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Editorden / From the Editor

Degerli Arastirmacilar, Degerli Okurlar:

Dergimizin bu sayisinda, 19-20 Ekim 2017
tarihlerinde Dogus Universitesi'nin  ev
sahipliginde gerceklestirilen “The  15th
International Logistics and Supply Chain
Congress (LMSCM)’ isimli konferansta
sunulan ve dergimizin hakem degerlendirme
stirecinden gecirilmis dort secili makale
yayimlanmustir.

Bu vesile ile Dogus Universitesi Dergisi’nin,
kurullarinda yer alan, hakemlik yapan ve yazi
gondererek katkida bulunan tim
paydaslarimiza tesekkiir ederiz.

Cevat GERNI
Yayin Kurulu Bagkani

Distinguished Researchers and Readers:

In this issue of Dogus University Journal,
four selected articles are published by
passing through a peer review process, which
were presented at the ‘15th International
Logistics and Supply Chain Congress
(LMSCM)’ hosted by Dogus University on
October 19-20, 2017.

On this opportunity, we are delighted to
thank all our stakeholders who joined our
Jjournal’s boards, contributed as referees,
and sent articles.
Cevat GERNI
Editor in Chief
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Tiirkiye’de Vergi Gelirleri ile Ekonomik Kalkinma Arasindaki
Iliski: Frekans Alami Nedensellik Analizi

The Relationship between Tax Revenue and Economic Development in Turkey:
Frequency Domain Causality Analysis

Mehmet Vahit EREN®, Ayse ERGIN UNAL®), Halil Ibrahim AYDIN®

0OZ: Calismanin amaci, Tiirkiye’de 1975-2013 dénemine ait yillik verilerle vergi
gelirleri ile kalkinma arasindaki iligkinin varligini arastirmakla beraber s6z konusu
iligkinin yoniinii farkli ekonometrik testlerle analiz etmektir. Hacker ve Hatemi
nedensellik testi bulgularina gore, dolayli vergi gelirlerinden kalkinmaya dogru tek
yonlli; Breitung ve Caldelon frekans alani nedensellik testi ise toplam vergi
gelirlerinden kalkinmaya, dolaysiz vergi gelirlerinden kalkinmaya ve kalkinmadan
dolayl1 vergi gelirlerine dogru tek yonlii iliskiler tespit edilmistir.

Anahtar Kelimeler: Ekonomik Kalkinma, Vergi Gelirleri, Frekans Alam
Nedensellik Testi, Tiirkiye.

Absract: The aim of the study is to investigate the existence of the relationship between
tax revenues and development in Turkey for the period 1975-2013 and analyze the
direction of the relationship with different econometric tests. According to Hacker
and Hatemi causality test findings, unilateal relationship were observed towars
development from indirect tax revenues, The Breitung and Caldelon frequency
domain causality test, however, it was ascertained unilateal relationships towards
development from total tax revenues; and towards development from direct tax
revenues; and there also is unilateal relationship towards indirect tax revenues from
development.

Keywords: Economic Development, Tax Revenue, Frequency Domain Causality Test,
Turkey.

Jel Classifications: H20, O10.

1. Giris

Insanligin var oldugu giinden bugiine, insanlar gereksinimlerini karsilayabilmek
amaciyla tretim yapmakta; iiriin ¢esitliligi saglayarak diger toplumlarla ticari
faaliyetlerde bulunmaktadir (Derya, 2015:97). Ekonomik biiyiime ve kalkinmanin
saglanmasi, hemen hemen tiim iilkelerde 6nem ihtiva eden bir konu olmasina karsin,
Ozellikle gelismekte olan iilkelerde 6n plana ¢ikan asil iktisadi hedeflerden birisi
olmaktadir. Ancak, gelismis tilkeler belirli bir biiyiime trendini korumak amaciyla bir
caba icine girerken, gelismekte olan tilkeler ise belirli bir bitylime diizeyine ulagma ve
bunun yani sira ekonomik kalkinmanin ger¢eklesmesi i¢in emek sarf etme siirecine
girmektedir. Ekonomik biiyiime ve kalkinma siirecini gergeklestirmenin farkli yollar:
olmakla birlikte, kaleme aldigimiz ¢aligmada inceleme konusu olan temel husus, vergi

(Kilis 7 Aralik Universitesi, IIBF, iktisat Béliimii; mvahieteren@gmail.com
@Omer Halisdemir Universitesi, {IBF, Bankacilik ve Finans Boliimii;
ayseergin1985@gmail.com

@ Batman Universitesi, [IBF, iktisat Boliimii; hiaydin@gmail.com
Gelis/Received: 06-12-2016, Kabul/Accepted: 04-12-2017


mailto:mvahieteren@gmail.com
mailto:ayseergin1985@gmail.com
mailto:hiaydin@gmail.com

2 Mehmet Vahit EREN, Ayse ERGIN UNAL, Halil Ibrahim AYDIN

gelirleri {izerinden iktisadi bilyime ve kalkinmanin saglanmasi seklindedir
(Demircan, 2003: 97).

Vergi gelirlerinin 6nemi iilkeden iilkeye degismekle beraber, devletin kamusal
hizmetleri gergeklestirebilmesi igin vergi toplama ihtiyaci bulunmaktadir. Devlet,
egitim, saglik, ekonomik biiyiime ve kalkinma, devlet yatirimlari, sosyal giivenlik gibi
yasam standartlarini belirleyen etmenleri yerine getirmek amaciyla elde ettigi vergi
gelirlerini kullanmaktadir. Ekonomik kalkinma, biitiin iilkeler i¢in 6nem arz etmekle
beraber, gelismekte olan ilkelerde daha fazla Oneme sahiptir. Bu amacin
gerceklestirilmesi, baska sekillerde de miimkiin olmaktadir; ancak, bu ¢alismada
kaynak dagilimi ve yatirim diizeyini belirleme noktasinda belirleyici olan verginin bir
arag olarak kullanilmasidir.

Calismada, Tiirkiye’ nin vergi gelirleri ile iktisadi kalkinmasi arasindaki iliski, farkl
nedensellik testleriyle analiz edilmektedir. Literatiirde konuyla ilgili bircok ¢aligma
mevcutken, ¢caliygmamizda Hacker ve Hatemi (degiskene ait tiim seri i¢in tek istatistik
degeri veren) nedensellik testi ile kisa, orta ve uzun donemde test istatistiklerinin
birbirinden ayr1 frekanslara ayristirilmasina imkan veren Breitung ve Candelon (2006)
frekans alani nedensellik analizi uygulanmaktadir. Iki teknigin bir arada kullanilmasi
ile daha 6nce yapilmis tekniklerinden farkli bir kiyaslama yapmak miimkiin olacaktir.

Calismanin teorik c¢ergevesini ortaya koyan giris boliimiiniin ardindan vergi,
ekonomik biiyiime ve kalkinma arasindaki iligskiye yonelik olarak literatiir taramasi
tahlil edilmektedir. Sonrasinda ise, ¢alismada uygulanan yontem ve gostergeler
belirlenmekte ve Tirkiye i¢in 1975-2013 tarihleri arasinda vergi gelirleri ile
ekonomik kalkinma arasindaki nedensellik testlerine iliskin bulgular gozler dniine
serilmektedir. Calismanin son kismi, sonu¢ ve Onerilerin kaleme alinmasi ile nihai
haline ulasmaktadir.

2. Vergi ile Ekonomik Kalkinma iliskisi: Teorik Bir Bakis
Devletlerin esas fonksiyonlarini ifa etmek igin gelire gereksinim duymalart
sonucunda vergi toplama gerekliligi giin yliziine ¢ikmistir. Vergileme konusu, tarihsel
seriiven i¢inde kamu hizmetleri i¢in gerekli finansmani olusturmanin yani sira,
tasarrufu ve iktisadi biiyiimeyi tesvik, kaynak dagilimini revize etme seklinde diger
sosyal ve ekonomik hedefler i¢in de kullanilmaya baglanmistir (Temiz, 2008: 2).

Vergi olgusu, en yalin ve en temel hali ile devletin kamusal giderlerini karsilamak
amaciyla toplumu olusturan birey ve kurumlardan 6deme durumlari baglaminda
bedelsiz ve zorla aldig1 ekonomik degerler olarak agiklanmaktadir (Erdogan, 2012:
3).

Degisik vergilerin iktisadi bliylime {izerinde cesitli etkileri s6z konusu olabilmektedir.
Bu noktada vergilerin seviyesi kadar yapisinin da ekonomik bilylime bakimindan
onem arz edecegi sOylenebilmektedir. Vergiler dolayli ve dolaysiz seklinde tasnif
edilmektedir (Turan, 2008: 18).

Dolaysiz vergiler, en yalin hali ile “birey ve kurumlarin belirli bir zaman dilimi iginde
edindikleri bireysel gelir, servet ve kurum kazancindan ortaya ¢ikan, miikellefleri
beyan usuliine gore onceden belli olan ve vergi yiikii, vergiyi odeyen bireyde sabit
kalan, dolayisiyla ddeme giicii esas alinarak toplanan subjektif vergiler” seklinde
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tamimlanmaktadir. Dolayli vergiler ise, elde edilen gelir, servet ve kazancin, tiiketim,
iiretim, satig ve dis ticaret araciliiyla kullanimindan giin yiizine ¢ikan, mal ve
hizmetlerin fiyati i¢ine dahil edilen, vergi yiikii ileri ya da geri yansitilabilen,
dolayisiyla vergi yiikiine iistlenecek son bireyin belli olmamasindan ve biitiin
islemleri hedef almasi nedeniyle 6deme giicti g6z oniinde bulundurulmadan konulan
objektif vergiler olarak ifade edilmektedir (Yilmaz, 2012: 4). Kisaca, gelir ve servet
iizerinden alinan vergiler dolaysiz vergiler seklinde agiklanirken, bireylerin tiikettigi
mal ve hizmetler iizerinden alinan vergiler ise dolayli vergiler olarak
Ozetlenebilmektedir (Feyzullah, 2013: 41-43). Kurumlar vergisi, gelir vergisi, motorlu
tagitlar vergisi, veraset ve intikal vergisi ve emlak vergisi dolayiz vergilere; KDV ile
Ozel tiiketim vergisi, dolayli vergilere 6rnek olarak verilebilir (Temiz, 2008: 3;
Erdogan, 2012: 11).

Kalkinma olgusunu agiklayabilmek i¢in ilk olarak gelir ve biiyiime olgular1 hakkinda
bilgi vermek gerekmektedir. Bir iilke vatandaslarinin belirli bir donem (genellikle bir
yil) icerisinde iiretmis olduklar1 her tiirlii nihai mal ve hizmetin parasal olarak ifade
edilmesine o tilkenin Gayri Safi Milli Hasilast (GSMH) denilmektedir. GSMH’dan
vergi ve amortismanlarin diisliriilmesi ile Milli Gelir (MQG) elde edilmektedir. Ayni
fiyatlarla hesaplanan iki doénem arasindaki MG artig yiizdesi, yillik ekonomik
biiytimeyi vermektedir (Kutlar ve Doganoglu, 2007: 5). Ekonomik kalkinma ise
insanlarin hayat standartlarini, 6zgiirliiklerini yiikselterek, tiim insanlarin yagam
kalitesinin arttirilmasi siireci olarak agiklanmaktadir (Todaro and Smith, 2012: 5).

Vergiler bir iilke ekonomisinde iiretilen mal ve hizmetlerin diizeyini, lretim
faktorlerinin gelir ve fiyatlarin1 dogrudan veya dolayli olarak etkilemesi s6z konusu
olmaktadir. Gelismekte olan iilkelerde vergi konusunun kalkinma araci olarak,
tasarruf seviyesinin belirlenmesinde ve kaynak dagilimi {izerindeki etkisi miimkiin
olmaktadir (Abdiyeva ve Baygonusova, 2016: 59). Vergi yapisinin ekonomik
kalkinma seviyesinin Onemli bir gostergesi oldugu belirtilmektedir. Dolaysiz
vergilerin toplam vergi gelirlerine oran1 kalkinma seriiveninin baslarinda yiiksek
olmakta; gecis toplumu diizeyinde azalmakta; modern toplum diizeyinde ise tekrar
artis gostermektedir. Diger yandan, vergi idaresi etkin bir sekilde islemeyen gegis
toplumu asamasinda olan {ilkelerde, dolaysiz vergilerin toplanmasinda ve
denetiminde sorunlarin olmasi, dolayli vergilerin paymi artirmaktadir. Boylelikle
dolayli vergilerin toplam vergilere orani; gecis toplumu diizeyinde, dolaysiz
vergilerden yiliksek duruma gelmektedir (Cural ve Cevik, 2015: 132).

Vergilerin birgok ekonomik siire¢ iizerinden kalkinma seriivenini etkilemesi s6z
konusu olmaktadir. Bunlar vergilerin (Durkaya ve Ceylan, 2006);

Tasarruf tizerindeki etkisi

Yatirimlar iizerindeki etkisi

Finansal piyasalar tizerindeki etkisi

Emek arz1 tizerindeki etkisi

Enflasyonist ve deflasyonist siire¢ iizerindeki etkileri seklinde tasnif
edilmektedir.

Devletin 6nem ihtiva eden finansman kaynaklarindan birisi olan vergiler,
ekonomideki ¢esitli gostergeler iizerinde de birtakim etkiler olusturma giiciine sahip
olmaktadir. Bu baglamda, vergilerin etki alaninda bulunan gostergeler arasinda bagsta
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iktisadi bliyiime olmak tizere mikro ve makro seviyede ¢ok sayida faktor s6z konusu
olmaktadir. iktisat literatiiriinde artan vergilerin, tiiketim, tasarruf ve yatirim
davraniglar1 da dahil olmak {tizere ekonomik birtakim bilesenleri degistirerek
bliyiimeye etki edecegi diisliniilmektedir (Erdogan, 2012: 69; Mucuk ve Alptekin,
2008: 160).

Vergileme konusu, iktisadi biiyiime noktasinda iki kilit fonksiyon iistlenmektedir.
Bunlardan ilki, 6zel tiiketimin yiikselmesini engelleyerek yatirimlar igin gerekli olan
kaynaklarin artmasini temin etmektir. Bu baglamda, yabanci sermaye gozardi
edilerek, ekonomide yer alan karar mercilerinin yatirimlarimi ve gelecekteki
tilketimlerini artirmak adina bugiinkii tiiketimden ne kadar azaltmak istedikleri,
vergileme amaglar1 ile gozlemlenebilmektedir. Diger islevi ise ekonomideki
kaynaklar1 6zel sektorden devlete dogru aktarabilme olarak karsimiza ¢ikmaktadir
(Feyzullah, 2013: 55).

Geligsmis ve gelismekte olan iilkelerde saglikli ve etkin bir vergi temelinin
kurulmasina istinaden iiretimin arttirilmasinda ve biiylimenin yonlendirilmesinde
etkili maliye politikalarinin uygulanmast miimkiin olmaktadir. Bu baglamda, etkin bir
vergi politikasi salt ekonomik biiylimenin saglanmasina degil, bununla beraber iilke
ekonomilerinin yonlendirilmesine de katki sunmaktadir (Demircan, 2003: 107).

Ekonomik kalkinmanin ger¢eklestirilmesi bazi onem arz eden harcamalarin yapilmasi
sartina bagl olmaktadir. Bahse konu harcamalarin ideal ve devamli olabilmesi igin
ise finansman kaynaklarinin yeterli ve gilivenilir olmasi gerekmektedir. Kamu
harcamalar1 ismi verilen s6z konusu harcamalarin karsilanmasinda devlet tarafindan
en ¢ok bagvurulan finansal kaynak vergiler olarak karsimiza ¢ikmaktadir (Paksoy ve
Bakan, 2010: 155).

3. Literatiir

Maliye politikasi araglarindan biri olan vergi, kamu gelirlerinin biiyiik ¢cogunlugunu
olusturan bir kalem olup, gelismis ve gelismekte olan {iilkelerde kalkinma ile
ekonomik biiylimedeki rolilyle bir¢ok calismaya konu olmaktadir. S6z konusu
caligmalarda vergi oranlarinin ekonomik sartlart ne yonde degistirdigi ve olusan yeni
sartlarin ise uygulanan ekonomi politikalarinin etkinligini ne yonde etkiledigi
incelenmektedir. Vergileme ve bu baglamda uygulanan politikalarin etkileri ile ilintili
¢alismalarin, Solow (1956) ile basladigi bilinmektedir. Buradan Solow’ un gelistirdigi
Neo-klasik biiylime modelinin varsayimlarindan ¢ikarim yapilmakta olup,
prodiiktivite bilylimesinin sabit iken, vergi politikalarinin da etkilenmeyecegi sonucu
¢ikarilmaktadir (Kibritgioglu, 1998: 8). Ekonomik biiyiime ve vergilemenin iilke
ekonomileri iizerindeki etkilerinin incelendigi ampirik caligmalar incelendiginde
farkli birgok ekonometrik yontem ve degiskenin kullanildig1 goriilmektedir.

Leibfritz, Thornton ve Bibbee (1997)nin OECD iilkeleri iizerine yaptiklari
calismalarinda vergi oranlarindaki ortalama yilizde onluk bir artigin biiyiimeyi %2 puan
azalttigimi tespit etmis olmakla beraber vergi hesaplamalarinda bir takim
noksanliklarin bulunduguna vurgu yapmuslardir. Benzer sekilde Lee ve Gordon
(2005) galismalarinda 1970-1997 yillar1 arasinda 70 iilkenin vergi ve GSYIH
verilerini kullanarak, ekonomik biiyiime ve kurumlar vergisi arasindaki iliskiyi
incelemis ve artan kurumlar vergisi oraninin ekonomik biiylimeyi olumsuz etkiledigi
sonucuna ulagmiglardir. Yine 2005 yilinda Anastassiou ve Dritsaki tarafindan Granger
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nedensellik ve hata diizeltme modeli kullanilarak Yunanistan ekonomisi iizerine vergi
gelirleri ve iktisadi biiyiime arasindaki iligki incelenmistir. 1965-2002 verileri
kullanilarak yapilan analizde biiylime ve vergi gelirleri arasinda nedensel bir bagin
bulundugu tespit edilmistir. Benzer bir sonu¢ Temiz (2008)’ in caligmasinda da tespit
edilmistir. Tiirkiye ekonomisinin 1960-2006 ddénemlerinde vergi gelirleri ve
ekonomik biliylime oranlarmin incelendigi ¢alismada Johansen esbiitiinlesme testi
kullanilarak uzun dénemli iligki irdelenmis, kisa donem iliskiyi saptamak adina hata
diizeltme modeli tercih edilmis olup, bulgular, toplam vergi gelirleri ile iktisadi
biiytime arasindaki nedensellige vurgu yapmustir. Daha yakin bir tarih olan 2014
yilinda da vergi oranlarinin ekonomik biiyiimeyi olumsuz yonde etkiledigi sonucuna
ulasan bir diger ¢caligma da Sagqib, Ali, Riaz, F., Anwar ve Aslam’a aittir. Pakistan
lizerine yapilan caligma 1973-2010 yillarin1 kapsamakta olup, ARDL Sinir testi ile
yapilan analizde vergi oranlarinin satiglar ve yatirimlar tizerindeki olumsuz etkilerine
vurgu yapilarak ekonomik biiylime {izerindeki etkisinin dikkate alinmasi gerektigi
belirtilmistir. Yine 2014 yilinda Macek OECD iilkeleri lizenine yaptig1 ¢calismasinda
Mankiw, Romer ve Weil’in Neoklasik biiyiime modeline dayanarak icinde vergi
oranlarmin da bulundugu ekonomik biiyiimenin etkileyenlerini, 2000-2011 periyodu
icin incelemis ve vergi oranlar1 yiliksekliginin ekonomik biiylimeyi yavaslatacagi
bulgusuna ulagmuistir.

Ekonomik biiylime ve vergi oranlari arasinda herhangi bir iligkinin bulunmadig:
yoniinde ¢alismalarda literatirde mevcuttur. Mendoza, Milesi-Ferretti ve Asea
(1997)’nin 18 OECD iilkesi ve Rebelo- Easterly (1993)’nin gelismis ve gelismekte
olan iilke ekonomileri lizerine yaptiklari ¢aligmalar1 buna &rnek teskil etmektedir.
Hatta daha eski doneme gidildiginde 1983 yilinda Katz, Mahler ve Franz 22 gelismis
iilke {izerine yaptif1 caligmalarinda verginin tasarruflar1 azaltmasina ragmen,
ekonomik biiyiime ve yatirimlar: etkilemedigi sonucuna ulagmiglardir.

Tiirkiye iizerine yapilan ¢alismalar incelendiginde; Mucuk ve Alptekin (2008)’in
¢alismalarinda 1975-2006 donemi Tiirkiye verilerini kullanarak Koentegrasyon ve
Granger nedensellik testleri vasitasiyla dolayli ve dolaysiz vergiler ile ekonomik
biiytime arasindaki iligkiyi incelemislerdir. Yazarlarin Koentegrasyon testi bulgulari
kullanilan degiskenlerin hareketlerindeki birliktelige vurgu yaparken nedensellik testi
bulgular1 ise dolaysiz vergiler ile biiylime arasinda tek yonlii bir iliskinin varligini
gostermektedir. Benzer sekilde Goger, Mercan, Bulut ve Dam (2010), ekonomik
biiyiime ve vergi gelirleri arasindaki iliskiyi siur testi yaklagimiyla aragtirmis olup
1924-2009 yillar1 arasindaki verileri kullanmislardir. Bulgularina gére, uzun dénem
analizinde vergiler ile iktisadi biiyiime arasinda pozitif yonlii ve bir iligki bulunurken,
kisa donemde ise her iki vergi tiiriiniin de iktisadi biiylimeyi pozitif olarak etkiledigi
belirtilmistir. Mangir ve Ertugrul’un (2012) ¢alismalarinda Tiirkiye’de vergi yiikii ve
iktisadi biiytime arasindaki iligskiyi 1988— 2011 yillari i¢in aragtirmiglardir. Calisma
bulgular1 1s181inda vergi yiikii ile GSYH arasinda es biitlinlesme bulunmus, ARDL
uygulama sonuglarina gore ise uzun ve kisa donemde vergi yiikii ile GSYH arasinda
istatistiksel olarak negatif iligski tespit edilmistir. Ekonomik kalkinma ve vergi
arasindaki iliskinin incelendigi caligmalarda mevcut olup, Chelliah (1989)’mn
caligmasi buna 6rnek teskil etmektedir. Yazar, iktisadi kalkinmayla beraber toplam
vergi gelirleri i¢inde dolayli vergilerin payinin azaldigi, dolaysiz vergi oranmnmn ise
yiikseldigi sonucuna ulagmistir. Tosun ve Abizadeh (2005), OECD fiilkelerinde 1980-
1999 doénemi i¢in iktisadi kalkinma degiskeni olarak da kullanilabilen kisi bagina
diisen gelirin vergi yapisi iizerindeki etkilerini stnamistir. Calismanin sonucuna gore,
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kalkimmanin vergi yapist i¢in etkisinin yiiksekligi belirlenmis, kisi bagina gelir gelirin
artmasiyla dolaysiz vergilerin toplam vergi gelirleri igindeki paymnin yiikselirken,
dolayli vergilerin toplam vergi gelirleri igindeki paymnin azaldigi goriilmistiir. Cural
ve Cevik (2015)’ in ¢aligmasinda ise yazarlar, ekonomik kalkinmanin vergi yapisi
iizerindeki etkilerini uzun donem regresyon analizleri ile 1924-2013 donemleri
arasinda yapisal kirilma testlerini de uygulayarak analiz etmis olup, yine uzun
donemde kalkinma siirecinde dolaysiz vergilerin arttig1 sonucuna ulagmislardir.

Tablo 1: Vergiler, Ekonomik Biiyiime ve Kalkinmaya iliskin Literatiir Ozeti

Vergi - Ekonomik Biiyiime Uzerine
Uygulanan . .. Sonug ve
Yazar(lar) iilke Yontem ve degiskenler Bulgular
e Ucretler Vvergi )
o oranlarindaki
oo e Issizlik oranlari ..
Leibfritz vd. . ortalama ytiizde
OECD e Vergi oranlari .
1997 onluk bir artis,
o Tasarruflar biiviimevi !
. . iyiimeyi /2 puan
e Nominal faiz oranlar azaltmstir.
Panel yontemi
o Gayrisafi yurtici .
Lee and i hasiladaki yiizde degisim Kuruml‘?r VErgist,
70 se¢ilmis . ekonomik
Gordon . e Vergi oranlari P .
tilke . .. biiylimeyi negatif
2005 (kurumlar ve gelir vergisi N N
yonde etkilemistir.
oranlart)
(1970-1997 verileri)
Granger Nedensellik Testi,
Hata diizeltme
Modeli(VECM)
. o Gelir Vergisi Biiyiime ve vergi
:r\]réasDt?IStssg)kul Yunanistan | Yurti¢i Tasarruf gelirleri arasinda
2005 Oranlar1 cift yonli bir iliski
e Ekonomik Biiylime bulunmustur.
Oranlar1
e Toplam Vergi Gelirleri
(1965-2002 yillar aras1)
VAR Analizi, .
Dolaysiz vergiler
e Dolayl Kkanalmd
Vergiler/GSMH ananncan
Mucuk ve e Dol ekonomik
Alptekin Tiirkiye 0aysiz biiyiimeye dogru
Vergiler/GSMH A
2008 GSMH tek yonlii bir iligki
L]
dir.
(1975 — 2006 yillik veriler) | "
Johansen Esbiitiinlesme e .
Testi, VECM S“IY“‘I“G oram ile
Temiz Tiirkive o Toplam Vergi Gelirleri a?ﬁ;{lé:erg' er
2008 i o GSMH
nedenselligin
e Dolayli, Dolaysiz olmadigs;
Vergi Gelirleri ’
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dolaysiz vergi
gelirleri ile
biiylime
arasinda ise ¢ift
yonlii bir
nedensellik
goriilmiistiir.
Dolayli ve
Snir Testi e
° Carlllf |y161 tarla gayrisafi ekonomik biiylime
Goger vd. ki yurtigt jastia arasinda es
2010 Tirkiye . C_arl f_lyatl_arla dolayli biitiinlesme
vergi gelirleri liskising
Cari fiyatlarla Hisistnin var
; 1  velileri oldugu ve tutarl
olaysiz vergi gelirleri sonuclar verdigi
goriilmiistiir.
Uzun ve kisa
. donemde vergi
ARDL Sinir Test .
Mangir ve . [r 1 eSt, Siit yiikii ile GSYH
- . testi es biitlinlesme
Ertugrul Tiirkiye S arasinda
o Vergi yiki e
2012 . GSYIH istatistiksel olarak
negatif iligki tespit
edilmistir.
ARDL Simir Testi Vergilerin satig ve
yatirimlart
Yaklagimi PR
Saqib vd. . o Gayri Safi Yurtici etkilemesi
Pakistan Hasila
2014 Veri 1 iketi dolayisiyla
o ergl oranlari (tiketim ekonomik
ve gelir vergileri) bilytimeyi olumsuz
(1973-2010 yillar1 arasi) etkilemistir.
Panel, Vergi
Macek OECD o GSY¥H oranlarindaki '
- . e Vergi Oranlari artisin ekonomik
2014 Ulkeleri . o )
e Beseri Sermaye biiylimeyi
e Yatirim Oranlari yavaglatmigtir.
Vergi - Kalkinma Uzerine
Regresyon analizi,
e Tarim dis1 dolaysiz Ekonomik
vergi gelirlerinin toplam kalkinma ile
vergi gelirleri igindeki pay1 | dolaysiz vergi
. o Kisi basina diisen gelir | gelirleri arasinda
Chelliah - <
1989 Hindistan e Tarim dis1 dolaysiz dogru orantili,
vergi gelirlerinin milli gelir | dolayl: vergi
icindeki pay1 gelirleri arasinda
o  Giimriik vergisi ise ters orantil1 bir
gelirlerinin toplam vergi iligki bulunmustur.
gelirlerinden aldig1 pay
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e [hracatin milli gelirden
aldig1 pay
o Giimriik vergisi
gelirlerinin milli gelirden
aldig1 pay
Panel, )
o Kisisel vergiler Ekonom'k_
e Kurumlar vergisi kalkmma ile
e Sosyal giivenlik dolaysiz vergi

Tosun ve e Maas vorgisi gelirleri arasinda

Abizadeh OECD 3 VETBIST dogru orantil,
o Emlak vergisi .

2005 L ve hi | dolayl vergi

® Ma ve hizmetler ) gelirleri arasinda
iizerinden alinan vergiler ise ters orantili bir
* Dus ticaret vergisi iliski bulunmustur.
o Kisi basina diisen gelir
Uzun dénem regresyon

Cural ve analizleri ve ya pisal Uzun donemde

K kirilma testleri ralk
28‘1/_15 Tirkiye e Vergi gelir degiskenleri si?reélilt?:ii dolavsiz

o Kisi Basina Gayri Safi vereilerde artlsy
Yurt i¢i Hasila (KBGSYH) | ' &
(1924-2013 yillik veriler)

4. Ekonometrik Analiz
Caligmanin bu boliimiinde veri seti, ekonometrik model, metodoloji ve analiz
sonuglarina iliskin agiklamalara yer verilmektedir.

