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Abstract

In this study, initially, the concept of resilience and the scope of
urban resilience are discussed. When referring to the concept of
resilience, it is essential to understand what is meant by urban
resilience. The study elaborates on measures to reduce disaster
risks and, concurrently, activities for adapting to climate
change. Additionally, within the context of urban resilience, the
responsibilities of local governments are outlined, discussing the
inclination of local governments to fulfill their responsibilities.
Moreover, examples of regional governments that have
demonstrated success in resilient cities are presented, and
recommendations are provided to contribute to the resilience of
cities in Turkey. The contributions of the United Nations and
similar organizations to the concept of resilient cities constitute
another focus of the study. Furthermore, the situation of Turkey
facing significant disaster risks, including its consideration
within the framework of resilience, is addressed. In this context,
Disaster Risk Reduction (DRR) and Climate Change
Adaptation (CCA) activities are jointly evaluated, emphasizing
the development of the resilience concept and the preparedness of
local governments against hazards. Finally, solutions are
proposed to address the significant coordination deficiencies felt,
especially during disasters in Turkey.

Keywords: Urban Resilience, Local Governments, Disaster
Risk, Climate Change, Rapid Urbanization

Makale Bilgisi: Derleme
Gelis Tarihi: 01.12.2023
Kabul Tarihi: 25.06.2024
Oz

Bu c¢alismada oncelikle direnglilik kavrami ve kentsel
direngliligin kapsami denilince ne anlasilmas: gerekiyor ve afet
riskini azaltmak, bununla beraber iklim degisikligine uyum
faaliyetleri  kapsamuinda  neler  yapilmas:  gerektigi
agiklannugtir.  Bununla  beraber,  kentsel  direnglilik
kapsaminda mahalli idarelerin sorumluluklar: belirtilerek,
yerel yonetimlerin hangi sorumluluklarint yerine getirmeye
meyilli oldugu tartisilmugtir.  Ayrica, direngli  kentler
noktasimda basar1 gosteren bolgesel yonetimlere ornekler
sunulmug ve Tiirkiye'deki kentlerin direnglili§ine katk:
saglayabilmeleri i¢in ¢oziim Onerilerinde bulunulmustur.
Birlesmis Milletler ve benzer kurumlarin direncli kentler
kavramina olan katkilart calismanin bir baska konusunu
olusturmugtur. Ayrica Tiirkiye'nin de iginde yer aldig: ciddi
afet riskleriyle karst karsiya olma durumu direnglilik
kapsaminda ele alinmigtir. Bu baglamda Afet Riskini Azaltma
(ARA) ve Iklim Degisikligine Uyum (IDU) faaliyetleri birlikte
degerlendirilmis ve direnglilik olgusunun gelistirilmesi,
bununla beraber yerel yonetimlerin tehlikelere karst hazir
olmalart gerektigi vurgulanmugstir. Son olarak Tiirkiye'de
ozellikle afet sirasinda onemli ol¢iide hissedilen koordinasyon
eksikliginin ~ giderilmesi  icin  ¢Oziim  Onerilerinde
bulunulmustur.

Anahtar Kelimeler: Kentsel Direnglilik, Yerel Yonetimler,
Afet Riski, Iklim Degisikligi, Hizli Kentlegme
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EXTENDED ABSTRACT

In this study, when referring to the concept of resilience and the scope of urban resilience, it is
understood as encompassing efforts to reduce disaster risk and undertake activities for climate
change adaptation. Additionally, the research problem revolves around identifying what
actions need to be taken within the framework of reducing disaster risk and adapting to
climate change. Furthermore, the responsibilities assumed by local government entities in
creating resilient cities and their fulfillment thereof are discussed. Within the scope of this
study, a literature review is conducted on the subject of urban resilience, providing
information on countries that have been able to create resilient cities at a global level, such as
Japan, the Netherlands, and the United States. Subsequently, the focus shifts to Turkey's efforts
to establish resilient cities.

In contemporary times, cities are witnessing a global increase in population density. However,
it is known that until the 17th century, the proportion of people living in cities was very low,
with regular increases observed from the 17th to the 20th century. Moreover, it has been
observed since the 1900s that the urban population surpassed the rural population. According
to the United Nations (UN) World Population Prospects Report of 2019, the world's
population has reached 7.7 billion people, with 55.3% residing in cities as of 2018. The concept
of a “resilient city” in urban literature has primarily been understood in ecological terms and
later evolved by associating it with the concept of sustainability. It encompasses concepts such
as disaster resilience, effective governance, coordination, and robust development.
Accordingly, Altiparmak (2021) provides the following definition of a resilient city: “Cities
that are prepared and coordinated in their dynamics against any kind of danger, threat, or
adverse situations, in terms of physical, environmental, social, and economic aspects, are
capable of effectively coping with such challenges.” The concept of urban resilience emerged
in the 1980s and gained international prominence in the 1990s with the support of the UN.
Municipalities are among the most important institutions that can strive to achieve urban
resilience in urban spaces. A local municipality can contribute to resilience by preparing
disaster management plans. However, it is crucial for municipalities to establish crisis
management teams, strengthen urban infrastructure, provide urban resilience education to
enhance public awareness, and engage in good governance practices to collaborate with civil
society organizations, all of which are significant tasks and responsibilities of municipalities.

Urban resilience is a critical issue for cities globally to maintain their continuity and to mitigate
the impact of disaster events. In this context, significant responsibilities are attributed to local
governments. Therefore, policies decided and implemented by local government bodies,
primarily municipal organs, are determining factors in the strength of urban resilience.
Consequently, local governments prioritize certain areas when forming their policies. These
include creating urban resilience plans that ensure continuity, organizing early intervention
mechanisms for emergencies, practicing good governance, acknowledging universally
anticipated natural disasters and climate change, and developing appropriate policies
accordingly, as well as engaging in efforts to coordinate citizens before, during, and after
disasters. Additionally, it is imperative for them to provide necessary education to raise
awareness among citizens about disaster risks. Furthermore, leveraging current
environmentally friendly technologies and preserving ecological balance by providing more
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green spaces are among crucial tasks. Moreover, during infrastructure adjustments such as
urban renewal, it is essential to avoid behaviors that disrupt the needs and social balances of
the population.

GIRIS

Sehirler, afet olaylarina ve bagka tehlikelere karsi miidahale edebilecek en yakin idari
kurumlar1 biinyelerinde barindirmaktadirlar. Dolayisiyla kentlerin gelecegi yasanilan
zorluklar1 hazmedebilme kapasiteleriyle dogru orantilidir. Bunu gergeklestirmek igin yerel
yonetim kurumlarma onemli sorumluluklar diismektedir. Giintimiizde kentler, niifus
yogunluguna baglh olarak kiiresel diizeyde bir artis gostermektedir. Bununla birlikte 17.
ylizyila kadar kentlerde yasayan insanlarin orani ¢ok diisiikken, 17. ytizyildan 20. yiizyila
kadar diizenli artislar oldugu bilinmektedir (Wirth, 2002). Bununla beraber 1900'lii yillardan
itibaren kentlerde yasayanlarin kir niifusunu gectigi goriilmektedir. Birlesmis Milletler (BM)
Diinya Niifus Beklentileri Raporunun 2019 yilindaki tespitlerine gore diinyanin niifusu 7,7
milyar kisiye ulasmistir. Bu niifusun da %5537Tniin 2018 yilinda sehirlerde
yasadig1 agiklanmistir (UN World Population Prospects, 2019) Buna gore kentlesme orani bu
hizda ilerlerse 2050 yilinda kent niifusunun kirda yasayanlara oranla %70’e c¢ikacag:
ongoriilmektedir. BM, 2100 yilinda diinya niifusunun 11,1 milyara ulasacagini tahmin

etmektedir (Altiparmak, 2021). S6zii edilen niifus artisiyla beraber kentlesmenin kiiresel
diizeyde artmas1 beklenmektedir.

Hizli kentlesme, bir yandan kontrolsiiz bir sekilde biiyiimeye devam ederken (Brenner ve Keil,
2013), diger yandan 6zellikle gelismekte olan iilkelerde ulasim ve kentsel altyapinin yetersiz
oldugu diistiniilmektedir. Bu baglamda planlama ve koordinasyonun yetersizligi, dogal
afetler ve cesitli risklere karsi kirilgan kentlerin ortaya ¢ikmasma neden olmaktadir
(Godschalk, 2003). Ayrica hizli kentlesmenin sosyal, cevresel ve ekonomik maliyetleri problem
olmaya baslamistir (Negiz ve Yavuzgehre, 2021: 298). Bu dogrultuda gecekondu gibi yasal
olmayan konut artiglari, temel insani kosullar1 saglama, giivenli barinma eksikligi, geng
issizlik oranlarinin giin gegtikge artmasi, hava ve su kirliligi sonucu artan sera gazi emisyonlar1
gibi sebepler ornek olarak gosterilebilir (Figueiredo vd., 2018). BM Habitat verilerinde
belirtildigi {izere cagimizda kentler enerjinin %76’sim tiiketirken, kiiresel sera gazi
emisyonlarinin %60 mdan ¢ok daha fazlasini iiretebilmektedir. (UN Habitat, 2015a). Ozellikle
gezegenimizin gelecekte biiyiik bir sorunu olacag varsayilan iklim degisikligi, kentsel
direnglilik kapsaminda 6nemli bir yer isgal etmektedir (Parlak ve Partigog, 2022) Bu ¢alisma
kapsamu itibariyle kentsel direnglilik alaninda mahalli yonetimlere ne gibi sorumluluklar
diistiyor, mahalli yonetim kuruluslar1 bunlardan hangilerine énem veriyor, Tiirkiye'de ve
diinyada direngli kentlere katki saglayan iyi yonetim Ornekleri gibi konular1 aciklama
gayretindedir. Ayri1 ayri1 incelenecek olan bu konular sonu¢ kisminda bir arada
degerlendirilecektir.

1. KENTSEL DIRENCLILIiK VE RiSK

Kentlerin bulunduklar: konum itibariyle karsilastig1 sorunlara, afetlere, tehlikeler ve risklere
kars1 hazir bulunma, aninda miidahale etme ve adapte olma kapasitesi kentsel direncliligi
(urban resilience) saptamaktadir. Bir kentin dayaniklilifi, kent yonetiminin etkinligine
baglidir. Kentlesmenin, bireyler ve iilkeler icin ekonomik, sosyal ve ¢evresel faydalar1 acitkca
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ortadadir (Meerow ve Newell, 2019). Kentler, ekonomik biiyiime, kiiltiirel cesitlilik ve
yeniliklerin canli merkezleridir (Eroglu vd., 2023). Kentler konumlar itibariyle sahip olduklar:
kaynak ve imkanlarla direnglilik olusturabilirler. Kentin ne tiir bir riskle karsilasacag: ve buna
dayanabilecek direngliligi saglayabilmesi orada yasayan insanlarin ve topluluklarin
tecriibelerinden yararlanmaya baghdir (Cilingir ve Giiler, 2020). Bununla beraber kentin
tarihsel risklerini bizzat bu tehlikelerle miicadele eden kentliler bilmektedir (Aksoz ve Celik,
2023). Ayrica kentler s6z konusu afetlerin sebep oldugu tehlikelere kars1 dogru karar alma ve
miidahale etme noktasinda en tist idari kademeyi temsil eder. (UN Habitat, 2015b). Bu
noktada Tugag (2019) kentlerin ikili yapisindan bahsetmektedir. Bu ikili yapida kentler, hem
cevreye verdikleri zarar ve yikimdan sorumlu, hem de bu tehlikelerin en biiyiik magduru
olmaktadir. Kentlerin giiclii ve karakterli yapisi bir pargasi oldugu devlet olgusunun
dayanikliligina katk: sunar. Devlet olusumu kadar kentlerde tireten, yoneten, katilim saglayan
ve kiiltiirel alanlarda birbirleriyle yarisma halindedirler. Boyle bir rekabette dik durabilmek
ve bu siirekliligi saglayabilmek merkez kadar yerelin de direngli olmasina baghdir (Tekeli,
2009: 170). Bir kentin direng gosterebilmesi yasanan “sok” ve “streslere” kars1 yerinden ¢dziim
tiretebilecek kabiliyete sahip olmasi demektir (Altiparmak, 2021). 6 Subat 2023'te Maras
merkezli gerceklesen deprem ve sonrasinda tezahiir eden sorunlar silsilesi, bunlarla miicadele
edebilme konusunda direncli kentler olgusunun bir parcasidir. Bu baglamda belediyeler gibi
mabhalli idarelere diisen gorev ve sorumluluklar direngli kent kavramina nasil yaklasilacaginin
da bir yol haritasmi tegkil etmektedir. Giiniimiizde ve gelecekte yasanacak sorunlarin tespit
edilebilmesinin sart1 bu temellendirmeyi dogru anlamaktan gegmektedir.

Kente gocle birlikte niifus artisinin sehirlerin biiyiimesine sebebiyet vermesi en biiyiik risk
faktoriinii olusturmaktadir (frdem ve Mert, 2023). Fakat sadece niifus yogunlugu temel sorun
olarak nitelendirilemez (Gergek, 2021). Bununla beraber kentin konumu, kiiltiirii, sosyal ve
iktisadi yapisindaki diger risk faktorlerinin ciliz ve kuvvetli yonlerinin tespit edilememesi,
planlama ve koordinasyon eksikleri sehirlerin temel sorunudur (Ozdemir Metlioglu, 2021).
Kentler siirekli yenilenen ve zamana uyum saglayan yerlerdir (Eroglu vd. 2023). Bu
degisikligi Ongoremeyen ve se¢im odakli diisiinen, kurumsal kapasiteyi Oncelemeyen
yoneticiler kentleri tahrip etme egiliminde olacaktir. Sorunlar1 gormezden gelmek veya
yiizeysel bakmak kirilgan sehirlerin olusmasina sebebiyet verir. Ornegin kentin imar plans,
uzman ekiplerin tespitleri {izerine planlanmak zorundadir. Imar siireci yalnizca insaat
yapmak anlamina gelmemekle beraber bir yapinin insa edilmesi, siirecin son halkasidir.
Ongoriileri bilimsel verilere dayanmayan, siyasi ve patronaj gibi faktorlerle ve klientalist
iligkilerle donatilmis sehir her zaman kriz icinde olacaktir (Ozel, 2023).

