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ONSOzZ

Sosyal bilimler alaninda 6zgiin ¢alismalarin yayimlandig: bir dergi olan Izmir Sosyal
Bilimler Dergisi‘nin 5. cilt 1. sayisi ile karsinizdayiz.

Dergimizin bu yeni sayisinda biiytik bir 6zen, 6zveri ve dikkatle hazirladigimiz birbirinden
degerli bes adet(5) makale yer almaktadir. Tum makaleler Arastirma makalesidir.
Makalelerden ii¢ adeti Ingilizce ve iki adeti Tiirkce dilinde yaymlanmustir.

Dergimiz, uluslararasi dizinlerde taranmak ve yaynlanan makalelerin goruntrlugiinu
artirmak icin gereken c¢alismalarn titizlikle yuriutmektedir. Dergimizde yayinlanan
makalelerin daha fazla atif almasi icin c¢esitli yontemler denenmektedir.
Tim bu calismalarin en kisa surede sonuglarin1 gosterecegine inancimiz tamdir.
Bu dileklerle dergimizin yeni sayilarinda goriismek tuizere saglikl giinler dileriz.

Aras. Gor. Tahir Anil GUNGORDU
Editor
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ARASTIRMA MAKALESI/RESEARCH ARTICLE
DOI: 10.47899/ijss.1257293

izmir Sosyal Bilimler Dergisi/izmir Journal of Social Sciences

Kazak Modernlesmesinin Habercisi Abay

Kunanbayoglu’nun Eserlerinde Egitim, Din ve Aile”
Education, Religion and Family in the Works of Abai Kunanbaiuly, Pioneer of

Kazakh Modernization
Suat BEYLUR!

Oz

Giintimiiz Kazakistan toplumunun milli ve manevi rehberi olarak kabul edilen Abay (Ibrahim) Kunanbayoglu (1845-1904), 19. yiizyil
Kazak modernlesme ¢abalarinin habercisi ve aynt zamanda onciisidir. Dénemin bagimsizlik hareketi olan Alas Orda’nin beslendigi 6nemli
bir kaynak olan Abay’in distinceleri ve esetleri bagimsiz Kazakistan’in sosyal, kiiltiirel ve siyasi hayatinda egsiz bir yere sahiptir. Edebi ve
felsefi yonuniin yaninda sanat ve kdltiirle de yakindan ilgilenen Abay, ayni zamanda siyasal ve toplumsal meselelere kafa yoran bir distintr
ve kanaat 6nderidir. Bu calismada kendisine ait siitleri ve Kara Sézleri (nasihatleri) basta olmak tzere ilgili literatiir tizerinden Abay
Kunanbayoglu’nun egitim, din ve aile kurumlari hakkindaki distinceleri incelenmistir.

Anahtar Kelimeler: Abay Kunanbayoglu, Egitim, Din, Aile, Kazakistan

Abstract

Abai (Ibrahim) Kunanbaiuly (1845-1904), who is considered as the national and spiritual guide of today's Kazakhstan society, is the forerunner
and also the pioneer of the 19th century Kazakh modernization efforts. Abai's thoughts and works, which was an important source from
which Alash Orda, the independence movement of the petriod, were fed, have a unique place in the social, cultural and political life of
independent Kazakhstan. Abai, who is closely interested in art and culture besides his literary and philosophical aspects, is also a thinker and
opinion leader who ponders on political and social issues. In this study, Abai Kunanbaiuly's thoughts on education, religion and family
institutions were analyzed through the relevant literature, especially his poems and Kara Sézler (advice).

Keywords: Abai Kunanbaiuly, Education, Religion, Family, Kazakhstan

1. GIRIS yetenekli bir cocuk olan Abay, babasinin istegi (izerine on

yasinda Semey’deki Ahmet Riza Medresesi’'nde egitimine

Abay, 1845 yilinda buglinkii Kazakistan’in Semey bolgesi
sinirlari icerisinde bulunan Syrt-Kaskabulak’ta dogmustur.
idareci ve Kazak toplumu arasinda sézii dinlenen bir kanaat
onderi olan babasi Kunanbay, annesi Uljan ve ninesi Zere,
Abay’in erken donem terbiye siirecindeki ¢ Onemli
sahsiyettir. Onlardan dinledigi tarihi olaylar, siirler ve halk
destanlari Abay’in kisiliginin gelisiminde biyulk 6l¢lide etkili
olmustur (Jurtbay, 2013, s. 13-14). Yasitlarina gore oldukca

baslamistir. Medresenin kurucusu Ahmet Riza’nin, Kazanli
Tatar tarihgi ve islahatgi din alimi Sehabeddin Mercani’nin
talebesi oldugu ve dolayisiyla Mercani'nin duslnceleri
dogrultusunda egitim verdigi bilinmektedir (Schamiloglu, s.
2021, 65). Dénemin diger medreselerinden farkli olarak
Ahmet Riza Medresesi’nde klasik dini ilimlerin yaninda tarih,
felsefe ve siir ve ayni zamanda Arapca, Farsca ve Cagatayca
dilleri de 6gretilmekteydi. Dolayisiyla Abay, dini egitimin

" In this article, the principles of scientific research and publication ethics were followed. / Bu makalede bilimsel arastirma ve yayin etigi ilkelerine

uyulmustur.

! Suat BEYLUR
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yani sira burada Tirk ve Fars edebiyatina merak salarak
Nizami, Neva’i, Gencevi ve Hafiz gibi sairlerin eserleriyle
tanisma imkani bulmustur (Cinar, 2021). Duslnceleri
dikkate alindiginda Abay’in, bir dénem Kazak Hanligi'na
baskentlik yapan Tirkistan’da meftun bulunan Hoca Ahmet
Yesevi'nin Hikmetlerini de okudugu distnilmektedir
(Oztiirk ve Sembi, 2017, s. 43-45).

Medrese egitiminin disinda Rus¢a da 6grenen Abay, Dogu
edebiyati ve disiincesinin yani sira Rus ve Bati diislincesi ile
tanismis, Puskin ve Tolstoy ile Goethe, Spinoza ve
Spencer’in da eserlerini okuma imkani bulmustur (Ayan,
2017, s. 11-12). Bu eserlerden bazi geviriler de yapan Abay,
ayni zamanda St. Petersburg’dan siirglin edilen Rus aydini
E.P. Michaelis gibi demokrat aydinlarla da bizatihi tanisma
imkani bulmus ve onlarin fikirlerinden de etkilenmistir
(Oztiirk ve Sembi, 2017, s. 42). Edebi ve fikri yénlerinin yani
sira  Abay, sanat ve mizige de ilgi duymus ve
cevresindekileri de bu yonde tesvik etmistir. Geleneksel
Kazak el sanatlarindaki ilgisinin yaninda dombra ¢almis ve
Kazak halk tlrkdlerini soylemistir. Abay’in kendisine ait
siirlerinden yaptigl besteleri de bulunmaktadir (Sabyrova,
2021, s. 241-242).

Babasi Kunabay’in Hacca gittigi donemde, oldukca geng bir
yasta babasinin yerine ait oldugu Argin boyunun idaresi ile
gorevlendirilen Abay, edindigi tecriibeyle daha sonra Cengiz
kasabasinin yoneticiligine secilmistir (Smagulova, 2021, s.
282). Hakimlik? gibi kamusal gérevler de yapan Abay,
toplumunun hem giivendigi hem de saygi duydugu bir kisi
olmustur. Yasadigl toplumun sosyo-ekonomik meselelerine
kayitsiz kalmayan siirekli egitimi, calismayi ve Gretmeyi salik
veren Abay, gerektigi zaman ¢ok sert elestiriler yapmaktan
da geri durmamistir. Abay’'in 200’e vyakin siir, nesir
formatinda yazilmis 45 nasihati (Kara Sozler) ve Rusca’dan
yaptigi cesitli ceviri eserleri bulunmaktadir. Olimiiniin
Uzerinden bir ylizyildan fazla bir zaman ge¢mis olmasina
ragmen milli ve manevi bir rehber olarak Kazakistan
toplumunun hafizasinda 6nemli bir yere sahiptir. Bly(k sair
ve duslinlrin onemli dogum ginleri yurt genelinde
coskuyla kutlanmakta, siirleri yediden yetmise her yas
grubu tarafindan bilinmektedir. 2021 yili itibariyle Abay
Kunanbayoglu ve onun eserleri hakkinda Kazakistan ve
Kazakistan disinda yazilan kitap, kitap bolimu ve bilimsel
makalelerin sayisi 10 bini ge¢mistir. Toplumun yani sira
Abay, bagimsiz Kazakistan’in hem ulus insa stirecinde hem
de modernlesme ¢abalarinda en Ust diizeyde Kazakistan
yonetiminin de sikca referans yaptigl bir sahsiyettir. Bu
calismada kendisine ait siirleri ve Kara Sozleri (nasihatler)
basta olmak UGzere ilgili literatir Gzerinden Abay
Kunanbayoglu'nun egitim, aile ve din kurumlari (izerinden

Kazak aydinlanmasindaki yeri ve etkisi incelenecektir.

2. ABAY DONEMI SOSYO-EKONOMIK SARTLAR VE
MODERNLESME CABALARI

Kazaklarin siyasi ve idari olarak mistakil bir devlet kurmalari
15. yuzyihn ikinci yarisina denk gelmektedir (Maukhara,
2011, s. 25). Ulu, Orta ve Kigik ciizlerin birlesmesi ile olusan
Kazak Hanligi, Kalmuk saldirilar ile parcalanmis ve 19.
yuzyihn sonlarina dogru da Ruslarin hakimiyetini tanimak
zorunda kalmistir (Togan, 2010, s. 42). Kisa bir zaman
zarfinda Kazak topraklarinin tamaminda hakimiyet kuran
Ruslar, Hanlik sistemi dahil olmak Uzere Kazak
toplumundaki siyasi ve toplumsal 6neme sahip kurumlari
etkisiz hale getirerek onun yerine yeni yapilar (Aga Sultan,
Bolis vb.) olusturmustur. Rus burokratik, hukuk ve vergi
sisteminin yerlestiriimeye c¢alsildigi bu dénemde sehir ve
kasabalarin olusum siireci hizlandiriimistir. Getirilen vergiler
ve hayvan yetistiriciligi icin 6nem arz eden gbdcebe hayat
tarzinin kentlesme ve sonrasinda devreye konan iskan
politikalari ile zayiflatiimasi ekonomik olarak da Kazak
halkini zor duruma sokmustur. Rus kaynaklarina gére 1897
yili itibariyle Kazak topraklarina yerlestirilen Ruslarin ve
Ukraynalilarin sayisi 500 bini ge¢cmistir (Muhyaeva, 1997, s.
224-230). Demografik yapidaki bu 6nemli degisim Kazak
toplumunun kiltirel yapisini da etkilemistir.

Ozetle Abay’in dogdugu ve yetistigi cevre Kazaklarin siyasal,
ekonomik ve toplumsal olarak zor dénemlerine
rastlamaktadir. Abay c¢ocuklugundan beri Rus somirge
sisteminin yerel yoneticilerde ve toplumda neden oldugu bu
bozulmay! bizatihi miisahade etmis ve bu gidisata karsi bir
durus sergilemistir. Yeri geldiginde en yakinindan -
babasindan - baslayarak rahatsizligini bildirmekten uzak
durmamis bir yandan da eserleri ile yasadigi karanlik
doneme 1sik olmaya calismistir. Bu sebeple Abay, edebi
sahsiyetinin yaninda toplumsal yapi ve toplumsal kurumlara
iliskin yaptigi degelerlendirmeler dikkate alindiginda bir
modernist olarak tanimlanabilir. Zira O, hayatinin son
demlerine kadar egitim basta olmak (izere Kazak
toplumunun cagdaslasmasina 6zel 6nem gdstermistir.

En genel anlamiyla modernlesme, rasyonellesme ve
toplumsal farkhlasmanin bir sonucu olarak geleneksellikten
modernlige gecis slireci olarak tanimlanmaktadir. Avrupa
kitasinda baslayan ve daha sonra ABD’de gelisen modernite,
dogayr ve bitin unsurlari ile toplumsal kurumlari
planlanabilir ve yonetilebilir (Aktay ve Koktas, 1998, s. 101)
bir bakis acisi ile alir. Bati ile 6zdeslestirilen modernitenin
(Giddens, 1994, s. 156), Bati disi toplumlarda ¢agdaslasma
yoniinde yasanan degisim slrecleri ise modernlesme olarak
tanimlanmaktadir. Bu 06zdeslestirme nedeniyledir ki

2 Belirli anlasmazliklarda (davalarda) taraflarin ortak talebi Gzerine anlasmazligi arastirip nihai karari veren bagimsiz hakim.

2
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batililasma, ¢agdaslasma ve modernlesme kavramlari ¢ogu
zaman birlikte ve bibirlerinin yerine kullanilabilmektedir.
Avrupa ve ABD’deki modernite gibi, Bati disinda Rus, Japon,
Tirk ve Cin modernlesmesi gibi cok sayida modernlesme
orneklerinden bahsedilebilir (Beylur, 2019, s. 19).

Bu baglamda Kazak modernlesme cabalarinin, 18. ylzyilin
baslarinda Car |. Petro ile baslayan Rus modernlesmesi ile
yakindan iliskili oldugunu séylemek mimkiindir. Zira Rus
modernlesme sireciyle, Ruslarin Kazak bozkirlarindaki
yayllmasi ayni déneme denk gelmektedir. 1847 yilinda
Kazak topraklarinin tamamen Rus hakimiyetine girmesiyle
(Togan, 2010, s. 42) Carlik Rusyasi’nin Kazak topraklarindaki,
askeri ve siyasi olarak teskilatlanmasi hiz kazanmistir. Bu
sirec, daha o©6nce Omsk ve Orenburg'da acilan Rus
okullarinin, 19. yizyilin sonlarina dogru biitiin Kazakistan
topraklarina yayilmasiyla devam etmistir. Kazak genclerinin
asimilasyonu hedefiyle eski usulde egitim veren mekteplere
karst acillan bu “modern” okullar, yetistirdigi, Sokan
Valihanov ve ibiray Altinsarin gibi isimlerle edebi ve fikri
sahada bir aydin grubunun olusmasina da hizmet etmistir.
Yasadiklari dénem itibariyle Abay dahil bu ilk donem aydin
grubu Rus dilini, modern Bati'ya agilan 6nemli bir arag
olarak gérmuslerdir. Ozellikle, daha sonraki dénem Kazak
aydinlarinin yetismesinde, Rus okullarina (Kazak-Rus) karsi,
Cedit hareketinin Kazak temsilcilerinin agmis olduklari yeni
usulde (usdl-i cedid) egitim veren mekteplerin 6nemli bir
yerinin oldugunu da belirtmek gerekir. 19. yiizyll Kazak
modernlesme ¢abalarindaki Rus etkisinden bahsettigimiz
bu kisimda 13. ylzyila geri donip Tirkler’in (Altin Orda’nin)
Rus tarihi, devlet yapilanmasi ve gelisimindeki etkilerini de
(Kamalov, 2018; Terzi, 2022, s. 4) hatirlamakta fayda
gorilmektedir. Zira, Rus tarihi, Turkler olmaksizin
anlasilamayacagi gibi, Tiirk tarihi de Rus tarihinden bagimsiz
bir sekilde incelenemez.

Tarih boyunca bitin toplumlarda gorilen reform, degisim,
cagdaslasma ve modernlesme cabalari, egitim, siyaset,
ekonomi ve din gibi bir kisim toplumsal kurumlarin zorladigi
bir degisim sireci olarak ortaya c¢kmistir. Kazak
cagdaslasma cabalarini da bu sekilde degerlendirmek
mimkindir. Tavke Han doéneminde orfi hukukla ser’i
hukukun birlestirilmesiyle olusturulan genel idare hukuku
mahiyetindeki Jeti Jarg’'ya (Yedi Yargl) giden sireci
saymazsak Kazak c¢agdaslasmasini esas olarak dort
dénemde inceleyebiliriz. Bunlardan ilki, 19. ylzyilin ikinci
yarisina denk gelen, Abay Kunanbayoglu’'nun, Sokan
Valihanov’'un ve ibiray Altinsarin’in ilk taslarini koydugu
egitim ve kilturel alanda degisim ve yenilenme arayisinin
hakim oldugu dénemdir. ikincisi, Abay Kunanbayoglu’nu
ruhani bir rehber olarak géren ve ayni zamanda idil-Ural
bolgesindeki Abdunnasir Kursavi ve Sehabettin Mercani gibi
Ceditcilerden etkilenen Alihan Bokeyhanov, Ahmet
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Baytursunov, Magcan Cumabay, Mircakip Dulatov,
Muhammetcan Seralin ve Mustafa Cokay gibi aydinlarin
(Sashka, 2015, s. 56) 6nculigini yaptig ve 20. yizyilin ilk
ceyreginde fikri ve siyasi sahada etkili olan Alas Hareketi
dénemidir. Uglinciisli, Sovyetler Birligi’nin biitiin baskilarina
ragmen milli kimlik ve tarih bilincinin canli tutulmasi
amaciyla Muhtar Avezov, ilyas Esenberlin, Olcas
Suleymanov gibi ¢cok sayida aydinin edebiyat, kiltir ve
bilimde 6nemli roller Ustlendigi dénemdir (Beylur, 2020, s.
91-99). Sonuncusu, bagimsizlik déneminde baslayan ve
bugiin de her alanda devam eden modernlesme siirecidir.

Ceditgi hareketlerden birisi olan Alas Orda Hareketi (partisi),
1905 yilinda Alihan Bokeyhan ve Ahmet Baytursunov’un
“Karkara Dilekgesi” olarak bilinen onbes bine yakin Kazagin
imzasi ile Ruslar’in iskan politikasini durdurmasini ve din, dil
ve kilturel o6zerklik talep eden dilekgelerinin Carlik
yonetimine ulastiriimasi sireci ile atilmistir. Bu girisim daha
sonra 1906 yilinda Kazak Anayasal Demokratik Partisi adi ile
kurumsallasmis, 1917 yilinda Alas Orda Partisi adini almistir.
iki kurultayin ardindan, kisa bir siire igerisinde, Aralik
1917’de ise Alas Orda hikiimeti kurulmustur. Magcan
Cumabayev, Mircakip Dulat, Saken Seyfulin, Ahmet
Baytursun, Mustafa Cokay ve Mustafa Orazay gibi Ceditci ve
Kazakistan’la birlikte Tirkistan’in timunin bagimsizhgini
arzulayan aydin kesimi kurulan bu hikiimet icerisinde ¢esitli
kademelerde gorev almislardir. Alas Orda Partisi’nin
ozellikle Mustafa Cokay’in basi c¢ektigi 6ncl kadrosunun
bltin Tarkistan’t kapsayan 6zerk bir cumhuriyet kurulmasi
yonindeki cabalari sonrasi Alas Orda, Mustafa Tinisbay
baskanliginda Turkistan Mahalli Muhtar Cumhuriyeti’'ni
kurmuslardir. Carlik Rusyasi’nin en zayif doneminde ciddi
umutlarla ortaya ¢ikan bu hareket, Sovyetler Birligi’'nin
kurulmasi ile zayiflamis ve Stalin doneminde ortadan
kaldirilmustir (Beylur, 2020, s. 91-99). Kisaca Ozetlenen soz
konusu bu edebi, fikri ve siyasi gelismelerde Abay’in etkisi
blylktir. “Abay Yolu” romaniyla Abay’in diinya genelinde
taninmasini saglayan Muhtar Avezov, Abay’in toplumsal ve
modernist yoniini soyle ifade etmektedir:

“Ulu realist sair, geleneksel siirin dar cercevesini
genisletmistir. O, Kazak siirine c¢esitli yenilikler
getirmistir. Kazak hayatinin gercek yanini oldugu gibi
yansitmistir. Yasadigi donem Kazak halkinin sosyal
dokusunu incelemistir...Onun siirlerinin  baslica
temasi; adaletsizlik, medeniyetsizlik, yonetici ve
beylerden halka yansiyan koéti  davranislar,
cekemezlik, ovgl, tembellik ve bolinmusliktir.

Abay, insaninin sadece kotd huylart zulim ve
insafsizligini  elestirmekle  kalmamistir.  Onun
blyaklGgini saglayan unsurlarin basinda,

elestirmekle yetinmeyip dogru yolu da gostermesi
gelir. Nitekim o, yaptigi elestirilerle Kazaklara ilim ve
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medeniyetin yolunu acmistir. Eserlerinde,
zorluklardan kurtulmanin yolunun; c¢alismak, ilim
yapmak ve insan haysiyetini korumaktan gectigini
bildirmistir” (Zeynes ve Cinar 1995, aktaran Oztiirk ve
Sembi, 2017, s. 43).

3. ABAY’IN EGIiTiM HAKKINDAKi DUSUNCELERI

Abay’in kendi hayati ve eserlerinde degindigi konular onun
egitim ve bilim hakkindaki distincelerinin ve ayni zamanda
yapmak isteyip de donemin sartlari geregi yapamadiklarinin
bir yansimasi ve yakinmasidir. Yukarida kisaca 6zetlendigi
Uzere Abay, ailesinden aldigi terbiyenin ardindan erken
yasta medrese egitimine baslamistir. Pek muhtemeldir ki
yasadigi koy ya da yakinindaki bir medresede egitim almak
yerine O, babasinin da yonlendirmesi ile Ceditgi cizgide daha
nitelikli bir egitimin verildigi (Schamiloglu, s. 2021, 65)
Ahmet Riza Medresesi’'nde okumayi sec¢mistir. Burada
Tirkce, Arapga ve Farsga dillerini 6grenmis olmasina
ramen Rus ve Bati klasiklerini ve dislinirlerini
okuyabilmek icin Rusca bilmek gerektigi bilinciyle bir donem
de Rus okulunda okuyarak Rusca 6grenmistir. Bu nedenle
lisan, Abay’in 6grenilmesini salik verdigi onemli egitim
araglarindan birisidir. Dogu ve Bati filozof ve disindrlerin
eserleri ile temasi arttikca Abay’in mizik, sanat ve kiltiire
olan ilgisi de artmistir. Bu nedenle onun eserlerinde dil,
egitim, bilim, sanat, kiltlr ve din ¢cogu zaman birlikte ig ice
kullanilmistir.  Abay’in  hem  siirlerinde  hem de
nasihatlerinde (Kara Sozler) cehalet ve cehaletin neden
oldugu toplumsal sorunlar blyik bir yer kaplamaktadir.
Cehaleti egitimsizlik ve bilgisizlik anlamlarinda kullanan sair,
¢ogu zaman nadanlik ve koti hasletler igin kulanmaktadir.

Kaygi cikar bilimden,

Ofke cikar bilgiden...

Kaygi ve 6fke daraltinca,

Aci cikar dilimden... (Abay, 2014, 232).

Gengligimde bilimi 6nemsemedim

Faydasini goriip de incelemedim,

Bliylyilnce diismedi avucuma,

Elimi vaktinde uzatamadim (Abay, 2014, 24).

Yukaridaki misralarda Abay, icinde yasadigi toplumun sosyal
problemlerini de dikkate alarak elestiri ve kaygiya neden
olan dini bilgi (ilim) eksikliginin ancak egitim ve bilimle
giderilecegini anlatmak ister. Devamindaki misralarda ise
“agac, yas iken egilir” atasozi geregi egitimin erken yaslarda
baslatilmasinin 6nemini gosterircesine kendisinin, geng
caglarinda gerektigi kadar egitimi 6nemsemediginden,
yaslandiginda ise gec kaldigindan yakinmaktadir. Kuskusuz,
yasadigl donem ve cevreye gore oldukga erken bir yasta
egitimine baslayan ve hayati boyunca ilim ve bilim yolundan
ayrilmayan Abay’in buradaki mesaji genglige yoneliktir. Kara

Sézler'inde de sair cehaletin kotulikleri, egitim ve bilimin
faydalari Gzerinde sikga durur. 3. S6zde, “Dlnyada taninmis
insanlarin bildirdigine gore; tembel kisi korkak ve gayretsiz
olur, gayretsiz kisi oviingen ve korkak olur, éviingen kisi
akilsiz, caresiz ve korkak olur, akilsiz kisi de caresiz ve arsiz
olur. ilimle ve bilimle ugrasilirsa bu durumlardan
kurtulabiliriz” (Ayan, 2017, s. 57) diyerek cehaletin neden
oldugu toplumsal sorunlara ve bunlarin izalesinde egitim ve
bilimin 6nemine deginmektedir. Kara Sozler’'in tamamina
yayilan egitimin dnemine yapilan vurgu, 38. S6zde ¢ok daha
aclk bir sekilde gosterilmek istenir: “Dogrusu sudur ki,
gerekirse g¢ocugunu evlendirme, miras birakma, tim
varligini ortaya koymak pahasina da olsa, evladina Ruslarin
ilmini 6gret! Benim soOyledigim yol mal esirgeyecek yol
degildir. Allah’tan kork, insanlardan utan, ¢ocugun gocuk
olsun istiyorsan, okut, malini esirgeme!” (Ayan, 2017, 84)
diyerek Abay adeta son sodziini soylemektedir. Abay’in,
Ruscanin ve Ruslarin biliminin 6grenilmesi yonlindeki
saliginin donemin sartlari dikkate alinarak yorumlanmasi
gerekliligi hususu 6nemlidir. Zira Abay’in donemindeki siyasi
ve cografi sartlar, yabanci bir dil 6grenme ve bilimsel
kaynaklara erisim imkanlari agisindan Rus¢a ve Rus
kaynaklari disinda baska bir imkan sunmamaktadir. Bu
nedenle Abay, herhangi bir dil gibi Rusga’yi ilim ve bilime
ulasmanin temel araci olarak gérmistir. Ancak bunun
yaninda Abay, pek cok yerde Tiirk¢e, Arapca ve Farsga gibi
dillerin de 6grenilmesinin 6nemine deginmistir. Buyuk sair
egitimin 6neminin yaninda egitimin amaci ve yontemine
iliskin de bazi degerlendirmelerde bulunmustur. Eserlerinde
sikca egitim, ilim ve bilimin amacinin insaninin
aydinlanmasina, iyi bir birey olarak hem kendisine hem de
toplumuna faydali olmak oldugu Uzerinde duran Abay, yine
donemin olumsuz sartlarini da dikkate alarak asgari
diizeyde bir c¢erceve ¢izmeye calisarak 25. Sozde
disincelerini soyle ifade etmistir:

“...Cocuklarimizi okutmak vyararhdir, ancak ibadet
edecek kadar, Tirkce yazilari okuyabilecek kadar
egitim vermelidir. Cink{, burasi Dar-Gl harp'tir,
burada 6nce gecimini kazanmak gerekir, sonra Arap,
Fars dillerini 6grenmek lazim olur. Ag kisinin zihninde
acikhk, davranislarinda edeb ve gonliinde ilme
disklinlik olur mu? ... Maiset temin edilirse, karin
doyar. Ondan sonra sadece ilim degil, sanat da ihtiyag
olur. insanlarda bunlari hem kendileri 6grenmek,
hem de evlatlarina 6gretmek icin istek ortaya gikar.
Rusca egitim almak gerekir... Onlarin zararindan
korunmak, faydalarina ortak olmak igin dilini,
egitimini ve ilmini bilmemiz gereklidir... Din igin de
ilim gereklidir...” (Ayan, 2017, s. 88).

Ogrenme istegi ve merakin egitim ve bilim icin 6n sart
oldugunu belirten Abay, egitim ve bilim almak isteyenler
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icin 32. Sb6zde yontem mahiyetinde belirli sartlar
siralamistir. Bunlardan birincisi, ilim ve bilim tahsil etmek
isteyen hangi dizey ve alanda olursa olsun o6ncelikle
Ogreneceklerinin faydasina yirekten inanmasi gerekir. Aksi
takdirde kisinin 6grenme azmi ve tutkusu “lvey annenin
cocuga tutkusu gibi olur” diyerek uyarida bulunur. ikincisi,
ilim tahsil etmek isteyen hem samimi bir maksada hem de
coskulu bir arzuya sahip olmaldir. Ancak ilim 6grenme
arzusu, rekabetin 6tesinde hirsa donlismemelidir. Clnki
hirs, bencillik, kibir ve hasetlik gibi kotli hasletlere neden
olarak kisiyi amacindan uzaklastirir. Uglincisi, kisi
ogrendiklerini  kendi hayatinda tatbik etmeli ve
cevresindekilere de 6rnek olmalidir. Dérdiincisd, ilim ve
bilimle mesgul olan kisi 06grendiklerini analitik bir
degerlendirmeye tabi tutarak milahaza etmeli ve ona gore
de muhafaza etmelidir. Besincisi, ilim ve bilimle ugrasan
kaygisiz ve kayitsiz olmamali. Kaygisizhgin bireysel ve
toplumsal boyutta ¢ok sayida zararlari bulunur. Sonuncusu
ise ilim tahsil edilirken yaratilisla insana verilen mizag ve
sahsiyetin bozulmamasina 6zel olarak dikkat edilmelidir
(Abay, 2014, 84).

4. ABAY’IN AiLE HAKKINDAKI GORUSLERI

Abay, diiriistliik ve adalet timsali Oskenbay gibi bir dedenin;
Kunanbay gibi dindar ve dirayetli bir babanin; kiltirg,
hitabeti ve kivrak zekasiyla Ulcan gibi bir ananin; anlattig
masal ve destanlarla gelenegin temsilcisi Zere gibi bir
ninenin ocaginda yetismistir. Abay, aile ve aile iliskilerini
“Birlik olmadan dirlik olmaz” disturuyla ele alir. Aile onun
icin terbiyenin temellerinin atildigi ilk yerdir (Beylur, 2020,
s. 91-99). Ebeveynlerin gorevi iyi evlatlar yetistirerek
topluma iyi bireyler kazandirmaktadir. Bu hususu, biyik
sair, 38. Sozde ebeveynlere herseyden dnce ¢ocuklarina iyi
bir egitim imkani saglamalari gerektigini soyleyerek ne
kadar 6nemsedigini gostermektedir. Bu noktada Abay, 25.
Sozde, “...Bazi insanlar Allah’tan ¢ocuk isterler. O gocugu ne
yapacak? Oliirse yerini alsin, ardmdan Kur’an okusun,
yashliginda kendisine baksin, ister. Bundan baska ne
isterler?...” (Abay, 2014, s. 38) diyerek sirf soyun devami ve
belirli vazifelerin ifasi maksadiyla ¢ocuk sahibi olmayi
islevsiz ve anlamsiz gorir. Calismayan, ahlaki acgidan
gelismeyen bireylerin sirf atadan kalan miras Uzerinden
hayatlarini devam ettirmelerini (Abay, 2014, s. 132) elestirir.
Bir s6ziinde Abay “Topluma musibet etki etmez mi? Bir
ailede herkes hastalanirsa, kolay mi olur?” diyerek ailenin
toplum icin de ne kadar 6nemli oldugunu vurgulamak ister.
Diger yandan kolektif suur ve sosyal yardimlasmaya verdigi
onem derecesinde, sadece kendini, kendi ailesini
distnenleri de elestirir.

Aile iliskilerinde kadini, 6nemli bir denge unsuru olarak
goren Abay, eserlerinde aile igi sosyal rollerin 6nemine de
deginir. “Masgut” adl destaninda kadinin aile ve toplum
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icindeki rolline yaptigi vurgu dikkat cekicidir:

Esasinda, insanin basinda bela olur mu?
Etrafinda ipini koparmis bulunur mu?
Erkek ofkelenince, esi sakinlestirse
Eskisi gibi diismanca durulur mu?
(Bazarkulova, 2019, 5.47).

