different groups of people, and refers to concepts of 
"social equity" and/or "social exclusion". These studies follow an 
"individual" perspective, and are mostly carried out at micro levels, 
such as at the urban or metropolitan scale. On the other hand, 
when the focus is on the distribution of accessibility between loca
tions, the concepts used are "spatial equity" or "territorial cohe
sion". In this paper, we will use the term "territorial cohesion" -
following our previous research (Lopez et al., 2008; Lopez and 
Monzon, 2010; Ortega et al., 2012) - to refer to the degree of dis
persion of the spatial distribution of accessibility. 
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Transport planners and spatial analysts acknowledge the risk 
that high-speed rail (HSR) projects may produce negative territorial 
cohesion impacts. The methodologies developed to assess the 
polarizing risks of HSR are the subject of several important recent 
works of research (Campos and de Rus, 2009; Chen and Hall, 2011; 
Chang and Lee, 2008; Martin and Reggiani, 2007; Martinez and 
Givoni, 2009; Monzon et al., 2013; Ortega et al., 2012; Urena 
et al., 2009). Most of these studies evaluate cohesion impacts of 
HSR using spatial analysis tools to assess changes in the spatial dis
tribution of accessibility. These studies compute the accessibility 
indicators by applying the latest spatial analysis techniques, gener
ally implemented in Geographic Information Systems (CIS) (Higgs 
et al., 2012; Paez and Scott, 2004: Paez et al., 2012). 

Our research work investigates the influence of alternative spa
tial representations on the measurement of territorial cohesion re
sults, focusing on high-speed projects. Given the scope of this 
research topic, and due to space limitations, we have chosen to 
present our research findings in two different articles. In our previ
ous paper (Ortega et al., 2012) we investigated the influence of the 
choice of scale on the territorial cohesion results of HSR, and found 
significant differences depending on whether the assessment was 
carried out at the regional, corridor, national or spillover planning 
levels. This paper completes our research work by addressing the 
question: to what extent are territorial cohesion impacts influ
enced by the zoning system configuration and contains a methodo
logical approach that defines different alternative zoning 
configurations. We applied this methodology to a case study of a 
670-km HSR corridor in Spain. The sensitivity of the territorial 
cohesion results is assessed using five alternative zoning systems. 

The paper is structured as follows. The next section provides a 
background to the investigation, with the review of the research 
into the importance of zoning issues in spatial analysis models. 
Section 3 describes the methodological approach used in this pa
per, integrated in a CIS. The methodology is tested in Section 4 
in a case study: the Galician HSR corridor, part of the Spanish Stra
tegic Transport and Infrastructure Plan 2005-2020 (PEIT) (Ministe-
rio de Fomento, 2005). Finally, Section 5 contains the conclusions 
of our analyses and the corresponding recommendations for spa
tial planners. 

2. Research review 

2.1. The selection of the zoning system 

Any exercise in spatial analysis involves two main decisions on 
how the space continuum will be implemented, and how its char
acteristics will be stored in the spatial analysis model: the first is 
the scale of analysis or planning level - i.e. the definition of the 
boundaries of the study area; and the second is the particular zon
ing system configuration, i.e. how the study area will be structured 
and modelled. 

When confronted with the above two decisions, the analyst 
faces the so-called "modifiable areal unit problem" - MAUP -
(Fotheringham and Wong, 1991; Openshaw and Taylor, 1984). 
Actually, these two choices correspond to the two MAUP compo
nents of scale and resolution. The wide array of definitions available 
for these two components leads to misconceptions and confusion. 
As defined by Lam and Quattrochi (1992), the scale component re
fers to the "extent" of the map size, sometimes called the "geo
graphic scale"; while "grain" is the spatial resolution of a map, 
which refers to the definition of areal units - also called "zones", 
or "units of analysis". 

The work by Taaffe et al. (1963) provides an early example of 
the implications of the MAUP in transportation-related studies. 
These researchers were confronted with the definition of the 

"modifiable areal reporting units" when measuring transport 
expansion in underdeveloped countries. As they state: "(. • •) Inter
nal variations in size of reporting units affect the degree of apparent 
correlation between variables. Even if the sizes of reporting units were 
uniform, different correlations and different regression equations 
would be obtained for different levels of areal aggregation (a grid cell 
of to 10 square miles as opposed to 100 square miles, for instance)" 
(Taaffe et al., 1963, p.517). 

There are two main options for defining the limits of areal units: 
raster and vector-based methods. In raster methods the space is 
mostly modelled as a grid of square cells of a given size. The choice 
of cell size is generally left to the analyst and refers to the resolution 
of the analysis. In vector-based methods, the space is modelled as a 
set of contiguous polygons which may vary in size and shape. The 
boundaries of these polygons are frequently selected from already 
existing administrative configurations, such as census tracts or zip 
codes. This process results in the configuration of a particular zon
ing system. In addition, in many cases values are available for only 
some of the locations, so these values need to be "extended" 
throughout the whole territory. The methodology used for this pro
cess also influences the zoning system. The usual practice is to ap
ply the interpolation techniques present in the CIS. Interpolation 
methods based on dasymetric approaches are crucial for popula
tion density maps (Petrov, 2012), and are being rapidly improved 
with new techniques (Mennis and Hultgren, 2006; Silverman, 
1986). The research on the implications of the selection of this zon
ing system in transport-related studies is reviewed below. 

