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Abstract

Research Article

Although sustainable transportation is generally referred to with air pollution, global warming and
climate change; it refers to a wide transportation structure that is sustainable in terms of economic,

social and environmental effects. In this study, Ankara's sustainable urban transportation performance
was compared with Istanbul, Izmir, Konya and Antalya, using the Sustainable Urban Transportation
Index (SURKENT), which was previously developed by the author. In SURKENT, 15 sub-indicators
are defined under 4 main indicators. The main indicators are Environmental Performance (EP),

Transportation Performance (TP), Energy Performance (EnP) and Municipality Governance
Performance (MGP). 4 sub-indicators were used under Environmental Performance, 7 under

Transportation Performance, 2 under Energy Performance and 2 sub-indicators under Municipality
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Governance Performance. Minimum-maximum normalization was used for sub-indicators containing

quantitative data, and 0-100 scoring was used for qualitative data. The ranking of cities with the highest
sustainable urban transportation performance was found as follows: Istanbul, Izmir, Konya, Ankara,
Antalya. Ankara; it is 3rd in EP, 3rd in TP, 5th in EnP and 2nd in MGP.
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1. Introduction

According to the data of the United Nations Department of
Economic and Social Affairs, it is expected that 2.5 billion people
will be added to the urban population by 2050 and 68% of the
world's population will live in urban areas [1]. According to World
Bank data, today more than half of the world's population, 75% of
the population in Europe and 76% of the population in Tiirkiye live
in urban areas [2]. In parallel with this population density living in
urban areas, the number of motor vehicles and the use of motor
vehicles has increased day by day, and with the expansion of urban
areas, the mobility demands of urban residents have increased. As
a result of these increases, many cities have faced problems such
as traffic delays, traffic accidents, negative environmental impacts
and a decrease in the quality of life.

According to the Brundtland Commission Report (1987),
sustainable development is defined as “development that meets the
needs of the present without compromising the ability of future
generations to meet their own needs” [3]. Sustainable
transportation is meeting the transportation needs of people and
goods in a healthy environment, fairly, with affordable costs, and
using resources efficiently [4].

Over the past decade, European Union cities have begun to
adopt a sustainable planning approach to improve the quality of
life. In this approach, the development of public transportation,
pedestrian and bicycle transportation, which is more economically
and environmentally efficient than the use of private car, is at the
forefront.

Indexing studies; it allows countries, cities, institutions and
organizations to see their rankings in various subjects and fields.
Although there are many indexing studies in various fields,
sustainable transportation indexing studies are limited.

In 2009, the European Green City Index was designed in a
research project carried out by the Economist Intelligence Unit
under the sponsorship of Siemens. With this index, the
environmental performance of 30 European cities was measured
and ranked, taking into account 30 individual indicators per city
[5].

Litman (2011), in his study titled "Sustainability and Livability",
defined 40 performance indicators in 4 main categories (Economic,
Social, Environmental, Good Governance and Planning) for
sustainable transportation. According to Litman, indicators should
be selected carefully. Inappropriate or incomplete indicators can

23


http://www.ijastech.org/
mailto:eozturk@gazi.edu.tr
http://dx.doi.org/10.29228/ijastech..1369878
https://orcid.org/0000-0002-4971-2442

Arikan Oztiirk / International Journal of Automotive Science and Technology 8 (1): 23-29, 2024

PARAPY..o o000 ™
v. "y ALTOMONVE ENGINEERS

misdiagnose problems and misdirect decision makers [6].

Sustainable Urban Transport Evaluation (SUTE) was developed
by the Korea Transport institute in 2014. SUTE consists of two
components: Status Evaluation and Policy Evaluation. There are
12 indicators in both components. The weight of the Status
Evaluation is 60%, while the weight of the Policy Evaluation is 40%
[7].

The Sustainable Urban Transport Index (SUTI) is an excel-
based index developed in 2017 by the Economic and Social
Commission for Asia and the Pacific (ESCAP) to help summarize,
track and compare the performance of Asian cities with regard to
sustainable urban transport. SUTI is based on ten indicators that
represent the transport system, social, economic and
environmental dimensions of sustainable urban transport [8].

