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COGRAFI BiLGi SISTEMLERi DESTEKLi MEKANSAL iSTATiISTIKSEL YONTEMLER
KULLANILARAK KONYA SEHRINDE TRAFIK KAZA KARA NOKTALARININ
BELIRLENMESi !

Determination of Traffic Accident Black Spots in Konya City Using Geographic Information Systems-
Supported Spatial Statistical Methods

ilknur KINALIOGLU?, Mehmet DENiZ3
Oz

GUnUmiuz kentlerinin en 6nemli sorunlarindan biri de trafik problemidir. Bu problem park yeri bulma, trafik yogunlugu,
sinyalizasyon problemleri, kazalar vb seklinde cogaltilabilir. Ozelikle trafik kazalari neden olduklari can ve mal kaybi ile bu
problemin en dikkat ¢eken yoénudir. Bu sebeple trafik kazalari ile ilgili akademik ¢alismalarin sayisi giin gectikce
artmaktadir. Kazalarin yogunluk tespitinde bircok yontem kullanilsa da bunlarin igcinde en popiiler olani kara nokta
analizleridir. Kara noktalarin bilimsel yontemler ile tespit edilmesiyle trafik glivenlik politikalari daha etkili bir sekilde
ortaya konabilir.

Bu ¢alismada calisma alani olarak Konya sehrinin metropol ilceleri olan Meram, Selguklu ve Karatay secilmistir. Calismanin
amaci adi gegen ilgelerde cografi bilgi sistemleri kullanilarak mekansal istatistiksel yéntemler yardimiyla trafik kaza kara
noktalarini tespit etmektir. Yontem olarak Moran’s |, Anselin Lokal Moran’s |, Getis-Ord Gi ve Geary’s C mekansal
otokorelasyon indisleri ve ¢cekirdek yogunluk tahmin edicisi (Kernel Density Estimation) ve mekansal enterpolasyon (IDW)
uygulanmistir. Arastirmada kullanilan veriler 2017-2022 yillari arasinda Konya sehrinde meydana gelen 6l ve yaralanmali
trafik kazalarina iliskin kaza tutanaklarindan derlenmistir.

Arastirma sonuglarina gore sehirde 32 trafik kaza kara noktasi tespit edilmistir. Kazalarin yogunlastigi yerlerde istatistiksel
acidan anlamli kiimelenmelerin olustugu gorilmdistlr. Bu bulgulara dayanarak sehirde kazalara sebep olan faktorler
ortaya konmus ve sahadaki yaralanmali ve 6limli kazalarin azaltilabilmesi icin ¢c6ziim 6nerileri getirilmistir.

Anahtar Kelimeler: Cografi bilgi sistemleri, mekansal istatistiksel yontemler, mekansal otokorelasyon, mekansal
kiimeleme, sicak nokta analizi, trafik kaza analizi, trafik kaza kara nokta analizi

Abstract

One of the most important problems of today's cities is the traffic problem. This problem can be multiplied as finding
parking spaces, traffic density, signalization problems, accidents, etc. Especially traffic accidents are the most striking
aspect of this problem with the loss of life and property they cause. For this reason, the number of academic studies on
traffic accidents is increasing day by day. Although many methods are used to determine the intensity of accidents, the
most popular among them is black spot analysis. By identifying black spots with scientific methods, traffic safety policies
can be put forward more effectively.

In this study, Meram, Selguklu and Karatay, which are the metropolitan districts of Konya city, are selected as the study
area. The aim of the study is to identify traffic accident black spots with the help of spatial statistical methods using
geographic information systems in the mentioned districts. Moran's I, Anselin Local Moran's |, Getis-Ord Gi and Geary's
C spatial autocorrelation indices and Kernel Density Estimation and spatial interpolation (IDW) were applied as methods.
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The data used in the study were compiled from accident reports of traffic accidents with fatalities and injuries that
occurred in Konya between 2017 and 2022.

According to the research results, 32 traffic accident black spots were identified in the city. Statistically significant clusters
were observed where accidents were concentrated. Based on these findings, the factors that cause accidents in the city
have been revealed and solutions have been proposed to reduce the number of injury and fatal accidents in the field.

Keywords: Geographic information systems, spatial statistical methods, spatial autocorrelation, spatial clustering, hot
spot analysis, traffic accident analysis, traffic accident black spot analysis

GIRIS

Trafik kazalari, her yil binlerce can kaybi ve yaralanmaya neden olarak hem bireysel hem de toplumsal diizeyde biyiik
sosyo-ekonomik sorunlar yaratmaktadir. Bu kazalar saglk sistemleri tizerinde baski olusturur ve ekonomik kayiplara yol
acar. Bu nedenle, trafik givenliginin artirilmasi ve trafik kazalarinin 6nlenmesi, toplumsal agidan biiyik bir 5neme sahiptir.
Trafik glivenligini artirmak icin hem bireysel stiriictiler hem de toplum igin ¢esitli dnlemler alinmalidir. Egitim ve farkindalik

¢ahismalari, trafik glvenligi bilincinin olusturulmasinda énemli bir rol oynar. Bu ¢alismalar, trafik kurallarina uymamanin
yaratacag! riskler hakkinda bilgi vererek, siirliciilerin, yayalarin ve yolcularin farkindaligini artirabilir.

Teknolojik gelismeler trafik glivenligine dnemli katkilar saglamaktadir. Arag igi glivenlik sistemlerinin yani sira, kent ve
otoyol yonetimlerinin akilli trafik yonetim sistemleri gibi arac¢ disi ¢ézimler de trafik glvenligini artirmaktadir. Bu
sistemler, trafik akisini diizenleyerek kazalarin riskini azaltabilir. Trafik givenliginde bir diger 6nemli faktor, trafik kaza
kara noktalarinin tespitidir. Bu noktalar, kazalarin sik goruldiigi ve givenligin ihlal edildigi alanlardir. Bu noktalarin
belirlenmesi, kazalarin 6nlenmesi icin 6nemlidir ve trafik akisinin diizenlenmesi, hiz sinirlarinin gézden gegirilmesi gibi
tedbirler alinabilir.

Modern teknolojik araglar ve analitik yontemlerle trafik kaza kara noktalarinin tespiti daha hassas hale gelmistir. Cografi
Bilgi Sistemleri (CBS) destekli mekansal istatistiksel yontemler, bu noktalarin tespiti ve analizinde 6nemli bir rol
oynamaktadir. CBS, trafik glvenligi politikalarinin gelistirilmesi ve kazalarin 6nlenmesi icin stratejik adimlar atilmasina
olanak tanir. Mekansal istatistiksel yontemler ise trafik kazalarinin nedenlerini ve riskli bolgeleri analiz etmede etkili
araglardir. Bu yontemler, kaza kara noktalarinin belirlenmesindeki hata payini azaltir ve daha dogru analiz sonuglari saglar.

Bu calisma, Cografi Bilgi Sistemleri destekli mekansal istatistiksel yontemler kullanarak Konya sehrindeki trafik kaza kara
noktalarini tespit etmeyi amaglamaktadir. Alt amaglar arasinda trafik kazalarinin zamansal dagilimlarinin analiz edilmesi,
kaza noktalarinin mekansal gesitliligi, kaza tirlerinin siniflandiriimasi ve kazalardaki 6li ve yarali sayilarinin betimsel
istatistiklerinin ¢ikarilmasi yer almaktadir. Calisma, trafik kaza riski yiksek bolgelerin tespitine ve trafik glivenligi
politikalarinin gelistirilmesine katki saglamayi hedeflemektedir.

Konya'daki trafik kazalarinin analizi, sehirdeki trafik giivenligi politikalarinin etkinligini artirmak icin 6nemlidir. Bu ¢alisma,
Cografi Bilgi Sistemleri ve mekansal istatistiksel yontemlerin kullanimini degerlendirerek, trafik givenligi durumunun
anlasilmasina ve gelecekteki kazalarin 6nlenmesine yonelik stratejik adimlar atilmasina katki sunabilir. Bu yontemlerin
trafik kazalarinin nedenlerini anlamada, riskli bolgeleri belirlemede ve giivenlik politikalarini gelistirmede énemli araglar
oldugu gorilmektedir.

Literatiir

Her yil trafik kazalarinda yaklasik 1.35 milyon insan hayatini kaybetmektedir. Oliimlerin yani sira bu kazalarda 50 milyon
dolayinda da yaral vardir (www.afro.who.int). Can kayiplari ve yaralanmalar ile ¢ok biylk kayiplara yol agan trafik
kazalarinin diinya ekonomisine etkisi yillik olarak 1,8 trilyon dolari dolayindadir (Chen vd., 2019). Tirkiye'de kazalar ile
ilgili genel bilgilere TUIK raporlarindan ulasilabilmektedir. Tiirkiye genelinde 2021 yilinda 8limlii ve yaralanmali 187693
trafik kazasi olmustur (TUIK, 2021). Bu kazalarda 5 362 kisi hayatini kaybederken 274 615 kisi de yarali olarak
kurtulmustur. Olenlerin biyik kismini 25-64 yas (3067 kisi) arasindaki bireyler olusturur. Ancak burada bir hususa
deginmek gerekmektedir. Tirkiye’de tutulan kaza kayitlarinda sadece kaza yerinde 6lim gergeklesmisse kaza 6limli
olarak nitelendirilmektedir. Bu nedenle yukaridaki istatistikte kaza yerinde hayatta olan ancak hastaneye giderken veya
ileri bir tarihte hastanede can kaybi yasanan kazalar 6limlu kazalara dahil degildir. Bu kazalarda 6lim olay yerinde
olmadigi icin yaralanmali kaza olarak ge¢cmektedir. Dolayisiyla 6lumli kazalarin burada zikredilenden ¢ok daha fazla
olduguna dikkat cekmek gerekir.

Trafik kaza analizleri kazalarin neden ve sonuglarini bulmaya calisan tim arastirmalarin genel adidir. Kaza analizi, trafik

kazalarinin nedenlerini ve sonuglarini tespit ederek, trafik giivenligi farkindaligi ve daha giivenli trafik ortamlari icin lazim
olan onlemlerin alinmasini saglar (Janani & Devi, 2016). Trafik kazalari veri toplama, veri analizi ve sonuglarindan
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yorumlanmasindan olusan tig asamali bir yapidadir. ilk asama kazaya ait verilerin tutuldugu kaza, polis ve hastane kayitlari
elde edilir. ikinci asamada, bu veriler uzmanlar eliyle analize tabi tutulur. Son olarak, bulgulara gére yorumlar yapilr,
kazalarin sebepleri ve nerelerde yogunlastiklari bulunur ve 6neri getirilir (Kinalioglu, 2024).

