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ARTICLEINFO

Her tiretim unsuru beraberinde negatif digsallik yaratmaktadir. Bu ¢alismada, ulagtirma sektoriiniin yarattigi
negatif digsallik genisletilmis gevresel girdi-gikt1 analizi ile incelenmektedir. WIOD girdi-¢ikti tablosunda
ulagtirma sektorii kara tagimacilii, hava tagimaciligi, su tagimaciligi olmak tizere ii¢ sektor olarak yer
almaktadir. Bu baglamda gergeklestirilen analiz sonucunda, normalized total backward CO2 linkages
coefficients sirastyla; kara tagimaciliginda, 0,4500 kt CO2 esdegeri, hava tasgimaciliginda, 0,8929 kt CO2
esdegeri, su tasmacilig, 0,3619 kt CO2 esdegeridir. Normalized total forward CO2 linkages coefficients ise;
kara tagimaciliginda 1,1895 kt CO2 esdegeri, hava tagimaciliginda, 0,7840 kt CO2 esdegeri ve su
tagimaciliginda, 0,3234 kt CO2 esdegeri olarak bulunmustur. Ulastirma sektorlerinin, donemler arasi liretim
zincirinin yapisal olarak degisip degismediginin belirlenmesi igin Spearman korelasyonu katsayist
hesaplanmistir. Uretimde kullanilan girdi bilesenlerinin anlamli bir sekilde farklilasmadigi sonucuna
ulasilmigtir. Elde edilen sonuglari Covid-19 sonrast siiregte daha da artacagi ongiilmekte, ivedilikle; emisyon
tiretimini sinirlandirmaya yonelik politikalarin uygulandigi, yenilenebilir ve siirdiiriilebilir ¢evre dostu yakit
tiirlerinin tercih edildigi bir ulastirma sisteminin olusturulmas: yoniinde politikalar belirlenerek 6nemler
alinmasi 6nerilmektedir.
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Every production element creates negative externality. In this study, the negative externality created by the
transportation sector is investigated by extended environmental input-output analysis. In the WIOD input-
output table, the transportation sector consists of three sectors as land transportation, air transportation and
water transportation. As a result of the analysis carried out in this context, normalized total backward CO2
linkages coefficients are 0,4500 kt CO2 equivalent in land transportation, 0,8929 kt CO2 equivalent in air
transportation, and 0,3619 kt CO2 equivalent in water transportation respectively. Normalized total forward
CO2 linkages coefficients were found as 1,1895 kt CO2 equivalent in land transportation, 0.77840 kt CO2
equivalent in air transportation and 0.3234 kt CO2 equivalent in water transportation. The Spearman correlation
coefficient was calculated to determine whether the transportation sectors' inter-period production chain
changed structurally. It was concluded that the input components used in production did not differ significantly.
It is predicted that the obtained results will increase even more in the post-Covid-19 period and it is
recommended to take measures and determine policies for a transportation system in which emission
production is limited and renewable and sustainable environmentally friendly fuel types are preferred.
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EXTENDED ABSTRACT

Girdi-¢ikt1 analizinin, iktisadi ¢aligma alani1 temel olarak sektorlerdir. Giiniimiizde tiim sektorler birbiri ile baglantilidir. Sektorler,
uyguladiklari tiretim teknikleri ile girdileri ¢ikt1 sekline getiren tiretim unsurlaridir. Ancak her iiretim unsuru beraberinde ¢evresel negatif
digsallik yaratmaktadir. Bu ¢alismada, ¢evresel negatif digsallik olarak CO2 emisyonu ele alinarak Tiirkiye’deki tim sektorlere
genisletilmis cevresel girdi-¢ikt1 analizi uygulanmig, ulastirma sektorii 6zelinde degerlendirilip, onlemler, politikalar ve Oneriler
sunulmusgtur.

WIOD girdi-¢ikti tablosunda ulastirma sektorii kara tagimaciligi, hava tagimaciligi, su tasimaciligi olmak iizere ii¢ sektor olarak yer
almaktadir. Kara tagimaciliginin bir dolarlik tiretimin 0,1356 kt CO2 esdegeri, kara tasimacilig1 sektoriiniin 1 dolarlik nihai talep artis
sonucu tiim sektorlerde yarattigi iiretim artismin 0,4500 kt CO2 esdegeri, tim sektorlerin 1 dolarlik nihai talep artisi sonucu tiim
sektorlerde yarattigi tiretim artiginin CO2 emisyonu ise 1,1895 kt CO2 esdegeri’dir. Kara tasimaciligi1 sektoriiniin kismi geri baglanti
katsayis1 incelendiginde kendi sektoriinden sonra elektrik, gaz, buhar ve iklimlendirme temini sektorii ile kok komiirii ve rafine edilmis
petrol iriinleri imalati sektorii en fazla emisyon iiretim katsayisina sahip sektorlerdir. Sektoriin kismi ileri baglanti katsayisi
incelendiginde kendi sektdriinden sonra depolama ve destekleyici faaliyetler sektorii, kok komiirii ve rafine edilmis petrol {iriinleri
imalati sektorleri yer almaktadir. Tirkiye’de emisyon iretiminin fazlahgmnin yaninda giriiltd kirliligi, goriintii kirliligi ve trafik
sikigikligina da neden olan kara tasimaciligina yonelik emisyon azaltict dnlemler alinmalidir.

Hava tagimaciligi sektorii agisindan bakildiginda, bir dolarlik tiretimin 0,3437 kt CO2 esdegeri, hava tagimaciligi sektoriiniin 1 dolarlik
nihai talep artis1 sonucu tiim sektdrlerde yarattigi tiretim artisinin 0,8929 kt CO2 esdegeri, tiim sektorlerin 1 dolarlik nihai talep artisi
sonucu tiim sektorlerde yarattig1 tiretim artigi sonucu CO2 emisyonu ise 0,7840 kt CO2 esdegeridir. Hava tagimaciligi sektoriiniin kismi
geri baglant1 katsayis1 incelendiginde kendi sektdriinden sonra elektrik, gaz, buhar ve iklimlendirme temini sektorii ile kok komiirii ve
rafine edilmis petrol iirlinleri imalat1 sektorleri en fazla emisyon iiretim katsayisina sahip sektorlerdir. Sektoriin kismi ileri baglanti
katsayis1 incelendiginde kendi sektoriinden sonra kamu yonetimi ve savunma; zorunlu sosyal giivenlik sektori ile telekomiinikasyon
sektorleri yer almaktadir. Bu baglamda Endiistri 4.0’1n etkisindeki sektorlerin, savunma ve iletigim alanindaki tiretim faaliyetlerine
yonelik emisyon degerlerini diisiirmeyi amaglayan 6nlemler almasi gerekmektedir.

Su tagimaciligi sektorii agisindan bir dolarlik {iretim sonucu 0,1068 kt CO2 esdegeri, su tagimaciligi sektoriiniin 1 dolarlik nihai talep
artigl sonucu tiim sektorlerde yarattigi tiretim artisinin CO2 emisyonu 0,3619 kt CO2 esdegeri, tiim sektorlerin 1 dolarlik nihai talep
artis1 sonucu tiim sektdrlerde yarattigi iiretim artis1 sonucu meydana gelen CO2 emisyonu 0,3234 kt CO2 esdegeridir. Su tagimaciligi
sektoriiniin kismi geri baglanti katsayisi incelendiginde kendi sektoriinden sonra ilk sirada elektrik, gaz, buhar ve iklimlendirme temini
sektorii ikinci sirada, kok komiirii ve rafine edilmis petrol iiriinleri imalat1 sektorleri en fazla emisyon iiretim katsayisina sahip
sektorlerdir. Sektortin kismi ileri baglant katsayisi incelendiginde kendi sektoriinden sonra en biiyiik katsayi, perakende ticaret ile kok
komiirii ve rafine edilmis petrol sektorleri yer almaktadir. Tiirkiye’de su tasimaciligt genellikle yiik tagimaciligi odakli lojistik amagh
kullanima gore sekillenmektedir. Ayrica komiir ve petrol {irlinlerinin tagimaciligi da karayolu ve demiryolu tagimaciliginin yaninda su
tagimaciligiyla da saglanmaktadir. Bu daha az emisyon iireten sektor olan su tasimaciliginin {ig tarafi denizlerle cevrili iilkemizde daha
az kullaniliyor olmasi yiik ve yolcu tagimaciligi agisindan su tagimaciligina daha ¢ok oncelik veren onlemlerin alinmasint gerekli
kilmaktadir.