2.2. Zoning issues in transport-related spatial analysis models 

There is a wide array of spatial analysis models - working with 
CIS - that are sensitive to the choice of zoning system (see e.g. 
Fotheringham and Wong, 1991; Kwan and Weber, 2008; Paez 
and Scott, 2004), some of which are commonly used in research 
disciplines related to transport planning. Recent contributions in 
this field are reviewed below. 

A first related discipline involves mapping sciences research 
and landscape pattern analysis models. Significant research on 
landscape models has addressed the implications of the choice of 
"grain size" (see e.g. Baden et al., 2007; Lam and Quattrochi, 
1992; Qi and Wu, 1996; Wu, 2004, for a review). There have been 
important methodological advances in this field, such as e.g. the 
work by Nakaya (2000), who proposes clustering areal units 
according to explanatory variables. He successfully applies this 
methodology to map elderly men's mortality patterns in the Tokyo 
metropolitan area. 

Another relevant discipline is traffic demand modelling. There is 
empirical evidence to suggest that model results are influenced by 
the arbitrary delimitation of the units of analysis, i.e. traffic analy
sis zones (TAZs) (see e.g. Chang et al., 2002; Martinez et al., 2009; 
Viegas et al., 2009). The definition of the size and boundaries of 
TAZs significantly affects travel demand estimates (Ding, 1994, 
1998; Kwan and Weber, 2008), particularly when the number of 
TAZs is small. For example, in a study of travel mode choice in Bos
ton, Zhang and Kudadia (2005) found that predictions of travel de
mand were sensitive to the choice of data aggregation methods of 
urban form variables such as population density. Another example 
is the work by Chang et al. (2002), which used different zoning 
structures and levels of network detail to assess the effects of zon
ing structure and network detail on traffic demand modelling. 

Spatial interaction models also suffer from the delimitation of 
areal units (Putman and Chung, 1989). This is the case of loca
tion-allocation (LA) models, as the output of the models - i.e. the 
locations of "services" with respect to "customers"- are sensitive 
to the zoning structure used for input data and travel cost calcula
tions (Guo and Bhat, 2004, 2007). An interesting contribution to 



this research gap is the work by De Palma et al. (2007), who inves
tigated aggregation bias and zoning-related issues in recent re
search in the Paris metropolitan region. They first assessed the 
degree of inequity of the local amenities at three geographical lev
els - district, commune and grid cell - and developed a residential 
location choice model at the grid cell and commune level. They 
found the model fits the data moderately better at the smaller grid 
cell scale than at the commune level. 

Another relevant example is the multiscale approach by Guo 
and Bhat (2004), used for residential location choice modelling. 
Using a similar approach, Boussauw et al. (2011) measured spatial 
separation processes related to commuting. They recommend the 
combined utilization of two different spatial entities in order to 
capture the full range of spatial transformation processes. A final 
example is the research by Guo and Bhat (2007), which repre
sented "neighbourhoods" in a residential location choice analysis. 
They used three alternative ways of operationalising the represen
tation of residential neighbourhoods and recommended the best 
option based on their findings. 

Finally, the influence of zoning issues has barely been assessed 
in accessibility studies, despite the long list of studies on accessi
bility from the perspectives of spatial and social equity (see Mon-
zon et al., 2013 for a detailed review). Most of the few notable 
exceptions have been conducted at micro levels, and tend to be re
lated to urban facilities such as accessibility to healthcare deliver
ies (Langford and Higgs, 2006), dialysis service centres (Yang, 
2006), urban parks (Omer, 2006) or food access (Sparks et al., 
2011). These studies mainly concentrate on accessibility to certain 
amenities or facilities where a particular service is provided (such 
as a healthcare facility), or where some utility is obtained (e.g. ur
ban parks or green spaces). 

The next section describes our contribution to this research 
field, and outlines a methodological approach for assessing the de
gree of spatial cohesion of HSR accessibility under a set of alterna
tive zoning configurations. 

3. Methodological approach 

Accessibility measures have been used to address the territorial 
cohesion effects of a new HSR corridor and how they are influenced 
by the configuration of the zoning system (Gutierrez et al., 2010, 
2011; Lopez et al., 2008; Ortega et al., 2012). The proposed meth
odology comprises of two stages, as shown in Fig. 1. The first stage 
calculates the accessibility improvements caused by HSR, and the 
second analyses the impact on territorial cohesion under different 
zoning systems. The whole procedure is supported by a CIS. 

Stage 1 includes the accessibility calculations. A new HSR pro
ject (in red in Fig. 1) modifies the characteristics of the transport 

network from T° (without HSR, i.e. Scenario 0) to Ts (with HSR, 
i.e. Scenario S). The corresponding accessibility values (PA0 and 
PAS, respectively) are calculated. 

Stage 2 evaluates the impact on territorial cohesion, and calcu
lates the dispersion of the accessibility values in Scenario 0 and 
Scenario S-PAD0 and PAD5, respectively. Finally, the impact is cal
culated by evaluating the change between them (TCS~°). 

The aim of this research work is to assess the influence of the 
choice of zoning system on the resulting cohesion impacts; stage 
2 is therefore repeated for a series of zoning systems. 

