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ﬁwith the development of public transportation in cities. To solve this problem, transit
i oriented development (TOD) is emphasized. This model, by preventing urban sprawl, aims
ito achieve sustainable development, which ultimately brings many positive economic,
§physica|, and environmental effects to cities. The experiences of other countries in this
iregard also indicate a reduction in urban residents’ dependency on private cars. This study,
i by providing a brief review of the theoretical foundations of the subject and examining
i similar research, seeks to implement TOD principles in the surrounding areas of selected
bus stations in the city of Shiraz. The bus fleet, as the most important public transportation
imode in Iran, which is not dependent on specific routes and has lower establishment costs
i compared to other modes of public transportation, has been neglected. While, most of
i domestic studies in the field of TOD focus on metro stations (mass transit). Furthermore,
%the bus network in Shiraz has evolved over time based on temporary needs and demand-
i driven approaches, aiming to provide services in line with the city’s physical and population
i growth. However, for various reasons, it currently accounts for a small share of urban
i transportation. Therefore, to increase the role of bus services in intra-city transportation,
§and in parallel with strengthening Transit-Oriented Development (TOD), the bus stations
i of Shiraz have been selected for study. So,This research aims to investigate the degree
i of adaptation of peripheral developments of selected bus stations in Shiraz with TOD
i principles by using SAW and TOPSIS methods, and provide effective solutions to upgrade
and improve the condition of the surrounding areas of selected bus stations in Shiraz city.

ETHODS: The present study is considered an applied research, as it seeks to
: improve an urban infrastructure. Both library and field methods were used to collect
{information and data for this research. The research process begins with identifying the
idimensions and indicators of Transit-Oriented Development (TOD) by considering the
i frequency of indicators used in similar studies and preparing a questionnaire to determine
%the weight of the indicators. The sampling method used in this research is the snowball
imethod. This method is used to identify experts in the field of TOD (Transit-Oriented
i Development). The weight of the indicators are also calculated using the Fuzzy Analytical
i Hierarchy Process (AHP Fuzzy) method. Next, the value of each indicator in each area is
%measured using GIS software, and finally, the area with the highest alignment with TOD
i principles is identified using the SAW method. In the end, the most optimal area in each
i dimension is determined using the TOPSIS method. The significance of this work lies in
i identifying the strengths and weaknesses of each area based on the TOD dimensions and
providing suitable solutions for each area.

INDINGS: The findings of this research lead to the identification and prioritization of
{8 the most important indicators used in studies related to Transit-Oriented Development
i (TOD). Additionally, the level of alignment between the development surrounding selected
i bus stations in Shiraz and TOD principles, as well as their strengths and weaknesses in each
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?dimension, are identified. Ultimately, this research revealed that, despite appropriate
i policymaking, the areas surrounding bus stations in the city of Shiraz have not experienced
i desirable development.

ONCLUSION: Overall, the results of this study show that the areas surrounding the

Shahid Dastgheyb, Valiasr, and Namazi bus stations have the highest level of alignment
i with TOD principles, respectively. The indicators of Entropy, density of existing metro
stations and bus stops in the area and Average cost of land and buildings are identified
i as the most important factors influencing the implementation of TOD. Among the various
i dimensions of TOD, the dimensions of diversity and design are the most significant. The
i study also highlights that most TOD research has focused on metro stations, neglecting
gbus stations despite their importance in the urban transportation system. As a result,
i many weaknesses were found in this area, indicating the need for further attention and
i research.

{ HIGHLIGHTS:

i- Application of SAW and TOPSIS methods to assess the conformity of peripheral
i developments of selected bus stations in Shiraz with TOD principles.