Kent literatiiriinde “direngli kent” kavrami, oncelikle ekolojik manada anlasilmistir. Daha
sonra siireklilik kavramiyla iliskilendirilerek gelisme gostermistir. Direngli kent olusumunda
dogal afetlerle miicadele; etkili yonetisim, koordinasyon ve gii¢lii kalkinma kavramlariyla
diistiniilmesi gereken bir siirectir. Buna gore direncli kent denilince Altiparmak (2021) soyle
bir tanim yapmaktadir: “Fiziki, cevresel, sosyal ve ekonomik yonden, kentlerin karsilasabilecegi her
tiirlii tehlike, tehdit ve olumsuz durumlara karst kentin dinamiklerinin hazirlikli ve koordineli olmas:
sayesinde etkin miicadele kabiliyetine sahip olan kentlerdir.” Kentsel direnglilik kavrami, 1980'lerde
ortaya c¢ikmistir ve 1990'larda BM'nin destegiyle uluslararasi diizeyde yayginlasmistir.
Bununla beraber “diren¢” kavraminin ekoloji literatiiriinde ilk kullanimi 1970’li yillarda
Holling (1973) tarafindan tercih edilmistir. Holling'in tezine gore diren¢ kavrami, sistem
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tarafindan maruz birakilan bir zorunlu hal sirasinda mevcut yap: ve islevlerin dayanikliligs ve
siirekliligiyle iligkili bir durumu ifade etmektedir (Jabareen, 2013). “Direngli kent” kavrami ise
dogal veya beseri olarak meydana gelen afetlere karsilik olarak kullanilmistir (Spaaans ve
Waterhoot, 2017). Bu baglamda “diren¢” kavrami, muhtelif kentlerde farkl politikalarla 6ne
cikmaktadir. Ornegin ABD ve Britanya’nin direncli kent politikasi gesitli terér saldirilari
tizerine gelisen soklara odaklamirken, Kita Avrupas: iklim degisikligi gibi durumlara
odaklanmaktadir (Coaffee, 2013). Ozellikle ABD'nin terér saldirilar1 gibi soklarin yarattig
faaliyetlere odaklanmasinda 11 Eyliil saldirilariin etkisi oldugu diistintilmektedir (Ersavas
Kavanoz, 2020). Bu kapsamda milli giivenlik ve afet hazirlid ile etkilerini hafifletme yoniinde
politikalar 6nemli hale gelmistir. Zira teror saldirilarinin kent bilesenlerine olan etkisi alt yap1
ve mimarinin tahrip edilmesiyle sonu¢lanmaktadir.

2011 yilinda diizenlenen Hiikiimetler arasi Iklim Degisikligi Paneli (IPCC), iklim
degisikliginin kentlere olan etkisini ve kamu politikalarina olan yansimasini inceleyerek
direng kavramiyla baglantili karmasik bir iliskide ilerledigi 6ne stirmiistiir. Buna gore, iklim
degisikligine uyum ve azaltim miicadelesi farkli kuruluslar arasi is birligimi zorunlu
kilmaktadir. Mahalli yonetimler ve merkezi hiikiimetler aras: iligskinin, ulusiistii kuruluslarin
ve Ozel sektoriin ilgili kamu politikalarinin olusmasinda ve uygulanmasinda miisterek gorev
almalar1 bu durumda zorunlu goriilmektedir (Pollitt, 2015). Alisilmis politikalar ve siradan
yonetimlerin sozii edilen stiireci kendi kendine devam ettirebilme olanaginin bulunmamas:
iklim degisikliginin ¢ok boyutlu bir hale doniismesine sebep olmaktadir.

Direncli kent kavrami “Iklim Degisikligine Uyum” ve “Afet Risk Azaltim1” konulariyla
birlikte “Giivenlik” ve “Siirdiiriilebilirlik” terimleriyle de kapsamli bir siirecin ingasmni
zorunlu kilmaktadir. Ayni zamanda diren¢ kavraminin kentsel baglamda demografik yapiyla
iligskisini inceleyen calismalar da literatiirde 6nemli bir yer tutmaktadir (Ersavas Kavanoz,
2020).

2. KENTSEL DIRENCLILIGIN SAGLANABILMES] iCiN MAHALLI iDARELERIN
GOREV VE SORUMLULUKLARI

Yerel yonetim kuruluslarinin yonetisime verdikleri 6nem kentsel direngliligin saglanabilmesi
noktasinda hissedilmektedir. Sivil tolum kuruluslarini destekleyerek, birlikte toplumsal
katilim olusturulabilmesi uygulanan politikalarin basarilarini artiracaktir. Kentsel altyapinin
saglamlastirilmasi ve zamana gore yenilenmesi direngliligi artirabilmektedir. Bununla birlikte
egitim, bilinglenme toplantilari, konferanslar, mitingler yapilmasi toplumun afet riskine karsi
bilinglenmesini saglayacaktir. Daha 6nceden hazirlanmis acil eylem planlari, afet aninda hizhh
miidahale edebilme verimliligi gosterecektir (Altun, 2023). Sehir plan ile direnglilik uyumlu
hale getirilerek olasi deprem, yangin, sel gibi afetlerin oniine gegilebilecektir. Afet risk
analizleri ve uygulama alami kapsaminda afet gerceklesmeden, gerceklestigi sirada ve
gerceklestikten sonra alinacak tedbirlerin planlanmasi agisindan 6nem arz etmektedir
(Kahraman, vd., 2022).

Kentsel mekanda direnglilik saglanabilmesi igin ugras gosterebilecek en 6nemli kurumlardan
biri belediyelerdir. Yerel bir belediye afet yonetim planlar1 hazirlayarak direnclilige katki
sunabilecektir. Ayrica kriz yonetim ekibi olusturulmasi, kentsel alt yapinin saglamlastirilmasi,
kentsel direnglilik egitimlerinin verilerek halkin daha bilingli olabilmesi (Tiirk, 2015), iyi
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yonetisim uygulamalar1 ile sivil toplum kuruluslariyla ortak paydada bulusabilmesi
belediyelerin 6nemli gorev ve sorumluluklar: arasinda yer almaktadir (Kundak, 2017).

Mahalli yonetimlerin direnglilik konusunda 6nemli bir role sahip oldugundan daha 6nce
bahsedilmistir. Bu kapsamda politika olusturabilme ve uygulama alam1 bakimindan
sorumluluk sahibi olmasi beklenmektedir (Altun, 2023). Sorumluluklar: itibariyle acil durum
yOnetimi, afet risk analizi, alt yap1 diizeni gibi gorevleri mevcuttur. Bunun saglanabilmesi i¢in
afet risk analizi, acil durum plani, kriz yonetim ekibi ve plan-koordinasyon ekipleri politika
olusturma ve uygulama sirasinda kullanilabilecek araglardir.

Bugiin sehirlerde uygulanan ¢ok katmanli ve sektorel kollarin ayr1 ayr1 degerlendirildigi afet
riski azaltim1 (ARA) ugraglari ve/veya iklim degisikligine uyum (IDU) eylemleri, kentin
direngliligini artirmak maksadiyla calismalarina devam etse de yeteri kadar katk:
sunmadiklar1 goriilmektedir (Tiirkes, 2022). Dolayisiyla yerel yonetim organlarinin, ARA ve
DU faaliyetlerini birlikte ele alarak yeterli plan ve koordinasyonu saglamalari direngli kentler
olusturmak igin zaruridir.

Afet riskini yonetmek ve ARA kapsami bakimindan kentlerde iklim degisikliginin tahrip ettigi
zarar1 en aza indirmek igin faaliyet gdstermektedir (Tugag, 2021). ARA ve IDU faaliyetleri
birbiriyle baglantili ulusal ve yerel diizeyde plan ve proje iireterek kentsel direngliligi
saglamak i¢in faaliyetlerde bulunurlar. Bu baglamda kentsel direngliligi saglamak icin yerel
yonetimlere gorev ve sorumluluk atfeden ulusiistii kurumlarin ¢alismalari mevcuttur. BM
2030 Giindemi, Sendai Afet Riski Azaltim Cercevesi 2015-2030 (SARAC), Paris Iklim
Anlasmasi gibi ¢alismalar 6rnek olarak gosterilebilmektedir (Gergin, 2024).

3. KENTSEL DIiRENCLILiK OLUSTURULMASI BAGLAMINDA iYi YEREL YONETIM
ORNEKLERI

Kentsel direnglilik evrensel bir konudur (Altiparmak, 2021). Dolayisiyla tiim diinyada farkl
¢alisma ve uygulamalara rastlanmaktadir. Direngli kentler olusturma noktasinda, 6ngortiliir
afet olaylarma karg: tedbir alarak, toplumsal felaketleri 6nleyebilecek sorumlulugu tistlenen
tilke yonetimleri mevcuttur. Bu baglamda ciddi afet olaylarina maruz kalmis bazi tilkelerin
direnclilige nasil sahip olabildiklerine dair drneklere asagida yer verilecektir.

3.1. Japonya

Japonya, sik sik dogal afetlerle ve diger krizlerle kars1 karsiya kalan bir iilke olarak taninir. Bu
ylizden, Japon sehirleri, gesitli tehditlere kars1 dayanikli olma ve acil durumlarda etkili bir
sekilde miidahale edebilme kapasitesine sahiptir (Torisu vd., 2024).

Japonya diinyada en yogun deprem ve tsunami olayma maruz kalmais iilkelerden biridir. Bu
afetler, kentsel alanlarda ciddi hasara ve insan kaybina neden olabilmektedir. Dolayisiyla
Japonya, can kaybmi en aza indirebilmek igin her tiirlii afet riskine karsi direnglilik
gelistirebilmis bir tilkedir. Japonya'da, sehir planlamasi ve altyapr gelistirme konularina
biiyiik 6nem verilmektedir. Ozellikle depreme dayanikli binalarin insasi, tsunami setleri ve su
baskinlarina karsi alinan dnlemler gibi altyap: yatirimlariyla kentsel bolgelerin afetlere kars
daha dayanikli hale getirilmesi amaglanmaktadir (Ek, 2024). Bununla beraber yerel yonetim
kuruluslar1 olas1 afetlere karsi zamaninda miidahale edebilmek i¢in acil durum merkezleri
kurmak zorundadir. Ayrica koklii bir gelenege sahip olan yerel yonetim kuruluslari, tiretmis
olduklar1 hizmetlerin kalitesi agisindan merkezi yonetimin denetiminden ge¢mek zorundadir
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(Keles, 1984). Bununla beraber Japon sehirlerinde, kentsel dayaniklilik toplum katilimi ve
egitimle desteklenmektedir. Boylece afet durumlarinda halkin dogru tepkiler verebilmesini
saglamak amaciyla diizenli olarak gergeklestirilen tatbikatlar, kriz anlarinda hizli ve etkili
miidahaleyi miimkiin kilmaktadir.

Bununla birlikte Japonya’da yapilan her bir bina deprem yonetmeligine uygun insa edilmek
zorundadir (Ekoyapi Dergisi, 2022). Bu baglamda Japonya, dogal afet olaylarma karsi
direnglilik gelistirmek i¢in vatandaslarimi bilin¢lendirmektedir. Dolayisiyla direngli kentler
insa etme asamasinda toplumsal is birligi giidiilerek afet risklerinin yol acacag: felaketlerin
azalmasi amaclanmaktadir. Ayrica Japonya, teknoloji ve yenilik alanindaki liderligiyle kentsel
direngliligi gliclendirmek igin gesitli araglar gelistirmistir. Akilli sehir teknolojileri, erken uyar1
sistemleri ve afet yonetiminde kullanilan dijital platformlar, kriz zamanlarinda hizli bilgi
akisini saglayarak kurtarma ve yardim cabalarimi gelistirmektedir. Bu amagcla teknik ve
akademik ag¢idan uzman ekipler plan ve koordinasyon siirecinde aktif rol almaktadir
(Ortagesme vd., 2023).

Japonya'nin bagkenti Tokyo, kiiresel diizeyde direngli bir kent olma yolunda basarili bir 6rnek
olabilmistir (Demographia, 2022). Sik sik dogal afetlerle kars1 karsiya kalan bu tilke, kapsaml1
planlama, altyap: yatirimlari, toplum katilimi, egitim, teknoloji ve inovasyon sayesinde
sehirlerini daha giivenli hale getirmistir. Japonya'nin deneyimleri, diger {iilkeler i¢in 6nemli
Ogretiler sunarak gelecekteki kentsel direnglilik stratejilerinin belirlenmesine rehberlik
edebilecegi diistintilmektedir (Eren, 2019).

3.2. Hollanda

Hollanda, kentsel direnglilik perspektifinden incelendiginde kiiresel diizeyde oncii bir tilke
olma 6zelligi tastmaktadir. Ozellikle diisiik deniz seviyesi ve sik sik yasanan su baskinlar1 gibi
suyla ilgili tehditlerle miicadele etmek icin etkili stratejiler gelistirmistir. Bu baglamda
gecmisten bu yana su yonetimi konusunda onctii bir tilke olabilmistir. Kanalizasyon sistemleri,
barajlar, su pompalama istasyonlar1 ve deniz duvarlar: gibi altyap: yatirimlari, su seviyesinin
kontrolii igin gelistirilmis ve kentsel bolgelerin su baskinlarma kars: direncini artirmistir
(Lfarakh, 2021: 28). Bununla beraber iklim degisikligi, Hollanda'y1 daha da hassas bir konuma
getirmektedir. Deniz seviyesinin yiikselmesi ve artan yagislarla miicadele etmek adina,
kapsamli bir adaptasyon stratejisi benimsemistir. Sozii edilen strateji, kentsel alanlarda yesil
altyapmin kurulmasi, suyun geri kazanilmasi ve depolanmasi, binalarin su baskinlarina karsi
gliclendirilmesi gibi tedbirleri icermektedir (Bozali vd., 2024).