3.1. Stage 1: Accessibility calculations 

The accessibility calculations are the same as those in Ortega 
et al. (2012). An economic potential accessibility (PA) formulation 
(Eq. (1)) was selected, as this is considered the most suitable due 
to its proven consistency and applicability in transport planning 
studies at strategic levels (Gutierrez et al., 2011; Lopez et al., 
2008; Martin et al., 2004). 

Pj Potential Accessibility = PA*t = y^-p- (1) 

where PA] represents accessibility for each origin i to j destinations 
in scenario *, Pj is the population at the destination j , and J,j is travel 
impedance (in our case, travel time) between each origin-destina
tion pair. A detailed description of the generalized travel time calcu
lation is given in Lopez (2007) and Ortega (2009). GIS process 
calculation is shown in detail in Ortega et al. (2011). 

The accessibility values (PA*) are calculated in Scenarios 0 and S, 
and are denoted PA0 and R4f, respectively. 

3.2. Stage 2: Territorial cohesion analysis under different zoning 
systems 

As in Lopez et al. (2008), Lopez and Monzon (2010) and Ortega 
et al. (2012), the statistical index selected to measure the disper
sion of accessibility values is the coefficient of variation. In Ortega 
et al. (2012), this is denoted the Potential Accessibility Dispersion 
index (PAD), and we maintain this name here. Its formulation is 
shown in Eq. (2). 

Potential Accessibility Dispersion index = PAD*Z 
a" (2) 

where PAD*Z is the coefficient of variation in scenario * using zoning 
system z and ap* is the standard deviation of PA" values, weighted 
by the population P(. Higher PAD values represent more polarized 
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Fig. 1. Outline of the methodology. Source: Ortega et al. (2012). 
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Fig. 2. Methodology for analysis of territorial cohesion under different zoning systems. 

accessibility distributions, whereas lower PAD values show more 
balanced accessibility patterns. 

The method of calculating PADZ values depends on the zoning 
system used. 

The definition of each type of zoning system depends on the 
available data and how they represent the territory. This will de
pend on the method of data representation used (vector or raster), 
and the level of detail (cartographic accuracy or cell size). In our 
case, the data representation method determines the method of 
calculating PADZ values. 

With a vector model, the accessibility calculation provides a va
lue for each origin. Each origin also has a population value. The 
PADZ index is calculated from these values according to Eq. (2), 
and has a number of PA* and P, values as origins. 

With a raster format, values are given to all the cells into which 
the territory is divided. Once the population and accessibility val
ues are "extended" throughout the territory using CIS capabilities, 
PADZ can be calculated following Eq. (2), and has as many PA* and P, 
values as cells into which the territory is divided. 

Finally, the change in territorial cohesion between Scenario S 
and Scenario 0 due to the new HSR project is measured by means 
of the Territorial Cohesion index (TC), following Eq. (3): 

Territorial cohesion index = T(l 
PAD0 - PADS

Z 

PAD0, 
100 (3) 

where TCS~° values are calculated for each aggregation method z 
from PAD*Z values (PAD°Z in Scenario 0 and PADS

Z in Scenario S, respec
tively). In any given zoning system, a positive TC value indicates an 
increase in territorial cohesion between scenarios; whereas a nega
tive IC value signals a polarizing effect, i.e. a reduction in territorial 
cohesion. 

In summary, Fig. 2 shows the methodology proposed for Stage 2 
for each data zoning system. The influence of the zoning system on 
the resulting territorial cohesion impact can be seen by comparing 
the 7"Cf"° values. 

4. Case study: the Galician HSR corridor in Spain 

dor (Fig. 3), with nearly 670 km and a commercial speed of 
220 km/h, included in the Spanish Strategic Plan of Transport and 
Infrastructure 2005-2020 (PEIT) (Ministerio de Fomento, 2005). 
Approximately 60% of the corridor is already in operation, and 
the remainder is currently under construction. 

The population distribution is quite disperse. The main urban 
agglomerations (Madrid and La Corufia) are at the ends of the cor
ridor, whereas less populated areas are located between them. The 
corridor is characterized by agglomerations with low populations; 
only 11% of the total agglomerations (1105) have more than 
10,000 inhabitants. The average size of the municipalities is 
48 km2, giving a population density of 212 inh./km2. However if 
we consider the agglomerations with less than 10,000 inhabitants 
(89% of the total), the population density decreases to 29 inh./km2. 

4.1. Stage 1. Accessibility calculations 

Fig. 3 shows the HSR corridor with the location of the HSR sta
tions. It also shows the main roads present in the study area. The 7° 
network corresponds to the situation in 2005 - i.e. the base year of 
the Spanish PEIT - and the I s network corresponds to the situation 
in 2005 plus the Galician HSR corridor. The land-use characteristics 
of both situations are identical and follow the prognosis for the 
2020 situation, i.e. the planning time horizon of the PEIT. 

The study is focused at the corridor planning level, delimited by 
the borders of the NUTS-32 regions crossed by the HSR project. This 
approach was selected because the most important accessibility 
improvements are concentrated in the proximity of the HSR project 
(Ortega et al., 2012). 

