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Abstract. The expansion of cities and increasing car traffic have brought problems such as increased greenhouse emission, 
noise pollution, and access problems that makes sustainable urban development one of the most significant concerns of 
urban governors. Obviously, the utilization of public transportation and walkability is one of the highly significant aspects 
of sustainable development. In an effort for the recognition of urban districts of Bojnourd, the current article compares 
the extent of walkability in each district. To investigate the walkability index using the opinions of experts and scholars 4 
criteria and 22 sub-criteria were taken into consideration. In this regard, the ANP approach was also applied to improve 
decision making and grading the importance of criteria; districts were finally graded using the TOPSIS model concerning 
walkability. In the present study as an applied one, field surveys, questionnaires, library studies, and documents were the 
data collection tools. The findings revealed that the old district (central), have the highest walkability potential in compari-
son to medial, and the new development districts respectively. Since the old district has the highest amount of mixed land 
uses, passage connectivity, passage integration, public transport, and so forth, it can be concluded that walkability is closely 
related to the mentioned factors.

Keywords: walkability, space syntax, TOPSIS, ANP, urban district, mix landuse.

Introduction

One of the challenges urban and transport planners are 
dealing with is negligence in providing the places appro-
priate for walking which could attract pedestrians in cities. 
Beneficial for the health of cities and citizens, walking de-
mands more attention of urban managers. It encompasses 
both the physical health of citizens and many environ-
mental advantages, for instance, reduction of the fossil 
fuels use and consequently air pollution, as well as noise 
and visual pollution. This method is meanwhile quite eco-
nomical and costs less than public transportation.

In new districts more dependence of humans on cars 
has led to the dominance of driving over walking, which 
itself has caused the neglect in walking and in providing 
facilities that motivate walking.

Since changing to a capital city of the North Khorasan 
province in 2004, Bojnourd has shown a rapid growth and 
many village-city immigrations in recent years, which has 
begot the expansion of suburbs and the emergence of new 
developments to accommodate the immigrants. Different 
types of urban districts in Bojnourd City including old, 
medial, and new are suffering from the issue of pedes-

trian-driver connection network and consequently many 
problems such as the access weakness, noise, irregularity, 
air pollution, reduced safety level for pedestrians and driv-
ers, and no access to public transportation have emerged. 
In the other word, the disruption of daily life due to motor 
vehicle traffic problems is evident in the city. The purpose 
of this article is to analyze the walkability in these three 
types of districts, and ultimately to determine the superior 
district concerning walkability.

1. Research methodology

In this study, the existing districts of Bojnourd were firstly 
identified and a part of each District was studied as a sam-
ple. In order to investigate the Walkability Index applying 
the opinions of the experts and scholars, 4 criteria and 
22 sub-criteria were considered; the criteria were asked 
from 70 people in the form of a questionnaire in each of 
the neighborhoods (totally 210 people) combined with 
an interview. The Likert scale questionnaire consisted of 
27 questions. Integration criteria, connectivity, selection, 
and so forth were also extracted based on the theory of 
Space Syntax and according to the key map of the current 
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situation in the studied districts. The other intended cri-
teria were also investigated by calculating the mixed land 
uses and examining the 11 considered uses through Shan-
non Entropy, calculating the density of the intersections, 
the length of the streets and so on. After that, using the 
experts’ opinion, applying the Analytic Network Process 
“ANP,” and utilizing the Super Decisions software, the 
criteria were weighted. Using the TOPSIS model, then, 
the acquired weights resulted from the ranking of criteria 
in ANP and the extracted data of the above-mentioned 
methods were combined and the final weight of each Dis-
trict was calculated in terms of walkability.

2. Literature review

In the last two decades, valuable research has been con-
ducted on walkability in cities. Moeini (2007), Soltani and 
Pirouzi (2013), and Mohammadi and Hajizadeh (2016) 
have respectively researched on the relationship between 
fossil fuels consumption and automobile with walkabil-
ity, the relationship between environmental pollution and 
safety and security of pedestrians regarding walkability, 
and the ranking of urban neighborhoods based on the 
walkability model. Obviously, less attention has been paid 
to investigate the walkability potential in various types of 
urban districts.