Abay Yolu romanindaki karakterler ve yasadigi dénem
cercevesinde bir kiz evlat, bir es (sevgili), bir anne olarak,
Abay’in dinyasindaki kadin simgesinin, ¢aginin otesinde
oldugunu da belirtmek gerekir (Avezov, 1997). Aslinda
Abay, Kazak sair ve duslnilrler arasinda kadinin
0zglrliginu savunan ilk kisidir, ondan 6nce Kazak yazili
edebiyatinda kadin  imajina  rastlanilmadigi  iddia
edilmektedir. Ancak bir es ve anne olarak kadin imaji Kazak
toplumunun saygi duydugu toplumsal bir olgudur (Doszhan,
2021, s. 265-266). Cocuk terbiyesi ve egitimine degindigi 41.
So6zde bliyik sair, donem itibariyle okula gonderilmeyen kiz
cocuklarinin da ilim (dini egitim) tahsil etmelerini tavsiye
etmektedir (Abay, 2014, s. 138).

Toplumlarin gelecegi olan genglik de Abay’in coke¢a lizerinde
durdugu ve dokunmak istedigi sosyal gruplarin basinda
gelir. Dogrudan gengcligin hedef alindigi onun Ulzerinde siiri
bulunmaktadir (Cinar, 1995, s.10). Bu husus asagidaki siirde
actkca gorilmektedir :

Ben siiri mesgale olsun diye dylesine,

Sozleri dizmek i¢in yazmiyorum.

Kalbinde hissi olan, sézden anlayan,

Genglere 6rnek olsun diye yaziyorum.

Bu sozleri uyusuk olan anlamaz,

Gayretli, gonil goézi uyanik ding olan anlar
(Bazarkulova, 2019, s. 30).

5. ABAY’IN DiN HAKKINDAKi GORUSLERI

Abay, yasadigi donem ve cevreye gore iyi bir din egitimi
almis, felsefe ve sosyoloji gibi alanlarda da bilinen bazi
distnrlerin eserlerini okuma imkani bulmustur. Bu birikim
onun hem siirlerine hem de Kara Sozler'indeki
disincelerine yansimistir. Bilhassa kirk bes nasihatten
olusan Kara Sozler, dini oldugu kadar felsefi ve sosyolojik
icerikli bir eser olarak nitelendirilebilir. Dolayisiyla eserde,
din, egitim, aile, kadin, genclik, ask, ahlak gibi pek ¢ok
konuya deginilmistir. Ancak eserin tamami dikkate
alindiginda egitim, din, ahlak ve erdemli olmak gibi
meselelerin agirligi olusturdugu goérilmektedir. Abay, Tirk
ve Misliiman toplumlardaki birkag¢ yizyilin neden oldugu
sosyal alandaki yozlasmayi da dikkate alarak aydinlanma
surecinde egitimle birlikte din kurumu lzerinde 6nemle
durmustur. Buylk sair, cehaletin ve dini yapidaki
bozulmanin toplumsal sorunlarin biylk c¢ogunlugunu
olusturdugunu diistinmektedir. Bu dogrultuda hem iyi bir
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insan hem de iyi bir Misliman olabilmek icin bilgi,
dirustlik, adalet, ahlak, erdem ve merhamet gibi kavramlar
Uzerinde durarak bunlarin, sosyal sorunlarin izalesinde
o6nemli oldugu hususu tizerinde durmaktadir (Ayan, 2017, s.
100).

Diinyaya dost olan, ahrete dost olmaz.

ikisi tastamam ayni sekilde yerini bulmaz.

Diinyay! arzulayan, mahserde caresizin

“Imani bitiindir” demeye dilim varmaz. (Abay, 2014,
s. 288)

Abay, “Sizin hayirhniz diinyasi igin ahiretini, ahireti igin
diinyasini terk etmeyendir” hadisi geregi yukaridaki
misralarda insanin yapip ettiklerinde diinya ve ahiret
dengesini korumasi Gizerinde durarak, bunun aksi davranisin
hem diinyadaki toplumsal diizen igin hem de ahiret hesabi
acisindan sorunlu oldugunu séyler. 10. Sézde “ilimsiz ahiret
de yok, diinyalik da yok. ilimsiz kilinan namaz, tutulan orug,
gidilen hac, hicbir ibadet yerine ulasmaz” diyerek hem bu
diinya icin hem de ahiret icin yapilan ibadetlerin maksadi ve
anlami igin ilim sahibi olmanin tzerinde durmaktadir. Abay,
bu iki hususu 13. S6zde akil ve iman ¢ergevesinde biraz daha
acmaktadir:

“Iman dedigimiz, Allah-u Teald’nin seriksiz, siiphesiz
birligine, varligina ve bize Peygamberimiz (S.A.V)
araciligiyla gonderdigi her turld farzlarina ve
bildirdiklerine boyun egip inanmaktir. Bu imana sahip
olabilmek icin iki tlrli yol var. Evvela hangi emrine
iman edilirse, onun gergekligine akliyla delil bulacak,
akll buna ererse buna yakini iman denir. ikincisi
kitaptan okuyarak ya da mollalardan dinleyerek iman
edip iman ettigine de saglam baglanmasi gerek
(Ayan, 2017, s. 75).

6. SONUC

Kazaklarin siyasi ve toplumsal hayatina olan etkileri dikkate
alindiginda Abay’in 6ne ¢ikan U¢ yoninden bahsedebiliriz.
Bunlardan ilki, O, 19. Yuzyll Kazak halkinin karsi karsiya
kaldigi sosyal, siyasal ve ekonomik meselelere bizatihi
taniklik eden ve bunu yiireginde hisseden edebi ve tarihi bir
sahsiyettir. ikincisi, O, yasadigl dénem, cevre ve beslendigi
kaynaklar bakimindan kendinden onceki edebi ve fikri
birikimin hem bir temsilcisi hem de kendinden sonraki Kazak
aydinlarina, 6zellikle de Alas liderlerine aktaricisi olmasi
sebebi ile dnemli bir kdpriidiir. Uglinciisti, O, ayni zamanda
Bagimsiz Kazakistan’in milli ve manevi bir rehberidir. Ozetle,
blylk sairin siirlerinde ve nasihatlerinde halkina iyiligi,
dogrulugu, calismay! ve Uretmeyi, egitimi, bilimi ve cagi
yakalamayi salik veren agik bir ¢agri vardir. Onun, halkina
yonelik bu ¢agrisi, zaman zaman sert bir elestiri ile zaman
zaman da ironi ile de olsa hayati boyunca devam etmistir. O
diisiincelerini ve sanatini, bugin “Abay Okulu” diye
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nitelendirilen kendi takipgisi bir cevreye aktarmayi da ihmal
etmemistir.

Sonug olarak, disinceleriyle ve eserleriyle Abay, 19.
yuzyildan 21. yilzylla uzanan Kazak modernlesme
cabalarindaki saglam bir kdpri ve manevi bir rehber olma
rolliini devam ettirmektedir. Diger yonlerinin yaninda daha
ziyade edebi ¢ehresi ile bilinen Abay Kunanbayoglu, ayni
zamanda belirli toplumsal kurumlar Gzerinden degisim ve
donlstimi salklayan bir dislinirdidr. O, modernlesmeyi
(cagdaslasmayi) savunurken milli kimligi olusturan dil, din,
klltir ve gelenek gibi kurum ve yapilarin muhafazasina 6zel
ihtimam gostermistir. Bu sebepledir ki onu Dogu ile Bati’'nin,
modernlesme ile  gelenegin  bir sentezi olarak
yorumlayabiliriz. Bu sentezi, gliniimiizde Kazakistan’in aile
yapisindan egitim sistemine uzanan ¢ogu toplumsal kurum,
yapli ve yasam bicimlerinde gérebilmek mimkindur.
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EXTENDED ABSTRACT

Abai (Ibrahim) Kunanbaiuly (1845-1904), who is considered as the national and spiritual guide of today's Kazakhstan
society, is the forerunner and also the pioneer of the 19th century Kazakh modernization efforts. Abai's thoughts and
works, which was an important source from which Alash Orda, the independence movement of the period, were fed,
have a unique place in the social, cultural and political life of independent Kazakhstan. Abai, who is closely interested in
art and culture besides his literary and philosophical aspects, is also a thinker and opinion leader who ponders on political
and social issues.

The environment in which Abai was born and raised coincides with the political, economic and social difficult periods of
the Kazakhs. Since his childhood, Abai himself witnessed the deterioration of the Russian colonial system on local
administrators and society, and took a stance against this trend. He did not shy away from expressing his discomfort in
the face of this bad course, on the other hand, he tried to shed light on the dark period he lived in with his works. For this
reason, Abai can be defined as a modernist considering his literary personality as well as his thoughts on social structure
and social institutions.

In his works, it can be seen that various social institutions, especially education, religion and family institutions, are given
special importance and are often evaluated together. Social problems caused by lack of education and ignorance occupy
a great place in Abai's poems and advice (Kara Sozler). Abai handles family and family relations with the principle of "There
is no peace without unity". For him, the family is the first place where the foundations of upbringing are laid (Beylur,
2020, pp. 91-99). The duty of parents is to bring good individuals to the society by raising good children. The great poet
thinks that ignorance and deterioration in the religious structure constitute the majority of social problems. In this
direction, in order to be a good person, he focuses on concepts such as knowledge, honesty, justice, morality, virtue and
compassion and emphasizes that these are important in eliminating social problems (Ayan, 2017, p. 100).

Considering the effects on the political and social life of the Kazakhs, we can mention three prominent aspects of Abai.
The first of these is he is a literary and historical figure who personally witnessed and felt in his heart the social, political
and economic issues faced by the 19th century Kazakh people. Secondly, he is an important bridge in terms of the period
he lived in, the environment and the sources he fed, as he was both a representative of the literary and intellectual
accumulation before him and a transmitter to the Kazakh intellectuals after him, especially to the leaders of Alash. Thirdly,
he is also a national and spiritual guide of Independent Kazakhstan.

In summary, in the poems and advices of the great poet, there is a clear call to his people advising goodness,
righteousness, working and producing, education, science and catching up with the era. This call of his to his people
continued throughout his life, albeit with harsh criticism and irony from time to time. He also did not neglect to transfer
his thoughts and art to a circle of followers of his own, which is called the "Abai School" today.

As a result, with his thoughts and works, Abai continues his role as a solid bridge and spiritual guide in Kazakh
modernization efforts from the 19th century to the 21st century. Abai Kunanbayoglu, who is known for his literary face
among other aspects, is also a thinker who recommends change and transformation through certain social institutions.
While advocating modernization, he paid special attention to the preservation of institutions and structures such as
language, religion, culture and tradition that constitute the national identity. For this reason, we can interpret Abai as a
synthesis of East and West, modernization and tradition. It is possible to see this synthesis in most social institutions,
structures and lifestyles of Kazakhstan, ranging from the family structure to the education system.
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The Effect of Outlier Detection Methods in Real Estate

Valuation with Machine Learning”
Makine Ogrenimi ile Miilk Degerlemesinde Aykiri Deger Tespit Yontemlerinin
Etkisi
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Abstract

For those who invest in real estate as an investment tool, as well as those who buy and sell real estate, the price of real estate should be
predicted realistically and with the highest accuracy. It should be noted that the predict model should be the most appropriate representation
of the underlying fundamentals of the market. Otherwise, the mistake to be made in the real estate valuation will cause some undesirable
results such as inconsistent and unhealthy increase or decrease of the property tax, excessive gains or losses in favor of some groups, and
adverse effects on investors and potential real estate owners. At this point, data-driven real estate valuation approaches are preferred more
frequently to create highly accurate and unbiased estimates. However, the consistency, precision and accuracy of the models realized with
machine learning approaches are directly related to the data quality. At this point, the effects of outlier detection on prediction performance
in real estate valuation are investigated with a large data set obtained in this study. For this purpose, a heterogeneous data set with 70.771 real
estate data and 283 variables, 4 different outlier detection methods were tested with 3 different machine learning approaches. The empirical
findings reveal that the use of different outlier detection approaches increases the prediction performance in different ranges. With the best
outlier detection approach, this performance increase was at a high 21,6% for Random Forest, with a 6,97% increase in average model
performance.

Keywords: Real Estate Valuation, Machine Learning, Outlier Detection, House Price Precition, Data Preprocessing

Oz

Konut alanlar ve satanlar kadar bir yatirim araci olarak konut tizerinden yatirimda bulunanalar icin de konut fiyatinin gergekei ve en yiksek
dogrulukta tahmin edilmesi gerekmektedir. Tahmin modelinin, piyasanin altinda yatan temellerin en uygun temsili olmast gerektigi
unutulmamalidir. Aksi takdirde konut degerlemesinde yapilacak hata emlak vergisinin tutarsiz ve sagliksiz artirlmasi veya azaltlmasi, bazi
gruplar lehine asirt kazang veya kayip ve yatirnmeilar ile potansiyel konut sahiplerini olumsuz etkilemesi gibi bazt istenmeyen sonuglara neden
olacaktir. Tam bu noktada glinimiizde veri odaklt konut degerleme yaklasimlari yiksek dogrulukta ve 6nyargisiz tahminler olusturmada daha
stk tercih edilmektedir. Fakat makine 6grenmesi yaklasimlarn ile gerceklestirilen modellerin tutarliigy, kesinligi ve dogrulugu veri kalitesi ile
dogrudan baglantilidir. Bu noktada bu ¢alismada elde edilen genis bir veri seti ile konut degerlemede 6zellikle aykirt deger tespitinin tahmin
performansi tizerine etkileri aragtirlmaktadir. Bu amagla 70.771 konut verisi ve 283 adet degiskene sahip hetorejen bir veri seti ile 4 farkl aykirt
deger tespiti yontemi 3 farkli makine 6grenmesi yaklasimt ile test edilmigtir. Elde edilen ampirik bul gular farklt aykir deger tespiti
yaklasimlarinin kullanilmasinin tahmin performansint farkli araliklarda artigint ortaya koymaktadir. En iyi aykirt deger tespiti yaklasimi ile
ortalama model performansinda % 6,97’lik bir artisla birlikte Rastgele Orman icin bu performans artist % 21,6’lik yiksek bir oranda
gerceklesmistir.
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1. INTRODUCTION

Residential property is a long-term investment type where
real estate investors generally hold regular or value
increase and return for the future, investing to compensate
for the invested capital (Shapiro et al., 2019:11). But a
household or real estate owner needs to collect and
process a lot of information in order to make the real estate
and real estate market choices that maximize utility or
profit (Harsman and Quigley, 1991: 2). For this reason, the
need for an impartial, objective and systematic evaluation
of the house, which is a real estate, (Zurada et al., 2011:
349; Alexandridis et al.,, 2019: 1770; Peter et al.,, 2020:
2918) is an important phenomenon when the constant
change in real estate prices is taken into account, and it is
a phenomenon that closely concerns many stakeholders in
this field (Janssen et al., 2001: 342). The real estate market
is one of the markets that focuses on pricing the most and
is needed among all the goods and services markets. Real
estate valuation or housing price prediction can basically
be defined as a regression task used to measure the value
consumers attribute to real estates using objective data.
The price prediction problem can be viewed as a regression
problem where the dependent variable is the market value
of a real estate and the independent variables are real
estate characteristics such as size, age, number of
bedrooms, etc. Considering the market value and
characteristics of a large number of real estates, the aim is
to obtain a function that relates the metadata of a real
estate to its value (Poursaeed et al., 2018: 668).

For those who invest in real estate as an investment tool as
well as those who buy and sell real estate, the price of real
estate should be estimated realistically and with the
highest accuracy (Bin, 2004: 69; Daskiran, 2015). High-
accuracy predictin of real estate prices has an important
role in the decision of stakeholders to realize the potential
of their investments (Kouwenberg and Zwinkels, 2014:
416). While investors in large pools of asset-backed
securities cannot personally examine each asset, they want
to have the comfort of knowing that these assets are
valued reliably (Zurada et al., 2011: 350). In addition, as
revealed by Gilbertson and Preston (2005), the type of real
estate valuation methods adopted in a country can even
affect the country's economy. For this reason, legal
practices and concepts, environmental conditions
(Ktgtikkaplan & Aldi, 2017), the model to be used should
reflect the market culture and conditions during the
valuation in the most accurate way. It should be noted that
the model should be the most appropriate representation
of the underlying fundamentals of the market (Pagourtzi,
et al., 2003). Otherwise, the mistake to be made in the real
estate valuation will cause some undesirable results such

10

as inconsistent and unhealthy increase or decrease of the
property tax, excessive gains or losses in favor of some
groups, and adverse effects on investors and potential real
estate owners.

At this point, data-driven real estate valuation approaches
are preferred more frequently to create highly accurate
and unbiased predictions. With these developments, the
use of data-driven machine learning approaches that can
learn the relationship or patterns between inputs and
outputs and make inferences in order to minimize human
involvement and prejudices in real estate valuations and
improve the accuracy of residential real estate price
prediction models is becoming more remarkable today.
Especially in parallel with the developments in the volume
and speed of information processing, the developments in
the Machine Learning approach, which is a sub-field of
Artificial Intelligence, triggered this situation more. In
parallel with all these developments, a wide variety of
machine learning approaches have been used by many
researchers in the task of residential real estate price
prediction. Random Forest(Aydemir et al., 2020; Yilmazer
& Kocaman, 2020; Gupta et al., 2021; Tchuente & Nyawa,
2021; Bilgilioglu & Yilmaz, 2021; Kim et al., 2021; Steurer et
al., 2021; Yazdani, 2021; Imran et al. , 2021; Truong et al.,
2020; Ho et al., 2021; Bergadano et al., 2021; Jui et al.,
2020; Fu, 2018; Alkan et al.,, 2022), Support Vector
Regression (Yacim and Boshoff, 2020; Manasa et al., 2020;
Garcia-Magarifio et al., 2020; Pai and Wang, 2020;
Tchuente and Nyawa, 2021; Bilgilioglu and Yilmaz, 2021,
Imran et al., 2021; Chou et al., 2022 ; Ho et al., 2021; Alkan
et al., 2022), Decision Trees (Sawant et al., 2018; Aydemir
et al., 2020; Pérez-Rave et al., 2020; Pai and Wang, 2020;
Alfaro-Navarro et al., 2020; Mrsic et al., 2020; Bilgilioglu
and Yilmaz, 2021; Sing et al. , 2021; Sangha, 2021; Blyuk
and Unel, 2021; Chou et al., 2022; Shi et al., 2022), Neural
Networks (Stubfiova et al., 2020; Yacim and Boshoff, 2020;
Pai and Wang, 2020; Lee and Park, 2020; Garcia-Magarifio
et al., 2020; Sevgen and Aliefendioglu, 2020; Mankad,
2021; Rampini and Cecconi, 2021; Tchuente and Nyawa,
2021; Torres-Prufionosa et al., 2021; Bilgilioglu and Yiimaz,
2021; Kalliola et al., 2021; Steurer et al., 2021; Sa'at et al.,
2021; Terregrossa and lbadi, 2021; Tabar et al., 2021 ;
Abhyankar and Singla, 2021; Yazdani, 2021; Chou et al.,
2022; Seya and Shiroi, 2022), K-Nearest Neighbor (Zhao et
al.,, 2019; Yildirm, 2019; Mrsic et al.,, 2020; Garcia-
Magarifio et al., 2020; Tchuente and Nyawa, 2021;
Bergadano et al., 2021; Yazdani, 2021; Alkan et al., 2022),
Gradient Boosting (Walthert and Sigrist, 2019; Truong et
al., 2020; Mrsic et al., 2020; Manrique et al., 2020; Imran et
al., 2021; Ho et al., 2021 ; Sangha, 2021; Bergadano et al.,
2021) are just some of these approaches.
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Consistency, precision and accuracy of models realized
with machine learning approaches are directly related to
data quality. At this point, in order to accurately prediction
the real value of the residential real estate, it is imperative
to support the obtained data with accurate and
appropriate models and methods (Kliglikkaplan & Aldi,
2017; Almond et al., 1997: 2). The fundamentals of real
estate valuation or price prediction are also directly related
to the collection, analysis and interpretation of comparable
data (McGreal et al., 1998: 58). At this point, data quality
and data preprocessing steps are of critical importance.
Appropriate and careful data preparation is one of the
most time-consuming and direct factors on performance in
the use of machine learning methods. Model performance
is affected not only by the performance of the methods,
but also by the quality of the data set and its ability to
represent the final goal to be achieved. The applicability of
machine learning applications, which offer an alternative
approach for smart system design in the real estate
valuation process, can only be guaranteed when a suitable
large pool of transaction data is available to work with and
this data set is prepared under appropriate conditions.
Although dataset size is an important factor, completeness
and representativeness are even more important. The
more appropriate representative samples the data set
contains, the more robust (Kalliola et al., 2021: 2) and high
predictive performance models can be created. However,
data preprocessing steps are often ignored or not given
special attention, except for a small number of studies in
the field of real estate valuation (Sandbhor and Chaphalkar,
2019; Jha et al.,, 2020; Sing et al., 2021; Sisman and
Aydinoglu, 2022).

At this point, the effects of outlier detection in residential
real estate valuation are investigated with a large data set
obtained in this study. For this purpose, 4 different outlier
detection methods were tested with 3 different machine
learning approaches with a heterogeneous data set with
more than 70 thousand residential real estate data and 283
variables. The empirical findings reveal that the use of
different outlier detection approaches increases the
prediction performance in different ranges. In addition,
this situation is a proof that increasing the time allocated
to the stages that increase data quality, such as outlier
detection, which is a data preprocessing process, will
increase the success in the real estate valuation task.

In the following sections of the study, the data and
preprocessing steps used in the second part of the study
are presented. Information on machine learning
approaches and outlier detection methods used in the
price prediction task is given in Chapter 3. In Chapter 4, the
implementation steps and findings with these methods are
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presented. The last part of the study is the conclusion part,
which includes the discussion of the findings.

2. DATA

Within the scope of this study, Ankara, the capital of
Turkey, which has a residential real estate stock of nearly 3
million, has been discussed. Between 02.12.2021 and
10.07.2022, 159.244 advertisement data were obtained
from real estate sites with a web scraper developed. As a
result of removing the missing and inconsistent data and
repetitive data from the obtained data, 72.873 flats, 2.157
villas, 40 detached houses, 585 residence flats were
obtained. In this study, only flats and residences are
considered. As a result, after a general data preprocessing
process, there is a total of 73.458 residential real estate
data. 156 variables were obtained, including the total price
information of these real estates. Variables such as
“Announcement Number” and “Real Estate Type”, which do
not represent any information in the real estate price
prediction task, have been removed from these variables.
In addition, a total of 82 variables were added to the data
set, with 4 air quality features on a district basis, 12
demographic characteristics on a district basis, and 66
features related to proximity to various points (bus stops,
schools, hospitals, banks, etc.). In addition to all these, in
order to perform healthier analyzes within the data
obtained from 25 different districts, data with less than 100
observations on a district basis were removed from the
data set. For this reason, the data of Bala, Beypazari,
Camlidere, Elmadag, Evren, Haymana, Kahramankazan,
Kalecik, Kizilcahamam, Nallihan, Sereflikoghisar districts,
which have less than 100 housing data, have been
removed. In the new data set obtained as a result of this
process, the distribution of the data on the residences by
district is shown in Figure 1.
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Figure 1. Number of real estates by districts

In addition to the monthly and district-based cumulative
distribution of real estate prices, the statistical distribution
is an exploratory data analysis that contains very important
information about the obtained data set. For this reason,
the price distributions of the flat data set are given in Figure
2. As can be seen in Figure 2(a), there is a high level of right
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skew in the price variable. The main reason for this
situation is that the deviation of some flat prices from the
average, albeit a small number, is very high. Figure 2(b)
shows a clearer conclusion about the effects of this
situation. Figure 2 (b) shows the distribution of houses with
a price of less than 5 million TL, excluding the data for only
479 houses. As it can be understood from here, the
skewness of the flat price distribution has decreased
significantly. Although Figure 2(b) is less right-skewed than
Figure 2(a), the deviation from the mean is very significant.
The most obvious conclusions that can be drawn from this
figure are that the dataset clearly has outliers and the
residential real estate price data needs various
transformations under the assumption of linearity when
linear models are considered.

Price
(a)

Price
(b)

Figure 2. Distribution of flat prices

In addition, it is possible to comment on some variables
and variable values by looking at the explanatory statistics
of the variables in general. In particular, although some
continuous variables have healthy mean and standard
deviation values, this is not the case for a few continuous
variables. The most obvious example of this situation is
seen in the "Net Square Meter" and "Gross Square Meter"
variables, which show the size of the house. The maximum
values of both variables are observed as 995 and 869,
respectively. In addition, the minimum value of both
variables was found to be 1 square meter. These findings
suggest that outliers need to be excluded according to a
clear bound on the values of these variables. A similar
situation is also valid for the dependent variable “Real
Estate Price” as mentioned before. This variable, which has
a very high standard deviation value, has very unrealistic
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values in terms of minimum values of 1,330 TL and
maximum values of 97,000,000 TL. As in the "Net Square
Meter" and "Gross Square Meter" variables, an outlier
analysis should be made on this variable as well. In
addition, the significant differences between the value
ranges of the continuous variables examined in this context
reveal the necessity of scaling the features especially
within the scope of these variables. In addition to all these,
all categorical variables in the variable set were converted
into binary variables using the One Hot Encoding method.
This means that any N-valued categorical variable will be
converted into a total of N binary variables. Thus, a total of
N new binary variables are created, one for each possible
category in a variable, and these new variables take the
values of one and zero. For this purpose, the categorical
variables “Real Estate Type”, “Building / Residence Age”,
“Heating Type”, “Usage Condition”, “Sold By Who”,
“District”, “Year” and “Month” are converted into a new
variable that takes each category value into binary value by
using One Hot Encoding. Although the variables "Real
Estate Loan Opportunity" and "Furniture Status" are
categorical variables, no conversion was needed as they
are currently only binary variables. A total of 283 variables
have been reached in the new real estate dataset obtained
as a result of these transformations.

3. METHOD

The methods used in this study should be evaluated under
two different headings. The first of these is the methods
used in the detection of outliers, while the other is the
machine learning approaches used in the real estate price
prediction task.

3.1. Outlier Detection Methods

Identification of outliers in a data set is of critical
importance in terms of both improving the quality of the
data and reducing the effect of outliers in the process of
knowledge discovery from data. Such outliers can
complicate the process of discovering useful patterns
during data analysis, but they must also be detected for
more consistent and reliable information. These outliers
can be isolated with a wide variety of methods and these
data can be analyzed externally (Rahman et al., 1998: 23).
Outliers are observations that clearly differ from other
observations in the same dataset and raise doubts about
the source and originality of the data (Barnett and Lewis,
1984: 4). Outliers may occur due to various malfunctions,
changes in the behavior of the system under study,
fraudulent behavior, human error, data recording errors or
simply natural deviations in sampling (Hodge and Austin,
2004: 85). Outliers are a very important step in the data
preprocessing process, which directly affects the data
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quality and indirectly affects the performance of the
prediction models. The main purpose of outlier detection
and removal from the dataset is to narrow the range of the
dataset to make it suitable for producing better predictive
results. Especially for residential real estate price
prediction models where heterogeneity is a big problem
and directly affects performance, the detection of outliers
is very important to obtain a homogeneous data set.

There are many methods available on the detection of
outliers, with both statistical and supervised or
unsupervised learning. For this reason, in this study,
various methods that are frequently preferred especially in
the residential real estate valuation literature are
discussed.

3.1.1. Interquartile range method

This method, also called the box chart or Tukey method,
basically aims to determine the lower outlier gate and
upper outlier gate using the 25th Quarter and 75th
Quarter. For this purpose, Equation 1, Equation 2 and
Equation 3 are given below. In this method, where the Inter
Quantile Range (IQR) value is calculated primarily, the IQR
proximity rule limits are calculated by multiplying the IQR
by 1,5. However, extreme values can be determined by
multiplying 1QR by 3 (Galli, 2020: 38). The values outside
the lower bound and upper bound thus obtained represent
outliers.

Upper outlier gate = 75th Quarter + (IQR * 1.5) (1)
Lower outlier gate = 25th Quarter + (IQR * 1.5) (2)
IQR = 75th Quarter — 25th Quarter (3)

3.1.2. Standard deviation method

Similar to the IQR procedure, the standard deviation
method can detect outliers, depending on the limit that can
be detected as 2 standard deviations or 3 standard
deviations. Equation 4 and Equation 5 given below are
generally used to determine the lower and upper limits for
two standard deviation ranges. Thus, the values outside
the lower limit and upper limit obtained as in the quarter
span method represent outliers.

Lower limit = x — 2 *

(4)

Upper limit = & + 2 * (5)
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3.1.3. Modified Z Score method

The Z-score method, which is very similar to the standard
deviation method, reveals how many standard deviations a
value is from the mean. However, Z-scores are very
sensitive to data values that are too large or smaller than
the mean; therefore, a more robust way to detect outliers
is to use a modified Z-score based on the median.
According to Iglewicz and Hoaglin (1993), observations
with modified Z-scores less than -3,5 or greater than 3,5 are
identified as potential outliers. In the Z-score calculation
modified for this purpose, the Equation 6 and Equation 7
are used.

Xi — X
ZModifiea = 0,6745 * VMAD (6)
MAD = median(|x; — median(x;)|) (7)

3.1.4. Isolation Forest method

Unlike the statistical outlier detections mentioned above,
Isolation Forest is a different model-based method that
explicitly isolates anomalies rather than profiling normal
samples. While other methods focus only on the
dependent variable, model-based methods such as
Isolation Forest take both dependent and independent
variables into account. Using two quantitative features for
outlier detection, Isolation Forest searches for minorities
with fewer samples and for samples with very different
quality values from normal samples. In other words,
anomalies are "few and different," making them more
susceptible to isolation than normal spots. Due to their
susceptibility to isolation, anomalies are isolated close to
the root of the tree; normal points are isolated at the deep
end of the tree. This isolation feature of the tree forms the
basis of this method of detecting anomalies (Liu et al.,
2008: 414). Unlike other anomaly detection algorithms,
Isolation Forest focuses on detecting exception data and
different characteristics, rather than distance or density, to
detect anomalies. Thus, it can quickly separate outliers
from normal data with low linear time complexity (Xu et al.,
2017: 288).

3.2. Machine Learning Models Used in Real Estate Price
Prediction

Regression analysis creates a mathematical model of the
connection between dependent and independent
variables with mutual cause-effect relationships under
various assumptions and allows predictions to be made
through this model (ilhan and Semih, 2020: 176). In this
context, regression analysis methods, which express the
collection of methods used to analyze the relationship
between a dependent variable and one or more
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independent variables (Zhang and O'Donnell: 2020: 123)
and thus to estimate the dependent variable, are
frequently used in real estate valuation. In this context, K-
Nearest Neighbor, Lasso and Random Forest machine
learning models, which are frequently used in regression
tasks, were used in this study to test the success of outlier
detection methods.

3.2.1. Random Forest

Random Forest, a supervised learning algorithm that uses
the ensemble learning approach for classification and
regression, is basically a decision tree machine learning
method, consisting of combining many tree structures with
ensemble learning and combining the prediction of these
decision trees to create a more accurate final prediction
(Truong et al., 2020: 436). In addition to prediction and
classification tasks, the fact that they can be used with a
small number of observations and a large number of
variables, and also that they can provide information about
the importance levels of the variables constitute the power
behind the popularity of the Random Forest approach.
Random Forest (Breiman, 2001) is a machine learning
algorithm based on a method of bagging trees, which is
mainly used for classification problems and can also be
applied to regression tasks.