Uluslararas diizeyde en fazla selle karsilasan iilkelerden biri Hollanda’dir. Ulkenin giiney
kisminda yer alan Rotterdam, deniz seviyesinde bulunmasindan dolay: deniz taskinlar1 gibi
afet olaylariyla sik sik karsilasmaktadir. Kentin altyapisinin eski olmasimdan dolay:1 kentsel
direnglilik baglaminda gerekli tedbirler alinirken zafiyete ugradig: tespit edilmistir. Bununla
beraber vatandaslarin kentlilik bilincinin zayif oldugu ileri siirtilmiistiir (Van Herk vd., 2012).
Bununla beraber yasam alanlarinin korunmasi adma alinan Onlemlerden ilki halkin
bilinglendirilmesine yonelik projelerin gelistirilmesi olmustur. Boylelikle yonetisimin basarili
bir bicimde gergeklesebilmesi yerel yonetim kuruluslarinin dnlem alabilmesini olanakl
kilmigtir. Bu kapsamda “100 Direngli Kentler Agma” {iye olunmustur. Boylece direncli kent
alaninda uzman ekiplerin bir araya gelerek Afet Risk Azaltim planlar1 hazirlamalar1 ve bu
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dogrultuda stratejik planlar olusturmalar: direngliligin artirilmasina yonelik adimlar arasinda
sayilabilmektedir (Un Habitat, 2015b).

Hollanda'da kentsel dayaniklilik, toplum katilimi ve farkindalikla desteklenmektedir. Halkin
su yonetimi konusunda egitilmesi, su baskinlarinda nasil hareket edilmesi gerektigi
konusunda diizenli tatbikatlar yapilmasi ve yerel yonetimlerle merkezi yonetimin is birligi,
kentsel alanlarin daha giivenli hale gelmesine yardimci olmaktadir. Sozii edilen hazirliklar,
teknik ve akademik uzmanlarin kontroliinde hazirlanmistir. Bahsedilen uzman ekipler, olasi
afet risklerine karst daima hazir bulundurularak deniz suyunu kontrol altinda tutmaya
calismaktadirlar. Bununla beraber Hollanda, kentsel direnci artirmak icin stirdiriilebilirlik ve
yesil altyapiya da odaklanmaktadir. Sehir icindeki su depolama alanlari, yagmur suyunun
geri kazanilmasi igin ¢at1 bahgeleri ve parklar gibi uygulamalarla su baskinlarini 6nlemenin
yani sira sehir yasamini da gelistirmektedir (Aydogan ve Dilek, 2024). Buna ek olarak,
direngliligin saglanabilmesi i¢in dev teknoloji firmas1 Microsoft ile kent yonetiminin ortak is
birligi neticesinde “siber-direnglilik” konusunda ¢alismalar yapilmaya baglanmistir (Arslan,
2024).

Su yonetimi gelenegi, iklim degisikligiyle basa ¢ikma ¢abalari, toplum katilimi ve
siirdiiriilebilirlik odakl yaklasimiyla, Hollanda kentleri gelecekteki suyla ilgili tehditlere kars1
daha hazirlikli hale gelmistir. Bu stratejiler, diger {ilkeler ig¢in 6nemli bir ilham kaynag:
olabilecegi gibi kentsel direngliligi artirmak icin yeni yaklasimlarin kesfedilmesine de yol
agabilecegi diistintilmektedir.

3.3. Amerika Birlesik Devletleri

Sik sik dogal afetlere maruz kalan bir diger ornek iilke Amerika’dir. Kasirgalar, orman
yanginlari, deprem ve sel felaketleri, kentsel bolgelerde ciddi zararlara ve insan kayiplarina
yol acabilmektedir. Amerika farkli iklim bolgelerine ev sahipligi yapmasi nedeniyle ¢esitli afet
risklerini de biinyesinde barindirmaktadir. ABD'deki kentsel direnglilik, bahsedilen dogal
afetlere kars1 miicadele stratejilerine odaklanmugtir. Federal, eyalet ve yerel diizeydeki acil
durum yonetim sistemleri, krizlere hizli ve etkili bir gsekilde miidahale etmeyi
amaclamaktadir. Bu sistemler, acil durum planlamasi, tahliye prosediirleri, kurtarma
operasyonlar1 ve toplumun afetlere hazirlik seviyesini artirmay: icermektedir (Akbas, 2023).
Ozellikle kasirga felaketiyle sik sik karsilasan federal devlet, yerel yonetimlerle federal ve
federe diizeyde afet yoOnetimi agisindan is birliginde bulunarak uzman rehberler
gorevlendirmektedir. Ayrica vatandaslara afet farkindalig1 konusunda diizenli egitimler
saglamaktadir (Gergin, 2024).

ABD'deki kentsel direnglilik, toplumsal uyum ve kriz sonras: iyilesme siiregleriyle de
iligkilidir. Kriz anlarinda toplumun dayanisma ve dayaniklilik diizeyi, felaket sonrasi yeniden
yapilanma siirecinde 6nemli bir rol oynamaktadir. Bu nedenle, toplumun afetlere hazirlikl
olmasi, psikolojik destek hizmetleri, sosyal yardim programlar1 ve afet sonrasi egitim gibi
onlemlerle toplumsal uyum saglanmaya calisilmaktadir. Deniz seviyesinin yiikselmesi, asir1
sicakliklar ve artan yagislar gibi iklim degisikligi belirtileri, kentsel alanlarda 6nemli tehditler
olusturmaktadir. Bu nedenle, siirdiiriilebilir sehir planlamasi, yesil altyap:r projeleri, kiy
koruma 6nlemleri ve enerji verimliligi gibi 6nlemlerle iklim degisikligine uyum saglanmaya
calisilmaktadir (Akkaya, 2023). Bu baglamda kentsel direngliligi artirmak igin teknoloji ve
inovasyondan yararlanmaktadir. Akilli sehir teknolojileri, erken uyar: sistemleri, uzaktan
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izleme ve kontrol sistemleri gibi dijital araclar, kriz yOnetimini gelistirerek hizli yanit
saglamaktadir (The NYC Mayor’s Office of Sustainability, 2017)

Bununla beraber Amerika ve Meksika sinirinda bulunan Paso del Norte yonetimi su tedariki
noktasinda sorun yasamaktadir. Bu durum Amerika ve Meksika sinur bolgelerinin ortak
sorunu olarak direngliligi zayiflatmaktadir. Bolgenin tarimsal faaliyetlerinde kullanilan suya
oranla, kentsel yasamdaki su ihtiyac1 karsilanamamaktadir. Tedarik edilen suyun ise saglik
acgisindan sorun tegkil ettigi belirtilmistir (Kilig, 2008). Bu bahisle Amerika, direngliligin
saglanabilmesi i¢in su altyapisina yiiksek biitgeli destek saglarken, Meksikanin ekonomik
olarak zayiflig1 direngliligi diistirmektedir. Bundan dolay1 Amerika ve Meksika yonetimleri is
birligine dayali koordinasyon ve planlamalar yapmuslardir. Ayrica yonetisimin giiclenmesi
adina goniillii kuruluslara da katki verebilme olanag: taninmistir (Figueiredo vd., 2018).

Sonug olarak ABD, kentsel direnglilik alaninda cesitli stratejiler gelistirmistir, ancak hala
iyilestirme alanlar1 bulunmaktadir. Dogal afetlerin ve iklim degisikliginin etkileriyle basa
¢ikabilme kapasitesini artirmak i¢in daha fazla gaba sarf edilmelidir. Bu baglamda, merkezi ve
yerel diizeyde is birligi, stirdiiriilebilir sehir planlamasi, toplum katilimi ve teknoloji kullanim
gibi stratejilerin daha da giiclendirilmesi gerekmektedir.

4. DIRENCLI KENT OLUSUMUNDA TURKIYE’NIN YERI

Tiirkiye afet riski yiiksek olan bir iilkedir. Bu kapsamda yerel yonetimler afet risklerine kars:
hazirlhik yapmak {izere politikalar iiretmek zorundadir. Buna binaen diizenlenmis yasal
normlar ve anayasal diizlemde deprem yonetmelikleri mevcuttur (Eroglu, vd. 2023).
Dolayisiyla kentsel yapilar ve barinma alanlari sozii edilen hukuki normlara uygun
tasarlanmaktadir. 1999 Golciik depremi ve 2011 Van depremi sirasinda gerekli miidahaleler
yapilmis olsa da bu yonetmeligin giintimiiz kosullarinda yetersiz kaldig1 diistiniilmektedir
(Cigdem ve Akyol, 2016). Subat 2023 Pazarcik depremi bunun en iyi 0rnegini gostermistir.
Bununla beraber Tiirkiye’de yerel yonetimlerin kentsel direnclilik kapsaminda basarili
ve/veya basarisiz oldugu uygulamalar mevcuttur. Ornegin 2020’de Istanbul’da gergeklesen
sel olaymnda yerel yonetimlerin miidahalesi yetersizlikle sonuglanmis ve birtakim zararlar
meydana gelmistir (Sabah, 2020). 2021 yilinda {zmir'de gergeklesen deprem olayinda yapilan
afet planlamasi sayesinde depreme zamaninda miidahale edilebilmis fakat sonrasindaki yap1
gliclendirme ve alt yapr yenilenmesi hususunda gerceklesen calismalarin yetersizligi
elestirilmistir (Glindem, 2023). Yine Subat 2023 Pazarcik depremi sirasindaki koordinasyon
eksikliginin bilhassa hissedildigi diistiniilmektedir. Bu baglamda donemin Cevre, Sehircilik
ve Iklim Degisikligi Bakan1 Murat Kurum’un deprem sonrasi yaptig1 aciklamaya deginmekte
yarar goriilmektedir. “Ulusal Risk Kalkani Modeli” kapsaminda alaninda uzman
akademisyenleri icinde barmndiran 13 ayr1 komisyondan olusan bir proje baslatilmigtir.
Yapilan aciklamaya gore projenin kapsami basta depremden etkilenen 11 il olmak tizere
Tiirkiye genelinde direngli kentler olusturmak igin ¢alismalarda bulunacaktir (Olusum, 2023).
Kanimizca gelecekte direngli kentler olusturabilmek ve yasanilan felaketlerden ders alabilmek
icin gayet olumlu bir proje olarak goriilmektedir.

Tiirkiye cografi olarak deprem bolgesinde yer almaktadir (Yavuzgehre ve Aydmer, 2013: 480-
481). Buna binaen tarih boyunca diizenli araliklarla depremler meydana gelmistir. Fakat yerel
ve merkezi hiikiimet yetkilileri bundan herhangi bir ders ¢ikararak olas: depremleri azaltmak
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icin calismalar yapmada yetersiz kalmislardir (Geng, 2007). Giintimiizde teknolojik
gelismelerin de verdigi olanaklarla olasi deprem riskleri onceden tahmin edilebilme
noktasinda yeterli alt yap:r bulunmaktadir. Bilimsel verilerle elde edilen bilgiler, deprem
riskinin ytiiksek oldugu bolgelerde gerceklesen sarsintilarin daha 6nceden belirlenebilmesine
olanak tanimaktadir. Ancak, sozii edilen verilere ragmen deprem 6ncesinde alinmasi gereken
onlemler, yeterince dikkate alinmamaktadir. Bundan dolayi, deprem oncesi Onlem
alinmamasi, deprem gerceklestigi sirada potansiyel felaketin artmasia neden olmaktadir.
Dolayisiyla toplum giivenliginin saglanmasi adina, deprem risk analizlerinin dikkate alinarak
gerekli tedbirlerin zamaninda alinmasi &nemli bir konudur (Erkek, 2017). Ustelik afet riskini
artiracak kentsel rantlar kentlerin yapisin1 bozmaya devam etmektedir. Ayrica bu durum ciddi
can ve mal kaybina neden olmaktadir. Direngli kentler insa edilebilmesi i¢in merkezi ve yerel
yonetimlerin birtakim sorumluluklar: yerine getirmeleri elzemdir. Bunun saglanabilmesi i¢in
yonetisim kabiliyetlerini kuvvetlendirmeleri gerekmektedir (Giiler, 2003). Sivil toplum-devlet
is birligi bu noktada ortak hareket edebilir. Oncelikle kentlerin risk durumlar1 belirlenerek,
gecmiste yasanilan afetlerin analizi yapilmalidir ($ahin, 2018). Bununla beraber kentin afet
riskine gore karakteristik Ozellikleri belirlenerek bir simiflandirma yapilabilir. Benzer
niteliklere sahip kentler aym kategori igine alinarak afet risk haritas1 ulusal diizeyde ilan
edilmelidir. Altyaps, ¢evre, yapi stoku ve ekonomi gibi kent bilesenleri dogru analiz edilerek,
bunlara dair egitici bilgilendirme seminerleri diizenlenerek halka dogru bir bicimde
anlatilmalidir (Biilay, 2023).

