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ABSTRACT

PARKING MANAGEMENT IN SMART BUILT ENVIRONMENT:
EVALUATION OF METU CAMPUS

Genel, Volkan
Master of Science, Civil Engineering
Supervisor: Assist. Prof. Dr. Hande Isik Oztiirk
Co-Supervisor: Assoc. Prof. Dr. Hediye Tiiydes Yaman

July 2020, 154 pages

With the ever-increasing number of vehicles and technological advancements,
transportation-related social problems are addressed with more systematic and
smarter solutions, as a part of Intelligent Transportation Systems (ITS) services.
Parking management is an ITS application area, where limited parking capacities can
be efficiently and fairly utilized by more road users. However, detection of the true
nature of parking demand and supply limits as well as the expected response to any

policies and technology tools to be employed, is necessary prerequisite step.

Middle East Technical University (METU) campus is a built environment that
suffers from parking-related problems due to limited parking supply capacity despite
the increase in the demand. Thus, parking violations have been increasing lately due
to high number of cars in the campus. Besides the negative environmental impacts,
parking violations have started to threaten the flow and safety of the campus traffic

due to traffic congestion and loss of road network capacity at critic locations.

This thesis focuses on estimation of the type and level of parking utilization and

violations in METU Campus, so that smart parking management strategies can be



recommended for development of a more sustainable campus transportation policies.
Smart parking management requires an understanding of land use, parking supply
and demand, driver needs, behaviors, and perception of the commuters, in the scope
of parking management. Thus , within the study, parking space inventory, parking
survey were conducted and a smart campus transportation survey was utilized. After
this comprehensive evaluation, a campus-wide parking management strategy plan
that promote smart mobility within the campus was proposed within the campus, in
7 stages . In addition, a regional strategy plan, including the locations, and
application of the proposed parking pricing strategy, and the areas where parking

should be prohibited, has been created.

Keywords: Smart Parking Management, Smart Built Environment, Smart Mobility,

Parking Management, Smart Campus.
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0z

AKILLI CEVRE KAPSAMINDA PARK YONETIMI: ODTU KAMPUSU
DEGERLENDIRILMESI

Genel, Volkan
Yiiksek Lisans, insaat Miihendisligi
Tez Yoneticisi: Assist. Prof. Dr. Hande Isik Oztiirk
Ortak Tez Yoneticisi: Assoc. Prof. Dr. Hediye Tiiydes Yaman

Temmuz 2020, 154 sayfa

Giderek artan arag sayisi ve teknolojik gelismelerle birlikte, ulasimla ilgili sosyal
problemler; Akilli Ulagim Sistemleri’nin bir pargast olan sistematik ve akilli
coziimlerle ele alinmalidir. Park yonetimi, sinirl otopark kapasitelerinin daha fazla
yol kullanicist tarafindan verimli ve adil bir sekilde kullanilabildigi Akilli Ulagim
Sistemleri uygulama alanmidir. Ancak; otopark arzinin ve parklanma talebinin
kapsaminin, ayrica kullanilacak olan herhangi politika ve teknolojik iiriine verilmesi

beklenen karsiligin belirlenmesi gerekli 6n sarttir.

Yapili gevre olan Orta Dogu Teknik Universitesi (ODTU) kampiisii parklanmaya
olan talebin artmasina ragmen, igerisindeki park yeri kapasitesinin sinirl olmasindan
dolay1, parklanma ile ilgili problemlerle yiizlesmektedir. Son zamanlarda park
ihlalleri, kampiiste arag sayisinin fazlaligindan dolay1 artmaktadir. Olumsuz ¢evresel
etkilerin yani sira park ihlalleri; kritik konumlarda trafik sikisiklig1 ve karayolu ag1
kapasitesinin kayb1 olusturmasi nedeniyle. kampiis trafiginin akisini ve giivenligini

azaltmaya baglamistir.
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Bu tez, ODTU Yerleskesi'nde park kullaniminin ve ihlallerinin, tiiriiniin ile
seviyesinin belirlenmesine odaklanmaktadir, bu ylizden daha siirdiiriilebilir kampiis
ulagim politikalarinin gelistirilmesi i¢in, akilli park yonetimi stratejileri nerilebilir.
Ancak, akilli park yonetimi, park yonetimi kapsaminda; arazi kullanimini, park yeri
arz1 ve talebini, siiriicii ihtiyaclarini, davraniglarint ve kisilerin bakis agilarin
anlamay1 gerektirmektedir. Bu yiizden bu calisma kapsaminda park yeri sayimi,
parklanma arastirmasi yapilmis ve bir akilli kampiis ulastirma anketinden
faydalanilmistir. Bu kapsamli degerlendirmeler sonucunda, kampiis i¢inde akilli
mobiliteyi tesvik eden bir park yonetimi strateji plan1 kampiis genelinde 7 asamali
olarak dnerilmistir. Ek olarak, dnerilen park yeri iicretlendirme stratejisinin konumu,
uygulama seklini ve park etmenin yasak olmasi gereken bolgeleri igeren bolgesel

strateji plani olusturulmustur.

Anahtar Kelimeler: Akilli Park Yonetimi, Akilli Yapili Cevre, Akilli Mobilite,
Otopark Yonetimi, Akilli Kampiis.
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CHAPTER 1

INTRODUCTION

Universities with a campus resemble cities because of accommodating recreational
areas like shops, theaters, restaurants or offices, companies, museums, hospital.
(Shoup, 2007). Although the attractiveness of the area increases with these buildings,
hosting that many building types come with a price. Thus, universities with a big

campus usually have transportation-related problems.

Middle East Technical University (METU) campus is a perfect example of a campus
that suffers from transportation-related problems. These problems are mostly
originated from the limited number of parking spaces that don’t meet the demand.
According to Altintagi (2013), METU Campus has become more “automobile
oriented” with the number of vehicles exceeding 15000 per day. According to
Karatas (2015), high demand for using private car causes traffic congestion at peak
hours and illegal parking behavior because of limited roadway capacity at METU
campus. Increase in vehicle ownership started to affect efficiency of parking lots
because search time for parking has increased. Therefore, traffic congestion and use

of energy in traffic have increased accordingly.

In the last decade, the number of stickers increased drastically at METU campus. It
indicates that automobile use at the campus increases day by day and thus, it makes
use of parking lots ineffective and insufficient. Since increasing the parking supply
at the METU campus will create new difficulties including traffic congestion, air

pollution, it requires systematic evaluation before applying any strategy.

Instead of increasing the parking supply, applying smart parking management is a
better way to cope with these problems as the goal is not to provide parking space to
every automobile user in the concept of smart parking management. Nevertheless,

parking management requires to accomplish some tasks, such as the reduction in



traffic congestion by lowering cruising, reduction in time and energy consumption
and providing reliable service to numerous users by considering sustainability the
most. Therefore, smart parking management requires an understanding of land use,
driver needs, behavior, and perception of commuters in the scope of parking
management. So, it is essential to do a comprehensive evaluation of travel demand,

mode choice, and parking needs.

It is crucial to get the perspectives of the commuters regarding parking experience,
parking behavior, and expectations in order to deal with the mobility sourced
problems. In light of the literature, potential solutions can be established after

analyzing the behaviors, the status of transport modes, and parking lots.

In order to obtain information about the use of parking lots and the perception of
people regarding METU campus mobility experience, the study includes surveys and
evaluation of a parking space inventory. In this study, evaluation of METU campus
parking management within a smart built environment was done, then mobility needs

were discussed afterward.

1.1 METU Campus Built Environment

METU campus is located on the southwestern part of Ankara (Figure 1.1). Land use
for METU campus consists of 4500ha campus area, which includes 3403ha forest.
In addition, only 200 ha area is within the built environment. METU campus suffers
from mobility sourced problems due to high demand to driving. Thus, at METU
campus, mobility should be kept under control as there are approximately 35
thousand commuters per day. Furthermore, METU campus which locates on the
southern side of the Inénii Boulevard also known as Ankara — Eskisehir highway, is
approximately 10 km far away from the area called CBD of Ankara. Altintasi (2013)
reported that approximately 15,000 vehicles entry to METU campus per day. The

demand indicates the attractiveness of METU campus which is quite a lot.



At METU campus, there are 3 open gates (A1, A4, A7), where people can enter to
campus. It should be noted that there are seven gates at METU Campus, some of
which kept close for security and land-use purposes. The main gate for accessing to
METU campus is Al that is located near Ankara-Eskisehir highway. Al is
accessible for all types of public transport modes like metro, dolmus, public buses,
private buses (see Figure 1.1). Therefore, A1 gate is the busiest gate among METU

commuters.