SUMI (Sustainable Urban Mobility Indicators) is a tool,
coordinated by Rupprecht Consult-Forschung & Beratung GmbH,
that assists cities with performing a standardized evaluation of the
sustainability of their transport system, identify the strengths and
weaknesses of their mobility system and to focus on areas for
improvement. The starting point of the SUMI project (2017-2019)
is the "SMP2.0 Sustainable Mobility Indicators” developed by
WBCSD, the World Business Council for Sustainable
Development. The tool consists of 20 spreadsheets, each covering
one specific urban mobility indicator. In the project, 46 European
urban areas were tested with SUMI [9, 10].

Based on these index studies on sustainable transportation, the
SURKENT index was developed by the study author in 2017 [11].
In the SURKENT, indicators that directly affect the sustainable
transportation approach of cities and are renewable every year
were selected. There are four main indicators in SURKENT:
Environmental Performance (EP), Transportation Performance
(TP), Energy Performance (EnP) and Municipality Governance
Performance (MGP). In the first version of SURKENT, there are
14 sub-indicators under these 4 main indicators, some of which are
qualitative and some of which are quantitative. While some of the
index studies in the literature include many performance indicators
under the headings of economic, social and environmental
indicators [6, 7], some others include many performance indicators
independent of these three headings [8, 9]. Unlike index studies in
the literature, the Municipality Governance Performance
indicators is included in SURKENT. Sub-indicators in the MGP
allow Tiirkiye-specific conditions to be included in the index.

In this study, Ankara's sustainable urban transportation
performance is compared with Istanbul, Izmir, Konya and Antalya
using SURKENT.

2. Methodology

In the study, unlike the first version of the SURKENT index,
some indicators were removed and new indicators were added and
15 sub-indicators were defined under 4 main categories. These
four main indicators, 15 sub-indicators and the weights of these
sub-indicators were determined by consulting 5 different expert
opinions (2 civil engineers, 2 city and regional planners and 1
industrial engineer). The % weights in Table 1 were determined by

averaging expert opinions for each sub-indicator. In addition,
experts were asked to indicate the positive or negative effect of the
sub-indicator on sustainable urban transportation performance.
The four main categories and sub-indicators in SURKENT are:
Environmental Performance Indicators (EPi)
+ CO2 emissions (EPil)
« Air quality, particulate matter PM1o (EPi2)
« Traffic noise (EPi3)
« Green space per capita (EPi4)
Transportation Performance Indicators (TPi)
« Average vehicle trip per person (TPil)
* Passenger cars per 1 000 people (TPi2)
« Percentage of public transport trips (TPi3)
« Percentage of trips taken by walking (TPi4)
« Percentage of private car trips (TPi5)
* The length of bicycle paths (TPi6)
*Road traffic deaths per 1000 inhabitants (TPi7)
Energy Performance Indicators (EnPi)
* Fuel consumption per capita (EnPil)
*Renewable energy potential (EnPi2)

Municipality Governance Performance Indicators (MGPi)

« Intelligent transportation systems (ITS) performance
(MGPil)
« Life quality (MGPi2)

The quantitative data in the sub-indicators were indexed
between 0 and 100 by the minimum-maximum normalization
technique (Equation 1). Scoring of 0-100 was used for qualitative
data. After normalization of the data, index values for the four main
indicators were calculated using Equation 2. The final index value
was calculated by summing the index values of the 4 main
indicators (Equation 3).

(Xi-Xmin )

Normalized Xi = Kmax—Xmin)” 100 (1)
Main indicator index = (% Weight . Normalized X;) 2
Final index= EPi+ TPi+ EnPi+ MGPi 3)

Table 1 shows the following information about the indicators:
indicator type, weight, effect on the index, normalization technique.

2.1. Environmental Performance Indicators (EPi)

CO; emissions (EPil1): CO, emissions from road transportation

are an important pollutant with a high rate among all greenhouse
gas emissions. In this sub-indicator; CO. emission values in Gg
CO; equivalent(e.) per person, per vehicle and per km? were used.
The data in EPil was taken from the study titled "Comparative
Analysis of the Amount of Greenhouse Gas Emissions from Road
Transportation in Metropolitan Cities of Tiirkiye" prepared by
Diindar (2021) [12]. The weight of EPil in the main indicator of
environmental performance is 30% and its effect on the final index
is negative. Each of the Gg CO, equivalent (e.) emission values per
person, per vehicle and per km? has the same weight (%10).
Air quality, particulate matter PMyo (EPi2): Air pollution is a
problem that has negative effects on human health and whose
importance increases day by day. In this sub-indicator, particulate
matter (PM1o- ng/m3) data in the World Health Organization Air
Pollution Data Portal was used [13]. Current data for this sub-
indicator can be obtained from the Republic of Tiirkiye Ministry
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Table 1. Indicators table summary