For instance, Hung et al. in their study in 2010, with 
the topic of walkability calibration in Hong Kong, as a 
comprehensive study attempted to help planners to be 
aware of the walkability conditions in the city, and to iden-
tify the deficiencies connected with the pedestrian areas. 
In this research, the Global Walkability Index (GWI) and 
the Asian Development Bank/Clean Air for Asian Cities 
(CAI-ASIA) have been used after localizing them with the 
conditions of Hong Kong. The study reveals that merely 
50 percent of the people were satisfied with the current 
situation, and dissatisfied people have emphasized on the 
necessity of street lighting, cleanliness, shading and broad-
ening pedestrian areas, reducing traffic and speed in the 
streets, removing barriers to pedestrians and increasing 
signs in intersections (Soltani & Pirouzi, 2013).

3. Concepts and definitions

3.1. Walkability

Walkability as a component of vitality plays a fundamental 
role in promoting a sustainable environment and creating 
a lively place, Figure 1. Reducing noise and air pollution, 
walkability encourages residents to walk (Shamsuddin 
et al., 2012, p. 169).

A place is walkable when its inhabitants at different 
ages having different levels of ability would be able to feel 
the attractiveness and desirability, comfort and security 
while walking not only in leisure time but also in their 
daily commute (Chapman, 2004, p. 156) (Figure 2).

3.2. Walkability conceptual framework
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Figure 2. Walkability conceptual framework (source: Ewing 
et al., 2006, p. 225)

3.3. Walking potential

Lack of suitable and attractive passages is one of the rea-
sons that make people not interested in walking. Con-
cerning urban design, urban amenities and furniture, 
and visual features, the existing sidewalks are not suit-
able. Therefore, it is essential to carry out research that 
addresses the problems of passages from this perspective 
and provides solutions for their improvement. The first 
step in this regard is to determine the spatial indicators 
effective in encouraging citizens to walk and provide an 
appropriate analytical tool for measuring the appropriate-
ness of the existing sidewalks based on these indicators. 
This concept called as the potential of walking, is defined 
as the suitability of a specific walking environment (Lwin 
& Murayama, 2010, p. 412). The walking potential index is 
described as measuring the effective urban design features 
to promote the use of non-motorized transport includ-
ing walking and cycling as alternatives for driving (Rattan 
et al., 2012, p. 31). Walking potential is an assessment scale 
of a walking environment attractiveness. In this regard, 
the quality of pedestrian facilities, road conditions, land 
use patterns, social protection, safety, and walking comfort 
should be taken into consideration. Walking potential is 
a fundamental concept in sustainable urban design (Raja 
et al., 2013, p. 590).

Sustainability

Vitality

Walkability

Figure 1. The relationship between vitality and walking  
(source: Shamsuddin et al., 2012, p. 169)
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Pedestrians have to cross the street. Where the pedes-
trian line is located, there is a lower speed and less vehicle 
vulnerability. This matter, where there is high speed or 
flow, can lead to delays or risks for pedestrians. In recent 
decades, several factors have reduced pedestrian injuries, 
which are as follows: better designed vehicles, the effective 
speed management, traffic routing, and walking simplifi-
cation (Martin, 2006, p. 1).

