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Problem

Ulasimin ekonomik degeri ve lilke ekonomileri iizerindeki etkisi hemen her
kesim tarafindan bilinmektedir. S6z konusu etkinin pozitif katma degeri ancak etkin
bir altyapi ile miimkiindiir. Ulastirma sistemleri iginde her ne kadar deniz, kara, hava,
demiryolu gibi farkli modlar bulunsa da ulagtirma sistemi denildiginde ilk akla gelen
cogunlukla karayolu ulasimi ve bagli olarak (kara) Yol’dur. Tarihsel siireg igerisinde
sehirler ve komsu tilkeler arasindaki ticaretin gelistirilmesinde ara¢ olarak gorilen
yollar, giinlimiizde de {ilkelerin gelismislik seviyelerinde belirleyici bir unsur olarak
onemli rol oynamaktadir. Etkin yol altyapisinin olusturulmasit ve mevcut yollarin
tyilestirilmesinde karsilasilan sorunlarin giderilmesi, o iilkenin finansal giicline bagh
olmaktadir. Ulkeler yol altyapilarini iyilestirmek icin stnirl kaynaklarimi etkin ve etkili
olarak ekonomik biiylimelerine pozitif katki yapacak sekilde yoOnlendirmek
durumundadirlar. Karayolu tagimacilik sektorii 6zellikle karayolu aglariyla dogrudan
ekonomik kalkinma ritmine bagli olarak uluslarin refahim etkilemektedir.
Literattirdeki ¢aligmalar, ulagtirma altyapisi ile ekonomik biiyiime arasinda pozitif bir
iliski oldugunu desteklemektedir (Tripathi ve Gautam, 2010, Peter ve ark., 2015,

Mohmand ve ark., 2017 v.b.) Gunimizde bir¢ok tlke strdurulebilir bir karayolu



tagimacilig1 altyapisi olusturmak ve gelistirmek i¢in miicadele etmekte ise de gelismis

bir karayolu ulagim altyapisinin olusturulmasi kolay degildir.

Etkin bir Karayolu Ulastirma Sistemine sahip olundugunda, pozitif ¢arpan
etkiler sonucunda piyasalara, istihdama ve ek yatirima daha iyi erisilebilirlik gibi
ekonomik ve sosyal firsatlar bakimindan ¢esitli faydalar saglanmaktadir. Buna karsilik
karayolu ulasimi etkin olmadiginda; bagli olarak yol altyapis1 kapasite, giivenilirlik
veya kalite bakimindan yetersiz oldugunda; ekonomiyi darbogazlara gotiirebilecek
maliyetler ortaya ¢ikabilmektedir. Bu nedenle iilkeler yol altyapilarinin gelisimi ve
tyilestirilmesi i¢in yatirimlar yapmakta ve bu yatirnmlar i¢in biiyiik biitceler
ayirmaktadir. Dolayisiyla yol altyapist ile ilgili ¢aligmalarin ekonomik agidan
degerlendirilerek iilke ekonomisindeki etkisi, yatirimlarin maliyet olarak

etkinliklerinin belirlenmesi, planlanan biiytime hedeflerine erismede 6nemlidir.

Karayolu tasimaciligi dendiginde ilk akla gelen; yol ve asfalttir. Ulkelerin
gelismislik diizeylerinde asfaltlanmis yollar, etkin altyapiya sahip karayollarina sahip
olmak ve bu yollarin uzunlugu énemli gostergelerden kabul edilmektedir. Karayolu
tasimacilig acisindan yetersiz altyapr ve mevcut altyapiyi iyilestirmede kullanilacak
kaynaklardaki kitlik; bu kaynaklarin optimum kullanimi konusunda karar alicilari
cesitli sorunlarla kars1 karsiya getirmektedir. Altyapinin sozii edilen ekonomik
biiylimeye etkisi, son zamanlarda altyapir yOnetimine olan ilgiyi de arttirmistir.
Gilintimiizde tilkeler, yol altyapilarini gelistirmeye ve mevcut altyapilarini iyilestirerek
sirdiirmeye yonelik yatirimlara yonelseler de 6zellikle etkin olmayan altyapidan
kaynaklanan sorunlarla da karsilagsmaktadirlar. Aktif bir yol altyapist ozellikle
karayolu tasimaciligin1 kullanan isletmelerin ulagim maliyetlerini azaltmalarina ve
bagl olarak iiretim ve toplam maliyetlerini de diistirmeye yardimci olmaktadir.
Bilindigi gibi, bir isletmenin iiretim maliyeti ve ulagim (tasima) maliyeti arasindaki
iliski dolayhdir; iiretim maliyetlerinin diismesi, girdilerin maliyet yonli disisi ile
dogrudan iligkilidir. Ulasim maliyetleri ise iiretim siireci sonrasinda ortaya ¢ikmakta
ve lretim sonrasi siireci kapsamaktadir. Etkin bir alt yapi, isletmelerin kiiresel
pazarlarda rekabet edebilmelerine, bagli olarak iilke ekonomisinin gelismesine ve
biiyiimesine de katk1 saglamaktadir. Ornegin, Avrupa Komisyonu 2019 raporuna gére
2016 yilinda Avrupa Birligi (AB) iilkelerinin (28 iilke) karayolu ulagim altyapilarina
yaptiklar1 toplam yatirnm yaklasik 69 milyar € dur. 2016 yilinda AB'de karayolu

ulagim altyapisini gelistirmek i¢in kullanilan bu parasal deger 28 {ilkeye boliindiiglinde



iilke basina sz konusu yatirim 2,43 milyar € dur. Ister gelismis ister gelismekte olsun
her ulke, alt yapisini gelistirmede farkli finansal kaynaklar1 kullansa da ekonomik
bliytimesini engelleyen farkli faktorlerle karsilagabilir. Bu ylizden, etkin bir alt yap1
icin sadece finansal kaynagin bulunmasi degil ayrica bu kaynagin etkin ve etkili
planlanarak tahsisi de 6nemlidir. Kaynak planlamas1 ve tahsisi, diger pek ¢cok alanda
oldugu gibi karayolu ulastirma altyapisi ile ilgili kararlarda da 6zellikle karar verme

sirecinde onemlidir.

Herhangi bir iilkenin yol altyapisinin degerlendirilmesi, iilkenin yol ulasim ile
ilgili gelecekteki planlarin1 yapmasina yardimci olacak ve gelecekte yol ulagim
sistemine tahsis edilecek biitgeyle ilgili kararlara katki saglayacaktir. Diger yandan,
etkin yol altyapisi, kamu ve 6zel sektorde faaliyette bulunan isletmeleri, karayolu
ulasimi kullanarak mal ve hizmetlerini bir yerden baska yere tasimadaki yasanan
sorunlara ¢6ziim getirerek mikro diizeyde de isletmelerin yol ulagim yonlii uygulama
ve politikalarini etkileyecektir. Etkin bir yol altyapisinin saglanmasi, kaza oraninin
azaltilmasimna da katkida bulunarak iilke i¢indeki trafik kazalarini ve olumsuz
sonuclarini (6liim orani, maddi hasar) azaltacaktir. Ayrica, insanlara kisa siirede bir
yerden diger yere hareket etmelerinde de kolaylik saglayarak i¢ ve dig turizme de

katkilar saglayacaktir.

Yol yapimlarinin en Onemli bilesenlerinden, bagka bir ifadeyle yol
yapimlarinin 6nemli hammaddelerinden birisi asfalttir. Yol yapim caligmalarinin
temelde bir hizmet oldugu diisiintildiiglinde; bu hizmetin saglanmasi i¢in etkin ve etkili
bir alt yapinin kurulmasi zorunludur ki asfalt, bu siiregte sistemin dnemli bir bileseni
olarak kullanilmaktadir. Her tiirlii yol insaati ve bakimimi1 yapmak icin kullanilan
agrega, baglayici ve dolgu maddesinin bir karisimidir. Asfalt serimi, sirali ve 6zel
adimlardan olusan bir siirectir. Siirecin her asamasinda farkli kaynaklar
kullanilmaktadir. Kullanilacak kaynaklarin sinirli oldugu dikkate alindiginda asfalt
uygulamalarinin da planlanmasi gerektigi agiktir. S6z konusu planlamada kit olan
(6rnegin petrol tiirevi bitlim ve ¢evresel agidan agregalar) kaynaklar nedeniyle asfalt
tretiminde farkli alagimlarin geri donilisiim (cam atik, insaat atiklar1 gibi) yoluyla
kullanimlar da giindeme gelmektedir. Dolayisiyla asfalt malzemelerin kullanilmasi,
tiretim ve serimi karar vericiler agisindan zor, ancak ¢ozulmesi gereken Onemli
sorunlardan olup, yapisinda ¢ok sayida nicel ve nitel kriterler barindirmasi nedeniyle

de ¢ok kriterli bir karar problemi niteligindedir. Ornegin, bir yol insasinda karar



vericiler agisindan; kaplanacak yolun uzunlugu, asfalt kaplamaya nerden baslanacagi,
nerede sonlandirilmasi gerektigi, asfalt kaplamada ne tiir bir karisimin kullanilacagi
gibi pek ¢ok sorunun yanitlanmasi karar vericilerin asfalt kaplama planlarin1 etkili bir

sekilde belirlemelerine yardimci olacaktir.

Dunyadaki hicgbir riine benzemeyen Asfalti ve her tiirlii karisgimini tiretmek;
caba, ig giicli, malzeme ve ekipman gerektirse de asfalt liretimi i¢in gerekli kaynaklarin
maliyeti, iilkelerin ekonomik durumuna gore degismektedir. Bazi iilkeler bu
kaynaklar yerel olarak elde edebilme sansina sahipken diger bazi iilkeler ne yerel
olarak temin edebilme ne de dis kaynaklardan temin etmede yeterli biitgeleri vardir.
Bu nedenle, kaynaklarin etkin kullanimi her alanda oldugu gibi yol yapim ve asfalt

icin de 6nemlidir.

Karayolu tagimaciliginin sozii edilen etkileri nedeniyle bu alanda etkinligin
saglanabilmesi i¢in yol altyapisinin temel bilesenlerinin ayrintili olarak incelenmesi
ve bu bilesenlerin iilke ekonomisi iizerindeki etkinlik derecelerinin belirlenmesi
gereklidir. Ozellikle iilkeler arasindaki makro diizeyde siddetlenen rekabet acisindan
ilke gruplart i¢cindeki bu bilesenlerin diizeylerinin ve etkilerinin ortaya konulmasi, bu
yonde politikalarin olusturulmasina yardimci olacaktir. Ayrica, bir iilkenin maliyet
acisindan etkin bir yol altyapis1 gelistirmesi, karayolu ulasim sistemine olumlu bir
degisiklik olarak yansiyacaktir. Yol altyapisindaki etkinlik, tilkenin ekonomisine de
bagli olarak olumlu katkilar saglamasinin yani sira yol altyapist ile ilgili mevcut
durumu anlatan bir model sunmak, kisa ve uzun vadede bu konuda iyilestirme

yapmaya imkan verebilecektir.

Literatiirde farkli alanlarda iilkelerin gruplandirilmasimna yonelik daha ¢ok
kiimeleme analizinin uygulandig1r ¢ok sayida ¢aligma bulunmaktadir. S6z konusu
calismalarda iilkelerin gruplandirilmasinda Kiimeleme Analizi (Kuskaya ve Gengoglu,
2017; Gengoglu ve Kuskaya, 2016; Michinaka ve ark, 2011; Tsangarides ve Qureshi,
2008; Diaz- Banilla ve ark, 2000), CBOA (Dickes vd, 2011) ya da her iki teknik (KA
ve CBOA) (Yenilmez ve Girginer, 2016; Girginer, 2013; Akkucuk, asfalt karisim
etkinligini inceleyen tek bir ¢alisma bulunmaktadir (Li ve ark, 2013). Bu alanda
yapilan diger calismalarin ¢ogunlugunda karayolu bakim etkinligi incelenmistir
(Fallah- Fini ve ark, 2015; Ozdek ve ark, 2010; Rouse ve Chiu, 2009; Kazakov ve ark,

1989). Ayrica, genel olarak karayolu ulagimimi inceleyen ve ayni zamanda veri



zarflama analizi (VZA) kullanan az sayida calisma da bulunmaktadir (Sarmento ve
ark, 2017; Fu, 2013). S6z konusu caligmalar, asfalt ve karayolu etkinligine yonelik
olup asfalt ve asfalt uygulamalarinin maliyet etkinlik analizine bir calisma
bulunmamaktadir. Benzer sekilde Gri Iliski Analizi de literatiirde daha cok etkin ve
uygun maliyetli iilkeler siralamasinda kullanilmigsa da karayolu ulagim alt yapisiyla
ilgili alanda asfaltin farkl1 6zelliklerini incelenmesinde GIA kullanilmustir (Yu ve ark,

2017; Cheng ve ark, 2016, Sun ve ark, 2014 vb.).

Literatiir incelemesinden goriildigii gibi Ozellikle asfalt uygulamalari
acisindan farkli iilkelerin gruplandirilmast ve performanslarinin belirlenerek
maliyetlerle iliskilendirilmesinin yani sira bu uygulamalar acisindan performans
tizerindeki Onemli degiskenlerin ve etkin olan iilkelerin siralanmasi seklinde
biitiinlesik bir ¢alisma bulunmamaktadir. Literatiirdeki bu eksikligi gidererek katki

saglama kapsaminda bu ¢alismanin temel problemi;

Tiirkiye ve AB iilkelerinin yol yapim ¢alismalarinda asfalt etkinligini ve asfalt
maliyet etkinligini analiz ederek etkin olmayan iilkeler igin performanslarini
iyilestirmelerine yonelik onerilerin yani sira etkin olan iilkeleri kendi i¢lerinde etkinlik

ve maliyetteki etkinlikleri a¢isindan swralamaktir.

Bu baglamda calismanin ayni alanda yapilacak olan diger arastirmalara ozellikle
ulagtirma sisteminin diger modlarinin (Havayolu, Rayli sistemler, Deniz yolu vb)

altyapilari i¢in de farkli iilkeler agisindan 6rnek olmasi beklenmektedir.
Amag

Yukaridaki aciklamalardan hareketle bu calismanin temel amaci; Tiirkiye ve
secilmis bazi iilkelerin asfalt uygulamalarini performans agisindan degerlendirmektir.
Bu calismada Tiirkiye ve secilen bazi iilkelerin asfalt uygulamalarinin performanslari
etkinlik ve maliyet etkinlik analizi kullanarak incelenmektedir. Bu temel amag

dogrultusunda ¢aligmanin alt amaglar1 sunlardir:

1- Bazi ekonomik gostergeler bakimindan Tiirkiye’nin benzer oldugu iilke grubunu

belirlemek

2- Tiirkiye’nin yer aldigi iilke grubun farkli senaryolarla asfalt uygulamalarindaki

etkinliklerini analiz etmek



3- Caligmanin iigiincii alt amaci da etkin ve uygun maliyetli tilkelerin ve degiskenlerin

etkinlik bakimindan siralarini belirlemektir.

Asfalt performansini 6lgmek igin etkinlik ve maliyet etkinlik analizlerinin

kullanilmasiin gerekgeleri su sekilde agiklanabilir:

o Asfalt iiretimi, farkli kaynaklardan girdi materyallerinin toplanmas1 gereken bir
strectir ve bu kaynaklarin her birinin kendine ait bir iretim siireci
bulunmaktadir. Bu nedenle asfalt performansini Glgmenin faydalar

bulunmaktadir.

e Avrupa iilkelerinin ¢ogunun ekonomik olarak gelismis iilkeler oldugu
diisiiniildiiglinde, bu {ilkelerdeki asfalt performansmin Ol¢lilmesi ile asfalt
kaplama uygulamalar1 bakimindan etkin olup olmadiklari; baska bir ifadeyle
daha az malzeme israfi, ¢caba ve biitce ile asfalt uygulamalarindaki bagarilarina
yonelik bulgular ortaya c¢ikmaktadir. Asfalt uygulamalari bakimindan
performansi diislik iilkeler, etkin olan {ilkeleri referans alarak onlar1 asfalt
uygulamalarindaki basarilar1 nedeniyle rol model olarak alip performanslarini

onlara benzemeye calisarak iyilestirebileceklerdir.

e Islerin dogru sekilde gerektigi gibi yapilmasi olarak tamimlanabilen Etkinlik,
iretim siirecinde kullanilan girdilerle ciktilarin karsilagtirilmasini saglayarak
herhangi bir birimin malzeme, emek ve para israfini Onleme yetenegini
gelistirmesine yardimer  olur. Etkinlik bu calisma kapsaminda asfalt
uygulamalar1 acisindan diisiiniildiglinde; asfalt uygulamalarindaki girdileri
dogru sekilde kullanarak olmasi gerektigi gibi asfalt uygulamalarini
gerceklestirmeyi basaran herhangi bir iilke asfalt uygulamalarinda etkin kabul

edilmektedir.
Yontem

Calismanin amagclar1 dogrultusunda uygulanan analizler biitiinsel bir yaklagimla

Cizelgel de bir akis semasi olarak verilmistir.
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Cizge 1: Analiz Akis Semasi

Farkli Ulkeler icin Asfalt Etkinliginin ve
Maliyet Etkinliginin Olgtlmesi

i

ile Farkh Ulkeleri Gruplama ile

~

[ Ekonomik Gostergeler [ Asfalt Degiskenleri ]

J

Kumeleme Analizi (KA) Cok Boyutlu Olgekleme
Analizi (CBO)

Avusturya,  Belgika Iki yontem ] Avusturya, Belcika
Hirvatistan, ) Cek, arasinda Hirvatistan, Cek,
Danimarka, Ingiltere, karsilagtirma Danimarka, Finlandiya,

Mag, Norveg, Slovakya,

yapmak Mag. italva
Slovenya

Fransa, Ispanya,

Finlandiya, Fransa,
Slovenya, Slovekya,
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Norveg ispanya Secilen Grup: Turkiye, Norveg,
TUrkiy; ’ Fransa, Ispanya, Slovenya, Hollanda, ingiltere
Slovekya, Turkiye, Norveg,
Hollanda. ingiltere
Asfalt Etkinlik=>»VZA Modelleri
v ¥ v
Senaryo 1 Senaryo 2 Senaryo 3
. A .
Farkl1 Ulkeler I¢in Xsfalt Maliyet /
Etkinlik Analizi
Etkin Olmayan Ulkeler Etkin ve Uygun
| Maliyetli Ulkeler

Performans fyilestirme Etkin ve maliyette etkin tlkeler

ile etkinlikte 6nemli degiskenleri

Degerleri
siralamak:
“Gri iliski Analizi”




1-  Kiimeleme Analizi _ve Cok Bovutlu Olcekleme Analizi Ile Ulkelerin

Gruplandirilmasui.

Ulkeler baglaminda asfalt performansinin dl¢iilebilmesi igin iilkeleri karayolu alt
yapist ve ekonomi olarak benzer gruplar i¢inde karsilastirmak gerekir. Calismanin bu
amacima ulasabilmek i¢in farkli degisken kombinasyonlar1 igin asfaltla ilgili

degiskenlerin yaninda bazi ekonomik degiskenler de kullanilmistir.

Kullanilan asfalt degiskenleri sunlardir: Asfalt endiistrisindeki sirket sayisi
(iiretim ve doseme) (X1), Toplam bitiim tiikketimi (milyon ton) (X2), Toplam asfalt
tiretimi (milyon ton) (y1), Toplam otoyol uzunlugu ve ana yol (km) (y2). Ekonomik
gostergeler bunlardir; niifus yogunlugu (km kare basina diisen kisi) (NY), Yiizey alani
(km kare) (YA), Toplam niifus sayis1 (TN), Kisi basina diisen GSYIH (ABD dolar1),
Kisi basina GSMG.

Tiirkiye ve 16 AB iilkesinin gruplamasinda iki yontem kullanilmigtir. Kiimeleme
Analizi (KA) ve Cok Boyutlu Olgekleme Analizidir (CBOA). Kimeleme Analizi,
nesneleri cok c¢esitli farkli 6zellikleri bakimindan birbirlerine benzer olanlart homojen
olacak sekilde kiimelerde siniflandirmaya izin veren istatistiksel bir yontemdir. Cok
Boyutlu Olgekleme Analizi de kiimeler veya gruplar arasinda benzerlik gosteren
niceliksel degerlendirmeler saglayan, veri toplamadaki karmasikligi azaltmaya
yardimct olan bir yontemdir. Calismada her iki gruplama yontemi de kullanilarak,
literatiir ve uzman goriislerinden hareketle Tiirkiye’nin de yer aldigi asfalt
uygulamalar1 agisindan en benzer olan tlilke grubu secilmistir ve sonraki analizler (Veri
zarflama analizi, Gri Iliski Analizi) bu iilke grubuna yénelik yapilmistir. Her iki
teknikte de gruplandirmada ortak degiskenler alinmistir. Calismada belirlenen
degiskenler itibariyle 17 iilkenin (Avusturya, Belgika, Hirvatistan, Cek Cumhuriyeti,
Danimarka, Finlandiya, Fransa, Almanya, Ingiltere, Macaristan, Italya, Hollanda,
Norveg, Slovakya, Slovenya, Ispanya ve Tiirkiye) aym yil igin verilerine
ulasildigindan gruplandirma bu iilkeler i¢in yapilmistir. Sonucglara gore her iki
analizinden 6nerilen dokuz kombinasyonla iki kiime olusturulmustur. Iki teknikteki
gruplamalar 4, 6, 7 ve 8. degisken kombinasyonlarinda ayn1 kiimeler elde edilmistir.
Buna karsilik degisken kombinasyonlar1 (2, 3 ve 9) farkli gruplandirma sonuglar
vermistir. Tablol’de s6z konusu ililke gruplari her iki teknige gore degisken

kombinasyonlarina gére verilmistir. Gruplandirmada CBOA ile elde edilen gruplarin

viii



gercek hayattaki ve uygulamadaki benzerlige KA’ndan daha uygun oldugu

goriilmiistiir.

Tablo 1: Farkh Degiskenlere Gore KA ve CBOA

Slovakya, Slovenya

Degiskenler Kimeleme Analizi CBO Analizi
1 2 1 2
Ispanya, Slovakya, Avusturya, Belgika,
Slovenya, Turkiye, Norveg, | Hirvatistan, Cek, Finlandiya,
X1, X2,Y1, Cek Cumhuriyeti Diger 16 iilke Hollanda Fransa, Ingiltere, Macaristan,
Y2 Italya
Avusturya, Belcika, Avusturya, Belcika,
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2- Veri Zarflama Analizi Ile Ulkelerin _Asfalt Uygulama _Etkinliklerinin

Belirlenmesi ve Maliyet Etkinlik Oranlarinin Elde Edilmesi:

Veri Zarflama Analizi (VZA), genellikle farkli katkilari gesitli getirilere
dontstiiren Karar Verme Birimleri (KVB’leri) olarak adlandirilan bir dizi yapimin
performansin1 degerlendirmede yaklasimdir. Calismada bir 6nceki asamada elde
edilen iilke grubunun asfalt uygulama performansini belirlemek amacina ulagsmak igin
VZA kullanilmistir. Benzer yapi sergileyen bu iilkeler, asfalt uygulamalarinda da yine
benzer girdilerle ayni ¢iktiy1 iireten calismanin VZA modellerindeki karar verme
birimleridir. Bu asamada farkli girdi ve ¢ikti degiskenlerinden olusan senaryolarla
tilkelerin asfalt uygulama performanslart etkinlik boyutunda belirlenmistir.
Calismanin ikinci alt amaci olan ekinlik analizini gerceklestirebilmek i¢in {i¢ senaryo

tizerinde iki girdi ve iki ¢ikt1 asfalt degiskenlerine ait veriler kullanilmistir.

Girdi degiskenleri: Asfalt endiistrisindeki sirket sayisi (X1) (iiretim ve ddseme),
Toplam bitim taketimi (X2) (milyon ton)

Cikt1 degiskenleri; Toplam asfalt iiretimi (Y1) (milyon ton), Toplam otoyol uzunlugu
ve ana yol (Y2) (km).

Senaryolar: Senaryol: (X1, X2, Y1 ve Y2), Senaryo 2 (X1, X2 ve Y1), Senaryo 3 (X1,
X2 ve Y2) degisken kombinasyonlarindan olugsmaktadir. Senaryolardaki girdi, ¢ikti

degiskenleri, sembolleri ve veri kaynaklar1 Tablo 2’de gosterilmistir.

Tablo 2: Asfalt Ekinlik ve Maliyet Etkinlik Analizinde Kullanilan Degiskenler

Degiskenler Semboller | Veritabani

Maliyet degiskenleri:

e Karayolu altyap1 bakim harcamalari (milyon €) | KABH

e Karayolu altyap1 yatirim harcamalari (milyon €) | KAYH OECD.stat database

OECD.stat
Girdi Degiskenleri: X1 EAPA
e Asfalt endiistrisindeki sirket sayisi (iiretim ve | X2 EAPA
doseme)
e Toplam bitlim tuketimi (milyon ton)
Cikt1 Degiskenleri:
e Toplam asfalt Uretimi (milyon ton) Y1 EAPA
e Toplam otoyol uzunlugu ve ana yol (km) Y2 Eurostat ve Statista
veritabani




Etkinlik analizinde ¢ikti odakli Veri Zarflama Analizinin (VZA) iki yontemi
(CCR ve BCC) kullanilmig ve etkin olmayan {ilkeler i¢in performans iyilestirme
degerleri hesaplanmistir. Etkinlik analizinde (BCC) modeli sonuglarinin, (CCR)
modeli sonuglarindan daha gegerli oldugu sdylenebilir. Tiirkiye, Ispanya ve Fransa
senaryo 1 ve 2'de (CCR) modeli i¢in etkin degildir. Diger taraftan, Slovakya ve
Ingiltere ii¢ senaryoda ve (CCR ve BCC) modellerinde etkin olan iilkeler olarak ortaya
cikmistir. Her model i¢in etkin olmayan iilkeler i¢in potansiyel iyilestirme degerleri
elde edilmistir. Ornegin senaryo (1) i¢in (BCC) modelinin sonuglarma gore; Norveg'in
toplam asfalt tiretimi ¢iktilarini ve toplam otoyol ve ana yol uzunlugunu (¢iktilarini)
ayni oranda 13,40 oraninda artirmasi, Senaryo 2 i¢in ayn1 modelin sonuglarina gore
Norveg’in toplam asfalt tiretimini %16,53 arttirmasi durumunda etkin bir iilke
olabilecektir. Bu durumda, Norvec'te asfalt performansinin eksikliginin nedenini

bilmek i¢in daha fazla arastirma yapilmasi gerektigi onerilmistir.

VZA ile llkelerin asfalt uygulamadaki etkinliklerinin belirlenmesinden sonra
Maliyet etkinlik analizi i¢in maliyet etkinlik oranlar1 hesaplanmistir. Maliyet etkinlik
analizinin ger¢eklestirmesinde Karayolu altyapi yatirim harcamalari (milyon €) ve
Karayolu altyapi bakim harcamalari (milyon €) degiskenlerinin verileri kullanilmistir.
Sonuglara gdre; maliyet etkinlik oranlarinin hesaplanmasinda kullanilan (CCR ve
BCC) modelinin etkinlik sonuglarina gore, Slovenya ii¢ senaryoda maliyette en az artis
saglayarak en st sirada yer almistir. Ayrica, Senaryo 1 ve 2'de, (CCR) modeli
sonuclarina gore Tirkiye ve (BCC) modeli sonuglarina gore Fransa, maliyetin en
yiiksek artiglarina sahiptir ki bu da Tirkiye'nin (CCR) modeli degerleriyle maliyet
etkinlik analizinde en altta yer almasina neden olmustur. Fransa (BCC) modeline gore
maliyet etkinlikte en alt sirada yer alirken Senaryo 3'e gore, her iki model i¢in de (CCR

ve BCC) Fransa en yiiksek maliyet artisina sahip {ilke olarak belirlenmistir.

3- Gri_lliski_Analizi_ile Ulkeleri ve Degiskenleri Asfalt performanslar

bakimindan siralanmasi:

Calismanin  son alt amacim gerceklestirebilmek icin Gri 1liski Analizi
kullanilmustir. Gri iliskisel analizin (GIA) temel diisiincesi, veri serisine dayanan ilgili
faktorler arasindaki iligkiyi tanimlamak i¢in kullanilabilecek gri bir oran diizeni
bulmaktir. GIA asamalari, veri seti hazirlama ve matrisini olusturma ile baslar, gri

iliskisel oranlar1 hesaplama ile bitir. Bu ¢alismada GIA kullanma sebebi su ki; VZA
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etkin ve uygun maliyetli Ulkeler siralamalar1 veremedigi igin bu durumda GIiA
kullanmay1 tercih etmistik. Bu analizin yardimiyla, etkin ve uygun maliyetli lilkeler ve
degiskenler icin etkinlikte 6nem dereceleri belirlenmistir. Ulkeler icin etkinlik
siralamasinin sonuglari; senaryo 1'e gore, Ingiltere ve Slovakya birinci ve ikinci
olarak; senaryo 2 ve 3'e gore, Slovakya ve Slovenya birinci ve ikinci siradadir. Ayrica,
tilkeler icin etkinlik siralamasinin sonuglari; Senaryo 1 ve 2'ye gore Tiirkiye, en diisiik
siralamaya sahip olan yedinci sirada yer almistir. Diger yandan, degiskenler i¢in
etkinlik siralamasmin sonuglar1 sunu gostermistir: {ic senaryoya gore, asfalt
endstrisindeki sirket sayisi - iiretim ve doseme (x1), en énemli degisken oldugunu

gosteren ilk sirada oldugu belirlenmistir.

