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ONSOZ / PREFACE

Jeomorfoloji Dernegi ile Kastamonu Universitesi’'nin ortaklasa diizenledigi “Jeomorfoloji
Perspektifinde Akarsu Havzas1 Yonetimi Calistay1” lilkemizde havza yonetimi, dogal afetler ve
cevresel siirdiirtlebilirlik konularinda bilimsel bir bulusma noktasi olmustur. 8-9 Mayis 2026
tarihlerinde gergeklestirilen bu c¢alistay, farkli iiniversitelerden ve kurumlarindan gelen
arastirmacilari bir araya getirerek disiplinler arasi bir tartisma zemini olusturmustur.

Akarsu havzalari, yalnizca suyun akisini degil; toplumlarin yasamini, kiltiiriinii ve gelecegini
sekillendiren dogal sistemlerdir. “Jeomorfoloji Perspektifinde Akarsu Havzasi YoOnetimi
Calistay1” bu gercegi bir kez daha ortaya koyarak bilim insanlarini, yerel yoneticileri ve
arastirmacilar: ortak bir hedef etrafinda bulusturmustur: Siirdiriilebilir yasam icin havzalarin
korunmasi ve dogru yonetilmesi.

Bu kitapta yer alan bildiri 6zetleri, taskinlardan kiy1 degisimlerine, jeomirasin korunmasindan
antropojen baskilarin etkilerine kadar genis bir yelpazede bilimsel ¢6ziim onerileri sunmaktadir.
Her bir ¢calisma, doga ile uyumlu bir gelecek i¢in atilmasi gereken adimlara 151k tutmaktadir.

Bu eserin, yalnizca akademik cevrelerde degil; karar vericiler, yerel yonetimler ve toplumun tiim
kesimleri i¢in bir yol gésterici olacagina inaniyoruz. Havzalarin gelecegi, bilimin rehberliginde ve
ortak sorumluluk bilinciyle sekillenecektir.

Editorler

Jointly organized by the Turkish Society for Geomorphology and Kastamonu University, the
“Geomorphological Perspectives on River Basin Management Workshop” has become a scientific
meeting point in Turkey on basin management, natural disasters, and environmental
sustainability. Held on 8-9 May 2026, the workshop brought together researchers from various
universities and institutions, creating an interdisciplinary platform for discussion.

River basins are not only systems that regulate the flow of water; they are natural frameworks
that shape the life, culture, and future of societies. The “Geomorphological Perspectives on River
Basin Management Workshop” once again highlighted this reality, uniting scientists, local
administrators, and researchers around a common goal: the protection and proper management
of basins for sustainable living.

The papers included in this volume present scientific solutions ranging from flood hazards to
shoreline changes, from geosite conservation to the impacts of anthropogenic pressures. Each
study sheds light on the steps that must be taken toward a future in harmony with nature.

We believe that this work will serve not only academic circles but also decision-makers, local
governments, and all segments of society as a guiding reference. The future of river basins will
be shaped under the guidance of science and through a shared sense of responsibility.

The Editors
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11 Agustos 2021 Sel ve Tagkininin Abana Kiyilar1 Uzerindeki Etkilerinin
Arastirilmasi / Coastal Vulnerability and Flood Impacts in Abana: The August 11,
2021 Event

Abdulkadir DURAN & Hiiseyin TUROGLU

AD, Ardahan Universitesi, Insani Bilimler ve Edebiyat Fakiiltesi, Cografya Béliimti, Ardahan,
abdulkadirduran@ardahan.edu.tr

HT, Istanbul Universitesi, Edebiyat Fakiiltesi, Cografya Boliimti, Istanbul, turogluh@istanbul.edu.tr

OZET

Bu ¢alisma, 11 Agustos 2021 tarihinde Bat1 Karadeniz'de etkili olan sel ve taskin afeti sonrasinda
Abana ilgesinin Karadeniz kiyilarinda meydana gelen kiy1 cizgisi degisimlerini ortaya koymayi
amaclamaktadir. Asir1 yagis ve buna bagh sediment tasinimi, yalnizca akarsu vadileri ve taskin
ovalarinda degil, kiy1 alanlarinda da belirgin jeomorfolojik degisimlere yol acabilmektedir. Bu
baglamda c¢alisma, sel afeti sonrasi kiy1 cizgisinde gozlenen degisimlerin nicel olarak
belirlenmesine ve s6z konusu degisimlerin uygulamali kiy1 jeomorfolojisi ile kiy1 kullanim
acisindan degerlendirilmesine odaklanmaktadir.

Arastirma, Cografi Bilgi Sistemleri (CBS) ve Uzaktan Algilama (UZAL) teknikleri kullanilarak
yuritilmiistiir. Bu kapsamda, 2020-2025 yillar1 arasina ait Sentinel uydu goériintiilerinden
Normalized Difference Water Index (NDWI) yontemi kullanilarak kiy:r cizgileri elde edilmis;
Google Earth platformundan saglanan yiliksek coziiniirliikkli goriintiiler ise kiy1 cizgilerinin
kontrolii ve gorsel dogrulamasi amaciyla kullanilmistir. Kiy1 ¢izgisi degisimleri, Digital Shoreline
Analysis System (DSAS) araci kullanilarak analiz edilmis ve bu kapsamda Net Shoreline
Movement (NSM) istatistigi hesaplanmigtir. NSM degerleri iki farkli yaklasimla
degerlendirilmistir. Ilk olarak, ardisik kiy1 cizgileri arasindaki dénemsel degisimler incelenmis;
ikinci olarak ise 01.08.2021 tarihli taskin 6ncesi kiy1 c¢izgisi referans kabul edilerek sonraki
tarihlerdeki kiyi ¢cizgisi degisimleri bu referans ¢izgiye gore karsilastirilmistir.

Ardisik donemler arasi NSM istatistikleri, maksimum NSM degerinin 01.08.2021-24.08.2021
déneminde 155,45 m oldugunu goéstermektedir. Bu deger, 11 Agustos 2021 sel ve taskin afeti
sonrasinda Ezine Cay1 agi1z kesiminde kisa siirede gli¢lii bir sediment birikimi ve belirgin kiyi
ilerlemesi gerceklestigine isaret etmektedir. Donemsel karsilastirmalarda en yiiksek ortalama
NSM degeri ise 24.08.2021-21.08.2022 doéneminde 15,04 m olarak belirlenmis; ayn1 dénemde
standart sapmanin 30,24 m olmasi, kiy1 c¢izgisi degisiminin kiy1 boyunca mekéansal olarak
homojen gerceklesmedigini gostermistir. 01.08.2021 tarihli sel ve taskin oncesi kiy1 ¢izgisi
referans alindiginda, Abana kiyillarinda genel olarak deniz yonilinde bir ilerleme oldugu
belirlenmistir. Referans kiy1 cizgisine gore maksimum ilerleme 24.08.2021’de 155,45 m iken,
21.08.2022'de 192,3 m’ye ulasarak calisma donemi icerisindeki en yiiksek seviyeye erismistir.
Bu deger 01.08.2023’te 188,5 m ile yliksek diizeyini biiyiik 6l¢tide korumus; ancak 25.02.2024’te
151,85 m'ye, 22.08.2024’te 141,9 m’ye ve 22.08.2025'te 130,3 m’ye gerilemistir. Bu bulgular, sel
ve tagkin sonrasinda kiyida ani ve gii¢lii bir birikim evresinin gelistigini; 2022’den sonra ise
kiyinin dalga, akinti ve kiy1 boyu sediment tasinimi etkisiyle yeniden diizenlenme ve denge
arayisi siirecine girdigini géstermektedir. Ayrica, afet sonrasinda Bozkurt ve ¢evresinde sel ve
taskinla miicadele kapsaminda Ezine Cay1r Havzasi’nda insa edilen cesitli taskin O6nleme
yapilarinin kiyiya ulasan sediment miktarini azaltmis olabilecegi; bu nedenle 2023 sonrasi kiy1
ilerlemesindeki kademeli azalmada havza 6lcegindeki bu miithendislik miidahalelerinin de etkili
olabilecegi degerlendirilmektedir. Bunun yaninda, 2024 yilinda Abana kiyilarinda insa edilen
tahkimat ve mahmuz yapilari da kiy1 morfodinamiklerini etkileyen énemli unsurlar arasinda yer
almaktadir.
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Bu arastirma; Abana kiyilarinda kiy1 ¢izgisi degisim siirecinin daha iyi anlasilabilmesi icin
analizlerin daha uzun yillarnn ve komsu kiyilar1 kapsayacak sekilde genisletilmesi, 2021 sel ve
taskin olay1 sonrasinda yakin kiy1 ve 6n kiy1 derinlik profillerindeki degisimlerin batimetrik
arastirmalarla ortaya konulmasi, dalga, akinti ve kiy1 boyu sediment tasinimina iliskin kiyi
modelleriyle desteklenmesi yoniinde devam etmesi planlanmistir. Ozellikle Abana Balikg
Barinagi'nda gozlenen siglasma problemi de dikkate alindiginda, kiy1 yapilarinin kullanimiyla
iliskili tehlike ve risklerin belirlenmesine yonelik ayrintili ¢alismalara ihtiya¢ duyulmaktadir. Bu
bildiri, devam eden calismanin CBS ve UZAL verilerine dayali olarak elde edilen 6n bulgularim
icermektedir. Calismanin ilerleyen asamalarinda, 11 Agustos 2021 sel ve taskin olayinin Abana
kiyilar1 lizerindeki etkilerinin daha kapsamli bigimde analiz edilmesi ve kiy1 kullanimi ile
planlamasina yonelik jeomorfolojik 6nerilerin gelistirilmesi hedeflenmektedir.

Anahtar Kelimeler: Abana Kiyilari, Sel ve Taskin, Kiy1 Cizgisi Degisimi, Uzaktan Algilama, DSAS.

ABSTRACT

This study aims to examine the shoreline changes that occurred along the Black Sea coast of
Abana district following the flood and flash-flood disaster that affected the Western Black Sea
region on 11 August 2021. Extreme precipitation and associated sediment transport can cause
significant geomorphological changes not only in river valleys and floodplains, but also in coastal
areas. In this context, the study focuses on the quantitative assessment of shoreline changes
observed after the flood disaster and evaluates these changes in terms of applied coastal
geomorphology and coastal use.

The research was conducted using Geographic Information Systems (GIS) and Remote Sensing
(RS) techniques. Within this scope, shorelines for the period 2020-2025 were extracted from
Sentinel satellite imagery using the Normalized Difference Water Index (NDWI) method, while
high-resolution imagery obtained from the Google Earth platform was used for shoreline control
and visual validation. Shoreline changes were analyzed using the Digital Shoreline Analysis
System (DSAS), and the Net Shoreline Movement (NSM) metric was calculated within this
framework. NSM values were evaluated using two different approaches. First, periodic changes
between successive shorelines were examined. Second, the pre-flood shoreline dated 1 August
2021 was used as a reference line, and subsequent shoreline changes were compared with this
reference shoreline.

The NSM statistics for successive periods indicate that the maximum NSM value was 155.45 m
during the period 1 August 2021-24 August 2021. This value suggests that strong sediment
accumulation and marked seaward shoreline advance occurred within a short period at the
mouth of the Ezine Stream following the flood and flash-flood disaster of 11 August 2021. In the
periodic comparisons, the highest mean NSM value was calculated for the period 24 August
2021-21 August 2022, with a value of 15.04 m. The standard deviation of 30.24 m in the same
period indicates that shoreline change did not occur homogeneously along the coast. When the
pre-flood shoreline dated 1 August 2021 was used as the reference, a general seaward advance
was identified along the Abana coast. Relative to the reference shoreline, the maximum
shoreline advance was 155.45 m on 24 August 2021 and reached 192.3 m on 21 August 2022,
representing the highest value recorded during the study period. This value remained high on 1
August 2023, at 188.5 m; however, it gradually decreased to 151.85 m on 25 February 2024,
141.9 m on 22 August 2024, and 130.3 m on 22 August 2025. These findings indicate that an
abrupt and strong sediment accumulation phase developed along the coast after the flood and
flash-flood event, whereas after 2022 the coast entered a phase of morphodynamic
readjustment toward a new equilibrium under the influence of waves, currents, and longshore
sediment transport. In addition, various flood-control structures constructed in the Ezine
Stream Basin in and around Bozkurt after the disaster may have reduced the amount of
sediment delivered to the coast by fluvial processes. Therefore, these basin-scale engineering
interventions may also have contributed to the gradual decrease in shoreline advance observed
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after 2023. Furthermore, the revetments and groynes constructed along the Abana coast in 2024
are considered important factors affecting coastal morphodynamics.

This research is planned to continue by extending the analyses to longer time periods and
neighboring coastal sectors, investigating post-2021 changes in nearshore bathymetry and
foreshore profiles through bathymetric surveys, and supporting the analyses with coastal
models related to waves, currents, and longshore sediment transport. Considering the siltation
problem observed in the Abana Fishing Harbor, detailed studies are needed to identify hazards
and risks associated with the use of coastal structures. This paper presents the preliminary
findings of an ongoing study based on GIS and RS data. In the later stages of the research, it is
aimed to analyze the impacts of the 11 August 2021 flood and flash-flood event on the Abana
coast more comprehensively and to develop geomorphological recommendations for coastal use
and planning.

Keywords: Abana Coast, Flood and Flash Flood, Shoreline Change, Remote Sensing, DSAS.
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Uygulamali Jeomorfoloji Perspektifinde Polye Taskinlarina Carpic Bir Ornek: 15
Subat 2026 Eynif Polyesi Taskini / A Striking Example Of Polje Flooding From An
Applied Geomorphology Perspective: The 15t February 2026 Eynif Polje Flood

Sakir FURAL & Deniz BITEK
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OZET

Eynif Polyesi, Akdeniz Bolgesi'nde, Antalya kent merkezinin kuzeydogusunda yer almaktadir.
Akdag ve Kavanoz Daglar arasinda kuzeybati - glineydogu istikametinde uzanan polye deniz
seviyesinden 950 metre yiikseklikte olup yaklasik 23 km2 alan kaplamaktadir. Kiregtaslari
lizerinde olusan polye kapali havza 6zelligindedir. Yagish donemlerde gol formuna gegen polye
tabanindaki diidenler sular1 Manavgat Cayr'na desarj etmektedir. Eynif Polyesi, tarihi
donemlerde Antalya — Konya arasindaki ulasimi en kisa mesafede saglayan kervan yollarinin
gectigi bir sahadir. 2013 yilinda Akdeniz ve I¢ Anadolu Bélgeleri arasindaki karayolu ulagimini
glclendirmek amaciyla Akdag icerisinde Demirkapi Tiineli insaati baslamis ve yol tiinel
¢ikisindan sonra Eynif Polyesi'nden gecirilmistir. 3 Mayis 2023 tarihinde hizmete acilan
karayolu 15 Subat 2026 tarihinde gerceklesen taskin nedeniyle trafige kapatilmistir. Bu
calismanin amaciy; Eynif polyesinde yasanan taskinin nedenlerini analiz etmek ve karayolu
glizergahin1 uygulamali jeomorfoloji perspektifinde degerlendirmektir. Calisma kapsaminda;
topografya haritalar;, uydu goriintiileri, meteoroloji istasyonu verileri ve arazi ¢alismasi
bulgular1 cografi bilgi sistemleri yazilimlariyla analiz edilmistir. Elde edilen bulgular
degerlendirildiginde; 1 Subat 2026’da baslayarak 2 hafta boyunca araliksiz sliren saganak
yagislar nedeniyle polye tabanindaki diidenlerin drenaj kapasitesinin asilmasi nedeniyle taskin
meydana gelmistir. Taskin sonucunda karayolunun yiikselti kotunun yetersiz oldugu 3 km’lik
boéliimde yol sular altinda kalarak ulasima kapanmistir. Jeomorfolojik analizler yagis miktarinin
benzer seviyelere ulastig1 donemlerde taskinin tekrar edebilecegini ve karayolunun taskindan
etkilenen boliimiinde gesitli mithendislik 6nlemlerin alinmasi gerektigini gostermektedir.

Anahtar Kelimeler: Uygulamali Jeomorfoloji, Karst Jeomorfolojisi, Eynif Polyesi, Polye Taskini

ABSTRACT

The Eynif Polje is located in the Mediterranean Region of Tiirkiye, to the northeast of Antalya.
Extending in a northwest-southeast direction between the Akdag and the Kavanoz Mountain,
the polje lies at an elevation of approximately 950 m above sea level and covers an area of about
23 km?. Developed on limestone lithology, the polje exhibits the characteristics of a closed karst
basin. During wet periods, the basin floor transforms into a temporary lake, and the sinkholes
discharge excess into the Manavgat River.

Historically, the Eynif Polje was traversed by caravan routes providing the shortest connection
between Antalya and Konya. In 2013, construction of the Demirkapi road tunnel within Akdag
was initiated to strengthen highway transportation between the Mediterranean and Central
Anatolian regions, and the roadway was subsequently routed across the polje following the
tunnel exit. The highway, opened to traffic on 3 May 2023, was closed on 15 February 2026 due
to flooding.

The aim of this study is to analyze the causes of the flood event in the Eynif Polje and to evaluate
the highway alignment from the perspective of applied geomorphology. Within the scope of the
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study, topographic maps, satellite imagery, meteorological station data, and field observations
were analyzed using Geographic Information Systems (GIS) software.

The findings indicate that continuous torrential rainfall lasting two weeks from 1 February 2026
onward exceeded the drainage capacity of the sinkholes on the polje floor, resulting in flooding.
Consequently, a 3-km part of the highway, where the elevation of the road platform was
insufficient, was submerged and closed to traffic. Geomorphological analyses suggest that
similar precipitation magnitudes may trigger recurrent flooding events and that engineering
measures are required along the flood-affected segment of the highway.