3.4. The significance of walking

Sidewalks have specific social and physical structures. 
Today, many efforts are being made at different levels of 
urban planning to encourage and facilitate walking on 
sidewalks, with great contributions of governments and 
municipalities, so that many cities have been develop-
ing plans and outlooks for the development of pedes-
trian networks at different time scales, and in particular 
with the outlook of the 21st century (Nasiri, 2012, p. 14). 
However, in the cities currently dominated in all respects 
by vehicles, walking is underestimated, and pedestrians 
are always at risk of physical and financial harm. In other 
words, walking from the two main aspects, (as a pillar 
of the intra-urban transport system and as a space for 
communication and social encounters) has not only been 
neglected, but now has little to do with it, so that pedes-
trians find their rights trampled (Rafieian et  al., 2011, 
p. 4). Accidents and lack of safety are of the most im-
portant issues, and investment in the pavement network 
can be very effective in reducing accidents. In 2008, 7491 
pedestrians were killed in European accidents, which re-
veal about 20.4 percent of the total number of deaths in 
accidents. By the end of the first decade of the twenty-
first century, pedestrian accidents have fallen by 25.2 
percent comparing to the previous decade, and the total 
number of accidents has dropped by about 30 percent. 
The replacement of road safety equipment has helped to 
reduce the number of pedestrian accidents in the last 10 
years (Brandstaetter et al., 2010, p. 1). Despite the risks, 
it is important to consider the benefits of walking and 
walkability, including increasing early mobility, saving 
consumer spending, saving all costs (reducing external 
costs), efficient land use, building a livable community, 
fitness and public health, economic development and 
supporting justice objectives (Litman, 2017, p. 1).

Waldock mentions the important advantages of side-
walks:

1 – Connection (The role of pedestrian networks in 
having proper access to the destination);

2 – Flexibility (Has it the appropriate conditions in the 
neighborhoods, it can create an environment that meets 
the needs of the human body);

3 – Comfort (Facilitate street crossing for pedestrians);
4 – Being joyful;
5 – Clarity and transparency (Waldock, 2012, p. 64).

3.5. Case study

In the north of Khorasan, there are some medium and 
small plains that sedimentation in them creates suitable 
agricultural areas and provides the basis for the formation 
and expansion of cities such as Bojnourd. Bojnourd is lo-
cated 250 km northwest of Mashhad and is located almost 
in the geographical center of the province (Naqsh,e Jahan-
Pars consulting engineer, 2011). According to the census 
in 2016, the city has a population of about 324,083 people 
(Iranian Statistical Center, 2016). In addition, the highest 
percentage of the city area is residential that is 27.5% of its 
area (785.6 hc). The lowest percentage is urban facilities 
and equipment, which is 8.1 percent of the city area (50.1 
hectares) (Naqsh,e Jahan-Pars consulting engineer, 2011).

3.6. Studied indexes of walkability

According to reliable scientific studies and field experts, 4 
criteria and 22 sub-criteria were considered for studying 
and measuring walkability (Table 1).

3.6.1. How to calculate walkability indexes

To quantitatively calculate the given sub-criteria, some 
indicators such as availability, accessibility, and quality of 
public transportation, abandoned buildings, passageways 
lighting, non-disturbance, access to urban furniture and 
its quality, adequate green space, waste collection, non-
disposal of surface water, unpleasant smell, leisure time, 
street art activities and access to sports and recreational 
facilities were prepared and studied through a question-
naire. Positiveness and negativeness of sub-criteria have 
been included in the table.

3.7. Mixed land use index

Considering the data, the studied uses to determine the 
mixed land uses in any District includes 11 ones: admin-
istrative, commercial, residential, commercial-residential, 
globetrotting, religious, educational, facilities and equip-
ment, social-cultural, parking, and recreational (including 
green space and parks). At this stage, first, the GIS map 
of each of the districts was separated from the total area 
of   the city using Clip instruction and then 11 given uses 
were analyzed in each District.

In order to calculate the mixed land uses in each Dis-
trict, the Shannon Entropy formulation was used as the 
equation1 shows:

Mixed Land use
( )( )

( )
 1
* ln

ln

k
j jj

i

p p

k
== −

∑
 For 1ik > . (1)

3.7.1. Mixed land use rate
In this equation pj is equal to the proportion of the area of   
use j to total area of   the region i; ki is equal to the number 
of different uses in the region i. Also is ki equal to 1, the 
value of this index is considered zero. In this research, ki 
is equal to eleven.
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3.8. Connectivity and integration index

