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ABSTRACT:

Public spaces accessibility has become one of the important factors in urban planning. Therefore, considerable attention has been
given to measure accessibility to public spaces on the UK, US and Canada, but there are few studies outside the anglophone world
especially in developing countries such as Iran. In this study an attempt has been made to measure objective accessibility to public
spaces (parks, school, library and administrative) using fuzzy majority GIS-based multicriteria decision analysis. This method is for
defining the priority for distribution of urban facilities and utilities as the first step towards elimination of social justice. In order to
test and demonstrate the presented model, the comprehensive plan of Malayer city has been considered for ranking in three
objectives and properties in view of index per capital (Green space, sport facilities and major cultural centers like library and access
index). The results can be used to inform the local planning process and the GIS approach can be expanded into other local authority
domains. The results shows that the distribution of facilities in Malayer city has followed on the base of cost benefit law and the
human aspect of resource allocation programming of facilities (from centre to suburbs of the city).

1. INTRODUCTION

This study analyses the accessibility to urban facilities in
Malayer (a city in the north-west part of Iran). Planning is
carried out within the brand framework of government policy
making and has its general objectives set out in legislation
urban planning and are concerned with the management of
urban change (Ambrosini and Routhier, 2004; Cullingworth and
Nadin, 2002; Raco and Imrie, 2000). Also the desire to improve
the quality of life (QOL) in a particular place is an important
focus of attention for planers (Massam, 2002; Santos and
Martins, 2007). The enterprise of planning as a public activity is
strongly motivated and justified in terms of its potential
contributions to citizen QOL (Lotfi and Koohsari, 2009b;
Massam, 2002).

The location of most public spaces from a policy and planning
perspective is determined by the spatial distribution of public
services and facilities. Moreover, this is the area where social
can be mitigated or at least offset by compensatory distribution
(Talen and Anselin, 1998; Witten et al., 2003). On the other
hand, equity and efficiency considerations and local body
conventions are also considered for determination of public
space locations. Urban public spaces influence the quality of
life and the welfare people both directly and indirectly implicit
in the public provision of amenities such as parks, recreational
facilities and social and cultural services in a belief that they are
beneficial to wellbeing of residents (Guagliardo, 2004; Witten
et al., 2003).

Accessibility is in turn an important factor which impacts all
aspects of public space in both direct and indirect ways
(Guagliardo, 2004). Public facilities can be linked to
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accessibility and thus residential proximity to facilities can be
used as contributing to health and wellbeing in a number of
ways. In addition to easier and more direct access to public
places, it confers opportunities by reducing the time and
financial costs of access which in turn frees individual and
house hold resources for use elsewhere (Lotfi and Koohsari,
2009b; Pearce et al., 2006).

2. LITERATURE REVIEW

There are many studies of public space, from neighbourhood
units (Pearce et al., 2007; Pearce et al., 2008a; Santos and
Martins, 2007; Witten et al., 2008; Witten et al., 2011) to the
national level (Apparicio et al., 2007; Pearce et al., 2008b;
Witten et al., 2011) which include a broad range of public
spaces including access to green space (Coombes et al., 2010;
Hillsdon et al., 2006; Lee and Maheswaran, 2011), access to
health services (McGrail and Humphreys, 2009; Yang et al.,
2006), and access to open spaces (Sugiyama et al., 2010; Witten
etal., 2008).

Since 1993, the ease of implementing and using GIS has
improved significantly. Great advances have been made in both
the number and power of capabilities provided as standard
functions in GIS packages, and the amount of easily available
data, much of it downloadable over the Internet, has increased.
These improvements have enabled the development of more
sophisticated analytical applications in accessibility field
(Nicholls, 2001). Over the past decade, geographical
information systems (GIS) technology has been used by
researchers for accessibility analysis (O'Sullivan et al., 2000).
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The four measures most commonly used in accessibility studies
are gravity potential, average distance between each origin and
all facilities, and minimum distance (the distance from an origin
to the nearest facility). Four types of distance can be used to
calculate these four measures of accessibility: Euclidian
distance (straight line), Manhattan distance (distance along two
sides of a right-angled triangle, the base of which is the
Euclidian distance), shortest network distance and shortest
network time (Ambrosini and Routhier, 2004).

