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Abstract

Urban rail investments are known to be one of the most popular solutions used by modern
societies in terms of transportation needs and social sustainability. Urban rail systems are
costly systems that require more resources. Therefore, investment decisions are taken with fea-
sibility studies. As the feasibility studies in the present day predominantly evaluate the eco-
nomic aspects of the investments. This attitude delays new investment processes that prevent
urban development, so a feasibility approach is needed to fully evaluate the benefit potential of
cities. In this study, primarily, feasibility frameworks and investment criteria of public
transport systems have been explained. A new feasibility approach which is included using
Comnjoint Analysis has been developed that can evaluate different benefits of urban transporta-
tion investments. The feasibility of the different public transport scenarios produced within the
scope of the transportation plan of Rize has evaluated by using the proposed feasibility approach.
In a medium-sized city, criteria importance has determined for the return on investment 22%,
journey time 32%, comfort 11%, pollution 19%, rent increase 4%, spatial consumption 12%.
Among the criteria evaluated within the framework of the new feasibility method, it has been
determined that the rapid bus line is more feasible investment alternative.
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Kentsel Rayl1 Sistem Yatirimlarinda Konjoint Analizi
Ile Yeni Bir Fizibilite Yaklasimi Onerisi:
Rize Ornegi
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Oz

Kentsel rayli sistem yatirimlarimin, ulagim ihtiyaglarimin karsilanmas: ve sosyal siirdiiriilebi-
lirlik acisindan modern toplumlar tarafindan kullanilan en popiiler ¢oziimlerden biri oldugu
bilinmektedir. Kentsel rayli sistemler fazla kaynak gerektiren maliyetli sistemlerdir. Bu nedenle
yatirim kararlary, fizibilite calismalaryla alinmaktadir. Giiniimiizde fizibilite caligmalar: agir-
Iikly olarak yatirimlarin ekonomik yonlerini degerlendirirken, sosyal ve cevresel faydalar giz
ardi edilmektedir. S6z konusu tutum yeni yatirim siireclerini geciktirmekte, kentsel gelisimin
oniine gecmekte, dolayistyla kentlerin fayda potansiyelini tam anlamu ile degerlendirecek bir
fizibilite yaklagimina ihtiyag duyulmaktadir. Bu calismada oncelikle kentsel rayli sistemler
basta olmak iizere, toplu tagima sistemlerinin literatiirde yer alan fizibilite cerceveleri ve yati-
rim ol¢iitleri agiklanmaktadir. Calismada Konjoint Analizi kullanilarak ve kent i¢i ulagim ya-
tirimlarmn farkli ekonomik, sosyal ve cevresel faydalar: degerlendirilerek, farkli bir fizibilite
yaklasim gelistirilmistir. Gelistirilen fizibilite yaklagim ile Rize kenti ulagim ana plani verile-
rinden yararlanlarak, plan kapsaminda iiretilen farkli toplu tasima senaryolarimin yatirim agi-
sindan yapilabilirlikleri incelenmistir. Calismada orta Slcekli bir kentte yatirim yapmak icin,
yatirim geri doniis stiresinin %22, yolculuk siiresinin %32, konforun %11, emisyon — ¢cevresel
kirliligin %19, rant artisinin %4, mekansal tiiketimin %12 énem diizeyinde oldugu tespit edil-
mistir. Gelistirilen bu yeni fizibilite yontemiyle degerlendirilen olciitler arasinda hizli otobiis
hattimin daha yapilabilir bir yatirim alternatifi oldugu tespit edilmigstir.
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Introduction

Today’s cities are rapidly developing due to several ever-increasing social
and environmental conditions. In this respect, transportation, which is among
the factors impacting urban dynamics, has a key role as the most fundamental
urban component enabling mobility of persons and goods. Transportation in
urban areas is carried out through private vehicles and means of public trans-
portation. However, in densely populated urban areas there are various al-
ternative types of transportation modes for individuals to go from one place
to another. These types of transportation are continuously evolving also as a
result of technological advances. Hence, urban transportation is carried out
for different motives of trip through suitable types and sizes of vehicles in
accordance with such motives using the necessary infrastructure and super-
structure elements.

While travelling in private vehicles, the destination is determined based
on individual demand; however, while travelling through means of public
transportation, what determines the destination is the transportation de-
mands of individuals who happen to be at the same point at the same time
and who want to travel to similar destinations or to destinations close to each
other. That turns the issue of public transportation into a concept of service
for local administrations (Dimitrou and Sartzetaki, 2017). Private vehicle uses
and public transportation routes and systems are shaped according to all kinds
of transportation demands in the city. In cities which develop through transpor-
tation, the biggest share is constituted by public transportation systems (Erdogan,
2016). Although the issue of investments in the physical environment is directly
related to economy, public transportation systems in particular are affected by
many economic, social, and environmental parameters.