4.1. Ekonometrik Model ve Veri Seti

Hazirlanan bu ¢alisma ile Tirkiye i¢in 1975-2013 tarihleri arasini olusturan yillik
veriler analize dahil edilmistir. Agiklayic1 degisken olarak vergi gelirlerine ait veriler
Kalkinma Bakanhgi, bagimli degisken olarak kalkinmayi temsilen analize dahil
edilen kisi basina diigen reel milli gelir verisi ise Diinya Bankasi veri tabanindan elde
edilmistir. Calisma ¢ergevesinde bagimli gosterge olarak kisi basina diisen reel milli
gelir (KBDG), bagimsiz gdsterge olarak ise toplam vergi gelirleri (VG), dolaysiz vergi
gelirleri (DSVG) ve dolayli vergi gelirleri (DVG) kullanilmistir. Ele alinan vergi
gelirlerine ait seriler, GSYIH deflatériine (1998=100) boliinerek reel hale getirilip,
daha sonra logaritmasi alinarak model kurulmustur. S6z konusu kurulan model
asagidaki gibidir:

LKBDGL» = BO + BILVGt + ﬁzLDSVGt + B3LDVGt + &t (1)

4.2. Metodoloji

Bu ¢alisma, vergi gelirlerinin ekonomik kalkinma iizerindeki etkisini analiz etmeyi
amaglamaktadir. Bu baglamda zaman serisi analizi ger¢eklestirilmis olup, nedensellik
testleri ile model tahmin edilmistir.

Caligmanin ilk asamasinda, serilerin duraganlik mertebelerinin tespit edilmesi
amaciyla Ng-Perron birim kék testi uygulanmustir. fkinci asamada, nedensellik testleri
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yapilmig, bu gercevede Hacker ve Hatemi ile Breitung ve Canderon frekans alani
nedensellik testleri uygulanarak elde edilen sonuglar yorumlanmistir. Hacker ve
Hatemi nedensellik testi, ele alinan donemi bir biitiin olarak ele almakta ve her
ekonomide goriilebilen konjonktiirel dalgalanmalar1 goz 6niine almamaktadir. Bu
nedenle, Breitung ve Candelon tarafindan ilerletilen frekans alan1 nedensellik testi
uygulanmistir. S6z konusu g¢aligmayr diger c¢alismalardan ayiran Ozellik, farkl
nedensellik testleriyle iligkinin analiz edilmeye ¢aligilmasidir.

Birim kok testleri, ekonometrik analizlerin yapilabilmesi i¢in uygulanmasi gereken
testlerdir. Serilerin duragan olup olmadiklarinin tespiti, zaman serisi ¢aligmalarinin
temelini olusturmaktadir. Zaman serisi analizlerinde en sik kullanilan birim kok
testleri ADF (Augmented Dickey-Fuller), PP (Phillips-Perron), KPSS (Kwiatkowski,
Phillips, Schmidt, Shin) ve Ng-Perron birim kok testidir.

Iktisadi zaman serilerinin genellikle birim koklii oldugu bir baska deyisle duragan
olmadig1 bilinmektedir. Duragan olmayan serilerle yapilmas: muhtemel analizlerin
sonuglar1 yaniltici olabilmektedir. Buradan hareketle, degiskenlerin duraganlik
mertebelerinin tespit edilebilmesi i¢in Ng-Perron birim kok testi uygulanmustir.

Ampirik ¢caligmalarda sik¢a kullanilan ADF, PP ve KPSS birim kok testleri, 6zellikle
de kii¢iik 6rneklemlerde diisiik bir giice sahiptir. Bahse konu kisit, s6z konusu testlerin
sonuglarinin giivenirligini azaltmaktadir. ADF, PP ve KPSS birim kok testlerinin
diisiik gli¢ sorununa karsilik, Dickey Fuller GLS (ERS), ERS Point Optimal testi ve
Ng-Perron testi gibi yeni birim kok sinamalari giin yiiziine ¢ikartilmistir (Yildirim vd.,
2015:94). Ng-Perron birim kok testi, 6zellikle PP testlerinde meydana gelen hata
teriminin boyut dagilimi ¢arpikligini diizeltmek i¢in M testleri olarak gelistirilen birim
kok testi (Seviiktekin ve Cinar, 2014:380) olup, 4 farkli test istatistigi gelistirerek
ADF ve PP testlerinin kisitlarim1 ortadan kaldirmayr hedeflemistir (Yildirim vd.,
2015:94). Bu testler, Phillips-Perron (PP) testleri olarak bilinen Za ve Zt testlerinin
modifiye edilmis hali olan MZa ve MZt testleri, Bhargava tarafindan gelistirilen birim
kok testinin modifiye edilmis hali olan MSB testi ve ADF-GLS testinin modifiye
edilmis hali olan MPT testidir. Ng-Perron birim kok testinde kullanilan MZa, MZt,
MSB ve MPT test istatistikleri asagida gosterildigi sekilde hesaplanabilmektedir
(Hepsag, 2009:70):

MZ, =Z, +(T 12)(g-1)?

(2)

. 12
MSB = (T‘Zngl / szj -
MZ, = MSBxMZ, @
MPT = (ET‘ZZYfl —c_:T‘lYTZj/ SZ, ©)

Ng-Perron birim kok testinde hesaplanan MZa ve MZt testleri ile MSB ve MPT testleri
birim kokiin varliginin sinanmasi asamasinda temel hipotezler bakimindan
degisiklikler gostermektedir. MZa ve MZt testlerinde sifir hipotez birim kokiin
varligini agiklarken MSB ve MPT testlerinde ise sifir hipotez birim kdkiin yoklugunu
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aciklamaktadir. Bu baglamda MZo ve MZt test istatistiklerinin Ng-Perron (2001)
tarafindan hesaplanan kritik degerlerden kiiciik olmasi, temel hipotezin
reddedilememesini, biiylik olmasi temel hipotezin kabul edilmesini (birim kokiin
reddedilmesini) saglamaktadir. Ancak MSB ve MPT test istatistiklerinin kritik
degerlerden kiigiik olmas1 durumunda temel hipotez reddedilmektedir (Altintag ve
Kogbulut, 2014:50).

Degiskenler arasindaki nedensellik iligkilerinin analizi i¢in ise birgok test
gelistirilmigtir. Caligmanin analizinde, temelinde Toda-Yamamoto testi olan Hacker
ve Hatemi nedensellik testi (2006) ve nedensellik iliskilerini donemlere ayirarak test
eden Breitung ve Candelon (2006)’a ait frekans alam1 nedensellik testi
kullanilmaktadir.

Granger nedensellik testinde, serilerin duragan olmasi gibi bir sart bulunmamaktadir.
Ayrica birim kokli olan degiskenlerin aralarinda esbiitiinlesme iligkisi olmasi
durumunda VAR degil VECM modeller iizerinden Granger nedensellik testi
yapilmaktadir. Toda-Yamamoto nedensellik testinde bu iki durum 6nemli degildir.
TY nedensellik testinde 6nemli olan, VAR modelin gecikme uzunlugu (k) ve ele
alman degiskenlerin en biyiik duraganlik derecesidir (dmax). Bu iki deger
belirlendikten sonra (k+ dma) boyutunda bir VAR model kurularak, TY testi
gerceklestirilmektedir. TY nedensellik testinde asagidaki VAR modeli dikkate alinir
(Yilanci, 2015:13):

p-+d max p-+d max
Y=o+ Z al(i+d)Yt—(i+d) + Z az(i+d)xt—(i+d) +é&y
-1 i-1 (6)
p-+d max p-+d max

Xe=h+ z ﬂl(i+d)Yt—(i+d) + Z ﬂz(i+d)xt—(i+d) + &y
i=1 i-1 ©)

Hacker ve Hatemi testinde degiskenler arasindaki nedensellik iliskisinin analiz
edilmesi i¢in TY testi uygulanmakta ancak kritik degerler, hatalarin olast normal
dagilmamasina karsin bootstrap ile elde edilmektedir. Bu testte, iki degisken
arasindaki nedensellik iliskisi asagidaki gecikmeli VAR modeli kullanarak test edilir:

Y =a+AY,, +..+ Apyp_lJrut (8)

Burada y;, 2x1 boyutundaki degisken vektorii, A ise parametre vektoridiir.

Ayrica Hacker -Hatemi (2006), Toda-Yamamoto (1995) veya Dolado-Liitkepohl
(1996) VAR modellerinin tahmininde optimal gecikme uzunlugunun en iyi HQ ve
SIC bilgi kriterleri ile belirlenebilecegini, iki kriterin bazit durumlarda farkli gecikme
uzunlugu belirtmesinden 6tiirii iki bilgi kriterini birlikte analiz eden Hatemi -J (2003)
(HJC) bilgi kriteri ile optimal gecikme uzunlugunun belirlenmesi gerektigi ifade
etmiglerdir. HJC bilgi kriterinin formiilasyonu denklem (9)’da gosterilmektedir.

A

Q

Hchln[ +

9 2
n InT+§$ In(lnT)]’Fo ---- koo
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||, j gecikme uzunlugu ile tahmin edilen VAR modelinin hata terimlerinin varyans-
kovaryans matrisini, n modeldeki denklem sayisini, T gozlem sayisini belirtmektedir.
Optimal gecikme uzunlugu belirlendikten sonra sifir hipotezinin analizi ig¢in
gergeklestirilecek TY-VAR analizi (j+dmax) denklemi Y=DZ+§ seklinde ifade
edilirse;

Y=(yl,y2,y3...,yT)(nXT) matrisi,

n n n n

D=(a, A, A Ao A (MXA+HN(] +dy 1)) matris;

1
Yi
Yiu
(Q+n(j+d,,)Xx1) matrisi, =1, ....., T,
Yeojodp st
Z2=(2y,2,,Z,,.. 2; ) )(@+n(j+d,,.)XT) matrisi. 5=(fis,0z, 0s..., 4r)(NXT)
matrisidir.

Kisitsiz regresyonun hata terimleri (nxT) §U matrisi tahmin edilir. Sy=8udu/T seklinde
hesaplanir. f=vec(a,Al,...,Aj,Onxndmax), P=vec(D), vec siitiin-y1g1lma operatoriinii
belirtmektedir. Onxndmax 1 satir, n(dmax) siitiinlii sifir matrisini gostermektedir. Toda
Yamamoto’nun modifiye edilmis MWald testi denklem 10°da belirtilmektedir.

Mwald = (€ A c(z2) ®s,)c]" (€ ) (10)

® Kronecker ¢arpimint ve C kisitlari igeren jxn(1+n(j+dmax) boyutundaki gosterge
fonksiyonu matrisini gostermektedir. C’nin her bir j satir1 B katsayisinin sifira esit
olup olmadigr kisitlamasiyla iligkilidir. TY-VAR analizinde Granger nedenselligin
arastirildig sifir hipotezi HO= Cp=0 seklinde test edilmektedir. Hacker ve Hatemi
(2006) TY Granger nedensellik analizinin tablo kritik degerlerini hem bootstrap
simiilasyonu ile daha etkin bir sekilde elde etmesi hem de modelde ARCH etkisinin
var olup olmadigini Engle (1982)’nin gelistirdigi otoregresif sartli degisen varyans
(ARCH) testi ile test etmesi, nedensellik bulgularinin daha etkin olmasim
saglamaktadir (Deger ve Pata, 2017:38).

Calismaya dahil edilen gostergeler arasindaki etkilesimi salt bir test istatistigi igin
inceleyen geleneksel nedensellik testlerinden farkli olarak, frekans alan1 metodu
zaman igerisindeki farkli frekanslar igin s6z konusu testleri gerceklestirmektedir. Bu
noktada tiim periyot igin geleneksel dogrusal nedensellik testleri, dogrusal olmayan
asimetrik nedensellik testleri ise genisleme ve daralma dénemlerindeki nedensellikleri
irdelemektedir. Frekans alani nedensellik testi daha farkli olarak tiim periyodu baz
alarak kisa, orta ve uzun donem seklindeki bir ayrimla nedensellik iligkisini
incelemektedir (Bayat vd., 2015: 13).
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Granger (1969) ya da Toda-Yamamoto (1995) nedensellik testleri analiz edilen tiim
periyot icin bir degerlendirme yapmakta ve tek bir istatistik hesaplamaktadir. Breitung
ve Candelon (2006) tarafindan gelistirilen frekans alani (frequency domain)
nedensellik testi kisa ve uzun donemde makro ekonomik degiskenler arasindaki
iligkileri ortaya ¢ikarabilmektedir. Burada nedensellik test istatistiklerinin, farkli
frekanslara ayristirilmasina imkan veren Breitung ve Candelon (2006) nedensellik
analizi kullanilmaktadir. Tablo 4’te goriildiigii gibi, uzun dénem frekanslarini 0.01 ve
0.05 olustururken, orta dénem 1.00-1.50 ve kisa déonem frekanslarini ise 2.00-2.50
olusturmaktadir (Tas vd., 2016:11).

Iki degiskenli vektdr otoregresif model kullanan Breitung ve Candelon (2006) ise
otoregresif parametreler lizerinde dogrusal bir hipoteze dayanan tek bir test prosediirii
Onermistir. Boylece test prosediirii cok boyutlu sistemleri ve esbiitiinlesme iliskilerini
inceleyebilecek sekilde genellestirilebilecektir.

Breitung ve Candelon (2006) & ’yi beyaz giiriiltii olarak varsaymaktadir ve E(g;) =0
ve E(eet’) =X seklindedir. Burada X pozitif tanimlidir. G ’yi Cholesky ayristirmasinin
asag1 liggen matris olarak tanimlarsak G'G = = ki E(mm¢) = | ve nt= Ge{ seklindedir.
Eger sistem duragan ise, bu durumda ¢(L) = O(L)? ve y(L) = ¢(L)G* seklindedir.
MA gosterimi ise;

Zt:¢(L)8t=[¢n(L) ﬂz(L)j[gltj:(‘//n(L) le(L)j[nn] (11)
P (L) 4, (L) )\ &y Wau (L) wyu(L) )\ 1y

Bunu x¢’nin spektral yogunlugunun gésterimi i¢in kullanabiliriz;

f ()= % {‘Wu(e_iw)‘z + “/’12 (e_iw)‘z} (12)

Breitung ve Candelon (2006) M, _ (@w)=0 ’nin nedensellik etkisini

y—X
Y
‘(//12 (e*"")‘ = 0 igin kesfetmektedir. Sifir hipotezi VAR katsayilarindaki dogrusal
g0, (L)
[O(L)

diagonal elemam olarak g?? ve ®(L) 'nin belirleyicisi olarak |@(L) | yo frekansinda
x’in nedenseli degildir.

kisitlamalara esittir. w(L) = O(L)'G? ve yi(L)= - Gnin diisiik

‘®12 (eiiw)

p p
=D 0, cos(ka) - > 8, sin(kw)i|=0 (13)
k=1 k=1

O, ile ©, ‘nin (1,2) elemanim gostermektedir. Bunun igin ‘@12 (e_i”)‘ =0 igin,
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p

D 6, cos(kw) =0

k=1

p
D 6, sin(kw) =0

k=1

(14)

Breitung ve Condelon (2006) dogrusal kisitlamalar ve aj=6,; ;ve ﬁj =0, ;i

denklem (14)’e uygulamistir. Sonrasinda x: icin VAR denklemi asagidaki gibi
gosterilebilir.

X =X+t apX +BY. +....+,b’pyt7p + &y (15)

ve sifir hipotezi M, (w)=0 B= [ﬂl,...,ﬂp:l' ile dogrusal kisitlamaya esit

olacaktir.

H, =R(w)B=0 (16)
ve
R(0) = (C(-)S(a)) cc_)s(2a)) ...... c_os( pa))J -
sin(w) sin(2w)......sin(pw)

w € (0, ) igin nedensellik dlgiisii geleneksel F testi ile test edilebilmektedir. Test

prosediirii (2, T-2p) serbestlik derecesi ile F dagilimina sahiptir (Bayat vd, 2013:79-
81).

4.3. Analiz Sonuclari
Caligmada, vergi gelirleri ile kalkinma arasindaki iliskinin test edilebilmesi i¢in ilk
olarak iktisat literatiiriinde sik¢a karsilagilan Ng-Perron birim kok testleri yapilmistir.

Tablo 2. Ng-Perron Birim Kok Testi Sonuglari

Degiskenler MZa MZt MSB MPT
Diizey LKBDG 1.67051 1.56425 0.93639 69.7656
1.Fark LKBDG -17.8428*  -2.98009*  0.16702* 1.39778*
Diizey LVG 1.62840 1.46970 0.90254 64.8291
1.Fark LVG -18.3009*  -3.02415*  0.16525* 1.34169*
Diizey LDSVG 0.85583 0.54262 0.63403 31.2114
1.Fark LDSVG -5.8810*** -1.6890***  0.28720  4.24490***
Diizey LDVG 1.29830 1.08970 0.83933 53.8158
1.Fark LDVG -18.4545%  -3.03222*  0.16431* 1.34714*

Not: *, ** ve *** degerleri sirasiyla %1, %5 ve %10 seviyelerinde anlamliligini
gostermektedir. Ng-Perron birim kok testi gecikme uzunlugu Akaike Bilgi kriteri
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(AIC) kullanilarak T®=3 olarak belirlenmistir. Birim K&k testlerine ait kritik degerler
Ng ve Peron (2001) Tablo 1°den alinmustir.

Ng-Perron birim kok testi sonuglarina gore, yapilan tiim testlerde degiskenlerin diizey
degerlerinde duragan olmadiklari; birinci farklari alindiginda [I(1)] MSB testinde
LDSVG degiskeni disindaki biitiin degiskenlerin tamaminin tiim testler i¢in duragan
hale geldikleri goriilmektedir.

Degiskenler arasindaki nedensellik iligkilerinin analizi i¢in Hacker ve Hatemi ile
Breitung ve Candelon frekans alani nedensellik testi uygulanmustir.

Tablo 3. Hacker ve Hatemi-J Nedensellik Testi Sonuclari (2006)

Test istatistizi Kritik Degerler
est Istatistigi %1 %5 %10
LKBDG #> 0.675 7.565 4.299 2.937
LVG

LVG £ 3.019 8.033 4.465 3.034
LKBDG

LKBDG £ 0.834 7.751 4.267 2.906
LDSVG

LDSVG # 0.632 8.171 4.228 2.956
LKBDG

LKBDG #> 0.014 7.353 4.249 2.940
LDVG

LDVG £ 7.730** 8.243 4.430 3.032
LKBDG

Not: *, ** ve *** girasiyla %1, %5 ve %10 anlamlilik diizeyinde birinci degiskenden,
ikincisine dogru bir nedensellik iliskisinin varligini gostermektedir. Kritik degerler,
bootstrap kullanilarak 10000 yineleme ile elde edilmistir.

Hacker ve Hatemi-J nedensellik testi sonuglarina gore, dolayl vergilerin kisi basina
diisen reel milli gelirin nedeni olmadig1 temel hipotezi %5 anlamlilik diizeyinde
reddedilmektedir. Bagka bir deyisle, dolayli vergilerden kalkinmaya dogru tek yonlii
nedensellik iligkisi bulunmustur. Diger degiskenler arasindaki nedensellik iligkilerine
bakildiginda ise, test istatistik degeri kritik degerlerden kii¢iikk oldugu i¢in temel
hipotez reddedilmemekte olup, nedensellik iligkisi tespit edilememistir.

Bu asamaya kadar yapilan nedensellik testleri, calismada ele alinan donemi bir biitiin
olarak degerlendirilmekte ve neredeyse tiim ekonomilerde goriilmesi muhtemel olan
konjonktiirel dalgalanmalar1 goz ard1 etmektedir. Bu nedenle, Breitung ve Candelon
tarafindan gelistirilen frekans alani nedensellik testi uygulanmustir.
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Tablo 4. Breitung ve Candelon Frekans Alami1 Nedensellik Test Sonuglari

(2006)
Uzun donem Orta Donem Kisa Donem

o; 0.01 0.05 1.00 1.50 2.0 2.50

LKBDG# 1976 0981 0803 0172 0222 0282
LVG

LVG £ - -

LKBDG 0.954 0.940 2.836* 0.024  4.209 0.067
LKBDG #>

LDSVG 1.343 1.337 1.130 0.455 2141 0.210
LDSVG # -

LKBDG 1523 1.519 2274 0779 6.272 0.168
LKBDG #>

LDVG 2.879* 2.879* 0.208 0.852 0.454 0.201
LDVG #

LKBDG 0.715 0.713 1.292 1.212 1.199 0.086

Not: (2, T-2p) serbestlik derecesi ile F tablo degeri yaklasik %10 6nem diizeyinde
2.45'tir. 0 ve m.o € (0,m) arasinda yer alan her frekans alam ( @, ) igin.

Frekans nedensellik testi sonuglarina gore, toplam vergi gelirlerinin kisi bagina diisen
reel milli gelirin nedeni olmadig1 temel hipotezi reddedilmektedir. Bagka bir ifadeyle,
toplam vergi gelirlerinden kalkinmaya dogru tek yonlii orta ve kisa donemde
nedensellik vardir. Dolaysiz vergi gelirlerinin kisi bagina disen reel milli gelirin
nedeni olmadigi temel hipotezi reddedilmekte olup, dolaysiz vergi gelirlerinden
kalkinmaya dogru tek yonlii kisa donemde nedensellik tespit edilmistir. Kigi bagina
diisen reel milli gelirin dolayli vergi gelirlerinin nedeni olmadigi temel hipotezi
reddedilmektedir. Dolaysiz vergi gelirlerinden kalkinmaya dogru tek yonlii uzun
donemde nedensellik iligkisi mevcuttur.

5. Sonug¢

Calismada, Tiirkiye’ye ait 1975-2013 donemine ait yillik verileri kullanilarak vergi
gelirlerinin kalkinmaya olan etkisi arastirilmistir. Bu aragtirma, farkli nedensellik
testleri ile analiz edilmistir. S6z konusu testleri yapmadan dnce, serilerin birim kdk
icerip igermediklerinin analizi sinanmigtir. Bu sinama, Ng-Perron birim kdk testleri
araciligiyla gerceklestirilmistir. Birim kok testi sonuglarina gore, ele alinan
degiskenler diizey degerlerinde birim kok igerdiginden, birinci farklari alinarak birim
kdk sorunundan kurtarilmastir.

Geligmis testlerden biri olan Hacker ve Hatemi nedensellik testi uygulanmis; dolayl
vergi gelirlerinden kalkinmaya dogru tek yonlii nedensellik iligkisi tespit edilmistir.
Son olarak, degiskenler arasindaki nedensellik iliskilerini donemlere ayirarak
arastiran Breitung ve Caldelon frekans alani nedensellik testi gerceklestirilmis;
toplam vergi gelirlerinden kalkinmaya kisa ve orta donemde, dolaysiz vergi
gelirlerinden kalkinmaya kisa donemde ve kalkinmadan dolayli vergi gelirlerine uzun
donemde tek yonlii iligkiler goriilmiistiir. Bu sonuglar, literatiirdeki Anastassiou ve
Dritsaki (2005); Mucuk ve Alptekin (2008); Cural ve Cevik (2015); Goger vd.
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(2010)’nin ¢aligmalariyla benzerlik gostermektedir. Caligmadan elde edilen
sonuglarin, yazin taramasindaki calismalarla farklilik gostermesine, calismada
kullanilan dénemin ve degiskenlerin farkli olmasi, farkli ekonometrik testlerin ya da
modellerin kullanilmasi, modelde farkli degisken kullanimi gibi nedenlerin yol actig1
sOylenebilir.

Literatiirdeki uygulamali ¢alismalara bakildiginda, vergi oranlarindaki artis ile
biiytime arasinda ters yonlil, kalkinma ile dolaysiz vergi gelirleri arasinda pozitif,
dolayli vergi gelirleri arasinda ise ters yonlii bir iliski bulunmaktadir. Bu sonuglar,
vergi politikasi agisindan 6nem arz etmektedir. Nitekim, vergi gelirlerinin artirtlmasi
icin vergi artislarmmin daha ¢ok dolayli vergiler iizerinden yapilmasi, vergilerin
biiylimeyi frenleyici etkisini 6nemli boyutta azaltacaktir.

Ozetle, Tiirkiye’de kisa dénemde dolaysiz vergilerin kalkinma siireci iizerinde daha
fazla etkiye sahip oldugu ve ilerleyen siireclerde (orta ve uzun dénemde) bu etkinin
ortadan kalktig1 goriilmektedir. Uzun donemde kisi basina diisen gelir ile dolayl1 vergi
gelirleri arasinda iliskinin bulunmasi ise, kalkinma siirecinin dolayli vergilerin daha
agirlikli oldugu bir vergi yapisina sekil verdigini gostermektedir. Kalkinmanin bir
stire¢ oldugu gerceginden yola ¢ikarak dolayli vergilerin 6nem arz ettigini belirtmek
miimkiindiir. Son zamanlarda uygulanan vergi politikasinin yukarida belirtilen
sonuglara benzer bulgular verdigi goriilmektedir. Ayrica, dolaysiz vergi oranlarinin
diigtiriilmesi, vergilendirmenin uzun dénem kalkinma tizerindeki olumsuz etkisini
kismen azaltmasi beklenmelidir.
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Fractional Supersymmetric iso(1,1)

Kesirsel Siipersimetrik iso(1,1)

Yasemen UCAN®, Resat KOSKER®, Ozge HIDIRLAR®

ABSTRACT: In this study, fractional supersymmetric iso(1,1) based on the
permutation groups SS, is obtained in the Hopf algebra formulation. This algebra is

denoted by U2 (iSO( 1,1)).

Key words: Poincaré, Fractional supersymmetric, Superalgebra, Semidirect
product.

Jel Classifications: C02, C60, C10

OZ: Bu ¢alismada, 83 permiitasyon gruplari iizerine kurulmus kesirsel siipersimetrik

iso(1,1) cebri, Hopf cebri formiilasyonunda elde edilmistir. Bu cebir U 32 (iSO(l,l))

ile gosterilmistir.

Anahtar Kelimeler: Poincaré, Kesirselsiipersimetrik, Stipercebir, Yaridirekt carpim.

1. Introduction

Lie algebras, Lie groups and their representations are very important in mathematical
physics and engineering literature (Wang, Han, Yu, Zheng, 2012; Vilenkin, Klimyk,
1991; De Witt, 1992; Kostant, 1997). In these studies, we can see the applications of
the symmetries. Supersymmetry has been a popular work area for nearly 27 years.
The supersymmetries are associated with Z, —graded algebra (or S,-graded algebra)
where @ is a grassmann number which satisfies § = 8, 6% = 0 (De Witt, 1992;
Kostant, 1997). Fractional supersymmetric algebras are generalized form of
supersymmetric Lie algebras. Fractional supersymmetric algebras are associated with
Z,—graded algebra (or S,,-graded algebra) where 8 = 8, 8™ = 0,n = 3,4, ... . There
are lots of generalizations of fractional supersymmetric algebras (Raush
deTraunbenberg, Slupinski, 1997; Kerner, 1992; Ahmedov, Dayi, 1999; Ahn,
Bernard, Leclair, 1990; Ahmedov, Dayi, 2000; Ahmedov, Dayi, 1999; Ahmedov,
Yildiz, Ucan, 2001).

In this study, using the method of Ahmedov, Yildiz and Ucan, 2001, we obtain
fractional supersymmetric iso(1,1) algebra. For this purpose, after the overview of
fractional supersymmetric algebra in section-2, we give fractional supersymmetric

iso(1,1) algebra denoted by U;(iso(l,l)) in section-3.

2. On Fractional Superalgebras
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Let U(g) be the universal enveloping algebra of a Lie algebra g generated by Xj ,
j=1,2,...,dim(g) with .

[X: %] = 2ol @ cloxi 1)
where Ci‘} are the structure constants of the Lie algebra g. The Hopf algebra structure
of U(g) is given by the co-multiplication A:U (g) —U (g)®U (g) co-unit
e:U (g)—>C and antipode S :U (g) —>U (g)

A(X))=X;®1+1® X, £(X;)=0, S(X;)=-X; @
We can extend the Hopf algebra U(g) by adding elements Qa ,a=1..N and K

with relations

{QaQﬂ’Q7} - bjﬂij ()

[Q. % ]=a}Q, @
and

KQ,=0QK, ¢’ =1, K*=1. ()
where

{Q..Q,Q,}=0,{Q,,Q,}+Q,{Q..Q}+Q,{Q..Q,}  ®
is the S, invariant form. This algebra, which we denote by U3N (g) can also be
equipped with a Hopf algebra structure by defining

AQ)=Q,®1+K®Q, . A(K)=K®K @)
£(Q;)=0 . &(K)=1 ®)
5(Q)=-KQ . S(K)=K’ ©

For structure constants biﬁ and a;ﬁ, we have to derive identities involving the

i
commutator and S invariant form.