Ulkeler icin maliyet etkinlik siralamasinin sonuglari; ii¢ senaryoya gore,
Slovenya ve Slovakya birinci ve ikinci sirada yer almistir. Senaryo 1 ve 2'ye gore,
asfalt uygulamalarinin etkinligindeki en onemli degisken toplam bitiim tiiketim.
Senaryo 3'te asfalt endustrisinde- iiretim ve déseme (x1) sirket sayisi ilk siralarda yer

almistir.
Sonuglar

Tiirkiye ve secilmis bazi llkelerin asfalt uygulamalarini degerlendirmek
amaciyla yiiriitiilen bu ¢calismada yapilan analizlerden elde edilen bulgular su sekilde

degerlendirilebilir:

e Ulkelerin Gruplandirilmasina gére CBO  analizinden elde edilen
gruplandirmanin sonuclarinin kiimeleme analizinden daha uygun oldugu

sOylenebilir.

e FEtkinlik analizinde, senaryo 1 ve 2’ye gore, Norve¢ hari¢ biitiin {iilkeler

etkindir.

e Etkin olmayan iilkeler i¢in potansiyel iyilestirme Onerileri genellikle girdi
degiskenlerinden x1 (Asfalt endiistrisindeki iiretim sirket sayisi) i¢in azaltma
cikt1 degiskenlerinden de y2 (Toplam otoyol ve ana yol uzunlugu) artis
seklindedir.

e Etkin olan Ulkeler icinde en ¢ok Hollanda referans iilke olmustur.
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Senaryo 3’e gore (CCR) ve (BCC) sonuglart yaklasik olarak birbirine
benzemektedir. Her senaryoda (BCC) model sonuglart gercegi daha

yansitabilir.

Maliyet etkinlik analizinde: {i¢ senaryo’ya gore Slovenya en az maliyet artigina
sahiptir. Slovenyay1 Slovakya izlemektedir. En son sirada ise Ispanya
gelmektedir

Etkin iilkelerin GIA ile siralamasinda senaryo 1’e gére en etkin ve birinci

siradaki iilke Ingiltere, senaryo 2 ve 3’e gére en etkin iilke Slovakya’dir.

Etkinlikteki 6nemli olan degiskenlerin siralamasinda ii¢ senaryo ’ya gore en

onemli degisken x1 (Asfalt endiistrisindeki sirket sayis1)’dir.

X1’in en 6nemli degisken ve etkin olmayan iilkeler i¢in en ¢ok azaltma
Onerilen bir girdi oldugu i¢in ilkelerin asfalt endiistrisindeki iiretim sirket

say1sinin azaltabilmek icin miidahale etmeleri gerekir.

Ulkelerin maliyet etkinlik siralamasina gore; (¢ senaryoda en etkin ve birinci

sirada gelen tilke Slovenya’dir.

GIA ile degiskenlerin maliyet etkinlik siralamasindaki en 6nemli degisken

Senaryo 1 ve 2’ye gore Toplam asfalt iiretimidir (X2).

Y2’nin en 6nemli degisken ve etkin olmayan iilkeler i¢in en ¢ok azaltma
Onerilen bir girdi oldugu i¢in iilkelerin asfalt endiistrisindeki tiretim sirket

sayisinin azaltabilmek i¢in miidahale etmeleri gerekir.

Turkiye etkinlik analizinde, (BCC) modeli kullandigimizda senaryo 1 ve 2
sonuclarina gore etkin ¢ikmistir. (CCR) model sonuglarina gore ii¢c senaryoda
etkin degil olurken en ¢ok Hollanda referans olarak alir ve toplam asfalt

liretimin artis1 6neri alinir.

Turkiye maliyet etkinlik analizinde, (BCC) model sonuglarina gére senaryo 1
ve2’de maliyette etkin ¢cikmistir. En yiiksek maliyet artis1 da senaryo 3’te

bulabiliriz. Tiirkiye’ nin yol altyapis1 maliyetleri azaltmasini 6nerebiliriz.
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e Etkinlik siralama sonuglarina gore, Tiirkiye senaryo 1 ve 2’de en son sirada

gelmektedir

Calismada literatiire katki saglamak amaciyla, iilke gruplandirmada farkli
degisken kombinasyonlar1 baglaminda analizler yapilmistir. Boylelikle, farkl iilkelere
yonelik asfalt uygulamalarima gore yeni bir model sunulmaya calisilmigtir. Bu
modelin, asfalt alaninda yapilacak yeni ¢alismalara yardimei olacak nitelikte bir

referans olmasi beklenmektedir.

Asfalt uygulamalarinin VZA ile etkinligine yonelik tek bir ¢aligma (Li ve ark,
2013) var oldugu i¢in ve ayni zamanda literatiirde asfalt maliyet etkinligini
degerlendiren herhangi bir calisma bulunmadigi i¢in bu ¢aligmada asfalt uygulamalari
ile ilgili yeni bir goriis acist sunulmak istenmistir. Bu alanda yapilan ¢aligmalarin
cogunlugu VZA kullanarak yerel asfalt bakim politikalarinin incelenmesine yoneliktir.
Ayrica bu alandaki yapilan ¢alismalar, daha cok muhendislik kriterlerine gore
yapilmistir. Bu ¢alismada {iilkelerin asfalt uygulamalarina iliskin veriler; etkinlik ve
maliyet etkinlikleri bakimindan analiz edilmistir. Bu baglamda tezin asfalt etkinlik ve
maliyet etkinlik ile ilgili bulgularinin literatiire ve aragtirmacilara katki yapmasi

beklenmektedir.

Etkin iilkelerin ve degiskenlerin siralamasi agisindan tez degerlendirilirse; yine
literatiirdeki caligmalarn ¢ogunlugunda GIA ile daha ¢ok asfalt ve asfalt karisim
kriterlerinin degerlendirildigi goriilmektedir. GIA bu ¢alismada su iki neden ile
kullanilmistir: ilki; VZA etkin tlkeler i¢in degil etkin olmayan iilkeler icin bir agidan
siralama sunarken, etkin iilkeler icin etkinlik acisindan herhangi bir siralama
vermemektedir. Dolayisiyla etkin olan iilkelerin de kendi iclerinde etkinlikleri
baglaminda siralamasinin yapilmasi, 6zellikle referans alinan (etkin olan) bu iilkeler
ile ilgili farkli degerlendirmeler yapilabilmesi agisindan 6nemli olacag: diisiincesine
sahip olunmasidir. S6z konusu etkin iilkelerin siralamasi, GIA ile saglanmistir. GIA
kullanilmasinin ikinci nedeni, etkin iilkelerle ilgili siralama amaci kapsaminda etkin
olan bu tilkelerin asfalt uygulama bakimindan hangi degiskenlerin daha fazla etkisi s6z
konusudur? Sorusuna cevap arayisidir. Yine bu amaca da GIA ile degiskenler asfalt

uygulamasindaki 6nemleri bakimindan siralanmistir.

Bu ¢aligma asfalt uygulama bakimindan Turkiye ve benzeri ulkeleri etkinlik,

maliyet etkinlikleri bakimindan farkli senaryolarla inceleyen ve bu analizlerden elde
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edilen bulgular dogrultusunda gerek iilkeler gerekse degiskenler bakimindan 6nem
siralamalart veren birbirleriyle iliskili analizlerden olusan hibrid bir ¢aligma olarak
literatiirdeki ilk calismadir. Bu tez ¢alismasinin yontem, bulgu, degerlendirmelerinin

literatiire ve arastirmacilara yararli olacagina inanilmaktadir.
Oneriler

Bu aragtirmada, Tiirkiye ve Avrupa Birligi iilkeleri i¢in asfalt kaplama
uygulamalarinin etkinligini, asfalt kaplamalarla ilgili baz1 girdi ve ¢iktilar1 dikkate
alarak degerlendirmek amaclanmistir. Oncelikle Tiirkiye ve 16 Avrupa iilkesini k-
ortalama kime analizi ve Cok Boyutlu 6lgekleme analizi kullanarak gruplanmistik.
Ardindan, Veri Zarflama Analizi (DEA) etkinlik modellerini kullanarak asfalt
kaplama performanslarini 6lgmek icin bir grup (Tiirkiye'nin dahil oldugu grup)
secilmistir. Sonrasinda bu iilke grubu icin etkinlik ve maliyet etkinlik analizleri
yapilmistir. Son boliimde ise Veri Zarflama Analizi modelleri baglaminda etkin

iilkeler ve etkinlikte dnemli degiskenler GIA ile siralanmistir.

Bilindigi gibi 2020 y1linin ilk gilinlerinde etkisini hissettirmeye baslayan korona
pandemisi nedeniyle biitiin iilkeler bu krizi yonetmeye ¢abalamaktadir. Bugiin, farkli
iilkelerdeki bircok arastirma ekibi, korona viriisiiniin tedavisine yonelik as1 bulmak
icin yarigmaktadirlar. Is diinyasinda gercek anlamda biyolojik viriislerle
karsilagilmiyorsa da etkisi gercek bir virlis boyutunda olabilecek sorunlarla
karsilasilmasi her zaman miimkiindiir. 2008 kiiresel mali krizinden sonra diinya,
covid19 pandemisine benzer kiiresel bir panik gecirmistir. Bu krizle birlikte diinya
kiresel boyutta bir finansal krizi yasayarak tanimis ve Ogrenmistir. Elde edilen

deneyim, bu tiir bir krizin tekrarlanmasini 6nleme ¢alismalarinda 6nemli olmustur.

Farkli sorunlara ¢6ziim aramak i¢in ¢ok fazla ¢aba harcanmasina ragmen, ¢ogu
zaman ¢Ozlimiin uygulanmasinda verilerin dogru ya da giivenilir olmamasi, uygun
analiz tekniginin kullanilmamasi gibi nedenlerle sorun yasanabilir. Dolayisiyla boyle
durumlarda en giivenilir ve uygulanabilir ¢6zlime ulasincaya kadar farkli yollarin,
farkli yontemlerin deneyimlenmesi gerekebilir. Ancak her durumda kosullarin
degisebileceginin unutulmamasi, her denemede planlamanin, denetim ve kontroliin
stirekliliginin saglanmasi; bagka bir ifadeyle etkin sekilde yonetimin fonksiyonlarinin

karar siirecine yansitilmasi énemlidir.
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Arastirmalarda da aslinda farkli olaylarin incelenmesi ve analiz edilmesinde
teori ve gercek yasam arasinda bir koprii kurmaya c¢alisilir. Bu arastirmada, 2016
Avrupa Asfalt Kaplama Dernegi (European Union Asphalt Association (EAPA))
raporu verileri kullanilarak, Tiirkiye ve bazi1 AB iilkelerindeki asfalt uygulamalarina
iliskin mevcut durum genel unsurlariyla ortaya konulmaya, bu {ilkelerin birbirlerine
bu agidan benzerliklerine gore gruplanmasina calisilmis ve iilkeler asfalt
performanslar1 bakimindan incelenmistir. Arastirmanin sonuglariyla teori ve
uygulama arasinda bagli olarak da aragtirma bulgularinin gercek yasam i¢in bir koprii
kurmus olmasi ongoriilmektedir. Mikro ve makro diizeyde arastirma bulgularinin
stireci anlamak ve kendi sistemlerinde uygulamak isteyenlere faydali olmasi

beklenmektedir.

Bu calismada yaptigimiz bu tiir degerlendirmeler genellikle miihendislik
kriterlerine gore yapilir. Ancak tez i¢in arastirmalar yapilirken iilkeler baglaminda

onlarin literatiirde yer alan verilerine gore degerlendirmeler yapilmstir.
- Bu degerlendirmelere gore;

o Genellikle yiizol¢iimii kiiclik ve bu yiiz 6l¢iime gore daha az oranda is
hacmi olan ve daha az firmaya sahip olan Ulkelerin daha etkin

ekonomik ve maliyet gostermeleri ideal olarak tanimlanmustir.

o Butiir lilkelerde hem yol yapimlar: hem de bakim faaliyetleri genel yol
hacmine gore az oranda goriildiigiinden maliyet anlaminda da etkin

olarak degerlendirilmektedir.

o Ancak Tirkiye gibi dinamik ve ayni zamanda c¢ok fazla g¢esit ve
hacimde isin yapildigi {lkelerde, yukarida so6zii edilen
degerlendirmeler acisindan durumda sorunlar yaganmaktadir. Tiirkiye
ve benzer yapidaki iilkelerde yol ve asfalt yapimlari birkag ayr1 kurum
tarafindan yapilmakta, ihtiyaclar da kurumlarin istigal alanlarina gore
degismektedir. Belediyeler sehir iglerindeki yollar1 yaparken,
Karayollar1 Genel Midiirligii sehirler arasi yollari, Orman Genel
Miidiirliigii orman i¢i yollari, Turizm Bakanhigi ise turistik yollari

yapmaktadir. Bu nedenle de yollarin ihtiyact da o anki sartlara gore
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degismektedir. Bu nedenle Tiirkiye gibi gelismesi hizli olan tilkelerin

yol aglarinda siirekli olarak artig goriilmektedir.

o Ayn sekilde bir {ilkede ¢ok fazla yol firmasinin olmasi da istenen bir
durum degildir. Genellikle de firmalarin azaltilmasi i¢in devletlerin
calismalar1 vardir. Yol ihalelerinde daha az firmanin is alabilmesi i¢in
ihale sartlar1 agirlastirilir. Bu da beklenen bir sonugtur, ¢alismanin

sonucunda da bu yonde bir egilim ¢ikmaistir.

o Yol ingaatlarinin tamaminda yagsanan sikintilardan biri de altyap1
yatirimlaridir. Altyapilart diizgiin yapilmadig: takdirde siirekli olarak
bakim maliyetleri artar. Bu durumun yolun ilk yapimi esnasinda
dikkatlice yapilmasi1 gerekir. Bundan dolayr da bu yatirnmlar hig¢
azalmamaktadir. Tez ¢alismasinda da bu durum ortaya ¢ikmistir. Bu

konuda Tiirkiye’ de ciddi anlamda ¢aligsmalar yapilmaktadir.

o Avrupa iilkelerinde altyap1 yatirimlart daha az olmaktadir, ¢iinkii niifus
artist ve sehirlerin gelismesi bizim tilkemizdeki gibi olmamaktadir.
Sehirler yillar 6nce kurulmus, niifus artist da belli oranlarda sabit
kalmistir. O nedenle de altyapr yatirimlarin siirekli artmasini
gerektirecek fiziksel bir durum yoktur. Turkiye gibi Ullkelerde bu
durumda siirekli hareket olmasindan dolay1 ¢alismada ¢ikan etkinlik

altyapi yatirimlari i¢in kabul edilebilir nitelikte degildir.

Anahtar Kelimeler: Yol alt yapis1, Asfalt, Asfalt uygulamalari, Performans Olgiim,
Etkinlik, Kimeleme Analizi, Cok Boyutlu Olgekleme Analizi, Etkinlik Analizi,
Maliyet Etkinlik Analizi, Veri Zarflama Analizi, Etkinlik siralamas1, Gri iliskisel
Analizi
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Supervisor: Prof. Nuray Girginer

Each country is under a great pressure to provide its citizens with a good
standard for living and welfare. With lots of obstacles surrounding decision making
process, each country must do a performance measuring for its different activities.
Transport infrastructure plays an important role in ease people and freight mobility
especially road transport. In this research, we concentrated on asphalt as one of the
most important components of road transport infrastructure. The purpose of this study
is to measure asphalt performance for different countries by using efficiency and cost
efficiency analysis. Since, different countries might have different attitudes toward
asphalt applications, we preferred to use two methods of clustering to group countries
which are; Cluster Analysis and Multidimensional Scaling Analysis (MDS). Then,
according to analysis results of countries’ grouping and by concentrating on the group
that involves Turkey as one of its entities, we used out-put oriented Data Envelopment
Analysis (DEA) to define efficiency scores for Decision Making Units (DMUSs) or
countries. In the scope of this analysis, we suggested three scenarios of inputs and
outputs. According to three scenarios suggested, we calculated the cost efficiency
ratios as well. After that, we performed Grey Relational Analysis (GRA) to rank the
efficient and cost efficient DMUs and variables.
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RESEARCH INTRODUCTION

In 2016, the total investments in road transport infrastructure in EU 28 were
about to €69 billion (European commission, 2019). If we are about to consider this
amount of money used to enhance road transport infrastructure in EU in 2016, if this
amount of investment were divided equally among EU 28 countries; each country will
be left up with only €2.43 billion. This number makes us wondering if it is enough to
satisfy country’s road transport infrastructure development and enhancement needs.
Whether, the classification of a country was a developed country or a developing one,
it strives to gather money from different resources (i.e. it could be by importing goods

and services, taxes and etc).

There are lots of evidence prove the existence of a positive relationship
between road transport infrastructure and economic growth (such as Mohmand et al,
2017; Peter et al, 2015; Tripathi and Gautam, 2010). According to these evidences,
many countries today are struggling to create and develop a sustainable road transport
infrastructure. In which, a developed road transport infrastructure might effect
positively on economic growth as we mentioned earlier. Yet, a developed road
transport infrastructure cannot be obtained easily. For example, Singapore managed to
set a long-term plan for developing and enhancing its infrastructure. If we look at
Singapore today and Singapore 40 years ago, we can notice a huge difference. In 2019,
Singapore was considered the global leader of the best quality of the overall
infrastructure according to Statista website.

On the other hand, the resource planning and allocation are considered crucial
in decision making process specially in decisions related to road transport
infrastructure, since there are many aspects involved. A decision maker should be well
aware of economic situation, types of financial resources, ability of obtaining

resources domestically and etc.
“A country might face a bankruptcy”

Unfortunately, if a country does not have the ability to obtain most of its
resources domestically, it might face a bankruptcy. Today, many countries borrow
their financial needs from different sources such as world bank, international monetary

fund and etc, so as to cover the deficit in balance of payment, which is considered an



easy way to solve their problems without taking into consideration the consequences
of borrowing; the case of Greek government-debt crisis might be a good example for
similar situation. Eventually, these countries someday will find themselves in a
situation where they cannot fulfil their obligations. Sooner or later, they might face a

bankruptcy unless they start to set some correctional plans.

Since an adequate road transport infrastructure might effect positively on
country’s economic growth. We as research scholars are obligated to study and analyse
different factors effect on economy to find the best ways that help any country’s
economy to grow and prosper. Therefore, we have planned our study in the scope of

our general objectives and our analysis objectives.

According to our general objective; firstly, we aimed to define Turkey’s
position in terms of asphalt pavement applications by measuring the efficiency and
cost efficiency of homogeneous group of countries. Secondly, we intended to have a
contribution to the literature by presenting a new model dealing with asphalt pavement
applications from different perspective. Finally, we determined to use data regarding
asphalt pavement for the reason that the asphalt is consider a comprehensive product.
The asphalt and the most of the materials used to produce it have their own production
processes. In each process different resources are involved; these resources might be
considered limited so we need to use them efficiently. in this research we wanted to
evaluate the efficiency and cost efficiency of asphalt pavement applications according
to different countries.

In the scope of our analysis objectives, we concentrated on asphalt as one of
the most important component of road transport infrastructure. We aimed to provide
insight into the asphalt pavement performances in Turkey and European Union
countries by using efficiency and cost efficiency as performance measures. The
reasons for choosing the efficiency and cost efficiency analysis methods to measure
asphalt performance are that; first, asphalt production is a process needs gathering
input materials from different resources and each one of those resources might has its
own production process so measuring the asphalt performance is worthwhile. Second,
most of European countries are considered economically developed so when we
measure asphalt performance in these countries, the results help us to know about their

asphalt pavement practices and whither they operate efficiently (i.e. with less waste of



materials, effort, money and etc) when it comes to asphalt pavement applications.
Third, while the efficiency is the ability of doing things right, it is actually help in
comparing outputs to inputs used in production process which in turn help in knowing
the ability of any unit to avoid wasting of materials, efforts and money so when we
apply that into our case study of asphalt, the results help us to define the levels of
efficiency for each country. Fourth, the overall results of measuring asphalt
performance by efficiency and cost efficiency help identifying the efficient and

inefficient countries.

Hence, to achieve the research objective, we organized this research to be
consist of four chapters. Except chapter 1, in each chapter we used two methods of

analysis.

In chapter 1, we conducted a theoretical background discussion about road
transport infrastructure and the role of asphalt pavement in it. Also, we discussed
asphalt materials, processes and mix types of asphalt. After that, we discussed how to

use efficiency and cost efficiency to measure asphalt performance.

In chapter 2, since dissimilarity between countries in terms of asphalt
application might give unreliable results, we aimed to start our analysis by clustering
Turkey and the EU countries. Hence, by suggesting different variables combinations
(consist of all asphalt variable and different economic indicators) we implemented two
methods of grouping which are cluster analysis and multidimensional scaling analysis.

According to results of this chapter, Turkey was in a group consists of eight countries.

In chapter 3, by taking the analysis results of chapter 2 into consideration, we
analysed the efficiency and cost efficiency of asphalt for selected group. In efficiency
analysis, by suggesting different scenarios of input and output variables, we used two
models of output-oriented data envelopment analysis (DEA) (CCR and BCC). Then,
we performed cost efficiency analysis for selected cluster according to different

scenarios suggested.

In chapter 4, by taking the analysis results of chapter 3 into consideration, we
aimed to define the degree of importance for efficient and cost-efficient countries and
variables by using Grey Relational Analysis for each scenario suggested (see the
analysis flow chart in Table 1).
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CHAPTER 1

THEORETICAL REVIEW OF ASPHALT IN ROAD TRANSPORT
INFRASTRUCTURE

1.1. ROAD TRANSPORT INFRASTRUCTURE AND  ASPHALT
PAVEMENTS

The use of “infrastructure” term can be found in different fields. The word
“infra” means a ground or a base, the word “structure” on the other hand is more
related to elements distribution (Skorobogatova and Kuzminz-Merlino, 2017).

According to World Development Report (1994), energy, transport,
telecommunications, provision of water and sanitation, and safe disposal of wastes
are all types of infrastructure services. The different activities done in any
community are basically depend on those services. Though, if the infrastructure
failed to meet the requirements of communities, the communities’ standard of
living and economic growth will be affected negatively. In contrast, an innovated
infrastructure services enhances welfare and effect positively on economic growth.

However, the link between infrastructure services and economic growth
made a lot of scholars investigating the direction of such a relationship (Cronin et
al, 1991; Rauch, 1994; Esfahani and Ramirez, 2003; Sahoo and Dash, 2009; Sahoo
et al, 2010; Czernich et al, 2011; Castells, 2017). Actually, infrastructure can be
thought as two sides of the same coin. In which it can improve communities’
quality of life and it can effect positively on economic growth.

The road transport as one of the important services provided by
infrastructure, can be though as the key element for achieving communities’
welfare. Not by just eases the movements of people and freights from one place to
another but also by increasing productivity which in turn effects positively on
economy. It can be easy to define road transport infrastructure, but it is not easy to
understand the functionality of each of its components completely unless, we
divided them and study each one of them separately.

One of the most important and essential components of road transport
infrastructure is asphalt. The asphalt was first used by Babylonian in 625 B.C as

road building material. From that time until now, asphalt and road-building



processes have gained lots of interest. Now, we can find different types of asphalt
applied in different situation and for different purposes by using different
techniques.

The asphalt is considered a crucial material in road pavement constructions.
Whether the use of asphalt was for stablishing new roads or enhancing old ones,
the needs of asphalt increases as the demand of it in road constructions increases
as well (Setyawan, 2017). Since, the asphalt is resulted from mixing different
combination of materials, each one of these materials’ prices are subject to market
demand and supply which might effect on cost of producing asphalt.

When constructing a road, there are important things that a constructor or
decision maker should keep in mind. The length of road that will be paved?, from
where pavements should be started and to where should be ended?, which the best
asphalt mixture satisfies pavement needs? And many other questions. Answering
to these questions can help constructor or decision makers to set pavements plans
effectively. Although, a lot of constructors are well informed about these questions
and of course their answers but still facing obstacles regarding pavements. The
origin of those obstacles might come from the fact that resources are limited and
needs are unlimited.

Asphalt does not like any other product in the world. To produce any type
of asphalt mixture, lots of effort, workforce, materials and equipment are involved.
Nevertheless, the cost of these resources differs according to country’s economic
situation. Some countries are blessed enough to obtain these resources locally but
other countries neither they can obtain them locally nor they have money to
outsource them. Thus, Efficient utilization of resources is considered crucial.

In the upcoming sections regarding road transport infrastructure and
asphalt, we will conduct historical discussion about road transport infrastructure.

Then, we will a closer look at the role of asphalt in road transport infrastructure.

1.1.1. A historical Review of Road Transport Infrastructure
The birth of the road as a formal entity is lost in the mists of antiquity. Most
certainly however the trails deliberately chosen and travelled by ancient man and
his pack animals were the forerunners of the road as we know it today. As man

developed and his desire for communication increased, so inevitably trails became
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pathways and pathways developed to become recognized travel-ways; no doubt
some levelling was done and perhaps soft and marshy patches filled and made firm
to ease the movement of man and his beasts of burden.

The invention of the wheel over 5000 years ago made necessary the
construction of special hard surfacing capable of carrying concentrated and greater
loads than hither fore. That this was realized by the ancients is evidenced by the
multiplicity of sometimes sophisticated but more often crude roadways that have
been discovered by archaeologists.

The earliest recorded “roadways” was the stone-paved sloping causeway.
This causeway was constructed at the direction of Khufu (the Egyptian King
Cheops) to ease the movement of the huge limestone blocks that were used in the
building of the Egyptian Pyramid.

Moreover, the oldest road in Europe and which might be also called the
first dual-carriageway, was the roadway Crete which was constructed about 2000
B.C. to connect Cortina to Knossos.

A third road of constructional interest is the royal processional route in
Babylon which was probably built about 620 B.C. the length of this road was about
1220 m long. During building this road, there was a notable material utilization.

These few examples illustrated that road construction had achieved a
certain sophistication many thousands of years ago. That the purpose of a road was
also appreciated by at least some of the ancients is illustrated by the character of
the route known as the Persian Royal Road. This organized trade-cum-military
road is believed to have run from Smyrna eastwards across Turkey and then
southward through Persia to the Persian Gulf, for a total length of 2400 km. The
territory through which it passed was part of the Persian Empire which was then
(520-485 B.C.) ruled by King Darius I.

Another who appreciated the importance of the road was the Indian ruler
Chandragupta, who in the period 322-298 B.C. constructed a 2400 km road across
the sub-continent. This monarch set up a special ministry to organize and carry out
maintenance on the route, provide milestones and rest houses, and operate the ferry
systems at river crossings. Even then obtaining the finance for road maintenance
was a problem and so he obtained a monopoly of the salt trade in order to secure
funds to support the roads (O’Flaherty, 1974).



The history of highways can be classified into three major periods. The old
roads, modern highway development and future highway development (Oglesby,
1975).

. The old Roads:

Mesopotamia recordered the appearance of the first hard road surfaces
about 3500 B.C. Even before 1500 B.C., there was a stone surfaces road built in
the island of Crete in Mediterranean Sea as mentioned earlier. Also, there was
evidence proof the existence of road systems constructed by the Mayan, Aztec, and
Incan people of Central and South America in the Western Hemisphere.

By using extensive system of roads, the Romans were be able to bound
their empire. One of the most interesting example of early roads construction is
Appian Way in 312 B.C.. It illustrates the road pavement procedure conducted by
the Romans. At first, they excavated a trench to such a depth that the finished
surface would be at ground level. Then, they placed the pavement according to
three courses: the first course was a layer of small broken stones; the second course
was a layer of small stones mixed with mortar and firmly tamped into place; and
the third course was a wearing course of massive stone blocks, set and bedded in
mortar. Lots of roads constructed by using Appian Way are still exists after 2000
years.

The road building turned into under-apricated skill Roman Empire
collapsed. In France Tresaguet (1716-1796) developed an innovated road building
strategies. Later on, these strategies helped Napoleon to made conceivable an
incredible arrangement of French streets. In England on the other hand, roadways
advancements were exceptional especially on MacAdam roadways (1756-1836).

Despites the fact that there was a noteworthy road constructing during that
time, same as in England before eighteenth century for example, The
establishments of English and American road lines law or rules were being laid.
For example, the Early Saxon laws forced on all terrains a commitment to per

battalions and help in repulsing intrusion.



1. Modern highway development

The classification of the period since 1920 likely could be as a "vehicle
age" during this period street in America has observable and a persuasive job in
road transport. This period can be delineated as "an idea on wheel".

Although, street and road mileage have expanded moderately small during
these four decades. This small growth is a result mainly of new roads and streets
in areas where land use has become more intensive, what's more, from a generally
little mileage of significant courses on new arrangements. The best effect of the
colossal development in interstate transportation has been to create a considerably
more concentrated utilization of a similar street and road skeleton. Thus, the main
part of interstate uses to date has gone to adjusting existing streets to this
increasingly serious use by incredibly improved vehicles.

The initial 15 years of modern highways improvement saw roadways
organizations concentrating on the finish of a system of good country streets
similar to the road frameworks embraced by governments. In 1935 the travel
between states via vehicle become a practically possible. Since 1935, efforts have
been exhausted to develop a high-quality interstates roadway. During a similar
period, expanding consideration has been given to urban zones, which have been
struck all the while by quickly expanding population which led to a focus change

from mass transportation to the private car.