As a result of such transportation investments, accessibility in a city
changes, which in turn impacts land and property market and which eventu-
ally results in problems with development and rent. It can be concluded from
such a fact that the economic, social, and environmental impacts of transpor-
tation investments also affect one another (Banister and Thurstain- Goodwin,
2011). This situation shows that investments in developed countries are gen-
erally made on and channeled into transportation sector considering the eco-
nomic, social, and environmental impacts of such investments. The European
Union supports the establishment of high-quality transportation systems for
its citizens in the light of the basic principles set for transportation. Moreover,
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European economy spends 1% of its Gross Domestic Product annually to pro-
duce solutions for such issues (Russo and Comi, 2012).

Developed countries prefer rail systems to solve urban transportation
problems using technological advancements to their advantage. In many
metropolitan cities in the world, rail systems are among the ideal solutions
for urban administrations when there is need for high-capacity passenger
transportation. Even though it seems to be an important issue that urban rail
systems have multiple benefits, high costs depending on technological possi-
bilities make it necessary for administrations to make some serious decisions
about the investments on such systems (Withanaarachchi & Setunge, 2014).

Local administrations in modern cities have to consider various means of
transportation in order to conserve their limited resources. In this respect, re-
sources should be used responsibly and wisely regarding that rail transpor-
tation systems require high amounts of investment costs, and many countries
are looking for ways to prevent waste of resources (Bilgic, 2002, 6). One of
those ways is to evaluate the planned investments based on different criteria
and scales. The need of transportation, which is shaped according to trans-
portation demands, is one of the most fundamental driving forces of new in-
vestments. It is seen that economic criteria are more effective in decisions
about planned investments due to high costs, and potential investments are
put into practice after a consideration of benefits and costs (Giindiiz et al.,
2011). In other words, investments in rail transportation systems are evalu-
ated within the scope of feasibility studies. To put it briefly, feasibility studies
are analyses of projected investments in terms of applicability, and they rep-
resent an interpretation of the realities emerging as a result of the analyses.

The concept of conventional feasibility develops on an axis where eco-
nomic variables are predominant. Within the scope of the present study, a
new feasibility model addressing today’s conditions is compared to a con-
ventional feasibility model, considering not only economic conditions but
also the requirements of today’s urban rail transportation systems and the
physical, social, and environmental criteria. Thus, possible new investment
decision criteria for urban rail systems are presented using a conjoint analysis.

In many large-medium-small-scale cities in Turkey, various transporta-
tion types and systems are used depending on the macroform, topography,
natural features and typology of cities. In Turkey, OECD and EU city typolo-
gies generally depends on criterias related with demographic contents such
as population, besides size of area, accessibility and land use types are also
effective to classificate of city size (Gokyurt et al., 2015).
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In most of the cities there are various means of transportation such as
private vehicles, buses, minibuses, shuttle, taxis, bicycles, and motorbikes,
whereas in Istanbul the first means of transportation that spring to mind are
funicular railways, metrobuses, and ferries. Such means of transportation are
preferred according to the transportation demands and geography of the city.
In cities such as Samsun, Ordu, and Giresun, there are also cable cars, which
are used both for transportation and touristic purposes. In cities such as An-
kara, Kayseri, Konya, Antalya, and Eskisehir trams are used, and in some
other cities such as Izmir and Istanbul metro and suburban trains are used as
means of transportation.

Considering that Istanbul is a metropolitan city which facilitates the inte-
gration among different types of transportation through air and sea transpor-
tation, there are also alternative, but relatively more expensive, means of
transportation for those who would like to travel faster such as sea-taxis and
air-taxis. The investments on transportation systems require very different
spatial characteristics and physical environment just like the above-men-
tioned types of transportation, and very high costs. The investment cost of
private cars is 16 times higher than that of buses, and 4 times higher than that
of metro. However, on a single trip a private car carries 5 persons, whereas a
bus carries 70 and the metro carries approximately 500 persons; a private car
contributes 125 times more to air pollution than a bus. It is possible through
investments on public transportation systems to ensure cash return in a
shorter period of time and with less environmental damage (Kellog and Pet-
tigrew, 2013, p.45).

In order to use national resources productively and to develop the econ-
omy of the country in the most effective way possible, infrastructure invest-
ments should be made considering the priorities of transportation sector in
Turkey. In cities, commuting trips to or from different locations such as home-
work-shopping centers-school-entertainment centers is done via all types of
transportation and systems. Therefore, it is important that transportation in-
vestments and land-use decisions be made and put into practice together.
Transportation systems that connect residential areas and work areas, espe-
cially those which provide scheduled transportation such as the metro, tram,
and metrobus, reduce the costs of time spent for transportation. Spending
shorter time for commuting and knowing how long the commute takes will
increase the confidence in public transportation, helping city dwellers about
quality time management. In areas where transportation opportunities are
facilitated, real estate prices will go up and so it is ensured that savings to be
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made from transportation costs are used to create more valuable areas. Thus,
there will be a fast return of investments on public transportation for local
administrations.