The accessibility values are calculated for 1105 municipalities 
within the study area, which are also the possible destinations. 
The accessibility value for each origin is calculated considering 
all destinations. Using a dense GIS-based road and rail network, 
for each arc, the length and travel time (according to the type of 
road or railway) were also recorded, as in previous similar studies 
(Lopez et al., 2008; Ortega et al., 2012). 

The road, conventional railway and HSR networks are consid
ered to be independent. Municipality centroids - which serve as 

This section contains an example of the application of this 
methodology and an analysis of the results. The infrastructure 
investment under consideration (the "HSR project" in Fig. 1) is 
the same as in Ortega et al. (2012), namely the Galician HSR corri-

2 NUTS-3: The NUTS classification is a hierarchical system for dividing up the 
economic territory of the EU for the collection, development and harmonization of EU 
regional statistics. NUTS-3 corresponds to the third level (provinces, in the case of 
Spain). 
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the starting and destination points - and stations are also indepen
dent. The integration of the networks with population centres and 
stations is as follows: the municipality centroids are displaced to 
the nearest road, using a snapping CIS tool. The stations have also 
been displaced to the nearest road. The railway lines then subse
quently need to be displaced to coincide with the stations. Finally 
the road network, the conventional railway network and the HSR 
network were linked together to create the network nodes. The 
change of transport modes occurs at the railway stations. 

The travel time is equal to the sum of the times of the arcs trav
elled, along the minimum path, according to Dijkstra's (1959) algo
rithm. The total travel time is calculated as the sum of three travel 
times: (a) the travel time by road from the origin (municipality 
centroid) to the nearest station; (b) rail travel time; and (c) the tra
vel time from the station nearest the destination to the destination 
itself. Displacement along the railway network is subject to a series 
of impediments, such as the frequency of service. 

The potential accessibility value (PA{) of each municipality i is 
computed using Eq. (1). Accessibility was calculated using two 
CIS network accessibility toolboxes,3 which operate in Arclnfo. 
The GIS accessibility calculation process follows the method 
described in Ortega et al. (2011). 

Fig. 4 shows percentages of change in accessibility between 
both scenarios in the corridor. This reveals a very significant 
improvement in accessibility along the whole corridor, and indi
cates that cities with a HSR station obtain a high improvement be
cause their initial accessibility values were low. Madrid, the 
location of more than half the population in the corridor, has a very 
high influence. The extension of the areas with the greatest 
improvement depends on their distance to Madrid and on the 
quality of the transport network (rail or road) from other cities 
to the HSR station. 

4.2. Stage 2. Analysis of territorial cohesion impacts under different 
zoning systems 

4.2.1. Description of the zoning systems 
Cohesion impacts are assessed using five zoning systems at the 

corridor planning level. One is a vector-based system and the other 
four are raster-based systems. The zoning systems affect the way 
the values of population and accessibility - necessary to measure 
PAD values - are used. For each case, PAD*Z (Eq. (1)) is calculated 
taking into account the municipalities included in the planning le
vel in Scenario 0 and Scenario S in order to calculate TCS

Z~° (Eq. (2)). 
The alternative zoning systems are built as follows (see 

Table 1): 

1. Population and accessibility values are assigned in the centroid 
of the municipality (vector). Named: "centroids". 

2. Population is evenly distributed within the municipality (ras
ter). Named: "homogeneous population". 

3. Population is dasymetrically distributed4 within the municipal
ity (raster). Named: "dasymetric population". 

In addition, two different cell sizes have been selected in the 
raster methods: 5 km and 10 km. These pixel sizes represent 
25 km2 and 100 km2 respectively. The average area of the munici
palities in the corridor is 48 km2. These two pixel sizes thus allow 
different levels of detail to be compared in the representation of 
the municipalities. 

We therefore have five zoning systems. 
The systems have advantages and disadvantages. Usually popu

lation and accessibility data are in the vector format, but a vector 
system may provide a less satisfactory representation of the terri
tory than raster systems, which may offer more accurate estimates 

3 AccesstUls.aml (Network Accessibility Analysis Toolbox), developed by Santiago 
Mancebo in 2007 and TITIM-GIStool (Transport Infrastructure Territorial Impact 
Measurement GIS tool), developed by Emilio Ortega, Santiago Mancebo and Isabel 
Otero in 2010. Not published. 

4 Dasymetrically distributed: A thematic cartography technique that allows the use 
of underlying ancillary data to enhance population distribution and density maps. It 
permits attribute data to be accurately distributed in the territory. 
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Table 1 
Zoning systems considered. 

CIS format Zoning system 

1 
2a 
2b 
3a 
3b 

VECTOR 
RASTER 

Population concentrated in the centroids 
Homogeneous population distribution 

Dasymetric population distribution 

Pixel 5 km 
Pixel 10 km 
Pixel 5 km 
Pixel 10 km 

than vector zoning systems. The "Homogeneous population" raster 
system supposes that uniform distribution is a valid assumption. In 
a densely-populated city this may be so, but in a rural setting the 
population is almost certainly concentrated into small settlements 
surrounded by unoccupied land (Langford and Higgs, 2006). "Dasy
metric population" offers a more realistic representational model 
in a large territory as it considers that population decreases with 
the distance from the centre of the urban settlements. In a rural sit
uation, dasymetric population maps provide a better picture of the 
places people actually reside as they redistribute variables within 
the limits of their tabulation zone and thereby ensure that the 
map reflects the real population distribution (Langford and Higgs, 
2006), assigning most of the population to the urban settlement 
and little or no population to natural or agricultural areas. 