1. Future highway developments

During the modern age developments, the roadways innovation has been
extraordinary and it keeps evolving until today. Now, there is a massive
information about different fields and types of soils and other pavement materials
which made the design process of road construction to be increasingly practical
and reliable. The road constructors have come up with ideas on how to construct a
safe and proper road. Although, the existence of new sciences in the fields of
roadway management, and traffic control helps in stablishing the roads as we know

it, there are still a numerous difficulty surrounding road constructing.



1.1.2. Asphalt Pavements in Road Transport Infrastructure

If we are about to consider asphalt linguistic definition. Oxford Dictionary
characterizes Asphalt as a thick dark clingy substance utilized particularly for
making of highways. Likewise, Cambridge dictionary defined it as a dark clingy
substance, frequently blended in with little stones or sand, that frames a solid surface

when it turns out to be hard.

European asphalt pavement association characterizes asphalt as a blend of
aggregates, cement, utilized for building and enhancing all sort of streets. Typically,
asphalts are made of various layers as it introduced in Figure 1.1. Figure 1.1 shows the
various layers of asphalt which comprise of — from down to up — subgrade,
arrangement, unbound sub-base, unbound street base and black-top layers.

European asphalt pavement association defines asphalt as a mixture of
aggregates, binder and filler, used for constructing and maintaining all kind of roads,
parking areas but also play- and sport areas. Normally, pavements are made of
different layers as it presented in Figure 1.1. As shown in Figure 1.1 the first layer

from the top is asphalt layers and the last layer is subgrade layer.

Figure 1.1: Different Layers of Pavement

Asphalt layers

Unbound road-base

Unbound sub-base

(source: EAPA)

After we discussed the asphalt definition from different perspectives, now we

need to know about the advantages or benefits of asphalt pavement.
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Benefits of Asphalt Pavements

European Asphalt Pavement association (EAPA) described nine benefits of

asphalt pavements. There are;

1. Smooth and Comfortable: The asphalt is designed and constructed by using
techniques that ensure the smoothness and comfortability of all the kind of

roadways especially airports runways.

2. Cost Reduction: Some of asphalt materials such as reclaimed asphalt which
contains a lot of bitumen, can simply be reheated and reused. When the price
of bitumen -which is the most important component of asphalt- rises, the
reclaimed asphalt become a valuable raw material. Hence reusing reclaimed
asphalt produces extensive reserve funds. In this way, the cost of mixing and
constructing asphalt that contains a reclaimed asphalt is considered more less

than the cost of mixing asphalt without using reclaimed asphalt in the process.

3. Safe: The innovative road construction methods guarantee quick dispersal and
waste of surface water which helps car drivers to be able to drive in special
circumstances such as rain. Thereby, under such circumstances the risk of

vehicle sliding will be minimized.

4. Durable: Asphalts are frequently constructed utilizing thick base courses for
bearing the primary burden over an unbound granular layer. The pavement
layers are designed to last for many years. Even enhancing old roads may add
to its life.

5. Fast to construct and maintain: Asphalt handling and reestablishing can be
done very quickly. This is considered crucial especially for general highways
enhancements for broadening the lifetime of the highways, giving a convenient

and smooth roadway for vehicles.
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6. Totally reusable: Today, asphalt can be made from a totally reclaimed asphalt.

Reusing reclaimed asphalt minimizes the demand of new bitumen.

7. Elasticity: the asphalt elasticity or flexibility helps in the adjustments of

constructing roadways according to traffic loads and weather conditions.

8. The green pavement: Recycling and reusing of asphalt can be considered
environmental actions. There is no evidence proof that the machines used in

pavement might be harmful to environment

9. Fuss reduction: Utilization of asphalt highway surfaces can essentially
decrease fussiness. In general, if noise or fuss decreases car accidents decrease

as well. Thereby, asphalt is customized to provide the minimum noise level.

1.2. THE ASPHALT PRODUCTION PROCESS

Asphalt pavement or flexible pavement is considered the most dominating type
of surface pavement in the planet. There are a wide range of asphalt utilizations, for
example, it can be used to pave highways, parking areas, bicycle ways and air terminal

runways (Asphalt Institute, 2014).

As there are numerous sorts of asphalt pavement structures available, there are
distinctive strategies for planning and designing the thickness of every component in
any pavement. Essential to each plan are: traffic stacking (volume and weight), soil-
support ability or capability and the specifications of aggregates and asphalt materials.
(Asphalt paving design guide (apai), 26.10.2019):

The purpose of this section is to take a closer look at the essential asphalt
materials and to present the production process related to each one of them. Also, to

have an idea about the three major types of asphalt mixtures.
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1.2.1. Asphalt Paving Materials and Processes

Mixing aggregates with asphalt or bituminous materials the most widely

recognized pavement method being used today. For example, this mix is utilized on a

wide range of roadway-from different layers of concrete on the most noteworthy class

of streets to thin. Bituminous materials (bitumen) can be defined as a hydrocarbons,

which are solvent in carbon disulphide. They are generally genuinely solid at typical

temperatures. If they are exposed to high temperature, they become a dissolved and

melted. Also, if they are blended in with liquid aggregates, and afterward exposed to

cool temperature, they can set and tie the aggregates together. There are an important

aspects of asphalt paving materials that can be clarified in some points as follows
(Atkins, 1997);

VI.

In pavements, the utilized bitumen might consist of; native asphalt (i.e. can be
founded in asphalt lakes), rock asphalt (i.e. can be founded in rock stores), tars
(i.e. resulted from coal refining) and petroleum asphalt (i.e. resulted from raw
material refining) clearing include:

Defining different grades or degrees of asphalt materials and temperatures at
which they are utilized, relies totally on their consistency or viscosity.
Asphalt binder or cements, liquid or fluid asphalts and asphalts emulsions are
considered the essential paving items.

Three kinds of hydrocarbons can be used to create asphalt binder or cement,
which are asphaltenes, resins, and oil.

Viscosity, ductility, thin-film oven test, solubility and flashpoint are all
examples of quality control test types for asphalt materials.

Traditionally, asphalt binder or cement grades and specifications were based
on penetration grades. Until a new performance-based grading system has been
developed. This new grading system suggested specifications and tests for
asphalt binders and asphalt mixes have been published for Superior Performing
Asphalt Pavements (Superpave™) (Superpave™ is a trademark of Strategic

Highway Research Program).
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1.2.1.1. Asphalt Concrete

Asphalt concrete can be described as a blend of rough aggregates, fine
aggregates and filler. The mixing process done in a binder machine with high

temperature degree (Setyawan, 2017; Departeman Pekerjaan Umum, 2008).

The “blacktop” or “hot mix” or “asphalt” used on most roads and on some
parking lots is called asphalt concrete. Durability, stability and safety of roadways
surface has to be obtained using asphalt concrete. The quality of asphalt concrete
components such as aggregates, asphalt binder or cement, construction process and the
selection of mix design, guarantees the achievements of above-mentioned properties
of asphalt concrete (Atkins, 1997).

1.2.1.1.1. Asphalt Concrete Mix Design

Asphalt concrete designing process begins with determining the best
aggregates mix and the ideal asphalt substance. Defining which kind of materials will
be used in mixing process, helps in gathering and obtaining the required materials
exactly as they were specified. The steps of asphalt concrete mix design can be
summarized as follows (Atkins, 1997):

1- Choosing the required amounts of aggregates according to
specifications.

2- Performing trial mixes at a range of asphalt substance to measure the
results of samples.

3- Conducting a result analyses to gain the ideal asphalt substance and to
define wither the specifications were met.

4- lterating with extra trial mixes utilizing different aggregate blends,
eventually the suitable design will be reaches.

The two most common traditional methods for making and evaluating trial
mixes which are; the Marshall and the Hveem methods. Recently, the Superpave™
method, introduced by Strategic Highway Research Program (SHRP) is most likely
being preferred.
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1.2.1.1.2. Asphalt Concrete Production and Paving

After reaching and selecting the most satisfactory blend or mix design, the
process of producing the mix starts. At this point, the process of producing the mix is
accomplished in an asphalt planet. There are five segments of asphalt planets which
were being utilized traditionally. Such as; cold aggregates stockpiling containers, a
dryer, grading and screening unit, hot stockpiling containers and a pug grinder for
blending. The activities done on those segments can be summarized as follows (Atkins,
1997);

A surge bin or stockpiling containing the mixed asphalt is sometime included
as part of the plant to store the material until it can be placed into trucks. Also, there
are storage silos which used to store large volumes, can save the mix or blend for
various days without genuinely spoil its characteristics. High temperature and oxygen

removal are required to maintain silo and to prevent oxidation of the asphalt cement.

After the aggregates have been consolidated in the dryer and isolated again by
size in the graduation unit over the hot containers, the proportion required from each
hot container or bin must be set up. Amounts required from each hot container are
estimated into the pug grinder by scales in group plants and by change of hot-bin doors
in ceaseless plants. Additionally, the amount of asphalt cement and mineral filler or
any other added substances, whenever required, must be set up.

The steps in production are effectively reduced from four (cold feed, drying,

hot graduation, mixing) to two (cold feed and drying-mixing) as follows:

1. Cold feed bins or containers used to store the aggregates. Scale control the
amount of material from each bin to ensure that the correct proportions are
maintained.

2. Aggregate enters the drum. Drums in these plants have the burner located
at the aggregate entrance end rather than at exit end as in other plants. As
the aggregate enters and proceeds through the drum, the following occurs:
a. Surface and free moisture is evaporated

b. The temperature of the aggregate is raised to 75-80°C(170-180°F).
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C. Asphalt cement is introduced. The aggregate is now at 80-90°C (180-
200°F). The moisture that is driven off causes the asphalt to foam,
trapping dust particles and engulfing the aggregates.

d. Further mixing occurs and the temperature is increased to the specified
level.

The amounts are constantly controlled automatically in many plants as a result
of quality control. Quality control also helps in recording the proportion of aggregates
entering the drum. The proportions of asphalt cement being brought into the drum is
automatically changed according to the proportion of aggregates. Moisturizer
substance of the aggregates quantities is entered to the drum. Temperature of the mix
leaving the drum is constantly assessed and the burner is designed to adjust
temperature automatically so that the mix temperature can be kept in the acceptable

range.

Surge bins or silos are typically utilized with drum plants to take into
consideration different paces of transportation of the mix and to help control
conceivable isolation. Drum plants for the most part have higher production rates (as

much as 5000 tons or 5500 tons for every day) than traditional plants.

After asphalt concrete being transferred into construction site, the concrete is
paved and rolled. must be laid, wrapped up by the paver, and rolled. In addition to

grade and thickness prerequisites, The major aspects of quality control are;

1. Temperature: there must be a minimum temperature at the paver to
ensure that the concrete can be compacted and that aggregate particles
can be worked into the requisite dense, strong structure.

2. Compaction: the layer must be compacted to meet specifications,

usually expressed as percentage of the laboratory density.

1.2.1.1.3. Inspection and Quality Control of Asphalt Concrete

The inspector of the highway agency is required to test, examine and to do
quality control over the asphalt plants and road construction site. He must be well
informed of operations and controls that govern mix proportion and temperatures in
asphalt plant. Same essential aspects should be checked approximately every day, such

as; aggregates stockpiling, material graduation in hot containers, proportion system,
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temperature of each component, dryer and mixer operations and the mix quality after
it delivered on trucks (Atkins, 1997):

A variation in the mix or inadequate mixing can only be revealed by doing a
visual examination of the finished mix. The material might shape peaks in the truck, if
the mix was lean that is mean it contains too much fine aggregate, or not enough
asphalt. If the mixture flattens out (it is “fat”) that is mean it probably has too much

asphalt or too high a proportion of rough or coarse aggregate.

After we discussed asphalt concrete and as asphalt cement and aggregates are
the essential components or materials of asphalt concrete, having a closer look at each
one of them is worthwhile. Thus, in the upcoming sections we will discuss the

production processes of both asphalt cement or binder and aggregates.

1.2.1.2. Asphalt Binder/Cement and production process

One of the major components of asphalt concrete is called asphalt cement or
binder. The asphalt cement has the same characteristics of normal cement, it is used to
adhere aggregates together. It can be obtained from petroleum refining same as
gasoline and other petroleum products. Asphalt cement is mainly produced from thick

and heavy residuals results from petroleum refining (Speight, 2015).

There are numerous elements depend on utilizing the added substances of
asphalt cement or binder such as capacity, cost and other elements. The reason behind
utilizing the added substances is to improve the execution of asphalt pavement, also to
diminish asphalt pavement disorders (like moisture damage for example) (Zangena,
2019).

The crude oil is considered the major component of asphalt cement. The asphalt
cement production process begins with refining and differs according to different types
of asphalt cement. Thereby, the asphalt cement production process or procedures

according to different types of asphalt cement, can be summarized as follows:
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1. Refining procedure

The refining procedure is accomplished by pumping crude oil into refinery. At
this stage, the crude oil will be taken from stockpile through tube heater which
designed to raise crude temperature immediately so that it can be refined. After that,
the crude oil is moved is moved into atmospheric refinery to totally remove any
unwanted components. This step is followed by additional refining to isolate the other

products of crude oil such as diesel and gasoline.

The topped crude which is the thick leftovers from atmospheric refining, is
additionally processed to give other products such as asphalt. Sometimes, the topped
crude might consist of low volatile materials which can not be isolated through
refining, in this case a dissolvable extraction is highly recommended to produce

asphalt binder or cement.

2. Mixing Procedure

The mixing procedure is related to adding a cutting back agent or volatile
substance into asphalt mixture and blending them together. After this procedure, the
product become softer and manageable not so like pure asphalt binder or cement. At
this point, utilizing asphalt for paving purposes moves the volatilized or unstable

components after it is exposed to air for example which give the hard asphalt binder.

3. Emulsion Procedure of Asphalt

The fluid asphalt binder or cement can be blended with aggregates or handled
through channels easily. The fluid or liquid asphalt cement can be obtained by
emulsifying the asphalt cement. In order to do so, the asphalt cement is balanced to be
about (5-10 microns, i.e. one micron is considered to be equivalent to one millionth of
meter). After that, it will be blended in with water and emulsifying substance. The
emulsifying substance minimizes the propensity of asphalt and colloidal clay can be

one example of it.

4. Grinding Procedure
A powder asphalt can also be obtained by smashing and grinding the asphalt.

For pavements, it is utilized by blending it with aggregates and oil. The powder asphalt
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can be merge with aggregates and restricting oil to be exactly as the original asphalt
binder.

5. Oxidization Procedure

Asphalt can also be oxidized to be utilized for other reasons than road
pavements such as a pipe cover. The oxidization process can provide a smooth
material, if those materials exposed to a higher degree of temperature not so like the
temperature used for asphalt pavement.

1.2.1.3. Aggregates and aggregates production process

The tiny pieces of grainy minerals are commonly referred to aggregates. It can
be utilized by blending it with different kinds of solidifying materials to shape cement
or binder, or it can be utilized without additives as street bases or a refill and so on.
Asphalt concrete and road bases can be examples of the major regular employments
of aggregates (Atkins, 1997).

Aggregates consists of cruel rigid materials (such as; squashed stone, slag,
rocks or rock dust). For pavements shaping, aggregates are blended with asphalt
cement or binder. Aggregates are considered the most supportive material of asphalt
concrete, it might be about %95 of the mixture or blender by weight (Asphalt Paving
Design Guide, 2014).

There are three major classifications of aggregates to be utilized in asphalt
concrete mixture, such as mineral filler, coarse or rough aggregates and fine or soft
aggregates. The use of fine aggregates are significant in creating a thick graded and
solid materials, usually a mineral filler is utilized to support fines. Numerous of
genuine sands do not consist of the sum or sort of fines required for pavements so
sometimes it is needed to be adjusted according to different requirements (Atkins,
1997).

In order to be well aware of the aspects of aggregates production, we need to
discuss the aggregates production process. The state of Indiana official website in one
of its publications gave a detailed discussion of aggregates production process.
Thereby, the production process of aggregates can be summarized as follows;

19



1. Extraction
Most of materials utilized in aggregates production come from rock and sand
holes or pits or from mined quarries, except for slag and other produced materials of
aggregates originates in substratum or bedrock. The quality of extractive materials

depends totally on technique used for extraction.

The initial step of extraction begins with assigning a point by point stripping
system for every one of mined stores. This step is considered very crucial because it

can affect on the quality and inconstancy of materials.

There are two problems related to quarry administrators. The first one is that
the quarry administrators do not consider the quality of materials, while ordinarily
planning for shatter shots. The second one is the hardness of providing unified burden
from either the shot stone heap or the rock bank. a sophisticated operator is significant

to ensure having a well-defined material from shot operation.

2. Crushing
After aggregates materials extracted from quarry, the crushing operations start.
The purpose behind crushing operation is to diminish and size the materials. In some
cases, scalping procedure is preferred before crushing operations. Scalping procedure
regularly is utilized to occupy fines at a jaw essential smasher so as to improve smasher

effectiveness.

Three kinds of crushing are applicable; the first one is elementary crushing, the

second one is secondary crushing and the third one is impact crushing

a. Elementary crushing

Elementary crushing might be considered as the first step of crushing. The
reason behind conducting an elementary crushing is to diminish the size of massive
material by using a compression smasher or crusher. The compression smashers or
crushers can make slender and prolonged molecules with a low cost, but in some cases
the impact smashers or crushers are utilized for elementary crushing purposes. The
cost of using impact smasher is relatively higher than the cost of using compression
smasher. Though, the low-quality aggregates can be only adjusted using impact

smasher.
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b. Secondary crushing
The final step of diminishing the material into acceptable size is secondary
crushing. In the past, the cone and roll smashers or crushers were the most preferred

smashers, yet lately the impact smashers become broadly utilized.

c. Impact crushing
Regardless of having to some degree higher operational cost than other
different smasher, the impact smashers or crushers might be utilized as elementary or
secondary smashers. The reason behind preferring this type of crushing is that, the
impact smashers have the ability to make a progressively uniform molecule shape

which might influence on aggregates positively.

3. Screening
There is a continues need for screening in any process. In aggregates
production process, screening is a strategy to control and grade the aggregate (i.e. in
this case aggregate is the product under consideration). Screening helps in identifying
and eliminating the existence of undesired elements. It might be used between

smashing or crushing to readjust material sizes into acceptable range.

4. lsolation or Segregation
The segregation is important to isolate different items from each other. There
are two types of segregation. The first one is called front to back isolation or
segregation and the second one is called roll down isolation. The first one is conducted
in a belt where fines become in the base and coarse or rough aggregates stays in the
top, during this process any un-diverted items are discarded out. The second one,
happens when aggregates are heaped with the goal that huge molecules or particles

roll down the inclined side of the heap.

5. Storing and handling
Storing or stockpiling and handling are crucial for preserving the quality of
aggregate until it is used properly. The poor storing and handling might negatively
effect on different characteristics of aggregates before utilizing them. There are
different types of storing and handing dealing with different kinds of materials used to

produce aggregates.
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6. Breakdowns
Most of breakdowns or degradations occur on aggregates are mainly related to
storing or stockpiling. In this case, the corrupted heaps must be disposed before
products loading into trucks. A comprehensive examining and testing are significant

to define which kind of materials is not adequate to be dispatched.

7. Pollution and Contamination
The indifference behaviours related to materials storing or stockpiling are the
major reason for pollution or contamination. In some cases, various materials are
stored near to each other in the same place which might led to serious problems related

to stockpiling. The old heaps might be more exposed to contamination than new ones.

1.2.2. MIXTYPES OF ASPHALT PAVEMENTS
The asphalt mixes or blends can either be hot, warm or cold. Each one of those
mixes has different production process along with different temperature adjustments.

1. Hot mix asphalt (HMA)
The hot mix asphalt is the one of the most utilized asphalt mixtures in pavement
constructions. After the preparation of asphalt blend ends, the asphalt blend or mix is

then exposed to a high temperature may be about (300-350 °F).

There are different kinds of hot mix asphalt used for different purposes. For
example, the thick graded mix which depends on the texture of utilized aggregates (i.e.
the thick graded mix can be either fine or coarse graded). The thick grades mix is
commonly utilized in paving the highways with high traffic volume. Another example
is stone or gravel matrix asphalt which requires a large portion of cement or binder to
produce it. This kind of mix is considered somewhat more costly than other kinds. It
is utilized in pavement to eliminate rutting and to prevent vehicles from rolling over,

in another ward it ensures the stability of tires on highways.

2. Warm mix asphalt (WMA)
This sort of asphalt mix or blend is exposed to a relatively cooler temperature
than hot mix asphalt, it may be about (200-275 °F). The production process of warm
mix asphalt involves utilizing an added substance or performing a frothing method.

Utilizing the warm mix asphalt in pavements has many advantages, for example;
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producing this mix decreases the fuel consumption and decreases the harmful emission
of using petroleum products which effects positively on environment. The warm mix

asphalt might be utilized for street paving at any time of a day.

3. Cold mix asphalt
The cold blend or mix asphalt is basically consumed for fixing roadways’ ruts
and holes. The production process of cold mix asphalt starts with emulsifying
procedure before it is actually blended with aggregates, this procedure ensures the
smoothness of asphalt without using heaters. The cold mix asphalt may be applied

directly into ruts and holes without any additional procedures.

1.3. PERFORMANCE MEASURING OF ASPHALT PAVEMENTS

If we want to consider the linguistic form of performance, Cambridge
dictionary takes performance to be as how well a person, machine, etc. does a piece of
work or an activity. Although, there is no standardized or uniform definition for
performance. Sonnentag and Frese (2002) have introduced three alternate points of
view on performance; the first one, contrasted singular view point looks for singular
qualities such as attitudes. The second one, a conditional point of view emphasizes on
conditional angles. The third one, a performance coordination point of view which
depicts the performance procedure. Those three points of view help in approaching the

performance from various aspects.

Interoperability Clearinghouse Glossary of Terms characterized the performance
as the way toward creating quantifiable pointers that can be methodically followed to
evaluate progress made in accomplishing foreordained objectives.

Moreover, Behn (2003) presented a model contains eight purposes for
measuring performance by defining questions that answering them can help the public
managers in performance measuring process. The suggested questions depended on
eight major points which are; Evaluate, control, budget, motivate, promote, celebrate,
learn and improve. He pointed that those questions are the purpose for performance
measuring. Also, for each purpose he defined the characteristics of performance

measure.

In the next sections, we discussed how can we measure the asphalt performance

by efficiency and by cost efficiency.

23


https://dictionary.cambridge.org/dictionary/english/person
https://dictionary.cambridge.org/dictionary/english/machine
https://dictionary.cambridge.org/dictionary/english/piece
https://dictionary.cambridge.org/dictionary/english/work

1.3.1. Measuring Asphalt Performance by Efficiency

Lately, efficiency has gained a lot of interest. The world battles to suit the
tremendous increase in population and to deal with the distribution of limited resources
among these population which led to a huge need for efficiency measures (Archer,
2010). If we considered the linguistic meaning of efficiency, Dictionary.com has
characterized it as; the state or nature of being efficient, or the readiness to achieve
something with minimal dissipation of time and exertion; or the competency in
execution. The business dictionary likewise characterized it as; The assessment of what
is really created or performed and what can be accomplished with a similar utilization
of resources such as labour, financial resource and etc. Point the fact that, efficiency is
considered a significant factor in determining the productivity.

Productivity in production process inspects the connection among inputs and
outputs. thereby, to measure the production activities using productivity, it can simply
be interpreted as a ratio as follows;

r outputs
Productivity = ———
inputs

In another word, it is the expression of acquired outputs in comparison with
utilized resources (Jayamaha and Mula, 2011; Coelli,Rao et al. 1998).

Measuring productivity and efficiency through establishing a framework at the
small-scale levels, was first introduced by Farrell (1957). In his framework, he defined
two primary focuses; the first one was identifying the meaning of productivity and
efficiency, the second one was figuring the standards that measure the productivity. The
principal supposition of this framework was that of an ideal input to output portion that
permits the inefficient tasks or operation. Inefficiency measures the farness of a firm
from a frontier production function®. The firm is efficient, if the real production point
located on the frontier, and it is not efficient, if the real production point located below
frontier. The level of efficiency for Decision Making Units (e.g. firms, countries, etc)
can be express as a ratio of the actual or real to potential (Jimborean and Brack, 2010).
The value of efficiency ratios can be somewhere in the range of zero and one, where the

perfect efficiency is demonstrated by one (Fiorentio et al, 2006).

! Frontier production function can be defined as the superior outputs portions that can be
accomplished by a firm with the utilization of a given available inputs or resources.
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On the other side, asphalt pavement not like any process in the world, it is
complicated, and it needs dedication and support. Each step needs to be well planned
and organized to have a good utilization of the resources. Thus, to ensure the sequence
of this process, the performance of asphalt pavement needs to be evaluated.

A performance evaluation of asphalt design and asphalt mixtures have been
addressed in many researches such as (Choubane et al, 1999; Asi, 2007; Zhao et al, 2007;
Lee et al, 2007; Liu et al, 2009). Other research scholars have gone beyond evaluating
the asphalt and asphalt operations into evaluating the performance of highways such as
(Liu et al, 2006; Sharma et al, 2013).

1.3.2. Measuring Asphalt Performance By Cost Efficiency

In general, the cost efficiency measures the distance of production costs for one
firm from the production costs of the best practice firm producing similar products.
The production costs of decision-making units (or firms) in one sample contribute in
figuring the cost function. The cost function denotes the total production costs for one
firm as the price of inputs. It permits the estimation of the lowest cost portion of inputs

with regard to input prices (Ashton,1998).

In asphalt pavement in particular, cost plays an important role. In asphalt
pavement, we can find costs related to inputs like cost of getting or producing
materials, costs related to asphalt production process and so on. Since, resources are
scarce we need to produce asphalt with least waste of materials and efforts. Here comes
the importance of efficiency measures. By using cost efficiency analysis, decision
makers can know if they were operating efficiently or not. If not, which kind of actions
that they have to go with in order to be perfect efficient.

Unfortunately, there are a considerable number of researches used the cost
efficiency to measure asphalt. These researches preferred to assess cost efficiency of
asphalt materials rather asphalt as whole. For example, some of them assessed

aggregates cost efficiency (Athanassopoulos and Triantis (1998); Banker et al (2007).
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CHAPTER 2

TURKEY AND EUROPEAN UNION COUNTRIES’ GROUPING IN
TERMS OF ASPHALT PAVEMENT APPLICATION USING CLUSTER
ANALYSIS AND MDS ANALYSIS

2.1. INTRODUCTION
In the previous chapter, we discuss the theoretical part of road infrastructure,
asphalt and asphalt pavements. This chapter is considered the first chapter regarding

our research analysis.

Each country has its own characteristics which might be similar or dissimilar
to other countries. In asphalt pavement applications for example, each country has its
own policies and procedures, but if we want to evaluate the performance of asphalt for
each country, then we need to compare its performance with other similar countries
performances. If we about to consider Turkey, it has a strategic location in which it
links Asia to Europe. When we compare Turkey’s performance in terms of asphalt
pavement applications with other Asian or European countries, we might base our
comparison in strong ground. In which, Turkey might share the characteristics of both
Asian and European countries. Hence, in this chapter we aimed to classify Turkey and
European Union countries according to their asphalt pavement applications as a start
point for our further analysis in the next chapters. In order to do so, we need to conduct

a brief discussion about the importance of countries classification.

In order to clarify the importance of classification clearly, we need to tell a
brief scenario about identical twins. In case of meeting identical twins, first thing
comes to mind is of course knowing their names, then trying to define the differences
between them to be able to recognize them next time you meet those twins. Identical
twins might have same eyes, same nose, same face shape but different attitudes. Some
people might even recognize them according to their attitudes. In another word, they

might have a similar appearance but dissimilar personality.

Now, by applying the identical twin’s scenario into countries classification
scenario, we can emphasize on the importance of classification. When we classify

countries in terms of any exact topic into groups according to similarity and
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dissimilarity, we can find that according to their similarities; they are located in one
group, and according to their dissimilarities; they are located in different groups. In
another word, when we classify countries into clusters, we strive to find similarity
and/or dissimilarity between them so that we can understand the behaviour or attitude
of each cluster which in turn makes the process of studying and analysing those group

much easier.

The importance of classification relays on the fact that when we aimed to study
some sample as a whole without taking into consideration the differences between
objects in the same sample, the results of this study might not be a reliable at least in
some cases. So, when we classify objects into groups according to similarity and/or
dissimilarity between them, we can be able to study each group separately and obtain

a reliable result that can be generalized.

In this chapter, we aimed to classify Turkey and European Union countries into
groups in terms of asphalt pavement applications by using two methods of clustering
which are cluster analysis and multidimensional scaling analysis (MDS). Each method
can classify countries into clusters according to similarity and/or dissimilarity between
them in terms of asphalt pavement applications. At first, we analysed the data of
different variables combinations by using k-mean clustering method. Then, we
analysed the data of the same variables combination by using MDS method.
Afterwards, we conducted a comparison between the analysis results of the two
methods.

2.2. LITERATURE REVIEW

There are around 200 countries on the planet. These 200 countries might differ
in each possible feature such as; language, geographical location, religion and so on.
Although, studying and elaborately describing those countries separately are
considered difficult, time consuming and in most cases are not possible. Researchers
and government authorities define a simply way that helps studying those countries
effectively, which is clustering or grouping the huge number of countries into smaller

groups or clusters (Smit et al, 2008).
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We can find many research examples used cluster analysis as a method to
define similarity and/or heterogeneity between countries. Kuskaya and Gengoglu
(2017) the target of their examination was to analyze the OECD countries’ position
with regard to anthropogenic greenhouse gas emissions. To achieve their target, they
performed a comparison between 31 countries’ emission values for twenty years
period of time (1995-2015). The data of their study were based on data obtained from
OECD Stat concerning the greenhouse gas emission. The used indicators such as
carbon dioxide, hydro fluorocarbon, methane, nitrogen oxide, per fluorocarbon and
sulfur hexafluoride emission, to conduct a Ward method of cluster analysis. In
accordance with analysis results, they obtained four clusters for each two years from
31 countries suggested. In general, the environmental and climate policies and
implemented the obligations of their international contracts made some countries to be

gathered in the same group.