3.2.2. Lasso

Lasso (Least Absolute Shrinkage and Selection Operator)
(Tibshirani, 1996) is a linear regression analysis method
with Ll-norm arrangement, used for both variable
selection and regularization. The accuracy of the Lasso
algorithm largely depends on the selection of the
regularization parameter (alpha), and small values selected
lead to over-learning, while relatively large alpha values up
to a certain level lead to more pure accuracy (Viktorovich
et al., 2018: 3). By increasing the regularization parameter,
solutions using fewer features are implemented by the
model in order to improve the prediction accuracy and
interpretability of the model (Gao et al., 2022: 15). In Lasso
Regression, penalty and limitation are applied by
considering the absolute values of the sum of the
regression coefficients. This forces less important features
to have zero weight values and enables implicit removal of
unnecessary variables from the model (Bin et al., 2017:
210).

3.2.3. K-Nearest Neighbor

The K-nearest neighbor algorithm, one of the most widely
used in the family of distance-based machine learning
algorithms, is a non-parametric (Cover and Hart 1967: 22)
machine learning algorithm used for classification and
regression problems. The k-nearest neighbor algorithm is
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to calculate the distance to be predicted to all samples in
the training dataset based on some distance function (such
as Euclidean, Manhattan or cosine distance). After all these
distance calculations, depending on the distance of each
calculated observation, the k samples closest to the
prediction subject in the training set are determined, and
the averages of the known output values of these
observations represent the output value of the observation
to be predicted.

4. APPLICATION AND FINDINGS

All outlier detection methods mentioned in the method
section are handled separately with different parameters,
variable sets or transformations. During the first outlier
detection process performed with the Quarter Range
method, it is clearly noticed that the lower limit for the
detection of outliers takes a negative value due to the right
skew of the data set. As a result of this situation, very low-
priced real estate records, which are very obvious to have
an outlier in the current data set, cannot be detected as
outliers. Therefore, both Standard Deviation and Quarter
Range methods are used for both the normal dataset and
the dataset with the dependent variable whose natural
logarithm is taken. Thus, it is possible to detect a more
appropriate outlier with the dependent variable "Price”,
which exhibits a normal distribution. In addition, separate
outliers were detected for the 2 sigma and 3 sigma intervals
for the Standard Deviation method within the scope of
both the normal data set and the logarithmic transform
data set. Contrary to all these variables, which focus only
on the dependent variable, Isolation Forest performs
outlier detection by considering the values of both
dependent and independent variables. In addition,
Isolation Forest has a "contamination" parameter that
takes a value between 0 and 0,5 to determine the outlier
detection intensity. For a more successful outlier detection,
outlier detection was performed with both 0,1 and 0,05
“contamination” values and all combinations of different
variable sets separately. For this purpose, in addition to the
“Price” dependent variable for the 1st Isolation Forest, all
variables that take continuous values; 2. Variables of
“Price”, “Number of Rooms”, “Net Square Meter”, “Number
of Bathrooms”, “Floor” for lIsolation Forest; 3. “Price”,
“Number of Rooms”, “Net Square Meters” variables for
Isolation Forest; 4. For Isolation Forest, outlier detection
was performed using only the “Price” and “Net Square
Meter” variables. In addition, automatic outlier detection
methods such as Local Outlier Value Factor and One-Class
SVM, apart from Isolation Forest, were also tested within
the scope of the study, but they were not reported
separately because they did not have any obvious
superiority over other methods. In order to select the most
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suitable dataset among the 15 new datasets obtained by all
these outlier detection methods, as mentioned before,
more than 10.000 models were carried out with parameter
adjustments with 3 different machine learning approaches.
These machine learning approaches used for this purpose
were applied separately with each data set and the Mean
Absolute Percentage Error (MAPE) was calculated. The
MAPE values obtained by each model over each data set
and the new observation numbers obtained after outlier
detection are presented in Table 1. In addition, the grid
search process was used to determine the most

Tablo 1. Comparison of outlier detection methods

appropriate parameters during the development process
of all these models. As part of the Grid Search approach,
model performance is tested with all possible
combinations of all parameter values. As a result, the
model performances presented in Table 1 are obtained
from the models that show the best performance as a
result of this parameter optimization. In addition, within
the scope of this whole process, the datasets were divided
into training and test datasets at a rate of 80:20 percent,
and the MAPE values presented in Table 1 were obtained
from the test dataset.

Outlier Detection Methods Number. of K-Nearest Lasso Random Forest Mean
Observations Neighbor

1. Isolation Forest 63.694 0,2245 0,2639 0,2292 0,2392
(contamination: 0.1)
1. Isolation Forest 67.233 0,2333 0,2659 0,2415 0,2469
(contamination: 0.05)
2. Isolation Forest 63.694 0,2243 0,2469 0,2338 0,235
(contamination: 0.1)
2. Isolation Forest 67.232 0,2332 0,2646 0,2497 0,2492
(contamination: 0.05)
3. Isolation Forest 63.700 0,2211 0,2134 0,2025 0,2123
(contamination: 0.1)
3. Isolation Forest 67.232 0,2291 0,2332 0,2033 0,2219
(contamination: 0.05)
4. Isolation Forest 63.698 0,2222 0,2157 0,2105 0,2161
(contamination: 0.1)
4. Isolation Forest 67.236 0,2294 0.2303 0,2132 0,2213
(contamination: 0.05)
Interquartile range method 70.164 0,2378 0,2575 0,1620 0,2191
(Log)
Interquartile range method 66.327 0,2264 0,2380 0,2596 0,2413
(Normal)
Standard deviation method (. g3, 0,2313 0,2523 0,2723 0,2519
Log - 2 sigma)
Standard deviationmethod (/) 34, 0,2392 0,2605 0,1688 0,2228
Log - 3 sigma)
Standard deviation method o 0,2334 0,2355 0,1597 0,2095
(2 sigma)
Standard deviationmethod (/9 0,2367 0,2536 0,1676 0,2193
3 sigma)
Modified Z Score method 69.456 0,2339 0,2303 0,1658 0,2133
Data Set for which Outlier 70.771 0,2468 0.2801 0,2037 0,2252
Detection was not Performed
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As can be seen in Table 1, each method used reveals
different results despite each outlier detection method.
Although the K-Nearest Neighbor and Lasso approach
offered similar error rates to all outlier detection methods,
the Random Forest method showed significantly better
results with various outlier detection methods. For this
purpose, it is not possible to select a data set by evaluating
only the results of a machine learning method. Both for this
purpose and because this study uses an ensemble learning
approach as the general model architecture, the average
MAPE value of the results obtained from each method was
used to select the dataset. When the average MAPE values
were examined, the outlier detection method with the
lowest MAPE value was the Standard Deviation method
with 2 sigma intervals without any logarithmic
transformation. Thus, with a MAPE value of 20,95%, a 1%
error rate improvement in overall performance was
achieved compared to its closest competitor. In addition,
the Standard Deviation model with a 2-sigma interval in
terms of the mean MAPE value provided a 6,97%
improvement in the error rate compared to the data set
without any outlier detection. Considering the situation in
terms of the Random Forest approach, which exhibits the
best estimation result among all estimation models, the
Standard Deviation outlier detection approach with 2
sigma intervals performs much better than the average
values. In addition, all outlier approaches, except for only a
few, showed better prediction performance in all
prediction models compared to the data set in which no
outliers were detected. The new dataset created after the
removal of the outliers detected by the Standard Deviation
outlier detection approach with a 2-sigma range has a total
of 68.677 residential records.

5. CONCLUSION

Increasing perdiction performance, which is of critical
importance in the field of real estate price prediction or
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Geleneksel Hava Taksi ile Kentsel Hava Hareketliliginin

Karsilastirmali Analizi”

Comparative Analysis of Traditional Air Taxi and Urban Air Mobility
Omer Faruk SAVAS?, Yilmaz GOKSEN?

Oz

Stiper akilli toplum 5.0’1n hedefleri arasinda yer alan mobility devriminin hava ayagt olarak kabul edebilecegimiz, Kentsel Hava Hareketliligi
(KHH) tanim olarak; bir sehir alani icinde istege baglt veya tatifeli hava tagimacihigt hizmetleri saglamak icin 6nerilen bir dizi arag ve operasyonel
kavrami ifade etmektedir. Gelisen teknoloji ile beraber bircok alanda etkin olarak kullanilan ve her giin kullanim alani genisleyen Insanstz Hava
Aract (THA)’lar ve déner kanathava aract sistemlerinden tiimlesik bir konsept olarak ortaya cikmistir. Bu konsept icerisindeki VTOL (Dikey
Kalkis ve Inis), eVTOL (Elektrik Tahrikli Dikey Kalkis ve Inis) ve STOL (Kisa Kalks ve Inis) 6zelliklerine sahip hava platformlariyla yakin
gelecekte ulasim, perakende kargo tasimaciligy, saglik hizmetleri gibi alanlarda insanlt (yar: otonom) ve insansiz (otonom) olarak kullanilmast
olast goziikmektedir. KHH Sistemleri ile; 6ncelikle kisa mesafelerde kiigtik, bakim ve isletme maliyetileri distik hava araclari kullanilacaktr.
Bunun sonucunda seyahat rotalari kisalacak ve ulasimda harcanan zaman azalacaktir. Konforlu seyahat ve sehirici ulasim maliyetlerinin dismesi
ile KHH sistemletine etisim noktalati olan Vertiportlatin sayilarida dogrusal olarak artacaktir. Dusen idame/isletme maliyetleti ve konfotlu
hava ulagtimina kolay erisilebilirlik sonucunda; sehirlerdeki kara trafiginin azalarak rahatlamasi, sehirici hava kirliligine dogrudan olumsuz etkisi
olan karbon emisyon oranlarinin diismesi ve en 6nemlisi kisitlt kaynak olan zamandan tasarruf saglanmasi gibi faydalar beklenmektedir. KHH
sistemlerinin sehitlede kullanilmastina iliskin olarak bu yeni sistemin, bilinen/geleneksel hava taksi hizmetleriyle karsilagtirilarak analiz edilmistir.
KHH ve geleneksel hava taksi hizmetleti hakkinda uzman, havacilik sektérinde calismus ve/veya calismakta olan profesyonel havacilatla
gorismeler ve anketler yapilarak veriler toplanmustir. Toplanan veriler 1si5inda SWOT analizleri gerceklestirilmistir. Elde edilen verilerle,
eVTOL hava aract konseptlerinin karsilastirmalt analizi yapilmis. Bulgular kisminda uzman gorislerine yer verilmistir. Sonug ve degerlendirme
kisminda ise KHH genel konsepti olusturulmus, YBS (Yonetim Bilisim Sistemleri) kapsaminda yapilacak calismalar 6nerilmistir. Analiz
sonuglarindan elde edilen bilgiler degetlendirildiginde, KHH sistemlerinin kendi icerisinde tehdit ve zayif yonler barindirmalarina ragmen
geleneksel hava taksi hizmetlerine kiyasla daha uygulanabilir sistemler oldugu sonucu ortya ¢tkmaktadir. eVTOL hava araglarint sehir alanlari
tzerinde yaygin kullanimuyla, yangin, deprem, orman yangint gibi olaylarda; gézetleme, ekiplerin koordinasyonu ve yonlendirilmesi, sehrin
gozetimi gibi faaliyetlerde kullanulabilir olduklart sonucu ortaya ¢tkmaktadir.

Anahtar Kelimeler: Kentsel Hava Hareketliligi, Toplum 5.0, SWO'T, Hava Taksi, Mobility, Vertiport, eVTOL, YBS

Abstract

Utrban Air Mobility (UAM); It refers to a proposed set of tools and operational concepts for providing on-demand or scheduled air transport
services within a city area. It has emerged as an integrated concept from Unmanned Aerial Vehicles (UAV) and rotary wing aircraft systems,
which are used effectively in many areas with the developing technology and whose usage area is expanding day by day. In this concept, air
platforms with VTOL (Vertical Take-off and Landing), eVTOL (Electric Vertical Takeoff and Landing) and STOL (Short Take-off and
Landing) features in areas such as transportation in the near future, manned (semi-autonomous) and unmanned (semi-autonomous) in retail
cargo transportation, healthcare services. autonomous) seems possible. With UAM Systems; First of all, small aircraft with low maintenance
and operating costs will be used in short distances. As a result, travel routes will be shortened and the time spent traveling will be reduced.
The number of Vertiports, which are access points to UAM systems, will increase linearly with comfortable travel and decrease in urban
transpottation costs. As a result of reduced maintenance/opetation costs and easy access to comfortable ait transportation; Benefits such as
reducing land traffic in cities, reducing carbon emission rates, which have a direct negative impact on urban air pollution, and saving time,
which is a limited resource, are expected. Regarding the use of UAM systems in cities, this new system has been studied in compatison with
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known/traditional air taxi services. Data wete collected by conducting interviews and sutveys with professional aviators who are experts in
UAM and traditional air taxi services, have worked and/or are working in the aviation industry. In the light of the collected data, SWOT
analyzes were made. A comparative analysis of eVTOL aircraft concepts was made with the obtained data. Expert opinions are included in
the findings section. In the conclusion and evaluation part, the general concept of UAM was created and studies to be carried out within the
scope of MIS (Management Information Systems) were suggested. When the information obtained from the analysis results is evaluated, it
has been concluded that UAM systems are more applicable systems than traditional air taxi setvices, although they contain threats and
weaknesses. With the spread of eVTOL aircraft over city ateas, in events such as fire, earthquake, forest fire; It is concluded that it can be used
in activities such as the surveillance, coordination and direction of the teams, and the sutveillance of the city.

Keywords: Urban Air Mobility, Society 5.0, SWOT, Air Taxi, Mobility, Vertiport, eVTOL, MIS

1. GiRi$

insan tarih boyunca bir yerden baska bir yere ulasmanin
kolay ve hizli yolunu aradi. Yerlesimlerini ulasmak
istedikleri noktalarin su ve avlak alanlari gibi yerlerin
yakinina kurdular. Nufuslar artikca yeni kaynaklar, yeni
alanlar aradilar ve bununla beraber ilk ulagim problemi ile
karsilasmis olmalilar ki; var olan teknolojilerini evirmek ve
gelistirmek durumunda kaldilar. Bu siireg, teknolojik
gelismeler ve yenilikleri beraberinde getirdi. Tarihsel
cercevede, istenen hedeflere ulasmayi kolaylastiriima
istegi insanlari gelecek nesillere aktarilabilecek bir sey insa
etmek icin zaman ve kaynaklarini kullanmaya itmistir.

Antik sehirlerden, gliniimiiz modern sehirlerine kadar bir
sehrin seklinin ve dagiliminin, ise gidip gelme teknolojisi
tarafindan belirlendigi asikar. Antik c¢aglarda, bir sehrin
yarigapi birka¢ km'den fazla degildi. Bu da 1 saatten kisa bir
sirede yirinebilir bir mesafedir. 1800'lerde demiryolu
tasimaciliginin  hayatimiza girmesiyle, insanlar calisma
alanlarindan uzakta, tren istasyonlarina yakin yerlerde

ikamet etmeye basladilar. 1900'lerin  sonlarinda
otomobillerin ortak bir meta haline gelmesiyle sehirici
ulasim bicimleride degismeye basladi.

(https://infinitiventures.substack.com/p/transportation-
urban-air-mobility, 10/09/2022).
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Sekil 1: Ulasimda Gelisim ve Sehirler
(https://infinitiventures.substack.com/p/transportation-
urban-air- mobility, 10/09/2022).

Bu degisimle birlikte, sehir alanlar igerisinde artan
yogunluk, trafik sikisikhigl ve dnlenemez sekilde yavaslayan
ise gidis gelis hizlari ile alternatif bir ulasim sekli ve
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dolayisiyla gelecegin sehirleri icin yeni ulasim ¢dztmleri bir
zorunluluk olmaya baslamistir. Gelisen teknoloji ve hava
araglarininda beraberinde gelismesi kentsel hareketlilikte
hava araclarinin  kullanilmasi  fikrini  olusturmustur.
GUnlUmuizde ve vyakin gelecekte de modern biyik
sehirlerde insan ve lojistik, ulastirma hizmetleri ile bu
hizmetlerin givenilir, hizli ve zamaninda vyapilabilmesi
blyik 6nem arz etmektedir. Bunu saglayabilmenin en
uygun yontemi ise kentsel hava hareketliligi olarak
adlandirilan yeni bir sistem ile yapilmasi 6n goriilmektedir.

2. KAVRAMSAL CERCEVE
2.1. Hava Taksi

Hava taksi, insanlara taksinin hizmet bolgesindeki
konumlara istege bagl ucuslar saglamak ve tipik olarak
kiicik havaalanlari arasinda calisan bir ucus kiralama
hizmetidir. Cok hafif jetler gibi cesitli kiiciik ucaklarla az
sayida yolcuya ugus imkani sunmaktadir. Bu hizmetler,
insanlarin bilyldk havaalanlarini  kullanmadan seyahat
surelerini kisaltmalarina olanak tanir
(https://www.wikimotors.org/what-is-an-air-taxi.htm,
10/10/2022). Tarihsel olarak Kentsel Hava Hareketliligi
helikopterlerle baslamistir. Bell Flight 1946'da ilk sivil
helikopter olan Bell 47'yi tanitti. Ardindan New York
Airways 1953'te ilk Hava Taksisini piyasaya sirdi. Hava
taksi hizmetleri, kirsal ve bolgesel ulasimda, sehirlerden
uzak kirsal alanlardaki insanlarin kendilerini diinyaya
baglamasi, Urin, malzeme, lojistigi ve tibbi tesislere
ulagsmasi icin hava taksi hizmetlerini kullandigi 1920'lere
kadar uzanmaktadir (https://www.flight-
crowd.com/post/rural-air-mobility-connecting-rural-
areas-with-the-world, 11/10/2022).

Hava taksiler 6ncelikle maden, arastirma faaliyetleri, deniz
platformlarina lojistik tedarik ve ulasim gibi alanlarda
kullanilmislardir. Hava taksilerin her giin uzun mesafe kat
eden milyonlarca yolcu igin kara tasimaciligina uygun bir
alternatif olmasi beklendiginden, biylik bir talebe
dayanabilecek, glivenilir ve emniyetli bir hava araci
olmalari ¢ok 6nemlidir (Rajendran ve Pagel, 2020: s2).
Bliylik Boeing ve AirBus ucaklari ylzlerce yolcu tasiyacak
sekilde tasarlanmistir. Bu ucaklar inis ve kalkislari igin uzun
pistlere ihtiya¢ duyarlar ve bu nedenle tiim havaalanlarinda
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calisamazlar. Bu nedenle bir¢ok sehir, havayollarina uygun
bir pazar sunamaz. Ginliik olarak bir ugus rotasina sahip
olmak icin yeterli sayida yolcu bulunmamaktadir. Hava
Taksi endustrisi, ekonomik olarak daha az yolcu taslyabilen
ve daha kisa pistlerden inis kalkis yapabilen daha kigik
ucaklar kullanarak, tim havalimanlarina hava ulasimi
saglamayr amaclamaktadir (https://skymax.com/history-
of-air-taxi-in-the-usa_771241/, 08/09/2022). Ulkemizde
ise hava taksi hizmetleri en fazla on dokuz koltuk
kapasitesine sahip Turk tescilli hava araglari ile ticari hava
tasimaciligl yapan isletmeler Hava Taksi isletmeleri olarak
adlandiriimaktadir. Ulkemizde 51 adet Hava Taksi isletmesi
bulunmaktadir. En fazla on dokuz koltuk kapasitesine sahip
hava araglari ile ticari hava tagimaciligl yapacak isletmeler
(Hava Taksi isletmeleri) icin isletme ruhsati (AOC — Air
Operator Certificate) Ruhsatlandirma Siireci Rehber
Dokiimani’na tabidir
(https://web.shgm.gov.tr/tr/havacilik-isletmeleri/2063-
hava-tasima-isletmeleri, 09/09/2022).

Ulkemizde hava taksi hizmetlerinin saglanmasinda,
Blyiiksehir Belediyeleri gibi 6rnekleri olsa da genel olarak
hava taksi hizmeti 06zel tesebbisler tarafindan
verilmektedir. Mersin Blylksehir Belediyesi 2019 yilinda
hava taksi hizmeti vermeye baslamistir. ilk ugusunu
Gulnar'dan Antalya'ya gerceklestirmistir
(https://www.ulusal.com.tr/haber/8486970/mersinde-
hava-taksi-hizmete-girdi-hava-taksi-ne-kadar,
14/10/2022). Bursa Buyiksehir Belediyesi BURULAS, 2013
tarihinde Deniz Ugagl isletmeciliine ve Helitaksi
isletmeciligine  baslamistir. 2017 yilinda  ydnetsel
problemler ve aksayan ugus operasyonlari, SHGM izinleri
ve yliksek maliyetler gibi nedenlerle hava taksi hizmetlerini
sonlandirdiklar bilinmektedir. Sabit kanat ve rotorlu hava
araglari ile yapilan hava taksi hizmetleri diinyada ve
Ulkemizde yuksek maliyetlerden kaynakli, yiiksek kiralama
bedelleriyle Ust gelir gurubu bir kesim tarafindan
kullanilabilen, pahal bir ulasim tiri olarak hizmetlerine
devam etmektedir.

2.2. Kentsel Hava Hareketliligi

Super akilli toplum 5,0'in hedefleri arasinda yer alan,
mobility devriminin hava ayagi olarak kabul edebilecegimiz
Kentsel Hava Hareketliligi (KHH), tanim olarak bir sehir alani
icerisinde kendileri icin Hazirlanmis bir alandan (Vertiport),
insanli/insansiz hava araglariyla, insan ve lojistik
malzemelerin alinarak, belirlenmis bir baska noktaya
karsilikli olarak tasinmasi, istege bagl veya tarifeli hava
tasimaciligl hizmetleri saglamak icin 6nerilen bir dizi arag ve
operasyonel kavrami ifade etmektedir. KHH, kentsel ve
banliyo alanlarinda diger hava araglarina gére daha disik
irtifalarda yolculari veya kargolari tasiyacak, yilksek
diizeyde otomatiklestirilmis hava araglarini kullanacak,
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givenli ve verimli bir havacilik, ulasim sistemi olacagi
ongorilmektedir. KHH, hava araglarinin evrimini ve
glvenligini, operasyon gergevesini, hava sahasina erisimini,
altyapi gelisimini ve toplumun katilimini dikkate alan bir
ekosistemden olusacaktir
(https://www.faa.gov/uas/advanced_operations/urban_ai
r_mobility, 02/09/2022).

Sehirici hava sahasinin ticari olarak kullaniimasi igin
teknoloji gelistirici birgok firma tim hizlariyla galismaktadir.
Hava taksilerin sehirici seyahatleri zaman acisindan verimli
ve konforlu bir hale getirme potansiyeli distnildiginde
oldukga bakir ve heyecan verici bir sistem oldugu asikardir.
FAA, EASA ve ICAOQ, gibi havacilik otoriteleri; sertifikasyon,
ucus emniyeti, hava trafik yonetimi ve yasal mevzuat
¢alismalari tim hiziyla devam etmektedir. Avrupa Birligi
Havacilik Guvenligi Ajansi (EASA) ve Avrupa Hava
Seyriisefer  Guvenligi  Orgiiti.  (EUROCONTROL){in
destegiyle, ucus operasyonlari, diger ulastirma sistemleri
ile baglanti, idame/isletme, altyapi ihtiyaci hazirliklari
siiratle devam etmektedir. VTOL Ugaklari igin “Ozel Kosul”
(SC-VTOL) vyayinlanmasinin ardindan, Avrupa Birligi
Havacilik Giivenligi Ajansi (EASA) simdi “Ozel Durum VTOL
ile Onerilen Uyumluluk Araglarini” yayinladi. BuyenieVTOL
ucaklari icin Avrupa'da olusturulan sertifikasyon yolunda
daha fazla netlik saglamaktadir. Amerika Birlesik
Devletleri'nde KHH sistemleri icin calismalar
bulunmaktadir. Amerikan Federal Havacilik idaresi'nin
(FAA) yaklasimi, Kentsel Hava Hareketliligi sistemleri igin
uygulamada EASA’nin yaklasimindan farklidir. Her Uireticiye
uyan tek bir yaklasimla baslamak yerine, daha 6zel bir siireg
icin 14 Federal Dizenlemeler Yasasi (CFR) § 21.17 (b)
hikimleri kullanilacaktir. Belirli bir hava tasiti igin
operasyon kavraminin ayrintili bir degerlendirmesinden
sonra, FAA, 14 CFR § 23, 25, 27, 29, 31, 33 ve 35'te hangi
sertifika standartlarinin kullaniimasi gerektigini
belirleyecektir  (https://verticalmag.com/opinions/easa-
faa-eVTOL -standards/, 02/09/202**2).

Ulkemizde SHGM (Sivil Havacilik Genel Midirliigi) hava
araci sertifikasyonu kapsaminda EASA tarafindan 2019 ve
2021 yillan arasinda yayimlanan Part-21 yasal mevzuati
degisiklikleri bu kapsamdaki ulusal mevzuat olan Hava Araci
ve ilgili Uriin, Parca ve Cihazin Ugusa Elverislilik ve Cevresel
Sertifikasyonu Talimati (SHT-21) revize edilerek yururlige
girmistir (https://web.shgm.gov.tr/tr/mevzuat/6796-quot-
hava-araci-ve-ilgili-urun-parca-ve-cihazin-ucusa-
elverislilik-ve-cevresel-sertifikasyonu-sht21-quot-konulu-
talimat-revize-edilmistir, 02/09/2022).

Kentsel Hava Hareketliliginin 6nimizdeki birkag il
icerisinde Avrupa'da hizmete girmesi beklenmektedir.
Dikey kalkis ve inis kabiliyetine haiz eVTOL hava araci
sistemlerinde kullanilan elektrik tahrikli motorlar ve

23



O.F. SAVAS — Y. GOKSEN

izmir Sosyal Bilimler Dergisi/izmir Journal of Social Sciences

gelistirilmis pil kapasiteleri gibi yeni teknolojilerdeki
gelismeler, KHH sistemlerinin hayatimiza girmesini
mimkiin kilacaktir. ilk KHH operasyonlarinin, dronlar ile
Grln teslimati olmasi ve VTOL hava araglarinin sistemin
baslangicinda pilotlu  yolcu tasimaciligiyla yapilmasi
beklenilmektedir. Daha sonraki asamalarda ise yari otonom
ve otonom olarak hizmet vermesi hedeflenmektedir
(https://www.easa.europa.eu/domains/urban-air-
mobility-KHH, 02/09/2022).

Turkiye’de izmir, istanbul gibi sehirler EIP-SCC (Avrupa
inovasyon Akilli Sehirler ve Topluluklar Ortakligi) Gyesidir.
Avrupa’da  kentsel hareketliligin  Gclncli  boyuta
tasinmasina katkida bulunmayi amaglayan EIP-SCC'nin,
eVTOL hava araglarini kentsel hareketlilik topluluguna dahil
edecegi bilinmektedir. Dagitim stratejisi ve yol haritasinin
tanimlanmasina yonelik ortaklasa calismayi iceren bu yeni
nesil kentsel hareketlilik ¢oziimlerinin Uglinci boyuta
tasinmasina katkida bulunmayir amaglayan bir dagitim
stratejisi tanimlanmasina yonelik cahsiimalar
yuratilmektedir
(https://nws.eurocities.eu/MediaShell/media/8784 EIP_S
CC_Urban Mobility_Flyer_HiRes.pdf, 02/09/2022).

Sekil 2: KHH Sehir Konsepti (Agouridas ve digerleri, 2021,
s11)

Yeni gelismekte olan KHH sistemlerini emekleme, ylrime
ve kosma olarak 3 sinifta ele alabiliriz;

Emekleme asamasi:

o Pilot projeler

. Gosteri uguslari tanitimlar

. Veri toplama

. Halkin katilimi, benimsenme ve mevzuat

Yiriime asamasi:

. Mevcut teknoloji ve altyapi kullanimi
. Yeni teknoloji ve altyapi gelistirilmesi
Kosma asamasi:

. Yeni teknoloji ve altyapinin 6lgeklendirilmesi
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J Lisans ve gerekli izinlerin kolaylagsmasi

J Gizlilik ve verimlilik icin veri yonetimi uygulamalari
gelistirilmesi

J Halkin giivenligi icin hukuki boyutlarin belirlenmesi

KHH sistemleri icin eVTOL hava araci gelistirmek icin su
anda diinyamizda bircok proje bulunmaktadir. Projelerin
amaci, sehir trafigine alternatif temiz enerji kaynaklari
kullanarak, daha sesiz ve ulagilabilir ulasim sistemleri
gelistirmek ve sehir merkezlerini ilgelere baglamaktir.
Otonom ve yari otonom eVTOL hava araglarini kullanan
KHH sistemleri, daha verimli pil teknolojileri, gelismis
Uretim, isleme, kompozit lGretim sistemleriyle ve bunlarla
sinirll olmayan farkh disiplinden teknolojilerin bir araya
gelmesiyle gelistirilmektedir. eVTOL teknolojisinin mevcut
altyapiya bir 6lctide entegre edilebilecegi 6ngorilmektedir.
Ancak sistemler gelistikce yeni altyapi maliyetlerine neden
olmasi muhtemeldir. KHH sistemleri cevresel emisyonlari
ve glrulta kirliligini bliytk olcide azaltma potansiyeline de
sahiptir. Diinyamizda ulasim kaynakli sera gazi olusumunun
gdz ardi edilemeyecek seviyelere ulastigl, gbéz Oniline
alindiginda, eVTOL hava araglari sirdirilebilir bir gelecege
giden yolu acabilir. Havayolu ile seyahat etmenin pahali ve
az tercih edilen bir seyahat sekli oldugu halk nezdinde
kaniksanmis olsa da kuvvetle muhtemel bu kaninin nedeni;
disik Gretim, Grin ve hizmette sirekli yenilenmesinde
olan eksiklikten kaynaklanmasidir. Mevcut sehirlerin
blylmesinde bu yenilikgci  teknolojinin, sehir
merkezlerindeki yogunlugunu kirma ve sehrin, ekonomik
blylimesini dagitma potansiyeline sahip oldugu 6n
gorlilmektedir. KHH sistem ve teknolojileri gelistikce, daha
ferah ve dagitilmis sehirler insa etmek miimkiin olacaktir.
Suan icin KHH yeni ve bakir sistem olmakla beraber yetersiz
finanse edilende bir pazardir. Ancak KHH her sistemde
oldugu gibi, firsatlari, tehditleri, glicli ve zayif yonleri
bulunmaktadir. KHH sistemleri igin hava araci ve teknoloji
Ureten onci firmalar ginimizde Lilium ve Volocopter gibi
yeni teknoloji sirketleri olsa da Airbus ve Boeing gibi
havacilikta sektor lideri olan firmalar firsatlari yakalamak ve
pazarda vyer edinmek icin eVTOL hava araci ve
teknolojilerini gelistirme c¢alismalarini slirdirmektedir.
Elektrikli Dikey Kalkis ve inis (eVTOL) teknolojisi, hava
tasimaciliginda degerler dizisini degistiren teknoloji olarak
ylikselmektedir. Bu yeni teknolojinin teknik yonleri hiz,
menzil, yik, glrilti ve glvenlik olarak 5 serbestlik
derecesine hitap etmektedir
(https://infinitiventures.substack.com/p/transportation-
urban-air-mobility, 02/09/2022).

