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Makale Gegmisi: Bu arastirmanin amaci, Kusak Yol iilkelerinin ¢evresel ve lojistik performansini Lojistik Performans Endeksi

(LPI) ve Cevresel Performans Endeksi (EPI) alt kriterleri kapsaminda biitiinlesik Entropi-TOPSIS
yontemleriyle degerlendirmektir. Arastirmada 2013 yilinda olusturulan Kusak Yol projesi kapsaminda yillik
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bes yiiz bin TEU konteyner ellecleyen iilkelerin 2014, 2016 ve 2018 yillar1 Lojistik Performans Endeksi (LPI)
ve Cevre Performans Endeks (EPI) raporlarinda yer alan alt kriter puanlarina gére gevresel ve lojistik
performansinin degerlendirmesi yapilmistir. Cevresel ve lojistik performans degerlendirmesi sonucuna gore
2014 yilinda Singapur, 2016 ve 2018 yilinda Yunanistan ilk sirada yer alarak en iyi gevresel ve lojistik
performans gosteren iilkeler olmustur. 2014 yilinda Singapur, Slovenya, Portekiz Yunanistan, Myanmar,
italya, Birlesik Arap Emirlikleri, Israil ve Kuveyt, 2016 y1linda Yunanistan, italya, Romanya, Rusya, Ukrayna,
Portekiz, Slovenya, Filipinler, Liibnan, Tayland, Israil, Kenya, Malezya, Tiirkiye ve Cezayir ve 2018 yilinda
Yunanistan, ftalya, Romanya, Rusya, Israil, Portekiz, Kuveyt, Malezya, Liibnan, Singapur, Birlesik Arap
Emirlikleri, Misir ve Cezayir gevresel ve lojistik performans degerlendirmesinde basarili iilkeler oldugu
belirlenmistir. Ayrica, 2014 yilinda Cin, Hong Kong, Hindistan, Kenya, Pakistan ve Filipinler, 2016 yilinda
Myanmar ve Pakistan ve 2018 yilinda Pakistan ve Hindistan ¢evresel ve lojistik performans
degerlendirmesinde basarisiz iilkeler oldugu sonucuna ulasilmistir. Aragtirmada 2014 yilinda hava kalitesi,
2016 yilinda su ve sanitasyon, 2018 yilinda su kaynaklari en yiiksek puanli kriterler ve 2014, 2016 ve 2018
yillart i¢in giimriik kontrol islemlerinin verimliligi en diisiik puanli kriter oldugu goriilmistiir.
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The aim of this research is to evaluate the environmental and logistics performance of Belt and Road countries
through integrated Entropy-TOPSIS methods within the scope of Logistics Performance Index (LPI) and
Environmental Performance Index (EPI) sub-criteria. In the research, the environmental and logistics
performance of the countries that handle five hundred thousand TEU containers annually within the scope of
the Belt Road project created in 2013 was evaluated according to the sub-criteria scores of the Logistics
Performance Index (LPI) and Environmental Performance Index (EPI) reports for the years 2014, 2016 and
2018. According to the results of the environmental and logistics performance evaluation, Singapore in 2014
and Greece in 2016 and 2018 ranked first among the countries with the best environmental and logistics
performance. Singapore, Slovenia, Portugal Greece, Myanmar, Italy, United Arab Emirates, Israel and Kuwait
in 2014, Greece, Italy, Romania, Russia, Ukraine, Portugal, Slovenia, Philippines, Lebanon, Thailand, Israel,
Kenya, Malaysia, Turkey in 2016 and Algeria, and in 2018, Greece, Italy, Romania, Russia, Israel, Portugal,
Kuwait, Malaysia, Lebanon, Singapore, United Arab Emirates, Egypt and Algeria were determined to be
successful countries in environmental and logistics performance evaluation. In addition, it was concluded that
China, Hong Kong, India, Kenya, Pakistan and Philippines in 2014, Myanmar and Pakistan in 2016 and
Pakistan and India in 2018 were unsuccessful countries in environmental and logistics performance evaluation.
In the research, it was seen that air quality in 2014, water and sanitation in 2016, water resources in 2018 were
the highest scoring criteria, and the efficiency of customs control transactions for 2014, 2016 and 2018 were
the lowest scoring criteria
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EXTENDED ABSTRACT

In the study, performance ratings were made for each year in 2014, 2016 and 2018 according to the Logistics
Performance Index (LPI) is the efficiency of customs control operations, the quality of the infrastructure related to
trade and transportation, the ease of sending shipments at competitive prices, the quality and competence of logistics
services, the tracking and traceability of shipments, the frequency of shipments reaching the buyer on time, and the
Environmental Performance Index (EPI) air quality, water and sanitation, biodiversity and habitat, forests, fisheries,
climate and energy, water resources, agriculture criteria of countries with seaway connections and handling five
hundred thousand TEU containers per year within the scope of the Belt Road project.

In the literature, it has been observed that performance indicators in the measurement of Logistics and Environmental
performance are studies in which different weighting, new measurement models are applied, statistical methods and
MCDM methods are used. However, there are few studies in the literature on the evaluation of Logistics and
Environmental performance of Belt Road countries with multi-criteria decision making methods. In the research, it is
thought that the use of integrated Entropy-TOPSIS management for the performance evaluation of 16 countries that
handle five hundred thousand TEU containers annually within the scope of the Belt Road project will contribute to
the literature. The purpose of this research is to evaluate the rankings of Belt Road countries in terms of The Logistics
Performance Index (LPI) is the efficiency of customs control operations, the quality of the infrastructure related to
trade and transportation, the ease of sending shipments at competitive prices, the quality and competence of logistics
services, the tracking and traceability of shipments, the frequency of shipments reaching the buyer on time, and the
Environmental Performance Index (EPI) air quality, water and sanitation, biodiversity and habitat, forests, fisheries,
climate and energy, water resources, agriculture criteria 2014, 2016 and 2018. It is expected that the outputs obtained
from the research will be used by decision makers and contribute to the literature by guiding the evaluation of Belt
Road countries.

Performance of Belt Road countries will be evaluated through integrated Entropy-TOPSIS methods. the Logistics
Performance Index (LPI) is the efficiency of customs control operations, the quality of the infrastructure related to
trade and transportation, the ease of sending shipments at competitive prices, the quality and competence of logistics
services, the tracking and traceability of shipments, the frequency of shipments reaching the buyer on time, and the
Environmental Performance Index (EPI) air quality, water and sanitation, biodiversity and habitat, forests, fisheries,
climate and energy, water resources, agriculture were used in the study. The ratios calculated in the study, integrated
Entropy-TOPSIS multi-criteria decision making methods were used as an evaluation factor.

According to the results of the environmental and logistics performance evaluation, Singapore in 2014 and Greece in
2016 and 2018 were the best countries. Singapore, Slovenia, Portugal Greece, Myanmar, Italy, United Arab Emirates,
Israel and Kuwait in 2014, Greece, ltaly, Romania, Russia, Ukraine, Portugal, Slovenia, Philippines, Lebanon,
Thailand, Israel, Kenya, Malaysia, Turkey in 2016 and Algeria, and in 2018, Greece, Italy, Romania, Russia, Israel,
Portugal, Kuwait, Malaysia, Lebanon, Singapore, United Arab Emirates, Egypt and Algeria were determined to be
successful countries in environmental and logistics performance evaluation. In addition, it was concluded that China,
Hong Kong, India, Kenya, Pakistan and Philippines in 2014, Myanmar and Pakistan in 2016 and Pakistan and India
in 2018 were unsuccessful countries in environmental and logistics performance evaluation. In the research, it was
seen that air quality in 2014, water and sanitation in 2016, water resources in 2018 were the highest scoring criteria,
and the efficiency of customs control transactions for 2014, 2016 and 2018 were the lowest scoring criteria.

With practices such as increasing the efficiency of the customs process, strengthening the quality of infrastructure
related to trade and transportation, providing access to competitive priced transportation operations, increasing the
quality of logistics service with specialized enterprises, improving the ability to instantly track and monitor shipments,
and increasing the frequency of delivery to the recipient on time the Belt Road countries will be able to increase their
logistics performance.

In addition, reducing the dangers to human health caused by five environmental risk factors such as unsafe water,
unsafe health conditions, particulate matter pollution in the environment, domestic air pollution from solid fuels and
ozone pollution in the environment, increasing trends in national efforts to reduce carbon emission intensity,
monitoring the proportion of treated wastewater from households and industrial sources before discharging it to the
environment, increasing the percentage of a population with access to safe drinking water and sanitation
infrastructure, to adapt the fertilization applications to the nitrogen needs of the crop areas, taking precautions against
the dangers of extinction as a result of overfishing, reducing exposure to fine particulate matter, nitrogen dioxide and
the percentage of the population that burns solid fuels indoors, 1 addition to the species that conservation policies
aim to protect, the protection of the terrestrial and marine areas and the increase of the green areas in the total area of
the country will increase their environmental performance.
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Giris

Cin hiikiimeti tarafindan 6nerilen Kusak Yol Girisimi (BRI), kiiresel ticaret sistemini ve
giivenligini siirdiirmek, iilkeler arasinda isbirligi ve karsilikli fayda saglamak ve agik bir diinya
ekonomik sisteminin gelisimini tesvik etmek i¢in ortaya ¢ikartilmis bir girisimdir. Bu girigim,
kiiresel arazi alaninin % 39'unu, niifusun % 62'sini, hane tiiketiminin % 24Yinii, kiiresel
GSYiH'nin % 31'ini (Diinya Bankas1, 2018), toplam kiiresel niifusun % 43,4'{inii ve toplam
diinya ticaretinin % 21,7'sini olusturan 65 tlkelik bir pazar1 kapsamaktadir (BRI Biiyiik Veri
Raporu, 2018).

Kiiresellesmenin etkisiyle artan ticaret faaliyetleriyle uluslararasi lojistige olan ihtiyac
artirmistir. Ulkelerin lojistik agisindan performansini 8lgmek icin 2007 yilinda Diinya Bankast,
iilkeleri genel lojistik performanslarina gore siralamak igin alt1 temel gostergeyi kullanan
Lojistik Performans Endeksi'ni (LPI) olusturmustur (Worldbank, 2021). Gegtigimiz on yilda
LPI, politika yapicilar ve arastirmacilar tarafindan lojistik ve yiik tasimacilig: ile konularda
yaygin olarak kullanilmstir.

Siirdiiriilebilirligin ¢evresel boyutuna odaklanan Cevresel Siirdiiriilebilirlik Endeksini
(ESI) tamamlayan Cevresel Performans Endeksi (EPI), insan sagligi {izerindeki g¢evresel
baskilar1 azaltmada ve ekosistem canliligini ve saglam dogal kaynak yonetimini tesvik etmede
bir politika performans &l¢iisii ihtiyacina yonelik olusturulmustur (ESI, 2021). Ulkeler kiiresel
1sinma, iklim degisikligi ve artan sera gazi emisyonlarinin etkisiyle lojistik sektorii gibi gevreye
olumsuz etkileri olan bir¢ok sektdrde yeniden yapilanma faaliyetleri baslatmistir.

Calismada oncelikle literatiir incelemesi gerceklestirilmistir. Daha sonra arastirmada
kullanilan kriterlerin nasil belirlendigi ortaya koyulmustur. Sonrasinda Entropi ve TOPSIS
yontemlerinin ¢6ziim adimlar1 gosterilmistir. Uygulama kisminda secilen Kusak Yol
tilkelerinin ¢evresel ve lojistik performanst entegre Entropi-TOPSIS yontemi ile
degerlendirilerek iilkeler siralanmistir. Sonu¢ bdliimiinde ise arastirmanin sonuglari
degerlendirilmis ve gelecek calismalara yonelik oneriler siralanmistir.