Gengoglu and Kuskaya (2016) the purpose of this study was to investigate the
countries’ state regarding gender mainstreaming. They examined 38 European and
Middle Eastern states dependent on the data of one year (2015), obtained from the
Global Gender Gap Index (CCGI) arranged by the World Economic Forum (WEF).
To perform a Ward method of cluster analysis, they used economic, political,
education and health variables for each country under examination. Regarding the
results of cluster analysis, 38 countries were divided into six clusters concerning the
gender gap. In addition, they pointed that countries with GDP salary per capita level

near to each other, were located in the same cluster.

Michinaka et al (2011) aimed to group 180 countries considered in the Global
Forest Products Model (GFPM). They utilized a cross-sectional data for per capita
gross domestic product (GDP), forest coverage, and per capita consumption of forest
products, for forest products including plywood, particleboard, fibreboard, newsprint,
printing and writing paper, and other paper and paperboard. The use of cluster analysis
in advance helped to solve the issue regarding estimating elasticities by countries’
grouping depending on variables recognized from economics theory and to allow for
the extension of elasticity estimates to countries that located in the same group. They
utilized mean absolute deviation for data standardization, and the k-medoids approach
and silhouette technique in cluster analysis. Results showed different combination of

clusters for each forest product with the same levels of per capita GDP, forest
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coverage, and consumption. They approved that the consequences of the cluster
analysis by a single direction means examination and multiplied comparisons.
Likewise, they chose countries for panel data investigation dependent on time series
data availability. In this further investigation, they evaluated long-run static models,
short-run dynamic models, and long-run dynamic models of panel data analysis for
each cluster, from 1992 to 2007 and 9 to 44 countries. They found out that the long-
run dynamic elasticities are higher than short-run dynamic estimations, and dynamic

model estimations outperform static model estimations as shown in RMSE statistics.

Tsangarides and Qureshi (2008) analyzed the appropriateness of countries in
the west African region to shape the proposed financial associations such as; the West
African Monetary Zone (WAMZ) and the Economic Community of West African
States (ECOWAS). Their examination showed that, there were significant
dissimilarities between member countries in terms of economic qualities, especially
WAMZ countries. Moreover, when they analyzed west and central African countries
jointly, they discovered noteworthy heterogeneities inside the Central African franc
(CFAF) zone, and some fascinating likenesses between the central African and
WAMZ countries.

Diaz-Bonilla et al (2000) utilized different techniques for cluster analysis
(consisting of an approach based on fuzzy sets). The purpose of their study was to
group 167 countries by using five indicators of food security such as; food production
per capita, the ratio of total exports to food imports, calories per capita, protein per
capita, and the share of the non-agricultural population share. This investigation
recognized 12 well defined clusters described by similarities and contrasts over the
different measures. it proposed that the Least Developing Countries (LDC) includes
large number of food insecure countries. Though some other countries which were not
categorized as LDCs, were also food insecure countries. however that there likewise
were food unreliable nations that were not LDCs. Net Food Importing Developing
countries (NFIDCs) were less precise as a pointer of food powerlessness, with in

excess of 33% of those countries not falling under any of the food insecure groups.

On the other hand, some research scholars have preferred to use
multidimensional scaling analysis as a method to group countries. Dickes et al (2011)

introduced a conceptually based, multidimensional and comparable measurement of
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social cohesion applicable in 47 European countries utilizing the latest miniaturized
scale level information of European Value Study (EVS) from 2008. They directed their
examination in four stages. In the initial stage, they made a lot of quantifiable moderate
indicators that relate to social cohesion dimensions proposed by the theory. In the
subsequent stage, they checked whether these indicators observationally verify the
multidimensional structure of the idea suggested by the theory. In the third stage,
evaluated whether the acquired moderate indicators of social cohesion form the same
constructs across countries and whether they can yield a cross country equivalent
measure of social cohesion. In the fourth step, a composite score of all elements of
social union were determined for each of the 47 countries to exhibit appropriateness

of this estimation in similar research.

Moreover, some research scholars have preferred to used Cluster analysis and
MDS analysis to group and define similarity and/ or dissimilarity between countries.
Yenilmez and Girginer (2016) aimed to compare Turkey and EU countries’ position
regarding women in the labour force indicators, by identifying the similarities and
differences between them. They analysed the data of variables specified for the women
in the labour forces by using compound methods of Multidimensional scaling analysis
(MDSA) and cluster analysis (CA). As indicated by their MDSA, the countries
structured three dissimilar groups in two-dimensional space. The groups shaped by the
CA were compatible with the groups shaped by the MDSA. When they made a
comparison between Turkey and EU member countries, they found that Turkey had
exceptionally low values, especially the ratio of working women, the proportion of
jobless females -who were elementary or secondary school graduates- and the

proportion of ladies who were senior secondary school graduates.

Girginer (2013) investigated the status of Turkey and EU member countries
concerning healthcare indicators by determining the similarities and/or dissimilarity
between them. She applied the Multidimensional Scaling Analysis (MDSA) and Non-
hierarchical Cluster Analysis (NHCA) to data obtained from the 2010 World Health
Report. She utilized the data of seven healthcare indicators for Turkey and the 27 EU
countries members. Her MDSA revealed a three unique countries’ classification in
two-dimensional space. Turkey was located with Estonia, Hungary, Lithuania, Poland,
Latvia, Slovakia, Bulgaria and Romania in one group. One the other hand, it was

dissimilar to Luxembourg, France, Sweden, Austria and Germany and was much
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similar to Romania and Bulgaria with respect to the analysed health parameters.
According to NHCA results and by utilizing the same healthcare indicators, a four
country clusters were classified. Turkey was located with Estonia, Hungary, Lithuania,
Bulgaria, Latvia, Poland and Romania in one cluster. Countries in the same clusters

/groups were similar to one another for both techniques used by the researcher.

Akkucuk (2011) investigated the relative positioning of world economies using
competitiveness data released by the World Economic Forum. He used two well
known multivariate techniques, Cluster Analysis and Multidimensional Scaling. By
using cluster analysis, he compared different solutions with varying number of
clusters. He selected the five cluster solution and studied the correspondence of this
solution to the five groups established based on GDP of the countries. The results
showed that the five group cluster constructed using the 12 variables of the Global
Competitiveness Ranking computations correspond moderately to the five groups
based on GDP and export structure of the countries, but there were some differences.
By using the same twelve variables, he provided a two-dimensional visualization of
the countries using the Multidimensional Scaling (MDS) technique. The cluster
structure superimposed on the same map of the countries provided a better means of

seeing how the clusters are positioned with respect to one another.

2.3. RESEARCH OBJECTIVE

The main objective of this chapter is to group Turkey and sixteen European
Union countries according to asphalt pavement applications in those countries. In the
scope of main objective of this chapter, there are sub objectives can be summarized as

follows:

e Grouping Turkey and the European Union countries according to
different variables combinations contain (all asphalt variables with
different economic indicators) by using cluster analysis.

e Grouping Turkey and the European Union countries according to
different variables combinations contain (all asphalt variables with
different economic indicators) by using Multidimensional Scaling
analysis (MDS).
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e Comparing the analysis results of two methods used and presenting
results.
by using two methods of clustering which are cluster analysis and MDS

analysis.

2.4. METHODOLOGY

To achieve the objectives of this chapter, we considered two methods of
clustering which are cluster analysis and MDS analysis. According to data availability,
data of Turkey and only 16 European countries had been obtained. We concentrated
on 2016 data set in our analysis. At first, we used these data to perform k-mean cluster
analysis. then, we used it to conduct MDS analysis. after that, we made a comparison
between the results of using each one of those methods. In section 4.1 and 4.2, we
discussed the two analysis methods of cluster MDS.

2.4.1. Cluster analysis

Cluster analysis is a statistical method that permits the classification of
homogeneous characteristics for different entities to be in one group. Thereby, the
selection process for each variable suggested for clustering is considered crucial,
because using different variables combinations might give different result in each trail
(Brauksa, 2013). Here, we can differentiate between two major types of clustering

methods which are; Hierarchical clustering and Non-hierarchical clustering.

The major difference between hierarchical clustering and non-hierarchical
clustering is that the non-hierarchical clustering method (e.g. k-means clustering)
allows for determining the number of clusters that a researcher seek to study. This
situation is not applicable for hierarchical clustering, where the number of groups can
not be determined in advance. To achieve the objectives of this chapter, we preferred
to use Non-hierarchical clustering method of k-means.

k-means clustering algorithm can be discussed through steps given by Li and
Wu (2012), they describer k-means clustering algorithm as follows:
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Given N samples of pattern {x, x,, ..., x5} , Which are subject to classifying.

They need to be classified to K clusters.

1)  Select any one among {x;, x5, ..., Xy } t0 act as the role of first

cluster focal point z,, e.g., they chose z; = x;

2)  Select another point which is as much as possible far apart to z,
to be the focal point of the second cluster and calculate the distance between

each sample and z;:

lx; =z, i=12,..N 2.1
If:
lx; — z; || = max{||lx;, —z|l, i=12,.. N}, j=12,..N

Then select x; to be the focal point of the second cluster, and z, = x;.

3) Calculate the distance between each sample among
{x1,%5, ..., x5} and {z;, z, } one by one.

dip = llx; —zll, i=12..N 2.2

diz=llx; —zl, i=12..N 2.3

Select the minimum of the outcomes:
mln(dll, diz), i = 1,2, N

Collect the minimums of all samples of pattern and {z,, z, }. Select the

maximum among the minimums to be the third cluster focal point z5.

min(d;y, d;;) =
max{min(d;, d;,), i=12,..N} 2.4
Then:

33



4)  Assume that they have got r (r < k) cluster focal points
{z;, i=1,2,..r}, they need to determine the r+1th cluster focal point,

namely if:

min(djl, der ey d]r)
= max{min(djl,djz, ...,djr),i =1,2, N} j=12,..r
Then:

Zr+1 = X

5)  Repeat, till r+1 = K.

6) Now they have chosen K initial cluster focal point
z,(1), z,(1), z;(1). the numbers in parenthesis are serial numbers used in

iterative operations to seek cluster points.

7)  According to the rule of minimizing distance, allocate

{x1, x5, ..., xy} to one of the K clusters, namely, if:

e =z @] =
min{|lx — z;(®)|l, i=12,..K}, j=12,...K 2.6
Then:
x € s;(t).
The symbol t in the formula refers to the serial number of iterative
operations, s; stands for the j th cluster, and the cluster focal point denoted by

Xj.

8)  Calculate the new vector values of each cluster focal point:
z(t+1), j=12,.,K.

Calculate the mean vectors of samples of each cluster:

1 ,
Zj(t + 1) = N—ijESj(t)x, ] = 12,..,K 2.7
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The symbol N;in the formula above refers to the number of samples
of the j th cluster s;. Calculate the mean vectors of samples of the K clusters

respectively. Making mean vectors be new clusters can minimize cluster

criterion function J;.

J;=Seesollx =z + DY, j=12,..K 2.8

9) Ifizt+1) #z(® j=12..K, thenreturnto 7), classify
samples of pattern one by one again, and repeat iterative operations. If
zj(t+1) =z(t) j=12,..,K, then the convergence of the algorithm is
finished.

2.4.2. Multidimensional scaling analysis

Multidimensional scaling (MDS) is a method that allows for analysts to acquire
quantitative assessments of similarity among clusters or groups. The MDS s utilized
to decrease the complication of data collection (Hount et all,2013). The term
multidimensional scaling (MDS) was first presented by Torgerson (1951, 1952, 1958)
as a technique that can identifying the similarity among different objects. From that
time until now, MDS has come to be related with a several geometric models
characterizing the idea of spatial portrayal and assorted strategies for fitting those
models to data (Weinberg, 1991).

In MDS analysis proximities are the data utilized to perform the analysis. These
proximities demonstrate the general comparability or similarity of the objects in the
data. MDS will search for a spatial design of the objects with the goal that the distance
or farness between the objects coordinate their proximities as intently as could
reasonably be expected. The data can be organized in a matrix called the proximities

matrix.

At this point, it is worthwhile to present the classical MDS algorithm. The
classical MDS algorithm depends on the fact that the coordinate matrix (X) can be

derived by eigenvalue decomposition from the scalar product matrix (B = XX’). The
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problem of constructing (B) from the proximity matrix (P) is solved by multiplying
the squared proximities with the matrix (J = I —n~111"). This procedure is called
double centering. The following steps summarize the algorithm of classical MDS
(Wickelmaier, 2003):

1)  Establish the matrix of squared proximities (P? = [p?].

2)  Apply the double centering: (B = —%]P(Z)]) using the matrix

(J =1—n"111"). Where n refers to the number of objects.

3)  Extract the m largest positive eigenvalues 4, ... 1, of (B) and

the corresponding m eigenvectors ey ... e;,.

4) A m-dimensional spatial configuration of the n objects is

1
derived from the coordinate matrix ( X = EmA,,{Z), where E,, is the matrix of
m eigenvectors and A, is the diagonal matrix of m eigenvalues of (B),

respectively.

2.5. COUNTRIES’ GROUPING IN TERMS OF ASPHALT PAVEMENT
APPLICATION

In this section, we considered two methods for countries’ grouping. We used
cluster analysis and Multidimensional scaling analysis to choose the best variables
combination and to choose from two methods the one that serves our research
objective perfectly. In another word, we used asphalt variables along with other
economic indicators to choose the best variables combination. Then, to decide which
countries grouping is the best to achieve the main objective of this research.

Thus, in upcoming sections we aimed to group countries according to different
variables combinations at first by using K-mean cluster analysis, then by using MDS
analysis. Table 2.1 shows the variables used in the two analyses, their symbols and
source of data. whereas, Table 2.2 shows the data for each variable presented in Table
2.1.
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Table 2.1: Variables used in countries’ grouping

Variables Symbols Source of Data
Economic Indicators: Eurostat and world bank
e population density (person per PD database
sg.km)
e surface area (sq.km) SA world bank database
e total population TP world bank database
e GDP per capita (us$) GDP world bank database
e GNI per capita GNI world bank database

Asphalt variables:
e Number of companies in asphalt

industry (production and laying) X1 EAPA
e Total of bitumen consumption

(in million tonnes) o EAPA
e Total production of asphalt (in v1 EAPA

million tonnes)
e Total length of motorways and V2

- Eurostat and Statista
main roads (km)

database
Table 2.2: Data of all variables used in countries grouping
Asphalt Variables Economic Indicators

Countries x1 X2 yl y2 PD SA TP GDP GNI
1. Austria 66 | 0.38 | 7.4 | 12682 | 106 | 83879.00391 | 8736668 | 36300.95936 | 54130
2. Belgium 18 | 020 | 51 | 14992 | 3737 30530 11331422 | 34322.75743 | 42640
3. Croatia 52 | 011 | 2.2 | 8068 | 74.6 56590 4174349 | 80924.69467 | 12360
4. Czech rep. 29 | 034 | 6.7 | 1228468 | 136.8 78870 10566332 | 418139.237 | 17630
5. Denmark 6 | 019 | 3.8 | 3853 | 136.4 42920 5728010 | 341213.9644 | 56990
6. Finland 10 | 027 | 59 | 13465 | 18.1 338450 5495303 | 34719.46861 | 45040
7. France 30 | 250 | 336 | 11612 | 105.3 | 549086.9922 | 66859768 | 31688.46768 | 38780
8. Germany 150 | 1.70 | 41.0 | 51064 | 233.1 | 357580 | 82348669 | 34673.93505 | 44020
9. Great Britain | 19 | 1.295 | 22.0 | 52874.33 | 270.6 | 243610 | 65595565 | 27207.24907 | 42370
10. Hungary 34 | 014 | 2.8 | 31986 | 107.6 93030 9814023 | 3118580.364 | 12500
11. Italy 400% | 1.16 | 231 | 6943 | 2054 | 301340 | 60627498 | 25912.00778 | 31700
12. Netherlands | 17 | 029 | 82 | 5355 | 498.1 41540 17030314 | 39464.48701 | 46610
13. Norway 13 | 038 | 7.2 | 11087 | 16.9 | 625217.1094 | 5234519 | 545890.8337 | 82010
14. Slovakia 2 | 010 | 1.9 | 4353 | 1025 49030 5430798 | 14553.55695 | 17010
15. Slovenia 13 | 008 | 1.6 | 62252 | 1115 20675 2065042 | 18468.69996 | 21700
16. Spain 125 | 0.60 | 13.1 | 30390 | 925 505935 | 46484062 | 23788.15345 | 27580
17. Turkey 312 | 2.93 | 40.4 | 33648 | 103.4 | 785350 | 79512426 | 19825.39182 | 11230

*estimated value according to EAPA
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By using all asphalt variables and some of economic indicators (Table 2.1), we
analysed the data of different variables combinations. In the first variables
combination, we used only asphalt variables. Then, in each other variables

combinations we used all asphalt variables with different economic indicators.

2.5.1. Cluster Analysis

This section presents the findings of using K-mean clustering for different
variables combination. For the first variables combination we used only asphalt
variables data without any economic indicator. For other variables combinations, we

used all asphalt variables along with different economic indicators in each trial.

1. The First Variables Combination of (x1, x2, y1,y2)
In this variable combination, we used asphalt variables (x1, x2, y1, y2) to
cluster Turkey and European Union countries. The results of using this variables
combination are presented in Table 2.3.

Table 2.3: Cluster Analysis Results of Using The First Variables Combination of
(x1, x2,y1, y2)

First iteration Third & last iteration
Countries Distance Distance to Countries Distance to | Distance to | Clusters
to mean mean of mean of mean of
of cluster 2 cluster 1 cluster 2
cluster 1
. Austria 0 21247.55 . Austria 1,215,823.74 6,000.23 2
. Belgium 2360.48 18988.03 . Belgium 1,213,488.74 3,740.71 2
. Croatia 4633.47 25881.02 . Croatia 1,220,427.73 10,633.70 2
. Czech Rep 1215824 1195139 . Czech Rep 0 1,209,863.28 1
. Denmark 8892.79 30140.34 . Denmark 1,224,641.05 | 14,893.02 2
. Finland 840.61 20522.16 . Finland 1,215,022.87 5,274.84 2
. France 1134.32 22325.23 . France 1,216,886.06 7,121.16 2
. Germany 38500.92 17579.83 . Germany 1,177,560.66 32,500.69 2
. Great Britain | 40254.85 19539.37 . Great Britain 1,175,619.93 34,280.99 2
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10. Hungary 19340.84 1980.39 10. Hungary 1,196,491.10 | 13,380.38 2
11. Italy 6089.48 26812.07 11. Italy 1,221,913.22 | 12,049.94 2
12. Netherlands 7376.89 28622.84 12. Netherlands 1,223,126.55 | 13,375.52 2
13. Norway 1648.2 22895.75 13. Norway 1,217,397.54 7,648.43 2
14. Slovakia 8398.78 29646.33 14. Slovakia 1,224,147.04 | 14,399.01 2
15. Slovenia 6515.9 27763.45 15. Slovenia 1,222,264.16 | 12,516.13 2
16. Spain 17772.92 3474.63 16. Spain 1,198,180.66 | 11,774.24 2
17. Turkey 21247.55 0 17. Turkey 1,195,139.29 | 15,247.32 2

As shown in Table 2.3 the cluster analysis ended in the third iteration and gave

us the following result of countries’ grouping:
Group 1: Czech Republic

Group 2: all other countries

2. The Second variables combination of (x1, x2, y1, y2 & SA)

According to this variables combination, we used all asphalt variables data
of (x1, x2, y1, y2) along with only one economic indicator data which is Surface
Area (SA). The results of using this variables combination is presented in Table
2.4.

Table 2.4: Cluster Analysis Results of Using The Second Variables Combination
of (x1, x2,yl, y2 & SA)

First iteration Fourth & last iteration
Countries Distance | Distance Countries Distance to Distance to Clusters
to mean to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2
1. Austria 0 722718.5 | 1. Austria 134,056.95 420,848.35 1
2. Belgium 55709.48 773808 | 2. Belgium 165,439.84 471,937.83 1
3. Croatia 31922.47 754641 | 3. Croatia 146,325.63 452,770.82 1
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4. Czech 1220833 | 1901619 | 4. Czech 1,096,388.90 | 1,621,842.52
Rep Rep

5. Denmark | 49851.79 | 772570.3 | 5. Denmark 164,202.15 470,700.14
6. Finland 255411.6 | 467422.2 | 6. Finland 387,819.17 165,551.96
7. France 466342.3 | 258588.2 | 7. France 600,327.26 65,497.67
8. Germany | 312201.9 | 445349.8 | 8. Germany | 369,494.87 165,610.45
9. Great 199985.8 | 561279.4 | 9. Great 253,577.34 281,502.60
Britain Britain

10. 28491.84 | 694300.4 | 10. 123,874.20 411,199.62
Hungary Hungary

11. ltaly 223550.5 | 510822.1 | 11. Italy 357,607.43 209,278.73
12. 49715.89 | 772432.8 | 12. 164,068.71 470,562.64
Netherlands Netherlands

13. Norway | 542986.3 | 183028.6 | 13. Norway 676,962.06 142,175.78
14. Slovakia | 43247.78 | 765966.3 | 14. Slovakia | 157,598.14 464,096.13
15. Slovenia | 69719.9 | 792438.5 | 15. Slovenia 184,070.26 490,568.25
16. Spain 4398289 | 282889.6 | 16. Spain 538,469.87 19,049.98
17. Turkey 722718.5 0 17. Turkey 814,843.50 301,870.20

From Table 2.4, it can be noticed that the cluster analysis ended after the fourth

iteration which gave us the following result:

Group 1: Austria, Belgium, Croatia, Czech Republic, Denmark, Great

Britain, Hungary, Netherlands, Slovakia, Slovenia.

3. The Third Variables Combination of (x1, x2, y1, y2 & TP)

Group 2: Finland, France, Germany, Italy, Norway, Spain, Turkey

In this variables combination we also used all asphalt variables data (x1, x2,

y1, y2) along with only one economic indicator which is Total Population (TP). The

results of using this combination is shown in Table 2.5.
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Table 2.5: Cluster Analysis Results of Using The Third Variables Combination
of (x1,x2,yl,y2 & TP)

First iteration

Second & last iteration

Countries Distance | Distance Countries Distance to Distance to Clusters
tomean | to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2

1. Austria 0 | 70797006 | 1. Austria 1,063,463.32 | 58,186,532.67 1
2. Belgium 2597114 | 68199992 | 2. Belgium 3,655,868.16 | 55,589,519.15 1
3. Croatia 4566952 | 75363958 | 3. Croatia 3,721,915.37 | 62,753,485.14 1
4, Czech 4. Czech

Rep 3045488 | 70141233 | Rep 3,890,506.09 | 57,535,879.30 1
5. Denmark 3017551 | 73814556 | 5. Denmark | 2,172,456.96 | 61,204,083.46 1
6. Finland 3242206 | 74037645 | 6. Finland 2,395,548.07 | 61,427,172.28 1
7. France 58124234 | 12674983 | 7. France 59,187,625.64 64,521.42 2
8. Germany | 73650502 | 2853823 | 8. Germany | 74,637,201.24 | 15,464,014.58 2
9. Great 9. Great

Britain 56899152 | 13936400 | Britain 57,882,145.78 | 1,331,046.38 2
10. 10.

Hungary 1096696 | 69700383 | Hungary 2,121,481.65 | 57,091,705.40 1
11. ltaly 51896919 | 18911740 | 11. ltaly 52,960,382.80 | 6,301,545.86 2
12. 12.

Netherlands | 8301023 | 62510735 | Netherlands | 9,364,401.30 | 49,900,261.96 1
13. Norway 3503797 | 74300803 | 13. Norway | 2,658,708.48 | 61,690,329.87 1
14. Slovakia | 3314269 | 74111274 | 14. Slovakia | 2,469,174.95 | 61,500,801.45 1
15. Slovenia | 6678142 | 77475147 | 15. Slovenia | 5,833,048.07 | 64,864,674.57 1
16. Spain 37765167 | 33031839 | 16. Spain 38,793,214.24 | 20,421,365.75 2
17. Turkey | 70797006 0]17. Turkey | 71,818,536.87 | 12,610,472.88 2

As it is shown in Table 2.5, the cluster analysis ended after the second iteration

which had made the countries’ grouping be as following:

Group 1: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,

Hungary, Netherlands, Norway, Slovakia, Slovenia.

Group2: France, Germany, Great Britain, Italy, Spain, Turkey.

4. The fourth variables combination of (x1, x2, y1, y2 & GDP)

According to this variables combination, we also used all asphalt variables data

along with only one economic indicator which is Gross Domestic Product per capita

(GDP). Table 2.6 shows the results of using this variables combination.
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Table 2.6: Cluster Analysis Results of Using The Fourth Variables
Combination of (x1, x2, y1, y2 & GDP)

First iteration Fourth & last iteration
Countries Distance | Distance Countries Distance to Distance to | Clusters
to mean to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2

1. Austria 0| 37723.12 | 1. Austria 152,422.71 | 3,101,620.24 1
2. Belgium 4338.682 33485.4 | 2. Belgium 152,141.39 | 3,101,269.97 1
3. Croatia 49257.21 | 86980.32 | 3. Croatia 112,432.44 | 3,061,592.30 1
4, Czech 4, Czech
Rep 1597662 | 1593453 | Rep 1,445,278.97 | 3,896,932.23 1
5. Denmark | 313805.8 | 351528.9 | 5. Denmark 322,943.69 2,805,528.45 1
6. Finland 2422.101 | 35416.24 | 6. Finland 153,278.81 | 3,102,409.13 1
7. France 5746.812 | 34188.31 | 7. France 158,155.61 3,107,303.06 1
8. Germany | 40127.94 | 32428.37 | 8. Germany 115,746.99 | 3,103,140.19 1
9. Great 9. Great
Britain 49348.56 | 26921.22 | Britain 121,372.70 | 3,112,296.80 1
10. 10.
Hungary 3101620 | 3100735 | Hungary 3,072,150.14 0 2
11. ltaly 16478.43 | 32898.69 | 11. Italy 168,861.48 | 3,118,098.68 1
12. 12.
Netherlands | 10540.42 | 48261.94 | Netherlands 156,634.47 3,105,769.43 1
13. Norway 511238.1 | 548961.2 | 13. Norway 520,375.97 2,593,614.17 1
14. Slovakia | 30146.18 | 34918.16 | 14. Slovakia 182,568.89 3,131,692.75 1
15. Slovenia | 24348.16 | 29120.14 | 15. Slovenia 176,770.86 3,125,894.72 1
16. Spain 30285.73 | 7437.392 | 16. Spain 147,254.84 | 3,096,489.97 1
17. Turkey 37723.12 0 | 17. Turkey 148,174.17 3,100,735.36 1

as shown in Table 2.6, the cluster analysis ended after the fourth iteration and

resulted into grouping countries into the following:

Group 1: all countries except Hungary

Group 2: Hungary

5. The Fifth Variables Combination of (x1, x2, y1, y2 & GNI)

In this variables combination, the only economic indicator data we used is

Gross National Income per capita (GNI) along with all asphalt variables data of (x1,

X2, y1,y2). Table 2.7 shows the results of using this variables combination.
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Table 2.7: Cluster Analysis Results of Using The Fifth Variables Combination of

(x1, x2,y1,y2 & GNI)

First iteration Third & last iteration
Countries Distance | Distance Countries Distance to Distance to | Clusters
to mean to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2

1. Austria 0 64147.55 | 1. Austria 23,463.35 1,252,323.74 1
2. Belgium 13850.48 | 50398.03 | 2. Belgium 9,713.83 1,238,498.74 1
3. Croatia 46403.47 | 27011.02 | 3. Croatia 34,940.57 1,225,697.73 1
4, Czech 4, Czech

Rep 1252324 | 1201539 | Rep 1,228,900.15 0 2
5. Denmark | 11752.79 | 75900.34 | 5. Denmark 35,216.14 1,264,001.05 1
6. Finland 9930.61 | 54332.16 | 6. Finland 13,647.96 1,242,432.87 1
7. France 16484.32 | 49875.23 | 7. France 9,234.28 1,238,036.06 1
8. Germany | 48610.92 | 50369.83 | 8. Germany 39,853.82 1,203,950.66 1
9. Great 9. Great

Britain 52014.85 | 50679.37 | Britain 39,984.12 1,200,359.93 1
10. 10.

Hungary 60970.84 | 3250.39 | Hungary 37,547.25 1,201,621.10 1
11. ltaly 28519.48 | 47282.07 | 11. Italy 17,016.82 1,235,983.22 1
12. 12.

Netherlands | 14896.89 | 64002.84 | Netherlands 23,318.64 1,252,106.55 1
13. Norway 29528.2 | 93675.75 | 13. Norway 52,991.55 1,281,777.54 1
14. Slovakia | 45518.78 | 35426.33 | 14. Slovakia 34,055.88 1,224,767.04 1
15. Slovenia | 38945.9 | 38233.45 | 15. Slovenia 27,483.00 1,226,334.16 1
16. Spain 44322.92 | 19824.63 | 16. Spain 20,861.12 1,208,130.66 1
17. Turkey 64147.55 0 17. Turkey 40,684.20 1,201,539.29 1

From Table 2.7, it can be noticed that the cluster analysis ended after the third

iteration which made the grouping of countries be as following:

Group 1: all countries except Czech Republic.