Giiniimiizde hava kirliliginin azaltilmas1 pek cok iilke tarafindan hedeflenmektedir. Uretimin durmasi, enerji tiikketiminin azalmast,
ulagtirma araglarinin kullanilmamasi, yeme-igme, aligveris, eglence faaliyetlerinin durdurulmasi vb. gibi nedenler s6z konusu oldugunda
hava kirliliginin azalmas1 beklenen bir durumdur. Ornegin; bugiinlerde Cin’den baslayarak tiim diinyaya yayilan, arz sokunu tetikleyen
Covid-19 pandemisi nedeniyle, halkin evlerinde kendi karantinalarini uygulamasi, ev disinda gecirilen faaliyetlerin, ulagtirma
faaliyetlerinin kisitlanmasi ve pek ¢ok fabrikanin {iretimi durdurmasi nedeniyle hava kirliliginde azalma gozlemlenmis. NASA
tarafindan yayimlanan uydu goriintiilerinde hem 1-20 Ocak 2020 ve 10-25 Subat 2020 karsilastirildiginda hem de ayni tarihlerin gegen
yilki uydu goriintiileri karsilastirildiginda hava kirliligindeki azalma net bir sekilde goriilmektedir (NASA, 2020), Bir taraftan ticaret
savasindan kurtulmak, diger taraftan COVID-19 viriisii ile miicadele etmek sonucu mali sok ve durgunluk beklentisi soz
konusudur(WORLD BANK, 2020, pp. 2-3). Onemli olan ekonomik durgunlugun olmadig, iiretimin devam ettigi, iiretilen {iriinlerin
insanlara ulastirildigi, insanlarin ulastirma araglarini aktif bir sekilde kullandigi donemlerde hava kirliliginin azaltilmasidir. Bu
baglamda son on yilda, hava-kara-demiryolu-su tasimaciligi alaninda Tiirkiye nin, siirdiiriilebilirlik, ¢evreye duyarlilik, insan odaklilik,
enerji verimlilik, yasanabilirlik temeline odaklanan eylem plani, strateji ve politika belgeleri ile bu ¢aligmada gergeklestirilen analiz
sonuglari bir arada degerlendirildiginde; Mevcut ulagim altyapisinin enerji ve maliyet etkin planlandig, insan odakli oldugu, ¢evre dostu
tasit tiirlerinin yayginlagtirildigi, motorsuz ulagim tiirlerinin tercih edildigi, emisyon iireten farkli ulagim sektorleri arasinda tagimaciligin
yogunlastirildigi, hava tagimaciliginda daha az yakit sarfiyatinin saglandigi, kentsel toplu ulasimda tiirler aras1 entegrasyonun saglandigi
ayrica alternatif ulasim sistemlerinin tercih edildigi, , yakit sarfiyatinin azaltildig: ve fosil yakit kullaniminin kisitlandigi, kentin emisyon
yogunlugunu ve emisyon iiretimini siirlandirmaya yonelik politikalarin uygulandigi, yenilenebilir ve siirdiiriilebilir ¢evre dostu yakit
tiirlerinin tercih edildigi bir ulagtirma sisteminin olusturulmasi yoniinde politikalar belirlenerek Onemler alinmasi tarafimizca
onerilmektedir.

WIOD veri tabaninda yayimlanan girdi-gikt1 tablolarinda ¢evre dostu yakit tiirleri iiretimi ve kullaninu ile ¢evreye duyarl: elektrikli,
hibrit, gilines, hidrojen, riizgar enerjili tasit tiirleri gibi ¢evreye zarar vermeyen tasitlarin firetimi ve kullanimi sektor olarak yer
almamaktadir. Bundan sonra olusturulacak girdi-¢ikti tablolarinda s6z konusu sektorlerin yer almasi tarafimizca onerilmektedir. Boyle
bir durumda sektorlerin CO2 emisyonunu azaltmak igin, girdi ¢ikt1 tablosunda kémiir ve petrol tiirevleri katsayilarinin yiizdesel olarak
azaltilip, ¢evre dostu yakit tiirleri katsayilarinin yiizdesel olarak arttirildigi; halihazirda kullanilan tasitlarin kullanim katsayilarinin
yiizdesel olarak azaltilip, cevreye duyarli araglarin katsayilarinin yiizdesel olarak arttirildig: cesitli senaryolar hazirlanarak, genisletilmis
cevresel girdi-cikt1 analizleri gerceklestirilebilir. Dolayisiyla bu ¢alisma kapsaminda ortaya koydugumuz onlem ve politikalarin
gecerliliginin kanitlanacag: tarafimizca 6n goriilmektedir.
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Introduction

Transport sector is among the primary sectors about the final energy consumption in
many countries. When compared to other sectors, it plays a significant role in economy ranking
the second in the global level CO, emission production. In this regard, it is inevitable that it is
far more effective than all the economic sectors affecting the climate change (Chung, Yeung
and Zhou, 2013; Soleymani, 2019, p. 990; Van Dender, 2009).

According to the statistics of International Energy Agency, (IEA, 2020), when sectoral
distribution of CO2 emission production between 1990 and 2018 is analyzed, it is observed that
transport sector ranks the second with 83 million tones CO: in the year 2017 (Figure 1).
According to the Fourth Biennial Report of Turkey published in the United Nations Framework
Convention on Climate Change (UNFCCC, 2019), while the total amount of greenhouse gas
emission was 36.464,87 kt CO- equivalent in the year 2000, this amount rose to 45.391,99 kt
CO- equivalent in 2010. It has been estimated that CO- equivalent will be 101.189,82 kt for the
year 2020. According to this report, the total amount of greenhouse gas emission produced in
the Turkish transport sector, CO2 equivalent is predicted to be 136.512,60 kt CO. equivalent
for the year 2030.This change is the proof that especially the transport sector takes place among
the primary sectors in environment polluting emission production that causes climate change.

Electricity and heat producers

2017
@ Transport: 83.0 MT CO2

Residential
Commercial and public services

Other energy industries Agriculture
2 1 T T T I T T T T T T T T T T
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Figure 1: Sectoral Distribution of CO2 Production Between the Years 1990-2018 in Turkey
Resource: IEA, 2020.

CO2 emissions consist of the sum total of the processes arising in consequence of the
industrial production (irrelated with the energy industry = CO2 nen) and energy (energy= CO>
en) derived from the fuel consumption and expressed via the formulation of COzcst =
CO2n(csyt COznenesit). € Stands for and expresses the city, s sector and t time,the related year
(Corsatea et al., 2019). Substituting gas for coal being used in the energy sector is of crucial
importance in the simulation of environmental impact of CO2 emission data (Andreoni, Arto,
Genty, Cantuche-Rueda and Villanueva, 2012). While reviewing literature; studies focused on
environment, emission production, transport sector, and input-output analysis have been
evaluated primarily. With the aim of showing the difference between this study and the other
studies in literature, each study has been summarized using its field of study and method as
base. Hence, limiting the content determining the distinctive points of this study and accuracy
of the data base have been taken into consideration with the aim of getting more healthy results.
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Theoretial Background

Economics is defined as fulfilling unlimited human needs through scarce resources.
Scarce resources are production factors which consist of natural resources, labor, capital,
entrepreneur and technology. Among all these factors, natural resources are the factors in which
scarcity is experienced the most (Mankiw, 1997, pp.3-5). Natural resources constitutes an
important place in economics literature. Physiocracy states the agricultural production and land
as the source of wealth, emphasizing the importance of natural resources. Agricultural
production lost its importance with the approval of the thought of liberal economics.
Industrialization and economic activities went up especially with the Industrial Revolution
occured in the 18th Century, the use of coal rose and by this way mankind started to do great
harm to the natural environment. Among all classical economic philosophers and thinkers,
Adam Smith emphasized that the source of wealth was attained through capital accumulation,
labour productivity and labour division rather than land; Malthus emphasized while population
growth rate was geometrical, food supplies grew at an arithmetic rate and consequently natural
resources would be limited and the danger of hunger would wait for the world; Ricardo
emphasized that lands at different soil fertility would offer their owners different unearned rent
income, and Mill emphasized destroying the natural resources would lead to the end of the
world. Marx saw the destruction of natural resources and environment as the result of the
capitalist system. Jevons asserted that coal which was the most important natural energy source
of his age faced the risk of extinction and in case of this risk, natural resources like iron-steel
were to be used, and thus, the cost of energy will increase. Marshall and Pigou handled the
environmental problems caused by the negative externalities. Pareto stated that lessening the
problems about market failures and about externalities would result in the optimal use of natural
resources and the environment. During the Keynesian thought period; besides the economic
growth, the use of natural resources also increased (Altinisik and Peker, 2011; Bocutoglu, 2016;
Dagdemir, 2003). Neoclassical economists, on the other hand, applied the models of economic
growth which ignored the environment. Hotelling put forward the idea that a decrease in the
supply of natural resources would bring out the demand related to the regulations of the use of
these resources (Hotelling, 1931). The relationship between economic development and
environmental pollution being studied by the economist Kuznets, who was awarded the Nobel
prize, the Kuznets curve was formed. Kuznets curve shows that environmental pollution will
increase besides the economic development but after a certain level of income, it will decrease
(Kuznets, 1955, pp. 20-25).

