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Abstract: Transportation is an important component in the sustainability. Making the right decision on
transportation investments plays an important role in saving the resources. Transportation master plans
that focus on transportation investments require a decision-making process on resources. In this study,
the analytical hierarchy process, which is a multi-criteria evaluation technique, is used. It is being
investigated which component of sustainability is effective in transportation systems of different sized
cities.

Keywords: sustainable transport; decision making; transport planning

Introduction

The city is defined as "a settlement unit in continuous social development that meets the
basic needs of the society and is composed of small neighbourhood units, which are more
concentrated in terms of population with fewer people nowadays engaged in agricultural
works"(Aydogdu, 2013).

Demographically in Turkey 100.000-750.000 populated cities are medium sized. The
cities with a population above this value are defined as big sized (Uzmez, 2012).

Large-scale cities;
e Grows uncontrollably and quickly.

e The continuity of mobility can’t be ensured.
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e The time and money spent on transportation is excessive.

e 40-50% of the journeys are home-business trips (Burgess and Jenks, 2002).

Ankara is an example of large-scale cities in terms of its attributes. The rate of home-

business trips in the city is 50-60%.

It seems that the built-up periphery of Ankara has reached a radius of 50 km. (UTTAC,
2014)

Medium — Sized Cities
e Urban economic functions are presented in a mixed way.
e Has a sustainable urban future potential with its intact structures.

e Home-business day trips are moderate (Tosun, 2013).

Rize city, which is examined in the scope of the study, can be given as examples of
medium sized cities in terms of its attributes. The rate of home-business trips in Rize is 28%.
There is a negative effect on the development of the transportation network of the topography
which is in a rugged structure throughout the city. Urbanization speed is slow due to inadequate

transportation network structure (UTTAC, 2016).

Sustainable transport systems are shaped by the choice between multiple scenarios in
the process of planning. At the beginning of the conditions necessary for a healthy selection of
the type of transportation, it is necessary to make a comparison between the scenarios. There
are different problems in different sized cities. As a solution to the problems, more than one
suitable alternative should be produced according to the attributes of cities and these
alternatives should be evaluated with social, economic and environmental criterias. (Orman vd..

2018).

Multi Criteria Decision Method

Multi-criteria evaluation is the method of selecting the best one from multiple
alternatives produced for problems. The choice of scenario is important in terms of
sustainability of future transport systems, in keeping with economic, social and environmental

criteria.
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One of the methods used among multi-criteria evaluation methods is the analytical
hierarchy method (AHP). AHP is a frequently used method that results in a multidimensional
structure. In transportation plans, expert opinions are taken and important criteria are
determined for the city. Alternative scenarios according to the calculated criteria weights are

evaluated with AHP and the most appropriate scenario is determined (Orman vd.. 2018).

Findings and Discussion on Ankara Transport Master Plan and Rize Transport Master
Plan

Ankara Transportation Master Plan and Rize Transportation Master Plan were made by
Urban Transportation Technology Accessibility Implementation and Research Center
(UTTACQ). It is evaluated by multi-criteria evaluation method from the scenarios developed

within the scope of the plans. (See Table 1)

Table 1. Criteria Used In Transportation Master Plan

Main Criteria . .SUb Definition
Criteria
Journey The cost of a journey created by a
Economic Cost passenger
Investment The cost of investment for
Cost transportation types
Journey Km per average Journey time of a
Time passenger
Air Emission value created by
Environmental Pollution transportation types
Noise Decibel value created by
Pollution transportation types
Energy Type of transport energy
Consumption consumption (Kcal/passenger)

Each city has its own different dynamics. Ankara and Rize are cities of different sizes
and different attributes in terms of which is stated in the study. Different results are observed
for the transportation plan for Ankara and Rize, where the same method is used for the two

transportation master plans. If these results are to be examined;

5 main objectives have been set for the Ankara transportation master plan;

e Reduction of motor vehicle traffic in the future

e Improving the public transport infrastructure
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e Increasing mobility and accessibility inner city

e Ensure sustainable transport system with efficient use of transport system

e (Creating a more livable urban environment.

It is seen that 4 alternative scenarios are produced in line with the targets set for Ankara
city. (See Table 2) The weights of the criteria determined for evaluating such scenarios as a
result of expert opinions are as in the decision equation (See equation 1). The economic criterion
value is 54% while the environmental criterion value is 46%. Briefly, the economic measures

for Ankara city more important than environmental measures.
As a result of these calculations, a decision equation is formed,

Fk= (0,15*Journey Cost + 0,13*Investment Cost + 0,25*Journey Time)+ (0,09xAir Pollution

+0,07«Noise Pollution + 0,30%Energy Consumption) )

In the equation, the cost of the multi-criteria evaluation of the scenario is calculated

using the standardized costs in each scenario. According to this:

Table 2. Total Weight Factor Ratio For The Scenarios

Rail

Scenarios Current Highway Road Mixed

Ec(‘;;“)’m'c Cost %40 %38 %36 %37
(1]
g;‘svt‘:;“)me“tal %44 %45 %37 %30
(1]

Total Cost (%) %84 %83 %73 %67
o
]fi’si f;y““tage %84 %83 %73 %67

It is observed that the mixed development scenario is less costly and preferable than the

other scenarios when evaluated by the analytical hierarchy method (UTTAC, 2014).