[A[B.C]|+[C.,[AB]]+[B,[C.A]]=0 (10)
[A{B.C,D}]|+{[B,A].C,D}+{B,[C,A],D}+{B,C,[D,A]}=0 (11)
an[dA,{B,c,D}]+[B,{A,C,D}]+[C,{B,A, D} |+[D,{B,C,A}]=0 (12)

The relation (10) is the usual Jacobi identity. Inserting
A=X, B=X, C=Q, (13)

into (10) and using (4) and (1) we get
N o dim(g)
Z(alao’ac!'ﬁ - aojccracl'rﬂ) = z Cﬁaiﬂ (14)
o=1 k=1
It is obtained the following relations from (11-12) and restrictions on the structure
constants as given in Ahmedov, Yildiz, Ucan, 2001.
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N dim(g
Z(aaab:yﬂy + a‘ﬂob;a;/ + ayabzlrﬂa ) z Cjk affy (15)
o=1
dim(g)
k k k k
(bf,,ak, +bk ,af +bl af +bf ak )=0 (16)
k=1

3. Fractional Supersymmetric iso(1,1)

I1SO(1,1) group is given as ISO(1,1) = SO(1,1) x T2 where SO(1,1) group is matrix
group of transforms preserving invariant of x? — x2 = 1 quadratic form and T2 is
translation group in R? space (Vilenkin, Klimyk, 1991).

iso(1,1) algebra of commutation relations are given as follows;

[P ,H]=P, , [P ,H]=-P , [P.,P]=0 17)
We use X, , X, and X, representations instead of P_,P_and H respectively.
From the commutation relations, we have

[Xl,Xz]:O [Xl!x3]:X1 [XZ,X3]=—X2 (18)
For the algebra iso(1,1), we have the following structure constants
C,=1C=-1 (19)
Here we consider N = 2 fractional super generalization of iso(1,1) at N =3 (that
is 0° =1)
From the relation (14) we have
0 0 1 0 01 010
al=/0 0 -1| a*=|0 0 1| a*=(1 0 0
0 0 O 0 0O 0 0O

The condition (15) and (16) imply
b1111 = 3b1112 3b1212 b1211
bgzz 3b1122 3b1222 b2222
b1112 b1122

b1212 = b1222

with all other structure cofficients bJ

By being zero. Choosing that

bll1l =1 we get the fractional super algebra given by

[ 1 ]_ [ 2,X1]=0 [ 1’X3]:Q2

[ ] 0 [ 2'X2]:O [ 2’X3]:Q1

{ 1’Q1’Q1} {QllQlle}:%X1+%xz

{ 2’Q21Q2} X2 {Ql’QZ’QZ}z_Exl—i_}XZ

3 3
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4. Conclusion

Two dimensional Fractional Supersymmetric iso(1,1) algebra is obtained by using the
method in Ahmedov, Yildiz and Ucan, 2001. It can be seen that the results obtained
here are consistent with the results of Raush deTraunbenberg, 2004 and Goze, Raush
deTraunbenberg and Tanasa, 2007.
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Belirsizlik Altinda Cevre Bilingli Tedarikei Se¢imi Probleminin
Incelenmesi

Investigating Environmentally Conscious Supplier Selection Problem under
Uncertainty

Vildan OZKIR®W

OZ: Siirdiiriilebilir tedarik zincirleri, toplumun giincel gereksinimlerini gelecek ne-
sillerin kaynaklarin1 tehlikeye atmadan ulasilabilir kilmay1 hedeflemektedir. Kalkin-
may1 strdiirtlebilir kilmanin yolu, tedarik zincirinde akis1 gergeklesen tiim kaynak-
lara kapali bir dongii i¢inde gerceklesme yetenegi kazandirilmasini saglamaktan geg-
mektedir. Burada 6ncelikli kaynaklar, kit olan ve yasamui siirdiiriilebilir kilan gevresel
kaynaklardir. Cevre bilingli sistemler kurmak suretiyle, tedarik zincirindeki miisteriler
ve isletmeler bu kaynaklarin siirdiiriilebilirligi konusunda katki saglayabilmektedir.
Bu ¢aligsma, yesil tedarik zincirinde tedarik¢i se¢imi gergeklestiren bir firmanin de-
gerlendirmesi gereken kriterler incelenmis olup, otomotiv sektdriinde iiretim yapan
bir firma icin tedarik¢i degerlendirmesi ve analizi gergeklestirilmistir. Sonuglar, stir-
diiriilebilir tedarik zincirinde tedarik¢i se¢imi yaparken cevreci kriterlerin etki diize-
yinin otomotiv sektdriinde oldukga yiiksek oldugunu gostermektedir.

Anahtar kelimeler: Bulanik Karar Verme, Cevreci Tedarikgi Se¢imi, Stirdiiriilebilir-
lik, TOPSIS.

Abstract: The main concern of sustainable supply chains is to enable present genera-
tion to reach their needs and aspirations without compromising the ability of future
generations to meet their needs. Closing the loop in a supply chain, including the
resources in the forward and reverse flow, is a prerequisite for sustainable supply
chains and sustainable development. Here, the primary resources are scarce resour-
ces, which have environmental and economic value. By constructing environmentally
conscious systems, customers and firms in a supply chain can contribute to sustai-
nable practice. This study investigates the evaluation criteria for environmentally
conscious supplier selection problem. Supplier evaluation and analysis is carried out
for a company engaged in production in the automotive industry. The results indicate
that the environmental criteria have considerable effect on the final decision while
evaluating the performance of green suppliers in the automotive sector.

Keywords: Fuzzy decision making, Environmentally conscious supplier selection, sus-
tainability, TOPSIS.

JEL Classifications: C630

1. Giris

Tedarik zinciri yonetimi; miisteri ihtiyaclarini karsilayacak sekilde mallarin dogru za-
manda, dogru yerde, dogru miktarda bulunmasi ve toplam sistem maliyetinin diisii-
rlilmesi i¢in tiim tedarik zinciri taraflarinin -basta yan sanayi, iiretim tesisi, depo, da-
gitic1 ve satici olmak iizere - etkili entegrasyonu amaglamaktadir. Son yillarda rekabet
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kosullarinin giiclesmesi, kiiresellesme, teknolojinin hizli gelisimi, lojistik aglarin kar-
magikliginin artmasi ve iiriin yasam dongiisiiniin kisalmasi gibi gelismeler igletmele-
rin tedarik zinciri stratejilerini yeniden gézden gegirmelerini gerektirmistir (Beamon,
1999). Siirdiiriilebilir kalkinma kavramu ile 6ne ¢ikan insan ve ¢evre merkezli yakla-
stmlar, tedarik zinciri tasariminit ve yonetimini biiyiik l¢iide etkilemistir. Ekonomik
kalkinmanin ancak sosyal ve ¢evresel kalkinma degerleri gozetilerek siirdiiriilebilir
kilinabilecegi diisiincesi tiim diinyada kabul gérmiistiir. Bu kapsamda, Avrupa Birligi
(AB) basta olmak tizere, Amerika ve Japonya’da kanuni diizenlemeler ve yonetme-
likler olusturulmaktadir. Ornegin, AB, 2003 yil itibariyla, elektrikli ve elektronik
ekipman tiretimde kullanilan tehlikeli maddelerin kullanimini kisitlayan ROHS direk-
tifi (2002/95/EC) ve bu ekipmanlarin/donanimlarin toplanmasini ve geri doniistiiriil-
mesini 6neren WEEE Direktifi (2002/96/EC) ile elektronik pazari i¢in stirdiiriilebilir-
ligi tesvik etmektedir. Bu direktifler, {irliniin yasam ¢evrimi boyunca tasarimindan
kontrollii imhasina veya yeniden degerlendirilmesine yonelik olarak elektrikli ve
elektronik ekipmanlardan dogan atiklar1 azaltmak; dogal kaynaklarin tiiketimini azalt-
mak, olusabilecek atik ve kirliligi azaltmak tizere onleyici ¢aligmalar yapmak ve tire-
ticileri, saticilari, distribiitorleri ve geri doniisiim tesislerini {iriinlerinin ¢evresel etki-
leri ve bunlarin sonuglar1 konusunda bilinglendirmeyi amaglamaktadir.

Tiirkiye'nin Avrupa Birligi tam iiyelik miizakerelerine 2005 y1l1 itibariyla baglamasi
ile belirlenen 35 miiktesebat basligindan biri de ¢evredir. Bu kapsamda, AB’nin gevre
ile ilgili direktifleri hizla uyumlandirma ¢aligsmalar1 yapilmaktadir. Devlet tarafindan
belirlenen sinirlamalar ve diizenlemelere uyum saglamak igin isletmeler biiyiik ¢caba
sarf etmektedir. Ayrica, rekabetgi pazar sartlarinda, ¢evre duyarlihigini benimsemis
isletmeler miisterilerinin sadakatini kazanmaktadir.

Biiylikozkan ve Vardaloglu (t.y.), temel nedeni ne olursa olsun, sirketlerin kendilerine
ait bir ¢evresel strateji belirlemek ve yesil tedarik zinciri uygulamalarina gegmek zo-
runda oldugunu belirtmistir. Cevre bilincinin artmasiyla birlikte, miisteriler satin al-
diklar1 iiriin ve/veya servisi; diisiik fiyat, yliksek kalite, kisa teslimat siiresine ilaveten
tiim bunlari ¢evresel bir sorumluluk ile yapabilen tedarik¢ilerden saglamayi tercih et-
mektedir. Noci (1997) sirketlerin etkili cevre yonetimi insa etmeleri gerektigi ve miis-
teri ile tedarikei arasindaki iliskinin entegre olmasi gerektigi tizerinde durmustur. As-
linda karsilikli isbirligi iligkileri gelistikce, sirketler tedarikgileri ile birlikte gevre bi-
lingli Giriinlerin tiretebilmesinin olurlu olacag: diisiincesini savunmus ve tiim gerekli-
likleri yaptiklar1 takdirde sirketlerin elde edecekleri kazanimlari agiklamistir. Avrupa
Birligi diizenlemeleri kapsamindaki uygulamalari incelemek suretiyle, Nronom ve
Osibanjo (2008) Genisletilmis Uretici Sorumlulugu kapsaminda gelismekte olan iil-
kelerde dmriinii tamamlamis elektronik iiriinlerin yonetiminde karsilagilan problem-
leri incelemislerdir. Waite, Cox ve Tudor (2015) ingiltere’de atik toplama konusunda
AB uygulamalar1 ve hedeflerine ulasma derecelerinin analizini yapmis, hedeflere
ulagmak i¢in toplama hizmetinde yapisal degisiklikler yapilmasini 6nermistir. Cevre
bilingli uygulamalardan biri de, Pacheco-Blanco ve Bastante-Ceca (2016) tarafindan
calisilan ve yakin zamanda 6nem kazanan siirdiiriilebilir tiiketim i¢inde yesil tedarik
konusudur. Pacheco-Blanco ve Bastante-Ceca (2016) ¢aligmalarinda, yiiksek 6gretim
kurumlarinin siirdiiriilebilir tiiketime pratik ve teorik anlamda nasil katkida bulunabi-
lecegi aragtirmistir.

Bu ¢alismanin temel hedefi, ¢evre bilingli tedarik zinciri yonetimi asamasinda zincirin
onemli bir bileseni olan tedarik¢ilerin degerlendirilmesi i¢in temel kriterleri zetle-
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mek suretiyle, bir tedarik¢i se¢imi probleminde 6zellikle ¢evre bilincini 6n plana ¢i-
karan kriterlerin dnemini ortaya koymak ve degerlendirme kararia nasil katkida bu-
lundugunu gercek bir uygulama ile gdstermektir. Caligsmanin ikinci bdliimiinde ¢evre
bilingli (yesil) tedarik¢i se¢imi problemi incelenmekte ve ilgili literatiir arastirmasi
sunulmaktadir. Ugiincii boliimde, bu tip secim problemlerinde alternatiflerin ekseri-
yetle sinirlt ve sayilabilir miktarda olmasi dolayisiyla, literatiirde siklikla kullanilan
cok kriterli karar verme yontemlerinden TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) tekniginin metodolojisi ag¢iklanmaktadir. Dérdiincii bo-
liimde, otomotiv sektoriinde iiretim yapan bir firma i¢in ¢evre bilingli tedarik¢i belir-
leme ¢aligmasi sunulmaktadir. Son olarak, ¢alismanin sonuglari, degerlendirmeler ve
yorumlar sunulmaktadir.

2. Cevre Bilingli Tedarikg¢i Secimi Problemi

Is diinyasindaki rekabet her gecen giin artmakta, miisteri dncelikleri degismekte ve
tedarik fonksiyonunun basar1 gostergelerine yeni bilesenler eklenmektedir. Bu ne-
denle, tedarik¢i se¢imi problemi zorlasmakta ve sistematik yaklasimlara olan ihtiyag
artmaktadir. Bu noktada, birincil amaglar olan ihtiya¢ duyulan malzemenin dogru
miktarda ve dogru zamanda planlanan yerde hazir bulunmasina ilaveten, genel kalite
gereksinimleri, belirli teknik gereksinimler ve finansal dayanikliliklar1 konusunda
miisteri tatmini saglayacak unsurlar1 bulundurmalar gerekliligidir.

Tedarikgi segimi problemi, ¢ok sayida kriteri kapsayan ve genellikte alternatiflerin
sayilabilir miktarda oldugu bir karar verme problemlerindendir. Literatiirde klasik te-
darikei se¢imi problemlerini inceleyen pek ¢ok ¢alisma bulunmaktadir. Tedarikgi se-
¢imi icin literatiirde kullanilan yontemlerden bazilari sunlardir: Bayes Ag Modeli
(Hosseini ve Barker, 2016), PROMETHEE (Dulmin ve Mininno, 2003), Veri zarf-
lama analizi (Braglia ve Petroni, 2000; Wu, 2009; Toloo ve Ertay, 2014; Karsak and
Dursun, 2014; Dobos ve Vorosmarty, 2014), Analitik Hiyerarsi Prosesi (Akarte vd.,
2001; Liu ve Hai, 2005; Chen vd., 2006; Veni vd., 2012), Analitik Ag Prosesi (Lin
vd., 2010; Gencer ve Giirpmar, 2007), Bulanik Kalite Fonksiyonu A¢ilimi (Dai ve
Blackhurst, 2012), ¢ok amaglh programlama (Zhu, 2004). Detayli ve genis bir literatiir
aragtirmasi i¢in Wetzstein vd. (2016) tarafindan 1995 ve 2015 yillar1 arasinda yayn-
lanan 221 ¢aligmanin yer aldig1 literatiir arastirmasini incelenmelidir.

Isletmeler, ¢evre bilingli tedarik zincirinden en yiiksek yarar saglamak igin, bulun-
duklar1 zincirinin tiim iiyelerini bu yesil zincire entegre edebilmeli ve zinciri katilacak
bilesenlerin ¢evre bilingli i yapma kabiliyetini degerlendirmelidir. Literatiirde teda-
rik¢i se¢imi i¢in yapilan ¢aligmalarin sayist ile kiyaslandiginda, ¢evre bilingli tedarikg¢i
secimi ve degerlendirmesi konusundaki ¢aligmalarin sayis1 goreli olarak azdir. Lite-
ratlirde karar bilimi kapsaminda yayinlanan dergilerde, tedarik¢i se¢imi ve gevre bi-
lingli (yesil) tedarik¢i segimi anahtar kelimeleri ile aramalar gergeklestirilerek Sekil
1’de verilen yayin sayilar1 bu durumu agik bir sekilde gostermektedir.
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Yesil tedarikei secerken dikkat edilmesi gereken etkenler; firmanin ihtiyaglarint uy-
gun fiyat, Kalite ve hizmet diizeyi ile siirekli bir sekilde karsilarken, bunlar1 ¢evreye
duyarl bir sekilde, ¢evre bilingli uygulamalar1 gergeklestirebilecek 6zelliklere ve is-
tege sahip olmasidir. Se¢im sirasinda her firma igin dncelikler farkli olabilir. Bu ne-
denle secim sirasinda ortak kriterler kullanilarak objektif bir sekilde tedarik¢i perfor-
manslar1 degerlendirilmelidir. Noci (1997) yesil tedarik¢i se¢imi igin; sirketlerin ye-
rine getirebilecegi uygulanabilir yesil stratejiler bulmanin, tedarikgiler tarafindan
¢evre koruma performansinin degerlendirilmesi i¢in operasyon 6l¢iim metodu tanim-
lamanin, tedarik¢i se¢imi igin en etkili yontemi belirlemenin ve tedarikgilerin sirketin
cevre koruma stratejilerini takip edebileceklerinden emin olma gerekliliginin dnemini
vurgulamustir. Yazar, yesil {iriin tedarikgileri segim kriterlerini ve gevre performans
indekslerini 4 baglik altinda toplamustir. Bunlar; tedarikgilerin giincel ¢evre etkinligi,
tedarikgilerin yesil kapasiteleri, tedarik¢ilerin yesil imaj1 ve son olarak ekonomik yon-
den performans siireci degerlendirilmesidir. Handfield vd. (2002), Fortune 500 sirket-
lerinin tedarik zinciri yoneticileri ile yaptiklari ¢alismada, tizerinde fikir birligine va-
rilan bir kriterler listesi olusturmustur. Humphreys vd. (2003), geleneksel tedarikgi
secimi proseslerinin sadece kalite, esneklik vb. kriterlere dikkat ettigini; ancak, ¢evre
baskisinin artmasi ile birgok isletmenin tedarikgilerinin ¢evre performanslarini deger-
lendirmeye bagladiklarini belirtmistir. Kannan vd. (2013) en iyi ¢evre bilingli tedarik-
cilerin bir siralamasini1 bulmak ve degerlendirmek i¢in, ¢evresel ve ekonomik kriter-
leri gz 6niinde bulundurarak, bulanik ¢ok 6l¢iitlii fayda teorisi ile ¢ok amaglt prog-
ramlamanin birlestigi biitiinlesik bir yaklagim sunmugtur. Sivakumar vd. (2015) AHP
ve Taguchi kayip fonksiyonu ile yesil tedarik¢i degerlendirmesi ve se¢imi galismasi
sunmustur. lgarashi vd. (2015) tedarik¢i se¢imi problemine ¢evre kriterlerinin eklen-
mesinin ve yesil tedarik¢i segimi probleminin karmasikliginin satin alma tizerindeki
etkilerini incelemigtir. Banaeian vd. (2016) gida tarimi endiistrisinde yesil tedarik¢i
secimi problemini incelemis, belirsizlik altinda karar verme metotlarindan Bulanik
TOPSIS, Bulanik VIKOR ve GRA yo6ntemlerini kullanarak gercek bir uygulamada
tedarik zinciri performanslarini degerlendirmek igin kullanmigtir. Rezaei vd. (2016)
klasik ve ¢evresel kriterler ile biitlinlesik tedarik¢i se¢cim yasam dongiisii yaklagimi
sunmustur. Rezaei vd. (2016) onerdikleri 3 asamali tedarik¢i se¢imi metodolojisini
gida zinciri i¢in uygulamak suretiyle, metodoloji, karar ve yonetimsel uygulamalarin
birbiri iizerindeki etkilerini tartigmistir. Awashi ve Govindan (2016) yesil tedarikg¢i
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gelistirme programlarini degerlendirmek i¢in bulanik nominal grup teknigi ve ¢ok kri-
terli karar verme yontemlerinden biri olan VIKOR’u kullanmustir. Dweiri vd. (2016)
Pakistan’da otomotiv sektoriinde yesil tedarik¢i se¢imi problemini ¢dzmek iizere,
Analitik hiyerarsi prosesi yontemini kullanmistir. Literatiirde, yesil tedarik¢i se¢imi
i¢in kullanilan diger yontemler ise, DEMATEL (Hsu vd. 2013), bulanik kiimeleme
(Heidarzade vd. 2016), Bulanik c-means ve VIKOR (Akman, 2015), Sistem dinamigi
(Orji ve Wei, 2015), DEA (Dobos ve Vordsmarty, 2014), Bulanik analitik ag prosesi
(Galankashi vd. 2015), Bulanik Aksiyomatik Tasarim (Kannan vd. 2015)’dur.

3. Bulanik Topsis Metodolojisi

Cok kriterli karar verme problemlerinde ilk adim alternatifler kiimesinin ve alterna-
tiflerin degerlendirilecegi karar kriterleri kiimesinin belirlenmesidir. Bu, kritik bir
adim olmasina ragmen, formiilasyonu standart bir modelleme prosediirii ile kolayca
yapilamaz (Triantaphyllou, 2000). Cok kriterli karar verme problemleriyle ilgilenir-
ken karsimiza ¢ikan diger bir kritik adim ise, uygun verilerin tahmin edilmesidir. Sik-
likla, ¢ok kriterli karar verme problemlerinde veriler net olarak elde edilememektedir.
Bu durum, her bir karar kriterinin 6nemini ve alternatiflerin bu kriterlere gore perfor-
mansini degerlendirmek igin nitel degerlendirmeleri igeren uzman goriisiinii 6n plana
¢ikarmaktadir. Cok kriterli karar verme yontemleri, bu nitel degerlendirmeleri elde
edebilen ve isleyebilen prosediirler 6nermektedir.

Bulanik mantik, 1965 yilinda Lotfi Zadeh tarafindan 6nerilen belirsizligi agiklama
kabiliyeti yiiksek olan bir teoridir. Bulanik kiime teorisi ile, her bir elemani 0 ile 1
arasinda degisen iiyelik derecesine sahip siireklilik arz eden bir {iyelik fonksiyonu ile
tanimlanir. Teori, matematiksel optimizasyon, karar destek metotlar1 gibi pek ¢ok uy-
gulamali matematik alaninda kullanilmaktadir. Uggensel bir bulanik say1, at, a™ve
aY sayilarimin olusturdugu bir {i¢lii dizim @ = [a*, a™, a¥ ] seklinde gdsterilmekte ve
Denklem (1)’de gosterilen iiyelik fonksiyonu pj ile ifade edilmektedir.

0 x < at
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X —a
M L aLSxSaM
a” —a
= 1)
Ha v (
a—-x M U
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a” —a
0 x>aV

Yiiksek belirsizlik igeren karar ¢evrelerinde, karar vericiler karar vermekten veya ke-
sin yargilarla hareket etmekten ¢ekinir. Bu nedenle, bu belirsizligi karar analizi ¢alig-
malarmin i¢ine dahil etmek amaciyla, karar vericinin degerlendirmeler ya da muhte-
mel sonuglar ile ilgili kesin yargi olusturmak yerine, ¢esitli risk ifadeleri ile degerlen-
dirme yapmasina izin verilir. Karar vericilerden alinan dilsel degerlendirmelerin bu-
lanik dlgeklere doniistiiriilmesi i¢in literatiirde ¢esitli yaklagimlar bulunmaktadir. Bu
caligmada nitel verilerin sayisallastirilmasi i¢in, Tablo 1°de verilen Wang ve Elhag
(2006) tarafindan onerilen bulanik dilsel degerlendirme 6lcegi kullanilmistir.

Adim 1: Alternatifler kiimesinin ve karar kriterleri kiimesinin belirlenmesi

Adim 2: Karar Vericilerden bireysel degerlendirmelerinin alinmasi

Alternatiflerin performanslarini degerlendirmek iizere, Wang ve Elhag (2006) tarafin-
dan 6nerilen degerlendirme dl¢egi asagida verilmektedir.
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Tablo 1. Bulanik Dilsel Degerlendirme Olcegi (Wang ve Elhag, 2006)

Puanlama i¢in Dilsel Terimler Bulanik Performans Degerleri
Cok Zay1f (0,0,0.1)
Zayif (0,0.1,0.3)
Biraz Zayif (0.1,0.3,0,5)
Orta (0.3,0.5,0,7)
Biraz lyi (0.5,0.7,0,9)
Iyi (0.7,0.9,1)
Cok lyi (0.9,1,1)

Karar vericilerden bireysel degerlendirmelerinin alinmasi adiminda, Tablo 2°de Saaty
(1980)’nin 2 kutuplu 9 puanli ikili karsilagtirma 6lgegi kullanilmaktadir.

Tablo 2. Bulanik Dilsel Degerlendirme Olcegi
Agiklama Onem derecesi Bulanik Degerleri
Cok Fazla Onemli 9 (7,9,9)
Cok Onemli 7 (5,7,9)
Onemli 5 (3,5,7)
Az Onemli 3 (1,3,5)
Esit Onemli 1 (1,1,)

m alternatifli ve n ana kriterli hiyerarsik bir karar problemine sahip oldugumuzu dii-
siinelim. Ikili karsilastirma dlgegi kullanarak tiim kriterlerin dnem dereceleri bulanik
analitik hiyerarsi prosesi kullanilarak hesaplanir. Karar vericilerden alinan dilsel de-
gerlendirmelere karsilik gelen bulanik degerler belirlenir.

Her bir ana kriter igin, alt kriterlerinin ikili degerlendirildigi ve hedef i¢in ana kriter-
lerin birbirleriyle degerlendirildigi ikili karsilastirma matrisi olusturulur. Ornegin,
ikili karsilastirmalar matrisindeki her bir degerlendirme; bir i kriterinin bir j kriterin-
den ne kadar 6nemli oldugunu ifade eder. Bir karsilastirma matrisinin tam tutarh ola-
bilmesi i¢in, en biiylik 6z degerinin matris boyutuna esit olmasi1 beklenir. Analitik
hiyerarsi prosesi, ikili karsilagtirma matrisinin belirli bir miktar tutarsizlik igermesine
izin verir. Bu nedenle tanimlanan rassal tutarlilik endeksine gore, tutarlilik orami de-
gerlendirilmektedir. Bu sekilde hesaplanan tutarlilik oraninin %10°dan kiigiik olmasi
durumunda, matrisin kabul edilebilir derecede tutarli oldugu varsayilir. Detayli bilgi
ve agiklama i¢in; Saaty ve Vargas (2012)’e bagvurulmalidir.

Adim 3: Kriter Agirliklarinin hesaplanmasi
A matrisi ana kriterlerin kiyaslandigi ikili karsilagtirma matrisi olsun.

(aél' a11l/11’ agl) (afn' a%’u ayn)
L M U
~ a a a
A= [aij]NxN = | (e 221’ ) : : : @)
(ahuay,afy) o o (@hn anh, ailn)

Oncelikle siitun normalizasyonu yapilarak, 7 ; degerleri hesaplanir.
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Ardindan satir ortalamasi alinarak bulanik agirlik vektori elde edilir.

(4)

Tutarlilik analizi ardindan, agirlik degerleri hiyerarsik TOPSIS metodolojisi i¢in hazir
hale gelir.

Adim 4: Karar vericilerden alinan alternatif performans degerleri normalizasyonu
k, bir j ana kriteri altinda bulunan K adet alt kriteri ifade eden indis olsun.

L
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B = [Eik]me normalize edilmis bulanik performans degerlendirme matrisi olsun.

Fayda kriteri i¢in normalizasyon
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maliyet kriteri i¢in normalizasyon
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seklinde yapilir.

Adim 5: Agirliklandirilmis normalize bulanik karar matrisi elde edilmesi
Normalize bulanik karar matrisi ile agirliklarin ¢arpilmast sonucunda, agirliklandiril-
mis normalize bulanik karar matrisi elde edilir.

C = [Ciklmxx = Wy, Cclmxrc (8)

Adim 6: Bulanik ideal ve Bulanik negatif ideal ¢dziimlerin belirlenmesi

F fayda kriterlerinin olusturdugu bir fayda kiimesini ve M ise maliyet kriterlerinin
olusturdugu bir maliyet kiimesini gostermek tizere, bulanik ideal ¢6ziim A* ve bulanik
negatif ideal ¢6ziim A~ $0yle hesaplanir:

A = {(miax Cir

ke F),(miin aik| keM),i=123, m} 9)

A" = {(miin Cix|k € F), (miax Eikl k € M),i =1,2,3, ...,m} (10)
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Yukaridaki iki alternatif de hayalidir. Bununla birlikte, fayda kriteri i¢in karar verici-
nin alternatifler arasindan maksimum degeri istediginin kabul edilmesi mantikli bir
yaklasgimdir. Ayni sekilde, maliyet kriteri i¢in karar vericinin alternatifler arasindan
minimum degeri istedigi varsayilmaktadir.

Adim 7: Bulanik ideal ve Bulanik negatif ideal ¢oziimlere uzakliklarin belirlenmesi
Iki iicgensel bulanik say1 arasindaki mesafenin él¢iimii igin literatiirde cesitli yakla-
simlar bulunmaktadir. Bu ¢alismada, Guo ve Zhao (2015) tarafindan gelistirilen geo-
metrik uzaklik metodu kullanilmigtir. Bu metoda gore, her i alternatifinin (d;, d;)
pozitif ve negatif ideale olan uzaklig1 asagidaki gibi hesaplanir:

12\ /2
2

n
d: = Z {[(CiLk —ci)? +2(cl —ci)P + (cfy — e 2]} (11)

4

j=1

2\ 1/2 (12)

1
C o | (ICek = eaby? + 2(cl — e + (el — )2
di = Z 4
j=1

Adim8: Bagil Yakinligin Hesaplanmasi
CC;, yakinlik gostergesi, A; alternatifinin A* ideal ¢6ziimiine bagil yakinlig1 ve A~
alternatifine bagil uzakligi temsil eder ve soyle tanimlanir:

_ 4
S d +d;

CC; (13)
CC;, degeri en yiiksek olan en iyi alternatifi temsil eder. Siralama igin, CC; degerleri
biiyiikten kiigiige dogru siralandiginda baskinlik siralamasi elde edilir.

4. Gergek Olay Cahsmasi: Otomotiv Yan Sanayiinde Yesil
Tedarikgi Secimi

Tedarik¢i performansi ile ilgili miisteri memnuniyeti kriterleri tedarik¢i performansi
ile ilgili ¢esitli kriterleri icermektedir. Bunlardan bazilari; iirlin yelpazesi, tiriin Kali-
tesi, iirlin destegi, miisteri servisinin etkinligi, fiyatlandirma, teslimat performansi vb.
olarak siralanabilir. Bu ¢alismada tedarik¢i performansinin degerlendirilmesinde ana
kriterler olarak; Kalite, Maliyet, Hizmet ve Yesil imaj belirlenmistir. Daha sonra daha
detayli bir analiz i¢in her bir ana kriter alt kriterlere ayrilmistir. Bu alt kriterler kalite
igin; kalite belgeleri (KB), iiriin kalitesi (UK), Ar-Ge (AG), maliyet igin; birim fiyat
(BF), istikrar (FI), Hizmet i¢in; esneklik (TE), iz (TH), glivenilir teslimat (GT), yesil
imaj i¢in; geri doniigiim (GD), elektrik tiiketimi (ET), atik yonetimi (AY), elektrikli
ara¢ kullanim1 (EA) ve yesil paketleme (YP) olarak belirlenmistir.

