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Oz

Periglasyal sekiller, gegmis donem iklim kogullarina bagli olarak gelisen ve giintimiiz iklim kosullar1 altinda devinim gosteren
olusumlardir. Bu sekiller, Diinyanin yiiksek enlemlerinin yani sira algak enlemlerinin yiiksek daglik alanlarinda da yayilis
gostermektedir. Kuzeydogu Anadoluda, Kiigiik Kafkaslar (4090 m) tizerinde yer alan Ilgar Dag1 (2918 m) da s6z konusu
periglasyal sekillerin dagilis gosterdigi 6nemli noktalar arasindadur. Tipik bir volkan konisi gortiniimiinde olan Ilgar Dagrnin
jeolojisini, temelde Ust Miosen ve Alt Pliosen yash bazalt, tiif ve aglomera olustururken, zirveler boliimiinii ise Pleistosen
yash andezitler meydana getirmektedir. Ilgar Dagr'nin Okiizkoku ve Misikan adli parazit konilerinin yamaglarinda girland,
cember ve tas kiimelerinden olugan periglasyal sekiller gorillmektedir. Bu ¢aligmada, (1) Ilgar Dag1 periglasyal sekilleri
tizerinde gelisen topraklarin fiziko-kimyasal ozelliklerinin belirlenmesi ve (2) bazi erozyon duyarlilik parametrelerinin
(Struktiir stabilite indeksi-SSI, dispersiyon orani-DO ve kabuk olusumu-CF) tahmin edilmesi amaglanmistir. Bu amagla
sahadan alinan 25 adet 6rneklem verisi analiz edilerek topraklarin fiziko-kimyasal 6zellikleri saptanmustir. S6z konusu
toprak ozellikleri girdi olarak kullanilarak, erozyon duyarlilik parametreleri (CE DO, SSI) yapay sinir ag1 (YSA) ile tahmin
edilmistir. Bulgular, topraklarin organik madde igeriklerinin yiiksek olmasi, topraklarda kabuk olusumuna dolayisiyla da
fiziksel bozunumun oldukga diisiik diizeylerde kalmasina neden olurken; kum oraninin yiiksek olmasinin ise SSI ve DO
degerinin de yiiksek olmasina neden oldugu goriilmiistiir. Ayrica YSA ile tahmin edilen yiiksek erodobilite faktorii % 82 ile
CF olmustur.

Anahtar Kelimeler: Periglasyal sekiller, erodobilite, Yapay Sinir Ag1 (YSA), Ilgar Dagi, Kiigtik Kafkaslar, Tiirkiye.

Abstract

Periglacial landforms are formations that develop depending on the climatic conditions of the past period and show alteration
under today’s climatic conditions. These landforms are distributed in the high mountain areas of the low latitudes as well as
the high latitudes of the Earth. Mount Ilgar (2918 m a.s.l.), located on the Lesser Caucasus (4090 m a.s.1.) in Northeastern
Anatolia, is among the important points where the landforms are distributed. The geology of Mount Ilgar, which has the
appearance of a typical volcanic cone, is composed of Upper Miocene and Lower Pliocene aged basalt, tuff and agglomerate,
while Pleistocene aged andesites form the summits. Periglacial landforms consisting of non sorted steps, mud circles and
stony earth circles are observed on the slopes of parasite cones called Okiizkoku and Mistkan of Mount Ilgar. In this study, it
was aimed to (1) determine the physico-chemical properties of soils developed on the periglacial landforms of Mount Ilgar
and (2) estimate various erosion susceptibility parameters (Structural stability index-SSI, dispersion ratio-DR and crust
formation-CF). For this purpose, the physico-chemical properties of the soils were determined by analyzing 25 sample data,
collected from the field. Erosion susceptibility parameters (SSI, DR, CF) were estimated by artificial neural network (ANN)
by using the soil properties as input. The results show that the high organic matter content of the soils causes the crust
formation in the soils, thus keeping the physical degradation at very low levels; it was observed that the high sand content
caused the SSI and DR values to be high. In addition, the highest erodibility factor estimated by ANN was CF with 82%.
Keywords: Periglacial landforms, erodibility, Artificial Neural Network (ANN), Mount Ilgar, Lesser Caucasus, Turkey.
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GIRIS

Canllarin hayatlarini devam ettirebilmesi i¢in ¢ok onemli bir kaynak olan toprak, yiizyillar icerisinde iklim, topografya
ve canlilarin ana materyal {izerine etkileri sonucunda meydana gelen karmagik bir yapiya sahip dogal bir varlik olarak
tanimlanmaktadir (Dengiz ve Bagkan, 2010). Uzun yillar boyunca ¢evresel faktorlerden etkilenerek meydana gelen topraklarin,
disaridan uygulanan herhangi bir etkiyle olusumlarimin hizlandirilmas: miimkiin degildir. Farkli ¢evresel faktorlerden
etkilenen ana materyaller birbirinden tamamen farkli 6zelliklerde topraklar meydana getirebilirler. Periglasyal alanlar da bu
farkliliklarin goriilebilecegi yerler arasindadir. Buzul ¢evresi alanlar1 karakterize eden periglasyal terimi, Walery von Lozinski
tarafindan 1909 yilinda ortaya atilmistir (Lozinski, 1909). Bu alanlarda gelisen topraklar ve periglasyal sekiller, bulundugu
cografi ortam hakkinda 6nemli kanitlar sunmaktadir. Periglasyal sekiller, Diinyada soguk iklimlere sahip olan ve 6zellikle
yil igerisinde donma-¢oziilme olaylarinin egemen oldugu alanlarda gelisim gostermektedirler. Ayrica bu sekiller ge¢misin
yani sira, giintimiiz iklim kosullar1 altinda da gelisimlerini stirdiirmektedirler (Knight vd., 2019; Uxa vd., 2017; Oliva vd,,
2016, 2018, 2020; Velichko ve Nechaev, 1992). Genel literatiirde periglasyal sekillerin daha iyi anlagilmas1 amaciyla yapilan
caligmalar 1960’11 yillarda baslamis olup, giiniimiizde de devam etmektedir (Wahrhaftig ve Cox, 1959; Giardino ve Vick, 1987;
Whalley ve Martin, 1992; Hamilton ve Whalley, 1995; Humlum, 1998; Colucci vd., 2016; Drewes vd., 2018; Knight vd., 2019).
Bununla birlikte Anadoluda periglasyal alanlar/sekiller {izerinde gelisen topraklarin erozyon duyarliliklarinin tespit edildigi
caligmalar sinirli kalmistir (Dede vd., 2020).

Erozyon, Diinya {izerinde siirekli meydana gelen dogal jeomorfolojik bir siirectir. Bununla beraber, bu siirecin antropojenik
bozulmalar ile hizlanmasinin toprak ve cevre kalitesi tizerinde ciddi sonuglari olabilmektedir. Toprak erozyonu, toprak
taneciklerini birbirinden ayirarak parcalayan ve dagitan su ve riizgarin etkisiyle asinarak bagka bolgelere taginmasiyla meydana
gelir (Bennett, 1955; Foth, 1990). Topraklarin 6nemi diisiintildiigtinde bu kaynaklarin korunmasi ve devamliliginin saglanmasi
gerekmektedir (Kanar ve Dengiz, 2015). Topraklarin erozyona ugrama egilimleri, kalite unsuru olarak degerlendirilen
parametrelerden biri olup, arazi ve toprak yonetimi, toprak ozellikleri (toprak tekstiirii, striiktiirli, organik madde igerigi,
kimyasal bilesimi), topografya ve iklimsel faktorlerden etkilenmekte ve dinamik bir karakter tagimaktadir (Oztiirk, 2013).
Toprak yiizeyinde kabuk olusumu, su infiltrasyonunun ve yarayish su kapasitesinin azalmasi, besin elementlerinin kayb:
ile topraktaki biyolojik aktivitedeki diisiis toprak kalitesini olumsuz yonde etkilemekte ve bu topraklarin erozyona karsi
hassasiyetini arttirmaktadir (Ozdemir, 2013; Celik ve Dengiz, 2018). Benzer sekilde, Bu vd. (2014) toprak kabuk olusumunun
topraklarin su gecirgenligi ve dolayisiyla toprak erozyon duyarlilig: (erodobilite) izerine 6nemli etkisi oldugunu ifade etmisler
ve bunun sebebi topraga yagis veya sulama yoluyla gelen suyun, drene olamadig: takdirde ylizey akisina gecerek beraberinde
toprak taneciklerini de tagimasi oldugunu belirtmislerdir. Kabuk olusumunun yani sira agregatlarin stabilitesi, topraklarda
iyi striiktiirel iligkilerin olugsmasi ve siirdiiriilmesi bakimindan biiyiik 6neme sahiptir (ig ve Giilser, 2008). Dispersiyon orani
ise topraklarin viskoz karakteristiginin degisimi sonucunda striiktiirel yapisindaki bozulmayi yansitmakta olup, bu oraninin
azalmasi durumunda erozyona karsi dayaniklhiliklarimin arttigini gostermekte ve %15'ten kiiciik orana sahip topraklar
erozyona karsi dayanikli olarak kabul edilmektedir (Lal, 1988).