Keywords: Applied Geomorphology, Karst Geomorphology, Eynif Polje, Polje Flooding
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Biitiinlesik Olmayan Havza Yonetiminin Tagkin Riski Uzerindeki Olumsuz Etkileri:
Urgiip Ornegi / The Adverse Effects of Non-Integrated Basin Management on Flood
Risk: The Case of Urgiip

Emre ELBASI
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OZET

Akarsu havzalarinin yénetiminde idari sinirlarin esas alinmasi ve hidrolojik biitlinliigiin g6z ardi
edilmesi, taskin riskinin sistematik olarak eksik tahmin edilmesine yol agan kritik bir
metodolojik zafiyettir. Bu c¢alisma, biitiinciil olmayan havza planlamasi ile kontrolsiiz arazi
kullanim degisiminin sel/taskin riski lizerindeki birlesik etkilerini Damsa Cay1 (Saglepdere-
Urgiip) havzas: 6zelinde nicel olarak ortaya koymay: amaglamaktadir. Calismada Su Yonetimi
Genel Midirligi'niin (SYGM, 2019) Kizilirmak Havzasi Taskin Yonetim Plani temel referans
alinmis; MGM Urgiip Istasyonu’'nun 1964-2015 yillik maksimum yagis serileri, CORINE 1990~
2018 arazi ortiisti verileri ve FABDEM sayisal yiikselti modeli kullanilmistir. Mann-Kendall trend
testi ve Sen Egim Tahmincisi ile yagis trendleri analiz edilmis, Gumbel dagilimi ile 24 saatlik
tasarim yagislar1 iiretilmis ve SCS Sentetik Birim Hidrograf yontemiyle her bir alt havza igin
tasarim hidrograflar1 hesaplanmistir. Akis katsayilar1 USDA-SCS tablolarindan arazi siniflarina
gore atanmis ve havza agirlikli ortalamasi alinmistir. Resmi yaklasim, biitiinlesik yaklasim ve
biitiinlesik yaklasima arazi kullanim degisiminin eklendigi li¢ senaryo karsilastirilmistir. Resmi
planlamada Damsa Cay1 icin yalmizca 120 km?lik ana kol havzasi dikkate alinmis; ancak
biitiinciil analiz, Urgiip noktasinda ii¢ bilyiik yan kolun (Karacaoren, Kurugay, Ozengi) katilimiyla
gercek drenaj alaninin 383 km*ye ulastigini, dolayisiyla mevcut planlamanin gercek hidrolojik
sistemin yalnizca %31’ini temsil ettigini gdstermistir. 1990-2018 arasinda havzanin agirlikh
ortalama akis katsayisi1 0,32’den 0,38’e yiikselerek ylizeysel akis iiretme potansiyelinde %18,75
artis meydana gelmistir. Senaryo analizleri, resmi 100 yillik tasarim debisinin (Q100) 155 m3/s
olmasina karsin, yan kollarin dahil edilmesiyle bu degerin 331 m?3/s’ye, arazi kullanim
degisiminin de eklenmesiyle 393 m?3/s’ye yiikseldigini ortaya koymustur; hesaplanan potansiyel
debi, resmi tasarim debisinin 2,5 katindan fazladir. Urgiip sehir merkezindeki menfezlerin
yaklasik 50-60 m3/s’lik tasima kapasitesi, hem resmi tasarim debisinin hem de potansiyel pik
debinin oldukg¢a altinda kalmakta; bu durum tekrarlayan taskin olaylarinin neden 6ngoriilebilir
ve Onlenebilir oldugunu bilimsel olarak aciklamaktadir. Damsa Baraji’nin varligi ise “set etkisi”
(levee effect) olarak tanimlanan yapay bir giivenlik algis1 yaratarak baraj mansabindaki yan kol
yataklarinda yapilasmay tesvik etmis, bu sosyo-hidrolojik geri besleme mekanizmasi riski daha
da artirmistir. Bulgular, taskin yonetim planlarinin idari sinirlardan arindirilarak hidrolojik
havza biitlinliigii esasina gore hazirlanmasi, modelleme c¢alismalarinda tiim yan kollarin
kiimiilatif etkisinin dahil edilmesi, yeni imar kararlarinin havza akis rejimine etkileri analiz
edilmeden onaylanmamasi ve geleneksel gri altyapl yerine silinger sehir/yesil altyapi
coziimlerinin tesvik edilmesi gerektigini ortaya koymakta; Urgiip érnegi, Tiirkiye’deki benzer
yar1 kurak ve ani sel rejimine sahip havzalar icin biitlinciil havza yonetimi paradigmasina gecisin
acil bir zorunluluk oldugunu kanitlamaktadir.

Anahtar Kelimeler: Biitiinlesik Havza Yonetimi, Taskin, Arazi Kullanim Degisimi, Olgek
Uyusmazligi, Damsa Cay1
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ABSTRACT

Relying on administrative boundaries rather than hydrological integrity in river basin
management constitutes a critical methodological weakness that systematically underestimates
flood risk. This study aims to quantitatively demonstrate the combined effects of non-integrated
basin planning and uncontrolled land-use change on flood risk, with a specific focus on the
Damsa Stream Basin (Saglepdere-Urgiip). The Flood Management Plan of the Kizilirmak Basin
prepared by the General Directorate of Water Management (SYGM, 2019) was taken as the main
reference. Annual maximum precipitation series (1964-2015) from the Urgiip Meteorological
Station, CORINE land cover data (1990-2018), and the FABDEM digital elevation model were
utilized. Precipitation trends were analyzed using the Mann-Kendall test and Sen’s slope
estimator, design rainfall values were generated with the Gumbel distribution, and design
hydrographs for each sub-basin were calculated using the SCS Synthetic Unit Hydrograph
method. Runoff coefficients were assigned to land classes based on USDA-SCS tables, and basin-
weighted averages were computed.

Three scenarios were compared: the official approach, an integrated approach, and an
integrated approach incorporating land-use change. In official planning, only the 120 km? main
basin of Damsa Stream was considered. However, integrated analysis revealed that at Urgiip, the
inclusion of three major tributaries (Karacaoren, Kurucay, Ozengi) expands the actual drainage
area to 383 km?, meaning the official plan represents only 31% of the true hydrological system.
Between 1990 and 2018, the basin’s weighted average runoff coefficient increased from 0.32 to
0.38, reflecting an 18.75% rise in surface runoff potential. Scenario analysis showed that while
the official 100-year design discharge (Q100) was 155 m?/s, inclusion of tributaries raised this
to 331 m3/s, and further incorporation of land-use change increased it to 393 m*/s—more than
2.5 times the official value. The culverts in Urgiip city center, with a capacity of approximately
50-60 m3/s, fall far below both the official and potential peak discharges, scientifically
explaining why recurrent flood events are predictable and preventable.

The presence of the Damsa Dam has created an artificial sense of security, known as the “levee
effect,” encouraging construction along tributary channels downstream of the dam. This socio-
hydrological feedback mechanism has further amplified risk. The findings highlight the necessity
of preparing flood management plans based on hydrological basin integrity rather than
administrative boundaries, incorporating the cumulative effects of all tributaries in modeling,
prohibiting new zoning decisions without analyzing their impacts on basin runoff regimes, and
promoting sponge city/green infrastructure solutions instead of traditional gray infrastructure.
The Urgiip case demonstrates the urgent need for a paradigm shift toward integrated basin
management in semi-arid basins with flash-flood regimes across Turkey.

Keywords: Integrated Basin Management, Flood, Land-Use Change, Scale Mismatch, Damsa
Stream
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OZET

Tirkiye'nin glineyindeki Hatay ilinde bulunan Amik Ovasi, jeomorfolojik ve hidrografik
ozellikleri nedeniyle tarih boyunca sel ve taskinlarin odaginda yer almistir. Bolgede taskinlari
Oonlemek ve tarim alani kazanmak amaciyla ytriitiilen 1slah ¢alismalarina 1950 yilinda baslanmis,
Amik Goli'niin kurutulmasi siireci ise 1972 yilinda tamamlanmistir. Ancak gol yataginin dusiik
kotlu yapisi ve havzanin dogal drenaj karakteri, sahanin yogun yagis donemlerinde yeniden su
toplamasina neden olmaktadir. Bu calisma, havzadaki sel ve taskinlarin nedenlerini bilimsel
verilerle ortaya koymay:1 ve afet etkilerini azaltmaya yonelik ¢oziim Onerileri gelistirmeyi
amaclamaktadir.

Arastirma siirecinde; 1/25.000 6lgekli topografya haritalari, AlosPalsar SYM, Landsat ve Sentinel
uydu verileri ile DSI’den alinan akarsu akim ve meteoroloji verileri kullanilmistir. Elde edilen
bilgiler, Basbakanlik Cumhuriyet Arsivleri'ndeki istatistiki veriler, saha gézlemleri ve 2026 yilina
ait giincel drone fotograflar ile desteklenerek yorumlanmistir.

Elde edilen bulgular, Amik Ovasr’'ni drene eden Kiiclik Asi Nehri'nin yatak egiminin diistikligii
nedeniyle eski Amik Goli’'niin tabanina yonelen ve kanallarla gelen sulan tahliye etmede
yetersiz kaldigini géstermektedir. Havzada 2001, 2012, 2018-2019 yillarinda meydana gelen
biiytlik taskinlar; Hatay Havalimani basta olmak lizere yerlesim yerlerini ve on binlerce hektarlik
tarim arazisini sular altinda birakmistir. 2023 depremleri sonrasinda baglanti yollar1 ve
havalimanina yo6nelik yapilan taskindan koruma ¢alismalarina ragmen son olarak 2025-2026 kis
déneminde yasanan su birikimi tedirginlik yasatmakla birlikte bazi yerlesim yerleri ve tarim
alanlarini su altinda birakmistir. Ote yandan, Amik Ovas’nin tagkin sularini biinyesinde tutma
kapasitesinin, Antakya sehir merkezini Asi Nehri’'nin kontrol edilemeyen taskinlarindan koruyan
bir "sigorta" islevi gordiigi tespit edilmistir.

Sonuc olarak gerek DSI gerekse tarafimizca yapilan calismada 82 metre kotunun altindaki
alanlarin ytiksek riskli taskin sahasi oldugu tespit edilmistir. Bu bolgelerdeki beseri faaliyetlerin
sinirlandirilmasi gerektigi, 82 metre altindaki kotlarda yer alan tarim arazilerinin kontrollii su
tutma alanlarina déniistiiriilmesi, ekosistemin korunmasi ve afet riskinin yénetilmesi a¢isindan
kritik 6nemdedir. Amanos Daglari’'ndan Amik Ovasi’'na y6nelen sular ile Afrin Cayi, Asi Nehri gibi
sinir disindan gelen akarsularin kontrollii tahliyesi 6nem arz etmektedir. Fazla sular1 Harim
Kanali aracilifiyla Amik Ovasi'na yonlendirilebilen Asi Nehri Havzasi’'nin biiyiik b6limiiniin sinir
Otesinde yer almasi sebebiyle, Suriye ile veri paylasimina dayali erken uyar1 sistemlerinin
kurulmasi ve is birliginin gelistirilmesi 6nerilmektedir.

Anahtar Kelimeler: Entegre Havza Yonetimi, Taskinlar, Amik Ovasi, Asi Nehri, Afet Risk Yonetimi
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ABSTRACT

The Amik Plain, located in Hatay Province in southern Turkey, has historically been prone to
floods due to its geomorphological and hydrographic characteristics. Drainage and reclamation
works aimed at preventing floods and gaining agricultural land began in 1950, and the drying of
Lake Amik was completed in 1972. However, the low-lying nature of the former lakebed and the
basin’s natural drainage characteristics cause the area to accumulate water again during periods
of heavy rainfall. This study aims to scientifically identify the causes of floods in the basin and to
develop solutions to mitigate disaster impacts.

During the research, 1:25,000 scale topographic maps, AlosPalsar DEM, Landsat and Sentinel
satellite data, and river flow and meteorological data obtained from the State Hydraulic Works
(DSI) were used. The findings were supported and interpreted with statistical data from the
Prime Ministry Republican Archives, field observations, and updated drone photographs from
2026.

Results show that the Kiiciik Asi River, which drains the Amik Plain, is insufficient to discharge
the waters directed to the former lakebed through channels due to its low gradient. Major floods
in 2001, 2012, and 2018-2019 inundated settlements and tens of thousands of hectares of
agricultural land, including Hatay Airport. Despite flood protection works carried out after the
2023 earthquakes for access roads and the airport, water accumulation during the winter of
2025-2026 again caused concern and inundated some settlements and farmland. On the other
hand, the floodwater retention capacity of the Amik Plain was found to serve as a “buffer”
protecting Antakya city center from uncontrolled floods of the Asi River.

In conclusion, both DSI and this study identified areas below 82 meters elevation as high-risk
flood zones. Human activities in these areas should be restricted, and agricultural lands below
this elevation should be converted into controlled water retention zones, which is critical for
ecosystem conservation and disaster risk management. Controlled discharge of waters flowing
from the Amanos Mountains into the Amik Plain, as well as transboundary rivers such as the
Afrin and Asi, is of great importance. Since much of the Asi River Basin lies beyond Turkey’s
borders, it is recommended to establish early warning systems based on data sharing and to
strengthen cooperation with Syria.

Keywords: Integrated Basin Management, Floods, Amik Plain, Asi River, Disaster Risk Reduction
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OZET

Polyeler, karbonat kayalar icinde gelismis, diiz tabanli, hidrolojik olarak kapali veya yar1 kapali
biiylik depresyonlardir. Su drenaji, polye tabanindaki diidenler (ponor) ve yeralti catlak
sistemleri aracilifiyla gerceklesir. Ancak siddetli yagislarda bu diidenlerin tahliye kapasitesi
yetersiz kaldiginda, polye tabani uzun siireli (haftalarca hatta aylarca) su altinda kalir.

Mugla’daki iki farkl polye lizerinde (Kayakdy ve Mugla) yapilan bu ¢alisma, polye taskinlarinin
olusumunda ii¢c temel faktorii ortaya koymaktadir: hidrometeorolojik (siddetli saganak yagislar),
jeomorfolojik (kapali havza yapisi, yliksek egimler, dar bogazlar) ve antropojen faktorler (hatali
arazi kullanimi). Bu ¢alismada topografya ve jeoloji haritalari, arazi ¢alismalar1 ve meteoroloji
verileri kullanilmistir. Kayakody Polyesi'nde arazi ortiisii degisimi Landsat goriintiileri (1985-
2019) ile obje-tabanli smiflandirma yontemiyle analiz edilmis, taskin yayilimi ise Sentinel-2
goriintillerine MNDWI uygulanarak izlenmistir. Mugla Polyesi'nde ise tiim islemler Google Earth
Engine'de gergeklestirilmis, yedi farkli su indeksi hesaplanmis ve 182 yer dogrulama noktasi
kullanilarak en basarili indeks olan MNDWI belirlenmistir. Bu indeks 2018-2025 yillarini
kapsayan zaman serisine uygulanarak taskin frekans haritasi tiretilmistir.

Kayakoy Polyesi 6rneginde, 31 Ocak-1 Subat 2019'da 170 mm'yi asan yagislar sonucu olusan
taskin, yaklasik 3 ay slirmiistiir. Tagskinin afete doniismesinde, havzadaki hizli yapilasma
nedeniyle dogal sizma kosullarinin degismesi, taskin koruma yapilarinin islevini yitirmesi ve
diidenlerin beton kuyulara doniistiiriilmesi etkili olmustur. Havzada antropojenik etki 1985'ten
2019'a kadar 6 kat artarak 440 hektara ulasmistir. Polye tagkinlarinin sik sik yasandigi Mugla
Polyesi'nde ise 2018-2025 yillar1 arasinda 7 farkli spektral su indeksi karsilastirilmistir. MNDWI,
182 yer dogrulama noktasiyla yapilan degerlendirmede %97,3 genel dogruluk ve 0,945 Kappa
katsayis1 ile en yiiksek performansi gostermistir. MNDWI'nin 8 yillik zaman serisine
uygulanmasiyla 12 biiyiik taskin olay1 tespit edilmistir. Taskin siireleri 1 giin ile 171 giin
arasinda degismekte, maksimum su altinda kalan alan ise 311 hektara ulasmaktadir.

Sonuc¢ olarak, polyelerde taskin yonetimi; diidenlerin aktif tutulmasini, yerlesimlerin polye
tabanindan yamaglara kaydirilmasini ve MNDWI gibi indekslerle sistematik uzaktan algilama
izlemesini zorunlu kilmaktadir. Aksi halde, polye taskinlari1 "suyla gelen, suyla gitmeyen" bir afet
olmaya devam edecektir.

Anahtar Kelimeler: Polye taskinlari, Taskin yonetimi, Hatali arazi kullanimlari
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ABSTRACT

Poljes are large depressions developed within carbonate rocks, characterized by flat bottoms
and hydrologically closed or semi-closed structures. Drainage occurs through swallow holes
(ponors) and underground fracture systems at the polje floor. However, during intense rainfall,
when the discharge capacity of these swallow holes is insufficient, the polje floor remains
inundated for extended periods (weeks or even months).

This study, conducted on two different poljes in Mugla (Kayakdy and Mugla), identifies three
main factors in the formation of polje floods: hydrometeorological (intense rainfall),
geomorphological (closed basin structure, steep slopes, narrow gorges), and anthropogenic
(inappropriate land use). Topographic and geological maps, field surveys, and meteorological
data were used. In the Kayakdy Polje, land cover change was analyzed using Landsat images
(1985-2019) with object-based classification, while flood extent was monitored by applying
MNDWTI to Sentinel-2 imagery. In the Mugla Polje, all processes were carried out in Google Earth
Engine, where seven different water indices were calculated and evaluated using 182 ground
truth points. MNDWI was identified as the most effective index, achieving 97.3% overall
accuracy and a Kappa coefficient of 0.945. Applying MNDWI to the 2018-2025 time series
produced a flood frequency map.

In Kayakdy Polje, the flood event of January 31-February 1, 2019, triggered by rainfall exceeding
170 mm, lasted nearly three months. The disaster was exacerbated by rapid urbanization
altering natural infiltration conditions, the failure of flood protection structures, and the
conversion of swallow holes into concrete wells. Anthropogenic impact in the basin increased
sixfold between 1985 and 2019, reaching 440 hectares. In Mugla Polje, 12 major flood events
were detected between 2018 and 2025, with durations ranging from 1 to 171 days and a
maximum inundated area of 311 hectares.

In conclusion, flood management in poljes requires maintaining the functionality of swallow
holes, relocating settlements from polje floors to slopes, and systematic monitoring through
indices such as MNDWI. Otherwise, polje floods will continue to be disasters that “arrive with
water but do not recede with water.”

Keywords: Polje floods, flood management, inappropriate land use
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OZET

Hizli niifus artis1 afet acisindan nehir havzalarn gibi yiiksek riskli alanlarda yerlesim
faaliyetlerine neden olmaktadir. Bu alanlarin yerlesime acilmasiyla beraber afetten
etkilenebilecek popiilasyon ve risk altindaki unsurlar da giderek artmaktadir. Karadeniz
Bolgesi'nin Bati Karadeniz boéliimii son yillarda iklim degisikliginin de etkisiyle sel ve taskin
afetlerinin sik yasandig1 alanlardan birisi konumuna gelmistir. Ozellikle 2021’de meydana gelen
sel afeti basta Bozkurt ilgesi olmak iizere boélgedeki birgok yerlesim birimini derinden
etkileyerek 6nemli 6l¢lide can ve mal kayiplarina sebep olmustur. Bu tiir afetlerin ortaya
¢ikmasinda arazi kullanimindaki yanlisliklarin yani sira, akarsu havzalarinin plansiz bir sekilde
yerlesime agilmasi 6nemli rol oynamaktadir. Akarsu havzalarinin dogal yapilarinin korunmasi
bu afetlerden etkilenebilecek fiziki ve beseri unsurlarin sayilarinin azaltilmasinda énemli rol
oynayacaktir.

Bu calismada, 2021 yilinda meydana gelen sel ve tagkin afetinden etkilenen Bat1 Karadeniz sahil
seridindeki yerlesim alanlarindan Abana, inebolu, Catalzeytin ve Ayancik ilgelerinde gelecekte
iklim degisikligi baglaminda olusabilecek taskin olaylar1 ve yayilim alanlann iki boyutlu
hidrodinamik modelleme yapilarak analiz edilmistir.

Calisma kapsaminda IPCC tarafindan iklim degisimine yonelik ortaya konan iklim degisimi
senaryolar1-SSPs (Share Socioeconomic Pathways) 5, 10, 25 ve 50 yillik doniis periyotlarina
bagh olarak 2030, 2050 ve 2080 yillarnn icin kullanilarak taskin debileri hesaplanmistir.
Hidrodinamik modelleme asamasinda s1g su denklemlerini hizli ve etkin sekilde ¢6zen FastFlood
programi kullanilmistir.

Elde edilen sonuglar,, kiyiya yakin yerlesim alanlarinin artan taskin debileri karsisinda 6nemli
bicimde risk altinda oldugu ve taskin yayilim alanlarinin genisleyebilecegini éngérmektedir.
Uretilen taskin yayilim haritalarinin yerel yonetimlerin afet risk yonetimi ve planlama
slireclerinde karar destek althigi olarak kullanilabilecek niteliktedir. Bu c¢alisma hizh
hidrodinamik modelleme yaklasimlarinin iklim degisikligi senaryolariyla entegrasyonu
acisindan 6zgiin bir yaklasim sunmaktadir.

Anahtar Kelimeler: Iklim Degisikligi, Taskin, Cografi Bilgi Sistemleri (CBS), Hidrodinamik
Modelleme, FastFlood Programi, Bati Karadeniz
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ABSTRACT

The rapid increase in the human population has led to increased settlement activity in high-risk
areas for natural disasters. As these areas are opened up for settlement, the number of people
vulnerable to disasters and the elements at risk are increasing steadily.