Egitimde Feynman teknigini kullanmak etkili olacaktir. Feynman tekniginde aktarilmak
istenen bir bilgi en basit bicimde anlatilir (Biilbiil, 2020). Boylelikle kentliler basit bir bigimde
ogrenebilecek ve kente daha duyarli olabileceklerdir. Kentsel alandaki karar organlarinin,
halkin egitimine dair organizasyonlarinda bahsi gegen hususlarin dikkate alinmas: direngli
kent olusturma noktasinda fayda saglayacaktir. Kentsel direnglilik saglanabilmesi igin
oncelikle “direngli kentli” olusturmak gerekmektedir. Kentte yasayanlarin karar organlarina
katilimi saglanmadan, yonetisim olanaklar1 yeterli seviyede kullanilmadan direnglilik
olusturulmasi miimkiin goziikmemektedir (Celebi Zengin ve Alkan, 2024). Bu ¢ercevede yerel
yonetim organlarinin, 6zellikle siyasal siireglere etki edebilen ve halk tarafindan mesrulugu
kabul edilmis belediyeler bu siirecte etkin rol alarak, diizenli araliklarla halk meclisleri
olusturmaya gayret gostermelidir. Boylece kentte yasayan her bireyin katilimina olanak
taninmasi saglanirsa direngli kentli portresi daha belirgin sekilde olusacaktir. Direngli bir kent
olusturulmak hedefleniyorsa halkin, halk igin yonetimi benimsenmeli, kentsel ranta miisaade
edilmemelidir. Liberal kuramin onciliiglinii yaptigl, neoliberal politikalarin ulusiistii
kuruluslar tarafindan dayattig1 piyasa merkezli 6zellestirme uygulamalar: smirlandirilmal
(Theodore vd., 2012) ve kamusal hizmetler 6zel sektorden alinarak yerel organlar tarafindan
gerceklestirilmelidir  (Sengtil, 2003). Boylelikle sosyal devlet anlayist tekrar
kurgulanabilecektir. Sozii edilen liberal kuramin nitelendirdigi sermaye dolasimi ile 6zel
sektor arasinda kurdugu sistemin kisitlanmasi, giiclii yerel yonetimler olusturma noktasinda
bir engel teskil etmeyecektir (Arikboga, 2018). Tiirkiye agisindan diisiiniilecek olursa, liberal
kuramm ulusiistii kuruluslarla dayatmis oldugu politikalar bir adem-i merkeziyetgi yap1
kurmaktir (Arikboga, 2013). Fakat bu iliski ABD, Almanya gibi federal devletler i¢in uygun
diisen bir ayrismadir. Ciinkii adem-i merkeziyetcilik olgusu tefrik-i vezaif ilkesinden hareket
etmektedir (Giiler, 2000). Tiirkiye {initer devlet yapisina sahiptir ve merkez-yerel iliskisinin
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sirdiiriilebilirligi merkez tarafindan gliclendirilmis yerel yoOnetimlerle miimkiin
goziikmektedir (Giiler, 2001). Uniter devlet yapilarinda idarenin biitiinliigii esastir ve
yerellesme merkezden yerele dogru dikey bir bigimde gergeklesir ($Sengiil, 2003). Dolayisiyla
merkezi bir devlet Tiirkiye icin uygun goziikmektedir (Savaskan ve Cam, 2019). Fakat bu
merkezilesme ulusal gii¢ odaklar1 ve sermaye sahiplerinin yonlendirmeleriyle gerceklesirse
kentsel alanda hizmet sunumu siyasal ¢ikar ve menfaat iliskisiyle sonug¢lanmaktadir
(Esenboga, 2022). Bunun yani sira yerel diizeyde yonetisim mekanizmasi enformel orgiitler ve
kent yoksullarinin siyasal ¢ikarlarini mesrulastirmak igin kullanilmaktadir (Ersoy ve Sengiil,
1997). Klientalist iligkilerin yogun olarak goriildiigii Tiirkiye’de direncli kentler olusturmanin
yolu bu iligkileri terk etmekten gecmektedir (Zengin, 2018). Bunlarin 6nlenebilmesi ve kentsel
direngliligin olusturulmas: Oncelikle yoneticilerin yasalara uygun ve oportiinist bakis
acgisindan uzaklasarak, gorev ve sorumluluklarinin bilincinde karar almalar1 ve miidahalede
bulunmalar1 gerekmektedir.

4.1. Tiirkiye'de Kentsel Alanda Dogal Afetlere Kars: Vatandas Katiliminin Onemi

Yukarida da gerekgelendirildigi tizere kentsel direnglilik sadece karar organlarinin
uygulamaya koyarak gergeklestirebilecegi bir durum degildir. Bunun 6rnekleri Tiirkiye'nin
gecmis yillarda gecirdigi afetlerde saptanmistir (Korlu, 2023). Cesitli yasal diizenlemeler, afet
Oncesi tatbikatlar; deprem, ¢18, yangin gibi felaketler gerceklestigi sirada yetersiz kalmigtir
(Ak, 2024). Dolayisiyla direnglilik saglama noktasinda 6nem arz eden egitimin yetersizligi
agikca gozlemlenmektedir. Ustelik gecmiste yasanilan yikimlarin  ayni = Olglide
tekrarlanmamasi igin direngli kentler olusturulmasi noktasinda yeni kamu politikalar: tiretme
zaruriyeti dogmustur (Ciner, 2017). Bu noktada egitim Oncelikli sirada yer almaktadir.
Dinamik bir yapiya sahip olan egitim siireklilik esas alinarak kurgulanabilir. Sadece ilkokul,
ortaokul ve lisede okul yonetimlerin sorumluluk sahibi olduklar1 oranda, 6grencilere verilen
deprem egitimlerinin yetersiz oldugu diistintilmektedir. Tiirkiye deprem bolgesi olmasinin
yani sira gesitli diger afetlerle de kars1 karsiyadir. Toplumsal olarak direnglilik konulu egitim
seferberligi baslatilmas:t farkindalik olusturabilir (Demirci, 2015). Boylelikle halkin
bilinglendirilmesi miimkiin goziikmektedir. Sozii edilen egitim olanagmin saglanabilmesi
sayesinde halk yasadig1 bolgeyi her ayrintisiyla ve tiim seffafligiyla 6grenebilecektir.

Tiirkiye’de direnglilik alaninda olmasa dahi ge¢mis yillarda 6nemli bir karar uygulanmaya
baslanmistir. Yeni kimlik kartlari olusturularak eski kimliklerle degistirilmesi icin tiim
vatandagslara belirli bir siire verilmis, bu siire igerisinde kimliklerini yeniletmeyenler icin
kamusal hizmetlerin kisitlanmasi karari alinmistir. Bu dogrultuda vatandaglar kimliklerini
degistirmeye meyilli hale getirilmislerdir. Dolayisiyla kentsel direnglilik egitimin de boyle bir
zorunlulugun tezahiirii olarak topluma uygulatilabilmesi miimkiindiir. Tiirkiye’de afet
Oncesi, afet sirasi ve afet sonrasinda koordinasyon ve yetki AFAD’dadir. Dolayisiyla bu
AFAD’1n uygulayacagi kararlilikla gergeklesebilir. Bu tiir bir egitimin gergeklesebilmesi icin
oncelikle tiim kentlerde afet egitim merkezleri agilarak kentlilerin egitim diizeyi 6grenilmeli
ve bu dogrultuda egitimin verilecegi siire hesaplanilmalidir. Bu dogrultuda her Pazar giinii
bu egitimler gerceklestirilmeye baglanilabilecektir. Tiim vatandaslar1 ayn giin de egitime tabii
tutmak kugskusuz miimkiin degildir. Gerekli planlamalar yapilarak, vatandaslarin egitime
girecegi tarihler mahalle muhtarlar1 ve e-Devlet ile 6grenilmesi miimkiin hale getirilebilir.
Egitim giinii, egitime girecek vatandaslar resmi izinle muaf sayilabilir. Bunu yonetisim is
birligiyle planlamak miimkiindiir. Egitime giren vatandaslarin kimlik kartlarina “afet egitimi”
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aldigina dair damga vurularak, siiresi gectigi halde damgasiz kimlikle kamusal hizmetlerden
faydalanmak isteyen vatandaslar haklarindan mahrum birakilabilir. Bu sekilde afet egitimi,
daha etkili bir bigimde gerceklestirilebilir.

Egitimin kalitesi de kritik bir 6neme sahiptir. Kentsel diizeyde afet olaylarinin siklig1, cesitli
analizler ve bilimsel verilerle belirlenebilir. (Altun, 2023). Halka yonelik egitim, bolgesel
nitelikte meydana gelen afet olaylarina bagli olarak planlanirsa, yasanilan bu yikimlar:
hafifletmek ve gelecege direngli kentler birakmak miimkiin hale gelebilecektir.

SONUC

Kentsel direnglilik; bir kentin konumu dahilinde ge¢misten bugiine karsilasmis oldugu ve
gelecekte karsilasma olasilig1 bilimsel tahlillerle belirlenmis olan tehlikeler, riskler ve afetlere
kars1 hazir bulunarak, dncesinde gerekli 6nlemlerin alinmasini, olusum asamasinda aninda
miidahale etmeyi ve sonrasinda olusan tahribatin kapanabilmesinin boyutunu belirler.

Kentsel direnglilik kiiresel diizeyde kentlerin siirekliligini devam ettirebilmesi ve yasanilan
afet olaylarmi en az zararla atlatilabilmesi i¢in oldukga zaruri bir meseledir. Bu kapsamda
mahalli yonetimlere 6nemli gorev ve sorumluluklar atfedilmektedir. Dolayisiyla basta
belediye organlari olmak iizere yerel yonetim kuruluslarimin kararlastirdig1 ve uygulamaya
koydugu politikalar kentsel direngliligin ne derece saglam oldugunu belirleyen
etkenlerdendir. Kentlerin risklere karsi direngli olmasi ve stirdiiriilebilir bir gelecek insa
etmesi gereklidir. Bundan dolay1 yerel yonetimler politikalarini olustururken 6ncelik verecegi
konular mevcuttur. Bunlar arasinda stirekliligi saglayan kentsel direnglilik planlar
olusturmak, acil durumlar igin erken miidahale mekanizmalar1 orgiitlemek, iyi yonetisim,
evrensel olarak beklenilen dogal afetler ve iklim degisikligi gibi sorunlar1 kabullenmek ve
buna uygun politika gelistirebilmek, vatandaslarini afet 6ncesi, afet siras1 ve afet sonrasinda
koordine edebilmek icin calismalarda bulunulmasi gerekmektedir. Bu kapsamda yerel
yonetimler, riskleri belirleyip degerlendirmekle ise baslamalidir. Yerel yonetimlerin, afet
riskleri, altyap: zafiyetleri ve sosyo-ekonomik kirilganliklar gibi kentsel sistemleri tehdit eden
tiim riskleri kapsamli bir gsekilde tanimlamalari ve degerlendirmeleri gerekmektedir.
Ardindan, kapsamli bir kentsel direnglilik plani ve stratejisi gelistirmeli ve bu plam
uygulamak icin gerekli kaynaklar1 saglamalidir. Ayrica, farkli paydaslar arasinda
koordinasyonu saglamak da yerel yoOnetimlerin sorumluluklar1 arasindadir. Gerekli
kaynaklarin temini, gesitli kamu kurumlari, sivil toplum kuruluslar1 ve 6zel sektor ile
koordinasyon saglanmasi ve yerel halkin katiliminin tesvik edilmesi gerekmektedir. Zira
halkla aktif iletisim kurarak farkindalik yaratmak ve uluslararas: aglar ve platformlarla is
birligi yapmak bu siirecin 6nemli bir unsurudur. Ayrica halkin afet risklerine kars: bilingli
olabilmesi icin gerekli egitimleri saglamas1 mecburidir. Bununla beraber giincel ¢evre dostu
teknolojilerden faydalanabilmek ve daha fazla yesil alan saglayarak ekolojik dengeyi korumak
onemli gorevleri arasindadir. Zira alt yap1 gibi diizenlemeleri saglarken kentsel doniistim
uygulamalar1 sirasinda halkin ihtiyaclarim1 ve sosyal dengelerini bozucu davranislardan
kaginilmasi gerekmektedir.

Direngli kent boyutundan incelendiginde Tiirkiye'de artan riskler arasinda deprem, sel,

kuraklik ve asir1 hava olaylar1 bulunmaktadir. Bu risklerle basa ¢ikmak igin mahalli
yonetimlerin ulusal mevzuata uygun hareket etmeleri, veri toplama ve analiz kapasitelerini

12



Atakisi, I. H. Mahalli Yonetimlerin Kentsel Direnglilige Yonelik Egilimi

PJESS’2024 /11(1)

gelistirmeleri, kentsel doniisiim projelerine dncelik vermeleri, su kaynaklarin stirdiiriilebilir
bir sekilde yonetmeleri ve yesil alanlar1 korumalar1 gerekmektedir. Diinya genelinde ise yerel
yonetimlerin rolleri ve sorumluluklari, tilkelerin 6zgiin riskleri ve kosullarma gore farklilik
gostermektedir. Ornegin, Amerika Birlesik Devletleri'nde altyapi yatirimlar: éncelikli bir konu
iken, Hollanda'da arazi kullanimi planlamasi ve su yonetimi kritik oneme sahiptir. Japonya
ise erken uyari sistemleri ve afet hazirlik egitimi konusunda oncti bir rol {istlenmektedir.

Genel olarak degerlendirildiginde, yerel yonetimlerin kentsel direnclilik konusundaki rolleri
ve sorumluluklar1 karmasik ve ¢ok boyutludur. Etkili bir sekilde hareket edebilmeleri igin
yetki, kaynak, kapasite, is birligi ve uzun vadeli bir bakis agisina sahip olmalar1 gerekmektedir.
Kentsel direnglilik, tiim paydaslarin katilimini ve is birligini zorunlu kilan bir meseledir. Yerel
yonetimler, merkezi hiikiimet, sivil toplum kuruluslari, 6zel sektor ve halkla is birligi yaparak
daha direngli ve stirdiiriilebilir sehirler insa edebilirler.
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Abstract

Fossil ~ fuel-powered wvehicles are known to cause
environmental pollution due to their greenhouse gas
emissions. As a result, there has been a growing focus on
measures and developments aimed at reducing these
emissions in recent years. The objective of this study is to
compare the top 10 best-selling electric vehicles in Turkey in
2023 based on specific criteria and to rank them accordingly.
The study compared 10 different electric vehicles based on
their price, horsepower, range, 80% charging time with DC
fast charging unit, battery capacity, and fuel consumption.
The study employs the fuzzy PIPRECIA method to determine
the importance levels of criteria and analyzes 10 different
electric vehicle models using the CRADIS method. The
findings reveal that fuel consumption and price are highly
important criteria, and the Togg T10X V2 model vehicle
ranks first when evaluated based on these criteria.
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Ozet

Fosil yakit ile ¢alisan araclar sera gazi salimimi yapmasi
nedeniyle cevre kirliligine sebep olmaktadir. Bu nedenle son
yullarda sera gazi salimimi azaltacak tedbirler ve gelismeler
her gecen giin artmaktadir. Bu ¢alismanin amac, Tiirkiye'de
2023 yilinda en cok satan 10 farkly elektrikli aract belirli
kriterler diizeyinde degerlendirerek karsilastirmak wve elde
ettikleri skorlara gore nihai bir siralama elde etmektir.
Calismada 10 farkli elektrikli aract karsilastirmak igin
kullanlan kriterler; aracin fiyati, aracin beygir giicii, aracin
tam dolu batarya ile gidebilecegi menzil, aractn DC hizl sarj
iinitesi ile %80 sarj olma siiresi, aracin batarya kapasitesi ve
aracin yakit tiiketimidir. Calisma kapsaminda kriterlerin
dnem diizeyleri bulamik PIPRECIA yontemi kullanilarak elde
edilmekte ve CRADIS yonteminden yararlanilarak 10 farkl
elektrikli ara¢c modeli analiz edilmektedir. Calismadaki
bulgulara gore aracin yakit tiiketimi ve aracin fiyat1 6nem
diizeyi yiiksek kriterler olarak belirlenmekte olup bu kriterler
gore alternatif elektrikli araclar degerlendirildiginde birinci
strada Togg T10X V2 modeli arag yer almaktadur.