Erozyonun nedenleri bilinmekle beraber bunlarin ol¢iilmesi, etkileme kosullari, etmenler arasindaki etkilesimin sonuca
yansima agirligi, diizeyi ve sayisal degerini belirlemek oldukga karmasiktir (Celilov ve Dengiz, 2019). Bu durumlar1 géz 6niine
alan arastirmacilar, son yillarda elde ettikleri sistematik bulgu ve bilgileri de degerlendirerek, belli kosullar ve etmenler bilindigi
slirece toprak erozyonunun hassasligini, miktarini tahmin etme ve hesaplama yolunda 6nemli bir noktaya ulagmiglardir (Parlak
vd., 2014). Bu noktada Yapay Sinir Aglarrnin (YSA) erozyon tahmini ¢aligmalarinda kullanimi da giin gegtik¢e artmaktadir
(Gholami vd., 2021; Licznar ve Nearing, 2003; Kim ve Gilley, 2008;Gholami vd., 2018; Alexakis vd., 2019). YSA, ¢oziilmesi zor
ve karmasik olan farkli alanlara ait problemlerin ¢6ziimiinde basarili sonuglar elde etmeye yonelik katkilar saglamaktadir. YSA,
temel korelasyon belirsiz oldugunda ve bagimli varyantlarin son bagimsiz varyant veri kiimelerine gére tahmin edilebilmesi
gerektiginde, varyantlar ve ¢akisan hedef varyantlar arasinda korelasyon tiirlerini taniyabilir ve 6grenebilir (Suo vd., 2010).
YSA, oncelikle dogrusal olmayan belirli bir kiimenin elemanlarini tanimlar, daha sonra bu kiimenin girdi verileri, bariz bir
sinyal tipi ile iligkili oldugunda; ¢iktidaki arzu edilen bir model, ag tarafindan egitilebilir. Ciktiyr 6grenme ve tahmin etme
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yetenegi, agin 6zelliklerinden biridir (Bose, 1994; Odabas vd., 2014). YSA, arastirmacilar tarafindan, iklim tahmini (Luk vd.,
2001; Abbot ve Marohasy, 2012; Mohammadi vd., 2021), su kaynaklar1 yonetimi (Coppola vd., 2003; Najah vd., 2013), enerji
ve ¢evre (Acheampong ve Boateng, 2019; Fadare, 2010; Kalogirou, 2000), arazi kullanimi ve degisimi (Almeida vd., 2008;
Moghadam vd., 2017) ve ekonomi (Feng ve Zhang, 2014) gibi alanlarda kullanilmistir. Bununla birlikte, toprak ve erozyon
caligmalarinda da YSA'dansiklikla yararlanilmistir (Li vd., 2013; Bilgili, 2011; Ebrahimi vd., 2019).

Literatiir incelendiginde, periglasyal alanlar ile toprak erozyonu iliskisini YSA ile degerlendiren ¢aligmalar sinirli kalmustir.
YSAnin genel literatiirde siklikla kullanilmasi ve s6z konusu avantajlarindan dolayr mevcut arastirmada erozyon duyarlilig:
parametrelerini tahmin etmede kullanimi uygun gortilmiistiir. Periglasyal sekiller tizerindeki topraklarin erozyon duyarlilik
parametrelerinin belirlenmesi i¢in yapilan sinirli ¢aliymalardan biri Dede vd. (2020)tarafindan gergeklestirilmistir. S6z
konusu ¢alismada topraklarin agregat stabilitesi, dispersiyon orani, striiktiir stabilite indeksi, kil orani ve kabuk olusumu
ozellikleri belirlenmis ve topragin diger fizikokimyasal 6zellikleri ve erozyon duyarlilik parametreleri arasinda biiyiik bir
iliski oldugu tespit edilmistir. Bu nedenle periglasyal alanlar/sekiller {izerinde gelisen topraklarda erozyon duyarlilik
parametrelerinin belirlenmesi arastirmaya deger bir konu olarak gortilmektedir. Bu gerekgeyle mevcut arasgtirmada, Ilgar Dag1
periglasyal sekilleri iizerinde olusmus olan topraklarin fiziko-kimyasal 6zellikleri ve bazi erozyon duyarlilik parametrelerinin
(Striiktiir stabilite indeksi-SSI, dispersiyon orani-DO ve kabuk olusumu-CF) belirlenmesi ayrica baz: fiziko-kimyasal toprak
ozelliklerinin girdi olarak kullanilarak, erozyon duyarlilik parametrelerinin (kabuk olusumu-CF, dispersiyon orani-DO,
striiktiir stabilite indeksi-SSI) YSA ile tahmin edilmesi amaglanmigtir.

MATERYAL VE METOD

Caligma Alaninin Genel Ozellikleri

Ilgar Dag1, Dogu Anadolu Bolgesinin Erzurum-Kars Boliimi'nde Ardahan Platosu tizerinde bulunmaktadir. Ilgar Dag1
yaklasik olarak 41° 25’ K enlemi ile 42° 45’ D boylaminin kesisiminde, Karadenize kus ucusu 100 km mesafede yer almaktadir.
Ilgar Dagy, Kiigiik Kafkaslar’in tizerinde kuzey-giiney ve dogu-bati yonlerinde 5 km genislige sahip bir volkan konisi karakteri
tagimaktadir (Sekil 1).

KARA DENIZ

Misikan (2674 m)

Sekil 1. Caligma alanimin yer bulduru haritasi (a) ve genel gortiniimi (b).

I @@E 260 IGGE 2022; 47: 258-279




Dede ve ark. / Ilgar Dag Periglasyal Sekilleri Uzerinde Olusmus Topraklarin Erozyon Duyarliliklarinin Belirlenmesi ve Yapay Sinir Ag1 (YSA) {le Tahmin Edilmesi

Iligar Dag1 Kuzeydogu Anadoluda Ilgar (2918 m), Okiizkoku (2804 m), Koket (2741 m), Misikan (2674 m) ve Hebes (2462 m)
zirvelerinden olusmaktadir. Bu zirveler arasinda Okiizkoku ile Misikan parazit konilerinin tizerinde ve yamaglarinda girland,
cember ve tag kiimesinden olusan periglasyal sekiller bulunmaktadir (Sekil 2). Volkan konisi 6zelliginden dolay: drenaji radyal
karakterdedir. Genel olarak dagin kuzeyinde daha derince yarilmis vadiler yer almaktadir. Ilgar Dagrni, kuzeyde Clirtikkoprii
ve Karapinar, batida Egrigiiney, giineyde ise Kuru ve Dagkoprii Dereleri drene etmektedir. Ilgar Dagi, jeolojik gelisimini
Tersiyerden Kuvaternere kadar olan siirecte tamamlamistir. Kiitlenin zirveler kusagini olusturan Ilgar, Koket, Misikan ve
Okiizkoku Tepelerinde Pleistosen yasli andezitler, temelinde ise Ust Miosen-Alt Pliosen yasli bazalt, tiif ve aglomeralar yer
almaktadir (Keskin, 2013). Olusum yas1 agisindan farklilik olsa da genel olarak alanda volkanik kayaglar egemendir.

Sekil 2. Ilgar Dagrndaki periglasyal sekillerin genel gortiniimi, girland (a), gember (b) ve tag kiimesi (c).

Veri Toplama Yontemleri ve Toprak Analizleri
Ilgar Dagrnda yapilan arazi calismalarinda, sahadan 0-20 cm derinlikten 25 adet yiizey toprak 6rnegi alinmigtir (Tablo 1, Sekil
3). Topraklar, laboratuvara aktarildiktan sonra, fiziksel ve kimyasal analizler igin hava kuru hale getirilmis, tahta tokmakla

doviilerek 2 mm’lik elekten gecirilip analize hazir hale getirilmistir.

Tablo 1. Toprak érneklerinin hipsometrik 6zellikleri.

Ornek Kodu Periglasyal Sekil Koordinatlar1 (K/D) Yiikseltisi (m) Lokasyonu

ILG21-01 Girland 4125.712 /42 44.743 2804 Okiizkoku Tepe
ILG21-02 Girland 4125.719/ 42 44.746 2803 Okiizkoku Tepe
1LG21-03 Girland 4125.731/ 42 44.752 2798 Okiizkoku Tepe
ILG21-04 Girland 4125.738 / 42 44.764 2794 Okiizkoku Tepe
ILG21-05 Girland 4125.759 | 42 44.737 2783 Okiizkoku Tepe
ILG21-06 Cember 4125.743 [ 42 44.747 2791 Okiizkoku Tepe
1LG21-07 Cember 4125.740/ 42 44.751 2793 Okiizkoku Tepe
ILG21-08 Cember 4125.736 / 42 44.734 2794 Okiizkoku Tepe
ILG21-09 Gember 4125.733 / 42 44.737 2795 Okiizkoku Tepe
ILG21-10 Cember 4125.745/ 42 44.749 2791 Okiizkoku Tepe
ILG21-11 Tas Kiimesi 4125.728 / 42 44.729 2797 Okiizkoku Tepe
ILG21-12 Tas Kiimesi 4125.727 ] 42 44.724 2796 Okiizkoku Tepe
ILG21-13 Tas Kiimesi 4125.724 /42 44.723 2798 Okiizkoku Tepe
ILG21-14 Tas Kiimesi 4125.728 / 42 44.705 2793 Okiizkoku Tepe
ILG21-15 Tas Kiimesi 4125.731/ 42 44.704 2793 Okiizkoku Tepe
ILG21-16 Girland 4125.705/ 42 44.716 2804 Okiizkoku Tepe
1LG21-17 Girland 4125.707 / 42 44.707 2801 Okiizkoku Tepe
ILG21-18 Girland 4125.715/ 42 44.693 2799 Okiizkoku Tepe
ILG21-19 Girland 4125.721/ 42 44.693 2795 Okiizkoku Tepe
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ILG21-20 Girland 41 25.725 42 44.695 2792 Okiizkoku Tepe
ILG21-21 Girland 41 25.863 / 42 45.869 2667 Misikan Tepe
ILG21-22 Girland 41 25.854 / 42 45.865 2664 Misikan Tepe
ILG21-23 Girland 41 25.846 / 42 45.862 2661 Misikan Tepe
ILG21-24 Girland 41 25.840 / 42 45.857 2657 Misikan Tepe
ILG21-25 Girland 41 25.829 / 42 45.860 2652 Misikan Tepe

42°45'0°E

42°4530'E
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42°46'30°F

Zirveler

Akarsular

izohipsler

A24TOE

0

42°4T30E

42°48'0"E 4274830"F
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rrre Girland K
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2

Sekil 3. Ilgar Dagrnin periglasyal jeomorfoloji ve toprak érnek yerleri haritasi.

IGGE 2022; 47: 258-279



Dede ve ark. / Ilgar Dag Periglasyal Sekilleri Uzerinde Olusmus Topraklarin Erozyon Duyarliliklarinin Belirlenmesi ve Yapay Sinir Ag1 (YSA) {le Tahmin Edilmesi

Calismada toprak 6zelliklerinden tekstiir Bouyoucos (1962)%a; hacim agirlig1 Blake ve Hartge (1986)’ye ve organik madde
Jackson (1958)a gore belirlenmistir. Agregat stabilitesi (AS), Yoder tipi eleme setinde 1slak eleme yontemine gére (Kemper
ve Rosenau, 1986); dispersiyon orani (DO), slispansiyonda dispers edilmeden odl¢iilen silt+kil % degerinin, mekanik analizde
olgiilen silt+kil % degerine oranlanmasiyla hesaplanmistir (Ngatunga vd.,1984). Toprak kabuk olusumu (CF), Pieri (1989)e
gore denklem (1) yardimiyla hesaplanmistir.

CF=0OM(%) *100/ C (%) + Si (%) (1)
burada; CF: Toprak kabuk olusumu, OM: Organik madde, C: Kil, Si: Silt’i ifade etmektedir.