In Turkey, several principles and priorities about transportation invest-
ments and the development of transportation systems have been determined
within the scope of country’s vision and development programs. Within the
scope of the Regional Development Vision, Objectives and Strategies, in the
articles 365, 414, and 632, issues such as increasing the number of public trans-
portation systems which will integrate the highway-sea-railway systems in
urban transportation, increasing accessibility, and prioritizing environmental
awareness have been touched upon (Anonymous, 2013a). Article 975 of the
Tenth Development Plan prepared for the years 2014-2018 by the Turkish
Ministry of Development laid emphasis on strengthening intersystem har-
monization and integration based on transportation plans that are in line with
spatial planning and development objectives in urban transportation, devel-
oping and transforming the infrastructure in a public-transport intensive
way, and promoting environmentally sensitive, smart, productive, and cost
effective Practices (Anonymous, 2013b).

In Article 987, it was stated that information technologies and smart trans-
portation systems would be utilized in urban transportation and public trans-
portation services. According to Article 985, in urban public transportation,
systems such as buses and metrobuses are to be preferred considering the
developments in transportation demands and, in the case that such systems
fail to be sufficient, rail systems are to be preferred as alternative systems
(Anonymous, 2013b). Regulation No 26901 of 9 June 2008 on Principles and
Procedures for Increasing Energy Productivity in Transportation (Anony-
mous, 2008b), Section 5 of Article 10 on investments in public transportation
systems emphasizes the place and importance of rail systems in ensuring en-
ergy productivity in urban transportation with the statement, in urban
transport planning, rail system investments shall be increased in order to en-
courage public transport. As far as transportation vision and legislative back-
ground in Turkey is concerned, it can be seen that there is an emphasis on a
community-minded approach which is supported by smart transportation
systems, and which encourages the designation of a public transportation
system prioritizing environment-friendly transportation. Within this frame-
work, it is of importance that decisions about public transportation be evalu-
ated together by both economic, and environmental and social criteria.
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Transportation investments have a nature that requires high costs but can
pay off such costs in a short period of time when appropriate infrastructure
and usage level are provided. When making decisions about public transpor-
tationin a city, by tradition there are certain criteria that should be considered;
these are the size of the city and macroform, selection of appropriate trans-
portation technologies according to transportation demands, costs, and po-
tential environmental impacts of the selected public transportation type (Kilmn-
carslan, 2012,80). Macroform can be considered as current border of growing res-
idental areas, infrastructu re etc. land use type and its consuming-transforming
effects on natural environment (Gorer Tamer et al., 2007).

When examined in terms of the size of the city macroform, large urban
areas and the need for transportation to distant locations in metropolitan cit-
ies are indicators that investments in rail systems are more feasible. Rail sys-
tems not only are preferable regarding the macroform of the city and but also
can shape the macroform of the city. As a requirement of multiple travel de-
mands in urban transportation, the operation of bus lines that will serve to
support rail system lines fosters the underground rail systems which allows
for rapid access.

Turkish Ministry of Transportation, General Directorate of Railways, Har-
bors, and Airports set as a criterion that the population of a city should be at
least 1 million for rail system investments to be made; however, it was later
determined that this criterion is not that applicable considering the applica-
tions in cities worldwide. It was seen that in rail system investments, the pop-
ulation density of persons who are going to travel is more effective than the
size of the population (Kilingarslan, 2012). In a study conducted by Ogiit and
Evren (2006), the correlation between the length of rail systems and city pop-
ulation was analyzed and no statistically significant correlation was found
between the two.

When selecting the appropriate transportation technology according to
travel demands, investments should be made considering that each means of
transportation has its own passenger transportation capacity. During the
11th Transportation Council Meeting and Article 985 of the 10th Develop-
ment Plan (Anonymous, 2013b), the criteria regarding the development of
transportation in Turkey were tried to be determined and accordingly it was
determined that the decisions about public transportation investments in our
country are to be made in line with the statement, It is required that the plan-
ning should be made in the corridors that are anticipated to meet the condi-
tion of peak hour one way travel demands for the expected year of operation
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for rail systems; for tram systems, a minimum number of 7,000 passen-
gers/hour; for light rail systems, a minimum number of 10,000 passen-
gers/hour; and for metro systems, a minimum number of 15,000 passen-
gers/hour. Nevertheless, the satisfiability of those conditions should be ques-
tioned considering transportation systems require certain processes of ac-
quaintance- adaptation-routine. What is signified by the cost criteria is the
evaluation of the land costs, construction costs, vehicle costs, operating costs,
and maintenance costs of a public transportation investment together. When
a type of public transport requires its own infrastructure, the construction,
maintenance, and operating costs are much higher. Transportation types
such as buses and minibuses require less costs for land, construction, and
maintenance since they can be operated more flexibly.