Every activity for production and consumption depending on input-output correlation
brings about the negative externalities. Wastes left in the ecological system and threatening the
ecological structure release emission and therefore the dilemma between the economic
development and environment arise (Baker, 2006, pp. 5-10). Economy, environment and
ecological system should be evaluated as a whole for the sustainable development not to cause
unsustainable environment.

Sustainability focuses on meeting the needs of all humanity at present and in future at
the point of human activities integrated with nature. Today, the goals of sustainable transport
have been evaluated as a whole in the context of economy, sociality, and environment (Litman,
2016, p.3; Onder, 2017, p.223).
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Figure 2: Sustainable Transport Goals
Resource: Litman, 2016, p.3.

Environmental economics does monetary analyses on the scarcity of natural resources
and the effects of environmental pollution to economic welfare with micro and macro analyses.
Ecological economics or green economics, being an interdisciplinary field of study researching
the mutual interdependence of ecology and economy, aims at integrating the ecological cycle
in nature into economic processes and takes the environment as the issue to be given the utmost
importance (Ulucak, 2018; Van den Berg, 2001, p.16).

Ecological economy adopts to take precautions such as less production of
environmentally hazardous substances; the use of environment protecting, environment
friendly alternative products/substances, the use of treatment system without thinking the cost
(Benli and Peker, 2018, pp.287-288; Peker, 2015). With limited transport capacity of the
ecosystem, adapting oneself through threshold values analysis, carbon footprint analysis, life
cycle analysis, environmental input-output analysis it has been tried to determine ecocide and
to find solutions (Bennett, 2019, pp. 51-55; Hickel, 2020).

Day by day, it has become more and more important to contribute to support the
evidence- based policy implementations, to research the reliable and comparable economic and
environmental information making use of an extensive database (Arto et al., 2012). Hence,
especially studies based on input-output analysis, paying attention to environmental values and
assessing the CO- release of sectors are included in the literature review which constitutes the
basis of this study.

Machado, Schaeffer and Worrell, (2001), analyzed the energy use of sectors of Brazilian
economy which are related to its international trade and their total impact on CO2 emissions.
Carbon emissions of the Brazilian economy in 1995: inputs and outputs of non-energy goods
consist of 10% -12% of total energy use and they are about 10% -14% of carbon inputs and
outputs in non-energy goods. The finding has been reached that each dolar earned through
export caused energy more than 40 % and caused CO, emission more than 56 % than each dolar
spent on import. In this framework, it reveals that energy use and carbon emissions should be
taken into account while preparing international policies in Brazil. Alcantara and Padilla (2006),
aimed at defining the key sectors responsible for CO, emissions in Spanish economy. It has
been determined that road transport, electricity and gas, base metal production, manufacturing
non-metal mineral products, producing chemicals, producing coke from coal, refined petroleum
products, nuclear fuel,wholesale and retail trade and agricultural sectors lead to both economic
growth and income growth and therefore CO, emissions are found more in these sectors. Tung
et al. (2006), as it has become crucial to calculate greenhouse gas emission in the framework of
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the Kyoto Protocol, they aim to determine the CO2 emission amount and to set forth the CO»
responsibility of Turkey. Concordantly, it is seen that manufacturing industry sector takes place
on the top in CO2 emission production. CO2 responsibility is greater than released CO2
emissions; thus, it has been concluded that Turkey is explicitly COz importer. Alcantara and
Padilla (2009), aimed at analyzing CO2 emissions that services sector in Spain produced. The
conclusion that the CO2 emission of transport sector is quite high and other sectors cause more
emission than their own final demand has been reached. It has emerged that wholesale and retail
trade, hotel and restaurants, estate property, leasing and labour activities, public administration
activities are primarily liable for CO2 emission increase recently. Cadarso, Gomez, Lopez and
Tobarra, (2010), had the purpose of studying the impact of freight transportation in Spain on
total pollution. With this purpose, they used the input-output import table of Spain combining
it with CO, emission data. Results obtained have shown that the amount of total CO2 emission
caused by international freight rose to 4,16 % from 1995 to 2000. Faber, Proops and
Wagenhals, (2012), made simulation scenarios using the input-output coefficients related to
decreasing CO; releases of sectors in German and British economies. According to these
scenarios, it will be possible to decrease CO2 emissions in case of making technological changes
to generate electricity, changing the general consumption patterns (changing hydrocarbons with
carbohydrates), preferring the options about the expectations for passenger transport and freight
changes. Cagatay and Ozes (2013), analyzed the relationship between the transport sector and
alternative types of energy in terms of both the economic impact and the emission impact. They
suggested five scenario proposals making use of input-output table for alternative energy
substitution. The finding was reached that CO> emissions would be much less and
environmental income would be much higher when the electrical energy was used. It was
determined that sectors based on imported input were highly affected by substitute for
electricity. Arto etal. (2014), used two different database (World Input-Output Database-WIOD
and Global Trade Analysis Project: Multi Region Input-Output Analysis-GTAPMRIO) to
calculate carbon foot print caused by global emissions which takes place in the final demand of
43 countries whose data was published in WIOD. Differences in data clusters of the U.S.A the
Public Republic of China, Russia and India explain nearly 50 % of the differences in the carbon
foot print. Tasdogan and Tasdogan (2014), identifying the key sectors of Turkey, targeted to
determine the emission impacts of these sectors to arise according to the environmental satellite
accounts. According to the findings reached, it was determined that emission impacts of road
transport, marine transport, airline transport, agriculture, coal, food, textile, wood, coking coal,
chemicals, plastic, manufacturing other non-metal mineral products, base metal, construction,
other service facilities with electricity, gas, steam and water production sectors are more than
other sectors. Liu, Wang, Zhao, Zhang and Zhang (2015), were in the aim of determining the
CO- emissions released after the intersectoral corporation in industry. In the study, it appears
that BLj (normalized total backward CO: linkages coefficients) impacts of industry produce
81.58 million tons of CO2 and FLi (normalized total forward CO. linkages coefficients )
89,71million tons. Arévalo-Rodriguez, Braza-Sanchez and Cansino, (2015), analyzed the role
of renewable energy sources in Spain in balancing CO2 emissions as an important component.
In the study, 35 productive sectors were focused. It was concluded that renewable energy
sources harm the driving sources of CO. emissions. Buckley, Boland, Piantadosi, Reynolds and
Weinstein, (2015), using EEIO-environmentally extended input—output, they researched the
environmental impact of weekly food consumption in houses with different socio-economic
conditions in Australia put in order according to their income level. The result was obtained
that household with higher level of income cause more environmental pollution than the one
with low level. They asserted that it would reduce the negative effects causing environmental
pollution to substitute the consumption of animal products, processed food, and oil with fruit
and vegetables. Andrei, Cristina, Mieila, Nica and Popescu (2016), through Romania Gross
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Domestic Product, they aimed to put forth a possible causal connection between different
variables in terms of energy production and consumption and to tax the environmentally
harmful elements. At the end of the study, a relation was made between bringing the prosperity
and taxing environment pollutants through Gross Domestic Product. Hadjikakou (2016),
analyzed the environmental impacts of food consumption of household in Australia in their
lifetime. The result was obtained that the household realized 35 % water use,39 % energy use,33
% COz equivalent and 35 % land use on average in life cycle. Chatellier and Sheinbaum-Pardo
(2017), intended to predict a scenario for 2026, and to calculate energy systems and greenhouse
gas emissions of Mexico. In this framework, CO2 emission values were calculated over the total
impact of all sectors. Through this study, it was concluded that final demand changes in sectors
of freight and passenger transportation, air freight, energy production, iron-steel, chemistry and
agriculture are big on total emissions. Similarly, it was concluded that final demand changes of
other sectors have great impact on the emissions of these sectors. Liu and Fan (2017), intended
to calculate CO. emissions of 77 countries according to their sectors. Within the scope of
economic benefit principle, their intention was to develop a model to calculate CO2 emissions
using value-added-based accounting. In the end, the implementation of Clean Development
Mechanism projects was proposed to make global carbon emission less. Renner (2017),
intended to analyze the wealth effect of carbon taxes over income distribution applied in
Mexico. Input-output model was simulated with the data for household. The conclusion was
reached that taxes had to be enlarged as to include natural gas and other greenhouse gases (CHa,
N20) because of the increase in food price. Mach, S¢asny and Weinzettel (2018), targeted to
calculate the emission rates household in the Czech Republic produced directly and indirectly.
For this purpose, they did analysis constructing Environmentally Extended Input-Output —-EEIO
table.lt was inferred that a great part of emissions were due to electricity,heating,food and
transportation and the flexibility of emission fee was approximately 0,8. Tokito (2018), aimed
at determining the emissions which important sectors in global supply chain networks produce,
which is related to the demand for the last transport equipment of the U.S.A, China, Germany,
Japan and France through the input-output clustering analysis and structural path betweenness
analysis he did. He reached the conclusion that global supply chain networks have higher
emission. Baumert, Kander, Kulionis, Nielsen and Jiborn (2019), intended to research if it is
valid or not when the change in the emission production depending on outsourcing in developed
and developing countries is adjusted according to technological differences. Firstly, it was
concluded that the size of outsource is considerably smaller than the ones in the previous
studies; secondly, there is no a clear difference between developing and developed countries.
While emissions increased with outsourcing between the years 1995 and 2009 because the
tendency of the U.S.A, England, Canada and Australia was towards goods with high-density
carbon in import and low-density carbon in export, other developed countries kept positive
emission trade balance and China, on the other hand, is an important source in the production
of emission. Vita et al. (2019), intended to link local sustainability visions throughout Europe
to global results and to lessen carbon foot print. They constructed Environmentally Extended
Multi Regional Input-Output table and they applied this to 19 scenarios. In the end, it was
foreseen that energy-sourced carbon foot print would be reduced at the approximate level of 18
% of service sector, 3 % of clothing and electrical appliances sector, 9 %-26 of transport sector,
4 % of food sector, 5%-14% housing sector. Bednar-Friedl, Mufioz, Nabernegg, Titz and VVogel
(2019), aimed to determine the efficient conditions in reducing the carbon emissions which
construction, public health and transport sectors produce in Austria. Computable General
Equilibrium and Multi-Regional Input-Output model-MRIO were used together. It was
predicted that taxing would be effective in reducing the emissions based on consumption in the
construction sector, compulsory energy efficiency improvements in the public health sector and
reducing the production and consumption based emissions in the transport sector. Chen, Huang
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and Sun (2020), aimed at analyzing the CO2 emissions of the sectors taking place in the
international trade of Russia. The finding was reached that the industry sector based on the
traditional manufacture and the industry sector based on the modern technology played an
important role in the CO2 emission of Russia, CO2 emission which modern industry sector
import includes rose. Schmidt, Tukker and Wood (2020), aimed to synthesize a few basic
precautions for international consumption-based global carbon accounts aggregated in 35
sectors of 43 countries whose data were published in WIOD. Global multi-regional input-output
carbon emissions were used. In classical production-based accounts and related policy making,
harmonizing the current data was shown to be a prominent factor in global carbon foot print
and consumption-based carbon accounts. Benedict-Kemp, Campiglio, Cahen-Fourot, Dawkins
and Godin (2020), determined to specify forward link serving sectors constructing an input-
output table with examples from 18 European countries. For this purpose, they created national
inverted pyramid networks using input-output tables. They reached the conclusion that mining
was the top forward linking sector and this was internationally consistent through cluster
analysis. Brouwer, Eamen and Razavi (2020), using supply-sided input-output tables to analyze
the indirect economic impacts of water-supply restrictions depending on climate and political
changes, they aimed to specify the interregional development. For this purpose, applying two
different water supply-restriction scenarios to the river basin of Saskatchewan including three
states, they analyzed the economic impacts of the scenarios one by one. Finally, it was seen that
the economic loss in case of water shortage depending on climate change could be reduced by
nearly 50 %.