Moreover, public buses are being operated between METU campus and the CBD,
parallel to the metro line. Also, dolmus is being operated to Al and A4 gates. A4
gate is another busy gate for accessibility of the METU campus because there is a
direct dolmus line to Yiiziinciiy1ll, where many students live in. On the other hand,
A7 gate is used by private car owners, who lives in the western part of Ankara

(Bilkent, Cayyolu regions, etc.).

Figure 1.1 Location of METU Campus and Accessibility Options to METU
campus (Ankara Development Agency Regional Plan, 2014; Middle East
Technical University Website, 2016)



1.2 Current Parking Management at METU

At the study area which is a METU campus, there are 56 parking lots with different

capacities. Evaluation of parking lots had been done by dividing the study area into

13 different regions (see Figure 1.2).

1 - Dormitaries

2 - Shopping Area

3 - Cult. and Conv. Center

4 - Foreign Languages

5 - Business Administration

6 - Main Sport Center

7 - Geological and Food Eng.

8 - Environmental and Metallurgical Eng.
9 - Civil Eng.

10 - Economics and Eng. Science

11 - Architecture and Biology

12 - Physics

13 - Mechanical Eng.

Figure 1.2 METU campus regions for parking management evaluations



According to Christiansen et al. (2017), compact neighborhoods are associated with
less use of personal vehicle. On the other hand, automobile ownership increases the
probability of the driving. At METU campus, the number of stickers can be
resembled to the automobile ownership. Therefore, it is important to discuss the use

of stickers at first.

METU stickers differ from the traditional parking passes because of their usage. At
METU campus, vehicles with stickers are allowed to enter the campus. In case of the
absence of the sticker, the drivers need to take a visitor card by dropping their
identification cards to the gate security in order to enter the campus with their
personal vehicle, unless they are current students at METU. Although all of the
stickers give authorization to drivers to enter to campus, it does not ensure the

availability of parking space.

Besides, not all user of parking stickers has access to all parking lots. The distinction
between sticker types is illustrated by using color codes (see Figure 1.3). There are
eleven types of stickers, that are being currently used at the campus. These sticker
types can be listed as academic, personnel, resident, foundation, Technopolis, guest,

guest type two, alumni, yellow, brown, and college.

The sticker owners are allowed to park their vehicles on specific parking lots
according to their sticker type, so they can not park their vehicles to certain parking
lots that belong to another community. In case of parking the vehicle to parking lot
that is not allowed causes sticker violation which is a type of parking violation. At
the entrance of the parking lots, there is a sign that indicates which sticker type user
is allowed to use certain parking lot locates. Those signs contain color codes (see
Figure 1.3). Certain sticker owners can park the vehicle if only the color code of
sticker and sign matches. Otherwise, the driver might get a warning. Three times of
getting warning owing to parking illegally results in cancellation of the sticker

permanently or temporarily.
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Figure 1.3 Sample of the Stickers and Authorization Sign of Parking Lots

1.3  Challenges of Parking Management at METU Campus

Designated parking spaces at METU campus locate at parking lots and roadside.
Parking lots are being used by faculty members, personnel, students and guests.
Moreover, at the campus some of these parking lots are remote parking lots where
people can take shuttle services or walk, after parking their vehicles to these parking

lots.

Roadside parking, can be considered as parking the vehicle near sidewalks. Roadside
parking can be defined as both on-street parking and curbside parking. Nevertheless,
the use of parking lots in the purpose of parking rather than roadsides, is more
desirable. Decreasing the road width by providing on-street parking causes decreased
traffic safety and operational capacity of road. It is more dangerous on campuses
where pedestrian mobility is really high. Because of old campus architecture, the
width of the roads at METU campus that are not large enough. In addition, roadside
parking makes the traffic environment dangerous due to high pedestrian mobility at
METU campus. Therefore, roadside parking is undesirable, although it is not
forbidden at all of the roads.



Parking violation behavior is another obstacle for parking management at METU
campus. Two types of parking violation has been observed at the campus. The first
one is common type of parking violation that is parking the vehicle on the forbidden
area is called No-parking violation. The second one is the sticker violation, in other
words parking the vehicle to a parking lot which is reserved for another sticker type
owners. Because parking violation is a common behavior among METU commuters,
it is essential to mention about this behavior. Spiliopoulou (2012) found that illegal
parking increases when the probability of finding available parking space decreases.
Otherwise, the behavior of searching for available parking space causes traffic

congestion. Therefore, cruising is needed to be eliminated at METU campus.

14 Scope of the study

The scope of the study is to understand parking behavior and user perception about
parking at METU campus. In order to gather the perspective about the parking

experience at METU campus, several studies were done:

- A campus-wide survey that included questions regarding parking behavior
was conducted. The survey consists of two phases that are face-to-face and

online.

In the purpose of analyzing the current parking behavior at METU campus, various

studies were performed. These studies involved;

- A parking inventory study to determine campus parking capacity and types

- A parking survey that consists of counting parked vehicles at parking lots,
was designated. It includes 3 time periods (morning, noon, evening) of a day,
in order to observe the occupancy rate of parking lots and determine parking

violations.



Within the scope of the study, research questions are:

1. What are the current occupancy rates of the parking lots at METU campus?
2. What is the extent of violations of parking lot/space allocations?
3. What do commuters consider about parking at METU campus and what have

they experienced?
In the analyses of these questions, two approaches are used:

1) Statistical outputs indicated the behaviors and the perceptions regarding to parking
experience at METU campus. These analyses revealed the current situation and

guide to develop an applicable strategy.

ii) Spatial outputs are used for visualization of parking lots, capacities, parking
violations. Besides, the variations in the occupancy rates, parking violations were

visualized.

By following these studies, past parking related campus studies and other METU
campus studies a parking evaluation had been done. Thus, challenges and
problematic areas were defined at the campus. In sight of the evaluations and past
studies, a framework was created. Then, applicable parking management strategies
and systems that transform campus mobility into smart one, were defined. As a result
of the study, a campus-wide parking management strategy plan was created step by
step. Moreover, for problematic areas at required parking lots parking pricing
strategy was offered. In addition, at areas with high pedestrian mobility and roadside

parking were proposed as no parking areas.

1.5  Layout of the thesis

In chapter 2, the dimensions of parking management and the variations in parking
management within the years were summarized based on the literature. This chapter
also consisted smart parking management strategies and systems. In addition,

potential reactions to parking-related problems were discussed at this chapter.



In Chapter 3, the dimensions of smart and sustainable campus concepts were
discussed. The concept involved goals and policies. Moreover, smart and sustainable
campus projects and activities at METU campus was overviewed. Chapter 4
discussed the methodology implemented in this study to understand the parking
needs and behavior. It involved smart campus transportation surveys, parking space
inventory and parking survey. Chapter 5 consisted of the results of the surveys and
inventory. Accordingly, parking lots are divided into categories by analyzing the

occupancy levels, parking violations.

Finally, by using results of surveys, and inventory, METU campus parking
management evaluation was done at Chapter 6. Moreover, a framework, a campus-
wide parking management strategy plan was developed. Furthermore, campus area
was divided into Zones and parking pricing strategy was offered at some parking
lots. Besides, at areas with high pedestrian mobility, parking lots alleys and roadsides

are proposed as No-Parking areas.






CHAPTER 2

DIMENSIONS OF PARKING MANAGEMENT

As improvements in technology which led to decrease in vehicle prices, the increase
in the income level, desire in the comfort and adding automobile-oriented
transportation system, it promoted private vehicle ownership. According to TurkStat,
vehicle ownership in Turkey was 7,093,964 in 2009. Today, in 2019 the number of
vehicle ownership is 12,505,020. In other words, it increased by 76% in the last
decade. This increase araises various problems like traffic congestion, parking-
related issues etc. And all these problems are inter-related. For instance, Ibeas et al.
(2018) declared that private vehicles stay in parked at ninety percent of a time. This

indicated the importance of parking by means of transportation management.

In the past parking-related problems had been solved by increasing the parking
supply (see Figure 2.1). Litman (2017) identifies this old paradigm as giving priority
to the drivers at the transportation system. Related to this approach, providing
excessive parking supply increased the use of automobiles. Thus, the demand for
parking space also increased. According to Weinberger et al. (2010) with the old
paradigm drivers cruise for an available parking space for a long time, developers
are obligated to provide more parking lot than it requires, and traffic managers are

struggling to deal with traffic congestion that is generated by new parking demand.

Lately, it was recognized that increasing the parking supply was not the solution to
the problem, even it caused more chaotic situations like increased traffic congestion
within high mobility areas. Sykes et al. (2010) discovered that cruising, in purpose
of searching unoccupied parking space, causes 26% of the traffic in Brooklyn, 45%
in Manhattan (Spiliopoulou, 2012). It makes the most attractive places suffering
from traffic congestion and as a result of it, loss of attractiveness was faced.

