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Abstract

There are numerous evaluation methodologies bemgloyed to compare, assess and evaluate

transport project alternatives. This thesis propa@seethodological framework that is able to getieera

route alternatives, define criteria for evaluatitige route alternatives and finally carry out the

evaluation to determine the most preferred routés tase tested in Istanbul where five alternative

locations have been defined over the BosporustStsapotential sites to build a new third bridge to

address the ongoing issues of traffic congestitve fEchnique used for generation and evaluation of

alternatives is done on geographical informatiorerse (GIS) platform. Working on GIS allows

decision making and evaluation of alternatives é¢odbne spatially. In addition to these techniques,

stakeholders’ preference and opinion were gaugedidin open interviews and discussions as well as

formally in terms of assigning weight to evaluatimiteria.

This proposed methodology is developed to be gerence it can be used in any similar type of

project evaluation at a different location or seiti
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1. Introduction

1.1. Background

The transportation sector in many countries oftenstitutes the largest public sector investment
(Sinha & Labi, 2007). The economic status and dla@banpetitiveness of a country or a region are
greatly influenced by the quality and quantity tf fransportation infrastructure as such facilities
provide means of mobility and accessibility for plp goods and services. With the global increase i
personal travel demand and commercial growth, pransagencies and providers are also striving to
keep their infrastructure in acceptable conditind o offer desirable levels of service (Sinha &l.a
2007). Alongside these efforts, the evaluation raahitoring of expected impact alternative decisions
are increasingly becoming important. Such impactgolve economics, social, ecological and
technical aspects.

Transportation projects may be described as mittia decision problems because of their
multifaceted conflicting objectives. These may uald construction cost, user cost, environmental
impacts and physical factors such as slope andstdillity. A transport project entails the evaioat

of a discrete set of alternatives with respecthiesé conflicting objectives (Giuliano, 1985). Under
these circumstances optimal solutions do not elistvever the outcome of an evaluation should be
able to identify the best compromise alternativacthis closest to achieving the stated objectives.
Selecting a transportation project involves a demplecision making process where relevant criteria
and urgency of choices are taken into account (MefidNijkamp, 2003). It is necessary that all
relevant criteria are considered including longnteand short term impacts, beneficial effects and
adverse consequences as well as accounting foialspatd temporal boundaries when assessing
transport project alternatives. Criteria are debeeth based on geographical area which is mostylikel
to be affected by each project and ideally shoeldiéfined by relevant stakeholders. Apart from the
economic, social and ecological themes, a transpmtem theme is also fundamental to capture
criteria such as ease of traffic congestion, taffiensity, potential infrastructure capacity and
reduction in travel time.

There are numerous forms of assessment methodhatatbeen developed and employed to assess
the possible impacts of proposed policies, programrand projects (Medda & Nijkamp, 2003).
Evaluation of transport project and plans have beamied out in the past using a variety of
methodologies. Multi Criteria Analysis, Cost Bemef\nalysis (CBA), Environmental Impact
Assessment (EIA), Analytical Hierarchy process, kRisssessment, simulation and mathematical
modelling are some examples of these methodologlesse different methodologies may encompass
a wide range of disciplines such as economic, samaironmental, quality of life, equality and dpp
different tools of measurement like analytical ;yahodelling and participatory methods (de Ridder,
Turnpenny, Nilsson, & von Raggamby, 2007; Hink€@0®). However they frequently seek to answer
the same question and often have overlapping areasncern. They use a variation of checklists,
matrices, networks and overlay methods and inades one of the key objectives is the inclusion of
environment quality and impacts in the planning aedision making (Tsamboulas & Mikroudis,
2000).




Most, if not all, of the major cities in the worlde faced with transportation problems that they ar
trying to solve. With a population exceeding 12ioill, Istanbul, the biggest metropolitan city of
Turkey has been facing problems of traffic congestior many years. The Istanbul Metropolitan
Municipality has tried to address this congestioobfem by investing in the improvement of public
transport services to reduce motorized traffic afiul Metropolitan Municipality & Japan
International Corporation Agency, 2008). The spegbals include:
1. improving and expanding public transport servidesdfore reducing dependence on private
vehicles
2. improving and developing the road networks to cefik the growing vehicular traffic in the
short term and anticipate future spatial expansidhe long term.
3. using existing roads efficiently by strengtheningffic regulations and traffic demand
management

Alternative transport projects that have been pseddo address this problem include building athir
road bridge, constructing an underwater railwayalmnd improving the current sea transport system.

This research intends to focus on only one of tipesgects namely the third bridge project which has
five alternative locations that have been definedthe construction of the new bridge. A spatial
multicriteria decision making methodology is propdsfor selecting the most preferred alternative
among the set of alternative bridge locations.

1.2. The Decision Problem

Transport projects have great impacts on the soeigta whole, the economy and the environment.
Assessing transport choices and alternatives isiatras investments in infrastructure are large and
have repercussions throughout the society (Hildéarman, & Kaljonen, 2004). The Turkish
government through the Ministry of transportatias proposed to build a third bridge connecting the
Bosporus strait convinced that this will addressdavere traffic congestions of Istanbul.

This decision has been heavily criticized by tramtion and city planners as well as non-
governmental organizations (D Toraman, Demirel, &dslogly, 2008). A local transport expert stated
that having a third bridge itself will create extraffic and would not relieve the pressure ontthe
existing bridges therefore preferring a no buikgrlative (Gercek, 2009). Additionally Gercek atser
that it is not possible to build ones way out afigestion and attempts to do so will only lead teene
ending cycle of land speculation, lobbying by camsion firms and political patronage. Moreover
critics have voiced their concerns over the detitn®f natural resources like forests and watedsh
and the financial costs involved (Gercek, 2009).

Nevertheless the government is going ahead witpl#ss to construct a new bridge and an impact
study by the Ministry of Transport has defined temiative locations for constructions. Hence it is
important that these alternative bridge locatioresevaluated and the best alternative is one tilhat w
both serve to satisfy transport demand as welbking into account the stakeholders interests, the
current land use and ecologically protected arédstanbul. To evaluate these alternatives themee is
need to develop a methodological framework for sleni analysis that will offer a simple and
effective way of selecting the most preferred ali¢ive.




The proposed methodology will evaluate the 5 adtBvie bridge locations based on optimal routes
generated for each alternative. Therefore in degidihich is the most preferred location to build th
bridge, the spatial characteristics of the route ih generated for each bridge alternative isrtakt®o
consideration and the total route impact is evalllaand compared. It should be noted that the
alternative bridge is also defined as part of thee.

The proposed method has the ability to deal witltipie and conflicting objectives, consider the mos
relevant criteria, gauge the importance of a grdepision making process and identify the most
preferred alternative. This framework will be iliceted through its application on a real world
decision making problem involving the selectioragireferred alternative location for the constarcti
of a new bridge in Istanbul, Turkey.

The framework consists four major phases: routeeiggion, traffic assignment, SMCE and assigning
suitability values to the five alternatives. Theute generation phase encompass defining the most
preferred route for each bridge alternative basedechnical criteria. The second phase includes
forecasting the congestion levels of these gendraiates. The third phase entails the process of
spatial multi criteria evaluation where compositeps are prepared for the five alternatives based on
user defined criteria. The final phase evaluatesfife alternative routes by extracting suitability
values from the composite maps produced in thd fttiase.

1.3.  Main Objectives and Research Questions

The main objective of this research is to formukateethodological approach to generate and evaluate
optimal routes for 5 defined alternative locatiémsconstructing a"3bridge connecting the Bosporus
strait with the intention to define the most predérlocation to build the bridge.

* Sub objective 1

Methodological Approach
1. What methods have been previously used to genexatt evaluate transport project
alternatives?
2. Who are the stakeholders involved in these prdfects
3. What criteria and themes do these stakeholdersdmrimportant in the evaluation process?

e Sub objective 3

Travel Demand Modelling
1. How to simulate traffic assignment for the year 202
2. What is the performance of each route after traffisignment?
3. What is the preferred route after traffic assignt@m on what basis is it preferred?

Sub objective 4

Evaluation of alternatives
1. What criteria are considered important by the stalders in evaluating the alternatives?




2. How are weights determined and assigned to therdifit criteria and themes?
3. How to assess the alternatives based on the ulieed eriteria?
4. What is the preferred route after evaluation of3hreutes?

1.4. Research Overview

The research is carried out in three main phasifiring the research problem and establishing the
theoretical aspects of the problem, developing ¢howwlogical framework to answer the problem
then implementing the developed framework in aligaproblem.

Figure 1 Overview of research

Define research problem Develop methodological . .
: - Implement framework in Conclusions and
and establish theoretical »| framework for research » ’
a case study Recommendations
concept of research problem

1.5. Thesis Structure

Chapter 1 introduces the thesis research with a brief bamku on the transportation sector and the
need for evaluating proposed transportation prejedhe research problem, objectives and an
overview of the research is presented.

Chapter 2 presents the literature review and looks into difeerent methodologies being used in
previous researches and internationally for evadgatransport projects as well as explaining the
concept of spatial multi criteria analysis whichhie approach used to evaluate the alternativesout

Chapter 3 describes the study area, discussing the phyaiwhirelevant characters and discusses the
need for the new bridge.

Chapter 4 describe the research methodology in detail logkito the four main phases of generation
of alternative routes, transport modelling, preparaof suitability maps using SMCE and finally the

evaluation of the alternatives by assigning théasility values to the five alternative routes.

Chapter 5 illustrates the results of the four main phasegeneration phase, traffic assignment,
evaluation and suitability values assignment plaagediscusses them

Chapter 7 presents the conclusions and recommendations.




2. Literature Review

2.1. Introduction

Decision making is more complex than ever beforean$port projects require governments,
municipalities and transport planners to justifg iimpact of their actions. There are several factor
contributing to the complexity of decision probleifieeney, 1982). First of all is that a decision
usually has multiple objectives. Factors such asimizing environmental impacts, maximizing
economic benefits, maximizing positive social imgaend minimizing health and safety hazards have
to be achieved simultaneously. The difficulty oéndifying good alternatives is also another factor
contributing to the complexity of decision problenifie desirability of an alternative is affected by
many factors hence the need for careful analysidentify a single alternative that seeks to achiev
the problem objectives. The long time horizons pf@ect requires that implications of alternatives
be considered in the decision making process. Rassaffect many different groups of people which
also contribute to the complexity of decision peshs.

Transportation planning had always been dominagegigineering views in the past. Recently social
science views have been influential in the disarssif transport behaviour and infrastructure as
transport policies face conflicting views betweetormic gain and environmental constraints
(Nijkamp & Blaas, 1994). Accordingly transportatiplanning cannot be done in isolation from other
fields of planning and policy making such as ecoicpenvironment, social and technological policy.
It is multidimensional activity that focuses on ieais and often conflicting interests with the main
goal of conflict resolution.

Planning and decision making processes involvesequence of logical steps beginning with
identifying objectives, designing alternatives, aop assessment and finally the choice of the best
alternative (Hildén, et al., 2004). Planning andisien making are the two main phases of this
process. Communicative approaches can be integratethis process when the relevant stakeholders
take part in the planning and assessment.

The following sections will discuss a few approacbégenerating routes, the different approaches to
evaluation of route alternatives by different coigs and will also discuss multicriteria evaluation
spatial multi criteria evaluation (SMCE) and itsyqmonents.

2.2.  Generation of routing alternatives

Generating alternative routes is a critical and ponent of transportation planning. Frequently
alternative solutions are dictated by the politipedcess or institutional constraints (Miller & Sha
2001). A GIS allows selection and evaluation ofralaitive routes using buffer, overlay, interpolatio
and visualization techniques for summarizing antrooinicating attributes

The generation of alternative routings is doneha early stages of planning process and ideally
should consider the values of all interest groups stakeholders. Generally the generation of route
alternatives in transport planning encompass tffiaitien of one or few alternatives that are propas

by proponents. These alternative routes are thigjected to EIA (Environmental Impact Assessment)




or SEA (Strategic Environmental Assessment) if ahén required. However this approach is usually
biased towards the proponents interests and mardbeealternatives are not devised in a spatial
manner (Keshkamat, Looijen, & Zuidgeest, 2009).

Determining the best route through an area is dtfeecoldest spatial problems (Berry, 2004). Ragitin
usually involves the selection of path throughaasport network and can be solved effectively using
GIS and Remote Sensing technologies. Previousradssahave already seen the application of GIS
for routing projects like pipeline routing projddonis, Varghese, & Suresh, 2007), transmissioa lin
routing (Berry, 2004) and transport route planr(ikgshkamat, et al., 2009).