In this study, Rize city has been selected as a study area. Rize city is located
in the northeastern part of Turkey. The city has a high and slopy physical
structure. Due to physical thresholds, suitable settlements in this city are low.
Transportation services are going from the city center through hilly terrain
with low population density. Transportation services are providing from the
city center toward hilly terrain settlements that have low population density
(Deniz et al.,2020).

The natural beauty of the city of Rize is frequently emphasized in the stud-
ies. Therefore, it is emphasized that when projects affect the public spaces of
the city, the necessary importance should be given in terms of natural wealth,
population, and land use (Alkan and Yazicioglu, 2017). It is understanding
from that the city of Rize is a suitable study area to evaluate a method that
addresses different aspects in terms of analyzing multiple alternatives within
the scope of taking an urban investment decision. In an assessment made es-
pecially related to the transportation structure of the city, the transportation
network of the city of Rize has evaluated to be insufficient. This emphasis
shows that the city opens to new investments. In the same study, the urban
population rate of Rize city in 2012 is stated as 64% (Siimer, 2014). Rize trans-
portation master plan one of the studies that bring up different public trans-
portation investments, including the urban rail system. According to the
transportation master plan data which has made in 2017, the city, which has
a total size of 3.835 km? has a population of 331.041 in 2017 (KUTEM, 2018).

As stated before, legal texts give priority to economic criteria in urban pub-
lic transport investments. While large-scale cities are advantageous in terms
of passenger and trip potential and economic thresholds, small and medium-
sized cities are disadvantageous in this aspect. An approach based solely on
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providing economic thresholds prevents the social and environmental bene-
fits to be gained in developing cities, thus it also has an obstacle role in the
development of medium and small-scale cities. The effect of different criteria
in making investment decisions will be better understood when examined in
small and medium-sized cities.

The aim of the study in this perspective is to reveal the importance of social
and environmental criteria against economic criteria in making an investment
decision that will affect urban development over a medium-sized city.

In the literature, large-scale cities defined as grow uncontrolled and rap-
idly, where a lot of money is spent on transportation, 40-50% of their journeys
are home-business trips. Other hands, mixed economic function land use, un-
spoiled and lower level home-business travel with sustainability potential cit-
ies are defined as medium scale. The city of Rize has a 28% home-business
travel rate. Rize was chosen as the study area as a medium-sized city in terms
of its stated characteristics such as population, sustainability, environment,
etc. (Akdemir et al., 2018)

Methodological Explanations

Urban rail transportation systems are costlier compared to other means of
transportation due to system requirements. Those requirements vary de-
pending on the technological structures of the systems. If there is a bus system
within the scope of the public transportation system, it means bus fleets are
included and if there is a rail system, then wagons, rails, and electrical sys-
tems are included. Since the day they started to become widespread, urban
rail systems have been evaluated from different perspectives by the authori-
ties as part of investment programs. The general perspective regarding the
evaluation of urban public transportation investments varies in the analyzed
examples in Turkey and in the world. The feasibility study of Metro 4 in Ath-
ens, Greece used a criterion classification. It was stated in the study that a
basic contents table for feasibility was formed based on an analysis of exam-
ples from 7 different countries. Table 2 presents the concepts related to the
project.

In the study, although investment decisions were made based on values
such as the net present value, internal rate of return, and benefit-cost ratio, it
was emphasized that one of the most important components impacting the
decision-making process was the fact that the number of private cars in traffic
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decreased as a result of effective investments. In this example it was fre-
quently highlighted that social and environmental criteria are significant
when making decisions about investments (Tsimplokoukou et al., 2012) An-
other example is about the selection of the rail system line to Bradley Airport
in the United States of America. The project has been planned as a rail line to
be operated between Bradley Airport and the residential areas close to the
airport. As can be seen in Table 1, there are 4 transportation alternatives de-
veloped for the route between the airport and the residential areas within the
scope of the project. The applicability of the project is determined through an
analysis of the impact of route alternatives on the environment, and environ-
ment is used as a criterion. Table 1 shows the alternatives determined and the
environmental impacts of those alternatives. It has been stated that the second
scenario, Alternative 2, would have less of a negative impact on the environ-
ment and, therefore, it was preferred to other alternatives within the scope of
the project. Regarding this project, it is seen that environmental criteria based
on the potential impact analyses of investment scenarios have been more ef-
fective than economic criteria in the decision-making process (AECOM,
2016).