Sehirsel alanlarin kullanim sireglerinin analizinde cografi bilgi sisteminin kullanimi literatlrde genis bir yer tutar (Topuz
ve Deniz, 2022; Deniz ve Topuz, 2018; Ozdemir ve Yasak. 2024; Topuz ve Deniz, 2023; Ozdemir, Ozav ve Yasak, 2022). Son
yillarda CBS’nin yayginlagsmasiyla kara nokta tespitinde bu programlari yardimiyla analizler gergeklestirilmeye baslamistir.
Ornegin 2005-2012 yillari arasindaki verilere dayanan CBS yardimiyla yapilan bir arastirmada kazalarin mevsimsellik
gosterdigine ve CBS teknolojilerinin bunu tespit etmede basarili olduguna deginilmistir (Codur ve ark. 2015). Bazi
arastirmalarda ise kara nokta tespitinin yaninda Ampirik Bayes yontemi ile beklenen kaza sayilarina iliskin tahminler yer
almaktadir. 20 kara noktanin tespit edildigi calismada Poisson regresyon, NB regresyon ve Ampirik Bayes gibi istatistiksel
yontemlere basvurulmustur (Dereli ve ark. 2015). Lokal ¢alismalarin yani sira Tirkiye geneli ile ilgili yapilan ¢alismalar da
dikkat gekicidir. Bu amagla yapilan bir galismada Kara Yollari Genel Mdurligi (KGM) sorumlulugundaki 2048 farkh
karayolunda kaza orani, kaza frekansi, kaza siddeti, Getis Ord Gi , Moran’s |, poisson regresyon, negatif binomiyal
regresyon ve ampirik bayes teknikleri yardimiyla kaza kara noktalari tespit edilmistir (Dereli, 2016).

Arastirmalarda yogun olarak CBS destekli cekirdek yogunluk tahmin edicisi (Kernel Density Estimation Kernel Density ve
Hotspot analizleri (Geymen ve Dedeoglu, 2016; Dogru ve Aydin, 2018) kullanilmaktadir. Sebepleri ¢ogaltilabilmekle
beraber lokasyon olarak bakildiginda kazalarin genellikle kavsaklarda yogunlastigi goriilmektedir (Sisman ve ark., 2010;
Ertung ve ark., 2016; Dogru ve Aydin, 2018; Vural, 2019; Siyavus, 2022). Bu durum araglarin bu noktalarda karsi karsiya
gelmelerinden kaynaklanmakta ve dikkatsizlik halinde kaza ihtimali de artmaktadir.

Uskiidar-istanbul dzelinde yapilan ¢alismalarda kazalarin sebepleri ve lokasyonlari iizerinde durulmustur. Arastirmaya
gore kazalarin ¢cogu surlicu dikkatsizligi nedeniyle gerceklesmekte ve kazalar baglanti kavsaklari olduklari igin 15 Temmuz
Sehitler Képrisii (Bogazigi Koprisi) girisi, Altunizade ve Pasa Limani Caddesi’nde siklagsmaktadir (Siyavus, 2022).

ARASTIRMA SAHASI

Calisma alani, i¢c Anadolu Bdlgesi'nin 6nemli bir sehir yerlesmesi olan Konya’dir. Sehir bdlgenin Konya Béliimii'nde yer
almakta olup, Meram, Karatay ve Selguklu adinda li¢ metropol ilceden olusur. Arastirmaya konu olan toplam saha yaklasik
olarak 6580 km?¥dir (Harita 1).

w . o o
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Harita 1. Calisma Alaninin Lokasyon Haritasi (Kinalioglu, 2024, s. 37)

TRAFIK KAZA KARA NOKTALARININ ANALIZi ve TANIMLANMASI

Trafik kaza kara noktalar kavsaklar, dar yollar, yaya gecitleri, okul 6nleri ve islek caddeler gibi trafik glivenliginin dislk
oldugu yiksek kaza riski olan alanlardir. Uluslararasi literatiirde kazalarin karayollari (izerinde yogunlastigi yerlere verilen
isimdir (Maher & Mountain, 1988). Bu noktalarin tespit edilip gesitli dnlemler alinmasi glivenli trafik yonetimine katki
saglamaktadir. Trafik kaza kara noktalarinin tespitinde kullanilan yontemlere kaza frekansi, kaza tekrari orani, tablo (sayi-
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oran), esdeger agirlik (kaza siddeti) ve oran-kalite kontrol yontemleri 6rnek gosterilebilir (Saplioglu & Karasahin, 2006).
Bu yontemlerden tercih edilmesinde bdlgeden bolgeye 6ne ¢ikan ozellikler yer almakta olup her llke kendi standardini
belirlemektedir. Oyle ki Avrupa iilkeleri icinde dahi farkl yéntemlere basvuruldugu gériilmektedir (Elvik, 2007). Tiirkiye’de
kara noktalarin tanimlanmasinda oran-kalite kontrol yéntemi 6n plana ¢ikmaktadir (Giler, 2017).

TRAFiK KAZA KARA NOKTALARININ BELIRLENMESINDE KULLANILAN MEKANSAL iSTATISTIKSEL YONTEMLER

Mekansal istatistiksel analizler cografi verilerin dagilisi, yogunlugu, korelasyonlari mekansal iliskilerini ve cografi
desenlerin anlasilmasini saglamaktadir. Cressie ve Moores (2020) mekansal istatistiksel analizleri mekansal 6zelliklerin
sayisal analizini amaglar seklinde 6zetler. Trafik kaza kara noktalari da mekansal veri iceren bilgilere dayanarak sahadaki
kaza yogunluk alanlarinin tespit edilmesi isidir. Bu noktalarin tespitinde bir¢cok yontemden faydalanilirken gerek verinin
gerek sahanin 6zelliklerine gore farkli istatistik analizlere basvurulabilirken, gerekli durumlarda yéntemler yeni durumlara
modifiye edilirler. Trafik kaza kara noktalari tespitinde en ¢ok kullanilan yontemlere noktasal yogunluk analizleri,
kiimeleme analizleri, regresyon analizleri, cok kriterli karar verme yontemleri, makine 6grenmesi algoritmalari vb. 6rnek
gosterilebilir. Cekirdek Yogunluk Tahmini (Kernel Density Estimation - KDE) ve Mekansal Otokorelasyon analizleri en gok
kullanilan tahmin araglaridir.

Cekirdek Yogunluk Tahmini (Kernel Density Estimation - KDE)

Bu analiz kaza lokasyonlarinin sikhgina bagh olarak olusturulan yogunluklari haritalandirir. Bazi arastirmacilara gore uzun
suredir kullanilan bir yontemdir (Xie & Yan, 2013). Analizde kazalarin yogun olarak isaretlendigi alanlar kara nokta olarak
temsil edilir. Bu tahmin yonteminin uygulandigi ¢cok sayida arastirma goze ¢arpmaktadir (Bil et al., 2013; Sandhu et al.,
2016; Thakali et al., 2015). Calismalar genel olarak iki tiire ayrilmaktadir : Diizlemsel (planar KDE) ve agsal (network KDE)
(Xie & Yan, 2008).

Mekansal Otokorelasyon

Bu yontemlerden mekansal karar alma siireglerinde faydalanilir. Dagilimdaki mekansal diizen ve iligkilerin incelenmesini
icerir. Cografi gozlem biriminin 6zelliklerinin ¢evre birimler ile olan iliskilerini agiklamaya calisir (Getis, 2009). Mekansal
Otokorelasyon Global ve lokal mekansal otokorelasyon olarak ikiye ayrilabilir.

Global mekansal otokorelasyon cografi desenlerin ve olaylarin dagiliminda genis bir bolge veya sahadaki tim birimler
arasindaki korelasyonu ortaya koyarken, lokal mekansal otokorelasyon alt bolgeler, daha kiiglik sahalar veya nokta
gruplarinin birbirleri ile olan korelasyonunu ortaya koyar.

Moran’s | (Moran, 1948), Gear’s C (Geary, 1954), Anselin Moran’s | (Anselin, 1995) ve Getis-Ord Gi (Getis & Ord, 1992)
gibi indisler Mekansal otokorelasyonun ve kiimelenme mekan iligkilerinin istatistiksel agidan anlamli olup olmadiginin
tespitinde kullanilir. Bu indislerde Z-puani, mekansal otokorelasyonun varligini, P-degeri ise analizin anlamliligini test
etmek icin yararlanilan degerlerdir.

YONTEM
Veri seti

Calismada bulgular iki farkh tiirde olusturulmustur. ilk bulgu grubu trafik kazalarini farkli degiskenlere gére
siniflandirmaya dayanmistir. Daha sonra ise kazalarin sikliklarina gore kara nokta tespiti yapilmistir. Mekansal
istatistiklerin yapilmasinda ArcGIS 10.8 ve R programlarindan yararlanilmistir. Calismada veri analize hazir hale
getirildikten sonra otokorelasyon testleri, mekansal enterpolasyon ve ¢ekirdek yogunluk tahmini uygulanmistir. Mekansal
otokorelasyon testlerinde Moran’s I, Anselin Moran’s |, Getis-Ord Gi ve Geary’s C indisleri dikkate alinmistir.

Calismada 2017-2022 yillari arasinda Konya sehrindeki 16638 trafik kazasi analize alinmistir. Bu kazalara ait bilgiler Konya
il Emniyet Trafik Denetleme Sube Mudiirligiinde (KIETDSM) tutulan kaza trafik tutanaklarindan elde edilmistir. Kazalara
ait veriler emniyet mensuplarinca dijital ortamda arsivlenmektedir. KIETDSM’den dijital olarak saglanan verisetinden
yararlanilarak “il, ilce, kaza tarihi, yerlesim yeri, olus tiir(i, arag sayisi, kavsak, yarali stirticii, yarali yaya, yarali sayisi, yaral
durumu, 6ll yolcu, 6l yaya, 6li siirlicl, 614 durumu, yol tiirl, enlem ve boylam” olmak Gzere 18 farkh degiskenin 16000’
asan oOzelligi incelemeye alinmistir.

KIETDSM’den dijital olarak saglanan *.csv formatindaki veriseti ArcGIS 10.8 yazihmina aktarilarak *.shp formatina
dondsturtilmistir. *.shp dosyasindan kaza noktalari haritalandirilarak analize alinacak verilerin  konumlari
gorsellestirilmistir (Harita 2). Arastirma sahasindaki yol verisi overpass-turbo.eu sitesinden elde edilmis ve *.kml
formatindaki veri ayni program ile analize hazir hale getirilmistir.
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Harita 2. Calisma Verisetini Olusturan Trafik Kazalarinin iki farkli Noktasal Gérinimu (Kinaliogli, 2024, s. 50-51)

Haritalardan da goriilecegi lizere kaza noktalarindan bazilari kentin ¢ok uzagindaki lokasyonlari gostermektedir. Bu kaza
tutanaginin tutuldugu sirada hatali veri girislerinden kaynaklanan aykir verilerdir. Analizde olumsuz sonuglarin 6niine
gecmek icin bdyle veriler elemine edilmistir. Bir kissim kaza noktasinin ise yollarin uzaginda oldugu gozle yapilan
incelemeler sonucunda tespit edilmistir. Bu tip noktalari yollarla ¢akistirmak amaciyla ArcGIS 10.8 yaziiminda yer alan
“Near Analysis”’ bas vurulmustur. Daha sonra veriler ileri analizler igin ayni programdaki “Integrate” ve “Collect Events”
e tabi tutulmustur. Integrate isleminde 100 m tolerans ile yakin sahalarda meydana gelen trafik kazalari tek bir konumda
birlestirilmistir. Bu veri “Collect Events” islemi ile agirlhikh noktasal verilere donustirilmus ve Uretilen “Icount” degiskeni
diger analizlerde parametre olarak kullaniimistir.