An approach to generating route alternatives sotee the problem as a surface shortest path proble
(Miller & Shaw, 2001). This approach solves for mimum cost path through a surface representing
geographic space and is alternatively known ad #@st Cost Path procedure. This problem can be
solved using polygons, regular square grid anahguaated irregular network (TIN) surface models.
There are two different strategies to generateemobiased on this approach. Firstly is to generate
solutions based only on cost and then use muéi@itdecision models to compare the solutions based
on their attributes. Another strategy to generasiolgitions is to incorporate attributes using it
mapping with proper scale to generate a cost foh éacation, that is, a higher score implies lower
suitability.

The application of the Least Cost Path procedurédintifying optimal routes based on user-defined
criteria has been used extensively in GIS appboati(Berry, 2004). The different applications,
whether it is locating highways, pipelines or dliectransmission lines follows the same proceddre o
1) developing a discrete cost surface indicatinatiree preference at each location, 2) generatmg a
accumulated cost surface from a starting locatmlk other locations and 3) deriving the optimal
route from an end point as the path of least @st&t guided by the accumulated cost surface (Berry,
2004).

Yildirim et al employed ArcGIS Spatial Analysis mdd to find the best route for a new gas-pipeline
using both GIS and raster based analysis for dpirgjahe least cost path (Yildrim, Nisanci, & reis,
2006). Nonis et al developed a GIS based appraachipeline routing by utilizing relative ranking
and weights by considering factors that are likelyaffect the potential routes (Nonis, et al., 2007
The procedure involves selecting factors that afifect the pipeline route. These factors define the
rules which the routes should abide by then mapslarived from these factors which are then used to
generate suitability maps and identify the optimmaite using the least cost path procedure as dkfine
by Berry.

Keshkamat et al designed a spatial multi crite@work analysis method for generating route
alternatives (Keshkamat, et al., 2009). This apgrotakes into account environmental concerns,
transport efficiency, safety issues, socio-econaeimands, technical and financial feasibility adl we

as integrating stakeholder involvement. The desigmethod has three major components, that of
identifying data and criteria, weighting assignmemddule and the geospatial processing module
where spatial multi criteria analysis (SMCA) andierk Analysis are carried out.

The criteria identified in the first component ezl stakeholders concerns as well as the weighting
assignment. In the SMCA, suitability maps are pregabased on the defined criteria and their
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weightings. Thereafter the raster extraction atbariof Beyer is used to extract the suitabilityweal
of the raster cell to the road vector layer. Thisams that each road link has been assigned a value,
therefore making it possible for the generatiom ¢dast cost path.

It can be concurred from the above approachestligatgeneration of routes on a GIS platform
generally involve the generation of suitability redmsed on defined/user-defined criteria followed b
identifying an optimal route using a least coshpgabcedure.

2.3.  Evaluation of routing alternatives

The evaluation of transport projects was relatiwityple in the past. The process entailed the sbfidy
whether the particular project would be able taagejts investment costs through the combination of
its benefits in saving travel time, operating exgEnand reductions in accidents (Litman & To, 2009)
However this approach is heavily criticized for noonsidering other impacts such as the
transportation facilities cost, traffic demand, igand other alternatives or options.

The earliest scientific attempt for transport pevjevaluation was carried out in France in the b9l
century (Nakamura, 2000). The materialization afway systems caused people to question the
necessity and priority of other transport projesttsh as canals and roads. French civil engineers th
tried to estimate the benefits of transport fdesitand compute consumer surplus

In the 1960s the US Department of Defence develepsgstem that aimed to evaluate the effects of
military and other public expenditure. The 1970& slae popularity of Cost Benefit Analysis (CBA)
being applied to all World Bank projects and otlimernational development aid organizations.
During and after the 1980s the prominent Europeamiries started adopting cost effective analysis
for the evaluation of transport projects.

At present there are similarities as well as differes between countries with regards to scope and
method of evaluation. The methodological approaasesi by the United Kingdom, United States,
Japan and developing countries are discussedybbielbw.

2.3.1. UK Approach

A review of evaluation methodologies for transpprojects in the United Kingdom revealed that
emphasis used to be channelled towards direct hesgefits hence the key elements of evaluation
entail economic factors (Vickerman, 2000). The dtad assessment procedure for roads had been the
COBA procedure which is essentially a cost-benmficedure that places importance on factors that
can be measured or monetized. The said procedies o transport modelling that assesses changes
in traffic patterns that result from a project ameasures benefits by time saving in travelling and
reduction in accidents (Vickerman, 2000). Therefime COBA procedure is biased towards projects
that will cause major savings in travel time andlide in accident costs. COBA does not capture
factors such as environmental costs and benefitwedisas economic impacts on the surrounding
regions.

Due to the narrow scope of the COBA procedurelJKegovernment proposed an integrated transport
system and in parallel a planning system that stppb The objective of this approach known as




NATA (New Approach to Appraisal) is to develop artsparent and flexible framework for evaluating
and prioritising road transport projects. The NABAproach captures all elements of COBA and
additional factors such as:

< environmental impact (noise, local air quality,danape, biodiversity, heritage, water)

« safety

e economy (journey time reliability, scheme costggereeration, access to public transport)

« accessibility (community severance, pedestriansodmers)

* integration
These criterions both had quantitative elementshvhre measurable and qualitative elements whish
are evaluated on a seven point scale for negatipeditive effects (Vickerman, 2000).

2.3.2. US Approach

The benefit-cost (BC) framework dominates evaluatinethods in the United States(Lee, 2000).
Similar to the UK’s NATA approach the BC framewadkpends on transport demand forecast to
generate information such as induced demand, carsgorplus and savings in travel time (Lee,
2000). Criterion such as value of time, trafficedgf environmental impacts, efficiency, regional
economic impacts and equity are also considered.

The approach essentially contains three main pseses

1. Alternative phase
In this first phase the base alternative, projt#etm@ative and supporting actions are taken intmanot.
The base alternative is also known as the do npthiternative which represents the utilization of
current capital resources with no further investimenthe proposed project. Project alternatives or
investment options are generally classified acogrddo the amount of investment — from low capital
alternatives to high capital alternatives. The @ebfhat is chosen from the alternatives will thewe
a set of supporting actions to ensure that thesinvent generates the maximum benefit.

2. Impacts phase
Impacts of a project are classified into costs giesmand transfers. Costs of a project typicatipgists
of capital, maintenance and operations costs. Benietlude both positive and negative spillovers
derived from building the project. According to Ladarge number of impacts are basically transfers
which individuals may gain or lose and does no¢ctfthe society as a whole (Lee, 2000). Transfers
maybe in terms of finance such as user fees ostaxejob opportunities created from construction
work.

3. Evaluation phase
The final phase brings together information onraléives and impacts and evaluates whether a
project is feasible or not.




Fig 2 Components of benefit-cost analysis

ALTEANATIVES ) IMPACTS ) EVALLIATION
{Descriptive) [Positive) {Normative)
BASE ] |
Alemative - COSTS EFFICIENCY
INVESTMENT - -
Options BEMEFITS EQUITY

Source: (Lee, 2000)

Lee also discussed other evaluation methods treatrainly classified as scoring and weighting

methods, process oriented techniques and meastiresfeativeness (Lee, 2000). Scoring and

weighting methods include multi objective or mudtiteria programming, cost effectiveness and
sufficiency ratings. Process oriented techniquesh sas focus groups are increasingly replacing the
Delphi method. Measures of Effectiveness (Moeinaiddkhorasani, Danehkar, Darvishsefat, &

Zienalyan) places importance on the performanceawh alternative and how well it serves its

proposed objectives. The fundamental requirementhi® evaluation of effectiveness is that it should
be comparable among all alternatives.

2.3.3. Japan Approach

The evaluation system and approaches for trangpojdcts in Japan have one thing in common and
that is to evaluate the “social significance ofjects from the viewpoint of efficiency and equity b
applying a sort of multi criterion analysis..” (Msugi, 2000). The Cost-Benefit Analysis is adopdsed
the method to evaluate social efficiency.

The Japanese government adopted the Cost-Beneditygis as the standard formal procedure for
evaluating transport projects. This approach inetuthe conventional CBA which places a lot of
emphasis on economic efficiency and user’'s benelitd does not consider social equity and
environmental factors (Morisugi, 2000). To suppletrthis narrow scope a Multi Criteria Analysis is

employed to cover factors such as regional econanpects, local and global environmental impacts.
The current evaluation system is used to not omluate newly proposed projects but also to re-
evaluate projects that are or have been delayed.

2.3.4. Developing Countries Approach

In developing countries the World Bank employs aalgation method known as the engineering-
economic approach for evaluating non-emergency maglstments (Talvitie, 2000). This approach
seeks to achieve a road system that is functioméltibat the technical standards will minimize the
road transport costs to the society in general.tfdresport costs considered in this approach are:

1. Construction

2. Rehabilitation and periodic maintenance

3. Routine maintenance and system operation costs




4. Road user costs (vehicle operating costs, accatahtime costs)
5. External costs to society (pollution and other iifexd benefits)

The data input need for the engineering-economatyaris include travel demand, facility performance
and operating costs, value of time, traffic safatyd facility costs (Talvitie, 2000). The lack of
socioeconomic data and travel data in developinghties more than often makes it difficult to
develop travel demand models. In these cases tvalghes are forecasted using the GNP anticipated
growth.

Inputs from facility performance and vehicle opermgtcosts are generated from the World Bank’s
own elaborate model that predicts the deterioraborimprovement in road conditions based on
cumulative axle loads or maintenance services padd by the road administration.

Savings in travel time is recognized as an impotanefit, however in developing countries thisyonl
accounts for a small fraction of the total benefits

Facility costs such as the cost of maintenanceghiétation and construction are usually based on
information collected locally, mainly from the roadministration.

2.4. Multicriteria Assessment

Multicriteria analysis and/or evaluation is alsarroonly known as Multicriteria Decision Analysis
(Proctor & Drechsler, 2003). Multicriteria AnalysiMCA) may be defined as a “decision aid and a
mathematical tool allowing the comparison of difigt alternative scenarios according to many
criteria, often conflicting, in order to guide tldecision maker towards a judicious choice” Roy in
(Chakhar & Martel, 2003). MCA attempts to simpldpmplex decision-making tasks that are most
likely to involve numerous stakeholders, sever@@rahtives and possible outcomes and criteria that
are sometimes difficult to quantify. Proctor andeBuhler state that MCA is an effective procedure
that identifies tradeoffs in a decision making mex with the main goal of achieving the most
preferred alternative (Proctor & Drechsler, 2003).

The fundamental characteristic of an MCE is thatérts from a number of explicitly formulated
criteria (Voogd, 1983). Hence the objective isitafsolutions to decision problems by evaluating th
alternatives by means of the performance charatiteyi of the formulated criteria (Jankowski,
Andrienko, & Andrienko, 2001)

The use of MCE in research has been used in traiaspo investment planning (Giuliano, 1985),
evaluation rail transit networks (Gercek, Karpak, k&I ngaslan, 2004), environmental decision
making (Kiker, Bridges, Varghese, Seager, & LinkB005), least cost path analysis for an all-weather
road (Atkinson, Deadman, Dudycha, & Traynor, 20@H)d housing site selection (Al-Shalabi,
Mansor, Ahmed, & Shiriff, 2006).

MCE uses both qualitative and quantitative infoioratand combines the information of several
criteria to formulate a single composite index wdilaation (Effat & Hegazy, 2000). A criterion maybe
a factor that provides suitability of a phenomenioncontinuous measure or maybe a constraint that
limits the alternatives that are being consideEsthf & Hegazy, 2000).
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2.5.  Spatial Multi Criteria Evaluation (SMCE)

According to estimations 80 % of the data thatumed by decision makes and managers are related to
geography (Malczewski, 1999). Decision problemg tis® and involve geographical data are known
as spatial decision problems. There has been aingavse of Geographic Information System (GIS)
in many applications including transport plannimgl arban land use planning.

Spatial Multicriteria analysis goes a step furttiean the conventional multicriteria analysis whereb

the analysis is applied in a spatial context. Tloreeedecision makers, objectives, alternatives and
criteria have a spatial dimension. SMCE essentiallggrates multi criteria evaluation methods and
spatial analysis. Spatial decision problems nosgmalitail a large set of alternative and multiple
conflicting evaluation criteria (Malczewski, 2006Jhese alternatives are typically evaluated by
decision makers, managers, stakeholders and ihtgresp who have different preferences with

respect to the importance of evaluation criteria.