Group 2: Czech Republic

6. The sixth variables combination of (x1, x2, y1, y2 & GDP, GNI)

In the sixth variables combination, we used two economic indicators data of

(GDP, GNI) along with all asphalt variables data of (x1, x2, y1, y2). The clustering

results of using this variables combination are shown in Table 2.8.
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Table 2.8: Cluster Analysis Results of Using The Sixth Variables Combination of
(x1, x2,y1, y2 & GDP, GNI)

First iteration Fourth & last iteration
Countries Distance | Distance Countries Distance to Distance to | Clusters
to mean to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2

1. Austria 0| 80623.12 | 1. Austria 169,565.21 3,143,250.24 1
2. Belgium 15828.68 64895.4 | 2. Belgium 157,793.89 | 3,131,409.97 1
3. Croatia 91027.21 | 88110.32 | 3. Croatia 137,059.94 | 3,061,732.30 1
4, Czech 4, Czech
republic 1634162 | 1599853 | republic 1,464,636.47 | 3,902,062.23 1
5. Denmark | 316665.8 | 397288.9 | 5. Denmark 342,946.19 2,850,018.45 1
6. Finland 11512.1 | 69226.24 | 6. Finland 161,331.31 3,134,949.13 1
7. France 21096.81 | 61738.31 | 7. France 159,948.11 3,133,583.06 1
8. Germany | 50237.94 | 65218.37 | 8. Germany 122,779.49 | 3,134,660.19 1
9. Great 9. Great
Britain 61108.56 | 58061.22 | Britain 126,755.20 | 3,142,166.80 1
10. 10.
Hungary 3143250 | 3102005 | Hungary 3,096,637.64 0 2
11. ltaly 38908.43 | 53368.69 | 11. Italy 174,148.98 | 3,137,298.68 1
12. 12.
Netherlands | 18060.42 | 83641.94 | Netherlands 166,256.97 3,139,879.43 1
13. Norway 539118.1 | 619741.2 | 13. Norway 565,398.47 2,663,124.17 1
14. Slovakia | 67266.18 | 40698.16 | 14. Slovakia | 202,546.39 | 3,136,202.75 1
15. Slovenia | 56778.16 | 39590.14 | 15. Slovenia 192,058.36 3,135,094.72 1
16. Spain 56835.73 | 23787.39 | 16. Spain 156,662.34 | 3,111,569.97 1
17. Turkey 80623.12 0 | 17. Turkey 173,931.67 | 3,102,005.36 1

As it is shown in Table 2.8, the cluster analysis ended after the fourth iteration

which gave the following grouping result:

Group 1: all countries except Hungary

Group 2: Hungary

7. The Seventh Variables Combination of (x1, x2, y1, y2 & GDP, GNI

& PD)

According to this variable’s combination, we clustered countries by using all

asphalt data of (x1, x2, y1, y2) along with three economic indicators data of (GDP,

GNI, PD). The results of using this variables combination data in cluster analysis are

shown in Table 2.9.
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Table 2.9: Cluster Analysis Results of Using The Seventh Variables Combination
of (x1, x2, y1, y2 & GDP, GNI, PD)

First iteration Second & last iteration
Countries Distance | Distance Countries Distance to Distance to | Clusters
to mean to mean mean of mean of
of cluster | of cluster cluster 1 cluster 2
1 2

1. Austria 0 80625.72 | 1. Austria 169,620.76 | 3,143,251.84 1
2. Belgium 16096.38 | 65165.7 | 2. Belgium 158,006.03 | 3,131,676.07 1
3. Croatia 91058.61 | 88139.12 | 3. Croatia 137,146.90 | 3,061,765.30 1
4, Czech 4, Czech
Rep 1634193 | 1599887 | Rep 1,464,661.22 | 3,902,091.43 1
5. Denmark | 316696.2 | 397321.9 | 5. Denmark 342,971.34 2,850,047.25 1
6. Finland 11600 69311.54 | 6. Finland 161,474.76 3,135,038.63 1
7. France 21097.51 | 61740.21 | 7. France 160,004.37 3,133,585.36 1
8. Germany | 50365.04 | 65348.07 | 8. Germany 122,851.04 | 3,134,785.69 1
9. Great 9. Great
Britain 61273.16 | 58228.42 | Britain 126,864.24 | 3,142,329.80 1
10. 10.
Hungary 3143252 | 3102010 | Hungary 3,096,691.59 0 2
11. ltaly 39007.83 | 53470.69 | 11. Italy 174,192.83 | 3,137,396.48 1
12. 12.
Netherlands | 18452.52 | 84036.64 | Netherlands | 166,593.51 3,140,269.93 1
13. Norway | 539207.2 | 619827.7 | 13. Norway 565,543.12 2,663,214.87 1
14. Slovakia | 67269.68 | 40699.06 | 14. Slovakia | 202,605.44 | 3,136,207.85 1
15. Slovenia | 56783.66 | 39598.24 | 15. Slovenia 192,108.42 3,135,098.62 1
16. Spain 56849.23 | 23798.29 | 16. Spain 156,731.40 | 3,111,585.07 1
17. Turkey 80625.72 0 17. Turkey 173,989.82 | 3,102,009.56 1

According to Table 2.9, the cluster analysis ended after the second iteration

which gave the following result of grouping:

Group 1: all countries except Hungary

Group 2: Hungary

8. The Eighth Variables Combination of (x1, x2, y1, y2 & GDP, GNI,

PD, SA)

According to this variables combination, we used all asphalt variables data of
(x1, x2, y1, y2) along with four economic indicators data of (GDP, GNI, PD, SA) to

cluster countries. The results of countries’ clustering are shown in Table 2.10.
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Table 2.10: Cluster Analysis Results of Using The Eighth Variables Combination

of (x1, x2,y1, y2 & GDP, GNI, PD, SA)

First iteration Second & last iteration
Countries Distance to | Distance to Countries Distance to | Distanceto | Clusters

mean of mean of mean of mean of

cluster 1 cluster 2 cluster 1 cluster 2
1. Austria 0 | 782096.7136 | 1. Austria 3,152,402.84 | 342,654.45 2
2. Belgium 69445.38584 | 819985.6956 | 2. Belgium 3,194,176.07 | 384,388.73 2
3. Croatia 118347.6092 | 816899.1229 | 3. Croatia 3,098,205.30 | 337,469.59 2
4. Czech Rep | 1639201.822 | 2306366.535 | 4. Czech Rep | 3,916,251.43 | 1,642,703.92 2
5. Denmark 357655.199 | 1139751.913 | 5. Denmark 2,900,157.25 | 556,964.04 2
6. Finland 266170.9968 | 516211.5368 | 6. Finland 3,380,458.63 | 243,012.07 2
7. France 486305.5 | 298003.2137 | 7. France 3,5689,642.35 | 452,178.67 2
8. Germany 324066.0404 | 493118.0732 | 8. Germany 3,399,335.69 | 223,518.34 2
9. Great 9. Great
Britain 221004.1514 | 599968.4223 | Britain 3,292,909.80 | 140,166.93 2
10. Hungary | 3152402.841 | 3794329.562 | 10. Hungary 0 3,260,574.29 1
11. ltaly 256468.8277 | 537480.686 | 11. ltaly 3,345,706.48 | 218,620.13 2
12. 12.
Netherlands 60791.52156 | 827846.6352 | Netherlands 3,191,759.93 | 381,966.21 2
13. Norway 1080545.28 | 779960.5825 | 13. Norway 3,195,401.98 | 933,847.54 2
14. Slovakia 102118.6863 | 777019.0649 | 14. Slovakia 3,180,207.85 | 410,488.14 2
15. Slovenia 119987.6633 | 804273.2419 | 15. Slovenia 3,207,453.62 | 428,346.12 2
16. Spain 478905.222 | 303213.2916 | 16. Spain 3,524,490.07 | 405,753.70 2
17. Turkey 782096.7136 0 | 17. Turkey 3,794,329.56 | 702,427.13 2

As shown in Table 2.10, the cluster analysis ended after the second iteration

which made the grouping of countries to be as follows:

Group 1: Hungary

Group 2: all other countries

9. The Ninth Variables Combination of (x1, x2, y1, y2 & GDP, GNI,

PD, SA, TP)
In the last variables combination analysis, we used all asphalt variables data of
(x1, x2, y1, y2) along with all economic indicators data of (GDP, GNI, PD, SA, TP).
The results from cluster analysis applied for this variables combination are shown in
Table 2.11.
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Table 2.11: Cluster Analysis Results of Using The Ninth Variables Combination

of (x1, X2, y1, y2 & GDP, GNI, PD, SA, TP)

First iteration Fourth & last iteration
Countries Distance to | Distance to Countries Distance to Distance to Clusters
mean of mean of mean of mean of
cluster 1 cluster 2 cluster 1 cluster 2

1. Austria 3366313.199 | 3407988.686 | 1. Austria 1,518,795.75 | 58,590,501.48 1
2. Belgium 5948432.817 5975452.7 | 2. Belgium 4,155,211.64 | 56,033,511.69 1
3. Croatia 1876574.75 | 1338823.348 | 3. Croatia 4,167,749.02 | 63,228,134.75 1
4. Czech Rep | 6215198.723 | 6793761.02 | 4. Czech Rep 3,971,512.99 | 58,320,131.25 1
5. Denmark 0 | 670502.2975 | 5. Denmark 2,366,664.99 | 61,956,753.87 1
6. Finland 856417.9758 | 411329.4817 | 6. Finland 3,000,201.42 | 61,565,986.50 1
7. France 61973506.7 | 61975255.8 | 7. France 59,999,599.78 167,193.77 2
8. Germany 77302319.44 | 77320581.68 | 8. Germany 75,259,955.47 | 15,582,547.70 2
9. Great 9. Great

Britain 60446059.55 | 60446088.42 | Britain 58,396,784.19 | 1,554,470.31 2
10. Hungary 6986170.25 | 7563432.847 | 10. Hungary 4,878,829.35 | 60,567,397.68 1
11. ltaly 55502073.23 | 55478171.61 | 11. ltaly 53,534,205.80 | 6,459,577.07 2
12. 12.

Netherlands 11617692.68 | 11662936.02 | Netherlands 9,851,687.45 | 50,342,480.63 1
13. Norway 1312849.069 | 1375639.566 | 13. Norway 3,316,332.44 | 62,426,653.10 1
14. Slovakia | 670502.2975 0 | 14. Slovakia 2,984,261.84 | 61,937,219.98 1
15. Slovenia 4045654.674 | 3404608.663 | 15. Slovenia 6,367,875.81 | 65,320,833.96 1
16. Spain 41592612.42 | 41556155.3 | 16. Spain 39,577,884.05 | 20,478,654.02 2
17. Turkey 74924167.91 | 74858647.06 | 17. Turkey 72,902,923.54 | 12,967,478.00 2

From Table 2.11, it can be noticed that, the cluster analysis ended after the

fourth iteration and countries’ grouping resulted to be as follows:

Group 1: France, Germany, Great Britain, Italy, Spain and Turkey

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,

Hungary, Netherlands, Norway, Slovakia, Slovenia.

2.5.2. Multidimensional Scaling Analysis (MDS)

In this section, we aimed to group Turkey and European Union countries by
using multidimensional scaling method of (PROXSCAL) for the same variables
combinations used in cluster analysis. Afterwards, a comparison between two methods

was conducted to choose the best clusters.
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1. The First Variables Combination of (x1, x2, y1, y2)

In this section, we used asphalt variables data of (x1, x2, y1, y2) to group

countries by using MDS method. The results of this analysis are shown in Table 2.12

and figure 2.1.

Table 2.12: Stimulus Coordinates of Using The First Variables Combination of

(x1,x2,y1,y2)

Countries Dimensions
1 2
1. Austria -0.442 -0.170
2. Belgium -0.452 -0.163
3. Croatia -0.355 -0.248
4. Czech Republic -0.398 -0.122
5. Denmark -0.387 -0.147
6. Finland -0.347 -0.130
7. France -0.332 -0.097
8. Germany -0.534 1.301
9. Great Britain -0.285 -0.069
10. Hungary -0.186 -0.164
11. Italy -0.274 -0.098
12. Netherlands 0.053 -0.170
13. Norway 0.196 0.174
14. Slovakia 0.858 -0.656
15. Slovenia 0.801 0.141
16. Spain 1.339 0.266
17. Turkey 0.746 0.354

Stress and Fit measures
Stress: 0.00720

Tucker’s coefficient of congruence: 0.99639
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Figure 2.1.: Common Space Objects Points for First Variables combination
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Table 2.12 shows the results of stimulus coordinates, with stress value of
(0.00720 <0.025) we can say that the model is perfectly fitted. As shown in Table 2.12,
Spain in the first dimension and Germany in the second dimension have the highest
positives values and that Germany has its own attributes which differ from other
countries in the second dimension. Also, it can be noticed that Slovakia, Slovenia and
Turkey are similar to each other in terms of asphalt variables used in this variables

combination.

According to Table 2.12 and Figure 2.1, we grouped countries into two groups,
as follows:

Group 1: Spain, Slovakia, Slovenia, Turkey, Norway and Netherlands.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
France, Great Britain, Hungary and Italy.
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2. The Second variables combination of (x1, X2, y1, y2 & SA)

In analysing this variables combination, we used asphalt variables data of (x1,

x2,Yy1, y2) along with only one economic indicator data of (SA). Table 2.13 and Figure

2.2 show the results of analysing this variables combination by using MDS.

Table 2.13: Stimulus Coordinates of Using The Second Variables Combination of

(x1, x2,y1,y2 & SA)

Countries Dimensions
1 2
1. Austria -0.513 -0.108
2. Belgium -0.494 -0.120
3. Croatia -0.425 -0.161
4. Czech Republic -0.399 -0.110
5. Denmark -0.461 -0.077
6. Finland -0.439 -0.046
7. France -0.140 -0.238
8. Germany -0.526 1.168
9. Great Britain 0.069 -0.526
10. Hungary -0.284 -0.015
11. Italy -0.378 -0.003
12. Netherlands 0.227 -0.212
13. Norway 0.136 0.202
14. Slovakia 0.780 -0.589
15. Slovenia 0.824 0.177
16. Spain 1.373 0.317
17. Turkey 0.651 0.346

Stress and Fit measures
Stress: 0.0111

Tucker’s coefficient of congruence: 0.994407
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Figure 2.2: Common Space Objects Points for Second Variables combination
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As shown in Table 2.13, the stress value of this model was (0.0111<0.025)
which indicates that the model is a perfect fit. As shown in Table 2.13, Spain and
Germany have the highest positive values. Germany has attributes differ from other
countries in the second dimension. Also, it can be said that Turkey, Slovakia and
Slovenia are similar in their attributes regarding the five variables used in this variables
combination.

According to MDS analysis results showing in Table 2.13 and Figure 2.2, the
countries’ grouping can be as follows:

Group 1: France, Spain, Slovakia, Slovenia, Turkey, Norway, Netherlands
and Great Britain.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
Hungary and Italy.
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3. The Third Variables Combination of (x1, x2, y1, y2 & TP)
To analyse the third variables combination, we also used only one economic

indicator data of (TP) along with data of asphalt variables (x1, X2, y1, y2). The results

of MDS analysis of this combination are shown in Table 2.14 and Figure 2.3.

Table 2.14: Stimulus Coordinates of Using The Third Variables Combination of

(x1, x2,y1,y2 & TP)

Countries Dimensions
1 2
1. Austria -0.497 -0.133
2. Belgium -0.484 -0.110
3. Croatia -0.425 -0.207
4. Czech Republic -0.417 -0.054
5. Denmark -0.435 -0.111
6. Finland -0.374 -0.078
7. France -0.384 -0.121
8. Germany -0.453 1.188
9. Great Britain -0.341 -0.111
10. Hungary -0.269 -0.041
11. Italy -0.267 -0.134
12. Netherlands 0.135 -0.098
13. Norway 0.379 0.161
14. Slovakia 0.785 -0.663
15. Slovenia 0.813 0.071
16. Spain 1.317 0.261
17. Turkey 0.920 0.183

Stress and Fit measures
Stress: 0.0071

Tucker’s coefficient of congruence: 0.99642
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Figure 2.3: Common Space Objects Points for Third Variables combination
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As shown in Table 2.14, The stress value of this model was (0,007) which is
below (0,025) indicating that this model is a perfect fit. According to this model, Spain
and Germany have the biggest positive values - as same as the previous model. In the
first dimension, Spain, Turkey and Slovenia are considered similar to each other. Also
that, Germany has its own attributes which differ from any other country in the second

dimension.

According to Table 2.14 and Figure 2.3, we can group countries included in
this model into two group as follows;

Group 1: Netherlands, Norway, Slovakia, Slovenia, Spain and Turkey.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
France, Great Britain, Hungary and Italy.
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4, The fourth variables combination of (x1, X2, y1, y2 & GDP)
To analyse this variables combination, we used the data of only one economic
indicator (GDP) along with data of asphalt variables (x1, x2, y1, y2). Table 2.15 and

Figure 2.4 show the analysis results of MDS for this variable combination.

Table 2.15: Stimulus Coordinates of Using the Fourth Variables Combination of

(x1, x2,y1, y2 & GDP)

Countries Dimensions
1 2
1. Austria 0.361 0.062
2. Belgium 0.364 0.075
3. Croatia 0.315 -0.002
4. Czech Republic 0.866 -0.966
5. Denmark 0.333 -0.068
6. Finland 0.272 0.056
7. France 0.250 0.060
8. Germany 0.430 1.220
9. Great Britain 0.245 -0.160
10. Hungary 0.133 -0.007
11. Italy 0.204 0.043
12. Netherlands -0.067 -0.089
13. Norway -0.248 0.155
14. Slovakia -0.723 -0.630
15. Slovenia -0.754 0.103
16. Spain -1.237 -0.105
17. Turkey -0.745 0.252

Stress and Fit measures
Stress: 0.01208

Tucker’s coefficient of congruence: 0.99393
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Figure 2.4: Common Space Objects Points for Fourth Variables combination
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As presented in Table 2.15, this model fits perfectly with stress value
(0.012<0.025). Germany has the biggest positive value and it has its own attributes
which differ from any other country in this model in terms of the five variables used
in analysing this combination. Moreover, countries located in the first dimension

which are Austria, Belgium, Croatia and Denmark are considered similar to each other.

By considering the analysis results shown in Table 2.15 and Figure 2.4, we can
group countries into two group as follows;

Group 1: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
France, Hungary, Netherlands, Great Britain and Italy.

Group 2: Norway, Slovakia, Slovenia, Spain and Turkey.
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5. The Fifth VVariables Combination of (x1, x2, y1, y2 & GNI)
By using this variables combination data of (x1, x2, y1, y2 & GNI), we

performed MDS analysis. The analysis results of this analysis are shown in Table 2.16

and Figure 2.5.

Table 2.16: Stimulus Coordinates of Using The Fifth Variables Combination of

(x1, x2,y1,y2 & GNI)

Countries Dimensions
1 2
1. Austria -0.418 0.155
2. Belgium -0.437 0.217
3. Croatia -0.337 0.314
4. Czech Republic -0.362 0.298
5. Denmark -0.385 -0.376
6. Finland -0.326 -0.154
7. France -0.312 -0.195
8. Germany -0.304 1.273
9. Great Britain -0.353 -0.769
10. Hungary -0.202 -0.341
11. Italy -0.264 -0.220
12. Netherlands 0.030 0.116
13. Norway 0.192 -0.211
14. Slovakia 0.956 -0.095
15. Slovenia 0.632 -0.458
16. Spain 1.206 0.417
17. Turkey 0.687 0.029

Stress and Fit measures
Stress: 0.0163

Tucker’s coefficient of congruence: 0.99181
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Figure 2.5: Common Space Objects Points for Fifth Variables combination
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From Table 2.16, it can be noticed that the stress value of this model was
(0.0163<0.025) which indicates that the model is a perfect fit. Also, it can be noticed
that Spain and Germany have the highest positive values. Moreover, countries located
in the second dimension which are Austria, Netherlands, Croatia and Czech Republic
are similar to each other and Germany has its own attributes which made it far away

from other countries in the second dimension.

According to Table 2.16 and Figure 2.5, we can group countries into two

clusters as follows:
Group 1: Norway, Slovakia, Slovenia, Spain and Turkey.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,

France, Great Britain, Hungary, Italy and Netherlands.
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6. The sixth variables combination of (x1, x2, y1, y2 & GDP,

GNI)

This variables combination contains two economic indicators (GDP, GNI) and

asphalt variables (x1, X2, y1, y2). MDS analysis was performed to group countries by

using the data of each variable of this variables combination. Table 2.17 and Figure

2.6 show the results of implementing MDS on this combination.

Table 2.17: Stimulus Coordinates of Using The Sixth Variables Combination of

(x1, x2, y1, y2 & GDP, GNI)

Countries Dimensions
1 2
1. Austria 0.341 0.221
2. Belgium 0.358 0.277
3. Croatia 0.394 0.308
4. Czech Republic 1.101 -0.610
5. Denmark 0.265 -0.251
6. Finland 0.219 -0.027
7. France 0.201 -0.060
8. Germany 0.239 1.198
9. Great Britain 0.186 -0.634
10. Hungary 0.091 -0.191
11. Italy 0.157 -0.078
12. Netherlands -0.047 0.191
13. Norway -0.247 0.043
14. Slovakia -0.686 -0.562
15. Slovenia -0.692 0.101
16. Spain -1.197 -0.148
17. Turkey -0.686 0.223

Stress and Fit measures
Stress: 0.0248

Tucker’s coefficient of congruence: 0.98750
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Figure 2.6: Common Space Objects Points for Sixth Variables combination
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Dimension 1

According to Table 2.17, the stress value of this model was (0.0248) which is
below (0.025) indicating that this model is a perfect fit. From Table 2.17, it can be
noticed that Czech Republic and Germany have the highest positive values. Countries
located in the first dimension Austria, Belgium and Croatia are similar to each other.
Also that, Slovenia and Netherlands are similar with a distance of (0.090) from each
other and they are located in the second dimension. Also, it can be noticed that Spain
in the first dimension has the highest negative value which indicates that this country

is the most insignificant one to first dimension.

According to MDS analysis results shown in Table 2.17 and Figure 2.6,

countries’ grouping can be showed as follows:

Group 1: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
France, Hungary, Great Britain and Italy.

Group 2: Netherlands, Norway, Slovakia, Slovenia, Spain and Turkey.
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7. The Seventh Variables Combination of (x1, x2, y1, y2 &

GDP, GNI & PD)

In MDS analysis, we used the data of this variables combination which contains
three economic indicators (GDP, GNI, PD) and asphalt variables (x1, X2, y1, y2). The

analysis results of this variables combination are shown in Table 2.18 and Figure 2.7.

Table 2.18: Stimulus Coordinates of Using The Seventh Variables Combination

of (x1, x2, y1, y2 & GDP, GNI, PD)

Countries Dimensions
1 2
1. Austria 0.351 0.053
2. Belgium 0.400 0.071
3. Croatia 0.454 0.023
4. Czech Republic 0.876 -0.779
5. Denmark 0.146 -0.293
6. Finland 0.064 0.479
7. France 0.242 -0.220
8. Germany 0.809 0.812
9. Great Britain 0.064 -0.689
10. Hungary 0.043 -0.208
11. Italy -0.072 0.743
12. Netherlands -0.015 -0.011
13. Norway -0.242 0.243
14. Slovakia -0.711 -0.428
15. Slovenia -0.630 0.010
16. Spain -1.132 -0.055
17. Turkey -0.649 0.249

Stress and Fit measures
Stress: 0.0373

Tucker’s coefficient of congruence: 0.98112
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Figure 2.7: Common Space Objects Points for The Seventh Variables
combination
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As shown in Table 2.18, the stress value of this model was (0.0373<0.050)
which indicates that this model is a good fit. From Table 2.18, it can be noticed that
countries located in the first dimension; Austria, Belgium and Croatia are similar to
each other. Whereas, Norway and Turkey which are located in the second dimension
are similar to each other. Also it can be noticed that, Germany has a high positive
values in the both dimensions, i.e. it has a value of (0.809) in the first dimension and
a value of (0.812) in the second dimension which means that Germany neither can be

in the first dimension nor can be in the second dimension.

According to MDS analysis results shown in Table 2.18 and Figure 2.7, we

can group countries to two group as follows;

Group 1: Austria, Belgium, Croatia, Czech Republic, Denmark, France,

Great Britain and Hungary.

Group 2: Finland, Italy, Netherlands, Norway, Slovakia, Slovenia, Spain
and Turkey
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8. The Eighth Variables Combination of (x1, x2, y1, y2 &
GDP, GNI, PD, SA)

This variables combination contains four economic indicators (GDP, GNI, PD,

SA) and asphalt variables (x1, x2, y1, y2). MDS analysis was performed to group

countries by using the data of each variable of this variables combination. Table 2.19

and Figure 2.8 show the results of implementing MDS on this variables combination.

Table 2.19: Stimulus Coordinates of Using The Eighth Variables Combination of

(x1, x2, y1, y2 & GDP, GNI, PD, SA)

Countries Dimensions
1 2
1. Austria -0.336 0.293
2. Belgium -0.324 0.337
3. Croatia -0.244 0.408
4. Czech Republic -0.285 1.071
5. Denmark -0.308 -0.037
6. Finland -0.553 -0.115
7. France -0.018 0.125
8. Germany -0.574 -0.908
9. Great Britain 0.128 -0.716
10. Hungary -0.164 -0.044
11. Italy -0.741 -0.200
12. Netherlands 0.239 0.179
13. Norway 0.107 -0.222
14. Slovakia 0.669 0.359
15. Slovenia 0.679 -0.289
16. Spain 1.192 0.029
17. Turkey 0.535 -0.268

Stress and Fit measures
Stress: 0.0414

Tucker’s coefficient of congruence: 0.979072
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Figure 2.8: Common Space Objects Points for The Eighth Variables combination
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As shown in Table 2.19, the stress value of this model was (0.0414<0.05)
indicating that the model is a good fit. From Table 2.19, it can be noticed that Czech
Republic and Spain have the highest positive values. Also that, there is a similarity
between Slovenia and Slovakia which are located in the first dimension with a distance
of (0.01) from each other.

From the analysis results shown in Table 2.19 and Figure 2.8, countries can be

grouped into the following:

Group 1: France, Great Britain, Netherlands, Norway, Slovakia, Slovenia,
Spain and Turkey.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,

Germany, Italy and Hungary.
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GNI

9. The Ninth Variables Combination of (x1, x2, y1, y2 & GDP,

, PD, SA, TP)

To perform MDS analysis, we used the data of this variables combination
which contains all economic indicators (GDP, GNI, PD, SA, TP) and all asphalt

variables (x1, X2, y1, y2). The analysis results of the last variables combination are

shown in Table 2.20 and Figure 2.9.

Table 2.20: Stimulus Coordinates of Using The Ninth Variables Combination of
(x1,x2,y1,y2 & GDP, GNI, PD, SA, TP)

Countries Dimensions
1 2
1. Austria -0.198 -0.037
2. Belgium -0.552 -0.114
3. Croatia -0.297 0.393
4. Czech Republic -0.541 -0.877
5. Denmark -0.336 -0.022
6. Finland -0.091 0.125
7. France 0.709 -0.209
8. Germany 0.653 -0.366
9. Great Britain 0.266 -0.227
10. Hungary -0.286 1.016
11. Italy 0.667 0.348
12. Netherlands -0.701 -0.232
13. Norway 0.009 -0.661
14. Slovakia -0.361 0.324
15. Slovenia -0.386 0.286
16. Spain 0.253 0.161
17. Turkey 1.193 0.094

Stress and Fit measures
Stress: 0.04019

Tucker’s coefficient of congruence: 0.97970
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Figure 2.9: Common Space Objects Points for The Ninth Variables combination
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As shown in Table 2.20, the stress value of this model is (0.04019) which is
below (0.05) indicating that this model is a good model. According to Table 2.20 and
figure 2.9, it can be noticed that Turkey in the first dimension and Hungary in the
second dimension have the highest positive values more than one. Also, there is a
similarity between France, Italy and Germany which are located in the first dimension

in terms of all variables used in this combination.

According to MDS analysis results shown in Table 2.20 and Figure 2.9,

countries grouping can be as follows:

Group 1: France, Germany, Great Britain, Italy, Norway, Spain and Turkey.

Group 2: Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,

Hungary, Netherlands, Slovakia and Slovenia.
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2.5.3. A comparison between two analysis methods

After we grouped Turkey and European Union countries by using two grouping

methods which are cluster analysis and MDS analysis, it is time to conduct a discussion

to evaluate the analysis results from two methods used.

cluster analysis and MDS analysis.