The Western Black Sea region has recently become one of the areas experiencing frequent floods
and flash floods, partly because of the effects of climate change. The 2021 flood, in particular,
deeply affected many settlements in the region, especially the Bozkurt district, causing
significant loss of life and property. In addition to incorrect land-use practices, the unplanned
opening of river basins for settlement plays a significant role in the occurrence of such disasters.
Protecting the natural forms of river basins will play an important role in reducing the number
of people and assets that may be affected by disasters.

This study analyzed potential future fluvial flood events and their spread in the Abana, Inebolu,
Catalzeytin, and Ayancik districts of the Western Black Sea coastal region, which were affected
by the 2021 flood disaster, using FastFlood software, which is capable of two-dimensional
hydrodynamic modeling.

The study used climate change scenarios (Share Socioeconomic Pathways) presented by the
[PCC, with return periods of 5, 10, 25, and 50 years, to calculate flood discharges for the years
2030, 2050, and 2080. FastFlood software, which quickly and efficiently solves shallow water
equations, was used in the hydrodynamic modeling.

According to the results, coastal settlements are significantly at risk from increasing flood
discharge, and the areas affected by flooding are expected to expand. The generated flood spread
maps are suitable for use as a decision-support framework in the disaster risk management and
planning processes of local governments. This study presents a unique approach for integrating
rapid hydrodynamic modeling with climate change scenarios.

Keywords: Climate Change, Fluvial Flood, Geographic Information Systems, Hydrodynamic
Modeling, FastFlood Program, Western Black Sea
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OZET

Bu ¢alisma, Mart 2026 doneminde Ambar Cay1 Havzasi’'nda gergeklesen ekstrem yagis olayinin
hidro-meteorolojik etkilerini degerlendirmektedir. Calismada havza icindeki Kocakdy ve Hani
istasyonlar ile havzanin yakin ¢evresinde yer alan Lice, Bismil, Diyarbakir Bolge ve Diyarbakir
Havalimani istasyonlarina ait 2015-2026 yillar1 Mart ay1 giinliik yagis verileri kullanilmistir.
Referans donem olarak 2015-2025 yillar1 esas alinmis, analizler 1-31 Mart 2026 dénemini
kapsamistir.

Havza i¢i istasyonlar arasindaki yiliksek Pearson korelasyon katsayisi (r =~ 0,93), yagislarin
havza 6lgeginde mekansal olarak tutarh gelistigini gostermektedir. Giinliik, kiimilatif ve 3, 5, 7
ve 10 giinliikk birikimli yagis analizleri, yagislarin 6zellikle ay ortasindan itibaren belirgin
bicimde yogunlastigin1 ve ¢cok giinliik streklilik gosterdigini ortaya koymaktadir. Mart ay
toplam yagislarina ait standartlastirilmis anomali (Z-skoru) degerlerinin bazi istasyonlarda
2’'nin lizerine c¢ikmasi, olayin referans doneme gore giiclii pozitif anomaliler igerdigini
gostermektedir.

Yagislarin birkag giin boyunca devam etmesi, havzada ytliksek toprak nem kosullar: olusturarak
infiltrasyonun azalmasina ve ylizey akisinin artmasina katki saglamistir. Bu siirecle birlikte
Ambar Cay1 ve yan kollarinda su seviyelerinde yiikselme ile tarim alanlarinda gecici suya maruz
kalma durumlari gézlenmistir. Ambar Baraji rezervuar seviyesi, serbest dolusavak esigi olan 712
m kotuna ulasmis ve tahliye dogal akisla gerceklesmistir.

Medyada yer alan “yerlesimlerin su altinda kalmasi1” sdylemi teknik agidan degerlendirilmis; su
altinda kalan yapilarin rezervuar alani i¢cinde bulunan ve ge¢miste kamulastirilmis olmasina
ragmen kullanilmaya devam edilen alanlarda yer aldig1 belirlenmistir. Bu nedenle goézlenen
durumun, klasik bir taskin siirecinden ziyade rezervuar seviyesi ile mevcut arazi kullaniminin
etkilesimi ¢ercevesinde degerlendirilmesi gerektigi sonucuna ulasilmistir.

Sonuc olarak Mart 2026 yagislary; siddeti, stirekliligi ve mekansal tutarlilign ile Ambar Cayi
Havzasi i¢in belirgin bir hidro-meteorolojik anomali niteligi tasimaktadir. Calisma, benzer
olaylarin degerlendirilmesinde yalnizca sonug¢ goriintiilerinin degil; havza tepkisi, rezervuar
kosullar1 ve arazi kullaniminin birlikte ele alinmasinin akarsu havza yonetimi agisindan énemli
oldugunu gostermektedir.

Anahtar Kelimeler: Diyarbakir, Ambar Cay1 Havzasi, Ekstrem Yagis, Hidro-Meteorolojik Analiz,
Rezervuar Alani, Akarsu Havza Yonetimi
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ABSTRACT

This study evaluates the hydro-meteorological impacts of the extreme precipitation event that
occurred in the Ambar Stream Basin in March 2026. Daily precipitation data for March covering
the 2015-2026 period were obtained from the Kocakdy and Hani stations located within the
basin, as well as from the Lice, Bismil, Diyarbakir Regional, and Diyarbakir Airport stations
located in the surrounding area of the basin. The 2015-2025 period was used as the reference
period, and the analyses covered the 1-31 March 2026 interval.

The high Pearson correlation coefficient between the in-basin stations (r &~ 0.93) indicates that
the precipitation exhibited strong spatial consistency at the basin scale. Daily, cumulative, and 3,
5, 7, and 10 day accumulated precipitation analyses revealed that precipitation intensified
markedly after mid-March and displayed multi-day persistence. Standardized anomaly (Z-score)
values calculated for total March precipitation exceeded 2 at some stations, indicating strong
positive anomalies relative to the reference period.

The persistence of precipitation over several consecutive days contributed to the development
of high soil moisture conditions within the basin, leading to reduced infiltration and increased
surface runoff. As a result, rising water levels were observed in the Ambar Stream and its
tributaries, together with temporary water exposure in agricultural areas. The reservoir level of
the Ambar Dam reached the free spillway threshold elevation of 712 m, and discharge occurred
through natural flow over the spillway.

Media reports describing “settlements being submerged” were evaluated from a technical
perspective. It was determined that the affected structures were located within the reservoir
area and in zones that had previously been expropriated but continued to be used. Therefore,
the observed situation should be interpreted not as a classical flood process, but rather as the
interaction between reservoir water levels and existing land use.

In conclusion, the March 2026 precipitation event represents a significant hydro-meteorological
anomaly for the Ambar Stream Basin in terms of its intensity, persistence, and spatial
consistency. The study demonstrates that, in the evaluation of similar events, not only the visible
impacts but also basin response, reservoir conditions, and land use should be considered
together within the framework of river basin management.

Keywords: Diyarbakir, Ambar Stream Basin, Extreme Precipitation, Hydro-Meteorological
Analysis, Reservoir Area, River Basin Management
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OZET

Geleneksel yaklasimlarda havza bazli jeomorfolojik risk analizleri ¢ogunlukla statik harita
tretimi ile smirlh kalmakta ve bu durum elde edilen bilgilerin karar verme siireclerine
entegrasyonunu kisitlamaktadir. Bu calisma, akarsu havzalarinda jeomorfolojik risklerin
izlenmesine, gorsellestirilmesine ve akarsu havzalarinin yonetimi icin web tabanl Cografi Bilgi
Sistemleri (CBS) yaklasimi cergevesinde biitiinlesik bir mekansal karar destek modeli
gelistirmeyi amaglamaktadir. Bu baglamda calisma statik analiz ¢iktilarinin dinamik, etkilesimli
ve kullanici katilimina agik bir dijital ortama aktarilmasini temel alan bir model 6nermektedir.
Gelistirilen model kapsaminda, havza temelli jeomorfolojik risklere iliskin mekansal veriler ¢ok
katmanl bir web CBS altyapisina entegre edilerek farkli kullanici profillerine (vatandas, yerel
yOnetim, saha ekibi vb.) hitap eden esnek ve Oo6lgceklenebilir bir bilgi yonetim sistemi
olusturulmustur. Sistem, afet yonetim dongiisiiniin 6nleme, hazirlik, miidahale ve iyilestirme
asamalarini kapsayacak bicimde kurgulanmis olup, konum tabanli sorgulama, gercek zamanh
veri liretimi ve mekansal veri giincelleme gibi islevleri desteklemektedir. Bu sayede kullanicilar
risk durumuna iliskin anlik ve konumsal olarak anlamli bilgiye erisebilmekte, ayn1 zamanda
sistem iizerinden giincel ve konumsal veri iiretimine katki saglayabilmektedir. Bu yodniiyle
model, yalnizca gorsellestirme odakh bir platform olmanin 6tesine gecerek mekansal karar
verme sureglerini destekleyen dinamik bir yénetim araci niteligi tasimaktadir. Ayrica sistemin
gercek zamanli veri akisini destekleyen yapisi, afet yonetiminde durumsal farkindaligin
artirilmasina ve stireglerin daha etkin bir sekilde koordine edilmesine katki sunmaktadir. Sonug
olarak, bu ¢alisma havza bazli jeomorfolojik risklerin yonetimi icin web CBS tabanly, etkilesimli
ve Olceklenebilir bir model 6nererek literatiirdeki statik yaklasimin 6tesine gecen biitiinctl bir
cerceve sunmaktadir. Gelistirilen modelin akarsu havzalarinda risk azaltma stratejilerinin
gelistirilmesi ve mekansal karar destek siireclerinin giliclendirilmesi acisindan 6nemli bir
potansiyele sahip oldugu degerlendirilmektedir.

Anahtar Kelimeler: Akarsu havza yonetimi, jeomorfolojik risk, taskin, web CBS, gercek zamanl
veri

ABSTRACT

In traditional approaches, watershed-based geomorphological risk analyses are often limited to
producing static maps, which restricts the integration of the resulting information into decision-
making processes. This study aims to develop an integrated spatial decision-support model for
monitoring and visualizing geomorphological risks in river basins within a web-based
Geographic Information Systems (GIS) framework for river basin management. In this context,
the study proposes a model based on transferring the outputs of static analyses into a dynamic,
interactive, and user-participatory digital environment. Within the scope of the developed model,
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spatial data related to basin-based geomorphological risks have been integrated into a multi-
layered web GIS infrastructure, creating a flexible and scalable information management system
tailored to different user profiles (citizens, local governments, field teams, etc.). The system is
designed to cover all phases of the disaster management cycle—prevention, preparedness,
response, and recovery—and supports functions such as location-based querying, real-time data
generation, and spatial data updates. This enables users to access real-time, location-specific risk
information while also contributing to the generation of up-to-date, location-based data within
the system. In this regard, the model goes beyond being a mere visualization platform, serving as
a dynamic management tool that supports spatial decision-making. Additionally, the system’s
architecture, which supports real-time data streams, enhances situational awareness in disaster
management and enables more effective process coordination. In conclusion, this study
proposes a web GIS-based, interactive, and scalable model for the management of basin-based
geomorphological risks, offering a comprehensive framework that goes beyond the static
approaches found in literature. The developed model is assessed to have significant potential for
developing risk-reduction strategies in river basins and for strengthening spatial decision-
support processes.

Keywords: River basin management, geomorphological risk, flooding, web GIS, real-time data.
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OZET

Siirdiirtlebilir akarsu havza yonetimi, sadece teknik ve jeomorfolojik verilerin analiziyle degil,
bu verilerin havza paydaslar tarafindan i¢sellestirilmesiyle miimkiindiir. Munzur Havzasi gibi
karstik yapis1 ve hidrolojik hassasiyeti yliksek bolgelerde, taskin riskleri ve arazi kullanim
sinirlar1 gibi jeomorfolojik prensiplerin yerel halk tarafindan dogru algillanmasi, planlama
kararlarinin basarisini dogrudan etkilemektedir. Ancak uygulamada, karmasik jeomorfolojik
verilerin toplumsal katilim siire¢lerine entegre edilemedigi ve "bilgi kopuklugu" nedeniyle saha
calismalarinda direngle karsilasildigi gézlemlenmektedir.

Bu calisma, s6z konusu engelleri asmak adina jeomorfolojik bilginin egitim yoluyla
toplumsallastirilmasini hedefleyen Jeomorfoloji Temelli Egitimsel Yonetim Ag1 (JEYA) modelini
onermektedir. Tiirkiye Ylzyili Maarif Modeli (2024) felsefesiyle yapilandirilan bu model; havza

yonetimini teknik bir rapor olmaktan ¢ikarip bir "mekan okuryazarhig1" siirecine doniistiirmeyi
amaclamaktadir. JEYA modeli su dort temel bilesen lizerine kurgulanmistir:

e Mekansal Veri Sadelestirme: Karmasik jeomorfolojik haritalarin, miifredattaki "Mekan
Okuryazarlig1" beceri setine uygun sekilde gorsel hikayelestirme yontemleriyle halkin
anlayabilecegi dlizeye indirgenmesi.

o

o Kusaklararas1 Bilgi Kopriisii: Ogrencilerin "Siirdiiriilebilir Okuryazarligi" projeleri
kapsaminda, biiyiiklerinden yerel cografi hafizay1 (ge¢mis afetler, su yatagi degisimleri vb.)
derleyerek dijital yonetim altliklarina katki sunmasi.

¢ Acik Hava Laboratuvari Uygulamalari: Munzur Havzasi’'ndaki kritik jeomorfositlerin egitim
istasyonlar olarak kullanilarak "deneyimsel 6grenme" siireclerinin havza koruma bilincine
donistiiriilmesi.

o Egitimci-Arac1 Rolii: Cografya egitimcilerinin havza yonetim heyetlerinde teknik veri ile
toplumsal alg1 arasinda "bilgi kopriisii” olarak konumlandirilmasi.

Sonug olarak bu bildiri; Munzur Havzasi i¢in hazirlanan biitiinlesik yonetim planlarinin, yeni
maarif modelinin sundugu yetkinliklerle desteklenmesinin toplumsal kabulii artiracagini ve
jeomorfoloji temelli daha direngli bir havza yonetim stratejisine zemin hazirlayacagini
savunmaktadir.

Anahtar Kelimeler: Munzur Havzasi, Jeomorfoloji, Biitliinlesik Havza Yonetimi, Tiirkiye Yiizyil
Maarif Modeli, JEYA Modeli, Mekan Okuryazarlig

NOT: Bu calismada kullamilan veriler, Firat Universitesi Senatosu'nun 19 Ekim 2023/40 sayili
karariyla kayit altina alinan ve TUBITAK 1002 tarafindan desteklenen bir doktora tezinden
alinmistir.
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ABSTRACT

Sustainable river basin management is only possible not merely through the analysis of
technical and geomorphological data, but through the internalisation of this data by basin
stakeholders. In regions with a karstic structure and high hydrogeological sensitivity, such as the
Munzur Basin, the accurate understanding by local communities of geomorphological
principles—such as flood risks and land-use constraints—directly influences the success of
planning decisions. However, in practice, it has been observed that complex geomorphological
data cannot be integrated into social participation processes, and resistance is encountered in
fieldwork due to a ‘knowledge gap’.

This study proposes the Geomorphology-Based Educational Management Network (JEYA) model,
which aims to socialise geomorphological knowledge through education in order to overcome
these obstacles. Structured in line with the philosophy of the Turkey Century Education Model
(2024), this model aims to transform watershed management from a technical report into a
process of ‘spatial literacy’. The JEYA model is structured around the following four core
components:

e Spatial Data Simplification: Simplifying complex geomorphological maps to a level the public
can understand, using visual storytelling methods in line with the ‘Spatial Literacy’ skill set in
the curriculum.

e Intergenerational Knowledge Bridge: Students contributing to digital management
frameworks by compiling local geographical memory (past disasters, changes in watercourses,
etc.) from their elders as part of "Sustainable Literacy" projects.

¢ Open-Air Laboratory Applications: Utilising critical geomorphological features in the Munzur
Basin as educational stations to transform "experiential learning" processes into a consciousness
of basin conservation.

* The Role of Educator-Facilitator: Positioning geography educators within basin management
committees as a "bridge of knowledge" between technical data and public perception.

In conclusion, this paper argues that supporting the integrated management plans prepared for
the Munzur Basin with the competencies offered by the new education model will increase
public acceptance and lay the groundwork for a more resilient basin management strategy
based on geomorphology.

Keywords: Munzur Basin, Geomorphology, Integrated Basin Management, Turkey’s Century
Education Model, JEYA Model, Spatial Literacy
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Madencilik Faaliyetleri Kaynakli Antropojeomorfolojik Kosullarin Havza Siirecleri
ve Yonetimine Etkisi: Istanbul Anadolu Yakas1 Kuzeyindeki Alt Havzalar Ornegi /
The Impact of Anthropogenic Geomorphological Conditions Arising from Mining
Activities on Watershed Processes and Management: A Case Study of Sub-Basins in
the Northern Part of the Anatolian Side of Istanbul

S. Murat UZUN

Marmara Universitesi, Insan ve Toplum Bilimleri Fakiiltesi Cografya Boliimti, Istanbul,
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OZET

Dogal ortam kosullarin yogun etkilesim halinde oldugu havzalarda degisim siirecleri ve etkileri
daima dinamiktir. Bu kosullar ayn1 zamanda antropojenik faaliyetlerle de yogun etkilesim
icerisinde olup bu faaliyetlerin dagilisim1 ve sinirlarin1 belirlemektedir. Ancak insanoglunun
artan talepleri ve gelisen teknoloji havzalarin jeomorfolojik, hidrografik, edafik ve floristik
ozelliklerinin antropojenik etkenlerle degistirilmesine neden olmustur. Bu kapsamda istanbul
Anadolu yakasinin kuzeyindeki 23 alt havza topografyasinda 6nemli degisimler olusturan
madencilik faaliyetlerinin antropojeomorfolojik yaklasimlarla havza siireclerine etkisininin
incelenmesi amag¢lanmistir. Calismada ilk olarak uydu goériintiileri izerinden 1985-2025 yillan
arasindaki 40 yillik periyodun tamaminda maden, kum ve tas ocag1 sahalar1 Normallestirilmis
Yapay Alan Farki Indisi (NDBI) ve hibrit modellemeler ile belirlenmistir. Daha sonra bu
sahalarin streklilik ve zamansal ag¢idan analizleri yapilmistir. Degisimin yogun oldugu bu
sahalarin havza stireglerine etkisi ise 1990 yilina ait 10 m ¢oziintirlikli ve 2018 yilina ait 1 m
coziiniirliiklii (LIDAR tabanli veri) sayisal yiikselti modelleri iizerinden antropojeomorfolojik
yaklasimlarla analiz edilmistir. Calismada madencilik faaliyetleri kaynakli yiikselti, egim, yamag
yonelimi, akim yonelimi, akim birikimi analizleri ile birlikte ortalama yama alani indisi (MParea),
en biiylik yama indisi (LPI), ¢cevre-alan orani (PARA), yama yogunlugu, (PD), uyum indisi (Pcoh)
analizleri alt havza tabanl olarak hesaplanmistir. Analiz sonuclarina gore ¢alisma sahasindaki
havzalarda ylikselti degeri madencilik sahalarinda -140 ile 63 m arasinda degisim gostermistir.
Ozellikle 1 no’lu havzada (Riva Cayr havzas)) 1990 yiina gére minimum yiikselti -69 m
seviyesine inmigtir. Alt havzalarin tamaminda kazma faaliyetleri ile 20x107 m3 malzeme alinmis
ve biriktirme-y1gma islemi ile 97x106 m3 dolgu meydana gelmistir. En ytlksek etkili topografik
degisimler, 1, 9, 10, 12, 13 no’'lu havzalarda meydana gelmistir. Siireklilik analizine gore
madencilik kaynakli degisimin devamli oldugu havzalar 1, 11, 13, 14, 15 ve 22’dir. LPI analizine
gore en yiiksek degere sahip olan 19, 7, 10 no'lu havzalarin alaninin daha kiiciik ancak
madencilik etki alaninin daha biiylik oldugu saptanmistir. Calismada 19 farkl alanda siirekli
olan akarsularin akim yoéneliminin degistigi tespit edilmistir. Bu durum calisma sahasinda
ozellikle 1, 11, 13, 14, 15, 16, 21 ve 22 no’lu havzalarda drenaj yonelimi, akim birikimi, alt havza
sinir1 degisimi ve yapay gol olusumu gibi degisimler havza siirecleri acisindan meydana
gelmistir. Biitiinciil havza yonetimi ¢alismalari icin calisma sahasindaki madencilik kaynakli
topografik degisimlerin gelisen teknoloji ile takip edilmesi ve analizlerle incelenmesi
gerekmektedir.