SMCE requires data on the geographic locationgitdrion values and alternatives and the decision
analysis process encompass combining and transfgrgeographical data into a decision (Sharifi &
Retsios, 2004). Analysis involves procedures sichising geographic data, decision makers and/or
stakeholders’ preferences and the manipulatiorat end preferences according to specified decision
rules.

SMCE allows the assessment of multiple criteria alidrnatives to aid the understanding of their
impacts, advantages and disadvantages. In thistlvasdternatives have specific geographic location

and their characteristics or performance is repteseby a separate map, commonly known as
criterion maps.

Numerous researches have employed SMCE to evaprafects. In Istanbul, a framework was
developed to assess four alternative routings fmoposed third bridge (Dogukan Toraman, Demirel,
& Musaoglu, 2005). The location of the third bridigad been predetermined then SMCE combined
with remote sensing and photogrammetric were usetss$ess four alternative routings based on five
main evaluation criteria — social, environmentabreomic, topography and network competence.

A study conducted in Klang Valley, Malaysia alsoplgd SMCE to develop and evaluate an
integrated plan for public transport and land useetbpment (Sharifi, Boerboom, & Shamshudin,
2004). The ILWIS-SMCE module was used to design evaluate an alternative rail network which
when combines with other transportation systems$ mlet the socio economic and environmental
requirements of the people of Klang valley. Thedsgtselected the value focused approach after
considering its “objectives, decision making pagaak and approaches, procedural rationality

Another study in Malaysia saw the application of @as a planning tool for strategic rail network
planning and transit zone identifications (Sharfi,al., 2004). The study employs ILWIS- SMCE
module to evaluate three strategic alternativet Irgii networks and design alternative solutions fo
transit zone locations in the Klang Valley.

2.5.1. Evaluation Criteria

SMCE decision making requires the arrangement fotibes and identification of attributes thatlwil
be useful in indicating the degree to which thebgdaives are achieved (Malczewski, 1999). The
objectives define the direction a decision makexifising for hence it is a statement of a desiratest
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of a geographical area under consideration. Airibatt is used to measure the performance of the
objective and indicates the directions of improvetrfer the objective. Therefore objectives andrthei
underlying attributes form a structure of evaluatioiteria for a decision problem.

According to Malczewski evaluation criteria is aoldd term that refers to both the concept of
objectives and attributes (Malczewski, 1999). dh de defined agparameters used to evaluate the
contribution of a project to meet the required aipge” (Nolberto, 2004). Criterion will give a
measurement of how well an alternative has achieteedbjective and maybe spatial if it needs
information on locations to measure the effechefalternative (Sharifi, 2008)

Generally defining a set of evaluation criteria@ne with respect to the decision problem. However
the selection process is not simple and dependsany factors such as the type of alternatives, the
geographical areas that are likely to be affectedhk alternatives, stakeholders preference aral dat
availability. According to Malczewski there are twendencies when it comes to defining a set of
evaluation criteria. Firstly the number of evaloatcriteria is defined such that the decision mditke!

the problem situation as close as possible. Tipie&jly leads to complicated situation where themes
numerous number of criterions to be dealt with.d&edty the number of criteria defining the decision
problem is small leading to oversimplification. Acdingly a balanced approach is needed to identify
all possible evaluation criteria.

Attributes should be comprehensive, measurableptais operational, decomposable, non redundant
and minimal (Malczewski, 1999). To be comprehensiget of attributes should clearly indicate as to
how it's associated with the objectives. A measlegralttribute is capable of assigning a number ¢o th
attribute of each alternative and has the abilityassess the preferences of the decision makers at
various levels. A complete set of attribute covadisrelevant aspects of the decision problem and is
able to adequately represent the multicriteria neatd the problem. A set of attributes is operadiah

it can be used meaningfully in the decision malgnacess. A set of attributes that is decomposable
able to disaggregate decision problem into smdllmensions. A set of non redundant attributes s no
accounted for more than once. Finally a set oibaities is minimal when it is not possible to defme
smaller set of attributes representing the samisidagroblem.

The techniques of selecting criteria include examgmelevant literature and this can be in the fafm
relevant researches and case studies or governdeeniments. Another technique suggested by
MacCrimmon in Malczewski is analytical studies. stated that system modelling can be used as an
analytical method to identify a set of evaluatioitecia for multicriteria decision making (Malczekis
1999). A survey of opinions is also another teghai for selecting evaluation criteria. In this
approach, those who will be affected by the deoisioa group of experts are asked to identify Gate
that should be included in the analysis.

2.5.2. Standardization

Because of the different scales on which the d@oiteare measured, SMCE requires that the values
contained in the various criterion maps are tramséal to comparable units (Moeinaddini, et al.,
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2010). There are a number of approaches thateaisdd to make criterion maps comparable and this
depends on the classification of criterion mapstlus basis of the type of information available
(Malczewski, 1999). The classification is basedfwn difference between deterministic decisions and
decision under uncertainty, accordingly criterioraps can be standardized as deterministic,
probabilistic or fuzzy.

A deterministic map assigns a single value to eggbct (point, line, polygon or pixel) on a map

layer. Linear scale transformation and value/ytilfunction approaches are two examples of
deterministic method. The probability method isdsh®n probability theory which states that the
outcome of an observation is dependent upon chandecannot be predicted precisely. The fuzzy
membership function manipulates arithmetic and lalgie operations on fuzzy numbers to acquire
crisp numbers (Malczewski, 1999). This “fuzzy” cept evaluates suitability by scaling values to a
common range where suitable and unsuitable areasatinuous measures (Effat & Hegazy, 2000).

For ILWIS-SMCE analysis the values and classesridérion maps are transformed to a common
scale which is called utility. Utility is definedsdthe measure of appreciation of decision makéehn wi
respect to a particular criterion and relates #tu&/worth which measures in a scale of 0 to 1”
(Ifeanyi, Adoh, & Alabi, 2010). An output standazdiion with the value of 0 means that the input
value is perceived to have low utility while an puwit standardization of 1 is perceived to have high
utility.

In ILWIS-SMCE the standardization procedure arefedént for factors and constraints. In
standardizing factors (benefits and costs) theuutplues range between 0 and 1. The module offers
the following linear standardization functions — »Nfaum, Interval and Goal. The “Maximum”
approach standardizes the input values by dividivem by the maximum value of the map. The
“Interval” approach standardizes the input valudéth & linear function that uses the minimum value
and the maximum value of the input map. The “G@aproach standardizes the input values with a
linear function that requires a specified minimumd anaximum value.

Standardizing constraints will result in eitherigep obtaining a value 0 (not performing) or vallie
(performing). The five possible approaches to stathiding constraints are — Unequal to zero method,
Minimum method, Maximum method, Inside method ands@e method.

The standardization of input maps for SMCE is admental procedure as it allows various input
maps with different meanings and scales to be fbamed to the same unit of measurement. Only
when input maps have equivalent measurement liesgisaieighting can be applied.

2.5.3. Criterion Weights

Objectives and attributes do not always have theesaalue to the decision maker therefore different
priorities are given to the different attributesasering the objective (Sharifi, 2008). The inforioat
about the relative importance of evaluation crétési achieved by assigning weight to each criterion
The assigning of weight gauges the stakeholdefenareces in the decision making process.
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The weight is therefore defined as the “value amsigto an evaluation criteria that indicates its
importance relative to other criteria under consitlen” (Malczewski, 1999). Accordingly the larger
the weight the more important is the criterion loa overall utility (Malczewski, 1999).

There are numerous techniques that exist to ass@jghts to the different criteria. Malczewski
discussed four of these techniques and theses) aemling methods, 2) rating methods, 3) pairwise
comparison method and 4) trade off analysis metfide ranking method is the simplest way of
assessing the importance of weights whereby thierioms considered are ranked in order of
preference by the decision maker. This methodtenotriticized of its simplicity and its inability
deal with a larger number of criteria. Additionailiyalso lacks a theoretical foundation.

The rating methods require that decision makesgyasveights based on a predetermined scale, for
instance a scale of 1 — 10. The point allocatiopr@gch and ratio estimation approach are two
examples of rating methods. Rating methods arellysaoaticized for lack of formal theoretical
foundations and the difficulty to justify the meagiof the weights assigned to the criteria.

The pairwise comparison method was developed inctirgext of analytic hierarchy process. The
method entails creating a ratio matrix and by tgkhe pairwise comparisons as the input it computes
relative weights as output. The advantage of pagwiomparison is that it allows only two criteiga t
be considered at a time. However this can becomersome when there are many criteria. Pairwise
comparison is also criticized for not taking scatgs account when criteria are measured.

The trade off analysis method uses direct assedsmetrade offs that decision makers are willing t
make between pairs of alternatives. The approaciuines decision makers to compare two
alternatives with respect to two criteria at a tiamel assess which is the preferred alternativanFro
this one can deduce how much weight the decisidtentaas given to the different criteria.

2.6. Conceptual Framework

The conceptual framework presents the overall phaee of the research. The development of
research problem, research objectives and resegueltions were largely aided by reviewing

literature on evaluation of proposed transportgoty internationally and also on the case study, are

which is Istanbul. The methodological approachhi® generation and evaluation of the routes for the
proposed third bridge have also been defined basedimilar transport alternatives evaluation

researches and a well as studies on Istanbul.

Stakeholder analysis was carried out during fieldwwand collection of secondary data which was
mainly in GIS format. Based on these data, analysis conducted on GIS platform to generate and
evaluate alternative, consequently identifyingniast preferred alternative.

The first phase which entails the generation otasdor the five alternatives was carried out o Gl
platform. The second phase which involves transp@mand modelling was done on Microsoft Excel
and Flowmap. The third phase was one on ILWIS-SM@# the final evaluation phase was carried
out on ArcMap.
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Figure 3 Conceptual Framework
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3. Study Area Description

3.1. Istanbul

Istanbul has a long and fascinating history havireen the capital of the Roman Empire, the
Byzantine Empire, the Latin Empire and the Ottorkampire (Rothengatter, 2005). Settled more than
6000 years ago, it is the centre of culture andumaergone several significant cultural changes and
also changed its name accordingly, from ByzantitonConstantinopolis, to Istanbul (Rothengatter,
2005). The city is the heart of modernization ofkay although the capital was moved to Ankara
after the First World War.

Fig 4 Istanbul
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The city is a cultural and economic crossroad abpa and Asia. Being the largest metropolitan city
of Turkey and one of the largest in Europe, ibisated on the Bosporus Strait and the only cith@
world embracing two continents with Europe on oide sind Asia on the other. It has a population of
approximately 12.6 million people as of 2007. Therage annual population growth rate from the
year 2000 to 2007 stood at 3.30%. Urbanisationspasad onto both sides of the city and its form is
basically shaped by its historical spatial patteand newly developed industry and service sectors.
The city is a huge metropolis connecting continentdtures, religions and home to more than
12million people. It is the largest business anfiucal centre of the region and the most important
city of Turkey providing developed financial, commiel, industrial, cultural and educational sergice
than all other cities in the country (Gercek & Denf008). Between 1990 and 2004, Istanbul
produced almost 23 per cent of Turkey’s total ahf@i2P. However, Istanbul's shares in GDP by
sector and international trade indicate its greatggortance in the national economy, especially
financial, professional and international trade,olihenjoy shares of more than 40 %, followed by
commercial shares of 35.5 % (Istanbul Metropolitéumicipality & Japan International Corporation
Agency, 2008).

The city of Istanbul is also important becauset®fsirategic geographical location making it a ¢rad
hub between Europe to the west and Asia to the kastcharacterised by rolling terrain and divdde
by the Bosphorus strait linking the Marmara Sed whie Black Sea. Its urban form extends onto the
two sides of European and Anatolian. Resembling ynaaropean cities, Istanbul has expanded
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rapidly in recent years and its urban form influssh®y its history, topography, and demography and
socio economic structure. The population of Istdnibcreased dramatically in the 1970s due to
migration of people from the Anatolian side to Eiropean side seeking employment opportunities in
the new industrial areas that were being constduatethe outskirts of the city. Consequently thg ci
experienced a growth of housing development, ta&irey outlying villages.

Population density in Istanbul has increased fro@67 inhabitants per km2 in 1985 to 2,333
inhabitants per km2 in 2007. In densely populateds, densities are as high as 44,205 inhabitants p
km2. Istanbul is also facing a substantial increasear ownership in recent years as a result of
population increase and economic growth. The nurobeegistered vehicles dramatically increased
from 200,000 in 1980 to 1.7 million in 2007 and af registered vehicles in Turkey, 26.4% are
registered in Istanbul. The transport system isaid¢ to keep up with the rapid urban growth and
change hence the existing bridges face severdctiafhgestion (Karsak & Ahiska, 2005; Ulengin,

1994).