- The importance of three indicators: entropy, the density of public transportation
i stations, and the average cost of land and buildings among the factors influencing the
{ implementation of the TOD approach.
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Table 1. Introduction of indicators

Measurement criterion

Number of bus lines available at
each bus station

Sources used

Using statistics and data from the
Shiraz neighborhood planning
study with an approach to
homogeneous and balanced
development

Moayeri et al., 2018

Kermanshahi et al.,
2023

Kumar et al., 2020: 8
Huang et al., 2018: 312
Zhang et al., 2019

Utilization of expert opinions

Zhang et al., 2019

This index is calculated using the
following formula and GIS map
data of Shiraz: (Total buffer area /
Green space area in the region) *
100

Moayeri et al., 2018

This index is calculated using the
following formula and GIS map
data of Shiraz:

(Total buffer area / barren and
brownfield land suitable for
development in the region) * 100

This criterion is calculated using
the following formula and Google
Map data:

(Total buffer area / Number of
existing metro stations and bus
stops in the area)

The mentioned criterion is
calculated using the following
formula:

(Total buffer area / Number of
existing intersections in the area)

The land use mix diversity index
is calculated using the following
formula and GIS map data of
Shiraz:

(-G~ P+ Ln P)/Ln N)

Pi: Proportion of land use type i to
the total land uses in the area
N: Total number of land uses in
the area

Moayeri et al., 2018

Moayeri et al., 2018
Zhang etal., 2019

Tamakloe & Hong,
2020

Kumar et al., 2020: 8
Huang et al., 2018: 312

Pour Mohammadi et
al., 2016:41

Javadi et al., 2013: 43
Moayeri et al., 2018

Mahpour et al., 2021:
85

Kumar et al., 2020: 8
Huang et al., 2018: 312
Zhang et al., 2019

Dimension Indicator Operational definition
Destination Number of bus This index consists of the
accessibility station lines active lines of each bus station
under study
Density Population density The population density
criterion consists of the
resident population in the
study area.
Diversity Average cost of land This criterion includes the
and buildings average current purchase price
of land and existing buildings
in the area.
Design Percentage of green  The mentioned index includes
space area from the all green spaces and publicly
total area of the protected green spaces in the
region area.
Design Percentage of the This index exclusively
area of barren or features barren, deserted, and
brownfields suitable derelict lands in the area.
for development from
the total area of the
region.
Distance to Density of existing This criterion includes all
transit metro stations and active metro stations and bus
bus stops in the area stops in the area.
Design Intersection density The mentioned criterion
includes all major three-way,
four-way, and larger
intersections in the area.
Diversity Entropy This index includes
residential, commercial,
educational, cultural,
religious, tourism-hospitality,
medical, administrative, green
spaces, protected green
spaces, and various mixed-use
types.
Diversity Various existing This criterion includes

transportation modes

walking, cycling, various
taxis, buses, metro, and
private cars.

Number of different
transportation modes available in
each study area

Rasoolzade Sheikh et
al., 2018: 162
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Assessment of Peripheral Development of Selected Bus Stations Based on
Transit-Oriented Development (TOD) Criteria

-

| Identifying the dimensions of |

»  Design

Destination accessibility

Diversity +  Density

Distance to transit

Evaluation of the

studied areas using
the SAW method |€=ss=anss
based on the

Identifying the indicators of each dimension based on the
frequency of indicators used in similar studies.

indicators.

Evaluation of the

studied areas using
the TOPSIS method
in each dimension.

Identifying the most desirable study
area in each dimension of TOD

Fig. 1. Conceptual Model
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Table 2. Introduction of the bus stations and bus stops under study

Row Zone Name Type Address District Number
1 Namazi Bus Station Namazi Square 1
2 Esteghlal Bus Station Baskool Nader towards Hang Square 1
3 Shahid Dastgheyb Bus Station Pirouzi Crossroads - 9 Dey Street - Adjacent to the Holy Shrine 8
4 Lashkari Bus Station Rahmat Boulevard, beginning of Lashgar Street 5
5 Qasr Dasht Bus Station Qasr Dasht Square 6
6 Valiasr Bus Station Valiasr Square 2
7 Baharestan Bus Station Mianrud - Ghahramanan Square 9
8 Ahmadino Bus Station Ahmadino Street 2
9 Bezin Large Station Beginning of Bazin Township 10
10 Abrishami Large Station Azadi Square 1
1 Adel Abad Large Station Edalat Boulevard, before Adelabad Prison Border of district 4 & 5

