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Bartim ilinin Ulus ilgesi i¢in gergeklestirilen bu ¢alisma, Cografi Bilgi Sistemlerine (CBS) dayali bir heyelan
duyarlilik haritast olusturulmasinda, kullanilabilecek farkli analiz yontemleri i¢in gecerli bir veri setinin 6nemini ve
cekirdek (kernel) yogunlugu yonteminin bu tiir bir uygulamadaki sonuglarini icermektedir. Bu arastirma kapsaminda,
Maden Tetkik ve Arastirma Genel Midirliigl tarafindan hazirlanan heyelan envanter haritasi, heyelan smiflandirma
haritas1 olarak temel alinmigtir. Calisma alanindaki analizlerin tamaminda sadece Sm’den derin ve aktif heyelanlar
kullanilmig ve c¢aliyma alaninin %18.6°sim1 kapsayan toplam 778 adet heyelan sayisallastirilarak CBS ortamina
aktarilmigtir. Sayisallastirilmig olan poligonlara 0 ve 1 degerleri atanarak 250 m x 250 m boyutlarindaki grid diizenine
doniistiirilmiistii. Bu islem esnasinda, kullanilan haritalarin 6lg¢eklerinden kaynaklanabilecek hatalart en diigiik
seviyede tutmak igin igerisine heyelan diisen gridlerden, “heyelan alami / grid alan1” oranlari incelenmistir. Bu
degerlerden %S5’den fazla olanlarin ‘heyelan igerir’ seklinde etiketlenip etiketlenemeyecegi %5°lik artiglarla her deger
icin denenmis ve sonug olarak %15 veya daha fazla heyelan alani igeren gridlere ‘heyelan’ yani ‘1’ degeri atanmigtir.
Heyelan envanter bilgisinin, daha anlamli bir popiilasyon dagilimi gostermesini saglamak icin cekirdek (kernel)
yogunlugu yontemi uygulanmistir. Envanter haritas: lizerinde, ortalama en yakin komsuluk analizinden ¢ikan 517.16 m
degeriyle capi belirlenen ¢ekirdek yogunluk analizi gergeklestirilmis ve esik deger olarak 3 kullanilmigtir. Bunun
sonucunda heyelan (1) olarak atanmig hiicrelerin ¢ekirdek yogunluk analizindeki esik degerini gegen 250 m
komsulugundaki hiicrelere de heyelan degeri atanmis ve analizlerin devaminda elde edilen bu igslenmis heyelan envanter
haritas1 kullanilmistir.

Bununla birlikte, on dort agiklayici degisken [yiikselti, egim, baki, egrilik, plan egriligi, profil egrilik,
normalize edilmis bitki &rtiisii farklilik indeksi (NDVI), topografik nemlilik endeksi (TWI), Ulus Formasyonu, Inalt:
Formasyonu, Cakraz Formasyonu, Sunduk Uyesi, Ahmetusta Uyesi ve Aliivyal ¢okeller], CBS’de sayisallastirilmus,
birlestirilmis ve diizenlenmistir. Ardindan tiim degiskenler, olusturulmus olan bu envanter verisine dahil edilmistir.
Bagimh degisken, kalibrasyon ve dogrulama olarak iki veri setine ayrilmistir. Oncel veri degerlendirmesi olarak,
agiklayici degiskenlerin tamaminin es-dogrusalligi kontrol edilmis ve es-dogrusal oldugu bulanan degiskenler ileriki
analizlere dahil edilmeyerek bagimsiz degisken olarak kullanilmamistir. Frekans oranlari hem “heyelan alani/grid alan1”
orani temel alinarak hazirlanan envanter haritasi hem de ¢ekirdek yogunluk analizinden sonra elde edilen harita igin ayr1
ayrt degerlendirilmis ve degerlerin kayda deger degisiklik géstermedigi gozlemlenerek g¢ekirdek yogunluk analizi
sonucunda elde edilen iyilestirilmis heyelan envanter haritasinin istatistik analizlerinde kullanilmasinin analizlerde
herhangi bir yanliliga (bias) neden olmayacag1 goriilmiistiir. Cekirdek analizinin gerekliligi islenmis ve islenmemis veri
seti lizerinde yapilan lojistik regresyon (LR) analizi ile test edilmis, tahmin dogrulugu dereceleri ve bunlarin mekansal
dagilimi karsilagtirlmistir. Bu c¢alismada Onerilen heyelan duyarhilik haritasi, degiskenler ve heyelanlar arasindaki
iligkiyi gdstermekte ve veri setinin iglenmesindeki 6nemi vurgulamaktadir.
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This study, performed for Ulus district of Bartin province, includes the importance of a data set valid for
different analysis methods which can be used for formation of a Geographic Information Systems (GIS) based landslide
susceptibility map and the results of kernel density method in this type of an application. In this study, landslide
inventory map prepared by General Directorate of Mineral Research and Exploration is selected as the base for
landslide classification map. Only the landslides which are deeper than 5 m and active were used in all the studies
performed within the study area and total of 778 landslide polygons encompassing 18.6% of the study area were



incorporated into GIS environment via digitization. These polygons were assigned with values 0 or 1 and converted into
250m x 250m grid cells. During this process, in order to minimize the errors originated from the scales of the utilized
maps, “landslide area / grid area” ratio was investigated for the grids containing landslide. The values having more than
5%, to be labeled as “landslide occurrence” or “non-landslide” was tested for each value with 5% increments and
“landslide” i.e. “1” value was assigned to the grids which include 15% or higher landslide area. Kernel density method
was applied in order to allow extend of the landslide inventory information and to show a more meaningful population
distribution. Kernel density analysis was performed over the inventory map with the diameter of 517.16 m determined
from nearest neighborhood analysis and a threshold value of 3 was selected after performing the method. As a result of
this, cells exceeding the threshold value of the kernel density analysis within 250 m neighborhood of landslide
occurrence were assigned with the landslide value (1) and this processed landslide inventory map was used in the
remaining analyses.

Along with this, fourteen explanatory variables [i.e. elevation, slope, aspect, curvature, plan curvature, plan
profile, normalized difference vegetation index (NDVI), topographic wetness index (TWI), Ulus formation, Inalti
formation, Cakraz formation, Sunduk member, Ahmetusta member and alluvial deposits] were digitized, compiled and
manipulated within GIS environment. Then all the variables were incorporated into the generated inventory data.
Dependent variable was divided into two data sets as calibration and validation. For the initial data assessment all
explanatory variables were checked for collinearity. Any variable found collinear was excluded and the remaining ones
were used as independent variables for the further analyses. Frequency ratios were assessed not only for the inventory
map prepared on the basis of “landslide area/grid area” ratio but also the map obtained after kernel density analysis, and
no significant difference was observed between the results of both maps. Therefore, it was decided that utilization of
enhanced landslide inventory map obtained as a result of kernel density analysis shall not cause any bias in the
statistical analyses. Necessity of kernel density was tested with logistic regression analysis applied on both the
processed and the unprocessed data sets, and prediction accuracy values and spatial distribution of these values was
compared. The landslide susceptibility map proposed in this study shows the relationship between the variables and
landslides, and emphasizes the importance of processing the data set.
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