Anahtar  Kelimeler:  Elektrikli ~ Otomobil, — Bulanik
PIPRECIA Yontemi, CRADIS Yontemi, Siirdiiriilebilirlik,
Yapay Zeka

JEL Kodlari: C02, C44, C61, L62, P18, SO
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INTRODUCTION

In the contemporary era, the utilization of non-renewable energy sources has been identified as
a catalyst for a multitude of environmental detriments. The foundation of these non-renewable
sources on fossil fuels, coupled with their integration into the natural environment, precipitates
a rapid augmentation in the atmospheric concentration of greenhouse gases. This escalation in
greenhouse gases primarily engenders global climate change, which, in turn, inflicts
comprehensive damage on nature, ranging from global warming to a reduction in biodiversity.
In this context, nations, under the auspices of the United Nations Framework Convention on
Climate Change Conference, with the ratification of the Paris Agreement by 195 member
countries in December 2015, have committed to implementing measures aimed at reducing
carbon dioxide emissions (Karakaya, 2016: 4).

By 2030, the European Union and the European Commission, aiming to reduce greenhouse gas
emissions, have pledged a 60% reduction in emissions from road transportation. Additionally,
the carbon footprint, denoted as the carbon dioxide equivalent of gases emitted from activities
conducted by individuals, countries, and organizations, has been spotlighted to accentuate
environmental awareness (Coskun, 2022: 174). Numerous nations are developing incentive
programs to increase the share of renewable energy sources in production. However, the nature-
dependent characteristic of renewable energy sources presents challenges in meeting
instantaneous demands, rendering energy planning on renewable sources exceedingly difficult.
This is considered a significant barrier to the advancement of renewable energy sources (Yilmaz
et. al., 2023: 3).

For a sustainable world, the energy sources utilized across various domains are progressively
evolving. Renewable energy sources, by offering clean, recyclable, and inexhaustible energy,
contribute to reducing greenhouse gas emissions and preserving ecological balance (Kahraman
et. al, 2016:118). The one-time use and depletion of fossil fuels, their scarcity, and the
environmental harm they cause have altered consumer behaviour in the automotive industry. In
recent years, consumers opting to purchase vehicles have increasingly gravitated towards electric
vehicles. Notably, in Turkey, the rate of electric vehicle purchases in 2023 saw a 251% increase
compared to 2022. Globally, electric vehicle sales account for 18%, with projections estimating
this figure to reach 60% by 2030. Electric vehicles, through their internal combustion engines,
minimize gas emissions. According to the U.S. Department of Energy's Energy Efficiency report
and the Renewable Energy Office's data, electric motors can convert between 59% and 62% of the
energy they use into motion, a stark contrast to the 17% to 21% efficiency range of fuel-powered
engines, underscoring the environmental conscientiousness of electric vehicles
(www.trthaber.com).

Although the development of electric vehicles commenced in the mid-1800s, it was not until the
early 20th century that they entered mass production and gained popularity. The growing
interest in electric vehicles stems from the anticipation of fossil fuel depletion soon, despite
current road transportation's reliance on fossil fuels (Kocabey, 2018: 17). Another factor
influencing the shift towards electric vehicles is the rapid increase in their market share both
globally and domestically, significantly impacting the market share of fossil fuel-powered
vehicles. Consequently, consumers are increasingly inclined to purchase electric vehicles over
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those powered by fossil fuels (Dweri and Kablan, 2006: 714).

In the decision-making process, a decision-maker seeks to select the most advantageous option
from among various alternatives based on specific criteria. This evaluation process involves the
use of quantitative and qualitative methods to identify the optimal decision. However, many
decision-makers prefer to base their decisions on numerical methods. Multi-Criteria Decision
Making (MCDM) methods enable decision-makers to make the most beneficial decision by
utilizing mathematical modelling to assess various alternatives against specific criteria. Classical
MCDM methods are employed when the data influencing the decision are precise, whereas
Fuzzy MCDM methods are utilized in the presence of imprecise, incomplete, or uncertain data (
(Yavas et al. 2014: 110).

One common scenario encountered by decision-makers is the purchase of automobiles. This
study compares the top 10 electric vehicle models sold in Turkey in 2023, evaluated against
criteria deemed influential in vehicle selection by experts. The study is organized into five
sections, beginning with an introduction to the subject and the objective of the study. The second
section contains a literature review, followed by a methodology explanation of the fuzzy
PIPRECIA and CRADIS methods in the third section. The fourth section presents the evaluation
of criteria influencing electric vehicle selection by experts, weighted using the Fuzzy PIPRECIA
method, and ranked using the CRADIS method. The final section summarizes the findings in the
conclusion.

1. LITERATURE REVIEW

In both national and international literature, a substantial number of studies exist concerning the
selection of automobiles. It is observed that many of these studies focus on the selection of
vehicles powered by fossil fuels. Among the conducted studies are the following. Yavas et al.
(2014) evaluated the characteristics considered during the purchase of automobiles through
surveys applied to 40 customers of 8 different car companies, analysing the surveys with AHP
and ANP methods. Chand and Avikal (2015) assessed the selection of the most suitable car using
6 criteria and 6 different car models through the AHP method. Patil et al. (2017) evaluated the
selection of the most appropriate car based on road reliability, exterior-interior appearance,
additional features of the car, and after-sales criteria using the fuzzy AHP method and Grey
Relational Analysis. Sri Yogi (2018) assessed car models used in the Indian market using AHP
and TOPSIS methods. Keles (2019) weighted criteria using the ENTROPY method and ranked
alternatives using the ELECTRE III method to compare B segment car options of 7 different
brands.

Numerous national and international studies within the literature have addressed vehicle
selection. Many of these studies focus on the selection of vehicles powered by fossil fuels. Among
the research conducted are the following. Yavas et al. (2014) evaluated the characteristics
considered when purchasing automobiles through a survey of 40 customers from 8 different car
companies, analysing the surveys with AHP and ANP methods. Chand and Avikal (2015)
assessed the selection of the most suitable car using 6 criteria and 6 different car models through
the AHP method. Patil et al. (2017) evaluated the selection of the most suitable car based on road
safety, exterior-interior appearance, additional features of the car, and post-sale criteria using the
fuzzy AHP method and Grey Relational Analysis. Sri Yogi (2018) assessed car models used in the
Indian market with AHP and TOPSIS methods. Keles (2019) weighted criteria with the ENTROPY

21



Kanmaz A.K. - Ertugrul . Fuzzy PIPRECIA and CRADIS Integrated Method In Electric Vehicle Selection

PJESS2024 /11(1)

method and ranked alternatives with the ELECTRE III method to compare B segment car options
of 7 different brands. Singh and Avikal (2019) utilized fuzzy TOPSIS and AHP methods for the
comparison of sedan model cars in India. Babacan (2020) evaluated the problems faced by
individuals in meeting their car needs for the middle-income group using the VIKOR method.
Gilerytiz and Cokyasar (2021) ranked 7 different C segment cars of brands determined by
consumers according to 9 criteria using the TOPSIS method. Ozgiiner et al. (2022) selected cars
for a logistics company engaged in road transportation using ENTROPY, ARAS, and TOPSIS
methods among MCDM methods. Oflaz and Bircan (2022) made selections based on 9 criteria
using AHP, TOPSIS, VIKOR, and EDAS methods for the evaluation of 7 different C SUV vehicles
by consumers.

Few studies focusing on the selection of electric vehicles were found among the reviewed works.
This section will address studies evaluating electric vehicles. Studies on electric vehicle selection
include Onat et al. (2016), who addressed the technologies of hybrid and electric vehicles within
a sustainability evaluation framework using the Fuzzy TOPSIS method, employing 16 criteria
and the opinions of 3 experts. Coffman et al. (2017) identified variables determining the decision
to purchase electric vehicles frequently used in the literature, such as charging time, charging
network, fuel prices, vehicle ownership costs, driving range, public visibility, social norms, and
consumer characteristics. Lin and Wu (2018) evaluated the decision to purchase electric vehicles
from various perspectives, including gender, age, education level, and marital status. Hamurcu
and Eren (2018) used ANP and TOPSIS methods for the selection of high-capacity electric buses
among 5 alternatives, with criteria including capacity, speed, range, manoeuvrability, design,
and performance. Biswas and Das (2019) used an integrated Fuzzy AHP-MABAC method for
evaluating electric vehicles, utilizing criteria such as price, maximum speed, range, acceleration
time, and fuel consumption. Gavcar and Kara (2020) evaluated 11 different electric vehicle
models using battery power, range (maximum distance), friction coefficient, and price criteria
with ENTROPY and TOPSIS methods. Khan et al. (2020) evaluated the selection of commercial
taxis in Pakistan, including an electric vehicle option, using 10 criteria with the Fuzzy TOPSIS
method. Oztaysi et al. (2021) evaluated 5 electric vehicle alternatives using the Fuzzy KEMIRA
method with criteria including the vehicle's sale price, range on a full charge, maximum speed,
comfort, and maintenance costs. Sonar and Kulkarni (2021) evaluated 6 electric vehicle
alternatives with 6 different criteria using an Integrated AHP-MABAC method, identifying the
maximum range the vehicle can travel as the most important criterion, with Hyundai Kona
Electric ranked first among electric vehicle alternatives. Coskun (2022) made electric vehicle
selections using SD and MULTIMOORA methods, defining criteria as price, horsepower, torque,
maximum speed, 0-100 km/h acceleration, range, and DC charging time, comparing 5 different
electric vehicles. Abdulvahitoglu et al. (2022) obtained the most suitable among 7 different
electric vehicle models using price, range, battery capacity, charging time (80%), efficiency, and
power criteria through a standard deviation-based MULTIMOORA integrated Borda method.
Coskun (2022) evaluated 8 different criteria for electric vehicles using CRITIC and ENTROPY
methods as objective criterion weighting methods and WINGS and AHP methods as subjective
criterion weighting methods. These criteria include range with a full battery, the vehicle's price,
horsepower, torque, maximum speed, 0-100 km acceleration time, charging time, and battery.
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2. METHODOLOGY

This section focuses on the methods utilized within the scope of the study. For the weighting of
criteria, the study employed the Fuzzy PIPRECIA method. The fuzzy weights obtained were used
on the top 10 best-selling electric vehicles of 2023 utilizing the CRADIS method, resulting in the
final ranking.

2.1. Fuzzy Logic and Fuzzy Set

Fuzzy logic is a mathematical discipline used to describe uncertainties in our daily life,
representing imprecision, ambiguity, and haziness, which corresponds to the English word
"Fuzzy." The theorem of fuzzy logic, founded on fuzzy sets and the associated fuzzy numbers,
was introduced to the literature by Lotfi A. Zadeh in 1965 [29]. Many expressions we use in daily
life have a fuzzy structure and can be modelled with fuzzy logic. Lotfi A. Zadeh's article "Fuzzy
Sets" posits that the Aristotelian logic system is insufficient, removed from human judgments,
and argues that human thought possesses a fuzzy structure [30]. The fuzzy logic system has the
capability to represent uncertain data with the aid of mathematical operators (Dagdeviren et. al.
2008: 776).

The foundation of fuzzy logic lies in fuzzy sets, which are used to create intermediate values of
definite judgments. The membership degrees of a fuzzy set are based on continuous variables. In
classical sets, the membership of an element in the defined space to the set is strictly defined as
either belonging or not belonging. In fuzzy sets, however, this degree of membership possesses
an ambiguous structure and is defined by a membership function (Sridharan, 2020: 315).

Unlike the classical logic system, fuzzy logic does not alternate strictly between belonging to the
set (1) and not belonging (0). In the fuzzy logic approach, the degree of membership varies
between 0 and 1, which allows for a more accurate description of ambiguity (Zadeh, 1997: 113).
This variability facilitates the definition of verbal variables (Chen, 2000: 4). The gradual structure
of fuzzy logic enables its application not only in engineering and other numerical fields but also
in social domains (Dernancourt, 2013: 52).

2.2 The Fuzzy Pivot Pairwise Relative Criteria Importance Assessment (i.e. fuzzy PIPRECIA)
method

The Fuzzy PIPRECIA method was first utilized by Stanujkic et al. in 2017 to address the
deficiencies in the SWARA method, aiming to determine the weights of criteria within a Multi-
Criteria Decision Making (MCDM) approach. The advantage of the PIPRECIA method, whose
English equivalent is "Pivot Pairwise Relative Criteria Importance Assessment Extended," lies in
its ability to determine criterion weights without the need for establishing an importance ranking
(Puska et. al. 2022:7).

Decision-making is the process through which a decision-maker selects the most suitable
alternative based on their values and preferences. In evaluating real-life problems, decision-
makers do not use precise values. Expressing the relative values used by decision-makers
numerically is possible with fuzzy MCDM methods. Linguistic evaluations in fuzzy MCDM
methods enable decision-makers to achieve more accurate results concerning the problem at
hand (Yenilmezel and Ertugrul, 2023:4).
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The Fuzzy PIPRECIA method was further developed by Stevic et al. in 2018 for solving real-life
problems. As a contemporary approach in the literature, the Fuzzy PIPRECIA method has been
utilized in integration with various other MCDM methods. The table below includes studies
related to the Fuzzy PIPRECIA method.