When evaluating the literature, it is seen that most part of the studies conducted is in the
form of analyzing the environmental impacts of CO2 emissions produced depending on sectoral
activities on the basis of countries. These studies depend on evaluations carried out making use
of input-output analysis constituted with data obtained from different worldwide database with
the production of different simulations and scenarios. In the content of the study, conclusions
about carbon foot print of countries, sectorally produced emission values, specifying emission
intensive sectors, specifying the emission rates key sectors produce and the role of renewable
energy sources in balancing the emission rates were made. Finally, the conclusion has been
reached that the leading sectors in the emission production were transport sectors and energy-
intensive sectors.

Methodology and Data Analysis

Input-output analysis is based on Quesnay’s Economic Table "Tableau économique"
(Quesnay, 1758) and Walras’s general equilibrium theory (Walras, 1954). Leontief, the Nobel-
prized economist, constructed the first input-output table and model indicating the intersectoral
link in the American economy (Leontief, 1936). Later on, Rasmussen reached the total linkage
coefficients creating Leontief inverse matrix which constitutes the base of this study, and
normalized these coefficients and made the definition of key sector (Rasmussen, 1956).
Chenery and Watanabe, on the other hand, calculating the impacts of direct backward linkages
and direct forward linkages via the technological matrix, made the definition of key sector
calculated through these impacts and they first realized the process of aggregation for the input-
output table. Hirschman made use of Chenery and Watanabe’s approach to the key sector and
advanced the model of unbalanced growth (Chenery and Watanabe, 1958; Hirschman, 1978).
Hazari reinterpreted Rasmussen’s Index of Power of Dispersion and Index of Sensitivity of

Dispersion, assessed the coefficient of variation and accepted the activities over the
mean value as the key sector (Hazari, 1970). The linkage analysis of the sectors are based on
HEM to analyze the effect of the changes in structure on an economy (Schultz, 1977). This
analysis was promoted by Cella (1984), who proposed backward linkage, forward linkage, and
total linkage among the sectors. Leontief advanced the model of (Environmentally Extended
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Input-Output Analysis) EEIOA indicating the case when the third sector is included in two
sectors with the aim of decontaminating the dirt caused by these two sectors. In this way, he
showed that as a result of final demand; labour, cost, intermediate consumption,
decontamination activities needed for the production in sectors and environmental problems
can be analyzed in the framework of economy (Leontief, 1970). Miller ve Blair added the
unwanted environmental externalities in the classical input-output model and explained how to
use the Extended Environmental Input-Output Model (Blair and Miller, 2009).

In this study, environmental input-output table has been improved bringing input-output
table (Korum, 1963, pp.9-13; TUIK, 2020) ! including intersectoral monetary operations in
economy together with CO> emission data. EEIOA has been used via the table constructed
(Arto, Genty and Neuwahl, 2012; Newton, Prasad, Sproul and White, 2019, pp.122-123;).
Environmentally extended input-output analysis shows the indirect environmental impacts
caused by domestic and foreign production. Thus, EEIOA provides the analyses for ecological
footprint, greenhouse gas emissions, assessing the energy use (Du, Lee, Li, Wang and Wang,
2019; De Vries, Dietzenbacher, Los, Stehrer and Timmer, 2015).