Anahtar Kelimeler: Antropojenik jeomorfoloji, havza siirecleri ve yonetimi, madencilik, istanbul.
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ABSTRACT

In basin where natural environmental conditions are in constant interaction, processes of
change and their effects are always dynamic. These conditions are also in close interaction with
anthropogenic activities, thereby determining the distribution and boundaries of such activities.
However, humanity’s growing demands and advancing technology have led to the alteration of
the geomorphological, hydrographic, edaphic and floristic characteristics of these basins by
anthropogenic factors. In this context, the aim of this study is to examine the impact of mining
activities—which have caused significant changes in the topography of 23 sub-basins in the
northern part of the Asian side of Istanbul—on basin processes using an
anthropogeomorphological approach. In the study, mining, sand and stone quarry sites were
first identified across the entire 40-year period from 1985 to 2025 using satellite imagery, the
Normalised Difference Vegetation Index (NDBI) and hybrid modelling. Subsequently, analyses of
these sites were conducted in terms of their spatial continuity and temporal changes. The impact
of these areas, where change is most pronounced, on catchment processes was analysed using
anthropogeomorphological approaches based on digital elevation models with a 10 m resolution
from 1990 and a 1 m resolution (LiDAR-based data) from 2018. In this study, analyses of
elevation, slope, aspect, flow direction and flow accumulation resulting from mining activities
were conducted, alongside calculations of the mean patch area index (MParea), largest patch
index (LPI), patch-to-area ratio (PARA), patch density, (PD), and compatibility index (Pcoh)
were calculated on a sub-basin basis. According to the analysis results, the elevation values in
the basins within the study area varied between -140 and 63 m in the mining areas. In particular,
in Basin No. 1 (the Riva Creek basin), the minimum elevation has dropped to -69 m compared to
1990. Across all sub-basins, excavation activities removed 20x107 m?® of material, whilst the
stockpiling and filling process resulted in 97x10° m?® of fill. The most significant topographic
changes occurred in basins 1, 9, 10, 12 and 13. According to the continuity analysis, the basins
where mining-induced changes are ongoing are 1, 11, 13, 14, 15 and 22. According to the LPI
analysis, it was determined that basins 19, 7 and 10, which have the highest values, have a
smaller area but a larger mining impact area. The study found that the flow direction of
perennial streams has changed in 19 different areas. This situation has led to changes in the
study area, particularly in basins 1, 11, 13, 14, 15, 16, 21 and 22, in terms of basin processes,
such as changes in drainage direction, flow accumulation, lower basin boundary shifts and the
formation of artificial lakes. For integrated basin management studies, the mining-induced
topographical changes in the study area

Keywords: Anthropogenic geomorphology, watershed (basin) processes and management,
mining, [stanbul.
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OZET

Bu calisma, Tekirdag kentindeki akarsu havzalarinda 2000-2025 déneminde arazi
kullanimi/arazi értiisii (AKAQO) 6zelliklerinde meydana gelen zamansal ve mekansal degisimleri
ve bu degisimlerin akarsu sistemleri lizerindeki etkilerini incelemektedir. Calismada, farkl
kaynaklardan elde edilen veriler kullanilarak kentsel akarsu havzalarindaki AKAO degisimleri
belirlenmis ve bu veriler Cografi Bilgi Sistemleri (CBS) teknikleriyle analiz edilmistir. Ayrica
kentsel akarsu peyzajindaki cevresel bozulma diizeyini ortaya koymak amaciyla bozulma
indeksi yonteminden yararlanilmistir. Boylece havzalardaki AKAO degisimi ile akarsu
cevresindeki bozulma siireci birlikte degerlendirilmistir. Bulgular, 2000-2025 déneminde
Tekirdag kentindeki akarsu havzalarinda insan ve yerlesme baskisinin belirgin bicimde arttigini
gostermektedir. Bu siirecte niifus artmis, yerlesim alanlar1 genislemis ve buna bagh olarak bazi
havzalarda dogal yiizeyler daralmis, akarsu koridorlar1 iizerindeki baski artmistir. Kentsel
gelismenin etkisiyle akarsularin dogal yatak 6zelliklerinde 6nemli degisimler meydana gelmistir.
Dogal yataklarin daralmasina karsilik, diizenlenmis, kapatilmis ve kapali kanal niteligindeki
yapay yataklarin yayginlastig1 belirlenmistir. Bu durum bazi akarsularin dogal morfolojisinden
uzaklasarak daha yogun miihendislik miidahalesine maruz kaldigin1 ortaya koymaktadir.
Bozulma indeksi sonuclari, kentsel akarsu peyzajindaki cevresel bozulma diizeyinin zaman
icerisinde arttigin1 gostermektedir. Bu durum, AKAO déniisiimleri ile akarsu sistemlerinin
fiziksel yapisindaki degisim arasinda gugli bir iliski bulunduguna isaret etmektedir. Sonug
olarak calisma, Tekirdag kentindeki akarsu havzalarinin hizli kentsel gelisme baskisi altinda
zamanla oOnemli bir mekansal ve cevresel doniisim gecirdigini ortaya koymaktadir. Bu
doniisiimiin daha saglikhi bir yonde yonetilebilmesi icin jeomorfoloji temelli havza yoénetimi,
akarsu koridorlarinin korunmasi ve siirdiiriilebilir kentsel planlama yaklasimlarini birlikte ele
alan calismalarin gelistirilmesi 6nerilmektedir.

Anahtar Kelimeler: Tekirdag, akarsu havzalari, kentsel biiylime, kentsel akarsu peyzaji,
jeomorfoloji tabanli havza yonetimi.

ABSTRACT

This study examines the temporal and spatial changes in land use/land cover (LULC)
characteristics within the river basins of Tekirdag city during the period 2000-2025, and
investigates the impacts of these changes on river systems. Using data obtained from various
sources, LULC changes in urban river basins were identified and analyzed through Geographic
Information Systems (GIS) techniques. In addition, the degradation index method was employed
to reveal the level of environmental degradation in the urban river landscape. Thus, both the
LULC changes in the basins and the degradation processes around the rivers were evaluated
together.
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Findings indicate that human and settlement pressures in the river basins of Tekirdag city
increased significantly between 2000 and 2025. During this period, population growth and the
expansion of settlement areas led to the reduction of natural surfaces in some basins and
increased pressure on river corridors. As a result of urban development, notable changes
occurred in the natural channel characteristics of rivers. While natural channels narrowed,
artificial channels—regulated, enclosed, or covered—became more widespread. This reveals
that some rivers have diverged from their natural morphology and have been subjected to more
intensive engineering interventions.

The results of the degradation index show that the level of environmental degradation in the
urban river landscape has increased over time. This demonstrates a strong relationship between
LULC transformations and changes in the physical structure of river systems. In conclusion, the
study reveals that the river basins of Tekirdag city have undergone significant spatial and
environmental transformation under the pressure of rapid urban development. To manage this
transformation in a healthier direction, it is recommended to develop studies that integrate
geomorphology-based basin management, river corridor conservation, and sustainable urban
planning approaches.

Keywords: Tekirdag, river basins, urban growth, urban river landscape, geomorphology-based
basin management
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OZET

Tarihsel kayitlar gostermistir ki Edirne (Turkiye) gecmisten giinlimiize sel ve taskinlardan
daima zarar géormistiir. Ancak dikkat ¢ekici olan; sel ve taskinlarin kdken ve olusum seklinin
cesitleniyor olmasidir. Edirne’de toplum yasamini olumsuz etkileyen, ekonomik sosyal kayiplara
neden olan Meri¢ Nehri ve onun kollar1 olan Tunca ve Arda nehirlerinin akim 6zelliklerine bagh
akarsu sel ve taskinlar1 olmustur. Edirne’de akarsu sel ve taskinlarinin yani sira, son 25 yildan
bu yana, siklik ve siddetleri giderek artan sehir sel ve taskinlar1 da eklenmistir. Bu ¢alismada
Edirne’de meydana gelen sehir sel ve taskinlarinin nedenleri, olusum mekanizmalarinin
aciklanmasi, gelecege yonelik 6ngori ve onerilerin yapilmasi amacglanmistir. Arastirma sirasinda
Edirne’de meydana gelen sel ve tagkinlar tarihsel kayitlarda incelenmis, Edirne Sehir merkezine
ait yliksek yersel ¢oziintirliikli topografik veri ve 1/1.000 6lcekli halihazir harita Belediye’den
temin edilmis, mekansal analizler icin CBS teknolojileri kullanilmistir. Klimatik degerlendirmeler
icin Edirne Meteoroloji Istasyonunun giinliik ortalama sicaklik ve toplam yagmur yagisi rasatlari
MGM den temin edilerek analiz edilmistir. Edirne sehri son birka¢ 10 yildan bu yana biiyiik bir
hizla tarihi sehir merkezinin giineydogu istikametindeki yamaclar ve Meri¢ Nehri taskin diizligii
lizerinde yayilarak alansal biliylimiistiir. Sehirlesme ve ilgili yapilasmalar; kuzeydeki yliksek
sahalardan kaynagini alan ve giiney yoniinde Meri¢ Nehri kanalina dogru akisa sahip akarsulari
dikine kesen projeler olmustur. Bu durum; yagmur ile gelen suyun yiizeysel akis icin dogal akim
yoni ve akim birikimi yapisini degistirerek, dogal yiizeysel akisa engelleyen antropojenik setler
olarak calismaktadir. Saganak yagisin frekansi ve siddetinin giderek daha fazla olacagi, Edirne
sehrinin bu yeni yerlesim alaninin mevcut altyapi ve tist yap1 6zellikleri ayni kaldik¢a gelecekte
daha fazla sehir sel ve taskinina neden olacag1 6ngoriilmektedir. Edirne sehrinin sehir seli ve
taskinlarindan korunmasi, ya da daha az zarar gérmesi i¢cin mevcut yeni yerlesim alanlarinda
ylzeysel suyun akisim1i kolaylastiracak projelerin hayata gecirilmesi, yeni yapilasmalara
acilmakta olan alanlarda dogal akim birikimi ve akim yonlerinin dikkate alinarak yiizeysel akisi
engellemeyecek, aksine miisaade edecek drenaj sistemi dikkate alinarak listyapi ve altyap:
projelerinin uygulanmasi gerekmektedir.

Anahtar Kelimeler: Sel ve Taskin, Sehirsel Gelisim, Cografi Bilgi Sistemleri, Mekansal Analiz,
Edirne

ABSTRACT

Historical records show that Edirne (Turkey) has always suffered damage from floods and flash
floods, both in the past and present. However, what is striking is that the origins and formation
of floods and flash floods vary. River floods and flash floods associated with the flow
characteristics of the Meri¢ River and its tributaries, the Tunca and Arda rivers, have negatively
impacted community life in Edirne, causing economic and social losses. In addition to river
floods and flash floods in Edirne, urban floods and flash floods, which have increased in
frequency and intensity over the past 25 years, have also been added. This study aims to explain
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the causes and formation mechanisms of urban floods and flash floods in Edirne and to make
predictions and recommendations for the future. During the research, floods and flash floods
that occurred in Edirne were examined in historical records. High-resolution topographic data
for the Edirne city centre and a 1/1000 scale existing map were obtained from the Municipality,
and GIS technologies were used for spatial analysis. For climatic assessments, daily average
temperature and total rainfall observations from the Edirne Meteorological Station were
obtained from the General Directorate of Meteorology and analysed. Over the past decade or so,
the city of Edirne has expanded rapidly, spreading across the slopes southeast of the historic city
centre and the floodplain of the Meric¢ River. Urbanization and related construction projects have
intersected the rivers originating in the highlands to the north and flowing southward toward
the Meri¢ River canal. This situation acts as an anthropogenic barrier that obstructs natural
surface runoff by altering the natural flow direction and flow accumulation structure of
rainwater. It is predicted that as the frequency and intensity of torrential rainfall increase, the
existing infrastructure and superstructure characteristics of this new settlement area in the city
of Edirne will cause more urban floods and flash floods in the future. To protect the city of
Edirne from urban floods and flash floods, or to minimize damage, projects that facilitate surface
water flow should be implemented in newly developed settlement areas. In areas being opened
for new construction, surface flow should be considered, taking into account natural flow
accumulation and flow directions, and a drainage system that will not obstruct surface flow
should be implemented. But instead allow it, to protect the city of Edirne from urban floods and
flash floods, or to minimize damage.

Keywords: Flash Flood and Flood, Urban Development, Geographic Information Systems, Spatial
Analysis, Edirne
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OZET

Son zamanlarda Bati Karadeniz Havzasi’'nda go6zlemlenen asir1 yagislar, akarsu havzalarinda
kontrolsiiz yapilasmalar ve radikal arazi kullanimi degisiklikleri sel ve taskin afetlerinin
frekansini ve etki alanini artirmistir.

Bu ¢alismada Kastamonu ili sinirlari icinde yer alan Devrekani Cayi havzasinda meydana gelen
taskinlarin olusumunda etkili olan havza morfometrik 6zellikleri analiz edilmistir. Calismada
analizlerin gerceklestirilmesinde ALOS PALSAR uydusu iizerinden elde edilen 12,5 x 12,5 metre
¢ozunirliikteki sayisal ylikseklik modeli verileri kullanilmistir. ArcGIS Pro yazilimi iizerinde
hidroloji analizi yardimiyla havza morfometrik parametreleri hesaplanmistir. Akarsu agi
hiyerarsisinin belirlenmesinde Strahler yontemi, tagkin potansiyelinin degerlendirilmesinde ise
Bileske Faktor Yontemi kullanilmistir.

Arastirmadan elde edilen bulgulara gore Devrekani Havzasi ve alt kollarina ait 6zelliklerin tagkin
potansiyelini dnemli Ol¢lide etkilemektedir. Sonu¢ olarak taskin riskinin belirlenmesinde
morfometrik analizlerin etkili ve gilivenilir bir yontem oldugu, ayrica riskli alanlarin tespit
edilmesi ve siirdiiriilebilir havza yonetimi agisindan énemli katkilar sagladigi belirlenmistir.

Anahtar Kelimeler: Cografi Bilgi Sistemleri, Havza Morfometrisi, Taskin Riski, Devrekani Havzasi

ABSTRACT

The extreme rainfall observed recently in the Western Black Sea Basin, along with uncontrolled
urbanization and radical changes in land use within river basins, have increased the frequency
and extent of flood disasters.

In this study, the basin morphometric characteristics influencing the formation of floods in the
Devrekani Creek basin, located within the borders of Kastamonu Province, were analyzed.
Digital elevation model data with a resolution of 12.5 x 12.5 meters, obtained from the ALOS
PALSAR satellite, were used to conduct the analyses. Basin morphometric parameters were
calculated using hydrological analysis within ArcGIS Pro software. The Strahler method was
used to determine the river network hierarchy, while the Composite Factor Method was
employed to assess flood potential.

According to the findings of the study, the characteristics of the Devrekani Basin and its
tributaries significantly influence flood potential. As a result, it was determined that
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morphometric analyses are an effective and reliable method for determining flood risk, and that
they provide significant contributions to the identification of high-risk areas and sustainable

watershed management.

Keywords: Geographic Information Systems, Basin Morphometry, Flood Risk, Devrekani Basin
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OZET

Bu calismanin amaci, Sivas sehir merkezine yaklasik 10 km mesafede bulunan Bing6l Tuzlasi
Goli'nlin ekolojik o6zelliklerini ortaya koymak ve goliin yer aldig1 tuzla alaninin ekonomik
kaynak olarak kullanim diizeyini degerlendirmektir. Tuzlalar, gesitli biyocografik unsurlari
barindiran dogal ekosistemlerdir. Bu ekosistemler, farkli kus tiirlerine ve tuzcul (halofit)
bitkilere ev sahipligi yapmakta; ayni zamanda tuz birikimleri sayesinde insanlar i¢in ekonomik
bir kaynak olusturmaktadir.

Bingdl Tuzlasi Goli, adini aldig1 Bing6l Koyt sinirlar icerisinde yer alan yiiksek tuzluluk oranina
sahip dogal bir olusumdur. G6l ve yakin cevresinde yiiksek tuzluluga dayaniklh tuzcul (halofit)
bitki topluluklar1 6ne ¢ikmaktadir. Bu bitkilerin 6nemli bir kisminin endemik 6zellik gdstermesi
g0l ekosisteminin bir plan dahilinde korunmasini gerektirmektedir. Alan igerisinde yliksek
tuzluluk oranina sahip halomorfik topraklar yayginlik gosterir. Gol seviyesi yaz aylarinda
sicaklik artisina bagl gerceklesen buharlasmanin etkisiyle degisir ve baz1 yillar gol neredeyse
tamamen kurumaktadir. Bingél Tuzla Go6lii ve sulak alani gécmen kuslar i¢in 6nemli ugrak
noktalarindan biridir. Ozellikle turna kuslarinin géc yollan iizerinde bulunan bu gél bu kuslara
ev sahipligi yapar. Turna kusu ile birlikte golde kizil sahin, sakarmeke ve akbalikeil kuslar
mevcuttur.

Kapali havza 6zelligi gosteren bu gol ve yakin gevresi, 6zgiin ekolojik yapisinin yani sira tuz
liretim faaliyetleri nedeniyle de tarihsel bir 6neme sahiptir. Osmanli Devleti déneminden beri
acik isletme olarak bu alanda tuz iiretilmektedir. Tuz isletmesine ait tesis ve binalar gol
cevresinde yer almaktadir. Bu sulak alan ve gol, kus gozlemciligi ve fotografcilik gibi
rekreasyonel faaliyetler ile sahip oldugu dogal peyzaj degerleri sayesinde son yillarda ekoturizm
potansiyeli yliksek bir alan olarak 6ne ¢ikmaktadir.

Bingdl Tuzlas1 Goli, hem fiziki hem de beseri cografya agisindan dikkate deger bir éneme
sahiptir. Bu gol ve cevresinin korunmasi, dogal ekosistem siirekliliginin saglanmasi ve ekonomik
kaynagin uzun vadeli kullaniminin siirdiiriilebilmesi agisindan kritik énem tasimaktadir. Bu
ozellikleriyle Bingol Tuzlasi Goli ve iginde yer aldigi sulak alan, dogal yasamin strekliligi ile
bilimsel arastirmalar acisindan yiiksek degere sahip, korunmasi gereken 6zgiin bir ekosistem
niteligi tasir. Bu alanin etkin bicimde korunabilmesi icin sulak alan yodnetim planlarinin
hazirlanmasi ve ekolojik risk analizlerinin gerceklestirilmesi gerekmektedir.

Anahtar Kelimeler: Bingél Tuzlas1 Goli, Sivas, ekosistem, tuzla, planlama.
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ABSTRACT

The aim of this study is to identify the ecological characteristics of Bingdl Tuzlasi Lake, located
approximately 10 km from the city center of Sivas, and to evaluate the extent to which the
surrounding salt flat area is utilized as an economic resource. Salt flats are natural ecosystems
that encompass a variety of biogeographical components. These ecosystems provide habitats for
diverse bird species and halophytic (salt-tolerant) vegetation, while also constituting an
important economic resource for human use due to salt accumulation.