Main Sub Ind. Weight Effect Norm.
Indicators indicators type* % el technique
CO: EPil 1 30 N Min-Max
Environmental PMuo Epi2 L 30 N Min-Max
Performance Trafllegigmse 1 15 N Min-Max
EP Green space 1 25 P Min-Max
Epi4
Average vehicle 1 10 N Min-Max
trip TPil
Passenger cars 1 10 N Min-Max
TPi2
. Public transport 1 20 P Min-Max
Transportation TPz
(PTeg)ormance Walking TPi4 1 20 P Min-Max
Private car TPi5 1 15 N Min-Max
Bicycle path 1 15 P Min-Max
length TPi6
Road traffic 1 10 N Min-Max
deaths TPi7
Fuel 1 50 N Min-Max
Energy consumption
Performance EnPil
(EnP) Renewable 2 50 P 0-100
energy EnPi2
. ITS 2 50 P 0-100
Municipality performance
Governance MGPil
performance Life quality 2 50 P 0-100
(MGP) MGPi2
* 1: quantitative 2: qualitative
** N: Negative P: Positive

of Environment, Urbanization and Climate Change, National Air
Quality Monitoring Network website [14]. The weight of EPi2 in
the main indicator of environmental performance is 30% and its
effect on the final index is negative.
Traffic noise (EPi3): A significant portion of the noise in urban
areas is caused by traffic-related noise. In this sub-indicator, the
proportion of the population affected by road traffic noise above
60 dB(A) was used. Noise data in EPi3 was taken from noise
action plans of cities. The data for Ankara was produced by the
author using noise maps of Ankara Metropolitan Municipality [15-
19]. The weight of EPi3 in the main indicator of environmental
performance is 15% and its effect on the final index is negative.
Green space per capita (EPi4): Green space; in addition to
functions such as microclimate, improving air, filtering dust and
reducing noise, it also has functions of positively affecting the
physical and spiritual structure of humans [20]. In this sub-
indicator, active green space per capita (m?/person) data was used.
The data in EPi4 was taken from activity reports prepared by
municipalities [21-25]. The weight of EPi4 in the main indicator
of environmental performance is 25% and its effect on the final
index is positive.

2.2. Transportation Performance Indicators (TPi)

Average vehicle trip per person (TPil): In transportation
planning, it is necessary to know average number of daily trips per
person. In this sub-indicator, the average number of daily vehicle
trips per person was used. The data in TPil was taken from the
study titled "The approaches in urban transportation planning
studies in Tiirkiye; problems and solutions" prepared by Ozalp

(2007) [26]. The weight of TPil in the main indicator of
transportation performance is 10% and its effect on the final index
is negative.

Passenger cars per 1 000 people (TPi2): Due to policies that
prioritize private transportation in Tirkiye individual vehicles,
which are an inefficient mode of transport compared to public
transportation, are widely used. Reducing private vehicle trips is
an important parameter for the sustainability of urban
transportation. In this sub-indicator, passenger cars per 1,000
people was used. The data in TPi2 was taken from Turkish
Statistical Institute (TURKSTAT) [27]. The weight of TPi2 in the
main indicator of transportation performance is 10% and its effect
on the final index is negative.

Percentage of public transport trips (TPi3): The sustainability
of transportation is directly related to the share of public
transportation trips in all trips. In many cities around the world that
adopt sustainable urban transportation approaches, priority is
given to public transportation systems and policies that encourage
and promote public transportation are implemented. In this sub-
indicator, the share of public transport trips in total trips was used.
The data in TPi3 was taken from transportation master plans
prepared by municipalities [28, 29, 30, 26]. The weight of TPi3 in
the main indicator of transportation performance is 20% and its
effect on the final index is positive.

Percentage of trips taken by walking (TPi4): The prevalence of
walking trips are great importance in improving personal and
social health, reducing environmental pollution and creating more
livable cities. In this sub-indicator, the share of trips taken by
walking in total trips was used. The data in TPi4 was taken from
transportation master plans prepared by municipalities [28, 29, 30,
26]. The weight of TPi4 in the main indicator of transportation
performance is 20% and its effect on the final index is positive.