Moreover, Tafidis (2017) declares problems with the functioning of the
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transportation which involves urban areas that suffer from traffic congestion, air
pollution, and destruction of the environment. According to Weinberger et al.
(2010), increased automobile trips, which lead to traffic congestion, air pollution,

and greenhouse gas emissions, are the sum of these unintended consequences.

> Increased Auto <
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Auto-oriented

,—" land use

planning

Auto-oriented

transportation
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parking
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Figure 2.1 The Cycle of Automobile Dependency (Weinberger et al., 2010)

Authorities have started to question the approach of providing parking space to
drivers and realized that traffic congestion can be mitigated by this approach. The
situation had created the need to a paradigm shift in the planning process. Therefore,
it was inevitable to change the attitude and gave priority to accessibility rather than
private car use. In other words, the perception of automobile-oriented system has
been changed in time. Then, the approach was transformed to parking maximum and
effective use of parking spaces which is called parking management, instead of

increasing the parking supply.
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According to Litman (2006), parking management related to policies and programs
can contribute to effective use of parking supply (see Table 2.1), and appropriately
implemented parking management can decrease the number of parking spaces,
presenting economic, social, and environmental benefits. In addition, Litman (2016)
believes that parking management is the best option for ensuring user quality of
service, helping to create more accessible patterns of land use and decreasing motor
vehicle traffic, decreasing traffic congestion, accidents and gas emissions, building

more attractive neighborhoods and increasing accessibility for non-drivers.

Table 2.1 Comparing Increased Supply and Management Solutions (Litman, 2006)

Problem Increased Supply Management Solutions

Response to demand for parking Positive Positive

Spillover. Problems from location that | Positive Mixed. Some management

drivers are unwilling to park strategies increase spillover
problems, others reduce them.

Parking lot construction costs Negative Positive. Decreases parking
requirements.

Traffic congestion. Negative. Increases | Positive. Many management

vehicle use. strategies decrease automobile

use

Equity and fairness. Non-drivers forced | Negative Positive. By charging drivers,

to pay for parking that they do not use. decreases parking
requirements.

Tax costs. Increased tax burden required | Negative Positive. By charging drivers,

to subsidize parking facilities. decreases parking
requirements.

Environmental  impacts. Loss of | Negative Positive. ~ Decreases  total

greenspace, stormwater management parking requirements and

costs, air pollution, unattractive vehicle use.

landscapes.

Sprawl. Encouraging dispersed, urban | Negative Positive. Encourages smart

fringe development, and discouraging growth development patterns.

multi-modal, urban infill development.

Furthermore, it is important to identify potential solutions. Litman (2017) defines
parking management principles which are needed to be followed before deciding
applicable parking management solutions. Parking Management principles consist

of 10 principles as following;
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Parking Management Principles

1.

2.

10.

2.1

Consumer choice. It requires to provide viable travel and parking option.

User information. It requires to inform the user regarding on their parking

and travel options.

Sharing. Parking lots need to provide parking space to multiple destinations

and users.

Efficient utilization. Management and size of the parking lots need to be

defined in order to make parking spaces usually occupied.
Flexibility. Parking plans require to handle uncertainty and change.

Prioritization. The most demanded parking spaces should be managed

according to higher priority uses.
Pricing. Collecting fee directly is more desirable.
Peak management. The parking supply should respond to peak demand.

Quality vs. quantity. Both quantity and quality of parking lots requires to be
considered as, including aesthetics, security, accessibility and user

information.

Comprehensive analysis. All significant costs and benefits should be

considered in parking planning.

Smart Parking Management Concept

Lately, parking management concept transformed into smart parking management

concept. Smart parking management, which is a branch of smart mobility consists of

smart parking management strategies and systems that contribute to social,

environmental, and economic subtitles in the view of the technology. According to

Battarra et al. (2018), in order to make smart mobility index efficient, it is essential
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to improve the link between ICTs (Information and Communications Technologies),
urban context, and parameters that rely on accessibility and sustainability. Moreover,
it is important to mention policies that are linked with parking management. Battarra
et al. (2018) claimed that with well-designed role of mobility which lets
implementation of policies and supportive projects, it is possible to satisfy user and

sustainability-oriented activities in the concept of the Smart City.

Nowadays, in the scope of campus mobility management, parking management is a
great tool for preventing traffic congestion. Thus, the need for parking management
strategies and systems becomes more crucial day by day. Nevertheless, these

strategies and systems require to be designed and applied logically.

Smart parking management consists of both strategies and systems. Before
mentioning the dimensions of parking management on campus, it is essential to
clarify the distinction between parking management strategies and systems.
Although both of them serve for economic, environmental and social improvements,
the role of parking management systems and strategies distinguish from each other.
Parking management systems are being improved accordingly to technological
developments. Management systems are for increasing the efficiency of applied
management strategy or parking lot. Yet, parking management systems are relatively
new terms comparing to parking management strategies because technology has
become indispensable lately. Thus, the concept of sustainability has started to be

transformed to the concept of smartness that involves ICT.

2.2 Parking Management Strategies

The old perception was to build a new parking facility or increase the fields that
provided for parking. That concept was not able to resolve the traffic congestion
problem. In spite of the fact that available spaces were existed, reaching there was

causing traffic congestion in the central business districts and urban areas. Because
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most of the parking problems occur in city centers, the old paradigm gave its place

to a new one which is supporting parking management strategies.

In order to cope with problems sourced by parking, management strategies are
required. Parking management strategies consist of policies and programs that make
use of parking supply effectively. According to Litman (2017) implementing
applicable parking management strategies is useful for descending necessity of

parking supply.

Yet, parking management strategies should be identified by following principles that
are mentioned at Section 2.1. Moreover, the recent condition of the area that is
wanted to be applied to parking management strategies, is also important. De Wit
(2008) has worked on a study that involves the evolution of parking solutions (see
Figure 2.2). Below required reactions to parking problems by considering parking

demand according to the complexity of the situation is provided.

1. At the first phase, any intervention is not needed. Parking the vehicle is

convenient, as long as it doesn’t affect the attractiveness of the area.

2. After the impact of the parking becoming to be observed, parking regulations
and control should be applied. Curbside parking can be forbidden. Marks of
the parking spaces require to be distinctive and parking spaces should be

designed effectively.

3. The principle of a strategy of time limitation on the use of parking lots needs
to be applied in case of lack of available parking space has been observed
constantly. So, the parking space can be used more effectively. The idea
behind the restrictions is, discouraging long term parking. Applying priced

parking would make it to be achieved more effectively.

4. When an overflow occurs at parking lots at central districts, demands
switches to residential areas. The problem is often overcome by the
introduction of resident parking systems requiring people following a set of

criteria or charging a permit fee.
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5. At phase 5, it requires that increased demand is needed to be under control.
The most irrevocable strategy is to set a parking fee by considering the

availability of the parking space.

PARKING EVOLUTION

FAID PARKIN
FIME RESTRICTIONS
free of charge

PARKING REGULATION
ANDCONTRON

NO PARKING MEASURES TAKEN

Figure 2.2 Parking Evolution (Source: De Wit, 2006)

6. It requires a reduction when the parking demand gets drastic. At that point,
parking areas need to be moved away from the center of the city. Then,
transportation should be handled by other transportation modes. The parking
lots need to be supported by shuttle services, railroads or subway. In other
words, park-and-ride parking lots require to be used. Park and ride sites are

very useful in the purpose of relieving the traffic in the city center.

7. At the last phase, the final reaction requires to be mobility management. The
concept is formed as a combination of both public and private vehicle use. A
more improved version is park and ride sites. The main point is to increase

the accessibility of the area.
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Because the reactions are arranged for components of a city, they need to be
converted to the climate of campuses. Because every campus has its own climate,
reactions should be arranged accordingly. In the following section, the most effective

parking management strategies are provided.

2.2.1 Parking Maximums

Parking maximum means that putting an upper limit on parking supply. It is essential
for reducing automobile use at high demanded areas and encouraging drivers to use
other modes such as public transportation, shuttle services, walking, or cycling.
Christiansen et al. (2017) found that the reduction in the availability of parking space
decreases personal vehicle use. In addition, Bond and Steiner (2006) claimed that
reducing parking supply encourages people to use public transportation and supports

people for walking or cycling when the destination point is close.

On the other hand, solely strategically decreasing parking supply would be not
sufficient, it is needed to be supported by well-designed walking, cycling
environment, and transportation services. Delaware Valley Regional Commission,
(2004) claimed that in case of the existence of well-provided transportation services,

cycling or walking paths, parking maximum strategy would be more effective.

