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ABSTRACT

Now, the increasing growth of urbanism and inconsistency between transportation infrastructures
and demand for personal car use have made it necessary to adopt proper plans to match the existing
supply and demand. In this case, transportation planning based on sharing various modes is an
appropriate technique of planning matched with the space and design of urban elements structured
based on ten fundamental principles. This paper aims to determine the importance rate of these
principles in the field of livable urban transportation planning. For this purpose, the optimal weight
of defined principles is estimated by using the hybrid Best-Worst Method (BWM) and Genetic
Algorithm (GA) technique. To implement the proposed technique, the Tehran metropolis which is
one of the overpopulated cities in the Middle East is considered a case study. First, a questionnaire
for detecting the best (most important) and worst (less important) principles was designed to collect
experts' ideas, and the second questionnaire was then used to examine the weight of the ten principles
introduced in the references. Results of the first questionnaire showed that among 10 introduced
principles for Tehran, the principle of simultaneous transportation and city planning had the highest
importance, and the principle of determining fair carfare for different transportation modes had the
lowest importance. According to the analysis of the second questionnaire and implementation of
GA until response stability is reached, the principle of simultaneous transportation and city planning
is three times more important than other principles, and it must receive special attention in urban
transportation planning. The reason may be related to the considerable gap between Tehran and
livable principles; thus, synergy in solutions obtained from integrated and simultaneous points of
view can solve the sophisticated urban issues.
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1. INTRODUCTION

Transportation planning has always had a special
position in urban studies. The role of a transportation
planner is to use skills and capabilities to direct and
improve urban transportation policies in favor of
people and the urban environment. The different
alternatives that transportation planners may consider
in this field can appear in the form of investment in and
construction of new ways, new railways, channels,
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setting public transportation fees, parking use rates,
changing infrastructural rules of urban transportation,
etc. In many of the mentioned cases, policies can
change economic and social growth, and its outcome
is a change in individuals’ travel characteristics.
Therefore, the purpose of transportation planning is to
shape individuals’ travel habits appropriately. Figure
1 depicts the general structure of transportation
planning (Starkie 1976).
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Fig. 1. The General Structure of Transportation Planning
(Derived from Gwilliam 1974)

This case has been considered since 1974, and
proper planning requires changing individuals’ travel
habits through policy-making control, appropriate
planning, and presenting transportation systems
affecting demand regarding the economic and social
dimensions of households. In the recent decade,
however, the advent of some technologies such as
Autonomous Vehicles (AVs) and so forth has made it
necessary to set a comprehensive plan that can meet
urban needs.

Estimates imply the presence of 10 million AVs in
the world by 2020 (Tech 2016). In the opinion of

researchers, this subject is the sixth wave of change
that has been started since 2012 and can be considered
concerning the big data age, coordination tracking,
and development of smart technologies (Angelo
and Vormann 2018). As shown in Figure 2, any big
change in the world indeed includes four general
steps: creating initial disorder in the existing system,
creating severe disorder in a system, balance with the
system and harmony of the two, and finally maturity

of the relevant change.
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Wave n+1
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Fig. 2. Four-Step Changes

(Derived from Angelo and Vormann 2018)

2. PLANNING PRINCIPLES FOR A
DYNAMIC AND LIVABLE CITY

Studies have confirmed that the increasing growth of
urbanism has led to more traffic congestion, delays in
vehicles, longer travel time, more accident statistics,
and shorter life age (Goetz 2019). In the case of
increased traffic congestion, the studies conducted on
200 cities in 23 countries with their reports published
in 2018 showed that drivers have wasted time more
than an average of 100 hours annually in most of these
cities (INRIX 2018). Also, studies have indicated
that a growing increase in commutation may cause
accidents and unpleasant consequences. Accordingly,
half of the annual deaths caused by urban traffic
accidents are related to vulnerable people in society,
including pedestrians, motorcyclists, and cyclists
(WHO 2018).