In 2004 Liu and Zhu have developed an integrated GIS
approaches to accessibility analysis, which provides a general
framework for using GIS and travel impedance. S. Nicholls
(2001) measured accessibility to parks by using ‘radius’ and
‘network analysis’ methods. Yang et al., (2006) used kernel
density method to measure spatial accessibility to health
services. Short network distance method has been used by
Apparicio, P., et al. (2007) in order to measure the accessibility
of facilities for public housing in Montreal. Comber et al.,
(2008) used GIS-based network analysis to determine urban
green space accessibility in Leicester, UK. In this paper we
looked in Malayer city, Hamedan province which has both
version of urbanization and the availability of proper data for
our accessibility analysis. The method which has been used to
measure the accessibility is based on GIS-Based multicriteria
decision analysis model called as fuzzy majority approach
which considers being very competitive model in terms of
accuracy and speed for classification problems.

3. BACKGROUND
3.1 Measuring accessibility

Accessibility is a frequently used concept but there is no
consensus about its definition. It is common term experienced
by diverse individuals (i.e. characterized by different needs,
abilities and opportunities) at any place and moment of the day
which results in considerable variation in components included
in its measurement and in how it is formulated (Lotfi and
Koohsari, 2009b).

Accessibility has been defined according to purpose of the
research, but it has commonly been defined as some measure of
spatial separation of human activities (Talen and Anselin, 1998)
or as the case a certain system of transport (Gregory et al., 2009;
Kearns and Moon, 2002; Lotfi and Koohsari, 2009a).
Accessibility refers to the case where a building place or
facilities can be reached by people and/or goods and services
(Lotfi and Koohsari, 2009b).

Accessibility can be measured in many ways which are
container (e.g. the number of green spaces in each
neighborhood unit), Coverage (e.g. the number of kindergartens
in 800m from residential), Minimum Distance (e.g. the distance
from neighborhood units centre to the nearest park), and
Service Area (e.g. all areas within 800m from kindergartens)
(Lotfi and Koohsari, 2009b). Another methodological issue is
calculation of per-capita. Wiliest measuring per-capita for land
uses has received considerable attention on the US, UK and
Canada and it has been calculated from the division ratio of area
and population (Esmneel, 1995).

The use of public facilities can be linked to accessibility, and
thus residential proximity to facilities and services can be
theorized as contributing to health and wellbeing in a number of

ways. In addition, it confers opportunities by reducing the time
and financial costs of access (Pearce et al., 2006).

In all of studies in the field of public spaces, the authors have
addressed different methods for analysing the accessibility to
public spaces (Fortney et al.,, 2000; Yang et al., 2006) or
presenting a new method for measuring accessibility with
respect to the previous methods (Apparicio et al., 2007; Pearce
et al., 2008b; Witten et al., 2003). Almost all of the presented
models in the related literature are based on the traditional
Boolean logic, which is crisp, deterministic, and precise in
nature and gives no room for human decision making processes.
Sharp boundaries are imposed to create categories in the
thematic attribute and a spatial entity can either belong to or not
belong to a set. However, the traditional cartographic modeling
technique has proved to be quite awkward in some GIS
applications where imprecision and vagueness prevails, because
not all the entities in the spatial database can be uniquely
defined, either in the set of attributes or in their spatial
delineation (Leung, 1989).

As an alternative to Boolean logic, Zadeh's fuzzy set theory has
been proposed as the new logical foundation for GIS design
(Robinson, 1988). The potential applications of fuzzy logic in
spatial data collection, representation, retrieval and display have
been discussed in literature (Boroushaki and Malczewski,
2010). A fuzzy information representation scheme and its
implementation in conventional GIS software were developed at
the University of Guelph (Roman, 1990) reported a formal
fuzzy logic-based specification framework for geographic
information, in which rules of reasoning about time, space and
accuracy have been stated in a subset of second-order calculus
(Boroushaki and Malczewski, 2010).