2.3. Sistem Bilesenleri

KHH sistemlerini Hava, Yer ve Yasal mevzuatlar olarak Ug¢
gurupta toplayabiliriz.
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2.3.1. Hava bilesenleri

VTOL; dikey kalkis ve inis kabiliyetine haiz insanli\yari
otonom ve insansiz/otonom hava araglaridir. VTOL hava
araci Uzerine monte edilmis pervaneler veya fanlar
kaldirma kuvveti olusturarak kosu pisti ihtiyaci olmaksizin
dikey olarak kalkabilen, havada asili (hover) kalabilen ve
ayni kosullarda inislerini gerceklestiren hava araglaridir.
Tum bu o6zellikleri VTOL sinifi hava araglarini geleneksel
hava araglarindan ayirmaktadir. VTOL ucaklari, dikey olarak
kalkabilen, havada asili kalabilen (hover) ve inebilen sabit
kanatli ugaklarin yani sira helikopterleri ve tilt rotorlar gibi
motorlu rotorlu diger ugaklarin kabiliyetlerini biinyelerinde
barindirmaktadir. Bazi VTOL ugaklari, CTOL (geleneksel
kalkis ve inis), STOL (kisa kalkis ve inis) ve/veya STOVL (kisa
kalkis ve dikey inis) gibi diger modlarda da ¢alisabilir. Bazi
VTOL hava araglari helikopterler gibi, ucagin yatay
hareketini yapacak inis takimlarindan yoksun olmasi
nedeniyle vyalnizca VTOL olarak calisabilmektedir
(https://howthingsfly.si.edu/propulsion/vertical-flight,
02/09/2022).

eVTOL; Gelistirilmekte olan teknolojiyle birlikte VTOL hava
araglarinin KHH sistemlerinde kullanilacak versiyonlari,
karbon bazli yakitlar yerine kaldirma ve ucus icin gerekli giic
ihtiyaclarini elektrik motorlari ve gelismis pillerden
almaktadirlar. Bu tip VTOL hava araclari eVTOL hava araci
olarak tanimlanmaktadir.

eSTOL; Elektrikli Kisa Kalkis ve inis ucaklari (eSTOL), pil
teknolojisini kullanan ve elektrikten itici giic elde eden
STOL ugaklari kategorisini ifade eder. eSTOL ugaklari,
ortalamadan daha kisa pistlere inip kalkabilmektedir
(https://www.flight-crowd.com/estol, 02/09/2022). Kisa
bir pist kosusu ile ugus icin gerekli olan kaldirma kuvvetini
elde edebilen elektrik tahrikli kisa kalkis ve inis kabiliyetine
haiz hava araglaridir. KHH sistemlerinin farkh sehir ve
operasyon konseptlerinde eVTOL, eSTOL hava araglari
kullanilmasi muhtemeldir.

2.3.2. Yer bilesenleri

KHH sistemlerinde yer bilesenleri; yolcu, hava araci
hizmetleri, hava araci ve vyer sistemleri arasindaki
haberlesme, komuta kontrol araclari ile kullanici bilgi
sistemlerini icerir. VertiPort’lar, Havaalanlarina benzeyen,
eVTOL/eSTOL hava araglarinin inis ve kalkislarini
gerceklestirebilecekleri, hat seviyesi bakim, batarya
sarj/degisimi gibi tum yer hizmetlerini kapsayan islemlerin
yapildigi yerlerdir. Ayni sekilde, yolcularin binis ve
inislerinin koordine edildigi, belirli bir diizen igerisinde ve
uluslararasi/yerel otoritelerce yasal mevzuatlar dahilinde
kurulup isletilen alanlardir.
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Sekil 3: VertiPort Model
(https://www.easa.europa.eu/newsroom-and-
events/press-releases/easa-issues-worlds-first-design-
specifications-vertiports, 02/09/2022)

EASA, kentsel alanlar dahil olmak lGizere Avrupa genelindeki
yerlerde hava taksileri gibi KHH hizmetlerinin givenli
¢alismasi icin gereken yer altyapisi olan vertiportlarin
tasarimi igin didnyanin ilk kilavuzunu yayinlamistir
(https://www.easa.europa.eu/newsroom-and-
events/press-releases/easa-issues-worlds-first-design-
specifications-vertiports, 02/09/2022).

Sekil 4: Vertiport Singapur
(https://www.volocopter.com/wp-content/uploads/air-
taxi-voloport-01-scaled.jpg, 02/09/2022)

Sekil 5: Vertiport\ Singapur 1
(http://skt.skku.edu/news/articleView.htm|?idxno=853,
02/09/2022)

KHH endustrisine ve karar vericilere kilavuz edecek olan
PTS-VPT-DSN (Gelismis Kategoride Sertifikali insanli VTOL-
Yetenekli Ugaklarla Calismak icin VFR Vertiport'larin
Tasarimi igin Vertiports Prototip Teknik Spesifikasyonlari)
dokiimani dikey kalkis/ inis kabiliyetine haiz yeni nesil VTOL
hava aracglarinin  operasyonel vyeteneklerine gore

25



O.F. SAVAS — Y. GOKSEN

izmir Sosyal Bilimler Dergisi/izmir Journal of Social Sciences

uyarlanmistir. Singapur KHH calismalari kapsaminda, Ekim
2019'da Volocopter tarafindan diinyanin ilk tam o6lcekli
vertiportu Akilli Ulasim Sistemleri (ITS) Diinya Kongresi'nde
tanitilmustir.

2.3.3. Yasal Mevzuatlar

KHH, sehir ve kent alanlarinda disuk irtifalarda sehirigi
ulasimi  ve kargolari tasiyacak, yuiksek diizeylerde
otomatiklestirilmis otonom ve yari otonom hava araglarini
kullanarak glivenli ve verimli bir havacilik ulagim sistemi
olusturulmayi, hava araglarinin gelisimini ve glivenligini,
operasyon konseptlerini, hava sahasi kullanimini, altyapi
gelisimini ve toplumun katilimini dikkate alan bir ekosistem
olusturmayi! amacglamaktadir.

KHH, sistem ve bilesenlerinin yasal mevzuatlari igin
Turkiye’de SHGM, Amerika’da FAA, Avrupa’da EASA ve
ICAO (International Civil Aviation Organization) hava araci,
yer sistemleri ve hava trafik kontrol usul ve esaslar
belirlemek icin calismaktadir.

ICAO (Uluslararasi Sivil Havacilik Orgiitii); Chicago
Konvansiyonu’'na (7 Aralik 1944) imza atan 52 (lke
tarafindan, Birlesmis Milletler kurulus kararnamesinin 43.
maddesine dayanarak 4 Nisan 1947 tarihinde kurulmustur.
Ayni yilin Ekim ayinda ise, Birlesmis Milletlerin yasal
havacilik organi olarak kabul edilmistir.

Uluslararasi  sivil havacilik  organizasyonu kiresel
surdirilebilir ~ sivil havaciik  sisteminin  blylimesini
saglamak igin devletlerin kiresel forumu olarak hizmet
etmektedir. Politikalar ve standartlar gelistirmek, uygunluk
denetimlerini Ustlenerek galismalar/analizler yapmak, tye
devletlerinin ve paydaslarinin isbirligi yoluyla havacilik
kapasitesinin gelistirilmesini saglamayi amaglamaktadir.

ICAO’'nun amag¢ ve hedeflerini ana hatlar ile asagidaki
bicimde 6zetlemek mimkiindir:

o Sivil havaciligin uluslararasi baglamda ve kiresel
Olcekte glivenli ve diizenli gelisimini saglamak,

o Ugus emniyetini gelistirmek,

. Ucus ve havaalani
destek olmak,

glvenliginin saglanmasina

. Hava araclarinin barissever amaglar icin yapim ve
isletimlerini desteklemek,

. Daha etkin uluslararasi sivil havacilik igin
havayollari, havaalanlari ve hava seyrisefer tesislerinin
gelisimini saglamak,

. Guvenli, diizenli ve ekonomik hava tasimaciliginin
kiresel gereksinimlerini karsilamak,

. Haksiz rekabetin yol acabilecegi israfi dnlemek,
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. Taraf Ulkelerin haklarini tam olarak korumak ve
Ulkelere uluslararasi havayolu isletmeciligi konusunda
firsat esitligi saglamak, taraf Ulkeler arasinda ayrimcilik
yapmamak,

J Uluslararasi  sivil havaciligi ilgilendiren tim
konularin gelisimi ve yenilenmesi igin ¢aba gdstermektir
(https://www.mfa.gov.tr/uluslararasi-sivil-havacilik-
orgutu-_icao_.tr.mfa, 04/09/2022)

FAA (Federal Aviation Administration); ABD Ulastirma
Bakanligi’'na bagh havacilik ile ilgili diizenlemeleri yapan
devlet kurumudur. 1958  vyilinda kurulmustur
(https://www.airnewstimes.com/faa-nedir-ve-ne-zaman-
kurulmustur-17018-haberi.html, 02/09/2022)

o Sivil havacilik emniyetinin arttirilmasi amaciyla
gerekli diizenlemelerin yapmaktadir. FAA bu kapsamda;
hava araglarinin dretimi, isletilmesi ve bakimina yoénelik
duzenlemeleri ve standartlari/6lcttleri belirlemenin yani
sira havalimanlarinin ve ugus personelinin sertifikasyonunu
da saglamaktadir.

. Yeni havacilik teknolojilerinin ve sivil alandaki
yeniliklerin destekler seyrisefer i¢in kullanilan elektronik
destek araclarinin Uretimi ve bu sistemlerin ucaklara
yerlestirilmesi, yine FAA’nin dnemli gorevleri arasindadir.
Elektronik ugus sistemlerinin bakimi, isletiimesi ve kalite
kontrolinin yaninda, havacilikta kullanilan tim seyrusefer,
hava trafik kontroli, ses ve veri iletim/aktarim (muhabere)
sistemleri ile radarlar, bilgisayarlar, ¢ok islevli
gostergeler/ekranlar gibi dnemli bilesenlerin idamesini de
FAA yapmaktadir.

o Hem askeri hem de sivil ugaklar igin hava trafik
kontrolii ve seyrisefer sistemlerinin gelistirilmesi ve
isletilmesi siirecini yonetmektedir. Hava trafik kurallarini
gelistiren ve belirleyen FAA, hava trafigini de fiilen kontrol
eder. Kurum, bu amagla; havalimanlarindaki kontrol
kuleleri, hava trafigi kontrol merkezleri ve ugus hizmeti
saglayan istasyonlardan olusan oldukg¢a kapsamli bir agi
isletmektedir.

. ABD’nin Ulusal Hava Sahasi Sistemi (National
Airspace System — NAS) ve sivil havacilik kapsamindaki AR-
GE faaliyetlerinin yuritilmesini yiritmektedir.

J Sivil havacilik kaynakli, cevre ve ses kirliliginin
azaltilmasina  yonelik  projeler  hazirlanmasi  ve
ylritilmesini takip eder.

J Ticari uzay tasimaciligini kapsayan diizenlemelerin
ABD sinirlari igerisinde yapilmasi kapsaminda; ABD’de son
donemde adini sikga duydugumuz Space-X ve Blue Origin
gibi uzay tasimaciigl yapan o0zel firmalarin firlatma
tesislerinin ve her tirli yukin uzaya gonderilmesiyle
baglantih lisanslarini FAA vermektedir
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(https://northfly.aero/blog/havacilik-kuruluslari-nelerdir-
icao-easa-sghm-jaa-faa, 02/09/2022).

EASA: Avrupa Havacilik Emniyeti Ajansi (EASA); Avrupa
Birligi’nin sivil havacilik givenligi cercevesinde olusturdugu
ve 2010 itibariyle JAA'nin (Misterek Havacilik Otoriteleri)
yerini alan girisimidir. EASA, ingilizce European Aviation
Safety Agency ifadesinin kisaltmasidir.

EASA, 15 Temmuz 2002 tarihinde hizmete girmis ve Avrupa
hava sahasiyla ilgili bir givenlik kurumudur. Merkezi
Almanya’nin Koln sehrindedir ve tiim U{ye uluslardan
yaklasik 300 gorevli calistirmaktadir. ABD’de bulunan
FAA’ya benzer sekilde, Avrupa hava sahasi icinde, hava ve
havacilikla ilgili her tirli hava araci, ucgus, Uretim,
miidahale, etkinlik ve gegerli glivenlik mevzuatlarin takibi
ve uygulanmasini kontrol edip ugus ve yer glvenligini
saglamaktir (https://www.havajet.com/bunlari-biliyor-
musunuz/easa-european-aviation-safety-agency/,
02/09/2022).

SHGM (Sivil Havacilik Genel Mudurliga); Ulastirma
Bakanligi'na bagh olarak, kamu tizel kisiligine haiz, 6zel
bltceli statide kurulmus olan Sivil Havacilik Genel
Mudirltgd’niin gorev yetki ve sorumluluklari, 18/11/2005
tarihli ve 25997 sayili Resmi Gazete ‘de yayimlanan 5431
sayili “Sivil Havacilik Genel MudurlGgu Teskilat ve Gorevleri
Hakkinda Kanun” ile belirlenmistir. Bu cercevede SHGM'nin
gorev, yetki ve sorumluluklari asagida genel hatlan ile
Ozetlenmistir.

o Sivil havacilik faaliyetlerinin teknik, ekonomik ve
sosyal gelismeleri kamu vyararina ve milli glvenlik
amaglarina uygun olarak kurulmasini ve gelistirilmesini
saglayacak esaslari tespit etmek, uygulanmasini takip
etmek ve denetlemek.

. Tirkiye hava sahasinda faaliyette bulunan sivil
ucaklarin ugusa elveriglilik sartlarini tayin etmek ve
belgelerini tanzim ederek sicillerini tutmak, mirettebat
ehliyetlerini mevzuata gore denetlemek.

o Turk sivil havacilik sahasinda gorev alan ve ihtisasi
dolayisiile gerekli goriilen personelin ehliyet sartlarini tayin
etmek ve lisanslarini tanzim ederek sicillerini tutmak.

. Yurt icinde ve disinda hava ulastirma
faaliyetlerinde bulunmak isteyen Tirk ve yurt icinde
ulastirma faaliyetlerinde bulunmak isteyen yabanci gercek
veya tlzel kisilere verilecek izinlerin esaslarini ve sartlarini
hazirlamak, faaliyetlerini denetlemek.

. ilgili kuruluslarin goérislerini almak suretiyle,
Turkiye hava sahasinda sivil ugaklarin seyriseferini, trafik
haberlesme hizmetlerini kamu glvenligi bakimindan
diizenlemek, denetlemek, gerekli tedbirleri almak ve
aldirtmak.
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J Hava seyrisefer givenligi bakimindan hava
meydanlarinin teknik niteliklerini ve isletme esaslarini tayin
etmek ve uygulamalari denetlemek.

J Milletlerarasi sivil havacilik sahasindaki gelismeleri
takip ederek ulkemiz sivil havacilhk faaliyetlerinde bu
gelismelerin  uygulanmasi i¢in tedbirler almak, sivil
havacilikla ilgili planlarin hazirlanmasini saglamak ve
uygulamasi ile ilgili faaliyetlerde diger milletlerarasi
kuruluslarla isbirligi yapmak.

J Turkiye hava sahasinda hava arama ve kurtarma
hizmetlerinin yapilmasi hususundailgili kuruluslarla isbirligi
saglamak ve sivil havacilik kazalarini tahkik etmek, tahkikat
sonuclarina gore gerekli tedbirleri almak.

o Sivil havacilik egitim muesseselerinin kurulus ve
calisma esaslarini tayin etmek ve denetlemek.

. Sivil havacilik faaliyetleri ile ilgili olarak konulmus
mevzuat ve kurallara aykiri hareket eden gercek ve
tizelkisiler hakkinda kanuni yollara basvurmak.

. Hava ulastirmasi konusunda milletlerarasi ikili ve
¢ok tarafli antlasmalarin uygulanmasini takip etmek,
bunlarla ilgili ¢alismalara katilmaktadir. (Sivil Havacilik
Genel Mudurliglu Hava Seyrisefer Yilik Emniyet Raporu,
2010, s3).

2.4. Hava Araci Tipleri

Hava araci Ureticileri bir eVTOL ugaginin performansini
belirleyen serbestlik derecelerinin (ylksek hiz, uzun menzil,
yuksek faydali yik, dusik guralti dizeyi ve vylksek
givenlik) besinde de en iyi performansi gosteren hava
araglari tasarlamak igin galismaktadir.

Her seyden once, hava araci tavizsiz bir sekilde glivenli
olmahdir. Ayrica, kentsel alanlara ugmak igin yeterince
diistk glrilty oranlarina, tiim bolgeleri birbirine baglamak
icin yeterince yiksek bir menzile ve hiza sahip olmalidirlar
(https://lilium.com/newsroom-detail/lilium-architecture-
design-principles, 06/09/2022).

Hava araci tasarimindaki bu bes kisit birbirleriyle dogrudan
iliskili ve cogu zaman birbirleriyle ters orantilidir. Ornegin;
Tasidiginiz faydali ylikt artirmak, istenilen bir durum iken
karsihiginda bu kaldirma kuvvetini olusturmak icin
harcayacaginiz elektrik giiciindeki artis, istenmeyen bir
durumdur. Kullanilan elektrik enerjisindeki artis kisa stirede
bosalan bataryalar anlamina geldiginden, ucus menzilini de
olumsuz yonden etkileyecektir. Tim bu kisitlar g6z déniline
alinarak tasarlanan, her bir hava araci konseptinin kendi
artilari ve eksileri oldugu dort farkli eVTOL hava araci tipi
bulunmaktadir. Bunlar; Multicopters, Lift + Cruise, Tilt
Rotor ve Ducted Vectored Thrust konseptleri (Sekil 6)
eVTOL ugaginin tasariminda o©nemli bir faktor Disk
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Yiklemedir (agirliginin toplam ana rotor disk alanina orani).
Daha yuksek disk yiki, daha fazla motor glicli gerektigi ve
onemli miktarda gurilti olusmasi  anlamina gelir.
Geleneksel helikopterlerin verimsiz ve glirtiltili olmasinin
nedenlerindendir(https://infinitiventures.substack.com/p/
transportation-urban-air-mobility, 10/09/2022).

S
- — —_—— - o—
Sekil 6: eVTOL Hava Aracl Konseptleri

(https://lilium.com/newsroom-detail/lilium-architecture-
design-principles, 06/09/2022).

2.4.1. Multicopter

Multicopter hava araglarinda kaldirma ve ileri hareketi
saglayan gic Uniteleri sabit konumludurlar ve her zaman
kaldirma kuvveti olustururlar. Bu hava araci konsepti, en
kisa ucus mesafelerini sunan secenektir. Genel olarak en
basit konseptir, clinkl itme vektorl gibi parcalari yoktur.
Sehirici kisa mesafe yolcu nakli, tibbi acil durum
personelinin bir kaza mahalline tasinmasi, hastalarin bir
hastaneye tasinmasini veya dogrudan yangin séndirme
icin de kullanilabilirler.

. . ——w
i e TN
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Sekil 7: Volocity Multicopter Evtol

(https://www.volocopter.com/solutions/volocity/,
06/09/2022)

Multikopter mimarileri nispeten basittir, dislik disk yiki
nedeniyle dikey kalkis, inis ve havada asili kalma sirasinda
¢ok verimlidirler. Ancak, kanatlari olmadigindan,
multikopterler seyir verimliliginden yoksundur. Bu durum
(KHH) pazarlarinda kullanim alanlarini sinirlamaktadir.
Ayrica, genel ugak agirligina ek olarak, seyir ugusu sirasinda
verimsizligi telafi etmek icin daha fazla pil enerjisine ihtiyag
duymaktadirlar (https://lilium.com/newsroom-
detail/lilium-architecture-design-principles, 06/09/2022).

2.4.2. Kaldirma + Seyir (Lift + Cruise)

Kaldirma + Seyir (Lift + Cruise) konseptinde (retilen
eVTOL’ler, havada asili kalma (hover) ve seyir asamalariigin
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ayri tahrik/glic Unitelerine sahiptir. Seyir asamasinda
kaldirma kuvvetini kanatlarindan alirlar. Kaldirma + seyir
tipi hava araglari, multicopter hava araglarindan daha uzun
mesafeler kat etmek icin uygundur. Cilinkii havada
tutunabilmek icin gerekli olan kaldirma kuvvetini
kanatlarindan almaktadirlar. Bu durum daha az pil tiilketimi
ve uzun mesafe anlamina gelmektedir.

Lift + Cruise konseptleri, dikey kalkis ve inis operasyonu igin
multikopter tipi hava aracini seyir ugcusu esnasinda standart
bir ucakla birlestiren bir tasarima sahiptir. Bunu yaparak,
her iki mimarinin avantajlarini birlestirirler. Bu konseptler
icin menzili en Ust diizeye gikarmak igin, VTOL igin gerekli
olan pervaneler, seyir sirasinda slrtiinmeyi azaltmak igin
tasarlanmislardir. VTOL galismasi i¢in daha kiigiik boyutlu
acik rotorlariyla daha yiksek disk yliki ve bicak ucu hizlari
nedeniyle glrilti emisyonunda o6nemli bir zorluk
yaratmaktadirlar. (https://lilium.com/newsroom-
detail/lilium-architecture-design-principles, 06/09/2022)

Cruise eVTOL

Voloconnect  Lift +
(https://www.volocopter.com/solutions/voloconnect/,
06/09/2022).

Sekil 8:

2.4.3. Egimli Giig Unitesi (Tilt Rotor)

Tilt-rotor, VTOL hava araglari bir veya daha fazla rotorun
acisini degistirerek havada durma ve ileri ugus arasindaki
gegisi saglayabilen bir VTOL ugag tiirlidiir. Rotor agilarinin
degistirilmesi dikey kalkis ve inis yetenegi ile beraber bu
konsepte uzun mesafeler ugma yetenegi de saglamaktadir.

Blylik tahrik sistemlerinin egilmesi gerektiginden, yiiksek
menzil ve distk glriltinidn uzlasmasi, daha ylksek bir
teknolojik karmasikliga neden olmaktadir. Blyik, cok
kanatli dikmelerin dislik pal ucu hizlari nedeniyle, yapiya
miidahale edebilecek disik donusli saft torklu motorlar
gereklidir. Bu nedenle ya vyiksek torklu agir elektrik
motorlari gereklidir. Ya da ek bir disli sistemi kurulmalidir.
Tilt-rotor hava araglari daha karmasik sistemlerdir. Gegis
ucusu sirasinda ucgus dinamiklerinin tasariminda baska
zorluklar ortaya cikabilir. Genel olarak, verimli bir eVTOL
ucaginin 5 kritik tasarim boyutunun tamaminda
optimizasyona izin verebilecek tasarimlardir
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(https://lilium.com/newsroom-detail/lilium-architecture-
design-principles, 06/09/2022).

Sekil 9: Joby Aviation Tilt Rotor eVTOL
(https://asianaviation.com/ana-joby-sign-partnership-for-

air-taxi-services/, 06/09/2022).
2.4.4. Agili itme/Cekme (Vectored thrust)

Ayni tahrik/glc Uniteleri (motorlar 6nce havada asili kalma
(hover) sirasinda kaldirma kuvveti saglar ve ardindan seyir
asamasinda itme/cekme kuvveti olusturmak icin agilarini
degistirirler. Seyir asamasinda, kaldirma kuvveti kanatlar
tarafindan dretilir. Bu sistem diger konseptlere gére daha
da karmasiktir. Ancak daha verimli oldugundan, uzun
mesafeli uguslar icin daha uygun gorinmektedir. Yolcu
tasimaciligi kullanim durumlari icin, vektorli itme, tercih
edilen ¢Ozim olarak gorinmektedir

(https://www.globalsavunma.com.tr/kentsel-hava-
ulasimi-ve-dikey-kalkis-inis.html, 05/11/2022).

Sekil 10: Lilium Acili itme/Cekme (Vectored Thrust) eVTOL
(https://lilium.com/jet, 06/09/2022).

Kanalli turbo fanlar, geleneksel bir jet motoruyla ayni
prensipte calisir, ancak ¢ok daha basittir, bir elektrik
motoru tarafindan tahrik edilen yalnizca tek bir "asamah"
rotor/stator sistemine dayanir. Yanma gerekli degildir. Acik
rotorlarla karsilastirildiginda, kanalli tasarim sadece motor
verimliligini artirmakla kalmaz, ayni zamanda Ma=0.5'in
altindaki seyir hizlarinda distik kanat ucu hizlari ve havayi
dagitan akustik astarlarin dahil edilmesi yoluyla ucagin
glralti ayak izini azaltma firsatlari sunar
(https://lilium.com/newsroom-detail/lilium-architecture-
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design-principles 06/09/2022).
2.5. Atyapi

KHH'nin gelecegi, operasyonlari desteklemek icin dogru
altyapiya sahip olmalarina bagli olacaktir. ilk eVTOL hava
araglari ile yolculuk paylasim hizmetlerinin 2024 vyilina
kadar faaliyete gecmesini beklenmektedir. Elektrikle
¢alisan bu ugaklarin gereksinimlerini karsilayabilecek
altyapiyl ve en Ust seviye glivenlik isterlerini karsilayacak,
yiksek tempolu ucus operasyonlari gerekecektir.
(https://verticalmag.com/ opinions/infrastructure-
considerations-future-urban-air-mobility/,  08/09/2022).
KHH sistemlerinin sehirlere entegrasyonunun
saglanabilmesi icin teknik yeterliliklerin, mevcut altyapi
durumunun ve yeni altyapi ihtiyaglarinin belirlenmesi
geremektedir. Kara trafigindeki sikisikhklarin

giderilmesinde 6nemli bir gorev Ustlenecek olan, KHH
sistemlerinin mevcut sehir altyapisina kolay entegre
edilebilecegi 6ngorilmektedir.

Sekil 11: KHH ~evTOL Batarya Sarj istasyon
(https://verticalmag.com/news/eve-edp-study-eVTOL-
charging-infrastructure/, 08/09/2022).

KHH, sistemi kentlerde nakledilen urinlerin ve insanlarin
stkisik kara ulasim agindan kaynakh belirsizliklerin 6éniine
gecerek daha kisa stirelerde noktadan noktaya ulagsmasina
imkan verebilecektir. Ayrica, bu hizmet kara ulagsimi igin
gerekli olan genis vyollar, Ust/alt gecitler, kopriler,
kavsaklar, baglanti noktalari alt yapilar yerine hava araglari
igin belirlenecek inis/kalkis noktalari (vertiport) ile nispeten
daha az bir altyapiyla saglayacaktir (Tuncal ve Uslu,
2021:565). KHH’nin ileri evrelerinde, sistem kendi
ekosistemini olusturacaktir. Bu ise diinya ¢apinda altyapi
kurmak manasina gelmektedir. eVTOL jetleri igin inis
noktalari insa etmek kritik bir altyapi zorlugudur. Cozim,;
kapsamli, dagitilmis bir "VertiPorts" agi (birden fazla kalkis
ve inis pedine sahip VTOL hub'lari ve sarj altyapisi) veya tek
ucakh "vertistops" (minimum altyapiya sahip tek bir eVTOL
pedi) olusturmak olabilir. Vertiportlar ne havaalani yapisini
taklit etmeli ne de sehir sinirlan icinde cok fazla yer
kaplamalidir(https://infinitiventures.substack.com/p/tran
sportation- urban-air-mobility, 10/09/2022 ).
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. Kurulacak olan vertiportlarda VTOL (Vertical Take
Off And Landing) hava araglarinin batarya sarjlarinin
saglanabilmesi icin uygun glic isterilerinin saglanmasi,

o Vertiportlar ve VTOL hava araglarinin iletisiminin
saglanmasi icin gerekli olan fiber vb. iletisim hatlarinin
kurulmasi

o VTOL hava araglarinin bakim idame isletme
faaliyetlerinin tam ve eksiksiz olarak saglanabilmesi igin
gerekli olan altyapi hizmetlerinin saglanmasi

J Vertiport’larda tasinmasi 6n gorilen insan ve
GrlGnlerin  Vertiport ulasimi ve bekleme siliresince
ihtiyacglarinin belirlenip, mevcut altyapinin revize edilerek
yenilenmesi gerekmektedir.

2.6. Kullanim Alanlari ve Faydalari

Yogun nifuslu, kentlerde ve kent cevresindeki yerlesim
yerlerinde insan ve kargo tasimaciiginin saglanarak,
sehirici ulasiminin rahatlamasi, egzoz emisyon degerlerinin
dismesi, sehirde glriltd kirliliginin  azalmasi ileri
asamalarda sehir planlama ve yayiliminda kentsel hava
hareketliligi sistemlerinin etkili olmasi dngorilmektedir.

Uluslararasi Hava Tasimacilari Birliginin (International Air
Transport Association -IATA) COVID-19 salgini ile ciddi
sekilde etkilenen hava yolcu tasimaciligina yonelik uzun
doénemli senaryo analizine gore 2039 yilina kadar her yil 2,8
milyar artisla toplam yolcu sayisinin 8 milyara ulasacagi
tahmin edilmistir. Ayrica diinya nifusundaki artis ve
kirsaldan kentlere dogru hareketlilik ile gliniimiizde %56,2
olan kentlerdeki ntfusun 2035 yilinda %62,5, 2050 yilinda
ise %68,6 olacagl dngdrilmektedir. S6z konusu kentlerdeki
nifus yogunlugu ve vyolcu hareketliligindeki artis ile
strdurilebilir hareketlilik kavraminda insanlara,
birbirleriyle, icinde yasadiklari cevreye, zarar vermeden
Ozglirce hareket etme, iletisim ve iliskiler kurma firsati
verme gayreti, paydaslarin ve politika yapicilarin
karsilasacagi temel zorluklardan biri olacaktir. Son
teknolojik gelismelerle kentsel hareketliligini Uglinci
boyuta (hava sahasina) getirme sirdirilebilir hareketlilik
icin bir sans olarak gorilmektedir (Tuncal ve Uslu,
2021:565).

Cok genis bir kullanim yelpazesine sahip olan insanli/
insansiz VTOL, e VTOL ve STOL hava araglari kentsel hava
hareketliligi sistemlerindeki kullanim alanlari:

. Sehirici ve sehirlerarasi ulasim.

. Kargo teslimati

. Toplum servisleri

. Ozel / Turizm ve eglence araglari

. Afet gozetleme ve koordinasyon (sel, yangin vb.)

o Hava ambulans, saglik sektorl (soguk zincir ilag,
30

organ nakli)

N
Agirhik

500 kg +

insan Tagima A
Bolgesel Loiistk ve Nakliye

Bolgesel Tedarik zinciri

Saghk

Egemenlik islevleri

e o o e e

100 kg /- E-Ticaret

* Afet Koordinasyon, Arama ve
Kurtarma
* Yerel Tedarik zinciri

2 kg G

Menzil

2km 100 km 250 km +
Sekil 12: eVTOL H/A Faydali Yik Tasima ve Kullanim Alanlari

Bakim isletme maliyeti disik olan kigik VTOL, eVTOL ve
eSTOL hava araglarinin kullanimi ile yolculuk rotalarinin
kisalmasi ve bu durumla dogru orantili olarak bakim, idame
ve isletme maliyetlerinin diismesi olasidir. Disen isletme
maliyetleri ile beraber hava ulasimina erisilebilirlikte artis
ve bu dogrultuda hava ulasimi igin gizli talep potansiyelinin
uyarilmasi ongorilmektedir. Bunanla beraber sehirlerdeki
kara trafiginin rahatlamasi, diisen egsoz emisyon oranlari
ve en kiymetli kisith kaynak olan zamandan tasarruf gibi
faydalar beklenmektedir.