Dynamic and livable city indeed refers to a set of
solutions and policies through which, individuals can

have a good life and interaction in an urban space
(Gunn and Davern 2020). A livable and dynamic
city is indeed a city that meets all considered needs
of humans, such as housing, employment, education,
services, transportation, health, and a proper social-
visual environment (Lowe et al. 2015). Dynamic and
livable cities have become a serious and important
concept in local and regional planning (Badland et al.
2014). As mentioned, appropriate transportation that
is available for the public is one of the most underlying
cases for actualizing a dynamic and livable city. In
2019, some researchers introduced ten principles
under the supervision of Professor Robin Chase and
the support of an International NGO. These principles
provide the field for having access to sustainable
transportation matched with the goals of a dynamic
and livable city (SMP 2017). The introduced 10
principles are shown in Figure 3, and each principle is

elaborated in the following paragraphs.
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Fig. 3. Ten Planning Principles for a Dynamic and Livable City
(Derived from SMP 2017)

Principle 1) planning for transportation and urban
development simultaneously

These principles express that development, design of
the city and its environment, legislation on different
urban uses and areas, and other use properties of
urban passages and its policies must be made in a way
to have a city with compact, accessible, and dynamic
uses covering various dimensions of sustainable
development (SMP 2017).

Principle 2) human-centeredness view instead of car-
centeredness

This principle aims to consider human-centeredness
and prioritize pedestrian transport modes, cycling,
public transport, and other shared transport modes
(SMP 2017).

Principle 3) proper use of available space in
transportation planning

According to this principle, the need for streets and
required space for movement and car parking must
be minimized, so the development of oversized
infrastructures, mass production of oversized

vehicles, and oversupply of marginal parking must be
prevented (SMP 2017).

Principles 4) making proper relationships with
beneficiaries and stakeholders making them engaged
in planning case

The optimal option in the planning process is to
engage with all mentioned users step by step in the
design and implementation of plans (SMP 2017).
Principle 5) observing the principle of social justice in
transport planning

Transport planning must be made to ensure all
individuals have access to transportation regardless
of age, gender, beliefs and religion, income level, and
other characteristics (SMP 2017).

Principle 6) Planning must be led towards zero rates
of pollutants and the use of renewable energies.

The use of public and shared transport and electric
vehicles can dramatically reduce pollutants, which
must be considered in plans (SMP 2017).

Principle 7) Fair fees for various transportation modes
Every transportation mode should pay a fair fee for



the use of infrastructural road use, single or shared
use of vehicles, the traffic congestion they create,
produced emissions, and the use of marginal parking
space (SMP 2017).

Principle 8) proper and free access to transportation
data must be provided for the public

The field must be provided in planning to share
transport and infrastructural data of roads between
different companies while ensuring privacy, security,
and reliability of data (SMP 2017).

Principle 9) planning must provide the field for
integrated communications of different shared
transport modes, etc.

All transport services shall be integrated from the
viewpoint of operators, different geographical
locations, and various modes (SMP 2017).

Principle 10) it is recommended in urban transport
planning (especially in dense urban spaces) to use Avs
in the form of shared transport mode.

Regarding the suitable transformational potential of
AVs, AVs must be part of shared fleets; while their
legislation must be done accurately in a way to reduce
or even make pollutants zero (SMP 2017).

3. METHOD

The points mentioned herein were about planning
principles of livable urban transport. The effectiveness
rate of these principles must be measured to achieve
a plan to actualize them. Since no study has been
done in this field, the extant study tries to fill this
research gap. The method mentioned above is more
appropriately explained in the following paragraphs.

3.1. Collection of Required Information

As mentioned before, the ten principles introduced in
Figure 3 are necessary for the realization of livable
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urban transportation planning. In this study, Tehran
City has been evaluated as a case study. Because
simultaneous implementation of all principles has
not been actualized in Tehran, observation methods
cannot be used to collect the required statistics and
information for estimating the importance of these
ten principles. On the other hand, the collection of
required statistical information, such as traffic flow
in the road network of Tehran, and other information,
such as citizens’ preferences for travel models and
use of autonomous systems is highly costly, and
sometimes no data is available for it. Hence, this
study has attempted to examine these ten principles
by using a questionnaire-based qualitative approach.

In this paper, BWM is used tat is a simpler and more
precise method than the common Analytic Hierarchy
Process (AHP) (Rezaei 2015). To achieve the
research goal, two sages of the questionnaire are used
to analyze principles for livable urban transportation
planning.

In this research, 50 experts participated in this research
whose fields were fully related to research goals,
indicating their suitable opinions about transportation
planning principles. Figure 4 (A-C) depicts a
schematic of the expert’s characteristics. In terms of
demography, respondents were mainly men with MA
degrees and long technical experience of 1-3 years.
According to assessments, questionnaires had content
validity. To evaluate the reliability of questionnaires
in this research, Cronbach’s alpha coefficient was
calculated. Assessments show when this coefficient
varies between 0.75 and 0.95 the reliability of
questionnaires is confirmed (Cronbach and Shavelson
2009). The Cronbach’s alpha coefficient calculated
for this study equaled 0.925, which showed the
reliability of the questionnaires.

