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Zoning, As a metropolitan area located in the north of Iran, Rasht is among the cities where the
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transportation network currently suffers from a major deficiency in parking space. Locating
the activities without considering the parking use has gradually caused this issue to be
emerged as an urban dilemma. In addition to identifying the existing situation of the parking
spaces in the city in terms of the ability to meet the traffic demand, the present paper aims
to optimally locate these spaces in the areas where the parking construction is required. For
this purpose, an integrated set of effective measures is developed for assessing the current
situation. Also, the fuzzy AHP questionnaire is used to collect expert opinions about the
importance coefficient of the criteria selected in the research. The zoning maps are generated
for the situation of selected criteria contributing to the location of parking spaces in the study
area using the final weight of the criteria and the GIS software. Finally, the appropriate zones

are located for the construction of parking spaces.

1. Introduction

Urbanization and the resulting urban growth have greatly
influenced humans and the environment. The urban sprawl
and traffic increase arise as a consequence of rapid growth
of urban population beside the increased ownership of
personal vehicles. The stationary traffic [1, 2] along with
finding the right place to park are considered as part of the
major urban issues [3]. One of the effective measures for
reducing the traffic is to construct numerous public parking
lots in order to prevent the long and inappropriate parking
along the streets. The proper management of parking lots
requires the establishment of strong links with the urban
transport planning so as to predict and construct the required
parking with the statistical accuracy by estimating the traffic
volume in the city center [4]. The optimal location of parking
spaces not only increases the parking efficiency, but also
reduces the marginal parking, makes the traffic flow smooth
and widens the streets [5]. However, the inappropriate site
selection will intensify the traffic jams and increase the
traffic volume of nearby streets.

One of the reasons for the current disorganized situation
of parking in Rasht is the inappropriate site selection, lack of
reasonable distribution, and the imbalance between the
population and the parking spaces per capita, which has
slowed down the traffic in the urban roadways. This issue
acutely manifests itself in the high-density areas of the city
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with multiple urban uses, especially the office, business and
leisure ones. On the other hand, owing to the implementation
of development plans in this city such as the construction of
high-speed BRT lines, city center sidewalk, and creation of
traffic plan area, it is necessary to study the situation of
existing parking lots and the parking location for addressing
the urban traffic problems.

In recent years, due to the land constraints in large cities,
especially in the city centers, it is of particular importance to
study and locate the parking spaces for the optimal use of
land and its added value. In this regard, many studies have
been conducted in various cities of the world, including the
study by Zhang et al. (2008) [6], Caicedo (2010) [7] on the
relationship between the time of access to parking and the
environmental pollution, Cheng et al.’s (2012) study [8] on
the generation rate model and improved model setup
considering further factors, such as the average turnover rate,
parking space occupancy, service level, parking fees, and
growth rate of automobiles.

Wang et al. (2013) [9] presented the policy and planning
suggestions for the indoor and outdoor parking in Chinese
cities. Ni et al. (2013) [10] investigated the development of
a spatial model to minimize the social costs of parking. The
studies of Ottosson (2013) [11] are the first one that
calculates the price elasticity by time of day for on-street
parking demand on a block level in the U.S. Li and Guo
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(2014) [12] evaluated the London parking reform with a
matched-pair approach. Young and Miles (2015) [13]
explained the spatial distribution of policy and usage of
parking in Melbourne. Alkheder et al. (2016) [14] explored
the problems of the Abu Dhabi smart parking management
system, and Shaban and Pande (2016) [15] analyzed and
classified the factors affecting the selection of parking in
Qatar.

In Iran, this issue has been extensively studied using a set
of site-selection criteria. However, these studies have been
generally performed based on a small number of traditional
and effective parameters such as land price. Therefore, the
present paper attempts to consider an appropriate framework
for the decision making by developing a comprehensive set
of criteria affecting the location of urban parking, while
overcoming the weaknesses mentioned in previous studies.
Finally, the existing situation is comprehensively evaluated
using this tool and the optimal sites for the urban parking are
selected according to all effective parameters.