In our case, in the vector-based system, the population and cal
culated accessibility values of the municipalities are assigned to 
the municipality centroid (Monzon et al., 2013; Ortega et al., 
2011; Ortega et al., 2012). There is therefore one accessibility value 
per municipality (see Fig. 5-left), and 1105 values in the corridor. 

Raster-based zoning systems consist of allocating both the pop
ulation and the accessibility values in the whole area of the munic
ipality. Only the accessibility and population values are in the 
centroids. In these systems the information format is a grid, and 
values therefore need to be assigned to each cell in the whole ter
ritory. The assigned population and accessibility value in the 
municipalities' centroids are distributed using CIS capabilities 
throughout the whole area of the municipality. 

In both raster systems, the accessibility values for the whole 
territory are obtained using interpolation techniques from the 
municipalities' centroid values. Inverse distance weighted (IDW) 
interpolation from ArcGIS 9.X was selected. IDW determines cell 
values using a linearly-weighted combination of a set of sample 
points. The weight is a function of inverse distance. The output va
lue for a cell is limited to the range of the values used to interpolate 
(Watson and Philip, 1985). 

The difference between the two raster systems is based on pop
ulation distribution. In the "homogeneous population" system, the 
population is divided by the number of cells in the municipality, 
and the population value assigned to each cell is the same in all 
the cells in the municipality (see Fig. 5-centre). 

In the "dasymetric population" system, the population is dis
tributed following interpolation density CIS tools, which assigns 
population values throughout the territory depending on popula
tion agglomerations and the distance to them. In this case, the Arc
GIS 9.X kernel density tool was used. It is based on the quadratic 
kernel function described in Silverman (1986). It calculates a mag
nitude per unit area from point features to fit a smoothly tapered 
surface to each point. This assigns high population values to the 
cells close to densely populated areas, and no population to cells 
located in areas without population (see Fig. 5-right). 

4.2.2. Results. Corridor level analysis 
The effect on territorial cohesion (TC) at the "corridor level" is 

evaluated for the five zoning systems. The resulting changes in 
the PAD values are shown in Table 2. Table 2 includes - in each 
aggregation method - the mean accessibility values and the corre
sponding accessibility changes between scenarios. 

Comparing the accessibility change and revalues using zoning 
systems for "homogeneous population" and "dasymetric popula
tion", the results show that the choice of one of these systems 
has little influence on TC and accessibility change. Considering a 
pixel size of 5 km, the accessibility change values are 19.69% and 
18.55% respectively, implying a difference of 5.8%; in the case of 
TC the corresponding values are 21.97% and 21.06% (a difference 
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Table 2 
Territorial cohesion analysis under different zoning systems. 

Zoning system Number of data/average area Scenario Accessibility (PA) 

Min. value Max. value Mean value 

Territorial 
cohesion impact 

Change (%) PAD TC5-" (%) 

Centroids 1105 
48 km2 

2a Homogeneous population Pixel 5 km 2121 
100 km2 

2b Pixel 10 km 530 
25 km2 

3a Dasymetric population Pixel 5 km 2121 
100 km2 

3b Pixel 10 km 530 
25 km 2 

20,733 
37,856 
16,620 
26,578 
22,131 
41,686 
16,620 
26,578 
22,131 
41,686 

256,226 
314,257 
198,055 
290,467 
177,984 
280,539 
198,055 
290,467 
177,984 
280,539 

139,788 
161,078 
96,298 

115,264 
99,526 

118,451 
101,982 
120,899 
101,341 
120,250 

15.23 

19.69 

19.02 

18.55 

18.66 

0.634 
0.529 
0.477 
0.373 
0.467 
0.365 
0.492 
0.388 
0.474 
0.372 

16.51 

21.83 

21.97 

21.06 

21.55 

of 4.1%). The values are similar with a pixel size of 10 km, and pro
duce a difference of 1.9% in accessibility change values and 1.9% in 
TC values. These values point to the conclusion that the choice of 
either of these zoning systems and the pixel size has little influence 
on the results. 

For each pixel size, the maximum and minimum values are 
identical in these two raster zoning systems. This is because the 
accessibility value calculations do not vary from one system to an
other. Differences can be observed when comparing values for dif
ferent pixel sizes. For a 5 km pixel size, the extreme values are not 
smoothed by the nearest values, as occurs for the 10 km pixel (its 
value aggregate 4 pixel of 5 km). The maximum and minimum val
ues are thus higher and lower, respectively, than for the 
10 km pixel. 

The results differ depending on the size of the municipality. If 
the municipality is larger than the pixel size, the population, acces
sibility and TC values are close to reality. However, if the munici
palities are smaller than the pixel size, the population, 
accessibility and TC values are obtained by aggregating the values 
of several municipalities, resulting in a loss of information. 