3.2 GIS-Based MultiCriteria Decision Analysis (GI1S—
MCDA)

GIS-MCDA is defined as a process that transforms and
combines geographical data to obtain appropriate information
for decision making. GIS-MCDA is in the context of the
capabilities of GIS and MCDA which can observe the benefits
for advancing theoretical and applied research on the
integration of MCDA and GIS (Boroushaki and Malczewski,
2010; Feick and Hall, 1999; Kwaku Kyem, 2004).

The most important advantage of GIS-MCDA methods is its
capability to handle different views on the identification of the
elements of a complex decision problem, hierarchical structure
organization, and study the relationships among components of
the problem. GIS-MCDA for group decision-making takes the
format of the individual judgments into a group preference in a
way whereby the best compromise (the preferred alternative)
can be identified (Boroushaki and Malczewski, 2010;
Malczewski, 2006a, b). Based on Malczewski, 2006, the voting
methods (social choice functions) are the most popular
approach for a group decision making solution in a GIS-based
multicriteria group decision-making (see Boroushaki and
Malczewski, 2010; Malczewski, 2006a for more detail). Pasi
and Yager (2006) proposed a fuzzy majority approach to model
the concept of majority opinion in group decision-making
problems. The fuzzy majority concept generates a group
solution by using a linguistic quantifier, that corresponds to the
majority of the decision-makers’ preferences. The approach
addresses the above mentioned difficulties encountered by the

This contribution has been peer-reviewed.
doi:10.5194/isprsarchives-XL-2-W3-255-2014 256



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-2/W3, 2014
The 1st ISPRS International Conference on Geospatial Information Research, 15-17 November 2014, Tehran, Iran

voting schemes in relation to the combination process
(Boroushaki and Malczewski, 2010; Pasi and Yager, 2006).

Under the mentioned circumstances, GIS-MCDA involves
problem definition and structuring; selection of the evaluation
criteria; criterion weighting (the procedure for entering the
preferences on the importance of the criteria by each individual
decision-maker); determination of individual preferences;
combination of the individual judgments into a single collective
preference; sensitivity analysis with respect to the set of
evaluation criteria and alternatives; and final ordering of
alternatives so that a compromise alternative can be selected.
For more information please see (Boroushaki and Malczewski,
2010; Jankowski et al., 1997; Limayem and DeSanctis, 2000;
Malczewski, 2006h).

4. METHODOLOGY

The outline research method used to develop the mapping
model including the field work, design and data analyses. The
primary steps towards any research work are the data used and
the methods employed. The research’s questions will determine
whether the secondary data sources can suffice or primary data
collection for the parameters used in the study is required. The
methodology of this case study contains 3 phases which are:
data collection, data preparation, and data analysis.

4.1 Data Collection

The whole Malayer City is divided into 52 blocks. Out of these
52 blocks, 25 blocks contain the residential part of the city. In
this research 7 layers (which have been georeferenced into the
UTM projection with the WGS84 as datum) have been used.
These layers are containing information about location of
Kindergarten, Primary School, Secondary School, High School,
Hyagienic, Administration and Sport Facilities. The locations of
these facility layers in the data have been represented by
polygon geometry. GPS technique has been used for collecting
the accurate attributes and after that by using ArcGIS 9.2 the
updated attributes have been attached to the concerned layers.

4.2 Data Preparation

Data preparation phase contains four steps:
1. Creating the road network for network analysis
a. Road Network
b.  Creating the hexagonal point layer as incidents
c.  Creating Point Feature Class as facilities (e.g. Fig. 1)
2. Extracting the closest distance from the center of hexagon
to each attribute layer (e.g. Fig. 2)
a. Modeling & Automation (Fig. 3)
3. Merging the tables by SPSS
4. Merging the attributes & create the final hexagonal layer
a. Software Customization for automation of the process.