Mekansal istatistiksel Analiz Suireci

Mekansal istatistiksel analizler iki farkli kategoride uygulanmistir. Bunlar Mekansal Otokorelasyon ve Yogunluk
haritalaridir. Elde edilen sonuglar karsilastirilarak tespit edilen noktalarin dogrulanmasi saglanmistir. Mekansal
Otokorelasyon ve Yogunluk analizlerinde kullanilan istatistikler Sekil 1’deki gibidir.

Mekansal istatistiksel Analziler
|

1 1
Mekansal Otlokorelasyon Yogunluk Haritalari
P E— I - I p— I l 1
L - . ) _
Moran's | | Anselin L.Okal Getls.Ord Geary's C Cekirdek
istatistigi Moran’s | G istatistigi Mekansal Yogunluk Tahmin
& f istatistigi istatistigi g | Enterpolasyon Edicisi
: \ ) L icisi
Sekil 1. Calismada uygulanan Mekansal Istatistiksel Analizler (Kinalioglu, 2024, s. 53)
BULGULAR

TRAFIK KAZA ANALIZINE iLiSKIN BULGULAR

Bu bolimde kazalar 6nce saat, giin, ay, yil, olus tiirii, kavsak tiird, ilce degiskenlerine gére betimlenmistir. Sonra ise kazalar
ola ve yarali sayilarina iliskin bulgular seklinde ilcelere gore betimlenmistir.

Kaza Sayilarina iliskin Betimsel Bulgular

e Yillara ve Aylara Gore Kaza Sayisi Analizi

Konya sehrinde kazalarin 2017 yilindan gliniimuze gelene kadar azaldig1 gbze carpar (Tablo 1 ve Sekil 2). 2020 yilinda
Turkiye genelinde trafik kazalarinda pandemi nedeniyle bir disls gorilmustir (Yontem vd., 2024). Benzer bir durumun
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arastirma sahasinda goraldiginia soylemek miamkindir. Analize dahil edilen yillar icinde 2020 yili hem toplamda hem
de aylar agisindan dikkate alindiginda kaza sayilarinin diistklUgl goze carpar. Kaza vakalarindaki bu disislin sebebi
kuskusuz Covid-19 salgini ve bu salginin akabinde ilan edilen sokaga ¢ikma yasagi ve gesitli kisitlamalardir. Bununla birlikte
son yillarda alt ve Ust gegitlerin sayisinin artmasi, ¢evre yollarinin sehir ici trafigi rahatlatmasi ve sinyalizasyon g¢alismalari
kaza sayisinin diismesinde etkili olmustur.

Tablo 1. Yillara ve Aylara Gore Kaza Sayilari

yil Ocak Subat Mart Nisan Mayis  Haziran Temmuz Agustos Eylul Ekim Kasim Aralik  Toplam
2017 141 172 259 321 304 284 397 375 336 348 224 198 3359
2018 178 200 278 306 264 339 374 334 303 215 221 173 3185
2019 182 164 218 208 231 268 292 293 283 264 207 184 2794
2020 164 156 158 71 126 199 276 206 209 224 175 111 2075
2021 115 128 184 142 212 258 290 303 306 352 291 197 2778
2022 187 145 192 246 273 265 315 320 341 163 - - 2447
Toplam 967 965 1289 1294 1410 1613 1944 1831 1778 1566 1118 863 16638
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Sekil 2. Yillara ve Aylara Gore Kaza Sayilar

2020 yih da dahil olmak (izere analiz periyodunun tamaminda kazalar temmuz, agustos, eyliil ve haziran aylarinda en
yuksek seviyelere ulagsmaktadir. Bunda kuskusuz trafige ¢ikan arag sayisinin artmasinin etkisi blyuaktir. Kis aylarinda hava
ve yol kosullarinin koti, gorus alaninin sinirli olmasina ragmen daha dikkatli arag strulmesi, hiz yapilmamasi gibi
faktorlerin ve trafige cikan arag sayisinin etkili oldugu cesitli arastirmalarda belirtilmistir (Aktas vd., t.y.; Bilgin, vd., 2013).
Konya’'nin Turkiye’de dogu-bati ve kuzey-gliney yonli ana bir kavsak konumunda olmasi yaz aylarinda transit gegislerin
sayisini arttirmaktadir. Bununla birlikte sehrin turizm potansiyeli de bir ¢ekicilik olarak sehre giren arag sayisini arttirir.
Ayrica yaz aylarinda tarimsal etkinlikler de trafige ¢ikan arag sayisini etkiler. Yaz mevsimlerinde yurtdisinda yasayan Turk
nifusun Tirkiye’ye olan ziyaretleri ve bu nifusun 6nemli bir kisminin kendi tasitlari ile tlkeye gelmesi de tasit
yogunlugunu arttirmaktadir. Kis aylarinda ise 6zellikle Aralik, Ocak ve Subat’ta kaza frekansi diismektedir. Bunda buyiik
oranda 6grencilerin servisleri kullanmalari, hava kosullari sebebiyle toplu tagimanin yayginlasmasi ya da yaya olarak
ulasim saglanmasi etkilidir. Trafikteki arag sayisinin azalmasi kaza oranini da dislirmektedir.

e Giinlere Gore Kaza Sayisi Analizi

Konya sehrindeki kazalar haftanin gilinlerine gore incelendiginde Pazartesi glinlerinin en sik kaza goérilen glin oldugu
dikkat ceker. Analiz dahilindeki yillarda Pazartesi ginleri 2519 kaza gerceklesmistir. Pazartesi giininden sonra Cuma
glinleri (2496 giin) kazalarin sik oldugu ikinci giindiir (Tablo 2 ve Sekil 3). Literatiir incelendiginde Pazartesi ve Cuma giinleri
genel olarak trafik kazalarinin en sik yasandigi giinlerdir (Ozli, vd., 2021).

Tablo 2. Glinlere Gore Kaza Sayilari
Giin 2017 2018 2019 2020 2021 2022 Toplam

Pazartesi 473 445 420 342 452 387 2519
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Sah 475 434 403 293 401 341 2347
Carsamba 447 448 411 312 412 339 2369
Persembe 474 452 386 307 398 351 2368
Cuma 520 470 387 312 444 363 2496
Cumartesi 520 488 401 271 391 372 2443
Pazar 450 448 386 238 280 294 2096
Toplam 3359 3185 2794 2075 2778 2447 16638
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Sekil 4. Glnlere Gore Kaza Sayilari

e Saat Dilimlerine Gore Kaza Sayisi Analizi

Trafik kazalari genel olarak is saatleri icinde gerceklesmektedir. Kazalar Uzerinde yapilan c¢alismalar da bunu
géstermektedir (OzI{, vd., 2021). Arastirma sahasi olan Konya sehrinde de kazalarin en sik gériildigii saatler 18-19 saatleri
arasidir. Glinn yeni basladigi 04-05 civarlari ise en az kaza gorilen saatlerdir (Tablo 3 ve Sekil 4).

Tablo 3. Saat Dilimlerine Gore Kaza Sayilari

Saat A. 2017 2018 2019 2020 2021 2022 Saat A. 2017 2018 2019 2020 2021 2022
00-01 56 64 51 43 39 52 12-13 222 191 166 105 137 135
01-02 39 46 31 26 24 35 13-14 201 201 193 142 157 162
02-03 32 32 28 19 27 32 14-15 221 201 186 116 207 181
03-04 25 20 19 13 24 25 15-16 190 222 213 149 183 160
04-05 28 24 16 9 18 18 16-17 232 194 189 151 223 163
05-06 27 24 21 11 26 24 17-18 257 273 193 167 202 207
06-07 30 35 19 26 26 26 18-19 296 248 241 194 266 215
07-08 134 138 94 85 102 89 19-20 250 213 205 178 189 153
08-09 199 183 153 104 165 127 20-21 184 161 125 118 164 129
09-10 133 136 115 67 94 90 21-22 133 128 136 62 100 90

10-11 129 114 112 66 124 91 22-23 117 90 82 65 85 78

11-12 129 140 121 95 129 100 23-00 95 107 85 64 67 65
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Sekil 5. Saat Dilimlerine Gére Kaza Sayilari (Kinalioglu, 2024, s. 62)

e  Olug Tiirline Gore Kaza Sayisi Analizi

KIETDSM’den derlenen verilere gére arastirma sahasinda gergeklesen kazalarin 15 tipte oldugu gériilmektedir. Bu
kazalarin ¢ogu Yandan Carpma (%43,8) seklindedir. Bu kaza turtinl Yayaya Carpma (%20,9) ve Arkadan Carpma (%11,1)
turlerinde kazalar izler (Tablo 4).

Tablo 4. Olus Tiirline Gore Kaza Sayilari

Olus Tiirii 2017 2018 2019 2020 2021 2022 Toplam %
Aragtan Cisim Diismesi 1 1 2 4 0,02
Aractan insan Dismesi 22 19 14 9 16 12 92 0,55
Arkadan Carpma 393 368 298 211 309 268 1847 11,10
Coklu Carpisma 3 2 6 3 7 1 22 0,13
Devrilme/Savrulma/Takla 110 86 78 69 104 97 544 3,27
Duran Araca Garpma 75 68 66 46 63 61 379 2,28
Engel/Cisim ile Carpisma 230 205 219 162 211 221 1248 7,50
Hayvana Carpma 9 10 3 1 1 24 0,14
Karsilikli Carpisma 149 118 95 74 117 83 636 3,82
Park etmis araca garpma 1 7 11 18 20 57 0,34
Yan Yana Garpisma 43 22 26 35 30 28 184 111
Yandan Garpma 1409 1436 1216 927 1264 1040 7292 43,83
Yayaya Carpma 761 680 619 390 529 514 3493 20,99
Yoldan Gikma 151 167 145 134 102 99 798 4,80
Zincirleme Carpisma 3 3 2 2 5 3 18 0,11
Toplam 3359 3185 2794 2075 2778 2447 16638 100,00

o Kavsak Tiiriine Gore Kaza Sayisi Analizi

Kavsaklar trafik yogunlugunun oldugu ve araglarin karsi karsiya gelebildigi baglanti noktalaridir. Arastirma sahasinda
kavsak tlrlerine gore yapilan analizlerde en ¢ok kazanin kavsaklarda oldugu tespit edilmistir. Alti yilda gerceklesen 16638
kazanin sadece 7334’linde kavsak yoktur. Bu kazalarin 9304’( ise kavsak noktalarinda gerceklesmistir. Kavsak 6zelliklerine
gore kazalarin dagilisi Tablo 5’te sunulmustur.