Table 2.21 shows all the results obtained from countries’ grouping by using

Table 2.21: The Analysis Results of All variables Combinations

No Variables Cluster analysis MDS analysis
combination
1 2 1 2
Austria,
All other 16 Spain, Slovakia, Belgium,
1 | x1,x2,y1,y2 | Czech Republic countries Slovenia, Croatia, Czech
Turkey, Republic,
Norway, Finland, France,
Netherlands Great Britain,
Hungary, Italy
Austria, Finland, France, France, Spain, Austria,
Belgium, Germany, Italy, Slovakia, Belgium,
Croatia, Czech Norway, Spain, Slovenia, Croatia, Czech
2 | x1,x2,y1,y2, Republic, Turkey Turkey, Republic,
SA Denmark, Great Norway, Denmark,
Britain, Netherlands, Finland,
Hungary, Great Britain Hungary, Italy
Netherlands,
Slovakia,
Slovenia
Awustria, France, Netherlands, Austria,
Belgium, Germany, Great Norway, Belgium,
3 | x1,x2,y1,y2, | Croatia, Czech Britain, Italy, Slovakia, Croatia, Czech
TP Republic, Spain, Turkey | Slovenia, Spain, Republic,
Denmark, Turkey. Denmark,
Finland, Finland, France,
Hungary, Great Britain,
Netherlands, Hungary, Italy
Norway,
Slovakia,
Slovenia
Austria,
Belgium, Norway,
Croatia, Czech Slovakia,
Republic, Slovenia, Spain,
4 | x1,x2,y1,y2, All countries Hungary Denmark, Turkey
GDP except Hungary Finland, France,
Hungary,
Netherlands,
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Great Britain,
Italy
Austria,
Norway, Belgium,
5 | x1,x2,y1,y2, All countries Czech Republic Slovakia, Croatia, Czech
GNI except Czech Slovenia, Spain, Republic,
Republic Turkey Hungary,
Denmark,
Finland, Italy,
France, Great
Britain
Austria, Netherlands,
Belgium, Norway,
x1, X2, y1,y2, All countries Hungary Croatia, Czech Slovakia,
GDP, GNI except Hungary Republic, Slovenia, Spain,
Denmark, Turkey
Finland, France,
Hungary, Great
Britain, Italy
Austria, Finland, Italy,
Belgium, Netherlands,
x1, X2, y1,y2, All countries Hungary Croatia, Czech Norway,
GDP, GNI, except Hungary Republic, Slovakia,
PD Denmark, Slovenia, Spain,
France, Great Turkey
Britain, Hungary
France, Great Awustria,
Britain, Belgium,
x1, X2, y1,y2, Hungary All countries Netherlands, Croatia, Czech
GDP, GNI, except Hungary Norway, Republic,
PD, SA Slovakia, Denmark,
Slovenia, Spain, Finland,
Turkey Germany, Italy,
Hungary
Austria, Austria,
Belgium, France, Belgium,
x1, X2, y1,y2, France, Croatia, Czech Germany, Great | Croatia, Czech
GDP, GNI, Germany, Great Republic, Britain, Italy, Republic,
PD, SA, TP Britain, Spain, Denmark, Norway, Spain, Denmark,
Turkey Finland, Turkey Finland,
Hungary, Netherlands,
Netherlands, Slovakia,
Norway, Slovenia
Slovakia,
Slovenia
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From Table 2.21, it can be noticed that;

e MDS analysis provided an accurate grouping results than cluster
analysis, i.e. approximately all MDS analysis results have equally
divided countries into two groups.

e The accurate grouping results of using cluster analysis can be found in
variables combinations no 2, 3 and9.

e Incluster analysis, variables combinations no (2, 3 and 9) have different
country clusters, whereas variables combinations no (1 and 5) and (4,
6, 7 and 8) have the same country clusters.

e In MDS analysis, Turkey is located in a group contains eight countries
in variables combinations no 2, 7 and8. It is also in a group contains
seven countries when we used variables combination no 9. It is also in
a group contains six countries when we used variables combinations no
1, 3 and 6. Also, it is in a group contains five countries when we used
variables combinations no 4 and 5.

e In MDS analysis, when we used variables combinations no 2 and 8, we
gained the same grouping results. Also, we gained the same grouping

results, when we used variables combinations no 4 and 5.

2.6. RESULTS AND DISCUSSION
Each country has its own characteristics which might be similar or dissimilar
to other countries’ characteristics. Grouping countries according to similarity helps in

studying and analysing these countries from different aspects and perspectives.

In this chapter, we aimed to group Turkey and the European Union countries
according to asphalt pavement application by using different variables combinations
consist of all asphalt variables which are (number of countries in asphalt industry, total
of bitumen consumption, total production of asphalt, total length of motorways and
main roads) and some economic indicators of (population density, surface area, total
population, GDP and GNI). To achieve the objectives from this chapter, we preferred

to use two methods of clustering which were cluster analysis and MDS analysis
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(Yenilmez and Girginer, 2016; Girginer, 2016; Akkucuk, 2011). Afterwards, we made
a comparison between the analysis results of two methods.

The overall results of this chapter can be summarized into the following points:

e The maximum number of variables used to analyse data was nine
variables which is more than the number of variables used by (Girginer,
2013) study, and less than the number of variables used in (Akkucuk,
2011) study. Point the fact that, they both used cluster analysis and
MDS analysis in their studies.

e According to data availability, we were able to obtain the data of only
17 countries which are (Austria, Belgium, Croatia, Czech Republic,
Denmark, Finland, France, Germany, Great Britain, Hungary, Italy,
Netherlands, Norway, Slovakia, Slovenia, Spain and Turkey). Those
countries were classified into two groups by using cluster analysis and
MDS analysis.

e Analysing different variables combinations by using k-mean clustering
method gave the same grouping results by using variables combinations
no (1 and 5) and variables combinations no (4, 6, 7 and 8). Variables
combinations no (2, 3 and 9) gave different grouping results.

e Analysing different variables combinations by using MDS gave
different grouping results in each analysis alternatives. Except for
variables combinations (2 and 8) and for the variables combination no
(4 and 5) which gave the same grouping results.

e The grouping results of using MDS analysis tends to be more accurate
than the grouping results of using cluster analysis. i.e. The minimum
number of countries in one group was five countries by using MDS.
Whereas, when we used cluster analysis, the minimum number of

countries of one group was one country.

By using different variables combinations and two kinds of analysis, we were
be able to present a new model discussing the results of conducting country’s grouping
by focusing on asphalt pavement applications on road constructions such a model until

the present time had not been discussed in any research. We think this model will have
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a contribution to the literature and might be considered as a reference for further

researches regarding the asphalt pavement applications.

On the other hand, we can point out some limitations of this chapter. First,
studying Turkey’s position regarding asphalt pavements by comparing it with other
European Union countries needs gathering data of all 28 EU countries, in this study
we obtained only the data of 16 EU countries. Second, in this chapter we considered
two methods of clustering, other clustering methods might be more accurate. Thus,
analysing the same data by using other clustering methods might be considered in

further researches.
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CHAPTER 3

THE ASPHALT EFFICIENCY AND COST EFFICIENCY ANALYSIS

3.1. INTRODUCTION

This chapter is considered a pivotal chapter in this research study. In chapter 2,
we started our analysis by grouping Turkey and EU countries in terms of asphalt
pavement applications in those countries. We suggested the use of different variables
combinations consist of all asphalt variables and different economic indicators by
using two methods of clustering which were cluster analysis and multidimensional

scaling analysis.

In this chapter, we proceeded to do a further analysis by using results obtained
from chapter 2. Hence, we continued our analysis by using only one cluster. We
preferred to select the group according to analysis results of MDS analysis since it
provided us with a convenient grouping. By focusing on the groups that contain Turkey
as one of their entities. We preferred to select the analysis results of MDS analysis for
variable combinations 2 and 8 (see chapter 2...). The group consists of France, Great

Britain, Netherlands, Norway, Slovakia, Slovenia, Spain and Turkey.

The aim of this chapter is to analyse the asphalt efficiency and cost efficiency
for selected cluster. At first, we suggested three scenarios of input and output variables.
Then, we used data envelopment analysis models (CCR and BCC) in analysing asphalt
efficiency. After that, we conducted a cost efficiency analysis for each country

according to three scenarios.

3.2. LITERATURE REVIEW

By doing a literature scanning regarding the asphalt efficiency and cost
efficiency, it can be noticed that measuring and evaluating the asphalt efficiency have
been addressed from different perspectives. A few researches investigated the
efficiency of different asphalt types and mixtures by using DEA technique such as (Li
et al, 2013). They utilized data envelopment analysis (DEA) to assess the performance

of three Warm Mix Asphalt (WMA) materials as contrasted with hot mix asphalt. They
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compared and analysed the dynamic modulus of these mixtures by performing an
assessment of the overall effects of these mixtures on environmental emissions. In
order to do so, they utilized the Pavement Life-cycle Assessment Tool for
Environmental and Economic Effects (PaLATE). Thereby, they chose Economic
output in terms of unit cost and environmental outputs including energy consumption
and gaseous emissions as inputs and outputs variables for DEA. As a result of using
DEA, they become able to identify the efficiency scores for each mixture which in turn
helped in selecting the best satisfactory mix. They proposed that the suggested

framework might aid the highway agencies in assessing and benchmarking WMA.

Most of the researches done in this area have considered efficiency assessments
of highways maintenance operations. Fallah-Fini et al (2015) introduced a dynamic
efficiency estimation model to assess the exhibition or performance of highway
maintenance policies. The inputs and outputs variables suggested for this model were
mainly concentrated on maintenance budget (for inputs) and improvements in road
condition (for outputs). They assemble a miniaturized scale portrayal of asphalt
impairment and reestablishment procedures and study the effect of the allocation of
maintenance budgets over time. They provided efficiency estimates to differentiate the
budget allocations to real ones. Also, they applied an experimental dataset of asphalt
condition and maintenance expenditure throughout the years 2002-2008 comparing to
seventeen miles of interstate roadways that lay in one of the regions in the province of
Virginia, USA. According to results of their assessments, they suggested that highway
specialists should give higher priorities to preventive maintenance than corrective
maintenance. They arrived to a conclusion that by applying preventive maintenance,
the highway specialists can adequately diminish the requirement for future corrective

maintenance with a low cost.

Ozdek et al (2010) presented the efficiency estimation structure or framework
and explicitly gave an overview of the data and modeling problems come across
Virginia Department of Transportation’s case for the maintenance of bridges in the
initial stages of implementing the framework. They designed this framework to
consider the impacts of environmental factors such as; climate, location and etc. and

operational factors such as; traffic, load and etc. on overall efficiency.
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Rouse and Chiu (2009) concentrated on domestic street features of the
roadways systems. The aim of their study was to evaluate how, efficiently, effectively
and economically the 73 Territorial Local Authorities (TLAS) in New Zealand have
maintained their respective domestic street. They joined measures of quality, quantity
and cost with nondiscretionary measures of environmental factors. In their study, they
utilized all these measures in Data Envelopment Analysis to assess each TLA's
performance regarding efficiency, effectiveness and economy. Their investigation
results demonstrated that, TLAs that have superior performance on each of the three
estimates gave a best practice sign of the ideal maintenance activity mix to be adopted.
In addition, the best practice blend or mix of expenditure was 59% routine

maintenance, 27% resealing and 14% recovery or rehabilitation.

Kazakov et al (1989) is another study done in measuring the highway
maintenance patrol efficiency. They introduced a framework to assess the efficiency
of a group of highway maintenance patrols. They used data envelopment analysis
(DEA) method to structure Ontario model. Their investigation focused mainly on the
inputs and outputs variables that were suitable for use in assessing maintenance

patrols.

Moreover, measuring highway efficiency in general has been considered in
some studies. Sarmento et al (2017) assessed the efficiency of seven roadways projects
in Portugal over the previous decade by using Data Envelopment Analysis and the
Malmgquist productivity and efficiency indices. They utilized and compared two types
of efficiency which are technical and technological efficiency and they noticed that
most roadways face a decrease after some time in the two types of efficiency. Also,
they pointed that this decrease was for the most part because of an expansion in
operating and maintenance costs, follow up investments and a decrease in traffic. A
few roadways just encountered a decrease in technological efficiency after a reduction
in traffic. Also, by controlling for scale efficiencies, they found an absence of
unadulterated technical efficiency in roadways because it is not subject to competitive
environment, which in turn led to an absence of motivators for better management. In
addition, they pointed that the economic crisis in Portugal have diminished traffic that

farther adds to inefficiency.
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Fu et al (2013) utilized (CCR and BBC) models of Data Envelopment Analysis
to make an experimental investigation of the efficiency of China's roadways systems
separately regarding freight and passenger transport. The consequence of this
investigation uncovered that 64.5% of provincial roadways systems show diminishing
returns to scale. The non-parametric test demonstrated that there was no noteworthy
contrast in regional management levels and that 45% of provincial roadways systems
were inefficient in their management levels. Furthermore, they directed a super

efficiency examination to rank the efficiency of roadway systems.

As result of this literature scanning, it can be noticed that there has been a lack
of attention for measuring asphalt cost efficiency. Also that, most of the researches
done in this area concentrated on measuring the efficiency of highways and highways

maintenance.

3.3. RESEARCH OBJECTIVE

The main objective of this chapter is to analyse asphalt efficiency? and cost
efficiency® for the second country cluster consists of (France, Great Britain,
Netherlands, Norway, Slovakia, Slovenia, Spain and Turkey). Under this major aim,

there are sub aims can be summarized as follows:

e Determining input and output variables related to asphalt pavement
applications and gathering data related to those variables.

e Analysing asphalt efficiency according to different scenarios of input and
output variables by using two models of output-oriented Data Envelopment
Analysis (CCR and BCC) and presenting analysis results and discussion.

e Calculating the potential improvement values for inefficient countries in the
two models and according to different scenarios.

e Analyzing asphalt cost efficiency by using cost variables data related to road
transport infrastructure.

e Calculating asphalt cost efficiency ratios by dividing efficiency ratio for each

country by cost ratio for each country.

2 Efficiency is the proportion of outputs to inputs.
3 Cost efficiency refers to the act of saving money by preforming activities in a better way.
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e Ranking countries according to results of cost efficiency ratios and presenting

results and discussion.

3.4. METHODOLOGY

In order to achieve this chapter objectives, we need to conduct a brief
discussion about the methods that will be used in the data analysis. First of all, we need
to clarify some of concepts that are usually used interchangeable such as performance,

productivity, efficiency and effectiveness.

The proportion of outputs to inputs is usually used to mean both efficiency and
productivity. while performance is viewed as a more extensive term consolidating
efficiency and productivity in generally speaking accomplishment (Adam and Ebert,
1986). Productivity can be defined by the amount individuals, firm, or nations produce
(i.e. outputs) depends on the amount of input and the efficiency with which those
inputs are transformed into the desired output. The proportion of output to input is
considered a measure used to calculate the relative efficiency of the process which is
often referred to as productivity (Dilworth, 1989). Productivity can be measured using
total item basis or on a partial item basis. Total item productivity is the proportion of

outputs to overall items of inputs:
3.1

Outputs

Productivity = - -
Labour+Capital+Material+Energy

If the proportion of outputs was to one, two, or three of the inputs (such as;
materials or labour or any other input), in this case it becomes a partial item basis to

measure the productivity (Adam and Ebert, 1986).

On the other hand, the difference between effectiveness and efficiency is that
the effectiveness is acquiring the wanted outcomes; outcomes might be the amount of
output or the recognized quality or both. While, the efficiency is acquiring the specific
output with the least use of inputs. Nevertheless, the firms face different obstacles
regarding the quality of products and customer satisfaction, so productivity measures
can be adjusted to catch and deal with different issues that any firm might face. In
some cases, the firms might express the productivity as follows;
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Effectiveness Value to customer 3.2

Productivity =

Effeciency cost to producer

Where effectiveness is doing the correct or right things, and efficiency is doing
things correctly or right (Chase and Aquilano, 1992).

Before conducting our methodology discussion, we also need to distinguish
between three important sorts of efficiency which are; The technical efficiency,

Allocative efficiency and Economic efficiency.

Koopmans (1951) described the technical efficiency as a circumstance in
which it is considered difficult to deliver a greater amount of any output without
manufacturing less of some other output or even utilizing a greater amount of some
input. While the technical efficiency has to do with how well the firm figured out how
to utilize their inputs to obtained outputs, allocative efficiency estimates the firm’s
capability to get the highest profit under the current market prices for both inputs and
outputs. On the other hand, the economic or cost efficiency contains the technical and
allocative efficiency. Which demonstrates the negative affect on cost efficiency, if one
of these two sorts of efficiency were low. Hence, so as to acquire the economic
efficiency both the allocative and technical efficiencies should be at solidarity and the
lower these two ratios are the lower the economic efficiency would be (Dobrowsky,
2013).

In the upcoming sections of research methodology, we will discuss the Data
Envelopment analysis as a technique used to measure the efficiency. After that, we

will discuss the methodology used for cost efficiency analysis.

3.4.1. Data Envelopment Analysis

Data Envelopment Analysis (DEA) is considered a new approach for assessing
the performance of a set of structures generally refers to as Decision Making Units
(DMUs) which convert different contributions to various yields. The meaning of a
DMU is nonexclusive and adaptable. The late years have witnessed an incredible
assortment of utilizing DEA for assessing the exhibitions of numerous sorts of

elements occupied with a wide range of tasks in various settings in a wide range of
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nations. For example, the DEA applications have utilized DMUs of different
structures to assess the performance, those structures can be countries, firms, banks
and etc (Cooper et al, 2011).

The initial presentation of data envelopment analysis as nonparametric
technique to measure the productive efficiency for DMUs was by Charnes, cooper and
Rhodes in (1978). This model depended on the supposition of constant return to scale
until it was changed by Banker et al (1984). The new supposition developed by Banker
et al (1984) dependent on variable return to scale. Both DEA models have led to the
existence of input and output oriented models (Koc¢iSova, 2016). The input-oriented
model concerns with reducing or minimizing inputs for an ideal degree of output to be
accomplished, and output-oriented model concerns with increasing or maximizing the
outputs while input is kept at a fixed level. Both the input and output oriented models
simply look for increasing the outputs, decreasing the inputs and thereby achieving the

efficiency (Rajasekar and Deo, 2014).

In DEA models, we assess n productive units or Decision-Making Units
(DMUs), where each one of DMUs takes m different inputs to produce s different
outputs. DEA models is used to measure the efficiency of productive unit DMU,
which depends on maximizing its efficiency rate. Point the fact that, this case is subject
to the condition that the efficiency rate of any other units in the population must not
be greater than 1. The models must include all characteristics considered, i.e. the
weights of all inputs and outputs must be greater than zero. This model can be

characterized as a linear divisive programming model (Vincova, 2005):

maximize LitiYig 3.3
2jviXjq
) .
subject to Litidig 1 k=12,..,n
2jvjXjq
u; =€ i=12,..,s
v; 2€ j=12,..,m

The suggested model can be transformed into a linear programming model 3.4

and expressed in a matrix form:
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. . T
maximize z=u'Y
a 3.4

subject to vTX, =1

Model 3.4 is usually called the primary CCR model (Charnes, Cooper,
Rhodes). The dual model to this can be presented as follows:

minimize f=0-—€(efst +els7) 35
subject to YA-sT =Y,

XA+ s~ =0X,

Ast,sT=0

where 1 = (A4,1,,...,4,),4 = 0 refers to a vector assigned to individual
productive units or DMUs, s+ and s— are vectors of addition input and output variables,
e = (1,1,...,1) and € is a constant* greater than zero, which is normally pitched at
107° or 107%. In evaluating the efficiency of unit DMU,, model (3.5) seeks a virtual
unit characterised by inputs XA and outputs YA, which are a linear combination of
inputs and outputs of other units of the population and which are better that the inputs
and outputs of unit DMU, which is being evaluated. For inputs of the virtual unit XA <
Xq and for outputs YA = Y,. Unit DMU, is rated efficient if no virtual unit with
requested traits exists or if the virtual unit is identical with the unit evaluated, i.e. XA =
Xqand YA = Y,.

If unit DMU is CCR efficient, then:

- the value of variable @ is zero,

4 Economic reasoning: for any amount of output, at least a minimum quantity of every input should
be utilized. If any of the inputs equals zero, the total output is zero as well.
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- the values of all additional variables s+ and s— equal zero.

Consequently, unit DMU, is CCR efficient if the optimum value of the model
(3.5) objective function equals one. Otherwise, the unit is inefficient. The optimum
value of the objective function f* marks the efficiency rate of the unit concerned. The
lower the rate, the less efficient the unit is compared to the rest of the population. In
inefficient units @ is less than one. This value shows the need for a proportional
reduction of inputs for unit DMU, to become efficient. The advantage of the DEA
model is that it advises how the unit evaluated should mend its behaviour to reach
efficiency.

Models (3.4) and (3.5) are input-oriented — they try to find out how to improve
the input characteristics of the unit concerned for it to become efficient. There are

output oriented models as well. Such a model could be written as follows:

maximize g=0—-€(eTst+els™)
3.6
subject to YA—sT =0y,
XA+s™ =X

q
A st,s >0

This model can be interpreted as follows: unit DMU,, is CCR efficient if the
optimal value of the objective function in model (3.6) equals one, g* = 1. If the value
of the function is greater than one, the unit is inefficient. The variable @ indicates the
need for increased output to achieve efficiency. For the optimal solution to the CCR

model, the values of objective functions should be inverted, i.e. f* = 1/g".

Models (3.4), (3.5) and (3.6) assume constant returns to scale®. Nevertheless,
in efficiency analysis, variable returns to scale can be considered as well. In that case,
models (3.5) and (3.6) need to be rewritten to include a condition of convexity e”A =

1. Then, they are adjusted to be BCC (Banker, Charnes, Cooper) models.

The purpose of DEA analysis is not just to define the efficiency rate of DMUSs,

but also to identify the target or the potential improvement values for inputs X', and

> A double increase in inputs leads to a double increase in outputs is usually refers to constant
return to scale.

79



outputs Y’ for an inefficient unit. These values might help the inefficient units to

become efficient. Target or potential improvement values can be calculated as follows:

1. by means of productive unit or DMU vectors:
X, =X
Y, =Y

where A* is referred to the vector of optimal variable values.

2. by means of the efficiency rate and values of additional
variables s— and s+:
input-oriented CCR model:
Xq=6X,—s" Y=Y, +s*
output-oriented CCR model:
Xqg=Xg—s" Y= 0Y,+s*

where 6 is the efficiency rate in the input-oriented model and @ is the

efficiency rate in the output-oriented model.

3.4.2. Cost Efficiency Analysis

In order to achieve the other objective of this chapter, which is analysing cost
efficiency of asphalt pavement, we need to give a brief discussion about method that
we used in analysis. We followed steps presented below in order to perform cost

efficiency analysis for asphalt.

1. Step 1: calculate cost ratio for each country

To calculate cost ratio for each country (i), we used this formula:

cost value of (i) 3.7

cost ratio for (i) =
for () total cost

where i = country or DMU,i = France, Great Britain, ..., Turkey
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2. Step 2: calculate cost efficiency for each country
In order to calculate cost efficiency for each country, we used this
formula:
.. . . 3.8
cost ef ficiency ratio for country (i)

cost ratio for country (i)

~ efficiency score for country (i)

According to equation (3.8), we can calculate cost efficiency ratio for
each country by dividing cost ratio for country (i) —calculated in step 1- by
efficiency score —efficiency scores results obtained from using two model of
output oriented DEA (CCR and BCC)- for country (i).

3. Step 3: rank countries

After calculating cost efficiency ratios for each country, we can rank
countries according to results of cost efficiency ratios. The country has the
lowest cost efficiency ratio, it will be ranked by number 1, which indicates that
if the efficiency for this country increases by one unit, the increase in cost will
be by the same amount of cost efficiency ratio. Because, this country has the
lowest increase in cost.

In section 5, we discussed the applications of two methods of analysis

presented in this section.

3.5.THE ASPHALT EFFICIENCY AND COST EFFICIENCY ANALYSIS

In this part of our study, we considered analysing asphalt efficiency by using

Data Envelopment Analysis. After that by using cost efficiency analysis, we were be

able to calculate asphalt cost efficiency ratios for selected country cluster.

In order to perform the two methods of analysis, we preferred to used variables

related to asphalt application so that we can analyse asphalt efficiency and cost

efficiency for country. Table 3.1 shows all variables used in calculating efficiency

scores and cost efficiency ratios and source of data. Table 3.2 on the other hand, shows

the data of asphalt input and output variables for 2016 dataset. The reason for choosing
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these variables shown in Table 3.1 is that in order to evaluate asphalt efficiency for
any country, we need to know about inputs and outputs used in asphalt pavement
process so that we can calculate efficiency scores for each country according asphalt

data provided by each country.

Table 3.1: Variables Used in Asphalt Efficiency and Cost Efficiency Analysis

Variables Symbols Source Of Data

Cost variables:

e Road infrastructure investment RIIS OECD.stat database
spending (in million €)
e Road infrastructure maintenance RIMS OECD.stat

spending (in million €)

Inputs variables:

e Number of companies in asphalt X1 EAPA
industry (production and laying)
¢ Total of bitumen consumption (in X2 EAPA

million tonnes)
Outputs variables:

e Total production of asphalt (in Y1 EAPA
million tonnes)

e Total length of motorways and Y2 Eurostat and Statista
main roads (km) database

Table 3.2: Data of Inputs and Outputs Variables

Countries (DMUs) Inputs variables Outputs variables

y2
1. France 30 2.50 33.6 11612
2. Great Britain 19 1.295 22.0 52874.33
3. Netherlands 17 0.29 8.2 5355
4. Norway 13 0.38 7.2 11087
5. Slovakia 2 0.10 1.9 4353
6. Slovenia 13 0.08 1.6 6225.2
7. Spain 125 0.60 13.1 30390
8. Turkey 312 2.93 40.4 33648

However, the input oriented is considered less relevant in estimation the
capacity utilization not so like output-oriented models, in our analysis we considered
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the output-oriented models to achieve analysis objectives. In another word, we
preferred to use output-oriented models to measure asphalt efficiency.

The framework of research analysis was designed as follows: At first, we
analysed the asphalt efficiency by using inputs and outputs data related to selected
country cluster. In this analysis we used both (CCR) and (BCC) models of Data
Envelopment Analysis to define the efficient and inefficient countries in the scope of
asphalt pavements. Then, we calculated the cost ratio for each country, after that we
divided the results obtained from calculating cost ratio for each country by efficiency
scores for each country obtained from using DEA models so that we can get cost
efficiency ratio for each country. In upcoming sections, we provided a detailed
presentation and discussion about using DEA models for measuring asphalt efficiency

and how to calculate cost efficiency ratios for each country.

3.5.1. Efficiency analysis (DEA)

In this section, we presented different scenarios to analyse the asphalt
efficiency for DMUSs, at the first we used (x1 and x2) as input variables and (y1 and
y2) as output variables. Then, in the second scenario we used (x1 and x2) as an input
variable and (y1) as an output variable. In the third scenario, we used (x1 and x2) as
inputs variables along with (y2) as an output variable. In each scenario, we evaluated
DMUs performance in asphalt pavements by using output-oriented models of DEA, in
each scenario we preferred to use (CCR) and (BCC) models of DEA. We can present
those scenarios as follows:

Scenario 1 x1, X2, y1,y2
Scenario 2 x1, x2,y1
Scenario 3 x1,x2,y2
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3.5.1.1. Scenario 1
In this scenario, we used (x1 and x2) as input variables and (y1 and y2) as

output variables. Table 3.3 shows the efficiency scores and reference frequencies for

eight countries.

Table 3.3: The Efficiency Scores and Reference Frequencies For DMUs (CCR)

DMUs Efficiency Efficiency status Reference
scores frequencies
Slovakia 100 Efficient 1
Slovenia 100 Efficient 3
Great Britain 100 Efficient 1
Netherlands 100 Efficient 3
France 96.73 Not Efficient 0
Spain 93.66 Not Efficient 0
Norway 84.68 Not Efficient 0
Turkey 49.88 Not Efficient 0

As shown in Table 3.3, when we used (CCR) model, Slovakia, Slovenia, Great

Britain and Netherlands were efficient by 100%. The efficiency score for France was
96.73%, for Spain was 93.66% and for Norway was 84.68%. Turkey on the other hand,
had the least efficiency of 49.88%.

For inefficient DMUs -with efficiency score below 100%- potential

improvement values were calculated. Table 3.4 shows the potential improvement

values of inefficient countries by using (CCR) mode.

Table 3.4: The Potential Improvement Values for Inefficient Countries (CCR)

DMUs | variables | Actual | Target | Potential Peer
values |values |improvement | references
values (%)
France input | X1 | 30.00 30.00 00.00 Great Britain
X2 [ 250 2.04 -18.21
output | Y1 | 33.60 34.74 03.38
Y2 | 11612.00 | 83485.78 | 618.96
Spain input | X1 | 125.00 72.57 -41.94 Netherlands
X2 | 0.60 0.60 00.00 Slovenia
output | Y1 | 13.10 13.99 06.76
Y2 | 30390.00 | 32445.68 | 06.76
Norway input | X1 | 13.00 13.00 00.00 Netherlands
X2 | 0.38 0.38 00.00 Slovakia
output | Y1 | 7.20 8.50 18.09 Slovenia
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Y2 | 11087.00 | 13092.49 | 18.09
Turkey |input | X1 | 312.00 195.12 -37.46 Netherlands
X2 293 2.93 00.00 Slovenia
output | Y1 | 40.40 80.99 100.46
Y2 | 33648.00 | 67451.76 | 100.46

According to Table 3.4, in order to reach efficiency level, France has to

increase its outputs by 3.38% for y1 and 618.96% for y2 and to decrease its input by

18.21% for x2; Spain has to increase its outputs by 6.76% for y1 and y2 and to decrease

its input by 41.94%; Norway has to increase its outputs by 18.09% for y1 and y2;

whereas Turkey has to increase its outputs by %100.46 for y1 and y2 and to decrease
its input by %37.46 for x1.