2. Methodology

This is a descriptive-analytical research in terms of
method and nature and is an applied research in terms of
research objectives. The required data was obtained from the
both documentary data and field observations. In order to
estimate the effective parking demand, all main and
secondary roadways in the area were surveyed on the both
directions. The questionnaire and face-to-face interview
were also used to estimate the latent parking demand. After
studying the theoretical foundations and determining the
criteria affecting the site selection for the location of parking
in the GIS environment, the study area was analyzed
considering these criteria. For this purpose, after creating the
hierarchical structure of the research, the expert opinions
about the importance coefficient of criteria and sub-criteria
were collected by the AHP questionnaire. Then, the
importance coefficient was determined for each of the
criteria and sub-criteria using the fuzzy AHP model. The
basic maps of the comprehensive and detailed plans of Rasht
were used to prepare the data layers required in the GIS
environment. Figure 1 shows the research process.
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Figure 1. Research process

80

373200 373800 374400 375000 375600
N 1 1 i '

N

A

Zoning

4128000
1
T
4128000

4127400
L
T
4127400

4126800
!
T
4126800

4126200
1
T
4126200

4126600
1
T
4125600

15,000 W=
115000 o 5125025 05 075 1

4125000
n
T
4125000

T T T T
373800 374400 375000 376600

Figure 2. Zoning of study area

T
373200

2.1. Parking Situation in Study Area

The study area of this research is located in the Rasht city
center. This area consists of zones 1, 3, 4, 5 and 6, as shown
in Figure 2. In this area, except for those located in the
parking-prohibited area according to the driving rules, there
are regular marginal parking.

2.2. Parking Site Selection Criteria

Locating the right place for a service function depends to
a large extent on the factors that are evaluated when selecting
a location for that function, and there are various effective
factors in this context [16]. In this research, a framework of
effective criteria was used for the location of parking lots as
follows:

Distance from travel attraction centers: including the
distance from commercial, office, educational,
recreational, cultural, tourism, and healthcare centers.
Traffic: including the estimation of parking supply versus
parking demand in the study area.

Distance from roadways: including the distance from the
first-class, second-class and third-class roadways.

Land acquisition cost: analyzed in four groups: cheap,
moderate, expensive and most expensive.

Suitable parking uses: including the detailed parking,
detailed training, detailed green space and barren land.
Population: including the low density, moderate density
and high density.

3. Results and Discussion

3.1. Using Fuzzy AHP Model to Determine Importance
Coefficient of Research Criteria and Sub-criteria

A measure or criteria is required for assessing each issue.
Choosing the right criteria allows to make a fair comparison
between the options. However, this task becomes complex
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when multiple criteria are considered to be assessed. Such
complexity is increased when the multiple criteria are
contradictory and dissimilar. This is the time when the
assessment and comparison tasks go beyond a simple
analytical state the mind can perform, and a robust scientific
analysis tool would be needed. One of the robust tools for
such situations is the multi-criteria analysis methods such as

the Analytical Hierarchy Process (AHP) [17-19]. Since the
actual phenomena are always fuzzy, ambiguous and
inaccurate [20], the fuzzy AHP can be used for a range of
values to express the uncertainty of decision makers [21].
The decision hierarchical tree of the present paper consists
of the objective, criteria, and sub-criteria of the research, as
shown in Figure 3.
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Figure 3. Research hierarchical structure

3.1.1. Weigh Criteria Using Fuzzy AHP

Based on the results of Table 1, the priority of level-2
criteria for organization and location of parking lots required
in Rasht are:

1. Traffic

2. Distance from travel attraction centers
3. Distance from roadways

4. Population

5. Suitable parking uses

6. Land acquisition cost

Table 1. Priority of level-2 criteria for organization and location
of parking lots required in Rasht
Organization and location of parking lots

required in Rasht weights
Distance from travel attraction centers 0.212
Traffic 0.291
Distance from roadways 0.189
Land acquisition cost 0.035
Suitable parking uses 0.095
Population 0.178

Based on the results of Table 2, the priority of the level-
3 sub-criteria for the distance from travel attraction centers
are:

1. Commercial centers

2. Healthcare centers

3. Office centers

4. Recreational and cultural centers
5. Tourism centers

6. Educational centers
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Table 2. Priority of level-3 sub-criteria for distance from travel
attraction centers
Distance from travel

attraction centers weights
Commercial 0.214
Office 0.134
Educational 0.092
Recreational and cultural 0.177
Tourism 0.198
Healthcare 0.185

Based on the results of Table 3, the priority of the level-
3 sub-criteria for the distance from the roadways are:

1. 1st-class roadway

2. 2nd-class roadway

3. 3rd-class roadway

Table 3. Priority of level-3 sub-criteria for distance from
roadways

Distance from roadways weights
1st-class roadway 0.565
2nd-class roadway 0.333
3rd-class roadway 0.103

Table 4. Priority of level-3 sub-criteria for suitable parking uses

Suitable parking uses weights
Detailed parking 0.405
Detailed training 0.188

Detailed green space 0.077

Distressed building - 0.331

barren land

Based on the results of Table 4, the priority of the level-
3 sub-criteria for the suitable parking uses are:
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1. Detailed parking