Elde edilen deger 5’ten kiiciik olmast durumunda topraklarda ¢ok siddetli fiziksel bozulmay: gosterirken, 5 ile 7 arasinda
siddetli, 7 ile 9 arasinda diigiik fiziksel bozulmay1 ve 9dan biiylik olmasi durumunda fiziksel bozulmanin olmadigini
belirtmektedir. Striiktiir stabilite indeksi (SSI), hidrometre 6l¢iimlerine dayanilarak ve denklem (2) kullanilarak bulunmustur

(Leo, 1963).
SSI = Z n-— Z b (2)

burada;

% n= Mekanik analizle elde edilen silt ve kil; 2, b= Agregatlardan siispansiyona dispers olan silt ve kil fraksiyonlar

toplamlarini ifade etmektedir.

Veri Setinin Hazirlanmasi ve YSA Uygulamasi

Toprak 6rneklerinin analizleri sonrast elde edilen bazi fiziko-kimyasal 6zelliklerden OM, HA, kil, kum ve silt degerleri toprak
erozyona karsi duyarhiligini arttirma durumuna gore 1 ile 4 arasinda siniflandirilmistir. 1 degeri o parametrenin alt sinif
degerinin erozyona ugrama hassasliginin yiiksek, 4 degeri ise erozyona ugrama hassasliginin diisiik oldugunu gostermektedir.
1 ile 4 arasindaki degerler ise o parametrenin erozyona karsi hassaslik derecesine baglidir (Tablo 2). Bu sinif araliklar
literatiirdeki aragtirmalardan yararlanilarak belirlenmistir (Chaudhri vd., 1976; Askin vd., 2016; Saygin vd., 2019; Alaboz vd.,
2021).

Tablo 2: Erozyon hassaslik siniflariin olusumunda ele alinan parametreler ve agirlik puanlari.

Organik Madde (%) Hacim Agirhig: (gr/cm®)
Simif Deger Tanim Simif Deger Tanim
1 0.0-1,5 Cok Yiiksek 1 > 1,41 Cok Yiiksek
2 1,5-3.0 Yiiksek 2 1,23 - 1,41 Yiiksek
3 3.0-4.0 Orta 3 0,9-1,23 Orta
4 >4.0 Diisitk 4 02-09 Diisiik
Kil (%) Silt (%) Kum (%)

Sinif Deger Tanim Siif Deger Tanim Sinuf Deger Tanim
1 <10 Cok Yiiksek 1 > 50 Cok Yiiksek 1 <10 Cok Yiiksek
2 10 - 30 Yitksek 2 30 - 50 Yiiksek 2 10-30 Yiiksek
3 30-50 Orta 3 10-30 Orta 3 30 - 50 Orta
4 > 50 Diigiik 4 <10 Diisiik 4 >50 Diisiik

Siniflara ayrilan degerlerden olusan veri seti YSAda girdi olarak kullanilmistir. YSA, herhangi bir yardim almaksizin dogrudan
insan beyninin 6grenme, hatirlama, tiretme gibi fonksiyonlarini igerisinde barindirabilen ag yapidaki bir modeldir (Cebeci,

263 IGGE 2022; 47: 258-279




International Journal of Geography and Geography Education (IGGE)

2013). YSA, 6grenme ve tahmin etme siireglerinde, gercek hayattaki problem alani ile ilgili veriler ve sonuglardan yararlanir.
YSA, o6zellikle dogrusal olmayan sistemlerde tahmin yiirtitme agisindan istatistiksel tekniklerden ¢ok daha fazla kolaylik
saglayan bir ozellige sahiptir (Pacci vd., 2022). Bu 6zelligi ile YSA karmasik dogrusal olmayan problemlerin ¢oztimiinde
kullanilan 6nemli yontemlerden biri olarak goriilmektedir (Odabas vd., 2014, 2016). Matlab ile uygulanan YSAda, ag1 egitmek
i¢cin Levenberg-Marquardt (LM) algoritmas: gerceklestirilmistir. LM algoritmasi, Gauss-Newton (GN) ile Gradient-Descent
(GD) algoritmalar1 arasinda, bir araci optimizasyon algoritmasi olarak bilinmektedir (Farhat ve Cheok, 2017; Temizel vd.,
2014).

Olusturulan YSA, erozyona duyarlilik parametrelerinden DO, CF ve SSI degerlerini tahmin etmek tizere asimile edilmis bir
modeldir. YSAda girdi olarak kullanilan topragin erozyona duyarliliginin gostergesi olan toprak erodobilite faktorlerinden DO,
CF ve SSI degerleri birbirinden ayr1 ti¢ hedef olarak ¢alistirilmis ve birbirinden ayr1 tig ikt verisi elde edilmistir. Birbirinden
ayr1 calistirilan {i¢ veri setinde toplam 6rneklem sayis1 25 olup, bu 6rneklerin 17’si (% 70) egitim, 47t (% 15) test ve diger 47ii
ise (% 15) dogrulama verisi olarak kullanilmistir. Girdi, gizli ve ¢ikt1 katmanlarindan olusan model, ayricabirden fazla diigiim
katmanindan meydana gelmektedir. Sekil 4’teki tek gizli katmanli a§ modeli; OM, HA, kum, kil ve silt olmak {izere 5 girdi
verisi; 10 nérondan meydana gelen gizli katman; gizli katmanlardan gelen verilerin toplandig: ¢ikti katmani ve agin ¢ikti
verilerini ortaya koymaktadir. Gizli katmanda kullanilan ndron sayisi caligmalarda ¢ok 6nemlidir, ¢iinkii ¢ok fazla néron agir1

uyum sorunlarina neden olabilmektedir (Huang ve Foo, 2002).

Gizli Katman Cikt1 Katmam

Sekil 4. Tek gizli katmanli ag modeli.

Tasarlanan YSA, 5 adet girdi (OM, HA, kil, kum, silt) ve ¢ciktilar (DO-YSA, CF-YSA, SSI-YSA) kullanilarak egitilmistir. Tiim
agirlik degerleri belirlendiginde ve YSA girdi degerlerinin bir fonksiyonu olarak ¢ikt1 verileri hedef verilerine tam olarak
yaklastiginda egitim siireci sona ermistir. Agda farkli sayida gizli katman, néronlar ve katmanlar arasindaki farkli transfer
fonksiyonlar: vardir. Bu ¢aligmada elde edilen model, ¢ikt: katmaninda 10 néron ve sigmoid fonksiyonu ile 1 gizli katmandan
meydana gelmektedir (Sekil 4). Burada olusturulan YSA'nin performansini degerlendirmek icin Ortalama Kareler Tahmin
Hatas1 (MSE) ve Belirleme Katsayisi (R?) dikkate alinmustir. Bu kriterler denklem (3) ve (4) kullanilarak hesaplanmistir
(Hosseinpour vd., 2016).

Z?: 1 (yai - ypi)

N1 3)

MSE =

L 1EN a2 0w -]

7 — = 4)
Zl=1 Vai Xa) (ypl Xp)

R

burada; yvey, olgiilen ve tahmin edilen DO, CF, SSI degerleridir.
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BULGULAR VE TARTISMA

Caligma alanindan alian 25 toprak 6rneginde 11 farkl: toprak 6zellikleri incelenmis ve bu 6zelliklerin tanimlayicr istatistiksel
hesaplamalar1 yapilmistir (Tablo 3). Topraklarin OM igerikleri % 1.43 ile % 16.05 arasinda degismekte olup, ortalama %
7.45tir. Topraklarin biyitk ¢ogunlugu kumlu tin biinyeli olup, kil % 2.12 ile % 17.33 arasinda degisirken, kum % 53.29 ile %
77.25 arasinda degismektedir. Topraklarin hacim agirliklar1 OM icerikleri ile 6zellikle kum ve kil miktarina bagh olarak 0.94
gr cm™ ile 1.54 gr cm™ arasinda degismektedir. Topraklarin erodobilite faktorleri olarak ele alinan SSI, DO ve CFnin sirasiyla
ortalama degerleri 23.50, 32.16 ve 22.25 olarak belirlenmistir. Ayrica topraklarin AS degerleri % 53.39 olarak belirlenmistir.

Istatistikte normal dagilim simetrik bir dagilim olarak bilinmektedir. Normal dagilimda simetrikligin bozulma derecesine
ise carpiklik (skewness) denir. Bu dagilis saga uzun kuyruklu ise saga (pozitif) ¢arpik, sola uzun kuyruklu ise sola (negatif)
carpik olarak adlandirilir. Ayrica, normal dagilim egrisinin sivrilik veya yuvarlaklik derecesine basiklik (kurtosis) denir
(Yaldiz vd., 1998). Tablo 3’te, carpiklik katsayilar1 OM, AS, kil, silt, kum, HA, SSI, DO ve CF normal dagilim sergilerken diger
ozellikler ise normal dagilimdan uzaktir. Normal dagilimdan uzak 6zelliklerin hepsi pozitif (saga) ¢arpiktir. Wilding (1985) ve
Mallants vd. (1996) toprak ozelliklerindeki degisimlerin aciklanmasinda 6nemli bir gosterge olarak kabul edilen degiskenlik
katsayisini, aldig1 degerlere gore diisitk (<% 15), orta (% 15-35) ve yiiksek (>% 35) olarak siniflandirmaktadir. Buna gore
¢aligma alaninda AS, DO ve CF yiiksek degiskenlige sahip, kil, kum, silt ve SSI orta degiskenlikte diger toprak ozellikleri ise
diisiik degiskenliktedir (Tablo 3).

Tablo 3: Topraklarin fiziksel, kimyasal, makro ve mikro besin elementi 6zelliklerinin tanimlayici istatistikleri.