Bingdl Tuzlasi Lake is a natural formation characterized by high salinity levels, located within
the administrative boundaries of Bingdl Village from which it takes its name. In and around the
lake, halophytic plant communities adapted to high salinity conditions are dominant. A
significant proportion of these plant species exhibit endemic characteristics, which underscores
the need for systematic conservation planning of the lake ecosystem. The area is also
characterized by widespread halomorphic soils with elevated salinity levels. The lake water
level fluctuates seasonally, largely due to evaporation driven by increasing temperatures in
summer, and in some years the lake may dry out almost completely.

Bingdl Tuzlasi Lake and its associated wetland serve as an important stopover site for migratory
bird species. Located along the migration routes of cranes, the lake provides a critical habitat for
these birds. In addition to cranes, species such as the red kite (Milvus milvus), coot (Fulica atra),
and grey heron (Ardea cinerea) are also present in the area.

This closed basin system holds historical significance not only due to its unique ecological
structure but also because of long-standing salt extraction activities. Salt has been produced in
this area through open-field operations since the Ottoman period. Facilities and structures
related to salt production are located around the lake. In recent years, the wetland and lake area
have also gained prominence as a site with high ecotourism potential, particularly for
birdwatching, photography, and nature-based recreation, owing to its distinctive landscape
values.

Bingdl Tuzlas1 Lake holds considerable importance in both physical and human geography
contexts. The conservation of this lake and its surrounding environment is critical for
maintaining ecosystem continuity and ensuring the long-term sustainability of its economic
resources. In this respect, Bingdl Salt Lake and its associated wetland constitute a unique
ecosystem of high scientific value that warrants protection. Therefore, the development of
wetland management plans and the implementation of ecological risk assessments are essential
for its effective conservation.

Keywords: Bingol Tuzlasi Lake, Sivas, ecosystem, salt lake, planning.
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OZET

Bu calisma, Gokirmak Havzasi'nda antropojenik faaliyetlerin jeomorfolojik siirecler tizerindeki
etkilerini ortaya koymayir amaclamaktadir. Havza oOlgeginde ele alinan arastirmada, insan
kaynakli miidahalelerin yamag siiregleri, fliivyal sistem dinamikleri ve ylizey sekillenmesi
lizerindeki rolii biitlinciil bir yaklasimla degerlendirilmistir. Calisma kapsaminda sayisal
ylukseklik modeli (DEM), uydu goriintileri, topografya ve jeoloji haritalar1 ile arazi
gozlemlerinden elde edilen veriler kullanilmistir. Bu veriler dogrultusunda havzanin
morfometrik 6zellikleri analiz edilmis, yamag siirecleri ve akarsu sistemine ait morfodinamik
degisimler incelenmistir. Ayrica yerlesim alanlari, ulasim ag1 ve diger insan faaliyetlerinin
mekansal dagilimi belirlenerek antropojenik baski alanlar1 ortaya konulmustur. Elde edilen
bulgular, 6zellikle yol yapimi, tarimsal faaliyetler ve yerlesim genislemesinin yamac stabilitesi ve
akarsu morfolojisi iizerinde belirgin degisimlere yol a¢tigin1 géstermektedir. Bununla birlikte,
dogal siiregler ile insan etkisinin i¢ ice gectigi havza sisteminde, antropojenik miidahalelerin
jeomorfolojik dengeyi yerel olcekte degistirdigi tespit edilmistir. Sonuc¢ olarak, Gokirmak
Havzasi’'nda jeomorfolojik siireclerin anlasilmasinda insan etkisinin dikkate alinmasinin
gerekliligi ortaya konulmus ve siirdiiriilebilir arazi kullanimina yonelik degerlendirmelerde
bulunulmustur.

Anahtar Kelimeler: Gokirmak Havzasi, Antropoloji, Jeomorfolojik Siirecler

ABSTRACT

This study aims to reveal the impacts of anthropogenic activities on geomorphological processes
in the Gokirmak Basin. Conducted at the basin scale, the research evaluates the role of human-
induced interventions on slope processes, fluvial system dynamics, and surface formation
through a holistic approach. Data from digital elevation models (DEM), satellite imagery,
topographic and geological maps, as well as field observations were utilized. Based on these
datasets, the morphometric characteristics of the basin were analyzed, and morphodynamic
changes in slope processes and river systems were examined. Furthermore, the spatial
distribution of settlements, transportation networks, and other human activities was identified
to determine areas of anthropogenic pressure.

The findings indicate that road construction, agricultural practices, and settlement expansion
have led to significant changes in slope stability and river morphology. Moreover, in the basin
system where natural processes and human impacts are intertwined, anthropogenic
interventions were found to alter geomorphological equilibrium at the local scale. In conclusion,
the study highlights the necessity of considering human influence in understanding
geomorphological processes in the Gokirmak Basin and provides evaluations for sustainable
land use.

Keywords: Gokirmak Basin, Anthropogenic Activities, Geomorphological Processes
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OZET

Bu calisma, Mersin’de yer alan Mezitli Cay1 Havzasi’'nda taskin riskinin belirlenmesini ve akis
engelleme (blokaj) siireclerinin Cok Kriterli Karar Analizi (CKKA) yaklasimina entegre
edilmesini amacglamaktadir. Kentsel ve yari-kentsel havzalarda taskinlar yalnizca hidro-
meteorolojik kosullarin degil, ayn1 zamanda képri, menfez ve kanal kesitlerindeki daralmalar
gibi antropojenik faktorlerin etkisi altinda gelismektedir. Ancak bu tiir engelleme siiregleri,
literatiirde genellikle hidrolik analizlerle sinirli kalmakta ve taskin duyarlilik modellerine
biitiinlesik bir degisken olarak nadiren dahil edilmektedir. Bu kapsamda ¢alismada; kopri
yogunlugu, kanal daralma orani, sediment birikim potansiyeli ve akarsuya yakinlhk
parametrelerinden olusan 6zgiin bir “Akis Engelleme Indeksi” gelistirilmistir. Bu indeks, egim,
arazi kullanimi, drenaj yogunlugu ve topografik nemlilik indeksi gibi hidro-morfometrik
degiskenlerle birlikte agirliklandirilarak taskin risk modeli olusturulmustur. Elde edilen risk
haritasi, yerlesim alanlari ile ¢akistirilarak bina ve niifus maruziyeti analiz edilmistir. Sonuglar,
akis engelleme faktorlerinin taskin riskini ve maruziyeti belirgin sekilde artirdigini
gostermektedir. Bu bulgu, klasik taskin modellerinin kentsel sistemlerdeki karmasik siiregleri
yeterince temsil edemeyebilecegini ortaya koymaktadir. Calisma, blokaj siire¢lerinin modele
entegrasyonunun daha gercekeci ve mekansal olarak duyarli taskin risk haritalarinin
liretilmesine 6nemli katki sagladigini géstermektedir.

Anahtar Kelimeler: Tagkin riski, akis engelleme indeksi, ¢ok kriterli karar analizi, CBS, Mezitli
Cay1 Havzasi

ABSTRACT

This study aims to determine flood risk in the Mezitli Stream Basin (Mersin) and to integrate
flow-blockage processes into a Multi-Criteria Decision Analysis (MCDA) approach. In urban and
semi-urban basins, floods are influenced not only by hydro-meteorological conditions but also
by anthropogenic factors such as narrowing at bridges, culverts, and channel cross-sections.
However, such blockage processes are often limited to hydraulic analyses in the literature and
are rarely incorporated as integrated variables into flood susceptibility models. Within this
framework, a novel “Flow Blockage Index” was developed, consisting of parameters such as
bridge density, channel narrowing ratio, sediment accumulation potential, and proximity to
rivers. This index was weighted together with hydro-morphometric variables including slope,
land use, drainage density, and topographic wetness index to construct a flood risk model. The
resulting risk map was overlaid with settlement areas to analyze building and population
exposure. Findings reveal that flow-blockage factors significantly increase flood risk and
exposure. This highlights that conventional flood models may not adequately represent the
complex processes in urban systems. The study demonstrates that integrating blockage
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processes into the model contributes to the production of more realistic and spatially sensitive
flood risk maps.

Keywords: Flood risk, flow blockage index, multi-criteria decision analysis, GIS, Mezitli Stream
Basin
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OZET

Sel ve taskinlar, diinyada Tiirkiye’de en sik karsilasilan dogal afetler arasinda yer almakta; can
ve mal kayiplar1 ile beraber yerlesmeler, tarim alanlari, ulasim sistemleri ve diger altyapi
unsurlar tizerinde énemli olumsuz etkiler olusturmaktadir. Topografik 6zellikler, yagis rejimi,
litolojik yap1 ve arazi kullanimi gibi faktorlerin etkilesimi, havza 6lgceginde sel ve taskin riskini
belirgin hale getirmektedir. Bu dogrultuda, sel ve taskin duyarliliginin belirlenmesi; afet riskinin
azaltilmasi ve siirdiiriilebilir havza yonetimi icin kritik bir 6neme sahiptir.

Bu calismada, Kastamonu ili inebolu smirlan igerisinde yer alan Séke Cayr Havzasi’min sel ve
taskin duyarliliginin Cografi Bilgi sistemleri (CBS) tabanli CKK (Cok Kriterli Karar Verme)
yontemleri ile degerlendirilmistir. Calisma kapsaminda SYM (Sayisal Yiikseklik Modeli) ile egim,
baki ve Topografik Nemlilik indeksi (TWI) katmanlar iiretilmis; bunlara ek olarak jeoloji, arazi
kullanimi, drenaj yogunlugu, akarsuya uzaklik ve yagis parametreleri analizlere dahil edilmistir.
Yagis parametresinin olusturulmasinda meteoroloji istasyonu verileri esas alinmis, yiikseltiye
bagh yagis dagilisi Schreiber formiili yardimiyla degerlendirilmistir. Ayrica ekstrem yagis
kosullarinin olasiliksal olarak belirlenmesi amaciyla Gumbel analizi uygulanmis ve taskin
potansiyelini etkileyen yagis karakteri bu dogrultuda yorumlanmistir. Elde edilen tim
parametreler yeniden siniflandirilmis, Analitik Hiyerarsi Silireci (AHP) cergevesinde
agirliklandirilmis ve agirlikli cakistirma yontemi kullanilarak sel ve taskin duyarhlik diizeyleri
ortaya konmustur. Bunun yaninda Fast Flood ydntemi ile olasi taskin alanlarinin mekansal
dagilisi iklim projeksiyonlarina gore degerlendirilmistir.

Calisma sonucunda Soke Cayr Havzasi’nda sel ve taskin acisindan daha duyarhh alanlar
belirlenmis; 6zellikle akarsuya yakin sahalar, drenaj yogunlugunun arttig1 kesimler, topografik
kosullarin ylizeysel akis destekledigi alanlar ve belirli litolojik 6zelliklerin 6ne ¢iktig1 bolgelerin
risk bakimindan daha hassas oldugu goriilmistiir elde edilen bulgularin, havza 6lgeginde riskli
alanlarin tanimlanmasina, afet yonetimi ve planlama c¢alismalarina katki saglayacag:
diistiniilmektedir.

Anahtar Kelimeler: Sel, Taskin, CBS, AHP, Soke Cay1 Havzasi, Gumbel Analizi

ABSTRACT

Floods are among the most common natural disasters in both the world and Tiirkiye, causing
significant adverse effects on human life, property, settlements, agricultural lands,
transportation systems, and infrastructure. The interaction of topographic characteristics,
rainfall regime, lithological structure, and land use makes flood risk more pronounced at the
basin scale. In this study, the flood susceptibility of the Soke Stream Basin located within the
borders of Inebolu district, Kastamonu, was evaluated by using a Geographic Information
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Systems-based multi-criteria decision analysis approach together with two-dimensional
hydrodynamic model results. Within the scope of the study, slope, aspect, and topographic
wetness index layers were derived from the digital elevation model, and geology, land use,
drainage density, distance to stream, and rainfall parameters were also included in the analysis.
The rainfall parameter was generated based on meteorological station data, the elevation-
dependent distribution of rainfall was evaluated using the Schreiber formula, and extreme
rainfall conditions were interpreted by applying Gumbel probability analysis. All parameters
were reclassified, weighted according to the analytic hierarchy process, and combined through
weighted overlay analysis to reveal flood susceptibility levels in the basin. In addition, the spatial
distribution of possible flood areas was evaluated using the Fast Flood method, and the results
were compared with the multi-criteria decision analysis output. The results indicate that areas
close to streams, zones with high drainage density, locations where topographic conditions
support surface runoff, and regions characterized by specific lithological properties have higher
flood risk. The findings are considered to contribute to the identification of risk-prone areas at
the basin scale, disaster management practices, and spatial planning studies.

Keywords: Flood, flood susceptibility, Geographic Information Systems, multi-criteria decision
analysis, Gumbel probability analysis, Soke Stream Basin

45



Jeomorfoloji Perspektifinde Akarsu Havzasi Yonetimi Calistayi, 8-9 Mayis 2026, Kastamonu

Beysehir Golii Akarsu Havzalarinin Morfometrik Analizi ve Taskin Duyarlhiliginin
Degerlendirilmesi / Morphometric Analysis of the River Basins of Lake Beysehir
and Evaluation of Flood Susceptibility

Resul KUZU & Murat POYRAZ

RK, Kirsehir Ahi Evran Universitesi, Sosyal Bilimler Enstitiisti, Kirsehir,
kuzu.resul@ogr.ahievran.edu.tr

MP, Kirsehir Ahi Evran Universitesi, Cografya Béliimii, Kirsehir, mpoyraz@ahievran.edu.tr

OZET

Jeomorfometri, akarsu havzalarinin morfolojik 6zelliklerinin nicel olarak ortaya konulmasinda
ve bu 6zelliklerin hidrolojik siireclerle iliskilendirilmesinde etkili bir yéntemdir. Ozellikle drenaj
ag1 organizasyonu, havza sekli, rolyef ozellikleri ve ylizeysel akisin mekansal dagilimi gibi
parametreler, havzalarin taskin duyarliliginin 6n degerlendirilmesinde 6nemli gostergeler
sunmaktadir. Akarsu jeomorfolojisine iliskin ¢alismalarin énemli bir kisminin nitel gézlemlere
dayanmasi, nicel jeomorfometrik analizlerin ise ¢ogunlukla tekil havza 6lceginde ele alinmasi,
havza yonetimi ve taskin duyarlilif1 acisindan daha biitiinciil yaklasimlara olan gereksinimi
ortaya koymaktadir.

Bu calisma, Beysehir Golii'ne drene olan akarsu havzalarinin morfometrik 6zelliklerini biitiinciil
bir cercevede degerlendirmeyi ve s6z konusu oOzellikler iizerinden havzalarin taskin
duyarhligina iliskin 6n degerlendirme yapmay1 ama¢lamaktadir. Calismada, 10 m ¢6zlntrliklii
sayisal yiikseklik modeli altlik olarak kullanilarak Beysehir Golii cevresindeki akarsu havzalar
belirlenmistir. Belirlenen havzalarda ¢atallanma orani (Rb), ylizeysel akis uzunlugu (Lo), tekstiir
orani (T), drenaj yogunlugu (Dd), akarsu siklig1 (Fs), Gravelius indeksi (Kg), havza rélyefi (Bh),
engebelilik degeri (Rn), hipsometrik egri ve hipsometrik integral (Hi) hesaplanmistir.

Elde edilen bulgular, Beysehir Golii'nilin batisinda yer alan havzalarin diger havzalara gore daha
kisa boylu, diisiik drenaj yogunluguna sahip ve tektonik bakimdan daha genc¢ karakter
gosterdigini ortaya koymaktadir. Bununla birlikte, morfometrik parametrelerin birlikte
degerlendirilmesi, bazi havzalarin yiizeysel akisin daha hizli toplanmasina ve dolayisiyla taskin
duyarhiliginin artmasina elverigli 6zellikler tasidiginm1i gostermektedir. Bu yoniiyle calisma,
Beysehir Goli akarsu havzalarinin yalnizca jeomorfolojik gelisimini degil, ayn1 zamanda taskin
duyarlhiligi acisindan oncelikli alanlarin belirlenmesini de desteklemektedir. Sonu¢ olarak,
jeomorfometrik analizlerin akarsu havzalarinin siniflandirilmasi, taskin duyarliliginin 6n
degerlendirilmesi ve havza yonetimine yonelik planlamalarda karar destek araci olarak
kullanilabilecegi degerlendirilmektedir.

Anahtar Kelimeler: Beysehir Golii, jeomorfometri, havza morfometrisi, taskin duyarlilig.

ABSTRACT

Geomorphometry is an effective method for the quantitative characterization of river basins and
for relating basin morphology to hydrological processes. In particular, parameters describing
drainage network organization, basin shape, relief conditions, and the spatial distribution of
overland flow provide important indicators for the preliminary assessment of flood
susceptibility. Since many studies in fluvial geomorphology are still largely based on qualitative
observations, and quantitative geomorphometric analyses are commonly conducted only at the
scale of individual basins, there is a need for more integrated approaches in terms of watershed
management and flood susceptibility assessment.
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This study aims to evaluate the morphometric characteristics of the river basins draining into
Lake Beysehir within a holistic framework and to provide a preliminary assessment of their
flood susceptibility based on these characteristics. In the study, the river basins around Lake
Beysehir were delineated using a 10 m resolution digital elevation model as the base dataset.
For the identified basins, bifurcation ratio (Rb), length of overland flow (Lo), texture ratio (T),
drainage density (Dd), stream frequency (Fs), Gravelius index (Kg), basin relief (Bh), ruggedness
number (Rn), hypsometric curve, and hypsometric integral (Hi) were calculated.

The results indicate that the basins located to the west of Lake Beysehir are shorter in length,
have lower drainage density, and display a tectonically younger character compared with the
other basins. In addition, the combined evaluation of morphometric parameters suggests that
some basins possess conditions favorable for rapid concentration of surface runoff and therefore
may exhibit relatively higher flood susceptibility. In this respect, the study contributes not only
to understanding the geomorphological development of the river basins draining into Lake
Beysehir, but also to identifying priority areas in terms of flood susceptibility. Overall, the
findings demonstrate that geomorphometric analyses can serve as a decision-support tool for
basin classification, preliminary flood susceptibility assessment, and watershed management
planning.

Keywords: Lake Beysehir, geomorphometry, basin morphometry, flood susceptibility.
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OZET

Bu calismada; Akcakoca Daglar1 Kuzey yamaglarinda yer alan alansal 6zellikleri farkli, birbirine
komsu Kovukkavla Deresi, Alapli Cay1 ve Aydinlar Cay1 Havzalarinin sel ve taskin duyarhliklari,
alansal, c¢izgisel ve rolyef morfometrisi basligi altinda ilgili 14 morfometrik parametre
kullanilarak analiz edilmistir. Analizin gerceklestirilmesinde Cografi Bilgi Sistemleri
yazilimlarindan biri olan ArcMap 10.5 programi ile “University of Alaska System” adli web
sitesinden elde edilen 12.5 metre yersel ¢oziintrliige sahip sayisal yilikseklik modelinden
(SYM/DEM) yararlanilmistir. Calisma sahasinda yer alan havzalar arasinda taskin
hassasiyetinin degerlendirilmesi icin morfometrik parametrelere ait degerler, siralama yontemi
kullanilarak kendi aralarinda siralanmis ve ardindan NFMI ydntemi ile parametrelere ait
degerler normalize edilerek veriler arasindaki oransal fark korunmustur. Siralama yontemi ve
NFMI yontemi sonucunda elde edilen degerlerin bileske faktérii (Compound Factor-CF)
hesaplanarak calisma sahasinda yer alan akarsu havzalarinin taskin hassasiyetleri belirlenmistir.
Sonug olarak siralama yontemine gore; Aydinlar Cay1 Havzasi ve Alapli Cay1 Havzasi 2,07 bileske
faktori ile “yiiksek”, Kovukkavla Dere Havzasi ise 1,85 bileske faktori ile “diisiik” taskin
duyarlhiligina sahip havzalardir. NFMI ydntemine gore ise Alapli Cayir Havzasi1 0,61 bileske
faktori ile “yiiksek”, Aydinlar Cay1 Havzas1 0,56 bileske faktori ile “orta”, Kovukkavla Dere
Havzasi ise 0,44 bileske faktori ile “diisiik” taskin duyarliligina sahiptir. Bu ¢alisma ve benzeri
morfometri calismalari, afet risk yonetimi kapsaminda yiiritiilen ¢alismalar icin taskin
potansiyellerinin sayisal olarak ortaya konulmasi ve taskin potansiyeli barindiran havzalarin
onceliklendirilmesi bakimindan kolaylik saglamaktadir.