4.1. Alternatiflerin tanimlanmast ve Ana Kriterlerin Tanimlanmasi

Otomotiv ana sanayiinin belirledigi teknik dokiimanlara uygun orijinal modiil tireten
yan sanayii firmalar1 arasindan se¢im yapilacaktir. Bu se¢im esnasinda, ana firmanin
Onemli stratejilerinden biri de ¢evre bilingli liretim yapmaktir. Bu ayni zamanda, fir-
manin pazarlama stratejilerinde de yer almaktadir.
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Bu nedenle; satin alma departmani, parga liretimi i¢in uygun orijinal modiil {ireten yan
sanayii firmalari arasindan alternatifler olusturmustur. Bu calismada, belirlenen 6
firma A,B,C,D,E ve F firmalar: olarak anilacaktir.

Cevre Bilingli tedarik¢i se¢imi igin 4 ana kriter ve bu ana kriterlerin altinda 13 alt
kriter belirlenmistir. Bunlar;
Kalite: Uriiniin miisteri ihtiyaclarini karsilama yetenegine sahip olmasi ve iiriine ait
belirlenen teknik 6zellikleri saglamasini ifade etmektedir. Bunun yaninda, kalite ile
firmanin siire¢lerinin miisteri tarafindan kabul edilebilir asgari kalite seviyelerine sa-
hip olmas1 beklenmektedir. Kalite alt kriterleri soyledir:
Kalite belgeleri (KB), laboratuvar hizmetinin, muayenenin, iiriin, sistem veya
personelin belirli bir standart veya teknik diizenlemeye uygun oldugunun yazili
olarak ti¢ilincii taraf (bagimsiz) bir kurum veya kurulus tarafindan belirlenmesi
sonucu firmalara verilen uygunluk belgeleridir. ISO 14001 ¢evre yonetim sis-
temi standartlar1 belgesi yesil tedarikg¢i se¢imi i¢in dnemli kriterlerden biridir.
Uriiniin kalitesi (UK), tiiketici ihtiyaclarin1 en ekonomik diizeyde karsilamayi
amaclayan miihendislik ve imalat 6zelliklerinin bilesenlerinden olusmaktadir.
Tedarik zinciri yonetiminde kalite iireticinin sorumlulugu oldugu kadar, iireti-
ciye mamul iiretiminde kullanilmak {izere par¢a, yart mamul ve malzeme sagla-
yan tedarik¢inin de sorumlulugudur. Tedarik¢inin iiretim yetenegi ayni zamanda
bitmis {iriiniin kalitesini de belirlemektedir.
Arastirma ve gelistirme (AG), insan, kiiltiir ve toplumun bilgisinden olusan bilgi
dagarciginin artirilmasi ve bu dagarcigin yeni uygulamalar tasarlamak lizere kul-
lanilmasi igin sistematik bir temelde yiiriitiilen yaratici ¢aligmalardir. Otomotiv
sektoriinde arastirma ve gelistirme faaliyetlerinin siirdiiriilebilir olmasi ve bu fa-
aliyetlerin firma iginde benimsenmis olmasi ¢ok 6nemlidir. Ar-Ge faaliyetlerinin
miisteri agisindan 6nemi; alinacak {iriiniin ileri teknoloji ile iiretilmesinin {iriin
kalitesi tizerinde etkisi vardir.
Maliyet: Uretici firmalar karliliklarini artirmak igin iiriinlerinde kullandiklari malze-
meleri miimkiin oldugunca minimum fiyatla elde etmek isterler. Bu nedenle firmalar
iiriinlerin iiretimi ile ilgili maliyetlerini minimize edebilecekleri diisiik maliyetli teda-
rik kaynagi bulmak zorundadirlar (Chan ve Kumar, 2007).
Birim fiyat (BF), satin alma karariin verilmesinde 6nemli bir belirleyicidir. Fi-
yatlama kriteri, tedarik¢inin diger tedarikgilere goére daha uygun fiyat vermesi ve
alinan iiriin miktaria gore diger tedarikgilere oranla daha yiiksek oranda fiyat
indirimi uygulamasindan olusmaktadir.
Firmammn Istikrart (FI), firmanm pazardaki konumu, finansal durumu, firmanimn
ilgili sektordeki referanslar1 ve tiim bunlarin firma i¢in uzun vadede siirdiiriile-
bilir olmas1 miisteri agisindan ¢ok 6nemlidir. Calisilan tedarik¢inin saglam bir
mali yapisinin olmasi, miisterinin firmaya olan giivenini arttirir, miisteriyi o fir-
mayla uzun vadeli ¢aligmalar yapmaya tesvik eder.
Hizmet: Geleneksel kriterlerin yaninda, tedarik¢inin sundugu hizmet de tedarikgi per-
formansinin degerlendirilmesinde 6nemli bir kriter olmaktadir. Hizmet kriteri, esnek-
lik, cevap verme hizi ve teslimatta giivenilir olmasi gibi kriterleri kapsamaktadir.
Tedarik¢i Esnekligi (TE); tedarik¢inin miisteri isteklerine kolay uyum saglaya-
bilmesi olarak tanimlanabilir. Bu kriter tedarik¢inin miisterinin istedigi kadar
iiriindi kolaylikla verebilmesini, {ireticinin acil mal taleplerini kolaylikla karsila-
yabilmesini kapsamaktadir.
Tedarik¢i Hizi (TH); misterinin tedarik¢i performansini degerlendirmede goz
oniinde bulundurdugu 6nemli kriterlerden biridir. Ciinkii satin alinan malzeme-
nin firmaya erken veya gec¢ gelmesinin firmaya ek maliyetleri vardir. Siparisin
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geg tedarik edilmesi, liretimin aksamasina yol agarken, erken gelmesi ise bir stok
maliyeti olusturmaktadir.

Giivenilir Teslimat (GT); tedarik¢inin 6nceden belirlenen bir teslimat ¢izelgesine
uyma kabiliyeti tedarik¢i se¢imi ve tedarikgi-iiretici iliskilerinin degerlendiril-
mesi ve siirdiiriilmesi i¢in dnemli bir kriterdir. Tedarik¢i firma miisterinin tale-
bine gore tam bir teslimat ¢izelgesini izleme kabiliyetine sahip olmalidir (Chan
ve Kumar, 2007).

Cevre Bilinci (Yesil imaj) (CB): Cevre bilinci ve ¢evreye duyarli sistemler kurmak
ve yonetmekle ilgilidir. Firmanin ig yapma siireci boyunca stirdiirdigii tiim faaliyet-
lerde stirdiiriilebilirligi 6n planda tutmasi topluma ve dogaya karsi tutumu oldukca
onemlidir. Cevre Bilinci kriterinin altinda, geri doniisiim kabiliyeti, verimli enerji tii-
ketimi ¢alismalar1, atik yonetimi, petrol kullanimu ve tiirevlerine karsi tutumu, tasima
ve paketleme siireglerindeki yesil bakis agisi firmalarin ¢evre bilingli olmalarinda
onemli etkenlerdendir.
Geri Doniigtim (GD), kullanilan tirinlerin, bilesenlerin veya malzemelerin {ire-
tim alanindan toplanarak yeniden iiretime veya kullanima sunulmasini igerir. Tii-
ketilen maddelerin yeniden geri doniisiim halkasi i¢ine katilabilmesi, 6ncelikle
hammadde ihtiyacin1 azaltir, dogal dengeyi korur ve enerji tasarrufu saglanir.
Atik malzemelerin hammadde olarak geri doniistiiriilmesi ¢evre kirliliginin en-
gellemesi agisindan da 6nemlidir.
Enerji Tiiketimi (ET), yesil tedarik zinciri yonetiminde enerji ve hammadde kul-
lanim1 6nemli bir basar1 faktoriidiir. Enerji ve hammadde tiiketimini azaltacak
stiregler, tedarik zincirinde yesil faaliyetlerinin gergeklestigini gdstermektedir
(Biiyiikdzkan ve Vardaloglu).
Atik Yénetimi (AT), streglerde olusan atiklarin niteligi ve bunlarin miktarlarinin
azalmast ile ilgilenir. Tedarik zincirinin ¢evresel performansi, zincirin kapali ol-
mast ile dogrudan iligkilidir.
Yesil Lojistik (YL): Otomobillerin havaya yaydigi zararli gazlarin ¢evreye olum-
suz etkileri ¢ok fazladir. Benzin tiiketimi diisiikk veya elektrikli araglarin kulla-
nimt lojistik operasyonlarinin ¢evre bilinci ile yiiriitiilmesine olanak saglamak-
tadir. Bu nedenle, tedarik¢i firmalarin bu tiir araglari kullanmalar1 yesil imajlar
agisindan ¢ok dnemli bir basar1 anahtaridir.
Yesil Paketleme (YP); paketlemenin geri doniisiimlii olacak sekilde tasarlanma-
si1 igermektedir. Firmanin ekonomik ve gevre performansini olumlu yonde et-
kilemektedir (Zhu vd, 2005). Yesil paketleme sayesinde, malzeme kullaniminda
ve tagima adedinde azalma beklenirken daha verimli depolama ve tagima yapilir.

4.2. Verilerin Toplanmast

Alternatiflerin performanslarini degerlendirmek iizere, Wang ve Elhag (2006) tarafin-
dan onerilen degerlendirme 6l¢egi (bknz. Tablo 1) karar vericilere sunulmustur. Her
bir alternatifin her bir alt kritere gore dilsel terimler ile puanlamasi istenmistir. Denk-
lem 14 Kkarar vericilerin yesil paketleme kriteri igin karsilik gelen alternatif puanlama-
lari1 gostermektedir.

App=15 1 4 5 3 8I" (14)

Ardindan, her bir kriter kiimesi i¢in Tablo 2’de verilen 2 kutuplu ikili kargilagtirma
Olcegi ile ikili karsilastirma formlarina degerlendirmelerini belirtmeleri istenmistir.
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Ana kriterler i¢in karar vericiden alinan dilsel bulanik degerlendirmelere karsilik ge-
len bulanik ikili karsilagtirma matrisi sdyledir:

1
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4.3. Kriter agwrliklarinin hesaplanmasi
Karar vericilerden elde edilen veriler dogrultusunda hesaplanan bulanik agirlik vek-

torleri soyledir:

Tablo 3. Kriterler ve Onem Agirhklar

Kriterler Alt Kriterler Agirhiklar
Kalite (0.149,0.288,0.428)
KB (0.361,0.630,0.899)
UK (0.176,0.328,0.480)
AG (0.093,0.161,0.229)
Maliyet (0.106,0.197,0.288)
BF (0.533,0.8,10666)
FI (0.183,0.275,0.366)
Hizmet (0.130,0.160,0.191)
TE (0.361,0.630,0.899)
TH (0.176,0.328,0.480)
GT (0.093,0.161,0.229)
Cevre Bilinci (0.293,0.450,0.608)
GD (0.157,0.300,0.442)
ET (0.101,0.197,0.294)
AT (0.102,0.142,0.181)
YL (0.240,0.391,0.542)
YP (0.045,0.080,0.115)

4.4. Agwrliklandirilmig Normalize Bulanik Karar Matrisinin Olusturulmasti

Adim 4 ve Adim 5°de verilen normalizasyon ve bulanik ¢arpim iglemlerinin sonu-
cunda, bulanik agirliklandirilmig normalize bulanik karar matrisinin olusturulur. Bu
asamadan sonra, her bir alt kriter i¢in bulanik ideal ¢6ziim ve bulanik negatif ideal
¢Oziim belirlenir.

Tablo 4. Bulanik Ideal Alternatif ve Bulanik Negatif Ideal Alternatif
Alt Kriterler Bulamk Ideal Alternatif Bulanik Negatif-ideal Alternatif

KB (0.010,0.044,0.111) (0.002,0.014,0.049)
UK (0.004,0.021,0.065) (0.002,0.012,0.041)
AG (0.002,0.011,0.036) (0.000,0.003,0.015)

BF (0.010,0.032,0.073) (0.001,0.007,0.024)
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FI (0.003,0.013,0.035) (0.001,0.004,0.013)
TE (0.008,0.025,0.057) (0.004,0.012,0.032)
TH (0.005,0.016,0.035) (0.001,0.005,0.015)
GT (0.000,0.002,0.005) (0.002,0.006,0.014)
GD (0.011,0.043,0.121) (0.002,0.005,0.013)
ET (0.006,0.022,0.054) (0.001,0.005,0.018)
AT (0.006,0.016,0.032) (0.001,0.005,0.014)
YL (0.014,0.049,0.129) (0.004,0.018,0.057)
YP (0.003,0.011,0.025) (0.000,0.001,0.003)

4.5. Bulanik Uzakliklarin Belirlenmesi

Iki liggensel bulanmik say1 arasindaki mesafenin 6l¢iimii i¢in, Bulanik TOPSIS metodu
metodolojisinin 6. adiminda Guo (2015) tarafindan dnerilen geometrik uzaklik for-
miilleri kullanilmistir. Buna gore hesaplanan ideal ¢6ziime ve negatif ideal ¢oziime
olan uzakliklar soyledir:

Tablo 5. Alternatiflerin Uzakliklar: ve Bagil Yakinlik Degerleri

d; d; CG;
Firma A 0,0640 0,0819 0,56114
Firma B 0,0783 0,0596 0,43229
Firma C 0,0688 0,0807 0,53988
Firma D 0,0913 0,0533 0,36867
Firma E 0,0678 0,0565 0,45428
FirmaF 0,0483 0,0805 0,62473

Bu sonuglara gore en iyi alternatif F firmasi olarak belirlenmistir. Bu kriterlere gore
degerlendirmeler incelendiginde, tedarikgiler F > A > C > E > B > D olarak sirala-
nabilir.

5. Sonuglar ve Yorumlar

Siirdiiriilebilir tedarik zincirleri, tedarik zinciri tasarimi ve yonetimi siirecinde yal-
nizca hizmet kalitesi ve maliyet unsurlarinin 6n plana almak yerine, bu kriterlere ila-
veten gevresel ve insani faktorlerin géz niinde bulunduruldugu tedarik zinciri sistem-
leridir. Ekonomik kalkinmanin, ancak sosyal ve ¢evresel kalkinma degerleri gozetile-
rek siirdiiriilebilir kilinabilecegi diisiincesi tim diinyada kabul gordiigii gibi, tedarik
zinciri yonetimi kapsaminda da yapilan ¢caligmalarin sayisi her gegen giin artmaktadir.
Bu ¢aligma, iilkemizin siirdiiriilebilir kalkinmasina katkida bulunabilecek siirdiirtile-
bilir tedarik zinciri yonetimi kapsaminda, ¢evre bilingli tedarik¢i se¢imi problemini
ele almakta ve Tiirkiye’de otomotiv sanayiinde iiretim yapan bir isletmenin tedarikgi
se¢imi siirecinde yapilan ¢alismalar1 icermektedir. Isletme yoneticileri ve karar ana-
listleri toplantilarinda ortaya ¢ikan karar ¢evresindeki belirsizlik, mevcut alternatifle-
rin sayis1 ve degerlendirme kriterlerinin sayis1 goz oniine alindiginda, bulanik ¢ok 61-
¢litlii karar verme metotlarinin bu se¢im ve degerlendirme siirecinde kullanilmasi uy-
gun goriilmiistlir. Bu caligmada, tedarik¢i performansinin degerlendirilmesinde ana
kriterler olarak; Kalite, Maliyet, Hizmet ve Yesil imaj ve alt kriterler olarak ise; kalite
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belgeleri (KB), iiriin kalitesi, Ar-Ge, birim fiyat, istikrar, esneklik, hiz, giivenilir tes-
limat, geri doniigiim, enerji tikketimi, atik yonetimi, elektrikli ara¢ kullanimi ve yesil
paketleme kriterleri goz 6niinde bulundurulmustur. Yapilan hesaplamalar sonucunda,
en dnemli temel kriterler kalite ve ¢evre bilinci kriterleridir. Bu kriterlere gore, en iyi
performans gosteren alternatif ise F firmasi olmustur.

Bu calismada 6nerilen bulanik TOPSIS metodolojisi temel bulanik TOPSIS metodo-
lojisi ile uyumlu olup, uzakliklarin hesaplanmasi i¢in bulanik sayilar arasindaki uzak-
liklarin hesaplanmasi i¢in 6nerilen bulanik modifiye geometrik uzaklik metodu kulla-
nilmustir. Sonuglar incelendiginde, karar modelinin tedarik¢i degerlendirmede kulla-
nilabilecek hesaplama giicii ve elveriglilik anlaminda bulanik TOPSIS metodolojisi
uygun kararlar1 gostermistir.

Sirdiiriilebilir tedarik zincirlerinin en iyi sekilde yonetilmesi i¢in ortaya ¢ikabilecek
problemlerin 6ngdriilmesi, sistemler isletmeye konulmadan 6nce tasarim sirasinda bu
problemlerin iistesinden gelebilecek galisma ¢ercevelerinin ortaya konmasi giinii-
miizde en dnemli ¢aligma konularindan biridir. Bu konulardaki ¢aligmalarin sayisinin
azlig, yerlesik karar verme siire¢leri ve problem karmasikligi nedeniyle halen ¢6ziim-
lenememis pek cok problem bulunmaktadir. Ulkemizin sosyal, ekonomik ve kiiltiirel
yapis1 goz Oniine alinarak gerceklestirilecek teorik ve pratik literatiiriin zenginlestiril-
mesi, yeni metodolojiler gelistirilmesinde olduk¢a 6nemlidir. Siirdiirtilebilir kalkin-
may1 saglamak i¢in, sosyal, ekonomik ve kiiltiirel agidan farklilik gdsteren gesitli sek-
torlerde basar1 faktorlerinin incelenmesi ve temel ¢alisma gergevelerinin ortaya kon-
masi1 gerekmektedir. Tedarik zincirlerinde, akisi gerg¢eklesen tiim kaynaklara kapali
bir ¢cevrim i¢inde ger¢eklesme yetenegi kazandirilmasim ve tedarik zinciri paydasla-
rinin 6zellikle kit olan ve yagami devamli hale getiren ¢evresel kaynaklarin yoneti-
mine azami 6nem gostermesi en temel konulardan biridir. Ulkemizin siirdiiriilebilir
kalkinmasina katkida bulunacak stratejilerin olusturulmasinda tedarik zincirlerinin
tiplerinin, miigterilerinin, servis saglayicilarinin ve {iriinlerin spesifik 6zellikleri géz
ontinde bulundurularak yenilik¢i kapali tedarik zincirleri tasarlanmasina yeni bilimsel
caligmalar ile katkida bulunmak yerinde olacaktir. Ayrica, bu tedarik zincirlerine ka-
tilacak tedarikgilerin temel sorumluluklarint yerine getirmenin yani sira, bu ¢evre bi-
lingli sistemleri kuracak, hizl bir sekilde sistemlerine adapte edecek degisiklik meka-
nizmalarini nasil olusturacagi konusunda yapilacak ¢aligmalar tesvik edilmelidir.
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Yeni Uriin Gelistirme Takimlarinda Giiven ve Takim Ogrenmesi
Team Trust and Team Learning in New Product Development Teams
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OZ: Farkl orgiitsel seviyelerde giiven ve 6grenme iizerine yapilan ¢alismalarm yam
sira, giivenin takim baglaminda bilgi paylasimi ve edinimi i¢in 6nemli bir faktor
oldugunu bildiren birtakim ¢aligmalar bulunmaktadir. Ancak bugiine kadar yeni {iriin
gelistirme takimlarinda (new product development — NPD) Takim Giiveni ve Takim
Ogrenmesi iliskileri hakkinda ¢ok az tartisma yapilmstir. Bu calisma, Takim
Giiveninin, cesitli takim faktorleri (Takim Uyesi Deneyimi, Takim Istikrar1 ve Takim
Otonomisi) ve Takim Ogrenimi arasinda arabuluculuk etkisi olup olmadigim
incelemeyi amaglamaktadir.

Anahtar Kelimeler: Takim yonetimi, Yeni iiriin gelistirme, Ogrenme

Abstract: Besides studies on trust and learning at different organizational levels,
there are a number of studies reporting that trust is an important factor for knowledge
sharing and acquisition in team context. So far, however, there has been little
discussion about Team Trust and Team Learning relations in NPD teams. This study
focuses on examining whether there is a mediational effect of Team Trust between
various team level factors and Team Learning.

Keywords: Team management, New product development, Learning

JEL Classifications: M110, M3,

1. Giris

Giliven, takim calismasi arastirmalarinda incelenen en 6nemli faktorlerden biridir.
(Mathieu ve digerleri, 2008). Akademik yazinda giiven ve performans arasindaki
iliskiler; orgiit (Zaheer ve digerleri, 1998, Sako, 1998), meslek (Colquitt ve digerleri,
2007, Mayer ve Gavin, 2005), liderlik (Jung ve Avolio, 2000), pazarlama (Aulakh ve
digerleri, 1997, Atuahene-Gima ve Li, 2002) ve grup / takim (Dirks, 1999, Costa ve
digerleri, 2001, Costa, 2003, Dayan, 2010) baglamlarinda incelenmistir.

Giiven, herhangi bir iligkinin farkl evrelerinde kilit ve merkezi bir unsurdur (Hewett
ve Bearden, 2001). Giiven, karsilikli iliskide olan kisilerin birbirlerine kars: kurduklari
savunma mekanizmalarim1 zayiflatmakta (Zand, 1972) ve takimlarda iiyelerin
karsilikli bagliligina yol acarak, etkilesimi miimkiin kilmaktadir (Tjosvold ve
digerleri, 2004). Ornegin, Wickramasinghe ve Widyaratne (2012)’a gére bir takimda
giiven bilgi paylagimini kolaylastirdigindan, organizasyonun basarist i¢in dnem
tagimaktadir. Diger taraftan giiven eksikligi, dogrudan veya dolayli olarak
organizasyonlarin performansini ve iiyelerin davranigsal sonuglarini etkileyen bir dizi
olumsuz faktérlerle iliskilidir. Moe ve Smite (2008)’in vaka caligmalari; giiven
eksikliginin sosyallesmenin ve sosyo-kiiltiirel uyumun azalmasina, tutarsizliga ve
uygulamalarda farkliliklara ve takimda diger iiyelerin iyi niyetlerine iligkin giiphelere
neden oldugunu gostermektedir.

Bu baglamda, Kostopoulos ve Bozionelos (2011) giiven duygusunun, iiyelerin
hatalarin1 ortaya koymalarina ve hatalarin1 tanimlamalarina olanak taniyan bir
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“platform" sagladigini vurgulamaktadir. Giiven ortaminda takim tiyeleri kendileri i¢in
¢oziimler iretmek iizere tartigmalar yapmaktan, hatalarini ortaya koymaktan
cekinmemekte ve bu sayede hatalarindan ders alabilmektedirler.

Joo ve digerlerine (2012) gore giiven, takimda yaraticihigi destekler ve takima daha
iyi bir 6grenme ortamu sunar (Krecic ve Grmek, 2008, Andres ve Shipps, 2010).
Giiven; uyumluluk, yaraticilik, 6grenme vb. gibi 6zel yetenekler gerektiren belirsizlik
ve karmagikligin hakim oldugu ortamlarda 6zellikle 6nemli olmaktadir. (Dogson,
1993, Lynn ve digerleri, 1999, Souder ve digerleri, 1998).

Pek ¢ok bilim insani, takim yOnetiminin ve inovasyon yonetiminin; belirsizlik,
karmagiklik ve dalgalanma gibi unsurlar1 goézlemlemek icin oldukga net alanlar
oldugunu ifade etmistir (Han ve digerleri, 1998, Eisenhardt ve Tabrizi, 1995, Floricel
ve Miller, 2001, Suikki ve digerleri, 2006). Takim yonetimi ve yenilik yonetimi
literatiirindeki en 6nemli tartismalardan biri; yeni iiriin gelistirme (NPD) projeleridir
(Keller, 2001, Olson ve digerleri, 2001, Akgiin ve digerleri, 2012). NPD projelerini
tasarlamak ve uygulamak oldukga yiiksek maliyetlidir. Takeuchi ve Nonaka (1986)
'ya gore Orgiitler, rekabetci piyasalarda hiz ve esneklik saglamak i¢in NPD projelerini
diger projelere kiyasla farkli bir yaklagimla yonetmelidirler. Baska bir deyisle, siirekli
iyilestirme ve siirekli 6grenme, NPD takimlar1 i¢in hayati 6nem tagimaktadir. Bu tiir
uygulamalar sayesinde organizasyonlar, giiniimiiz is diinyasimn Ve pazarlarin
karmagikliginda firsatlardan daha iyi yararlanabilirler (Bartezzaghi ve digerleri,
1997).

Cesitli aragtirmalar NPD takimlarinda “6grenme” kavramint dogrudan veya dolayli
olarak etkileyen faktorleri ele almaktadir (Adams ve digerleri, 1998, Sarin ve
McDermott, 2003, Lynn ve digerleri, 2000, Lynn ve digerleri, 2003, Hughes ve
Chafin, 1996, Enkel ve digerleri, 2005). Brooks (1994, s.215)’a gore takim 6grenmesi;
sorunlar1 ortaya koyma, bilgi ve fikirlerin paylasilmasi, yeni elde edilen bilgilerin
birlestirilmesi, digaridan veri toplanmasi ve yeni bilgilerin yayginlastiriimasi
siireglerini igermektedir. Ogrenme, bir kolektif bilgi iiretme, yayginlastirma ve
uygulama siirecidir (Lynn ve digerleri, 2003). Ogrenme ayn1 zamanda sorular sorma,
geri bildirim isteme, deneme ve hatalar1 tartisma veya grup etkilesimi gibi faaliyetleri
gerektirir (Edmondson, 1999). Insanlar, ortak inanglara ve birlikte g¢aligmak
konusunda gii¢lii bir baglilik duygusuna sahip olabilirler; ancak rekabet ve farkl
oncelikler, farkli gegmisler takimlardaki karsilikli iligkileri ve bunlarin sonuglarini
etkileyebilir (Edmondson, 2012). Bunlar karsilikli 6grenme iligkisini kag¢inilmaz hale
getirirken, karsilikli bir iligki kurmanin anahtari olarak giiven ortaya ¢ikmaktadir.

Son zamanlarda aragtirmacilar, hem firma diizeyinde (Sengiin ve Onder, 2011, Niu ve
digerleri 2012) hem de orgiitsel diizeyde (Swift ve Hwang, 2013, Lagrosen ve
Lagrosen, 2012) giiven ve 6grenme iliskilerine ilgi gostermektedirler. Farkli 6rgiitsel
seviyelerde giiven ve 6grenme iizerine yapilan ¢alismalarin yani sira, giivenin takim
diizeyinde bilgi elde etme ve bilgi paylasimi i¢in 6nemli bir faktor oldugunu 6ne siiren
caligmalara da rastlanmaktadir (Ding ve digerleri, 2013, Maurer, 2010, Park ve Lee,
2013). Ancak, NPD takimlarinda, takim giiveni ve takim 6grenme iligkileri hakkinda
¢ok az galisma yapilmustir. Onceki ¢alismalarda takim giivenini etkiledigi gosterilen
takim faktorleri; takim iiyesi deneyimi, takim otonomisi ve takim istikrar1 olarak
goriilmektedir (Rajagopal ve Rajagopal, 2006, Hisrich ve digerleri, 2010, Weick ve
Roberts 1993, Jones ve Jones, 2011, Akgiin ve Lynn, 2002). Bu ¢alisma takim
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diizeyindeki faktorler ile takim 6grenimi arasinda takim giiveninin aracilik etkisi olup
olmadigini incelemek tizerine tasarlanmistir.

Takimin etkinligi i¢in duygusal, davranigsal ve bilissel aracilik siireclerine ihtiyag
duyuldugu bilinmektedir (llgen ve digerleri, 2005). Buna ek olarak, takimlari
tasarlarken kullanilan faktorlerin, ozellikle takim {iyelerinin motivasyonu ve
davraniglart iizerinde onemli etkiye sahip oldugu bilindiginden, takim faktorlerini
dolayl iliskilerle incelemek suretiyle daha anlamli bir bilgiye ulagsmak miimkiin
olabilir (Rousseau ve Aubé, 2013). Bu ¢alisma, ge¢mis arastirmalardan farkli olarak
NPD takimlarinda; takim otonomisi, takim iiyelerinin deneyimi ve takim istikrari
kavramlar1 kullanarak, giiven ve 6grenme arasindaki iliskiyi incelemektedir.

Caligsma ilk bolimlerde kuramlara dayanarak hipotezler gelistirmektedir. Sonrasinda,
aragtirmanin yontemleri ve elde edilen sonuglar rapor edilmistir. Sonraki boliimlerde
aragtirmanin  sonuglar1 tartisilmakta, ¢alismanin smurhiliklardan  ve gelecek
arastirmalara yonelik onerilerden bahsedilmistir.