Percentage of private car trips (TPi5): Private car is preferred
by road users because it provides comfort and freedom and also
due to inadequate public transportation services. High rate of
private car trips has a very negative impact on the sustainability
transportation. Therefore, private vehicles, which are extremely
inefficient in terms of energy consumption, environmental
pollution, capacity and traffic safety, should not be encouraged. In
this sub-indicator, the share of private vehicle trips in total trips
was used. The data in TPi5 was taken from transportation master
plans prepared by municipalities [28, 29, 30, 26]. The weight of
TPIi5 in the main indicator of transportation performance is 15%
and its effect on the final index is negative.

The length of bicycle paths (TPi6): Cycling is a mode of
transportation that does not pollute the environment, reduces fuel
consumption and is also very beneficial for human health. In this
sub-indicator, the rate of the bicycle path length to the land of the
city (km/km?) was used. The data in TPi6 was taken from the
“Roadmap Workshop for the Development of Bicycle
Transportation for Municipalities” report prepared by World
Resources Institute (WRI) Tiirkiye [31]. The weight of TPi6 in the
main indicator of transportation performance is 15% and its effect
on the final index is positive.
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Road traffic deaths per 1000 inhabitants (TPi7): Road traffic
accidents are an important public health problem for Tiirkiye as for
all countries. Approximately 1.35 million people worldwide die
each year due to road traffic injuries [32]. In addition, traffic
accidents cause a serious economic losses for individuals, their
families, and for nations. In building a sustainable transportation
infrastructure, it is very important to provide a safe traffic
environment for all road users. In this sub-indicator, road traffic
deaths per 1000 person was used. The data in TPi7 was taken from
TURKSTAT [33]. The weight of TPi7 in the main indicator of
transportation performance is 10% and its effect on the final index
is negative.

2.3. Energy Performance Indicators (EnPi)

Fuel consumption per capita (EnPil): More than 2/3 of the
world's energy consumption; It is met from fossil resources such
as coal, oil and natural gas. Similarly, almost all of the primary
energy consumption is met from fossil resources in Tiirkiye. This
dependence on fossil resources causes external dependence for
Tiirkiye, which does not have sufficient oil and natural gas reserves
[34]. In this sub-indicator, the amount of gasoline and diesel
consumption per capita were used. The data in EnPil was taken
from "Tirkiye Oil Market 2021 Sector Report" [35]. Fuel
consumption per capita was calculated using TURKSTAT
population data. The weight of EnPil in the main indicator of
energy performance is 50% and its effect on the final index is
negative.

Renewable energy potential (EnPi2): Renewable energy
sources such as solar, wind, wave power, bioenergy and
geothermal energy are important energy sources that do not pollute
the environment, reduce countries' external dependence and ensure
sustainability in energy consumption [36]. In this sub-indicator;
data on wind, geothermal and solar energy potentials of cities were
used. The data in EnPi2 was created using Tiirkiye's Wind Power
Plants Distribution Atlas [37], Tiirkiye's Geothermal Resources,
Projections, Problems and Recommendations Report [38] and
Solar Energy Potential Atlas [39]. For wind energy potential, the
number of wind power plants in operation and the power of the
plants (MW), for geothermal energy potential, the number of
geothermal wells, and for solar energy potential, the annual
average total radiation value (KWh/m2) were taken into account.
Renewable energy potentials of cities were produced by the author
using 0-100 scoring. The weight of EnPi2 in the main indicator of
energy performance is 50% and its effect on the final index is
positive.

2.4. Municipality Governance Performance Indicators

(MGPi)

Intelligent transportation systems (ITS) performance (MGPil):
ITS are information communication-based systems that exchange
versatile data between the user, vehicle, infrastructure, center, and
include monitoring, measuring, analysis and control mechanisms.
Reducing travel times, increasing traffic safety, efficient use of
road capacities, increasing mobility, efficient use of energy and
reducing damage to the environment are the main objectives of ITS

[40]. In the MGPIil indicator, the number of smart applications
such as mobile information systems, electronic map systems,
traffic control cameras, traffic monitoring systems, adaptive traffic
control, electronic traffic control systems, variable message signs,
smart parking management systems, smart road lighting systems,
vehicle tracking systems, electronic fee collection, smart bus stop
was taken into account. The data in MgPil was created by the
author using the information on the Republic of Tiirkiye Ministry of
Environment, Urbanization and Climate Change, Smart Cities
Department website and the reports prepared by the ministry [41].
Scoring between 0-100 was used for the ITS performances of cities.
The weight of MGPil in the main indicator of Municipality
Governance Performance is 50% and its effect on the final index
is positive.