Anahtar Kelimeler: Morfometrik analiz, Taskin duyarliligi, Cografi Bilgi Sistemleri (CBS), Alaph
Cay1 Havzasi

ABSTRACT

In this study, the flood susceptibility of the Kovukkavla Stream, Alapl Stream, and Aydinlar
Stream basins, located on the northern slopes of the Ak¢akoca Mountains and having different
spatial characteristics and adjacent to each other, was analyzed using 14 relevant morphometric
parameters under the headings of areal, linear, and relief morphometry. The analysis was
carried out using ArcMap 10.5, a Geographic Information Systems software, and a digital
elevation model (DEM) with a 12.5-meter terrestrial resolution obtained from the "University of
Alaska System" website. To evaluate the flood susceptibility among the basins in the study area,
the values of the morphometric parameters were ranked among themselves using a ranking
method, and then the values of the parameters were normalized using the NFMI method,
preserving the proportional difference between the data. The Compound Factor (CF) of the
values obtained from the ranking method and the NFMI method was calculated to determine the
flood susceptibility of the river basins in the study area. As a result, according to the ranking
method; The Aydinlar Stream Basin and the Alapli Stream Basin have a "high" flood
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susceptibility with a composite factor of 2.07, while the Kovukkavla Stream Basin has a "low"
flood susceptibility with a composite factor of 1.85. According to the NFMI method, the Alaph
Stream Basin has a "high" flood susceptibility with a composite factor of 0.61, the Aydinlar
Stream Basin has a "medium" flood susceptibility with a composite factor of 0.56, and the
Kovukkavla Stream Basin has a "low" flood susceptibility with a composite factor of 0.44. This
study and similar morphometric studies facilitate the quantitative determination of flood
potentials and the prioritization of basins with flood potential for studies conducted within the
scope of disaster risk management.

Keywords: Morphometric analysis, Flood susceptibility, Geographic Information Systems (GIS),
Alaph River Basin.
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Based Flood Susceptibility Assessment: The Case of the Visneli Dere Basin (Torbaly,
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OZET

Bu calisma, Kiiciik Menderes Havzas’'min bir alt havzasi olan ve Izmir'in Torbal ilgesi
sinirlarinda yer alan Visneli Deresi Havzasi’nin taskin duyarliligini jeomorfolojik bir perspektifle
degerlendirmeyi amaglamaktadir. Kaynagin1 Kemalpasa Dagi’'ndan alan Visneli Deresi, kuzey-
gliney yonlii akis géstererek Torbali Ovasi'na ulagsmaktadir. Havzanin yukari kesimleri yliksek ve
egimli daghk yamaclardan olusurken, mansap kesimleri Neojen sonrasi tektonik hareketlerle
sekillenmis bir ¢okiintii alani olan Kii¢clik Menderes graben ovasina karsilik gelmektedir. Ani ve
siddetli yagislar esnasinda, yliksek egimli topografyadan hizla graben tabanina inen ytzeysel
akis, ova tabaninda yikicl taskinlara zemin hazirlamaktadir. Bu baglamda calismada, Analitik
Hiyerarsi Siireci (AHP) ve Lojistik Regresyon (LR) yontemleri Cografi Bilgi Sistemleri (CBS)
entegrasyonuyla kullanilarak taskin duyarlilik analizi gerceklestirilmistir. Modelde; yilikselti,
egim, profil egriligi, topografik nemlilik indeksi, akarsu gii¢ indeksi, yagis, akarsuya mesafe,
drenaj yogunlugu, litoloji, arazi kullanimi ve vadi tabani diizliik indeksi olmak tizere 11 bagimsiz
degisken kullanilmistir. Bagimhi degiskenler ise AFAD taskin envanteri ve 2019 yili Sentinel-2
uydu goériintiisinden elde edilen NDWI (Normallestirilmis Fark Su Indeksi) verileriyle
olusturulmustur. LR analizi éncesinde uygulanan ¢oklu dogrusallik testinde, Varyans Sisirme
Faktorii (VIF) degeri 5’in altinda olan 8 degisken analize dahil edilmistir. Analiz sonug¢larina gore;
AHP modelinde havzanin yiiksek ve ¢ok yliksek duyarl alanlari toplam yiizél¢limiintin (233,63
kmz) %39,96’sim1  olustururken, istatistiksel temelli LR modelinde bu oran %9,20 olarak
hesaplanmistir. Her iki modelde de havzanin mansap kesimindeki (graben tabani) Caybasi,
Egerci, Pamukyaz1 ve Karakuyu mahalleleri yiliksek duyarli ¢ikmistir. Ancak uzman goriisiine
dayali AHP yontemi Visneli, Derekdy ve Gokyaka mahallelerini de yiiksek duyarl sinifa dahil
ederken, objektif bir istatistiksel yaklasim sunan LR modeli riskli alanlar1 daha spesifik sekilde
siirlandirmistir. Modellerin dogrulama asamasinda Aha isletim Karakteristigi (ROC) Egrisi
Altinda Kalan Alan (AUC) degerleri AHP icin 0,91, LR icin ise 0,98 olarak tespit edilmistir. Elde
edilen bulgular, graben tabanlarinda yer alan verimli tarim arazileri ve yogun niifuslu
yerlesmelerin taskin yonetiminde oOnceliklendirilmesi gerektigini gostermektedir. Etkin bir
akarsu havzasi yonetimi icin, yukar1 havzadaki jeomorfolojik dinamiklerin mansaptaki etkilerini
dikkate alan biitiinciil mekansal planlama stratejilerinin gelistirilmesi elzemdir.

Anahtar Kelimeler; Taskin Duyarlili1 Jeomorfoloji Havza Y6netimi Analitik Hiyerarsi Siireci
(AHP) Lojistik Regresyon (LR) Kiiciik Menderes Havzasi

ABSTRACT

This study aims to evaluate the flood susceptibility of the Visneli Dere Basin a sub-basin of the
Kiicitk Menderes Basin located in the Torbali district of Izmir from a geomorphological
perspective. Originating from Mount Kemalpasa, the Visneli Stream flows in a north-south
direction and reaches the Torbali Plain. The upper reaches of the basin consist of high and steep
mountainous slopes, whereas the downstream sections correspond to the Kiicilk Menderes
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graben plain, a depression zone shaped by post-Neogene tectonic movements. During sudden
and intense precipitation events, surface runoff rapidly descends from the highly sloped
topography to the graben floor, paving the way for destructive floods in the plain. In this context,
a flood susceptibility analysis was conducted using the Analytic Hierarchy Process (AHP) and
Logistic Regression (LR) methods integrated with Geographic Information Systems (GIS). The
model incorporated 11 independent variables: elevation, slope, profile curvature, Topographic
Wetness Index (TWI), Stream Power Index (SPI), precipitation, distance to river, drainage
density, lithology, land use, and Valley Bottom Flatness Index. The dependent variables were
derived from the AFAD (Disaster and Emergency Management Authority) flood inventory and
the Normalized Difference Water Index (NDWI) extracted from 2019 Sentinel-2 satellite imagery.
Prior to the LR analysis, a multicollinearity test was applied, and 8 variables with a Variance
Inflation Factor (VIF) of less than 5 were included in the model. The results indicate that in the
AHP model, areas with high and very high flood susceptibility account for 39.96% of the total
basin area (233.63 km?). In contrast, this proportion was calculated as 9.20% in the statistically-
based LR model. Both models identified the downstream neighborhoods (located on the graben
floor), namely Caybasi, Egerci, Pamukyazi, and Karakuyu, as highly susceptible. However, while
the expert knowledge-based AHP method also classified the Visneli, Derekdy, and Gokyaka
neighborhoods as highly susceptible, the LR model, offering an objective statistical approach,
delineated the high-risk zones more specifically. During the model validation phase, the Area
Under the Receiver Operating Characteristic Curve (ROC-AUC) values were determined as 0.91
for AHP and 0.98 for LR. These findings indicate that fertile agricultural lands and densely
populated settlements located on the graben floor must be prioritized in flood management. For
effective river basin management, it is essential to develop holistic spatial planning strategies
that consider the downstream impacts of geomorphological dynamics occurring in the upper
basin.

Keywords; Flood Susceptibility Geomorphology Basin Management Analytic Hierarchy Process
(AHP) Logistic Regression Kiiciik Menderes Basin
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/ Analysis of Flood Events in Usak City Using Geographic Information Systems (GIS)
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OZET

Usak sehri, Bat1 Anadolu’nun i¢ kesimlerinde, Ege Bolgesi ile I¢c Anadolu Bélgesi arasindaki gecis
kusaginda, plato yiizeyleri ile akarsu vadileri arasinda gelismis bir yerlesme alani iizerinde
kurulmustur. Bu konumsal ve morfolojik 6zellikler, kentin taskin duyarliligini belirleyen baslica
fiziki cografya unsurlarini da ortaya koymaktadir. Bolge, Bati Anadolu genislemeli tektonik rejim
icerisinde yer almaktadir. Genel morfolojik birim olarak Usak Platosu iizerinde yer alan ve bu
platoda fay kontrollii ¢okiintli alanlar1 ve buna bagl gelisen aliivyal tabanli vadiler taskin
acisindan hassas ortamlar olusturmaktadir. Jeomorfolojik olarak plato yiizeylerinden vadi
tabanlarina dogru kisa mesafede gerceklesen yiikselti farki, egim kirikliklar1 boyunca yiizey
akisini hizlandirmakta ve o6zellikle ani yagislarda akarsu debilerinde hizli artislara neden
olmaktadir. Drenaj ag1 acisindan degerlendirildiginde ise, Usak sehri Biiyiik Menderes Nehri
havzasi yukar1 ¢igirinda Ulubey Cayi'nin ana kolu durumundaki Dokuzsele Cayinin drenaj
havzasi icerisinde yer alir. Bu alanda meydana gelen tektonik karakterli kapmalar sonucu ortaya
¢ikan graben sahasi ve kuru vadiler boyunca gelisme gosteren kentsel alan taskinlar acgisindan
biiylik bir risk tasimaktadir. Ayrica gecirimsiz yilizeylerin (betonlasma) artmasiyla birlikte
ylizeysel akisin hizlanmasi, dogal drenajin bozulmasi ve taskinlarin daha kisa siirede ve daha
ylksek pik debilerle gerceklesmesine zemin hazirlamaktadir. Bu baglamda, tektonik kontrol,
jeomorfolojik birimlerin dagilis1 ve drenaj sisteminin 6zellikleri birlikte degerlendirildiginde
taskina maruz kalan sahalardaki sularin morfolojik sebeplere bagl olarak tahliye sistemlerinin
zaylf olmasi1 Usak kentinde 6zellikle vadi tabanlar1 ve aliivyal dolgu alanlarinin tagkin riski
acisindan hassas durumda oldugunu goéstermektedir. Bu calismada Cografi Bilgi Sistemleri
uygulamalarindan ARCMAP 10.8 paket program yardimi ile taskin duyarlilik analizleri yapilarak
taskina maruz kalabilecek alanlar tespit edilmistir. Boylece sehrin planlanmasi ve gelisme
istikametlerinin belirlenmesinde birtakim 6neriler gelistirilmistir. Zira son yillarda gerceklesen
ylksek yagis etkinlikleri sonrasi yeni yerlesim alanlarinda biiyiik su baskinlar gerceklesmistir.
Bu durumda Usak sehri yerlesim alaninin taskin duyarlilik durumunun belirlenmesini zorunlu
hale getirmistir.

Anahtar Kelimeler: Usak, taskin duyarlilifi, tektonik jeomorfoloji, Usak grabeni, drenaj agi,
kapma

ABSTRACT

The city of Usak, located in the interior of Western Anatolia within the transitional zone between
the Aegean and Central Anatolia regions, has developed on a settlement area between plateau
surfaces and river valleys. These locational and morphological features reveal the main physical
geography factors that determine the city’s flood susceptibility. The region lies within the
extensional tectonic regime of Western Anatolia. As a general morphological unit, Usak is
situated on the Usak Plateau, where fault-controlled subsidence areas and associated alluvial
valley floors create environments highly sensitive to flooding. Geomorphologically, the sharp
elevation differences from plateau surfaces to valley floors accelerate surface runoff along slope
breaks, causing rapid increases in stream discharge, particularly during intense rainfall events.
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From a drainage perspective, Usak city is located in the upper course of the Biiyiik Menderes
Basin, within the catchment of the Dokuzsele Stream, the main tributary of the Ulubey Stream.
Graben areas formed by tectonic captures and dry valleys have facilitated urban expansion, yet
these environments carry significant flood risk. The increase in impervious surfaces
(urbanization) has further accelerated surface runoff, disrupted natural drainage, and led to
floods occurring with shorter durations and higher peak discharges. Considering tectonic
control, the distribution of geomorphological units, and drainage system characteristics together,
the weak discharge capacity of flood-prone areas due to morphological factors indicates that
valley floors and alluvial fills in Usak are particularly vulnerable to flooding.

In this study, flood susceptibility analyses were conducted using Geographic Information
Systems (ArcMAP 10.8), and areas potentially exposed to flooding were identified. Based on
these findings, recommendations were developed for urban planning and future development
directions. Recent heavy rainfall events have caused severe flash floods in newly developed
residential areas, making the assessment of flood susceptibility in Usak’s settlement area an
urgent necessity.

Keywords: Usak, flood susceptibility, tectonic geomorphology, Usak graben, drainage network,
stream capture
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OZET

Bu ¢alismada amag Kizilirmak’in 6nemli kollarindan biri olan Yildiz Irmagi’nin (Sivas) tagkin risk
durumunu tarim alanlar1 agisindan ortaya koymaktir. Havza sinir1 belirlenen ¢alismanin, risk
haritasinin olusturulmas icin yagis, akarsuya yakinlik, arazi kullanimi, egim, baki, yiikseklik,
toprak, kayac o6zellikleri olmak iizere sekiz kriter belirlenmistir. Haritalama siireci Cografi Bilgi
Sistemleri (CBS) tabanli yiiriitiilmiistiir. Analizlerde ArcGis 10.2 programi kullanilmistir. CBS
tabanl analiz siirecinde ¢ok kriterli karar verme alanlarindan biri olan Analitik Hiyerarsi Siireci
(AHS) kullanilarak tarim alanlar1 acisindan taskin riskli sahalar belirlenmistir. Olusturulan ikili
karsilastirma ile tutarlilik test edilmistir. Hesaplanan tutarlilik orani (CR) 0.011 olup 0.10’dan
kii¢iik oldugu i¢in ikili karsilastirma tutarl kabul edilmistir. Olusturulan taskin risk haritasi tim
kriterler diizeyinde “¢ok ytiksek (%0,05), yiiksek (%15,88), orta (%56,16), diisiik (%28,11) ve
¢ok diisiik (%0,01)” olmak tlizere bes farkl kategori ile temsil edilmistir. Arazi kullanim durumu
lizerinden belirlenen tarimsal alanlarin %0,12’si ¢ok yiiksek, %36,26’s1 yiiksek, %62,18’i
orta, %1,44’t0 disik ve %01 ¢ok diisiik kategorisinde yer almaktadir. Sonuglar tarimsal
alanlarda yasanabilecek taskin riski CBS tabanli AHS ile yerelde ve bolgede karar vericilere
onemli veriler saglamaktadir. Ozel tesebbiisler, yerel yonetimler ve ilgili kurumlar tarafindan,
elde edilen bulgular dogrultusunda arazi kullanim durumuna y6nelik gerekli planlamalar tagkin
risk derecesine gore yapilmalidir.

Anahtar Kelimeler: Yildiz Irmagi), Taskin Risk Haritalamasi, Cografi Bilgi Sistemi, Analitik
Hiyerarsi Stureci.

ABSTRACT

The aim of this study is to reveal the flood susceptibility status of the Yildiz River (Sivas), one of
the important tributaries of the Kizilirmak River, in terms of agricultural areas. Within the study,
whose basin boundaries were determined, eight criteria were identified to create the risk map:
precipitation, proximity to streams, land use, slope, aspect, elevation, soil, and lithological
characteristics. The mapping process was carried out based on Geographic Information Systems
(GIS). ArcGIS 10.2 software was used in the analyses. In the GIS-based analysis process, the
Analytic Hierarchy Process (AHP), one of the multi-criteria decision-making methods, was
employed to determine flood-prone areas in terms of agricultural lands. Consistency was tested
through pairwise comparisons. The calculated consistency ratio (CR) was 0.011, and since it is
less than 0.10, the pairwise comparison was considered consistent. The generated flood risk
map was represented at all criteria levels in five categories: very high (0.05%), high (15.88%),
medium (56.16%), low (28.11%), and very low (0.01%). According to land use-based
agricultural areas, 0.12% fall into the very high category, 36.26% high, 62.18% medium, 1.44%
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low, and 0% very low category. The results provide important data for decision-makers at local
and regional levels regarding potential flood risks in agricultural lands through GIS-based AHP.
Based on these findings, necessary land use planning should be carried out by private
enterprises, local governments, and relevant institutions according to flood risk levels.

Keywords: Yildiz River, Flood Risk Mapping, Geographic Information System (GIS), Analytic
Hierarchy Process (AHP).
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GIRIS

Heyelanlar, olusumlar icin gereken topografik, jeolojik ve jeomorfolojik 6zellikler ile klimatik
kosullar bir araya geldiginde 6nemli sonuglari olan olaylara yol agabilen kiitle hareketleridir. Bu
kiitle hareketi hem arazide hizli bir jeomorfolojik degisime hem de can ve mal kaybina neden
olmaktadir. Tiirkiye'de heyelan olusturan kosullarin en uygun oldugu cografi b6lge Karadeniz
Bolgesi'dir. Karadeniz Bolgesinde her yil cok sayida heyelan meydana gelmektedir. Bu
heyelanlarin bir kismi dogal nedenlerle olmakla beraber biiyiik bir kismi1 da yamag¢ dengesinin
bozulmasina neden olacak insan etkinliklerinden kaynaklanmaktadir. Bu etkinliklerin bazilari
yol yapimi, yerlesmeler icin yanlis yer se¢imi ve hatali ekonomik faaliyetlerdir.
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Sekil 1: Calisma Alaninin Konumu

Karadeniz’e dokiilen ve biiyiik bir delta olusturan Yesilirmak’in 6nemli kollarindan biri de Kelkit
Cayrdir. Kelkit Cayi, Giimiishane’'nin Cimen Daglar’'ndan dogup 320 km akarak Erbaa/Tokat
yakinlarinda Yesilirmak’a baglanir. Akarsu, havzanin orta kesimlerinde Kuzey Anadolu Fayi'ni
takip eden derin bir vadi icinde akar.

Bu calismanin amaci, Resadiye ile Koyulhisar ilgeleri arasinda kalan Kelkit Cay1 vadisinde ve
yakin ¢evresinde uzaktan algilama ile CBS analizlerinin de yardimiyla belirlenen heyelan riskli
alanlarin acgiklanmasidir. Bu saptamanin alanda yapilacak planlamalarda yararli olacag:
diistiniilmektedir.