To calculate these two indicators, the theory of Space Syntax 
and Ucl Depthmap software has been applied. To imple-
ment the model, first, convex space and axial map of the 
studied districts are drawn in the Auto CAD software and 
then are transmitted to Ucl Depthmap software. The soft-
ware studies and evaluates the maximum, minimum, and 
average of the integration and connectivity in the old, the 
medial, and the new districts. The output of this software is 
used to measure walkability. Since the connectivity index of 
passages measures the number of splits that are related to a 
space without an intermediary, the greater the connectivity 
is, the greater the selectivity and attendance of the people 
would be, so it will have a positive impact on the walkabil-
ity. In addition, the integration index, called accessibility, 
is a variable that refers to how a space is connected with 
other spaces around it. This index is also a key parameter 
that leads to an understanding of the relationships between 
users and urban space (Dettlafe, 2014, p. 288). So, the more 
the integration parameter is, the greater the willingness of 
the inhabitants to walk would be.

3.9. Intersection density index

The purpose of this index is to study the intersections den-
sity in the three studied districts. The following formula 
has been used to calculate this index:

Table 1. Walkability criteria and sub-criteria (source: authors)

Title: Criteria Sub-Criteria Type of Criteria

Walkability 
Potential

Transportation Access to Public Transportation Positive
How to Access to Public Transportation Positive
Public Transportation Quality Positive
Connectivity Positive
Integration Positive
Intersection Density Positive
Street Length Density Positive

Density Population Density Positive
Building Density Positive

Social Security Abandoned Buildings Negative
Passageways Lighting Positive
No Disturbance Positive

Quality of Urban Environment Access to Urban Furniture Positive
Quality of Urban Furniture Positive
Enough Green Space Positive
Rubbish Collection Positive
Failure to Dispose Surface Water Negative
Unpleasant Odor Negative
Spending Leisure Time Positive
Street Art Activities Positive
Access to Sports and Recreational Facilities Positive
Mixing Use Positive

Intersection NumberIntersection Density
Area

= . (2)

In this equation, Intersection Number equals to the 
number of street intersections and Area is equal to the 
area of   the region in the studied districts. This parameter 
is studied since the intersection of the streets increases the 
walking potential.

3.10. Street length density index

The purpose of this indicator is to investigate the length of 
street density in the three studied districts. The following 
formula has been used to calculate this index:

Length of StreetsStreet Length Density
Area

= . (3)

In this equation, Length of Streets is equal to the total 
length of the streets in the studied districts; this param-
eter is studied because of the weakness of the streets inter-
section density index in non-intersecting areas. It means 
there might be a place where the streets do not intersect, 
while the existence of the same long streets will increase 
the level of access. If the streets intersection density index 
is just reviewed, these streets will be deleted. By combin-
ing these two parameters, a more appropriate index can be 
created. The final point is the street length density index is 
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somehow an indication of the appropriate number of pas-
sages (SabzaliYamghani & Alesheikh, 2015, p. 163).

3.11. Population Density Index

The purpose of this indicator is to study the population 
density in the three studied districts. The following for-
mula has been used to calculate this index:

PopulationPopulation Density
Area

= . (4)

In this equation, Population is equal to the popula-
tion of the studied districts. Since high population density 
increases the craving for walking, and this point makes 
people feel safe, this parameter is studied. Research has 
also shown that areas with high population density are 
commonly found in urban centers, which increase the 
short trips (SabzaliYamghani & Alesheikh, 2015, p. 163).

3.12. Building density index

The purpose of this index is to study the building density 
in the three studied districts. The following formula has 
been used to calculate this index:

Gross InfrastructureBuilding Density
Area

= . (5)

In this equation, gross infrastructure is equal to the 
infrastructure of the entire existing floors and buildings 
in the districts under the study. This parameter is exam-
ined, since with increasing building density, the number 
of households in the region has also increased, and this 
will increase the traffic.

3.13. The process of ANP network analysis

The process of ANP network analysis is one of the multi-
criteria decision making techniques, which was recom-
mended as an appropriate alternative for hierarchical 
analysis process in 1996 by Saati. This model can control 
and manage the interdependency among the elements and 
within the network (Lee & Wu, 2005, p. 3).