A preliminary comparison between the values obtained with 
the vector zoning system "centroids" - commonly used in the most 
important accessibility studies (Garmendia et al., 2011; Gutierrez 
et al., 2010; Monzon et al., 2013; Ortega et al., 2011, 2012; Ribeiro 
et al., 2010) - and raster-based systems reveals important differ
ences. The "centroids" system produces a higher mean accessibility 
value than any of the four raster alternatives. Raster systems pro
vide changes in accessibility values of between 18.55% and 19.69%, 
around 22% higher than "centroids", which increase the amount by 
15.23%. The comparison of the impact on territorial cohesion 
(IC5-0) shows that the "centroids" value is 16.51% and the raster 
systems value is between 21.06% and 21.97%, implying a difference 
of over 27%. These data point to the conclusion that there are clear 
differences when using either a vector or raster format. 

The results also differ depending on the distribution of the pop
ulation in the municipality. In sparsely populated municipalities, 
the "homogeneous population" zoning system is suitable. 
However, in most municipalities the population tends to be con
centrated and to decrease with distance. Therefore the closest zon
ing system to reality is "dasymetric population 5 km", as it assigns 



population values throughout the territory with density tech
niques which depend on population agglomerations and the dis
tance from them. A comparison of the values obtained using the 
"centroids" system highlights important differences. Improve
ments in accessibility differ by 21.8%, and there is a 27.6% differ
ence between TC values. 

5. Conclusions 

The relevance of the selection of the zoning system has not been 
sufficiently assessed in the methodologies for calculating accessi
bility. Zoning choices have been claimed to have important impli
cations for accessibility results. These implications apply not only 
to accessibility values, but also to their spatial distribution - i.e. 
territorial cohesion issues. This paper further investigates these is
sues by evaluating the sensitivity of accessibility computations to 
alternative zoning systems. In particular, major research efforts 
are being devoted to investigating the potential risk that HSR 
may induce imbalances in the distribution of accessibility (Lopez 
et al., 2008; Monzon et al., 2013). The selection of the Galician 
HSR corridor as our case study responds to these concerns about 
the polarizing risks of HSR. 

The findings in this paper are consistent with our previous arti
cle on the relevance of scale issues (Ortega et al., 2012). Evidence 
from both research pieces strongly encourages planners to conduct 
an analysis of the sensitivity of cohesion results to changes in 
MAUP parameters, i.e. in scale and zoning configurations (Fother-
ingham and Wong, 1991; Openshaw and Taylor, 1984). The incor
poration of this analysis would result in a range of cohesion results, 
rather than just a single value, thus providing planners with infor
mation on the extent to which results are sensitive to the selection 
of the zoning system. The advisability of this analysis is borne out 
by recent research pieces on the implications of MAUP in accessi
bility studies (see e.g. De Palma et al. (2007), Higgs et al. (2012), 
Langford and Higgs (2006), Ortega et al. (2012) and Yang (2006)). 
The research in this paper follows this approach and includes this 
analysis of sensitivity to alternative zoning systems. 

We calculated the accessibility indicators of the Galician HSR 
corridor under five alternative zoning systems and then assessed 
their corresponding territorial distribution. The results show that 
the choice between a centroid-based and a raster-based system 
has important implications which affect both the resulting accessi
bility values and their spatial distribution. The "centroid" system 
produces a higher mean accessibility value and a more polarized 
accessibility distribution than any of the four raster alternatives. 
Centroids are defined as the points concentrating the whole popu
lation within given administrative boundaries. Hence, accessibility 
tends to be higher in the area around centroids, as highly dense 
areas tend to have better access to the transport infrastructure net
work. A consequence of this is that in the "centroids" system both 
the accessibility improvement value and territorial cohesion 
improvement change are lower than in the raster systems. The re
sults fall from approximately 19% to 15% - in terms of relative 
accessibility improvements -, and from 21% to 16% - in terms of 
cohesion change - when using a centroid or raster system, respec
tively. It can therefore be concluded that centroid-based methods 
tend to show more polarized results than raster-based alternatives. 

In the case of raster-based alternatives, we examine both the 
influence of the population allocation method and the pixel size. 
On the one hand, the choice of alternative population distribution 
methods - "homogeneous" vs. "dasymetric"- does not have signif
icant implications on mean accessibility values, relative improve
ments or territorial cohesion impacts. However, for a given 
scenario, the "homogeneous" allocation of population tends to re
sult in lower mean accessibility values than with "dasymetric" 

methods. This is because "dasymetric" distributions concentrate 
more population mostly in pixels with higher accessibility - i.e. 
near the centroids. On the other hand, increased pixel size tends 
to result in higher mean accessibility values and a more balanced 
accessibility distribution, and selecting a larger pixel size tends 
to "smooth" the distribution of accessibility values, as the differ
ences between the extreme values of the distribution are nar
rowed. Lastly, mean accessibility improvements and territorial 
cohesion impacts between scenarios do not show significant sensi
tivity to the choice of pixel size. Our findings support the fact that -
despite their differences - no generalized conclusions can be 
reached on the effects of the choice of population distribution 
method and pixel size when implementing raster systems. 

The proposed approach can be applied both at earlier planning 
stages and once the HSR is in operation. Evidence from this paper 
suggests that the magnitude of the deviations due to the choice of 
zoning system will depend on the specific characteristics of each 
case study: mainly population distribution, location, and the qual
ity of the access to HSR stations. An ad hoc analysis of the sensitiv
ity of cohesion results to alternative zoning systems is therefore 
highly recommended at any stage of the planning. Depending on 
the stage at which the methodology is applied, planners and prac
titioners will be able to design different policy measures to mini
mize HSR polarization risks. These may include changes in the 
location of HSR stations, improvements in the transport infrastruc
ture connecting to particular HSR stations, or an increase in public 
transport services to HSR stations. 