Fig. 2. Location of the study areas
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Table 3. Decision matrix

Row Zone Name Indicators

A B C D E F G H 1
1 Namazi 14 61.4 16 00/0 1.42 9.73 11.35 0.51 6
2 Esteghlal 5 81.4 14 1.55 2.12 8.43 15.17 0.30 5
3 Shahid Dastgheyb 16 94 4 1.12 5.63 4.95 9.90 0.52 6
4 Lashkari 3 93.3 6 6.20 1.84 0.82 14.01 0.43 4
5 Qasr Dasht 12 50.9 25 2.55 3.12 0.83 7.48 0.25 6
6 Valiasr 12 90.1 8 8.90 12.08 5.49 14.12 0.50 6
7 Baharestan 7 48 5 6.14 45.70 5.40 4.63 0.24 4
8 Ahmadino 9 89.9 6 0.04 1.12 1.54 8.45 0.52 4
9 Bezin 4 19.2 5 3.51 55.08 0.84 5.91 0.23 4
10 Abrishami 5 61.4 20 11.67 0.80 3.48 8.70 0.37 4
1 Adel Abad 4 101.3 8 0.18 5.99 4.28 13.69 0.32 4

Fig. 3. Graph comparing the value of each indicator in the study areas
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Table 4. Index weights matrix
Indicators A B C D E F G H |
Weight 0.116 0.101 0.128 0.066 0.068 0.164 0.063 0.176 0.118
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Table 5. Level of TOD measured in each study area

Row Zone Name Type Measured Rank
level of TOD
1 Namazi Bus Station 0.699 3
2 Esteghlal Bus Station 0.573 4
3 Shahid Dastgheyb  Bus Station 0.770 1
4 Lashkari Bus Station 0.535 7
5 Qasr Dasht Bus Station 0.423 11
6 Valiasr Bus Station 0.745 2
7 Baharestan Bus Station 0.563 5
8 Ahmadino Bus Station 0.557 6
9 Bezin Large Station 0.434 10
10 Abrishami Large Station 0.491 9
11 Adel Abad Large Station 0.520 8

Table 6. Ranking of options based on diversity

dimension
Row Zone Name Type CL Rank
1 Namazi Bus Station 0.569 8
2 Esteghlal Bus Station 0.459 9
3 Shahid Dastgheyb  Bus Station 1 1
4 Lashkari Bus Station 0.767 4
5 Qasr Dasht Bus Station 0.166 11
6 Valiasr Bus Station 0.838 2
7 Baharestan Bus Station 0.606 6
8 Ahmadino Bus Station 0.816 3
9 Bezin Large Station 0.599 7
10 Abrishami Large Station 0.310 10
11 Adel Abad Large Station 0.626 5

Table 7. Ranking of options based on design dimension

Row Zone Name Type CL Rank
1 Namazi Bus Station 0.150 10
2 Esteghlal Bus Station 0.238 6
3 Shahid Dastgheyb  Bus Station 0.153 8
4 Lashkari Bus Station 0.346 5
5 Qasr Dasht Bus Station 0.153 9
6 Valiasr Bus Station 0.483 3
7 Baharestan Bus Station 0.621 1
8 Ahmadino Bus Station 0.090 11
9 Bezin Large Station 0.602 2
10 Abrishami Large Station 0.460 4
11 Adel Abad Large Station 209/0 7
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Fig. 4. TOD measured in each study area

Fig. 5. TOD measured in the diversity dimension

Fig. 6. TOD measured in the design dimension
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