Tablo 5. Kavsak Tirline Gore Kaza Sayilari

Kavsak Tiirii 2017 2018 2019 2020 2021 2022 Toplam Ke"d'o/'""de Genel %
0
Diger 1458 1430 1241 873 1209 1118 7329 99.93%
Kavsak yok 44.08%
Hemzemin Gegit 1 1 1 1 1 5 0.07%
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Dort Yonlu 775 778 669 542 765 629 4158 44.69%
Ug Yénlii (T) 620 607 530 411 508 478 3154 33.90%
Donel Kavsak 262 219 181 129 171 124 1086 11.67%
Kavsak Var 55.92%
Diger Kavsak Cesidi 141 88 97 67 48 32 473 5.08%
Ug Yénlii (Y) 67 37 47 31 49 44 275 2.96%
Koprall Kavsak 35 25 28 21 28 21 158 1.70%

e lgelere Gore Kaza Sayisi Analizi

Ne kadar iyi bir sehir, ulasim ve trafik planlamasi yapilirsa yapilsin kaza sikhgi ile nifus arasinda bir iliski yer almaktadir.
insanlarin yogun olarak yasadiklari bélgeler trafik yogunluguna da sahne olmakta ve haliyle bu kesimlerde kaza sayisi da
artmaktadir. Giniimuze yaklastikca kaza sayilari diismekle beraber en biiyiik nifuslu ilge olan Selguklu ‘da (%44,7) toplam
kazalarin neredeyse yarisina yakini gerceklesmistir. ilcede yogun trafik arterlerinin bulunmasi da bu oranin artmasinda
etkilidir. Toplam kazanin %29,4’ii Karatay’da ve %25,9’u Meram’da gerg¢eklesmistir (Tablo 6 ve Sekil 5).

Tablo 6. ilgelere Gére Kaza Sayilari

ilge 2017 2018 2019 2020 2021 2022 Toplam %

Karatay 965 916 803 615 871 723 4893 29,4
Meram 925 829 775 514 658 601 4302 25,9
Selguklu 1469 1440 1216 946 1249 1123 7443 44,7
Toplam 3359 3185 2794 2075 2778 2447 16638 100,0
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Sekil 5. iicelere Gore Kaza Sayilari

Olii ve Yaral Sayilarina iliskin Bulgular

Konya sehrinde arastirmaya konu olan yillarda geceklesen 16638 kazanin 23934’(inde yaralanma 102’sinde ise olim
vakasi gérulmistir. Kaza basina 1,43 yaralanma vakasi gorulirken 163 kazada bir kisi vefat etmistir. 2020 yili verilerinde
6lim ve yaralanma sayilarinin azhgi kaza sayisinin azligi ile iliskilidir (Tablo 7).

e Yillara ve Aylara Gore Olii ve Yarali Sayisi Analizi

Arastirma sahasindaki kazalarin sayisinin diismesine paralel olarak her yil 6lim ve yaralanma sayilarinda da disis
gozlenmistir. Kaza sayisinin arttigl yaz aylarinda bu rakamlar artarken kaza sayisinin distigi yillarda ise azalmaktadir
(Sekil 6-7).

Tablo 7. Aylara ve Yillara Gére Olii ve Yarali Sayilari

2017 2018 2019 2020 2021 2022 Toplam
Olii Yarali Ol Yarah Olii Yarali Olii Yarali Olii Yaral Olii Yaral Ol Yarali
Ocak 0 200 1 283 1 275 0 231 2 154 2 255 6 1398

107



Cografi Bilgi Sistemleri Destekli Mekansal istatistiksel Yontemler Kullanilarak Konya Sehrinde Trafik Kaza Kara Noktalarinin Belirlenmesi

Subat 0 390 0 303 0 236 0 225 1 185 1 223 2 1562
Mart 0 361 2 401 0 317 2 235 2 259 0 273 6 1846
Nisan 3 449 1 412 0 306 1 91 1 191 2 341 8 1790
Mayis 0 434 1 408 3 381 1 176 1 299 0 358 6 2056
Haziran 1 392 3 502 1 417 2 259 3 350 0 376 10 2296
Temmuz 5 621 1 559 7 415 2 389 3 447 3 426 21 2857
Agustos 0 529 4 508 2 425 3 305 5 438 2 481 16 2686
Eylil 6 492 0 431 0 435 0 281 4 401 1 457 11 2497
Ekim 1 500 0 288 0 375 2 303 1 466 2 222 6 2154
Kasim 1 345 1 321 0 275 0 229 3 407 0 0 5 1577
Aralik 1 286 1 257 2 265 1 142 0 265 0 0 5 1215
Toplam 18 4999 15 4673 16 4122 14 2866 26 3862 13 3412 102 23934
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Sekil 7. Aylara ve Yillara Gore Yaral Sayilar

ilgelere Gore Olii ve Yaral Sayisi Analizi
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Yukarida da bahsedildigi tGzere 6lim ve yaralanma sayilari ilcelerde gerceklesen kaza sayilarina gore degismektedir.
Selguklu ilgesi toplam yaralanma ve 6limlerin ikisinde de %43’l asan oranlara sahiptir. Bu ilgeyi yaralanmalarin %30’unun
ve 6ltimli kazalarin %34,3’Unin gergeklestigi Karatay izlemektedir. Meram ilgesi Ug ilce icinde en az niifusa sahip olanilge
olup yaralanmali kazalarin %26,3’0, 6limli kazalarin ise %22,5’i bu ilgede gergeklesmistir (Tablo 8 ve Sekil 8-9).

Tablo 8. ilgelere Gére Olii ve Yarali Sayilari

| Karatay Meram Selguklu
Yi
Yarali Olii Yarali Olii Yarali Ol
2017 1577 7 1354 3 2068 8
2018 1366 6 1219 2 2088 7
2019 1183 10 1184 1 1755 5
2020 860 7 744 5 1262 2
2021 1250 4 946 8 1666 14
2022 1055 1 836 4 1521 8
Toplam 7291 35 6283 23 10360 44
% 30,5 34,3 26,3 22,5 43,3 43,1
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Sekil 9. ilgelere Gére Olii Sayilari

TRAFIK KAZA KARA NOKTALARININ TESPITINE iLiSKiN BULGULAR
MEKANSAL OTOKORELASYON ANALIZLERINE iLiSKiN BULGULAR
e  Moran’s | istatistigine iliskin Bulgular
Herhangi bir konumdaki nesnenin 6zelliginin ona komsu sahalardaki 6zellige ne derece benzedigini acgiklamak igin

mekansal otokorelasyon kullanilir (Giungato vd., 2023). En yaygin kullanilan mekansal otokorelasyon tekniklerinden biri
de Moran’s | indeksidir. Bu analiz sonucunda Moran's | indeksi, Beklenen indeks, varyans, z puani ve p degeri skorlari elde
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edilir. Bu analiz sonucuna p degerinin anlamliligi Gizerinden yorumlar yapilir. Analizin indis degerleri -1 ve +1 arasinda yer
alir. Analiz sonuglarina gére p degeri anlamli (p<0,05) ise ve z puani pozitif ise mekdnda dagilimin altta yatan bazi
sebeplerden 6tirt anlamh bir sekilde kiimelendigini gosterir (Haining, 2001; https://pro.arcgis.com). Eldeki verilere
bakildiginda varyas (0.000001) verilerin homojen oldugunu isaret etmektedir. Ayrica analizin sonuglarinin istatistiksel
olarak anlamli olup olmadigi kontrol edildiginde p degerinin (0.0001) anlaml ve z puaninin (88.631975) yiiksek oldugu
gorilmektedir. Moran's | indeksi “0.096780” ve beklenen indeks degeri de “-0.000518” seklindedir. Bu iki degerden
benzer skorlarin bir araya gelerek kiimelendigini (0.096780) ve rastgeleligin dislk bir ihtimal oldugu (-0.000518)
anlasiimaktadir (Tablo 9).

Tablo 9. Mekansal Otokorelasyon Ciktilari

Moran's | indis Degeri: 0.096780 z-score: 88.631975
Beklenen indis Degeri: -0.000518 p-value: <0.0001
Varyans: 0.000001

e Anselin Lokal Moran’s | istatistigine iliskin Bulgular

Bu analiz ile istatistiksel olarak 6nemli sicak ve soguk noktalar ile aykiri degerler tanimlanir. ArcGIS yaziiminda Cluster
and Outlier Analysis yardimi ile trafik kazalarinin mekansal dagilimiyla ilgili bes farkli tipte noktadan olusan bir goriintQ
ortaya cikar. Bu analiz sonucunda aykiri degerler tespit edilebilmektedir. Analize gore ortaya ¢ikan haritadaki noktalar
kiimeler ve aykiriliklari gosteren degerler alirlar. Ortaya g¢ikan harita 4 ¢eyreklik seklinde yorumlanir. Dubé ve Legros
(2014, s. 84-85)’a gore bu degerler Yuksek-Yiiksek Kime (High-High Cluster-HH), Dlsiik-Diisiik Kime (Low-Low Cluster-
LL), Yiksek-Disuk Aykiri Deger (High-Low Outlier-HL) ve Distk-Yuksek Aykiri Deger (Low-High Outlier-LH) seklinde
ceyrekliklere ayrilir. Yuksek-Ylksek ceyrek bir degisken icin cevresi ile birlikte yliksek frekanslar gosterdigi yerlerdir.
Dilsuk-Dustk ceyrek herhangi bir gézlemin sonucunda komsu birimlerde de az frekanslar tespit etmesidir. Yiksek -Diistik
ceyrek, bir degiskenin sik gdzlenmesi ancak komsu degiskenlerin disiik degerlerinin olmasi. Disuk-Yiksek ceyreklik ise
incelenen degiskenin mekandaki sikhginin azligini, ancak komsu birimlerde ¢ok sik gorilmesini temsil eder (Dubé ve
Legros, 2014). Bu anlamlar trafik kazalarinin goraldiigi haritaya uyarlanarak yorumlanir. Bu dort nokta disinda analiz bir
de 6nemli olmayan noktalari belirler. Analiz sonucunda Harita 3’teki goriiniim ortaya ¢ikar.

LEJANT
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Harita 3. Kiime ve Aykiri Deger (Anselin Lokal Moran’s 1) Analizi Sonuglari (Kinalioglu, 2024, s. 68)

e  Getis-Ord Gi istatistigine iliskin Bulgular

Yiksek Dusuk Kimeleme (High/Low Clustering) ve Optimize Edilmis Sicak Nokta Analizleri (Optimized Hotspot Analysis)
Getis-Ord Gi istatistigine ulasmak ve sonra sicak nokta (Hotspot) analizi yapmanin 6én asamalaridir.
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Sicak Nokta Analizi (Getis-Ord Gi*), verisetindeki her 6zelligin Getis-Ord Gi* istatistigini hesaplar. Elde edilen z-puani ve
p-degerleri 6zelliklerin mekansal olarak nerede kiimelendigini belirler. Bu sayede birbirine komsu 6zelliklerin iliskisi ortaya
¢ikar. Bir sicak noktanin anlamh olmasi ve kiimelenmenin varligi o noktanin etrafindakilerin de benzer 6zelliklere sahip
olmasi ile ilgilidir (https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-statistics/h-how-hot-spot-analysis-
getis-ord-gi-spatial-stati.htm)

Harita 4 incelendiginde sirasiyla %99, 95, 90 giliven araliklarinda soguk noktalar, %99, 95, 90 giliven araliklarinda sicak
noktalar ve dnemsiz noktalardan olusan optimize edilmis sicak nokta analizi sonuglari gériilmektedir. istatistiksel olarak
anlamli p degerine ulagilan analizde sicak noktalar yuksek kaza sikhgini soguk noktalar ise diigiik kaza sikligini isaret eden
kiimelerdir.
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Harita 4. Optimize Edilmis Sicak Nokta Analizi Sonuglari (Kinalioglu, 2024, s. 69)

Getis-Ord Gi skorlarina bakildiginda p degerinin (<0.0001) anlamli oldugu kazalarin rastgele olarak buralarda gerceklesme
olasiliginin olmadigini géstermektedir. Bu durumda sahadaki kazalarin mekandaki dagilimlarinda anlamh kiimeler
olusturdugu ve problemli sahalarin varligi géze carpar. Arastirmada bazi bolgelerde kaza sikhginin yiiksek ve disik
degerlerin ayri ayri bir araya gelerek anlamli sekilde kiimelendigi tespit edilmistir (General Getis-Ord Gi : 0.814787).
Beklenen g degeri benzer bir kiimelenmenin rastgele dagilimdaki olasihiginin diisiik oldugunu isaret eder (Beklenen
General G: 0.644942). Varyansin disik olmasi ve yiiksek z puanlari da bunu desteklemektedir (Tablo 10).