2. Distressed building - barren land
3. Detailed training

4. Detailed green space

Table 5. Priority of level-3 sub-criteria for population

Population weights
Low density 0.154
Moderate density 0.399
High density 0.447

Based on the results of the Table 5, the priority of the
level-3 sub-criteria for the population are:
1. High density
2. Moderate density
3. Low density

Table 6. Priority of level-3 sub-criteria for land acquisition cost

Land acquisition cost weights
cheap 0.496
moderate 0.342
expensive 0.161
most expensive 0

Based on the results of Table 6, the priority of the level-
3 sub-criteria for the land acquisition cost are:
1. cheap
2. moderate
3. Expensive
4. most expensive

Table 7. Matrix of final weights of sub-criteria for organization
and location of parking lots required in Rasht

Components Final weights of criteria
Commercial 0.045
Office 0.028
Educational 0.019
Recreational and cultural 0.038
Tourism 0.042
Healthcare 0.039
Parking supply to demand ratio 0.291
1%t-class roadway 0.107
2M-class roadway 0.063
3d-class roadway 0.019
Land acquisition- cheap 0.017
Land acquisition- moderate 0.012
Land acquisition- expensive 0.006

Land acquisition- most expensive 0

Detailed parking 0.038
Detailed training 0.018
Detailed green space 0.007
Distressed building - barren land 0.031
Low density 0.027
Moderate density 0.071

High density 0.08

3.2. Assessment of Current Situation of Research Criteria
and Sub-criteria in Study Area

The objective of this stage is to identify the current
situation of the study area from the perspective of the
research criteria and sub-criteria. For this purpose, after
reviewing the literature and utilizing the results of field
surveys and urban land use maps, the layers of the sub-
criteria effective in the site selection were rearranged in the
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GIS environment. Afterwards, the zoning map of each
criterion was created by multiplying the weights obtained
from the fuzzy AHP model. Then, the final map of the
prioritization of the zones requiring parking construction was
obtained by overlapping the zoning maps of the selected
effective criteria (Figure 4).

3.3. Prioritization of Zones Requiring Parking Construction

At this stage, after overlapping the zones prepared for
each effective site-selection criterion (Figure 4), the final
map of the prioritization of the zones requiring parking
construction was generated, as shown in Figure 5.

3.4. Overlapping of Proposed Sites and Existing Parking
with Prioritization of Zones Requiring Parking Construction

Following the organization and location of the parking
lots required in Rasht, the areas requiring parking were
identified after reviewing the current situation in terms of the
research criteria and sub-criteria (Figure 5), and the situation
of existing parking lots was compared with the results of the
study (Figure 6). Also, the overlap map of proposed sites and
the potential points for the parking construction (which had
no problem in terms of acquisition terms) were generated, as
shown in Figure 7.

4. Conclusion

Site selection is considered one of the most important
factors in the construction of an urban public parking. By
selecting the appropriate criteria and analysis methods, it is
possible to consider the problem of parking location at
different city levels as well as possible. Since applying
different site-location methods and models in different
situations and locations may yield different results, the best
method is the one that provides the best result according to
the local conditions and constraints. Therefore, the
appropriate tools such as GIS are increasingly used which
can combine a large number of criteria and simultaneously
perform the weighting. A review on the research works
performed on the problem of parking facility location in
urban areas, as detailed in the literature review of this work,
indicates that several studies have been performed in certain
cities. However, despite the special functions of the parking
facilities, no study has yet been reported on the subject
matter of parking facility location in Rasht using the
methodology adopted in the present research. The research
works presented so far have been mostly based on the library
studies and questionnaire-based surveys, while this work
undertook an accurate field survey on the demand for
parking lots during different hours a day. Another distinctive
feature of this study is that it considers the land price across
the proposed location to address the cost-efficiency of the
location. In the present paper, as a practical example of the
combined use of the fuzzy AHP model in the GIS
environment, 6 criteria and 18 sub-criteria were
simultaneously weighted. Finally, after conducting the
research operation process, the most suitable sites were
selected for the deployment of public parking lots in Rasht.
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Figure 6. Overlapping of proposed sites with

prioritization of zones requiring parking construction

83



Sheikhani Nejad et al. - Comput. Res. Prog. Appl. Sci. Eng. Vol. 05(03), 79-84, September 2019

373200 373800 374400 375000 375600
L 1 L L L

4128000

4127400

4126800

4126200

4125600

4125000

-y 2
=B .
— &

- i

N

A

4128000

)
=
7

4127400

4126800

4126200

existing parking

proposed sites

4125600

1:15.000

0 0.1250.25 05 075 1

4125000

T
273200

T T T T
373800 374400 275000 375600

Figure 7. Overlapping of proposed sites and existing parking
with prioritization of zones requiring parking construction

6. References

[1]

(2]

3]

[4]

[5]

(6]

[7]

(8]

9]

[10]

[11]

D.A. Hensher, J. King, Parking demand and responsiveness
to supply, pricing and location in the Sydney central business
district, Transp Res Part A Policy Pract 35 (2001) 177-196.
Iraj Bargegol, Mohammad Nikookar, Reza Vatani Nezafat,
Esmat Jafarpour Lashkami, Arash M. Roshandeh, Timing
Optimization of Signalized Intersections Using Shockwave
Theory by Genetic Algorithm, Computational Research
Progress in Applied Science & Engineering 1 (2015) 160—
167.