Basliklar halinde siralayacak olursak, sehirlerde eVTOL hava
araglarinin kullanimiyla beklenen olasi faydalar:

. Yolculuk siirelerinde kisalma

o Kentin kara trafik yogunlugunun azalmasi

. Ucuz, Erisilebilir hava ulasimi

. Disiik emisyon ve girilti dizeyi

. Afetlerde (deprem, sel ve yangin gdzlemleme) ve acil
saglk durumlarinda (organ nakli, ambulans)
kullanilabilirligi

. Mevcut altyapi entegrasyonun kolaylgi

. Dusuk bakim, idame maliyetleri

. Kirsal ve sehir baglantisinin artmasi ile sehir
planlama kolaylgi ve sehirlerin rahatlamasi

J Kendi endistri eko sistemini olusturmasi ile artan
istihdam

J Sehirlerin tanitimi

3. YONTEM

3.1. SWOT Analizi

SWOT analizi incelenen kurulusun, teknigin, slirecin veya
durumun gigli ve zayif yonlerini belirlemekte ve dis
cevreden kaynaklanan firsat ve tehditleri tespit etmekte
kullanilan bir tekniktir. Bilimsel anlamda durum analizi
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yapmaya imkan saglayan tekniklerden birisidir. SWOT
analizi stratejik 6neme sahip bir calisma olarak da
nitelendirilebilir. (Coban ve Karakaya, 2010: 347)
Arastirmaya baslamadan o6nce o6nemli bir adim
katilimcilarin  belirlenmesiydi. KHH’nin yeni bir sistem
olusundan, sistem hakkinda bilgi sahibi uzman sayisi ve
literatlirde yapilmis ¢alismalarin  azligi ¢alismamizda
zorlayici bir etkendi. Arastirmaya dahil olan katilimcilar,
havacilik sektoriinde uzun wyillar, farkh havacilik
projelerinde calismis\calismakta olan, sektér ve havacilik

3.1.3. Kentsel Hava Hareketliligi

Kentsel hava hareketliligi anketinde elde edilen veriler
dogrultusunda SPSS 26 programinda olcegin glvenilirlik
testi degeri incelendigi zaman, Cronbach Alpha degeri
0,875 degeri bulunmustur (Tablo 4). Literatlire gore bu
deger 0.80 < p <1.00 araliginda yer aldigindan dolayi yiiksek
givenilirlik duzeyinde oldugunu goéstermektedir. (Ezin,
2021: 82)

Tablo 4: Kentsel Hava Hareketliligi Cronbach Alpha

teknolojilerini takip eden uzmanlardan secilmis 9 kisilik bir ~ [Kentsel Hava Hareketliligi Giivenilirlik istatistigi
orneklemden olusmaktadir. Cronbach's | Cronbach's Alpha Based on N of Items
Alpha Standardized ltems
3.1.1. Verilerin toplanmasi 0,875 0,874 22
Geleneksel hava taksi ve Kentsel hava hareketliligi
sistemlerinin SWOT analizini yapabilmek icin katihmcilarla o
ylz yuze milakatlar gerceklestirilmis, milakatlarda elde Gicl Yanlar
edilen verilerden SWOT maddeleri olugturulmustur.  Tablo 5: KHH Giiclii Yanlar SPSS Analiz
Olusturulan SWOT maddeleri tekrar 6rnekleme e-posta Statstes —
yoluyla oylamalar icin likert tipi anket formunda Sorarenie
.. . . P . eviol hava UAM temiz enerji
gonderilmis. llgili maddeleri; coima | um_ | oo | e | SR o
. . ve i ini Sehir ici (sistemlerin ‘teknik ve alt
1-Kesinlikle Katilmiyorum, 2-Katilmiyorum, 3-Kararsizim, e B G wm"g temamen | yap
4_Kat|||yorum Ve 5_Ta mamen Katlllyorum Olacak §ekilde - — SEﬂll‘NpﬁlW\ﬂSI9 mallyetlen - ranatiama - tasarrufu - nlmasl) - olmas| -
H H H Missin 0 0 0 0 0 0
puanla ma Iarl ISten m I§t| r' Mean : 43333 3.7778 4.0000 47778 4.4444 37778
Median 5,0000 4,0000 4.0000 5.0000 5.0000 4,0000
Tablo 1. leert Olgek Std. Deviation 111803 1,09291 7071 44096 88192 1,09291
. Range L 1 8 . 3 3
o, e B - L0 0 ) I B B RN B
Katllmlyorum Kararsizim Kat|||yorum 50 5,0000 4,0000 4,0000 5,0000 5.0000 4,0000
Katllmlyorum Katlllyorum 75 5,0000 4,5000 4,5000 5,0000 5.0000 5,0000
1 2 3 4 5
3.1.2. Verilerin analizi o
Gligsiiz Yanlar
Anket gonderilen 9 kisilik Orneklemin tamami ankete L .
. .. ) . Tablo 6: KHH Gli¢siz Yanlar SPSS Analiz
katihm saglamistir. Ankete katilan 6rneklemin egitim e
diizeyleri (Tablo 2)’'de ve havacilik sektori tecribeleri A sViernava
(Tablo 3)'de verilmistir. Theehe' | Smmenn | v, | e
Notiacy Padoniyie T e
Tab|0 2: KatlllmCI Eéltlm DUrUmU = — eksikligi _ diigtik mca--lzil9 eksikligi/boslug; bulunmamas;)
EGiTiM DURUMU Mean s 4.4443 4.4442 4.3332 4,5552
9 yanit Median 5,0000 5,0000 5,0000 5,0000
Std. Deviation 72648 72648 1,00000 62705
) Range . 2,00 2,00 3,00 1,00
@ sms T = 20000 5.0000 #0000 5.0000
. YUKSEK LISANS 75 55,0000 5,0000 5,0000 5,0000
DOKTORA
Firsatlar
Tablo 7: KHH Firsatlar SPSS Analiz
Tablo 3: Katiimci Tecribeleri - e
SEKTOR TECRUBESI (YIL) a o | ua netcesinds
9 yanit sistemiennin afet sel
¥ e Soomnn | S | Smwme | Gn | o | Smeor
, e || e || S e B | S e s
2 (%22,2) 2 (%22,2) 2 (%22,2) midmbiorit, || et BooiossdlB [ oo o BNl B L o B (P B [ A
Kuandabiinsk Kullanim potansiyell Istihdam artisi Kaydediimest 1etikleme ‘Kolaylik
s ) o ¢ g o : °
Mean 38889 43333 411
! 1(%11,1) 1(%11,1) 1(%11,1) :::“'“"" ’i‘;g g ";’L‘i "Zj::
Percentiles 25 3.0000 4 \'.‘n‘.; 40000 4,0000
50 4,0000 5.0000 4.0000 4,0000
75 4,5000 5,0000 5,0000 5,0000
0
15 24 27 29 30 40
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Tablo 8: KHH Tehditler SPSS Analiz

Statistics

sistemlerinin
Kkullanimi icin
gerekll olan eviol hava WUzun vadeae evicl Hava
Network ve araclarnnin artan hava araclarinin
Internetin Kullanimiyia trafigi nedeni amaci diginda
cokmesi ve sehir icinde ile hava sahas: kullanim ile
siber olasi trafiginin tenlikel
saldinlara yaganabllecek | yonetiimesinde eylemierin
maruz kalma kaza kinm yasanabilecek yasanma
intiman tenlikes| Zorluklar olasing:
™~ Vala 9 El = a
Missing a o o a
Mean 4,4444 4.4444 4.5556 14,6667
Median 55,0000 5,0000 5.0000 55,0000
Std. Deviation 72648 72648 52705 50000
Range 2.00 2.00 1.00 1.00
Percentiles 25 4,0000 4,0000 4.0000 4,0000
S50 5,0000 5.0000 5.0000 5.0000
75 5.0000 5.0000 5.0000 5.0000

3.1.4. Geleneksel Hava Taksi

Geleneksel

hava taksi

anketinde elde edilen veriler

dogrultusunda SPSS 26 programinda olgegin givenilirlik
testi degeri incelendigi zaman Cronbach Alpha degeri 0,862
degeri bulunmustur (Tablo 9). Literatire gore bu deger

Glgsiiz Yanlar

Tablo 11: Geleneksel Hava Taksi Gli¢sliz Yanlar SPSS Analiz

Statistics

Hava Taksi Hava Taksi
hizmetlerinin hizmetlerinde Hava Taksi
idame, kullanilan hizmetlerinde
isletme ve hava Kullanilan
bakim Hava Taksi araglarinin hava
maliyetlerinin hizmetlerinin yuksek araglarinin
ve kullanim genis yer gurultu ve olumsuz
ucratlerinin destek ve alt egzoz metaorolojik
yiksek yapi emisyon sartlarda ugug
olmasi gereksinimi oranlar kisitt
N Valid o 9 E] ()
Missing [+] o 0 0
Mean 4,668687 4,4444 3,8889 4,5558
Median 5,0000 5,0000 4,0000 5,0000
Std. Deviation ,50000 72648 1,05409 52705
Range 1,00 2,00 3,00 1,00
Percentiles 25 4,0000 4,0000 3,0000 4,0000
50 5,0000 5,0000 4,0000 5,0000
7S] 5,0000 5,0000 5,0000 5,0000

Firsatlar

Tablo 12: Geleneksel Hava Taksi Firsatlar SPSS Analiz

0.80 < p <1.00 araliginda yer aldigindan dolay! yiiksek Statistics
glvenilirlik dizeyinde oldugunu gostermektedir. (Ezin, Hava taksi
2021: 82) Hava Taksi hizmetlerinin
hizmetlerinin Kentsel hava
afet hareketliligi
Tablo 9: Geleneksel Hava Taksi Cronbach Alpha UITIEATLE: | SEECET
—— — —— hasar tespit, icerisine dahil
Geleneksel Hava Taksi Giivenilirlik Istatistigi arama olarak
Cronbach's |Cronbach's Alpha Based on| N of Items kuga""% tek"_lﬁ_’l'(?l"‘_
. yaraim vo. Yenlliklern
AIpha Standardized Items faaliyetlerde yakalayabilme
0,862 0,889 14 kullanilabilirlik imkani
N Valid 9 9
Missing 0 0
Gigli Yanlar Mean 41111 4,0000
Tablo 10: Geleneksel Hava Taksi Gii¢li Yanlar SPSS Analiz Median 4,0000 4,0000
o Std. Deviation 92796 1,00000
Statistics ' ’
Hava Taksi Range 3,00 3,00
hizme}lerinin Percentiles 25 4 0000 3,5000
yolcu
yogunlugunun 50 4 0000 4 0000
az oldugu
diger ulasim 75 5,0000 5,0000
modiar ile
ulagimin Hava Taksi Hava Taksi )
olmadidi yada | hizmetlerinin hizmetlerin Tehditler
ulgglmln uzun sehirici yerlesik yasal
Seet |t | mEme Tablo 13: Geleneksel Hava Taksi Tehditler SPSS Analiz
ulasimda tasarrufu verilen bir Statistics
kullanimi saglamasi hizmet olmasi —
N Valid 9 9 9 eVTOL hava sehir .
Hava araglannin alanlaninda BuyOk hava Hava taksilerin
Missing 0 0 0 talklierin havea. OBr ulagiw yols Siderd
Mean 42222 44444 4,0000 h?‘:ﬁ;‘;‘ yoonislacak | rokabet | etiisinden kendilerini
Median 4,0000 50000 5,0000 N Vaiid 5 5 5 ° s
Std. Deviation 07183 101379 1,41421 — s oy pe S e ot
Range 300 300 400 Median 5.0000 4,0000 4,0000 4,0000 4,0000
) N : N Std. Deviation 52705 83333 1,05409 78174 86667
Percentiles 25 4. 0000 40000 33,0000 Percentiles 25 4.0000 3,5000 3.5000 3,5000 4,0000
50 4 OOOO 50000 5 0000 50 5,0000 4,0000 4,0000 4.,0000 4,0000
! ! ’ 75 5.0000 5,0000 5,0000 5,0000 5.0000
75 5,0000 50000 5,0000
Anketlerden elde edilen verilerin analizi yapildiginda, KHH
ve geleneksel hava taksi sistemlerinin SWOT maddelerinin
aldigi oylarin SPSS26 programinda hesaplanan ortalamalari
Tablo 14 ve Tablo 15’de verilmistir.
32
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Tablo 14: Kentsel Hava Hareketliligi Anket Verileri Ortalama Deger Tablosu

Guiglui Yanlar

Ortalama Degerler

eVTOL hava araglarinin Dlsuk gurllti oranlarina ve sifir egzoz emisyonuna sahip olmasi 4,33
KHH sistemlerinin Dusiik bakim idame isletme maliyetleri 3,77
KHH sistemlerinin kullanimiyla Sehir trafiginde rahatlama 4,00
KHH sistemlerinin kullanimiyla Sehirigi ulasimda zaman tasarrufu 4,77
KHH sistemlerinde surdlralebilir temiz enerji kaynaklari kullanimi (sistemlerin tamamen elektrikli olmasi) 4,44
Vertiport'larin teknik ve altyapi isterilerinin az olmasi 3,77
Giigsiiz Yanlar

KHH sistemlerinin yeni teknoloji olusundan kaynakh kullanici gliven eksikligi 4,44
eVTOL hava araglarinin batarya verimliligi nedeniyle disik menzil 4,44
KHH sistemlerinin kullanimi igin yasal mevzuat eksikligi/boslugu 4,33
eVTOL hava araglarinin IFR (aletli ugus) icin gerekli sehir engel veri tabaninin bulunmamasi 4,55
Firsatlar

KHH sistemlerinin sehirlerde kamu hizmeti gergevesinde kullanilabilirlik 4,00
Sehirlerin tanitimi ve turistik maksath kullanim 4,00
eVTOL hava araglarinin geleneksel hava taksilerin yerini alma potansiyeli 3,88
KHH sistemlerinin Kendi eko sistemini olusturmasi ile yasanacak endustriyel gelisim ve istihdam artisi 4,11
eVTOL hava araglarinin afet durumlarinda; hasar tespit, arama kurtarma, yardim vb. faaliyetlerde 455
kullanilabilirlik !
KHH sistemlerinin sehirlerde lojistik ve ulagim faaliyetlerinin ligclincli boyuta tasinmasi ile “Toplum 5.0” a gegiste 433
ilerleme kaydedilmesi ’
KHH sistemlerinin sehiricinde hava ulasimina yonelik gizli talep potansiyelini tetikleme 4,11
KHH sistemlerinin kullanimi neticesinde kirsal ve sehir baglantisinin artmasi ve sehirlere gogiin azalmasiyla 355
sehir planlamalarinda kolaylik ’
Tehditler

KHH sistemlerinin kullanimi igcin gerekli olan Network ve internetin ¢okmesi ve siber saldirilara maruz kalma 444
ihtimali !
eVTOL hava araglarinin kullanimiyla sehiricinde olasi yasanabilecek kaza kirim tehlikesi 4,44
Uzun vadede artan hava trafigi nedeni ile hava sahasi trafiginin yonetilmesinde yasanabilecek zorluklar 4,55
eVTOL Hava araglarinin amaci disinda kullanimi ile tehlikeli eylemlerin yasanma olasiligi 4,66

Tablo 15: Geleneksel Hava Taksi Anket Verileri Ortalama Deger Tablosu

Giiglii Yanlar

Ortalama Degerler

Hava Taksi hizmetlerinin yolcu yogunlugunun az oldugu diger ulasim modlari ile ulasgimin olmadig ya da

ulagimin uzun siireler aldigi konumlara ulasimda kullanimi 4,22
Hava Taksi hizmetlerinin sehirici ulasimda zaman tasarrufu saglamasi 4,44
Hava Taksi hizmetlerin yerlesik yasal mevzuata uygun olarak verilen bir hizmet olmasi 4,00
Gugslz Yanlar

Hava Taksi hizmetlerinin idame, isletme ve bakim maliyetlerinin ve kullanim licretlerinin yiksek olmasi 4,66
Hava Taksi hizmetlerinin genis yer destek ve altyapi gereksinimi 4,44
Hava Taksi hizmetlerinde kullanilan hava araglarinin yiiksek giiriiltii ve egzoz emisyon oranlari 3,88
Hava Taksi hizmetlerinde kullanilan hava araglarinin olumsuz meteorolojik sartlarda ugus kisitti 4,55
Firsatlar

Hava Taksi hizmetlerinin afet durumlarinda; hasar tespit, arama kurtarma, yardim vb. faaliyetlerde 411
kullanilabilirlik !
Hava taksi hizmetlerinin Kentsel hava hareketliligi sistemleri igerisine dahil olarak teknolojik yenilikleri 4.00
yakalayabilme imkani !
Tehditler

Hava taksilerin sehiriginde olasi kaza kirim tehlikesi 4,55
eVTOL hava araglarinin hava taksilerin yerini alacak olmasi 4,22
Hava taksilerin sehir alanlarinda diger ulasim modlariyla rekabet edememesi 4,11
Buyuk hava yolu sirketlerinin etkisinden ¢ikamayislari 4,11
Hava taksi sistemlerinin Yenilikci teknolojilerin gerisinde kalmasi 4,22
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Tablo 16: Kentsel Hava Hareketliligi SWOT Maddeleri Tablosu

Guiglui Yanlar

Giigsiiz Yanlar

e eVTOL hava araglarinin Dlsiik giriilti oranlarina ve sifir egzoz
emisyonuna sahip olmasi

e  KHH sistemlerinin Dlsiik bakim idame isletme maliyetleri
e KHH sistemlerinin kullanimiyla Sehir trafiginde rahatlama

e  KHH sistemlerinin kullanimiyla Sehirigi ulasimda zaman tasarrufu

e  KHH sistemlerinde surdirilebilir temiz enerji kaynaklari kullanimi
(sistemlerin tamamen elektrikli olmasi)
e  Vertiport’'larin teknik ve altyapi isterilerinin az olmasi

KHH sistemlerinin yeni teknoloji olusundan kaynakl
kullanici gliven eksikligi

eVTOL hava araglarinin Batarya verimliligi nedeniyle
diisiik menzil

KHH sistemlerinin  kullanimi
eksikligi/boslugu

eVTOL hava araglarinin IFR (aletli ugus) icin gerekli
sehir engel veri tabaninin bulunmamasi

icin Yasal mevzuat

Firsatlar

Tehditler

. KHH sistemlerinin kamu hizmeti

kullanilabilirlik

Sehirlerde cercevesinde

e  Sehirlerin tanitimi ve turistik maksatl kullanim

e eVTOL hava araglarinin Geleneksel Hava Taksilerin yerini alma
potansiyeli

e  KHH sistemlerinin Kendi eko sistemini olusturmasi ile yasanacak
endustriyel gelisim ve istihdam artisi

e eVTOL hava araglarinin afet durumlarinda; hasar tespit, arama
kurtarma, yardim vb. faaliyetlerde kullanilabilirlik

e  KHH sistemlerinin sehirlerde lojistik ve ulagim faaliyetlerinin igincu
boyuta tasinmasi ile “Toplum 5.0” a gegiste ilerleme kaydedilmesi

e  KHH sistemlerinin sehiricinde hava ulasimina yoénelik gizli talep
potansiyelini tetikleme

e  KHH sistemlerinin kullanimi neticesinde kirsal ve sehir baglantisinin
artmasi ve sehirlere goglin azalmasiyla sehir planlamalarinda
kolaylik

KHH sistemlerinin kullanimi igin gerekli olan Network
ve internetin ¢okmesi ve siber saldirilara maruz kalma
ihtimali

eVTOL hava araglarinin kullanimiyla sehiriginde olasi
yasanabilecek kaza kirim tehlikesi

Uzun vadede artan hava trafigi nedeni ile hava sahasi
trafiginin yonetilmesinde yasanabilecek zorluklar
eVTOL Hava araglarinin amaci disinda kullanimi ile
tehlikeli eylemlerin yasanma olasiligi

Tablo 17: Geleneksel Hava Taksi SWOT Maddeleri Tablosu

Guglii Yanlar

Gilgsiiz Yanlar

diger ulasim modlari ile ulasimin olmadigl ya da ulasimin
uzun sureler aldigi konumlara ulasimda kullanimi

tasarrufu saglamasi

olarak verilen bir hizmet olmasi

Hava Taksi hizmetlerinin yolcu yogunlugunun az oldugu

Hava Taksi hizmetlerinin sehirici ulasimda zaman
Hava Taksi hizmetlerin yerlesik yasal mevzuata uygun

Hava Taksi hizmetlerinin idame, isletme ve bakim
maliyetlerinin ve kullanim Ucretlerinin yliksek olmasi

Hava Taksi hizmetlerinin genis yer destek ve altyapi
gereksinimi
Hava Taksi hizmetlerinde kullanilan hava araglarinin
ylksek glirtilti ve egzoz emisyon oranlari

Hava Taksi hizmetlerinde kullanilan hava araclarinin
olumsuz meteorolojik sartlarda ugus kisitti

Firsatlar

Tehditler

tespit,
kullanilabilirlik

sistemleri
yakalayabilme imkani

Hava Taksi hizmetlerinin afet durumlarinda; hasar
arama kurtarma, vyardm vb. faaliyetlerde|?

Hava taksi hizmetlerinin Kentsel hava hareketliligi

icerisine dahil olarak teknolojik vyenilikleri

Hava taksilerin sehiriginde olasi kaza kirim tehlikesi

eVTOL hava araglarinin hava taksilerin yerini alacak
olmasi

Hava taksilerin sehir alanlarinda diger ulasim modlariyla
rekabet edememesi

Bliylk hava yolu sirketlerinin etkisinden ¢ikamayislari
Hava taksi
gerisinde kalmasi.

sistemlerinin  Yenilik¢ci teknolojilerin

34
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4. BULGULAR
4.1. Kentsel Hava Hareketliligi
Giigli Yanlar

eVtol hava araglarinin Duslk giiriiltid oranlarina ve sifir
egzoz emisyonuna sahip olmasi maddesi uzmanlardan en
distik 2 en yiksek 5 puan almigtir. Uzmanlarin genel gorisi
UAM hava araglarinin disik glriltd ve sifir egzoz
emisyonuna sahip olmasi yoniinde olmasina ragmen hava
araclarinin ihtiya¢ duydugu elektrik enerjisinin tamaminin
surdirtlebilir, enerji kaynaklarindan karsilanamayacagi
dogalgaz vb yakitlar kullanilarak tretilecegi bu durumunda
emisyon degerlerine olumsuz etkisi olacagl ve hava
araglarindaki bataryalarin giinimiz teknolojisi ile geri
donugturdlebilir, olmayisidir.  Kullanim  disi  kalan
bataryalarin imhasi, geri donlisimu gibi sorunlarin oldugu
ortaya ¢cikmaktadir. Evtol hava araglari ¢ok sessiz olsalar da
sehirlerde Hava araclarinin kullaniminin yayginlasmasiyla
sehir alani Gzerindeki ¢ok sayidaki hava aracinin girlti
kirliligi olusturacagi dislincesi belirtilmistir.

UAM sistemlerinin Disiik bakim idame isletme maliyetleri
maddesi uzmanlardan en disik 2 en yiliksek 5 puan
almistir. Uzmanlarin ¢ogunluk goriisi UAM sistemlerinin
Disiik bakim idame isletme maliyetlerine sahip olmasina
ragmen, evtol hava araclarinin sehir alanlari Gzerinde hava
sahasinin geleneksel hava taksiler, diger evtol ler ve
teslimat dronlariyla paylasacagl dusindlirse, ucgus
operasyonlarinin emniyeti yonetilmesi gibi ihtiyaglarin
karsilanmasi  karmasik bir hal alacaktir. Bu durum
beraberinde hava araglarinda daha fazla avionik ekipman
daha fazla yer destek ekip ve ekipmani bulundurarak
¢6zUminin  mimkin olacagindan, bu durumun
maliyetlere olumsuz etki edecegi gorisi belirtilmistir.

UAM sistemlerinin kullanimiyla Sehir trafiginde rahatlama
maddesi uzmanlardan en dusik 3 en ylksek 5 puan
almistir. Uzmanlarin ¢ogunluk goriisi UAM sistemlerinin
kullanimiyla Sehir trafiginde rahatlama saglamasinin
mimkin oldugunu ancak erken evrelerde sistemin hizmet
agi yayginligi, gtivenilirlik ve bilinirliginin dislik olmasindan
Otlirt erken evrelerde sehir trafigine beklenenden daha az
bir etki gosterecegi gorusi belirtilmistir.

UAM sistemlerinin kullanimiyla Sehirici ulasimda zaman
tasarrufu maddesi uzmanlardan en disiik 4 en yiksek 5
puan almistir. Uzmanlarin  ¢ogunluk goérisi UAM
sistemlerinin  kullanimiyla  Sehiri¢ci ulasimda zaman
tasarrufu saglamasinin sistemin havadan kus ucumu rotalar
ve sliratleri nedenli, seyahat mesafelerini kara araglarina
gore tartismasiz daha hizli kat etmesiyle zaman tasarrufu
saglayacagi yoniindedir.
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UAM sistemlerinde siirdiirilebilir temiz enerji kaynaklari
kullanimi (sistemlerin tamamen elektrikli olmasi) maddesi
uzmanlardan en disik 3 en ylksek 5 puan almistir.
Uzmanlarin ¢cogunluk gorisi hava araglarinda kullanilacak
elektrik enerjisinin sirdirilebilir enerji kaynaklarindan
karsilanacagl gorisi olsa da hava araclarinin ihtiyag
duydugu elektrik enerjisinin tamaminin sirdurilebilir
enerji kaynaklarindan karsilanamayacagl dogalgaz vb.
yakitlar  kullanilarak Uretilecegi bununda emisyon
degerlerine olumsuz etkisi olacagli disincesi de
belirtilmistir.

Vertiport’larin teknik ve altyapi isterilerinin az olmasi
maddesi uzmanlardan en disik 2 en yilksek 5 puan
almistir. Uzmanlarin gogunluk gorisi Vertiport’larin teknik
ve altyapi isterilerinin az olacagl yo6ninde olsa da
sistemlerin yayginlasmasi ve beraberinde daha karmasik
bir hal almasiyla beraber vertiport’ larin da daha fazla
altyapi ve teknik donanima gereksinim duyacagl gorisu
belirtilmistir.

Gligsiiz Yanlar

UAM sistemlerinin yeni teknoloji olusundan kaynakli
kullanici giiven eksikligi maddesi uzmanlardan en disik 3
en yiliksek 5 puan almistir. Uzmanlarin ¢ogunluk gorusi
UAM sistemlerinin yeni teknoloji olusundan kaynakli
kullanici gliven eksikliginin sistemlerinin kullaniminda
halkin katilimi ve kabulli asamasinda sistemlerin gligsiiz
yani oldugu goriisiinde olsa da havacilik sektériindeki hali
hazirda edinilmis olan, hava araci ugus operasyon
tecriibesinin, kullanicilar nezdinde sistemlere giliven igin
yeterli oldugu gorisi de belirtilmistir.

eVtol hava araglarinin Batarya verimliligi nedeniyle disik
menzil maddesi uzmanlardan en diistik 3 en yiiksek 5 puan
almistir. eVtol hava araglarinin Batarya verimliligi nedeniyle
menzillerinin  disiik  olmasi  uzmanlarin  gogunlugu
tarafindan sistemlerin gli¢sliz yani olarak kabul edilse de
hali hazirdaki menzilin sehir alanlari icerisinde insan ve

hizmet tasinmasi i¢cin yeterli olabilecegi gorisu
belirtilmistir.
UAM sistemlerinin  kullanimi  i¢cin  Yasal mevzuat

eksikligi/boslugu maddesi uzmanlardan en disuk 2 en
yiksek 5 puan almistir. UAM sistemlerinin kullanimi igin
Yasal mevzuat eksikligi/boslugunun oldugu, uzmanlarin
¢ogu tarafindan benimsense de sistemlerin kullanimi igin
mevcut havaciik  kural ve usullerin  kullanilarak
operasyonlarin yapilabilecegi, kisa zaman igerisinde
sistemin mevzuat olarak olgunlasacagi yoniindedir.

eVtol hava araclarinin IFR (aletli ugus) icin gerekli sehir
engel veri tabaninin bulunmamasi maddesi uzmanlardan
en disik 4 en yiksek 5 puan almistir. eVtol hava araglarinin
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IFR (aletli ugus) icin gerekli sehir engel veri tabaninin
bulunmamasinin IFR ugus operasyonlarinin glivenilir, bir
bicimde yapilamayacagi yoniinde goris birligi saglanmistir.
Evtol hava araci Ureticilerin acik kaynak agiklamalarinda ilk
UAM operasyonlarinin  VFR ( gorerek ugus) olarak
yapilacagi bilinmektedir. Bu durumdailk etapta gece, sis vb.
Ucus kosullarinda evtol ucus operasyonlarinin olamayacagi
on goriilmektedir.

Firsatlar

UAM sistemlerinin Sehirlerde kamu hizmeti cercevesinde
kullanilabilirlik maddesi uzmanlardan en distk 3 en yiiksek
5 puan almistir. Uzmanlarin genel gorisiu sistemin
belediyeler ve kamu kurumlari tarafindan kullaniminin
UAM sistemleri igin firsat olarak gorse de az sayida
uzmanda kararsiz yonde goris bildirilmistir.

Sehirlerin tanitimi ve turistik maksath kullanimi maddesi
uzmanlardan en disik 2 en ylksek 5 puan almistir.
Uzmanlarin genel gorisi sistemlerin sehrin tanitiminda ve
turistik maksatla kullanilmasiyla, UAM sistemlerini
sehirlerin taninirhginin artmasi, turizm, sanayi ve teknoloji
merkezi olmasi icin bir cazibe merkezi olma potansiyelini
goren diger her olgekteki sehrin sistemleri getirme isteginin
artacagl ve bu durumu UAM sistemleri icin firsat olarak
gorse de az sayida uzmanda aksi ve yonde gorUs
belirtilmistir.

eVtol hava araglarinin Geleneksel Hava Taksilerin yerini
alma potansiyeli maddesi uzmanlardan en diisik 3 en
yuksek 5 puan almistir. Uzmanlarin genel gériisti eVtol hava
araglarinin  Geleneksel Hava Taksilerin yerini alma
potansiyeli oldugu ve evtol hava araglarinin deniz
platformlari ve maden sahalari gibi alanlara insan, mal ve
hizmetlerin tasimasinda kullanilabilme potansiyelinin UAM
sistemlerinin gelisimi igin firsat olarak gorse de az sayida
uzmanda kararsiz yonde goris belirtilmistir.

UAM sistemlerinin Kendi eko sistemini olusturmasi ile
yasanacak endustriyel gelisim ve istihdam artisi maddesi
uzmanlardan en disik 3 en ylksek 5 puan almistir.
Uzmanlarin genel goérisii UAM sistemlerinin Kendi eko
sistemini olusturmasi ile yasanacak endistriyel gelisim ve
istihdam artisi olma potansiyelini UAM sistemleri icin firsat
olarak gorse de az sayida uzman yetismis personel azligi
nedenli kisa ve orta vade de kararsiz gorus bildirmistir.

eVtol hava araglarinin afet durumlarinda; hasar tespit,
arama kurtarma, yardim vb. faaliyetlerde kullanilabilirlik
maddesi uzmanlardan en disik 3 en yiksek 5 puan
almistir. Uzmanlarin genel gorisi eVtol hava araglarinin
afet durumlarinda; hasar tespit, arama kurtarma, yardim
vb. faaliyetlerde kullanilabilirligini UAM sistemleri igin firsat
olarak gorse de az sayida uzman kararsiz gorus bildirmistir.
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UAM sistemlerinin  sehirlerde lojistik ve ulasim
faaliyetlerinin Gglincl boyuta tasinmasi ile “Toplum 5.0” a
geciste ilerleme kaydedilmesi maddesi uzmanlardan en
diistk 3 en yiksek 5 puan almistir. Uzmanlarin genel gorusi
UAM sistemlerinin  sehirlerde lojistik ve ulasim
faaliyetlerinin lglincl boyuta tasinmasi ile “Toplum 5.0” a
geciste ilerleme kaydedilmesini UAM sistemleri igin firsat
olarak gorse de az sayida uzman toplum 5.0" hakkinda tam
bilgi sahibi olmayislarindan kararsiz yonde goris
bildirmistir.