WIOD greenhouse gas emissions (COz, CH4, N2O) contain the environmental satellite
accounts related to including energy, soil, equipment and water (Arto et al., 2012; Corsatea et
al., 2019, pp.16-17, 24). In WIOD database,the most up to date format of CO. emission data
belongs to the year 2016. However,the most current data for the input-output tables of Turkey
belongs to the year 2014. Since the objective of our study is to account CO> emissions which
the change in the final demand cause specifically in the transport sector and WIOD input-output
tables are figured out on current period million dolar basis, environmental satellite accounts in
which CO> emission data of the same year takes place have been used (Corsatea et al., 2019;
EU SCIENCE UP, 2019; WIOD, 2016). In the content of the study, WIOD input-output tables
of Turkey for the year 2014 have been used with the aim of reaching comparable and healthy
results. In database, air emission value data of WIOD satellite database of Turkey takes place
in one column. Therefore, procedures followed for the purpose of producing an accurate
environmental input-output table are as follows:

In WIOD database, input-output table has been constructed adding the output table of
the imported input coefficients (A™ to domestic input coefficients (AY) of each sector
(Kiigtikkiremit¢i and Giiler, 2020, p.128-129). Formula (1) has been used for this purpose.

A = Am + Ad 1)

The reason that the input-output table of importation is included in accounting is some
of the imports are intermediate inputs and produce CO2 emission both during the process of
becoming outputs and in the process after they have become outputs (Dietzenbacher and Los,
2000; Leontief, 1946; Leontief, 1953a, Leontief 1953b; Liu et al., 2015, pp.917-920).

Secondly, technical coefficient matrix is calculated making use of input-output table
constructed. To achieve this goal, input coefficients of each sector are obtained by formula (2)
(Gtiler, 2019, pp.84-85; Leontief, 1986, pp.22-23) .
Xij
X,

()

Although there exist 0 coefficient sectors in the domestic input-output table released by
WIOD, values of the same sectors are included in accounting as they do not equal 0 in the
import input-output table (WIOD, 2016). However, after the technological matrix has been

al-j =

1 Among the hypotheses of input-output model; input rate, capital ratio,import rate and rates like these have been
accepted to be constant.For this reason,coefficients obtained in 2014 input-output table released most recently have been
used to assess total backward and total forward CO; linkage coefficients of one unit production result of each sector.
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constructed for sectors having 0 coefficient not to cause malfunctioning in accounting, both
rows and columns have been deleted.Thus, the 46x46 matrix has been constructed.

[ all - ald6 ]

a461 --- a4646

Thirdly, Leontief Inverse Matrix has been constructed. Production values needed for
46 final demand vectors and 46 productive sectors are shown in the following formulas. Here,
x stands for the production value of sectors, a stands for technical coefficients and y final
demand vector.

X1 =A11 Xy +ApXy + o+ AyeXse + 1
Xy = Ap1 X1 + A Xy + o+ ApyeXue + 15

Xae = Age1 X1 + Age Xy + -+ AsescXae + Yas

By this way, the input-output equation X=AX+Y or equation Y= (1-A)X of an economy
is obtained. Both sides: (1-A)? to leave X alone. This case can be expressed in the modeling
below. Thus, total output is formulated as X=(1-A)Y. Coefficients of Leontief Inverse Matrix
(1-A) show the coefficients required for one single unit, direct or indirect production of sectors
for the final demands. Matrix display of the formed equation is as follows:

X1 (1-ay;) —aqy —Q146
X2 —azq (1—ay) .. —Q246
X46 —Q461 —Qu62 v (1 — ase46)

As the fourth step, CO2 emission vector has been constructed to analyze the CO:
emission of sectors, which is the aim of the study, as a result of the final demand increase.CO>
emission data released in WIOD database show the emerging CO2 emission amount resulted
from the total production (denominated in one million dollars). In this regard, in the analysis
we have carried out, primarily CO. emissions every sector produce per unit (1 dollar) being
accounted separately ( just as in formula 3), a new column has been constructed.

¢ =5 (3)
Ci = CO2emission release resulted from one single unit production of the 1st sector (13)
Ci = CO2 emission arising as a result of the total production of the 1st sector (kiloton)
Xi = total output of the first sector (million dolar)

Afterwards, a vector of 46x1 has been established by Ti coefficients accounted one by
one for each sector. Leontief inverse matrix is multiplied by the newly-constructed vector and
formula (4) has been reached (Kigiikkiremitgi, 2013, pp.18-19).

cX=c(I—-A)—-1Y 4)

Environmental Leontief inverse matrix has been constructed using formula (4) and
shown below (Giiler, 2020, pp. 39-48; Kiigiikkiremitg¢i, 2011; Leontief, 1949, pp.277-279; Liu
etal., 2015, pp.917-918).
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CiyX T |(1—aqq) —aq; —Q146 Y1
C2 Xy CZ —azq (1 - azz) —0y46 Y2
Cuel 1X46 Cse —Aye1 —Ay62 v (1 — aseae)l Va6

In this context, total backward CO2 linkages coefficients of sectors are reached through
sum of each column of Leontief inverse matrix one by one and total forward CO: linkages
coefficients of sectors are reached through sum of each row one by one. Normalized total
backward CO; linkages coefficients (BL;) of the relevant sector are assessed dividing the total
backward CO: linkages coefficient of the relevant sector by the arithmetic mean of total
backward CO- linkages coefficients of all sectors. (BL;),stands for the CO2 emission caused by
the production increase relevant sector has created in all sectors following its one-dollar final
demand increase.

Normalized total forward CO- linkages coefficients (FLi) of the relevant sector are
assessed dividing the total forward CO- linkages coefficient of the relevant sector by the
arithmetic mean of total forward CO. linkages coefficients of all sectors. (FLi) stands for the
CO- emission resulted from the production increase all sectors have created in all sectors
following their one-dollar final demand increase.

Table 1: One Single Unit CO2 Emission of all Sectors? in Turkey, (Bj), (FLi) (Total Backward Carbon

Linkage Rank)
COzEmission kt/milion dollar BLj FLi
Sectors Coefficient ~ Sectors Coeffici  Sectors Coefficient
ent
1 D35 3,0853 D35 10,2080 D35 21,7659
2 C23 2,9358 C23 6,3886 C23 9,1601
3 M72 1,8579 M72 34138 C24 3,4429
4 C24 0,4530 C24 24623 M72 3,2055
5  H51 Air Transport 0,3437 C25 12612  H49 Land transport 1,1895
and transport via
pipelines

6 E37-E39 0,2837 C17 1,1235 C20 1,0705
7 C19 0,1943 C31_C32 1,1010 C19 1,0287
8  H49 Land transport 0,1356 F 1,0456  H51 Air Transport 0,7840

and transport via

pipelines
9 C20 0,1304 C29 0,9554  E37-E39 0,5892
10 C31-C32 0,1070 C19 09520 C17 0,3925
11  H50 Water transport ~ 0,1068 C28 0,9468  H50 Water transport ~ 0,3234
12 C17 0,1010 E37-E39 09171 N 0,2607
13 C30 0,0919 Cc27 09166 B 0,2272
14  A03 0,0871 H51 Air Transport 0,8929 C31 C32 0,2011
15 C25 0,0783 C22 0,8017 C25 0,1966
16 A02 0,0707 C16 0,7703 A0l 0,1890
17 N 0,0635 C30 0,7673  C30 0,1837
18 C16 0,0625 C20 0,7422  C10-C12 0,1788
19 C10-C12 0,0528 C18 0,6329  A03 0,1528
20 A01 0,0486 B 0,6255  A02 0,1508
21 F 0,0469 C26 05608 C16 0,1507
22 C27 0,0464 Q 05288  C13-C15 0,1242
23 B 0,0425 C13-C15 05249 C22 0,1218

2 In order for all the sectors to be seen on the table; the codes of other sectors except the names of land, air, water transport
sectors have been written. For sector names, see Appendix




Giiler, 1./ Gaziantep University Journal of Social Sciences 2020 Special Issue 702-727 713

24 C22 0,0407 E36 05246  C27 0,1157
25 C18 0,0353 084 05118 G45 0,1031
26 C45 0,0345 C10-C12 04794 F 0,1029
27 C28 0,0291 [ 04766 C18 0,0906
28 K65 0,0272 H49 Land transport 04500 C29 0,0876
and transport via
pipelines
29 G45 0,0269 G45 04331 C26 0,0795
30 C13-C15 0,0263 RS 0,3670  C28 0,0766
31 C26 0,0213 H50 Water transport ~ 0,3619 K65 0,0525
32 K66 0,0168 K66 0,3240 K66 0,0364
33 RS 0,0111 N 0,3137  G46 0,0312
34 J62-J63 0,0107 J61 03035 RS 0,0274
35 E36 0,0106 P85 0,2872  E36 0,0220
36  G46 0,0047 L68 0,2795  J62_J63 0,0215
37 Q 0,0042 A03 0,2775  H52 0,0152
38  H52 0,0033 A01 0,2749  M74-M75 0,0094
39 P85 0,0025 M74-M75 0,2630 K64 0,0091
40 P85 0,0018 A02 02603 Q 0,0081
41 Q84 0,0017 G46 0,2463  G47 0,0065
42 M74-M75 0,0015 G47 0,2306 P85 0,0047
43 | 0,0013 H52 02212  L68 0,0039
44 G47 0,0013 K65 02032 1 0,0037
45 L68 0,0010 K64 0,1879 084 0,0031
46 J6l1 0,0000 J62_J63 01836 J61 0,0000