Acknowledgements 

The authors would like to thank the anonymous comments of 
the reviewers for the improvement of this work. 

References 

Baden, B.M., Noonan, D.S., Mohana, R., Turaga, R., 2007. Scales of justice: is there a 
geographic bias in environmental equity analysis? Journal of Environmental 
Planning and Management 50 (2), 163-185. 

Boussauw, K., Derudder, B., Witlox, F., 2011. Measuring spatial separation processes 
through the minimum commute: the case of Flanders. European Journal of 
Transport and Infrastructure Research 11 (1), 42-60. 

Brocker, J., Korzhenevych, A., Schiirmann, C, 2010. Assessing spatial equity and 
efficiency impacts of transport infrastructure projects. Transportation Research 
Part B 44, 795-811. 

Campos, J., de Rus, G., 2009. Some stylized facts about high-speed rail: a review of 
HSR experiences around the world. Transport Policy 16,19-28. 

Chang, J.S., Lee, J.H., 2008. Accessibility analysis of Korean high-speed rail: a case 
study of the Seoul metropolitan area. Transport Reviews 28, 87-103. 

Chang, K.T., Khatib, Z., Ou, Y., 2002. Effects of zoning structure and network detail on 
traffic demand modeling. Environment and Planning B: Planning and Design 29 
(1), 37-52. 

Chen, C.L., Hall, P., 2011. The impacts of high-speed trains on British economic 
geography: a study of the UK's Intercity 125/225 and its effects. Journal of 
Transport Geography 19 (4), 689-704. 

de Palma, A., Motamedi, K., Picard, N., Waddell, P., 2007. Accessibility and 
environmental quality: inequality in the Paris housing market. European 
Transport 36, 47-74. 

Dijkstra, E.W., 1959. A note on two problems in connexion with graphs. Numeriske 
Mathematik 1, 269-271. 

Ding, C, 1994. Impact analysis of spatial data aggregation on transportation 
forecasted demand: a CIS approach. Urban and Regional Information 
Association URISA, 362-375. 

Ding, C, 1998. The GIS-based human-interactive TAZ design algorithm: examining 
the impacts of data aggregation on transportation-planning analysis. 
Environment and Planning B: Planning and Design 25 (4), 601-616. 

Fotheringham, A.S., Wong, D.W.S., 1991. The modifiable areal unit problem in 
multivariate statistical analysis. Environment and Planning A 23, 1025-1044. 

Garmendia, M., Urefia, J.M., Coronado, J.M., 2011. Long-distance trips in a sparsely 
populated region: the impact of high-speed infrastructures. Journal of Transport 
Geography 19, 537-551. 

Guo, J.Y., Bhat, C.R., 2004. Modifiable areal units: problem or perception in modeling 
of residential location choice? Transportation Research Record: Journal of the 
Transportation Research Board 1898,138-147. 



Guo, J.Y., Bhat, C.R., 2007. Operationalizing the concept of neighborhood: 
application to residential location choice analysis. Journal of Transport 
Geography 15 (1), 31-45. 

Gutierrez, J., Condeco-Melhorado, A.M., Martin, J.C., 2010. Using accessibility 
indicators and CIS to assess spatial spillovers of transport infrastructure 
investment. Journal of Transport Geography 18 (1), 141-152. 

Gutierrez, J., Condeco-Melhorado, A., Lopez, E., Monzon, A., 2011. Evaluating the 
European added value of TEN-T projects: a methodological proposal based on 
spatial spillovers, accessibility and CIS. Journal of Transport Geography 19,840-
850. 

Higgs, G., Fry, R, Langford, M., 2012. Investigating the implications of using 
alternative GIS-based techniques to measure accessibility to green space. 
Environment and Planning B: Planning and Design, http://dx.doi.org/10.1068/ 
b37130. 

Kwan, M.P., Weber, J., 2008. Scale and accessibility: implications for the analysis of 
land use - travel interaction. Applied Geography 28,110-123. 

Lam, N.S., Quattrochi, D.A, 1992. On the issues of scale, resolution, and fractal 
analysis in the mapping sciences. Professional Geographer 44, 88-98. 

Langford, M., Higgs, G., 2006. Measuring potential access to primary healthcare 
services: the influence of alternative spatial representations of population. The 
Professional Geographer 58 (3), 294-306. 

Lopez, E., 2007. Assessment of Transport Infrastructure Plans: A Strategic Approach 
Integrating Efficiency, Cohesion and Environmental Aspects. Ph.D. Dissertation, 
Universidad Politecnica de Madrid, Madrid, <http://www.ad.upm.es>. 

Lopez, E., Monzon, A., 2010. Integration of sustainability issues in strategic 
transportation planning: a multi-criteria model for the assessment of 
transport infrastructure plans. Computer Aided and Civil Infrastructure 
Engineering 25, 440-451. 

Lopez, E., Gutierrez, J., Gomez, G., 2008. Measuring regional cohesion effects of 
large-scale transport infrastructure investments: an accessibility approach. 
European Planning Studies 16 (2), 277-301. 