Moreover, Christiansen et al. (2017) claimed that the abundant number of parking
supply makes the strategy of parking pricing ineffective. Therefore, parking
management strategies require to be considered together. In addition, according to
Metropolitan Transportation Commission (2007) reducing the parking the supply
may be able to reduce demand (10-15%), or reflect a lower demand, especially

adjacent to transit or combined with shared parking and pricing.

According to U.S. Environmental Protection Agency (2006), both planners and
developers benefit from restricting the number of parking spaces. From the city’s

perspective, maximum limits:
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o Parking maximums strategy is useful for improving the environment by

providing open-space;
e Decreases traffic congestion and traffic-related costs;
e Provides attractive and pedestrian-friendly urban design
e Encourages public transportation
= Decreases the construction, operations, and maintenance of parking lots;

= Decrease parking requirements.

2.2.2 Parking Pricing

Parking pricing strategy is one of the most crucial parking management strategies.
Parking pricing strategy is not only useful for decreasing traffic congestion that is
sourced by the act of cruising, but also useful for generating additional revenue for
the maintenance of parking facilities. Shoup (2011) justified that policy of parking

pricing influences the user’s preference by means of mode choice.

According to the Metropolitan Transportation Commission (2007), parking pricing
has the greatest effect (5 to 30%) to decrease demand for parking. Likewise, Shoup
(2006) indicated that parking pricing has the greatest effect to discourage people
from driving. Besides, Christiansen et al. (2017) found that parking capacity
restrictions at the workplace are more effective to discourage people from driving
comparing to parking pricing strategy. Furthermore, it was found that it is possible
to increase the effect of parking pricing strategy by decreasing parking capacity. In
addition, Christiansen et al. (2017) found that free and available parking space causes
quadrupling of the parking demand at workplaces. On the other hand, Fei (2016)
discovered that free parking increases the use of automobiles for traveling. Besides,
one of three people prefer public transportation, cycling, or walking if free parking

is eliminated. Automobile use decreases with the high parking prices.
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Furthermore, the fee of parking should be arranged, by considering the occupancy
of the facility as %15 percent available for parking (Shoup, 2006). Thus, people will
be able to find parking space near destination when it is required, or switch mode, or
destination accordingly unless want to pay for parking. According to Shoup (2008),
several reasons affect willingness to pay, if the person is tired or late, weather,

scenery, safety, heavy packages, health, exercise.

For a smart campus, it is important to choose the location for the parking pricing
according to the occupancy rates. Consequently, central spaces are needed to be
allocated for priced parking. According to Shoup (2008), users of priced parking
spaces at a campus area; will be short-term parkers, carpoolers because of splitting
the parking fee, and people who place a high value on saving time. Yet, according to
Litman (2020), parking pricing strategy has unintentional effect that drivers may
park illegally or cause traffic congestion during the search of available free parking
space. Moreover, Thanh and Friedrich (2017) believe that the reason why illegal
parking is common in Vietnam Hanoi is because of lack of enforcements. Therefore,
it is essential to improve parking regulations, provide user information, and apply

enforcements effectively while thinking parking pricing strategy.

223 Remote Parking

Remote parking lots locate at far away from central districts. The idea behind the
remote parking is to keep automobile use out of central areas and to limit the cruising.
Kent (2007) found that in zones with limited car parks, although parking spaces are
available for parking, drivers may prefer not to go to the area because of being
pessimistic about the probability of finding available free parking space. The idea
drags them to look for space at another zone with a high probability of unoccupied

parking space.
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Litman (2006) defines remote parking as off-site parking facilities. First and
foremost, remote parking facilities are needed to be assisted by well-provided shuttle
or public transportation services in order to encourage drivers to use these parking
facilities. Today, park and ride parking facilities are accepted as the most common
remote parking. Ozen et al. (2016) considered that while estimating demand for park
and rides parking lots, the relationship between land use, public transportation, and

parking lots requires to be thought.

2.24 Parking Regulations

Litman (2017) suggests that in order to optimize parking use, parking regulations
govern who can park at a certain parking space, when and how long vehicles can
stay. It is essential to identify some criterias for parking regulations, some parking
regulation types are provided (see Table 2.2). In addition, parking restrictions which
would be an effective strategy for optimizing the use of parking supply, are one of
the most important parking regulation types. Yet, Christiansen et al. (2017) defends
that in case of constructing parking lot far away from the center of the district,
parking restrictions are not as effective as in the center of the district. Therefore, it
was concluded that parking restrictions are more effective in case of the existence of
compact neighborhoods or cities. Also, Christiansen et al. (2017) found that a
workplace nonexistence of reserved parking space influences the decision making of
driving. Drivers tend to give up from driving in case of own dedicated parking space

1s removed.
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Table 2.2 Common Parking Regulations (Litman, 2006)

Name Description Favored Activity

User or vehicle Spaces dedicated to loading, service, taxis, customers,
type rideshare vehicles, disabled users, buses and trucks. As specified.

Limit parking duration (5-minute loading zones, 30-minutes | Short-term users, such as deliveries,
Duration. adjacent to shop entrances, 1- or 2-hour limits). customers and errands,

Prohibit occupancy at certain times, such as before 10 am,
Time period to discourage employee use, or between 10 pm and 5 am to
restrictions discourage resident use, Depends on restrictions.
Employee Require or encourage employees to use less convenient
restrictions. parking spaces. Customers, deliveries and errands.
Spedal events Have special parking regulations during spedial events. Depends on restrictions.
Accommodate Provide options for vehicles that make numerous short
short-term users. | stops, such as special parking passes. Delivery and service vehicles.
Residential parking | Use Residential Parking Permits (RPPs) to give area
permits residents priority use of parking near their homes. Residents.

Options for special | Establish a system that allows specific parking spaces to be

users. reserved for service and construction vehicles. Vehides used for special activities,
Restrict overnight | Prohibit overnight parking to discourage use by residents

parking and campers. Shorter-term parkers

Street cleaning

Regulations that prohibit parking on a particular street one

Street cleaning. Insures motorists

restrictions day of the week to allow street sweeping. move their vehicles occasionally.
Large vehicle Limit on-street parking of large vehicles, such as freight
restrictions trucks and trailers. Normal-size vehicles

Prohibit on-street parking on arterials during peak periods,
Arterial lanes to increase traffic lanes. Vehide traffic over parking.
abandoned Have a system to identify and remove abandoned vehicles
vehicles from public parking facilities. Operating vehicles.
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2.3 Parking Management Systems

Parking management systems rely on technological improvements directly
comparing to parking management strategies. In the past, parking management
systems were used for getting a ticket when entering to the parking lot. The idea was
to estimate how many hours did the customer leave the vehicle in the parking lot.
Today, parking management systems became more complex because of high vehicle
ownership. Kodransky (2011) stated that a typical driver can spend nearly 25% travel
time by cruising in order to find available parking space. Parking search can be a
significant contributor to central city traffic congestion during peak commute hours.
In fact, many have estimated that such traffic composes between 25 to 50 percent of
all peak period traffic (Shaheen, 2005). The major objective of these systems is to
decrease travel time which emerges because of cruising. Yet, Ma et al. (2018)
discovered that because the majority of the drivers are not familiar with parking
applications, it was concluded that real-time parking apps are not common in Hong
Kong. There is still doubt about the popularity of the concept of the smart city among
the public.

2.3.1 Parking Guidance and Information Systems

The main goal of implementing Parking Guidance Information (PGI) systems is to
decrease traffic that is sourced by parking search in central cities and in large parking
facilities. A typical PGI system which is implemented on entrances and exits or in
individual parking spaces is beneficial for gathering data of number of occupied
parking spaces and provide available parking spaces in parking lots. Moreover,
drivers are able to be directed to available parking space by using Parking Guidance

Information System.

According to Shaheen (2005), the goal of Parking Guidance and Information
Systems are to accomplish some advantages like travel time savings, reduced vehicle

travel, less traffic congestion, driver frustration, lower fuel, energy, reduced air

23



pollution, increased parking revenues. Yet, Ma et al. (2018) demonstrates that 72.8%
of Hong Kong citizens are not aware of any parking applications and adds that real-

time parking applications that are branches of smart mobility are not common yet.

2.3.2 Transit-Based Information Systems

Transit-Based Information (TBI) systems might be considered separately from
parking management systems. Yet, it is integrated with parking management. At park
and ride parking lots transit-based information systems are very useful in order to

keep drivers away from central business districts.