2. Teorik altyapi ve model

2.1 Takim Giiveni

Giiven, siklikla kullanilan bir terim olmakla birlikte tanimi konusunda fikir birligi
bulunmamaktadir. Giiven, sosyoloji, ekonomi ve psikoloji gibi disiplinlerden bilim
adamlari tarafindan incelenmistir (Costa, 2003) Ve giivenin ¢ok boyutlu bir kavram
oldugu, farkl orgiitsel seviyelere bagli olarak farkli sonuglara yol agtig1 goriilmiistiir
(Schoorman ve digerleri, 2007, Argyris, 1962, Driscoll, 1978, Farris ve digerleri,
1973). Ilk calismalar cogunlukla kisilik farkliliklar, kurumsal ve kiiltiirleraras
unsurlar ve kisiler arasi iligkiler gibi c¢esitli baglamlarda giiven kavramin
tartigmaktadirlar (Jarvenpaa ve digerleri, 1998, Argyris, 1962, Driscoll, 1978, Farris
ve digerleri, 1973). Giiven kavramini "Grup" veya "Takim" agisindan inceleyen
caligmalar daha sonraki donemlerde ortaya ¢ikmaktadir (Friedlander, 1970, Boss,
1978).

Takim giivenini etkileyen; ortak dil, anlayis, birbirine asinalik, resmi ve gayri resmi
iletigim, kigileraras: iligkiler, takimin istikrar1, takim otonomisi, giig, takim tiyesi
deneyimleri, yetki diizeyi vb. gibi birgok takim unsuru bulunmaktadir (Rajagopal,
1994, Rajagopal ve Rajagopal, 2006, Zarraga-Oberty ve De Saa-Pérez, 2006, Harris
ve Moran, 1999). Bu yalmzca takim otonomisi, takim istikrar1 ve takim iiyesi
deneyimi faktorleri bakimindan giiven kavramini incelemektedir.

2.2 Takim Otonomisi ve Takim Giiveni

Otonomi, “gorevin planlanmast ve uygulanmasinda kullanilacak usullerin
belirlenmesinde saglanan serbestlik, bagimsizlik ve takdir hakki saglama derecesi”
olarak tamimlanir (Hackman ve Oldham, 1980) ve takim {iyesinin kendi ¢alisma
faaliyetleri tizerindeki sorumluluk derecesini yansitir (Gerwin ve Moffat, 1997a).
Onceki arastirmalar, takim otonomisinin gesitli psikolojik iyi olus gdstergeleri
(Mierlo ve digerleri, 2007) ve yeni iiriin geligtirme takimlarinda (NPD) ve bilgi
takimlarinda (Janz ve digerleri,1997) performans elde edebilmek i¢in 6zellikle 6nemli
oldugunu belirtmektedir (Gerwin ve Moffat, 1997b, Patanakul ve digerleri, 2012).

Bazi arastirmacilar takim i¢i giivenin, takim otonomisini etkiledigini 6ne stirerken;
bazilar1 da takim otonomisinin takim giivenini etkiledigini ifade etmektedirler. Diallo
ve Thuillier (2005), giivenin bagimsiz ya da bagimli degisken olma durumunun,
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giivenin duygusal veya biligsel temelli ele alinmasina bagli oldugunu belirtmektedir.
Langfred (2004, 2007), otonomi ve giiven diizeyinin, duruma goére takim
performansini farkli seviyelerde etkiledigini 6ne siirmektedir. Langfred (2007)’ e gore
takim diizeyinde otonomi bireysel otonomilerin bir toplamindan ibaret degildir.
Takim tiyelerinin her biri aym diizeyde otonomiye sahip olmayabilir veya baz iiyeler
hi¢ otonomi sahibi olmayabilirler. Bundan dolay1 takimlarda uyumsuzluklar,
iligkilerde ve uygulamada problemler ortaya cikabilir.

Rolfsen ve Langeland'a (2012) gore takim otonomisi dogrudan ve dolayli olarak
basari ve iiretkenlikte 6nemli bir yer tutar. Takimin sahip oldugu otonomi, biirokratik
kisitlamalar1 azaltir ve takim iiyelerinin kolay bir sekilde iliski kurmalarini saglar
(Cordery ve digerleri, 2010). Otonomi tiyelerin takimi sahiplenmesini saglar ve takim
ici miizakereleri artirir. Boylece takim iiyeleri kargilikli gériisme ve giiven gelistirme
firsat1 bulur. Bu yaklagima gore otonomi giivenin oOnciillerinden biridir (Hart ve
digerleri, 1986) ve otonomi iiyeler arasi is birligini gelistirir (Jassawalla ve Sashittal,
1998). Bu nedenle bu g¢aligmada takim otonomisinin takim giivenini olumlu yonde
etkiledigi one stirtilmiigtir.

Hi: Takim otonomisi Takim Giiveni ile pozitif iligkilidir

2.3 Takim Istikrar1 ve Takim Giiveni

Akademik yazinda bir goriis istikrarl takimlarin orgiitler i¢in faydali oldugunu 6ne
stirerken, digeri 6zellikle belirsiz kosullar altinda dinamik gruplarin tercih edilmesi
gerektigini iddia etmektedir. Inovasyon ve NPD takimlarinda iiyelerin takimlarda
gecirmis olduklar1 zaman ozellikle 6nemlidir (Akgiin ve Lynn, 2002a, Akgiin ve
Lynn, 2002b, Slotegraaf ve Atuahene-gima, 2011).

Takim iiyeleri sadece islevsel rollerini degil, ayn1 zamanda kisisel 6zelliklerini de
takima yansitirlar (Senior, 1997). Takim iiyelerinin ortak hedefler dogrultusunda
yaptiklar1  igbirligi, teknik, operasyonel sistemlerin ve takim {iyelerinin
entegrasyonunu gerektirir (Ernst ve Chrobot-mason, 2011). Takim istikrar1, tiyelere
birbirlerini tammma ve aralarinda giiclii iliskiler gelistirme sansi verir. Istikrar
bireylerin bagkalarinin ¢alisma tarzlarina ve diisiinme bigimlerine agina olmalarina
yardimci olabilir ve takimda is birligini destekleyebilir (Pelled ve digerleri, 1999).
Dolayisiyla iiyeler birbirleri arasinda olumlu iligkiler gelistirirken, kendi gruplar
tarafindan korunup kollandiklarini hissetmelidirler (Ernst ve Chrobot-mason, 2011).

Ho: Takim istikrari, takim Qiiveni ile pozitif iliskilidir

2.4. Takim Uyesi Deneyimi ve Takim Giiveni

Takimlar, teknik uzmanhga ve becerilere sahip bireylerden olusmaktadir (Leede ve
digerleri, 1999). Takimlar, takim igindeki ve digindaki insanlarla ¢aligmak i¢in ideal
bir galigma ortamu olusturmak hedefi dogrultusunda, dogru becerileri ve yetenekleri
olan tiyeleri bir araya getirmelidir. Ancak, basar1 i¢in {iyelerin ise iliskin bilgi ve
yetenekleri tek basmna yeterli olmayabilir. Takim ¢alismasinin dogasi, sosyal
yetenekler ve kisilerarasi iletigim becerileri de gereklidir (Stevens ve Campion, 1994).
Takim tyeleri, diger {liyelerle ve yabancilarla uzlasabilme becerisine sahip
olmalidirlar (Muhammad ve Ha-Brookshire, 2011, Burdett, 2003).

Gerekli bilgi ve beceriye sahip olan takim tiyeleri, takim i¢inde sosyallesme ve takima
baglilik diizeylerini arttirirlar (Ohland ve digerleri, 2012). Uyeler bdylece
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birbirleriyle daha kolay koordinasyon kurarlar (Hackman ve Wageman, 2005).
Uyelerin bilgi ve becerileri, takimdaki sorunlar1 ¢ézmeye katkida bulunur. Bu
sorunlar, hem is ile ilgili hem de sosyal iliskiler ile ilgili olabilir. Deneyimli takim
tiyeleri, takim tarafindan karsilasilan sorunlara karsi nasil davramlacagimi ve nasil
¢oziim iiretilebilecegini bilirler. Ote yandan, bilgi ve tecriibeye sahip olmak, iiyelerin
ozyetkinliklerini 6ne ¢ikarmaktadir (Bandura, 1994) ve dzyetkinligi yiiksek olanlar,
bulunduklar1 ortamlarda daha az yabancilik hissetmekte (Harvey ve digerleri, 2004)
ve birlikte caligtiklari kisilere daha iyi niyetle yaklagmaktadirlar (Garrison ve
digerleri, 2010).

Hs: Takim diyelerinin deneyimi takim giiveniyle pozitif iliskilidir.

25 Takim Giiveninin Takim Seviyesi Faktorleri ve Takim Ogrenmesi
Arasindaki Araci Etkisi

Piyasalarin karmasikliginin ve piyasalarda rekabetin artmast NPD'nin gelecegini ve
basarrya ulasmak icin takip edilmesi gereken yollar1 degistirdi. Ornegin, Porter ve
Lilly (1996) daha onceki yillarda, NPD'nin bilgi paylasimi ve entegrasyona ihtiyag
duydugunu, pazar i¢in ideal bir iirin bulunmasi gerektigini, ancak {iriinlerin
tamamlanmas1 ve {retilmesi i¢in ¢ok da hizli olmak gerekmedigini ileri
stirmekteydiler. Bununla birlikte, bugiiniin pazar yapisinin getirdigi baskilar,
orgiitlerin ideal iriin i¢in inovatif olmalarint ve bunu hizli bir sekilde
gergeklestirmelerini zorunlu kilmaktadir. (Lynn ve digerleri, 1999, Chen ve digerler,
2005). Bu durum, NPD projelerinin yonetimini, yogun rekabet ortaminda hayatta
kalabilmek i¢in daha karmasik bir hale getirmis ve bu konu 6nem kazanmustir.

Her projenin ve siirecin kendi belirsizlikleri ve zorluklar1 vardir ve bunlarin ¢6ziilmesi
i¢in farkl yaklagimlar ve farkli yollar gerekir. Takim tiyelerinin sahip olduklari farkli
arka plan, bilgi diizeyleri, sahip olduklar1i normlar; dogrudan veya dolayli olarak
iligkileri ve takim ¢iktilarin1 etkileyebilir (Edmondson, 2012). Takim dyeleri,
bagkalariyla olan iligkilerinde giiven eksikligi, samimiyet ve duygusal baglilik
eksikligi ile kars1 karsiya kalabilirler. Buna ek olarak, giiniimiiz is teknolojilerinin
getirdigi bir durum olarak takimlar farkli fiziksel cografyalarda yerlesik bulunabilir
ve ortak ¢alismalarina nadiren yiiz yiize goriiserek devam edebilirler. Bu durumlarda,
takim tyeleri kargilikli sorunlarinin tistesinden gelmekte zorlanabilirler.

Alanlarinda beceri ve deneyime sahip olan insanlar bilgi paylasiminda daha
isteklidirler (De Vries, 2006). Ancak, bilgi sadece bireylerde degil, ayn1 zamanda
takim arasindaki etkilesmelerde ve sosyal iliskilerde de mevcuttur (Jonassen ve
digerleri, 2006). Giliven eksikligi olan iyeler takima daha az katkida bulunma ve
takimla daha az is birligi yapma egiliminde olabilirler (Henttonen ve Blomqvist,
2005). Bu tiir durumlarda takim giiveni 6n plana ¢ikmaktadir.

Giiven, bilgi paylasimi gibi birgok olumlu grup davramisi ile pozitif iliskilidir
(Schaffer ve digerleri, 2008). Giiven, takim {iyelerinin kisisel savunma
mekanizmalarim gevsetmelerine izin verir (Holton, 2001) ve takim {iyelerini bir araya
getiren harg¢ gorevi goriir (Ochieng ve Price, 2010). Bu nedenle, takim tiyeleri
niteliklerini takim arkadaslarina giivenerek ise yansitabilir ve takim Ggrenmesine
katkida bulunabilirler.

Ha: Takim giiveni, takim faktorleri ile takim 6grenmesi arasinda aracilik etkisi yapar.
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3. Arastirma Yontemi

3.1.0Icme Araclari

Arastirmanin hipotezlerini test etmek i¢in bu alandaki 6nemli ¢alismalar temel
alinarak yeni bir anket tasarlanmigtir. Kanawattanachai ve Yoo'nun (2002)
caligmasina ait 4 soru aslindan uyarlanarak takim giiveni dlgiimiinde kullanilmustir.
Takim otonomisi i¢in kullanilan ii¢ soru Sethi (2000) ¢alismasindan uyarlanarak
kullamlmistir. Takim {iyesi deneyimi ile ilgili dort soru Akgiin ve digerleri (2006)
calismasindan alinarak ankete eklenmistir. Takim istikrarini degerlendirmek igin,
Akgiin ve Lynn (2002) ¢aligmasindan 5 soru bu ¢alisma i¢in uyarlanmistir. Takim
ogrenmesini degerlendirmek i¢in Lynn ve dig. (2000) tarafindan tasarlanan sorular
kullanmlmustir. Ankette likert tipi 6lgek kullanilmis ve katilimcilar, ifadelere katilma
derecelerini  0: kesinlikle katilmiyorum; 10: tamamen katiliyorum seklinde
belirtmiglerdir.

3.2.0rneklem

On testler ve gerekli goriilen kiigiik diizeltmelerin ardindan, Amerika Birlesik
Devletleri'nin kuzeydogu bolgesindeki gesitli teknoloji sirketlerinden segilen tiriin
veya takim yoneticisi/lideri olan birer kisi ile irtibata gecilmistir. Bu ¢aligmada analiz
birimi olarak NPD takimina odaklandigindan, iiriin veya takim yoneticilerinin takim
faktorlerini daha dogru ve makro bir bakis agist ile degerlendirecekleri
diistiniilmiistiir. Béylece daha giivenilir ve tarafsiz verilere ulasmak amaglanmustir.
Bu calismadaki orneklem, inovasyon konusunda Onceki arastirmalarda kullanilan
orneklemlerle benzer o6zellikler gostermektedir (6rn., Ettlie ve Rubenstein, 1987,
Larson ve Gobeli, 1988, Rochford ve Rudelius, 1992, Thamhain, 1990).

Her katilimcidan en son tamamladigi NPD projesini ele alarak sorulari cevaplamasi
istenmistir. Daha basarili projelerin daha iyi hatirlanmasi olasiligi g6z Oniinde
bulundurularak sadece katilime1 tarafindan etkin gérev alinmis bir projenin segilmesi
istenmistir. Ayrica, performanslarim1 daha dogru bir sekilde degerlendirmek igin
secilen triinler ticarilestirilmis ve Ur{iniin piyasaya en az 6 ay once siiriilmiis olmasi
sart1 konulmugtur. Katilimcilarin yanitlarinin gizli kalacagi ve herhangi bir girket veya
iriin adi ile iliskilendirilmeyecegi konusunda katilimcilara giivence sunulmus ve
boylece katilimcilarla tam isbirligi saglanmustir.

Caligma i¢in toplam 625 anket dagitilmis ve 435 tamamlanmig anket toplanmstir (%
69,6 yanit orani). Katilimcilarin sektdrlere dagilimi telekomiinikasyon (% 35.1),
askeri / savunma (% 11.5), makine / imalat (% 11.2), bilgisayar ve elektronik (% 10),
petrol / kimyasal maddeler (% 9.7), kamu 7%), havacilik (% 4.8), diger (% 9.6)
seklinde olmustur.

3.3.Gegerlik ve Giivenirlik

Olgme arac1 gegerlik, giivenirlik, yap1 gecerligi (yakinsama ve ayirt edici gecerlik)
bakimindan ele alinmistir (Anderson ve Gerbing, 1988; Fornell ve Larcker, 1981). lk
olarak, bir dizi kesfedici faktér analizi gergeklestirilmistir. Bu analizlerde, esik
Eigenvalue degeri 1 olarak kabul edilmek suretiyle her bir sorunun ol¢tiigii faktor test
edilmigtir. Sonrasinda yapilan dogrulayici faktor analizine (CFA) gore ilk model
toplanan verilere uyum gostermemis ve tiim uyumsuz maddeler stepwise prosediirle
ortadan kaldirilmustir. Elde edilen uyum istatistikleri, bes faktorlii yapinin uygun
oldugunu gostermekte ve uyum indeksleri de bu sonuca destekleyici kanit
saglamaktadir (RMSEA= .052, NFI= .95, CFI= .97). Standartlagtirilmig madde
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yiiklemeleri, her 6genin kendi yapisinda dnemli derecede yiiklendiginden yakinsama
gegerliligi de desteklenmistir (tiim yiikleme 0.6'dan daha biiyiik).

Anketin giivenilirlik degerleri (Cronbach’s a), takim iiyesi deneyimi igin a= .77 iken
takim giivenligi i¢in o= .91 olarak belirlenmis ve kabul edilebilir diizeyde olduklari
saptanmugtir. Ayrisma gegerliligini kontrol etmek i¢in, her bir yap1 igin ¢ikarilan
varyans, yapi ¢iftleri arasindaki faktor korelasyonlarinin karesinden daha biiyiik
oldugu goriilmiistiir. Bu testten sonra modelin yeterli giivenirlik, ayirt edici gegerlik
ve yakinsama gegerliligi oldugu sonucuna varilmig ve bu sonuglara iliskin rakamlar,
tanimlayici istatistikler ile birlikte Tablo 1'de gésterilmistir.

Tablo 1. Korelasyonlar ve Aciklayic istatistikler

Ort. Std. Sap. 1 2 3 4 5

6.72 2.25 1 Takim Otonomisi -

6.38 1.93 2 Takim Uyesi Deneyimi .28*% -

6.85 2.70 3 Takim lstikrar1 35%  31* -

7.17 . o . .

151 4 Takim Giivenligi A40*  32*  42* -

5.32 2.80 5 Takim Ogrenmesi 24* 24* 16* 29* -

Composite Reliability 85 .77 85 91 .86
Cronbach’s a 85 .77 .83 91 .84
*p<.01

4. Analizler ve Sonuclar

Aragtirmanin hipotezlerini test etmek ig¢in Yapisal Esitlik Modeli, Maksimum
Likelihood (ML) yaklasimi AMOS 20.0 programu aracilig1 ile gerceklestirilmistir
(H1, H2, H3, H4) (Bentler, 1995, Kline, 1998). Modelin istatistiksel anlamliligim
degerlendirmek i¢in, bootsrapping yontemi ile tek adimli aracilik (mediator)
yaklagimi kullanilmistir (95% giiven araliginda ve 5000 bootstrap 6rneklem) (Hayes
2009). Analiz sonuglar1 Sekil 1’de sunulmustur.

Takim
Ogrenmesi

* p<0.01; ** p<0.05

Sekil 1. Analiz Sonuclari

Bulgular, takim faktorlerinin takim giiveniyle pozitif dogrusal iliskili olduguna iligkin
hipotezi desteklemektedir. Takim Otonomisi, H1 (t: 4.70, B: .26, p <.01), Takim
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Istikrar1, H2 (t: 5.01, B: .27, p <.01) ve Takim Uyesi Deneyimi, H3 (t: 2.96, B: .17, p
<.01), Takim Giiveni ile anlaml derecede pozitif iligkilidir.

Arabulucu etkileri igeren H4 hipotezi takim giiveniyle takim faktorleri ve takim
Ogrenmesi ac¢isindan test edilmistir. Sonuglar1 degerlendirmek igin geleneksel Baron
ve Kenny (1986) yaklagimindan farkli bir uygulama olan Zhao, Lynch ve Chen (2010)
arabuluculuk tipolojisi kullanilmistir.

Tablo 2. Aracilik Etkisi

Takim Ogrenmesi Takim Takim Istikrar Takim Uyesi
Otonomisi Deneyimi
Dogrudan Etki .053 901 .025
Di)layl.l Etki ("l:aklm 001 001 018
Giiveni araciligiyla)
Tamamlayict Sadece Dolayli Tamamlayici
Aracilik Aracilik Aracilik
Uyum Olgiimii Igsel Yapr Nihai Model
R? Takim Giiveni .28
aam 12
Ogrenmesi

Otonomi ve takim tyeleri deneyimi ve takim O6grenmesi arasinda tamamlayici
arabuluculuk (Baron ve Kenny (1986) yaklasimina gore kismi arabuluculuk) iligkisi
goriilmektedir. Ayrica, takim istikrar1 ve takim Ogrenmesi arasinda dolayli
arabuluculuk (Baron ve Kenny (1986) yaklagimi ile tam arabuluculuk) iliskisi vardir.
Dolayisiyla takim giiveni; takim faktorleri ve takim 6grenmesi arasinda iliskiye
aracilik etmektedir. Takim giiveni takim faktorleri tizerindeki degiskenligin % 28'ini
(R?%= .28) agiklamaktadir. Benzer sekilde takim giiveni takim dgrenme iizerindeki
degiskenligin % 12'sini (R?= .12) agiklamaktadir.

4.1. Tartisma

Bu ¢aligma takim yonetimi faktorleri (otonomi, istikrar, {iye deneyimi), takim giiveni
ve NPD proje takimlarinda 6grenmeyle ilgili potansiyel kargilikli iligkileri anlamak
ve arastirmacilara ve uygulayicilara bunlarla ilgili bir model sunarak teknoloji ve
inovasyon yonetimi literatiiriine katkida bulunmay1 amaclamaktadir. Orgiitlerde
giiven her ne kadar birgok ¢aligmada ele alinmis olsa da, bu ¢aligma 6rgiitiin alt birimi
olan takim yonetimi alaninda takim giivenine yonelik bu konudaki birikimi
genigletmektedir. Bu caligmanin bulgular1 takim faktérlerinin, takim giiveninin ve
takimin 6grenmesinin kavramsallastirilmasina iligskin teorik g¢ergeveden uyarlanan
hipotezlerimizi desteklemektedir. Caligma aym zamanda takimlarin sahip oldugu
otonominin, takim iiyelerinin deneyimi ve takim 6grenmesi {izerinde etkili oldugunu
ve giivenin bu iligkilere aracilik ettigini gostermektedir. Bulgular takimin sahip
oldugu otonominin takim {yelerinin kisisel Ozellikleri ile baglantili oldugunu
gostermektedir. Otonomi, takim tiyeleri arasindaki biirokratik iligkileri azaltacak bir
caligma ortamumi tegvik eder. Otonomi ile bireyler farkliliklarini daha agik bir sekilde
gosterebilmekte ve oOzellikle kisilerin sosyal boyutlar1 6n plana ¢ikabilmektedir
(Barrick ve Mount, 1993). Boylece, iiyelerin birbirlerini tanimasi ve giiven
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gelistirmesi saglanabilmektedir. Ote yandan, otonomi devamsizlik ile ters yonlii bir
iliski i¢indedir (Rousseau ve Aubé, 2013). Takim {iyeleri otonomi halinde
muhtemelen daha az devamsizlik gostermekte ve takim c¢aligmasina daha diizenli ve
etkili bir sekilde katilmaktadirlar. Bu baglamda takim iiyeleri ig yiikiiniin daha adaletli
dagildigim diisiinerek giiven ortamina katkida bulunurlar.

Bu calisma, takim istikrarmin takimda giliven iizerinde etkili oldugunu ortaya
koymaktadir. Takima katilan yeni bireylerin sosyallesmesi zaman aldigindan,
istikrarsiz takimlarda yeni takim iyeleri, digerleri tarafindan kolayca kabul
edilemeyebilir (Akgiin ve Lynn, 2002). Takim fiiyeleri ancak kabul goérdiikleri bir
takimda iyi iliskiler icinde bulunabilirler. Bu nedenle takimdaki istikrar, bu sorunlarin
iistesinden gelmeye yardimer olur. istikrarli olan takimlarda takim iiyeleri birbirlerini
tanima sansina sahip olacak ve kimsenin yabancilik hissetmeyecegi bir atmosfer
olusturabileceklerdir.

Kuskusuz takimlar, gérevleri yerine getirmek icin gerekli beceri ve tecriibeye sahip
tiyelere ihtiya¢ duyar. Bununla birlikte, dncesinde de belirtildigi gibi, yalnizca gerekli
beceri ve bilgiye sahip olmak, etkili performansin siirdiiriilmesi igin yeterli degildir.
Takimlarda sosyal beceriler de 6nemlidir. Yetkinlik seviyesi daha az olan takim
iiyeleri, takim calismasinda yetersizliklerini farkina varamamakta, zaman zaman
takima yaptiklar1 katkiyr oldugundan fazla degerlendirebilmektedirler (Ohland ve
digerleri, 2012). Bu durumda takimda huzursuzluk goriilmekte ve giiven ortam
zedelenmektedir. Etkin performans gosteren iiyeler hem bireyler aras1 rekabete hem
de diger iiyelerin bakis agilarina ve diisiincelerine saygi duyarak, saglikli ¢alisma
iliskileri gelistirme yetkinligine sahiptirler (Medsker ve Campion 1998).

Takimlarda giiven, takimdaki ¢iktilari ve siiregleri dolayli olarak etkileyerek ve takim
icerisindeki iligkileri 6n plana ¢ikmaktadir. Bu calismanin sonuglari da takim
giiveninin degiskenler arasindaki iliskileri ve etki derecesini degistirdigini
gostermektedir. Bu durum, orgiit ¢aligmalarinda énemli bir degisken olan giivenin,
NPD takimlari i¢in de ayni derecede 6nemli oldugunu gostermektedir. Calismamizda,
giivenin, takim faktorleri ve takim Ggrenmesi arasindaki iligkilere aracilik ettigi
goriilmektedir. Giiven bir harg vazifesi gorerek, takimi bir araya getirir ve takim
halinde iliskiler ve sosyal ag gelistirip yogun rekabet ortaminda hayatta kalmanin
yollarim acar. Ornegin, sahip olunan otonomi, iiyelerin kendi kararlarini ve zaman
planlamalarini yapmalarini saglar. Bu nedenle iiyeler, ¢calismalariyla ilgili daha fazla
bilgi sahibi olmalarin1 saglayacak yollar segerler ve bu dogrultuda kararlar verirler
(Leach ve digerleri, 2005). Ancak takim iiyeleri dogal olarak kendileri i¢in degerli
gordiikleri ve 6nem verdikleri bilgileri paylasma egiliminde olmayabilir veya diger
takim tyeleri tarafindan yanlis anlasilmaktan veya elestirilmekten ¢ekinebilirler
(Ardichvili ve digerleri, 2003). Giiven, iiyeler arasinda "iki yonlit" bir koprii olusturur.
Boylece, birbirlerine giivenen iiyeler, bilgilerini digerleriyle paylasabilir ve ayni
zamanda bilgiyi paylasarak iligkileri ve birbirlerine kars1 olumlu tutum gelistirebilirler
(Hsu ve digerleri, 2007).

Bu ¢aligmadan ortaya ¢ikan 6nemli sonuglardan biri, takim giiveninin, takim istikrar
ve takim Ogrenmesi arasindaki iligkiye tam aracilik etmesidir. Lynn ve Akgiin’e
(2002) gore, takim istikrarinin NPD projeleri gibi zorlayici kosullar altinda takim
Ogrenmesi ilizerinde 6dnemli bir etkisi olmadigini 6ne siirmektedirler. Bu ¢alismadan
elde edilen sonuglar da bu iddiay1 desteklemektedir. Bu arastirmanin sonuglari, takim
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tiyelerinin birbirlerine giivenmeleri durumunda, takim tiyeleri igin 6grenme ortami
saglanabilecegini ortaya koymaktadir. Dolayisiyla, eger takimda giiven saglanmamis
ise takim {iiyeleri uzun siiredir beraber c¢alisiyor olsalar dahi, takim 6grenmesine bir
katk1 saglayamayabilirler.

4.2. Smirhliklar ve Oneriler

Bu caligma, oOzellikle arastirma ornekleminden ve anket caligmalarina 6zgi
sinirliliklara tabidir. Bunlarin baginda, aragtirmanin bulgularimin tek kaynaktan elde
edilmesi, katilimcilarin kendi beyanlarina dayanmasi ve geriye doniik raporlama
kullanilmasi gelmektedir. Cesitli arastirmacilar (Gupta ve Beehr, 1982), tek
kaynaktan veri elde eden bir metodoloji kullanan ¢alismalarin yapay interkorelasyona
maruz kalabilecegini belirtmislerdir. Fakat Avolio ve dig. (1991)’a gore, verileri tek
kaynaktan toplamanin daha diisiik gegerlilik saglayacagini varsaymak genelleyici bir
yaklagim olmaktadir. Yanitlarin potansiyel olarak yanli olabilecegi ve bunun olasi
etkileri kiigiimsenmemelidir. Ancak bu arastirmada aranan sonuglar ve elde edilmesi
beklenen veriler, veri toplamada kullanilan yontemler uyumludur.

Bir bagka kisit olarak, projelerin tamamlanma zaman ile veri toplanmasi arasindaki
zaman gecikmesi gosterilebilir. Ge¢mise yonelik ifadeler igeren sorularda cevaplarin
kesinligi sorgulanabilir. Miller ve dig. (1997), raporlanan 6l¢eklerin gilivenilir ve
gecerli olmasi kosuluyla, gegmise doniik veri kullaniminin kabul edilebilir bir ydontem
oldugunu ileri siirmiistiir. Daha Once belirtildigi gibi, bu aragtirmada kullanilan
Olcekler literatiirde yerlesik 6l¢ekler olmakla birlikte yeterli giivenilirlik ve gecerlilik
saglamaktadirlar. Bu alanda yapilacak diger ¢alismalar tek kaynaktan veri toplama ve
kolayda o6rnekleme hususlart bakimindan gelismeye agiktir. Ornegin, bir iiriin
gelistirme ekibinde baz1 bilgiler proje lideri tarafindan saglanabilirken, diger bilgiler
pazarlama temsilcisi tarafindan saglanabilir. Bu yaklagimin bir bagka bigimi, birden
fazla kaynaktan eksiksiz veri elde etmektir; boylece alanlar arasi giivenilirlik ve
yanitlarin yanhligi gibi sorunlar azaltilabilir.