Literatiir

Lojistik performansin ¢ok boyutlu bir degerlendirmesi olan Diinya Bankasi Lojistik
Performans Endeksi (LPI), belirli bir iilkenin ticaret ve ulasim kolayligin1 6l¢gmek ve bu sayede
tyilestirmenin baglica engellerini ve firsatlarin1 tanimlamaya odaklanan uluslararas: bir
kiyaslama aracidir. Ote yandan Lojistik Performans Endeksi (LPI), zamanla lojistik egilimleri
anlamayr miimkiin kilan bir performans egilimleri analizi de saglamaktadir. Lojistik
Performans Endeksinin (LPI) ¢ercevesini ve iilkelerin lojistik performansini olusturan alti
boyut asagida 6zetlenmektedir (LPI, 2021):

Glimriik; Glimriik siirecinin etkinligi.

Altyap1; Ticaret ve ulagimla ilgili altyap: kalitesi.

Uluslararas1 Gonderiler; Rekabetgi fiyatli gonderilerin diizenlenmesi kolaylig.
Lojistik Kalite; Yetkinlik ve lojistik hizmet kalitesi.

Takip ve izleme; Sevkiyatlari takip etme ve izleme yetenegi.

Zamanlama; Gonderilenlerin planlanan veya beklenen siire i¢inde aliciya ulagma sikligi.

Yal¢in ve Ayvaz (2020), Bulanik Analitik Hiyerarsi Siireci (AHP) ve Bulanik TOPSIS
(Technique for Order Preference by Similarity to Ideal Solutions) yontemleri biitiinlesik sekilde
kullanilmis, bes iilkenin LPI Endeks skorlariin alt boyutlar1 kriter olarak degerlendirilmis ve
lojistik performansa gore siralanmistir. Arastirma sonucunda, performans degerlendirmesine
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gore Tiirkiye’nin ilk sirada yer alan iilke oldugu belirlenmistir. Rezaei vd., (2018), ¢ok kriterli
bir karar analizi yontemi olan Best—Worst Yontemi (BWM) kullanarak, farkli iilkelerde yer
alan 107 uzmanin LPI Endeksinin alt bilesenlerinin agirliklarini belirlemeye c¢alismistir.
Altyapr lojistik performans kriterinin en 6nemli ve takip ve izleme kriterinin ise en az 6nemli
oldugu sonucuna ulasilmistir.

Oguz vd., (2019), Cok Kriterli Karar Verme (CKKYV) tekniklerinden biri olan TOPSIS
yontemiyle Giiney Kore, Hong Kong, Singapur, Endonezya, Malezya, Tayvan ve Tayland
iilkesinin lojistik performanslarini degerlendirmistir.  Degerlendirme sonucunda lojistik
performans olarak en basarili lilkenin Singapur, en az basarili olan iilkenin ise Endonezya
oldugu saptanmustir.

Ustal1 ve Tosun (2020), G-20 iilkelerinin, lojistik performans agisindan karsilastirmali
etkinligi, Veri Zarflama Analizi ile CCR ve BCC girdi temelli modellerle belirlenmistir.
Arastirmanda, tilke etkinlik degerlerinin ve referans gruplarinin yillara gore farklilik gosterdigi
ortaya konulmustur. Ayrica Cin ve Hindistan’in, etkinlik tiirleri agisindan siirekli iyilesme
gosterdikleri bulgusuna da ulagilmstir.

Cansiz ve Unsalan (2020), liman alt yap kalitesi, layner tasimacilig1, giimriik giderleri,
havayolu yiik tasimaciligi, ihracat miktar1 degiskenlerin LPI ile iliskisi istatistiksel olarak ele
alinmig ve istatistiksel olarak anlamli sayisal verilerle LPI icin yapay zeka ve ¢ok degiskenli
lineer regresyon (MLR) yontemleri kullanilarak tahmin modelleri gelistirmislerdir.

Stojanovic ve Puska (2021), CRITIC (Criteria Importance Through Intercriteria
Correlation) ve MABAC (Multi-Attributive Border Approximation Area Comparison)
yontemlerine dayali bir hibrit ¢ok kriterli yaklasim kullanilarak Korfez Isbirligi Konseyi
iilkelerinin lojistik performanslarmi degerlendirmis ve hangi iilkenin bolgesel bir lojistik
merkez kurmak i¢in en 1yi kosullara sahip oldugu belirlemislerdir. Birlesik Arap Emirliklerinin
bolgesel bir lojistik merkezi kurmak i¢in en iyi kosullara sahip oldugunu saptanmustir.

Ulutas ve Karakdy (2019), LPI endeksi alt kriterlerinin agirliklarinin belirlenmesinde
siibjektif (Step-Wise Weight Assessment Ratio Analysis, SWARA) ve objektif (KRITIK) iki
agirliklandirma yontemi entegre edilmis, PIV yontemi kullanilarak AB iiyesi tilkelerin logistik
performans1 degerlendirmislerdir. Cakir (2017), Ekonomik Isbirligi ve Kalkinma Teskilat1
(OECD) iilkelerinin lojistik performansint Lojistik Performans Endeksi kriterler arasi
korelasyon (CRITIC), basit toplam agirliklandirma (SAW) ve Peters'in bulanik regresyon
metotlar1 kullanarak degerlendirmistir.

Mercag6z vd., (2020), 28 Avrupa Birligi (AB) liye ve 5 AB aday {ilkesinin, lojistik
performans puanlarinit COPRAS-G (Complex Proportional Assessment Of Alternatives-Gray)
yontemiyle ve hesaplanan siralamanin ge¢gmis endeks verilerini temsil edip etmedigini gérmek
icin siralamalarin ikili karsilastirmalar1 Spearman Rank ve Kendall’s Tau Correlation
yontemleri kullanarak degerlendirmislerdir. Ozmen (2019), Ekonomik Kalkinma ve isbirligi
Orgiitii (OECD) iilkelerinin lojistik rekabet giiciinii LPI endeks kriterleri {izerinden,
Mahalanobis mesafe (MD) tabanli TODIM (Etkilesimli ve Cok Kriterli Karar Verme)
yontemleriyle saptamistir.

Karakdy ve Olmez (2019), Balkan iilkelerinin lojistik performans endeksleri CKKV
yontemleri olan Entropy ve OCRA (Operational Competitiveness Ratings Analysis)
yontemleriyle analiz edilmistir. Dahab ve Ibrahim (2018), gerekgeli agirlik degerleri ¢ok kriterli
bir karar analiz yontemi olan TOPSIS kullanarak, {ilkelerin siralamasini1 Diinya Bankasi'ninki
ve literatiirde bulunan diger siralama sonuclariyla karsilastirmistir. Elde edilen bulgulara gore,
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TOPSIS normal agirligin1 ve TOPSIS Entropi agirligini kullanan genel puanlardaki kiigiik fark
olmas1 nedeniyle, iki siralama arasindaki farklarin nispeten kiiciik oldugu tespit edilmistir.

Yildirim ve Mercang6z (2020), OECD iilkelerinin lojistik performanslarinin yillara gore
degerlendirilmesi i¢in gri katki oran1 degerlendirme (ARAS-G), hesaplanan siralamalar ve
yillik siralama igerisindeki iliskileri aragtirmak i¢in de Spearman p ve Kendall Tau korelasyon
yontemlerini kullanmigtir. Sonuglar, ARAS-G ydntemiyle hesaplanan siralamalarin yillarla en
giiclii iliskiye sahip oldugunu gostermektedir.

Cevre Performans Endeksi (EPI), {ilkelerin yiiksek Oncelikli ¢evre konularindaki
performansini insan sagliginin ve ekosistemlerin korunmasi alanlarinda yogunlastirmaktadir.
Bu iki politika hedefi ¢ergevesinde, Cevre Performans Endeksi (EPI), cesitli alanlarda ulusal
performanslar1 degerlendirmektedir. (EPI, 2021a). Cevresel Performans Endeksi (EPI),
diinyadaki stirdiiriilebilirlik durumunu 11 sorun kategorisinde 32 performans gostergesi
kullanarak 180 iilkenin ¢evre saglig1 ve ekosistem canlilig1 verilerine dayali olarak siralayan bir
uluslararasi kabul gormiis bir endekstir (EPI, 2021¢). Cevre Performans Endeksinde iilkeler
(EPI) 1 ile 100 arasindaki sayisal degere gore siralanmaktadir. Cevre Performans Endeksinin
(EPI) gercevesi ve iilkelerin performansi, ¢evresel risk maruziyeti, iklim ve enerji gostergeleri,
su kaynaklari, su ve sanitasyon, tarim, balik¢ilik, hava kalitesi, biyogesitlilik ve habitat,
ormanlar olmak {izere dokuz boyutta degerlendirilmektedir (EPI, 2020b, s. 48-168).

Bilbao-Terol vd., (2014) ¢alismada, 132 iilkenin Diizeltilmis Net Tasarruf (ANS),
Ekolojik Ayak izi (ECF), Cevresel Performans Endeksi (EPI) ve Insani Gelisme Endeksi (IGE)
verileri TOPSIS y&ntemi kullanarak degerlendirmistir. Elde edilen bulgura gére, Fransa, Italya
ve Hollanda’nin en basarili iilkeler oldugu sonucuna ulasilmstir.

Tang vd., (2019), 39 endeksi ve ii¢ kategoriyi (ekonomik, sosyal ve ekolojik gelisme)
iceren bir degerlendirme endeks sistemi kurulmus, endeks sistemine dayali olarak
degerlendirme puanina gore her bir endekse agirlik atamak i¢in Entropi ve degerlendirme
stirecindeki mevcut belirsizligi azaltmak icin gri iliski analizinin kullanildig1 entegre edilmis
bir TOPSIS yontemi kullanilmigtir.

Aycim ve Cakin (2019), biitlinlesik ¢ok kriterli karar verme yontemlerini kullanarak
iilkelerin ¢evresel performanslari alti farkli modelle degerlendirmistir. Arastirmadan elde
edilen bulgulara gore, Avusturya, Danimarka ve Fransa’nin en 1yi ¢evresel performans gosteren
iilkeler oldugu saptanmuigtir.

Gallego-Alvarez{s}}] vd., (2014), 149 iilkenin ¢evresel performans endeksinde yer alan
cevresel gostergelere iliskin alanlar ve degiskenleri kesifsel bir yontem olan HJ-biplot
kullanarak ¢ok degiskenli bir analiz yapmistir. Ampirik analizden elde edilen bulgu sonucunda,
ekonomik refah ve egitim gibi sosyoekonomik faktorlerin yani sira kamu ydnetimi tarzinin
temsil ettigi kurumsal faktorlerin, 6zellikle yolsuzlugun kontrolii, analiz edilen iilkelerde
cevresel performansin belirleyici faktorler oldugu belirlenmistir.

Literatiirde lojistik ve gevresel performansin 6lgiilmesinde performans gostergelerinin
farkli agirliklandirma, yeni 6l¢iim modellerinin uygulandigy, istatistiksel yontemler ve CKKV
yontemlerinin kullanildig ¢calismalar oldugu goriilmiistiir. Bu baglamda literatiirde Kusak Yol
tilkelerinin Lojistik ve Cevresel performansinin ¢ok kriterli karar verme yoOntemleriyle
degerlendirmesine yonelik az sayida caligma bulunmaktadir. Arastirmada Kusak Yol projesi
kapsaminda y1llik bes yiiz bin TEU konteyner ellegleyen iilkelerin performans degerlendirmesi
icin Dbiitiinlesik  Entropi-TOPSIS y6netimi kullaniminin literatiire katki saglayacagi
diisiilmektedir. Bu arastirmanin amaci, 2013 yilinda olusturulan Kusak Yol iilkelerinin Lojistik
Performans Endeks (LPI) ve Cevre Performans Endeks (EPI) raporlarinin yayinlandigi 2014,
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2016 ve 2018 yillar1 agisindan degerlendirmektir. Arastirma sonucu elde edilen ¢iktilarin karar
alicilar tarafindan kullanilmasi ve Kusak Yol iilkelerinin degerlendirilmesine yol gostererek
literatiire katk1 saglamasi beklenmektedir.