Table 1. Impact Analysis (AECOM, 2016)

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Wetland 59 Ha 2,7Ha 9,1 Ha 27,9 Ha
Flood Plain 7,0 Ha 5,3 Ha 46,3 Ha 63,5 Ha
Open Areas 12.,1 Ha 13,6 Ha 7,2 Ha 36,1 Ha
Critical habitat - - - 2,3 Ha
Rare Plant Areas 123 Ha 92,5 Ha 210,6 Ha 245.6 Ha
Total Area 148 Ha 114,1 Ha 273,2Ha 375,4Ha
Suggested Track Length 6,2 mil 4,4 mil 4,1 mil 6,8 mil
Land use in the Route Industry, Industry, Industry, Industry,

house, house, house, house,

commercial commercial commercial commercial

Both studies show that while the general perception about the evaluation
of investments in urban public transportation mostly focus on economic cri-
teria, in some examples the social and economic benefits that the investments
will generate are especially taken into consideration.

As far as the analyzed Turkish examples are concerned, there are differ-
ences in terms of the traditional perspective compared to cities in the world.
One of those differences can be observed in the feasibility study of the present
railway line in Diyarbakir province. In the study, the investments are evalu-
ated based on the net present value and internal rate of return. It has been
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emphasized in the study that the investment is feasible due to the public ben-
efit it will provide, although it is not feasible economically (Anonymous,
2011). Another example concerns the extension of Konya tram line; different
alternative scenarios are developed for potential investments. Regarding the
applicability of the scenarios, it is stated that all scenarios are feasible because
net present value, internal rate of return, and benefit-cost ratio are all at the
desired level; the main reason for that is stated to be the high rate of travel
demand at the peak hour (Anonymous, 2008a). Yet another example is the
prefeasibility analysis and preliminary projects of Sakarya transportation
master plan and primary public transportation systems. What makes this
study uniqueis that it aims to develop a new perspective on feasibility studies
by including social and environmental criteria as well as economic criteria; in
the study, social and environmental criteria are dealt with considering their
economic aspects, which have been determined as vehicle operation and jour-
ney time costs, fuel consumption and emission unit consumption costs, car
ownership costs, fuel consumption costs, emission costs, noise costs, accident
costs, water pollution costs, and time-value costs. In the Sakarya study, it has
been stated that the criterion by which the street tram proposal was deter-
mined to be feasible was the one-way peak hour travel demand in the section
in the related year (Anonymus, 2013c).

The studies in Turkey show that the determining factor in urban rail sys-
tem investments is the one-way peak hour number of passengers, or in other
words, a travel demand of 7000 travels in the section within the scope of Ar-
ticle 985 of the 10th Development Plan. While in other examples in the world
there seems to be an effort to consider economic criteria and social and envi-
ronmental criteria as a whole, and even to see certain projects in practice be-
fore making evaluations, in Turkish examples it seems that economic criteria
have the final say in investment decisions.

As far as the general perspective in the evaluation of investments on urban
rail systems is concerned, we see that economy-based approaches are priori-
tized, while social and environmental approaches remain secondary. Alt-
hough making evaluations based on economic criteria while making deci-
sions about investments increases the economic efficiency, it, on the other
hand, prevents the possible social and environmental benefits that can be
generated. An alternative perspective could be, as in the example of Diyarba-
kar, that the public benefits of a given investment render it feasible.

Globally speaking, one of the most effective issues in determining the im-
pact of infrastructure investments is the use of resources (Sahin, 2012). Use of
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resources for investments refers to in the economic sense the monetary ex-
penses, in the social sense the steering of employment, and in the environ-
mental sense the transformation of urban environmental structure. Regard-
ing transportation, in order to carry out most of the investments must be pre-
sent in land. Today, the urban planning discipline is commonly employed for
such undertakings.

Transportation master plan is a planning instrument through which new
proposals are generated for the land use access of city residents. In order to
ensure interaction between land uses, there seems to be a search for new in-
frastructure and superstructure, sometimes out of necessity and sometimes
as a design element. Transportation infrastructure, in particular, is reflected
in the urban agenda as investments or investment programs, and the quality
and quantity of the infrastructure vary according to the country, region, city,
and neighborhood it will serve (Spiekermann & Wegener, 2006). According
to the current understanding, the positive and negative economic conse-
quences of transportation investments, which are mostly evaluated through
feasibility studies, determine whether the investments should be made, easin
g the job of decision-makers (Bilgic, 2002).