Now, we can see the results of output-oriented model by using (BCC) mode.

Table 3.5 shows the efficiency scores of DMUs and Table 3.6 shows the potential

improvement values of inefficient DMUS.

Table 3.5: The Efficiency Scores And Reference Frequencies For DMUs (BCC)

DMUs Efficiency scores | Efficiency status Reference
frequencies
Slovakia 100 Efficient 1
Slovenia 100 Efficient 1
Netherlands 100 Efficient 1
Spain 100 Efficient 0
Great Britain 100 Efficient 1
Turkey 100 Efficient 0
France 100 Efficient 0
Norway 49.88 Not Efficient 0

As shown in Table 3.5, all countries were efficient excepts Norway with

efficiency score of only %49.88.

Table 3.6: The Potential Improvement Values Of Inefficient Countries (BCC)

DMUs variables Actual Target Potential Peer
values values improvement | references
values (%)
Norway input | X1 | 13.00 13.00 00.00 Great
X2 |0.38 0.38 00.00 Britain
output | Y1 | 7.20 8.16 13.40 Netherlands
Y2 | 11087.00 | 12572.21 | 13.40 Slovakia
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According to Table 3.6, Norway has to increase its outputs by 13.40% of y1
and y2 in order to reach efficiency level by taking Great Britain, Netherland, Slovakia

and Slovenia as references.

3.5.1.2. Scenario 2
In scenario 2, we used (x1 and x2) as an input variables and (y1) as an output
variable. Table 3.7 shows the efficiency scores and reference frequencies for DMUSs.

Table 3.7: The Efficiency Scores and Reference Frequencies for DMUs (CCR)

DMUs Efficiency scores | Efficiency status Reference

frequencies
Slovakia 100 Efficient 1
Great Britain 100 Efficient 1
Netherlands 100 Efficient 4
France 96.73 Not Efficient 0
Norway 84.54 Not Efficient 0
Spain 77.22 Not Efficient 0
Slovenia 70.73 Not Efficient 0
Turkey 48.76 Not Efficient 0

According to (CCR) model results shown in Table 3.7, the efficiency scores
for Slovakia, Great Britain and Netherlands were 100%. Efficiency score for France
was 96.735%, for Norway was 84.54%, for Spain was 77.22%, for Slovenia was
70.73% and Turkey had the least efficiency score of 48.76%.

Moreover, we were be able to calculate the potential improvement values for
inefficient DMUs which had efficiency scores below 100%. Table 3.8 shows the
potential improvement values of inefficient countries by using output-oriented model
of (CCR).

Table 3.8: The Potential Improvement Values for Inefficient Countries (CCR)

DMUs variables Actual Target | Potential Peer
values values improvement | references
values (%)
France input | X1 |30.00 30.00 00.00
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X2 [ 250 2.04 -18.53 Great
output | Y1 | 33.60 34.74 03.38 Britain
Norway input | X1 | 13.00 13.00 00.00 Netherlands
X2 [0.38 0.38 00.00 Slovakia
output | Y1 | 7.20 8.52 18.29
Spain input | X1 | 125.00 35.17 -71.86 Netherlands
X2 | 0.60 0.60 00.00
output | Y1 | 13.10 16.97 29.51
Slovenia input | X1 | 13.00 4.69 -63.93 Netherlands
X2 |0.08 0.08 00.00
output | Y1 | 1.60 2.26 41.38
Turkey input | X1 | 312.00 171.76 -44.95 Netherlands
X2 [2.93 2.93 00.00
output | Y1 |40.40 82.85 105.07

According to Table 3.8, in order to reach efficiency level, France has to

increase y1 by 3.38% and decrease x2 by 18.53%; Norway has to only increase y1 by
18.29%; Spain has to increase y2 by 29.51% and decrease x1 by 71.86%; Slovenia has

to increase y1 by 41.38% and decrease x1 by 63.93% and Turkey has to increase y1
by 105.07% and decrease x1 by 44.95%.

Furthermore, the result of using (BCC) model of DEA are shown in Table 3.9
and Table 5.10. Table 5.9 shows the efficiency scores of DMUs and Table 3.10 shows

the potential improvement values of inefficient countries.

Table 3.9: The Efficiency Scores And Reference Frequencies For DMUs (BCC)

DMUs Efficiency scores | Efficiency status Reference
frequencies
Slovenia 100 Efficient 0
Slovakia 100 Efficient 1
Netherlands 100 Efficient 1
Spain 100 Efficient 0
Turkey 100 Efficient 0
France 100 Efficient 0
Great Britain 100 Efficient 1
Norway 85.81 Not Efficient 0

As shown in Table 3.9, efficiency scores for all countries were 100% except

Norway. The efficiency score for Norway were 85.81% but it might reach the

efficiency level, if it increases y1 by 16.53% as shown in Table 3.10.
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Table 3.10: The Potential Improvement Values for Inefficient Countries (BCC)

DMUs variables Actual Target Potential Peer
values values improvement | references
values (%)
Norway input | X1 |13.00 13.00 00.00 Great
X2 ]0.38 0.38 00.00 Britain
output | Y1 [ 7.20 8.39 16.53 Netherlands
Slovakia

3.5.1.3. Scenario 3

In this scenario, we used (x1 and x2) as an input variable and (y2) as an output

variable. Table 3.11 shows the efficiency scores and reference frequencies for DMUS.

Table 3.11: The Efficiency Scores And Reference Frequencies For DMUs (CCR)

DMUs Efficiency scores | Efficiency status Reference

frequencies
Slovakia 100 Efficient 3
Slovenia 100 Efficient 4
Great Britain 100 Efficient 1
Spain 65.09 Not Efficient 0
Norway 62.14 Not Efficient 0
Netherlands 34.96 Not Efficient 0
Turkey 17.85 Not Efficient 0
France 13.91 Not Efficient 0

According to (CCR) model results, the efficiency scores for Slovakia, Slovenia

and Great Britain were 100%. The efficiency score for Spain was 65.09% and for

Norway was 62.14%. Netherlands, Turkey and France had the least efficiency scores.

For DMUs having efficiency scores below 100%, potential improvement

values were calculated. Table 3.12 shows the potential improvement values for

inefficient DMUs.

Table 3.12: The Potential Improvement Values for Inefficient Countries (CCR)

DMUs variables Actual Target Potential Peer
values values improvement | references
values (%)
Spain input | X1 | 125.00 97.50 -22.00 Slovenia
X2 | 0.60 0.60 00.00
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output | Y2 | 30390.00 | 46689.00 | 53.63
Norway input | X1 | 13.00 13.00 00.00 Slovakia
X2 |0.38 0.38 00.00 Slovenia
output | Y2 | 11087.00 | 17840.62 | 60.91
Netherlands | input | X1 | 17.00 17.00 00.00 Slovakia
X2 10.29 0.29 00.00 Slovenia
output | Y2 | 5355.00 | 15318.38 | 186.06
Turkey input | X1 | 312.00 312.00 00.00 Slovakia
X2 |2.93 2.93 00.00 Slovenia
output | Y2 | 33648.00 | 188510.05 | 460.24
France input | X1 | 30.00 30.00 00.00 Great
X2 | 2.50 2.04 -18.53 Britain
output | Y2 | 11612.00 | 83485.78 | 618.96

As shown in Table 3.12, to be able to reach efficiency level, Spain has to

increase y2 by 53.63% and decrease x1 by 22%; Norway has to only increase y2 by

60.91%; Netherlands has to only increase y2 by 186.06%; Turkey has to increase its

output y2 (Total length of motorways and main roads) by %460.42 and France has to
increase y2 by 618.96% and decrease x2 by 18.53%.

Moreover, by using output-oriented model of (BCC), we gained the results

presented in Table 3.13 and Table 3.14. Table 3.13 shows the efficiency scores and

reference frequencies for DMUs whereas Table 3.14 shows the potential improvement

values for inefficient DMUs.

Table 3.13: The Efficiency Scores and Reference Frequencies for DMUs (BCC)

DMUs Efficiency scores | Efficiency status Reference

frequencies
Slovakia 100 Efficient 1
Slovenia 100 Efficient 2
Spain 100 Efficient 1
Great Britain 100 Efficient 4
Turkey 63.64 Not Efficient 0
Norway 63.58 Not Efficient 0
Netherlands 37.10 Not Efficient 0
France 21.96 Not Efficient 0

From Table 3.13, we can notice that, the efficiency scores for Slovakia,

Slovenia, Spain and Great Britain were 100%. Whereas, the efficiency score for

Turkey was 63.64% and for Norway was 63.58%. Also, we can notice that Netherlands

and France had the least efficiency scores.
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Table 3.14: The Potential Improvement Values of Inefficient Countries (BCC)

DMUs variables Actual Target Potential Peer
values values improvement | references
values (%)
Turkey input | X1 | 312.00 19.00 -93.91 Great
X2 |2.93 1.29 -55.97 Britain
output | Y2 | 33648.00 | 52874.33 | 57.14
Norway input | X1 | 13.00 13.00 00.00 Great
X2 10.38 0.38 00.00 Britain
output | Y2 | 11087.00 | 17436.83 | 57.27 Slovakia
Slovenia
Netherlands | input | X1 | 17.00 17.00 00.00 Great
X2 10.29 0.29 00.00 Britain
output | Y2 | 5355.00 | 14432.66 | 169.52 Slovenia
Spain
France input | X1 | 30.00 19.00 -36.67 Great
X2 | 2.50 1.29 -48.40 Britain
output | Y2 | 11612.00 | 52874.33 | 355.34

According to Table 3.14, in order to reach efficiency level, Turkey has to

increase y2 by 57.14% and decrease both its inputs by 93.91% for x1 and by 55.97%
for x2; Norway has to increase only its output y2 by 57.27%; also Netherlands had to
increase its output by 169.52% and France has to increase its output by 355.34% and
decrease inputs by 36.67% for x1 and 48.40% for x2.

3.5.2. Cost Efficiency Analysis for DMUs
In this section, we performed a cost efficiency analysis to decide which country
operates with the least cost regarding asphalt pavement applications. In the previous
section we were be able to analyse and calculate efficiency scores for the European
countries located in the second group. Here at first, we will calculate the cost ratio for
each country or DMU by recalling cost variables previously pointed to in Table 3.1 we

can again show them as follows;

Road transportation
infrastructure investment spending Source of data: OECD
(RTHS) database, (schroten et al, 2019).
Road transportation

infrastructure maintenance spending
(RTIMS)
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By using the data of these two cost variables, we were be able to calculate the
total cost by summing the cost of RTIIS with the cost of RTIMS for each country
according to steps shown in the section 4.2. After that, we obtained total cost by

summing the cost values (Table 3.15). Table 3.15 shows the results of cost values of

summing the data of RTIIS with the data of RTIMS

Table 3.15: RTIIS & RTIMS data And Total Cost Results for DMUs

DMUs RTIIS (€) RTIMS (€) Cost values
France 9,257,455,833 2,430,850,000 11,688,305,833
Great Britain 8,559,910,856 2,504,103,065 11,064,013,921
Netherlands 7,700,000,000* 1,400,000,000* 9,100,000,000
Norway 3,427,529,136 1,900,000,000* 5,327,529,136
Slovakia 751,418,000 215,000,000 966,418,000
Slovenia 100,000,000 138,000,000 238,000,000
Spain 3,924,000,000 3,200,000,000* 7,124,000,000
Turkey 7,329,613,591 230,053,550 7,559,667,141

Total cost 53,067,934031

*source of data (schroten et al, 2019) study of “overview of transport infrastructure expenditures and

costs”.

Furthermore, by using the cost results shown in Table 3.15, we can recall

equation 3.7 to calculate the cost ratio for each country, which can be shown again as

follows:
) ) cost value of (i)
cost ratio for (i) =
total cost
where i = country or DMU,i = France, Great Britain, ..., Turkey

When we applied this equation on the cost results shown in Table 3.15, we can

get the cost ratio for each country (Table 3.16). Table 3.16 shows the results of cost

ratio that we needed to calculate cost efficiency ratios for each country.

Table 3.16: The Results of Cost Ratios For DMUs

DMUs Cost values (€) Cost ratio (%)
France 11,688,305,833 22.03
Great Britain 11,064,013,921 20.85
Netherlands 9,100,000,000 17.15
Norway 5,327,529,136 10.04
Slovakia 966,418,000 1.82
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Slovenia 238,000,000 0.45
Spain 7,124,000,000 13.42
Turkey 7,559,667,141 14.24
Total 53,067,934031 100

Thus, In order to calculate the asphalt cost efficiency for each DMU and to
define which country operates with the minimum cost related to its asphalt pavement
applications, at first we recalled the results of efficiency scores for each scenario that
had been previously calculated by using DEA models (i.e. for scenario 1 we needed to
recall (Table 3.3 and Table 3.5), For scenario 2 we recalled (Table 3.7 and Table (3.9),
for scenario 3 we recalled (Table 3.11 and Table 3.13). Then, we were be able to

calculate the cost efficiency for each country by recalling equation 3.8 shown below;

cost ratio for country (i)

cost ef ficiency ratio for country (i) =
11 Y U y (@ ef ficiency score for country (i)

Now, we can present the results of applying this equation and obtaining cost

efficiency ratios for the three scenarios.

3.5.2.1. Scenario 1

In analysing asphalt efficiency for DMUs, we used two models of DEA (CCR
and BCC) in order to get efficiency scores for each DMUs. In scenario 1, we used (x1
and x2) as input variables and (y1 and y2) as output variables to get efficiency scores
for each country. Our aim in this section is to calculate cost efficiency for DMUs. In
order to do so we needed to recall efficiency scores results of (CCR) model (Table 3.3)
and (BCC) model (Table 3.5) along with the results of cost ratios (Table 3.16) and by
implementing equation 3.2, we were be able to get the results of cost efficiency
analysis for scenario 1 as shown in Table 3.17;
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Table 3.17: The Results Of Cost Efficiency Analysis for Scenario 1

a b C d e
cost Efficiency | Efficiency Cost Cost
Country ratios | scores (%) | scores (%) | efficiency efficiency
(%) (CCR) (BCC) ratios and ratios and
ranking ranking
(CCR) (BCC)
d=a/b e=alc
France 22.03 96.73 100 22.77 (7) 22.03 (8)
Great Britain 20.85 100 100 20.85 (6) 20.85 (7)
Netherlands 17.15 100 100 17.15 (5) 17.15 (5)
Norway 10.04 84.68 49.88 11.85 (3) 20.12 (6)
Slovakia 1.82 100 100 1.82 (2) 1.82 (2)
Slovenia 0.45 100 100 0.45 (1) 0.45 (1)
Spain 13.42 93.66 100 14.32 (4) 13.42 (3)
Turkey 14.24 49.88 100 28.54 (8) 14.24 (4)

Table 3.17 shows the results of calculating the cost efficiency ratio for each
country. From Table 3.17, we can notice that Slovenia has the lowest cost efficiency
ratio in two models (CCR) and (BCC) which means that if the efficiency for Slovenia
increases by one unit, the cost related to it will increase by only 0.45% which is the
lowest increase in the cost. According to (CCR) model; if the efficiency for Turkey
increases by one unit, the cost related to it will then increase by 28.54% which is the
highest increase in the cost. Though, according to (BCC) model it was ranked no 4.
On the other hand, if the efficiency for France increases by one unit, the cost related
to it will increase by 22.03% which is the highest increase in the cost according to
(BCC) model.

3.5.2.2. Scenario 2
In this scenario we used (x1 and x2) as input variables and (yl) as output
variable to get efficiency scores by using (CCR) and (BCC) models. Here, we
calculated cost efficiency for each DMU. We needed to recall the efficiency scores
results of using (CCR) model (Table 3.7), and (BCC) model (Table 3.9) along with the
results of cost ratios (Table 3.16) and by implementing equation 3.2, we got the results

of cost efficiency analysis for scenario 2 as shown in Table 3.18.
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Table 3.18: The Results of Cost Efficiency Analysis for Scenario 2

a b c d e
cost | Efficiency | Efficiency Cost Cost
Country ratios | scores (%) | scores (%) | efficiency efficiency
(%) (CCR) (BCC) ratiosand | ratios and
order order
(CCR) (BCC)
d=a/b e=alc
France 22.03 96.73 100 22.77 (7) 22.03 (8)
Great Britain 20.85 100 100 20.85 (6) 20.85 (7)
Netherlands 17.15 100 100 17.15 (4) 17.15 (6)
Norway 10.04 84.54 85.81 11.87 (3) 11.70 (3)
Slovakia 1.82 100 100 1.82 (2) 1.82 (2)
Slovenia 0.45 70.73 100 0.63 (1) 0.45 (1)
Spain 13.42 77.22 100 17.37 (5) 13.42 (4)
Turkey 14.24 48.76 100 29.20 (8) 14.24 (5)

Table 3.18 shows the results of calculating the cost efficiency ratios for each
DMU. From Table 3.18, it can be noticed that Slovenia has the lowest cost, when we
applied equation 5.2 by using (CCR) and (BCC) models results. Hence, according to
cost efficiency analysis results of (CCR) model, if the efficiency for Slovenia increases
by one unit, the cost related to it will increase by 0.63% which is the lowest increase
in the cost in this model. Also, it can be noticed that according to (BCC) model results
for Slovenia, if the asphalt efficiency for Slovenia increases by one unit, the cost
related to it will increase by 0.45% which is the lowest increase in cost in this model.
On the other hand, if the efficiency for Turkey increases by one unit, the cost related
to it will then increase by 29.20% which is the highest increase in cost according to
(CCR) model. Moreover, if the efficiency for France increases by one unit, the cost
related to it will increase by 22.03% which is the highest increase in cost observed

when we used (BCC) model results in calculating cost efficiency ratios.

3.5.2.3. Scenario 3
In this scenario we used (x1 and x2) as input variables and (y2) as output
variable to get the efficiency scores for DMUs by using (CCR) and (BCC) models
results. In order to calculate cost efficiency ratios for DMUs, we needed to recall the
results of (CCR) model (Table 3.11) and (BCC) model (Table 3.13) along with the
results of cost ratio (Table 3.16) and by implementing equation 3.2, we got the results

of cost efficiency analysis for scenario 3 as shown in Table 3.19.
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Table 3.19: The Results of Cost Efficiency Analysis For Scenario 3

a b c d e
cost | Efficiency | Efficiency Cost Cost
Country ratios | scores (%) | scores (%) | efficiency efficiency
(%) (CCR) (BCC) ratiosand | ratios and
order order
(CCR) (BCC)
d=a/b e=alc
France 22.03 13.91 21.96 158.37 (8) 100.31 (8)
Great Britain 20.85 100 100 20.85 (5) 20.85 (5)
Netherlands 17.15 34.96 37.10 49.05 (6) 46.22 (7)
Norway 10.04 62.14 63.58 16.15 (3) 15.79 (4)
Slovakia 1.82 100 100 1.82 (2) 1.82 (2)
Slovenia 0.45 100 100 0.45 (1) 0.45 (1)
Spain 13.42 65.09 100 20.61 (4) 13.42 (3)
Turkey 14.24 17.85 63.64 79.77 (7) 22.37 (6)

Table 3.19 shows the results of calculating the cost efficiency ratios according
to efficiency scores results from using (CCR) and (BCC) models. From Table 3.19, it
can be noticed that if the efficiency for Slovenia increases by one unit, the cost related
to it will increase by 0.45% which is the lowest increase in the cost in the two models.
On the other hand, if the asphalt efficiency for France increases by one unit, the cost
related to it will increase by 158.37% according to (CCR) model results and by
100.31% according to (BCC) model results, in both models it is considered the highest

increase in cost.

3.6. RESULTS AND DISCUSSION

The main purpose from this chapter was to analyse asphalt pavement efficiency
and cost efficiency for the second country cluster which obtained from the analysis
results of chapter 2. In order to achieve our objectives from this chapter, at first we
analysed asphalt efficiency for eight countries by suggesting different scenarios of
input and output variables by using output oriented model of DEA, we preferred to use
(CCR) and (BCC) models of DEA as both of them were also preferred to be use by
(Fu et al, 2013). Then, we moved further and conducted a cost efficiency analysis by
using efficiency ratios calculated in performing DEA. The results from implementing

two methods of analysis can be summarized as follows:
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Results discussion regarding asphalt efficiency analysis:

The results of using (BCC) model are considered more accurate than
results of using (CCR) model. By using (BCC) model doubling input
produces less than doubling outputs which is considered more realistic
than (CCR) model results when outputs directly reflect input levels.
That is why, we can notice that some countries were efficient when
we used (BCC) model but inefficient when we used (CCR) model like
Turkey, Spain and France in scenario 1 and 2.

Slovakia and Great Britain were always efficient in the three scenarios
and by using two models of (CCR and BCC).

Norway was always inefficient in the three scenarios and by using two
models of (CCR and BCC). According to potential improvement
values suggested by each model, for example the results of (BCC)
model for scenario 1 suggested that Norway has to increase its outputs
of total production of asphalt and total length of motorways and main
roads by the same percentage of 13.40; according to the results of the
same model for scenario 2 Norway has to increase total production of
asphalt by 16.53% and it has to increase the total length of motorways
and main roads by 57.27% in scenario 3, in order to reach efficiency
level in each situation. A further research is required to know the
reason behind the lack of asphalt efficiency performance in Norway.

The potential improvement values for inefficient DMUs were
generally in the form of a decrease in the input variable x1 (number
of companies in asphalt industry- production and laying) and an
increase of the output variable y2 (total length of motorways and main
roads).

Netherlands was the reference country for the most inefficient
countries. For that reason, we recommend the inefficient countries to
learn, follow and adjust the asphalt pavement applications in
Netherlands.
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- Results discussion regarding cost efficiency analysis:

e According to efficiency scores results of using (CCR and BCC)
model that were used in calculating cost efficiency ratios,
Slovenia was in the top ranking by having the least increase in cost
in the three scenarios.

e Inscenario 1 and 2, Turkey according to (CCR) model results and
France according to (BCC) model results have the highest
increases in cost which led Turkey to be in the bottom of the list
of cost efficiency analysis by using (CCR) model and France to
be in the bottom of the list when (BCC) model is used in
measuring cost efficiency. According to scenario 3, France has the
highest increase in cost in the both models of (CCR and BCC).

e According to (BCC) model results of scenario 1 and 2, Turkey was
considered a cost efficient, but in scenario 3 was not considered a
cost efficient.

With only one research using DEA to evaluate the efficiency of warm mix
asphalt mixtures (Li et al, 2013) and without the existence of any literature discussing
and evaluating the cost efficiency of asphalt pavements applications, the two methods
of analysis performed in this chapter provide a new way of thinking about asphalt
pavement applications. Since, most of researches done in this area used DEA to
evaluate the local asphalt maintenance protocols and lots of them concentrated on
specialized and more practical perspectives of the asphalt and asphalt mixtures, in this
chapter we aimed to use an evolutionary perspective to measure the performance of
already implemented asphalt pavement policies and according to actual country’s data
of 2016. We think this chapter will have a huge contribution on literature since it
provides a new model of evaluating asphalt pavement applications. We believed it will
be the first research measuring the efficiency and cost efficiency of asphalt pavement

applications according to different homogenous countries.

In this chapter, we were be able to measure asphalt efficiency and cost
efficiency for different scenarios of input and output variables. The limitation of using
DEA in measuring efficiency is that it does not give us a ranking for efficient DMUs

and a ranking for variables used in measuring efficiency. In the next chapter, we will
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rank the efficient and cost efficient DMUs and variables by using Grey Relational
Analysis.
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CHAPTER 4

ASPHALT EFFICIENCY AND COST EFFICIENCY RANKING FOR
COUNTRIES AND VARIABLES

4.1. INTRODUCTION

In chapter 3, we analysed the efficiency and cost efficiency of asphalt pavement
application for Turkey and the EU countries. For inefficient countries, we calculated
the potential improvement values. For efficient countries, we preferred to rank the
efficient and cost-efficient countries and variables by using Grey Relational Analysis.
Hence, this chapter can be considered as a further analysis to rank the efficient and
cost-efficient DMUSs and variables. The analysis of this chapter depends totally on the

analysis results of previous chapter.

Ranking countries according to efficiency grade might give us a clue about
country’s position regarding efficiency. If a country ranked as first, there will be a
tendency toward knowing its policies and procedures. In which, it will not just be a
reference for other countries which have low ranking but also it might be a good

reference for inefficient countries.

On the other hand, ranking variables according to degrees of importance is
considered worthwhile. Knowing which variable was more important than other is a
crucial. In which, when we start to analyse any subject, we cannot judge whether this

variable or criteria is important or not.

Grey relational analysis can be considered as the best method to rank entities
(i.e. countries, companies, etc) according to different criteria (i.e. variables) or vice
versa. GRA defines the relationship between entities and criteria by calculating

coefficients.

In asphalt pavement applications, research scholars have used GRA for
different purposes related to asphalt pavement. For example, they used it to evaluate
the relationship between asphalt mixture types and temperature also they used it to

select the best asphalt mixture design according to different criteria.
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This chapter provides insight into the ranking process of efficient and cost-
efficient countries and variables according to asphalt pavement applications.

4.2. LITERATURE REVIEW

To achieve many of researches objectives regarding country ranking, Grey
relational analysis method was used in different fields of interest. Here, we would like
to present some of those researches. Yildirim et al (2015) study aimed to evaluate the
economic performance of Latin American and Caribbean countries during 2003-2013
periods. 13 countries namely Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Dominican Republic, Ecuador, Mexico, Panama, Peru, Uruguay, Venezuela with
highest GDP hold a position of importance in the Region. They used Grey Relational
Analysis for the outranking of countries by using macroeconomic indicators including
total investment, gross national savings, inflation, average consumer prices, volume of
imports of goods and services, volume of exports of goods and services,
unemployment rate, general government revenue, general government total
expenditure, general government gross debt, current account balance, gross product
domestic (constant). Also, they converted the annual macroeconomic indicators to
single data set by using arithmetic mean and weighted arithmetic mean (to be focused
on recent years). This combined data was also used for another economic performance
evaluation. The results of the empirical analyses showed that Mexico and Dominican
Republic ranked as first and second.

Lin and Huang (2009) study aimed to apply Grey Relational Analysis (GRA)
and sensitivity analysis to evaluate the tourism competitive potential and to identify
and analyse the essential criteria of tourism competitiveness in Asian countries. The
results showed that GRA can effectively perform the evaluation of tourism
competitiveness of Asian countries and sensitivity analysis express that any changes

in the base quantifier might had structural effect on the results.

On the other hand, in asphalt and asphalt pavement applications field research
scholars had a tendency toward using Grey Relational analysis method in analysing
the performance of asphalt materials and mixtures. Also, most of researches done in
this area were conducted in china. In this section, we gave a brief summary about

researches done in this asphalt field by using Grey Relational Analysis. Yu et al (2017)
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study presented and demonstrated a methodology for evaluating a micro-surfacing
treatment on asphalt pavement based on the grey system model and grey relational
degree theory. Firstly, they analysed over 5,375,000 data points from the Guangdong
Province are collected and processed using the Pauta criterion and short-term trends
of selected performance indicators including pavement surface condition index (PCI),
riding quality index (RQI), rut depth index (RDI), and skid resistance index (SRI).
Grey models of different types of indicators were then established for predicting long-
term performance. They developed a new PQI model was by using the optimum
predicted long-term performance with the application of the grey rational degree
theory. Finally, they determined the service life of the micro-surfacing treatment by
using the new PQI model. Results demonstrated a representative service life over
4.5 years for the micro-surfacing treatment with a critical PQI value of 80. The
proposed methodology validated the micro-surfacing treatment as a valuable
assessment system that can be successfully applied with or without other pavement

maintenance treatments.

Cheng et al (2016) study aimed to investigate the relationship between
properties of fillers and performances of asphalt mastic, four fillers including
limestone, hydrated lime, fly-ash and diatomite were selected to prepare corresponding
asphalt mastics. They tested the density, specific surface area, particle size distribution,
mineralogy component and hydrophilic coefficient of fillers and softening point,
viscosity, force ductility and dynamic rheological property of asphalt mastics with
different fillers. They employed Grey relational analysis (GRA) method to determine
the correlation degree between properties of fillers and high/medium temperature
performances of asphalt mastics. Results showed that four fillers presented differences
in density, specific surface area, mineralogy component and hydrophilic coefficient.
Besides, softening point, viscosity, deformation energy and complex modulus of
diatomite asphalt mastic were higher than that of other three filler-asphalt systems.
Furthermore, they suggested specific surface area to be the most influential property
on the high and medium temperature performances of asphalt mastic in comparison

with other properties based on the results of GRA.

Sun et al (2014) aimed to do the grey relational analysis of different semi-rigid
pavement structure models fatigue properties based on the grey system theory to gain

the key influence parameter on semi-rigid pavement structure fatigue performance.
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The research conclusion had a certain instruction function to design pavement

structure with excellent anti-fatigue performance.

Tu et al (2014) applied GRA to study coarse grading by combining the
characteristics of asphalt mixture. They evaluated, the high temperature stability, low
temperature cracking resistance and water stability of asphalt mixture with different
grading. The results showed that OGFC-25 gradation apply to asphalt mixture that
demands high temperature stability. Similarly, ATB-25 gradation benefits low

temperature performance and SUP-25 benefit water stability.