In Rize, another city of this study, there are four main objectives of the transportation

master plan;

e Reducing the effects of the vehicle traffic foreseen by the increase,

46



BEYOND ALL LIMITS 2018: International Congress on Sustainability in Architecture,
Planning, and Design, 17-19 October 2018, Ankara, Turkey
e Improvement of public transport infrastructure and transfer of travel requests from
individual transport to public transport
e Formation of mobility by keeping accessibility in urban transport
e Making environment and energy efficient use and transportation systems sustainable,

e [t is seen that 4 alternative scenarios are produced for the targets determined for Rize

city. (See Table 3)

In Rize, the weight of the economic criteria is 46% while the weight of the

environmental criteria is 54%.

In summary, environmental measures for Rize city seem to be more dominant than

economic measures.
As aresult of these calculations, a decision equation is formed;

Fk= (0,55*Journey Cost + 0,26+Investment Cost + 0,17+Journey Time)+ (0,25%Air Pollution

+ 0,50%Noise Pollution + 0,25*Energy Consumption) 2)
When the equation is written in place of the standardized costs in each scenario:

Table 3. Total Weight Factor Ratio For The Scenarios
Rapid

Scenarios Monorail Tram . Current
Bus Line
Economic Cost %31 %32 %20 %36
(%)
Environmental %352 %150 %351 %150
Cost (%)
Total Cost (%) %84 %383 %71 %86
% Percentage %84 %83 %71 %86
Display

It is observed that the rapid bus line scenario is less costly and preferable than the other

scenarios when evaluated by the analytical hierarchy method (UTTAC, 2016).

Conclusion

Techniques are used to make choices with decision-making mechanisms that determine

more than one criteria in order to solve problems in urban transportation planning. For Ankara,
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a big size city, it seems that a mixed scenario targeting an economically sustainable
transportation system has been selected to reduce motor vehicle use, to direct traffic demand
from private automobiles, increase accessibility within the city, and create a more livable urban
environment. For medium sized Rize city, it is seen that the rapid bus line scenario is selected
as a system that reduces the environmental effects of the motor vehicle system, promotes mass
transportation, does not harm the environment that aims for a more environmentally sustainable
transportation system with the efficient use of the economy, and contributes to economic

development.

The study uses the analytical hierarchy process method. Within this method, expert
opinion is asked and method is applied. As a result of the applications made in Ankara which
is a large scale from the 2 cities examined, it is seen that the travel time is the most weighted
by the economic criteria. This may be attributed to the high population of Ankara and therefore
the demand for travel. The high cost of travel may be attributed to frequent travel by passengers.
In Ankara, air pollution is the most important environmental criterion. This weight may be
attributed to the number of Ankara's intensive private vehicles and the emission of greenhouse

gases generated by these vehicles.

In the medium-sized city of Rize, environmental criteria are more weighted. The city of
Rize is plenty with vegetation. As a result of this situation, air pollution may be considered as
having a low weight by the experts. Long journeys between neighborhoods in the city may
cause the journey time to have a heavier value on economic criterias. The public transportation
service in Rize is done at high prices due to its long distance. This may have an impact when

the travel cost variable is having an average weighted parameter.

Acknowledgments

The authors would like to extend their thanks the editors, referees and experts for their
valuable contributions to the present study. This study was supported by the data of the Project
on the Transportation Master Plan of the Ankara Metropolitan Area and Its Surroundings and

Transportation Master Plan of Rize

48



BEYOND ALL LIMITS 2018: International Congress on Sustainability in Architecture,
Planning, and Design, 17-19 October 2018, Ankara, Turkey

References

Aydogdu, 1. B. (2013). Information City: The Anatomy of a Change. Journal of
Knowledge Economy and Management, 8(2).

Uzmez, U. (2012). Medium Urban Areas Search for Solutions to Problems in Turkey:
The Case of Zonguldak. Journal of Faculty of Economics and Administrative Sciences, 14(2),
1-32.

Burgess, R., & Jenks, M. (Eds.). (2002). Compact Cities: Sustainable Urban Forms For
Developing Countries. Routledge.

Tosun, K. E. (2013). Analysis Of The Compact Urban Model in The Sustainable Urban
Development Process. Dokuz Eyliil University Journal of Social Sciences Institute, 15(1), 103-
120.

Orman, A., Diizkaya, H., Ulvi, H., & Akdemir, F. (2018). Multi-Criteria Evaluation by
Means of Using the Analytic Hierarchy Process in Transportation Master Plans: Scenario
Selection in the Transportation Master Plan of Ankara. Gazi University Journal of
Science, 31(2).

UTTAC (2014). AUAP Plan Raporu. Urban Transportation Technology Accessibility
Implementation and Research Center, Ankara: Gazi University.

UTTAC (2016). RUAP Plan Raporu. Urban Transportation Technology Accessibility
Implementation and Research Center, Ankara: Gazi University.

49


https://www.researchgate.net/publication/328419548


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after page 817
     Number of pages: 1
     Page size: same as page 1
      

        
     Blanks
     Always
     1
     1
     817
     2557
     214
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
       CurrentAVDoc
          

     SameAsPage
     AfterNum
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