Mevcut ¢alisma, Amerika Birlesik Devletleri kuzeydogu bolgesindeki teknoloji
temelli sirketleri incelemistir ve dolayisi ile sonuglar bu bolge ve endistriye ait
bulgular1 yansitmaktadir. Ayrica, ele alinan {irlin gelistirme projelerinin ¢ogunlugu
biiyiik 6lcekli firmalarda gerceklesmistir. Gelecekteki benzer arastirmalar, Avrupa ve
Asya gibi diger endiistrilerden ve diinyanin diger bolgelerinden her boyutta firmalarin
orneklerini kullanarak arastirma sorularini ve sonuglari genellestirebilirler. Ayrica
Tiirkiye’ de faaliyet yiiriiten teknoloji sirketleri ile de benzer ¢aligmalar yapilarak
sonuglarin karsilastirilmasina imkan saglanabilir.

Bu galigma takim giiveninin takim arastirmasi igin aracilik etkisi olduguna iliskin
ampirik kanit saglarken, gelecek arastirmalar bu iligkinin takim ¢iktilarim ve
performanslarini nasil etkiledigini ele alabilirler. Ornegin gelecekteki arastirmalar
takim giiveninin ve takimin 6grenmesinin yeni iiriin bagarisina, pazara giris hizina
veya takim verimliligine nasil katkida bulundugu incelenebilir. Bu ¢alismada takim
otonomisi, takim fiiyesi deneyimi ve takim istikrar1 olmak iizere ii¢ faktor
arastirillmistir. Gelecekteki caligmalar, takim giliclendirmesi, yonetim katilimi ve
yonetim destegi vb. gibi diger faktorleri aragtirma modellerine dahil edebilirler. Son
olarak zaman, giivenin gelistirilmesi ve siirdiiriilmesinde 6nemli bir rol oynar
(Schoorman ve digerleri, 2007) ve degiskenler hakkinda daha derinlemesine sonuglar
elde edebilmek i¢in uzlamsal nitelikte ¢aligmalar yapilabilir.
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Employees Technology Usage Adaptation Impact on Companies’
Logistics Service Performance®

Calisanlarin Teknoloji Kullanim Adaptasyonunun Firmalarin Lojistik Servis
Performansina EtKisi

A. Zafer ACAR®, Pinar GUROL®

ABSTRACT: The information technology (IT) capability of companies is one of the
determinants of their competitive power. However, IT outputs depend on employees
intentions to use them. As a technological investment Port automation systems are
widely used in container terminals. Therefore behavioral intention in the usage of
various IT applications is one of the important factors that may affect logistics service
performance. This study aims to explore the employees' technology usage adaptation
impact on the logistics service performance of ports. In this context, the behavioral
intentions of employees who use port automation systems are investigated using the
Technological Acceptance Model.

Keywords: Competitive Power, Logistics Service Performance, Port Automation
Systems, Technology Acceptance Model

OZ: Sirketlerin rekabet giiciinii belirleyen faktorlerden biri de bilgi teknolojisi
yetenekleridir. Ancak, bu yetenek ¢alisanlarin bunlart kullanma niyetiyle iligkilidir.
Liman otomasyon sistemlerini teknolojik yatirim olarak inceledigimizde konteyner
terminallerinde yaygin olarak kullanilmaktadir. Bu sebepten bu teknolojilerin
kullaniminda davranigsal niyet lojistik servis performansint etkileyebilecek énemli
faktorlerden biridir. Bu ¢alisma, ¢alisanlarin teknoloji kullanimindaki davranmgsal
niyetinin limanlarin lojistik servis performansi iizerindeki etkisini ortaya ¢ikartmayi
amaglamaktadir. Bu baglamda, liman otomasyon sistemlerini kullanan ¢alisanlarin
davramssal niyeti, Teknolojik Adaptasyon Modeli ile incelenmigtir.

Anahtar Sozciikler: Rekabet Giicii, Lojistik Servis Performansi, Liman Otomasyon
Sistemleri, Teknolojik Adaptasyon Modeli

JEL Kodlar: L25, M10, M15

1. Introduction

In today’s global business environment logistics services become a vital tool in
gaining a competitive advantage. Transportation is one of the major functions of these
logistics services. Today over 66% of world trade (value based) is transferred through
maritime transportation (United Nations Conference on Trade and Development
[UNCTAD], 2016: 6). According to the literature ports are an important complement
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to international trade and the global supply chain (Mangan and Lalwani, 2008: 30)
and they are an integral part of maritime transportation due to the services they
provide.

Today, like many other industries, competition in container port industry is more
intense than before (Cullinane and Song, 2006: 86). So ports need to improve their

performance and efficiency (Lee, Kuo, and Chou, 2005: 544) to gain a competitive
advantage. Information technology (IT), as a competitive weapon, may contribute to
a firm’s competitive advantage by providing cost leadership and product
differentiation (Porter, 1985). In the global business environment the IT capabilities
of companies are one of the determinants of their competitive power. While
technological infrastructures need costly investments they also provide companies
with the capabilities to exploit strategic opportunities.

As a critical IT capability port automation systems are a widely used technological
investments in container terminals. On the other hand, generally, the efficient and
effective outputs of these technologies depend on employees intention to use them.

This study aims to explore employees technology usage adaptation impact on ports
logistics service performance. In this context the behavioral intentions of employees
to use port automation systems is investigated according to Technological Acceptance
Model (TAM). In this research process a questionnaire was designed and all
constructs were measured using existing scales from previous studies. The
relationships between all variables were tested using factor, reliability, correlation and
regression analyses by the SPSS 23 statistical package program.

In this context this study is organized as follows. A part literature review of the main
concepts of the study is given after which the methodology of the study, including
questionnaire design and sampling, is presented and data analyses and findings are
given. Finally, the results are discussed in the conclusion.

2. Literature Review

Due to the logistics services shift from low-value basic to high value-added services,
IT has had the greatest impact on the minimizing of risks, standardizing processes and
reducing uncertainty (Lai, Li, Wang, and Zhao, 2008: 25), but it depends on
employees intention to use IT.

2.1. Information Technology Capabilities (ITC)

Capability is an ability to accomplish organizational goals in a competitive
environment (Teece, Pisano, and Shuen, 1997: 513). In a research-based view, IT is
considered as a distinct capability for companies which provides a competitive
advantage (Mata, Fuerst, and Barney, 1995: 487; Bharadwaj, 2000: 171; Acar and
Zehir, 2009) and if a company combines IT related resources to a unique IT capability,
it can create competitive power (Santhanam and Hartono, 2003: 126). IT investment
adds value to companies by improving organizational efficiency and effectiveness
(Bhatt and Grover, 2005: 255). According to the literature ITC has three dimensions;
IT Infrastructure (ITCI), IT Qualifications (ITQ), and IT Operations (ITO) (Turulja
and Bajgori¢, 2016: 150; Karagoz and Akgun, 2015:25; Kmieciak, Michna, and
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Meczynska, 2012: 710; Lai et al., 2008; DeSarbo, Anthony Di Benedetto, and Sinha,
2005; Tippins and Sohi, 2003: 748).

2.2. Technology Acceptance Model

IT plays a critical role in a company’s performance, but, without users, it will be
valueless in regard to competitiveness. Therefore individual’s behavioral intention to
use a system has been measured by many researchers and models have been developed
(Ajzen and Fishbein, 1980; Venkatesh, 1999: Davis, 1989; Davis, Bagozzi, and
Warshaw, 1989; Venkatesh, and Davis, 2000). One of these models is TAM, which
was created by Davis in 1989. According to this model “Perceived Usefulness (PU)”
and “Perceived Ease of Use (PEOU)” are two dimensions of individual behavioral
intention to use a technology (Davis, 1989: 320).

PU isaperson’s degree of belief that using a technological system will increase his/her
job performance, and PEOU is a person’s degree of belief that using a technological
system requires no additional effort (Davis, 1989: 320).

3. Methodology

3.1. Conceptual Framework

The main focus of current empirical study is to evaluate the effects of port automation
systems capabilities on logistics service performance. In this context, behavioral
intentions of employees to use port automation systems are exposed by Technological
Acceptance Model (TAM). In this connection, the hypotheses which we use in our
study are improved according to scientific paradigms and we construct a model that
explains the relationship between TAM, ITC, and LSP (Figure 1), with support from
the contemporary literature, these hypotheses are expanded in Table 1:

Table 1. Hypotheses
H1 There is a positive, significant and direct relationship between TAM and ITC

Hlaa | There is a positive, significant and direct relationship between PU and ITCI

Hlab | There is a positive, significant and direct relationship between PU and ITQ

Hlac | There is a positive, significant and direct relationship between PU and ITO

Hlba | There is a positive, significant and direct relationship between PEOU and ITCI

H1bb | There is a positive, significant and direct relationship between PEOU and ITQ

Hlbc | There is a positive, significant and direct relationship between PEOU and ITO

H2 There is a positive, significant and direct relationship between ITI and ITC

H2a There is a positive, significant and direct relationship between ITI and ITCI

H2b There is a positive, significant and direct relationship between ITI and ITQ

H2c There is a positive, significant and direct relationship between IT1 and ITO

H3 There is a positive, significant and direct relationship between TAM and ITI

H3a There is a positive, significant and direct relationship between PU and ITI

H3b There is a positive, significant and direct relationship between PEOU and ITI

H4 There is a positive, significant and direct relationship between ITC and LSP

H4a There is a positive, significant and direct relationship between ITCI and LSP
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H4b There is a positive, significant and direct relationship between ITQ and LSP

H4c There is a positive, significant and direct relationship between ITO and LSP

H5 There is a positive, significant and direct relationship between TAM and LSP

H5a There is a positive, significant and direct relationship between PU and LSP

H5b There is a positive, significant and direct relationship between PEOU and LSP

According to the generated hypotheses the preliminary research model is depicted in

Figure 1.

H1

H3

H5

=
N
I
S

Figure 1. Research Model

3.2. Questionnaire Design

All constructs are measured using existing scales from previous literature, and adapted
for the port industry. The first of these scales is the Technology Acceptance Model
(TAM), and the gquestionnaire is taken from recent studies (Hamid, Razak, Bakar, and
Abdullah, 2016; Abdullah, and Ward, 2016; Fathema, Shannon, and Ross, 2015;
Wallace, and Sheetz, 2014; Joo, and Sang, 2013) which were generated according to
Davis’s study (1989). The second is Information Technology Investments (ITI), and
the questionnaire was adapted from recent studies (Gonzalez-Benito, 2007; Sriram,
Stump, and Banerjee, 1997). The other scale is Information Technology Capability
(ITC) and the questionnaire was adapted from recent studies (Turulja and Bajgoric,
2016; Karagoz and Akgun, 2015; Kmieciak, Michna, and Meczynska, 2012; Lai, Li,
Wang, and Zhao, 2008; DeSarbo, Anthony Di Benedetto, and Sinha, 2005; Tippins
and Sohi, 2003). Finally, the Logistics Service Performance measurement tool is taken
from recent studies (Acar and Zehir, 2010; Richey, Daugherty, and Roath, 2007; Lu,
and Yang, 2006; Lynch, Keller, and Ozment, 2000; Morash, 2001).
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3.3. Sampling and Data Collecting

To perform the analyses valid data was collected from employees of Turkish
Container Terminals. A total of 62 questionnaires were returned from more than 11
ports. The descriptive statistics of the respondents are shown in Table 2. All items are
measured on the 5 points Likert type scale (1= strongly disagree and 5= strongly
agree).The relationships between all variables are tested using factor, reliability,
correlation and regression analyses via the SPSS 23 statistical package program.

Table 2. Descriptive Statistics of the Sample

Hierarchical .

Status Frequency Percent Education Frequency Percent
Owner/ 0 Primary 0
Shareholder 1 1.61% School 3 4.84%
Top Level Man. 2 3.23% High School 13 20.97%
Middle-Level 15 24.19% Vocational 10 16.13%
Man. School
ey Level 9 14.52% Graduate 23 37.10%
Office 0 Masters/ o
Employee 12 19.35% PhD 13 20.97%
Fieldworker 23 37.10% TOTAL 62 100%

TOTAL 62 100%
Current Company Total
Tenure
Frequency | Percent | Frequency Percent
1-4 28 45.16% 10 16.13%
5-10 18 29.03% 18 29.03%
11-19 13 20.97% 26 41.94%
20 > 3 4.84% 8 12.90%
TOTAL 62 100% 62 100%
Department Frequency Percent
Operations 29 46.77%
IT 3 4.84%
Sales and Marketing 7 11.29%
Administrative Services 7 11.29%
OTHER 16 25.81%
TOTAL 62 100%

3.4. Data Analyses and Findings

In this study all items and components are tested using comprehensive reliability
analyses. The overall scale reliability test coefficient was determined as o= 0.790; this
value is above the recommended 0,70 threshold (Nunnally, 1978: 245), in the
correlation matrix PEOU showed no strong mutual relationship with each other, so
this item was removed, and after that, the reliability test was done again and the
coefficient was determined as o= 0.840; this value is significantly over the
recommended 0.70 threshold. After removing PEOU the results of the correlation
analysis reveal that all constructs which differed from each other as a factor also
correlated each other positively and significantly.
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Table 3. Correlation Matrix

PU ITCI ITQ ITO ITI LSP
PU 1
ITCI ,409™ 1
ITQ 529" 431" 1
ITO .208 413" ,540™ 1
ITI 443 ,605™ 672" 658" 1
LSP 280" 299" 574" 528" 416" 1

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

After correlation analysis the linear relationships are tested through regression
analysis. According to the results given in Table 4 PU has statistically significant
direct positive effects on the ITC dimensions of ITCI, and ITQ. Conversely, there is
no significant proof of the effects of PU on ITO.

Table 4. The Effect of TAM on ITC

D.V.:ITCl |Beta T Sig. Hypotheses | Results

PU 0.409%** 3.468 .001 Hlaa Supported
R>=0,166 ; F=12,023 ; p<0,001

D.V..ITQ |Beta T Sig. Hypotheses | Results

PU 0.529*** 4.832 .000 Hlab Supported
R2=0,280 ; F=23,344 ; p<0,001

D.V..ITO |Beta T Sig. Hypotheses | Results

PU .208 1.647 105 Hlac Not Supported

R?=0,043 ; F=2,711 ; p>0,05

According to the results that are given in Table 5 ITI has statistically significant direct
positive effects on all ITC dimensions.

Table 5. The Effectof ITlon ITC

D.V..ITCI Beta T Sig. Hypotheses | Results
ITI 0.605*** | 5.886 .000 H2a Supported
R?=0,366 ; F=34,643 ; p<0,001
D.V..ITQ Beta T Sig. Hypotheses | Results
ITI 0.672*** | 7.027 .000 H2b Supported
R2=0,451 ; F=49,375 ; p<0,001
|D.V.: ITO | Beta T | Sig. | Hypotheses | Results
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[ITI

| 0.658***

|6.776

| .000

| H2c

| Supported |

R?=0,433 ; F=45,915 ; p<0,001

According to the results that are given in Table 6 TAM has statistically significant
direct positive effects on ITI.

Table 6. The Effect of TAM on ITI

D.V. ITI

Beta

T

Sig.

Hypotheses

Results

PU

0.443***

3.824

.000

H3a

Supported

R?=0,195 ; F=14,624 ; p<0,001
According to the results that are given in Table 7 the ITC dimensions of ITQ and ITO
have statistically significant direct positive effects on LSP. Conversely, there is no
significant proof of the effects of ITCI on LSP.

Table 7. The Effect of ITC on LSP

D.V.: LSP Beta T Sig. Hypotheses | Results

ITCI -.005 -.046 0.963 H4a Not Supported
ITQ 0.410** |3.256 0.002 H4b Supported
ITO 0.309* 2.478 0.016 H4c Supported

R?=0,397 ; F=12,734 ; p<0,001

According to the results that are given in Table 8 TAM has statistically significant
direct positive effects on LSP.

Table 8. The Effect of TAM on LSP

D.V.: LSP Beta t Sig.

PU 0.280* 2.263 .027
R?=0,0786 ; F=5,121 ; p<0,05

Results
Supported

Hypotheses
H5a

The results not only reveal the positive effect of ITIs and technologic acceptance on
the ITCs but also exposed the mediating role of ITIs on this relationship.

According to the regression analysis ITI has a mediating effect between TAM and
ITC.

Table 9. Mediating Role of ITI

D.V.: ITCI Beta t Sig.

PU 175 1,545 ,128

ITI ,528*** 4,654 ,000
R?=,391 ; F=18,914 ; p<0,001

D.V.:ITQ Beta t Sig.

PU ,288** 2,861 ,006

ITl ,DA4*** 5,401 ,000

R?=,518 ; F=31,737 ; p<0,001
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According to the regression analysis ITC has a mediating effect between TAM and
LSP.

Table 10. Mediating Role of ITC

D.V.: LSP Beta t Sig.
PU ,001 ,005 ,996
ITQ ,408* 2,903 ,005
ITO ,308* 2,525 ,014

R?>=,397 ; F=12.733 ; p<0,001

According to analysis the final research model is shown in Figure 2.

T o

TAM

Figure 2. Final Model of the Research

4. Conclusion

This study explores the relationship between technologic acceptance, information
technology capabilities and logistics service performance. Information technology
capabilities and technology acceptance have a positive effect on logistics service
performance. The results not only reveal the positive effect of information technology
investments and technologic acceptance on information technology capabilities, but
also exposed the mediating role of information technology investments in this
relationship. Information technology capabilities and technology acceptance have a
positive effect on logistics service performance and information technology
capabilities have a mediating role in this relationship. 45% of emloyees in total
worked less than 11 years and according to the literature the new generation has more
ability in information technology usage. If information technology investments are
supported by employee training, information technology capabilities and logistics
service performances will be performed positively.
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Order Picking Problem in a Warehouse with Bi-Objective Genetic
Algorithm Approach: Case Study®

Iki Amach Genetik Algoritma Yaklasimu ile Bir Depoda Siparis Toplama
Problemi: Vaka Calismas:
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ABSTRACT: In this paper, an order picking problem with the capacitated forklift in
a warehouse is studied by considering the total distance and the penalized
earliness/tardiness. These objectives are important to reduce transportation costs and
to satisfy customer expectations. Since this problem has been known as NP-hard, a
genetic algorithm (GA) is proposed to solve the bi-objective order picking problem.
The proposed approach is applied to auto components industry that produces wire
harnesses responsible for all electrical functions in the vehicle. Experimental design
is used for tuning the influential parameters of the proposed GA. The GA approach
was solved by weighted sum scalarization.

Key words: Experimental design, Genetic algorithm, Order picking, weighted sum
scalarization

Oz: Bu calismada, toplam uzaklik ve cezali erkenlik/gecikme durumlarim dikkate alan
bir depoda kapasiteli forklift ile bir siparis toplama problemi ¢alisilmistir. Bu
amaglar, ulagim maliyetlerini azaltmak ve miisteri beklentilerini Karsilamak icin
onemlidir. Bu problem NP-zor olarak bilindiginden iki ama¢h siparis toplama
problem ¢oziimii igin bir genetik algoritma onerilmistir. Onerilen yaklasim, aractaki
tiim elektriksel fonksiyonlarin ¢alismasint saglayan kablo demetleri iireten bir oto
bilesenleri endiistrisine uygulanmistiv. Onerilen GA'min etkili parametreleri igin
deney tasarimi kullanilmistir. GA yaklasimi agirlikly toplam skalerlestirme yontemi
ile ¢oziilmiistiir.

Anahtar kelimeler: Deney tasarimi, Genetik Algoritma, Siparis toplama, Agirlikli
toplam skalerlestirme yontemi

Jel Kodu: C61

1. Introduction

The firms have policies to gain a success in the market share competition. One of the
goals to compete in the market is to minimize the total cost in the production system.
Therefore, the firms try to minimize their costs such as minimizing work in process,
finished goods inventory and their transportations in the shop floor. Holding inventory
is often one of the most important problems in the success of a firm. Inventory cost
consists of financing equipment, labour, protective issues and insurance requirements,
handling, transporting, obsolescence, losses and the opportunity cost of choosing to
deal with inventory. On the other hand, meeting the demand is the other important
problem for the firms in the great competition. In this case, the firms have been
studying on the strategy to meet the demand on time with sufficient inventory and
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their transportations in the shop floors to minimize the total costs. In this situation,
various problems to be optimized can be faced in the shop floors by the firms. Order
picking can be defined as mostly labour-intensive and costly activity for warehouses,
because the cost of order picking is predicted to be as much as 55% of the total
warehouse operating expense (Koster, Le-Duc, and Roodbergen, 2007).

In this study, an order picking problem to determine the order list for a good route in
a shop floor was analyzed. The problem is actually similar to a vehicle routing
problems (VRP) with one warehouse and twelve workstations. In some studies, this
problem type is considered as a Travelling Salesman Problem (TSP) (Lawler, Lenstra,
Rinnooy Kan and Shmoys, 1995; Koster, Le-Duc, and Roodbergen, 2007). The VRP
is also a generalization of the TSP. The goal in VRP is to find the optimal set of routes
for a fleet of vehicles delivering goods various locations. Vehicle routing problems
also have constraints as the following:

e Capacity constraints

e A maximum number of locations that each vehicle can visit.
e Time or distance constraints

e Time windows

e Precedence relations between pairs of locations

The objective of VRP is generally to design a set of minimum cost routes that serve a
number of places. Since its first formulation in 1959, in the literature, there have been
many studies (Ghannadpour, Noori, T.-Moghaddam and Ghoseiri, 2014). Lenstra and
Rinnooy Kan (in 1981) have analyzed the complexity of the vehicle routing problem
and they have concluded that practically all the vehicle routing problems are NP-hard
because they are not solved in polynomial time. The VRP with time windows
(VRPTW) is also NP-hard because of its extension structure of the VRP based on
Solomon and Desrosiers (in 1988). An important extension of the classical vehicle
routing problem is called capacitated vehicle routing problem. Wei, Zhang, Zhang and
Lim (2015) proposed the capacitated vehicle routing problem with two-dimensional
loading constraints, which is a generalized capacitated vehicle routing problem in
which customer demand is a set of two-dimensional, rectangular, weighted items.
Rubrico, Higashi, Tamura and Ota (2011) presented a solution for a dynamic
rescheduling problem involving new orders arriving randomly while static orders
have been given in advance in warehouse environments.

Serna, Uran, Cortes and Benitez (2014) studied a solution procedure for solving the
vehicle routing problem with pick-up and delivery with multiple warehouses based
on a hybrid metaheuristic. Nagy and Salhi (2005) proposed heuristic algorithms for
single and multiple depot vehicle routing problems with pickups and deliveries. Rao,
Wang, Wang and Wu (2013) focused on the scheduling of a single vehicle, which
delivers parts from a storage centre to workstations in a mixed-model assembly line.
Gils, Ramaekers, Braekers, Depaire and Caris (2017) analyzed and statistically proved
the relations between storage, batching, zoning, and routing by a full factorial
ANOVA.

The detailed information related to VRP and order picking systems can be found in
the studies of Tonci Caric and Gold (2008) and Gils, Ramaekers, Caris and Koster
(2017).



Order Picking Problem in a Warehouse with Bi-Objective Genetic Algorithm. .. 71

The problem in this study is similar to VRP with one forklift, one warehouse and
twelve workstations. One forklift is visiting each workstation and picking up the
orders based on its capacity. Each workstation has one pallet to store the product and
the forklift has a capacity of three pallets. In the existing system, the forklift is visiting
the workstations randomly and does not consider any distance or repetition and the
cost.

In the study, the order picking problem with the capacitated forklift in a warehouse
was studied by considering two objectives such as the total distance and the penalized
earliness and tardiness. A genetic algorithm (GA) approach is proposed to solve the
bi-objective order picking problem and the proposed approach is applied to auto
components industry that produces wire harnesses responsible for all electrical
functions in the vehicle.

2. The Proposed Algorithm

The proposed algorithm is developed according to the concept of the genetic
algorithm (GA). The detailed procedure of the proposed algorithm is as follows:
Step 1. Initial Population: As shown in Figure 1, the structure of the chromosome is
designed by sequencing the workstations (k=1, 2,...,12) in the shop floor. An initial
population of each chromosome is randomly created as shown in Figure 1. Each
chromosome contains 14 genes. The component of the chromosome represents the
sequence of workstations with the warehouse. The first and the last genes show the
warehouse and are indicated as a value of 0. Thus, the beginning and ending node of
the forklift should be the warehouse.

[0]2]10]7]8]12[3]1]4]11]5]9]6]0]
Figure 1. Schematic representation of the chromosome structure

Step 2. Fitness Evaluation: After obtaining the chromosome structure, the route is
formed based on the capacity of the forklift. In this study, the current capacity of the
forklift is three pallets. Each workstation has a pallet for storing the finished product.
The route in Figure 2 is created according to these capacity values. Total distance
objective value is computed by taking into account both of the route in given Figure
2 and the distance matrix between the workstations. In addition, earliness/tardiness
cost objective value is also calculated by considering costs which arise because of the
waiting of forklift’s operator and holding inventory. The bi-objective fitness value has
obtained the sum of weighted total distance objective value and weighted
earliness/tardiness cost objective value. Each weight for objectives is determined by
decision-makers in the firm.

loj2]w0]7]o]s8]12]3]o|1][4a]un]o|5]9]6]0]
Figure 2. The route belonging to the defined chromosome structure

According to the chromosome structure in Figure 1, gen 0 is the beginning node for
the operator of the forklift. Firstly, the forklift operator visits the second workstation
and picks up a pallet for the forklift. The capacity of the forklift is reduced to 2 pallets
from 3 pallets. The forklift operator visits the tenth and seventh workstations,
respectively, until the forklift is full. And then, he visits the warehouse for unloading
the forklift. Similarly, by following the rank in Figure 1 from left to right, the route is
obtained as shown in Figure 2.
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The fitness value of each chromosome is determined by evaluating objective
functions. The objectives are defined as:

Total Distance: The capacitated forklift must start from the warehouse and goes to
workstations for taking the ready pallet or pallets if the loading capacity is available.
The forklift comes back to the warehouse when its capacity is full. Then this order
picking process is repeated until all workstations are visited. The total travelling
distance of the forklift should be minimized according to the distance matrix
calculated by using the facility layout.

Penalized Earliness and Tardiness: Every workstation has minimum and maximum
order picking times due to the production rate. Managers want to pick the ready pallets
between the minimum and maximum times. If the forklift arrives a workstation before
the minimum order picking times then the forklift operator waits for the minimum
time to load the ready pallet. On the other hand, if the forklift arrives a workstation
after the maximum time then it causes the inventory cost. We penalized both of them.
The earliness cost is calculated by using the operator’s hourly wage. Additionally, the
tardiness cost is based on the cost of inventory area. The total earliness and tardiness
cost should be minimized.

The fitness function = wyx(Total Distance) + w2x(Penalized Earliness and Tardiness)

Step 3. Selection: In the genetic algorithm, parent chromosomes are selected with a
probability related to their fitness. Highly fit chromosomes have a higher probability
of being selected for mating than fewer fit chromosomes. (Teekeng and Thammano,
2012: 124). Tournament selection method is proposed in this paper. In tournament
selection, one tournament is performed for every non-elitist individual. The
tournament size is a given parameter and tournament candidates are randomly chosen
from the current population. (Bogdanovi¢, 1989: 3035).

Step 4. Crossover: Crossover is the process that two parents chromosomes recombine
to form a new offspring chromosomes. Two chromosomes are randomly chosen to
behave as parents. In this study, it is used random keys representation for solving
sequencing problems. (Bean, 1994: 155). Random-keys representation is an effective
way to guarantee feasibility of all offspring for sequencing problems. For each gene,
a real random number in the interval [0,1) is generated. If the random number obtained
is smaller than the given crossover probability, then the allele of the first parent is
used. Otherwise, the allele used is that of the second parent.

Step 5. Mutation: Mutation operation is applied to the population after performing
crossover operation. Mutation operators provide the ability to overcome a local
optimum point solution. (Chakrabortia, Biswash and Palc, 2013: 508). Swap position
mutation (SPM) is used in this paper. The SPM operator randomly selects two
elements and swaps their positions if the probability is greater than the given mutation
probability to produce new offspring with a randomly generated probability.

Step 6. Termination: In this study, termination criterion is the number of maximum
iteration. This procedure continues until the number of maximum iteration is reached.
The system is run 1000 times in the problem.
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The pseudo code of the proposed genetic algorithm is presented as:
0. Randomly initialize a population of chromosomes ()

1. While i« i, do

2 i—i+l

3 Fitness evaluation for each individual using an objective function ()

4. Elitism ()

5. Crossover ()

6 Mutation ()

7. End While

8. Return the best objective function

3. Experimental Results

The parameters required to run the algorithm are population size, number of
generations, number of iterations, crossover and mutation probabilities. These
parameters have important roles in the performance of the genetic algorithm. The full
factorial design approach is used for tuning the influential parameters of the proposed
GA to obtain efficient solutions. Full factorial experiments are the only means to
completely and systematically study interactions between factors in addition to
identifying significant factors. After GA parameters are determined, in order to find
the effectiveness of these parameters, 81 (3%) different experiments are needed for
each weight to solve the bi-objective problem. In addition, the number of experiments
would be repeated five times to verify the accuracy of the solutions. Therefore, the
number of the experiments required for each weighted problem is 405 (81x5). The
number of the experiment is 4455 (405x11) for eleven different weights. GA
parameters and their levels in Table 1 belong to eleven different weights that is shown
in Table 2.