MATERYAL ve YONTEM

Calismada, heyelan duyarliligini etkileyen faktorlerin modellenmesi icin farkli kaynaklardan
mekansal veriler temin edilmistir:
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Topografik Veriler: Calisma alaninin morfometrisini (egim, baki, yiikselti, egrisellik, Topografik
Nemlilik indeksi - TWI) olusturmak icin 30 m ¢oziiniirliiklii SRTM DEM althg: kullanilmstir.

Hidrolojik Veriler: Drenaj yogunlugunun modellenmesinde EU-Hydro veri setinden
yararlanilmistir.

Jeolojik ve Tektonik Veriler: Litolojik ve tektonik yapiyr tanimlamak amaciyla MTA Genel
Midiirliigii tarafindan hazirlanan 1:25.000 6lgekli jeoloji haritalari, 1:500.000 6lcekli Heyelan
Envanteri haritasi ile giincel diri fay vektor verileri temin edilmistir.

Beseri ve Cevresel Veriler: Arazi kullanimi ve bitki ortiisiiniin belirlenmesinde Esri Annual Land
Cover tercih edilirken; yerlesimler, yollar ve Hidroelektrik Santral (HES) iletim hatlan
OpenStreetMap (OSM) agik kaynak veri tabanindan saglanmistir.

Mekéansal analizlerin tamami ArcGIS Pro 3.6 yazilim ortaminda gerceklestirilmistir. Farkl
kaynak ve olcekteki raster ve vektor veriler, mekansal tutarlilik saglamak amaciyla ayni
projeksiyon sistemine ve hiicre boyutuna standartlastirilmistir. Heyelan duyarhlik modellemesi;
egim, baki, ylikselti, egrisellik, TWI, drenaj yogunlugu, litoloji, faylara, akarsulara, yollara ve
yerlesimlere uzaklik, arazi ortiisii olmak iizere toplam 13 parametreden olusturulmustur. Tim
parametreler heyelan olusumunu etkileme potansiyeline gore 1 (¢ok diisiik) ile 5 (¢ok yliksek)
arasinda derecelendirilmis ve uzman goriisii dogrultusunda agirliklandirilmistir. Son asamada,
Weighted Overlay araci ile "Heyelan Duyarlilik Haritas1" elde edilmis; iiretilen yiliksek ve cok
ylksek duyarliliktaki zonlar yerlesimler, yollar ve HES aglan ile Intersect araci kullanilarak
kesistirilip afet etki boyutu hesaplanmustir.

BULGULAR

Modelde kullanilan 13 parametre; Topografik, Jeolojik-Tektonik, Hidrolojik-Klimatolojik ve
Beseri-Cevresel olmak iizere dort ana grupta siniflandirilmistir.

Topografik Parametreler
ArcGIS Pro Surface Analyst araglari ile elde edilen bulgulara gore:

Yiikselti: DEM {lizerinden olusturulan model 500 metrelik esit araliklarla siniflandirilmistir.
Havza genelinde 1000-2000 metre yiikselti araliginin toplam alanin %67’sini olusturmasi,
heyelanlarin karakteristik olarak orta ve list yamaglarda kiimelendigini kanitlamaktadir.

Egim: Yercekimi etkisi ve kayma gerilmesinin maksimuma ulastig1 15°-45° arasi egim degerleri,
en yiiksek riski tasiyan sinif olarak kabul edilmistir.

Baki, Egrisellik ve TWI: Nemliligin korundugu kuzey, kuzeybati ve kuzeydogu yonlii yamaglar ile
suyun toplandig icbiikey yiizeylere yiiksek duyarlilik puanlari atanmistir. TWI i¢in ise nemlilik
derecelendirmesi Natural Breaks (Dogal Kirilmalar) algoritmasiyla belirlenmistir.

Jeolojik ve Tektonik Parametreler

Jeoloji: Kayaglarin direng ve ayrisma Ozellikleri esas alinarak; altere ve ayrismis volkanitler ile
kiltas1 ve marn igeren birimler en diisiik kayma direncine sahip olduklarn i¢in 5 puanla
degerlendirilmistir. Aliivyon ve yama¢ molozu 4, kumtasi ve konglomera 3, yiiksek makaslama
direncine sahip kirectasi ve masif kristalen kayaclar ise 1 puan almistir.

Faylara Uzaklik: Havzay1 dogu-bat1 yonilinde enine kesen 54 km uzunlugundaki KAF zonu, bu
riskin temel jeomorfolojik ve tektonik tetikleyicisidir. MTA diri fay vektor verilerine Euclidean
Distance araciyla uzaklik rasteri iiretilerek modele dahil edilmistir.

Hidrolojik, Beseri ve Cevresel Parametreler

Line Density araci ile hesaplanan drenaj yogunlugu ve yamag topugunu zayiflatan etki olarak
degerlendirilen  akarsulara uzaklik (Euclidean Distance) parametreleri yeniden
siniflandirilmistir.
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Yol, HES ve yerlesim verilerine 250 m esit araliklarla mesafe atanmis; Esri Annual Land Cover
veri seti ise biyolojik kohezyon ilkesine gore derecelendirilmistir. Arazi 6rtiisii dagiliminda %54
gibi yliksek bir orana sahip olan mera alanlarinin varligi, biyolojik kohezyon kapasitesinin
yetersizligine isaret etmektedir.

Duyarhlik Haritasinin Uretilmesi

Parametreler sirasiyla; Egim (%20), Jeoloji (%15), Faylara Uzaklik (%15), TRI (%10), TWI (%8),
Akarsu Mesafesi (%7), Arazi Kullanimi (%5), DEM-Yiikselti (%5), Egrisellik (%5), Yerlesim
Mesafesi (%3), Yol Mesafesi (%3), Baki (%2) ve HES Mesafesi (%2) seklinde agirhiklandiriimistir.
Agirhikl Cakistirma (Weighted Overlay) analizi sonucunda, ¢alisma alaninin %37’sinin "ylksek
ve cok yliksek" duyarlilik sinifinda yer aldigi saptanmistir. Modelin giivenilirligi, MTA heyelan
envanteri ile test edilmis ve kayithh kiitle hareketlerinin %10’unun iretilen riskli zonlar
icerisinde kaldig1 dogrulanmistir.
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Sekil 2: Olusturulan parametreler (1. Egim, 2. Baki, 3. Yiikselti, 4. Akarsuya uzaklik, 5. Jeoloji, 6.
Faylara uzaklik, 7. Egrisellik, 8. TRI, 9. TWI, 10. Arazi kullanimi, 11. Yollara uzaklk, 12.
Yerlesimlere uzaklik, 13. HES hatlarina uzaklik) ve sonug haritasi.

SONUC

Idari bakimdan Tokat'in Resadiye ilgesi ile Sivas'in Koyulhisar ilgeleri arasinda kalan Kelkit Cay:
Havzasi'nin fiziki cografya kosullari heyelan olusumuna olduke¢a uygundur. Bu sahada her yil,
karayollarini etkileyen kii¢ciik ¢apli olaylardan, can ve mal kayiplarina yol acan biiyilik kiitle

58



Jeomorfoloji Perspektifinde Akarsu Havzasi Yonetimi Calistayi, 8-9 Mayis 2026, Kastamonu

hareketlerine kadar degisen boyutlarda heyelanlar meydana gelmektedir. 21. ylzyilda
Tirkiye’de meydana gelen en biiylik afetlerden biri olan 2005 Kuzulu heyelani bu duruma
verilebilecek en somut 6rnektir. Gliniimiizde Resadiye ve Koyulhisar ilgeleri ile aralarinda kalan
yerlesmelerde eski biliyiik heyelanlarin izleri belirginligini korumakta olup, alanin genelinde
heyelan riski yliksek seviyededir.

Gerceklestirilen mekansal analizler, bolgedeki jeomorfolojik tehdidin boyutlarini sayisal olarak
ortaya koymustur. Incelenen 132 yerlesimin 44’iiniin yiiksek riskli alanlar igerisinde yer aldig
belirlenmistir. Buna ek olarak, Kelkit Cay1 iizerinde konumlanan ¢ok sayidaki HES projesi risk
altindadir ve bu iletim hatlarinin 67 km’lik kismi dogrudan yliksek risk zonlarindan gegmektedir.

Elde edilen bu c¢arpici veriler, havzadaki altyapi projelerinin ve yerlesim kararlarinin,
jeomorfolojik risk faktorleri géz ardi edilerek kurgulandigimi agikca gdstermektedir. Bu
baglamda, calismada tespit edilen heyelan riskli alanlar ve iiretilen CBS tabanli duyarlilik
haritalari, bolgede gelecekte yapilacak her tiirlii mekansal planlama ve yatirinm karar igin
zorunlu bir yasal altlhk olarak degerlendirilmelidir. Ozellikle yiiksek riskli zonlarda kalan
yerlesim yerleri ve altyapi tesisleri icin acil miihendislik 6nlemleri alinmali ve stratejik
planlamalar bu riskler dogrultusunda revize edilmelidir.

INTRODUCTION

Landslides are mass movements that can lead to events with significant consequences when the
topographic, geological and geomorphological features and climatic conditions required for their
formation come together. This mass movement causes both a rapid geomorphological change in
the land and loss of life and property. The geographical region where landslide-producing
conditions are most suitable in Tirkiye is the Black Sea Region. Many landslides occur in the
Black Sea Region every year. Although some of these landslides are due to natural causes, most
of them are caused by human activities that cause the slope balance to deteriorate. Some of these
activities are road construction, wrong location selection for settlements, and wrong economic
activities.
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Figure 1: Location of Study Area

One of the important branches of Yesilirmak, which flows into the Black Sea and forms a large
delta, is Kelkit Stream. Kelkit Stream originates from the Cimen Mountains of Giimiishane and
flows 320 km and connects to Yesilirmak near Erbaa/Tokat. The stream flows in a deep valley
following the North Anatolian Fault in the central parts of the basin.
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The aim of this study is to explain the landslide risk areas determined with the help of remote
sensing and GIS analysis in the Kelkit Stream valley between Resadiye and Koyulhisar districts
and its immediate surroundings. It is thought that this determination will be useful in planning
in the field.

MATERIALS and METHODS

In the study, spatial data was obtained from different sources to model the factors affecting
landslide susceptibility:

Topographic Data: 30 m resolution SRTM DEM base was used to create the morphometry of the
study area (slope, aspect, elevation, curvature, Topographic Humidity Index - TWI).

Hydrological Data: EU-Hydro data set was used in modeling the drainage density.

Geological and Tectonic Data: In order to define the lithological and tectonic structure, 1:25,000
scale geological maps prepared by MTA General Directorate, 1:500,000 scale Landslide
Inventory map and current active fault vector data were obtained.

Human and Environmental Data: While Esri Annual Land Cover is preferred in determining land
use and vegetation; Settlements, roads and Hydroelectric Power Plant (HEPP) transmission lines
were provided from the OpenStreetMap (OSM) open source database.

All spatial analyzes were carried out in the ArcGIS Pro 3.6 software. Raster and vector data from
different sources and scales are standardized to the same projection system and cell size to
ensure spatial consistency. Landslide susceptibility modelling; It is composed of a total of 13
parameters: slope, aspect, elevation, curvature, TWI, drainage density, lithology, distance to
faults, streams, roads and settlements, land cover. All parameters were rated from 1 (very low)
to 5 (very high) according to their potential to affect landslide formation and were weighted in
line with expert opinion. In the final stage, "Landslide Susceptibility Map" was obtained with the
Weighted Overlay tool; The produced high and very high sensitivity zones were intersected with
settlements, roads and HEPP networks using the Intersect tool and the disaster impact size was
calculated.

FINDINGS

13 parameters used in the model; It is classified in four main groups: Topographic, Geological-
Tectonic, Hydrological-Climatological and Human-Environmental.

Topographic Parameters
According to the findings obtained with ArcGIS Pro Surface Analyst tools:

Elevation: The model created via DEM is classified into equal intervals of 500 meters. The fact
that the 1000-2000 meter altitude range constitutes 67% of the total area throughout the basin
proves that landslides are characteristically clustered on the middle and upper slopes.

Slope: Slope values between 15° and 45°, where the effect of gravity and shear stress reach their
maximum, are considered to be the class with the highest risk.

Aspect, Curvature and TWI: High sensitivity scores were assigned to north, northwest and
northeast slopes where humidity is maintained and concave surfaces where water collects. For
TWI, the humidity rating was determined by the Natural Breaks algorithm.

Geological and Tectonic Parameters

Geology: Based on the resistance and weathering properties of rocks; Units containing altered
and weathered volcanics, claystone and marl were evaluated with 5 points because they have
the lowest shear resistance. Alluvium and hillside rubble received 4 points, sandstone and
conglomerate received 3 points, and limestone and massive crystalline rocks with high shear
strength received 1 point.
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Distance to Faults: The 54 km long NAF zone, which cuts the basin transversely in the east-west
direction, is the main geomorphological and tectonic trigger of this risk. MTA active fault vector
data were included in the model by producing a distance raster with the Euclidean Distance tool.

Hydrological, Human and Environmental Parameters

Drainage density calculated with the Line Density tool and distance to streams (Euclidean
Distance) parameters, which are considered as the weakening effect of the slope toe, have been
reclassified.

Distances were assigned to road, HEPP and settlement data at equal intervals of 250 m; The Esri
Annual Land Cover data set is rated according to the biological cohesion principle. The presence
of pasture areas, which have a high rate of 54% in the land cover distribution, indicates
insufficient biological cohesion capacity.

3.4. Susceptibility Map

The parameters are respectively; It is weighted as Slope (20%), Geology (15%), Distance to
Faults (15%), TRI (10%), TWI (8%), River Distance (7%), Land Use (5%), DEM-Elevation (5%),
Curvature (5%), Settlement Distance (3%), Road Distance (3%), Aspect (2%) and HEPP Distance
(2%). As a result of the Weighted Overlay analysis, it was determined that 37% of the study area
was in the "high and very high" sensitivity class. The reliability of the model was tested with the
MTA landslide inventory and it was confirmed that 10% of the recorded mass movements
remained within the produced risk zones.

Figure 2: Created parameters (1. Slope, 2. Aspect, 3. Elevation, 4. Distance to stream, 5. Geology,
6. Distance to faults, 7. Curvature, 8. TRI, 9. TWI, 10. Land use, 11. Distance to roads, 12. Distance
to settlements, 13. Distance to HEPP lines) and the result map.
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CONCLUSION

The physical geographical conditions of the Kelkit Stream Basin, which is administratively
located between Resadiye district of Tokat and Koyulhisar districts of Sivas, are quite suitable
for landslide formation. Every year, landslides of varying sizes occur in this area, from small-
scale events affecting highways to large mass movements causing loss of life and property. The
2005 Kuzulu landslide, one of the biggest disasters in Turkey in the 21st century, is the most
concrete example of this situation. Today, the traces of the old large landslides remain evident in
the Resadiye and Koyulhisar districts and the settlements between them, and the risk of
landslides in the entire area is at a high level. The spatial analyzes carried out numerically
revealed the extent of the geomorphological threat in the region. It was determined that 44 of
the 132 settlements examined were located in high-risk areas. In addition, many HEPP projects
located on the Kelkit Stream are at risk, and 67 km of these transmission lines pass directly
through high risk zones.

These striking data obtained clearly show that infrastructure projects and settlement decisions
in the basin were designed by ignoring geomorphological risk factors. In this context, the
landslide risk areas identified in the study and the GIS-based susceptibility maps produced
should be considered as a mandatory legal basis for any future spatial planning and investment
decisions in the region. Urgent engineering measures should be taken, especially for settlements
and infrastructure facilities in high-risk zones, and strategic plans should be revised in line with
these risks.
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OZET

Giintimiizde antropojenik faaliyetlerin hizli artisi, toprak erozyonu siireglerini tetikleyerek arazi
tahribatini kiiresel ¢apta kritik bir ¢evresel tehdit boyutuna tasimistir. Toprak erozyonu, verimli
arazilerin asinmasina ve dolayisiyla ciddi verim kayiplarina neden olmaktadir. Bu baglamda
¢alismanin amaci, Kastamonu ilinde bulunan Aydos Cayr Havzas’'nin erozyon duyarhligini
ICONA modeli yaklasimiyla mekansal olarak degerlendirmektir. Dért asamada gerceklestirilen
¢alismanin ilk adiminda, erozyon duyarliliginin tespitinde kullanilacak temel veri katmanlari
olan egim, jeoloji, arazi kullanimi ve bitki 6rtiisii yogunlugu kriterleri olusturulmustur. Egim
verisi, 12,5 x 12,5 metre ¢oziliniirliikli sayisal ylikseklik modelinden (SYM) elde edilmis, jeoloji
katmani ise MTA'nin Sinop ve Zonguldak paftalarinin sayisallastirilmasiyla iiretilmistir. Arazi
kullanimi i¢in CORINE veri tabaninda yer alan 10 metre ¢6ziiniirliiklii veriler tercih edilmis, bitki
ortiisii yogunlugu verisi ise Google Earth Engine (GEE) platformunda Sentinel uydu goériinttleri
kullanilarak hazirlanmstir. ikinci asamada, ICONA modeli cercevesinde egim ve jeoloji verileri
Cografi Bilgi Sistemleri (CBS) ortaminda Union araci ile birlestirilerek Toprak Asinim Haritasi;
arazi kullanimi ve bitki ortiisii yogunlugu verileri, birlestirilerek Toprak Koruma Haritas1 elde
edilmistir. Ugiincii asamada, iiretilen toprak asinim ve toprak koruma haritalar1 ICONA Kkarar
matrisi dogrultusunda sentezlenerek nihai Erozyon Duyarlilik Haritasi olusturulmustur.
Calismadan elde edilen bulgulara gore, ¢calisma alaninin %32,17'sinin Orta ve %29,39'unun
Diisiik erozyon duyarlilik sinifinda yer aldigir belirlenmistir. Ayrica alanin %13,29'u Yiksek
duyarhilik seviyesindeyken; Cok Diisik ve Cok Yiiksek duyarlilik smiflarinin ise calisma
alaninin %12,57'lik kismini olusturdugu tespit edilmistir. Calismanin dérdiincii ve son
asamasinda, elde edilen sonuglarin mekansal degerlendirmesi yapilmistir. Orta duyarhlik
seviyesine sahip alanlarin alt bilesenleri Intersect araci ile incelendiginde; bu
alanlarin %68,33"iiniin dik ve sarp egim gruplarinda, %47,07'sinin Kretase yash kirintili ve
karbonathh  yapilardan olusan Az Dayanikli Formasyonlar {izerinde bulundugu
gorilmiustir. %72,05'inin ormanhk alanlara, %64,84'linlin ise yogun bitki kapaliligina sahip
alanlara karsilik geldigi belirlenmistir. Sonug olarak, ICONA modeli kullanilarak gerceklestirilen
bu analiz; az dayanikli formasyonlar {lizerinde yer alan sarp ve ¢ok dik yamaclarda, orman
varliginin ve yogun bitki kapaliliginin toprak kaybini tamamen énleyemese de erozyon siddetini
kirmada kritik bir tampon islevi gordiiglinii kanitlamaktadir. Bu model, erozyon duyarhliginin
mekansal olarak etkin bir bicimde degerlendirilmesine olanak tanimis olup elde edilen
bulgularin havza bazli gelecekteki arazi planlama ve toprak yonetimi ¢alismalarina rehberlik
edecek nitelikte oldugu degerlendirilmektedir.