Yontem

Calismada, Kusak Yol projesi kapsaminda denizyolu baglantis1 olan ve yillik bes yiiz
bin TEU konteyner ellegleyen {ilkelerin, Lojistik Performans Endeksi (LPI) giimriik kontrol
islemlerinin verimliligi, ticaret ve tasimacilik ile ilgili altyapinin kalitesi, rekabetci fiyatla
sevkiyat gonderebilme kolayligi, lojistik hizmet kalitesi ve yetkinligi, sevkiyatlarin izleme ve
takip edilebilirligi, alictya zamaninda ulasan sevkiyatlarin siklig1 ve Cevre Performans Endeks
(EPI) hava kalitesi, su ve sanitasyon, biyocesitlilik ve habitat, ormanlar, balik¢ilik, iklim ve
enerji, su kaynaklari, tarim alt kriterleri tizerinden 2014, 2016 ve 2018 yillar1 i¢in performans
derecelendirmesi yapilmustir.

Literatiirde performans degerlendirmesi i¢in yaygin yontemlerden olan Entropi,
TOPSIS ve bu yontemlerin biitiinlesik uygulanmasi gibi ¢ok kriterli karar verme yaklagimlari
uygulanmaktadir. Arastirmada hesaplanan oranlar, entegre Entropi-TOPSIS cok kriterli karar
verme yoOntemleriyle degerlendirme faktorii olarak kullanilmistir. Literatiirde yer alan
caligmalar incelenmis ve cesitli kriterlerin belirlendigi goriilmiistiir. Bu kriterler Tablo 1°de
gosterilmistir. Arastirmada, Lojistik Performans Endeksi (LPI) giimriik kontrol islemlerinin
verimliligi, ticaret ve tasimacilik ile ilgili altyapinin kalitesi, rekabet¢i fiyatla sevkiyat
gonderebilme kolayligi, lojistik hizmet kalitesi ve yetkinligi, sevkiyatlarin izleme ve takip
edilebilirligi, alictya zamaninda ulasan sevkiyatlarin siklig1 ve Cevre Performans Endeks (EPI)
hava kalitesi, su ve sanitasyon, biyogesitlilik ve habitat, ormanlar, balik¢ilik, iklim ve enerji, su
kaynaklari, tarim alt kriterleri literatiirde yer alan calismalar dikkate alinarak belirlenmistir.

Tablo 1: Literatiirde Yer Alan Degerlendirme Kriterleri

Kriter Alt Kriter Kisaltma Literatiir

LPI Giimriik Kontrol Islemlerinin Verimliligi C Dahab ve Ibrahim (2020, s. 273),
Ticaret ve Tasimacilik {le Tlgili Altyapmim Kalitesi | Kog ve Tosun (2020, s. 768),
Rekabetci Fiyatla Sevkiyat Gonderebilme Kolayligi IS Ulutas ve Karakdy (2021), Jin vd.,
Lojistik Hizmet Kalitesi ve Yetkinligi LQC (2020, s. 3251), Tang vd., (2019, s.
Sevkiyatlarm Izleme ve Takip Edilebilirligi T 256)
Alictya Zamaninda Ulagsan Sevkiyatlarin Siklig T

EPI Hava kalitesi AIR Cakmn ve Aygin (2019, s. 642), Jin
Su ve Sanitasyon H20 vd., (2020, s. 3251), Zheng ve
Biyogesitlilik ve Habitat BDH Bedra (2018, s. 3063), Tang vd.,
Ormanlar FOR (2019, s. 256), Li vd., (2020, s.
Balik¢ilik FIS 106044), Bilbao-Terol vd., (2014,
Iklim ve Enerji CCE s. 4), Sahin ve Pehlivan (2017)
Su kaynaklari WRS
Tarim AGR

Arastirmada entegre Entropi-TOPSIS y0netiminin secilmesinin nedeni, Entropi
yontemiyle uzmanlarin kisisel yargi ve diisiincelerine bagvurmadan literatiire gore belirlenen
kriterlerin 6nem agirliklarinin hesaplanmasina ve TOPSIS yontemiyle Kusak Yol tilkelerinin
degerlendirme faktdrlerinin en uygun sekilde siralanmasina imkan saglamasidir. Deng vd.,
(2000), Entropi yonteminden elde edilen objektif agirliklarla modifiye edilmis TOPSIS
yaklagiminin karsilagtirma problemi i¢in uygun oldugunu belirtmistir.

Arastirmanin  uygulama bdliimiinde, Entropi yontemiyle kriter agirliklart
hesaplanmaktadir ve daha sonra TOPSIS yontemiyle de iilkeler degerlendirilmektedir. Ayrica
yontem uygulanirken, Lojistik Performans Endeksi (LPI) giimriik kontrol islemlerinin
verimliligi, ticaret ve tasimacilik ile ilgili altyapinin kalitesi, rekabetci fiyatla sevkiyat
gonderebilme kolayligi, lojistik hizmet kalitesi ve yetkinligi, sevkiyatlarin izleme ve takip
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edilebilirligi, alictya zamaninda ulasan sevkiyatlarin siklig1 ve Cevre Performans Endeks (EPI)
hava kalitesi, su ve sanitasyon, biyogesitlilik ve habitat, ormanlar, balik¢ilik, iklim ve enerji, su
kaynaklari, tarim alt kriterleri yontemde maksimize edilecektir. Arastirmada kullanilan
degerlendirme kriterleri ve iilkeler Tablo 2’de gosterilmistir.

Tablo 2: Degerlendirme Kriterleri ve Ulkeler

Kriter Alt Kriter Ulkeler Kisaltma
Giimriik Kontrol
Islemlerinin Verimliligi Cin CHN
Ticaret ve Tasimacilik ile Misir
Ilgili Altyapmnin Kalitesi EGY
Rekabetci Fiyatla Yunanistan
Sevkiyat Gonderebilme
Lojistik Performans Endeks (LPI) Kolaylig: GRC
Skoru Lojistik Hizmet Kalitesi Hong Kong
ve Yetkinligi HKG
Sevkiyatlarm Izleme ve Hindistan
Takip Edilebilirligi IND
Alictya Zamaninda Endonezya
Ulasan Sevkiyatlarin
Siklig1 IDN
Hava kalitesi Italya ITA
Su ve Sanitasyon Malezya MYS
Biyogesitlilik ve Habitat Filipinler PHL
Cevre Performans Endeks (EPI) Skoru 1(3);‘{‘? lf(;nlll?li Suu dli?z?;?)istan SR/lAJS
iklim ve Enerji Singapur SGP
Su kaynaklari Tayland THA
Tarim Tiirkiye TUR
Birlesik Arap Emirlikleri ARE
Vietnam VNM
Israil ISR
Cezayir DzA
Urdiin JOR
Kenya KEN
Kuveyt KWT
Liibnan LBN
Myanmar MMR
Pakistan PAK
Portekiz PRT
Romanya ROM
Slovenya SVN
Ukrayna UKR

Entropi Agirhgi ve TOPSIS Yontemi

Entropi-TOPSIS yonteminin modelleme adimlar1 asagidaki gibidir. Tablo 2'de
listelenen iilkelerdeki Lojistik Performans Endeks (LPI) skoru ve Cevre Performans Endeks
(EPI) skoru i¢in orijinal degerlendirme endeksi matrisi, bir bilgi karar matrisi olarak formiile
edilebilir. Ulkelerdeki Lojistik Performans Endeks (LPI) skoru ve Cevre Performans Endeks
(EPI) i¢in orijinal degerlendirme Endeksi matrisi A seklindedir (ai, verilerin orijinal degeridir),
burada i = 1,2, ..., m; yanlis degerlendirme gostergelerinin sayisi; j = 1,2, ..., n; ve asagidaki
sekildedir (Tian vd., 2019, s. 6-7);

A1 0 Qan
Aij = ) :
Am1 " Qmn

Normallestirilmis bir degerlendirme matrisi yiiriitmek i¢in denklem kullanilmistir:
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al-j

f 2
k=1 Ay

Agirlikli matris esitliklerle hesaplanmistir:
1—-H;
m— X%, H;
1
Hi= - filnf,

Inn

rij =

Wij =

Wi, i gostergesinin Entropi agirhigidir ve wi € [0,1]. Hj bilgi entropisidir, fi endeksin
karakteristik agirhigidir ve fi = r /Y ri'dir.

Ardindan, wi Entropi agirligma dayali agirlikli normallestirilmis bir degerlendirme
matrisi olusturuyoruz. Endeks Entropi agirlik wi agirlik vektorii W'yi olusturur ve agirlikli

normallestirilmis matris V, normalize edilmis matris R ile iliskili olarak hesaplanir. Hesaplama
asagidaki gibidir:
V=RxW=[vy]

A" ve A, omek iilkelerdeki pozitif ¢6ziimii (ideal ¢6ziim) ve endeks i i¢in negatif
¢coziimii temsil etmektedir. Hesaplama yontemleri denklemler gosterilmistir:

A" = {(max; v;|j € ]), (mingv;lj € J'I} A" = (w5, v5,...v;}
A~ = {(min; v;j|j € J), (max;v;lj €)'} A~ = {vi,v5,... v}

Her bir j tlkesi i¢in, pozitif ideal ¢éziimden (S™) ve negatif ideal ¢oziimden (S)
geometrik uzaklik su sekilde hesaplanmstir:

n

2

Si = Z(Vii -Vj)
j=1

n
_ \2
S; = Z(Vij_vj)
j=1

Son olarak, tilkelerin performans degerlendirmesi su sekilde hesaplanmstir:

Y
Uygulamalar

Kusak Yol projesi kapsaminda denizyolu baglantist olan ve yillik 500 bin TEU
konteyner ellegleyen 28 iilkenin 2014, 2016 ve 2018 donemi i¢in her yilki, Lojistik Performans
Endeks (LPI) skoru (LPI, 2021) ve Cevre Performans Endeks (EPI) skoru (EPI, 2021) kriter
degerleri Tablo 3’te gosterilmistir.
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Tablo 3: Ulkeler ve Degerleri