I. Benenson, K. Martens, S. Birfir, PARKAGENT: An agent-
based model of parking in the city, Comput Environ Urban
Syst 32 (2008) 431-439.

M.M.B. Vianna, L.D.S. Portugal, R. Balassiano, Intelligent
transportation  systems and  parking  management:
implementation potential in a Brazilian city, Cities 21
(2004)137-148.

V. Karimi, H. Ebadi, S. Ahmadi, Modeling of Parking Site
Selection by Using GIS with Emphasis on Weighing and
Integrating Layers, Journal of Faculty of Engineering
(University of Tabriz) 38(2009) 11-21.

X. Zhang, H. Huang, H.M. Zhang, Integrated daily
commuting patterns and optimal road tolls and parking fees
in a linear city, Transportation Research Part B Methodol 42
(2008) 38-56.

F. Caicedo, Real-time parking information management to
reduce search time, vehicle displacement and emission,
Transportation Research Part D 15 (2010) 228-234.

T. Cheng, M. Tai, Z. Ma, The model of parking demand
forecast for the urban CCD, Energy Procedia 16 (2012) 1393-
1400.

R. Wang, Q. Yuan, Parking partices and plicies under rapid
motorization: the case of china, Transport Policy 3 (2013)
109-116.

X. Ni, M. You, D. Xia, M. Xia, Location Model of Public
Parking Facilities Basing on the Optimal Total Social Cost,
Trans Tech Publications, Switzerland (2012) 175-178.

D.B. Ottosson, C. Chen, T. Wang, H. Lin, The sensitivity of
on-street parking demand in response to price changes: A

84

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

case study in Seattle, WA, Transport Policy 25 (2013) 222—
232.

F. Li, Z. Guo, Do parking standards matter? Evaluating the
London parking reform with a matched-pair approach,
Transportation Research Part A: Policy and Practice 67
(2014) 352-65.

W. Young, C.F. Miles, A spatial study of parking policy and
usage in Melbourne, Australia, Case Studies on Transport
Policy 3 (2015) 23-32.

SH.A. Alkheder, M.M. Al Rajab, KH. Alzoubi, Parking
problems in Abu Dhabi, UAE toward an intelligent parking
management system “ADIP: Abu Dhabi Intelligent Parking”,
Alexandria Engineering Journal 55 (2016) 2679-2687.

KH. Shaaban, A. Pande, Classification tree analysis of factors
affecting parking choices in Qatar, Case Studies on Transport
Policy 4 (2016) 88-95.

J. Yang, H. Lee, An AHP decision model for facility location
selection, Facilities 15(1997) 241-254.

F. Nasiri Jan Agha, M.A. Rahimipour Sheikhani Nejad, M.
Nasiri Jan Agha, F. Badkoobeh, Classification of Urban
Areas Sustainability Using AHP Model and Multi Criteria
Decision Making (Case Study: The City of Rasht),
Computational Research Progress in Applied Science &
Engineering 2 (2016) 125-132.

S. Nasehi, S. Karimi, H. Jafari, Application of Fuzzy GIS and
ANP for Wind Power Plant Site Selection in East
Azerbaijan Province of Iran, Computational Research
Progress in Applied Science & Engineering 2 (2016) 116—
124.

H. Ziari, A. Amini, A. Saadatjoo, S.M. Hosseini, V. Najafi
Moghaddam Gilani, A Prioritization Model for the
Immunization of Accident Prone Using Multi-criteria
Decision Methods and Fuzzy Hierarchy Algorithm,
Computational Research Progress in Applied Science &
Engineering 3 (2017) 123-131.

V. Eisavi, J. Karimi, A. Alimohammadi, Comparison the
AHP and Fuzzy-AHP Decision Making Methods in
Underground Dam Site Selection in Taleghan Basin,
GEOSCIENCES 22 (2012) 27-34.

AH.l. Lee, W.C. Chen, C.J. Chang, A fuzzy AHP and BSC
approach for evaluating performance of IT department in the
manufacturing industry in Taiwan, Expert Systems with
Applications 34 (2008) 96-107.