Ozellikler Ort SS DK* Varyans EDD EYD Car** Bas
OM (%) 7,45 3,99 14,62 15,94 1,43 16,05 0,36 -0,87
AS (%) 53,39 18,45 64,66 340,63 24,34 89,00 0,08 -1,24
Kil (%) 9,71 3,57 15,21 12,76 2,12 17,33 -0,00 0,21
Silt (%) 24,46 5,36 25,80 28,82 11,47 37,27 -0,16 0,83
Kum (%) 65,81 5,41 23,96 29,29 53,29 77,25 -0,05 0,28
HA (gr cm?) 1,19 0,16 0,60 0,02 0,94 1,54 0,47 -0,67
SSI (%) 23,50 6,02 21,65 36,25 12,40 34,05 -0,08 -1,08
DO (%) 32,16 13,75 52,41 189,27 9,01 61,42 0,42 -0,59
CF 22,25 11,23 40,90 126,15 4,90 45,80 0,37 -0,62

Ort.: Ortalama, SS.: Standart sapma, EDD: En Diisiik Deger, EYD: En Yiiksek Deger, Car: Carpiklik, Bas: Basiklik, MBK: Mikrobiyal Biyomas Karbon, HA:
Hacim Agirhigy, AS: Agregat Stabilitesi, SSI: Striiktiir Stabilite indeksi, DO: Dispersiyon Orani, CF: Kabuk Olusumu, *Degiskenlik Katsayist: < 15 = Diigiik
Degiskenlik, 15-35 = Orta Degiskenlik, >35 = Yiiksek Degiskenlik, **Carpiklik:< | F0,5 | = Normal Dagilim, 0,5 - 1,0 = Veri setine karakter doniisiimii
uygulanir. CK > 1,0 > Logaritma déniisiimii uygulanir.

Toprak ozelliklerinin DO, CF ve SSI arasindaki iliskileri istatistiksel olarak gosterebilmek amaciyla yapilan korelasyon
analizlerinin sonuglari (Spearman korelasyon katsayisi - r,) Tablo 4’te verilmistir. Korelasyon analizi sonuglarina gére, 9 adet
istatistiksel olarak anlamli (p<0,05; p<0,01) iliski belirlenmistir.

Topraklarin SSTigerikleriile AS (0,472*) arasinda % 5 seviyesinde pozitif bir iliski varken, SSI ile kil (0.576**) ile % 1 diizeyinde
pozitif bir iligki belirlenmistir. Ayrica kum (-0.765**) ile arasinda % 1 seviyesinde negatif bir iliski tespit edilmistir. DO ile
diger toprak Ozellikleri arasindaki iliskiye bakildiginda OM (-0,437*) ve kil (-0,485%) arasinda % 5 seviyesinde negatif bir
iliski belirlenmistir. DO ile AS (-0,750**) arasinda ise % 1 diizeyinde negatif bir iliski bulunmaktadir. CF ile HA (-0,792**)
arasinda ise % 1 diizeyinde negatif bir iliskili oldugu belirlenmistir. Ayrica, CF ile OM (0,936**) ve AS (0,639**) arasinda
% 1 diizeyinde pozitif bir iligki tespit edilmistir. Topragin erozyona duyarliligini tahmin etmek i¢in agregat stabilitesinin
kullanilmasi ¢esitli aragtirmacilarca 6nerilmistir (Miller ve Baharrudin, 1987; Bajracharya vd., 1992; Barthes ve Roose, 2002;
Bissonnais vd., 2007). Genellikle kil iceriginin artmasi ile agregat stabilitesinde de bir artis gozlenmektedir (Yilmaz vd., 2005).
Caligma alaninda organik madde iceriginin ve kil miktarinin yiiksek oldugu alanlarda agregat stabilitesinin de yiiksek oldugu
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belirlenmistir. Canpolat ve Demiralay (1995), topraga organik materyal ilave edilmesinin topragin agregat stabilitesi tizerine
etkisini gozlemlemek amaci ile yaptig1 calismada, topraga ilave edilen organik madde miktar: arttik¢a agregat stabilitesinde

de artis oldugunu bildirmislerdir.

Tablo 4: Toprak ozelliklerinin DO, CF ve SSI ile korelasyon matrisi.

Topak ozellikleri DO CF SSI

% OM -0.437* 0,936** 0,297

% AS -0.750** 0,639** 0,472
% Kil -0.485* 0,212 0,576"
% Silt 0.139 -0,246 0,360
% Kum 0.236 0,016 -0,765"
HA 0.302 -0,792** -0,196

*: p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik.

Toprak Erodobilite Faktorlerinin YSA ile Tahmini

Topraklarin erozyona hassasiyetini belirlemede 6nemli bir kriter olarak kullanilan DO, topraklarin tekstiirii ile toprak
taneciklerinin dispers olabilme hassasiyeti esasina dayanir. Kolayca dispers olabilen kil icerigi fazla topraklar, yiiksek
dispersiyon oranina sahiplerdir ve daha diisiik oran gosteren topraklara kiyasla erozyona daha miisaittir (Lutz ve Chandler,
1947). DO’nun tahmin edilmesinde, LM kombinasyonu kullanilmistir ve 5 iterasyon kullanan model en iyi dogrulama verisi
performansini 16.4727 ile ikinci iterasyonda gostermistir (Sekil 5). Sekil 5’te test ve dogrulama ve verilerinin birinci iterasyona
kadar arti gosterdigi, egitim verisinin ise hafif bir azalma gosterdigi goriilmektedir. Daha sonra tiim veriler ani bir diisis ile

ikinci iterasyonda en iyi performansi gostermektedir.

2. iterasyondaki en iyi dogrulama verisi performansi 16.4727
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Sekil 5: DO’ya ait Levenberg-Marquardt kombinasyonu performans grafigi.
Belirleme katsayisi (R?) yapay sinir aginin onerilen tahmin performansini kesfetmek icin kullanilan 6nemli bir gostergedir.
Bu gosterge sayesinde, DO’nun dogrulugu fiziko-kimyasal toprak parametreleri kullanilarak tahmin edilmistir. Elde edilen

sonuglar DO’nun belirlenmesinde egitim % 78, dogrulama % 30, test % 93 ve tiim veriler % 79 oraninda dogrulukla tahmin

edilebilir oldugunu ortaya koymustur (Sekil 6).
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Sekil 6. DO Levenberg-Marquardt yaklagimi i¢in ¢ikt1 verileri ve hedefler arasindaki regresyon sonuglar.

Agda yineleme sayisi (iterasyon-epoch) gergeklestirilmis ve tek néron tabanli sinir ag1 i¢in uygulanan iterasyon sayisinin 5
oldugu kontrol edilmistir. Egitimde gradyan, mu ve dogrulama kontroliiniin elde edilen iterasyon degerleri DO igin $ekil 7de

gosterilmistir.

5 iterasyondaki gradyan degeri 9.3944e-09
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Sekil 7. DO’ya ait 5 iterasyon igin egitim durumu parametrelerinin grafigi.
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Yapay sinir aglar1 egitimlerini iterasyon sayisini tamamlamadan, dogrulama verisinin karesel ortalama hatasina veya egitim
verisinin gradyan degerine gore erkenden tamamlayabilmektedir. Gradyan degerleri, her bir iterasyonda agdan ¢ikan tahmini

degerlerin gradyan degerleridir ve belirlenen gradyan degerine dogru azalarak devam eder (Ince, 2018).

Toprak ytizeyindeki agregatlarin, ¢evresel faktorlerin etkisi ile parcalanip dagilmasi ve toprak yapisinda meydana gelen
bozulmalar sebebi ile toprak yiizeyi daha ¢abuk kurur ve topraktaki su buharlasirken yiizeyde sertlesmeye neden olan
birtakim bilesikler birikir. Bu sebepten dolay: toprakta biiyiik gozeneklerin olmamasi ya da ¢ok az olmas: dolayisiyla,
doygun su iletkenligi cogunlukla disiiktiir. Bu sekilde toprakta yagmur damlalarinin yaptig1 darbeler ve gilinesin neden
oldugu kurutma gibi dogal siiregler sonucunda yiizeyde olusan bu tabaka toprak kabugu olarak tanimlanir (Oztiirk ve
Ozdemir, 2006). Ozellikle silt ve kum igerigi yiiksek olan topraklarda goriilen kabuk olusumu sebebi ile topraklarin
gecirgenlik kapasiteleri azalmakta ve topraktan sizamayan su egim dogrultusunda ylizey akisa gecerek su erozyonunu
tesvik etmektedir (Chaudhri vd., 1976).

Diger bir erodobilite faktorii olan toprak kabuk olusumunun tahmin edilmesinde, Levenberg-Marquardt kombinasyonuda, 5
iterasyon kullanan model en iyi dogrulama verisi performansini 88.3224 ile ti¢lincii iterasyonda gostermistir. Sekil 8de egitim,
dogrulama ve test verilerinin ilk olarak hizli bir sekilde azaldig1 daha sonra test ve dogrulama verilerinin birinci iterasyonda
ufak bir degisiklik ile azalmaya devam ettigi gorillmektedir. Ikinci iterasyonda dogrulama ve egitim verileri ufak degisikliklerle
azalmaya devam ederken test verisinde artig gozlenmekte ve tiim verilerin i¢lincii iterasyonda en diisiik ortalama karesel hata
ile en iyi sonucu gosterdigi gozlenmektedir.

3. iterasyondaki en iyi dogrulama verisi performansi 88.3224
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Sekil 8. CF'nin Levenberg-Marquardt kombinasyonu performans grafigi.

Toprak kabuk olusumu i¢in belirleme katsayilarindan elde edilen sonuglara gore ise egitim verisi % 85, dogrulama % 90, test
% 89 ve tiim veriler % 82 oraninda dogrulukla tahmin edilebildigi ortaya konmustur (Sekil 9).
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Sekil 9. CFnin Levenberg-Marquardt yaklasimi icin ¢ikti verileri ve hedefler arasindaki regresyon sonuglari.

Ayrica, ¢aligmada kabuk olusumu i¢in iterasyon sayisinin 5 oldugu kontrol edilmis ve elde edilen sonuglar Sekil 10da
gosterilmistir.

5 iterasyondaki gradyan degeri 6.1486e-10
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Sekil 10. CFye ait 5 iterasyon i¢in egitim durumu parametrelerinin grafigi.