As a result of increasing population, growth in wdeprivate automobiles and the insufficient road
network capacity the existing infrastructure crogshas exceeded its capacity. There are several
ongoing projects including the Marmaray Tunnel ecbjthat has been proposed to address this
problem of traffic congestion. Plans are curremiglerway to construct a 3rd road bridge to connect
the Bosporus Strait linking the European and As@gions of Istanbul. This proposal seeks to address
the heavy travel demand hence relieving the egstimnsport corridors of their highly congested
conditions and provide additional capacity to addrine extensive growth in the area. According to a
report by OECD the main obstacle to improving tfamsportation system is the “highly fragmented
decision-making process characterised by a largabeu of actors, operating both formally and
informally” (Organisation for Economic Co-operatiand Development, 2008).

The proposed location of a third bridge to conrieettwo sides ofstanbul has stirred up considerable
debate. Supporters state that a third bridge txakito address traffic problems in the city, vehil
others say that it is not necessary expressingetna@bout environmental consequences on the city’'s
forest and water resources. There has been 5 aitg¥nlocations proposed by the Ministry of
Transportatio to build the new bridge, the firdealative situated in between the two existing deil
and the other four are spread out to the north@fatih Sultan Mehmet Bridge.

Fig 5 Map showing the 5 alternative locations af iroposed third bridge
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3.2.  Bosporus

The Bosporus has always been an important trade fou ships from Mediterranean Sea and the
Black Sea. It is 32km long and has a maximum widlti3.7km at the northern entrance and a
minimum width of 700m. The depth of Bosporus chanfyfem 36 to 124m in midstream. The two
existing bridges that connect the Asian and Eunomeatinents were opened in 1973 and 1988. The
shores of Bosporus features as the city’s favoloeation for settlements and its trademark beirgg th
yali — a Turkish mansion constructed on the watersi

Fig 6 Bosporus Strait
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Currently transportation over the strait is proddey two road bridges and ferry lines. Bosporus
Bridge was opened in 1973, has 6 lanes and is 16Btmlong. The second bridge, Fatih Sultan
Mehmet was opened in 1988 connecting the Transpearo Motorway, has eight lanes and 1092
metres long. Bicycles and pedestrians are not alfioen both bridges. The opening of these two
bridges had great impacts on Istanbul in termsopifation distribution and providing a vital linkrf
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commercial, education, employment and recreatiapgaes between the Asian and European sides.
Even thought the Trans European Motorway serveitkecity transportation, it is also heavily used
for the daily intracity trips crossing the Bosparilibe increasing number of trips between the Europe
and Asian side is due to the distribution of empient and population among the two sides of the
city. A household travel survey conducted in 2086veed that there are approximately 21 million
daily trips made in the metropolitan area and 10%hese trips are made between the two continents
(Celik, 2009). Of this continent crossing traff@00,000 trips are made by ferries while 1,000,000
trips use the bridges. These trips not only causgestion on the two bridges but also for intra-
continent traffic.

3.3.  Transport Planning in Istanbul

Henry Prost, a French architect prepared the fustl use plan of Istanbul in 1973. The plan had
propositions to decentralize the historic peningdolahe outskirts of the old city wall (Gercek &
Demir, 2008). The industrial area which was iflififocated on the shores of Golden Horn because of
the proximity to sea transport began to decentraizd continued to expand to the outskirt of tiye ci
until the 1970s. Migrants began moving in settlgfween the industrial areas and the city walls.
Housing development also took place rapidly witthirs period to cope with the rising immigrants
who are part of the labour force. Consequentlylstembul Metropolitan Municipality (IMM) was not
able to keep up with rapid process resulting in thed use plans always being behind the
developments (Gercek & Demir, 2008).

At the national level the administrative dutiestlive transportation sectors are looked after by the
Ministry of Transport. This includes duties such fagnulating policies, planning, budgeting and
regulatory activities. The Ministry also works witlie EU in agendas such as the physical integration
of infrastructure, vehicles, environmental standardhprovement of border crossing and policies
affecting trade (Gercek & Demir, 2008).

At the metropolitan scale, IMM covers a number aQamizations that are responsible for
transportation division of planning, land use, fteafegulation and the other different modes of
transport such as the rail transit system, bus muagitime transportation. The Department of
Transportation is the official department under &1 that is directly responsible for transportatio
at the metropolitan scale. Developing plans angept®, making decisions on strategic issues rgatin
to transport, integrating programs and projectssarae of the duties carried out by the department.
The department is further divided into 6 directesat

Transportation Planning

Transportation Coordination

Public Transportation Services

Rail Systems

Traffic

Road Maintenance and Repair

ok LR

According to Gercek and Demir (2008) there is & latccoordination among the state and municipal
agencies. The local municipalities are respondimidocal needs such as small scale planning while
the IMM is in charge of the large scale master @ad also builds and operates the transportation
infrastructure.

19



3.4. The need for a Third bridge

The idea of building a third bridge over the Bosmohad been proposed since 1997 and supposedly
situated between Vanikoy and Amavutkoy. The Miwigif Transport together with the Ministry of
Reconstruction and Resettlement vouched quite girofor this project in 1999 despite heavy
opposition from the IMM. In February 2003 the goweent announced the suspension of the third
bridge project stating that that the project shdwddconsidered only if the Istanbul Municipality sva
involved (Elicin).

At the present time the mayor of Istanbul MetrogaoliMunicipality, Kadir Topas has confirmed that
the Bosporus project is the most important predam@nof the Istanbul Transport Planning (Istanbul
Metropolitan Municipality, 2009). He stated thag thlinistry of Transportation has come up with the
3 bridge project offer for Istanbul and gave assceathat the project will go through suitability
analysis and land usage analysis by the Istanbtrio@litan Planning (IMP). Furthermore the mayor
stated that the route of the third bridge will affect valuable areas such as forests agriculareds
and water basins (Istanbul Metropolitan Municigal2009).

The Bosporus crossing is essential for the transpmtem of Istanbul; however statistics reveat tha
only 10 % of all trips are made between the tweesidThe proposed third bridge proves to be
attractive for local and foreign investors becawseits huge investment budget. The bridge is
envisaged to have three lanes in each directiom tvé Light Rail Transit running in the middle. The
total cost of the bridge and the additional neagshaks is estimated to be 1.5 US billion dollars
(Alpkokin & Hayashi, 2003).

Like other fast growing mega cities Istanbul isirigca rapid increase of motor vehicles as well as
population and economic growth. Car ownership haseased from 43 cars per 1000 inhabitants in
1980 to 134 cars per 1000 inhabitants in 2000 (&e&cDemir, 2008). Nevertheless car ownership is
still low in Istanbul as compared to other metrdtpol cities of the developed countries. The average
travel time for motorised trips has been increasmgedibly over the years and the city is suffgrin
from severe traffic congestion. With the rapid gtowand changing urban structure the public
transportation system has not been able to keepthpt. The total trips made by public transpoash
remained more or less the same in the last twesdysywhereas the share of private car trips ineceas
from 19.3 % to 26.3 % (Gercek & Demir, 2008)

Alpokin and Hayashi (2003) argue that the thirdhlaigy bridge will encourage the car usage as new
road links creates their own traffic. Just as Istdrhas experienced before with the two existing
bridges the city will once again experience “pasadf bridges and also is doing now for the third,

meaning that every new bridge is reaching to ifsacdy much earlier than expected and creating the
demand for the next” (Alpkokin & Hayashi, 2003)
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4. Methodology

This chapter presents an overview of the methodmdbgmployed in the generation and evaluation of
optimal routes in Istanbul. The methodological femmrk was based and developed around similar
studies that have been undertaken in evaluatingogea transport projects and generally entails the
generation of alternatives, assignment of traffichte alternatives and evaluation of the alterestiv
The common elements identified in these studieseatablishing evaluation criteria and developing
indicators for alternatives, carrying out compamtevaluation on alternatives and identifying the
recommended alternative.

The designed framework for evaluating alternatiiepresented in Figure 7. The contribution of
stakeholders’ involvement, travel demand modellmgl spatial multicriteria evaluation represents a
larger part of the research and entails data aitignisopen interviews, analysis and evaluatione Th

framework offers a method for generating and evalgaproposed transport projects by combining
geographic information system practices and trdeehand modelling with spatial analysis to ensure
the integration of generating alternatives andwat#n in a spatial context. Although the framework
does not claim to be holistic nevertheless it destraies a flexible and generic method of analykis o
transport projects that can be applied in any sardq.

The technicalities of the research were carriedrotdur main phases, namely:
1. Route generation
2. Travel demand modelling
3. SMCE
4. Assignment of suitability values to the five altatine routes.

The first phase involves the generation of routesefich bridge alternative based on the combination
of the least travel time and shortest physicaldist of the road links. The output of this phadevis
separate routes for each alternative bridge, on¢herEuropean and another on the Asian side of
Istanbul. These two separate routes are then ctatherthe bridge alternative to define it as thate
alternative.

Phase 2 entails the forecasting of travel demandhi® year 2023 where trips are assigned to the
existing road network in addition to each altewatbridge which is essentially the new link in the
network. This phase was carried out using thettoawdil 4 step model.

Spatial Multi Criteria Evaluation is performed irhgse three whereby each alternative route is
evaluated based on traffic assignment performazhase two in addition to the user defined criteria.
The output of phase 3 is 5 composite maps, onelo @ternative, which has suitability values from 1

to O.

The fourth and final phase brings together the wutp phase 1 and 3. At this stage the suitability
values are assigned to the 5 alternative routeshniive been buffered in order to capture the apati

characteristics of the 5 different routes.

The figure below summarises the methodological @ggh:
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Figure 7 Methodological Approach
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4.1. Fieldwork — Istanbul

Data collection during fieldwork at Istanbul largehvolved secondary data although primary data
collection also played an essential part. Secondatsg that were collected mainly constituted of GIS
data needed to carry out the analysis. Additiontdlly transport master plan of Istanbul and other
relevant reports on Istanbul and images were algoied.

Primary data collection was carried out in the farfrholding open interviews and discussions with

local transport experts at the local universityl)Tand urban planners and transport experts at IMP.
The open interviews were held to gauge the stalkensll perception of the proposed third bridge

project and to identify criteria that are relevantevaluate the five alternative routes and bridge
locations.

Stakeholders were also engaged in the course ighasg weights to the criteria used to evaluate the
different alternatives after fieldwork. This wasngothrough online correspondence whereby the
relevant questionnaires were sent to stakeholdaremail. They assigned weights to the evaluation
criteria and sent back their weightings.

4.2.  Network Analysis

A network analysis is commonly used for applicagieach as transportation and in utility networks. |
has the capability to model the transportationedgle and resources such as water and electticity.

this phase of analysis, Network Analyst was empdagegenerate the best routes for the five differen
alternative locations of the proposed third bridge.

ArcGIS Network Analyst is an extension on ArcGISskiep that aids in conducting network based
spatial analysis. Network Analyst offers the optmfrproviding travel directions, looking for closes
facilities, creating service areas and origin-aegion cost matrices.

In this first phase of analysis the Network Analfgsiction is used to generate the best route throug
the network on the basis of least travel cost. Gést route could be the shortest physical distaiice,
could be least expensive, least amount of timeeamabination of these (Chen, Rinks, & Tang, 2001).
In this case the best route is defined as one tivélcombination of minimum travel time and shortest
path from the origin to the destination. Therefte time it takes to pass through a link and the
distance of each link is an indicator for a coste Tinderling assumption behind this choice is tiiat
two practical constraints of daily travelling ahetactual distance itself and the time it takesawel

that distance. Additionally current route plannieiorporate both physical distances and mean travel
time when computing optimal routes between two oon a road network (Ambrose, Bukovsky,
Sedlak, & Goeden, 2009).

Travel time is one the most important factors tiffgcts the attractiveness of different routes beahc
influences the choice of route for commuters tor@agextent. Arguably travel time is the most
relevant estimate of distance as they are usualtyptimentary. However traffic density varies due to
unpredictability of rush hour traffic congestiomige travel times along these routes vary withimya d
The density of traffic during peak hours maybe @dalimiting the distance that could be reasonably
travelled because it extends the time taken tceetrdne distance. Therefore the shortest route noay n
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always be the one with the least travel time ftsreger route may have a shorter travel time because
of lighter traffic flows.

In view of this, travel time and physical distarare taken as two separate criteria. Independently a
route with the shortest physical distance does nemessarily mean it has the least travel time.
Consequently the mean travel time is incorporatedthis assessment criterion to capture the
combination of having the shortest path as weliasng the minimum travel time in the route.