TBI systems can be considered as an improved version of parking guidance and
information systems in terms of use. Today a typical transit-based information
system requires to provide real-time information to drivers regarding the number of
available parking spaces in park-and-ride parking lots. According to its location or
purpose, schedule of bus, shuttle services, train, or subway requires to be provided.
Moreover, arrival and departure times of other modes are needed to be provided by
using TBI Systems. The aim of these smart parking management systems is to
accomplish the number of advantages; such as increasing bus use, decreased car
transportation, reduced use of fuel; reducing air pollution, and higher revenues from

transit (Shaheen 2005).

233 Smart Payment Systems

Advances in smart payment systems (e.g., smart meters, smart cards, mobile
communications, and e-parking) improve parking payment convenience and reduce
operation, maintenance, and enforcement costs (Shaheen, 2005). Throughout
Turkey, the workplace or valet parking system generally collects parking fees. In
parking areas, still, fees have been usually collected by a cashier in Turkey. In
addition to the common worldwide use of parking meters, brand-new payment

systems are emerged as an alternative to the old-style parking meters. Customers can
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pay quickly and accurately by using a smart card. Moreover, the customer can make
a call and pay by using a credit card, or through the transfer of money to easily
accessible cards. In other words, the fee can be collected via the Internet, mobile
telephone. Ma et al. (2018) demonstrates that whether people use parking
applications or not, system information security seems to be crucial in front of their
sights. People want to be sure that their personal information is being protected.
Moreover, according to Idris et al. (2009), smart payment systems provide methods
of payment as well as they can be used for detection of the vehicles that violate

parking spaces by taking photos.

234 Parking Reservation Systems

Parking Reservation Systems allow drivers to get information about parking
availability at a given destination, reserve a parking space, and pay for parking upon
departure using web-based tools, applications or calls (Shaheen, 2005). Also, with
an improved version of the parking reservation system, drivers can be directed to the
parking lot which is available. This improved version of the parking reservation
system is called e-parking (Shaheen, 2005). Thus, it is possible to minimize time
during cruising, and the driver might change destination unless the available parking

space exists.

2.4  Highlights of Parking Management for METU Campus

After discussing the scope of smart parking management, parking management
strategies, and systems, it is essential to extend it to smart and sustainable mobility
management at the campus environment. Therefore, rather than focusing only on
driving, other transportation modes are needed to be considered. Therefore, the
following chapter includes walking, cycling, public transportation, and ride-sharing

policies and programs.
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In addition, for effective parking management, it requires an understanding of the
environment, too. Thus, understanding of METU campus environment is
indispensable. Accordingly, the next chapter also discusses the past studies
regarding METU campus built environment, on-campus and off-campus (accessing
to campus) transportation, mode choice, perception and behavior of METU

commuters.
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CHAPTER 3

SMART AND SUSTAINABLE CAMPUS (SSC) MANAGEMENT AT METU

The smartness concept typically used for the city scale. However, the concept of
smartness does not include the city completely, yet it refers to many features of a
city (Albino et al., 2013). Moreover, the concept of the smartness involves the scales
from device to city. The focus of this study is the built environment, within the scope
of the concept of the smartness. A built environment comprises structures that are
made by people. Thus, the built environment comprises a big scale from buildings
to cities. According to McClure and Bartuska (2007), the concept of the built
environment is shaped by the needs, actions, and thoughts of people. McClure and
Bartuska (2007) defined built environment components as products, interiors,
structures, landscapes, cities, regions, and Earth. Kas et al. (2018) had adopted and
categorized built environment components as product, interior, structure,
neighborhood/campus, and city. At this point, university campuses may be assumed
as small scaled cities as campuses have significant similarities with CBDs.

Therefore, parking related problems and solutions liken.

3.1 Dimensions of Smart & Sustainable Mobility Concept within Campus

The smart campus concept is more likely to focus on technological improvements in
addition to the sustainable campus concept, which takes the social, economic, and
environmental improvements into account. Within the smart sustainable campus
concept, mobility management takes an important role. Smart and sustainable
mobility management involves smart and sustainable campus policies. According to
smart and sustainable campus policies, the goal is to reduce automobile dependency
and encourage people to use non-motorized transportation modes and public

transportation. Also, parking management strategies are being identified in order to
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reduce automobile use because it causes traffic congestion. The idea behind this goal
is to decrease traffic congestion which harms economically, environmentally, and

socially.

According to Litman (2006), effective parking management policies and programs
can improve user quality of service, create more accessible land use patterns and
reduce motor vehicle traffic, reduce congestion, accidents and pollution, create more
attractive communities and improve mobility for non-drivers. Parking management
cannot be considered by itself as it is a part of a complex system, transportation.
Moreover, it is essential to consider automobile use and its interactions with other
modes. Thus, in order to create a mobility management strategy; parking
management should be considered with policies on other modes rather than personal
vehicle use. For instance, effective parking management cannot be considered
without well-provided shuttle services and walkable environment. Altintasi (2013)
gathered these policies under the concept of “Transportation Demand Management”
which involves cycling, walking, public transit, ride-sharing, and parking
management policies. The main idea of campus mobility management is to decrease

automobile dependency and increase accessibility.

Cycling Policies

Universities with campuses are great environments to support cycling, which is an
alternative mode of driving. In order to support mobility, environment and economy,
it is essential to support cycling on campuses. Garau et al. (2016) suggested that
procuring bicycle parking racks and lanes would increase cycling and discourage
private vehicle use. For instance, University of Colorado found that providing the
bike lanes and enhancing infrastructure resulted in an increase in bike use from 20
percent to 31 percent in one year (From Altintasi, 2013). Also, bike-sharing systems
are useful for increasing cycling on campus. Garau et al. (2016) believes that every

300 meters putting bike-sharing stations, increases the demand.
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According to Altintagi (2013), main policies for increasing cycling are as follows;

Providing bicycle paths, racks, and lockers

e Implementing bike sharing system

e Providing bicycle storage rooms and shower facilities

o Establishing connectivity between various transportation modes
e Providing signs and markings that are recognizable

e Accommodating map of bicycle routes

e Providing bicycle repair and maintenance store

Walking Policies

For a campus, walking can be considered as the main transportation mode because
campuses generally have compact infrastructures. It is crucial to provide an
environment that is appropriate for walking. Yet, it is a complex process to measure
the quality of walkability. Karatas (2018) offered a multi-dimensional evaluation
technique addressing measures from four main categories that are traffic, land use,
safety/comfort, and infrastructure for evaluation of the pedestrian level of service.
Designing compact campuses for universities is better to encourage people to quit
from driving and prefer walking or cycling instead. According to Christiansen et al.
(2017), odds of driving decrease when the walking distance between the start and
destinations of the trip is reduced. Besides, in order to not to increase walking
distance, parking lots needed to be close to proximity or supported by shuttle services
that provide connectivity. Christiansen et al. (2017) found that increase in the
distance between the parking lot and the destination decreases the odds of driving.
Moreover, Mohammed and Shakir (2013) stated that if precautions are taken against

darkness, drains, and animals, these promote walking and cycling.
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Ride-Sharing Programs

Stiglic et al. (2015) denoted that in ride-sharing, individuals with matching itineraries
and schedules share a ride in a personal vehicle. The driver and rider(s) typically
share the associated costs (e.g. fuel, tolls, parking fees) so that each can benefit from
the shared ride. Ride-Sharing is also an alternative for decreasing the number of
automobile use on campus. Lam (2012) suggested decreasing parking supply,
introducing ride-sharing, putting limits on free parking and encouraging carpools and
low-emission vehicles by supplying prioritized parking spaces. Carpooling is one of
the ride-sharing policies. A good example can be given from University at Buffalo.
Three drivers can get a carpool sticker by giving up their regular stickers. The idea
behind ride-sharing is that preventing people from drive alone. Besides, carpooling
sticker owners can park their vehicles to the nearest parking space that is reserved
for them. Accordingly, Arizona State University has car-sharing programs that
allowed its members to rent a low emission, fuel-efficient vehicle for an hourly fee,
and this implementation resulted in 28.6 tons of carbon emission reduction in a year.

(From Altintasi, 2013)

Public Transit Policies

In order to accomplish a smart parking management at a campus, it is important to
pay attention to public transportation. In other words, both shuttle services and public
transportation services are needed to be well provided for a campus. Bond and
Steiner (2006) declared that abundant parking supply discourages people from the
use of public transportation. In order to encourage drivers to quit driving and to use
public transportation, parking supplies are needed to be limited. According to
Christiansen et al. (2017), the greater outcome is possible with a combination of
parking restrictions and qualified public transportation services. In addition,
Christiansen et al. (2017) claimed that high quality of public transportation affects
driver’s mode choice decisions and makes them quit from driving and select public
transportation instead. On the other hand, Liu et al. (2017) stated that poor public

transportation services encourage drive alone. For instance, Mohammed and Shakir
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(2013) discovered that in case of 70% reduction on travel time by public
transportation that leads to 84% decrease in the decision to travel by personal vehicle
instead of using public transportation services. However, the reduction in the travel
time is not the only parameter that encourages people to select public transportation.
Moreover, with respect to Mohammed and Shakir (2013), factors like travel cost, fee
of remote parking lot, waiting time in bus stations also increase the use of public

transportation services.