Table 1. GA parameters and their levels

Levels
Factors
Level 1 Level 2 Level 3
Population size 100 150 200
Crossover rate 0.1 0.5 0.9
Mutation rate 0,05 0,10 0,15
Tournament size 3 5 7

The ANOVA is calculated by using Minitab 17.0 software. The main effect plot and
the interaction plot for the weights of w1=0.5 and w»=0.5 are given Figures 3 and 4,
respectively as an example.
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Figure 3. The main effects plot for bi-objective fitness value
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Figure 4. The interaction plot for bi-objective fitness value

GA parameters’ levels of the weights of w;=0.5 and w.=0.5 were obtained from
Figure 3 and 4. Therefore, these levels were defined as 150 for population size, 0.5
for crossover rate, 0.15 for mutation rate and 3 for tournament size as shown in Table
2.

Table 2. The most effective combination of factor levels

Total distance Earliness/tardiness

objective weight (wy) objective weight (ws) Population size Crossover rate Mutation rate Tournament size

1 1.0 0,0 100 0,1 0,05 3
2 0.0 0.1 200 0.5 0,05 5
3 0.8 0.2 150 0,5 0,15 3
4 0,7 0.3 200 0,5 0,10 3
5 0.6 0.4 200 0.5 0,15 5
6 0.5 0.5 150 0,5 0,15 3
7 0.4 0,6 200 0,5 0,15 3
8 0.3 0.7 150 0.5 0,15 3
9 0.2 0.8 100 0,5 0,15 3
10 0,1 0,9 200 0,5 0,15 3
11 0,0 1,0 200 0.5 0,15 3

“ All times are given in CPU seconds and the case study is solved by using Intel® Core™ i5-4460 CPU @ 3.20 GHz and 8.00 GB Ram.

After using the proposed GA approach for the analyses based on the experimental
design parameters, the results were obtained as seen in Table 3. Three different
situations for the capacity of forklift were evaluated to see the more accurate solutions.
Sensitivity analysis based on the capacity of forklift is also given in Figure 5.
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Table 3. The results of the proposed approach

Capacity of forklift: 3 (Current) Capacity of forklift: 4 Capacity of forklift: 2

Wl w2 Bi-objective value  Medium Staqdz?rd Bi-objective value ~ Medium Starydgd Bi-objective value  Medium Star!da'rd
Deviation Deviation Deviation

1 10 00 110,4400 110,443000  0,009487 108,4400 109,440000  1,054093 113,4400 113,440000  0,000000
209 01 105,6838 107,075666  1,833748 105,6907 106,300852  1,222562 109,1283 109,546180 1,216176
308 02 100,5976 101,182811 1,233819 100,5814 101,761569  1,264242 102,4566 102,848457 0572175
4 07 03 94,0657 94,159196  0,120689 94,0657 94,081526  0,049964 94,0792 94,117997  0,122806
5 06 04 84,6076 84,680014  0,120512 84,6068 84,700994  0,157542 84,6155 84,615549  0,000000
6 05 05 75,1495 75,225051  0,101617 75,1495 75,198717  0,079178 75,1519 75,151936  0,000000
7 04 06 65,6610 65,724220  0,110475 65,6610 65,711150  0,149180 65,6610 65,692620  0,066619
8 03 07 56,1379 56,285323  0,190379 56,1379 56,385342  0,467066 56,1379 56,183409  0,077997
9 02 08 46,6147 46,804293  0,209493 46,6147 46,728241  0,141508 46,6147 46,715389  0,090125
10 01 09 37,0915 37,233730  0,165712 37,0619 37,132863  0,095673 37,0915 37,162630  0,159963
1100 10 21,535 21,647367  0,190803 21,535 27,588117  0,166547 21,535 27,676992  0,194459

It can be seen from Table 3 and Figure 5 that the capacity affects the bi-objective
fitness function for all weights of the objective functions. Managers can select the
capacity of forklift due to the importance of the objectives.
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Figure 5. Sensitivity analysis based on the capacity of forklift

4. Conclusion

An order picking problem with the capacitated of three pallets of a forklift in a
warehouse is studied by considering two objectives. The first objective is the total
distance and the other is the penalized earliness and tardiness. A GA approach is
proposed to solve this bi-objective order picking problem for a firm in auto
components industry that produces wire harnesses responsible for all electrical
functions in the vehicle. The problem is analysed as a VRP problem and different
situations were also evaluated such as different weights and capacity of the forklift.
The order picking problem is the main part of the production. Therefore, managers
need efficient methods to evaluate order picking systems. The proposed approach can
support to decide the capacity of the forklift and try to find the more accurate routes
based on the objectives.

The proposed GA can be compared with the other meta-heuristics such as simulated
annealing, tabu search, ant colony optimization, particle swarm optimization, etc. The
bi-objective GA approach is solved by the weighted sum scalarization. It can be
compared with the e-constraint method, the Tchebycheff scalarization method, the
conic scalarization method for the bi-objective problem in the future.
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Tedarik Zinciri Optimizasyon Calismalari: Literatiir Arastirmast Ve Siniflama
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ABSTRACT: Supply chain planning is an integrated process in which a group of
several organizations, such as suppliers, producers, distributors and retailers, work
together. It comprises procurement, production, distribution and demand planning
topics. These topics require taking strategical, tactical and operational decisions. This
research aims to reveal which supply chain topics, which decision levels, and which
optimization methods are mostly studied in supply chain planning. This paper presents
a total of 77 reviewed works published between 1993 and 2016 about supply chain
planning. The reviewed works are categorized according to following elements:
decision levels, supply chain optimization topics, objectives, optimization models.

Keywords: Decision level, literature review, optimization model, supply chain,
supply chain optimization topic.

Oz: Tedarik Zinciri, tedarikgiler, iireticiler, dagiticilar ve toptancilar gibi bir grup
organizasyonu birlestiren entegre bir siirectir. Tedarik, iiretim, dagitim ve talep
planlama konularini igerir. Bu konular stratejik, taktik ve operasyonel kararlar
almayr gerektirir. Bu arastirma tedarik zinciri planlamasinda hangi tedarik zinciri
konularmin, hangi karar/planlama seviyelerinin ve hangi optimizasyon metotlarmnin
literatiirde en c¢ok c¢alsildigint gostermektedir. Calisma 1993 ve 2016 yillar
arasindaki tedarik zinciri planlama konusundaki 77 adet ¢alismanin incelenmesine
ait sonuglart sunmaktadir. Incelenen ¢alismalar su kriterlere gore kategorize
edilmistir: karar seviyesi, tedarik zinciri optimizasyon konulari, amaglar,
optimizasyon modelleri.

Anahtar Kelimeler: Karar seviyesi, /iteratiir incelemesi, optimizasyon modeli, tedarik
zinciri, tedarik zinciri optimizasyon konulari.
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1. Introduction

A supply chain (SC) can be defined as an integrated system synchronizing a series of
interrelated business processes in order to: (1) acquire raw materials and parts, (2)
transform these raw materials and parts into finished products, and (3) distribute these
products to either retailers or customers (Fahimnia et al.,2013).

Supply chain is the integration and coordination of procurement, production,
distribution and demand planning. These planning activities require taking strategical,
tactical and operational decisions. And optimization models are being developed to
operate these activities in the supply chain.

The objectives of this paper are to (i) review the literature, (ii) analyze and categorize
the works based on the decision levels, supply chain topics, optimization models, (iii)
identify future research directions.

The remainder of the paper consists of three other sections. The next section
introduces the review methodology. Then Section 3 presents the taxonomy of the
reviewed papers. Finally, the last section provides the conclusions and directions for
future research.

2. Review Methodology

The literature search is carried out with scientific-technical bibliographic databases
which include publishing portals like Science Direct, Springer & Kluwer, Elsevier,
Taylor & Francis, Wiley. Additionally, internet sources are used. The following
search criteria are applied: Production and distribution planning in supply chains,
production and transport planning in supply chains, production, distribution, and
inventory planning in supply chains, supply chain optimization methods, multi-
objective programming of production and distribution planning, integrated supply
chains.

77 papers were collected for the study with the years between 1993 and 2016. Papers
are categorized into 3 groups: According to decision levels, according to their topics,
according to optimization models used.

These papers were obtained from journals (98.7%) and congress papers (1.30%).
Table 1 shows distribution of papers according to journals and impact factor of
journals.

Table 1. Distribution of papers according to journals

Impact

Journal Factor | Papers | % Total
International Journal of Production Research 2.325 8 10,39%
European Journal of Operational Research 3.297 6 7,79%
Transportation Science 3.275 2 2,60%
Computers & Operations Research 2.600 9 11,69%
Computers & Industrial Engineering 2.623 8 10,39%
International Journal of Production Economics 3.493 5 6,49%
Journal of Heuristics 1.807 1 1,30%
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Production Planning & Control 2.369 2 2,60%
Journal of the Operational Research Society 1.077 2 2,60%
International Journal of Operations & Production 3.339

Management 1 1,30%
IIE Transactions 1.451 2 2,60%
Interfaces 0.579 2 2,60%
Annals of Operations Research 1.709 1 1,30%
Computers & Chemical Engineering 3.024 3 3,90%
Applied Mathematical Modelling 2.35 2 2,60%
Industrial and Engineering Chemistry Research 2.843 1 1,30%
International Journal of Advanced Manufacturing 2.209

Technology 2 2,60%
Omega 4.029 4 5,19%
International Journal of Computer Integrated 1.949

Manufacturing 1 1,30%
Applied Mathematics and Computation 1.738 1 1,30%
Transportation Research Part E: Logistics and 2.974

Transportation Review 1 1,30%
Chinese Journal of Chemical Engineering 1.174 2 2,60%
Advances in Engineering Software 3 1 1,30%
International Transactions In Operational Research | 1.745 1 1,30%
International Journal of Physical Distribution & 2.577

Logistics Management 1 1,30%
Fuzzy Sets and Systems 2.718 1 1,30%
AICHE Journal 2.836 1 1,30%
International Journal of Systems Science 2.285 1 1,30%
Journal of Scheduling 1.281 1 1,30%
Journal of Purchasing and Supply Management 3.24 1 1,30%
International Journal of Management Science and 1.78

Engineering Management 1 1,30%
Expert Systems with Applications 3.928 1 1,30%
Journal of Cleaner Production 5.715 1 1,30%
Total 77 100,00%

3. Taxonomy

In this section 77 reviewed works are categorized according to decision levels, supply

chain optimization topics and optimization models.

Huang et al. (2003) proposed four classification criteria as: supply chain structure,
decision level, modeling approach and shared information. In this paper, Huang’s
taxonomy is used as a reference. Decision level and modeling approach are used
between of them. And in addition to them, supply chain optimization topic and
objective are used. So four classification criteria are proposed: Decision level, supply
chain optimization topic and supply chain optimization model and objective. Supply

chain structure and shared information criteria will use in future study.

These criteria are briefly described below:
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Decision level: Decisions in a supply chain can be divided into three hierarchical
levels. These levels are strategical, tactical and operational.

Supply chain optimization topic: These topics are related with supply chain
operations, and required in making strategical, tactical and operational decisions.
Some of them are: Supply chain network design, facility/depot location, supply
planning, production planning/scheduling, inventory planning, capacity planning, lot
sizing, and supplier/carrier selection.

Optimization model: Optimization models are used to operate supply chain
operations and cost, effectively. They can solve supply chain complex problems.
Some of them are: Linear programming, mix integer programming, multi objective
linear programming, multi objective mix integer programming, fuzzy mathematical
programming, stochastic programming, heuristics and hybrid models.

Objective: Objectives are specific. They serve as the basis for evaluating
performance. Some examples of objectives include minimizing costs, maximizing
benefits, maximizing customer satisfaction. They are defined in the optimization
model.

4. Review of The Works According to “Decisions Levels”
Decision levels are mainly classified by the extent or effect of the decision to be made
in terms of time (Mula et al.,2010).

Strategical decisions consist of long term plans about 5 years or longer. These
decisions are about determination of supply chain design and strategies. Selecting
production, storage and distribution locations can be given as examples.

Tactical decisions consist of medium term plans about annually or monthly. These
decisions are about supply chain planning. Purchasing decisions, inventory planning,
procurement planning, demand forecasting, production and distribution planning,
assigning production and transport capacities can be given as examples.

Tactical planning in a supply chain incorporates the synchronized planning of
procurement, production, distribution and sale activities, in order to ensure that the
customer demand is satisfied by the right product at the right time (Swaminathan &
Tayur, 2003).

Operational decisions consist of short term plans about daily or hours. Scheduling of
production, determination of distribution routing, scheduling of vehicle loading,
scheduling of deliveries can be given as examples.

The reviewed works according to decision levels are categorized into 3 levels:
Strategical, tactical and operational. Table 2, classifies the works reviewed in terms
of the decision level. The numbers of reviewed works according to decisions levels
are shown in table 3. Table 3 indicates that Tactical Planning is the most studied
planning/decision level.
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Table 2. “Planning/Decision Level” of reviewed works

Article

Strategical

Tactical

Operational

(Chandra, 1993), (Martin et al.,1993),
(Fisher & Chandra, 1994), (Chen &
Wang, 1997), (Mcdonald & Karimi,
1997), (Lucas et al., 2001), (Sakawa et
al., 2001), (Gupta & Maranas, 2003),
(Ryu et al.,2004), (Bertazzi et al.,2005),
(Lei et al.,2006), (Oh & Karimi, 2006),
(Roghanian et al.,2007), (Park(a),
2007), (Dhaenens-Flipo & Finke, 2001),
(Liang, 2007), (Boudia(a) et al.,2007),
(Selim et al., 2008), (Jung et al.,2008),
(Torabi & Hassini, 2008), (Boudia (a) et
al.,2008) , (Bard(a) & Nananukul (a),
2009), (Bard(b) & Nananukul(b), 2009),
(Park (b) & Hong, 2009), (Boudia (c) &
Prins (c), 2009), (Chen et al.,2009),
(Cetinkaya et al.,2009), (Leung & Chan,
2009), (Safaei et al.,2010) ,(Bard(c) &
Nananukul(c), 2010) ,(Shiguemoto &
Armentano, 2010), (Ozdamar &
Yazgac, 2010), (Lee(b) et al.,2010),
(Fahimnia et al.,2015), (Archetti et
al.,2011), (Armentanoa et
al.,2011),(Mirzapour et al., 2011),
(Jolaia et al.,2011), (Amorim et
al.,2013), (Khakdaman et al.,2014),
(Khakdaman et al.,2014),(Zhang et
al.,2014) ,(Adulyasak et al.,2014), (Liu
et al.,2015), (Keskin et al., 2015),
(Senoussi et al.,2015), (Brahimia &
Aouamb, 2015), (Darvish et al.,2016),
(Zanjani et al.,2016), (Bajgiran et
al.,2016), (Carvalho & Nascimento,
2016)

(Fumero & Vercellis, 1999) , (Zare-
Reisabadi & Mirmohammadi, 2015),
(Stacey et al.,2007), (Bilgen & Celebi,
2013), (Shi et al., 2015)

(Timpe & Kallrath, 2000), (Sabri &
Beamon, 2000)

(Jayaraman & Pirkul, 2001), (Jang (a) et
al., 2002), (Liu & Lee, 2003), (Kuhna &
Liskea, 2011), (Choudhary & Shankar,
2014), (Garg et al.,2015)

(Chern & Hsieh, 2007), (Adil &
Kanyalkar, 2007), (Chen et al.,2009),
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(Songsong & Papageorgiou, 2013),
(Nasiri et al.,2014), (Mu™noz et
al.,2015)

(Paksoy & Chang, 2010) , (Shi et
al.,2012), (Pan & Rakesh, 2013),
(Nezhad et al.,2013), (Varseia &
Polyakovskiy, 2015), (Pasandideh et
al.,2015) ,(Ardalan et al.,2016), X

Table 3. Number of reviewed works according to “Planning/Decision Level”

Planning/Decision Level Number of Reviewed Works
Strategical 7
Tactical 52
Operational 4
Strategical-Tactical 6
Strategical-Operational 2
Tactical-Operational 6
Total 77

5. Review of the Works According to “Supply Chain Optimization
Topics”

In this section, the categorization of reviewed works is presented according to supply
chain optimization topics. Reviewed works show that integrated topics are trend for
studying, so most of the work does not only study one topic like production planning,
they are working about more than one topic like integration of production and
distribution planning. And it is also dedicated from reviewed works that Production
Planning/Scheduling and Distribution/Routing Planning are the most studied
integrated topic. Table 4, classifies the works reviewed according to supply chain
optimization topics.

Table 4. “Supply Chain Optimization Topics” of reviewed works

Supply Chain Network
Facility/ Depot Location
Supply Planning
Production Planning/
Scheduling
Distribution/ Routing
Planning
Inventory Planning
Capacity Planning
Lot Sizing

Article

Supplier/ Carrier Selection

(Chandra, 1993), (Stacey et
al.,2007) X X

(Martin et al.,1993), (Fumero &
Vercellis, 1999), (Timpe & X X X
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Kallrath, 2000), (Lei et al.,2006),
(Bard(a) & Nananukul (a), 2009),
(Bard(c) & Nananukul(c), 2010),
(Shiguemoto & Armentano, 2010),
(Fahimnia et al.,2015)

(Fisher & Chandra, 1994), (Chen &
Wang, 1997), (Sakawa et al.,2001),
(Ryu et al.,2004), (Bertazzi et
al.,2005), (Oh & Karimi, 2006),
(Roghanian et al.,2007), (Park(a),
2007), (Dhaenens-Flipo & Finke,
2001), (Liang, 2007), (Boudia(a) et
al., 2007), (Selim et al.,2008),
(Boudia (a) et al.,2008), (Bard(b) &
Nananukul(b), 2009), (Park (b) &
Hong, 2009), (Boudia (c) & Prins
(c), 2009), (Chen et al.,2009),
(Cetinkaya et al.,2009), (Safaei et
al.,2010), (Ozdamar & Yazgac,
2010), (Lee(b) et al.,2010),
(Archetti et al., 2011), (Armentanoa
et al.,2011), (Chen et al.,2009),
(Amorim et al.,2013), (Bilgen &
Celebi, 2013), (Nasiri et al.,2014),
(Adulyasak et al.,2014)

(Mcdonald & Karimi, 1997), (Gupta
& Maranas, 2003), (Torabi &
Hassini, 2008), (Khakdaman et
al.,2014), (Leung & Chan, 2009),
(Mirzapour et al.,2011), (Brahimia
& Aouamb, 2015), (Shi et al.,2015)

(Zare-Reisabadi & Mirmohammadi,
2015) , (Khalili-Damghani & Tajik-
Khaveh, 2015), (Darvish et
al.,2016)

(Sabri & Beamon, 2000)

(Jayaraman & Pirkul, 2001),
(Jang(a) et al.,2002), (Mu™noz et
al.,2015)

(Lucas et al.,2001)

(Liu & Lee, 2003)

(Chern & Hsieh, 2007)

(Adil & Kanyalkar, 2007),
(Senoussi et al.,2015) , (Zanjani et
al.,2016), (Bajgiran et al.,2016)

(Jung et al.,2008), (Jolaia et al.,
2011)
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(Paksoy & Chang, 2010), (Shi et
al.,2012), (Pan & Rakesh, 2013),
(Varseia & Polyakovskiy, 2015),
(Garg et al.,2015), (Ardalan et

al.,2016) X

(Kuhna & Liskea, 2011) X X

(Nezhad et al.,2013) X

(Songsong & Papageorgiou, 2013) ,
(Zhang et al.,2014) X

(Choudhary & Shankar, 2014)

(Pasandideh et al.,2015) X X

(Liu et al.,2015), (Keskin et
al.,2015) X

(Carvalho & Nascimento, 2016) X

X

Table 5 shows that Production Planning/Scheduling- Distribution/Routing Planning
is the most studied integrated topic. And following this, the other integrated topic is
Production Planning /Scheduling- Distribution/Routing Planning-Inventory Planning.

Table 5. Number of reviewed works according to “Supply Chain Optimization

Topic”

Number of

Reviewed

Supply Chain Optimization Topic Works

Supply Chain Network Design 6
Facility/Depot Location 1
Supply Planning 2
Production Planning/Scheduling 8
Distribution/Routing Planning 3
Capacity Planning 1
Lot Sizing-Supplier/Carrier Selection 1
Production Planning/Scheduling- Distribution/Routing Planning-
Inventory Planning 9
Production Planning/Scheduling-Lotsizing 1
Supply Planning-Production Planning/Scheduling-
Distribution/Routing Planning-Inventory Planning 1
Supply Planning-Production Planning/Scheduling-
Distribution/Routing Planning 4
Supply Planning-Production Planning/Scheduling 1
Supply Planning- Distribution/Routing Planning 2
Production Planning/Scheduling- Distribution/Routing Planning 27
Supply Chain Network Design-Production Planning/Scheduling-
Distribution/Routing Planning 3
Supply Chain Network Design-Production Planning/Scheduling 1
Supply Chain Network Design-Production Planning/Scheduling-
Distribution/Routing Planning-Inventory Planning 1
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Production Planning/Scheduling- Distribution/Routing Planning-
Capacity Planning 2
Distribution/Routing Planning-Inventory Planning 2
Facility/Depot Location-Distribution/Routing Planning-Inventory
Planning 1
Total 77

6. Review of The Works According to “Optimization Models”
Optimization models are used to operate supply chain processes effectively. These
models can handle complexity of supply chain. There are many optimization models
used in supply chain processes. In this review, the optimization models are limited
considering optimization models used in reviewed works. These are linear
programming (LP), mixed integer programming (MIP), multi objective linear
programming (MOLP), multi objective mixed integer programming (MOMIP), fuzzy
mathematical programming (FMP), stochastic programming (SP), and heuristics
(HEU). Heuristics abbreviation are given in table 6. These are: Decomposition
Heuristic (DCOMPH), Lagrangian Heuristic (LRH), Ant colony system -Tabu search
(ANT-TABU), Multi Objective Mixed-Integer based Heuristic (MOMIPH),
Lagrangian and genetic algorithm (LR-GA), Iterative heuristic approach (ITRH),
Mixed integer Programming based Decomposition approach (MIP-DCOMPH),
Multi-objective linear programming based Heuristic algorithm (MOLPH),Mixed
integer programming based local improvement procedure (MIP-LIMPH), A greedy
randomized adaptive search procedure (GRASP), Tabu Search and Lagrangian
Relaxation (TABU-LR), Branch-and-price (BRPCH), Mixed integer linear prog. and
genetic algorithm (MILP-GA), Memetic algorithm (MEMETIC), Mixed-integer
programming based heuristic algorithm (MIPH), Hybrid mathematical-simulation
model (HYBRID SIM.) Mixed-integer linear prog. (MIP) based branch and price
heuristic algorithm: MILP-BRPCH), Tabu search heuristic algorithm (TABU),
Mixed-integer linear prog. based iterative heuristic algorithm iterative heuristic
algorithm (MIP-ITRH), Genetic Algorithm (GA), Simulated Annealing (SA), The
Savings Algorithm Clarke in combination with a 2-opt improvement heuristic
(SAVING-20PT), Adaptive large neighborhood search algorithm: (ADAP. NSA),
Lagrangian decomposition (LR-DCOMP), Cluster decomposition algorithm (CLUS-
DCOMP), Lagrangian relaxation and Surrogate sub-gradient algorithm (LR-SSG).
Table 6, classifies the works reviewed according to optimization models.

Table 6. “Optimization Models” of Reviewed Works

o
al ol g 22 al 2
_ -l s g g 2 o Y Heuristic
Article name

(Chandra, 1993), (Martin et al.,1993),
(Bertazzi et al.,2005), (Boudia (a) et
al.,2008), (Lei et al.,2006) X DCOMPH

(Fisher & Chandra, 1994), (Fumero &
Vercellis, 1999), (Jayaraman & Pirkul,
2001), (Lucas et al.,2001), (Stacey et

al.,2007), (Shi et al.,2012), (Pan & Rakesh, X LRH




88 Yasemin KOCAOGLU, Alev TASKIN GUMUS, Batuhan KOCAOGLU

2013) ,(Darvish et al.,2016), (Bajgiran et
al.,2016), (Carvalho & Nascimento, 2016)

(Chen & Wang, 1997) , (Ryu et al.,2004),
(Oh & Karimi, 2006), (Dhaenens-Flipo &
Finke, 2001), (Jung et al.,2008)

(Mcdonald & Karimi, 1997), (Timpe &
Kallrath, 2000), (Paksoy & Chang, 2010) ,
(Archetti et al.,2011), (Mirzapour et
al.,2011)

(Zare-Reisabadi & Mirmohammadi, 2015) X | ANT-TABU

(Sabri & Beamon, 2000) X MOMIPH

(Sakawa, et al.,2001), (Liang, 2007),

(Selim et al.,2008)

(Jang(a) et al.,2002), (Nasiri et al.,2014) X LR-GA

(Gupta & Maranas, 2003)

(Liu & Lee, 2003) X ITRH

(Chern & Hsieh, 2007), (Songsong &

Papageorgiou, 2013) X MOLPH

(Roghanian et al.,2007), (Adil &

Kanyalkar, 2007), (Leung & Chan, 2009),

(Pasandideh et al.,2015), (Varseia &

Polyakovskiy, 2015)

(Park(a), 2007) X MIP-LIMP

(Boudia(a) et al.,2007) X GRASP

(Torabi & Hassini, 2008)

(Bard(a) & Nananukul (a), 2009) x| TABU-LR

(Bard(b) & Nananukul(b), 2009) X BRPCH

(Park (b) & Hong, 2009) X MILP-GA

(Boudia (c) & Prins (c), 2009) x| MEMETIC

(Chen et al.,2009), (Cetinkaya et al.,2009) ,

(Chen et al.,2009), (Bard(c) &

Nananukul(c), 2010), (Ozdamar & Yazgac,

2010) , (Bilgen & Celebi, 2013), (Nezhad

et al.,2013) (Khakdaman et al.,2014),

(Zhang et al.,2014), (Liu et al.,2015),

(Keskin et al.,2015), (Senoussi et al.,2015),

(Brahimia & Aouamb, 2015) X MIPH

(Safaei et al.,2010) x | HYBRID SIM

(Shiguemoto & Armentano, 2010),

(Armentanoa et al.,2011) X TABU

(Lee(b) et al.,2010) x| HYBRID SA

(Fahimnia et al.,2015) X GA-SA
SAVING-

(Kuhna & Liskea, 2011) X 20PT

(Jolaia et al.,2011), (Choudhary & Shankar,
2014), (Khalili-Damghani & Tajik-Khaveh,
2015), (Garg et al., 2015)
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(Adulyasak et al.,2014) X | ADAP. NSA
(Mu™noz et al.,2015), (Shi et al.,2015) X | LR-DCOMP
(Zanjani et al.,2016) X | CLUS-DCOMP
(Ardalan et al.,2016) X LR-SSG

Table 7 shows number of reviewed works according to optimization methods. It can
be inferred from that heuristics is the most studied optimization method.

Table 7. The Number of reviewed works according to “Optimization Methods”
Optimization Method Number of Reviewed Works

LP 5

MIP

MOLP
MOMIP

FMP

SP
MOMIP-FMP
HEU

Total

R lWlOo1O0n

~N (ol
~N|w

7. Review of The Works According to “Objective/s”

Obijective/s are decided before solving optimization models. All the developed models
consider minimization or maximization of objective or a combination of both. In this
review, objective/s are limited considering objective/s used in reviewed works. These
are maximizing product rate (MPR), maximizing revenues (MR),
maximizing benefits (MB), minimizing costs (MC), maximizing service level (MSL),
maximizing customer satisfaction (MCS), and minimizing environmental impact
(MEL). Table 8, classifies the works reviewed according to objective/s.