Table 1 Assessment criteria for route generation

Guiding
principles Objectives Criteria Explanation
Maximize
transport Reduction in| The assigned travelThe shorter the travel time is the better
efficiency travel time time with congestion | for the route.
To avoid wherg
Maximize possible routes
transport with longer| The physical distanceThe shorter the physical distance of the
efficiency physical distance of each road link route the better

4.2.1. Data and Data Preparation

The data needed to generate the routes for thalfigmative location of the 3rd bridge include teec
data and a jpeg format image identifying the 5Sra#ive locations. The vector data entails the road
network shapefile of 2006 which was acquired franiPl Attributes of this road network include the
shape length of each link, road types which areeeii highway, sea/rail network or walk which
denotes pavement that is explicitly for walkinguHg and daily capacity of each road link and ttave
time.

To prepare the data for network analysis it is Bsagy to extract only the highways road type frbm t
road network layer. The sea/rail and walk road tyee removed as vehicles do not use them. This
was done using selection by attribute on ArcMap.

For the location of the 5 alternatives the jpeggmavas georeferenced and then digitized on the road
network layer.

4.2.2. Building the Network dataset and defining Ne  twork Attributes

In ArcCatalog the road network layer is then useduild the network dataset using the Network
Analysis extension. The attributes necessary fisrrtetwork include the travel time and shape length
and this is taken into account when building thadraetwork. Travel time and shape length are
defined as a cost. The newly built network is tbeplayed in ArcMap again for the actual generation
of routes.

Figure 8 Building Network Dataset
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4.2.3. Solving the best route for each alternative  locate

To begin with the analysis, the proposed locatiinthe five bridges are identified on the basishaf
image acquired from the Ministry of Transportatibmough the Istanbul Metropolitan Municipality
(refer to Figure 5). This image illustrates thegmeed sites that have been identified by the Minist
of Transportation as potential locations to build third bridge.

In view of the fact that Istanbul lies on 2 diffetecontinents, generating a route for the bridgk wi
require two independent separate routes, essgrtiadl on the eastern side of the bridge and ther oth
on the west. In network analyst translates to #ut that there are also two fixed origins — onéhin
east and the second in the west.

Basically the origins are located on the Trans Ream Motorway based on the extent of the road
network layer that is used for analysis. Conseduéiné origins are positioned on the most eastacth a
western part of the TEM. The TEM is part of thengduropean Networks (TENS) that connects the
two most important metropolitan centres of Turk@ykara and Istanbul to Europe. The route is
regulated as a national and international freigimigportation motorway and it hosts many important
industrial plants, universities making it one oé thnost heavily used corridors. In addition to this
TEM is also used for intracity trips crossing thesBorus where 10% of the total daily trips are made
through the two existing bridges by bus and carspr@vious study done on the third Istanbul
Bosporus crossing identified three types of infatiens that should be evaluated and analyzed and
these are:

e International transit transportation between Eurapa Middle East countries

* Intercity transportation between Anatolian and Ppaen cities of Turkey

* Intracity transportation within Istanbul (Calisk&06).
Hence the underlying reason for selecting the TEMhe fixed origins is because it is utilized by
intracity and intercity trips as well as nationatanternational trips.

The Destinations are defined by the possible lonatif the foot of the bridge on both the eastermh an
western side as illustrated in the image acquirech iIMP.
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There are five types of network analysis layersrdljte analysis layer, 2) closest facility layey, 3
service area layer, 4) Origin Destination cost imdayer and 5) vehicle routing problem layer. The
relevant analysis for this phase is the route @mlhayer. The route analysis layer can find thst be
route from one point to another. The Origins andtDations are specified interactively by placing
points on the screen and using the “Solve Netwbtkton to find the route. The preferred route iis th

case is specified as one that has the least tisvelcombined with the shortest distance.

Finding the preferred route is done twice for ealtbrnative, that is, on the east and then on #s.w
The diagram below illustrates the preferred rootebfidge alternative 1 on the western side. Nio#g t
the Origin (1) is fixed and only the Destinationdl whange according to the location of the bridge.
This same process is applied for the other 4 altesmes.

Figure 9 lllustration of the route generated fotékhative 1 on the European side

Generated Route for Alternative 1 - European side

Legend

@ Origin and Destination

Road Network

R0 ute

Istanbul
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4.3.  Traffic Assignment

Traffic assignment involves the selection of routestween origins and destinations within a
transportation network. In the traditional 4 stegmsport model, traffic assignment is essentiddly t
fourth step, following trip generation, trip digdtion and modal split. This procedure involves
predicting routes that vehicles would take andgassg them to the different links of the road netko
(Zuidgeest & Maarseveen, 2007). The result of izafsignment is an estimate of the total number of
trips that will use each link in the road netwovkhen compared with the capacity of these different
links, information such as congestion levels cafobecasted.

26



4.3.1. Data

Data used in this phase of the research includ&&pcshapefiles which are ultimately imported into
Flowmap for analysis. The shapefiles include thezTiayer, the road network layer — in this case
there are five separate layers, each one contaihangxisting road network and an alternative kgidg
Other fundamental data include an excel file whiohtains socio economic data of each of the TAZ
such as population, student and employment numbargwnership, household size and income.

The Transportation Master Plan for 2008 containgldvant information and parameters that are
adapted and used in travel demand modelling onddadt Excel and Flowmap. The Istanbul Master
Plan for Transportation was carried out by thenlstd Metropolitan Municipality and the Japan
International Corporation Agency in 2008. This ngpentailed the Trip Generation figures of 2005
which is essentially the Trip Productions and Attians. There were also forecasted figures for the
year 2023. However these were aggregated figursl@pict trip production and attractions for the 33
districts of Istanbul for 2005 and 2023. This stiyvever uses TAZ as the unit of study and Istanbul
has 451 TAZs. The parameters for the calculatiotheftrip productions and attractions are given in
this report and this is used for the calculatiothef Trip Generation for the TAZs in 2005 and 2023.

4.3.2. The 4-Step Model

The classic four step transport model applies ieddpnt models for each travel demand component
and works by feeding outputs from one model tonet one sequentially (Miller & Shaw, 2001). The
four step approach is trip based and the firstetlsteps are used to estimate the demand for tiavel.
the fourth and final step, the travel demand islémgated with the travel supply when trips areded
onto the network.

Figure 10 The Four Step Model
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Source: (Metropolitan Washington Council of Goveemts, 2010).
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The geographic unit of analysis in a four step nhagléhe transport analysis zone (TAZ). Istanbul is
divided into 451 TAZs. However the road networkadat employed only covers the inner city
therefore only the 402 TAZs that intersect thisdraatwork were considered.

Figure 11 Istanbul Traffic Analysis Zones
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4.3.2.1. Trip Generation

The first step of the model is to determine the benof daily trips that are made within Istanbuiist
procedure is carried out by estimating the numlbérips produced in and attracted to each transport
analysis zone. These estimates are carried oug:usin

1. land use and socio economic data
2. parameters and assumptions about the number & tyjpcally made by each type of
household and to each destination

The table below shows the list of variables thataed in the trip production and attraction models
(Istanbul Metropolitan Municipality & Japan Intetimal Corporation Agency, 2008). There are four
different trip purposes defined by the Master Rlad these are:

1.

2.
3.
4

Home Based Work (HBW trips)
Home Based School (HBS trips)
Home Based Other (HBO trips)
Non Home Based (NHB trips)

Table 1 Variable List in Production and Attractidodel
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Trip

Purpose Production Attraction
HBW Workers in Home Employment in working place
HBS Students in Home Students in School Place
HBO Population Population

Average Income Student in school

Workers in Home Employment in working place
NHB Students in school Population

Employment in working

place Student in school

Employment in working place

Control total
Population

Students in home
Number of Vehicles
Average Income
Employment in working
place

Source: (Istanbul Metropolitan Municipality & Japadmternational Corporation Agency, 2008).

For this analysis, socio economic data is availabl¢he data acquired from fieldwork. The TAZ
attribute table contained basic information sucfTAZ identities, area of each TAZ and employment
and student numbers. This table was then joingdeaatabase file which contained socio economic
data such as:

* Population per TAZ

e Number of workers in home per TAZ

*  Number of employment in working place per TAZ

¢ Number of students in home per TAZ

*  Number of students in school per TAZ

* Household size per TAZ

e Average Household income per TAZ

¢ Number of vehicles per TAZ

It can be seen that the variables listed in thietabove (table 1) are available in the TAZ layed a
the database file acquired from fieldwork. Drawfngm the above variables, the trip production and
attraction for HBW and HBS are computed using ttealefs outlined in the Masterplan. The models
are illustrated below:
¢ HBW Production = Net Trip Rate (1.94) * Working Raf0.88) * Number of Workers (Home
place) by zone
« HBW Attraction = Net Trip Rate (1.94) * Working Rat(0.88) * Number of Employment
(Working place) by zone

e HBS Production = Net Trip rate (2.02) * Studyingti@g0.87) * Number of Students (Home
place) by zone

« HBS Attraction = Net Trip rate (2.02) * Studying t®a(0.87) * Number of Students (School
Place) by zone
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Trip productions and attractions for HBO and NHE astimated using linear regression model and
the equation is shown below: (Istanbul MetropolilMuanicipality & Japan International Corporation
Agency, 2008).
Gi = a + b1*Xil + b2*Xi2 + b3*Xi3 +....
Aj = a + bl1*Xil + b2*Xi2 + b3*Xi3 +....

Where;
Gi = Production trip from zone i
Aj = Attraction trip to zone |

Xin, Xjn = socio economic data in zone i and j
A, bn = model parameters

Again, using the variables acquired from the TAygelaand table with socioeconomic data the trip
productions and attractions for HBO and NHB are goted. The model parameters are adapted from
the Masterplan and are shown in the table below.

Table 2 Parameter of Trip Production and Attractidiodel

Trip Gen/Att Y =a+ b1*X1 + b2*X2 + b3*X3 + b4*X4 + b5* x5
R
Purpose a bl b2 b3 b4 b5 squared
Generation -748,943 0.425737 1,163,230 0.558952 0.986
Average
Population Income Workers
HBO Attraction 1,063,040 0.44342 0.290994 0.257524 0.849
Students at
Population school Employment
Generation 511,731 0.089921 0.296634 0.718
Students at
school Employment
Attraction 464,118 0.015623 0.03754 0.286727 0.641
Students at
NHB Population school Employment
Control Total of Generation
-33,342 0.091362 -0.0225442 0.426405 | 0.100278 -0.00149 0.99
Students in Number of Average
Population home vehicles Income Employment

The final result of this computation is the prodoics and attractions figures for 2005. However for
the productions and attractions for 2023 is requfog this research. To be able to compute the 2023
figures the trip increase ratio from 2005 to 2083saapplied to the computed 2005 productions and
attractions figures. As stated in the Master Plaa trip increase ratio is approximately 1.47,
accordingly this ratio was applied to the compu28@5 productions and attractions to forecast the
2023 trip generation.

In light of this it is important to note that thard bridge is not included in the Istanbul metritao
Municipality’s strategic plan for the city (Gercek)09). Therefore the trip increase ratio as stated
the Masterplan does not incorporate trips thatlikedy to be generated by the inclusion of thedhir
bridge. Accordingly the forecasted trip generatidr2023 does not incorporate the trips generated by
the third bridge. However it can be assumed th#t wn additional third bridge, more trips will be
produced and attracted to each zone in compargstimettrip increase ratio that has been used in the
model.
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4.3.2.2. Trip Distribution

The output of the trip generation modelling is tb&al number of trips originating and departingnfiro
each TAZ (Zuidgeest & Maarseveen, 2007). In trigtribution modelling the objective is to
recombine trips “produced” and trips “attracted’toincomplete trips. The model is essentially a
destination choice model whereby origins and dastns are matched to develop an Origin-
Destination table, “the matrix that displays themiwer of trips going from each origin to each
destination” (de Jong, 2007).

The process of modelling trip distribution works tie general assumption that time spent travelling
(travel time or generalized cost) is perceived tiegly and the further the destination the more
unlikely anyone is going to take that trip. Accaorgly trips produced in a given zone will be largely
attracted to nearby zones, some will be attraatethaderately distant zones and very few will be
attracted to very distant zones. This principldédscribed by the distance decay function whereby th
interaction between two locations declines as tbtadce between them increases (de Jong, 2007). It
is mathematically known as the gravity model aadét time is represented as impedance.

Flowmap is a software developed in the 1990 amalsi program to calculate and display the flow of
goods and people on a map (de Jong, 2007). Taldyid-lowmap is also capable of computing flow
patterns, network distance, accessibility analysisl gravity modelling. For gravity modelling,
Flowmap uses different types of distance decaytiomng such as exponential, power and tanner
function.