Ulke Yil AIR H20 WRS AGR FOR FiS BDH CCE Cc | IS LQC TT T
2014 51.32 4315 014 5825 1725 20.11 4339 4451 321 367 350 346 350 3.87
% 2016 23.81 8554 78.08 439 60.49 5545 7745 7478 332 375 370 362 368 3.90
© 2018 1439 6824 80.2 3464 2189 7041 7257 6862 329 375 354 359 365 384
2014 9054 7721 864 5768 1.68 176 9337 4024 285 286 287 299 323 299
6 2016 58.02 86.72 7854 51.74 1 30.58 7275 5086 275 307 327 320 315 3.63
- 2018 88.88 3278 86.32 46.15 3278 20.03 88383 5568 260 282 279 282 272 319
2014 80.85 6351 9144 58.87 5541 2493 7977 6341 336 317 297 323 303 350
8 2016 87.01 99.36 92.03 100 62.66 4296 9482 69.64 285 332 297 291 359 385
© 2018 89.23 100 97.72 495 3342 6374 90.89 4217 284 317 330 306 318 3.66
2014 51.32 4315 014 5825 1725 20.11 4339 4451 372 397 358 381 387 406
2 2016 23.81 8554 78.08 439 6049 5545 7745 7478 394 410 405 400 403 429
T 2018 1439 6824 80.2 3464 2189 7041 7257 6862 381 397 377 393 392 414
2014 47.68  30.69 1 80 2447 1 28.62 1 272 2588 320 303 311 351
2 2016 28.07 6439 4841 5196 748 3474 6342 6719 317 334 336 339 352 374
- 2018 5.75 158 58.83 2198 2354 5937 4913 4477 296 291 321 313 332 350
2014 8153 3735 053 4538 3135 2318 6467 3573 287 292 287 321 311 353
% 2016 80.36 74.66 1269 8431 1296 2359 8162 8159 269 265 290 3.00 319 346
- 2018 52.04 3141 13.6 37.98 0.01 6254 704 5343 267 290 323 310 330 367
2014 86.47 8241 67.06 92 1 2425 9647 3386 3.36 378 354 362 384 4.05
|<E 2016 7275 99.64 9278 8816 8093 29.19 9896 7935 345 379 365 377 386 4.03
B 2018 80.56 100 9753 49.03 3096 37.99 941 65.14 347 385 351 366 385 413
2014 8251 69.06 423 84 1 1 8.52 65.68 337 356 364 347 358 392
i’ 2016 7468 9122 77.16 4833 1 5348 90.85 58.95 317 345 348 334 346 3.65
= 2018 69.32 63 82.3 31.86 1 64.19 76.68 4768 290 315 335 330 315 346
2014 1881 33.15 18.18 3385 2534 1468 66.63 6516 3.00 260 333 293 300 3.07
i‘ 2016 86.79 75.02 511 89.61 61.8 51.31 86.16 80.98 261 255 301 270 286 335
* 2018 6296 4286 60.34 3345 1716 70.01 78.08 5454 253 273 329 278 306 298
2014 67.67 5762 16 6213 2534 19.05 7019 46.05 220 259 264 274 285 314
4 2016 84.76 8422 9128 98.18 49.17 57.81 73.7 8442 201 243 245 276 262 3.15
* 2018 7999 63.93 9653 47.83 1243 3548 65.64 4983 242 278 264 275 265 331
2014 7957 100 884  14.66 1 1 3934 418 286 334 293 311 315 355
?( 2016 73.64 8699 858 38.21 1 339 8169 483 269 324 323 300 325 353
@ 2018 7991 6238 87.79 2941 1 55.1 4833 4047 266 311 299 286 317 3.30
2014  98.33 100 99.65 96 1 1 46.33 86.85 4.01 428 370 397 390 4.25
& 2016 87.8 100 100 1 1 64.21 7226 9544 418 420 396 409 405 4.40
? 2018 58.99 99 100 4.59 1 7401 2146 6764 389 406 358 410 408 432
2014 68.88 3132 13.05 72.13 45.05 1 6351 6282 321 340 330 329 345 396
< 2016 56.32 8577 7128 7624 4323 4386 8608 5592 311 312 337 314 320 356
g 2018 379 5937 7705 27.17 11.07 4825 7491 4575 314 314 346 341 347 381
2014 9436 4517 215 1693 3507 1273 5339 61.02 323 353 318 364 377 368
x 2016 793 8506 7899 87.04 6848 5782 2253 4777 318 349 341 331 339 375
" 2018 782 5928 9221 4025 27.39 3864 2516 3999 271 321 306 3.05 323 363
<oxrw 2014 8445 8348 2854 92 1 6.43 93.7 4663 342 370 320 350 357 3.92
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2016  69.47 90.3 9463 27.17 1 56.27 8941 3849 384 407 389 382 391 413
2018 72.93 6327 96.87 1 1 56.76 74.67 27.12 3.63 402 385 392 396 4.38
2014 73.33 7.92 0.52 92 1546 37.87 67.96 1 281 311 322 309 319 349
; 2016 54.76  80.34 19.8 8349 2397 4205 8237 4148 275 270 312 283 284 350
> 2018 432 5392 3306 456 1 67.22 74.87 4462 295 301 316 340 345 3.67
2014 6154 91.69 43 92 1 1 9288 4223 310 311 271 335 320 4.18
(D,f) 2016 705 100 96.8  46.36 1 5281 7129 8223 350 349 338 360 372 427
B 2018 95.67 9203 9949 26.03 2926 8534 5933 57.09 332 333 278 339 350 359
2014 8476  65.31 14.7 62.03 32.52 253 4146 2778 271 254 254 254 254 3.04
ﬁ 2016 89.04 7211 8249 76.34 1 66.51 61.62 436 237 258 280 291 286 3.08
° 2018 93.98 6026 91.6 3426 9.96 4439 4933 2694 213 242 239 239 260 276
2014 84.07 7143 4893 56.67 5235 219 3262 4652 260 259 296 294 267 3.46
% 2016 7597 89.65 76.7 75.74 1 1 4294 8538 255 277 317 289 296 334
- 2018 99.61 68.82 8174 13.03 1 1 23.85 46.84 249 272 244 255 277 3.8
2014 23.02 2834 352 74 4306 1461 4143 4433 196 240 315 265 3.03 358
E 2016 79.31 51.78 5278 96.31 346 46.25 84.09 6706 317 321 324 324 342 370
* 2018 62.93 0.63 4157 2725 1551 4981 79.01 5137 265 255 262 281 307 3.8
2014 67.99 7359 495 7301 1 23.78 6526 6105 269 316 276 296 316 3.39
E 2016 48.86 89.92 81.63 1 1 4547 8712 3357 283 292 362 279 316 351
* 2018 75.17 65.79 96.88 30.75 1 64.88 86.33 31.78 273 302 263 280 266 3.37
2014 99.28 4613 3464 94 2624 2371 3486 3753 229 253 253 289 322 289
% 2016 7444 80.29 86.61 747 60.93 34.61 4386 7474 273 264 284 245 275 286
- 2018 9518 60.31 76.47 27.83 2515 8534 3011 4386 238 264 280 247 280 3.8
2014 8588 87.76 87.33 6101 2283 2586 66.49 5979 197 214 214 207 236 2.83
% 2016 4434  64.59 1 93.73 5552 6435 57.74 1 243 233 223 236 257 285
= 2018 36.57 31.76 1 52.64 969 7026 4274 7626 217 199 220 228 220 291
2014 2324 2628 1049 584 3507 2264 3918 3524 284 267 3.08 279 273 279
if 2016 3457 66.34 1658 4121 1 398 7004 7035 266 270 293 282 291 348
* 2018 15,69 20.02 26.03 20.89 90.56 50.87 60.14 5079 212 220 2.63 259 227 2.66
2014 97.97 9675 7033 643 775 3007 6436 8068 326 337 343 371 371 3.87
E 2016 9336 99.79 854 100 1 5403 9578 9082 337 309 324 315 365 395
= 2018 90.99 9359 93.82  6.09 1 3211 9141 56.89 317 325 383 371 372 413
2014 77.34 8869 1508 90  74.82 1 171 4043 283 277 332 320 339 4.00
% 2016 78 85.64 74.31 100 69.68 34.98 9577 96.18 3.00 288 306 282 295 322
. 2018 57.37 59.9 83.95 4815 2782 48586 90.8 6853 258 291 318 3.07 326 3.68
2014 7813 9596 53.99 63.43 45.05 1 100 5459 311 335 305 351 351 382
§ 2016 78.26 97.83 878 92.05 84.71 1 100 822 283 319 310 320 327 347
2 2018 7125 7059 885  34.85 30.87 1 9578 5116 342 326 319 305 327 3.70
2014 7531 2429 002 5185 775 258 78.08 4525 269 265 295 284 320 351
§ 2016 84.18 87.22 7332 98.18 47.08 50.39 6558 8745 230 249 259 255 296 351
> 2018 64.21 60.89 78.76 5755 14.08 5432 491 3759 249 222 283 284 311 342

Arastirmada kullanilan karar matrisleri Tablo 3’te gosterilmistir. Bu baglamda analiz
kapsamina alinan iilkelerin 2014, 2016 ve 2018 yillar1 normalize edilmig karar matrisi Tablo
4’te yer almaktadir.
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Tablo 4: 2014, 2016 ve 2018 Normalize Edilmis Karar Matrisi