At this stage, using the comments of ten experts for 
each region, using the ANP method and Super Decisions 
software, first, the relationship among the criteria is deter-
mined (this relationship can exist among the sub-criteria 
of one criterion with each other, or with sub-criteria of the 
other criteria, unidirectional or bidirectional). Then their 
paired comparison is done and the final weight is esti-
mated. An important point in calculating the weight of the 
criteria using the ANP method is the compatibility factor. 
This coefficient must be less than 0.1 to be accepted. In the 
present study, also the Compatibility Coefficient has been 
less than 0.1 in all the paired comparisons.

3.14. Using the TOPSIS method to achieve superior 
district in terms of walkability

One of the multi-index decision-making models capable 
of solving many decision-making issues for managers 

and planners is the TOPSIS model. This model was first 
introduced in 1981 by Huang and Yun, with improve-
ments over time opening up its place as one of the best 
and most accurate multi-index decision making methods 
among managers and planners. The theoretical founda-
tions of this technique are firstly finding the positive ideals 
(the best form) and the negative ideals (the worst form) 
for each of the indicators by a series of techniques and 
then calculating the distance between each option of the 
positive and negative ideals. The selected option is the one 
with the least distance from the positive ideals and the 
greatest distance from the negative ideals (Pourmoham-
madi & Koushaneh, 2014, p. 42).

In this study, the TOPSIS method was used for the 
final ranking of the districts in terms of walkability.

4. Selection of the studied districts

4.1. Identification of the districts in Bojnourd

In order to sort and classify urban districts, often more 
than ten factors and characteristics are used to differenti-
ate urban districts. These factors areformation time, rate 
of formation, connection networks, population density, 
urbanization rate, land use composition, environmental 
balance, establishment of urban functions, physical co-
herence, coordination of the constituent elements of the 
District and the building density (Haeri, 1992, p. 34). In 
this study, using the selection and combination of several 
factors from among the above-mentioned factors, which 
are the base of the analogy and separation of the districts, 
and the maps related to the historical evolution of city 
growth, the physical body of Bojnourd is divided into the 
three districts of old, medial, and outer (Figure 3). Each 
of these districts has characteristics, problems and issues, 
facilities and limitations for future development of the city 
(Ziari et al., 2012, p. 224).

4.2. Selecting the scope of the study in each of the 
existing districts

After recognizing the types of urban districts in Bo-
jnourd, three regions were selected from each of the 
different types of old, medial, and outer (new) districts 
(Figure 4).

5. Calculating the parameters

5.1. Calculating the mixed land use in the three 
studied districts

The total area of the old district is equal to 461667.94, 
the medial district is 528684.19, and the new developed 
district is827015.52 sq. m. According to the land use map 
and using GIS software, the allocated levels to each of the 
intended uses have been obtained (Table 2).

According to the Shannon Entropy formula, the results 
of calculating the mixed land use rate of the three studied 
districts (Table 3) are as follows:
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Figure 3. Division of districts in Bojnourd city (source: Ziari et al., 2012, p. 227)
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Table 2. Area of the uses in the three studied regions (source: authors)
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5.2. Calculating the obtained indexes from the 
questionnaire

Given the fact that the questionnaire questions were ana-
lyzed based on the Likert spectrum, the average of the 
answers was ultimately calculated, the resulting data are 
shown in Table 4.

Table 4. Calculating the obtained index in each district  
(source: authors)

The Indexes Under Study 
in the Questionnaire

The old 
district of 

the city

Medial 
District

New 
District

Access to Public 
Transportation

3.27 2.51 2.75

How to Access to Public 
Transportation

3.35 2.94 3.08

Public Transportation 
Quality

2.55 2.08 2.51

Passageways Lightening 3.02 3.12 2.88
Ruined Buildings 3.02 2.07 1.48
No Disturbance 2.97 4.01 4.02
Mixing Use 3.61 3.4 2.82
Unpleasant Odor 2.87 2.27 1.61
Rubbish Collection 3.3 2.87 3.57
Access to Urban 
Furniture