Zhang et al (2014) study objective was to explore performance and economic
benefits of the most commonly used fiber asphalt mixture, by studying four types of
fiber asphalt mixture through a series of capability tests, such as water stability, high
stability, low temperature crack resistance and fatigue stability test. Based on dynamic
stability, low temperature bending strain, freeze-thaw splitting strength ratio, fatigue
life and cost per square meter as the evaluation index. They proposed to used Grey
Relational Analysis (GRA) in this study to determine the best performance and
economic benefits of fiber asphalt mixture. The results showed that Fiber B asphalt
mixture only had better anti-cracking performance in low temperature and fatigue life,
but fiber C asphalt mixture had better performance and economy than the other three

fiber asphalt mixtures under the same conditions with grey relational analysis.

Feng and Han (2012) study aimed to use Grey Relation Analysis to perform a
thorough analysis of the affective factors on the high temperature behaviour of the
coloured asphalt mixture. The result of this analysis showed that the affective factors
can be classified as the softening point of coloured asphalt and the aggregate ratio of
mixture. They concluded that their research findings will provide a beneficial reference

for the design of coloured asphalt mixture.

Du and Kuo (2011) study discussed an algorithm of the grey relational-
regression analysis (GRRA) for Hot Mix Asphalt (HMA). They introduced the concept
of GRRA based on grey system theory and polynomial regression and they were also
be able to derive an equation. They tested examples of the asphalt mixture for
comparison to identify the analysis algorithm. The results showed that this algorithm
was very effective. Also, they suggested that the algorithm of GRRA can be considered

as an alternative to HMA design analysis.
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Chang et al (2000) aimed to present the grey theory method in pavement
material analysis. First, they based on the characteristic of pavement material, to find
the influence factor in pavement material. Second, they used the grey relational grade
and GM Model in grey theory to build up an evaluation model to analyze the effect of
pavement material in road quality. Finally, they gave an example to implement their

method in the preference evaluation on pavement material in road quality.

As a result of literature scanning, it can be said that ranking the efficient and
cost-efficient countries and variables did not grab the attention of research scholars.
Yet, this analysis results of this chapter might be thought as a reference for upcoming

studies in this area.

4.3. RESEARCH OBJECTIVE

The aim of this chapter is to rank the efficient and cost efficient DMUs
according to analysis results in chapter 3 by using Grey Relational Analysis. Also, to
rank the efficient and cost-efficient variables by defining the degree of importance for

each variable according to three scenarios suggested and analysed in chapter 3.

4.4, METHODOLOGY

Grey System (GS) is the system of which part information is known and part
information is unknown. Up to now, GS theory has been developing a set of theories
and techniques including grey mathematics, Grey relational analysis, grey modelling,
grey clustering, grey forecasting, grey decision making, grey programming and grey
control, and has been applied successfully in many engineering and managerial fields
such as industry, ecology, meteorology, geography, earthquake, hydrology, medicine
and military (Ziliang and Siling, 2004; Sallehuddin et al, 2008)

Deng (1989) indicates that the Grey System Theory was initiated in 1982 (as it
refers to Deng, 1982), by concerning the incompleteness, uncertainty, and poverty in
information. Grey relations, grey elements, grey numbers have been developed to
explain the behaviour of a mechanism, economy, even a human body. Deng (1989)
also emphasizes that the goal of such as system is to build a bridge between social

science and natural science by generating a mathematical modelling framework in
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order to perform quantitative analysis by considering uncertainty in information
(Ozdagoglu et el, 2017).

The essential thought of grey relational analysis (GRA) is to find a grey
incidence order, which can be used to describe the relation between the related factors
based on data series. The GRA uses information from the grey system to dynamically
compare each factor quantitatively. This approach is based on the level of similarity
and variability among all factors to establish their relation. The relational analysis
suggests how to make prediction and decision, and generate reports that make
suggestions. So the GRA can be used to select the independent variables closely related
to dependent variables after selecting independent variables based on qualitative
analysis and experiences. When the predictive factors are defined, it is easy to create

the regression model (Guoging et al, 2011).

Ranking and compare the alternatives with Grey Relational Analysis can best
be treated under 6 steps (Wu 2002; Yildirim et al, 2015):

. Preparing data set and construct decision matrix,

. Constructing reference series and compare matrix,

. Normalization process and constructing normalization matrix,
. Constructing absolute values table,

. Calculating the grey relational coefficient &;(k) ,

. Calculating the grey relational grade.

Step 1: Preparing data set and construct decision matrix

Suppose there are m pieces of alternative, each alternative has n pieces of
evaluating criteria. Sign the alternative as row subscript i, while sign the evaluating

criterion as column subscript k,

xX; = (xl-(k), ...,xi(n)), i=12,..m, k=12, ..,n 41

then build the initial decision matrix. x; (k) is the entity in the ith data sequence

corresponding to the kth criterion

4.2



x1(1) x(2) .. x()
X = xz'(l) xz'(Z) - ngn)

(D) Xm(2) o Xm()

Step 2: Constructing reference series and compare matrix
The reference series which uses for comparing alternatives is,

Xg = (xo(k), ...,xo(n)), k=12, ..,n 4.3

Reference series get from the best indicator of alternative from normalization
matrix. On Equation (4.3) x,(k) presents for beneficial indicator. Then, reference

series add to decision matrix and transform to compare matrix.
Step 3: Normalization process and constructing normalization matrix

The variables must be normalized to scale values into an acceptable range. If
the variable is to minimize then smaller-is-better characteristic is intended for
normalization to scale into an acceptable range by using the following formula (Panda
et al,2016);

4.4

*( ) _ maxxi(k)_xi(k)

i k _maxxi(k)—minxi(k)

Where, i = 1,...., m; k =1,..., n, m is the number of efficient countries, n is the
number of variables. x; (k) denotes the original sequence, x; (k) denotes the sequence
after data pre-processing, max x; (k) denotes the largest value of x;(k), min x;(k)
denotes the smallest value of x;(k), and x is the desired value (Tosun and Phihitili,
2010; Panda et al, 2016)

If the variable is to maximize then bigger-is-better characteristic is intended
according to following formula:

xi(k)—min x;(k)
max x;(k)—min x;(k)

x; (k) =
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4.5

After normalization process, the decision matrix transforms to normalization
matrix and symbolized with X*(Yildirim et al, 2015).

x"(1) x7(2) . x(n) 46
X = xz*'(l) xz*‘(Z) xz*'(n) '

X' (1) X' (2) e " ()

Step 4: Constructing absolute values table

We can constructing absolute values table by using this formula (Panda et al,
2016).

Agi= [1x0 (k) = x; ()| 4.7

Where A,; is the deviation sequence of the reference sequence and the
comparability sequence. x,(k) implies the reference sequence and x;(k) termed as

comparability sequence.
Step 5. Calculating the grey relational coefficient &; (k)

we can calculate Grey relational coefficient &;(k) by using the following
formula (Panda et al, 2016):

Amin + fAmax 4.8
AOi(k) + fAmax

§i(k) =

Where A,; is the deviation sequence of the reference sequence and the
comparability sequence (calculated in step4). A, and A,,,, are the minimum and
maximum values of the absolute differences (4A,;) of all comparing sequences. ¢ is
distinguishing or identifaction coefficient and the range is between 0 to 1. Usually, the

value of ¢ is taken as 0.5.
Step 6. Calculating the grey relational grade

The Grey relational grade (GRG) can be found as follows (Panda et al, 2016):

v = 1n, 60 o
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Where y; is the required grey relational grade for ith country and n = number

of variables in our case.

4.5. THE ASPHALT EFFICIENCY AND COST EFFICIENCY RANKING BY
USING GREY RELATIONAL ANALYSIS (GRA)

In this section, we ranked efficient and cost efficient DMUs and we defined the

degree of importance of each variable used in analysing the three scenarios and in

analysing cost efficiency for DMUs by using Microsoft Excel 2007.

At first, we performed a Grey Relational Analysis method to rank efficient
DMUs and variables. Then, we used same method to rank cost efficient DMUs and

variables.

We presented the analysis results of ranking efficient DMUs and variables in
section 5.1. Section 5.2 on the other hand, shows the analysis results of ranking cost

efficient DMUs and variables.

4.5.1. Efficiency Ranking for Countries and Variables for Scenario 1,2 & 3

In chapter 3 section 5.1, we presented the analysis results for three different
scenarios by using two models of DEA (CCR & BCC). The analysis of this section
depends totally on the efficiency analysis results obtained in section chapter 3 section
5.1. So to rank the efficient DMUs and variables in each scenario, we used Grey
Relational analysis. To perform GRA, we preferred to consider the efficient DMUs of
(BCC) model.

4.5.1.1. Efficiency Ranking for Countries
In order to perform GRA to rank efficient countries, we need to recall the steps
shown in section 4. To clearly show how did we perform GRA, we explained each

step in details:
Step 1: values normalization

The variables must be normalized to scale values into an acceptable range. If

the variable is to minimize then smaller-is-better characteristic is intended for
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normalization to scale into an acceptable range by using the following formula (Panda
et al,2016);

max x;(k)—x;(k)
max x;(k)—min x; (k)

x; (k) =

Where, i = 1,...., m; k =1,..., n, m is the number of efficient countries, n is the
number of variables. x;(k) denotes the original sequence, x; (k) denotes the sequence
after data pre-processing, max x; (k) denotes the largest value of x;(k), minx;(k)
denotes the smallest value of x;(k), and x is the desired value (Tosun and Phihitili,
2010; Panda et al, 2016)

If the variable is to maximize then bigger-is-better characteristic is intended

according to following formula:

* _ xi(k)-minx;(k)
i (k) - max x;(k)—min x; (k)

Now according to step 1, we can present our results from following this step
for the three scenarios. Table 4.1 shows the results of data normalization for each
scenario.

Table 4.1: Data Normalization Results For Three Scenarios

Scenarios

Countries Scenario 1 Scenario 2 Scenario 3

x1 X2 yl y2 x1 X2 yl x1 X2 y2

(min) | (min) | (max) | (max) | (min) | (min) | (max) | (min) | (min) | (Mmax)
Ideal 1 1 1 1 1 1 1 1 1 1
Sequence
France 0.910 | 0.151 | 0.825 | 0.150 | 0.910 | 0.151 | 0.825
Great
Britain 0.945 | 0.574 | 0.526 | 1.000 | 0.945 | 0.574 | 0.526 | 0.862 | 0.000 | 1.000
Netherlands | 0.952 | 0.926 | 0.170 | 0.021 | 0.952 | 0.926 | 0.170
Slovakia 1.000 | 0.993 | 0.008 | 0.000 | 1.000 | 0.993 | 0.008 | 1.000 | 0.984 | 0.000
Slovenia 0.965 | 1.000 | 0.000 | 0.039 | 0.965 | 1.000 | 0.000 | 0.911 | 1.000 | 0.039
Spain 0.603 | 0.818 | 0.296 | 0.537 | 0.603 | 0.818 | 0.296 | 0.000 | 0.572 | 0.537
Turkey 0.000 | 0.000 | 1.000 | 0.604 | 0.000 | 0.000 | 1.000

Step 2: calculating Grey relational coefficient &;(k)

By using normalized values found in step 1, we can calculate Grey relational

coefficient &; (k) by using the following formula:
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Amin + EAmax

Ei(k) B Aoi(k) + EAmax

Where Ay; is the deviation sequence of the reference sequence and the

comparability sequence, Ag;= ||xo(k) — x; (k)|

Where x,(k) implies the reference sequence and x;(k) termed as
comparability sequence. A,,;, and A,,4, are the minimum and maximum values of the
absolute differences (A,;) of all comparing sequences. ¢ is distinguishing or
identifaction coefficient and the range is between 0 to 1. Usually, the value of ¢ is

taken as 0.5.

Now by implementing step 2 in our normalized values, we gained Grey
relational coefficient as shown in Table 4.2. Table 4.2 shows the values of Grey

relational coefficient.

Table 4.2: Grey Relational Coefficient Values

Scenarios
Countries Scenario 1 Scenario 2 Scenario 3
x1 x2 yl y2 x1 x2 yl x1 X2 y2
France 0.847 | 0.371 | 0.740 | 0.370 | 0.847 | 0.371 | 0.740

Great Britain | 0.901 | 0.540 | 0.513 | 1.000 | 0.901 | 0.540 | 0.513 | 0.783 | 0.333 | 1.000
Netherlands | 0.912 | 0.872 | 0.376 | 0.338 | 0.912 | 0.872 | 0.376

Slovakia 1.000 | 0.986 | 0.335 | 0.333 | 1.000 | 0.986 | 0.335 | 1.000 | 0.968 | 0.333
Slovenia 0.934 | 1.000 | 0.333 | 0.342 | 0.934 | 1.000 | 0.333 | 0.848 | 1.000 | 0.342
Spain 0.558 | 0.733 | 0.415 | 0.519 | 0.558 | 0.733 | 0.415 | 0.333 | 0.539 | 0.519
Turkey 0.333 | 0.333 | 1.000 | 0.558 | 0.333 | 0.333 | 1.000

Step 3: calculating the Grey relational grade

The Grey relational grade (GRG) can be found as follow:

1
yi =230 &(k)

Where y; is the required grey relational grade for ith country and n = number

of variables.

By following step 3, we can find the Grey relational grade (GRG) for each
country and then we can rank them according to their grades (Table 4.3). Which is the
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last step in ranking efficient DMUs. Table 4.3shows Grey relational grade and ranking
for each country according to three scenarios.

Table 4.3: Grey Relational Grade (GRG) and Ranking for Each Country

According To Three Scenario

Scenarios
Countries Scenario 1 Scenario 2 Scenario 3
GRG | Ranking | GRG | Ranking | GRG | Ranking

France 0.582 5 0.653 4
Great Britain | 0.739 1 0.651 5 0.706 3
Netherlands | 0.624 4 0.720 3
Slovakia 0.664 2 0.774 1 0.767 1
Slovenia 0.652 3 0.756 2 0.730 2
Spain 0.556 6 0.569 6 0.464 4
Turkey 0.556 7 0.556 7

From Table 4.3, we can notice that according to scenario 1 Great Britain has
the highest value of grey relational grade which made it in the top ranking. According
to scenario 2 and scenario 3, Slovakia has the highest value of Grey relational grade
which ranked to be number 1 in the both scenarios. On the other hand, Turkey has the
lowest values of Grey relational grade in scenario 1 and 2 which made it in the bottom
of the ranking list.

4.5.1.2. Efficiency Ranking for Variables

After we ranked the efficient country by calculating grey relational grade for
each efficient country and obtained analysis results. It is also worthwhile to consider
ranking variables used in each scenario to define the degree of importance for each
one of them. In order to do so, for each variable; we divided the sum of grey relational
coefficients by number of efficient countries in each scenario. Table 4.4 shows the

Grey relational grade and ranking for each variable.
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Table 4.4: Grey Relational Grade (GRG) and Ranking for Variables According

to Three Scenarios

Scenarios
Countries Scenario 1 Scenario 2 Scenario 3
GRG | Ranking | GRG | Ranking | GRG | Ranking
x1 0.784 1 0.784 1 0.741 1
X2 0.691 2 0.663 2 0.710 2
yl 0.073 4 0.534 3
y2 0.494 3 0.549 3

According to Table 4.4, x1 in the three scenarios has the highest value of Grey
relational grade which makes it in the first degree of importance. x2 has the second
degree of importance. Whereas, y1 has the last degree of importance in scenario 1 and
2.

4.5.2. Cost Efficiency Ranking for Countries and Variables for Scenario 1, 2 &
3
The aim of this section was to rank cost efficiency countries and variables by
using Grey Relational analysis. So in order to achieve this section aim, we needed to
recall cost efficiency analysis results done in chapter 3 section 5.2 to perform our

analysis.

4.5.2.1. Cost Efficiency Ranking for Countries
In this section and by following the same steps done in this chapter section 5.1,
we will rank cost efficient countries for each scenario after that, we will define the

degrees of importance for each variable.

Here and by following the same steps presented in section 5.1, we gathered the
results of grey relational coefficient, grade values and ranking in one table to avoid
repeating. Table 4.5 shows the grey relational coefficients along with grey relational
grade and ranking for each cost-efficient country in each scenario.
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Table 4.5: Grey Relational Coefficient and Grey Relational Grade Values for
Cost Efficient DMUs According to Three Scenarios

Countries Scenario 1
x1 X2 yl y2 RIIS | RIMS | GRG | ranking
(min)* | (Min)* | (max)* | (max)* | (min)* | (min)*

Netherlands | 0.912 | 0.872 | 0.376 | 0.341 | 0.333 | 0.548 | 0.564 4
Slovakia 1.000 | 0986 | 0.335 | 0.333 | 0.854 | 0.952 | 0.743 2
Slovenia 0.934 | 1.000 | 0.333 | 0.348 | 1.000 | 1.000 | 0.769 1

Spain 0.558 | 0.733 | 0.415 | 0.818 | 0.498 | 0.333 | 0.559 5
Turkey 0.333 | 0.333 | 1.000 | 1.000 | 0.345 | 0.943 | 0.659 3
Scenario 2
Countries x1 X2 yl RIIS | RIMS | GRG ranking
(min)* | (min)* | (max)* | (min)* | (min)*
Norway 0.934 | 0.826 | 0.369 | 0.521 | 0.465 | 0.623 3
Slovakia 1.000 | 0.986 | 0.335 | 0.847 | 0.952 | 0.824 2
Slovenia 0.934 | 1.000 | 0.333 | 1.000 | 1.000 | 0.853 1
Spain 0.558 | 0.733 | 0.415 | 0.486 | 0.333 | 0.505 5
Turkey 0.333 | 0.333 | 1.000 | 0.333 | 0.943 | 0.589 4
Scenario 3
countries x1 X2 y2 RIIS | RIMS | GRG ranking
(min)* | (min)* | (max)* | (min)* | (min)*
Great 0.783 | 0.333 | 1.000 | 0.333 | 0.393 | 0.569 4
Britain
Norway 0.848 | 0.669 | 0.367 | 0.560 | 0.465 | 0.582 3
Slovakia 1.000 | 0.968 | 0.333 | 0.867 | 0.952 | 0.824 2
Slovenia 0.848 | 1.000 | 0.342 | 1.000 | 1.000 | 0.838 1
Spain 0.333 | 0.539 | 0,519 | 0.525 | 0.333 | 0.450 5

*data were normalized according to min (smaller-the-better), max (bigger-the-better)

From Table 4.5, it can be notice that Slovenia has the highest grey relational
grade according to three scenarios which made it in the top list of cost-efficient
countries. According to three scenarios as well, Slovakia came in the second order,

whereas Spain came in the last order.

4.5.2.2. Cost Efficiency Ranking for Variables
This section covers the analysis results of cost efficiency ranking for variables.
we presented the results of ranking variables according to three scenarios in Table 4.6.

Hence, Table 4.6 shows the Grey relational grade and ranking results for each variable.
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Table 4.6: Grey Relational Grade (GRG) and Ranking for Variables According
to Three Scenarios

Scenarios
Countries Scenario 1 Scenario 2 Scenario 3
GRG | Ranking | GRG | Ranking | GRG | Ranking
x1 0.747 3 0.752 2 0.763 1
X2 0.785 1 0.776 1 0.702 2
yl 0.492 6 0.491 5
y2 0.568 5 0.512 5
RIIS 0.606 4 0.637 4 0.657 3
RIMS 0.755 2 0.739 3 0.629 4

From Table 4.6, according to scenario 1 and 2; x2 has the highest value of GRG
which indicates that it has a superior degree of importance, whereas y1 has the least
degree of importance. In scenario 3 x1 has the superior degree of importance where as
y2 has the least degree of importance.

4.6. RESULTS AND DISCUSSION

The aim of this chapter was to rank efficient and cost efficient DMUs and
variables according to asphalt pavement application. We implemented Grey Relational
Analysis method to achieve this chapter objectives. We can summarize the analysis

results as follows:

- The results of efficiency ranking for countries showed that; according to
scenario 1, Great Britain and Slovakia were ranked as first and second,;
according to scenario 2 and 3, Slovakia and Slovenia were ranked as first
and second.

- Theresults of efficiency ranking for countries also showed that; according
to scenario 1 and 2, Turkey was ranked as seventh which is the least
ranking. The same result is valid for cost efficiency analysis done in
chapter 3. We recommend Turkey to review and enhance the
implemented cost policies.

- The results of efficiency ranking for variables showed that: according to
three scenarios, Number of companies in asphalt industry - production

and laying (x1) was ranked as first which indicates that it was the most
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important variable. Point the fact that, it was also the most recommended
input variable to be reduced for inefficient countries to be efficient
according to potential improvement values results of chapter 3. Hence,
we recommend countries to intervene to minimize the number of
companies in asphalt industry.

- The results of cost efficiency ranking for countries showed that; according
to three scenarios, Slovenia and Slovakia were ranked as first and second.
Which is similar to result of cost efficiency ranking done after calculating
cost efficiency ratio in chapter 3.

- The results of cost efficiency ranking for variables showed that; according
scenario 1 and 2, Total of bitumen consumption (x2) was ranked as first
which indicates that it was the most important variable. Whereas in
scenario 3, Number of companies in asphalt industry - production and
laying (x1) was ranked as first.

- Although the output variable y2 (total length of motorways and main
roads) was not the most important variable, it was the most recommended
output variable to be increased for inefficient countries to be efficient
according to potential improvement values results of chapter 3. Which
means that countries like Turkey, France and Norway have a lack in the
length of motorways and main roads. Thus, we recommend those

countries to increase the length of their motorways and road ways.

Most of previous researches in asphalt field used GRA to evaluate the different
characteristics of asphalt and asphalt mixtures. In this chapter, we aimed to use GRA
for two reasons; the first reason is to rank the efficient and cost efficient countries as
we mentioned earlier to avoid the limitation of DEA done in chapter 3, the second
reason is to rank the variables used in analysing the efficiency and cost efficiency
according to their degree of importance. We think our contribution to literature will be
the use of GRA to conduct a further analysis to rank the efficient and cost efficient

DMUs and variables according to asphalt pavement applications.
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CONCLUSION

Research study is a pivotal key for country’s economic growth and prosper.
Lots of researches done in different field of interest have helped in investigating
several phenomimes and in finding reliable and applicable solutions to different types

of problems and obstacles.

Recently, the world is having a panic attack after corona virus pandemic spread
globally to infect more than 180 countries in a short period of time. Today, many
research groups in different countries are racing to find cure and vaccine to corona
virus. In business world, we do not face actual viruses but instead we might face
several problems and obstacles which just look like a real virus. After the global
financial crisis of 2008, the world had a panic attack similar to corona virus’s panic
attack. After this incident, the world became well familiar of how financial crisis looks
like and it is working diligently to avoid the repetition of such crisis.

Although, there are lots of efforts exhausted to search for solutions for different
problems, many times the solution might not be applicable, the data might not be
accurate, the analysis techniques might not be suitable and etc. At the end, we find
ourselves obligated to do different trails and experience different methods until we
reach the most reliable and applicable solution. Note that, the circumstances might
change in each trial. Moreover, in each trial we need to plan, organize, lead and control.
These four functions of management are crucial for any decision-making process.

Especially, decisions regarding resource management.

Resources play an important role in our lives. Recently, the International
Monetary Fund (IMF) stated that Gulf Cooperation Council (GCC) states’ financial
wealth could be over in 15 years. However, hearing this statement let the (GCC)
searching for solutions to avoid the actualization of this incident. The reason behind
this statement lays on the fact that the financial wealth of (GCC) is mainly obtained
from crude oil revenues. Since, the crude oil prices dropped in 2014 and 2015, The
government was under great pressure to generate non-oil revenues and fixed their

finances which led (IMF) to make such statement about (GCC) financial wealth.

If we look at the financial wealth case of (GCC), we can notice that they were
lucky to be able to predict the crisis before it is actually happened. In other cases,
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people might not be that lucky. Out of sudden all of their resources might be vanished.
That is why, the efficient resource planning and allocation is considered crucial. Point
the fact that, the efficiency term goes beyond it is fundamental meaning of doing things
well. It is actually give us ideas about how to develop our businesses. Moreover, if we
have the ability to avoid wasting of materials, efforts and money, we might protect
ourselves from resource extinction. Though, in the real life being efficient is not an
easy task to do. Yet, lots of time measuring performance by efficiency gives results
help in developing our businesses so it is indispensable technique in a continually

evolved world.

As we mentioned in research introduction, we planned our study according to
our general objectives and our analysis objectives. The results regarding our general
objectives showed that; Turkey is efficient under scenario 1 and 2, when we used
(BCC) model of DEA. When we used (CCR) model of DEA, Turkey is not efficient
under the three scenarios. Generally according to potential improvement values is
recommended to take Netherlands as reference and to maximize the total asphalt
production. In cost efficiency analysis, according to (BCC) model results of scenario
1 and 2 Turkey is considered cost efficient but in scenario 3 it is not considered a cost
efficient and it has the highest increase in cost that is why we recommend Turkey to
have a plan to minimize the cost of road infrastructure. When we ranked the efficient
countries, Turkey came in the last order under scenario 1 and 2.

The results of our second general objective lay on our analysis contribution to
the literature. First, by using different variables combinations and two kinds of
analysis, we were be able to present a new model discussing the results of conducting
country’s grouping by focusing on asphalt pavement applications on road
constructions such a model until the present time had not been discussed in any
research. We think this model will have a contribution to the literature and might be
considered as a reference for further researches regarding the asphalt pavement
applications. Second, With only one research using DEA to evaluate the efficiency of
warm mix asphalt mixtures (Li et al, 2013) and without the existence of any literature
discussing and evaluating the cost efficiency of asphalt pavements applications, the
two methods of analysis performed in this chapter provide a new way of thinking about
asphalt pavement applications. Since, most of researches done in this area used DEA

to evaluate the local asphalt maintenance protocols and lots of them concentrated on

116



specialized and more practical perspectives of the asphalt and asphalt mixtures, in this
chapter we aimed to use an evolutionary perspective to measure the performance of
already implemented asphalt pavement policies and according to actual country’s data
of 2016. We think this chapter will have a huge contribution on literature since it
provides a new model of evaluating asphalt pavement applications. We believed it will
be the first research measuring the efficiency and cost efficiency of asphalt pavement
applications according to different homogenous countries. Third, most of previous
researches used GRA to evaluate the different characteristics of asphalt and asphalt
mixtures. In this chapter, we aimed to use GRA for two reasons; the first reason is to
rank the efficient and cost efficient countries as we mentioned earlier to avoid the
limitation of DEA done in chapter 3, the second reason is to rank the variables used in
analysing the efficiency and cost efficiency according to their degree of importance.
We think our contribution to literature will be the use of GRA to conduct a further
analysis to rank the efficient and cost efficient DMUs and variables according to
asphalt pavement applications.

In this research, according to asphalt pavement applications for homogenous
group of countries, we were be able to analyse the efficiency and cost efficiency for
those countries by using different scenarios and presenting the results of ranking the
efficient and cost efficient countries and variables (according to their degree of
importance), which made our research a hybrid study. We believe that, our research
study will contribute to literature and will be a reference for other researches in this
field.

In the scope of our analysis objectives, we evaluated the efficiency of asphalt
pavement applications for Turkey and some of European Union countries by
considering some of inputs and outputs related to asphalt pavements. At first, we
clustered Turkey and 16 European countries by using k-mean cluster analysis and
Multidimensional scaling analysis. Then, we chose one group (where Turkey involved
in) to measure their asphalt pavements performance by using Data Envelopment
Analysis (DEA) models of efficiency and according to three different scenarios. After
that, we went further to analyse the cost efficiency for the same group. In the last
chapter, since DEA models do not provide a rank for the efficient decision-making
units (DMUSs) according to their degree of importance, we performed a further analysis

to rank the efficient and cost efficient DMUs and variables by using Grey Relational
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Analysis (GRA). According to analysis results, in general some European countries
were efficient and cost efficient regarding the asphalt pavement applications and under
the three scenarios suggested such as Slovenia. Unfortunately, other countries suffer
from the inefficiency of asphalt pavement applications under the three scenarios

suggested such as Norway.

Doing the above-mentioned evaluations are generally done according to
engineering criteria. According to this evaluations results and the perspective of

asphalt expert, we can conclude the following:

e Generally, according to surface measurement, it is ideally defined that
countries with a small surface area, less business volume and very less
companies number in asphalt industry are more efficient and cost efficient.

e In such countries, both road constructions and maintenance activities are
considered to be cost-efficient as they are seen at a low rate compared to the
overall road volume.

e However, in countries that dynamic and at the same time it has a lot of work to
do such as Turkey might face some problems. Asphalt road construction in
countries such as Turkey maintained by several different institutions, varies
according to the needs of the institutions engaged in the field. For example, the
municipalities make the roads in the city, the General Directorate of Highways
makes the intercity roads, the General Directorate of Forestry makes the inner
roads of the forests and the Ministry of Tourism makes the tourist roads. For
this reason, the need of the roads changes according to the current conditions.
Therefore, Turkey is seen as a steady increase in the rapid development of the
road network of the country.

e Likewise, it is not desirable to have too many road companies in the country.
Generally, governments have efforts to reduce firms. In road tenders, tender
conditions are aggravated so that fewer companies can get jobs. This is an
expected result, as previously presented in the results of our research.

e One of the problems experienced in all road constructions is infrastructure
investments. If infrastructure is not done properly, maintenance costs increase

continuously. The first road constructions must be done carefully, otherwise
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these investments never decrease. This situation also emerged in the thesis
study. For Turkey, an extensive research is required to solve such issues.

Infrastructure investments in European countries are less because population
growth and development of cities are not like Turkey. Cities were established
years ago and population growth remained stable at certain rates. Therefore,
there is no physical situation that would require infrastructural investments to
increase constantly. In countries like Turkey, because of the constant
movement in this situation, the cost efficiency status in the study is not

acceptable for infrastructure investments.
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