In the literature, conjoint analysis method is commonly preferred because
it is an analysis that enables the quantitative and qualitative features of a ser-
vice or product determined by the researchers to be measurable and compa-
rable (Turanl et al. 2013; Ben — Akiva et al., 2019).

Conjoint analysis mainly focuses on the preferences of people and tries to
determine the details regarding potential preferability of the service. What is
particularly aimed at in the present study is to bring together and rank differ-
ent levels of certain variables of the service. Considering all of the above, in
the present study ranking-based conjoint analysis, which is one of the con-
joint method implementation techniques, is used (Cankurt et al. 2009; Aktas
et al. 2012). According to conjoint analysis, the procedures of the technique
are as follows (Yavuz and Cemrek, 2013):

1. Determination of the attribute to be measured based on service

2. Conducting a level research of the attribute
Preparation of the choice cards for conjoint analysis
(Classification of the cards into groups of participating experts
Analysis of the formation of preferences (SPSS can be used.)

SENE N

The 1st and 2nd stages are important stages which determine the prefer-
ence function to be selected for the study. Preference functions are vector,
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ideal point, and piecewise functions (Turanl et al. 2013, 6). As mentioned in
step 4 experts have chosen from public authorities such as decision maker
urban planners of related ministry, professors from universities who has
studies and experience about transportation and planning, related industrial
cluster experts such as railway clusters. Experts of transport departments in
municipalities. The reason behind that selective approach of experts that they
are currently working in this kind of decision making process needing pro-
jects as decision makers.

The necessary information about the criteria and levels of criteria levels in
conjoint analysis is obtained from studies conducted in the field of transpor-
tation and especially studies which used conjoint analysis to study transpor-
tation. The relevant criteria and levels of criteria are presented in Table 2.

Table 2. Criterias and Level of Criterias

Criterion Levels Explanation Literature Source
Return on invest- 1 year The length of self-amortization =~ Haghshenas and
ment 5 years time for any public transporta- ~ Vaziri (2012)
10 years tion system investment in the  Bastiirk, G. (2014)
short-medium-long term.
Journey Time Shorter than the The change of increase or de- Newman, P.
current time crease in urban travel time (2012).
The current time with any public transportation =~ Wardman, M.
does not change system investment. (2014)
Longer than the
current time
Comfort Comfort-oriented It signifies the comfort priority ~ Zak, (2011)
Not comfort-ori- in any public transportation Kim and Han,
ented system investment (2011)
Emission More than the cur- It expresses the emission Murteza, M.
rent one change to occur after a public  (2010),
Less than the cur- transportation system invest- Haghshenas and
rent one ment. Vaziri (2012)
Spatial Small The size of the area to be occu-  Sahin S. Z., (2012)
Consumption Medium pied by the new investment.
High
Rent Low The size of rent that any public ~ Kilicaslan (2015)
Medium transportation system invest-
High ment is likely to create in the
future.
Environmental Little It signifies the level of environ-  Murteza, M.
Pollution Medium mental pollution (noise, visual ~ (2010), Van der
High pollution, etc.) that any public Loop ve De Jong,
transportation investment will ~ (1997)

cause.
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Findings

As aresult of a detailed literature review on conjoint analysis, 7 criteria were
determined for the investment attributes of public transportation services.
There are 22 choice cards, which have been formed by combining different
levels of these attributes. In order to have a choice-based ranking in conjoint
analysis, it was required that the cards were ranked by expert participants
based on the issues of transportation and transportation systems, data analy-
sis, and criteria setting. Table 3 presents a randomly-selected example card
which is to be used by experts during ranking. The ranking process from 1 to
22 is followed by the process of transferring the obtained ranking information
to the computer. Doing conjoint analysis using SPSS 20.00 program promotes
that healthier results are obtained for the study. In the so-called Syntax section
of the SPSS 20.0 program, it is, first of all, necessary that definitions regarding
variable levels and preferences be made. Therefore, for the criteria used in the
study, the definitions are determined as follows: “linear more” for variables
which are expected to have a linear increase with the increase in criterion
level; “linear less” for variables which are expected to have a linear decrease,
and “discrete” for variables which are classified as categorical.