Ulke Yil AIR H20 WRS AGR FOR Fis BDH CCE C | IS LQC TT T
2014 013 012 000 016 011 020 013 017 020 022 021 021 020 0.20
% 2016 0.06 0.19 0.20 0.11 0.25 0.22 0.19 0.20 021 0.22 0.22 0.22 021 0.20
© 2018 0.04 0.20 0.20 0.16 0.23 0.25 0.19 0.18 021 0.23 0.21 0.22 021 0.20
2014 023 022 004 016 001 017 028 015 018 017 017 018 019 0.16
6 2016 0.16 0.19 0.20 0.13 0.00 0.12 0.18 0.14 0.17 0.18 0.19 0.19 018 0.19
- 2018 024 0.10 0.24 0.24 0.07 0.20 0.20 0.24 017 017 0.17 0.17 016 017
2014 020 018 038 016 034 025 024 024 021 019 018 019 017 018
8 2016 023 0.22 0.23 0.25 0.26 0.17 0.23 0.19 0.18 0.20 0.17 0.17 021 0.20
© 2018 024 0.29 0.25 0.25 0.21 0.15 0.23 0.26 0.18 0.19 0.20 0.18 019 019
2014 013 012 000 016 011 020 013 017 024 024 022 023 022 021
2 2016 006 019 020 011 025 022 019 020 025 024 024 024 023 022
T 2018 0.04 0.20 0.20 0.16 0.23 0.25 0.19 0.18 025 024 023 0.24 023 0.22
2014 012 009 000 022 015 001 009 000 017 017 019 018 018 0.8
2 2016 008 014 012 013 031 014 015 018 020 020 020 020 020 0.9
- 2018 0.02 0.05 0.13 0.18 0.20 0.16 0.14 0.12 019 0.18 0.20 0.19 019 019
2014 020 011 000 012 019 023 019 013 018 018 017 019 018 0.9
Z 2016 022 017 003 021 005 010 020 022 017 016 017 018 018 0.8
- 2018 0.14 0.09 0.19 0.00 0.21 0.19 0.03 0.20 017 0.18 0.20 0.19 019 0.20
2014 022 023 028 025 001 024 029 013 021 023 022 021 022 021
Z 2016 019 022 023 022 033 012 024 021 022 023 021 022 022 021
B 2018 022 0.29 0.26 0.23 0.13 0.24 0.23 0.26 023 024 021 0.22 023 0.22
2014 021 020 017 023 001 001 003 025 021 021 022 021 021 021
$ 2016 020 020 019 012 000 022 022 016 020 021 020 020 020 0.9
= 2018 0.19 0.8 0.21 0.01 0.21 0.17 0.20 0.17 019 0.19 0.20 0.20 018 0.18
2014 005 009 008 009 016 014 020 024 019 016 020 017 017 0.6
7 2016 023 017 013 023 025 021 021 022 016 015 018 016 016 0.17
* 2018 0.17 0.13 0.21 0.13 0.23 0.20 0.14 0.18 016 0.17 0.20 0.17 0.18 0.16
2014 0.7 016 007 017 016 019 021 017 014 016 016 016 016 0.7
4 2016 023 019 023 025 020 023 018 023 013 014 014 016 015 0.6
* 2018 022 0.19 0.18 0.09 0.12 0.18 0.23 0.25 016 0.17 0.16 0.17 015 018
2014 020 028 037 004 001 001 012 016 018 020 018 018 018 0.9
5’( 2016 020 019 022 010 000 014 020 013 017 019 019 018 019 0.8
@ 2018 022 0.18 0.13 0.01 0.18 0.15 0.21 0.16 0.17 0.19 0.18 0.17 019 0.8
2014 025 028 041 026 001 001 014 032 025 026 023 024 023 022
& 2016 024 022 025 000 000 026 017 026 026 025 023 024 023 023
? 2018 0.16 0.29 0.06 0.01 0.25 0.25 0.24 0.02 025 0.25 0.22 0.25 024 023
2014 017 009 005 020 028 001l 019 023 020 021 020 019 020 021
< 2016 0.5 019 018 019 018 018 021 015 019 019 020 019 018 0.9
. 2018 0.10 0.17 0.20 0.08 0.16 0.17 0.18 0.14 020 0.19 0.21 0.21 020 0.20
2014 024 013 009 005 022 013 016 023 021 021 019 022 022 019
x 2016 021 019 020 022 028 023 005 013 020 021 020 020 019 0.9
" 2018 021 017 007 020 013 015 022 021 018 020 019 018 019 019
< ow 2014 021 024 0.12 0.25 0.01 0.06 0.28 0.17 022 0.22 0.19 0.21 021 021
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2016 0.19 0.20 0.24 0.07 0.00 0.23 0.22 0.10 024 024 023 0.23 022 022
2018 020 049 020 001 019 010 023 001 024 025 023 024 023 023
2014 0.18 0.02 0.00 0.25 0.10 0.37 0.20 0.00 0.18 0.19 0.20 0.18 0.18 0.18
; 2016 0.15 0.8 0.05 0.21 0.10 0.17 0.20 0.11 0.17 0.16 0.18 0.17 016 0.18
> 2018 012 016 020 001 022 016 008 024 019 018 019 020 020 0.20
2014 015 0.26 0.18 0.25 0.01 0.01 0.28 0.16 020 0.19 0.17 0.20 018 0.22
(D,f) 2016 019 0.22 0.24 0.12 0.00 0.21 0.17 0.22 022 0.21 0.20 0.21 021 0.22
B 2018 026 027 016 022 028 021 024 014 022 020 017 020 020 0.19
2014 021 019 0.06 0.17 0.20 0.25 0.12 0.10 0.17 0.15 0.15 0.15 015 0.16
ﬁ 2016 024 0.6 0.21 0.19 0.00 0.27 0.15 0.12 0.15 0.15 0.16 0.17 016 0.16
° 2018 026 018 013 007 015 010 022 018 014 015 015 014 015 015
2014 021 020 020 015 033 022 010 017 016 016 018 017 015 0.8
% 2016 020 0.20 0.19 0.19 0.00 0.00 0.10 0.23 016 0.17 0.18 0.17 017 017
- 2018 027 020 007 001 000 017 019 007 016 017 015 015 016 0.17
2014 006 008 001 020 027 014 012 017 012 014 019 016 018 0.19
E 2016 021 011 0.13 0.25 0.14 0.19 0.20 0.18 020 0.19 0.19 0.19 020 0.19
* 2018 017 000 022 012 017 019 010 014 017 016 016 017 018 017
2014 017 021 020 020 001 023 020 023 017 019 017 018 018 0.8
E 2016 0.13 0.20 0.21 0.00 0.00 0.18 0.21 0.09 0.18 0.17 0.21 0.17 0.18 0.18
* 2018 021 019 024 001 022 012 023 016 018 019 016 017 016 0.8
2014 025 013 014 026 016 023 010 014 015 015 015 017 019 015
% 2016 020 0.8 0.22 0.19 0.25 0.14 0.11 0.20 0.17 0.16 0.17 0.15 016 0.15
- 2018 026 018 008 019 028 016 018 045 016 016 017 015 016 0.17
2014 022 025 036 017 014 025 020 022 013 013 013 012 014 015
% 2016 0.12 0.14 0.00 0.24 0.23 0.26 0.14 0.00 015 014 013 0.14 015 015
= 2018 010 009 012 007 023 028 000 028 014 012 013 014 013 015
2014 006 007 004 016 022 022 012 013 018 016 019 017 016 015
if 2016 0.09 0.15 0.04 0.11 0.00 0.16 0.17 0.19 0.17 0.16 0.17 0.17 0.17 018
* 2018 004 006 016 067 017 018 006 011 014 013 016 016 013 0.14
2014 025 028 029 017 005 030 019 030 021 020 021 022 021 020
E 2016 025 0.22 0.21 0.25 0.00 0.22 0.23 0.25 021 0.18 0.19 0.19 021 021
= 2018 025 027 025 001 011 021 022 003 021 020 023 022 022 022
2014 019 025 006 024 047 001 001 015 018 017 020 019 020 021
g 2016 021 0.19 0.19 0.25 0.29 0.14 0.23 0.26 019 0.17 0.18 0.17 017 017
= 2018 016 018 025 021 016 025 020 026 017 018 019 019 019 0.20
2014 020 027 022 017 028 001 030 020 020 020 019 021 020 0.20
§ 2016 021 0.22 0.22 0.23 0.35 0.00 0.24 0.22 0.18 0.19 0.18 0.19 019 0.8
2 2018 019 021 026 023 000 019 021 018 022 020 019 018 019 0.20
2014 019 007 000 014 005 025 023 017 017 016 018 017 018 0.8
§ 2016 023 0.19 0.18 0.25 0.19 0.20 0.16 0.24 0.14 0.15 0.15 0.15 017 0.18
> 2018 018 018 043 010 018 014 019 030 016 014 017 017 018 0.8

Tablo 4 2014, 2016 ve 2018 yillar1 normalize edilmis karar matrislerini gostermektedir.
Bu adimda karar matrislerinin tiim satirlarinin kareleri alinip toplanmig ve her bir siitundaki
deger siitunlarin kareleri toplamina oranlanmistir. Entropi yOntemi uygulanarak Kkriter
agirliklart hesaplanmig, daha sonra uygulamanin ikinci kismu olan TOPSIS yontemi
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uygulanarak {ilkeler degerlendirilmistir. Bu baglamda Entropi yontemiyle hesaplanan kriter
agirliklart Tablo 5’de gosterilmistir.

Tablo 5: Entropi Yontemiyle Hesaplanan Kriter Agirliklari

Uelk Yil AR H20 WRS AGR FOR FiS BDH CCE C | IS LQC TT T
200 0,199 0,163 0,084 018 0,052 0,031 0,15 0,118 0,002 0,002 0,002 0,002 0,002 0,003

4 6 9 6 3 6 1 2 9 1 3 3 4 5 0
% 200 0,3 0,169 0,138 0,133 0,062 0,076 0,149 0,128 0,001 0,001 0,001 0,001 0,001 0,002

L%D 6 3 3 2 9 8 6 8 5 5 7 8 7 8 2
201 0,155 0,143 0159 0,033 0,123 0,114 0,18 0,067 0,001 0,002 0,002 0,002 0,002 0,002

8 9 0 5 9 6 4 3 5 8 0 1 1 2 6

Ugiincii adimda normalize edilmis standart matris degerleri Entropi agirlik katsayilari
ile carpilarak agirliklandirilmis karar matrisi olusturulmustur. Bu baglamda 2014, 2016 ve 2018
yillar1 agirlikliklandirilmis karar matrisi Tablo 6’da yer almaktadir.

Tablo 6: 2014, 2016 ve 2018 Yillar1 Agirliklandirilmig Karar Matrisi

Uelk yii AR H20 WRS AGR FOR FIS BDH CCE C [ IS LQC TT T
201 0025 0020 0000 0028 0005 0006 0020 0019 0000 0000 0000 0000 0.000 0.000
4 7 1 0 5 6 2 0 8 4 5 5 5 5 6
z 201 0008 0032 0027 0015 0015 0017 0028 0025 0000 0000 0000 0000 0000 0.000
5 6 3 1 1 0 6 2 1 9 3 4 4 4 4 4
201 0006 0028 0031 0005 0028 0028 0036 0012 0000 0000 0000 0000 0000 0.000
8 1 6 6 5 9 5 0 4 4 5 4 5 5 5
201 0045 0036 0003 0028 0000 0005 0043 0017 0000 0000 0.000 0000 0.000 0.000
4 4 0 0 2 5 4 1 9 4 4 4 4 5 5
> 201 0020 0032 0027 0017 0000 0009 0026 0017 0000 0000 0000 0000 0.000 0.000
Q 6 2 6 3 7 3 5 4 6 3 3 3 3 3 4
201 0037 0013 0038 0008 0008 0023 0038 0016 0000 0000 0000 0000 0.000 0.000
8 8 7 7 3 2 1 7 5 3 3 4 4 4 4
201 0040 0029 0032 0028 0018 0007 0036 0028 0000 0000 0000 0000 0000 0.000
4 5 6 0 8 1 6 9 2 5 4 4 5 4 6
© 201 0030 0037 0032 0034 0016 0013 0034 0024 0000 0000 0000 0000 0000 0.000
% 6 4 3 0 1 2 3 4 1 3 3 3 3 4 4
201 0038 0041 0039 0008 0026 0017 0043 0017 0000 0000 0000 0000 0.000 0.000
8 0 9 6 4 2 5 9 7 3 4 4 4 4 5
201 0025 0020 0000 0028 0005 0006 0020 0019 0000 0000 0000 0000 0.000 0.000
4 7 1 0 5 6 2 0 8 5 6 5 5 6 6
¢ 201 0008 0032 0027 0015 0015 0017 0028 0025 0000 0000 0000 0000 0.000 0.000
x 6 3 1 1 0 6 2 1 9 4 4 4 4 4 5
201 0006 0028 0031 0005 0028 0028 0036 0012 0000 0000 0000 0000 0000 0.000
8 1 6 6 5 9 5 0 4 5 5 5 5 5 6
201 0023 0014 0000 0039 0008 0000 0013 0000 0000 0000 0000 0000 0.000 0.000
4 9 3 3 2 0 3 2 4 4 4 4 4 5 6
A 201 0009 0024 0016 0017 0019 0010 0023 0023 0000 0000 0000 0000 0000 0.000
Z 6 8 2 8 7 3 8 0 3 3 3 3 3 4 4
201 0002 0006 0021 0005 0024 0018 0026 0007 0000 0000 0000 0000 0.000 0.000
8 4 6 4 9 4 6 4 9 4 4 4 4 4 5
201 0040 0017 0000 0022 0010 0007 0029 0015 0000 0000 0000 0000 0.000 0.000
- 4 9 4 2 2 3 1 9 9 4 4 4 5 5 6
[a]