Topraklarin erozyonla tasinmalarina yonelik en 6nemli nedenlerinden biri gesitli sebeplerle toprakta striiktiirel stabilitenin
azalmasi, buna bagl olarak toprak aginabilirliginin artmasidir (Karagoktas ve Yakupoglu, 2014). Topraklarin SSI degerleri
biiytidiik¢e erozyona kars: direncleri artmaktadir. Striiktiirel stabilite, agregatlarin suda ve diger dis etkenlerde bozulmaya
kars1 direncini gosterir. Toprak striiktiiriiniin bozulmasi suyun toprak igerisindeki hareketligini, dolayisiyla topragin
gecirgenligini azaltir ve topraklarin erozyona duyarliligini arttirir (Yilmaz vd., 2005). Calismada, striiktiir stabilite indeksinin
tahmin edilmesinde de Levenberg-Marquardt kombinasyonu kullanilmis ve 7 iterasyon kullanan model en iyi dogrulama

269 IGGE 2022; 47: 258-279




International Journal of Geography and Geography Education (IGGE)

verisi performansini 14.0191 ile yedinci iterasyonda gostermistir (Sekil 11). Sekil 11'de egitim verisinin karesel ortalama
hatasinin ikinci iterasyona kadar ani bir diisiis sergiledigi, test verisinin birinci iterasyona kadar ani daha sonra ikinci
iterasyona kadar hafif bir diisiis gerceklestirdigi goriilmektedir. Dogrulama verisi ise test verisinin aksine once hafif daha
sonra ani bir diisiis sergilemistir. Bunun yaninda egitim ve test verileri dordiincii iterasyona kadar hafif bir diisiis gostermeye
devam ederken dogrulama verisinin karesel ortalama hatas1 6nce tiglincii iterasyona kadar artis sergileyip daha sonra ¢ ve
dordiincti iterasyonlar arasinda ani bir diigiis sergilemistir. Dort ve yedinci iterasyonlar arasinda tiim veriler sabite yakin bir
karesel ortalama hata sergilemeye devam etmis ve en iyi dogrulama verisi performansi yedinci iterasyonda gozlemlenmistir.

7. iterasyondaki en iyi dogrulama verisi performansi 14.0191
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Sekil 11. SST’ya ait Levenberg-Marquardt kombinasyonu performans grafigi.

Belirleme katsayis1 uygulandiktan sonra striiktiir stabilite indeksinin belirlenmesinde egitim % 76, dogrulama % 56, test % 65
ve tiim veriler % 72 oraninda dogrulukla tahmin edilebildigi ortaya konulmustur ($ekil 12).
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Sekil 12. SS'nin Levenberg-Marquardt yaklasimi igin ¢ikt1 verileri ve hedefler arasindaki regresyon sonuglari.
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Striiktiir stabilite indeksi i¢in ayrica yineleme sayisi ile kontrol edilen veri setinin 7 iterasyon ile ¢aligtig1 dogrulanmis ve Sekil

13’te verilmistir.

7 iterasyondaki gradyan degeri 1.334e-09
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Sekil 13. SST’ya ait 7 iterasyon i¢in egitim durumu parametrelerinin grafigi.

Bu ¢aligmada, birbirinden ayr1 tig veri seti olarak YSAya tahmin ettirilen erodobilite faktorlerinin (DO, CF ve SSI) dogruluk
oranlar1 incelendiginde, DO igin % 79, CF igin % 82 ve SSI i¢in ise % 72 olarak belirlendigi goriiliir (Tablo 5). Calismada
peliglasyal sekiller tizerinde olusmus topraklarin YSA ile en yiiksek dogrulukla tahmin edilen erodobilite faktorii % 82

dogruluk ile CF oldugu belirlenmis ve Tablo 5’te tiim regresyon sonuglari verilmistir.

Tablo 5: Topraklarin erodobilite faktorlerine ait YSA ile belirlenen regresyon sonuglar1.

DO CF SSI

Egitim % 78 % 85 % 76
Dogrulama % 30 % 90 % 56
Test % 93 % 89 % 65
Tiimii % 79 % 82 % 72

SONUC

Ulkemizin kuzeydogusunda Ardahan Platosu tizerinde yer alan ve 2918 m yiikseklige sahip olan Ilgar Dagrnin, Okiizkoku ve
Misikan parazit konilerinin yamaglarinda dagilim gosteren girland, cember ve tas kiimelerinden meydana gelen periglasyal
sekiller tizerinde olusan topraklarin bazi fiziko-kimyasal 6zellikleri incelenmis ve erozyona karsi duyarliliklarinin ortaya

konulmas: amaciyla DO, SSI ve CF gibi erodobilite faktérleri belirlenmistir.

Topraklarin genellikle kumlu tin sinifta olmasina ragmen organik madde bakimindan zengin olmasi nedeniyle hacim
agirliklar da farklilik gostermektedir. Topraklarin organik madde iceriklerinin ytiksek olmasi, topraklarda kabuk olusumuna
dolayisiyla da fiziksel bozunumun oldukga diisiik diizeylerde kalmasina neden olmustur. Kum oraninin yitksek olmasinin
ise SSI ve DO degerinin yiiksek olmasina neden oldugu gorillmistiir. Ayrica, OM igeriginin ve kil miktarinin yiiksek olmasi

agregat stabilitesinin de yiliksek oldugu anlamina gelmektedir.
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Periglasyal sekiller tizerinde olusan topraklarda organik madde igeriklerinin yiiksek olmasi, kabuk olusumuna ve bundan
dolay: fiziksel bozunumun oldukga diisitk diizeylerde kalmasini saglamistir. Analiz edilen topraklarda kum oraninin yiiksek
olmasinin ise SSI ve DO degerinin de yitksek olmasma neden oldugu goriilmistiir. Topraklarin erodobilite faktorleri
degerlendirildiginde DO ortalama degeri 32.16, SSI degeri 23.50 ve CF degeri ise 22.25 olarak belirlenmistir. Ayrica topraklarin
AS degerleri % 53.39 olarak tespit edilmistir.

Calismada ayrica ele alinan erozyon duyarlilik faktorlerinin YSA ile tahmin edilmesi amaglanmis olup elde edilen sonuglara
gore oldukga yiiksek tahmin oranlari saptanmistir. YSA'ya tahmin ettirilen erodobilite faktorlerinin (DO, CF ve SSI) dogruluk
oranlari, DO i¢in % 79, CF igin % 82 ve SSI i¢in ise % 72 olarak belirlenmistir. Caliymada periglasyal sekiller iizerinde olusmus
topraklarin YSA ile en yiiksek dogrulukla tahmin edilen erodobilite faktori % 82 dogruluk ile CF oldugu belirlenmistir. Mevcut
caligmada elde edilen bulgularin periglasyal ve erozyon ¢aligmalarina teorik anlamda katki saglayacag: diisiiniilmektedir.
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Determination of Erosion Susceptibilities of Soils Formed on the Periglacial Landforms of Mount
Ilgar and Its Estimation Using Artificial Neural Network (ANN)
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INTRODUCTION

The soil, which isa very important resource for the survival of living things, is defined as a natural entity with a complex structure
that has emerged as a result of the effects of climate, topography and living things on the parent material over the centuries
(Dengiz and Bagkan, 2010). It is not possible to quicken the formation of soils, which have been affected by environmental
factors for many years, by any external effect. The parent materials, which are affected by different environmental factors, can
create soils with completely different properties. Periglacial areas are also among the places where these differences can be
seen. The term periglacial, which characterizes the periglacial areas, was first used by Walery von Lozinski in 1909 (Lozinski,
1909). The soils and periglacial landforms developed in these areas provide important evidence about the geographical
environment in which it is located. Periglacial landforms develop in areas with cold climates on Earth and especially in areas
where freeze-thaw events are dominant throughout the year. In addition, these landforms continue to develop under today’s
climatic conditions (Knight et al., 2019; Uxa et al., 2017; Oliva et al., 2016, 2018, 2020; Velichko and Nechaev, 1992). General
literature studies for a beter understanding of periglacial landforms started in the 1960s and continue today (Wahrhaftig and
Cox, 1959; Giardino and Vick, 1987; Whalley and Martin, 1992; Hamilton and Whalley, 1995; Humlum, 1998; Colucci et
al., 2016; Drewes et al., 2018; Knight et al., 2019). However, There is limited studies on the erosion susceptibility of soils in
periglacial areas in Anatolia (Dede et al., 2020). For this reason, the current research has focused on examining erosion in
terms of periglacial areas/landforms. Erosion is a natural geomorphological process that occurs continuously on Earth. Soil
erosion occurs when soil particles are eroded and transported to the regions by the effect of water and wind, which separate
sand disperses the soil particles (Bennett, 1955; Foth, 1990). Researchers have reached an important point in the way of
estimating and calculating the sensitivity, quantification of soil erosion as long as certain conditions and factors are known
(Parlak et al., 2014).

At this point, the use of Artificial Neural Network (ANN) in erosion prediction studies (Gholami et al., 2021; Licznar and
Nearing, 2003; Kim and Gilley, 2008; Gholami et al., 2018; Alexakis et al., 2019) is increasing day by day. ANN provides
contributions to achieve successful results in solving problems belonging to different fields that are difficult and complex
to solve. ANN can recognize and learn the types of correlations between variants and overlapping target variants when the
underlying correlation is uncertain and dependent variants must be predicted based on recent independent variant data
sets (Suo et al., 2010). ANN is frequently used in soil and erosion studies (Li et al., 2013; Bilgili, 2011; Ebrahimi et al., 2019;
Licznar and Nearing, 2003; Kim and Gilley, 2008; Gholami et al., 2018; Alexakis et al., 2019). However, studies evaluating the
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relationship between periglacial areas and soil erosion with ANN are limited in the literature (Dede et al., 2020). Due to the
frequent use of ANN in the general literature and its advantages, its use in estimating erosion susceptibility parameters was
deemed appropriate in the current study. Dede et al. (2020) studies, aggregate stability, dispersion rate, structural stability
index, clay content and crust formation properties of soils were determined and it was determined that there was a great
relationship between other physicochemical properties of the soil and erosion susceptibility parameters. In this context, in the
present study, it was aimed to determine the physico-chemical properties and erosion susceptibility parameters (structural
stability index-SSI, dispersion ratio-DR and crust formation-CF) of the soils formed on the periglacial landforms of Mount
Ilgar (2918 m a.s.l.). In addition, it is aimed to estimate erosion susceptibility parameters (CF, DR, SSI) with ANN by using

some physico-chemical soil properties as inputs.

STUDY AREA

Mount Ilgar is located on the Ardahan Plateau in the Erzurum-Kars Section of the Eastern Anatolia Region. Mount Ilgar
is located approximately at the point 41° 25’ N latitude and 42° 45’ E longitude, 100 km from the Black Sea by a as the
crowflies. Mount Ilgar shows a volcanic cone character with a width of 5 km in north-south and east-west directions over
the Lesser Caucasus (Figure 1). Mount Ilgar consists of Ilgar (2918 m a.s.l.), Okiizkoku (2804 m a.s.L.), Koket (2741 m a.s.l.),
Misikan (2674 m a.s.l.) and Hebes (2462 m a.s.l.) peaks in Northeastern Anatolia. Due to its volcanic cone feature, it has the
characteristics of a radial drainage network. In general, there are more deeply cleft valleys in the north of the mountain. The
mountain is drained by Ciiriikkoprii and Karapinar in the north, Egrigiiney in the west, Kuru and Dagképrii Streams in the
south. Mount Ilgar completed its geological development in the period from Tertiary to Quaternary. In the Mount Ilgar,
Koket, Misikan and Okiizkoku Hills, which form the peaks belt of the mass, there are Pleistocene aged andesites, and at the
base are Upper Miocene-Lower Pliocene aged basalts, tuff sand agglomerates (Keskin, 2013). Although there are differences

in terms of formation age, volcanic rocks are generally dominant in the area.