Life quality (MGPi2): WHO defines Quality of Life as an
individual's perception of their position in life in the context of the
culture and value systems in which they live and in relation to their
goals, expectations, standards and concerns [42]. Transportation
activities, which take an important place in urban life, and the
problems they bring with them, significantly affect the quality of
life of urban residents. The data in MGPi2 was taken from the
"Tiirkiye's Cities Sustainability Research™ study prepared by
Bogazi¢i Universty & Mastercard [43]. In this study, climate,
gender equality index, natural resources index, environmental
quality index, order and security index, economic performance
index, culture-arts and physical infrastructure indicators were
taken into account for the quality of life. Quality of life scores were
used by converting them into a 0-100 scoring. The weight of
MGPi2 in the main indicator of Municipality Governance
Performance is 50% and its effect on the final index is positive.

3. Research Findings

Table 2 shows the findings of the environmental performance
indicator. According to EPil, Istanbul has the lowest value in CO;
emissions per capita, while Ankara has the highest. While Istanbul
has the lowest value in CO,emissions per vehicle, Konya has the
highest. Konya has the lowest value in CO, emissions per km?,
while Istanbul has the highest. Istanbul's high population density
and high number of vehicles are the factors that affect these results.
According to particulate matter PMo (ug/m®) data, istanbul has the
lowest value and {zmir has the highest. According to noise data,
Antalya has the highest population affected by traffic-related noise,
while Izmir has the lowest population. The highest value in the
green space per capita belongs to Konya, and the lowest value
belongs to Antalya.

Table 3 shows the normalized and weighted EPi data.
According to total scores in EPi, Konya ranks first, followed by
Istanbul, Ankara, Antalya and Izmir. The sub-indicator that affects
Konya's success in this main indicator is the amount of green space
per capita. The sub-indicator that causes Izmir to rank fifth is air
quality. (PM1o ug/m®).