Table 1: Literature Review of the Fuzzy PIPRECIA Method

Subject of the Study Author, Year Method
Evaluating the conditions for implementing

barcode technology in a paper production | Stevi¢ et al. (2018) Fuzzy PIPRECIA
company

Identifying and ranking risk factors
encountered in road transportation, which
is crucial for the efficient and economical
management of the supply chain

Memis et al. (2020) Fuzzy PIPRECIA

Determining the importance level of criteria
to assess the quality of e-learning materials
Examining the operations of passenger
traffic operators in the Republic of Serbia

Jaukovié-Joci¢ et al. (2020) Fuzzy PIPRECIA

Veskovic et al. (2020) Fuzzy PIPRECIA

Investigating criteria for information

. . . Tomasevic et al. (2020) Fuzzy PIPRECIA
systems in the Danube region countries

Evaluating the safety of railway Fuzzy PIPRECIA and Fuzzy
transportation in Bosnia and Herzegovina MARCOS

Making regional aircraft selection Bakair et al. (2021) Fuzzy PIPRECIA

Assessing the criteria affecting the adoption
of blockchain technology in the banking | Arman and Kundakc (2022) | Fuzzy PIPRECIA
sector

Blagosevic et al. (2021)

Evaluating sustainable agricultural tourism Fuzzy PIPRECIA and Fuzzy

Puska et al. (2022)

facilities MARCOS

Selecting blue-collar personnel for a | Yenilmezel and Ertugrul | Fuzzy COPRAS and Fuzzy
manufacturing company (2023) PIPRECIA

Investigating total productive maintenance Vikas and Mishra (2023) Fuzzy PIPRECIA

factors in manufacturing organizations

Selecting the best maintenance strategy for
a manufacturing company

Fuzzy PIPRECIA and Fuzzy

Kundakgi (2023) MOORA

The integration of fuzzy sets into the PIPRECIA method, resulting in the Fuzzy PIPRECIA,
involves the following stages (Stevi¢ et. al., 2018: 7):
1. Stage: Decision-makers and criteria are identified. The determined criteria are listed without
considering their importance.
2. Stage: To determine the relative importance of criteria, decision-makers individually assess
each criterion against the previous one in the randomly ordered list of criteria, as illustrated in
Equality (1).
> 1if C; > Cj_q
5 ={=Tif (=G, (1)
<1if ¢;<C_4
The evaluation of criteria by decision-maker ris expressed as the variable 57. To obtain a 57 matrix,
either the geometric mean or the arithmetic mean is utilized, and the average of the s matrix is
calculated. If a criterion is considered less important compared to the previous criterion, Table
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(2) is used; conversely, if a criterion is deemed more important than the previous one, Table (3)
is employed. Decision-makers evaluate the criteria using the linguistic variables provided in

Tables (2) and (3) (Stevic et. al., 2018 :9).

Table 2: The Criteria Assessment Scale 1-2

I m u DFV
An almost equal value 1,000 1,000 1,050 1,008
Slightly more significant 1,100 1,150 1,200 1,150
Moderately more significant 1,200 1,300 1,350 1,292
More significant 1,300 1,450 1,500 1,433
Much more significant 1,400 1,600 1,650 1,575
Dominantly more significant 1,500 1,750 1,800 1,717
Absolutely more significant 1,600 1,900 1,950 1,858
Table 3: The Criteria Assessment Scale 0-1

l m u DVF

Slightly less significant 0,667 1,000 1,000 0,944
Moderately less significant 0,500 0,667 1,000 0,694
Less significant 0,400 0,500 0,667 0,511
Really less significant 0,333 0,400 0,500 0,406
Much less significant 0,286 0,333 0,400 0,337
Dominantly less significant 0,250 0,286 0,333 0,288
Absolutely less significant 0,222 0,250 0,286 0,251

3. Stage: The coefficient k; is obtained as illustrated in Equality (2).
. 1if j=1
I2-5if >1

4. Stage: The fuzzy weights g; are calculated as demonstrated in Equality (3).

{ﬂﬁ=1}
T LT
K if >1

5. Stage: The relative weight w; of the criterion is determined as shown in Equality (4).
_ q;

2:;'1:1 qj
The subsequent stages pertain to the reverse fuzzy PIPRECIA method.
6. Stage: The coefficient k; is obtained with the help of Equality (5).

- lif j=1
T2-5if >1

7. Stage: The fuzzy weight g, is obtained with the help of Equality (6).
1if j=1

q;= q-1.
o if >1

8. Stage: The relative weight W, of the criterion is determined as illustrated in Equality (7).

< q;
Y Y

2)

(3)

(4)

©)

(6)

@)

25



Kanmaz A.K. - Ertugrul . Fuzzy PIPRECIA and CRADIS Integrated Method In Electric Vehicle Selection

PJESS2024 /11(1)

9. Stage: The values obtained for determining the final weights of the criteria are clarified as
shown in Equality (8).

— 1, <

Wj :E(WJ‘}‘\/V]) ®)
10 Stage: The consistency of the results obtained from both methods is verified using Spearman

and Pearson correlation coefficients.
2.3 CRADIS Method

The CRADIS method, proposed by Puska et al. in 2021, is a ranking-based method. Its foundation
lies in utilizing the distances of alternatives from the ideal and anti-ideal solutions, as well as the
degree of deviation of the alternatives from optimal solutions (Kundakgi, 2023: 407). Here, the
ideal solutions use the maximum values of the alternatives, while the anti-ideal solutions use the
minimum values.

The CRADIS method, while being a new method that combines elements of the ARAS, TOPSIS,
and MARCOS methods, evaluates alternatives through all criteria (Puska et. al., 2022: 12). The
TOPSIS method assesses and ranks alternatives based on their distances to positive and negative
ideal solution values (Keles, 2023: 730). In the CRADIS method, the alternative closest to the ideal
solution and furthest from the anti-ideal solution is considered the best. While this aspect is
similar to the TOPSIS method, CRADIS differentiates itself by incorporating deviation values into
the process, thereby overcoming a disadvantage of the TOPSIS method. Moreover, the method
encompasses the optimality function of the ARAS method and the utility function of the
MARCOS method, presenting itself as a robust method. The CRADIS method has been used in
literature in integration with MCDM methods, and it is also considered as the fuzzy CRADIS
method. The table below includes a literature review of the CRADIS and fuzzy CRADIS methods.

Table 4: Literature Review of CRADIS and Fuzzy CRADIS Methods

Subject of the Study Author, Year Method
Making green supplier selection Puska et al. (2022) Fuzzy LMAW and Fuzzy CRADIS
Selection of incinerators for healthcare waste Puska et al. (2022) ;}iﬁg I‘;/I Method and CRADIS

Evaluating the performance of information and

L . . Demir (2022) CRADIS Method

communication technology in G8 countries
Performance evaluation of natural disaster MEREC Method and CRADIS
. Tasc (2023)
insurances Method
Evaluating the performance of the . MEREC  Method, IDOCRIW
transportation sector in Turkey Dogan et al. (2023) Method, CRADIS Method
Evaluatmg social development performance in Tiirkoglu (2023) LOPCOW Method and CRADIS
E7 countries method

. . . . Fuzzy CRADIS and CRITIC
Selection of pears grown in Serbia Puska et al. (2023) Method
Performance evaluation of livable power center Keles (2023) LOPCOW Method and CRADIS
cities in Turkey and G7 countries ¢ Method

1 Stage: A decision matrix is created, and the values in the decision matrix are normalized

according to benefit Equality (9) and cost Equality (10) characteristics.
. . Xij
For benefit criteria: n;; = ~Tax 9)
J
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min
I Xj
For cost criteria:  n;j = (10)
xij

2 Stage: The weighted normalized matrix is obtained by multiplying the normalized matrix
values with the criterion weights as shown in Equality (11).

3 Stage: The largest v;; and the smallest v;; values in the weighted decision matrix are found for
the ideal and anti-ideal solutions as indicated in Equality (12).

t; = maxv;j, tg; = Minvy; (12)
4 Stage: Deviations from the ideal and anti-ideal solutions are calculated with the help of Equality
(13) and Equality (14).

d+ — ti — Vij (13)
d™ =vij — tg (14)

5 Stage: The degrees of deviation of individual alternatives from the ideal solution and the anti-
ideal solution are calculated using Equality (15).

si = Yjo1d®, si = Xj=1d” (15)
6. Stage: The utility function of each alternative is calculated based on their deviations from
optimal alternatives. Here, the optimal alternative with the smallest distance to the ideal solution
is denoted as s§ and the optimal alternative with the largest distance to the anti-ideal solution
is denoted as  s; .

KF=_% K- =% 16
l_si+ i T ()

7. Stage: To obtain the final ranking, the average deviations from the utility degree of the
alternatives are considered. Here, the best alternative is the one with the highest Q; value.

K+ K

Q=—-—" (17)

3. FINDINGS

In the current study, the criteria used for selecting electric vehicles were determined through a
literature review and expert opinions. The criteria identified within the scope of the study are as
follows; K1: Price of the vehicle (TL), K2: Horsepower of the vehicle (kw), K3: Range of the vehicle
with a fully charged battery (km), K4: Charging time to 80% with a DC fast charging unit (min),
K5: Battery capacity of the vehicle (wh/km), K6: Fuel consumption of the vehicle (kw). In the first
phase of the application, the Fuzzy PIPRECIA method was applied to the determined criteria to
obtain the importance weights of the criteria. For this assessment according to the Fuzzy
PIPRECIA method, opinions from 5 experts were gathered.

The alternatives defined within the framework of the study are considered as the top 10 best-
selling electric vehicles in Turkey for the year 2023. These vehicles are; Togg T10X V2 (A1), Tesla
Model Y (A2), Renault Megane E-Tech (A3), MG4 (A4), Skywell ET5 (A5), Opel Corsa-e (A6),
Renault Zoe (A7), Opel Mokka-e (A8), Dacia Spring (A9), Mercedes-Benz EQB (A10). Research
data were obtained from the official distributor pages of the vehicles, catalogs, and the (https://ev-
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database.org/) page. Table (4) presents the alternatives and the observed values of the criteria for
the alternatives as a decision matrix.

Table 5: Decision Matrix

K1 K2 K4 K5 Ké6
Criteria (Price) (Horsepower) K3 (Range) (Chérging (Batte.ry (Fuel ‘
Time) Capacity) Consumption)
Criterion
Direction min max max min max min
Alternatives
Al 1,550,000 218 523 28 88,5 16,9
A2 2,305,854 299 445 20 57,5 15,7
A3 1,599,000 220 450 42 60 16,1
A4 969,000 167 350 37 51 16,6
A5 1,780,000 204 642 36 86 15,6
Ab 1,175,900 156 354 30 50 14,8
A7 1,348,607 100 386 50 52 17,7
A8 1,309,000 136 327 30 54 15,9
A9 875,000 65 310 56 26,8 13,9
A10 1,776,000 190 469 30 66,5 16,5

In the study, the evaluations made by 5 decision-makers regarding 6 criteria are as presented in
Table (5) and Table (6). The evaluations by the decision-makers have been obtained using the
scales for assessing criteria in the fuzzy PIPRECIA method, as described in Table (2) and Table

3)

Table 6: Evaluations of Criteria by Decision-makers

Decision-maker 1 Decision-maker 2 Decision-maker 3
K1 1,500 1,750 1,800 1,500 1,750 1,800 1,300 1,450 1,500
K2 0,222 0,25 0,286 1,000 1,000 1,05 0,500 0,667 1,000
K3 1,300 1,450 1,500 1,600 1,900 1,950 1,600 1,900 1,950
K4 1,000 1,000 1,050 1,200 1,300 1,350 0,500 0,667 1,000
K5 0,400 0,500 0,667 0,500 0,667 1,000 1,000 1,000 1,050
K6 1,600 1,900 1,950 1,200 1,300 1,350 1,500 1,750 1,800

Table 7: Evaluations of Criteria by Decision-makers (continued)

Decision-maker 4 Decision-maker 5
K1 1,400 1,600 1,650 | 1,30 1,450 1,500
K2 0,333 0,400 0,500 {0,250 0,286 0,333
K3 1,600 1,900 1,950 | 1,000 1,000 1,050
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K4 1,100 1,150 1,200 | 1,500 1,750 1,800
K5 1,200 1,300 1,350 | 1,300 1,450 1,500
Ké6 1,500 1,750 1,800 | 1,600 1,900 1,950

Table 8: Application results of the fuzzy PIPRECIA method

i K, Q W DE

K1 1,000 1,000 1,000 | 1,000 1,000 1,000 | 0,050 0,083 0,163 | 0,091
K2 10392 0453 0549 | 1,451 1,547 1,608 | 0,622 0,646 0,689 | 0,031 0,054 0,112 | 0,060
K3 | 1,397 1583 1635|0365 0417 0603|1032 1,551 1,888 | 0,052 0,129 0,307 | 0,146
K4 | 0998 1,118 1251 | 0749 0,882 1,002 [ 1,030 1,758 2,520 | 0,052 0,146 0,410 | 0,174
K5(0792 0911 1,072 | 0928 1,089 1,208 | 0,852 1,615 2,716 | 0,043 0,134 0,442 | 0,170
K6 | 1472 1,704 1,755 | 0,245 0,296 0,528 | 1,615 5,458 11,071 | 0,081 0,454 1,800 | 0,616

Table 9: Application results of the fuzzy PIPRECIA method (continued)

s, K; Q W, DF
K1|1397 1594 1645|0355 0406 0603|1414 3,981 7,642 |0,086 0377 1,284 | 0,480
K210392 0453 0549 | 1,451 1547 1,608 | 0,622 0,646 0,689 | 0,038 0,061 0,116 | 0,066
K3 1397 1,583 1,635 | 0365 0417 0,603 | 1,032 1,551 1,888 | 0,063 0,147 0,317 | 0,161
K4 0998 1,118 1,251 | 0,749 0,882 1,002 | 1,030 1,758 2,520 | 0,063 0,167 0,424 | 0,192
K5(10792 0911 1,072 | 0928 1,089 1,208 | 0,852 1,615 2,716 | 0,052 0,153 0,457 | 0,187
K6 1,000 1,000 1,000 | 1,000 1,000 1,000 | 0,061 0,095 0,168 | 0,101