Anahtar Kelimeler: Erozyon Duyarhlifi, Cografi Bilgi Sistemleri, ICONA modeli, Aydos Cay1
Havzasi, Erozyon Riski, Kastamonu
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ABSTRACT

Currently, driven by the increase in anthropogenic activities, soil erosion has emerged as a
global threat concerning land degradation. As a result of soil erosion, fertile lands are eroded,
leading to a loss of productivity. The objective of this study is to determine the erosion
susceptibility of the Aydos Stream basin, located in Kastamonu province, using the ICONA model.
The study was conducted in four stages. In the first stage, the necessary criteria for determining
erosion susceptibility were identified. These include slope, geology, land use, and vegetation
density data layers. To obtain the slope data, a Digital Elevation Model (DEM) with a 12.5x12.5
meter resolution was used. The geology layer was generated by digitizing the MTA (General
Directorate of Mineral Research and Exploration) Sinop and Zonguldak geological sheets. Land
use data with a 10-meter resolution from the CORINE database was utilized, while the
vegetation density data was prepared from Sentinel satellite imagery within the Google Earth
Engine environment. In the second stage, slope and geology data were combined using the Union
tool according to the ICONA model to create the soil erodibility map, whereas land use and
vegetation density data were combined via the Union tool based on the ICONA matrix to
generate the soil protection map. In the third stage, the soil erodibility and soil protection maps
were integrated using the ICONA matrix to obtain the susceptibility values map. According to the
findings regarding the spatial distribution of the susceptibility classes, it was determined that
32.17% of the study area falls into the moderate susceptibility level, and 29.39% falls into the
low susceptibility level. High susceptibility accounts for 13.29% of the study area, while the Very
Low and Very High susceptibility classes constitute 12.57% of the region. The fourth and final
stage of the study involves the evaluation of the obtained results. The distribution of
susceptibility across the layers was determined by applying the Intersect tool to the resulting
moderate susceptibility level. Within the moderate susceptibility level, it was observed that
68.33% corresponds to steep and very steep slope classes, 47.07% lies on the Low-Resistance
Formations class composed of Cretaceous clastic and carbonate structures, 72.05% falls within
forested areas, and 64.84% consists of dense vegetation cover classes. Consequently, this
analysis conducted using the ICONA model proves that on steep and very steep slopes over low-
resistance formations, forest formations and dense vegetation cover serve as a crucial buffer to
mitigate the severity of soil loss, even if they cannot halt it completely. The ICONA model
enabled the spatial evaluation of erosion susceptibility, and the outputs obtained are of a quality
that can guide future planning and management efforts.

Keywords: Erosion Susceptibility, Geographic Information Systems, ICONA Model, Aydos Stream
Basin, Erosion Risk, Kastamonu
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OZET

Erozyon, Turkiye’'nin engebeli topografyasi ve degisken iklim kosullarinin yani sira, yanhs arazi
kullanimi ve bitki ortiisiiniin tahribi gibi insan kaynakl etkilerle hizlanan ve dogal kaynaklarin
stirdiriilebilirligini tehdit eden baslica g¢evresel sorunlardan biridir. Bu ¢alisma, Samsun ve
Sinop il sinirlarn icerisinde yer alan Kiyma Cayr Havzasi’nda erozyon duyarliliginin
belirlenmesini amac¢lamaktadir. Arastirma kapsaminda, ICONA (Instituto Nacional para la
Conservacion de la Naturaleza) modeli kullanilmistir. Modele girdi olusturan litoloji, egim, arazi
kullanim durumu ve bitki ortiisii yogunlugu verileri Cografi Bilgi Sistemleri (CBS) ve Uzaktan
Algilama (UA) teknikleri kullanilarak iiretilmistir. Litolojik veriler mevcut jeoloji haritalarindan
temin edilirken, egim verisi 12,5 m mekansal ¢6zlntrliige sahip ALOS PALSAR sayisal ytikseklik
modelinden elde edilmistir. Arazi kullanim verisi ESA WorldCover (2021) veri setinden, bitki
ortiisit yogunlugu ise Google Earth Engine platformu kullanilarak uydu goériintiilerinden
tiretilen NDVI verilerinden elde edilmistir. Tim veri katmanlari, modelin siniflandirma ve
cakistirma yaklasimina uygun bigimde analiz edilerek toprak asinabilirlik ve toprak koruma
haritalar1 olusturulmustur. Bu iki temel bilesen, matris yontemi ile birlestirilerek havzanin
erozyon risk dagilimi ortaya konulmustur. Elde edilen bulgular, Kiyma Cay1 Havzasi’'nda erozyon
duyarliliginin mekansal olarak belirgin farklihiklar gosterdigini ortaya koymaktadir.
Havzanin %34,2’si yliksek ve %7’si ¢ok yliksek duyarlilik grubunda yer almakta olup bu alanlar,
orta egimli, diisiik direncli litolojik birimlerin yaygin oldugu ve bitki ortiisiiniin zayif kaldig:
yamaglarda yogunlasmaktadir. Buna karsilik, ¢cok diisiik (%19,6) ve dusiik (%16,9) duyarlilik
siniflar;, egimin azaldig1i ve bitki oOrtiisiiniin daha yogun oldugu kesimlerde yayilis
gostermektedir. Orta derecede duyarlilik diizeyine sahip alanlar (%22,3) ise bu iki ug¢ sinif
arasinda gecis ozellikleri sergileyen sahalari temsil etmektedir. Sonu¢ olarak, havzada erozyon
duyarlhiliginin homojen bir dagilim gostermedigi ve farkli alanlar icin farkli yoénetim
yaklasimlarinin gerekliligi ortaya c¢ikmaktadir. Bu calisma, siirdiriilebilir arazi kullanimy,
erozyon kontrolii ve akarsu havzasi yonetimi siireglerine katki saglayabilecek nitelikte bir karar
destek altyapisi sunmaktadir.

Anahtar Kelimeler: Erozyon duyarliligi, ICONA modeli, Akarsu havzasi yonetimi, Cografi Bilgi
Sistemleri (CBS), Uzaktan Algilama (UA).

ABSTRACT

Soil erosion is one of the most significant environmental problems threatening the sustainability
of natural resources, accelerated by both natural factors such as Tiirkiye’s rugged topography
and variable climatic conditions, and anthropogenic influences including improper land use and
vegetation degradation. This study aims to determine the susceptibility to erosion in the Kiyma
Cay1 Basin, located within the provincial boundaries of Samsun and Sinop. In this context, the
ICONA (Instituto Nacional para la Conservacion de la Naturaleza) model was employed. The
input parameters of the model lithology, slope, land use, and vegetation density were generated
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using Geographic Information Systems (GIS) and Remote Sensing (RS) techniques. Lithological
data were obtained from existing geological maps, while slope data were derived from the ALOS
PALSAR Digital Elevation Model with a spatial resolution of 12.5 m. Land use data were acquired
from the ESA WorldCover (2021) dataset, and vegetation density was represented by NDVI
values derived from satellite imagery using the Google Earth Engine platform. All data layers
were analyzed and classified in accordance with the model’s overlay criteria to produce soil
erodibility and soil protection maps. These two components were then integrated using a matrix
approach to determine the spatial distribution of erosion risk within the basin. The results
reveal that erosion susceptibility in the Kiyma Stream Basin exhibits significant spatial
variability. Approximately 34.2% of the basin falls within the high susceptibility category,
predominantly located on moderately sloped areas characterized by low-resistant lithological
units and sparse vegetation cover. In contrast, very low (19.6%) and low (16.9%) susceptibility
areas are mainly distributed in regions with gentle slopes and dense vegetation. Moderate
susceptibility areas (22.3%) represent transitional zones between these extremes. In conclusion,
the findings indicate that erosion risk in the basin is spatially heterogeneous and necessitates
the development of area-specific management strategies. The study provides a decision-support
framework for sustainable land use planning, erosion control, and river basin management
practices.

Keywords: Erosion susceptibility, ICONA model, River basin management, Geographic
Information Systems (GIS), Remote Sensing (RS).
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Geodiversity Levels in the Cine Creek Basin
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OZET

Biyotik ve abiyotik unsurlardan meydana gelen ekosistemlerde, 6nemli dogal alanlarin
belirlenmesi i¢in jeogesitlilik derecelerinin kantitatif olarak ortaya konmasi gereklidir. Litoloji,
jeomorfoloji, hidroloji ve toprak bilesenlerinden olusan jeogesitlilik, jeopark potansiyelini
yansitmakla birlikte farkli habitatlarin olusumunu destekleyerek yiliksek biyocesitlilige temel
olusturmaktadir. Bu ¢alisma, Bliyiik Menderes Havzasi’'nin alt havzasi olan Cine Cay1 Havzasr’'nin
jeocesitlilik derecelerini grid temelli ¢ok kriterli analiz yontemi kullanarak belirlemeyi ve
haritalamay1 amaglamaktadir. Analizlerde SRTM sayisal yiikseklik modeli, Avrupa Uluslararasi
Hidrojeoloji Haritas1 (IHME1500 v1.2), Kiiresel Arazi Ortiisii Hassas Siniflandirma Sistemi (GLC
FCS30D) ve SoilGrids 2.0 verileri kullanilmistir. Havzanin jeogesitlilik dereceleri, litolojik,
jeomorfografik, hidrolojik ve toprak cesitliligi olmak iizere dort temel katmanin toplanmasi
yoluyla hesaplanmistir. Jeomorfografik cesitliligin belirlenmesi i¢in gerekli olan yeryiizii sekilleri
haritasi, Jeomorfon yontemi ile liretilmistir. Yapilan ¢alisma, 6rnek alinan literatiire kiyasla bazi
metodolojik iyilestirmeler sunmaktadir. Bu kapsamda, yalnizca grid icgerisindeki farkli sinif
sayisini ifade eden zenginligi hesaplamak yerine Shannon Cesitlilik indeksi kullanilarak daha
hassas sonuglar elde edilmistir. Analiz sonucunda elde edilen jeocesitlilik dereceleri, arazi
gozlemleriyle dogrulanmistir. Calismanin temel bulgusu, potansiyel jeopark alanlarinin yalnmizca
jeocesitlilik derecelerinin belirlenmesi yontemiyle tespit edilemeyecegi ancak analizin doga
koruma stratejilerinin planlanmasi ve alanlar arasi abiyotik cesitliligin kiyaslanmasi agisindan
bir referans sundugudur.

Anahtar Kelimeler: Jeogesitlilik, Cine Cay1 Havzasi, Jeopark Potansiyeli, Shannon Cesitlilik
Indeksi, Grid Temelli Analiz.

ABSTRACT

In ecosystems composed of biotic and abiotic elements, quantitative assessment of geodiversity
levels is necessary to identify critical natural areas. Geodiversity, comprising lithological,
geomorphological, hydrological, and soil components, reflects geopark potential and establishes
the foundation for high biodiversity by supporting the formation of diverse habitats. This study
aims to determine and map the geodiversity levels of the Cine Creek Basin, a sub-basin of the
Buyuk Menderes Basin, using a grid-based multi-criteria analysis method. The analyses utilized
the SRTM digital elevation model, the International Hydrogeological Map of Europe (IHME1500
v1.2), the Global Land Cover product with Fine Classification System (GLC FCS30D), and
SoilGrids 2.0 data. The geodiversity levels of the basin were calculated by combining four main
layers: lithological, geomorphographical, hydrological, and soil diversity. The landform map
required to determine geomorphographical diversity was generated using the Geomorphons
method. This study introduces specific methodological improvements compared to the existing
literature. Rather than calculating simple richness, which merely represents the count of distinct
classes within a grid cell, more precise results were achieved by applying the Shannon Diversity
Index. The geodiversity levels derived from the spatial analysis were validated through field
observations. Ultimately, the study concludes that while the geodiversity calculation method
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alone is insufficient to designate potential geopark areas, this analysis serves as a baseline for
planning conservation strategies and comparing abiotic heterogeneity across regions.

Keywords: Geodiversity, Cine Creek Basin, Geopark Potential, Shannon Diversiy Index, Grid
Based Analysis.
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OZET

Yiizey deformasyonlarinin izlenmesinde Interferometrik Sentetik Ac¢iklikli Radar (InSAR) teknigi
son yillarda bircok c¢alismada kullanilmaktadir. Zamansal-mekansal kapsam ve maliyet
bakimindan olduk¢a etkin olan InSAR teknigi zemin c¢okmelerinin tespitinde basariyla
uygulanmaktadir. Bu ¢alismada Ekim 2014 ve Mayis 2023 tarihleri arasinda yaklasik 9,5 yillik
Sentinel-1 InSAR zaman serisi kullanilarak Konya Kapali Havzasi’nin Bolluk Golii ve Tersakan
Goli sistemindeki diisey deformasyonlarin biliyikligli ve mekansal dagilimi arastirilmistir.
Yiikselen yoriingeden 1542 ve algalan yoriingeden 1099 LiCSAR interferogram {riinti, LiCSBAS
yazilimi kullanilarak islenmistir. Uydu bakis agisi dogrultusunda (line-of-sight: LOS) elde edilen
hiz bilesenleri, ayristirma islemi yapilarak diisey bilesene doniistiirtilmistiir. Ayrica diisey hizlar,
Cihanbeyli ilge merkezinde bulunan CIHA GNSS (Global Navigation Satellite System)
istasyonunun hiz degerleri esas alinarak kalibre edilmistir. Diisey deformasyonlar calisma
alaninin énemli bir béliimii icin zemin ¢okmesi seklinde goriilmiistiir. InSAR analizi sonuclarina
gore -114 mm/yil'a varan diisey deformasyon hizlari tespit edilmistir. Bolluk G6li'niin
kuzeydogusundaki traverten konileri ve dolinlerin oldugu kisimlarda -40 ila -50 mm/yil
arasinda degisen zemin ¢okme hizlar1 bulunmustur. Glinyiizii ve Taspinar mahalle sinirlarinda
kalan Insuyu Formasyonu iizerindeki tarim arazilerinde ise ortalama -60 mm/yil diisey
deformasyon hizlar1 goézlemlenmistir. Tersakan Goli'niin glineydogusundaki tuz bataklig
alanlarinda zemin ¢okme hizinin -60 ila -80 mm/y1l arasinda degistigi goriilmiistiir. Tespit
edilen deformasyon degerlerinin mekansal deseninin sulu tarim ve yeralti suyu kullanimiyla
iliskili olabilecek karstik siirecler, tuz bataklig1 alanindaki kompaksiyon gibi farkli antropojenik
ve jeomorfolojik stireclerle uyumlu olabilecegi degerlendirilmistir. Sentinel-1 tabanli InSAR
analizlerinin diisey yonlii ylizey hareketlerinin izlenmesi ve veriye dayal siirdiiriilebilir arazi
yOnetimi ve arazi kullanim politikalarinin gelistirilmesine 6nemli katkilar saglayabilecegi
diistiniilmektedir.

Anahtar Kelimeler: InSAR, Sentinel-1, deformasyon, Bolluk Go6li, Tersakan Golii, zemin ¢okmesi.

ABSTRACT

In recent years, the Interferometric Synthetic Aperture Radar (InSAR) method has been widely
used in many studies to monitor surface deformation. InSAR has been successfully applied in
detecting land subsidence due to its high spatial and temporal coverage and cost-effectiveness.
In this study, a Sentinel-1 time series covering approximately 9.5 years from October 2014 to
May 2023 was used to investigate the magnitude and spatial distribution of vertical
deformations in the Bolluk and Tersakan Lakes system within the Konya Closed Basin. A total of
1542 ascending and 1099 descending LiCSAR interferogram products were processed using
LiCSBAS software. The velocities estimated along the satellite line-of-sight (LOS) directions were
decomposed into vertical components. In addition, the vertical velocities were referenced based
on velocity estimates from the CIHA GNSS (Global Navigation Satellite System) station located in
the Cihanbeyli district center. The InSAR analysis results indicate that the maximum vertical
deformation rate reached -114 mm/year. Subsidence rates around dolines and travertine cones
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in the northeastern part of Bolluk Lake ranged from -40 to -50 mm/year. In agricultural fields
within the Giinyiizii and Taspinar neighborhoods, located on the Insuyu Formation, vertical
deformation rates were approximately -60 mm/year on average. In the salt marshes located
southeast of Tersakan Lake, vertical deformation velocities ranged from -60 to -80 mm/year.
The spatial pattern of the detected deformation is consistent with karstic processes that may be
associated with irrigated agriculture and groundwater use, as well as compaction in salt marsh
areas and other anthropogenic and geomorphological processes. Sentinel-1-based InSAR
analyses can contribute to monitoring vertical surface movements and developing data-driven
sustainable land management and land-use policies.

Keywords: InSAR, Sentinel-1, deformation, Bolluk Lake, Tersakan Lake, land subsidence.
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OZET

Bu ¢alisma, Kiitahya ili Simav ilgesi sinirlan igerisinde yer alan eski Simav Goliiniin kapilmasini
ele almaktadir. Bagka bir ifade ile giiniimiizdeki adiyla Harmancik-Simav yolu lizerinde Bozbelen
mevkiinde gerceklesen akarsu kapmasi (stream capture) olayini fliivyal jeomorfoloji acisindan
incelemektedir. Arastirmada Eski Simav G6lii'ne ulasan ve golu besleyen Catalca (Koca Dere) ve
Balaban Caylari'nin havzalari, Simav Cay1 tarafindan gergeklestirilen kapma olay1 ve goliin
bosalmasi neticesinde degisime ugramistir. Daha 6nce kuzeye akisli Emet Cay1’'nin Mustafakemal
deresi hidrografik havzasinda yer alan bu iki akarsu, kapma sonrasi yeni Simav Cay1 havzasina
dahil olmustur. Kapmalarda hizlandirici bir diger etmen de faylanmalardir. Arazi gozlemleri,
topografik haritalar ve sayisal yiikseklik modeli (DEM) verileri kullanilarak yapilan analizlerde,
ozellikle bu alandaki kapmalarin gerceklesmesinde Simav Grabeninde meydana gelen ¢okmeler
ve tektonik hareketler de etkili olmustur. Bu calisma ile bolgede gerceklesen kapmalar CBS
kullanilarak analiz edilmistir. Calismada Simav havzasi analiz edilerek egim ve drenaj alani
belirlenmistir. Bolgede yapilan jeomorfolojik gozlemlerle Simav Cayr ve Mustafakemal vadi
sistemlerinde kaydedilen tektonik olaylar ve kapma/kapilma emareleri Simav Cayi'nin yukari
¢1igirinda once gol olusumu ve sonra goliin kapilmasi olay1 gerceklesmistir. Bu ¢alismanin amaci
tektonizma kapma iliskisini ortaya koymak, Simav grabenin olusum ve gelisim asamalarini
aciklamak, bolgedeki aktif tektonige dikkat cekmektir.

Anahtar Kelimeler: Simav Cay1; Tektonizma; Simab Grabeni; Kapma; Tarihi Simav Goli

ABSTRACT

This study examines the stream capture of the former Simav Lake within the boundaries of
Simav district, Kiitahya Province. In other words, it investigates the stream capture event that
occurred near Bozbelen on the Harmancik-Simav road from the perspective of fluvial
geomorphology. The basins of the Catalca (Koca Dere) and Balaban Streams, which once fed the
former Simav Lake, were altered by the capture process carried out by the Simav Stream,
leading to the drainage of the lake. Previously, these two streams belonged to the Mustafakemal
Creek hydrographic basin of the northward-flowing Emet Stream, but after the capture they
became part of the Simav Stream basin. Faulting acted as an additional accelerating factor in the
capture process.

Analyses based on field observations, topographic maps, and digital elevation model (DEM) data
revealed that subsidence and tectonic movements in the Simav Graben played a significant role
in the occurrence of captures in this area. Using GIS applications, captures in the region were
analyzed, and slope and drainage areas of the Simav Basin were determined. Geomorphological
observations recorded tectonic events and evidence of capture in the Simav Stream and
Mustafakemal valley systems, showing that in the upper course of the Simav Stream, a lake first
formed and was later drained through capture.

The aim of this study is to reveal the relationship between tectonism and stream capture, to
explain the formation and developmental stages of the Simav Graben, and to draw attention to
the active tectonics of the region.

Keywords: Simav Stream, tectonism, Simav Graben, stream capture, historical Simav Lake
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