201 0.028 0.028 0.004 0.028 0.003 0.007 0.029 0.028 0.000 0.000 0.000 0.000 0.000 0.000
6 0 1 4 8 3 3 6 3 3 3 3 3 3 4
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201 0.022 0.013 0.030 0.000 0.025 0.022 0.006 0.013 0.000 0.000 0.000 0.000 0.000 0.000
8 1 2 7 0 7 2 1 6 3 4 4 4 4 5
201 0.043 0038 0023 0.045 0000 0007 0.044 0.015 0.000 0.000 0.000 0.000 0.000 0.000
4 3 4 5 0 3 4 6 0 5 5 5 5 6 6
« 201 0025 0037 0032 0030 0020 0009 0035 0027 0000 0000 0000 0000 0.000 0.000
= 6 4 4 2 1 9 1 9 5 3 4 4 4 4 5
201 0.034 0.041 0.041 0.007 0.015 0.027 0.043 0.017 0.000 0.000 0.000 0.000 0.000 0.000
8 3 9 0 8 6 1 8 5 4 5 4 5 5 6
201 0.041 0032 0014 0.041 0000 0000 0.003 0.29 0.000 0000 0.00 0.000 0.000 0.000
4 4 2 8 1 3 3 9 2 5 5 5 5 5 6
%) 201 0.026 0.034 0.026 0.016 0.000 0.016 0.032 0.020 0.000 0.000 0.000 0.000 0.000 0.000
g 6 1 3 8 5 3 6 9 4 3 3 4 3 4 4
201 0.029 0.026 0.033 0.000 0.026 0.019 0.036 0.011 0.000 0.000 0.000 0.000 0.000 0.000
8 5 4 4 3 3 8 9 4 3 4 4 4 4 5
201 0.009 0.015 0.006 0.016 0.008 0.004 0.030 0.029 0.000 0.000 0.000 0.000 0.000 0.000
4 4 5 4 6 3 5 8 0 4 4 5 4 4 5
_. 201 0.030 0.028 0.017 0.030 0.016 0.015 0.031 0.028 0.000 0.000 0.000 0.000 0.000 0.000
T 6 3 2 8 6 0 9 2 1 3 3 3 3 3 4
201 0.026 0.018 0.034 0.004 0.028 0.022 0.027 0.012 0.000 0.000 0.000 0.000 0.000 0.000
8 8 0 0 3 7 7 1 0 3 3 4 4 4 4
201 0.033 0.026 0.005 0.030 0.008 0.005 0.032 0.020 0.000 0.000 0.000 0.000 0.000 0.000
4 9 9 6 4 3 8 4 5 3 4 4 4 4 5
1%} 201 0.029 0.031 0.031 0.033 0.012 0.017 0.026 0.029 0.000 0.000 0.000 0.000 0.000 0.000
2 6 6 7 7 5 7 9 7 3 2 2 3 3 3 4
201 0.034 0.026 0.028 0.003 0.014 0.020 0.043 0.017 0.000 0.000 0.000 0.000 0.000 0.000
8 0 8 6 1 6 7 3 1 3 3 3 3 3 5
201 0.039 0.046 0.030 0.007 0.000 0.000 0.018 0.018 0.000 0.000 0.000 0.000 0.000 0.000
4 9 6 9 2 3 3 2 6 4 5 4 4 5 6
=) 201 0.025 0.032 0.029 0.013 0.000 0.010 0.029 0.016 0.000 0.000 0.000 0.000 0.000 0.000
g 6 7 7 8 0 3 5 6 7 3 3 3 3 3 4
201 0.034 0.026 0.021 0.000 0.022 0.016 0.039 0.010 0.000 0.000 0.000 0.000 0.000 0.000
8 0 1 0 3 6 8 4 5 3 4 4 4 4 5
201 0.049 0.046 0.034 0.047 0.000 0.000 0.021 0.038 0.000 0.000 0.000 0.000 0.000 0.000
4 3 6 9 0 3 3 4 6 5 6 5 6 6 7
o 201 0.030 0.037 0.034 0.000 0.000 0.019 0.026 0.033 0.000 0.000 0.000 0.000 0.000 0.000
@ 6 6 6 8 3 3 9 2 1 4 4 4 4 4 5
201 0.025 0.041 0.009 0.000 0.030 0.028 0.044 0.001 0.000 0.000 0.000 0.000 0.000 0.000
8 1 5 3 3 4 1 9 6 5 5 4 5 5 6
201 0.034 0.014 0.004 0.03 0.014 0.000 0.029 0.027 0.000 0.000 0.000 0.000 0.000 0.000
4 5 6 6 3 7 3 3 9 4 5 5 5 5 6
< 201 0.019 0.032 0.024 0.026 0.011 0.013 0.031 0.019 0.000 0.000 0.000 0.000 0.000 0.000
E 6 7 2 8 0 2 6 2 4 3 3 3 3 3 4
201 0.016 0.024 0.032 0.002 0.019 0.019 0.034 0.009 0.000 0.000 0.000 0.000 0.000 0.000
8 1 9 6 8 8 0 6 7 4 4 4 4 4 5
201 0.047 0.021 0.007 0.008 0.011 0.003 0.024 0.027 0.000 0.000 0.000 0.000 0.000 0.000
4 3 1 5 3 5 9 7 1 4 5 4 5 6 6
x 201 0.027 0.032 0.027 0.029 0.017 0.017 0.008 0.016 0.000 0.000 0.000 0.000 0.000 0.000
2 6 7 0 4 7 7 9 2 6 3 4 4 3 4 4
201 0.033 0.024 0.011 0.006 0.015 0.016 0.041 0.014 0.000 0.000 0.000 0.000 0.000 0.000
8 3 8 0 9 9 6 4 4 3 4 4 4 4 5
201 0.042 0.038 0.010 0.045 0.000 0.002 0.043 0.020 0.000 0.000 0.000 0.000 0.000 0.000
4 3 9 0 0 3 0 3 7 5 5 5 5 5 6
w 201 0.024 0.033 0.032 0.009 0.000 0.017 0.032 0.013 0.000 0.000 0.000 0.000 0.000 0.000
Z 6 2 9 9 3 3 5 4 3 4 4 4 4 4 5
201 0031 0026 0032 0.000 0023 0011 0043 0.000 0.000 0000 0.000 0.000 0.000 0.000
8 0 5 5 3 3 3 5 4 4 5 5 5 5 6
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201 0.036 0.003 0.000 0.045 0.005 0.011 0.031 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 8 7 2 0 1 6 4 4 4 4 5 4 5 5
s 201 0.019 0030 0.006 0028 0006 0013 0.029 0014 0000 0.00 0.000 0.000 0.000 0.000
§ 6 1 2 9 5 2 1 9 4 3 3 3 3 3 4
201 0018 0.022 0032 0.000 0027 0018 0014 0.016 0.000 0000 0.000 0.000 0.000 0.000
8 4 6 6 3 6 5 8 3 3 4 4 4 4 5
201 0.030 0.042 0.015 0.045 0.000 0.000 0.042 0.018 0.000 0.000 0.000 0.000 0.000 0.000
4 8 7 0 0 3 3 9 8 4 4 4 5 5 7
o 201 0024 0037 0033 0015 0000 0016 0025 0.028 0000 0000 0000 0000 0000 0.000
2} 6 6 6 6 8 3 4 9 5 3 4 3 4 4 5
201 0.040 0.038 0.025 0.007 0.035 0.023 0.044 0.009 0.000 0.000 0.000 0.000 0.000 0.000
8 7 6 8 4 0 7 7 3 4 4 3 4 5 5
201 0.042 0.030 0.005 0030 0010 0007 0019 0012 0000 0000 0.000 0.000 0.000 0.000
4 5 4 1 4 6 8 2 3 4 4 4 4 4 5
< 201 0.031 0.027 0.028 0.026 0.000 0.020 0.022 0.015 0.000 0.000 0.000 0.000 0.000 0.000
B‘ 6 1 1 7 1 3 6 3 1 2 3 3 3 3 3
201 0.040 0.025 0.021 0.002 0.018 0.011 0.041 0.012 0.000 0.000 0.000 0.000 0.000 0.000
8 0 3 5 5 2 2 1 2 3 3 3 3 3 4
201 0.042 0.033 0.017 0.027 0.017 0.006 0.015 0.020 0.000 0.000 0.000 0.000 0.000 0.000
4 1 3 1 7 1 7 1 7 4 4 4 4 4 5
o 201 0.026 0.033 0.026 0.025 0.000 0.000 0.015 0.029 0.000 0.000 0.000 0.000 0.000 0.000
Q 6 5 7 7 9 3 3 6 6 2 3 3 3 3 4
201 0.042 0.028 0.010 0.000 0.000 0.019 0.036 0.004 0.000 0.000 0.000 0.000 0.000 0.000
8 4 8 4 3 4 5 7 7 3 3 3 3 4 4
201 0.011 0.013 0.001 0.036 0.014 0.004 0.019 0.019 0.000 0.000 0.000 0.000 0.000 0.000
4 5 2 2 2 1 5 1 7 3 3 4 4 4 6
-~ 201 0027 0019 0018 0032 0.008 0014 0.030 0023 0.00 0.000 0.000 0.000 0.000 0.000
‘-'XJ 6 7 5 3 9 9 4 5 2 3 3 3 3 4 4
201 0.026 0.000 0.034 0.003 0.020 0.021 0.018 0.009 0.000 0.000 0.000 0.000 0.000 0.000
8 8 3 4 9 4 3 7 7 3 3 3 4 4 4
201 0.034 0.034 0.017 0.035 0.000 0.007 0.030 0.027 0.000 0.000 0.000 0.000 0.000 0.000
4 1 3 3 7 3 3 1 1 4 4 4 4 5 5
= 201 0.017 0.033 0.028 0.000 0.000 0.014 0.031 0.011 0.000 0.000 0.000 0.000 0.000 0.000
S 6 1 8 4 3 3 1 6 6 3 3 4 3 3 4
201 0.032 0.027 0.037 0.000 0.026 0.013 0.043 0.011 0.000 0.000 0.000 0.000 0.000 0.000
8 0 6 6 3 6 2 5 0 3 4 3 4 3 5
201 0.049 0.021 0.012 0.046 0.008 0.007 0.016 0.016 0.000 0.000 0.000 0.000 0.000 0.000
4 8 5 1 0 6 3 1 7 3 4 4 4 5 5
= 201 0.026 0.030 0.030 0.025 0.015 0.010 0.015 0.025 0.000 0.000 0.000 0.000 0.000 0.000
ﬂ 6 0 2 1 5 7 7 9 9 3 3 3 2 3 3
201 0.040 0.025 0.013 0.006 0.035 0.018 0.034 0.009 0.000 0.000 0.000 0.000 0.000 0.000
8 5 3 1 3 0 2 3 9 3 3 4 3 4 4
201 0.043 0.040 0.030 0.029 0.007 0.007 0.030 0.026 0.000 0.000 0.000 0.000 0.000 0.000
4 0 9 6 9 5 9 7 6 3 3 3 3 3 4
o 201 0.015 0.024 0.000 0.032 0.014 0.020 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% 6 5 3 3 0 3 0 9 3 2 2 2 2 3 3
201 0.015 0.013 0.018 0.002 0.028 0.031 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.000
8 6 3 6 4 8 7 4 8 3 2 3 3 3 4
201 0.011 0.012 0.003 0.028 0.011 0.006 0.018 0.015 0.000 0.000 0.000 0.000 0.000 0.000
4 6 2 7 6 5 9 1 7 4 4 4 4 4 4
v 201 0.012 0.024 0.005 0.014 0.000 0.012 0.025 0.024 0.000 0.000 0.000 0.000 0.000 0.000
g 6 1 9 8 1 3 4 4 4 3 3 3 3 3 4
201 0.006 0.008 0.026 0.022 0.020 0.021 0.011 0.007 0.000 0.000 0.000 0.000 0.000 0.000
8 7 4 2 9 9 1 7 5 3 3 3 3 3 4
o 201 0049 0045 0024 0031 0002 0009 0029 0035 0000 0000 0000 0000 0.000 0.000
a- 4 1 1 6 5 5 2 7 8 4 5 5 5 5 6
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201 0.032 0.037 0.029 0.034 0.000 0.016 0.034 0.031 0.000 0.000 0.000 0.000 0.000 0.000
6 6 5 7 1 3 8 7 5 3 3 3 3 4 4
201 0.038 0039 0039 0.000 0013 0023 0042 0.002 0000 0000 0.00 0.00 0.000 0.000
8 7 2 8 3 2 6 1 2 4 4 5 5 5 6
201 0.038 0041 0005 0.044 0024 0000 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.000
4 8 3 3 1 5 3 8 0 4 4 5 5 5 6
s 201 0.027 0.032 0.025 0.034 0.018 0.010 0.034 0.033 0.000 0.000 0.000 0.000 0.000 0.000
o 6 2 2 8 1 0 9 7 3 3 3 3 3 3 4
201 0.024 0025 0039 0.007 0020 0028 0037 0.017 0.000 0000 0.000 0.000 0.000 0.000
8 4 1 5 0 0 5 7 2 3 4 4 4 4 5
201 0.039 0.044 0.018 0.031 0.014 0.000 0.046 0.024 0.000 0.000 0.000 0.000 0.000 0.000
4 2 7 9 1 7 3 2 3 4 5 4 5 5 6
= 201 0.027 0.036 0.030 0.031 0.021 0.000 0.036 0.028 0.000 0.000 0.000 0.000 0.000 0.000
2 6 3 8 5 4 9 3 3 5 3 3 3 3 3 4
201 0.030 0.029 0.041 0.007 0.000 0.021 0.039 0.012 0.000 0.000 0.000 0.000 0.000 0.000
8 3 6 7 8 4 3 7 5 4 4 4 4 4 5
201 0.037 0.011 0.000 0.025 0.002 0.007 0.036 0.020 0.000 0.000 0.000 0.000 0.000 0.000
4 7 3 0 4 5 9 1 1 4 4 4 4 5 6
o 201 0.029 0.032 0.025 0.033 0.012 0.015 0.023 0.030 0.000 0.000 0.000 0.000 0.000 0.000
% 6 4 8 5 5 2 6 8 3 2 3 3 3 3 4
201 0.027 0.025 0.021 0.003 0.022 0.015 0.035 0.020 0.000 0.000 0.000 0.000 0.000 0.000
8 3 5 4 6 3 6 3 6 3 3 4 4 4 5