For this research the doubly constrained modelwgasl whereby a distribution function is fitted into
the trip productions and attractions (computed fthentrip generation module). In this model the sum
of the estimated number of trips from every originst be equal to a preset number per origin. The
sum of the estimated number of trips to every datitn must be equal to a preset number per
destination. Furthermore the number of trips fromrg origin to any destination is inversely related
the distance between origin and destination. Theeneorks on three formulas:

1) Tij= Ai.Bj.Oi.Dj f(Cij,p)

2) Ai=1/jBj.Dj.f(Cij,B))

3) Bj=1/¢iAiOif(Cij,B))
f(Cij,B) = exp(8.Cij)

where:

Tij = the estimated number of trips between origind destination |
Ai = the balancing factor for origin i

Bj = the balancing factor for destination j

Oi = the constraint value for origin i

Dj = the constraint value for destination |

[ = the distance decay parameter

Cij = the distance between origin i and destination

Formula one computes the actual trips in the Orig@stination Matrix, the second formula equates
the total number of trips from origins in the matd the set number and formula 3 equates the total
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number of trips to the destinations in the matoxhe set number. The balancing factors ensure that
the sum of the estimated outflows per origin equbks known origin total and the sum of the
estimated inflows per destination equals the kndestination total.

To begin with the analysis the road network layeed to be converted from ArcMap shapefiles to
BNA format then the BNA file is converted into flowap file where topological information is added.

To run the doubly constrained model a distancestabkds to be configured. A distance table isea fil
that stores the shortest distance between alllgessbmbinations of origins and destinations be. t
distance table connects each TAZ to the othergyubim road network. The impedance unit is defined
as travel time in minutes. The origins and destinatbetween zones are represented by the centroid
of each TAZ. Flowmap takes care of this by replgdimese intrazonal distances with the intrazonal
distance based on the surface area of each zosedfic formula ( ¢ = 0.667 /(S/3.14) then used

to overwrite the initial distance table with intoaal distance of area.

The gravity model is then actually performed byiniafy the origin constraint as the Production and
Destination constraint as Attraction. The modebpagters used 0.0003 as the beta value and a mean
trip length of 14.68 minutes, which is observedsitanbul (Celik, 2009). The result of this modude i

an interaction matrix in a database file typicailed a flowfile in Flowmap.

4.3.2.3. Modal Split

Modal split describes the proportion of total tripto the various transportation modes. Mode choice
models analyze and predict choices that individealgroups of individuals make in selecting the
transportation modes that are used for particwjgmes of trips (Caliper Corporation, 2010).
Accordingly the objective is to predict the sharabsolute number of trips by mode.

Approximately 50% of all trips made in Istanbul ane foot, private car usage in is approximately
14% while public transit is around 36% (Celik, 2D0Of these public transit only 2.3% is rail transi
and due to the short railway network system andféfries due to poor integration of the transit
system (Celik, 2009).

Flowmap does not have the functionality to perfarfiull modal split analysis. Therefore the analysis
could only perform a conversion from trips to véditrips. The average occupancy rate for private
vehicles in Istanbul is 1.57 and this was usedraassumption to compute vehicle trips (Gercek &
Demir, 2008). Accordingly: Flows per TAZ / (1.57ygs the number of vehicle trips per TAZ.

At this point it is important to note that a fullogal split analysis would have been ideal for this
research. However Flowmap is limited in that ibidy built for simple transport models and does not
have the functionality to study multi modal trandpoetworks. Therefore the results may be too
simplistic given the fact that it only considerg thverage occupancy rate of private vehicles and no
those of public transits. For that reason the nurolberehicle trips that is computed in the model is
almost certainly overstated.
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4.3.2.4. Traffic Assignment

The assignment of vehicle trips to network is therth and final step of the four step model and is
essentially the objective of the second phase ef résearch. Traffic assignment models aim to
determine the number of trips on different linkstiod road network given the travel demand between
different pairs of zones. The models try to ddmeithe modal split phase of the transport demand
analysis. There are different models of trafficig@®ment, and they differ in their assumption foe th
variation in link travel times with the link volum&hree of the models are listed below:

1) All or nothing assignment model

2) Incremental assignment model

3) User-equilibrium model.
Flowmap utilises the all or nothing assignment (AQNodel which assumes that all the traffic
between a particular origin and destination wikeathe shortest path regardless of travel time.
Therefore it is assumed that travel times on lidénot vary with link flows and all trip makers v
knowledge of the travel time on the links. Basedtmse assumptions of the travel times, a trip make
will choose a path or route that minimizes histnavel time.

Performing the traffic flow assignment entails gasig the trips computed in the modal split module
to the network and using trip length as the impedaiihe results is stored as a database file.

The results of traffic assignment from this mod& anrealistic in that only one path between every
Origin-Destination pair is utilized even if there another path with the same travel cost. Another
limitation to the results of this assignment isttihéggnores the fact that link travel time is anfiion of

the link volume therefore traffic on links is agségl without consideration of whether or not there i
adequate capacity or heavy congestion.

Results from traffic assignment provides for thieglation of Volume over Capacity ratios, the proxy
for congestion. Figure 10 illustrates the dailyffoof traffic in Istanbul on each road segment,alvhi
is essentially the volume of traffic. The resultste traffic assignment were exported back to Aapm
for proper display.

Figure 12 Traffic Assignment
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It is imperative to mention at this point that aesmline analysis would have been most practical in
this part of the research. A screenline analysigach of the bridge alternative could have given an
indication of the difference between trip assigntmeaasults with that actual traffic count on the
alternative bridges. In addition to being a uséfol to calculate traffic flows that cross a sctires, a
screenline analysis is also useful for the calibradf trip assignment models (Caliper Corporation,
2010).

4.4,  Spatial Multi Criteria Analysis

ILWIS-SMCE is used for this phase of the reseacchrbduce composite maps for each alternative.
All data preparations for this phase were perforineircMap and ILWIS.

4.4.1. Criteria for evaluating the alternative rout e

The method used to identify the relevant criteoiadvaluating the alternatives includes the gerarat
of a long list of criteria, screening, assessmeudtfmally identifying the most relevant ones. Hig
illustrates a schematic overview of this methodpldgach of these steps is then further explained in
the following section.

Figure 13 Method for Criteria Identification

Generation of long list of criteria
1s list 1s generated based on similar proposed transport project studies and on

transport projects done inin Istanbul.

Screening of long list of criteria
e generated [ist was screened based on discussions and
transport experts and urban planners

Assessment of the short listed criteria
e established short list of criteria was then assessed based on the availability o

data. on the basis of the results, the final criteria list was then identified.

Step 1

The process of selecting the criteria is desigonetbipare and assess each of the 5 alternativesrout
and locations of bridges and they must answer tlegall objective of the research. The first step
involved identifying a long list of criteria fronitérature specifically those that are defined mikir
transport projects and on previous studies thabkasa done in Istanbul.

The four main recurring themes in previous studredude social, environment, ecological and
network competence. A paper by Ulengin identifiedious variables for the selection of the most
suitable alternative for a water crossing infradinee in Bosporus and these are: operations and
maintenance costs, impact on ecosystem, impact istorical texture, contribution to social
development, possibility of realizing the technicedquirements, suitability to transportation
masterplan, passenger traffic demand and ovenaftibation to general transportation system.

A multicriteria decision making approach to evatugossible alternative routes for a predefined
location for a third bridge in Istanbul listed sacienvironment, economic, topography and network
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competence as the main assessment criteria. Uhdecriteria “social”, land use and populations
density are selected as indicators, for the catéenvironment”, air pollution, geological maps,

earthquake risk maps were selected. Land valuecandumption of energy were indicators for the
“economic” criteria. For “topography”, slope andpast were used as indicators and for “network
competence”, accessibility was chosen as the mdinator.

In a study of three alternative rail transit netwproposals in Istanbul, the projects were evatliate
based on financial, economic, system planningcpand environmental impacts criteria. The study
employed Analytic Hierarchy Process (AHP) to organperceptions, experiences, knowledge and
judgements into a hierarchical framework with algseenarios, criteria and alternatives of choice.

The list below presents the summary of criteria:

Social

« Land use and population
« Contribution to social development

Environmental

¢ Environmental impacts

* Impact on historical texture
e Air pollution

¢ Geology

e Slope and aspect

Economic

e Operations and maintenance cost
e Land value
e Consumption of energy

Network Competence

» Accessibility

« Suitability to transportation masterplan

« Passenger traffic demand

e Contribution to general transportation system

Step 2
Thereafter the next step involved discussing arttihgefeedbacks on this preliminary list with a gpo
of stakeholders which comprised of two transpopests from Istanbul Technical University and two
urban planners from IMP. In response to the prelary list the team of experts state that the list o
criteria. was numerous and that it should be kepa tminimum for the study to be feasible and
meaningful. Additionally three major guiding pript#s emerged after discussions and the following
three guiding principles were formed to screenpiiediminary list.

1. Maximize transportation services

2. Maximize accessibility to population and employmerda

3. Minimizing impacts to the natural environment amstdrical sites
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These guiding principles were then employed toestibe preliminary list of criteria. Under the firs
guiding principle, passenger traffic demand and dlerall contribution of the bridge to overall
performance of the transportation system were ifieditby the experts as important from the
preliminary list.

The second guiding principle which is to maximizzessibility saw the selection of land use and

population as the main criteria. In this case emplent density potential economic development areas
was said to represent a larger part of urban landiss this defines the areas where people are
employed.

The third guiding principle saw the selection oblegical areas and historical areas as the two
important criteria. Air pollution was seen as im@ot but due to data unavailability this criteriasv
dropped.

One of the most important criteria in the prelinmndst is the operations and maintenance cost and
land value. This was also highlighted by the expesin, however there was no data available as a
proxy for this and personally the researcher felt since the alternatives are similar, meaning #re

not exclusive transport infrastructures but arédatlge infrastructures, the operation and mairteaa
cost for each alternative bridge should be motless the same.

Step 3

According to Yoon and Hwang (1995) in (Atkinson,agt 2005) the number of criteria used in any
project may vary but generally 7-12 is regardedh@smaximum. The final list is then derived by

identifying criteria that can be generated from thailable data. Ideally the criteria should be

complete and exhaustive in such a way that it @aler aspects of the decision making problem to
make the analysis complete. Although there are neaitgria that may influence the assessment and
evaluation of the most preferred route and locatmrtonstruct the bridge, this methodology only

considers criteria for which spatial data wereatd or readily available.

Compensatory criteria for this methodology areexhflactors and they are spatial benefits and d$patia
costs. The criteria tree brings together all thgeatives, criteria and their weights in a standaedi
manner and evaluates them. The criteria are die@siito three major guiding principles defined in
Step 2. Each guiding principle is viewed as a breat of objectives which is broken down into
objectives and criteria; accompanying these cadtenie spatial data inputs that would accomplish
them. Table 3 outlines these guiding principlegeciives and criteria.

Table 3 Evaluation Criteria for assessing route dmidige location

Guiding
principle Objective Criteria Explanation
This criterion is
measured by the
forecasted congestion
Ability of the alternative | levels of 2023.
Maximise to contribute to the Congestion levels are
Transport Increase improvement of the measured with a
Efficiency mobility road capacity volume to capacity
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4.4.1.1. Improvement to the road capacity

Forecasted congestion levels on the road netwgrkigindicators such as the capacity to meetdutur

travel demand and the amount of time spent trangllEvaluation of congestion levels is carried out

based on the performance of the existing road mittamether with each route/bridge alternative. A

lower congestion level on an alternative relativehte others makes it more favourable. Traffic flow

assignments for each alternative were forecastethéoyear 2023 using the classic 4-step model on
Microsoft Excel and Flowmap.

The travel demand modelling phase is used to stetiaffic flow assignment for the five alternative

routes. The results of the traffic flow assignman¢ exported to ArcMap where the flows are
compared with the existing road capacity to complugecongestion levels of 2023. The output of this
is a road vector layer with congestion levels &sbates.

Congestion Levels - Istanbul

Legend

Alternative 1 Congestion
congested (W/C < 1)
not congested (W/C > 1)

AN

The preparation of data for the SMCE process reguimporting the road vector layer into ILWIS as a
shapefile format. The now segment map is thenniastkand its coordinate system and georeference
is defined. Using the “IFUNDEF” function, the val@eis assigned to undefined pixels on the raster
while the road links maintain congestion levelshasr attribute.