Resource: EU SCIENCE UP,2019; WIOD, 2016; Corsatea and others were created by the author using 2019 data

In Table 1,when air, water and land transport and transport via pipelines are all analyzed
altogether, one unit CO, emission amount takes place in the fourth row with 0,5861 kt/million
dollar; BLj 1,7048 kiloton (kt) equivalent of CO2and FLi 2,2969 kiloton equivalent of (kt) CO>
take place in the fifth row.
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Table 2: Partial Total Backward CO, Linkages Coefficients of Air, Water, Land Transport Sectors®

Air Transport Water transport Land transport and transport via pipelines
Sectors Coefficient  Sectors Coefficient  Sectors Coefficient
1 H51 0,3617 H50 0,1165 H49 0,1570
2 D35 0,0766 D35 0,0359 D35 0,0496
3 C19 0,0247 C19 0,0145 C19 0,0178
4 H49 0,0153 H49 0,0135 Cc23 0,0115
5 C23 0,0148 Cc23 0,0087 C24 0,0087
6 C24 0,0063 C24 0,0052 H51 0,0038
7 C20 0,0035 H51 0,0039 C20 0,0025
8 N 0,0032 N 0,0027 N 0,0018
9 C30 0,0022 C20 0,0023 G45 0,0017
10 B 0,0022 B 0,0013 B 0,0016
11 G45 0,0015 C30 0,0012 H50 0,0014
12 H50 0,0013 G45 0,0009 C29 0,0006
13 C10-C12 0,0010 C10-C12  0,0007 C17 0,0005
14 C17 0,0009 A01 0,0005 C22 0,0004
15 C13-15 0,0009 H52 0,0004 H52 0,0003
16 A0l 0,0008 C17 0,0004 C13-15 0,0003
17 H52 0,0005 Cc28 0,0003 C10-C12 0,0003
18 K64 0,0003 C29 0,0002 c27 0,0003
19 Cc27 0,0003 C13-15 0,0002 C18 0,0003
20 C25 0,0003 c27 0,0002 A01 0,0002
21 C22 0,0002 C25 0,0002 C31-C32 0,0002
22 C18 0,0002 C22 0,0002 C25 0,0002
23 C29 0,0002 C18 0,0001 C16 0,0002
24 G46 0,0002 G46 0,0001 C30 0,0002
25 K66 0,0002 K65 0,0001 G46 0,0001
26 C26 0,0001 C26 0,0001 Cc28 0,0001
27 K65 0,0001 C31-C32  0,0001 F 0,0001
28 C28 0,0001 R S 0,0001 C26 0,0001
29 C31-C32 0,0001 F 0,0001 E37-E39 0,0001
30 I 0,0001 C16 0,0001 K64 0,0001
31 F 0,0001 E37-E39  0,0000 M72 0,0001
32 R S 0,0001 M72 0,0000 A02 0,0001
33 Cl6 0,0001 K64 0,0000 M74-M75 0,0000
34 M72 0,0001 M74-M75 0,0000 K65 0,0000
35 E37-E39 0,0001 A02 0,0000 R_S 0,0000
36 M74-M75  0,0001 K66 0,0000 K66 0,0000
37  A02 0,0001 [ 0,0000 L68 0,0000
38  A03 0,0000 G47 0,0000 [ 0,0000
39 L68 0,0000 E36 0,0000 G47 0,0000
40 G47 0,0000 L68 0,0000 E36 0,0000
41 E36 0,0000 A03 0,0000 J62-J63 0,0000
42 J62-J63 0,0000 J62-J63 0,0000 A03 0,0000
43 Q 0,0000 Q 0,0000 Q 0,0000
44 P85 0,0000 P85 0,0000 P85 0,0000
45 084 0,0000 084 0,0000 084 0,0000
46  J6l 0,0000 J61 0,0000 J61 0,0000

Resource: EU SCIENCE UP, 2019; WIOD, 2016; Corsatea and others were created by the author using 2019 data

As seen in Table 2,total backward CO- linkage coefficient, when partially evaluated, the
greatest coefficient of sectors of air, water and land transport belongs to their own sectors as
required by the accounting technique of the method. Of sectors which these three sectors are

3 Evaluation of Total backward CO; linkage coefficient on the basis of the related sector’s column
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partially total backwarded; electricity, gas, steam and air conditioning supply sectors come the
second, in the third rank is manufacture of coke and refined petroleum products sector.

The CO2 emission order created by the inputs they provide from each other for the
realization of air, land and water transportation is as follows: land transport is in fourth and
water transport is in twelfth place for air transportation; land transport is in fourth and air
transport in in seventh place for water transport; air transport is in sixth and water transport is
in eleventh place for land transport.

Table 3: Partial Total Forward CO; Linkages Coefficients of Air, Water, Land Transport*

Air Transport Water transport Land transport and transport via pipelines
Sectors Coefficient Sectors Coefficient Sectors Coefficient
1 H51 0,3617 H50 0,1165 H49 0,1570
2 084 0,0098 G47 0,0053 H52 0,0298
3 Jel 0,0057 C19 0,0048 C19 0,0226
4 H52 0,0049 C24 0,0030 C29 0,0204
5 G46 0,0043 C25 0,0028 C31-C32 0,0202
6 H50 0,0039 G46 0,0027 C24 0,0195
7  H49 0,0038 C31-C32 0,0027 Cc27 0,0189
8 Cil6 0,0025 C20 0,0024 C26 0,0188
9 J62-J63 0,0025 C29 0,0024 C16 0,0181
10 C29 0,0025 D35 0,0024 C25 0,0177
11 RS 0,0024 G45 0,0023 C17 0,0176
12 K66 0,0024 C28 0,0023 C23 0,0175
13 Ci18 0,0023 C22 0,0023 C20 0,0172
14 C26 0,0023 Cc27 0,0022 C22 0,0168
15 C31-C32 0,0023 C30 0,0021 C10-C12 0,0158
16 C27 0,0023 C16 0,0020 C13-15 0,0157
17 M72 0,0023 C17 0,0019 C28 0,0155
18 C28 0,0020 C23 0,0019 H51 0,0153
19 C22 0,0020 F 0,0018 C18 0,0137
20 C24 0,0019 C26 0,0018 F 0,0137
21 C20 0,0019 084 0,0016 H50 0,0135
22 C25 0,0018 C13-15 0,0015 C30 0,0130
23 G47 0,0018 C10-C12 0,0015 [ 0,0122
24 C17 0,0018 C18 0,0015 D35 0,0105
25 C13-15 0,0018 H49 0,0014 M72 0,0102
26 C23 0,0017 A03 0,0013 Q 0,0099
27 G45 0,0017 H51 0,0013 G47 0,0095
28 C19 0,0017 I 0,0012 B 0,0095
29 F 0,0016 B 0,0011 G46 0,0087
30 C30 0,0015 Q 0,0009 G45 0,0085
31 M74-M75  0,0015 H52 0,0008 084 0,0079
32 N 0,0015 E37-E39 0,0008 K66 0,0074
33 Q 0,0014 K66 0,0008 M74-M75 0,0069
34 K65 0,0013 A01 0,0007 E37-E39 0,0067
35 C10-C12 0,0012 M74-M75  0,0007 J61 0,0066
36  A03 0,0012 RS 0,0007 A0l 0,0060
37 | 0,0012 M72 0,0006 N 0,0059
38 B 0,0012 J61 0,0006 J62-J63 0,0058
39 P85 0,0011 N 0,0006 RS 0,0051
40 D35 0,0009 E36 0,0006 A03 0,0050
41 A02 0,0008 J62-J63 0,0005 K65 0,0045
42 E37-E39 0,0008 K65 0,0005 A02 0,0038
43 K64 0,0006 L68 0,0004 P85 0,0038
44 A0l 0,0005 K64 0,0004 L68 0,0035