Table 8. “Objective/s” of reviewed works

7= FN-CV-NT]

Max Benefit(MB)
Min Cost(MC)
Max Service Level

e
Min Enviromental

[AACI NI NAA~

Max Production Rate
Max Revenues (MR)

Avrticle

(Chandra, 1993)

(Martin et al.,1993), (Mcdonald & Karimi, 1997), (Chen
& Wang, 1997), (Oh & Karimi, 2006), (Jung et al.,2008),
(Bard(b) & Nananukul(b), 2009), (Bilgen & Celebi,
2013) X
(Fisher & Chandra, 1994), (Fumero & Vercellis,
1999),(Sabri & Beamon, 2000), (Jayaraman & Pirkul, X

x
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2001), (Sakawa et al.,2001), (Jang(a) et al.,2002) ,
(Gupta & Maranas, 2003) , (Liu & Lee, 2003), (Ryu et
al.,2004), (Bertazzi et al.,2005), (Lei et al.,2006), (Chern
& Hsieh, 2007), (Stacey et al.,2007) , (Roghanian et
al.,2007), (Adil & Kanyalkar, 2007), (Dhaenens-Flipo &
Finke, 2001), (Liang, 2007) , (Boudia(a) et al.,2007),
(Boudia (a) et al.,2008), (Bard(a) & Nananukul (a),
2009), (Park (b) & Hong, 2009), (Boudia (c) & Prins (c),
2009), (Cetinkaya et al.,2009), (Safaei et al.,2010),
(Bard(c) & Nananukul(c), 2010), (Shiguemoto &
Armentano, 2010), (Ozdamar & Yazgac, 2010), (Paksoy
& Chang, 2010), (Lee(b) et al.,2010) , (Archetti et
al.,2011), (Armentanoa et al.,2011), (Kuhna & Liskea,
2011) , (Shi et al.,2012), (Amorim et al.,2013), (Pan &
Rakesh, 2013) , (Nezhad et al.,2013) , (Choudhary &
Shankar, 2014), (Khakdaman et al.,2014), (Nasiri et
al.,2014) , (Adulyasak et al.,2014), (Pasandideh et
al.,2015), (Mu"noz et al.,2015), (Liu et al, 2015), (Keskin
et al.,2015), (Senoussi et al.,2015), (Brahimia &
Aouamb, 2015) , (Shi et al., 2015), , (Zare-Reisabadi &
Mirmohammadi, 2015), (Fahimnia et al.,2015),
(Carvalho & Nascimento, 2016)

(Timpe & Kallrath, 2000) X | X

(Lucas et al.,2001) X
(Park(a), 2007) , (Chen et al.,2009), (Bajgiran et X

al.,2016), (Ardalan et al.,2016), (Zanjani et al.,2016)

(Selim et al.,2008) X | X | X

(Torabi & Hassini, 2008), (Mirzapour et al.,2011) ,
(Songsong & Papageorgiou, 2013), (Khalili-Damghani &

Tajik-Khaveh, 2015), (Darvish et al.,2016) X| X
(Leung & Chan, 2009) X | X | X

(Jolaia et al.,2011), (Garg et al.,2015) X X

(Zhang et al., 2014) X| x | x

Table 9 shows number of reviewed works according to objective/s. It can be inferred
from that minimizing costs is the most studied objective function in optimization
models.

Table 9. The number of reviewed works according to “Objective/s”

Objective/s Number of Reviewed Works
Max Production Rate (MPR) 1

Max Revenues (MR) 5

Max Benefit (MB) 7

Min Cost(MC) 52

Max Service Level (MSL)/Max Customer 1

Satisfaction
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Min Cost(MC)- Max Service Level

(MSL)/Max Customer Satisfaction -Min 1
Enviromental Impact

Max Revenues (MR)- Max Benefit (MB) 1
Max Benefit (MB)- Min Cost(MC)- Max

Service Level (MSL)/Max Customer 1

Satisfaction
Min Cost(MC)- Max Service Level

(MSL)/Max Customer Satisfaction 5
Max Revenues (MR)- Max Benefit (MB)- 1
Min Cost(MC)-

Max Revenues (MR)- Min Cost(MC)- 2
Total 77

Table 10 shows number of reviewed works according to multiple/single objective/s.
It can be inferred from single objective is the most studied.

Table 10. The number of reviewed works according to “Multiple/Single
Objective/s”

Multiple/Single Number of Reviewed Works
Multiple 11
Single 66

8. Conclusions and Further Research

This paper presents a review of optimization studies about supply chain planning. A
total of 77 reviewed works published between 1993 and 2016 are used as references.
Huang et al. (2003) proposed four classification criteria: supply chain structure,
decision level, modeling approach and shared information. Huang’s taxonomy is used
as a reference here, and two classification criteria are selected from classification
criteria proposed by Huang et al. (2003). And new classification criteria are added to
them. And finally we proposed four classification criteria: decision level, supply chain
optimization topic, supply chain optimization model and objective/s.

This paper’s purpose is to provide general overview of supply chain optimization
works and directions for future research. It can be starting point for researchers. They
can see which supply chain topics are popular for working, and which
decision/planning level are mostly studied and which optimization method is the most
preferred, and which objective/s is/are mostly studied. It would be useful for them to
see supply chain topics that weren’t studied more.

The conclusions drawn from this work show that:

1. 7 of 77 works reviewed are about strategical decisions, 53 of them are about
tactical decisions, 3 of them are about operational decisions, 6 of them are about
both strategical and tactical decisions, 2 of them are both strategical and
operational decisions, and six of them are about both tactical and operational. We
can infer from that most of the works reviewed are interested in tactical decisions.
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2. Majority of reviewed works are about integrated planning. The most popular
topic is integrated production planning and distribution planning or production
scheduling and routing planning. 28 of 77 reviewed works are about this topic.
Today most of the studies are focused on real supply chain cases. So it can be the
reason for why production planning and distribution planning or production
scheduling and routing planning is the most popular topic.

3. The most preferred optimization method is heuristics; 53 of 77 works reviewed
use heuristics. In real supply chains, the product types are changing, the number
of customers and the number of members like suppliers, distribution centers, and
depots are increasing. Developing a supply chain model that considers
production, distribution and inventory planning becomes complicated, and this
complexity can’t be solved by classical optimization methods in a short time. So,
heuristics are widely used to overcome this complexity and provide solutions
within a reasonable time.

4. The most studied objective is minimizing costs; 49 of 77 works reviewed use
minimizing costs in objective function. And 66 of 77 works reviewed use single
objective in optimization model. In real business world single objective is not
sufficient to firm success, there are conflicting objectives so multiple objectives
are considered together.

After this review, following future directions can be proposed:

In further studies, supply chain structure, supply chain cost (holding cost, purchase
cost, production cost, etc.), and aspects relating to modeling and solving the problem:
production (number of products, production capacity, set up times etc.) , inventory
(safety stock available, inventory capacity etc.), routing (fleet and number of vehicles,
number of visits, transport parameters like distance, time period etc.), can be added as
classification criteria.

Real supply chain case studies can be analyzed and these studies can be categorized
according to business branch, and other criteria.

Which heuristic methods are used mostly can be studied according to supply chain
topics (production planning/scheduling, distribution/routing planning, inventory
planning, procurement planning, etc.). And these heuristic methods can be compared
according to their performances.

The most studied single/multiple Objective/s can be categorized according to supply
chain topics (production planning/scheduling, distribution/routing planning,
inventory planning, procurement planning, etc.).

Future research can focus on supply chain problems by considering multiple real-life
limitations like resource constraints, capacity constraints, loading constraints etc.
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Karbon Emisyon Politikalarinin Tersine Tedarik Zincir Ag1 Tasarimi Uzerindeki
Etkileri
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ABSTRACT: Reverse Supply Chain is described as an initiative that plays an
important role in the global supply chain for those who seek environmentally
responsible solutions for their end-of-life products. The relative economic and
environmental benefits of reverse supply chain are influenced by costs and emissions
during collection, transportation, recovery facilities, disassembly, recycling,
remanufacturing, and disposal of unrecoverable components. The design of reverse
supply chain network takes into account social, economic and environmental
objectives. This paper addresses the design of reverse supply chain under the three
common regulatory policies, strict carbon caps, carbon tax, and carbon cap-and-trade.

Keywords: Greenhouse gas (GHG) emissions, low carbon logistics, reverse supply
chain, sustainably supply chain

Oz: Kiiresel tedarik zincirinde onemli bir rol oynayan tersine tedarik zinciri, Gmriinii
tamamlamug tiriinler icin ¢evreye karsi sorumlu ¢éziimler arayanlarin bir girigimi
olarak tamimlanmaktadir. Tersine tedarik zincirinin nispi ekonomik ve ¢evresel
faydalar, toplama, nakliye, geri kazanim tesisleri, demontaj, geri doniisiim, yeniden
imalat ve geri doniisii olmayan bilesenlerin imha edilmesi sirasinda olugsan maliyetler
ve emisyonlardan etkilenmektedir. Tersine tedarik zinciri ag tasarumi sosyal,
ekonomik ve gevresel hedefleri dikkate almaktadir. Bu makale, siki karbon kapsiilleri,
karbon vergisi, karbon emisyon iist sinir1 ve ticareti olmak iizere ii¢ ortak diizenleyici
politikada ters tedarik zincirinin tasarimini ele almaktadir.

Anahtar Kelimeler: Sera gazi emisyonlari, diisiik karbonlu lojistik, tersine tedarik
zinciri, stirdiiriilebilir tedarik zinciri

Jel Kodlar: L62, R4, F18, H23, O13

1. Introduction and Related Work
The number of products discarded by consumers has been gradually growing, which
has led to legislations in various countries that hold the original equipment
manufacturers (OEM) responsible for the end-of-life processing of products. In
addition, the field of supply chain has also been influenced by consumer awareness of
environmental issues (Vadde, Kamarthi, & Gupta, 2006) & (llgin & Gupta, 2010).
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Climate change, disposal capacities, finite resources, growing population, improving
quality of life, increasing emissions, and rising energy prices have motivated both
corporations and academics to develop strategies based on corporate social
responsibilities and sustainable supply chains (Carter, 2008), (Nagurney, Zugang, &
Trisha, 2007), & (Paul, Kalyan, & Luk, 2005). While the concept of integrating
sustainability into supply chain is relatively new, its implementation is however
increasing continuously (Seuring, Joseph, Martin, & Purba, 2008).

Nowadays, although the products are still moving in the direction of the end customer
the reverse flow of products is also taking place. This movement is obviously
pronounced in most of the industrial sectors, especially in automobiles, beverages,
electronic products, and pharmaceuticals. The automobile industry, for example, has
included the changes in the supply chain to smooth the end-of-life vehicles recovery
and the US vehicle recycling infrastructure (Boon, Isaacs, & Gupta, 2000) &
(Ferguson & Browne, 2001).

Reverse Supply Chain (RSC) is an initiative that plays an important role in the global
supply chain for those who seek environmentally responsible solutions for their end-
of-life (EOL) products. The relative economic and environmental benefits of RSC are
influenced by costs and emissions during collection, transportation, recovery
facilities, disassembly, recycling, remanufacturing, and disposal of unrecoverable
components (llgin & Gupta, 2010) , (Alkhayyal & Gupta, 2015), and (Gupta, 2013).

Seuring and Muller (2008) defined the sustainable supply chain management as “the
management of materials, information and capital flows as well as cooperation among
companies along the supply chain while taking goals from all three dimensions of
sustainable development, viz., economic, environmental and social, into account
which are derived from customer and stakeholder requirements”. In this paper, the
supply chain economics is taken into account by maximizing the total profit and
minimizing the CO, emissions, energy use, transportation, rent, labor, and product
recovery costs, by investigating the cost factors by facility type, on-site, inter-facility,
and total tCO2e from on-site electricity use by unit. Greenhouse Gas (GHG) emissions
regulations and environmental sustainability are preventing extreme environmental
damages from happening. The social dimension includes, but not limited to, the
reduction in negative consequences of coastal destruction, noise, stress, traffic
congestion, spread of disease, and the improvement in the quality of life.

A literature review is conducted by Mexiell and Gargeya (2005) on economic
considerations of supply chain design. A comprehensive review of the published
literature on sustainable supply chain is presented by Seuring and Muller (2008), and
Srivastava (2013).

Recent available literature reviews considering different aspects of supply chain
sustainability include: energy use (Dotoli, 2005), GHG emissions reduction (Guillen-
Gosalbez and Grossmann, 2009), green design (Hugo and Pistikopoulos, 2005),
production planning and control for remanufacturing (Hugo,Rutter, Pistikopoulos,
Amorelli, & Zoia, 2005), product recovery (Jayaraman, 2006), reverse logistics (Sheu,
2008), and waste management (Guillen-Gosalbez and Grossmann, 2009).

Gungor and Gupta (1999) addressed the issues of environmentally conscious
manufacturing and product recovery with an extensive review of the literature. The
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study looked at the product recovery process from environmentally conscious
manufacturing point of view, and included the common issues in both
environmentally conscious manufacturing and product recovery (viz. environmentally
conscious design, environmentally conscious production, recycling and
remanufacturing, and production planning and inventory control). llgin and Gupta
(2010) further extended this literature review through 2010. There are several other
authors who reported on product recovery designs under certain legislation and
regulations (Das, 2002), (Bellmann & Khare, 2000), (Dekker & Fleischmann, 2004),
(Fleishmann, 2000), (Guide, V. D. R., Jayaraman, V., & Srivastava, 1999), (Guide,
2000), & (Henshaw, 1994).

Reducing the emissions generated due to a supply chain has become an important
goal. Thus, the “trade-offs in the supply chain are no longer just about cost, service
and quality, but also about cost, service, quality and carbon,” (Chaabane, Ramudhin,
& Paquet, 2012). A Closed-loop supply chain (CLSC) network considered by Paksoy,
Bektas, & Ozceylan (2011), focused on the transportation logistics cost and their GHG
emissions, to exam the trade-off between operational and environmental performance
measures. Abdallah, Farhat, Diabat, & Kennedy (2012) investigated the carbon
emissions as a consequence of the supply chain network design and supplier selection
using life-cycle assessment (LCA) approach.

A mixed-integer programming model was formulated to find an optimal strategy for
companies to meet their carbon cap, while minimizing costs by Diabat and Simichi-
Levi (2010). Chaabane, Ramudhin, & Paquet (2012) formulated a model of an
aluminium firm and examined the carbon emissions impact on designing a sustainable
CLSC network based on LCA principles. They also evaluated the tradeoffs between
economic and environmental dimensions under various cost and strategies. The issues
of facility location problem in CLSC with a trading price of carbon emissions and a
cost of procurement were considered in Diabat et al.’s (2013) work. Fahimnia et al.
((2013) evaluated the forward and reverse supply chain influences on the carbon
footprint using mixed integer linear programming (MILP) model, where carbon
emissions are demonstrated in terms of dollar carbon cost.

Benjaafar, Li, & Daskin (2013) illustrated the impact of carbon emission and
introduced a series of lot sizing models to be integrated into operations decisions and
showed how significant emissions reductions without increases in costs can be
achieved by operational adjustments alone. Supply chain and transportation mode
selection decisions study for a major retailer based on the carbon policies was reported
by (Jin, Granda-Marulanda, & lan, 2014)

In this research, a mixed integer linear programming model of reverse supply chain
with full valuation of emissions is considered to determine the optimal flow of parts
among multiple remanufacturing centers that will maximize the total profit with less
CO, emissions, based on actual sites in the Boston area. The proposed model
considers a mid-sized LG A/C unit with a refurbished market price of $288 (LG
Model: LW1213ER Refurbished, 2015). Valuation of emissions is done using a direct
carbon tax, with the value varied according to ranges proposed at the current COP21
climate talks in Paris, and with the other two different regulatory policies, strict carbon
cap where firms are subject to mandatory caps on the amount of carbon they emit, and
carbon cap-and-trade where firms are subjected to carbon caps but are rewarded
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(penalized) for emitting less (more) than their caps. To that end, we determine how
the proposed policies will influence profit margins for remanufactured goods.

The model proposed can be used for designing and analyzing a reverse supply chain
in a carbon trading environment, and optimize not only costs but also emissions in the
supply chain operations. It captures the trade-offs between costs and emissions in the
supply chain operations. It shows that carbon tax emissions, particularly at higher
taxes, mostly affects transportation operations which results in reduced transportation
costs and emissions; on the other hand, the higher the carbon tax is, the greener would
be the supply chain design, not necessarily following a linear relationship. Applying
an emissions cap combined with a carbon tax slightly increases total supply chain
costs, but yields a greener design. Numerical example illustrates different policies and
their impact on the costs and the effectiveness of emission reduction.

2. Notation and Assumptions
2.1. Notation
The notations used in this paper are given below:

Notation Definition

Clv Storage capacity at remanufacturing facility v per remanufactured unit;
C2v Storage capacity at remanufacturing facility v per used unit;

Cu Storage capacity at collection center u per unit;

Cw Storage capacity at reselling center w per unit;

CAP Carbon strict cap;

Du Demand of products at collection center u;

Dw Demand of products at reselling center w;

duu Distance from collection center u to remanufacturing facility v, per mile;
dwv Distance from remanufacturing facility v to reselling center w, per mile;
EXu Energy cost at collection center u per unit;

EXv Energy cost at remanufacturing facility v per unit;

EXw Energy cost at reselling center w per unit;

GH GHG emissions per ton-mile;

GHu GHG emissions in collection center u, per unit;

GHv GHG emissions in remanufacturing facility v, per unit;

GHw GHG emissions in reselling center w, per unit;

GHGt GHG emissions total,

Hu Holding cost per unit at collection center u;

Lu Labor cost at collection center u per unit;

Lv Labor cost at remanufacturing facility v per unit;

Lw Labor cost at reselling center w per unit;

0 Occupied space by remanufacturing unit;

O, Occupied space by used-product unit;

Kg Weight of each unit;

P Reprocessing cost per unit;

R Retrival cost per unit;

RCAPv Remanufacturing facility v capacity;

RCu Rent cost at collection center u per unit;

RCv Rent cost at remanufacturing facility v per unit;

RCw Rent cost at reselling center w per unit;
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SHu Shortage cost per unit at collection center u;

SUPu Supply at collection center u;

Tuv Transportation cost from collection center u to remanufacturing facility v, per unit;

Tvw Transportation cost from remanufacturing facility v to reselling facility w, per unit;

u Collection center;

v Remanufacturing facility;

w Reselling center;

Xuv Decision variable for the number of units transferring from collection center u to
remanufacturing facility v;

Yvw Decision variable for the number of units transferring from remanufacturing facility
v to reselling center w;

yAY Binary variable (0/1) for selection of remanufacturing facility v;

w Binary variable (0/1) for selection of reselling center w.

2.2. Assumptions
We assume that GHG emissions come from four sources:
1. from the collection centers: the amount of emissions is proportional to the power
consumption of these centers;
2. from the remanufacturing facilities: the amount of emissions is proportional to
the volume of these remanufacturing facilities;
3. from the reselling centers: the amount of emissions is proportional to the power
consumption of these centers; and
4. from the distribution of the products: the emissions level is based on the traveled
distance between facilities, and the weight of each unit (40 Kg).
The model also assumes that inventory cost of a used product at the remanufacturing
facility is 25% of its retrieval cost (R), and for a remanufactured product it is 25% of
its reprocessing cost (P).

3. Problem Formulation

The model is formulated as a single period mixed integer linear programming model
of reverse supply chain where full valuation of emissions is considered to determine
the optimal flow of parts among multiple remanufacturing facilities that will
maximize the total profit which includes the CO, emissions, energy use,
transportation, rent, labor, and product recovery costs.

Obijective Functions
Minimize

Retrieval cost ZZ R Xuvt
u \
Transportation cost ZZT uvXuyvt ZZT vwY vw t
u v voow

Remanufacturing cost Z Z P Yyw™
Vv w
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InventorycostZZ(RuM)XUV+ZZ(PV/4)YVW +
u Vv Vv w
Rentcost » RCU*Du+ » RCv*Xuv+ Y RCW*Yvw +
u \ w
Labor cost ZLU * Dy +ZLV*XUV+ZLW*YVW +
u Vv w

Energy cost » EU*Du+ Y Ev* Xuv+ ) Ew*Yvw +
u Vv w

Greenhouse Gas (GHG) Emissions

D GHU*Du+ )" > GHvXuv+ Y > GHwYvw+
u u \ \ w

Z ZGH*duv*Kg*Xuv+Z ZGH*dwv*Kg *Yvw

Shortage cost {(Dw—SUPu)*(1—Z )} * SHu @)

Constraints
Demand constraint must be met while minimizing the total cost of production and

inventory.
> Yww
v =D,;Vw 2
Remanufacturing facility total output is at most its total input
D Xuvz Y YW vy ®3)
u )

Remanufacturing items occupied space at each remanufacturing facility is at most its
capacity, and total space occupied at each collection center by returned items at most
its capacity

Zol*Yvws C,*Yviwv 4)

ZOZ* XuvsCu;Vu (5)

Total space occupied at each remanufacturing facility by returned items at most its
capacity

ZOZ* Xuv< CzV*ZV; YV (6)

u
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Total space occupied at reselling center by returned items at most its capacity

Zol*Yvws CW*ZW;VW 7

Carbon strict cap limit
GHGt<CAP (8)

Non-negativity constraint
Xuw=0; Vuv )

Yo =20; VV,w (20)
Total number of returned items supplied to remanufacturing facilities by collection
centers is at most the supply

2 Yvw = RCAPy: 7V (11)

& Xuv=supy: U (12)

4. Case Study

The numerical example is based on actual sites in the Boston (Massachusetts) area
and considers three collection centers (located in Melrose, Canton, and Natick), two
remanufacturing facilities (located in Taunton and Hingham), and three reselling
centers (located in Revere, Boston, and Somerville). The actual distances in miles
between the locations were considered, to calculate mile per gallon costs and
emissions of CO- kg per gallon, assuming the gasoline price per gallon of October
2015. The number of laborers, their annual salaries, and the size of the space were
also considered. In short, the example reflects a breakdown of the cost factors: rent,
labor, energy, CO; emissions, and transportation, by facility type, on-site, inter-
facility, and total tCOe from on-site electricity use by unit. The U.S. Energy
Information Administration at the U.S. Department of Energy data reports (U.S.
Energy Information Administration, 2015) were used to calculate the energy usage
for each facility. This example considers a mid-size LG A/C unit, model LW1213ER,
with dimensions of 23 5/8" x 15" x 22 1/6", and a refurbished market price of $288
(LG Model: LW1213ER Refurbished, 2015). Two 12-foot trucks with a capacity of
58 AJC units each and a load volume of 475 cubic feet were used for transportation
(12 Foot Truck, 2017). Valuation of emissions is done using the suggested direct
carbon tax, strict cap, and cap-and trade values according to ranges proposed at the
21% Conference of the Parties under the UNFCCC in Paris (Conference of the Parties
(COP21), 2015), the U.S. Interagency Working Group (2013) and, the U.S.
Environmental Protection Agency (2015), to determine how proposed ranges will
influence profit margins for remanufactured goods.

4.1. Data

In this section two different survey databases were used, Commercial Buildings
Energy Consumption Survey (CBECS) which was used for collection centers and
reselling centers energy data. Manufacturing Energy Consumption Survey (MECS)
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was used for remanufacturing facilities energy data in subsection. Tables 1 to 4 have
the labor cost, rent cost, and distances between locations per mile respectively.

Table 1. Labor Actual Cost

Cities Number of laborers Labor cost per year
Canton 5 $93,600
Natick 3 $56,160
Melrose 4 $74,880
Taunton 15 $280,800
Hingham 17 $318,240
Revere 4 $74,880
Boston 3 $56,160
Somerville 6 $112,320

Table 2. Rent Actual Cost

Cities Space (Sq ft) Rent per Sq Total rent per
ft/year year
Canton 1000 $14.4 $4,220
Natick 3000 $10.5 $10,575
Melrose 1500 $15.0 $7,460
Taunton 10000 $11.0 $110,000
Hingham 9801 $8.0 $78,408
Revere 2700 $10.0 $27,000
Boston 5100 $25.0 $127,500
Somerville 4000 $17.0 $68,000

Table 3. Actual Distances between Collection Center and Remanufacturing
Facilities per Mile

From/To City Taunton Hingham
Melrose 52.8 28.1
Canton 17.2 19.3
Natick 37.0 30.5

Table 4. Actual Distances Between and Remanufacturing Facilities and Reselling
Centers per Mile

From/To City Revere Boston Somerville
Taunton 45.0 40.0 43.0
Hingham 24.0 19.0 22.0

5. Results and Discussion

The absence of a carbon tax for the A/C unit priced at $218 results in a profit margin
estimated to be 24.3% for a $288 selling price according to current refurbished market
price (LG Model: LW1213ER Refurbished, 2015), whereas a USEPA-recommended
$40/ton CO-, equivalent (tCO2e) tax reduced the profit margin to 19.1% assuming a
price for remanufactured item of $233 per unit (US Environmental Protection Agency,
2015). However, strict carbon cap reduces the profit margin to 13%, and cap-and-
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trade policy reduces the profit margin to 9%. LINGO 13.0 was used to solve the
problem. The optimal results obtained from the direct carbon tax are shown in Tables
5and 6.

Table 5. Optimal Number of Units Transported From Collection Center to
Remanufacturing Facility

City Taunton Hingham
Melrose 0 50
Canton 0 0
Natick 0 450

Table 6. Optimal Number of Units Transported From Remanufacturing Facility
to Reselling Center

City Revere Boston Somerville
Taunton 0 0 0
Hingham 150 200 150

The optimal remanufacturing cost is $218 per unit, which shows that this model is
$70 per unit less than the current refurbished market price. The emission quantity is
0.018 tCO2e per unit. Comparing this result to the deflated refurbished market price
using a consumer price index expressed in 2002 dollars and analyzing that result using
the economic input-output life cycle assessment (EIO-LCA) model a technique for
estimating the materials and energy resources required for environmental emissions
resulting from economic activities (Carnegie Mellon University Green Design
Institute, 2016). The EIO-LCA sector chosen was the U.S. 2002 Benchmark for air
conditioning, refrigeration, and warm air heating equipment manufacturing. This
shows that the emission quantities are 0.109 tCO2e per unit less than refurbished
manufacturing. The valuation of emissions for the optimal result was done by using
the values according to ranges proposed at the 21st Climate Change Conference
(COP21) in Paris, therefore existing approaches used different carbon policies and
applications. Using the carbon price of $40/ton CO2 equivalent (tCO2e), our model
gives a profit margin of 19.1%. Moreover, the climate change concerns are continuing
to increase along with the acceleration of global warming. The IPCC reports that
globally GHG emissions have increased by more than 80% from 1970 to 2010,
resulting in widespread threats to global ecosystems and human enterprise (IPCC,
2014). The new Paris agreement proposes a means to achieve zero net GHG emissions
by the second half of this century (COP21, 2015). This paper explored this topic
through which a deterministic model is employed to determine the effects of
internalizing a cost of RSC GHG emissions into optimization models. Variations in
optimal facility use, pricing/profit margins, and transportation logistics were
compared against a variable cost of carbon, employing a case study method
established through the inclusion of actual data from sites in the Boston area.

A number of model extensions and refinements could be made. First, the deterministic
model could be relaxed to facilitate the potential to relocate remanufacturing
facilities/reselling centers rather than shutting down the facility, based upon factors
such as traffic congestion and parking difficulties; commuting distance; current
land/energy/labor cost criteria; and general population, economy, and geographic
characteristics of the setting. Proximity of additional recycling infrastructure, such as
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rail lines, Material Recovery Facilities, shipping terminals, and disposal facilities, and
their incorporation in a spatially-explicit RSC may serve to make the models
presented here more realistic. Finally, this paper used a variable social cost of carbon
whose value was set to levels recommended by government agencies and reports to
represent a carbon tax on all activities leading to GHG emissions. Furthermore, other
policy means of controlling GHG emissions such as strict carbon caps or cap-and-
trade policies have been modeled. The existing cost model could also be used to
determine how much GHG emissions are reduced by remanufacturing versus disposal,
providing a value for the cost of carbon abatement from remanufacturing operations
that could be of use to environmental economics research.

6. Conclusion

This paper has presented a reverse supply chain optimization model designed to take
into account the influence of both strategic and operational activities of the supply
chain on the environment. A case study based on actual sites was considered to
illustrate performance of the model and to determine how the proposed policies would
influence profit margins on remanufactured goods. The results indicated that the
carbon price ranges that were used in this study will control the amount of GHG
emissions generated in reverse supply chain operations. The results also indicated that
the carbon tax policy forces a strict constraint on the amount of carbon emissions
generated in supply chain operations. It shows that the RSC is sensitive to the carbon
price. The work herein advances the theoretical modeling of optimal RSC systems
while presenting an empirical case study of remanufactured appliances, an
understudied facet of current industrial literature.
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1.1,1.1.2...etc.) with depth not more than 3. The main titles are to be in font-
size 12 in bold, the subtitles and the followings are to be in font size 10, in
bold. The text must be written in single-spaced 10 point-size. After each
paragraph there must be a single space and the paragraphs are to be started
aligned to the left. If the references from other sources are not more than 3
lines they are written in italics in quotation marks. If the reference is more
than 3 lines, the paragraph is to be written 3 inches indented from right and
left in italics in font-size 9. Tables and diagrams are to be titled and numerated.
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Titles must be positioned above the tables (e.g. Table 1. Name of the table),
and under the diagrams (e.g. Diagram 1 Name of the diagram). Tables and
diagrams must be placed vertically (if the tables and diagrams are full-page
size they can be placed horizontally). Equations must be aligned in the middle
of the page and the numbers of the equations must be aligned to the right hand
side of the page in parenthesis. References to the sources must be given in
parenthesis in the text. The order in the parenthesis is as follows: Author(s)
surname(s), (for the sources without author’s name the first three words of the
name of the book, then insert triple dot), year of the source, page number(s)
(e.g. Surname, date: page number). All the sources referred in the text
following the rules stated above must be acknowledged in the bibliography,
and sources that are not cited in the text should not be on this list. Sources
must be put in alphabetical order and must be regulated according to the
examples (APA Style) shown in ‘bibliography writing’ part. Except for the
proper names, the names of the articles and books are to be written in lower-
case letters. The initial letters of the names of the journals are to be upper-case
letters. For the ‘bibliography’ format, ‘bibliography writing samples’ part
must be checked. In case of any indecision, published articles in the journal
must be checked. To present the last form of the article organized according
to the publication rules before the publication process is in the author’s charge;
the articles are not published unless they are presented in the appropriate text
format.

4. Article Submission

For detailed information and article submission to Dogus University Journal,
it is should be looked at the " Author Guide" at http://journal.dogus.edu.tr/.
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