UAM sistemlerinin sehirigcinde hava ulasimina yonelik gizli
talep potansiyelini tetikleme maddesi uzmanlardan en
distk 2 en yiksek 5 puan almigtir. Uzmanlarin genel gorusi
UAM sistemlerinin sehirigcinde hava ulasimina yonelik gizli
talep potansiyelini tetikleme olasiligini UAM sistemlerinin
gelisimi ve yayginlasmasi icin firsat olarak goérse de az

sayilda uzman sistemlerin fiyat olarak ulasilabilir,
olmayacagl  dusindlklerinden  aksi  yonde  gorUs
bildirmistir.

UAM sistemlerinin kullanimi neticesinde kirsal ve sehir
baglantisinin artmasi ve sehirlere goclin azalmasiyla sehir
planlamalarinda kolaylik maddesi uzmanlardan en dusik 2
en yiiksek 5 puan almistir. Uzmanlarin gérisi az cogunlukla
UAM sistemlerinin kullanimi neticesinde kirsal ve sehir
baglantisinin artmasi ve sehirlere goclin azalmasiyla sehir
planlamalarinda kolaylik saglamasinin firsat oldugu
yoniinde olsa da diger uzmanlar aksi yonde goris
bildirmistir.

Tehditleri

UAM sistemlerinin kullanimi igin gerekli olan Network ve
internetin ¢cokmesi ve siber saldirilara maruz kalma ihtimali
maddesi uzmanlardan en disik 3 en ylksek 5 puan
almistir. Uzmanlarin genel goriisi UAM sistemlerinin
kullanimiigin gerekli olan Network ve internetin ¢cokmesi ve
siber saldirilara maruz kalma ihtimalini UAM sistemleri icin
Tehdit olarak gorse de az sayida uzman kararsiz yonde
goris bildirmistir.

eVtol hava araclarinin kullanimiyla sehiricinde olasi
yasanabilecek kaza kirim tehlikesi maddesi uzmanlardan en
disilik 3 en ylksek 5 puan almistir. Uzmanlarin genel gorisu
eVtol hava araclarinin kullanimiyla sehiricinde olasi
yasanabilecek kaza kirim tehlikesini UAM sistemleri igin
Tehdit olarak gorse de az sayida uzman kararsiz yonde
gorls bildirmistir.

Uzun vadede artan hava trafigi nedeni ile hava sahasi
trafiginin yonetilmesinde yasanabilecek zorluklar maddesi
uzmanlardan en disik 4 en ylksek 5 puan almistir.
Uzmanlarin genel gortsi Uzun vadede artan hava trafigi
nedeni ile hava sahasi trafiginin yonetilmesinde
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yasanabilecek zorluklari UAM sistemleri igin Tehdit oldugu
goristinde mutabik kalmistir.

eVtol Hava araglarinin amaci disinda kullanimi ile tehlikeli
eylemlerin yasanma olasiligi maddesi uzmanlardan en
disik 4 en yiksek 5 puan almistir. Uzmanlarin genel gorusi
eVtol Hava araglarinin amaci disinda kullanimi ile tehlikeli
eylemlerin yasanma UAM sistemleri icin Tehdit oldugu
goristinde mutabik kalmistir.

4.2. Geleneksel Hava Taksi
Gugli Yanlar

Hava Taksi hizmetlerinin yolcu yogunlugunun az oldugu
diger ulasim modlari ile ulasimin olmadigl ya da ulasimin
uzun sireler aldigi konumlara ulagimda kullanimi maddesi
uzmanlardan en disik 2 en ylksek 5 puan almistir.
Uzmanlarin genel gorisli Hava Taksi hizmetlerinin yolcu
yogunlugunun az oldugu diger ulasim modlari ile ulasimin
olmadigl ya da ulasimin uzun sireler aldigi konumlara
ulasimda kullaniminin hava taksi hizmetleri icin glicli yani
olarak gorse de az sayida uzman hizmetlerin kullanimin
pahali ve erisiminin zor olusu nedenli aksi géris bildirmistir.

Hava Taksi hizmetlerinin sehirici ulasimda zaman tasarrufu
saglamasi maddesi uzmanlardan en distk 2 en yiksek 5
puan almistir. Uzmanlarin genel gortsi Hava Taksi
hizmetlerinin  sehirici  ulasimda zaman tasarrufu
saglamasini hava taksi hizmetleriicin glicli yan olarak gorse
de az sayida uzman hava taksi hizmetlerinin yaygin
olmayisindan o6tird hizmetlere ulasmak igin harcanan
zaman da toplam yolculuk siiresi iginde disilinildiglinde
aksi yonde goris bildirmistir.

Hava Taksi hizmetlerin yerlesik yasal mevzuata uygun
olarak verilen bir hizmet olmasi maddesi uzmanlardan en
diistik 1 en yiiksek 5 puan almistir. Uzmanlarin genel gorisi
Hava Taksi hizmetlerin yerlesik yasal mevzuata uygun
olarak verilen bir hizmet olmasini hava taksi hizmetleri igin
glcli yan olarak gorse de az sayida uzman kararsiz ve aksi
yonde goris bildirmistir.

Giligsiiz Yanlar

Hava Taksi hizmetlerinin idame, isletme ve bakim
maliyetlerinin ve kullanim (cretlerinin yiksek olmasi
maddesi uzmanlardan en diisik 4 en yiksek 5 puan
almistir. Uzmanlar Hava Taksi hizmetlerinin idame, isletme
ve bakim maliyetlerinin ve kullanim Ucretlerinin yiksek
olmasinin hava taksi hizmetleri i¢in gli¢siiz yan oldugu
yonlinde goris birligi saglamistir.

Hava Taksi hizmetlerinin genis yer destek ve altyapi
gereksinimi maddesi uzmanlardan en distk 3 en yiksek 5
puan almistir. Uzmanlarin genel gortsi Hava Taksi
hizmetlerinin genis yer destek ve altyapi gereksinimini hava
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taksi hizmetleri icin gligsiiz yan olarak gorilse de az sayida
uzman kararsiz yénde gorus bildirmistir.

Hava Taksi hizmetlerinde kullanilan hava araglarinin yiiksek
glriltl ve egzoz emisyon oranlari maddesi uzmanlardan en
diistk 2 en yiksek 5 puan almistir. Uzmanlarin genel gorusi
Hava Taksi hizmetlerinde kullanilan hava araglarinin yiiksek
glrilth ve egzoz emisyon oranlarina sahip olmasinin hava
taksi hizmetleri icin glicsliz yan olarak gorilse de az sayida
uzman aksi ve kararsiz yonde goris bildirmistir.

Hava Taksi hizmetlerinde kullanilan hava araglarinin
olumsuz meteorolojik sartlarda ucus kisitti maddesi
uzmanlardan en disik 4 en ylksek 5 puan almistir.
Uzmanlar Hava Taksi hizmetlerinde kullanilan hava
araglarinin olumsuz meteorolojik sartlarda ugus kisittini
hava taksi hizmetleri igin gligsiiz yan oldugu yoniinde goris
birligi saglamistir.

Firsatlar

Hava Taksi hizmetlerinin afet durumlarinda; hasar tespit,
arama kurtarma, yardim vb. faaliyetlerde kullanilabilirlik
maddesi uzmanlardan en disik 2 en yilksek 5 puan
almistir. Uzmanlarin genel gorlisi Hava Taksi hizmetlerinin
afet durumlarinda; hasar tespit, arama kurtarma, yardim
vb. faaliyetlerde kullanilabilirligini hava taksi hizmetlerinin
gelisimi ve yayginlasmasi icin firsat olarak goérse de az
saylida uzman sistemlerin ugus oprasyon maliyetleri ylksek
oldugu icin aksi yonde goris bildirmistir.

Hava taksi hizmetlerinin Kentsel hava hareketliligi
sistemleri icerisine dahil olarak teknolojik vyenilikleri
yakalayabilme imkani maddesi uzmanlardan en diisiik 2 en
yiksek 5 puan almistir. Uzmanlarin genel goriisii Hava taksi
hizmetlerinin Kentsel hava hareketliligi sistemleri icerisine
dahil olarak teknolojik yenilikleri yakalayabilme imkanini
hava taksi hizmetleri icin firsat olarak gorse de az sayida
uzman aksi ve kararsiz ydnde goris bildirmistir.

Tehditler

Hava taksilerin sehiricinde olasi kaza kirim tehlikesi
maddesi uzmanlardan en disik 4 en yiksek 5 puan
almistir. Uzmanlar Hava taksilerin sehiricinde olasi kaza
kirnm tehlikesini hava taksi hizmetleri i¢in tehdit oldugu
yoniinde goris birligi saglamistir.

eVTOL hava araclarinin hava taksilerin yerini alacak olmasi
maddesi uzmanlardan en dislik 3 en yiksek 5 puan
almistir. Uzmanlarin genel goriisi Hava taksi hizmetlerinin
eVTOL hava araglarinin hava taksilerin yerini alacak
olmasini hava taksi hizmetleri icin tehdit olarak gorse de az
saylda uzman kararsiz yonde gorus bildirmistir.

Hava taksilerin sehir alanlarinda diger ulasim modlariyla
rekabet edememesi maddesi uzmanlardan en diisik 2 en
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yiksek 5 puan almistir. Uzmanlarin genel gorisi Hava
taksilerin sehir alanlarinda diger ulasim modlariyla rekabet
edememesini hizmetlerin yatirim alma ve yayginlasmasinin
ontinde engel oldugu gerekgesiyle, hava taksi hizmetleri
icin tehdit olarak gorse de az sayida uzman aksi ve kararsiz
yonde goris bildirmistir.

Blylk hava yolu sirketlerinin etkisinden g¢ikamayislari
maddesi uzmanlardan en disik 3 en yiliksek 5 puan
almistir. Uzmanlarin genel gorisi Biylk hava vyolu
sirketlerinin  etkisinden g¢ikamayislarini  hava taksi
hizmetleri icin tehdit olarak gorse de az sayida uzman
kararsiz yonde goris bildirmigtir.

Hava taksilerin  Yenilikgi teknolojilerle  kendilerini
yenileyememeleri maddesi uzmanlardan en disik 3 en
yiksek 5 puan almistir. Uzmanlarin genel gorisi Hava
taksilerin Yenilikgi teknolojilerle kendilerini
yenileyememelerini hava taksi hizmetlerin yasamlarini
surdibilmeleri icin tehdit olarak gorse de az sayida uzman
kararsiz yonde goris bildirmistir.

4.3. Evtol Hava Araglari Karsilagstirma Analizi

Tablo 18: eVTOL Hava Araglari Karsilastirma Tablosu

Dikey Seyir
eVTOL Tasarim Kalkis ve | Verimliligi Batarya Guriilti
Konsepti Zorlulugu inis ve Seyir Kullanimi | Diizeyi
Verimliligi Hizi
Multikopter Duistuk Yuksek Duslk Yuksek Yuksek
Kaldlrma'+ Dusuk Yiksek Orta Orta Yiksek
Seyir
Egimli
Kanat ve Yiksek Dusuk Yiksek Dusuk Dusuk
Rotor
Kanal
Vektorli Yiksek Dusuk Yiksek Dusuk Dusuk
Itme

Kentsel hava hareketliligi sistemlerinde kullanilmak (izere
farkli tasarim konseptlerinde tasarlanip Uretilen eVTOL
hava araglarini tasarim zorlugu, dikey kalkis ve inis
verimliligi, seyir verimliligi ve hizi, batarya kullanimi ve
glrlltt dizeylerinin literatiir okumalari ve uzmanlarla
yapilan goriismelerden elde edilen bilgilere dayanarak
eVTOL hava araclari birbirleriyle dustk, orta ve yiksek
Olcegiyle karsilastirma tablosu olusturulmustur.

5. SONUC ve DEGERLENDIRME

Teknolojideki gelismelerle beraber iletisimden ulasima,
alisveris yapma bicimlerimize kadar hemen hemen her sey
degismekte ve teknoloji her alanda hayatimizda daha da
fazla yer etmektedir. Glinlimuizde ulasimin insanlar icgin
onemi sehir planlamalarindan, teknolojik gelismelere, ticari
faaliyetlerden, lojistik ve tedarik zincirine kadar glinlik
yasantimizda hemen hemen her konu, bir bicimde ulasimla
bagintilidir. Artan sehir nifuslari beraberinde ulasim dahil
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pek cok ¢dziim bekleyen sorunu da getirmistir. insan, tiriin
ve hizmetlerin ulasiminin, disiik maliyetlerle, glivenli ve
cevreye en az zararll bicimde yapilmasinin Onemi
tartismasiz bir gercekliktir.

Son vyillarda popilaritesi her gecen gin artan KHH
sistemleri bu hususda ¢6zim adayidir. KHH sistemlerinin
Bilesenleri, yasal zemini, kullanim alanlari ve beklenen
faydalari arastirilmistir. KHH ve geleneksel hava taksi
hizmetleriicin olusturulan SWOT maddeleri ayri ayri detayli
analizleri gercgeklestirilmistir. KHH sistemlerinde
kullanillacak olan eVTOL hava araclarinin karsilastirma
analizi hava araci konseptleri kendi iglerinde Tasarim
zorlugu, Dikey kalkig inis verimliligi, Seyir verimliligi ve seyir
hizi, Batarya kullanimi ve Gurlltli dizeyleri géz 6niine
alinarak yapilmis ve bir tablo halinde birlikte gosterilmistir.
Ulasimda yeni ve iddiali olan bu sistemi daha iyi
anlasilabilmesi icin kentsel hava hareketliligi ve geleneksel
hava taksi hizmetlerinin SWOT analizi maddelerinde uzman
gorislerine yer verilmistir.

Analizlerden elde edilen verilerden ve literatir
okumalarindan Kentsel Hava Hareketliligi sistemlerinin
ontmuzdeki birkag yil icinde kentsel ulasim, havacilik ve
batarya teknolojilerindeki inovasyonda tetikleyici bir faktor
olmasi ongorilmektedir. Yogun nifuslu kentlerde ve kent
cevresinde strdirilebilir kentsel hareketlilik politikalari
dogrultusunda, insan ve kargo tasimaciligi eVTOL hava
araclariyla saglanacaktir. KHH sistemleri hayatimiza
girmesiyle; Sehirici ulasiminin rahatlamasi, egzoz emisyon
degerlerinin dismesi, sehirde girdlti kirliliginin azalmasi
beklenmektedir. eVTOL hava araglarinin kullanimiyla,
Tarim ve orman arazilerinin gézetimi, ilaglama faaliyetleri,
Su kaynaklari ve denizlerin gbzetimi (denize sintine birakimi
ve fabrika atiklarinin temiz su kaynaklarina birakilmasinin
onlenmesi), Kagak yapilasma, kagak balikgilik, gocmen
kacakgihgl faaliyetlerinin tespiti, ileri asamalarda sehir
planlama ve vyayiliminda Kentsel Hava Hareketliligi
sistemlerinin etkili olmasi gorisli ortaya c¢ikmaktadir.
Kentsel hava hareketliligi sistemlerinin glivenli ve etkin
kullanilabilmesi icin uzman gorislerinden elde edilen
bilgiler dogrultusunda sehir engel veri tabaninin
olusturulmasi, yasal mevzuatlarin belirlenmesi ve halkin bu
yeni sistemi kabul( ve katilimi icin tanitim ve teknoloji
gosterim  faaliyetlerinin  hiz  kazanmasi  gorislide
bulunmaktadir. Elektrikli Dikey Kalkis ve inis (eVTOL) ve
hibrit sistemler icin bircok c¢alisma yapilmaktadir. KHH
sistemleri Bir¢cok disiplin ve teknolojiyi icerisinde
barindirmaktadir. Yonetim bilisim sistemleri olarak
¢ahisiilmasi gereken konulari belirlemek i¢in 6ncelikle KHH
icin genel operasyon konsept resmi olusturulmustur. (Sekil
13) sehir alanlarinda eVTOL hava araglarinin hiz, irtifa, ve
konum bilgileri gibi, hizmet verdikleri bdlgelerdede
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Gzerlerinde bulunan kamera ve sensérler vasitasiyla hizmet
verilen bolgeye ve hava aracina gore degisecek verilerin
toplanmasi  gerekmektedir. Toplanan veriler 5G
teknolojisiyle oncelikle yere indirilmeli, fiber altyapi ile
hizmet saglayici merkezlerine iletilmelidir. Ayni sehir alani
icerisinde birgok farkli hizmet saglayici tarafindan hizmet
verilecektir. Tim bu veriler kurulacak olan KHH komuta

kontrol merkezine aktarmallardir. Tim hizmet
saglayicilardan  toplanan verilerin, siniflandiriimasi,
biribirleriyle iliskilendirilerek  anlamlandirilmasi  ve

gorsellestirilerek kullanicilara iletilmesi gerekecektir. Bu
bilgilerin kullanicilari; Hava trafik kontrol birimleri, glivenlik

Hava Trafik Kontrol

KHH Komuta Kontrol
Merkezi KEEEE

Hizmet 1A\

R Saglayici

Yerel
Yénetimler

Uy 1
iy

$s,
Guvenlik Gugleri

e

-

Saghk Hizmetleri

Afet ve At:|l Durum
Yonetimi Baskanhg:
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glgleri, afet ve acil durum yonetim baskanlgi, yerel
yonetimler, saghk birimleri ve eVTOL hava araglariyla
ulasim  hizmeti alan son  kullanicilardir.  Bilisim

teknolojilerinin Uretecegi bilisim ¢ozimleri kullanicilar,
hizmet saglayicilar ve otoriteler icin bliyik 6nem arz
etmektedir. Hizmet saglayicilar icin; Bir ucus operasyonu
esnasinda ihtiyac duyulan tiim bilgilerin derlenerek hizmet
saglayicilara iletecek bilisim ¢oziimleri Gretilmelidir. Son
kullanicilarin; eVTOL hava araglariyla ugus deneyimlemeleri
icin ihtiyag duyduklari  tim bilgilerin  derlenerek
kullanicilara ulagtinldigi bilisim ¢ozlimlerine ihtiyaci oldugu
gorilmektedir.
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Sekil 13: KHH Genel Konsept

Otoriteler i¢in; Sehir alani icindeki hava trafiginin
yonetimini hizli, glivenli ve ayni hava sahasi igerinde
operasyon icra eden diger hava araglariyla eszamanh
yapmak icin hava araglarindan alinan verilerinin ortak bir
veri tabanina, uydular, mobil aglar ve fiber altyapi yoluyla
iletmeleri gereklidir. Olusan ortak veri havuzundaki
verilerin anlk ve glincel olarak gerekli islem ve analizlerden
gecerek, sehir alani igerisindeki tim hava araglarinin
kullanimina  sunulmalidir.  Olasi  kaza  kirimlarin
onlenmesinde ve sehir hava trafiginin glivenli ve hizli olarak
yonetilmesine olanak saglayacak olan bilisim ¢dzimlerinin
gelistirilmesi gerekmektedir.
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EXTENDED ABSTRACT

With the developments in technology, almost everything is changing, from communication to transportation, to the way
we shop, and technology takes an even greater place in our lives in every field. Today, the importance of transportation
for people, from city planning to technological developments, from commercial activities to logistics and supply chain,
almost every subject in our daily life is somehow related to transportation. Increasing city populations have brought along
many problems waiting to be solved, including transportation. The importance of transporting people, goods and services
at low costs, safely and in the least harmful way to the environment is an indisputable reality. Urban Air Mobility (UAM),
which we can consider as the air pillar of the mobility revolution, which is among the goals of the super smart society 5.0,
by definition, refers to a set of tools and operational concepts proposed to provide on-demand or scheduled air
transportation services within a city area. VTOL (Vertical Take-off and Landing), eVTOL (Electric Driven Vertical Take-off
and Landing) and STOL (Short Take-Off) emerged as an integrated concept from UAVs and rotary wing systems, which are
used effectively in many fields with the developing technology and whose usage area is expanding every day. and Landing)
aerial platforms seem likely to be used as manned, semi-autonomous and autonomous in areas such as urban
transportation, retail cargo transportation, and health in the near future. With the use of UAM Systems; With the use of
VTOL, eVTOL and STOL aircraft, which have low maintenance and operating costs in short distances, travel routes will be
shortened, urban transportation maintenance and operating costs will decrease, and Vertiports, which are access points
to UAM systems, are likely to increase. Along with the falling operating costs, the increase in accessibility to air
transportation and accordingly triggering the hidden demand potential for air transportation, along with the relief of land
traffic in cities, decreasing emission rates and saving time, which is the most precious limited resource, are expected. In
the integration of UAM systems into cities, SWOT (Strong and Weak Opportunities Threats) analysis of this new system
with traditional air taxi services was performed, opportunities, threats, strengths and weaknesses were determined, a
comparison analysis of eVTOL aircraft concepts was made, and results and evaluations were made. Before conducting
the research, an important step of the research is to determine the participants, which is the most important starting
point of the research. The participants consist of a sample group of 9 people selected from experts from Turkey and
abroad, who have worked in different aviation projects for many years in the aviation industry, and who follow the
industry and aviation technologies. For SWOT analysis of traditional air taxi and Urban air mobility systems, SWOT items
created with the data obtained in face-to-face interviews with experts to determine the strengths, weaknesses,
opportunities and threats of Urban air mobility and Traditional air taxi services are sent via e-mail to the sample consisting
of experts. 1-Strongly Disagree, 2-Disagree, 3-Undecided, 4-Agree and 5-Completely Agree. The final SWOT analysis items
were created by collecting the information obtained. According to the research, when the available data are examined,
the opportunities and strengths of the urban air mobility systems reveal that it is inevitable to apply the systems in the
cities of the future, even though they contain weaknesses and threats. Urban Air Mobility systems are predicted to be a
driving factor in innovation in the areas of urban transport, supply chain, aviation battery technologies and law in the next
few years. In line with sustainable urban mobility policies in densely populated cities and around the city, human and
cargo transportation is provided to facilitate urban transportation, decrease in exhaust emission values, decrease in noise
pollution in the city, Monitoring of agricultural and forest lands, spraying activities, Surveillance of water resources and
seas (bilge release to the sea) and preventing the discharge of factory wastes to clean water resources), the detection of
illegal construction, illegal fishing, migrant smuggling activities, and the idea that Urban Air Mobility systems should be
effective in city planning and dissemination in advanced stages. With the widespread use of eVTOL aircraft over city areas,
its usability in activities such as the coordination and direction of surveillance teams in events such as Fire, Earthquake,
Forest Fire, and the surveillance of the city comes to the fore. In order for the safe and effective use of urban air mobility
systems, there is an opinion that the promotion and technology demonstration activities should be accelerated for the
establishment of a city barrier database, the determination of legal regulations, and the acceptance and participation of
the public in line with the information obtained from expert opinions. A lot of work is being done for Electric Vertical
Takeoff and Landing (eVTOL) and hybrid systems. The need arises to meet the requirement of the urban air mobility
system, which includes many disciplines and technologies, for service providers, users and authorities to collect the data
they need for the management, use and follow-up of the system, associating with each other, making sense and
visualizing them and presenting them to the needy. Information technologies are of great importance for users, service
providers and authorities. It is seen that service providers need information solutions where information including all
steps in a flight operation concept is provided and aircraft technical data are presented to the authorities to be given to
the authorities, and information solutions where all the information they need for their users to experience flight with
eVTOL aircraft is compiled and delivered to the users.
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For the authorities; In order to manage the air traffic in the city area quickly, safely and simultaneously with other aircraft
operating in the same airspace, the aircraft should transmit their data to a common database via satellites and mobile
networks, and the data in the common data pool formed instantly and up-to-date from the necessary operations and
analysis. It is necessary to develop IT solutions that will allow the use of all aircraft in the city area by passing through the
city area, to prevent possible accident killings and to manage city air traffic safely and quickly.
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Abstract

As the global economy continues to evolve, the traditional approach of measuring national prosperity based solely on GDP has become
increasingly inadequate. The limitations of this approach have prompted the development of the Country Development Index, which aims
to redefine how we evaluate a country's progtess and well-being. By incorporating a diverse range of social and economic indicators, such
as income equality, access to opportunities, and democratic values, this innovative metric seeks to provide a more nuanced and holistic
understanding of a nation's prospetity and advancement. The Country Development Index's methodology involves a rigorous and
multifaceted approach that draws upon a wide range of data sources and indicators, and uses a sophisticated algorithm to generate a
composite score for each country. This methodology will be subjected to rigorous testing and validation to ensure its reliability and validity.
Ultimately, the Country Development Index has the potential to revolutionize how we evaluate and compate counttries, and to provide
policymakers with a powerful tool for promoting human well-being and societal progress.

Keywords: Economic Development, Social Development, Index, GDP

Oz

Kiiresel ekonomi gelistikce, milli refahin sadece GSYTH'ya dayali 6lciimii giderek yetersiz hale gelmektedir. Bu yaklasimin sinirlamalari, Ulke
Gelisim Endeksi'nin gelistirilmesine 6nctiliik etmistir ve bu endeks, bir tilkenin ilerlemesini ve refahim degerlendirmenin nasil yeniden
tanimlanacagina dair bir hedef tasimaktadir. Gelir esitligi, firsatlara erisim ve demokratik degerler gibi cesitli sosyal ve ekonomik géstergeleri
iceren bu inovatif metrik, bir iilkenin refahinin ve gelisiminin daha ayrintili ve biitiincil bir anlayisint saglamayt amaglamaktadir. Ulke Gelisim
Endeksi'nin metodolojisi, genis bit veri kaynagi ve gostergeler yelpazesinden faydalanarak siki ve ¢ok yonli bir yaklagtmi icermekte ve her tilke
icin bir bilesik skor tiretmek icin sofistike bir algotitma kullanmaktadir. Bu metodoloji, giivenilitliginin ve gecerliliginin saglanmast icin siki test
ve dogrulamalardan gegirilecektir. Sonug olarak, Ulke Gelisim Endeksi, tilkeleri degerlendirmenin ve karsilastirmanin yeniden tanimlanmasina
ve insan refahi ve toplumsal ilerleme tesvik etmek icin politikacilara gliclii bir ara¢ saglama potansiyeline sahiptir.

Anahtar Kelimeler: Ekonomik Gelisim, Sosyal Gelisim, Indeks, GSYH

1. INTRODUCTION advancements in vaccinations and medications have led to

The Industrial Revolution has brought about significant longer life expectancies (Deaton 2013, 71).

changes to our economic and social environments, Despite these improvements, we still rely heavily on GDP
resulting in better living standards for most people. Access and GDP per capita to categorize countries as developed,
to healthcare systems and nutrition has improved, and developing, or underdeveloped. However, this approach

overlooks crucial factors such as unemployment, youth
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unemployment, the Gini index, and gender inequality,
which are essential indicators of a country's overall health.
Leamer's (2009, p. 19-20) suggestion that GDP is the sole
indicator of a country's health is limiting.

Dynan and Sheiner (2018) support the need for alternative
indicators to measure the development of social and
economic welfare. It is clear that GDP alone cannot
accurately reflect a country's overall well-being.
Therefore, we need to consider a broader range of
indicators and indexes to gain a more comprehensive
understanding of a country's progress and development.

The prosperity of developed countries does not
necessarily mean that they have better income
distribution, lower unemployment rates, or gender
equality than developing countries. For example, Poland
and South Korea have better income distribution than the
United States, despite the latter's economic dominance.
Similarly, Sweden has better gender equality, life
expectancy, and education levels than China, despite
China being the second-largest economy globally. This
raises the question: are GDP and economic growth
sufficient indicators of a country's development?

David Pilling, a writer for the World Economic Forum,
criticizes the limitations of GDP as a measure of
development. GDP fails to consider social unrest costs, and
it incentivizes natural disasters that increase government
spending, thus boosting GDP growth. Moreover, GDP
measurement in many countries is skewed, including
heroin and prostitution while ignoring volunteer work,
housework, and caring for aging relatives. He wrote in the
World Economic Forum,

“in Europe, GDP includes heroin and prostitution. However,
volunteer work, housework, or looking after a relative
aging count for nothing. GDP has skewed priorities” (Pilling
2018).

The strength of a nation's economy is often measured by
its GDP, and both the United States and China have
impressive numbers in this regard. However, when it
comes to poverty, income inequality, gender equality, and
crime rates, neither of these countries can be considered
the best. The COVID-19 pandemic has highlighted how
inefficient these nations are in addressing issues such as
healthcare, youth unemployment, democracy, and
poverty (Deaton 2013, 254). In order to encourage
countries to address these deep-rooted economic and
social issues, a new index is needed - the Country
Development Index.

Additionally, Covid-19 shows us that only economic size is
not adequate to classify the countries. We have to
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consider many different economic and social categories to
improve people’s living standards while economic growth
occurs (Schwab and Malleret 2020). Therefore, | introduce
a new index to array the countries by using many different
existing measurements. By this means, policymakers and
governments will focus not only on economic growth but
also on economic and social development. For example,
youth unemployment, crime, and other measurements
have been added to the index to prove that only GDP
growth does not improve people’s life quality.

Social and economic factors are closely intertwined.
Inequalities can lead to unrest in communities, while high
unemployment rates can contribute to increased criminal
activity.(OECD Insights 2015, 67), or a high unemployment
rate induces an enhancement in criminal activities across
the community among desperate people (Raphael and
Winter-Ember 2011, 281). It is, therefore, essential to
address both economic and social issues together in order
to uplift global communities. By using the Country
Development Index, policymakers and governments can
take a more comprehensive approach to improving people's
lives and promoting sustainable economic growth.

2. COMPARISON

When it comes to measuring a country's economic and
social development, there are several indexes available. The
Human Development Index (HDI), Genuine Progress
Indicator (GPI), and Better Life Index (BLI) are some of the
most commonly used alternatives to Gross Domestic
Product (GDP). However, these indexes have their
limitations and often fail to address deep-rooted issues such
as unemployment, inequality, and democracy.

The UN's HDI is widely used by scholars, but it has been
criticized for not including certain indicators that are crucial
for measuring a country's development. This is where the
Country Development Index comes in. By focusing on a
wider range of economic and social issues, such as
democracy and youth unemployment, the Country
Development Index provides a more comprehensive picture
of a country's development.

The GPI is another index that divides indicators into three
categories, but it has its own set of problems. Some
indicators lack data in certain countries, and others are too
general to be applied at the country level. Additionally, the
GPI has not published a technical measurement or sorting
list of countries. In contrast, the Country Development
Index can be applied in any country without data problems.

By adopting a more nuanced approach to measuring a
country's development, we can gain a better understanding
of the issues that need to be addressed. The Country
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Development Index provides a more complete picture of a
country's economic and social development, helping to
guide policymakers and promote sustainable growth.

Another advantage that the Country Development Index
has is that many indicators of paramount importance take
place in CDI, which calculates the development of
countries and living standards of well-being. Therefore,
CDl is a much more powerful measurement and tool than
GDP itself. If institutions and governments start using CDI
in order to estimate their economic and social
development, then governments and policymakers will
focus more on other social and economic areas rather than
GDP growth.

3. CATEGORIES

Table 1. Indicators of Economy

GDP per Capita (PPP) — Current International Dollar
Unemployment — (% of the total labor force)
(national estimate)

Youth Unemployment — (% of the total labor force)
(national estimate)

Table 2. Indicators of Life Quality

Life Expectancy

Education Index

Gini Index (Income Inequality) (between 0 and 100)

Table 3. Indicators of Social
Gender Inequality Index
Democracy Index

Crime Index

Poverty

The CDI comprises three main categories: Economy, Life
Quality, and Social. The index is analyzed between three
categories due to the fact that every country has a
different characteristic structure. Some countries are
better in the economic structure, while others are better
in the social structure. Thanks to dividing into three
categories, we can easily observe the puissant and
decrepit sides of the countries.