4 It is the evaluation of total advanced CO, connection coefficient on the basis of the related sector line
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45 E36 0,0004 P85 0,0004 E36 0,0035
46 L68 0,0003 A02 0,0004 K64 0,0032
Resource: EU SCIENCE UP,2019; WIOD, 2016; Corsatea and others were created by the author using 2019 data

As seen in Table 3,total forward CO: linkage coefficient, when partially evaluated, like
in total backward CO: linkage coefficient, the biggest coefficient of air, water, and land
transport belongs to their own sectors as accounting technique of the method requires. With
regards to air transport sector, the second biggest coefficient belongs to public administration
and defence; compulsory social security sector and the third biggest coefficient belongs to
telecommunications sector. Regarding water transport sector, the second biggest coefficient
belongs to retail trade, except motor vehicles and motorcycles sector, and the third biggest
coefficient belongs to the manufacture of coke and refined petroleum products sector. In terms
of land transport and transport via pipelines, the second biggest coefficient belongs to
warehousing and support activities for transportation and the third biggest coefficient belongs
to the manufacture of coke and refined petroleum products sector. The CO> emission order
created by the outputs they give to each other for the realization of air, land and water
transportation is as follows: water transport is in sixth and land transport is in seventh place for
air transportation; land transport is in twenty-fifth and air transport is in twenty-seventh place
for water transportation; air transport is in eighteenth and water transport is in twenty-first place
for land transportation. The amount of CO2 emission resulting from the input-output activities
of the land, air and water transportation sectors in both table 2 and table 3 is less than the total
CO- emission average as a result of the input-output activities of all sectors.

Examining whether the transportation sector's inter-period production chain has
changed structurally is important to determine the necessary measures to be taken by clearly
demonstrating the connection effects of the sector. For this purpose, in our study, the production
chains were calculated using the first published 2000 table data and the last published 2014
table data by WIOD, Shapiro-Wilk test was applied to determine the correct statistical technique
for the obtained coefficients. necessary hypotheses:

H_0: The sample came from the normal distribution
H_1: The sample did not come from the normal distribution

When Shapiro-Wilk test was applied, it was determined that the variables did not
conform to the normal distribution. Therefore, Spearman test was applied to compare the
production chain coefficients of 2000 and 2014 ° (Chenery and Watanabe, 1958, p.496). The
results are shown in table 4.

Table 4: 2002 and 2014 Spearman Production Chain Coeffcient

Sector Codes Correlation coefficient p-value
AQL*** 0,739 0,0000
AQ2*** 0,778 0,0000
A03*** 0,725 0,0000
B** 0,639 0,0000
C10-C12** 0,687 0,0000
C13-C15** 0,653 0,0000
C16** 0,665 0,0000
C17** 0,614 0,0000
c18** 0,604 0,0000
C19** 0,646 0,0000
C20** 0,599 0,0000
C22** 0,649 0,0000
C23** 0,637 0,0000

5 SPSS 23 software was used in the calculation
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C24** 0,635 0,0000
C25** 0,627 0,0000
C26™* 0,649 0,0000
C27** 0,643 0,0000
C28** 0,686 0,0000
C29** 0,67 0,0000
C30%** 0,712 0,0000
C31_C32** 0,699 0,0000
D35** 0,61 0,0000
E36** 0,618 0,0000
E37-E39** 0,611 0,0000
Fr* 0,685 0,0000
GA5** 0,673 0,0000
GA46** 0,608 0,0000
GAT** 0,56 0,0000
HAg** 0,624 0,0000
H50%* 0,53 0,0000
H51** 0,576 0,0000
H52%* 0,532 0,0000
[ 0,681 0,0000
I61** 0,491 0,0000
162_J63** 0,41 0,0010
KB4** 0,473 0,0000
K65** 0,527 0,0000
K66** 0,527 0,0000
L6g*** 0,701 0,0000
M72%* 0,444 0,0000
M74_M75** 0,667 0,0000
N* 0,451 0,0000
084** 0,605 0,0000
Pg5** 0,508 0,0000
Q* 0,356 0,0050
R_S** 0,577 0,0000

*Weak relationship in the same direction, **Middle relationship in the same direction, *** Strong relationship in the same
direction
Resource: EU SCIENCE UP 2019; WIOD, 2016; Corsatea and others were created by the author using 2019 data

As seen in Table 4, the transportation sector proves that the vast majority of other sectors
do not show a significant structural change in inter-period production by showing a moderately
identical relationship as seen in the Spearman correlation coefficient. Therefore, there is no
significant structural change in the sectors of the transport sector causing CO emissions. Input-
output analysis is naturally suitable for future projections as it is based on the basic assumption
that the ratios such as input, capital, technology import are fixed. In this context, the similarity
of the transportation sector with the previous periods (TUIK, 2020) will be a guide for the policy
measures to be taken for CO2 emission reduction since the production chain will display similar
features in the future.

According to the literature review and WIOD Turkey data analysis, to prevent the
climate change and to avoid environmental negative externalities, emission values produced
based on the relationships of transport sectors in Turkey with other sectors need reducing. With
this objective, in the content of the study developments of policy recommendations about
emission reduction which will be made with the support of political documents, strategy and
action plan of Turkey in transportation are included.

Developing Policy Recommendations for Turkey’s Transport Sector

Day by day, greenhouse gas emissions on particularly sectoral basis contribute
significantly to tangled climate change on a global scale. In most of the developed and
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developing countries, the impact of CO> emission that is produced based on economical
activities and is an important greenhouse gas on climate change is an important issue which
should be thought over sensitively. In Turkey, a total proportion of a single unit CO2 emission
that aviation, maritime, road and pipeline transport sectors generate the environment come the
fourth in all sectors. Transport sector, which has been seriously accelerating in besides the
intercity and inner-city passenger transport and in freight recently and where CO, emissions are
released more into the environment resulting from fossil fuel usage, consumes natural
environment and built environment more because of this impact.

As well as a number of policies implemented to reduce transportation-induced emissions
causing global warming and to protect environmental values in Turkey, proposals are put
forward in policy documents and action plans created by the efforts of various institutions for
the prevention of potential adverse effects of transportation sector in near future. Since 2000s,
it is seen that policy documents have been prepared to reduce the environmental impacts of the
transportation sector in the vision, goals, objectives and strategies included in both development
plans, programs and in different policy and strategy documents. These studies include proposals
to be able to observe the impact on climate change directly on local scale in Turkey and
indirectly on global scale.

In most policy documents, the concepts of sustainability, efficiency, energy efficiency,
livability, environmental awareness and human orientation are considered as key vision keys.
Recently, industry 4.0, smart cities, smart environment, smart transportation, smart society,
internet of things, remote sensing, sensors in communication with each other, artificial
intelligence, electronic control systems, environmentally friendly modes of transport, inter-
species integration, promoting low emission motorless transportation are all quite popular; and
new developments are inevitable in this field in Turkey as a necessity of development of new
technology era.

With the Covid-19 pandemic which affected the world, concerns about social distancing
came to the fore especially in the transportation sector. After taking measures by reducing total
passenger carrying capacity in half and imposing restrictions for bus and plane travels in
intercity and international transportation in Turkey in pandemic period, when the restrictions
are removed, people will increase their private automobile travel, the number of trips by public
transport will also increase and more CO2 emissions will be produced. Therefore, considering
the analysis results obtained in the current situation, various policies and measures should be
presented for post Covid-19 measures:

o Due to the low emission production, making rail system widespread in urban
transportation by taking into account the settlement structure and urban densities where the
topographic structure of the city is appropriate (Akdemir and Onder, 2019).

o Making alternative modes of transportation such as park&ride, street tram, Bus
Rapid Transit, carsharing, bike sharing, carpooling take place among the priority public
transportation investments in cities with appropriate topographic and economical structure
(Kaplan and Onder, 2017),

o Ensuring that priority is given to disadvantaged groups in public transportation
by prioritizing the transportation of women, children, the elderly and the disabled (Oktem,
Onder, Ulvi and Uysal, 2019; Onder, 2020).