3.2 Smart and Sustainable Campus Projects/Activities at METU

For better understanding of METU campus transportation, it is useful to benefit from
past studies regarding campus transportation and built environment. Therefore, past
studies about METU campus transportation and built environment were investigated.
In this section, the previous transportation-related studies at METU campus were
briefly summarized to understand travel behavior but also to understand

infrastructure of the METU campus.

3.2.1 Assessment of Scenarios for Sustainable Transportation at METU

Campus (2013)

A thesis titled as Assessment of Scenarios for Sustainable Transportation at METU
Campus (Altintasi, 2013) analyzed the levels of mobility and vehicle emissions at
METU Campus in detail. In the scope of the study; i) campus origin-destination
matrix, ii) in-campus vehicle-km-travelled (vehicle-km), and iii) carbon emissions
were studied. Besides, the study involves scenarios between mobility management
strategies and reduction on personal vehicle use. Thus, travel data that involves the
occupancy rates of parking lots, were also obtained. Findings of the study of Altintasi
(2013) indicated that discouraging students to use personal vehicles, is the first and

simplest step to encourage sustainable campus transportation. Within the scope of

31



this thesis understanding of gate activities and stay time of the vehicles are crucial

since these paremeters are directly related in parking lot demand.

Gate Activity Profiles

Entry and exit activities on campus could be examined by using varying methods. In
this study, gate RFID (Radio Frequency Identification) data and video recording data
was used for examination of the university community’s travel behavior, and
findings were presented in Table 3.1. First of all, the METU campus entry and exit
profiles were analyzed by using weekly RFID info from all 3 gates (Al, A4, and

A7), and calculating the sum of entries and exits.

Table 3.1 indicated the results of video recording revealed almost equal numbers of
entrances and exits at the campus gates, while RFID traffic counts showed
significantly fewer exits. Because there were missing data on RFID counts, video
recording data was assumed to be more accurate . It was concluded that

approximately 15000 vehicles enter to METU campus daily.

Table 3.1 Sticker types and distributions in RFID and video recording data
(Altintasi, 2013)

Nov 10, May 4, Nov 23, Oct 19,
2010 2011 2011 2011
Daily Total Activities (Gate video
(gate RFID data) recordings)
Entry 9522 10065 12191 15280
Exit 6034 6588 7117 14828
Entry Activity by Sticker Type
Academic 1585 2466 2845
Personnel
Administrative os4 29> 298 -—
Personnel
Students 2087 2661 3041
Taxi 624 638 783 1147
Dolmus — 202 327 357
Bus — — —— 211
Exit Activi by Sticker Type
Academic 1514 1594 1803
Personnel
Administrative 549 563 600 -—
Personnel
Students 1161 1474 1587
Taxi 343 371 440 1000
Dolmus — 68 112 330
Bus — - —— 200

*Total, entry and exit values belong to 3 main campus gates information.
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Figure 3.1-a presents the total daily entry profiles of METU campus; while there
was limited demand for entering to the campus from midnight to 6:00 a.m., majority
of the demand (3000 vehicles) was observed in between 7:00 a.m. to 9:00 a.m. Then,
the number of entries decreased until noon. During the afternoon, the entry to the
campus remained at about a constant level. After 6:00 p.m., it started to decrease

dramatically.

Figure 3.1-b indicates the total daily exit profile of METU campus. Likewise, there
was few exits occurred from midnight to 07:00 a.m. Then, the number of exits (1500
vehicles) increased around 8:00 a.m. to 9 a.m. The second peak was observed at noon
to 1:00 p.m. with 1200 vehicles. The highest number of exists was observed the
timeline between 5:00 p.m. to 6:00 p.m.

Eventually, in Figure 3.1-c, the overall daily activities which are the number of all
entries and exists was presented. The majority of the trips was observed between
7:00 a.m. to 10:00 p.m. The peak timeline was between 08:00 a.m. to 9:00 a.m. Then,
the number of the trips decreased, though it made a relatively small peak between
11:00 a.m. to 2:00 p.m. With the increased demand for existing from the campus, the
number of trips increases after 3:00 p.m. The peak hour in the evening was observed
from 5:00 p.m. to 6:00 p.m. As a result, in-campus morning peak hour was selected

as 08:15 - 09:15 and evening peak hour was selected as 17:15-18:15.
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Total Daily Entry Profile, 21-25 November 2011
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Figure 3.1 Total daily profile of METU campus including all entry-exit from three
main gates ((a) entries, (b) exits, (¢) entries-exits) (Altintasi, 2013)

Gate-to-gate Mobility by Stay Time

Although understanding the mobility of gate-to-gate activities is important,
understanding of for how long the vehicles stay on campus is important, too. The
calculation of stay time was done by matching entries and exists and taking the
difference between the number of exists and entries. It was found that almost 45%
of the vehicles stayed at the campus less than fifteen minutes which meant that
people generally entered the campus for drop off and pick up (see Table 3.2).
Moreover, 15% of the vehicles stayed at the campus for 15 minutes to 1 hour. In
addition, the results indicated that approximately 22% of the drivers stayed at the

campus from 1 hour to 5 hours which was approximately half workday time. Besides,
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approximately 13 % of the vehicles stayed in between 5 hours to 10 hours. Finally,

the minority of the vehicles (almost 3%) stayed more than 10 hours.

Table 3.2 Campus stay time distribution (gate data only) (Altintasi, 2013)

Number of Trips
Campus Stay Time | Nov 10, 2010 | May 4, 2011 | Nov 23, 2011*
Total estimated trips 8814 9223 10050
I e S
Total detected trips 5680 5997 6505
Stay Time

<I5min 2599 2635 2804

15-30min 445 497 545

30min-1h 420 452 489
1h-5h 1301 1346 1465

5h-10h 754 867 1029

10h + 161 200 173

. . Entry | Exit | Entry | Exit | Entry | Exit

icsing maubs MO 669 | 2465 | 643 | 2583 | 772 | 2773

- 3134 3226 3545

Moreover, the period of entries and stay time were also compared at the study. The
results indicated that almost 30% of the vehicle entered to METU campus from 8:00
a.m. to 10:00 a.m. Moreover, all of the entries approximately 46% of them stayed
no longer than 15 minutes. In addition, stays that was shorter than 15 minutes was
27% between 11:00 a.m. to noon and it was 30% from 2 p.m. to 3 p.m. The ratio of

staying no longer than 15 minutes in the evening peak was 56%.

In addition, it was found that there was no correlation between staying up to 5 hours
and entry time. 14% of the drivers who entered to campus from 8:00 a.m. to 10:00
a.m., stayed approximately 5 hours. Furthermore, as it was expected majority of the
long stayers entered to the campus in the morning. It was found that almost 25% of
the drivers who entered to campus between 8:00 a.m. to 10:00 a.m. stayed 5 hours

to 10 hours, on the other hand just 5% to 7% of them had stayed more than 10 hours.

Average Daily Traffic Assisnment

In the scope of the study, the number of vehicles which pass from certain road per

day was estimated. For this thesis, the estimation is important in order to compare



high occupied parking lots and roads. It is predicted that at some roads presence of
traffic congestion is inevitable because of high parking demand on some parking lots

which locate at the end of these roads.

The roads which attract more than 1500 vehicles per day were indicated at Figure
3.2. Findings of the study indicate that majority of the trips on the campus are
actualized at roads that locate between main gates (Al, A4 and A7). Therefore, on
corridors from A1-A4 gates and Al gate to Technopolis, much of the traffic was
observed. In addition, traffic congestion was observed less at Southern areas of the

campus comparing to Northern areas.
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Figure 3.2 Daily campus traffic assignment result between 07:00-22:00 (Altintas,
2013)
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3.2.2 Determination of Pedestrian Level of Service for Walkways: METU
Campus Example (2015) and Variability in Sidewalk Pedestrian
Level of Service Measures and Rating (Karatas, 2018)

Study of Determination of Pedestrian Level of Service for Walkways: METU
Campus Example involved pedestrian activity countings. The study was essential
to determine the undesirable areas for parking that are with high pedestrian mobility.

Therefore, the pedestrian volume counting study was important.

Figure 3.3 indicated that in the mornings and evenings, there was a lot of movement
of pedestrians between the gates to the academic buildings. While more walking
activity originated from the dormitories in the mornings, more activity was observed

in the evenings around recreational areas.