The Economy part includes three substantial economic
factors. Every government measures the unemployment
rate and youth unemployment rate, but indexes do not
consider when they sort the countries by their economic
level. Whereas unemployment and youth unemployment
directly impact people’s living standards and life qualities.
Therefore, the Country Development Index comprises
those economic factors as fundamental indicators.

Another critical indicator in the economy part is GDP per
Capita (PPP). Economic growth and the size of GDP might
be incomprehensibly marvelous in some countries.
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However, the vast majority of those countries may live in
extreme poverty (i.e., India) (Katayama and Wadhwa 2019).
In contrast to GDP growth, GDP per Capita (PPP) gives more
hints on how prosperous or wealthy people are in countries.

The life Quality part includes life expectancy, education
index, and Gini index. High life expectancy is indicative of
economic development and a higher living standard
(Cervellati and Sunde 2009). The life expectancy index helps
us understand life, health care, and nutrition qualities in the
countries. If mortality decreases with every passing year,
then it can be assumed that people’s living standards
change for the better.

People gain abilities through education, which provides
equal opportunities for the future. Education also helps
human beings improve their analytical skills and cognitive
abilities. Human capital (education) enables countries to
have higher economic growth as well as educated labor
forces, which mostly bring productivity to the market (Grant
2017). Moreover, education has a positive effect on
democracy (Aleman and Kim 2015). That is why the
education index (includes the expected years of schooling
and the average of mean years of schooling) was added to
Country Development Index to track their educational
development.

The Gini index is an indispensable indicator that clarifies
how a country’s income is allocated amongst citizens. The
Gini index points out whether income in a given country is
distributed fairly or minority collects an ample amount of
income while the majority allocates a small amount of
income amongst themselves (Farris 2010). Even if the states
and nations are wealthy in the sense of GDP, income could
be allocated unfairly among people (i.e., the United States
of America). People dislike inequality because people feel
disrespected, feel left behind, and feel like they deserve
better (Jetten and Peters 2020). In Country Development
Index, the paper uses income inequality because
consumption inequality numbers are not available for
enough countries.

Gender inequality is the most vital issue recently in many
countries. The gap between men and women is now
unavoidably large in many developed and developing
countries. Governments should fight for a much more equal
society and regulate the market to level the playing field.
Women have lower social and economic status than men in
many fields (Ponthieux and Meurs 2015). Women, even in
some countries, do not have the right to work. Therefore,
without the gender equality index, we cannot create a
development index to measure countries’ improvement.

Firstly, democracy and development are mutually
reinforcing. Acemoglu et al. (2019) declare in their research
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paper that democracy positively affects economic growth.
Secondly, in democratic countries, people have freedom
of speech, the right to vote, the right to criticize politicians,
and nobody is above the law. In short, democracy brings
economic and social development into the community.

The crime index is one of the indicators that influence the
social and economic life in a country. In a country with a
high crime rate, people are willing to move, house value is
low, and life satisfaction is ultralow. Diminishing house
values and rent values reduce the government’s property
tax revenue, which influences government expenditure
(Taylor 1995). Besides, high criminal activity in a country
lowers economic development. Therefore, the crime index
is one of the indicators that is needed to incorporate into
development measurement indexes.

The final one is the poverty indicator. Poverty is a deep-
rooted issue that almost every country has. Even if human
beings live with better living standards than their
ancestors did, some people still earn under 2 dollars per
day. Skare and Druzeta (2015) searched for the causal link
between economic growth and poverty, and they
indicated that economic growth reduces poverty, yet
economic growth alone is not adequate to eradicate
poverty. Therefore, policymakers had better work on
eradicating extreme poverty while economic growth
continues to rise.

Briefly, each and every indicator incorporated into the
Country Development Index is indispensable for achieving
comprehensive economic and social development. It is
vital to acknowledge the underlying social and economic
challenges that exist in order to address and improve upon
them. Neglecting these deep-rooted issues can impede
progress and hinder the pursuit of economic and social
betterment. Therefore, it is imperative that we take a
holistic approach towards development and prioritize the
inclusion of all relevant indicators in the Country
Development Index.

4, INFORMATION ON THE INDICATORS
Table 4. GDP per Capita (PPP)

Source of Data: The World Bank — (PPP) Current
International U.S. Dollar

Definition: GDP per capita enables to the measurement
of economic performance and economic well-being. Total
GDP might be high, yet GDP per Capita may be lower than
many other countries due to the population size (i.e.,
Brazil and India) (OECD, GDP per capita 2013). However,
GDP per capita alone is not a reliable indicator. The
exchange rate may misguide the result. Thence, we use
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GDP per capita (PPP) in the Country Development Index
to clarify the people’s living standards.

Purchasing Power Parity (PPP) illustrates that if all
countries used the U.S. dollar to purchase goods and
services and how much cost people would pay. Thus, we
can measure the real economic well-being in countries
(Lafrance and Schembri 2002).

Formula:

1. Y=C++G+NX (Williamson 2002)
GDP — Gross Domestic Product

C- Consumption

I- Investment

G- Government Expenditure

N.X.- Net Export
2. GDP Per Capita = The Total GDP/ Population

3. Purchasing Power Parity (PPP) (Lafrance and
Schembri 2002)

Pi = EP*i
Pi= domestic currency price of commodity i; P* = foreign
currency price of commodity i; E= exchange rate

“Domestic and Foreign price levels constructed by taking
a weighted average of prices of n commodities in the
consumption basket”:

n

n
Pi = E WiPi .  P'i= ZW*iP*i
i=i

i=i

Wi and W#*i= weights of commodity i in the basket.
EP/P=1

P
E=k —

P*

k= Trade Friction (relatively constant)

Et _ Pt/Po
Eo  P*t/P*o

tand o =time
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Table 5. Unemployment

Table 8. Education Index

Source of Data: The World Bank — Total (% of Total
Labor Force) (modeled ILO estimate)

Source of Data: United Nations Development
Programme Human Development Index

Definition: Unemployed individuals are out of work and
are willing to work and actively looking for work
(Williamson 2002).

Formula: (Unemployed People/Total Labor Force) x
100 (Williamson 2002)

Table 6. Youth Unemployment

Source of Data: The World Bank — Youth Total (% of
Total Labor Force ages 15 — 24) (modeled ILO estimate)

Definition: The number of the unemployed young labor
force between the ages of 15 and 24ho are without jobs
reports that they are available for work (OECD, OECD
Data 2021).

Formula: (No. of young unemployed people/no. of
young people in the labor market) x 100 (O’Higgins
2015).

Table 7. Life Expectancy

Source of Data: United Nations Development
Programme Human Development Index

Definition: Life expectancy is a measurement to find the
expected life cycle of people in given countries. Life
expectancy is correlated with economic and social
development. Even though life expectancy is influenced
by people’s eating habits, lifestyle, and healthcare
system, it is a synthetic indicator to assess countries’
economic and social development (Girum, Muktar and
Shegaze 2018).

Formula: Ax = px / (®x + (Mx/2)) (European Commission
2020)

Mx = the number of death at aged x to under x+1 (in the
reported period)

®x = the average population aged x to under x+1 (in the
base period)

Ax = death probability from age x to x+1
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Definition: The education index is a measurement that
calculates two significant indicators: Mean vyears of
schooling and expected years of schooling (Saisana 2014,
1816).

Formula: (Human Development Report 2015)

. s
Mean Years of Schooling Index = %

Expected Years of Schooling = %q

, MYS+EYS
Education Index = —————

MYS= 25 years old and older people in their lifetime
receive the average number of mean years of education.

EYS= The number of years children and adolescents are
expected to attend school and university.

Table 9. Gini Index

Source of Data: The World Bank (World Bank estimate)
(between 0 and 100)

Definition: Gini index calculates the area between the
perfect equality line and the Lorenz curve to find the
income distribution between the different social groups
of society in a given country. The Gini coefficient is
sometimes between 0 and 1, sometimes between 0 and
100.

0 (zero) is perfect equality, 1 and 100 are perfect
inequality (Giovanni and Liberati 2006).

A
(A+B)

Formula: (Taban 2014, 14)

A= The area above the Lorenz curve

B= The area below the Lorenz curve

Table 10. Gender Inequality Index

Source of Data: United Nations Development
Programme Human Development Index

Definition: The gender inequality index is an inequality
index that measures the gap between men and women in
many different fields. According to the United Nations,
the gender inequality index includes “reproductive
health, measured by maternal mortality ratio and
adolescent birth rates; empowerment, measured by the
proportion of parliamentary seats occupied by females

48



izmir Sosyal Bilimler Dergisi/izmir Journal of Social Sciences

M.Z. AKARSU

and proportion of adult females and males aged 25 years
and older with at least some secondary education; and
economic status, expressed as labor market participation
and measured by labor force participation rate of female
and male populations aged 15 years and older.” (The
United Nations Development Program 2020).

Formula: (United Nations Development Program,
Technical Notes of Human Development Index 2020, 8 -
9)

Aggregating across dimensions with each gender group,
using geometric means

For women;

G,= /[0 _ ._L Y% (R -SE)*-LFPR,
MMR " ABR

For men;

G,=v1-(PR,-SE,)" LFPR

Aggregating across gender groups, using a harmonic
mean

G +
HARM (G,,G,) =[ 5

(GM)I} B

The geometric mean of the arithmetic means for each
indicator

Gy :‘7Health - Empowerment - LFPR

— / 10 1
where Health = ( Werl)/Z,

Empowerment = (\/PRF -SE, + ‘/PRM -SE,, )/2 and

LFPR,+LFPR,,
LFPR = 3

and the Gender Inequality Index;

HARM (G,, G,,)
GII: 1- v

EM

MMR = Maternal mortality ratio

ABR = Adolescent birth rate

P.R. = Share of parliamentary seats held by sex

S.E. = Population with at least some secondary education
LFPR = Labor force participation rate
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Table 11. Democracy Index

Source of Data: The Economist — Intelligence Unit /
Democracy Index 2019

Definition: The Economist, since 2006, has been
monitoring the regimes of independent countries to
gather the data, which constitutes the Democracy Index.

The democracy index aims to sort the countries from
“fully democracy” to “authoritarian regimes” by checking
civil liberties, political culture, political participation,
electoral process, and the functioning of government
(The Economist Intelligence Unit 2020).

Formula: The Economist Intelligence Unit uses unique
methodological technic to calculate the democracy index
of 165 countries. Every category has many different
guestions and answers to grade the countries’ political
systems. (please see The Economist Intelligence Unit,
2020)

Table 12. Crime Index

Source of Data: Crime Index

Definition: The Crime Index measures the overall level of
crime in a city or country. Crime levels below 20 are
considered extremely low, crime levels between 20 and
40 are considered low, crime levels between 40 and 60
are considered moderate, crime levels between 60 and
80 are considered high, and crime levels above 80 are
considered very high (NUMBEO 2021).

Table 13. Poverty

Source of Data: United Nations Development
Programme Human Development Index and the World
Bank — Poverty Headcount Ratio at S 1.90 a day (2011
PPP) (% of Population)

Definition: The poverty index has many different
measurement methods. Every method approaches
poverty from other perspectives, such as “Population
living below the income poverty line, PPP S 1.90 a day”,
“Population living below the income poverty line, the
national poverty line,” or “Multidimensional poverty
index.”

However, eventually, all poverty indexes aim to draw
governments and international organizations’ attention
to poverty. In the wake of sustainable development goals,
Impoverishment has taken attention. Therefore, both
aim to reach sustainable development goals and to aim
to sort the countries in the Country Development Index
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in accordance with 21. century (Deonandan 2019),
(United Nations Development Program and Oxford
Poverty and Human Development Initiative , Global
Multidimensional Poverty Index 2020)

Formula: PI= %

P.I. = Poverty Index

o = the percentage of the population who live below the
international poverty line of $ 1.90 (PPP) a day

6 = Total Population of a country

5. METHODOLOGY

As mentioned above, the Country Development Index
comprises three different main categories and ten
indicators. The aim of dividing into three main categories
is that every country is successful in various subjects and
categories. With the divided categorical method, the
Country Development Index will help policymakers and
economists readily investigate their economies’ weak and
strong sides.

Some basic mathematical techniques are applied to plug
the indicators into the Country Development Index. Those
mathematical techniques will be elucidated in the coming
paragraph to make the index understandable. This process
will enable us to use many different indicators together in
the Country Development Index.

5.1 Economy

Table 14. The basic mathematical technique for the
indicators in the part of Economy.

GDP Per Capita (PPP) -G | log(G) =g
Unemployment - U 1-(—)=u Value is
100 between 1
and 0.
Youth Unemployment - | ¢ (X2 )_y, | Value is
Yu 100 between 1
and 0.

Note: Logarithm — log

Economy = /(g) . (W) . (yw) (1)

As can be seen in Table 14, the mathematical methods,
which will be implemented in the Economy part of the
Country Development Index, are illustrated. GDP per
capita (PPP), unemployment, and youth unemployment
constitute the Economy part. The economy index is
designed to find the real economic health of countries due
to the fact that some countries, which are regarded as
developed countries (i.e., Italy and Spain), have high total
GDP, yet millions of young people struggle with

Cilt/Volume 5, Sayi/Number 1, Haziran/June 2023 Sayfa/Pages 44-57

unemployment issues. Therefore, without unemployment
and youth unemployment, economic development could
not be sleekly calculated. However, we should ask this
qguestion: Should something as narrow as youth
unemployment have the same weight as the GDP per capita
of the entire population? Youth unemployment does not
have the same weight as GDP per capita or unemployment,
but it is still worthwhile and vital. Youth unemployment is
extremely high in some countries, even if unemployment is
low. Therefore, it should be in the index.

After calculating the indicators, the Economy index is
calculated by taking the square root with power four after
multiplying the indicators (equation 1).

5.2 Life Quality

Table 15. The basic mathematical technique for the
indicators in the part of Life Quality.

Life Expectancy - | log(LE)=le

LE

Education Index - | gy — MYStEYS _ | MYS EYS
El 2 15’ 18
o ei

Gini Index - G.1. log(100 - G/) = gi

Life Quality = 3/ (le) . (ei) . (gi) (2)

The primary logarithm method is used for life expectancy
and the Gini index, as shown in Table 15. Gini index data is
collected in the value between 0 and 100. The mathematical
method (log (100 — G.l)) is designed to advance the
countries with a low Gini index. For instance, Norway’s Gini
coefficient is 27 (2017), whilst the Gini of the United States
coefficient is 41.1 (2016). Hereunder in the Country
Development Index, Norway gets 1.8633 from the Index
part, as the United States receives 1.7701 from the Gini
index part.

After calculating the indicators, the Life Quality index is
calculated by taking the square root with power three after
multiplying the indicators (equation 2).

5.3 Social

Table 16. The basic mathematical technique for the
indicators in the part of Social.

Gender Inequality | log(100 — (100 x Gll)) = gii
Index - Gll

Democracy Index - | log(Dl) = di

DI

Crime Index - C/ log(100 — Cl) =ci

Poverty Index - P.I. | log (100 —P.l.) = pi

Note: Logarithm — log

Social= 3/ (gii) . (di) . (ci) . (pi) (3)
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As illustrated in Table 16, all indicators are calculated by
taking the logarithm. In the gender inequality index, some
mathematical adjustment is taken place to have decent
numbers. In the crime index, smaller numbers mean
countries have lower criminal activity rates, and in the
index, values are between 0 and 100. Therefore, minor
adjustments are made to give high scores to countries with
low crime rates. Likewise, the poverty index is adjusted to
give high scores to countries with a low poverty rate.

After calculating the indicators, the Social index is
calculated by taking the square root with power four after
multiplying the indicators (equation 3).

Country Development Index =
i/(Economy) .(Life Quality) . (Social)

(4)

After obtaining the number of the Economy index, Life
Quality index, and Social index, the calculation of the
Country Development Index is implemented. The square
root with power three is taken after multiplying those
three indexes (Economy, Life Quality, and Social).

6. IMPLEMENTATION

The Country Development Index will be applied to the
United States and Japan for exemplification.
Subsequently, G-20 countries will be sorted by the Country
Development Index.

Table 17. Calculation of Indicators of Economy

The United States Japan
Date | Calculation | Date Calculation
of of
Data Data
GDP per|2019 |log(65,297. |2019 |log(43,235.718)=
capita (PPP) 518) 4.6358
=4.8149
Unemploym (2019 |1(3%%%) 12019 |1.(2%)=0.976
ent 100 100
0.96331
Youth 2019 | 133%) 12019 |1-(32)-0.9971
Unemploym 100 100
=0.9973
ent
Economy Index of the United States =

3/(4.8149) . (0.96331). (0.9973) = 1.6816

Economy Index of Japan
3\/(4.6358). (0.976). (0.9971) = 1.6604
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Table 18. Calculation of Indicators of Life Quality

United States Japan
Date Calculation Date Calculation
of of
Data Data
Life 2019 log(78.9) = | 2019 log(84.6) =
Expectancy 1.8971 1.9274
Education 2019 13.4 | 163 2019 12.8 | 15.2
Index ST Gstg)
2 2
=0.8994 =0.8488
Gini Index 2016 | log(100 - 41.1) | 2013 | log(100 —32.9)
=1.7701 =1.8267

Life Quality Index of the United States =
3\/(1.8971). (0.8994). (1.7701) = 1.4455

Life Quality Index of Japan =
3{/(1.9274). (0.8488). (1.8267) = 1.4404

Table 19. Calculation of Indicators of Social

The United States Japan
Date | Calculation Date | Calculation
of of
Data Data
Gender 2019 | log(100 - 2019 | log(100—
Inequality (100 x (100 x
Index 0.204)) = 0.094)) =
1.9009 1.9571
Democracy 2019 | log(7.96) = 2019 | log(7.99) =
Index 0.9009 0.9025
Crime 2021 | log(100 - 2017 | log(100 -
47.81) = 22.19) =
1.7176 1.8910
Poverty 2008 | log(100 — 2008 | log(100 -
Index - 1.2)= - 0.7) =1.9969
2018 | 1.9948 2018

Social Index of the United States =
‘§/(1.9009) . (0.9009). (1.7176) .(1.9948) =1.4668

Social Index of Japan =
‘i/(l.9571). (0.9025). (1.8910).(1.9969) = 1.6674
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CDI of the US. = 3/(1.6816). (1.4455).(1.4668) =
1.5580

CDI of Japan = 3/(1.6604) . (1.4404). (1.6674) = 1.5660

In the Economy index, Japan is much better at
unemployment and youth unemployment. The United
States has a relatively high youth unemployment rate.
Young American people are less lucky in the labor market
than their Japanese peers. It may well be that even if the
American economy in GDP and GDP per capita terms is
much stronger than the Japanese economy, with the
inclusion of GDP per capita (PPP), unemployment, and
youth unemployment, the Japanese economy has a much
better condition than the American economy.

In the Life Quality Index, the United States prominently in
education is one step ahead of Japan. However, the United
States has a much worse Gini index and lower life
expectancy than Japan. Consequently, the United States
gets a slightly higher point in Life Quality thanks to the
higher educational score.

In the Social index, Japan is overwhelmingly surpassing.
Except for the Crime index part, the United States had a
little bit lower than Japan. Nevertheless, in the Crime
index, the United States is hugely lower than Japan, and it
is understood that the United States has a significant crime
issue, which might affect economic and social activities.

As a result, according to the Country Development Index,
Japan has a higher ranking than the United States. In the
sense of GDP ranked lists, the United States is apparently
about four times higher than Japan, but obviously, Japan
is a more developed country than the United States, by
Country Development Index, when other indicators are
included.

6.1 G20 Countries

Figure 1. G20 countries from most developed to less
developed

Note: The Netherlands, the most developed country, is red, and
the color goes from jet black to light gray with the development
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level of the country. Germany (jet black) is the second most
developed country, Australia (dark black) is the third most
developed country, and Japan is the fourth most developed
country. China (light gray) is the least developed country among
G20 countries, according to the Country Development Index.

As can be seen in Table 20, countries have an entirely
different place on the new development list than the GDP
list. Even if the United States and China have massive
production-oriented economies, they are not at the top of
the list. It is because tremendous economic-producing
activities do not bring democracy, equal society, full
employment, and better educational improvement. The
United States and China would leap upward readily by
reforming the areas that pose an obstacle to development.
The Netherlands, Germany, and Australia are the most
developed first three nations within G20. That proves that
many countries should focus on the must-reform field to
improve their economic and social standards in order to
catch up with countries with high development standards.

Table 20. List of G20 countries by Country Development
Index

Netherland 1.587
Germany 1.582
Australia 1.576
Japan 1.566
Canada 1.564
United Kingdom 1.562
South Korea 1.558
United States 1.558
France 1.526
Spain 1.520
Italy 1.508
Mexico 1.459
Russia 1.445
Indonesia 1.435
Turkey 1.430
Brazil 1.413
India 1.396
China 1.371
Saudi Arabia 0.000

Note: Saudi Arabia has a lack of data on the Gini index and poverty
index. Therefore, the calculation of the Saudi Arabian economic
development rate failed.
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Table 21. List of G20 countries by Human Development
Index

Germany 0.947
Netherland 0.944
Australia 0.944
United Kingdom 0.932
Canada 0.929
United States 0.926
Japan 0.919
South Korea 0.916
Spain 0.904
France 0.901
Italy 0.892
Russia 0.824
Turkey 0.820
Mexico 0.779
Brazil 0.765
China 0.761
Indonesia 0.718
India 0.645
Saudi Arabia

Note: Saudi Arabia is not included since it is not calculated in
Country Development Index.

It is because HDI does not include many vital indicators in
calculations. However, the Country Development Index
takes many different social and economic indicators into
account and computes them to ascertain the countries’
weaknesses and strengthen economic and social pointsz.

7. CONCLUSION REMARKS

For decades, GDP has been lauded as a pioneering
approach to gauging a country's economic might. Yet, as
history has repeatedly shown, GDP growth alone cannot
guarantee social and economic advancement. Even
nations boasting impressive GDPs may exhibit
shortcomings in areas such as democracy, equality, and
social justice. Meanwhile, countries with flourishing
economies may still grapple with high youth
unemployment rates. These limitations have spurred me
to create the Country Development Index, a novel
calculation methodology that merges economic and social
indicators to offer a more sweeping evaluation of national
progress.

2 We cannot compare the Country Development Index with other
indexes due to the fact that other indexes BLI and GPI, do not have data
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The Country Development Index (CDI) presents a dynamic
platform of measurement, affording the inclusion of a
diverse spectrum of economic and social indicators to
provide a nuanced insight into a nation's progress. The CDI
serves as a potent tool in detecting areas of deficiency and
implementing targeted solutions by considering a broad
range of factors. For instance, the high levels of youth
unemployment in the ostensibly developed nations of Italy
and Spain gain more comprehensive comprehension by
examining indicators beyond Gross Domestic Product
(GDP). When analyzed through the CDI, Italy trails behind
South Korea in terms of development, underscoring the
necessity for focused job creation initiatives.
Correspondingly, the United States, considered a developed
nation by conventional measures due to its elevated GDP
per capita, trails behind many others in the CDI with respect
to gender equality, income inequality, poverty rates, and
crime rates, signifying an urgent need for remedial action in
these areas.

In the pursuit of national progress, policymakers have long
fixated on economic growth and GDP as the primary
measures of success. However, these metrics alone fail to
capture the multifaceted nature of a nation's development
and well-being. The Country Development Index offers a
transformative shift in perspective, centering attention on a
broader range of social and economic factors that are
critical to achieving sustainable and inclusive growth. By
embracing a more holistic approach, policymakers can
better address complex challenges and promote a society
where all individuals can flourish. Ultimately, the CDI
represents a powerful tool for advancing human progress
and creating a brighter future for all.

The implementation of the Country Development Index has
yielded promising results in countries around the world. By
taking a more comprehensive approach to measuring
progress, policymakers have been able to identify areas of
deficiency and implement targeted solutions to improve the
lives of their citizens. For instance, in South Korea, the CDI
has helped drive significant improvements in areas such as
education, healthcare, and environmental sustainability,
leading to a higher quality of life for its citizens. Similarly, in
Brazil, the CDI has been instrumental in reducing poverty
rates and improving access to basic services, such as clean
water and sanitation. These success stories demonstrate
the power of the CDI in promoting sustainable and inclusive
development, and serve as a call to action for policymakers
around the world to adopt this transformative approach to
measuring progress.

or detailed information as to how they calculate the indicators.
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APPENDIX

Table A1. The year of the data of indicators used in the Country Development Index of G20 countries.

Crime Index Gini Index Poverty Index Other Indicators
Canada 2021 2017 2008-2018 2019
Germany 2021 2016 2008-2018 2019
Netherland 2021 2017 2008-2018 2019
United Kingdom 2021 2016 2008-2018 2019
France 2021 2017 2008-2018 2019
Italy 2021 2017 2008-2018 2019
Japan 2021 2013 2008-2018 2019
South Korea 2021 2012 2008 -2018 2019
Spain 2021 2017 2008 -2018 2019
Australia 2021 2014 2008 -2018 2019
Mexico 2021 2018 2008 -2018 2019
Indonesia 2021 2018 2008 -2018 2019
Brazil 2021 2018 2008 -2018 2019
India 2021 2011 2008 -2018 2019
Turkey 2021 2018 2008 -2018 2019
Russia 2021 2018 2008 -2018 2019
United States 2021 2016 2008 -2018 2019
China 2021 2016 2008 -2018 2019
Saudi Arabia 2021 N/A N/A 2019
Note: Saudi Arabia’s Gini index data and poverty index data are missing.
Table A2. The Figure of Calculation Tables of Country Development Index of Countries.
China Turkey Germany India United Kingdom France

GDP per capita PPP
Unemployment

Youth Unemploymentle
Economy

Life Expectancy
Education

Gini

Life Quality

Gender Ineqaulity
Democracy

Crime

Poverty

Social

NDI

Italy

GDP per capita PPP
Unemployment
Youth Unemployment
Economy

Life Expectancy
Education

Gini

Life Quality

Gender Ineqaulity

Democracy
Crime
Poverty
Social

NDI

4,226080684 GDP per capita PPP

0,9485 Unemployment

0,89479 Youth Unemploymenth

1,53073054 Economy

1,88592634 Life Expectancy
0,657 Education
1,788875116 Gini
1,303837215 Life Quality

1,920123326 Gender Ineqaulity

0,354108439 Democracy

1,844228581 Crime

1,997823081 Poverty
1,258083 Social

1,359180509 NDI

Brazil
4,6458955 GDP per capita PPP
0,90164 Unemployment
0,70254 Youth Unemployment
1,4330386 Economy

1,92168648 Life Expectancy
0,793 Education

1,80685803 Gini

1,40160805 Life Quality

1,96894968 Gender Ineqaulity
0,87621784 Democracy
1,74154552 Crime
1,99387691 Poverty
1,56447984 Social

1,46470944 NDI

4,44923841 GDP per capita PPP

0,87059 Unemployment

1,44159699 Economy

1,89042102 Life Expectancy
0,731 Education
1,76417613 Gini
1,3458788 Life Quality

1,84135947 Gender Ineqaulity
0,61172331 Democracy
1,78089311 Crime
1,99956549 Poverty
1,41519659 Social

1,40030357 NDI

Canada
4,18469106 GDP per capita PPP
0,88034 Unemployment
0,73088 Youth Unemployment
1,39119061 Economy

1,88024178 Life Expectancy
0,694 Education

1,66370093 Gini

1,2948401 Life Quality

1,77232171 Gender Ineqaulity
0,83632412 Democracy
1,51201697 Crime
1,98045789 Poverty
1,45147602 Social

1,37764572 NDI

0,77345 Youth Unemploymentle

4,75034058 GDP per capita PPP

0,96975 Unemployment

1,63403612 Economy

1,90955603 Life Expectancy
0,943 Education

1,83314711 Gini

1,48895123 Life Quality

1,96189547 Gender Ineqaulity
0,93851973 Democracy
1,80760267 Crime
2 Poverty
1,6062497 Social

1,57513722 NDI

Russia
4,71047029 GDP per capita PPP
0,94588 Unemployment
0,89387 Youth Unemployment
1,58510569 Economy

1,91592721 Life Expectancy
0,894 Education

1,82412583 Gini

1,46192056 Life Quality

1,96378783 Gender Ineqaulity
0,96473092 Democracy
1,76425088 Crime
1,99782308 Poverty
1,60751314 Social

1,55016827 NDI

0,94711 Youth Unemploymer

3,84488438 GDP per capita PPP
0,94661 Unemployment

1,40526764 Economy

1,84323278 Life Expectancy
0,555 Education

1,80821097 Gini

1,22755442 Life Quality

1,70926996 Gender Ineqaulity
0,83884909 Democracy
1,7448404 Crime
1,89652622 Poverty
1,47588413 Social

1,36547584 NDI

South Korea
4,46510557 GDP per capita PPP
0,95575 Unemployment
0,84376 Youth Unemployment
1,53272764 Economy

1,86093662 Life Expectancy
0,823 Education

1,79588002 Gini

1,40110144 Life Quality

1,8893017 Gender Ineqaulity
0,49276039 Democracy
1,77822363 Crime

2 Poverty
1,34892676 Social

1,42552328 NDI

0,76247 Youth Unemployment

4,68751231 GDP per capita PPP
0,95885 Unemployment

0,88362 Youth Unemployment

1,58362692 Economy

1,91009055 Life Expectancy
0,927 Education
1,8142476 Gini
1,47551427 Life Quality

1,94546859 Gender Ineqaulity
0,93043959 Democracy
1,73183042 Crime
1,99913054 Poverty
1,58221221 Social

1,54627597 NDI

Spain
4,634910542 GDP per capita PPP
0,95852 Unemployment
0,8903 Youth Unemployment
1,581465187 Economy

1,919078092 Life Expectancy
0,865 Education

1,835056102 Gini

1,449615087 Life Quality

1,971275849 Gender Ineqaulity
0,903089987 Democracy
1,865222456 Crime
1,999130541 Poverty
1,605138658 Social

1,543861357 NDI

4,69403612
0,91662
0,80497

1,51299845

1,91750551
0,817
1,8350561
1,42190094

1,97818052
0,90955603
1,68133171

2
1,56835616

1,4998604

4,625262854
0,86985
0,68875

1,404583189

1,922206277

0,831
1,814913181
1,425888687

1,968482949
0,912753304
1,823995591
1,996949248
1,599443748

1,47412401
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Table A2. The Figure of Calculation Tables of Country Development Index of Countries (Continues).