The standardize the input map, the convex starmiidn method was selected specifying input
values (congestion values) less than 1 to be ass$igrstandardized value of 1, input values of [2eto
assigned a standardized value of .25 and defihiegnput value of 4 as the maximum value which is
assigned a standardized value of 0. Input valuésssfthan 1 are assigned a standardized value®f 1

it represents road links with no congestion — thale volume of traffic flow is less than the caipa

of the road link. The input value 2 is assignedamdardized value of .25 as this represents heavy
congestion levels. Any input values with a valuaerafre than 4 are assigned the standardized value 0
for this is perceived as severe congestion levels.
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It should be noted that the output of the transgemand modelling gave extreme congestion levels
as this was calculated based on the existing regéaity. Therefore the existing road network is
saturated to a considerable extent showing th&irisufficient to cope with the future traffic dand.

4.4.1.2. Network Connectivity

Network connectivity is the physical relationshiptibe new link (Kiker, et al.) to the existing reut
system. This criterion focuses on the routes mtato the road network system as a whole and not
specifically to any other individual route or groaproutings. Network connectivity was measured on
ArcGIS using ratio of links to the nodes. The valuanges from 0-1, meaning there are no
connections between the nodes if the value is Qlaneghresent the maximum number of connection.

Alternatives Nodes/Links Connectivity
Alternative 1 214/217 .98
Alternative 2 165/166 .99
Alternative 3 185/186 .99
Alternative 4 195/195 1
Alternative 5 209/210 .99

These figures are then used as non spatial inp@MICE. To standardize these values the goal
standardization approach is selected by specifiliegmaximum input value of 1 as a standardized
value of 1 and the minimum value input value os(astandardized value of 0.

i standardize Yalue Input

The minimum ower all alternatives is .98 q

The maximum cver all alternatives is 1
Consider &s:
(=" Benefit

" Cost

" Combination

Method
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4.4.1.3. Population Density

Population density is represented by the numbepemiple residing per square kilometre in each
Traffic Analysis Zone. This criterion was choseritas seen as the best representation of dapg @i
the term of origin. Given that one of the fundaraéptirpose of the routes is to serve the residerdas
particular area, this indicator reveals how mangpte live where. Therefore a route within close
proximity of a highly populated area is favoured.

Figure 14 Istanbul Population
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Population data is available in a database foriteatvhich is then joined to the TAZ shapefile layer
ArcMap to compute population density. To prepae itiput map for SMCE, the population density
layer is imported into ILWIS as a vector formattekfdefining its coordinate system and georeference
it is then rasterized. Following the conversiorrdeter format the IFUNDEF function is then used to
assign the value 0 to undefined pixels on the raste resulting raster is a continuous surface of
pixels with population density per TAZ as its value

The input map is a factor and a benefit, accorgitigé interval standardization method was selected
to standardize the input map. The output is thantinimum value in the input map is standardized to
0 and the maximum value of the input is standaddipel. This standardization method allows cells
that have a higher number of people to be assifigtter standardized values and cells that have
lower pixel values are assigned a lower standaddiatue.
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4.4.1.4. Working Population Density

Working population density represents the numbepexiple working per square kilometre in each
TAZ. Generally work trips account for a significgoart of all vehicle trips. Employment numbers
reveals how many people are working in a TAZ . Ateorunning within a close proximity of an area
with high employment density rate will improve commer access to existing employment centres.

Istanbul - Working Population Density

4'\'%‘«
Legend
Emp dens
Value
- High : 136590
- Kilometers
Low : B 0 5 10 20 30

The main source of information for this criteriantaken from the TAZ shapefile. Employment data is
an attribute of the TAZ which is used to computekiry population density. To prepare the input
map for SMCE, the working population density laigeimported into ILWIS as a vector format. After

defining its coordinate system and georeferenced then rasterized. Following the conversion to
raster format the IFUNDEF function is then use@ssigning the value 0 to undefined pixels on the
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raster. The resulting raster is a continuous sartd pixels with working population density per ZA

as its value.

This is used as an input map for SMCE. Working patan density is a factor and seen as a benefit,
accordingly the interval standardization method selected to standardize the input map. The output
is that the minimum value in the input map is stadized to 0 and the maximum value of the input is
standardized to 1. This standardization methodvallcells that have a higher number of people to be
assigned higher standardized values and cells tha¢ lower pixel values are assigned a lower
standardized value.

|&f standardize value Input

The mirimurn over all atematives is 0 1
The maximum over all alternatives is 136330
Congsider as:
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4.4.1.5. Proximity to potential areas for economic development

Potential areas of economic development represeasdhat are earmarked for development of new
central business districts according to the objestiof the Istanbul Master Plan of 2007 (Istanbul
Metropolitan Municipality & Japan International @oration Agency, 2008). These areas intend to
enhance industrial economic transformation fromoedary to tertiary. Information based service
sector agglomerations, new urban centres, high iteaistry and logistics centres are some of the
services planned to be operated from these aréase @roximity of alternative routes to these aiisas
important as this will enhance its marketability.
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Data preparation for this criterion involves digiitig a jpeg image representing the potential aoéas
economic development in Istanbul. This resultintygon map is imported into ILWIS as a shapefile
format. This vector map is then assigned to thedgfreed coordinate sytem, rasterized then
georeferenced. Following this conversion to radtex,distance calculation function is applied te th
map whereby the operation calculates distance imesiérom the pixels representing the economic
areas to other undefined pixel representing theofelie area in the raster map.

The resulting input map for SMCE is the distance mbareas of economic development and distance
in this case is seen as a cost - the further ttarttie from the defined areas to the alternativterthe
higher the cost. The map is standardized usinggie method whereby the input values are
standardized with a linear function that uses aifipd minimum and maximum value. There is no
mathematical definition for proximity in this criten. The objective is for the highways to be asel

as possible to economic development areas. Therafdistance of 10000 metres is assumed to be the
minimum distance people are willing to travel frammoute to an economic area. Hence the minimum
value is specified as 0 and maximum as 10000mefhes output of this standardization is that pixels
that have values more that 10000metres are assigsatthdardized value of 0. Pixel values within the
10000m range are assigned values from 0 to 1.
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4.4.1.6. Proximity to archaeological areas and hist  orical sites

Historic and archaeological properties, sites amttimgs are resources that need to be protectdd an
conserved hence it is preferred that a route ketdodcas far as possible from these sites.

Historical and Archaeological sites - Istanbul
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Data preparation for this criterion involves digitig a jpeg image representing the historial and
archaeological sites in Istanbul. The resultingipaiap is imported into ILWIS as a shapefile format
This point map is then assigned to the predefinmmtdinate sytem, rasterized then georeferenced.
Following this conversion to raster, the distane@décuwation is applied to the map whereby the
operation calculates distance in metres from tlelpirepresenting the historical and archaeological
sites to other undefined pixel representing theatthe area in the raster map.
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The resulting input map for SMCE is the distancgpmoé archaeological and historical sites and
distance in this case is seen as a benefit - tiieefuthe distance from the defined areas the hi¢lte

for the alternative route and the lower the cokie input map is standardized using the goal method
whereby the input values are standardized withheali function that uses a specified minimum and
maximum value. Since the input values representdistance away from the archaeological and
historical sites the minimum distance was specifisd0 and maximum distance as 100metres. The
distance of 100metres is adapted from NEPA (Nalingironment Policy Act) standards whereby it
states that highways from a distance of beyondf880have a low probability of affecting historical
sites.

4.4.1.7. Proximity to ecologically protected areas

Ecologically protected areas are areas definedhbymunicipality as natural areas that need to be
conserved. These areas are mostly natural fedilkesnational parks, nature reserves, forests, wate
basins and wildlife. These protected areas aretiahg for biodiversity conservation and altervati
should be located as further away from these areg®ssible.
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The source of information for this criterion is ector layer representing ecologically protectecsre
The polygon map is imported into ILWIS as a shdpeformat. This map is then assigned to the
predefined coordinate sytem, rasterized then gemefed. Following this conversion to raster, the
distance calculation is applied to the map whetblkyoperation calculates distance in metres fran th
pixels representing the historical and archaeo#igiites to other undefined pixel representingrése

of the area in the raster map.
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The resulting input map for SMCE is the distan@prof ecologically protected areas and distance in
this case is seen as a benefit - the further thiamte from the defined areas the better it igHer
alternative route and lower the cost. The input iisegiandardized using the goal method whereby the
input values are standardized with a linear fumctioat uses a specified minimum and maximum
value. Since the input values represent the distaveay from the ecological areas the minimum
distance was specified as 0 and maximum distan@@8meres. The distance of 2000 metres was
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selected because according to a study landscagmdrdation and biodiversity loss begins from a
distance of up to 2km from a highway (Brotons & tedo, 2001).

4.4.2. Weighting Assignment

The jury chosen for assigning weights in this reseaomprised of two local urban planners from
IMP, a transport expert from ITU and a second fparnsexpert from IMP. This choice was made
because of their involvement in local transportedepment issues and also because of their local
knowledge surrounding the issues of the proposied tiidge. This same group of stakeholders were
also involved in defining the criteria for evaluggithe alternatives. It would have been ideal so al
involve members of the public and representativesifthe state but this was not done due to time
limitations.

The pairwise comparison method was used for thigrasent of weights. This method was developed
by Saaty in the early 1980s (Malczewski, 1999). Method entails the creation of pairwise matrix
and computation of criteria weights. The scale thas$ used for pairwise comparison is illustrated in
the table below. Pairwise comparison uses a sdaleto 9 to rate the relative preferences for two
criteria and this is illustrated in the table below

Table 4 Scale for Pairwise Comparison

Intensity of

Importance Definition

1 Equal importance

2 Equal to moderate importance

3 Moderate importance

4 Moderate to strong importance
5 Strong importance

6 Strong to very strong importance
7 Very strong importance

8 Very to extremely strong importance
9 Extreme importance

Source: Saaty (1980) in (Malczewski, 1999)

The weightings may range from equal importance tanking of extreme importance,
such as criterion A is extremely important thantecibn B. These weights are
expressed by the jury and to the seven criteribl€T4). The results of their weighting
did not reveal much variation. The individual matof pairwise comparisons by jury
was then averaged out and the results are illestiatTable 5.

Table 5 List of Criteria

Criterion
A Congestion levels
B Network Connectivity

C Population areas accessed
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Employment areas accessed

Proximity to ecologically protected areas

Proximity to archaeological/historical sites
Potential areas of economic development accessed

Table 6 Pairwise Comparison of Evaluation Criteria

Criterion | A B C D E F G
A 1 6 6 7 4 5 7
B 1/6 1 5 3 4 7
C 1/6 1/6 1 4 5 5 6
D 1/7 1/5 1/4 1 2 3 4
E 1/4 1/3 1/5 1/2 1 3 6
F 1/5 1/4 1/5 1/3 1/3 1 4
G 1/7 1/7 1/6 1/4 1/6 1/4 1
2.069 8.093 13.817 18.083 15.500 21.250 35.000

The table below presents the criterion weights weae computed from the above table.

Table 7 Determining the Relative Criterion Weights

Criterion | A B C D E F Sum Weights
A 0.483 0.741 0.434 0.387 0.258 0.235 0.200 2.739 | 0.391346
B 0.081 0.124 0.434 0.276 0.194 0.188 0.200 1.497 | 0.213808
C 0.081 0.021 0.072 0.221 0.323 0.235 0.171 1.124 | 0.160575
D 0.069 0.025 0.018 0.055 0.129 0.141 0.114 0.552 | 0.078807
E 0.121 0.041 0.014 0.028 0.065 0.141 0.171 0.581 | 0.083038
F 0.097 0.031 0.014 0.018 0.022 0.047 0.114 0.343 | 0.049045
G 0.069 0.018 0.012 0.014 0.011 0.012 0.029 0.164 | 0.023382

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

The figure below illustrates the criteria tree biito SMCE. The weights defined by the stakehader

are assigned

to the different criteria using thiealimethod.

File Edit Mode Analvsis Generate View Help

| & &=tz | S 5% o & X n il @6 &
Criteria Tree | Alternative 1

%ﬁ‘ Find suitable locations For bridge route -- Direct B Al 1
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----- B 0,39 congestion - Std:Convesx(D.000, 2, 000) B alticonges
----- &% 0,21 network, connectivity - Skd:Goal(0,000, 1,000) 0.93
----- By 0,16 population density - Std:Inkerval ED population
----- EyF 0,08 employment density -- Skd: Interval B employmer
----- E%F 0.05 histarical and archaelogical sites -- Std:Goalin.000,103.421) BT Histarical _d
----- EyF 0.09 ecological areas -- Std:Goal{n.000, 2000,000% B ecology_di
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The outputs of this SMCE are five different comp@snaps which have different suitability values of
Otol.