Moreover, the study of Karatas and Tuydes (Variability in Sidewalk Pedestrian Level
of Service Measures and Rating, 2018) evaluated the walkability at METU campus
by utilizing three different methods. The purpose of the study was to understand the
effectiveness of these three methods. According to Karatas (2018) a numerical
example from the pedestrian level of service measures of 81 walkways indicated
that all of the methods are beneficial, yet none of them reflected the whole aspects
of walkability alone. Moreover, it was concluded that a description of the Pedestrian
Level of Service which includes aspects of assessment regarding all factors effecting
walkability (distance, time, comfort, health, etc.) as well as the trip purpose and
infrastructure characteristics, would go beyond the current perspective. According
to Karatas and Tuydes (2018), a successful walkability evaluation needs a
multidimensional assessment process that involves four key categories that are

traffic, land use, comfort/safety, and infrastructure.
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Figure 3.3 Mapping of Volumes and Directions of Pedestrian Flows for a)

Morning (08:15- 09:00) and b) Evening (16:15-17:00) Hours (Karatas, 2018)

3.2.3 Perception of Parking Pricing and Willingness to Pay (2018)

The study of Perception of Parking Pricing and Willingness to Pay (Ipekyuz et al.,
2018) consists of interviews regarding parking pricing strategy and willingness to
pay for parking of METU commuters. A semi-structured interview study with 14
respondents was conducted for the purpose of understanding parking perception and
willingness to pay for parking. Thus, the interview included questions to measure
behaviors and attitudes of the respondents towards parking pricing, WTP for parking,
reasons for parking-related problems, suggestions to cope with the problems, price
recommendations for parking, and parking preferences at high-demanded locations

at the campus (see Table 3.3).
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Table 3.3 Scope of the Interview (Ipekyuz et al., 2018)

Part | Socio-Demographics (age, gender, income, etc.)

Part 2 Parking Pricing and WTP for METU Campus

e Conditions to drive to Campus; Factors affecting private car preference

e  Parking problem experience

e Preferred parking location (department parking lot, central parking lot,
satellite parking lot, etc.)

e  Willingness to Pay (amounts and factors affecting WTP)

e Recommendations for the parking problem

*Ethical permission for the interview was received from Ethical Committee of Department of

Psychology in METU.

Also, socio-demographic information was provided (see Table 3.4). The reason why
obtaining socio-demographic information of the respondents is to understand the
perception of the groups. For instance, the effect of the age, income level, towards
willingness to pay, are analyzed. Volunteer automobile users including academics,
students, staffs, and visitors who were METU commuters were selected randomly

for the interview.

Table 3.4 Interview Respondent Profile (Ipekyuz et al., 2018)

RI'|\ R2 | R3 | R4 | R5 | R6 | R7| R§8| R9 | R|R|R|R|R

10|11 112113 |14

Gender* | M | M F M F F M F F/ MMM M| M

Age 23 | 29 22 29 26 34 33 28 27 1241221222822

Status® U A U |EG| G A |OG|EG| G |U|U E/| U
G

Income® | II | IV I v v v v v Vv | VI I I |1

\Y

® Gender: Female (F), Male (M).

® Educational Status: Undergraduate (U), Graduated (G), Academic personnel (A), Employed (E),
Other (O).

¢ Income levels as I: <(1000TL); II: (1000-2000TL); III: (2000-3500TL); IV (3500-5000TL); V:
> (5000TL).

In order to provide objectiveness, the interviews were made face to face by three
trained interviewers. The purpose of the research had been explained to the
respondents at the beginning of the interviews. The respondents had been informed
that any responses and identities would be kept confidential. Moreover, this study

was started after getting ethical permission from Ethical Committee of the
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Department of Psychology in METU. After all, the interviews were deciphered
verbatim and analyzed to obtain the main factors affecting parking preferences,
pricing and WTP for parking. Interviews took no longer than 30 minutes and were
voice recorded. Verbatim deciphering enabled the determination of basic concepts
and keywords regarding parking preferences, pricing, and WTP. Responses were

saved anecdotally to fortify perspectives clearly.

Responses to the WTP interview considering METU campus parking policy indicate
that most of the respondents consider that it is unacceptable and not ethical on
campus to implement a parking pricing strategy. On the other hand, respondents
denoted that they refrain from private car use due to the parking problem especially
when the destination is around demanded areas like food courts, library, cafeteria.
The respondents denied pricing strategy, although the campus is struggling with
serious parking problems. Moreover, the respondents thought that the stickers for
entering to campus also give the right of the parking. In other words, the respondents
expect that the sticker requires to guarantee parking space at the same time. Besides,
the respondents claimed that there is no investment or improvements on existing
parking lots. The keywords, which are deduced from the statements of respondents

for pricing and WTP on campus are provided (see Table 3.5).

Table 3.5. Perception of Drivers About Parking at METU Campus (Ipekyuz et al.,
2018)

Parking Behaviors in METU

o  Sticker-based parking

e Limited capacity

e Increasing demand

e Old campus design

o Limited on campus transportation services
WTP for parking” in METU

e  Sticker price

e At high demanded areas to provide turnover

e Unacceptable in a campus

e Limited Campus transportation (shuttle services)
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Moreover, there is no applied parking pricing strategy at the METU campus.
However, if it was, the pricing strategy that is recommended by the respondents

requires to be on the high demanded areas (i.e. food court, cafeteria etc.).

In summary, they were asked for a pricing scheme for parking. The pricing scheme
offered by the respondents for WTP and pricing at METU is provided (see Table
3.6).

Table 3.6 Recommended pricing scheme and prices (in TL) at METU (Ipekyuz et
al., 2018)

WTPand | R/| R2| R3| R4| R5|R6 |R7 | R8| R9| RIO| RII| RI2| RI3| Ri4
Pricing

<I5m V20 A A A A Y A A A 0 A RV A x S| S

15m-30m VA A A A A A A A A BV A x S| S

30m-60m fl2 1110111200 f)| f X X --- f

1h-2h fl1f1f1h |53 |12{1Vh|h| - X X --- 5

3h-4h I-| f |- | h |10|46| 5 |1h| h | - X X --- 7
2/h

>4h I- | -— |- | A [15]10]| 6 |Vh| h | - X X --- 10
2/h

“f” stands for free, while “x” stands for exactly against pricing in a campus.

“h” represents people who prefer hourly pricing, while “/h” stands for “per hour”.

“m” stands for “minute”.

The importance of the WTP interview is that it provided background for creating
Smart Campus Transportation Survey. According to interviews, the following

statements were drawn;

e Related to income level, at METU campus students are opposed to paid

parking more comparing to academics.

e Some of the academics suggest that places that are highly demanded should

be controlled frequently to prevent parking violations.

e [t is suggested that the initial price should be relatively high and the rate

should be lowered according to elongation of the parking duration.
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A few of the respondents suggested that parking pricing should be set by

considering the economic condition of users.
e Pricing for the parking spaces would be a solution to traffic congestion.

e Results indicated that relatively higher-income respondents were more

willing to pay for parking both on-campus and off-campus.

e Some of the students complained that inefficient public transport or shuttle

services force them to use private car.

3.24 USTDA (United States Trade and Development Agency) Project
(2017)

USTDA METU Smart Campus Project (2017) was a collaboration study between of
METU, WILLDAN, and EPRA. The project consisted of five main categories that
are energy/ICT, transportation, water, buildings, and finance. METU campus was
evaluated under these categories. Then, the potential strategies and ICT technologies
were offered taking infrastructure and budget constraints into account. The
transportation part of the study is going to be discussed further in the following
chapters of this thesis, as the author and advisors were part of this research group.

Within the project, a survey was conducted under the transportation section.

3.2.5 Integration of Dolmus as a Paratransit Mode to The Existing Public
Transport Network: Ankara Example (2016)

The study of Ozbilen (Integration of Dolmus as a Paratransit Mode to The Existing
Public Transport Network: Ankara Example, 2016) is focused on minibus (Dolmus)
use that is a type of public transportation service. For better understanding the user’s
point of view and to evaluate the user satisfaction, a survey that involves questions
regarding mode choice and dolmus use, was conducted to METU commuters, which

was called as METU Campus and Transportation Survey.
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From November 2014 to May 2015, 623 students responded to the survey, which
evaluated the sustainability and sustainable transportation (experience and
perception) at the campus, accessibility to campus, on-campus accessibility, and
campus traffic safety. While the total student number of METU is 28,000, the
number of survey participants is 623 students, making the participants/total students

ratio about 2.5%, which is a considerable amount.

Then, the survey results were analyzed in order to understand the use of dolmug and
its role in campus accessibility. Moreover, a comparison between dolmus and other
modes was done. Furthermore, analyze of the survey results was examined to
integrate dolmus into the rest of the public transportation services network by taking
both road and fare integration into account. The aim of this study was to investigate
the perception of users regarding dolmus and to propose possible scenarios for the

future of dolmus, in the transportation network.