Table 3. Criteria and Levels of Criteria of an Example Card (Combination)

Order of Preference X

Return on investment 1 Year

Journey Time Shorter than the current time
Comfort Not comfort-oriented
Emission Less than the current one
Spatial Consumption Little

Rent Little

Environmental Pollution High

Card No X

The coding used in Syntax section is as follows;

CONJOINT PLAN = 'D:\ cardss.sav'

/DATA ='D:\ Pref.sav'

/SUBJECT =1D

/SEQUENCE=PREF1 TO PREF22

/FACTORS=investment (LINEAR LESS)

journey time (LINEAR LESS) comfort (LINEAR LESS) emission (LINEAR LESS) spatial_con-
sumption (LINEAR LESS) rent (LINEAR MORE) environmental_pollution (LINEAR LESS)
/PLOT=ALL

/PRINT = SIMULATION ALL.
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As a result of the analysis, the criteria that are considered by experts in
public transportation investments and significance values are as in Table 4. It
is seen that in the benefit levels of the criteria, negative benefit estimates, in
addition to the rent criterion, are included. The negative values on the table
signify that those levels are not noteworthy; when evaluated between differ-
ent levels of the same criterion, the negative values show that one criterion is
more preferred or less preferred than another one. In this regard, it can be
seen that in the cards in which journey time show more negative values than
in other cards, the return on investments has pushed the ranking preferences
of experts towards the bottom of the list against the increase. Although in the
case that the benefit estimation has a negative value, a linear decrease is ex-
pected as the criterion level increases, and a linear increase is expected as the
criterion level decreases, the experts” decision could be contrary to expecta-
tions in practice.

Table 4. Significance Values

Significance Val- Benefits Bent.eﬁt Esti- Std. Er-
ues (%) mation ror
1 Year -2,237 ,085
Investment 22,503 5 Years -4,474 171
10 Years -6,711 ,256
S.horter than the current 3,490 092
time
Journey Time 32,079 The current time doesnot ¢ 184
change
Ijonger than the current 10471 275
time
Comfort-oriented -2,445 ,148
f 11,187
Comfort 18 Not comfort-oriented 4,891 296
Less than the currentone  -1,357 ,130
Emission 7,071 More than the current 2714 260
one
Spatial G Little -1,369 ,087
ﬁ‘;; a Lonsump= 15612 Moderate 2,738 175
High -4,107 ,262
Low ,042 ,107
Rent 4,053 Moderate ,085 213
High 127 ,320
Envi tal Little -1,061 ,089
nvironmenta 10,495 Moderate 2122 178
Pollution -
High -3,184 267
Constant 30,963 ,537
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Since public transportation types are different from one another, their
technical features and the benefits they are supposed to provide might differ.
The benefit estimates presented in Table 4 apply to only certain types of trans-
portation. The estimated benefit values obtained as a result of the conjoint
analysis carried out by considering the opinions of the experts regarding me-
dium-sized cities can be used for investment decision evaluations in the me-
dium-sized Rize province in Turkey. In the present study, calculations have
been made based on the benefit estimation values from the conjoint analysis
and on the data from Rize transportation master plan (Anonymous, 2018).

As can be seen in the transportation master plan for Rize province, in order
to solve transportation problems in the city and to improve the system in gen-
eral, there are 3 different investment scenarios and 1 scenario projecting the
improvement of the current situation; direct bus line, monorail, and tram, and
the improvement of the current situation (Anonymous, 2018). In Table 5, the
technical features of different scenarios based on 3 different investment prop-
ositions are presented.

Table 5. Criteria and Levels of Criteria An Example Card (Combination)

Rapid Bus Line Scenario Monorail Scenario Tram Scenario
Years 2002 2027 2032 2022 2027 2032 2022 2027 2032
Speed

0 40 10 0 40 40 0 40 40
(km/h)
Distance 17 17 17 11 1 1 10 10 10
(km)
Time (min) 255 255 255 165 165 165 5 15 15
Rotation 51 51 51 3 3 33 30 30 30
Time (min)
Number of 5 8 5 6 8 4 5 7
Rounds
Vehicle
Capacity 100 100 100 200 200 200 75 275 275
(persons)
g;“t Capac 100 100 100 200 200 200 75 275 275
Number of
Usite 4 5 7 4 5 7 3 4 6
Number of
Vehicles in 1 1 1 1 1 1 1 1 1
the Unit
Frequency
of Rounds 11 87 62 73 58 41 79 62 415
(min)
gtal Capac 43 586 sm 904 1137 1609 1044 1330 1988
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Table 6 presents the features of scenarios within the scope of Rize trans-
portation master plan in details. In the table, energy consumption, air pollu-
tion, noise, access time, travel costs, and investment costs of each investment
proposal for each scenario are given (KUTEM, 2018).