®  Administration Center
Malayer City

Study Area

LOOO 500 0 1,000 m

Fig. 1. The centers of administration on the hexagonal layer of
Malayer city (updated 2009)

In this research, in order to automatize the extracting process of
.dbf of the closest distances, a model has been created. In the
model, “Make Closest Facility” tools has been used for
calculating the closest facility distance for each hexagon centre,
then by “Select Data” tools, route layer from network analyst
has been chosen. In the last step by “Table Select” tools .dbf file
has been extracted. After extracting the .dbf file for each layer,
they should be merged in order to have a final .dbf for the next
step. The final result after merging is a layer which contains the
closest distance from each hexagon’s centre to facilities and it
will be the layers that are used in the analysing phase.

The analysis phase is concerned with developing a framework
for GIS-based multicriteria group decision-making using the
fuzzy majority approach (For more information about the model
please see (Boroushaki and Malczewski, 2010; Taravat, 2013)).
The procedure for solving a spatial group decision-making
problem involves two stages. First, each decision-maker solves
the problem individually. Second, the individual solutions are
aggregated to obtain a group solution.

The first stage is operationalized by a linguistic quantifier-
guided ordered weighted averaging (OWA) procedure to create
individual decision-maker’s solution maps. Then the individual
maps are combined using the fuzzy majority procedure to
generate the group solution map which synthesizes the majority
of the decision-makers’ preferences.
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Fig. 3. The model for extracting the distance to closest facility for each hexagon

®  Primary School

Primary Schools Distances
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Fig. 2. The map of distances from primary schools to the

hexagon’s centers

5. RESULTS

The final layer is a hexagonal map of Malayer city that contains
the distances of all facilities from the centre of that hexagonal to
the closest facility. Therefore, the shortest path from each
facility to hexagon’s centers was calculated (Table 1). Figure 2
shows the shortest path from primary schools to hexagon’s
centers.

Table 1: shortest and longest paths from each facility to
hexagon’s centres

Facility Shortest (m) Longest (m)
Kindergartens <536 >2851
Primary School <290 >1621
Secondary School <356 >2035
High School <306 >1982
Hygienic <358 >1997
Sport <405 >2483
Administration <407 > 2732

Moreover, the model has been used for Land Evaluation of
Malayer City Base on the Hexagon Centre’s Distances from
Public Facilities. The OWA values were then classified into 5
groups (Very Low, Low, Medium, High, and Very High) based
on the scale that is used in fuzzification step. Fig. 4 shows the
final map of Administrations, Sport and Hygienic facilities. In
this map, the linear effect of Administration centers is clearly
shown. The very high and high zones are found at the central
part of the city where educational centres are located. Away
from the central portion, the density of the educational centers
reduces.
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6. DISCUSSION AND CONCLUSION

In this paper an attempt has been made to present a
methodology to calculate the land evaluation base on distance
for reaching activity places. A series of “subjective” measures
of accessibility based on distances made by road network was
built for Malayer City. Furthermore, the distribution of
distances was summarized using fuzzy logic in order to qualify
each type of layers and for each Hexagon, the suitability of
every service point located in the GIS and to build perceptual
accessibility indices.

The study presented the fuzzy majority approach using OWA
procedure for GIS-based multi-criteria decision-making and its
implementation in the ArcGIS environment. Fuzzy logic
facilitates the challenges of converting human language into the
mathematical formulation, which in turn paves the way for
fuzzy weighting methods, quantifier-guided OWA and fuzzy
majority procedures. Without doubt there are disadvantages in
using Boolean logic, especially it is not possible to be precise
regarding the role played by specific land properties and there
are errors in the data as a result of spatial variability. In this
study it has been tried to demonstrate the advantage of fuzzy
method in multicriteria decision making.

The results can be used to inform the local planning process and
the GIS approach can be expanded into other local authority
domains. The results shows that the distribution of facilities in
Malayer city has followed on the base of cost benefit law and
the human aspect of resource allocation programming of
facilities (from centre to suburbs of the city).

OWA
Very Low
Low
Medium
- High
- Very High

1000 500 0 1,000 m
—— S—

Fig 4. The map of relative accessibility base on administration,
sport and hygienic facilities distances
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