A)

+
W Male
EFemale

@ +
| <1year
W 1-3 years
W 3-5years
W 5-7 vears
W =7 years

Fig. 4. Experts’ Descriptive Analysis of the Questionnaire; A) Distribution of Gender, B) Distribution of

Education, and C) Distribution of Experience
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First, 25 experts who were familiar with the research
field were chosen to detect the best and worst
principles. Examination of the first questionnaire
was subject to the question about the best and
worst principle among 10 principles. According to
assessments, the principle of simultaneous urban
development and transport planning was the best
(most important), and determining fair fees for
various transportation modes was the worst (least

important). In the next step, the rest of the 25 experts
filled out the second questionnaire to evaluate the best
criterion compared to other criteria and evaluate other
criteria compared to the worst criterion. It is worth
noting that the index of criteria evaluated in Table 1
is matched with the order of criteria introduced in the
second part of this paper. Each comparison (Table 1)
was then averaged, and mean values were rounded to
the nearest integer.

Table 1. Pair Comparisons of Evaluation in BWM

Row Comparison Ratio Rate Row Comparison Ratio Rate

1 (Importance of Principle 2 / 4 10 (Importance of Principle 7 / Importance of 3
Importance of Principle 1) = a,, Principle 2) = a,

2 (Importance of Principle 3 / 4 11 (Importance of Principle 7 / Importance of 5
Importance of Principle 1) = a,, Principle 3) = a,

3 (Importance of Principle 4 / 4 12 (Importance of Principle 7 / Importance of 5
Importance of Principle 1) = a,, Principle 4) = a,

4 (Importance of Principle 5 / 3 13 (Importance of Principle 7 / Importance of 4
Importance of Principle 1) = a, Principle 5) = a_

5 (Importance of Principle 6 / 5 14 (Importance of Principle 7 / Importance of 3
Importance of Principle 1) =a,, Principle 6) = a_

6 (Importance of Principle 7 / 4 15 (Importance of Principle 7 / Importance of 4
Importance of Principle 1) = a,, Principle 8) = a,

7 (Importance of Principle 8 / 3 16  (Importance of Principle 7 / Importance of 4
Importance of Principle 1) = a, Principle 9) = a,,

8 (Importance of Principle 9 / 5 17 (Importance of Principle 7 / Importance of 2
importance of Principle 1) = a,, Principle 9) =a

9 (Importance of Principle 10 / 6

Importance of Principle 1) =a,

3.2. 3.2. Analysis of Questionnaires based on
BWM

Problem-solving in BWM is done to determine the
weight of studied principles based on inequalities (1)
and (2) under constraint conditions (3). Equations

) |@ —ay| <
Wi

) wi
ww

(3) Z?=1 W] =1

In equation (3), wj represents the weight of importance
of criterion j, and in equations (1) and (2), w, and
w,, indicate the importance weight of best and worst
criteria, and & shows the objective variable that we
tend to find its minimum value.

To find the minimum value of &, inequalities must be
shaped in the first step and then be solved Through
proper techniques. Regarding the conditions of
BWM, when many studied criteria whose importance
weights must be measured exceed 3 criteria, the

(1)-(3) are indeed optimization problems to find the
lowest value of variable & in a way that inequalities
(1) and (2) are satisfied under constraints (3) (Rezaci
2016). In this method, the weight of the principle’s
importance is shown with a w sign. Therefore, wl
shows the weight of the first principle’s importance.

&; per all j values

le < &; per all j values

problem’s solution will not be unique because
inequalities are nonlinear. In this lieu, a study has
developed BWM to linearize the inequalities (Rezaei
2016). In this technique, a new problem is considered
instead of solving the problem with inequalities (1)
and (2) and constraint conditions (3). The objective
of this new problem is to minimize the new variable
&- by satisfying inequalities (4) and (5) and constraint
equation (6).
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) |wp — agjw;| < &&; per all j values
) |Wj — ajWWW| < &L per all j values
©) i=awj =1

It must be considered that the weights of criteria
(examined principles) belong to the interval of [0,
1] based on the constraint conditions (6). On the
other hand, &" is a value less than 1 (although it can
be greater than 1 based on the problem’s conditions)
to achieve a compatible condition. Now, assuming
computations are done to three decimal places, the
problem must be solved 100010 times; thus, achieving
the final result is time-consuming and may take
several days. Therefore, the problem is considered
NP-Hard type that almost cannot be solved through
explicit methods.