Tablo 6 2014, 2016 ve 2018 yillar1 agirlikli standart karar matrislerini gostermektedir.
Matrislerin olusturulmasi i¢in ilk olarak agirlik dereceleri hesaplanmistir. Agirlik derecesi,
normalize edilmis karar matrisinin her bir slitunun toplaminin diger siitunlarin toplamina
boliinmesiyle hesaplanmistir. Sonrasinda normalize edilmis karar matrisinin her bir elemani,
Entropi yontemiyle bulunan agirlik derecesi ile ¢arpilarak agirlikli standart karar matrisleri

olusturulmustur.

Dordiinci adiminda ideal pozitif (A") ve ideal negatif (A’) ¢6ziim kiimeleri
olusturulustur. Kusak Yol iilkelerinin elle¢lenen Lojistik Performans Endeks (LPI) skoru ve
Cevre Performans Endeks (EPI) skoru degerleri yontemde maksimize edilmistir. 2014, 2016 ve

2018 yillari pozitif ideal A* ve negatif ideal A” ¢6ziim kiimeleri Tablo 7°de gosterilmistir.

Tablo 7: Pozitif Ideal (A*) ve Negatif Ideal (A") Coziim Kiimeleri

Yil AIR H20 WRS AGR FOR FiS BDH CCE C | IS LQC TT T
A 0049 0.046 0.034 0.047 0024 0.011 0.046 0.038 0.000 0.000 0.000 0.000 0.000 0.000
< * 8 6 9 0 5 6 2 6 5 6 5 6 6 7
-
& A 0.009 0003 0.000 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
. 4 7 0 2 3 3 8 4 3 3 3 3 3 4
A 0032 0.037 0034 0034 0021 0020 0.036 0033 0.000 0.000 0.000 0.000 0.000 0.000
© * 6 6 8 1 9 6 3 3 4 4 4 4 4 5
-
< A 0.008 0019 0.000 0.000 0.000 0.000 0.008 0.019 0.000 0.000 0.000 0.000 0.008 0.019
3 5 3 3 3 3 3 5 3 3 3 3 3 5
A 0.042 0041 0041 0.022 0.035 0031 0.044 0.020 0.000 0.000 0.000 0.000 0.000 0.000
o * 4 9 7 9 0 7 9 6 5 5 5 5 5 6
-
& A 0002 0.000 0.009 0.000 0.000 0011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
. 4 3 3 0 4 2 4 4 3 2 3 3 3 4

Tablo 7’de ideal pozitif ¢oziim kiimesi i¢in agirliklandirilmig karar matrisinde her bir
stitundaki en biiyiik deger alinmis, ideal negatif ¢oziim kiimesi i¢in her bir siitundaki en kii¢lik
deger se¢ilmistir. Daha sonra her karar noktasinin pozitif ideal ¢6ziim ve negatif ideal ¢dziim
noktalarindan sapmalar1 (S* ve S) hesap edilmistir. Tablo 8’de 2014, 2016 ve 2018 yillar1 her
bir iilke i¢in pozitif ve negatif ideal ¢6ziim setleri gosterilmektedir.
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Tablo 8: 2014, 2016 ve 2018 Yillar1 Alternatifler Arasindaki Mesafe Olgiileri

Ulke 2014 2016 2018
St S S* S S* S
1 CHN 0.065 0.042 0.035 0.052 0.046 0.062
2 EGY 0.050 0.070 0.038 0.045 0.043 0.066
3 GRC 0.031 0.075 0.014 0.068 0.023 0.083
4 HKG 0.065 0.042 0.035 0.052 0.046 0.062
5 IND 0.077 0.039 0.041 0.043 0.066 0.040
6 IDN 0.061 0.051 0.041 0.051 0.060 0.044
7 ITA 0.037 0.081 0.016 0.067 0.026 0.080
8 MYS 0.057 0.064 0.033 0.053 0.037 0.065
9 PHL 0.071 0.045 0.022 0.060 0.042 0.058
10 RUS 0.051 0.057 0.016 0.066 0.038 0.067
11 SAU 0.060 0.066 0.038 0.048 0.042 0.063
12 SGP 0.036 0.090 0.041 0.062 0.047 0.073
13 THA 0.054 0.058 0.027 0.052 0.046 0.055
14 TUR 0.061 0.057 0.035 0.055 0.047 0.061
15 ARE 0.042 0.078 0.040 0.052 0.044 0.066
16 VNM 0.073 0.057 0.042 0.044 0.052 0.050
17 ISR 0.043 0.076 0.032 0.058 0.026 0.082
18 DZA 0.056 0.055 0.035 0.054 0.044 0.066
19 JOR 0.048 0.060 0.039 0.053 0.058 0.062
20 KEN 0.071 0.043 0.031 0.055 0.059 0.046
21 KWT 0.043 0.065 0.049 0.044 0.037 0.071
22 LBN 0.053 0.065 0.028 0.055 0.042 0.068
23 MMR 0.033 0.075 0.055 0.043 0.067 0.045
24 PAK 0.074 0.035 0.051 0.036 0.065 0.040
25 PRT 0.033 0.082 0.023 0.070 0.038 0.076
26 ROM 0.060 0.068 0.016 0.067 0.034 0.066
27 SVN 0.032 0.080 0.022 0.068 0.044 0.067
28 UKR 0.063 0.054 0.020 0.062 0.042 0.059

Tablo 8, 2014, 2016 ve 2018 yillar1 alternatiflerin pozitif ve negatif ideal ¢6ziimden
olan mesafelerini gostermektedir. Yontemin son agsamasinda, her karar noktasinin ideal
¢Oziime goreli olarak yakinligi (C) Tablo 9°da hesaplanmustir. C* degerleri biiyiikten kiigiige

dogru dizilerek tilkelerin performans siralamalari belirlenmistir. C* degeri en yiiksek olan

tilke ilk se¢ilmesi gereken iilke iken, C* degeri en diisiik olan iilke en son segilmesi gereken

ulkedir.

Tablo 9: ideal Coziime Goreli Yakinlik

Ulke Deger 2014 2016 2018
1 CHN Ci* 0,394 0,597 0,576
2 EGY Co* 0,581 0,544 0,602
3 GRC Cs* 0,706 0,833 0,784
4 HKG Cs* 0,394 0,597 0,576
5 IND Cs* 0,339 0,511 0,377
6 IDN Ce* 0,456 0,556 0,425
7 ITA Cr* 0,683 0,812 0,752
8 MYS Cs* 0,525 0,615 0,638
9 PHL Cq* 0,391 0,727 0,580
10 RUS Cao* 0,527 0,805 0,641
11 SAU Cu* 0,524 0,561 0,599
12 SGP Cwo* 0,712 0,598 0,607
13 THA Cas* 0,516 0,657 0,547
14 TUR Cus* 0,481 0,610 0,565
15 ARE Cas* 0,651 0,563 0,602
16 VNM Cie* 0,441 0,512 0,493
17 ISR Cir* 0,636 0,643 0,756
18 DZA Cis* 0,496 0,607 0,601
19 JOR Cao* 0,556 0,576 0,517
20 KEN Coo* 0,377 0,640 0,439
21 KWT Car* 0,605 0,471 0,660
22 LBN Coo* 0,551 0,660 0,617
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23
24
25
26
27
28

MMR
PAK
PRT
ROM
SVN
UKR

Cos*
Cos*
Cos*
Cos*
Cor*
Cos*

0,696
0,324
0,710
0,528
0,710
0,459

0,437
0,414
0,755
0,810
0,754
0,756

0,400
0,380
0,669
0,661
0,606
0,584

Tablo 9 2014, 2016 ve 2018 yillar iilkelerin ideal ¢oziime goreli yakinlik degerlerini
gostermektedir. Tablo 10°da iilkelerin performans siralamalari C* degerlerinin biiyiikligiine

gore olusturulmustur.

Tablo 10: 2014, 2016 ve 2018 Yillar1 Arast Cevresel ve Lojistik Performans Siralamalari

O©CoOoO~NOoO U wWN -

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Ulke 201? ¢ Ulke 201? ¢ Ulke 201? ¢
Deger Deger Deger
SGP 0.712 GRC 0.833 GRC 0.784
SVN 0.710 ITA 0.812 ISR 0.756
POR 0.710 ROM 0.810 ITA 0.752
GRC 0.706 RUS 0.805 POR 0.669
MMR 0.696 UKR 0.756 ROM 0.661
ITA 0.683 POR 0.755 KWT 0.660
ARE 0.651 SVN 0.754 RUS 0.641
ISR 0.636 PHL 0.727 MYS 0.638
KWT 0.605 LBN 0.660 LBN 0.617
EGY 0.581 THA 0.657 SGP 0.607
JOR 0.556 ISR 0.643 SVN 0.606
LBN 0.551 KEN 0.640 ARE 0.602
ROM 0.528 MYS 0.615 EGY 0.602
RUS 0.527 TUR 0.610 DZA 0.601
MYS 0.525 DZA 0.607 SAU 0.599
SAU 0.524 SGP 0.598 UKR 0.584
THA 0.516 HKG 0.597 PHL 0.580
DzA 0.496 CHN 0.597 HKG 0.576
TUR 0.481 JOR 0.576 CHN 0.576
UKR 0.459 ARE 0.563 TUR 0.565
IDN 0.456 SAU 0.561 THA 0.547
VNM 0.441 IDN 0.556 JOR 0.517
HKG 0.394 EGY 0.544 VNM 0.493
CHN 0.394 VNM 0.512 KEN 0.439
PHL 0.391 IND 0.511 IDN 0.425
KEN 0.377 KWT 0.471 MMR 0.400
IND 0.339 MMR 0.437 PAK 0.380
PAK 0.324 PAK 0.414 IND 0.377

Coziimlerin ideal ¢oziime yakinlig1 ne kadar fazlaysa ¢oziim o kadar iyidir. Tablo 10°da
siralama sonuglart yer almaktadir. Siralama sonuclarina gore, kapsamli verimliligin optimal
oldugu 2014 yilinda Singapur, 2016 ve 2018 yilinda Yunanistan ilk sirada yer alarak ¢evresel
ve lojistik performans olarak en iyi ¢evresel ve lojistik performans gosteren iilkeler olmustur.
Singapur ve Yunanistan ilgili yillarda LPI ve EPI alt kriter puanlarinin yiiksek olmasi sebebiyle
degerlendirme sonunda ilk sirada yer almistir. Ulkelerin cevresel ve lojistik performans
degisimleri daha detayli olarak Tablo 11’de gosterilmistir.