Martin, J.C., Reggiani, A., 2007. Recent methodological developments to measure 
spatial interaction: synthetic accessibility indices applied to high-speed train 
investments. Transport Reviews 27 (5), 551-571. 

Martin, J.C., Gutierrez, J., Roman, C, 2004. Data Envelopment Analysis (DEA) index 
to measure the accessibility impacts of new infrastructure investments: the 
case of the high-speed train corridor Madrid-Barcelona-French Border. 
Regional Studies 38 (6), 697-712. 

Martinez, H.S., Givoni, M., 2009. The Accessibility Impact of a New High Speed Rail 
Line in the UK - A Preliminary Analysis of Winners and Losers. Transport 
Studies Unit (Ref. 1041). School of Geography and the Environment, Oxford. 

Martinez, L.M., Viegas, J.M., Silva, E.A., 2009. A traffic analysis zone definition: a new 
methodology and algorithm. Transportation 36 (5), 581-599. 

Mennis, J., Hultgren, T., 2006. Intelligent dasymetric mapping and its application to 
areal interpolation. Cartography and Geographic Information Science 33, 179-
194. 

Ministerio de Fomento, 2005. Plan Estrategico de Infraestructuras y Transporte 
2005-2020 (PEIT). Secretaria de Estado de Infraestructuras y Planificacion, 
Direction General de Planificacion y Coordination Territorial, Madrid. 

Monzon, A., Ortega, E., Lopez, E., 2013. Efficiency and spatial equity impacts of high
speed rail extensions in urban areas. Cities 30,18-30. 

Nakaya, T., 2000. An information statistical approach to the modifiable areal unit 
problem in incidence rate maps. Environment and Planning A 32 (1), 91-109. 

Omer, I., 2006. Evaluating accessibility using house-level data: a spatial equity 
perspective. Computers Environment and Urban Systems 30 (3), 254-274. 

Openshaw, S., Taylor, P., 1984. The Modifiable Unit Areal Problem. Geobooks, 
Norwich. 

Ortega, E., 2009. Disefio de un sistema experto implementado en SIG para la 
evaluation ambiental, social y economica de planes de infraestructuras. Ph.D. 
Dissertation. Universidad Politecnica de Madrid, Madrid. 

Ortega, E., Mancebo, S., Otero, I., 2011. Road and railway accessibility atlas of Spain. 
Journal of Maps v2011, 31-41. 

Ortega, E., Lopez, E., Monzon, A., 2012. Territorial cohesion impacts of high-speed 
rail at different planning levels. Journal of Transport Geography 24, 130-141. 

Paez, A., Scott, D.M., 2004. Spatial statistics for urban analysis: a review of 
techniques with examples. Geojournal 61, 53-67. 

Paez, A., Scott, D., Morency, C, 2012. Measuring accessibility: positive and 
normative implementations of various accessibility indicators. Journal of 
Transport Geography 25,141-153. 

Petrov, A., 2012. One hundred years of dasymetric mapping: back to the origin. The 
Cartographic Journal 49 (3), 256-264. 

Putman, S.H., Chung, S.H., 1989. Effects of spatial system design on spatial 
interaction models. 1: The spatial system definition problem. Environment 
and Planning A 21 (1), 27-46. 

Qi, Y., Wu, J., 1996. Effects of changing spatial resolution on the results of landscape 
pattern analysis using spatial autocorrelation indices. Landscape Ecology 11, 
39-49. 

Ribeiro, A., Antunes, A.P., Paez, A., 2010. Road accessibility and cohesion in lagging 
regions: empirical evidence from Portugal based on spatial econometric 
models. Journal of Transport Geography 18, 125-132. 

Silverman, B.W., 1986. Density Estimation for Statistics and Data Analysis. Chapman 
and Hall, New York. 

Sparks, A.L., Bania, N., Leete, L., 2011. Comparative approaches to measuring food 
access in urban areas: the case of Portland, Oregon. Urban Studies 48 (8), 1715-
1737. 

Taaffe, E.J., Morrill, R.L., Gould, P.R., 1963. Transport expansion in underdeveloped 
countries: a comparative review. Geographical Review 53 (4), 503-529. 

Urefia, J.M., Menerault, P., Garmendia, M., 2009. The high-speed rail challenge for 
big intermediate cities: a national, regional and local perspective. Cities 26 (5), 
266-279. 

Viegas, J.M., Martinez, L.M., Silva, E.A., 2009. Effects of the modifiable areal unit 
problem on the delineation of traffic analysis zones. Environment and Planning 
B: Planning and Design 36 (4), 625-643. 

Watson, D.F., Philip, G.M., 1985. A refinement of inverse distance weighted 
interpolation. Geoprocessing 2, 315-327. 

Wu, J., 2004. Effects of changing scale on landscape pattern analysis: scaling 
relations. Landscape Ecology 19, 125-138. 

Yang, D.H., 2006. Comparing GIS-based methods of measuring spatial accessibility 
to health services. Journal of Medical Systems 30 (1), 23-32. 

Zhang, M., Kudadia, N., 2005. Metrics of urban form and the modifiable areal unit 
problem. Transportation Research Record 1902, 71-79. 

http://dx.doi.org/10.1068/
http://www.ad.upm.es