Tablo 10. Yiksek-Diisiik Kimeleme Analizi (General Getis-Ord Gi) Ciktilari

Gozlenen General G: 0.814787 z-score: 15.149921
Beklenen General G: 0.644942 p-value: <0.0001
Varyans: 0.000126

e Geary’s C istatistigine iliskin Bulgular

Geary C istatistik p degeri incelendiginde otokorelasyonun rastgele olmadigini ve istatistiksel olarak anlaml oldugu gorilmektedir
(p<0.0001). Z puaninin ylksek olusu da mekansal homojenligi ve anlamli bir kimelenmeyi temsil eder (z: 16.552). Beklenen Geary C
istatistik degerlerinin gézlenen Geary C istatistik degerinden yiksek olmasi kaza sikhiginin rastgele olmadigini mekansal bir kimelenme
oldugunu gostermektedir. inceleme sahamizda kaza verilerinden yola ¢ikarak yapilan Geary C analizi sonuglarindan gézlenen indis
degeri 0,71 benlenen indis degeri ise 1’dir (Tablo 11). Yani kazalar belirli bir yerde yogunlasmakta ve bu kiimelerin mekanla iligkisi
bulunmaktadir.

R programlama dilinin “Spdep” kullanilarak Geary’s C istatistigi olusturulmustur. Cografi doniisimlerde ve veri setinin agilmasinda yine
“SpatialEco”, “Sp”, “Sf” kiitiiphanelerine basvurulmustur (Sekil 10) (Kinalioglu, 2024, s. 57).
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1 library(spdep);library(spatialEco)
2 library(sp);library(sf)
- # Calisma verisini iceri aktarma
5 yol="C: /Users/IK/Desktop/Veri.t=xt"
6 data=read.csv(file=yol,sep = ",", header = TRUE)
7 # Koordinat matrisini olusturma
8 coords <- cbind(data$long, data$lat)
9 # KNN algoritmasini kullanarak her nokta igin
10 # 3 komsu nokta bulma
11 knn mat <- knearneigh (coords, k = 3)
12 # Komsuluk matrisini olusturma
13 nb mat <- knnZnb(knn mat, row.names = NULL, sym = TRUE)
14 nb mat$weights <- knn mat$weights
15 # listw matrisini olusturma
16 listw mat <- nbZlistw(nb mat)
17 # Geary's C indeksini hesaplama
18 geary result <- geary.test(data$ICOUNT, listw = listw mat)
19 # Eesgplanan indeks deferini yazdirma B
20 print (geary result)

Sekil 10. Geary’s C Istatistiginin R Kodu (Kinalioglu, 2024, s. 57)

Tablo 11. Geary's C Testinin Ciktilari

Gozlenen Geary’s C indis Degeri: 0.7122433985 p-value: <0.0001
Beklenen Geary’s C indis Degeri: 1.000 z-score: 16.552
Variance: 0.000126

YOGUNLUK HARITALANDIRMALARINA iLiSKiN BULGULAR

e Mekansal Enterpolasyon Analizine iliskin Bulgular

Arastirmada literatiirde (Uziilmez ve Arslan, 2018; Arslan ve Uziilmez, 2019) ¢okea kullanilan ve mekansal enterpolasyon
yontemlerinden biri olan IDW (Ters Uzaklik Agirliklandirma - Inverse Distance Weighting) uygulanmistir. Bu yontem ile
elde edilen isi haritasi incelendiginde kirmizi renkli sahalarin yliksek kaza sikligi mavi renkli alanlarin ise diistik kaza sikligini
isaret ettigi gorilecektir. Sicak noktalar ve isi haritasi karsilastirildiginda benzer alanlarda kiimelenmenin olmasi dikkat
cekicidir. iki haritanin benzer ¢ikmasi kiimelenmeyi dogrulamakta ve bu bélgelerde trafik giivenligi icin diizenlemelerin
yapilasi gerektigini gostermektedir (Harita 5).
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Harita 5. Mekansal Enterpolasyon Haritasi (Kinalioglu, 2024, s. 71)

e Cekirdek Yogunluk Tahmin Edicisine iliskin Bulgular
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Cekirdek yogunluk tahmin edicisi analizi ile ortaya konan isi haritasinda kirmizi noktalar belirli sikhktaki kimelenmenin
yuksekligini gostermektedir. Saridan yesile dogru ise kaza sikliklarindaki azalis temsil edilir. Bu analiz sonucunda da 6nceki
analizlere benzer bir goriinim ortaya ¢ikmistir (Harita 6).

e T8

Harita 6. Cekirdek Yogunluk Tahmin Edicisi Isi Haritasi (Kinalioglu, 2024, s. 72)

e Kaza Kara Noktalari

Mekansal istatistiksel analizler Karatay, Meram ve Selcuklu ilgelerinde meydana gelen kazalarinin 6zellikle yerlesmenin
yogunlastigi ve bu ilgelerinin kesistigi alanlarda kimelendigini gostermektedir. Yapilan analizler ve ortaya konan
haritalarin tamaminda ortak boélgelerde kimelenmeler anlamli olarak dagilmaktadir.

Belli bolgelerde kiimelenmis olan bu kazalar gergeklestirilen mekansal analizler sonucu ulasilan bulgulara gore istatistiksel
acidan anlamli kiimelenmeler gostermektedir. Bu durum trafik kazalarinin g¢alisma sahasinda rastgele bir sekilde
dagilmadigini isaret etmektedir. Veriseti lizerinden 100 m tolerans ile yapilan agirliklandirmalar ile 1930 kaza noktasi
ortaya ¢ikmistir. Kaza sikhgina gore kaza noktalarinin frekans dagilimi asagidaki gibidir (Tablo 12). Bu verilere gore 950
noktada yilda sadece bir kaza meydana gelirken bazi noktalarda kazi sayisinin sikligi rastlantisal olmaktan uzaktir (Tablo
12). 352 noktada ise yilda Ugten fazla kaza ile karsilasilmaktadir. Risk olusturan sahalarin bulunabilmesi icin ilk asamada 5
yilda ortalama 3 ve lizerinde trafik kazasinin gercgeklestigi noktalar tespit edilmistir (Harita 7). Bu asamadan sonra 352
nokta tizerinde ikinci bir eleme ile yilda ortalama 9 ve daha ytiksek kazanin oldugu noktalar haritalanmistir (Harita 8). Bu
elemeden sonra 32 kaza kara noktasi bulunmustur (Tablo 13).

Tablo 12. Kaza Sayilarini Mekansal Frekans Tablosu

Yillik Ortalama Kaza Sayisi (KS) 5 Yillik Toplam Kaza Sayisi (TKS) Kaza Noktasi Sayisi
0<=KS<1 0<=TKS<5 950
1<=KS<2 5<=TKS< 10 420
2<=KS<3 10<=TKS < 15 208
3<=KS<4 15<=TKS< 20 114
4<=KS<5 20<=TKS < 25 78
5<=KS<6 25<=TKS< 30 65
6<=KS<7 30<=TKS < 35 30
7<=KS<8 35<=TKS< 40 20
8<=KS<9 40 <=TKS < 45 13
9<=KS<10 45<=TKS <50 11
10<=KS<11 50 <=TKS < 55 8
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11<=KS< 12

12<=KS< 13

13<=KS< 14

14 <=KS< 15

15<=KS< 16

16 <=KS< 17

17 <=KS< 26

55<=TKS < 60

60 <=TKS < 65

65<=TKS<70

70<=TKS< 75

75<=TKS <80

80 <=TKS < 85

85<=TKS< 130
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Harita 8. Kaza Kara Noktalarinin Calisma Sahasindaki Dagilimi (Kinalioglu, 2024, s. 74)

Bir kismi fotograflar ile de gosterilen bu noktalardan Nalcaci Kavsagi en riskli saha olup, yillik kaza ortalamasi 25.2 ve
toplamda 126 kaza goriilen bir noktadir. Kaza kara noktalarindan en diisik olanlari yillik ortalama 9.2 ve toplam 46 kaza
sayisi ile sirasiyla Yeni istanbul Caddesi— 1. Organize Duragi Kavsagi, Azerbaycan Caddesi — Gazze Caddesi Kavsagi, Aksaray

Yolu Aslim Caddesi Kavsagi ve Selim Sultan Caddesi gibi kavsak ve caddelerdir (Harita 7-8 ve Fotograf 1-6).

Tablo 13. Yilda 9 ve Uzeri Olimlii ve Yaralanmali Kaza Meydana Gelen Noktalar

Top. Kaza Top. Kaza
Sira Konum Yer Sayisi Sira Konum Yer Sayisi
(5 yil) (5 yil)
37.882, N 37.868, Amber Reis Caddesi - Sait Pasa
1. 32.490 Nalgaci Kavsagi 126 17. 32,486 Caddesi 52
37.994, . M 37.865, Karatay OtobUs Terminali - Garaj
2. 32519 Toki Firat Kavsagi 80 18. 32.503 Caddesi 52
37.895, . 37.875, .
3. 32,505 Belh Kavsagi 77 19. 32.485 Adalhan Kavsagi 51
37.878, . 37.948, - . .
4. 32.495 Besyol Kavsagi 73 20. 32,507 Halil Urtin Caddesi - Sultan Caddesi 50
37.888, N 37.931, Yeni Istanbul Caddesi - Trafik Bolge
> 32495 Kule Kavsagi 1 21. 32,510 Denetleme >0
37.870, Aslanli Kisla Caddesi - Fetih 37.872, Lo .
6. 32526 Caddesi Kavsagi 70 22, 32,501 Mevlana Caddesi - Istanbul Caddesi 50
37.866, . N 37.994, Veysel Karani Caddesi - Cosandere
7 32489 Balik Hali Kavsagi 67 23. 32.523 Caddesi Kavsagi 49
3 37.871. Mevlana Caddesi - Aziziye 65 24 37.948, Halil Uriin Caddesi - Cengizhan 49
' 32.501 Caddesi ' 32.499 Caddesi Kavsagi
37.900, N 37.904, R M -
9. 32.490 Aydinlikevler Kavsagi 62 25, 32.495 Aydinhk Képralt Kavsagi (AVM Onii) 47
37.883, N 37.886, . .
10. 32.486 Kabatas Kavsagi 59 26. 32.499 Kahraman Caddesi - Ankara Caddesi 47
37.890, Adnan Menderes Caddesi - 37.874, R Lo .
11. 32491 Kule Caddesi Kavsag 57 27. 32.502 Kopribagi Caddesi — Istanbul Caddesi 47
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37.950, N 37.867, . . -
12, 32512 Otogar Kavsagi 56 28. 32,501 Belediye Caddesi - Karatay Belediyesi 47
13 37.849, Karaman Caddesi - Fetih 56 29 37.922, Yeni istanbul Caddesi - 1. Organize 6
: 32.508 Caddesi Kavsagi : 32.508 Duragi Kavsagl
14 37.928, Yeni istanbul Caddesi - 54 30 37.856, Azerbaycan Caddesi - Gazze Caddesi 6
: 32.509 Albayrak Caddesi Kavsagi . 32.470 Kavsagi
37.866, Piri Esat Caddesi - Garaj 37.953, . .
15. 32,502 Caddesi Kavsagi 52 31. 32576 Aksaray Yolu Aslim Caddesi Kavsagi 46
37.877, Ankara Caddesi - Sultangah 37.848, . .
16. 32.494 Caddesi 52 32. 32,509 Selimsultan Caddesi 46
Ooe
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Harita 9. Yilda 9’dan Fazla Kaza Gergeklesen Kaza Kara Noktalari (Kinalioglu, 2024, s. 76)
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Fotograf 6. Aslanli Kisla Cad. - Fetih Cad. Kavsagi (Konum:
37.870,32.526)