RESEARCH METHOD AND TECHNIQUES

During the fieldworks on Mount Ilgar, 25 surface soil samples were taken from 0-20 cm depth from the field (Figure 3). After
the soils were transferred to the laboratory, they were air-dried for physical and chemical analysis, beaten with a wooden

mallet, passed through a 2 mm sieve and madeready for analysis.

In the study, texture from soil properties to Bouyoucos (1962); bulk density was determined according to Blake and Hartge
(1986) and organic matter according to Jackson (1958). Aggregate stability (AS), in Yoder type sieving set, according to wet
sieving method (Kemper and Rosenau, 1986); dispersion ratio (DR) was calculated by dividing the % of silt+clay measured
in suspension without dispersion to the % of silt+clay measured in mechanical analysis (Ngatunga et al., 1984). Soil crust
formation (CF) was calculated according to Pieri (1989) with the help of equation (1). If the obtained value is less than 5, it
indicates very severe physical deterioration in the soil, between 5 and 7 it indicates severe physical deterioration, between 7
and 9 low physical deterioration and if it is greater than 9, there is no physical deterioration. The structural stability index (SSI)

was found based on hydrometer measurements and using equation (2) (Leo, 1963).

OM, HA, clay, sand and silt values of some physico-chemical properties obtained after the analyzes of soil samples were
classified between 1 and 4 according to the state of increasing the soil’s susceptibility to erosion. A value of 1 indicates that the
subclass value of that parameter has a high sensitivity to erosion, and a value of 4 indicates a low sensitivity to erosion. Values
between 1 and 4 depend on the sensitivity of that parameter to erosion (Table 2). These class ranges were determined by using
the researches in the literature (Chaudhri et al., 1976; Askin et al., 2016; Saygin et al., 2019; Alaboz et al., 2021).
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The data set consisting of the values divided into classes was used as input in the ANN. ANN is a networked model that can
directly contain functions of the human brain such as learning, remembering and producing without any assistance (Cebeci,
2013). In ANN implemented with Matlab, Levenberg-Marquardt (LM) algorithm was implemented to train the network.

The created ANN is an assimilated model to estimate DR, CF and SSI values from erosion susceptibility parameters. DR, CF
and SSI values of soil erodobility factors, which are indicators of soil erosion sensitivity used as input in ANN, were run as
three separate targets and three separate output data were obtained. The total number of samples was 25 in the three data sets
that were run separately from each other, and 17 of these samples (70 %) were used as training data, 4 (15 %) as test data, and
the other 4 (15 %) as validation data. The model, which consists of input, hidden and output layers, also consists of more than
one node layer. The single hidden layer network model in Figure 4. 5 input data as OM, HA, sand, clay and silt; The hidden
layer consisting of 10 neurons. It reveals the output layer and the output data of the network, where the data from the hidden
layers are collected. The number of neurons used in the hidden layer is very important in studies because too many neurons
can cause over fitting problems (Huang and Foo, 2002). The designed ANN was trained using 5 inputs (OM, HA, clay, sand,
silt) and outputs (DR-ANN, CF-ANN, SSI-ANN). The training process is over when all weight values have been determined
and the output data as a function of the ANN input values fully approximates the target data. There are different numbers
of hidden layers, neurons, and different transfer functions between layers in the network. The model obtained in this study
consists of 10 neurons in the output layer and 1 hidden layer with a sigmoid function (Figure 5). Mean Squares Estimation
Error (MSEE) and Coefficient of Determination (R?) were taken into account to evaluate the performance of the ANN created
here. These criteria were calculated using equations (3) and (4).

RESULTS AND DISCUSSION

The 11 different soil properties were examined in 25 soil samples taken from the study area and descriptive statistical
calculations of these properties were made (Table 4). The OM contents of the soils vary between 1.43 % and 16.05 %, with an
average of 7.45 %. Most of the soils are sandy loam textured, clay varies between 2.12 % and 17.33 %, whiles and varies between
53.29 % and 77.25 %. The bulk density of the soils vary between 0.94 gr cm™ ile 1.54 gr cm™ depending on their OM content
and especially the amount of sand and clay. The mean values of SSI, DR and CF, which are considered as the erodobility factors
of soils, were determined as 23.50, 32.16 and 22.25, respectively. In addition, the AS values of the soils were determined as
53.39 %.

The results of the correlation analyzes (Spearman correlation coefficient-r,) performed to show statistically the relationships
between DR, CF and SSI of soil properties are given in Table 5. According to the results of the correlation analysis, 9 statistically

significant (p<0.05; p<0.01) relationships were determined.

While there was a 5 % positive correlation between the SSI contents of the soils and AS (0.472*), a positive correlation was
determined at the 1 % level with SST and clay (0.576**). In addition, a negative relationship at the level of 1 % was determined
betweens and (-0.765**). Considering the relationship between DR and other soil properties, a negative relationship at the
5 % level was determined between OM (-0.437%) and clay (-0.485%). There is a negative correlation of 1 % between DR and
AS (-0.750**). It was determined that there was a negative correlation at the level of 1 % between CF and HA (-0.792**). In
addition, a positive correlation of 1% was found between CF and OM (0.936**) and AS (0.639**). The use of aggregate stability
to predict soil susceptibility to erosion has been proposed by several researchers (Miller and Baharrudin, 1987; Bajracharya
et al., 1992; Barthes and Roose, 2002; Bissonnais et al., 2007). Generally, an increase in aggregate stability is observed with
increasing clay content (Yilmaz et al., 2005). In the study area, it was determined that aggregate stability was high in areas
with high organic matter content and high clay content. Canpolat and Demiralay (1995), in their study to observe the effect of
adding organic material to the soil on the aggregate stability of the soil, reported that as the amount of organic matter added to
the soil increased, the aggregate stability also increased. In addition, it was aimed to predict the erosion susceptibility factors
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discussed in the study with ANN, and very high estimation rates were determined according to the results obtained. It was
determined that the highest predicted erodobility factor by ANN was crust formation with 82 %.

KAYNAKCA / REFERENCES

Abbot, J., & Marohasy, J. (2012). Application of artificial neural networks to rainfall forecasting in Queensland, Australia. Adv.Atmos. Sci.,
29, 717-730. https://doi.org/10.1007/s00376.012.1259-9

Acheampong, A. O., & Boateng, E. B. (2019). Modelling carbon emissions intensity: Application of artificial neural network. J. Clean. Prod.,
225, 833-856. https://doi.org/10.1016/j.jclepro.2019.03.352

Alaboz, P, Dengiz, O., Demir, S., & Senol, H. (2021). Digital mapping of soil erodibility factors based on decision tree using geostatistical
approaches in terrestrial ecosystem. Catena, 207-105634. https://doi.org/10.1016/j.catena.2021.105634

Alexakis, D. D., Tapoglou, E., & Vozinaki, A.E.K. (2019). Integrated use of satellite remote sensing, artificial neural networks, field
spectroscopy, and GIS in estimating crucial soil parameters in terms of soil erosion. Remote Sens., 11(9), 1106. https://doi.org/ 10.3390/
rs11091106

Almeida, C. M., Gleriani, J. M., & Castejon, E. E. (2008). Using neural networks and cellular automata for modelling intra-urban land use
dynamics. Int. J. Geogr. Inf. Sci., 22(9), 943-963. https://doi.org/10.1080/136.588.10701731168

Askin, T., Tirkmen F, & Tarak¢ioglu, C. (2016). Ordu ili merkez ilge topraklarinda erozyon riskinin jeoistatistiksel tekniklerle
degerlendirilmesi. Toprak Bilimi ve Bitki Besleme Dergisi, 4(2) 69-75.

Bajracharya, R. M., Elliot, W. ], & Lal, R. (1992). Interrill erodibility of some Ohio soils based on field rainfall simulation. Soil Science Society
of America Journal, 56, 267-272.

Barthes, B., & Roose, E. (2002). Aggregate stability as an indicator of soil susceptibility to runoff and erosion; validation at several levels.
Catena, 47(2), 133-149. https://doi.org/10.1016/S0341-8162(01)00180-1

Bennett, H. H. (1955). Elements of soil conservation. (2.ed.) New York, McGraw-Hill, 358p.

Bilgili, M. (2011). The use of artificial neural networks for forecasting the monthly mean soil temperatures in Adana. Turkey. Turkish J.
Agric. For., 35, 83-93. https://doi.org/10.3906/tar-1001-593

Bissonnais, Y., Bruand, A., & Jamagne, M. (2007). Laboratory experimental study of soil crusting: Relations between aggregate breakdown
mechanisms and crust structure. Catena, 16, 377-392.

Blake, G. R., & Hartge, K. H. (1986). Bulk density. In A. Klute (Eds.), Methods of soil analysis: Part 1 Physical and mineralogical methods, (pp.
363-375). SSSA Book Series.

Bose, B. K. (1994). Expert-system, fuzzy-logic, and neural-network applications in power electronics and motion control. Proceeding of the
IEEE, 82(8), 1303-1323. https://doi.org/10.1109/5. 301690

Bouyoucos, G. J. (1962). Hydrometer method improved for making particle size analyses of soils. Agronomy Journal, 54(5), 464-465. https://
doi.org/10.2134/agronj1962.000.2196200.540.0050028x

Bu, C. E, Wy, S. E, & Yang, K.B. (2014). Effects of physical soil crusts on infiltration and splash erosion in three typical Chinese soils.
International Journal of Sediment Research, 29(4), 491-501. https://doi.org/10.1016/S1001-6279(14)60062-7

Canpolat, M., & Demiralay, I. (1995). Organik materyal ilave edilmis topraklarin agregat stabilitesi, briket hacim agirhg1 ve kirilma degeri
arasindaki iligkiler. Tiirkiye Toprak Ilmi Dernegi Toprak ve Cevre Sempozyumu. Cilt I1. Yayin No: 7, ss: A-116 A-124, Ankara.