Table 10: Final weights of the criteria

Criteria w;j Rank
K1: Price 0,285 2
K2: Horsepower 0,063 6
K3: Range 0,154 5
K4: Charging time 0,183 3
K5: Battery capacity 0,179 4
1

For electric vehicles, the most important criterion has been found to be K6: The vehicle's fuel
consumption (0.359). This criterion is followed by K1: Price (0.285) as the second most important.
The ranking of other criteria is as follows; K4: Charging time (0.183), K5: Battery capacity (0.179),
K3: Range (0.154), and K2: Horsepower (0.063). The obtained criterion importance weights have
been used in the CRADIS method to evaluate the electric vehicles within the scope of the study.
In the CRADIS method, Equality (9) and (10) have been used to normalize the decision matrix.
While normalizing the decision matrix, K1 (Price), K4 (Charging Time), K6 (Fuel Consumption)
criteria have been considered as cost criteria, and K2 (Horsepower), K3 (Range), K5 (Battery
Capacity) have been considered as benefit criteria.
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Table 11: Normalize Decision Matrix
Alternatives Criteria K1 K2 K3 K4 K5 K6

Al 0,565 0,729 0,815 0,714 1,000 0,822
A2 0,379 1,000 0,693 1,000 0,650 0,885
A3 0,547 0,736 0,701 0,476 0,678 0,863
A4 0,903 0,559 0,545 0,541 0,576 0,837
A5 0,492 0,682 1,000 0,556 0,972 0,891
A6 0,744 0,522 0,551 0,667 0,565 0,939
A7 0,649 0,334 0,601 0,400 0,588 0,785
A8 0,668 0,455 0,509 0,667 0,610 0,874
A9 1,000 0,217 0,483 0,357 0,303 1,000
A10 0,493 0,635 0,731 0,667 0,751 0,842

The elements of the normalized decision matrix are multiplied by the criterion weights
obtained from the fuzzy PIPRECIA method to derive the weighted decision matrix using

Equation (11). This is presented in Table (11).

Table 12: Weighted Normalized Decision Matrix

Alternatives Criteria K1 K2 K3 K4 K5 K6
Al 0,161 0,046 0,125 0,131 0,179 0,295
A2 0,108 0,063 0,106 0,183 0,116 0,318
A3 0,156 0,046 0,108 0,087 0,121 0,310
A4 0,258 0,035 0,084 0,099 0,103 0,300
A5 0,140 0,043 0,154 0,102 0,173 0,320
Ab 0,212 0,033 0,085 0,122 0,101 0,337
A7 0,185 0,021 0,092 0,073 0,105 0,282
A8 0,191 0,029 0,078 0,122 0,109 0,314
A9 0,285 0,014 0,074 0,065 0,054 0,359

A10 0,141 0,040 0,112 0,122 0,134 0,302

Using the steps of the CRADIS method, the electric vehicles within the scope of the study have

been ranked as shown in Table (10).
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Table 13: Results of the CRADIS method

Alternatives st s; K K~ Q; Rank
Al 1,216 0,854 0,765 0,749 0,757 1
A2 1,258 0,812 0,739 0,712 0,726 3
A3 1,324 0,746 0,702 0,654 0,678 9
A4 1,273 0,797 0,730 0,699 0,714 5
A5 1,220 0,849 0,762 0,745 0,753 2
A6 1,262 0,808 0,737 0,708 0,722 4
A7 1,394 0,676 0,667 0,593 0,630 10
A8 1,310 0,760 0,710 0,667 0,688 8
A9 1,301 0,769 0,715 0,675 0,695 6

A10 1,300 0,768 0,714 0,674 0,694 7

In the current study, where the importance weights of the criteria were determined using the
fuzzy PIPRECIA method and the alternatives were ranked using the CRADIS method, the Togg
T10X V2 (A1) alternative ranks first. This alternative is followed by Skywell ET5 (A5) and Tesla
Model Y (A2). In this ranking, the impact of the most important criteria determined by decision-
makers, K6: The vehicle's fuel consumption and K1: Price, is significant. The decision matrix
analysis shows that the data for the fuel and price criteria, which are the most important, match
with the first-ranked alternative Togg T10X V2 (A1) and the second-ranked alternative Skywell
ET5 (A5).

CONCLUSION

In the current study, where the importance weights of the criteria were determined using the
tuzzy PIPRECIA method and the alternatives were ranked using the CRADIS method, the Togg
T10X V2 (A1) alternative ranks first. This alternative is followed by Skywell ET5 (A5) and Tesla
Model Y (A2). In this ranking, the impact of the most important criteria determined by decision-
makers, K6: The vehicle's fuel consumption and K1: Price, is significant. The decision matrix
analysis shows that the data for the fuel and price criteria, which are the most important, match
with the first-ranked alternative Togg T10X V2 (A1) and the second-ranked alternative Skywell
ET5 (A5).

In today's world, global warming and climate change have become elements threatening the
ecological balance. The use of greenhouse gases, a process that accelerates these threat factors,
mainly emerges from transportation sources. States aim to adopt measures to reduce greenhouse
gas emissions through various agreements and projects, partly explaining the recent increase in
investments in renewable energy sources. Innovations in transportation in recent years also fall
within this scope.

Electric vehicles, which have a long historical background, did not attract interest in earlier
periods due to long charging times, lower performance, and high costs. Although electric vehicle
production dates to the 1800s, they could not sustain in the market due to inadequate
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technological developments of the era. Additionally, the lesser environmental awareness in the
1800s also played a significant role in the production-consumption of electric vehicles.

Since the beginning of the 20th century, the scarcity of energy and the damage caused by fossil
tuel energy sources to the environment have become undeniable. States and organizations have
made significant agreements and decisions on this matter. Many countries facilitate the purchase
of electric and hybrid vehicles under "zero-emission incentive premiums". With innovations in
electric vehicles and government incentives, there has been an increase in the demand and supply
for electric vehicles compared to previous periods, expected to grow in the coming years, with
market leaders frequently indicating that all transportation vehicles will eventually transition to
electric vehicles. Moreover, in Europe and the United States, the process of replacing the engines
of fossil fuel vehicles with electric counterparts has begun, known as "retrofitting" and is rapidly
spreading.

Many Multi-Criteria Decision-Making (MCDM) methods are used for alternatives and related
criteria in systems today. It is possible for the decision-maker to reach the target, selecting the
best alternative among different options based on determined criteria. In MCDM methods,
decision-makers evaluate many alternatives according to certain criteria and obtain a ranking.
However, MCDM methods' need for precise data is a significant disadvantage, as real-life
problems do not always offer the decision-maker the opportunity to work with exact data.
Approaches integrating fuzzy logic systems with MCDM methods combine the closeness of
fuzzy logic to human thought processes with the numerical analysis superiority of MCDM
methods. Thus, "Fuzzy Multi-Criteria Decision-Making" (FMCDM) methods have been
developed, where decision-makers can express the importance weights of criteria linguistically
and overcome situations of uncertainty.

In this study, the criteria for selecting electric vehicles were weighted according to their
importance level using the fuzzy PIPRECIA, a subjective criterion weighting method. The reason
for using a fuzzy method in the study is its closeness to the human way of thinking. Also, the
criteria identified in the study were determined with expert opinions and contributions from the
literature, making the study more aligned with reality. The criteria evaluated for electric vehicle
selection, "fuel consumption (K6)" and "price (K1)," were identified as the most important. In the
second phase of the study, the criterion weights obtained were used in the CRADIS method to
achieve a final ranking for 10 different electric vehicle models. According to the final ranking,
Turkey's first domestic electric car, Togg T10X V2 (A1), ranks first.

The use of both methods in the study, which are current MCDM methods, contributes to the
study. The literature reviews on vehicle selection problems evaluated in the study and related
methods are among the privileges of the study. Additionally, the study contributes significantly
to the literature due to the limited sources on the fuzzy PIPRECIA and CRADIS methods used.
On the other hand, the "electric vehicle purchase" problem evaluated in the study is at a level that
can assist consumers.

Future studies could evaluate the "electric vehicle purchase" problem with different MCDM
methods. Moreover, the CRADIS method, a recent and scarcely researched method, could be
compared or weighted against other MCDM methods. Similarly, the fuzzy PIPRECIA method, a
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subjective criterion weighting method, could be compared with different fuzzy MCDM methods.
Subsequent studies could present different works by evaluating subjective criterion weighting
methods alone or together with objective criterion weighting methods.
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Abstract

Modified Camel Algorithm (MCA) is a challenging algorithm
applied to engineering problems in 2016, 2019, and 2021. MCA
can be implemented to the field of business, economics, labor
management, and science compared to the other techniques. The
pure MICA solves optimization problems effectively and quite
fast in literature. To develop and apply the mathematical model
in labor management using the modified camel algorithm, it was
combined with popular heuristics, such as constructive heuristic
(MC), and then improved with local searches, for instance 2-opt,
3-opt, and k-opt. The suggested hybrid algorithms are tested
under proper parameters. In the experimental study, random
model datasets, and suitable parameters are used via uniform
distribution. The experimental outcomes are given as best,
average, std. deviation and CPU time for sample datasets with
proper parameters. In short, the suggested hybrid metaheuristics
find reasonable solutions of labor management in acceptable
CPU time for all random datasets.
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Oz

Gelistirilmis Deve Algoritmast (MCA), 2016, 2019 ve 2021
yillarinda miihendislik problemlerine uygulanan zorlu bir
algoritmadir. MCA, diger tekniklere kiyasla isletme, ekonoms,
isgiicii yonetimi ve bilim alanlarina uygulanabilir. Saf MCA,
literatiirdeki optimizasyon problemlerini etkili ve olduk¢a hizli
cozer. Gelistirilmis deve algoritmasimi kullanarak is giicii
yonetiminde matematiksel modeli gelistirmek ve uygulamak
icin bu algoritma, tur olusturma yontemi (MC) gibi popiiler
bulugsal yontemle birlestirildi ve daha sonra 6rnegin 2-opt, 3-
opt ve k-opt gibi yerel aramalarla iyilestirildi. Onerilen hibrit
algoritmalar uygun parametreler altinda test edilmistir.
Deneysel ¢alismada diizgiin dagilim saglanarak rastgele model
veri setleri ve uygun parametreler kullamilmstir. Deneysel
sonuglar drnek verisetleri ve uygun parametreler icin en iyi,
ortalama, standart sapma ve CPU zamani olarak verilmistir.
Ozet olarak, énerilen hibrit meta-sezgiseller, drnek rastgele
veri kiimeleri icin kabul edilebilir CPU zamaninda makul is
giicii yonetimi ¢oziimleri bulmaktadur.

Anahtar Kelimeler: Atama problemi, Gelistirilmis Deve
Algoritmasi, Isgiicii Yonetimi, Metasezgiseller, Sezgiseller

JEL kodlari:. C610, M12, M210, M54

1 The findings of this study are evaluated with the findings in the Demiral (2024) source. Bu ¢aligmanin bulgular1 Demiral (2024)

kaynagindaki bulgularla degerlendirilmektedir.
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INTRODUCTION

There exist many exact methods for solving combinatorial problems such as branch-and-
bound method, cutting plane method, column generation method, cutting plane method,
dynamic programming, lagrangian-based approaches, integer programming, and cplex
programming algorithms. Heuristics are problem-based approaches, which are useful to solve
optimization problems. Metaheuristics are nature-inspired algorithms and are very effective
for solving business, economics, engineering, global optimization, various mathematical
problems, symmetric and asymmetric TSPs, traveling purchaser problem, knapsack problems,
timetabling, assembly-line balancing, and production problems. The advantageous of those
methods is that the near-optimal and acceptable solutions can be obtained to provide
flexibility, time-saving, and particular solutions. Metaheuristic algorithms are general-based
techniques and frequently used in optimization problems. Classical metaheuristics are
counted as single solution-based methods, for instance simulated annealing (Geng, Chen,
Yang, Shi, & Zhao, 2011), tabu search (Lin, Bian, & Liu, 2016), and multi solution-based
methods, for instance genetic algorithm and its varieties, ant colony system and population
algorithms (Mian, Muhammad, & Riaz, 2012).

Popular algorithms are counted as suggested artificial bee colony algorithm (Szeto, Yongzhong
& Ho, 2011), black-hole algorithm applications for clustering and traveling salesman problem
(Hatamlou, 2013, 2018), firefly algorithm (Yang, 2010a), cuckoo search optimization
(Rajabioun, 2011), whale optimization (Bozorgi & Yazdani, 2019; Mirjalili & Lewis, 2016), a
discrete sine cosine algorithm (Tawhid & Savsani, 2019), bat algorithm (Yang, 2010b),
grasshopper optimization algorithm (Saremi, Mirjalili & Lewis, 2017), artificial atom algorithm
(Yildirim & Karci, 2018) and bio-inspired optimization (Feng, Liu, Yu, & Luo, 2019; Liu, Song,
Zhang, Huadong, & Vasilakos, 2015).

The rest part of the full-text is structured as follows: In Section 1, the literature research with
the applied mathematical model is expressed. In Section 2, the material and method discussed
on the modified camel algorithm is given. The experimental analysis is presented in Section 3.
At final, the conclusion and future suggestions are given in Section 4.