2.88 2.88 2.35

Access to Sports and 
Recreational Facilities

2.3 2.42 2.15

Failure to Dispose 
Surface Water

3.41 2.37 1.95

Enough Green Space 3.24 3 1.98
Street Art Activities 1.85 2.37 1.47
Quality of Urban 
Furniture

2.92 2.8 1.78

Spending Leisure Time 2.21 2.61 2.58

5.3. Calculating density indexes in the three  
studied districts

The following table shows the obtained data from the 
study of the intersections density indexes, the length of the 
streets, the building density, and the population density in 
the three studied districts (Table 5):

Table 3. The extent of mixed land use in the three districts 
(source: authors)

District Mixing Use

Old 0.5908
Medial 0.2915
New 0.2441

Table 5. Calculation of the density indexes in the three studied 
districts (source: authors)

District
Density

Old 
District

Medial 
District

New 
District

Intersection density 0.0000238 0.0000226 0.0000367
Street length density 0.00915 0.01008 0.00903
Building density 0.313 0.254 0.095
Population density 0.0263 0.0149 0.0196

5.4. Calculating the indexes derived from the theory 
of space syntax in the three studied districts

The table below shows the obtained data from the study 
of the parameters of the Space Syntax theory (both in-
tegration and connectivity) in the three studied districts 
(Table 6):

Table 6. The obtained data from the theory of space syntax in 
the three studied districts (source: authors)

District
Space Syntax

Old  
District

Medial  
District

New 
District

Connectivity 17.59 5.92 5.4
Integration 1.95 1.87 1.69

5.5. Weighting the criteria through the ANP 
network analysis process

At this stage, using the comments of ten experts for each 
region, using the ANP method and Super Decisions soft-
ware, first, the relationship among the criteria was deter-
mined (this relationship could exist among the sub-crite-
ria of one criterion with each other, or with sub-criteria 
of the other criteria, unidirectional or bidirectional). Then 
their paired comparison was done and the final weight 
was estimated.

An important point in calculating the weight of the 
criteria using the ANP method is the compatibility factor. 
This coefficient must be less than 0.1 to be accepted. In 
the present study, also the Compatibility Coefficient has 
been less than 0.1 in all the paired comparisons (Table 7).

5.6. Using the TOPSIS method to achieve the 
superior walkable district

In this study, the TOPSIS method was used for the final 
ranking of the districts in terms of walkability. The TOP-
SIS method has seven steps; the first one is the formation 
of a decision matrix (Table 8).

According to the above table, the decision-making 
matrix was created and after normalizing the data, the 
weighing operation was performed on a normalized 
matrix. Then the positive and negative ideal solutions 
were determined. The table below shows the distance 
from the worst and best solution calculated by the for-
mula below:
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Determining the distance between the i-th alternative 
from the ideal alternative (the highest performance of 
each indicator), which is represented by (A*).
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min
A v j J v j J

i i
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{ }* * * *
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Table 7. Weighting the criteria through the ANP network analysis process (source: authors)
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 – Determining the distance between the i-th minimum 
alternative (the lowest performance of each indica-
tor), which is represented by (A–).

min
( | ), |ij ij

max
A v j J v j J

i i
−

   = ∈ ∈     
′


;

{ }1 2 , , , nA v v v− − − −= … . (9)

In the above equation, vij equals the product of the 
standard values of each index in its own weights.

Table 8. Creating a decision matrix (source: authors)

Matrix Old District Medial District New District Type of Criteria Weight of Criteria