Cebeci, D. (2013). Kurumsal kredi degerlendirmede bulanmk AHP-yapay sinir aglar: temelli bir yaklasim ve bir uygulama ¢alismasi, (Yiksek
Lisans Tezi, YTU Fen Bilimleri Enstitiisii, Istanbul).

Celilov, C., & Dengiz, O. (2019). Erozyon duyarhilik parametrelerinin farkli enterpolasyon yontemleriyle konumsal dagilimlarinin
belirlenmesi: Tiirkiye, Ilgaz Milli Park topraklari. Tiirkiye Tarimsal Arastirmalar Dergisi, 6(3), 242-256. https://doi.org/10.19159/
tutad.502457

Chaudhri, K. G., Brown, K.W., & Holder, C.B. (1976). Reduction of crust impedence to simulated seedling emergence by the addition of
manure. Soil Science, 122, 216-222.

Colucci, R. R., Boccali, C., Zebre, M., & Guglielmin, M. (2016). Rock glaciers, protalus ramparts and pronival ramparts in the South-eastern
Alps. Geomorphology, 269, 112-121. https://doi.org/10.1016/j.geomorph.2016.06.039

Coppola, E., Poulton, M., Charles, E., Dustman, J., & Szidarovszky, E (2003). Application of artificial neural Networks to complex ground
water management problems. Natural Resources Research, 12, 303-320. https://doi.org/10.1023/B:NARR.000.000.7808.11860.7¢

Celik, P, & Dengiz, O. (2018). Akselendi ovasi tarim topraklarinin temel toprak 6zellikleri ve bitki besin elementi durumlarinin belirlenmesi
ve dagilim haritalarinin olusturulmasi. Tiirkiye Tarimsal Arastirmalar Dergisi, 5(1), 9-18. https://doi.org/10.19159/tutad.322336

Cicek, I, Giirgen, G., Tungel, H., & Dogu, A.F. (2004). Glacial morphology of Eastern Black Sea Mountains, Turkey. Caucasian Geographical
Review, 4, 46-51.

276 IGGE 2022; 47: 258-279




Dede ve ark. / Determination of Erosion Susceptibilities of Soils Formed on the Periglacial Landforms of Mount Ilgar and Its Estimation Using Artificial Neural Network (ANN)

Dede, V., Dengiz, O., Demirag Turan, i, Tiirkes, M., Gokee, C., & Serin, S. (2020). Ilgaz Daglar1 periglasyal sekillerinde olugsmus topraklarin
fiziko-kimyasal ozellikleri ile bazi erozyon duyarlilk parametreleri arasindaki iligkilerin belirlenmesi. Ankara Universitesi, Cografi
Bilimler Dergisi, 18, 99-123. https://doi.org/10.33688/ aucbd.689755

Dengiz, O., & Bagkan, O. (2010). Characterization of soil profile development on different ladscape in semi-arid Region of Turkey a case
study; Ankara-Sogulca catchment. Anadolu Tarim Bilimleri Dergisi, 25(2),106-112.

Drewes, J., Moreiras, S., & Korup, O. (2018). Permafrost activity and atmospheric warming in the Argentinian Andes. Geomorphology, 323,
13-24. https://doi.org/10.1016/j.geomorph.2018.09.005

Ebrahimi, M., Sarikhani, M. R,, Sinegani, A. A. S., Ahmadi, A., & Keesstra, S. (2019). Estimating the soil respiration under different landuses
using artificial neural network and linear regression models. Catena, 174, 371-382. https://doi.org/10.1016/j.catena.2018.11.035

Fadare, D. A. (2010). The application of artificial neural networks to mapping of wind speed profile for energy application in Nigeria. Appl.
Energy, 87(3), 934-42. https://doi.org/10.1016/j.apenergy.2009.09.005

Farhat, A., & Cheok, K.C. (2017). Improving Adaptive Network Fuzzy Inference System with Levenberg Marquardt Algorithm. 2017 Annual
IEEE International Systems Conference (SysCon). Montreal, QC, Canada.

Feng, L., & Zhang, J. (2014). Application of artificial neural networks in tendency forecasting of economic growth. Econ. Model., 40, 76-80.
https://doi.org/10.1016/j.econmod.2014.03.024

Foth, H. D. (1990). Fundamentals of soil science. (8.ed.) New York, John Wiley & Sons, 1990. 368p.

Gholami, V., Booij, M. J., Tehrani, E. N., & Hadian, M.A. (2018). Spatial soil erosion estimation using an artificial neural network (ANN)
and field plot data. Catena. 163, 210-218. https://doi.org/10.1016/j.catena.2017.12.027

Gholami, V., Sahour, H., & Hadian Amri, M. A. (2021). Soil erosion modeling using erosion pinsand artificial neural networks. Catena, 196,
104902. https://doi.org/10.1016/j. catena.2020.104902

Giardino, J., & Vick, S. (1987). Geologic engineering aspects of rock glaciers, In: Giardino, J., Shroder, J., Vitek, J., (Eds.), Rock Glaciers, Allen
and Unwin, London, 265-287.

Hamilton, S., & Whalley, W. (1995). Rock glacier nomenclature: a reassesment. Geomorphology, 14, 73-80. https://doi.org/10.1016/0169 -
555X(95)00036-5

Hosseinpour, S., Aghbashlo, M., Tabatabaei, M., & Khalife, E. (2016). Exact estimation of biodiesel cetane number (CN) from its fatty acid
methyl esters (FAMEs) profile using partial least square (PLS) adapted by artificial neural network (ANN). Energy Conversion and
Management 124:389-98. https://doi.org/10.1016/j.enconman.2016.07.027

Huang, W., & Foo, S. (2002). Neural network modeling of salinity variation in Apalachicola River. Water Research, 36(1), 356-362. https://
doi.org/10.1016/s0043-1354(01)00195-6

Humlum, O. (1998). The climatic significance of rock glaciers. Permafrost and Periglacial Processes, 9, 375-395. https://doi.org/10.1002/
(SICI)1099-1530(199810/12)9:4<375::AID-PPP301>3.0.CO;2-0

I¢, S., & Gilser, C. (2008). Tiitiin atiginin farkli biinyeli topraklarin bazi kimyasal ve fiziksel 6zelliklerine etkisi. Anadolu Tarim Bilimleri
Dergisi, 23(2), 104-109.

Ince, A. (2018). Yapay sinir aglar: ve rastgele orman yontemleri ile Landsat 8 goriintiilerinden otomatik kiy: gizgisi ¢ikartilmasi, (Yitksek Lisans
Tezi, Yildiz Teknik Universitesi Fen Bilimleri Enstitiisii, Istanbul).

Jackson, M. L. (1958). Organic matter determination for soils. Soil chemical analysis.

Kalogirou, S. A. (2000). Applications of artificial neural networks for energy systems. Applied Energy, 67(1-2),17-35. https://doi.org/10.1016/
S0306-2619(00)00005-2

Kanar, E., & Dengiz, O. (2015). Madendere havzasi topraklarinda arazi kullanim/arazi 6rtiisii ile bazi erozyon duyarlilik indeksleri arasindaki
iliskinin belirlenmesi. Ttirkiye Tarimsal Aragtirmalar Dergisi, 2(1), 15-27.

Karagoktas, D., & Yakupoglu, T. (2014). Erozyon arastirma sahasina doniistiiriilmesi planlanan bir alanda asinabilirlik ve toprak o6zellikleri
arasindaki iliskiler. Toprak Bilimi ve Bitki Besleme Dergisi, 2(1), 6-12.

Kemper, W. D., & Rosenau, R. C. (1986). Aggregate stability and size distribution. In A. Klute (Eds.), Methods of soil analysis: Part 1 Physical
and mineralogical methods, (pp. 363-375). SSSA Book Series.

Keskin, 1. (2013). 1/ 100.000 Olgekli Tiirkiye Jeoloji Haritalari, Ardahan F-49 (E-49) Paftasi. MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi,
No: 181.

Kim, M., & Gilley, J. E. (2008). Artificial Neural Network estimation of soil erosion and nutrient concentrations in runoff from land
application areas. Comput. Electron. Agric. 64, 268-275. https://doi.org/10.1016/j.compag.2008.05.021

Knight, J., Harrison, S., & Jones, D.B. (2019). Rock glaciers and the geomorphological evolution of deglacierizing mountains. Geomorphology,
324, 14-24. https://doi.org/10.1016/j.geomorph.2018.09.020

Kurter, A. (1991). Glaciers of Middle East and Africa Glaciers of Turkey, Satellite Image Atlas of the World, (Ed. R. S. Williams ve J. G.
Ferrigno) USGS Professional Paper, 1386-G-1, 1-30.

277 IGGE 2022; 47: 258-279




International Journal of Geography and Geography Education (IGGE)

Kurter, A., & Sungur, K. (1980). Present Glaciation in Turkey, World Glacier Inventory. Proceedings of the workshop at Riederalp, Switzerland,
17-22 September 1978. International Association of Hydrologial Sciences, 126,155-160.

Lal, R. (1998). Soil quality and agricultural sustainability. CRC press.

Leo, M. W. (1963). A rapid method for estimating structural stability of soils. Soil Science, 96(5), 342-346.

Li, Q, Yue, T., Wang, C., Zhang, W,, Yu, Y,, Li, B,, Yang, J., & Bai, G. (2013). Spatially distributed modeling of soil organic matter across
China: an application of artificial neural network approach. Catena, 104, 210-218. https://doi.org/10.1016/j.catena.2012.11.012
Licznar, P, & Nearing, M. A. (2003). Artificial neural networks of soil erosion and runoff prediction at the plot scale. Catena, 51, 89-114.

https://doi.org/10.1016/S0341-8162(02)00147-9

Lozinski, von W. (1909). Uber die Mechanische Vermitterung der Sandsteine im Gemassigten Klima. Bulletin International de I'Academiedes
Sciences de Cracovie class des Sciences Mathematique et Naturalles, 1, 1-25.

Luk, K. C., Ball, J. E., & Sharma, A. (2001). An application of artificial neural networks for rainfall forecasting. Math Comput Model, 33, 683
93. https://doi.org/10.1016/S0895-7177(00)00272-7

Lutz, J. H., & Chandler, E R. (1947). Forest Soils. John Wiley and Sons, Inc. New York.

Mallants, D., Mohanty, B. P, Jacques, D., & Feyen, J. (1996). Spatial variability of hydraulic properties in a multi-layered soil profile. Soil
Science, 161(3), 167-181.