Tablo 11: 2014, 2016 ve 2018 Yillar1 Ulkelerin Cevresel ve Lojistik Performans Degisimleri

Ulke 2014 2016 Yiikselis/Diisiis 2018 Yiikselis/Diisiis
1 CHN 0,394 0,597 » 0,576 v
2 EGY 0,581 0,544 V7 0,602 »
3 GRC 0,706 0,833 » 0,784 v
4 HKG 0,394 0,597 ) 0,576 v
5 IND 0,339 0,511 A 0,377 v
6 IDN 0,456 0,556 ') 0,425 v
7 ITA 0,683 0,812 ') 0,752 v
8 MYS 0,525 0,615 ') 0,638 Iy
9 PHL 0,391 0,727 A 0,580 v
10 RUS 0,527 0,805 ) 0,641 Vv
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11 SAU 0,524 0,561 Y 0,599 Y
12 SGP 0,712 0,598 7 0,607 )
13 THA 0,516 0,657 A 0,547 v
14 TUR 0,481 0,610 ') 0,565 v
15 ARE 0,651 0,563 7 0,602 »
16 VNM 0,441 0,512 A 0,493 v
17 ISR 0,636 0,643 ') 0,756 'y
18 DZA 0,496 0,607 ') 0,601 7
19 JOR 0,556 0,576 ') 0,517 7
20 KEN 0,377 0,640 ') 0,439 7
21 KWT 0,605 0,471 7 0,660 »
22 LBN 0,551 0,660 A 0,617 v
23 MMR 0,696 0,437 v 0,400 v
24 PAK 0,324 0,414 A 0,380 v
25 PRT 0,710 0,755 ') 0,669 7
26 ROM 0,528 0,810 ') 0,661 7
27 SVN 0,710 0,754 A 0,606 v
28 UKR 0,459 0,756 ) 0,584 v

Kusak Yol iilkelerinin performanslarinin yillar igerindeki degisimi tablo 11°de
gosterilmistir. Tablo 12°de 2014, 2016 ve 2018 yillarindaki ilkelerin siralama degisimleri
gosterilmistir.

Tablo 12: 2014, 2016 ve 2018 Yillar1 Ulkelerin TOPSIS Yéntemine Gére Cevresel ve Lojistik
Performans Siralama Degisimleri

Ulke 2014 2016 Yiikselis/Diisiis 2018 Yiikselis/Diisiis
1 CHN 24 18 Y 19 v
2 EGY 10 23 7 13 )
3 GRC 4 1 N 3 7
4 HKG 23 17 A 18 7
5 IND 27 25 A 28 \7
6 IDN 21 22 A 25 v
7 ITA 6 2 A 3 v
8 MYS 15 13 A 8 A
9 PHL 25 8 n 17 7
10 RUS 14 4 A 7 7
11 SAU 16 21 7 15 'y
12 SGP 1 16 \ 10 A
13 THA 17 10 A 21 7
14 TUR 19 14 A 20 v
15 ARE 7 20 7 12 A
16 VNM 22 24 7 23 N
17 ISR 8 11 \ 2 A
18 DZA 18 15 7 14 A
19 JOR 11 19 \ 22 7
20 KEN 26 12 A 24 v
21 KWT 9 26 7 6 A
22 LBN 12 9 A 9 -
23 MMR 5 27 7 26 A
24 PAK 28 28 - 27 A
25 PRT 3 6 \ 4 A
26 ROM 13 3 A 5 7
27 SVN 2 7 7 11 7
28 UKR 20 5 A 16 7

Tablo 12°de 2014, 2016 ve 2018 yillarindaki iilkelerin LPI ve EPI puanlarinin TOPSIS
yontemine gore degerlendirilmesi sonucu elde edilen siralama degisimleri gdsterilmistir. Bu
baglamda, iilkelerin LPI ve EPI puanlarimin ve entropi yoOntemiyle belirlenen kriter
agirliklarinin 2014, 2016 ve 2018 yillarinda farkli olmasi nedeniyle iilkelerin siralamada
degisim gosterdigi belirlenmistir.
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Sonuc¢

Bu arastirmanin amaci, Kusak Yol iilkelerinin siralamalarint LPI ve EPI puanina gore
cevresel ve lojistik performans agisindan degerlendirmektir. Bu baglamda arastirmada, Kusak
Yol projesi kapsaminda denizyolu baglantist olan ve yillik bes yiiz bin TEU konteyner
ellegleyen iilkelerin, Lojistik Performans Endeks (LPI) skoru ve Cevre Performans Endeks
(EPI) skoru kriterleri iizerinden 2014, 2016 ve 2018 yillarindaki her y1l i¢in ¢evresel ve lojistik
performans derecelendirmesi yapilmistir. Entropi yonteminin adimlarini izleyen Tablo 5'teki
sonuclar i¢in 2014 yilinda hava kalitesi, 2016 yilinda su ve sanitasyon, 2018 yilinda su
kaynaklar1 en yiiksek puanli kriterler ve 2014, 2016 ve 2018 yillar1 i¢in giimriik kontrol
islemlerinin verimliliginin en diisiik puanli kriter oldugu goriilmiistiir. Daha sonra iilkelerin
siralanmast i¢in TOPSIS yontemi kullanilmistir.

Cevresel ve lojistik performans degerlendirmesi sonucuna gore 2014 yilinda Singapur,
2016 ve 2018 yilinda Yunanistan ilk sirada yer alarak en iyi ¢evresel ve lojistik performans
gosteren llkeler olmustur. 2014 yilinda Singapur, Slovenya, Portekiz Yunanistan, Myanmar,
Italya, Birlesik Arap Emirlikleri, israil ve Kuveyt, 2016 yilinda Yunanistan, Italya, Romanya,
Rusya, Ukrayna, Portekiz, Slovenya, Filipinler, Liibnan, Tayland, Israil, Kenya, Malezya,
Tiirkiye ve Cezayir ve 2018 yilinda Yunanistan, italya, Romanya, Rusya, Israil, Portekiz,
Kuveyt, Malezya, Liibnan, Singapur, Birlesik Arap Emirlikleri, Misir ve Cezayir ¢evresel ve
lojistik performans degerlendirmesinde basarili iilkeler oldugu belirlenmistir. Bu iilkelerin
sahip olduklar1 lojistik altyapilarin vermis oldugu avantajla, lojistik siireglerde iiriin ve hizmet
takip ve izleme, zamaninda teslim ve elle¢leme faaliyetlerinde daha iyi hizmet kalitesi sunarak
lojistik performanslarini daha iyi hale getirmislerdir. Ayrica iilkeler, atik su aritma tesis
altyapilarina yapmis olduklar1 yatirimlar, karbon emisyon olusumlarini azaltmaya yonelik
almis olduklar1 6nlemler ve siirdiiriilebilirlik girisimleri gibi uygulamalarla olumsuz g¢evre
etkilerini azaltarak ¢evresel performanslarini gelistirmislerdir.

2014 yilinda Cin, Hong Kong, Hindistan, Kenya, Pakistan ve Filipinler, 2016 yilinda
Myanmar ve Pakistan ve 2018 yilinda Pakistan ve Hindistan ¢evresel ve lojistik performans
degerlendirmesinde basarisiz iilkeler oldugu sonucuna ulasilmistir. Bu iilkelerin sahip olduklari
lojistik altyapilarin gelisim gostermesi, glimriik isbirliklerini iceren konvansiyonlara dahil olma
ylizdesinin az olmasi ve lojistik hizmet kalitesinin gelisimini siirdiirmesi gibi etkilerin altinda
lojistik performanslar yeterli sevide degildir. Ulkelerin, siirdiiriilebilirlik yonetimi noktasinda
yeni girisimlerin basinda olmasi, kullanilan kat1 yakit kaynaklarinin fazla olmasi nedeniyle ve
y1gin liretim faaliyetleri sonucu olusan karbon emisyonun fazla olmasi ve niifus yogunlugunun
fazla olmasi sonucu hane halkinin olusturmus oldugu karbon ayak izinin fazla olmasi gibi
nedenler kotii gevresel performans gostermelerini saglamistir.

Kusak Yol iilkeleri, giimriik siirecinin etkinliginin artirilmasi, ticaret ve ulagimla alakali
altyap1 kalitesinin giiglendirilmesi, rekabetci fiyatli ulastirma operasyonlarina erisim olanaginin
saglanmasi, uzmanlasmis isletmelerle lojistik hizmet kalitesinin artirilmasi, sevkiyatlari anlik
takip etme ve izleme yeteneginin gelistirilmesi ve gonderilerin tam zamaninda aliciya ulagsma
sikliginin artirilmast gibi uygulamalarla lojistik performanslarin artirabilecektir.

Ayrica, giivensiz su, giivenli olmayan saglik kosullari, ortamdaki partikiiler madde
kirliligi, kat1 yakitlardan kaynakli evsel hava kirliligi ve ortamdaki ozon kirliligi gibi bes
cevresel risk faktoriiniin tarafindan ortaya ¢ikan insan sagligina iliskin tehlikelerin azaltilmasi
iilkelerin gevresel performansmi gelistirmede etki saglayacaktir. Ulkelerin iiretim ve lojistik
sektoriindeki faaliyetlerin sonucu olugan karbon emisyon yogunlugunu azaltmaya yonelik
ulusal c¢abalardaki egilimlerin artirilmasi ¢evresel etkinliklerini arttirabileceklerdir. Cevreye
birakilmadan 6nce islenen atik suyun hane halkindan ve endiistriyel kaynaklardan olan oranini
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izlenmesi, giivenli bir igme suyuna ve sanitasyon altyapisina erisimi olan bir niifusun
yiizdesinin artirtlmasi iilkelerin su kaynaklar1 konusunda etikligini artirarak daha basarili bir
performansa sahip olmalarina imkan saglayacaktir. Tarim faaliyetlerinde kullanilan giibreleme
uygulamalarin1 ekin alanlarinin azot ihtiyacina uygun hale getirilmesi ilkelerin ¢evresel
performanslarm iyilestirebilmelerine katkida bulunacaktir. Ince partikiillii maddeye, azot
dioksitine maruz kalmay1 ve kat1 yakitlar1 i¢ mekanlarda yakan niifusun yiizdesinin azaltilmasi
ve ililkenin toplam sahip oldugu yiiz 6lglimiindeki yesil alanlarin artirilmasi iilkelerin hava
kalitesini iyilestirerek ¢evresel performansin artirilmasina imkan saglayacaktir. Yukarida
bahsedilen c¢evresel uygulamalarla da Kusak Yol iilkeleri ¢evresel performanslarini
artirabilecektir.

Gelecekte Kusak Yol iilkelerine yonelik yapilacak olan ¢alismalarda daha fazla ve farkli
cok kriterli karar verme yontemleri kullanarak degerlendirme yapilmasi ve karsilastirilmasi
aragtirma sonuglarina daha derinlik kazandirabilecektir. Bunun yaninda yine gelecek
caligmalarda modele dahil edilen iilke sayisi arttirilarak arastirmanin kapsami genisletilebilir.
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