Table 6. RUAP Scenario Detail Features (KUTEM, 2018)

Monorail Tram Rapid Bus Current Situation
Scenario Scenario Line Scenario ~ Scenario
Energy Consumption 533.684.180 503.353.590 520.957.830 495.602.304
(Kcal)
Air Pollution (CO2) 26.504.856 25.047.953 25.895.436 24.612.818
Gr/Passenger-Km
Noise (Db) 83 83 83 88
Access Time (Min/Km)  3min2sec 1min53sec 1min43sec 4min8sec
Travel Costs (TL) 3,42 5,32 3,10 4,05
Investment Costs ($)” 12.829.885 $ 21.511.585 $ 3.205.527 $ 0%

In the study, calculations are done via the conjoint model that has been
formed based on the weight of criteria which resulted from the conjoint anal-
ysis. With the help of the conjoint analysis, the proposed scenarios for Rize
transportation master plan are evaluated by the criteria set forth by the pre-
sent study to produce a modern approach, and within the same modern
framework a new scenario proposal is developed. It is necessary to know the
criteria values of the conjoint model to be able to evaluate Rize transportation
master plan scenarios in correlation with the conjoint model criteria shown in
Table 7. In the model, among the scenario features and the criteria that signify
the conjoint model variables, the transportation master plan data that are in-
terrelated are used.

Table 7. RUAP Scenario Detail Features (KUTEM, 2018)

Transportation Master Plan Criteria Conjoint Model Variables (Criteria)
Energy Consumption (Kcal) -

Air Pollution (CO2) Gr/Passenger-Km Emission

Noise (Db) Environmental Pollution

Access Time (Min/Km) Journey Time

Travel Costs (T1) -

Investment Costs ($) Investment Costs

7 Based on the dollar rate of 13.03. 2018 (1.$=3,87 TL).
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In this regard, the Conjoint Model can be expressed as follows;
DMFF: Constant + [1.Factor Level*(1.Factor Correlation Coefficient (E.g.: Investment
Cost))]+ [2. Factor Level *(2. Factor Correlation Coefficient (E.g.: Emission))]+ [n. Factor
Level *(n. Factor Correlation Coefficient]

Table 8 shows the Benefit value calculations obtained when the Conjoint
Model is applied on Rize Transportation Master Plan scenario proposals.
Here, the benefit value is produced by using the corresponding conjoint anal-
ysis values to the values in the transportation master plan scenarios. In this
regard, while the tram scenario is paired with the coefficient which provides
the minimum benefit since it has the highest investment cost, the access time
variable of the direct bus line scenario, which has the shortest time of access,
is paired with the coefficient that yields the maximum benefit.

Table 8 is completed by using the coefficients resulting from conjoint anal-
ysis and the coefficient of the relevant level for each criterion in the scenarios.
After this stage, the scenario which gets the lowest score after the evaluation
of negative criteria and calculation of the total value for each scenario by us-
ing the model in the scope of the conjoint analysis becomes the scenario which
best satisfies the requirements.

According to what can be inferred from Table 8, the direct bus line sce-
nario, which was proposed as part of Rize Transportation Master Plan, is the
most feasible scenario considering the score it has.

Table 8. Calculation of Scenario Benefit Values

. Rapid Current Corelation
Monorail Tram . R . ..
. . Bus Line Situation Coefficient
Scenario Scenario . .
Scenario  Scenario B)
Investment
-4.474 -6.711 -2.237 -2.237 -2.237
Cost
Benefit Air
Coefficients  Pollution -1.357 -1.357 -2.714 -1.357 -1.357
Noise -1.061 -1.061 -1.061 -3.184 -1.061
Access Time  -6.980 -6.980 -3.490 -10.471 -3.490
Constant 31 31 31 31 -
Total 68.335 73.339 52.992 77.767 -

Results and Recommandations
Urban rail systems are means of transportation that produce economic, social

and environmental benefits. However, it is observed that investment deci-
sions about urban rail systems are mostly based on economic criteria, which
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brings along several limitations regarding the effectiveness of the invest-
ments. The present study puts forth investment criteria for urban rail systems
that would satisfy the requirements of the modern world by using conjoint
analysis. In the study, a new approach to feasibility to be considered by city
governors and local authorities while making investment decisions for urban
rail systems is developed. The study has shown that ‘the number of passen-
gers’ criterion used in the current feasibility approach should not be the only
effective criterion in investment decisions. When considered from a new and
modern perspective, it can be suggested that the feasibility of urban rail sys-
tems should be shaped based on criteria which focus on shortening the travel
time, promotes self-liquidating investments, ensures less spatial consump-
tion, considers environmental and visual aesthetic qualities, contributes fi-
nancially to its environs, and reduces private vehicle traffic.

As in other recent studies, conjoint analysis has used to find the best ser-
vice option in this study. In accordance with the methodology of conjoint
analysis, transportation, which is defined as a service in the literature, has
been examined with the investment dimension. As a result of this examina-
tion, the scenario that provides the maximum benefit from the investment or
service has been determined as in other studies which are concerns transpor-
tation. As can be seen from the results, it has been understood that taking
social and environmental criteria into consideration will contribute to the de-
velopment of medium and small-scale cities as in the feasibility approaches
of other countries in the world.
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