Miller, W. P, & Baharrudin, M.K. (1987). Interrill erodibility of highly weathered soils. Communication in Soil Science and Plant Analysis,
18, 933-945.

Moghadam, H., Tayyebi, A., & Helbich, M. (2017). Transition index maps for urban growth simulation: application of artificial neural
networks, weight of evidence and fuzzy multi-criteria evaluation. Environ Monit Assess, 189, 300. https://doi.org/10.1007/
s10661.017.5986-3

Mohammadi, B., Mehdizadeh, S., Ahmadi, F, Lien, N. T. T., Linh, N. T. T, & Pham, Q. B. (2021). Developing hybrid time series and
artificial intelligence models for estimating air temperatures. Stoch Env Res Risk Assess, 35, 1189-1204. https://doi.org/10.1007/
s00477.020.01898-7

Najah, A, El-Shafie, A., Karim, O. A., & El-Shafie, A. H. (2013). Application of artificial neural networks for water quality prediction. Neural
Comput & Applic 22, 187-201. https://doi.org/10.1007/s00521.012.0940-3

Ngatunga, E.L.N,, Lal, I, & Singer, M. J. (1984). Effect of surface management on runoff and soil eroison from some plot at Milangano,
Tanzania. Geoderma, 33, 1-12.

Odabas, M. S., Kayhan, G., Ergun, E., & Senyer, N. (2016). Using artificial neural network and multiple linear regression for predicting the
chlorophyll concentration index of Saint John's Wort Leaves. Commun Soil Sci Plant Anal, 47(2), 237-245.

Odabas, M.S., Leelaruban, N., Simsek, H., & Padmanabhan, G. (2014). Quantifying impact of droughts on barley yield in North Dakota, usa
using multiple linear regression and artificial neural network. Neural Network World, 24(4), 343-355, 1.

Oliva, M., Sarikaya, M. A. & Hughes, P., (2020). Holocene and earlier glaciations in the Mediterranean Mountains. Mediterranean Geoscience
Reviews, 2, 1-4. https://doi.org/10.1007/s42990.020.00025-6

Oliva, M., Serrano, E., Gomez-Ortiz, A., Gonzalez-Amuchastequi, M.]., Nieuwendan, A., Palacios, D., Perez-Alberti, A., Pellitero-Ondicol,
R., Ruiz-Fernandez, J., Valcarcel, M., Vieira, G., & Antoniades, D. (2016). Spatial and temporal variability of periglaciation of the
Iberian Peninsula. Quaternary Science Reviews, 137, 176-199.

Oliva, M., Zebre, M., Guglielmin, M., Hughes, P, Ciner, A., Vieira, G., Bodin, X., Andres, N., Colucci, R.R., Garcia-Hernandez, C., Mora,
C., Nofre, J., Palacios, D., Perez-Alberti, A., Ribolini, A., Ruiz-Fernandez, ., Sarikaya, M. A., Serrano, E., Urdea, P., Valcarcel, M.,
Woodward, J. C., & Yildirim, C. (2018). Permafrost conditions in the Mediterranean region since the Last Glaciation. Earth-Science
Reviews, 185, 397-436.

Ozdemir, N. (2013). Toprak ve su koruma. Ondokuz Mayis Universitesi Ziraat Fakiiltesi Yayinlar1, No:22, Ugiincii Baski, 232s, Samsun.

Oztiirk, E. (2013). Organik diizenleyicilerin toprak kaybi ve toprak kalitesi iizerindeki etkilerinin laboratuvar kosullarinda belirlenmesi.
(Doktora Tezi, Ondokuz May1s Universitesi Fen Bilimleri Enstitiisii, 151s, Samsun).

Oztiirk, E., & Ozdemir, N. (2006). Topraklarda kabuk tabakas: olusumu, esitleri ve 6nlenmesi. Anadolu Tarim Bilimleri Dergisi, 21(2), 275-
282.

Pacci, S., Kaya, N. S., Demirag Turan, I., Odabas, M. S., & Dengiz, O. (2022). Comparative approach for soil quality index based on
spatial multi-criteria analysis and artificial neural network. Arabian Journal of Geosciences, 15(1), 1-15. https://doi.org/10.1007/
§12517.021.09343-x

Parlak, M., Yigini, Y., & Ekinci, H. (2014). Canakkale Umurbey ovasi topraklarinin erozyona duyarliliginin mevsimsel degisimi. COM U
Ziraat Fakiiltesi Dergisi, 2(1), 123-131.

Pieri, C. (1989). Fertilité des terres de savanes. Bilan de trente ans de recherche et de développement agricoles au Sud du Sahara. IRAT, Paris,
444 pp.

278 IGGE 2022; 47: 258-279




Dede ve ark. / Determination of Erosion Susceptibilities of Soils Formed on the Periglacial Landforms of Mount Ilgar and Its Estimation Using Artificial Neural Network (ANN)

Saygin, E, Dengiz, O., 1(;, S., & imamoglu, A. (2019). Bazi fiziko-kimyasal toprak 6zellikleri ile baz1 erodibilite parametreleri arasindaki
iligkilerin mikro havza élceginde degerlendirilmesi. Artvin Coruh Universitesi Orman Fakiiltesi Dergisi, 20(1), 82-91. https://doi.
Org/10.17474/artvin0fd.481642

Suo, X. M, Jiang, Y.T., Yang, M., Li, S. K., & Wang, C.T. (2010). Artificial neural network to predict leaf population chlorophyll content from
cotton plant images. Agric. Science in China, 9(1), 38-45. https://doi.org/10.1016/S1671-2927(09)60065-1

Temizel, K.E., Odabas, M. S. Senyer, N. Kayhan, G. Bajwa, S. Caligkan, O., & Ergun, E. (2014). Comparision of some models for estimation
of reflectance of hypericum leaves under stress conditions. Central European Journal of Biology, 9 (12): 1226-1234. https://doi.
org/10.2478/511535.014.0356-4

Uxa, T., Mida, P, & Krizek, M. (2017). Effect of climate on morphology and development of sorted circles and polygons. Permafrost and
Periglacial Processes, 28, 663-674. https://doi.org/10.1002/ppp.1949

Velichko, A. A., & Nechaev, V. P. (1992). Cryogenic regions during the Last Glacial Maximum (permafrost). In Frenzel, B., Pecsi, M., and
Velichko, A. A., Gustav Fischer Verlag (Eds.) Atlas of Paleoclimates and Paleoenvironments of the Northern Hemisphere, Stuttgart 108-
109.

Wahrhaftig, C., & Cox, A. (1959). Rock glaciers in the Alaska Range. Geological Society of America Bulletin, 70(4), 383-436.

Whalley, W. B., & Martin, H.E. (1992). Rock glaciers: II models and mechanism. Progress in Physical Geography, 16(2), 127-186. https://doi.
org/10.1177/030.913.339201600201

Wilding, L. P. (1985). Spatial variability: it's documentation, accommodation and implication to soil surveys. In Nielsen, D. R. and J. Bouma
(Eds.). Soil Spatial Variability. Pudoc, Wageningen, The Netherlands, p. 166-194.

Yildiz, N., Akbulut, O., & Bircan, H. (1998). Tstatistige giris. Safak Yayinevi. Erzurum.

Yilmaz, E., Alagoz, Z. V. & Oktiiren, F. (2005). Toprakta agregat olusumu ve stabilitesi. S. U. Ziraat Fakiiltesi Dergisi, 19(36), 78-86.

Yilmaz, K., Gelik, 1., Kapur, S., & Ryan, J. (2005). Clay minerals, Ca/Mg ratioand Fe-Al-oxides in relation to structural stability, hydraulic
conductivity and soil erosion in southeastern Turkey. Turkish journal of agriculture and forestry, 29(1), 29-37.

279 IGGE 2022; 47: 258-279




	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_heading=h.26in1rg
	_heading=h.lnxbz9
	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.44sinio
	_heading=h.2jxsxqh
	_heading=h.z337ya
	_heading=h.3j2qqm3
	_heading=h.1y810tw
	_heading=h.4i7ojhp
	_heading=h.2xcytpi
	_heading=h.1ci93xb
	_heading=h.3whwml4
	bookmark=id.2bn6wsx
	bookmark=id.qsh70q
	bookmark=id.3as4poj
	bookmark=id.1pxezwc
	bookmark=id.49x2ik5
	bookmark=id.2p2csry
	bookmark=id.147n2zr
	bookmark=id.3o7alnk
	bookmark=id.23ckvvd
	bookmark=id.ihv636
	bookmark=id.32hioqz
	bookmark=id.vx1227
	bookmark=id.3fwokq0
	bookmark=id.1v1yuxt
	bookmark=id.4f1mdlm
	bookmark=id.2u6wntf
	bookmark=id.19c6y18
	bookmark=id.3tbugp1
	bookmark=id.28h4qwu
	bookmark=id.nmf14n
	bookmark=id.37m2jsg
	bookmark=id.1mrcu09
	bookmark=id.46r0co2
	bookmark=id.2lwamvv
	bookmark=id.111kx3o
	bookmark=id.3l18frh
	bookmark=id.206ipza
	bookmark=id.4k668n3
	bookmark=id.2zbgiuw
	bookmark=id.1egqt2p
	bookmark=id.3ygebqi
	bookmark=id.sqyw64
	bookmark=id.3cqmetx
	bookmark=id.1rvwp1q
	bookmark=id.4bvk7pj
	bookmark=id.2r0uhxc
	bookmark=id.1664s55
	bookmark=id.3q5sasy
	bookmark=id.25b2l0r
	bookmark=id.kgcv8k
	bookmark=id.34g0dwd
	bookmark=id.1jlao46
	bookmark=id.43ky6rz
	bookmark=id.2iq8gzs
	bookmark=id.xvir7l
	bookmark=id.3hv69ve
	bookmark=id.1x0gk37
	bookmark=id.4h042r0
	bookmark=id.2w5ecyt
	bookmark=id.1baon6m
	bookmark=id.3vac5uf
	bookmark=id.2afmg28
	bookmark=id.pkwqa1
	bookmark=id.1opuj5n
	bookmark=id.48pi1tg
	bookmark=id.2nusc19
	bookmark=id.1302m92
	bookmark=id.3mzq4wv
	bookmark=id.2250f4o
	bookmark=id.haapch
	bookmark=id.319y80a
	bookmark=id.1gf8i83
	bookmark=id.40ew0vw
	bookmark=id.2fk6b3p
	bookmark=id.4du1wux
	bookmark=id.2szc72q