SONUC ve ONERILER

Bu galisma 2017-2022 yillari arasinda Konya sehrinde (Karatay, Meram ve Selgcuklu) meydana gelen 16638 trafik kazasina
gore mekansal istatistiksel yontemler kullanilarak trafik kaza kara noktalari tespit edilmistir. Calismada istatistik verilerden
yararlanilmasinin yaninda KIETDSM istatistik Biiro Amirligi yetkilileri ile de gériismeler yapilmistir. istatistiki veriler ile
ortaya konan kara noktalar kurumdaki gorevli personel ile de gorisilerek teyit edilmistir.

Kaza verilerine gore nifus ile kazalar arasinda dogru bir oranti olup kaza sayilarini niifus arttik¢a siklastigi gorilmastar.
Selcuklu 7443, Karatay 4893 ve Meram 4302 kazaya sahne olmustur. Bu kazalarin biliyiik kismi semt pazarlari ve yolcu
terminallerinde gergeklesmektedir.

Kaza sayilari gegmisten giinimiize gelindikce azalmaktadir. Olii ve yarali sayilari da giiniimiize yaklastikca azalmaktadir. 5
yilda kazalarda 23934 yaralanma ve 102 vefat ile karsilasiimistir.

Kazlarin frekansinda mevsimsel etkiler gériilmekte ve yazlari artan bir siklikla karsilagilmaktadir. Kaza frekansinin arttigi
aylar Temmuz, Agustos, Eylul ve Haziran iken en az frekansa sahip aylar Aralik, Ocak ve Subattir. TUum aylar icinde kaza
sikhg1 Pazartesi ve Cumalari artmakta Pazar giinleri ise en diistk siklikta olmaktadir. Kazalarin az gorildigi saatler 04:00-
05:00 arasinda iken 18:00-19:00 saatleri en ¢ok kazaya rastlanan saatlerdir.

Kazalar buyuk oranda kavsaklarda (%55.92) meydana gelip 6zellikle dort yonli kavsaklar kaza riski en ylksek kavsaklardir
(%44.69). Bu tip kavsaklari t¢ yonlu T kavsaklar (%33.90) takip etmistir. Sehirdeki kopri ve viyadiklerin kaza riskini
azalttigl en az kazanin gorildigu koéprilu kavsak kazalarindan (%1.70) anlasilmaktadir. Sehirdeki kazalar biiyiik oranda
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“Yandan Carpma" seklinde olup ikinci ve Uglinci sirada "Yayaya Carpma" ve "Arkadan Carpma" seklindeki kazalar yer
almistir.

Betimsel analizlerden sonra mekansal analizler de kazalarin dagiliminda mekan ile olan iliskileri ortaya koymustur. ArcGIS
10.8 yazilimi ve R programlama dili kullanilarak kaza kara noktalarinin mekansal istatistikleri ortaya konmustur. Bu
analizlere gore kazalar mekanda rastlantisal degil anlaml bir sekilde belirli alanlarda kiimelenmistir.

Calismada kaza sayisi-frekansi yontemine dikkate alinarak esik deger lzerinde kaza gergeklesen noktalar kaza kara noktasi
kabul edilmistir. Esik deger icin genel kabul gérmus bir deger olmamakla beraber yillik ortalama 3 ve daha fazla trafik
kazasi yasanan noktalar kaza kara noktasi kabul edilebilmektedir. Buna gore yillik ortalama 3 ve daha fazla trafik kazasinin
goriilen lokasyon 352’dir. Buna karsin bazi noktalarda kaza yogunlugu esik degerin ¢ok tzerine ¢ikmistir. Ornegin yilda
ortalama 9 ve daha fazla kaza goriilen 32 lokasyon tespit edilmistir. Sehirde kaza riski en ylksek noktalar Nalgaci Kavsagi
(ytlhk ortalama 25.2 ve toplam 126 kaza), Toki Firat Kavsagi (Top:80, Ort:16), Belh Kavsagi (Top: 77, Ort:15.4), Besyol
Kavsagi (Top:73, Ort:14.6) ve Kule Kavsagi'dir (Top:71, Ort:14.2).

Trafik glivenliginin artirilmasi amaciyla kavsaklarda sinyalizasyon tamamlanmali ve sikg¢a trafik ekiplerince kontrol edilmeli
gerekli durumlarda cezai islem uygulanmalidir. Ozellikle gece aydinlatmalarinin diizgiin calisip calismadigi kontrol
edilmelidir. Yaya st ve alt gegitlerinin sayisinin artirilmasi en ¢ok gorilen kaza tiplerinden olan yayaya ¢arpma tipindeki
kazalarinda azalmasina katki saglayacaktir.

Yerinde yapilan gorismeler ve arazi gozlemlerinde bazi arag¢ Ust ve altgecitlerin yer alan egim, a¢i vb. miihendislik
kusurlarinin olabilecegi gériilmistir. Ornegin Yeni istanbul Caddesi — Albayrak Caddesi kesisiminde egim kaynakli
sorunlardan Ustgecide giren araglarin gorlis mesafesi sinirlanmaktadir ve siratli olan araglarin frenleme mesafesi
bulamayarak riskli durumlarla karsilama ihtimalini artirmaktadir.

Konya sehrinde kaza kara noktalarin belirlenmesi stirdurulebilir ve glvenilir bir trafik yonetimi icin dnemlidir. Eldeki
analizlere ek olarak istatistiksel yontemler ve makine 6grenmesi algoritmalari, yapay zeka desteginden yararlanilarak
tespit edilen kara noktalarin dogrulugu test edilebilir yeni kaza kara noktalari bulunabilir.

Calisma verisinin alindigi tarihlerde heniiz 2022 yilinin son iki ayi tablolara islenmediginden bu aylardaki kaza sayilar
analizlere dahil edilememistir. Bu aylarda gorilen kaza verileri analizlerde kii¢lik de olsa degisikliklere yol agabilir, ancak
bu blyuk oranda betimsel tablo oranlarinda bir degisime sahne olabilir. Trafik kaza kara noktalarinda ve mekansal
indislerde bir degisikligin olmasi zor gorilmektedir. Bu verilerin eksikligi analizlerde karsilasilan bir sinirlilik olmustur.

CIKAR CATISMASI BEYANI
Yazarlar aralarinda ¢ikar gcatismasi olmadigini beyan ederler.
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EXTENDED SUMMARY

INTRODUCTION

Traffic accidents have caused thousands of deaths and injuries for years, creating major socio-economic problems at both
individual and societal levels. These accidents put pressure on health systems and the economy. Therefore, improving
traffic safety and preventing traffic accidents are socio-economicly significant. Education and awareness-raising programs
play an essential role in raising traffic safety awareness. These programs can raise the awareness of drivers, pedestrians,
and passengers by providing information about the risks of not obeying traffic rules.

Technological developments make significant contributions to traffic safety. In addition to in-vehicle safety systems, off-
vehicle solutions, such as intelligent traffic management systems for urban areas and highway authorities, also improve
traffic safety. These systems can reduce the risk of accidents by regulating traffic flow. Another important factor in traffic
safety is the identification of black spots. These areas are known accidents, and safety violations are often seen
commonly. Identifying these points is important to prevent accidents, and measures can be taken, such as regulating
traffic flow and reviewing speed limits. Identifying these fields is important to prevent accidents, and measures can be
taken, such as regulating traffic flow and reviewing speed limits.

Via modern technological tools and analytical methods, the determination of traffic accident black spots has become
more precise. Geographic Information Systems (GIS), supported by spatial statistical methods, play a significant role in
the analysis of these points. GIS enables strategic steps to be taken to develop traffic safety policies and prevent
accidents. Spatial statistical methods are efficient tools for analyzing the causes of traffic accidents and risk spots. These
methods reduce the margin of error in determining accident black spots and provide more accurate analysis results.

This study aims to identify traffic accident black spots in Konya city via Geographic Information Systems and spatial
statistical methods. The sub-objectives include analyzing the temporal distribution of traffic accidents, spatial diversity
of accident points, classification of accident types, and descriptive statistics of the number of deaths and injuries in
accidents. The study also aims to contribute to the identification of regions with high traffic accident risk and the
development of traffic safety policies.

Analyzing traffic accidents in Konya is significant in improving the effectiveness of traffic safety policies. By evaluating the
use of Geographic Information Systems and spatial statistical methods, this work can contribute to understanding the
traffic safety situation and taking strategic steps to prevent future accidents. These methods are important tools for
understanding the causes of traffic accidents, identifying risk areas, and developing safety policies.

The study area is Konya, an urban settlement of the Central Anatolia Region. The city is located in the Konya sub-region,
and consists of three metropolitan districts, namely Meram, Karatay, and Selguklu. Its total area is approximately 6580

km?.

LITERATURE

Approximately 1.35 million people lose their lives in traffic accidents every year. In addition to the deaths, around 50
million people are injured in these accidents (www.afro.who.int). The impact of traffic accidents, which cause losses in
terms of deaths and injuries, on the world economy is around 1.8 trillion dollars annually (Chen et al., 2019). TurkStat
provides the primary information on accident reports in Tirkiye. In 2021, there were 187693 traffic accidents with
fatalities and injuries in Turkiye (TUIK, 2021). In these accidents, 5 362 people lost their lives, and 274 615 people were
injured. The majority of the victims were between the ages of 25-64 (3067 people). However, we should mention a point
for this issue. In Turkish accident records, an accident is considered fatal only if there is a death at the accident scene. For
this reason, accidents in which people are alive at the scene of the accident but die on the way to the hospital or at a
later date are not included in fatal accidents. Since death does not occur at the crash site in these accidents, they are
referred to as injury accidents. Therefore, it should be noted that fatal accidents are much higher than what is mentioned
here and other accident over the Tiirkiye.