4.4.3. Assigning suitability values to the routes

The procedure of assigning suitability values ®filie alternative routes includes applying a budfie
100metres to the different routes with the asswnptiiat the area around each road link will capture
the spatial characteristics of the road. The degasf 100 metres is selected with the reasoning tha
urban areas have a block sizes of around 100niattesgth.

J Spatial Analyst "" Layer. ISUitSerdas.img j
Zone dataset: |H|t5bLIFF1EID j El
Zane field: [aitsbuFF100.1d
Walue raster; IsuitSerdas.img j El

[ Ignore MaData in calculations

¥ Join output table ko zone layver

¥ Chart statiskic: IMEan j

Cutput Eable: | CATempizstats. dbf g”'l

The Zonal Statistics function from ArcMaps Spatlalalyts has the capability of extracting and

summarising raster values to a polygon layer. Rsrpurpose the buffered routes were used to éxtrac
suitability values from the composite maps. Thefdrefd routes are the main input in this procedure
and the different composite maps are used as valster maps. The figure below illustrates the
composite map for alternative five along with theffered route. Essentially the zonal statistics
function summarizes the suitability values thatarerlaid by the buffered route in a table format.
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5. Results and Discussions

5.1.  Network Analysis Results

5.1.1. Generated Routes

The map below shows the alternative locations @& plmoposed third bridge. These alternative
locations are proposed by Turkey’s Ministry of Tspart. Alternative 1 is situated in between the two
existing bridges and the other 4 alternatives acated to the north of thé“bridge. Based on these
five alternative locations, routes were generatethe basis of travel time and physical distance.

Alternative locations for proposed third bridge

Altemative locations for 3rd bridge - Bosporus

0 2 4 8 12

Kilometers
16

The five maps below show the routes generatedhiffive alternative locations of the third bridge.
The origins are located on Trans European Motoraaythe the far east and western side of the
utilized road network extent. The destinationstaeeproposed location of the bridge. Optimal routes
are defined by the physical distance of the roatalined with the travel time on each link.

Alternative 1 has a route length of 90.37 kilomgtaed a total travel time of 118minutes. This appea
to be the shortest route of all the alternativabsthe second least travel time. This may be atiibto
the fact that the route runs through the main edrtusiness district of Istanbul where congestion
levels are high, accordingly the travel time isteiigh.
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The second alternative route is basically simitarthat of alternative 1 except for the fact that it
branches off to the direction of the second altidracdbridge on the last few kilometres. The rowgte i
97.68km in length and has the least travel timallathe routes with a 115 minutes. This is attréalt
to the fact that as the route leaves the TEM after?” exisitng bridge the road links become less
congested as trip makers are using the TEM mastlinfercontinental trips.

Generated Route - Bridge Altemnative 2
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The route generated for alternative 3 becomes pngth a length of 101.23 kilometres. The travel
time stood at 119 minutes.

Generated Route - Bridge Alternative 3
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Alternative bridges 4 and 5 which are located rigtnorth of the Bosporus strait logically proved t
have the longest routes and accordingly the masgektime. Alternative 4 has route length of 106.71

kilometres and a total travel time of 134 minutddternative 5 route has a length of 125.579
kilometres and a travel time of 154 minutes.

Generated Route - Bridge Alternative 4
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Generated Route - Bridge Alternative 5
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A common characteristic among these generatednattee routes is that the generated paths are
mostly following the Trans European Motorway. Thiffedences become apparent as the bridge
locations are located more up north. The furthethnthe location of the bridge the longer the route
becomes. Travel time also increases with the lerggtihe route however the travel time for
Alternative 1 is longer than Alternative 2 evenugb the route length of Alternative 2 is longermha
1. This may be attributed to the heavy traffic dign® the inner city where Alternative 1 lies. The
table below summarises the characteristics ofitteeafiternative routes that have generated.

Table 8 Alternative Routes Length

Alternatives  Route

Length(km)
Alternativel 90.37 118
Alternative2 97.68 115
Alternative3 101.23 119
Alternative4 106.710 134
Alternative5 125.578 154
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5.2.  Traffic Assignment results

The figure below shows the results of the traffmwf assignment of Alternative 2 carried out on
Flowmap. These flows represent 24hour flows in dingction. The yellow segments represent lower
flows while the red segments illustrate higher lew# flow.

Traffic Flow Assignments (All or Nothing)

The 2023 trips were assigned onto the 2006 netimoskmulate traffic conditions with the addition of
each alternative bridge.

The results of the five alternatives shown below tire result of an All or Nothing Assignment to
simulate the 2023 traffic conditions. In these fegitraffic volume on each road section is drawn by
the colours yellow to brown which is proportional the traffic volume — yellow representing low
traffic volume and brown representing a high volume

The results of traffic assignment from this modelynmave introduced errors due to the limitations of
an AON assignment. An AON assignment is also reteto as the minimum path algorithm and is the
simplest route choice assignment. The underlyinguraptions for AON are that there are no
congestion effects, all trip makers consider thaesattributes for route choice and they perceiesgh
route choices in the same way. Therefore the eshét are presented below may be limited and
unrealistic in that it does not consider congesgtiacts and the differences in travel times mayeha
caused unrealistic travel paths. Accordingly taféi only assigned to road links that has the mimim
cost resulting in overloading the links. This typkassignment may be applicable in sparse and
uncongested networks, however in Istanbul thisosthe case so an alternative traffic assignment
model that considers congestion levels would balide

To compute congestion levels, the simulated dadw$ of 2023 represent volume and the existing
road capacity represents the capacity of each segginent. The proxy Volume/Capacity is then
applied and values greater than 1 are essentialigejved to be congested segments. In the figures
below each road link is drawn using either the golgellow or brown. Yellow represents links that
have a congestion level of less than 1 and browresents all road links with a congestion level of
that are greater than 1. Looking at traffic voluimell alternatives the volume capacity ratio extsee
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1.0 on a significant number of road links in 20ZBis means that future traffic conditions will be
catastrophic if no improvements are made to thstiexj road transport network.
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Alternative 2
Traffic Flow Assignment 2
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Alternative 3
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Traffic Flow Assignment 4
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Traffic Flow Assignment 5
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The above maps represent the daily traffic flond emngestion levels for the five alternative routes
can be seen that Alternatives 4 and 5 have the teasber of road segments that are congested.
Alternative 2 proved to have the most number ofireagments that have a Volume over Capacity
ration of greater than 1. It should also be noted these are forecasted traffic flows for the \&G#3,

the capacity of each road link used to calculagecttngestion levels are the existing capacity sitna

in Istanbul. In reality the capacity for 2023 shiblle much higher; however this serves as a good
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indicator for planners to increase the capacitthefr roads. The table below summarizes the number
of congested road segments for the five alternsitive

Table 9 Congestion Levels

Alternatives No of road segment Total No of road segments
congested V/C >1

Alternative 1 4119 14042

Alternative 2 5582 14042

Alternative 3 4088 14042

Alternative 4 3892 14242

Alternative 5 3894 14042

5.3.  Spatial Multi Criteria Evaluation Results and  Assignment of Values

After running the spatial multi criteria evaluation ILWIS the results are illustrated in the figure
below. These five different composite maps reprieten suitability values of each alternative route
based on the user defined criteria. It should bechthat the criteria maps for population density,
working population density, ecological areas, ewicodevelopment areas and historical and
archaeological sites are the same for the fiverateres. The difference in the ultimate composite
maps lies in the different congestion level offike alternatives and its network connectivity.

The base criteria maps and the standardized mapsbeaviewed in the Appendix. It basically
illustrates the base criterion maps and the regu#ttandardized maps.
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Alternative 5 Composite Map
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These five buffered alternative routes are theligaed suitability values from the composite maps
that it overlays. The results show that Alternatieeite 5 has the least total suitability values and
Alternative 5 had the largest total suitability we$. This is logical as Alternative 1 has the swsirt
route implying it covers a lesser extend of suéadrleas in comparison to Alternative 5 and therothe
routes.

The figure below presents the resulting table fritve zonal statistics procedure. The row “count”
represents the total number of pixels that is aedidny the buffered route. The row “area” represents
total the surface area covered by the route. Thmifimum” and “maximum” rows represent the
minimum and maximum suitability value that is caadrby the route. “Mean” is the average
suitability value with regards to the total suitapivalues in a buffered route. The “sum” is the
accumulated suitability value per alternative route
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ALTERNATIVES Route length (km) Accumulated Suitability per kn
Suitability Values

Alternative 1 90.371 687.63 7.6

Alternative 2 97.684 900.03 9.2

Alternative 3 101.227 1013.26 10.1

Alternative 4 106.710 1323.92 12.4

Alternative 5 125.578 1254.47 9.99

To show the real difference in terms which alteiugatoute is suitable the suitability values per km
were calculated for each route. The above reshttsyghat Alternative 4 has the highest suitability
value of 12.4 per kilometre. Alternative 3 has #@adility value of 10.1 per kilometre followed by
Alternative 5 and Alternative 2 respectively withlwes of 9.99 and 9.2. Alternative 1 proved toHe t

least preferred route scoring a suitability valti&.6 per kilometre.

It can be inferred from these results that Altaxead is the most preferred route with regardstpto

transport efficiency, accessibility and protecttbe general environment. Looking over the individua
criteria cost maps it can be observed that Altéraa#t scored really well in terms of transport
efficiency. It had the lowest congestion levels ahd highest connectivity. Moreover transport

efficiency was given the highest weight by the staltders.

Alternative 1 is the least preferred route basjchécause it lies in the middle of the central bess
district, where traffic density is really high, lencongestion levels are high. As congestion lexeads
assigned quite a significant weight in the critdrige the alternative 1 route’saccumulated suitgbil

values is low.
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6. Conclusion and Recommendations

The main objective of this research has been aetiéw that it has formulated a methodological
approach to generate alternative and evaluatdtttraative routes for five proposed locations tddu

a third bridge in Istanbul. The approach has begridmented and case studied in Istanbul. The gesult
may serve as an aid for decision makers in theystnela. The most preferred alternative route which
is Alternative 4 is located up north of the Bospostrait. This alternative had relatively lower

congestion levels as well as being accessiblegioyhpopulated areas and areas of employment.

The research questions posed at the beginningeofdbkearch have been answered and the main
findings are summarized below:

Sub Objective 1

The methods that have been identified to generadeeaaluate route alternatives include least cost
path analysis. The general idea behind this approamlves generating suitability maps to based on
user defined criteria followed by indentifying aptimal route using a least cost path procedure. In
defining the criteria for evaluating the alternasvthe initial criteria list had to be shortlistadd
screened according to the general planning priesipf Istanbul and also taking data availabilityin
consideration. Stakeholders preferences were taki|en consideration during the early stages of
research where discussions were held and feedbatk veceived on the relevant criteria for
evaluation in the local context. At this point sthklder’'s involvement only involved informal
discussions and open interviews. The weightinggassént phase is fundamental to the results of the
evaluation as the stakeholder's perception of tifferdnt criteria will determine the results of the
evaluation.

Sub Objective 2

The process of travel demand modelling was absnallate traffic flows for the year 2023. This was
done on Microsoft Excel and Flowmap. However onehef limitations faced in this phase of the
research is that the modal split module was natezhout fully as the Flowmap software has limited
functionality with regards to this. The AON traffssignment may have also introduced errors in the
outputs as a result of the underlying assumptidrised)AON model. It would have been ideal to carry
out the travel demand modelling on software likangCad where a full modal split analysis and
traffic assignment module can be carried out fully.

Sub Objective 3

The question of criteria identification, weightiagsignment and assessment of alternatives has been
answered. The process of criteria identificatiomolmed steps such as generating a preliminary list
based on similar projects in Istanbul, screening ligam of experts based on three guiding prirgiple
that they defined themselves. The final list oteria are identified from the screened list based o
data availability. It should be noted that critesiach as operational and maintenance costs, ldndsva
and air pollution are important criteria that slibtlave been considered in the study but wer not
because of issues with data availability.

Ultimately the generated routes were evaluatedcamdpared on ILWIS SMCE platform and zonal
statistics function in ArcMap. Following the evadiioa Alternative 4 was identified as the most
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preferred alternative route,, scoring the higleestumulated suitability value as well as the hitjhes
suitability value per kilometre of the route.

In conclusion the research has been able to andweedecision problem, which is to develop a
methodological framework that will be able to geterand evaluate alternative routes. Additionally
the approach should able to be implemented in ainsiudies and preferably improving the travel
demand modelling procedure and also looking cloaeBvaluation criteria.
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8. Appendix

Standardized map of Population density
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Distance calculation of economic development areas
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Distance Calculation of Historical and Archaelogical areas
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Distance calculation of ecological areas
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