o Ensuring that the existing transportation infrastructure is used in an energy-
efficient, cost-effective, human-oriented and environmentally friendly manner (T.C. Enerji ve
Tabi Kaynaklar Bakanligi, 2017),
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o Preventing time and financial losses and extra emission production with the
integration of land-air-water transportation types at various stations, ports and airports (T.C.
Cumhurbaskanlig1 Strateji ve Biitce Baskanligi, 2019),

o Building an efficient self-supervising transportation system in communication
with each other by supporting the efficient use of intelligent transportation systems and
applications in land-air-water transportation (Akdemir and Onder, 2020, pp.239-242),

o Enabling widespread use of electric, hybrid, solar, hydrogen, wind powered
vehicle types that will encourage the use of energy produced through renewable energy sources
in freight shipment and passenger transportation, (T.C. Cevre ve Schircilik Bakanligi, 2019a;
T.C. Ulastirma Denizcilik ve Haberlesme Bakanlig1, 2014; Onder and Ulukavak, 2019, pp.103-
104)

o Encouraging the preference of multimodal modes of transportation in which
suitable price tariffs are arranged in freight shipment and passenger transportation, (T.C. Enerji
ve Tabi Kaynaklar Bakanligi, 2012; T.C. Kalkinma Bakanligi, 2013),

o Shifting the freight transport rate of road transportion to alternative transportion
types with relatively low emissions, (T.C. Cevre ve Sehircilik Bakanligi, 2011; T.C. Ulastirma
Denizcilik ve Haberlesme Bakanligi, 2011),

o Commissioning of environmentally friendly vehicles by encouraging the use of
new generation technologies in railway transportation, (T.C. Cevre ve Sehircilik Bakanligi,
2010),

o Providing less fuel consumption by preferring the transportation of products of
vital importance light in weight but heavy in value in air transportation, prioritizing the airway
which is a fast mode in passenger transportation, (T.C. Ulastirma Denizcilik ve Haberlesme
Bakanligi, 2011; T.C. Cevre ve Sehircilik Bakanligi, 2010),

o Encouraging the transportation of larger-scale cargoes to longer distances by
improving water transportation especially in the field of freight transportation, (T.C. Enerji ve
Tabi Kaynaklar Bakanligi, 2017; T.C. Cumhurbaskanlig1 Strateji ve Biitce Bagkanligi, 2019),

o Encouraging less energy consumption and less emission production by ensuring
interspecies integration in urban public transport, (T.C. Cevre ve Sehircilik Bakanligi, 2019b),

o Gradually reducing the types of transportation that cause high fuel consumption
and environmental pollution and limit the use of fossil fuels with high taxation, (T.C. Enerji ve
Tabi Kaynaklar Bakanligi, 2012),

o Ensuring that non-motorized transportation types such as pedestrian and bicycle
are preferred more in urban transportation (KENTGES, 2010),

o Supporting policies such as congestion charging, road toll, area charging, road
tax should be implemented to reduce congestion and to limit emission production in areas with
high emission density in the city.

Result and Discussion

Today, it is aimed to reduce air pollution in many countries. Air pollution is expected to
decrease when it comes to stopping production, decreasing energy consumption, not using
transportation means, stopping eating, drinking, shopping, and entertainment activities. For
example, a decrease in air pollution has been observed after people put themselves in
quarantines in their homes, out-of-home activities and transportation activities are restricted
and many factories have stopped production due to the Covid-19 pandemic which has been
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spreading all over the world from China today and triggering the supply shock. Satellite images
published by NASA clearly shows a reduction in air pollution compared to January 1-20, 20-
20 and February 10-25, and compared to last year's satellite images (NASA, 2020). There is an
expectation of financial shock and recession as a result of struggling to get rid of the trade war
on the one hand and to fight the COVID-19 virus on the other hand (World Bank, 2020, pp.2-
3). The important thing is to reduce air pollution in periods when there is no economic recession
and when production continues, the products are delivered to people, and people actively use
the means of transportation.

The economic workspace of input-output analysis is mainly the sectors. Today, all
sectors are interconnected. Sectors are the production elements that turn the inputs into output
with the production techniques they apply. However, every production element brings about
negative environmental externality. In this study, CO, emission was dealt with as negative
environmental externality and environmental input-output analysis was applied to all sectors in
Turkey and measures, policies and recommendations were evaluated specific to the
transportation sector.

In the WIOD input-output table, the transportation sector consists of three sectors as
land transportation, air transportation and water transportation. CO2 equivalent of one dollar
production is 0,1356 kt in land transportation, 0,3437 kt in air transportation, 0,1068 kt in water
transportation. BL; coefficients are 0,4500 kt CO2 equivalent in land transportation, 0,8929 kt
CO:2 equivalent in air transportation, 0,3619 kt CO. equivalent in water transportation
respectively. FL; coefficients are 1,1895 kt CO> equivalent in land transportation, 0,7840 kt
COz equivalent in air transportation and 0,3234 kt CO> equivalent in water transportation.

Determining whether the transportation sectors' inter-period production chain has
changed structurally is important to determine the policy measures to be taken for CO, emission
reduction. In this context, it was concluded that the input components used in production did
not differ significantly with the calculated Spearman Correlation. When these analysis results
are evaluated together; We suggest measures to determine a policy for establishing human-
oriented transportation system in which the existing transportation infrastructure is planned to
be energy and cost effective, environmentally friendly vehicle types are popularized, non-
motorized transportation types are preferred, transportation is intensified among different
transportation sectors generating emission, there is less fuel consumption in air transportation,
inter-species integration is provided and alternative transportation systems are preferred in
urban public transportation, fuel consumption is reduced and fossil fuel use is restricted, the
policies are applied to limit the emission intensity and emission production of the city and
renewable and sustainable environmentally friendly fuel types are preferred.

In the input-output tables published in the WIOD database, the production and use of
environmentally friendly fuel types and environmentally friendly vehicles such as electric,
hybrid, solar, hydrogen, wind powered vehicles are not included in the sector. It is suggested
by us that these sectors will be included in the input-output tables to be created after that. In
such a case, to reduce the CO> emissions of the sectors, expanded environmental input-output
analyzes can be carried out by preparing various scenarios where the coefficients of coal and
petroleum derivatives are reduced in percentage and the environmentally friendly fuel types are
increased in percentage in input-output tables; the coefficients of use of the vehicles currently
being used are reduced in percentage and the coefficients of environmentally sensitive vehicles
are increased in percentage. Therefore, we foresee that the validity of the measures and policies
put forward within the scope of this study will be proved.
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Appendix
CODE SECTOR
A0l Crop and animal production, hunting and related service activities
A02 Forestry and logging
A03 Fishing and aquaculture
B Mining and quarrying

C10-C12 Manufacture of food products, beverages and tobacco products
C13-C15 Manufacture of textiles, wearing apparel and leather products

C16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of
straw and plaiting materials

C17 Manufacture of paper and paper products

C18 Printing and reproduction of recorded media

C19 Manufacture of coke and refined petroleum products

C20 Manufacture of chemicals and chemical products

C22 Manufacture of rubber and plastic products

Cc23 Manufacture of other non-metallic mineral products

C24 Manufacture of basic metals

C25 Manufacture of fabricated metal products, except machinery and equipment

C26 Manufacture of computer, electronic and optical products

C27 Manufacture of electrical equipment

C28 Manufacture of machinery and equipment n.e.c.

C29 Manufacture of motor vehicles, trailers and semi-trailers

C30 Manufacture of other transport equipment

C31-C32 Manufacture of furniture; other manufacturing
D35 Electricity, gas, steam and air conditioning supply
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E36 Water collection, treatment and supply

E37-E39 Sewerage; waste collection, treatment and disposal activities; materials recovery; remediation activities
and other waste management services

F Construction

G45 Wholesale and retail trade and repair of motor vehicles and motorcycles

G46 Wholesale trade, except of motor vehicles and motorcycles

G47 Retail trade, except of motor vehicles and motorcycles

H49 Land transport and transport via pipelines

HS50 Water transport

H51 Air transport

H52 Warehousing and support activities for transportation

[ Accommaodation and food service activities

J61 Telecommunications

J62-363 Computer programming, consultancy and related activities; information service activities

K64 Financial service activities, except insurance and pension funding

K65 Insurance, reinsurance and pension funding, except compulsory social security

K66 Activities auxiliary to financial services and insurance activities

L68 Real estate activities

M72 Scientific research and development

M74-M75  Other professional, scientific and technical activities; veterinary activities

N Administrative and support service activities

084 Public administration and defence; compulsory social security

P85 Education

Q Human health and social work activities

R-S Other service activities