1. MATHEMATICAL PROBLEM AND ITS VARIETIES

Although most of the two-dimensional mathematical problems can be solved optimally, large
scale problems are solved near-optimal. Those mathematical models are solved by integer
programming methods. High-dimensional mathematical problems can be solved
approximately by heuristics and metaheuristics. There exist popular types of mathematical
models, such as classical mathematical problems with its varieties (Caron, Hansen & Jaumard,
1999; Nowak, Epelman & Pollock, 2006), k-cardinality mathematical problem, balanced
mathematical problem, minimum deviation mathematical problem, multi-criteria
mathematical problem, additional constrained mathematical problem, quadratic
mathematical problem, and multidimensional mathematical problems (Gilbert & Hofstra,
1988) that are useful in discrete optimization. Hungarian Method could solve the lower
dimensional labor mathematical problems optimally. Metaheuristics are general-purpose
methods searching for optimal/near-optimal solutions to combinatorial problems (Bouajaja &
Dridi, 2017; Pentico, 2007).
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In the literature, the classic assignment problem and its varieties (Bouajaja & Dridi, 2017) aim
to find optimal matchings between m jobs and n employees while minimizing the objective,
maximizing sales, or maximizing revenues of all matchings. The goal of the k-cardinality
mathematical problem is that to find optimal k-subset while minimizing the objective function
between jobs and employees. There exists an additional constraint (k-matching subset) with
classical optimization constraints. The balanced mathematical problem defines that the
objective minimizes the difference between the maximum and minimum goals. The
constraints of the balanced AP are the same as the classical mathematical constraints.
Generalized mathematical problem (GAP), the problem finds the optimal matchings between
an employee and more than one job while the employee has a limited capacity to do assigned
jobs. The three-dimensional mathematical problem calculates the optimal matchings between
the m jobs, n employees, and r machines, and the total model cost. Many objective functions
could be minimized and maximized with multi-dimensional mathematical problems. Multi-
dimensional mathematical models require heuristics/metaheuristics and more CPU time than
the lower dimensional mathematical models. When the hybrid metaheuristics are
implemented to the high-dimensional mathematical models to search for optimal solutions, it
could be obtained remarkable solutions in the literature.

2. MATERIAL AND METHOD
2.1. Hybrid Modified Camel Algorithm

The metaheuristic (MCA) is a popular nature-inspired metaheuristic since it was applied to
combinatorial and engineering problems in science and technology. The modified camel
algorithm (MCA) acts as the traveling behavior of a modified camel population with scarce
endurance in the hot deserts (Hassan, Abdulmuttalib, & Jasim, 2021; Ibrahim & Ali, 2016). The
discrete modified camel algorithm is a base searching for the best objective when looking for
sufficient endurance to survive in the hot deserts (Ali, Alnahwi & Abdullah, 2019; Utama,

Safitri, & Garside, 2022). The temperature in the current step (THEeT y js updated using Eq. 1.

Tri’oif/fr = (Tmax - Tmin) *rand + Tnin (1)

The endurance in the current step (E,i{f)f,,e,r ) is updated with the temperature in the current step

and number of steps using Eq. 2.

now

Ei'iter = (1 — Tril'ti){sr_Tmin> (2)

Tmax—Tmin

In combinatorial optimization, the initial heuristic (MC) and some improvement algorithms,
for instance 2-opt, 3-opt, and k-opt hybridize with the algorithm during the computation. In
this work, the modified camel algorithm initializes with a constructive heuristic (MC), and it
is hybridized with an improvement heuristic (2-opt, 3-opt, or k-opt). Then, the hybrid modified
algorithms are experimented with the random datasets.
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In the MCA, each camel's endurance is scarce and randomly diminishes with the number of
steps. It is also noted that the supply factor is no longer used during the camel caravan’s desert
journey.

The discrete updating position equation by using the objective values of functions such as
combinatorial problems, engineering problems, and other optimization problems, etc. is
applied randomly in two ways for searching optimal solutions by using Eq. 3.

Objign, = Objsiy + vy * (BOb] — Objgly ©
Otherwise, the updating equation is applied in the following way.

Obj,il‘{,'W = (max(Obj) — min(Obj)) * rand + min(0bj)

In this work, minimum selection of multiple operators (heuristics) finds acceptable solutions
in longer iterations and CPU time in combinatorial problems, such as assignment problems,
and traveling salesman problems. Though the solutions from the assignment problem are

acceptable, the traveling salesman problem solutions are more acceptable. The candidate
solutions are defined by the minimum of the heuristics using Eq. 4.

NeighObjre’ (x)

= Minimum of the heuristics (swap, insert,reverse, swap — reverse)

(4)

The improved solutions (2-opt, 3-opt, and k-opt) are evaluated with the objectives found via
Eqg.3in Eq. 5.

NeighObjiigw,” < Objyou,
Objjes = NeighObjis" o

The new solution is updated via Eq. 5. When the new solution (candidate) has better value in

the solution space, then the previous endurance of each candidate is updated (oasis condition)

by using the traveling factors in Eq. 6.

fitnesste" > fitnesskl " ©)
iiter _ piiter

Epast - Einitial

In this work, the solution space dimension is given as 10 for all the computations and used to

determine the taking advantage of the candidate solutions (j-loop). The pseudocode of the

suggested discrete metaheuristic is presented in Figure 1 (Demiral, 2022, 2024).
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Modified Camel Algorithm (MCA)

Initialize the Camel Caravan with initial (MC) heuristic

Initialize Modified Camel Algorithm parameters (End, Temp)
Calculate Modified Camel Algorithm goal values and find the best
goal

While (Iteration <=MaxIteration)

For i =1: Camel Caravan

For j=1: Solution Space Dimension

Tnlc;vlvter ) Er:E);\Iter using Eqs. 1-2.
Update camels’ locations using Eq. 4.

Improve the metaheuristic with heuristic (2-opt swap, 3-opt swap, k-opt
swap)
End For j

End For i

Decide the acceptance of new solutions using Eq. 5.

If (oasis condition occurs)

Replenish Endurance using Eq. 6

End If

Rank Caravan individuals and find the best solution in the population
End While

State the final results (Final Statistics)

Figure 1. Pseudocode of the Suggested Hybrid MCA (DHMCA)
3. EXPERIMENTAL RESULTS

A sample medium-scale random datasets were randomly generated in scale from 30 to 150 in
the application. In the mathematical problems, the required data is taken from x and y
coordinates for the optimal matchings between employees and jobs as a uniform number
between [1,100]. The considered costs were computed as Euclidean cost using x-y plane. All
the varieties of metaheuristics were run 5 times and 3000 iterations independently using
Matlab. The suggested hybrid algorithm, MCA+MC+3-opt is compared to demonstrate the
performance of other metaheuristics, which are MCA, MCA+2-opt, MCA+3-opt, MCA+MC+2-
opt. In MCA, the population size (Pop_size=100), the base dimension of space (dim=10), the
other camel algorithm parameters are taken as basis for MCA and its derived forms.

Table 1 Experimental solutions of hybrid metaheuristics for AssignR50

Problem Algorithm Best Average Standard CPU
Solution Solution Deviation Time

AssignR50 MCA 537.23 557.05 11.6 51.84
(488) MCA+2-opt 518.34 530.05 9.23 48.03
MCA+3-opt 507 .4 526.94 11.81 78.24

MCA+MC+2-opt 507.85 520.37 13.29 45.38

MCA+MC+3-opt 505.94 519.33 10.51 88.63
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Table 2 Experimental solutions of hybrid metaheuristics for AssignR80

Problem Algorithm Best Average Standard CPU
Solution Solution Deviation Time
AssignR80 MCA 840.3 876.57 22.36 69.05
(586) MCA+2-opt 766.33 794.94 23.78 73.68
MCA+3-opt 743 784.87 41.32 119.6
MCA+MC+2-opt 621.36 648.43 16.36 71.03

MCA+MC+3-opt 615.55 638.82 13.71 128.03

Table 3 Experimental solutions of hybrid metaheuristics for AssignR100

Problem Algorithm Best Average Standard CPU
Solution Solution Deviation Time
AssignR100 MCA 1085.93 1197.54 64.23 79.52
(616) MCA+2-opt 971.74 1020.98 31 105.71
MCA+3-opt 941.38 959.9 15.92 154.44
MCA+MC+2-opt 735.76 741.12 4.6 107.91
MCA+MC+3-opt 727.72 737.09 11.84 175.17

Table 4 Experimental solutions of hybrid metaheuristics for AssignR130

Problem Algorithm Best Average Standard CPU
Solution Solution Deviation Time
AssignR130 MCA 1573.05 1644.25 61.14 107.58
(712) MCA+2-opt 1472.5 1493.05 225 131.87
MCA+3-0pt 1326.65 1413.01 63.73 218.27
MCA+MC+2-opt 919.68 939.62 16.49 136.32
MCA+MC+3-opt 909.61 926.41 14.28 247.49

Table 5 Experimental solutions of hybrid metaheuristics for AssignR150

Problem Algorithm Best Average Standard CPU
Solution Solution Deviation Time
AssignR150 MCA 1936.16 2039.65 80.4 140.58
(805) MCA+2-opt 1728.89 1806.88 52.8 138.59
MCA+3-opt 1709.23 1767.97 41.69 262.08
MCA+MC+2-opt  987.25 1037.61 51.86 208.13
MCA+MC+3-opt 974.96 1018.97 3891 302.64

Table 1-5 shows the experimental results of the hybrid algorithm, MCA+MC+3-opt, and other
algorithms. In Table 5, AssignR150 expresses the number of equal assignments for the random
dataset (AssignR). Though Matlab calculates the optimal solution in AssignR30, AssignR50,
AssignR130, and AssignR150 datasets, the program reaches the near-optimal solution in
AssignR80 and AssignR100 datasets (586-616). The total minimum model cost (AssignR150:
805) denotes the best-known model cost for the instance dataset. The analysis results of the
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hybrid algorithms, MCA+MC+3-opt, and MCA+MC+2-opt show better performance than the
base MCA+3-opt, MCA+2-opt, and MCA algorithms. To conclude Table 1-5, MCA with 2-opt,
and 3-opt heuristics solve the problem in a more efficient way than the modified camel
algorithm, MCA while the data size increases. Moreover, the quality of solutions using the
minimum cost heuristic with the modified camel algorithm, (MCA+MC+2-opt, and
MCA+MC+3-opt) is quite better. On the other hand, MCA+2-opt, and MCA+MC+2-opt require
less computational time than MCA+3-opt and MCA+MC+3-opt metaheuristic.

The first conclusion drawn is that the MCA and its hybrids require more time and max.
iteration number to solve the random mathematical problems to reach different acceptable

solutions when compared to the traveling salesman problem.

Best Deviations of Hybrid Modified Camel Algorithms
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Figure 2. Best deviations of hybrid metaheuristics on labor model datasets
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Average Deviations of Hybrid Modified Camel Algorithms
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Figure 3. Average deviations of hybrid metaheuristics on labor model datasets

The second conclusion drawn is that the hybridized modified camel metaheuristics contribute
differently to mathematical problems when compared to the pure camel algorithm, and its

hybrids.
The third conclusion drawn from statistics is that clear differences are observed between the
best and average deviations of the hybrid metaheuristics (MCA and its derived forms).

Figure 2 and Figure 3 demonstrate the best and average deviations of hybrid metaheuristics
(MCA and its derived forms) on random mathematical datasets.

Table 6 Experimental solutions of MCA+MC+3-opt for the sample random datasets
(AssignR30-AssignR150)

Problem Scale Optimal Best Average CPU
Solution Solution Solution Time
AssignR30 30 369 369 369 58.66
AssignR50 50 488 505.94 519.33 88.63
AssignR80 80 586 615.55 638.82 128.03
AssignR100 100 616 727.72 737.09 17517
AssignR130 130 712 909.61 926.41 247.49
AssignR150 150 805 974.96 1018.97 302.64

The performance analysis of the suggested algorithm is demonstrated in Table 6. The
computational time of the hybrid algorithm for the datasets is higher than the pure camel
algorithm with heuristic (CA+MC+3-opt) when the size of the combinatorial problem
increases. The total labor costs are slightly better than the pure camel algorithm and more
reasonable when compared to the other hybrid camel algorithms (Demiral, 2024).
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CONCLUSION

An applied metaheuristic algorithm named MCA (Modified Camel Algorithm) and its hybrid
varieties were implemented for workforce and labor management (AssignR30-150). MCA is a
quite applicable nature-inspired algorithm based on the behavior of candidates with scarce
endurance during the long horizon. To reproduce new candidates, the program operates
multiple heuristics called swapping, insertion, 2-opt heuristicc, and swap-reversing
heuristic/one type of 3-opt heuristic. It is noted that the 3-opt heuristic shows better
performance than the swap-reversing heuristic. After that, the minimum operator of multiple
heuristics has been applied. The frequently used parameters are taken as the basis for all the
hybrid metaheuristics. Conversely, the length of the interchanging part contributes differently
to the scale of the dataset. The problem related to labor management belongs to the class of
NP-hard, various methods of heuristics (k-opt, and MC+ k-opt types) were operated. The
experimental results were shown as best, average, standard deviation and CPU time by
various methods of metaheuristics (MCA, MCA+ k-opt, and MCA+MC+ k-opt types). As a
result, those methods contribute differently to the metaheuristic algorithm, and the
corresponding combinatorial problem.

Euclidian cost is calculated by each assignment between the jobs and the employees. Matlab
calculates optimal/near-optimal cost from optimal assignment of the jobs and employees. The
best, average, and CPU time are calculated when the program operates 5 times and 3000
iterations. The best and average statistics of MCA+MC+3-opt are dominant to the other test
metaheuristics. The suggested hybrid algorithm, MCA+MC+3-opt (Ave. CPU time= 166.77
secs.) has found reasonable solutions later than CA+MC+3-opt. It can be also obtained
reasonable solutions by the suggested hybrid algorithm, MCA+MC+2-opt (Ave. CPU time=
113.75 secs.) later than CA+MC+2-opt when the best and average statistics are taken into
account. On the other hand, the other camel algorithms demonstrate poor performance against
suggested metaheuristics with constructive heuristic.

In conclusion, the suggested algorithms with various constructive and improvement methods
can be applied to more datasets, such as large-scale instances, instances from OR-library, and
real-world data. The computational analysis of the algorithm can be developed in further
studies. Moreover, a job-shop scheduling or timetabling problem will be solved using MCA
and its hybrid algorithms, to improve or develop the performance of the suggested algorithms.
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