The more optimal approach is the use of optimization
concepts such as GA, which has been used in many
studies in the field of transport engineering. Some
these attempts include supply chain management and
scheduling to decrease load of activities (Zegordi
and Beheshti Nia 2009), optimizing process of
transportation stations to examine effect of various
structural factors such as traffic volume of freight
vehicles, number of fixed and portable freight
stations, and also rate on performance of freight
stations (Mahmoudabadi and Tavakkoli-Moghaddam
2011), solving problem of supply chain in distribution
stations to optimize processes from manufacturing
to distribution center (Antony Arokia Durai Raj and
Rajendran 2012), solving problem of modeling and
allocation of hazardous materials’ transportation
(Ardjmand et al. 2016), solving nonlinear
transportation costs problem (Ghassemi Tari and
Hashemi 2016), solving location-routing problem and
transportation supply chain considering multimodal
transportations (Fazayeli, Eydi, and Kamalabadi
2018), modeling rent and use of shared bicycles (Gao

and Lee 2019), solving problem of hydrogen freight
distribution network considering two transportation
modes (Woo and Kim 2019), solving problem
of freight network optimization (Chandra et al.
2021), and solving problem of optimization of crew
scheduling (Hanczar and Zandi 2021).

In this paper, GA is used to solve inequalities (4) and
(5) under constraint terms (6). A basic GA consists
of an input, output, and algorithm iteration loop until
reaching the optimum results (Katoch, Chauhan, and
Kumar 2020).

According to the concepts used in GA, the parents are
randomly chosen to produce a new child, and multiple
solutions may be obtained each time the optimization
GA is solved. To decrease this phenomenon in the
present paper, the problem was solved ten times to
allow the optional assignment of initial values that are
randomly given to the weight of criteria. Ten times of
iteration were chosen due to the closeness of values
of importance weight of measured principles obtained
from 10 iterations of the algorithm run to achieve
reliable results.

4. RESULTS

Because BWM is used in this study, 17 comparisons
must be made between ten principles. According
to assessments obtained from the questionnaire,
values related to experts’ comments showed average
results reported in Table 2, which are used to form
inequalities. In GA problems, objective functions
shall usually reach an optimum (minimum, for
instance) value.

Table 2. Pairwise Comparisons of Evaluation in BWM

Row Comparison Ratio Rate Row Comparison Ratio Rate

1 a,=4 4 10 a, =3 3
2 a,=4 4 11 a, =5 5
3 a =4 4 12 a, = 5
4 a3 3 13 a, = 4
5 a,=5 5 14 a = 3
6 a =4 4 15 a, = 4
7 a,=3 3 16 a, = 4
8 a,=>5 5 17 a, =5 2
9 a =6 6
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In terms of the objective function, the EL value is objective function can be considered as an algebraic
greater than or equal to zero; in an extreme mode, sum of values in the left-hand of inequalities (4) and
therefore, the numerical value of the left hand of (5). In other words, the objective function of this study
inequalities (4) will maximumly equal EL. Hence, the is written as equation (7), which must be minimized.

f = lwg — 4w, |+|lwp — 4ws| + |wp — 4w,| + |wp — 3ws| + [wp — Swg| +
|wg — 4wy | + [wp — 3wg| + [wp — Swy| + lwp — 6wo| + [wy — 3wy, | +
(w3 — 5wy | + [wy — Swyy| + [ws — 4wy, | + [we — 3wy | + lwg — 4wy | +

[wo — 4wy, | + |wio — 2wy | ™

This objective function is solved under the constraint related to GA are described in Table 3. The mean
terms of equation (6), considering that the importance value of measured digits reported in the one row left
weight of measured principles belongs to the [0, to the end expresses the importance weight of livable
1] interval. The results of 10 iterations of analysis urban transportation planning principles.