Table 4 shows the findings of the transportation performance
indicator. According to TPil, izmir ranks first in average daily
vehicle trips per person. It is followed by Istanbul and Ankara.
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Table 2. Data of the environmental performance indicators
EPil EPi2 EPi3 EPi4
Gg Gg
Gg - Green
C(F%re %?ezf COe | PMy | 5054 | 55-50 | 6064 | 65-69 | >70 Fr’;’tz“;ggsg space
2 3 2
person | vehicle (Ij(elrolfg (ng/m®) | (dBA) (dBA) | (dBA) (dBA) | (dBA) 60 dB(A) (rzrg;(re]r
x10%) | x10) P
s 1453 41.49 3196 4568 Produced from Ankar_a Metropolitan Municipality 30 21
noise maps.
Antalya 11.97 37.17 1490 47.49 100400 | 63500 44100 32300 41000 41.73 3.2
Istanbul 9.17 37.02 26071 39.66 | 8890600 | 1746100 | 1144500 | 776800 | 734300 19.98 7.73
[zmir 11.03 41.65 4050 56.2 2416000 | 236500 | 155700 | 104000 | 50100 10.46 8.31
Konya 13.18 | 47.72 720 43.01 | 290400 | 173700 | 112400 | 84400 85300 37.80 48
Table 3. EPi index scores
EPil EPi2 EPi3 EPi4 Epi
Gg CO.e Gg CO.e Gg CO.e PMuo (ug/m?) Population rate Green space Tot;I
Per person x10* | Per vehicle x10* | Per km? x10™* 1o (Hg/m above 60 dB(A) | m?/per person score
N W N W N W N w N W N W
Ankara | 100.00 | -10.00 | 41.78 -4.18 9.77 -0.98 36.40 | -10.92 | 62.48 -9.37 39.73 9.93 -25.51
Antalya | 52.24 | -5.22 1.40 -0.14 3.04 -0.30 | 47.34 | -14.20 | 100.00 | -15.00 | 0.00 0.00 -34.87
fstanbul | 0.00 0.00 0.00 0.00 | 100.00 | -10.00 | 0.00 0.00 3044 | -457 | 1011 2.53 -12.04
[zmir 3470 | -3.47 | 4327 | -433 | 1314 | -1.31 | 100.00 | -30.00 | 0.00 0.00 11.41 2.85 -36.26
Konya | 74.81 | -7.48 | 100.00 | -10.00 | 0.00 0.00 20.25 | -6.08 | 87.43 | -13.12 | 100.00 | 25.00 | -11.67
N: Normalized ~ W: Weighted
Table 4. Data of the transportation performance indicators
TPil TPi2 TPi3 TPi4 TPi5 TPi6 TPi7
Average Passenger cars Percentage Percentage | Percentage | The length of Road traffic
vehicle trip of public h . .
or per 1 000 transport of trips ta}ken of private bicycle paths degths per 1000
inhgbitant people trips by walking car trips (km/km?) inhabitants
Ankara 1.33 298 49 28 23 0.08 0.05
Antalya 1.15 231 42 32 26 0.1 0.09
Istanbul 1.54 207 35 45 20 2.93 0.02
Izmir 1.59 199 39 37 24 0.5 0.06
Konya 1.10 169 37 39 24 1.26 0.12
Table 5. TPi index scores
TPil TPi2 TPi3 TPi4 TPi5 TPi6 TPi7
Average Passenger cars | Percentage of | Percentage of | Percentage of | The length of Road traffic TPi
g : . . - . deaths per
vehicle trip per per 1 000 public trips taken by private car bicycle paths 1000 Total
- - . - - )
inhabitant people transport trips walking trips (km/km?) inhabitants score
N W N W N W N w N W N w N w
Ankara 46.94 | -4.69 |100.00 | -10.00 [ 100.00 | 20.00 | 0.00 | 0.00 | 50.00 | -7.50 | 0.00 | 0.00 | 25.14 | -2.51 | -4.71
Antalya 10.20 | -1.02 | 48.06 | -4.81 | 50.00 | 10.00 | 23.53 | 4.71 |100.00|-15.00| 0.70 | 0.11 | 68.38 | -6.84 | -12.85
Istanbul 89.80 | -8.98 | 29.46 | -2.95 | 0.00 | 0.00 |100.00| 20.00 | 0.00 | 0.00 |100.00| 15.00 | 0.00 | 0.00 23.07
[zmir 100.00 | -10.00 | 23.26 | -2.33 | 28.57 | 5.71 | 52.94 | 10.59 | 66.67 |-10.00 | 14.74 | 221 | 3742 | -3.74 | -7.55
Konya 0.00 0.00 0.00 0.00 | 1429 | 2.86 | 64.71 | 12.94 | 66.67 | -10.00 | 41.40 | 6.21 | 100.00 | -10.00 2.01
N: Normalized ~ W: Weighted

Konya, where bicycles are widely used and car ownership is
lowest, has the lowest average daily vehicle trips per person.
According to TPi2, Ankara has the highest value of car ownership
per 1000 people. Ankara is followed by Antalya and Istanbul. The
higher the rate of public transport trips in a city, the higher the
sustainability of transportation. Although Ankara has the highest

value in car ownership, it is the city with the highest rate of public
transportation trips in all trips. This is an important factor for
Ankara to have sustainable urban transportation. Istanbul has the
highest value for trips taken by walking. Due to heavy traffic
congestion in Istanbul, pedestrian trips are preferred. The rate of
private car trips are close to each other in the 5 cities. The increase
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in bicycle trips, like the increase in public transportation trips, is a
factor that affects the sustainability of the city's transportation.
However, the importance of providing safe cycling infrastructure
accurately and completely should not be forgotten. According to
TPi6, Istanbul ranks first and Konya ranks second in the length of
bicycle paths. According to TPi7, Konya has the highest value in
the death rate due to road traffic accidents, while Istanbul has the
lowest value.

Table 5 shows the normalized and weighted TPi data.
According to total scores in TPi, Istanbul ranks first, followed by
Konya, Ankara, izmir and Antalya. Istanbul's score in this main
indicator is significantly higher than the other 4 cities. Therefore,
it is possible to say that Istanbul is the most successful city in terms
of transportation performance indicators. Sub-indicators affecting
Istanbul's success are the percentage of pedestrian trips and the
length of bicycle paths. The sub-indicator that causes Antalya to
rank fifth is the percentage of travel by private vehicle.