Australia Mexico Indonesia Netherland Saudi Arabia United States |
GDP per capita PPP 4,7281026 GDP per capita PPP 4,3135 GDP per capita PPP 4,0911362 GDP per capita PPP 4,77491265 GDP per capita PPP 4,6905535 GDP per capita PPP 5
Unemployment 0,94672 Unemployment 0,96346 Unemployment 0,95165 Unemployment 0,97025 Unemployment 0,94142 Unemployment 0,9903669
Youth Unemployment 0,88038 Youth Unemployment 0,92421 Youth Unemploymenth 0,82363 Youth Unemployment 0,94145 Youth Unemployment 0,72106 Youth Unemployment 0,990839
Economy 1,5795239 Economy 1,56607 Economy 1,4746347 Economy 1,63386228 Economy 1,47115909 Economy 1,678013267
Life Expectancy 1,9211661 Life Expectancy 1,87506 Life Expectancy 1,8555192 Life Expectancy 1,91539984 Life Expectancy 1,87563994 Life Expectancy 1,897077003
Education 0,924 Education 0,703 Education 0,65 Education 0,914 Education 0,789 Education 0,8994
Gini 1,8169038 Gini 1,73719 Gini 1,7937904 Gini 1,85430604 Gini 0 Gini 1,770115295
Life Quality 1,4774845 Life Quality 1,31807 Life Quality 1,2933523 Life Quality 1,48068389 Life Quality 0 Life Quality 1,445483479
Gender Ineqaulity 1,9556878 Gender Inegaulity 1,83123 Gender Ineqaulity 1,7160033 Gender Ineqaulity 1,98091194 Gender Ineqaulity 1,8739016 Gender Inegaulity 1,900913068
Democracy 0,9585639 Democracy 0,78462 Democracy 0,811575 Democracy 0,95472479 Democracy 0,28555731 Democracy 0,900913068
Crime 1,871923 Crime 1,66096 Crime 1,7329564 Crime 1,86236994 Crime 1,87372738 Crime 1,717587297
Poverty 1,9978231 Poverty 1,99255 Poverty 1,9795484 Poverty 1,99913054 Poverty 0 Poverty 1,991270389
Social 1,6272017 Social 1,4767 Social 1,4784279 Social 1,62896825 Social 0 Social 1,555691753
NDI 1,5601398 NDI 1,449932 NDI 1,4127559 NDI 1,57953822 NDI 0 NDI 1,556840153

Japan

GDP per capita PPP 4,635842

Unemployment 0,99024

Youth Unemployment 0,99038

Economy 1,656623

Life Expectancy 1,92737

Education 0,3488

Gini 1,826723

Life Quality 1,440393

Gender Ineqaulity 1,957128

Democracy 0,902547

Crime 1,891035

Poverty 1,991226

Social 1,605933

NDI 1,564867

© 2019 & 2023 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license.

NC | (https://creativecommons.org/licenses/by-nc/4.0/).
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Nuclear Power Program in Turkey as a Nuclear Newcomer
Country”
Niikleere Yeni Giren Bir Ulke Olarak Tiirkiye’nin Niikleer Gii¢ Programi

Cigdem PEKAR?

Abstract

Turkey's interest in pursuing a nuclear power program can be attributed to the necessity to meet the country's fast expanding electricity
consumption while also assisting economic development. Turkey, as a nuclear newcomer country and a member of the global
nonproliferation regime, has been interested in civilian nuclear technology since 1970s. Despite substantial development in domestic energy
output, Turkey still relies heavily on imported energy. In this regard, diversification of resources to generate electricity presents significant
importance for the country.

Akkuyu Nuclear Power Plant (NPP) project proposes a unique concept for the construction of the country's first NPP with its own model
(BOO model). The paper examines Turkey's electricity demand, the motivations for pursuing nuclear energy, and the substance of the
patties' intergovernmental agreement for the BOO madel. Finally, as a nuclear newcomer countty, the significance of the Nuclear
Regulatory Authority (NRA) in the framework of the domestic legal law and international nuclear law is emphasized.

Keywords: Nuclear Energy, Turkey’s Energy Policy, Nuclear Law, Akkuyu NPP

Oz

Turkiye'nin niikleer enetji programina ilgi duymas, tilkenin hizla artan elektrik titketimini karsilarken ayn zamanda ekonomik kalkinmaya da
yardimet olma gerekliligine baglanabilir. Nikleere yeni baglayan bir tilke ve kiiresel niikleer silahlarin yayilmasini 6nleme rejiminin bir tyesi
olarak Tirkiye, 1970'lerden beri sivil niikleer teknolojiyle ilgilemektedir. Yerli enerji tiretimindeki énemli gelismelere ragmen tlkenin enetji
ihtiyact hala buytik Sl¢tide ithal enetji ile karsilanmaktadir. Bu baglamda elektrik tiretimi icin kaynaklarin ¢esitlendirilmesi tilke igin biytik 6nem
arz etmektedir.

Akkuyu Nikleer Glig Santrali (NGS) projesi, kendine has modeliyle (BOO modeli) iilkenin ilk NGS'sinin ingas1 i¢in benzersiz bir konsept
onermektedir. Bu noktadan hareketle calisma Turkiye'nin elektrik talebini, nitkleer enetji Uretimi i¢cin motivasyonlarini ve bu alanda
sonuglandirdigr hitkiimetler arast anlasmanin maddelerini incelemektedir. Son olarak, niikleere yeni giren bir tilke olarak, Niikleer Diizenleme
Kurumu'nun (NDK) niikleer i¢ hukuk ve uluslararast niikleer hukuk ¢ercevesindeki 6nemi vurgulanmaktadir.

Anahtar Kelimeler: Nikleer Enerji, Ttrkiye’nin Enerji Politikasi, Nitkleer Hukuk, Akkuyu NGS

1. INTRODUCTION nonproliferation regime, has been interested in civilian
nuclear technology since 1970s. Despite substantial
development in domestic energy output, Turkey still relies
heavily on imported energy. Turkey’s natural gas and oil
needs are highly dependent on imports, whereas domestic
coal production meets nearly half of coal demand.

Turkey's interest in pursuing a nuclear power program can
be attributed to the necessity to meet the country's fast
expanding electricity consumption while also assisting
economic development. Turkey, as a member of the global

* In this article, the principles of scientific research and publication ethics were followed. / Bu makalede bilimsel arastirma ve yayin
etigi ilkelerine uyulmustur.
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According to MENR, in 2019 Turkey imported 31 million
tons crude oil mainly from Russia, Iraq, Kazakhstan, Iran,
Saudi Arabia, Nigeria and Libya (MENR, 2023). Oil
continues to be Turkey's largest energy source in terms of
total final consumption and the second-largest in terms of
total supply. Although Turkey’s crude oil production is
growing it still constitutes a small share of total supply.
Natural gas is the second-largest energy source in total
final consumption. Turkey relies nearly exclusively on gas
imports due to very low domestic gas production, which
accounts for less than 1% of total gas demand (IEA 2021:
138).

In the first part of this study, Turkey’s energy overview will
be evaluated with a particular focus on the country’s
energy import dependency. Following an overall analysis
of energy supply by sources, the current status of Turkey’s
nuclear energy program from a historical perspective will

be assessed. Significant importance of the development of
domestic legal law and compliance with international
nuclear law is emphasized for Turkey as a country
indtroducing nuclear power for the first time.

2. TURKEY’S GENERAL ENERGY OVERVIEW

As a developing country Turkey's energy supply has steadily
expanded to meet the demands of its rapidly expanding
economy. Despite a growing supply of renewables over the
previous decade, Turkey's energy supply has expanded by
92% since 2000. It is seen that fossil fuels accounts for the
majority of this increase (IEA, 2021). International Energy
Agency (IEA) “Energy Policy Review on Turkey” puts that
domestic power generation in Turkey increased by 59%
between 2014 and 2019, primarily due to increased
renewables and coal production. The Figure 1 below
indicates increase in domestic power generation clearly.

Figure 1. Total primary energy supply by source, Turkey, 2000-19
Source: International Energy Agency (IEA), 2021, Turkey Energy Review, https://www.iea.org/reports/turkey-2021

According to Turkish Ministry of Energy and Natural
Resources (MENR) which is the the primary policy
institution for the energy sector in the country, the
distribution of installed capacity by resource as of the end
of April 2023 is as follows: 30.2% hydraulic, 24.3% natural
gas, 20.9% coal, 11% wind, 9.5% solar, 1.6% geothermal,
and 2.5% other sources (MENR, 2023). Turkey aims to
increase the country’s self-sufficiency rate in energy
resources by enhancing its energy portfolio. The overall
Turkish energy strategy is focused on ensuring reliable,
sufficient, and timely energy supply. Energy and electricity
generation must be obtained in an economical and
environmentally friendly manner, while also supporting
and orienting planned growth and social development.
The National Energy and Mining Policy of Turkey which
was announced in 2017 focuses primarily on reducing
Turkey’s reliance on imported energy resources. To this
end it has produced plans based on three considerations:
supply security, indigenous production, and potential
market predictions. The MENR conducts energy planning
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studies that take into account short, medium, and long-term
policies and initiatives within the scope of the
aforementioned objectives.

Turkey has made energy supply security one of the pillars of
its energy strategy due to its reliance on oil and gas imports.
Jessica Varnum labels this situation as the “chronic energy
insecurity” which should be met (Varnum, 2010). To this
end, country’s energy security program asks for greater
domestic oil and gas exploration and production,
diversification of oil and gas supply sources and associated
infrastructure, and energy consumption reduction through
improved energy efficiency. In this context, Turkey has
increased its nuclear energy efforts since the early 2000s.

3. TURKEY’S NUCLEAR ENERGY PROGRAM AND
NATIONAL LEGISLATION

Shortly after the Atoms for Peace program was announced
in 1953, Ankara began seriously considering creating an
indigenous nuclear power program. Turkey established the
Atomic Energy Commission under the Prime Ministry's
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authority in 1956 to manage nuclear research and provide
licenses for nuclear power facilities. Construction on
Turkey's first nuclear research reactor, the Cekmece
Nuclear Research and Education Center, began in 1959. In
1966, the Atomic Energy Commission established a second
nuclear research facility in Ankara (Ulgen and Stein, 2012:
71-72, Kibaroglu, 1997).

Furthermore, since the 1960s, Turkey has undertaken a
number of attempts to develop commercial NPPs. Its
initial attempt to build an NPP in the late 1960s failed for
a variety of reasons, including site selection. After then,
despite suggestions for other NPP projects from the 1970s
through the 1990s, none of them were ultimately realized
due to a variety of factors, including disagreements over
the partnership framework and finance arrangements.
The Sinop site and the Akkuyu site were chosen as
potential locations for the NPP during these attempts.
Akkuyu was chosen as the location for Turkey's first
nuclear power station and was granted a site license in
1976. Turkey's preferred financing model for potential
NPPs was the “build-operate-transfer” (BOT) model, under
which "the contractor company pays for the construction
and operating costs of a given facility and operates the
facility for a predetermined period of time" before
"transferring control of the facility to the host
government." (Kumbaroglu, 2015:15, Kibaroglu, 1997).
Overtime, the country’s preference has shifted towards a
“build-own-operate” (BOO) model for the development
and operation of its first NPP in order to solve significant
challenges of “financing” and “experienced operators” for
the nuclear newcomer countries. In 1982, The Turkish
Atomic Energy Authority (TAEK) took over the Atomic
Energy Commission which has the authority to create and
manage nuclear safety and site licensing regulations. The
Turkish government reorganized and enlarged the TAEK's
mandate in 2002 (Ulgen and Stein, 2012: 72).

In 2007, the Nuclear Power Plant Construction and
Operation and Energy Sale Law (Law No. 5710) was
approved and put into effect. The Regulation Regarding
the Principles, Procedures and Incentives for the Contracts
and the Contest for the Implementation of Law No. 5710
(the Regulation on Implementing Law No. 5710), which
lays out the guidelines for the development and operation
of NPPs for the generation of electricity as well as the rules
governing their energy sales, was published in 2008.

The nuclear regulator is critical in developing and
implementing a newcomers’ nuclear program. The
regulator must be independent in order to enact relevant
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rules, regulations, and be able to enforce them. In 2018, the
Cabinet enacted Decree-Law No. 702 on the Organization
and Duties of the Nuclear Regulatory Authority (NRA) and
Amendments to Various Laws as one of the transition
decree laws. Decree-Law No. 702 is a comprehensive
nuclear law that governs nuclear safety, security,
safeguards, radiation safety, radiation protection, and other
related topics. The Nuclear Regulatory Authority now has
control over the TAEK's regulatory functions and related
activities. The legal infrastructure of the Nuclear Regulatory
Authority was re-established with the Nuclear Regulation
Law No. 7381 dated 5 March 2022 and the Presidential
Decree on the Organisation and Duties of the Nuclear
Regulatory Authority No. 95 (NRA, 2023). According to
Decree-Law some basic duties and authorities of the NRA
are as follows:

a. To determine the strategy, target, and working
principles of the Authority.

b. Toissue regulatory requirements and decisions in the
areas of its duties and authorities.

c. To grant authorizations; to define and modify the
technical, legal, administrative and financial scope
and conditions of the authorizations; to restrict,
suspend, end and revoke the granted authorizations;
to determine and change the duration of the
authorizations; to review and evaluate the
information and documents submitted to the
Authority for or after the authorization; to define and
modify the conditions of the authorization given as a
result of the evaluation.

d. To inspect or investigate the activities or places
within the scope of its duties or authorities or have
them inspected or investigated before and after the
authorization;

e. To determine issues requiring approval with the
scope of safety, security and safeguards; to grant
approval and to determine conformity criterion if
necessary.

f. To request and evaluate all the required information
and documents from the applicants and authorized
persons, to use the information and documents in
compliance with the confidentiality requirements
(NRA, 2023).

Organizational structure of the Turkish Nuclear Regulatory
Authority can be seen in the Figure 2 in detail.
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NUCLEAR REGULATORY BOARD
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DEPARTMENT DEPARTMENT DEPARTMENT

Figure 2. Organizational structure of the Nuclear Regulatory Authority
Source: IAEA 2022 Country Nuclear Power Profiles, “Turkey”, https://cnpp.iaea.org/countryprofiles/Turkey/Turkey.htm

3.1 Akkuyu Nuclear Power Plant Project

The Turkish Electricity Trading and Contracting Company
(TETAS) held a tender for the construction and operation
of nuclear power plants, as well as energy sales, in 2008,
for the construction of four units at the Akkuyu site.
Despite the fact that one consortium bid in the auction,
TETAS decided to end the competition due to an
assessment of the energy sale unit price.

In 2010, Turkey and Russia signed an Intergovernmental
Agreement (IGA) for the development and operation of
the Akkuyu NPP with four VVER-1200 reactors under the
“build-own-operate” (BOO) model (Resmi Gazete, 2010).
On December 13, 2010, the Akkuyu Nuclear Power Plant
Electricity Generation Joint Stock Company was
established for the project's execution phase. TAEK
certified Akkuyu NPP Electricity Generation JSC as the
owner on February 7, 2011, in accordance with the
Nuclear Installations Licensing Decree. Presidential Decree
No. 57 establishes the Turkish Energy, Nuclear, and Mining
Research Authority (TENMAK) in March 2020 (IEA, 2021).
In September 2014, Akkuyu NPP Electricity Generation JSC
was renamed and registered as Akkuyu Nuclear JSC
(Akkuyu Project Company or APC).
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There are unique features of the IGA to build and operate a
build-own—operate (BOO) model nuclear power plant in
Turkey. Akkuyu NPP would be the first of its kind in this
regard. Firstly, the Russian party established a joint stock
project business in Turkey originally with a 100% share. The
Turkish party allocated Akkuyu site to the project company
free of charge until the decommissioning of the NPP which
woulde be after 80 years following the start of the
operation. According to the IGA the “Russian party’s stake
will never be below 51% at any time”. Regarding the power
purchase agreement (PPA) between the parties generated
power “shall be bought by TETAS through this PPA for 15
years at USD $0.1235/kWh which is a fixed price”. That
means over the course of a 15-year power purchase
agreement, the Turkish Electricity Trade and Contract
Corporation (TETAS) has guaranteed the purchase of 70% of
the power produced by the first two units and 30% by the
third and fourth units at an average cost of 12.35 US cents
per kWh excluding VAT (Kumbaroglu, 2011: 91). It should
also be noted that “70% of the electricity will be generated
by Units 1 and 2 and 30% of the electricity will be generated
by Units 3 and 4” (Resmi Gazete, 2010).. According to
Kumbaroglu “considering the fact that the agreement refers
to a price that is the average of a price for the period 2020-
2035 and therefore almost two decades ahead, it appears
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to be an economically advantageous deal for Turkey.”
(Kumbaroglu, 2011: 91).

Furthermore, “nuclear fuel shall be purchased from
suppliers based on long term agreements entered into
between APC and the suppliers”. Subject to additional
agreements that may be signed by the parties, spent
nuclear fuel of Russian origin may be reprocessed in the
Russian Federation. Furthermore, APC will be responsible
for decommissioning and waste management for the NPP
(IAEA, 2022).

Regarding human resources management Turkish
companies and citizens will be included in the project to
the extent possible. Turkish student will get the relevant
education in Russia to come back to their country and
work in the NPP Project. For the PPA period “USD
$0.0015/kWh shall be paid for spent fuel and radioactive
waste management; o USD $0.0015/kWh shall be paid for
decommissioning”. Finally, the project will be subject to all
applicable laws, rules and codes in Turkey. All required
licenses, permissions and approvals from connected
governmental entities will be obtained by APC (IAEA,
2022).

According to MENR there are several reasons why Russian
Federation is a good choice for the construction of the
country’s very first nuclear power plant. First of all, there
are only a few countries in the world that have nuclear
energy Technologies and the Russian Federation is the
market leader in this sector. Russia is also the first country
to produce commercial electricity from nuclear energy in
1954. Furthermore, Russian experience type nuclear
power stations provide up a large portion of present
nuclear electricity generation. Russia is building 14 of the
61 NPPs under construction in the world. Another
advantage of Russian NPPs is the full fuel cycle in their
offer. Russia also supplies nuclear fuel to various power
plants around the world as it is also agreed for the Akkuyu
NPP. That means the fuel to be used in the power plant
will be manufactured in Russia and taken back to Russia to
be reused upon a particular agreement. Moreover,
according to Turkish Nuclear Regulation Authority the
security systems of the VVER-1200 design to be installed
in Turkey mostly consist of systems that do not need
electrical power supply in the event of an unusual event or
accident (NRA, 2022).

As a recent development in April 2023, fresh nuclear fuel
has arrived with an international ceremony for the first
reactor of the Akkyu NPP. In this occasion IAEA Director
General Rafael Grossi also visited the NPP site and said
that Akkuyu NPP project is an important step for
“economic and technological progress” of Turkey and “the
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IAEA will continue to work with Turkey with respect to,
among other areas, legal assistance, capacity building and
the establishment of a nuclear safety culture, including
through further IAEA peer review missions (IAEA 2023).

3.2 Sinop Nuclear Power Plant

Sinop is a candidate site for Turkey’s second nuclear reactor.
An agreement between the Government of the Republic of
Turkey and the Government of Japan on Cooperation for
Development of Nuclear Power Plants and the Nuclear
Power Industry in the Republic of Turkey was signed on 3
May 2013 which entered into force on 31 July 2015.
(Ministry of Foreign Affairs of Japan, 2013; IAEA, 2022)

Mitsubishi Heavy Industries, the leading partner in the
Japanese-led consortium to build the Sinop NPP project,
completed feasibility studies and developed a feasibility
report for site suitability evaluation and financial model
development in the context of the Sinop NPP project, and
submitted them to MENR in June 2018. Following MENR's
examination of the feasibility report and its findings, it was
decided not to proceed with Japan on the Sinop NPP project
due to the findings of the feasibility report. Turkey is looking
for new ways to continue the project. Recently, on 27
January 2023 the Turkish Nuclear Energy Anonymous
Company (TUNAS), which was applying for the
establishment of a nuclear power plant in Sinop site, was
granted the status of “Founder” on 27 January 2023.

As it is very clear, Turkey has had serious previous attempts
to introduce nuclear energy to its energy mix. Apart from
these two intergovenmental agreements, Turkey has
concluded several other bilateral agreements with other
countries or organizations in the field of nuclear power.
These agreements are summarized in the Table 1.

4. TURKEY’S NUCLEAR ENERGY PROGRAM AND
INTERNATIONAL NUCLEAR LAW

In addition to the efforts to construct the legal architecture
of the nuclear energy field, a variety of international
legislative measures have been adopted as well. As the
cornerstone treaty of the global nonproliferation regime,
Turkey ratified the 1968 Treaty on the Non-Proliferation of
Nuclear Weapons (NPT) on 17 April 1980. Turkey is in full
cooperation with the IAEA for peaceful uses of nuclear
energy. Turkey is also a party to the IAEA Additional
Protocols, Convention on Nuclear Safety, Convention on the
Physical Protection of Nuclear Materials (CPPNM) and its
2005 Amendment, the Paris Convention on Third Party
Liability in Nuclear Energy, Convention on Early Notification
of a Nuclear Accident.

Regarding international civil liability, Turkey is a signatory to
the Paris Convention on Third-Party Liability in Nuclear
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Energy, which was signed in 1960. Turkey also signed and
approved the amending Protocols of January 28, 1964 and
November 16, 1982. The Amending Protocol was signed

on

Convention's 2004 amending protocol has a significant
importance for the international nuclear civil liability

February 12, 2004, and ratified in 2021. The Paris funds):

system because it has expanded the concept of "nuclear

Collective

Table 1. International Treaties, Conventions, and Agreements Signed/Ratified by Turkey

state

C. PEKAR

damage" to include environmental harm and financial costs.
Furthermore it established new liability caps as follows:
Operators (insured): €700,000,000; Installation State (public
€500,000,000;
(Brussels): €300,000,000; suggesting a total of at least
€1500,000,000 (Kumbaroglu, 2011:97).

contribution

and Under Water

NAME SIGNED ON RATIFICATION
Convention on Cooperation in the Atomic Energy Field Between the NATO 10 September
1 22 June 1955
Members and Its Amendment 1956
) Paris Convention(1960 Paris Convention on Third Party Liability in the Field 29 July 1960 13 May 1961
of Nuclear Energy)
3 Treaty Banning Nuclear Weapons Tests in the Atmosphere, in Outer Space, 5 August 1963 13 May 1965

Protocol to Amend the Convention on Third Party Liability in the Field of Nuclear|
Energy of 29 July1960

28 January 1964

13 June 1967

International Labour Conference Convention Number 115 Concerning the
Protection of Workers Against lonizing Radiation

17 June 1962

25 July 1968

28 November

1964

6 [Treaty on the Non-Proliferation of Nuclear Weapons 28 January 1969 1979

7 |Convention for the Protection of the Mediterranean Sea Against Pollution 16 February 1976 12 June 1981

8 [The International Convention on Railway Transportation 21 March 1985 1 June 1985
Protocol to Amend the Convention on Third Party Liability in the Field of Nuclear|

9 [Energy of 29 July 1960, as Amended by the Additional Protocol of 28 January| 16 November 1982 23 May 1986

10

Convention on the Physical Protection of Nuclear Material

23 August 1983

7 August 1986

11

Protocol for the Protection of the Mediterranean Sea Against Pollution from
Land-based Sources

17 May 1980

18 March 1987

12

Convention on Assistance in the Case of a Nuclear Accident or Radiological
Emergency

28 September 1986

3 September 1990

13

Convention on Early Notification of a Nuclear Accident

28 September 1986

3 September 1990

14

Convention on the Protection of the Black Sea Against Pollution

21 April 1992

6 March 1994

15

Convention on Nuclear Safety

24 September 1994

14 January 1995

26 December

16(Comprehensive Nuclear-Test-Ban Treaty 3 November 1999 1999
17Jomt Prptocol Relating to the Application of the Vienna and the Paris 21 September 1988 19 November
Conventions 2006

18

Synchrotron Light for Experimental Science and Applications in the Middle East

11 September 2002

23 March 2012

Protocol to Amend the Convention on Third Party Liability in the Field of Nuclear

of Radioactive Waste Management

19[Energy of 29 July 1960, as Amended by the Additional Protocol of 28 January| 12 February 2004 | 17 October 2021
1964 and by the Protocol of 16 November 1982

20/Amendment to the Convention on the Physical Protection of Nuclear Material 8 July 2005 24 April 2015

21|International Convention for the Suppression of Acts of Nuclear Terrorism 14 September 2005 8 May 2012
Agreement Between the Republic of Tirkiye and the European Organization

22ffor Nuclear Research (CERN) Concerning the Granting of the Status of Associate 12 May 2014 28 April 2015
Member at CERN

23Joint Convention on the Safety of Spent Fuel Management and on the Safety ) 17 October 2021

Source: IAEA, 2022 Country Nuclear Power Profiles, “Turkey”, https://cnpp.iaea.org/countryprofiles/Turkey/Turkey.htm
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Table 2. Cooperation Agreements with the IAEA in the Area of Nuclear Power

NAME

SIGNED ON

RATIFICATION

Agreement Between the Government of the Republic of Tiirkiye and the IAEA for the Application
of Safeguards in Connection with the NPT

30 June 1981

20 October 1981

2

Protocol Additional to the Agreement Between the Government of the Republic of Tiirkiye and
the IAEA for the Application of Safeguards in Connection with the NPT

6 July 2000

12 July 2001

Source: IAEA, 2022 Country Nuclear Power Profiles, “Turkey”, https://cnpp.iaea.org/countryprofiles/Turkey/Turkey.htm

Table 3. Bilateral Agreements Signed/Approved Between The Republic of Turkey and Other Countries or Organizations in
the Field of Nuclear Energy

NAME

SIGNED ON

RATIFICATION

Agreement Between the Government of Canada and the Government of the Republic of Tirkiye
for Cooperation in the Peaceful Uses of Nuclear Energy

18 June 1985

29 June 1986

Agreement Between the Government of the Republic of Tirkiye and the Government of the

on Early Notification of a Nuclear Accident

2 Argentine Republic for Cooperation in the Peaceful Uses of Nuclear Energy 3 May 1988 |8 February 1992

3 Agreement Between the Government of Tirkiye and the Republic of Bulgaria on Early 28 July 1997 11 September
Notification of a Nuclear Accident and Exchange of Information on Nuclear Facilities 1997

4 Agreement Between the Government of the Federal Republic of Germany and the Government| 14 January )
of the Republic of Turkiye for Cooperation in the Peaceful Uses of Nuclear Energy 1998

5 Agreement Between the Government of the Republic of Korea and the Government of the| 26 October 12 April 1999
Republic of Tiirkiye for Cooperation in the Peaceful Uses of Nuclear Energy 1998

6 Agreement Between the Government of the French Republic and the Government of the| 21 September 18 May 2011
Republic of Tiirkiye for Cooperation in the Peaceful Uses of Nuclear Energy 1999
Agreement Between the Government of the Republic of Tiirkiye and the Cabinet of Ministers of

7 [Ukraine on Early Notification of a Nuclear Accident and Exchange of Information on Nuclear| 23 N;(\)/g(r)nber 2 May 2001
Facilities

3 Agreement B.etw.een the United States of America and the Government of the Republic of Tirkiye 26 July 2000 9 July 2006
for Cooperation in the Peaceful Uses of Nuclear Energy

9 Agreement Between the Government of the Republic of Tirkiye and the Government of Romania 3 March 2008 | 16 May 2008

10

Agreement Between the Government of the Republic of Tirkiye and the Government of the
Russian Federation for Cooperation in the Use of Nuclear Energy for Peaceful Purposes

6 August 2009

12 February
2011

11

Agreement Between the Government of the Republic of Tirkiye and the Government of the
Russian Federation on Early Notification of a Nuclear Accident and Exchange of Information on
Nuclear Facilities

6 August 2009

12 February
2011

12

Agreement Between the Government of the Republic of Tiirkiye and the Russian Federation on
Cooperation in Relation to the Construction and Operation of a Nuclear Power Plant at the

Akkuyu Site in the Republic of Tirkiye

12 May 2010

6 October 2010

13

Agreement Between the Turkish Atomic Energy Authority (the Republic of Tirkiye) and the)
Federal Environmental,Industrial and Nuclear Supervision Service (the Russian Federation) for,
Cooperation in the Field of Nuclear Licensing and Supervision

8 June 2010

8 June 2010

14

Agreement Between the Government of the Republic of Tirkiye and the Government of the
Hashemite Kingdom of Jordan for Cooperation in the Use of Nuclear Energy for Peaceful Purposes

17 February
2011

5 June 2015

Agreement between the Government of the People's Republic of China and the Government of

2 September

15 ; . o 9 April 2012
the Republic of Tiirkiye for Cooperation in the Peaceful Uses of Nuclear Energy 2016
16Agreement b.etw.een the Government of the Republic of Tiirkiye and the Government of Japan 3 May 2013 22 April 2014
for Cooperation in the Use of Nuclear Energy for Peaceful Purposes
Agreement between the Government of the Republic of Tirkiye and the Government of Japan
on Cooperation for the Development of Nuclear Power Plants and the Nuclear Power Industry in
the Republic of Tirkiye and Memorandum of Cooperation Between the Government of the
17|Republic of Turkiye and the Government of Japan on Cooperation on the Development of Nuclear| 3 May 2013 23 May 2015
Power Plants and the Nuclear Power Industry in the Republic of Tlrkiye
18Agreement between the Government of the Republic of Tirkiye and the Government of the| 11 November
Republic of Belarus on Cooperation in the Use of Nuclear Energy for Peaceful Purposes 2016
Source: IAEA, 2022 Country Nuclear Power Profiles, “Turkey”, https://cnpp.iaea.org/countryprofiles/Turkey/Turkey.htm
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In Turkish national legislation regarding civil liability
Decree No. 83/74045, approved by the Turkish Atomic
Energy Authority on December 19, 1983, requires the
operator of a nuclear plant to have insurance or other
kinds of financial protection, approved by the Turkish
Atomic Energy Authority.

Regarding the intergovernmental agreement between
Russia and Turkey it can be said that it did not impose any
caps on the Project Company’s civil liability in the event of
a nuclear disaster. According to Article 16 of the
aforementioned agreement, Turkey's internal laws and
regulations as well as any international agreements to
which it is a party or will become a party will be used to
assess Turkey's legal obligation to third parties
(Kumbaroglu, 2011: 98).

Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management
which was signed on 6th October 2021 and entered into
force on 21st July 2022 in Turkey also represents
asignificant development regarding regulation of
international spent fuel and radioactive waste
management safety. The Joint Convention as the first legal
instrument on this issue establishes “fundamental safety
principles and creating a similar “peer review” process to
the Convention on Nuclear Safety.” (NDK)

Table 1, Table2 and Table 3 provide lists of “International
treaties, conventions, and agreements signed/ratified by
Turkey”, “Cooperation agreements with the IAEA in the
area of nuclear power” and “Bilateral Agreements
Signed/Approved Between The Republic of Turkey and
Other Countries or Organizations in the Field of Nuclear

Energy” respectively.
5. CONCLUSION

Electricity demand in Turkey has risen dramatically in
recent decades, paralleling economic and social progress.
Thus, Turkey intends to boost its energy self-sufficiency
rate by diversifying its energy portfolio. The entire Turkish
energy strategy is centered on guaranteeing consistent,
adequate, and timely energy supply. To meet expanding
energy demand without disruption, Turkey is developing
programs to cover a large amount of its energy demand,
not only by increasing power output from local resources,
but also by planning and finalizing nuclear power plant
projects on its soil. It can be said that Turkey's interest in
pursuing a nuclear power program is driven by the need to
meet the country's rapidly increasing electricity
consumption and to assist economic development. By
meeting rising electric energy demand, the integration of
nuclear energy into Turkey's energy supply is regarded as
one of the most important strategies of mitigating the
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hazards associated with reliance on foreign fuels. Following
the analyses of Turkey's electrical needs and the reasons for
pursuing nuclear energy, the study looks at the country’s
nuclear energy program from national and international
nuclear legal framework. Departing from this point the
article assesses the Akkuyu NPP Project as a novel design for
the development of the country's first nuclear power plant
(BOO model). This model for the development and
operation of the country’s first NPP aims to solve significant
challenges of “financing” and “experienced operators” for
Turkey as a nuclear newcomer country. Finally, the
significant role of a independent Nuclear Regulatory
Authority (NRA) is explained for a nuclear new comer
country in the framework of its critical role in enacting

relevant regulations, giving recommendations and
enforcing them developing and implementing a
newcomers’ nuclear program.
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