The use of GIS in analyzing the urban land use has a wide place in the literature (Topuz and Deniz, 2022; Deniz and Topuz,
2018; Ozdemir and Yasak. 2024; Topuz and Deniz, 2023; Ozdemir, Ozav and Yasak, 2022). With the widespread use of GIS
in recent years, analyses have started to be carried out with the help of these programs in black spot detection. For
instance, a study using GIS data from 2005 to 2012 noted that accidents exhibit seasonality, and GIS technologies
effectively detect this (Codur et al. 2015). In some studies, in addition to black spot detection, there are estimates of the
expected number of accidents with the Empirical Bayes method. In the study where 20 black spots were identified,
statistical methods such as Poisson regression, NB regression and Empirical Bayes were used (Dereli et al. 2015).
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Spatial Statistical Methods Used in the Identification of Traffic Accident Black Spots

Spatial statistical analyses provide an understanding of the distribution, density, correlations, spatial relationships, and
geographic patterns of geographic data. Cressie and Moores (2020) summarize spatial statistical analysis as aiming at the
quantitative analysis of spatial features. Traffic black spots are also the identification of accident density areas in the field
based on information contained in spatial data. Various methods are employed to identify these points, and different
statistical analyses can be applied based on the characteristics of the data and the field. Point density analyses, clustering
analyses, regression analyses, multi-criteria decision-making methods, machine learning algorithms, etc. can be given as
examples of the most commonly used methods for detecting traffic accident black spots. Kernel Density Estimation (KDE)
and Spatial Autocorrelation analysis are the most common estimation tools.

Kernel Density Estimation — (KDE)

This analysis maps the densities based on the frequency of accident locations. Some researchers indicate that this method
has been in use for a long time (Xie & Yan, 2013). In the analysis, areas where accidents are densely means black spots.
A large number of researches have applied this estimation method (Bil et al., 2013; Sandhu et al., 2016; Thakali et al.,
2015). The works can be broadly categorized into two types: Planar KDE and network KDE (Xie & Yan, 2008).

Spatial Autocorrelation

These methods are utilized in spatial decision-making processes. It involves the examination of spatial patterns and
relations in distribution. It tries to explain the correlations of the characteristics of the geographical observation unit with
the surrounding units (Getis, 2009).

METHOD

The results of this research are organized in two different classes. The first group of results was based on classifying traffic
accidents according to different variables. Then, black spots were identified according to the frequency of accidents.
ArcGIS 10.8 and R programs were used for spatial statistics. After the data were prepared for analysis, autocorrelation
tests, spatial interpolation, and kernel density estimation were applied. Moran's |, Anselin Moran's |, Getis-Ord Gi and
Geary's Cindices are considered in spatial autocorrelation tests.

In the study, 16638 traffic accidents in Konya between 2017 and 2022 were analyzed. Information on these accidents
was gathered from accident traffic reports kept at Konya il Emniyet Trafik Denetleme Sube Mudiirligii (KIETDSM). More
than 16000 features of 18 different variables of accidents were analyzed.

Spatial statistical analyses were applied in two different categories. These are Spatial Autocorrelation and Density maps.
The results obtained were compared to verify the detected points. Figure 1 shows the statistics used in Spatial
Autocorrelation and Density analyses.

RESULTS and CONCLUSION

Results of the Identification of Traffic Accident Black Spots
Results of the Spatial Autocorrelation Analyses

Moran's | Statistic Results

Spatial autocorrelation is used to describe the extent to which the property of an object at any location is similar to the
property at neighboring sites (Giungato et al., 2023). One of the most widely used spatial autocorrelation techniques is
Moran's | index. This analysis calculates Moran's | index, Expected index, variance, z score, and p-value. This analysis
result is interpreted based on the significance of the p-value. The index values of the analysis are between -1 and +1.
According to the analysis, if the p-value is significant (p<0.05) and the z score is positive, it indicates that the distribution
in the space is significantly clustered due to some underlying reasons (Haining, 2001; https://pro.arcgis.com). When the
data are analyzed, the variance (0.000001) is homogeneous. In addition, the results are statistically significant (p =
0.0001), and the z score (88.631975) is high. Moran's | index is "0.096780" and the expected index value is "-0.000518".
This means that accidents are clustered (0.096780), and the probability of randomness (-0.000518) is low.

Anselin Local Moran’s | Statistics
This analysis identifies statistically significant hot and cold spots and outliers. By Cluster and Outlier Analysis in ArcGIS

software, an image consisting of five different types of points related to the spatial distribution of traffic accidents
emerges. Based on the analysis, one could identify the outliers. According to the analysis, the points on the resulting map
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take values indicating clusters and outliers. The map is interpreted as 4 quadrants. According to Dubé and Legros (2014,
pp. 84-85), these values are divided into quartiles as High-High Cluster-HH, Low-Low Cluster-LL, High-Low Outlier-HL, and
Low-High Outlier-LH. HH quadrant is where a variable shows high frequencies with its surroundings. LL quadrant is any
observation that detects low frequencies in neighboring units. HL quartile is where a variable is frequently observed, but
neighboring variables are not. The LH quartile represents the low frequencies of the examined variable in the space, but
very frequent in neighboring units (Dubé and Legros, 2014). These meanings are interpreted by adapting them to the
map of traffic accidents. Apart from these four points, the analysis also identifies points that are not significant. Map 3
represents the result of the analysis.

Results of the Getis-Ord Gi*

High/Low Clustering and Optimized Hotspot Analysis are the preliminary stages of reaching the Getis-Ord Gi statistic and
then performing a hotspot analysis. Hot Spot Analysis (Getis-Ord Gi*) calculates the Getis-Ord Gi* statistic for each
feature in the dataset. Z-score and p-values determine where features are clustered spatially. Analysis reveals the
relationship between neighboring features. The significance of a hotspot and the presence of clustering is related to the
fact that those around that hotspot have similar features (https://pro.arcgis.com/en/pro-app/latest/tool-
reference/spatial-statistics/h-how-hot-spot-analysis-getis-ord-gi-spatial-stati.htm)

Map 4 shows the optimized hot spot analysis of cold spots at 99, 95, and 90% confidence intervals, hot spots at 99, 95,
and 90% confidence intervals, and insignificant spots. In the analysis with statistically significant p-value, hot spots are
clusters indicating high accident frequency, and cold spots are clusters indicating low accident frequency.

According to the Getis-Ord Gi* scores, the p-value (<0.0001) is significant, indicating that accidents are not likely to occur
randomly in these areas. In this case, it is noticeable that the accidents in the field form meaningful clusters in their spatial
distribution and the presence of problem areas. According to the study, in some regions, high and low values of accident
frequency were significantly clustered together (General Getis-Ord Gi*: 0.814787). The expected g-value indicates that
the probability of similar clustering in a random distribution is low (Expected General G: 0.644942). The low variance and
high z scores support this condition (Table 10).

Results of the Geary’s C

When Geary's C statistic p-value is analyzed, the autocorrelation is not random and statistically significant (p<0.0001). A
high z score represents spatial homogeneity and significant clustering (z: 16.552). The fact that the expected Geary'sC
statistic values are higher than the observed Geary's C statistic value shows that the accident frequency is not random,
but there is spatial clustering. The observed index value is 0.71, and the expected index value is 1 in Geary's C analysis
results based on the accident data (Table 11). In other words, accidents are concentrated in a certain place, and these
clusters are spatially related.

Geary's C statistic was calculated using "Spdep" of the R programming language. "SpatialEco", "Sp", and "Sf" libraries were used for
geographical transformations and opening the data set (Figure 10) (Kinalioglu, 2024, p. 57).

Results of Density Maps
Results of Spatial Interpolation Analysis

IDW (Inverse Distance Weighting), one of the spatial interpolation methods, was applied. The heat map obtained with
this method is examined, and it will be seen that the red-colored areas indicate high accident frequency, and the blue-
colored areas indicate low accident frequency. When hot spots and heat maps are compared, it is noteworthy that there
is clustering in similar areas. The fact that the two maps are similar confirms the clustering and shows that arrangements
should be made for traffic safety in these areas (Map 5).

Results of kernel density estimator

In the heat map produced by the kernel density estimator analysis, the red dots indicate the height of clustering at a
given frequency. From yellow to green, the decrease in accident frequencies is represented. The result of this analysis is
similar to the previous analyses (Map 6).

Traffic Accident Black Spots

Spatial statistical analyses show that accidents in Karatay, Meram, and Selcuklu districts are clustered in areas where
settlements are concentrated and where these districts intersect. In all analyses and maps, clusters are significantly
distributed in certain regions.

These accidents, which are clustered in certain regions, show statistically significant clustering according to the results of
the spatial analysis. This indicates that traffic accidents are not randomly distributed in the research area. According to
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the data set, there are 1930 traffic accident points. According to this data, only one accident per year occurs at 950 points,
while the frequency of the number of accidents at some points is far from randomness (Table 12). 352 points have more
than three accidents per year. Locations with an average of three or more traffic accidents over a five-year period were
identified in the initial phase to find areas that present a risk (Map 7). After this stage, the points with an average of 9 or
more accidents per year were mapped with a second elimination on 352 points (Map 8). After this elimination, 32
accident black spots were found (Table 13).

Among these points, Nalgaci Junction is the most risky area, with an annual accident average of 25.2 and a total of 126
accidents. The lowest accident black spots are intersections and streets such as Yeni istanbul Caddesi - 1st Organize Duragi
Junction, Azerbaijan Caddesi - Gazze Caddesi Junction, Aksaray Yolu Aslim Caddesi Junction and Selim Sultan Caddesi with
an annual average of 9.2 and a total of 46 accidents respectively.

In addition to utilizing statistical data in the study, interviews were also conducted with officials from the Statistics Bureau
of KIETDSM. The black spots revealed by the statistical data were also confirmed by interviewing the personnel in charge
at the KIETDSM.

According to the accident data, there is a direct proportion between the population and the number of accidents, and it
is observed that the number of accidents became more frequent as the population increased. Accidents have been seen
in Selcuklu 7443, Karatay 4893, and Meram 4302 times. Most of these accidents take place in neighborhood markets and
passenger terminals. The number of accidents has been decreasing from the past to the present.

Seasonal effects are observed in the frequency of geese, with an increasing frequency in summer. The months with the
highest accident frequency are July, August, September, and June, while with the lowest frequency are December,
January, and February. In all months, the frequency of accidents increases on Mondays and Fridays and is lowest on
Sundays. The hours with the lowest frequency of accidents are between 04:00-05:00, while 18:00-19:00 are the highest
frequency of accidents.

The majority of accidents occurred at intersections (55.92%), with four-way intersections having the highest accident risk
(44.69%). These types of intersections were followed by three-way T-intersections (33.90%). The fact that bridges and
viaducts in the city reduce the risk of accidents is evident from the bridge intersection accidents (1.70%), where the least
accidents occurred. Most of the accidents were "Side Impact" accidents, followed by "Pedestrian Collision" and "Rear
Impact" accidents in second and third place.

According to the analysis, accidents are clustered in certain areas in a meaningful, not randomly. In the study, considering
the accident number-frequency method, the points having accidents above the threshold value were accepted as
accident black spots. Although there is no generally accepted value for the threshold, points with an annual average of 3
or more traffic accidents can be considered accident black spots. Accordingly, the locations with an annual average of 3
or more traffic accidents are 352.

The signalization at intersections should be properly completed and regularly monitored by traffic teams, with penalties
applied when necessary to enhance traffic safety. Street and avenue lighting should be checked for proper functioning,
especially at nights. Increasing the number of pedestrian overpasses and underpasses will contribute to the reduction of
pedestrian collision type accidents, which is one of the most common accident types.