Table 6 shows the findings of the energy performance indicator.
According to EnPil, Konya has the highest value in fuel
consumption per capita and Ankara's value is very close to Konya.
According to EnPi2, izmir has the highest value in renewable
energy potential, while Ankara has the lowest.

Table 7 shows the normalized and weighted EnPi data.
According to total scores in EnPi, Istanbul ranks first, followed by
Izmir, Antalya, Konya and Ankara. The sub-indicator that affects
Istanbul's success in this main indicator is that it has the lowest
value in fuel consumption per capita. Ankara ranks last in this main
indicator due to having the lowest renewable energy potential.

Table 6. Data of the energy performance indicators

EFnPiIl EnPi2 Renewable energy potential
ue
consump_tion Wind | Geothermal | Solar | Average
per capita
Ankara 0.3903 20 50 50 40
Antalya 0.3424 40 10 100 50
Istanbul 0.2626 90 20 40 50
Izmir 0.3228 100 100 70 90
Konya 0.3996 50 40 80 57
Table 7. EnPi index scores
EnPil .
Fuel consur_nption iﬁi;gfsgteeﬁt:f EnPi
per capita Total score
N W Average w
Ankara 93.22 -46.61 40 20 -26.61
Antalya 58.24 -29.12 50 25 -4.12
Istanbul | 0.00 0.00 50 25 25.00
[zmir 43.96 -21.98 90 45 23.02
Konya | 100.00 | -50.00 57 28.5 -21.50
N: Normalized =~ W: Weighted

Table 8 shows the findings of the municipality governance
performance indicator and the normalized and weighted MGPi data.
According to MGPil, Istanbul has the highest value in ITS
performance, while Antalya has the lowest. Although the quality

of life values of the 5 cities are close to each other, Antalya has the
highest value and Istanbul has the lowest. According to total scores
in MGPi, Istanbul ranks first, followed by Ankara, Izmir, Konya
and Antalya. "Sustainable Urban Mobility Plans SUMP", which
has been developed by European policy makers since 2005, has
started to be implemented in many European cities [44]. Many
municipalities in Tiirkiye have adopted the SUMP planning
approach and started working. Istanbul is the city that has made the
most progress in SUMP studies. Istanbul Sustainable Urban
Mobility Plan (SKHP) was published in March 2022 [45].

Table 8. Data of the municipality governance performance
indicators and MGPi index scores

MGPil MGPi2

ITS performance Life quality MGPi

O-l(_)O W 0-1(_)0 W Total score

scoring scoring
Ankara 80 40 65.60 | 32.80 72.80
Antalya 50 25 68.30 | 34.15 59.15
Istanbul 90 45 57.00 | 28.50 73.50
Izmir 70 35 66.30 |33.15 68.15
Konya 60 30 63.20 | 31.60 61.60

W: Weighted

Table 9 shows the final index scores for 5 cities. According
to the final index, Istanbul ranks first, followed by izmir, Konya,
Ankara and Antalya.

Table 9. Final index scores

EPi TPi EnPi MGPi Final
. Rank
score | score | score score index score
Ankara | -25.51 | -4.71 | -26.61 72.80 15.97 4
Antalya | -34.87 | -12.85 | -4.12 59.15 7.30 5
istanbul | -12.04 | 23.07 | 25.00 73.50 109.54 1
[zmir -36.26 | -7.55 | 23.02 68.15 47.36 2
Konya |-11.67 | 201 |-2150| 61.60 30.44 3

4. Conclusions

When evaluated in terms of CO, emissions, it is possible to say
that Ankara has a negative potential. The fact that Ankara ranks
second after Konya in the green space per capita is a positive
situation in terms of sustainable transportation. Although Ankara's
having the highest value in car ownership creates a negative
potential in terms of sustainable transportation, having the highest
share of public transport trips in total trips provides a positive
potential. Infrastructure work to increase the length of bicycle
paths in Ankara continues rapidly. With the SMART Ankara
project implemented by Ankara Metropolitan Municipality, efforts
continue to make urban transportation more sustainable.
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