Connectivity 17.59 5.92 5.4 Positive 0.288
Intersection Density 0.0000238 0.0000226 0.0000367 Positive 0.083
Street Length Density 0.0092 0.0101 0.009 Positive 0.091
Access to Public Transportation 3.27 2.51 2.75 Positive 0.201
Modality of Access to Public Transportation 3.35 2.94 3.08 Positive 0.082
Integration 1.95 1.87 1.69 Positive 0.225
Public Transportation Quality 2.55 2.08 2.51 Positive 0.026
Population Density 0.0263 0.0149 0.0196 Positive 0.551
Building Density 0.313 0.254 0.095 Positive 0.448
Street Lighting 3.02 3.12 2.88 Positive 0.331
Ruined Buildings 3.02 2.07 1.48 Negative 0.249
No Disturbance 2.97 4.01 4.02 Positive 0.418
Mixed Land use 3.61 3.4 2.82 Positive 0.473
Unpleasant Odor 2.87 2.27 1.61 Negative 0.058
Rubbish Collection 3.3 2.87 3.57 0.074
Access to Urban Furniture 2.88 2.88 2.35 Positive 0.051
Access to Sports and Recreational Facilities 2.3 2.42 2.15 Positive 0.047
Failure to Dispose Surface Water 3.41 2.37 1.95 Negative 0.021
Enough Green Space 3.24 3 1.98 Positive 0.128
Street Art Activities 1.85 2.37 1.47 Positive 0.017
Quality of Urban Furniture 2.92 2.8 1.78 Positive 0.013
Spending Leisure Time 2.21 2.61 2.58 Positive 0.112
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Table 9. Determining the optimum solution (source: authors)

Optimum Solution + –

Connectivity 0.2621 0.0805
Intersection Density 0.0619 0.0381
Street Length Density 0.0562 0.0503
Access To Public Transportation 0.1326 0.1018
How To Access To Public 
Transportation

0.0507 0.0445

Integration 0.1377 0.1193
Public Transportation Quality 0.016 0.0131
Population Density 0.4022 0.2279
Building Density 0.3386 0.1028
Street Lighting 0.1982 0.183
Ruined Buildings 0.0933 0.1904
No Disturbance 0.2622 0.1937
Mixing Use 0.2993 0.2338
Unpleasant Odor 0.0234 0.0416
Rubbish Collection 0.0468 0.0376
Access to Urban Furniture 0.0312 0.0255
Access to Sports and Recreational 
Facilities

0.0286 0.0254

Failure to Dispose Surface Water 0.0089 0.0156
Enough Green Space 0.0857 0.0524
Street Art Activities 0.012 0.0075
Quality of Urban Furniture 0.0086 0.0052
Spending Leisure Time 0.0682 0.0578

Once the optimal solution for each criterion has been 
found (Table 9), the distance of each of the districts is de-
termined from the ideal positive and negative solution. 
Table 10 represents the same.

Table 10. Determining the distance from the ideal positive and 
negative solutions (source: authors)

Distance Size + –

Old District 0.1232 0.3548
Medial District 0.2612 0.2039
New District 0.325 0.1432

Conclusions

It was mentioned before that in the three old, medial, and 
new districts of Bojnourd, a region was investigated for the 
study of walkability. After examinations and calculations 
(according to Table 11), it was revealed that the highest 
walkability belongs to the old district while the medial and 
new districts are in lower ranks. Therefore, it can be con-
cluded that in the city of Bojnourd and with the expansion 
of rural suburbs, getting closer to the city center increases 
the interest of citizens in walking. On the contrary, closer 
to the countryside, although the structure of the district is 
new and planned, the residents are much more reluctant 
to walk. This can be a warning to new urban planners and 

designers, and shows the need for more attention to green 
space, diverse applications, safe and fast access to public 
transportation, the design of attractive outdoor spaces for 
pedestrians to spend leisure time, etc.

Table 11. Ranking districts in terms of walkability  
(source: authors)

Result Coefficient of Proximity

Old District 0.7423
Medial District 0.4385

New District 0.3509

Since population density, mixing use, building density, 
and non-disturbance have respectively the highest weights 
in the ANP method, therefore the preliminary of a walk-
able environment is the need for security in the districts. 
Two parameters of population density and density of 
buildings have increased social visibility in different places, 
as well as short trips in neighborhoods and districts and 
consequently social security. On the other hand, non-dis-
turbance is also an important factor in maintaining social 
security. Alongside the social security index, mixed land 
use is another important factor in increasing the walk-
ability in districts. Observing these points can lead to an 
increase in walkability in districts with less than the mini-
mum record, which need to promote this important factor.
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