Interviews and field observations revealed that some vehicle overpasses and underpasses may have engineering defects
such as slope, angle, etc. For example, at the intersection of Yeni istanbul Street and Albayrak Street, the visibility of
vehicles entering the overpass is limited due to slope-related problems, and speeding vehicles cannot find braking
distance, increasing the possibility of encountering risky situations.

In Tlrkiye, accident statistics do not include fatal accidents in which people are alive at the location of the accident but
die on the way to the hospital or at a later date. Since death does not occur at the scene in these accidents, they are
referred to as injury accidents. Therefore, it should be noted that fatal accidents are much higher than mentioned here.
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EK-1
Sira No 5 Yildaki Toplam Kaza Sayisi Noktanin Konumu
1 126 37.882,32.490
2 80 37.994, 32.519
3 77 37.895, 32.505
4 73 37.878, 32.495
5 71 37.888, 32.495
6 70 37.870, 32.526
7 67 37.866, 32.489
8 65 37.871.32.501
9 62 37.900, 32.490
10 59 37.883, 32.486
11 57 37.890, 32.491
12 56 37.950, 32.512
13 56 37.849, 32.508
14 54 37.928, 32.509
15 52 37.866, 32.502
16 52 37.877,32.494
17 52 37.868, 32.486
18 52 37.865, 32.503
19 51 37.875, 32.485
20 50 37.948, 32.507
21 50 37.931, 32.510
22 50 37.872,32.501
23 49 37.994, 32.523
24 49 37.948, 32.499
25 47 37.904, 32.495
26 47 37.886, 32.499
27 47 37.874,32.502
28 47 37.867, 32.501
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29 46 37.922,32.508
30 46 37.856, 32.470
31 46 37.953,32.576
32 46 37.848,32.509
33 44 37.876,32.479
34 44 37.866,32.525
35 44 37.848,32.544
36 43 37.874,32.482
37 43 37.913,32.504
38 43 37.917,32.507
39 42 37.878,32.487
40 42 37.829,32.498
41 41 37.872,32.458
42 41 37.866,32.494
43 40 37.934,32.511
44 40 37.939,32.512
45 40 37.958,32.513
46 39 37.873,32.488
47 39 37.947,32.491
48 39 37.877,32.502
49 39 37.840,32.537
50 39 37.866,32.569
51 38 37.874,32.457
52 38 37.879,32.459
53 37 37.852,32.464
54 37 37.879,32.482
55 37 37.901,32.486
56 37 37.949,32.493
57 37 37.961,32.505
58 36 37.870,32.480
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59 36 37.874,32.491
60 36 37.867,32.499
61 36 37.885,32.527
62 35 37.841,32.455
63 35 37.878,32.505
64 35 37.913,32.518
65 35 37.862,32.524
66 34 37.894,32.498
67 33 37.885,32.458
68 33 37.891,32.467
69 33 37.871,32.490
70 33 37.867,32.507
71 33 37.949,32.512
72 33 37.857,32.523
73 33 37.859,32.524
74 32 37.860,32.478
75 32 37.865,32.491
76 32 37.909,32.500
77 32 37.854,32.515
78 32 37.873,32.528
79 31 37.872,32.426
80 31 37.874,32.452
81 31 37.898,32.471
82 31 37.898,32.492
83 31 37.847,32.496
84 31 37.889,32.500
85 31 37.981,32.512
86 30 37.862,32.446
87 30 37.858,32.461
88 30 37.890,32.479
89 30 37.906,32.483
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90 30 37.860,32.484
91 30 37.870,32.485
92 30 37.829,32.490
93 30 37.891,32.502
94 30 37.878,32.538
95 30 37.853,32.544
96 29 37.870,32.455
97 29 37.883,32.463
98 29 37.892,32.478
99 29 37.897,32.485
100 29 37.877,32.490
101 29 37.886,32.493
102 29 37.870,32.501
103 29 37.894,32.513
104 29 37.936,32.519
105 29 37.834,32.521
106 29 37.878,32.527
107 29 37.870,32.536
108 28 37.874,32.449
109 28 37.888,32.462
110 28 37.878,32.469
111 28 37.881,32.491
112 28 37.853,32.494
113 28 37.912,32.501
114 28 37.862,32.504
115 28 37.895,32.510
116 28 37.979,32.515
117 28 37.818,32.519
118 28 37.978,32.521
119 28 37.790,32.525
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120 28 37.917,32.544
121 27 37.880,32.424
122 27 37.850,32.473
123 27 37.875,32.478
124 27 37.873,32.480
125 27 37.872,32.486
126 27 37.907,32.497
127 27 37.884,32.507
128 27 37.960,32.520
129 27 37.856,32.543
130 27 37.861,32.547
131 26 37.868,32.459
132 26 37.863,32.481
133 26 37.876,32.482
134 26 37.886,32.484
135 26 37.899,32.487
136 26 37.867,32.492
137 26 37.874,32.494
138 26 37.875,32.514
139 26 37.871,32.515
140 26 37.966,32.515
141 26 37.927,32.546
142 25 37.872,32.422
143 25 37.871,32.446
144 25 37.865,32.454
145 25 37.860,32.472
146 25 37.861,32.476
147 25 37.895,32.476
148 25 37.895,32.487
149 25 37.889,32.493
150 25 37.871,32.496
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151 25 37.895,32.502
152 25 37.854,32.506
153 25 37.883,32.510
154 25 37.850,32.511
155 25 37.916,32.513
156 25 37.864,32.516
157 25 37.829,32.517
158 25 37.948,32.523
159 25 37.850,32.533
160 25 37.897,32.551
161 24 37.883,32.456
162 24 37.885,32.466
163 24 37.928,32.474
164 24 37.959,32.475
165 24 37.831,32.483
166 24 37.913,32.491
167 24 37.843,32.495
168 24 37.928,32.505
169 24 37.899,32.508
170 24 37.837,32.513
171 24 37.955,32.514
172 23 37.780,32.419
173 23 37.902,32.465
174 23 37.870,32.477
175 23 37.892,32.488
176 23 37.856,32.492
177 23 37.909,32.497
178 23 37.903,32.497
179 23 37.877,32.499
180 23 37.926,32.508
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181 23 37.858,32.509
182 23 37.901,32.520
183 23 37.889,32.522
184 23 37.939,32.541
185 22 37.855,32.427
186 22 37.877,32.430
187 22 37.878,32.465
188 22 37.869,32.469
189 22 37.877,32.472
190 22 37.890,32.489
191 22 37.853,32.491
192 22 37.870,32.492
193 22 37.949,32.495
194 22 37.894,32.504
195 22 37.955,32.509
196 22 37.832,32.516
197 22 37.822,32.518
198 22 37.913,32.521
199 22 37.905,32.523
200 21 37.870,32.440
201 21 37.880,32.453
202 21 37.866,32.464
203 21 37.903,32.471
204 21 37.867,32.483
205 21 37.891,32.497
206 21 37.866,32.505
207 21 37.878,32.512
208 21 37.969,32.516
209 21 37.941,32.517
210 21 37.983,32.524
211 21 37.911,32.525
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212 21 37.855,32.545
213 21 37.990,32.595
214 20 37.859,32.428
215 20 37.866,32.460
216 20 37.896,32.473
217 20 37.892,32.475
218 20 37.888,32.482
219 20 37.891,32.485
220 20 37.901,32.496
221 20 37.866,32.497
222 20 37.900,32.503
223 20 37.938,32.503
224 20 37.882,32.504
225 20 37.856,32.504
226 20 37.860,32.506
227 20 37.871,32.507
228 20 37.875,32.507
229 20 37.937,32.511
230 20 37.946,32.513
231 20 37.880,32.517
232 20 37.988,32.519
233 20 37.811,32.521
234 20 37.981,32.521
235 20 37.881,32.521
236 20 37.772,32.533
237 20 37.862,32.536
238 20 37.916,32.556
239 19 37.866,32.432
240 19 37.878,32.451
241 19 37.892,32.462
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242 19 37.863,32.465
243 19 37.872,32.477
244 19 37.880,32.478
245 19 37.871,32.482
246 19 37.870,32.487
247 19 37.954,32.489
248 19 37.863,32.493
249 19 37.906,32.502
250 19 37.958,32.509
251 19 37.917,32.510
252 19 37.972,32.515
253 19 37.892,32.519
254 19 37.899,32.526
255 19 37.908,32.527
256 19 37.893,32.539
257 19 37.908,32.554
258 18 37.881,32.440
259 18 37.883,32.454
260 18 37.860,32.464
261 18 37.862,32.480
262 18 37.959,32.485
263 18 37.852,32.488
264 18 37.906,32.491
265 18 37.923,32.493
266 18 37.906,32.494
267 18 37.864,32.501
268 18 37.861,32.502
269 18 37.948,32.509
270 18 37.974,32.515
271 18 37.898,32.518
272 18 37.975,32.520
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273 18 37.849,32.523
274 18 37.998,32.526
275 18 37.948,32.534
276 18 37.839,32.540
277 18 37.982,32.587
278 17 37.860,32.468
279 17 37.889,32.481
280 17 37.851,32.486
281 17 37.944,32.486
282 17 37.887,32.489
283 17 37.901,32.491
284 17 37.941,32.493
285 17 37.894,32.496
286 17 37.888,32.497
287 17 37.849,32.503
288 17 37.828,32.506
289 17 37.955,32.522
290 17 37.804,32.523
291 17 37.897,32.532
292 17 37.890,32.534
293 17 37.860,32.543
294 17 37.879,32.545
295 16 37.764,32.415
296 16 37.871,32.452
297 16 37.824,32.464
298 16 37.891,32.471
299 16 37.829,32.478
300 16 37.866,32.478
301 16 37.913,32.479
302 16 37.894,32.480
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303 16 37.867,32.480
304 16 37.884,32.485
305 16 37.932,32.488
306 16 37.922,32.498
307 16 37.960,32.499
308 16 37.849,32.499
309 16 37.858,32.503
310 16 37.944,32.508
311 16 37.888,32.512
312 16 37.928,32.515
313 16 37.977,32.516
314 16 37.981,32.517
315 16 37.857,32.520
316 16 37.920,32.524
317 16 37.925,32.527
318 16 37.906,32.530
319 16 37.903,32.535
320 16 37.835,32.544
321 15 37.767,32.415
322 15 37.804,32.429
323 15 37.892,32.442
324 15 37.890,32.446
325 15 37.873,32.455
326 15 37.849,32.458
327 15 37.886,32.461
328 15 37.853,32.472
329 15 37.879,32.485
330 15 37.863,32.489
331 15 37.878,32.491
332 15 37.952,32.493
333 15 37.859,32.493
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334 15 37.944,32.494
335 15 37.872,32.494
336 15 37.877,32.496
337 15 37.883,32.497
338 15 37.835,32.498
339 15 37.955,32.500
340 15 37.797,32.500
341 15 37.948,32.503
342 15 37.880,32.507
343 15 37.841,32.512
344 15 37.905,32.513
345 15 37.915,32.518
346 15 37.852,32.519
347 15 37.966,32.520
348 15 37.930,32.524
349 15 37.895,32.528
350 15 37.892,32.531
351 15 37.913,32.532
352 15 37.845,32.547
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