Table 3. Results of GA Optimization within 10 Iterations

1 L
Iteration W, w, W, w, W W, w, W W, Wio &

1 0.327 0.081 0.082 0.082 0.107 0.068 0.025 0.107 0.066 0.054  0.4407
2 0.313 0.078 0.111 0.078 0.105 0.065 0.026 0.107 0.063 0.052  0.5216
3 0.329 0.084 0.081 0.081 0.109 0.066 0.024 0.110 0.066 0.049  0.4683
4 0.325 0.081 0.081 0.081 0.108 0.070 0.026 0.108 0.066 0.054  0.4354
5 0.331 0.082 0.083 0.113 0.089 0.066 0.022 0.091 0.066 0.055  0.5909
6 0.320 0.080 0.084 0.081 0.106 0.069 0.026 0.107 0.068 0.059  0.4947
7 0.315 0.078 0.096 0.079 0.104 0.063 0.023 0.125 0.064 0.053  0.5324
8 0.327 0.083 0.083 0.083 0.108 0.070 0.023 0.101 0.066 0.056  0.4734
9 0.328 0.082 0.082 0.084 0.105 0.065 0.021 0.108 0.070 0.055  0.4506
10 0.318 0.079 0.084 0.101 0.104 0.064 0.026 0.108 0.064 0.053  0.4931

Mean 0.323 0.081 0.087 0.086 0.105 0.067 0.024 0.107 0.066 0.054 0.490

SD 0.006 0.002 0.009 0.011 0.005 0.002 0.002 0.008 0.002 0.003  0.0455

Results of standard deviation (SD) of measured urban transportation as shown in the diagram of
weights (last row of Table 2) indicate the closeness Figure 5 by measuring the mean value of weighted
of results of 10 GA run iterations, so they are reliable.

digits.
One can prioritize the planning principles for livable g
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Fig. 5. Prioritizing the Importance of Planning Principles of Livable Urban Transportation

As seen in Figure 5, three principles of simultaneous
city and transportation planning, integrated connection
between transport modes, and fair access of all people
to transportation have had the highest importance,
respectively. The reason for these results of each
principle is explained and then they are compared
with the conditions of Tehran as the selected sample:
1) Principle of simultaneous transportation and urban
planning: normally, when transportation planning
is considered in integration with urban planning, it
can synergically strengthen the strengths and reveal
the weaknesses to provide the field for presenting
comprehensive projects in terms of design, planning,
and implementation. This subject is highly important
from the viewpoint of experts because there are
comprehensive and detailed transportation and
urbanism projects in the Tehran Metropolis, but this
city is far from a citizen with the definition of livability
principles. Therefore, synergy in solutions that can be
achieved from an integrated and simultaneous view
can pave the way for solving complex urban issues.

2) Principle of integrated connection between
transport modes: this principle has the second rank
of importance among planning principles for livable
urban transportation with a considerable gap between
simultaneous transportation and urban planning in
the first rank. It seems the absence of this principle
has led to heavy traffic in Tehran. For example, mass
transportation lines such as subway and express
buses in Tehran have been distributed in Tehran as
a backbone of the public transportation network,
but capillaries of the network that are feeders of

these lines have not been well-matched with these
dimensions. These feeders can be bicycle-specific
lines or pedestrian networks, which are welcomed
as complete streets in the world, while this case has
received less attention in Tehran.

3) Principle of fairaccess ofall people to transportation:
this case introduces access to transportation networks
as one of the key elements in urban development and
improving transportation facilities. Consideration
of access becomes essential particularly when some
transportation facilities just belong to some people
and others cannot use it. This case become more
critical in the central area of Tehran where the traffic
limit project is implemented. In the traffic limit areas
where vehicles cannot commute freely, motorcycle is
highly used, for instance. However, this project has
narrowed the women’s access. In another example,
when planning is done without paying attention to
principle 5 then personal car is used more than before
and the elderly or children and adolescents who
cannot use personal cars are ignored in the planning.

5. CONCLUSION

Nowadays, cities’ transportation planning is highly
substantial. Hence, cities” planning must be done in
a way to meet access and movement needs, while
providing a dynamic and livable space. This study
aims to determine the importance weight of 10
principles for livable urban transportation planning.
These principles have been formulated based on
international studies conducted by some experts under
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the support of the World Resources Institute (WRI).
Questionnaires and comparisons between principles
have been used to actualize the research goals. To do
S0, questionnaires were structured based on the BWM
which is a more authenticate and suitable method
than the AHP technique. It first tried to identify the
best (most important) and worst (least important)
principles based on the experts’ opinions. The best
and worst principles were simultaneous transportation
and city planning and determining fair fees for various
transport modes, respectively. It was then attempted to
distribute questionnaires for 17 comparisons between
different principles, including two categories of
comparison: a comparison between the best principle
and other principles and a comparison between other
principles and the worst one. Finally, computations of
principles’ weights were analyzed based on the best-
worst inequalities under the constraint terms (sum of
equivalent principles; weight with one). Regarding
the problem-solving conditions and requirement of
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