Within the scope of the study mode choices of the students in the purpose of
accessing to the campus was understood and analyses of modes were done. It was
found that the use of dolmus is quite common. Yet, the mode choice of the students
was asked with the origin of their trip So, the study consists of both on-campus
mode and off-campus mode choices. Besides, questions were also asked to students
(234 students) who lived at the dorms, too. It was found that the use of private
vehicles comes as second choice which is much lower than dolmus which is only

17.7% in total (See Table 3.7).
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Table 3.7 First Mode Preferred from the Trip Origin of the Participants (N= 622)

(Ozbilen, 2016)

Transportation Mode Frequency | Valid (%)
Dolmus (Minibus - Jitney) 259 41.6
Private Car 110 17.7
Private Bus 63 10.1
Metro (Kizilay — Cayyolu Line) 44 7.1
Municipality (EGO) Bus 41 6.6
Walking + Bicycle 40 6.5
Metro (Bilkent — Sincan Line) 23 3.7
Hitchhiking 29 4.7
Private Services 4 0.6
Others (Taxi — Motorcycle - Cablecar) | 9 1.5
Total 622 100

From the public vehicle users of 622 participants, 176 of them use single vehicle,
50 of them wuse two transfers, 4 of them use three transfers (see Table 3.8).
Comparing the modes as first transfer, the use of Dolmus and Metro come into
prominence. Moreover, the rate of hitchhiking is high because it is a common
behavior among commuters at METU campus environment. As the second transfer,
it was found that the dominant transport choice is hitchhiking. Finally , walking is

the dominant mode for the third transfer.

As considering the dominant modes from different neighborhoods of Ankara to
METU campus. Distances to METU campus and travel time of modes were
analyzed. For access to the campus entrance, 44 different travel choices were
identified. Those travel choices were categorized into zones. In total 20 different
zones were identified (Actually it was 21 zones one of them was determined as an
outlier). These zones were decided according to neighborhoods and modes. Then,

these zones were enumerated by their distances to the METU campus (See Table

3.9).
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Table 3.8 Transfers from the Firstly Preferred Mode (Ozbilen, 2016)

Frequency Valid Frequﬁncy Valid Frequgncy Valid
Mode a (%) 2" (%) 3" %)
Transfer) Transfer) Transfer)
Municipality (EGO) 3 17 0 0 0 0
Bus '
Private Bus 4 2.3 0 0 0 0
Metro 15 8.5 0 0 0 0
Metro (Kizilay -
Cayyolu Line) 51 29.0 7 14.0 0 0
Dolmus (Minibus - 54 | 107 6 12,0 1 25.0
Jitney)
Private Services 3 1.7 4 8.0 0 0
Private Car 1 0.6 0 0 0 0
Walking 12 6.8 9 18.0 2 50.0
Hitchhiking 32 18.2 24 48.0 1 25.0
Taxi 1 0.6 0 0 0 0
Total 176 100 50 100 4 100

Moreover, while some zones are quite far from the campus, some zones are very
close to the campus (almost within walking distance). Therefore, grouping close
neighborhoods in the same Zone was assumed to be better. Overall, 20 different
zones were determined as given in Figure 3.4. Moreover, these 44 travel pattern
variations were separated into eight different combinations of modes. Those
combinations are as following: “bus”, “dolmus” and “metro” seperately, “bus+bus”,

9 ¢

“dolmus+dolmus”, “metro+metro”, “bustmetro”, dolmus+metro”.

For this thesis, the analysis of mode choice variations and duration of the trips was
essential to encourage people to quit from driving and alternative modes could be
evaluated. Therefore, mode choice of the respondents according to start point
(neighborhoods) while coming to campus was evaluated. Those neighborhoods were

indicated in the see Figure 3.5.

45



Table 3.9 Zone Names and Distances of These Zones from METU Campus
(Ozbilen, 2016)

# Zone Name (Distance) #2 Zone Name (Distance)3
Yuzuncuyil, Cigdem, Isci Bloklari

I (1 km) 11 Cayyolu, Umitkoy (12 km)

2 Sogutozu, Cukurambar (2 km) 12 Mamak (14 km)

3 Balgat, Ovecler, Cevizlidere (4 km) 13 Altindag (15 km)

4 Bahcelievler, Emek (5 km) 14 Yasamkent, Baglica (15 km)

5 Cankaya, Ayranci (6 km) 15 Kecioren, Etlik (16 km)

Oran, Yildiz, Birlik, Tinaztepe (16
Kizilay, Kolej, Tandogan (8 km) 16 km)
GOP, Seyranbaglari, Esat (9 km) 17 Batikent, Eryaman (17 km)
Dikmen, Keklik (10 km) 18 Golbasi (18 km)
Yenimahalle, Demetevler (11 km) 19 Etimesgut, Sincan (22 km)
0 Kaurtulus, Dikimevi, Cebeci (12 km) 20 Pursaklar, Fatih (26 km)

— O 0 3 N

In general travel time is less on single modes. Yet, all of the modes are not available
for all origins. Moreover, it was found that people chose to travel with single mode,
up to 8 kilometers. Bus and metro travel time is less compared to dolmus, when those
services are available. But for Ayranci (6 km) zone, direct transportation by bus or
metro is impossible. Therefore, it is not surprising that there are significant

differences in the time of travel between patterns in some zones.

It is essential to mention Kizilay, Kolej, and Tandogan (8 km) zone because this zone
is part of the main transportation network of Ankara. Especially, Kizilay can be
considered as Central Business District (CBD) of Ankara and there are various mode
options. If the destination was accepted as any entrance of METU campus, it changes
the mode according to the lowest travel time.. In this case, metro has the lowest travel
time which is from Kizilay, Kolej, and Tandogan Zone. On the other hand, dolmus

has the lowest travel time if the inside access to the campus is considered.
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Figure 3.4 Zone Locations in the City with Respect to METU Campus (Ozbilen,
2016)

It was found that after 8 kilometers combinations with dolmus have the lowest travel
time but in three Zones (Kurtulus, Dikimevi, Cebeci (12 km), Mamak (14 km) and
Yasamkent, Baglica (15 km)) metro has the lowest travel time. In addition,
Yenimahalle, Demetevler (11 km), Batikent, Eryaman (17 km), are the zones with

good metro connectivity (see Figure 3.5).

It is obvious that the availability of transportation services is important. Metro works
radially from the city center (Kizilay). On the other hand, dolmus doesn’t work
radially. Moreover, there are dolmus networks between zones, therefore, from some

Zones, dolmus services are more convenient.
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Figure 3.5 Average Travel Time According to Defined Zones (Ozbilen, 2016)

3.2.6

The goal of this study was to create a new mode of public transport and a route in
METU campus with the support of GIS by considering metro route stations. It was
also intended to demonstrate that GIS can be a beneficial method for building a
transport planning database, exploring and evaluating planning data. In the scope of
the study land use, topography, population demographics, and transport system of
the campus were analyzed. Also, the demand for travel and pedestrian volumes were
evaluated. Thereafter, eight alternate public transport routes were proposed with

stops or stations for three different modes, such as: guided light transit, modern

Evaluating Public Transportation Alternatives in the METU
Campus with the Aid of GIS (Gulluoglu, 2005)

trolleybus, and monorail.

Distribution of the campus population had been defined as building oriented for the

67 zones by standardizing the population of the buildings within those zones. The
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spatial illustration of the campus population, composed of both students and staff,
was provided in Figure 3.6. Population distribution was done for 38,322 people that

consist of people living in dorms, guesthouses, residential areas, students and staffs.

Population density of the zones can be used as a supplementary indicator together
with the population of the zones in order to determine the zones with higher priority
in public transport service planning. Especially, zones having populations and
population density values higher than the average were considered as transport zones
generating higher trip demands. The spatial distribution of these zones affects the
locations of the public transit stops and the proposed routes of different modes. These
zones which generate high trip demand were listed in Figure 3.7. By the way, it is
expected that buildings with high populations would generate more demand for

driving too.

For this thesis identification of population density of the zones is necessary to
understand the trip generations of the buildings. Thus, the zones with higher priority
can be understood. According to Gulluoglu (2005), the zones with higher
populations and population density values can be considered as transport zones that

generate more trip demands.

According to Gulluoglu (2005), the zones with highest trip demand are as following:
METU Foundation School (zone 0) on the northwest; Faculty of Education on the
north and northwest (zones 4 and 3); Department of Basic English on the north (zone
5); METU Technopolis on the west and northwest (zone 6); Faculties of Economic
&