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ONSOZ

"XXII. TUJK Sempozyumu 2023", Harita Genel Miidiirliigii is birligi ile 29 Kasim-1 Aralik 2023 tarihleri
arasinda KTU Miihendislik Fakiiltesi Harita Miihendisligi ev sahipliginde KTU Prof. Dr. Osman
TuranKiiltir  ve Kongre Merkezi'nde diizenlenlenmistir. Sempozyuma, Universiteler, kamu
kurum/kuruslari, meslek odalar ve 6zel sektorden yonetici, personel ve dgrenciler olmak iizere yaklagik
400 kisi katilmustir. Trabzon Valisi Aziz Yildirim, KTU Rektérii Prof.Dr. Hamdullah Cuvalci, Harita
Genel Midiirii Tiimgeneral Dr. Osman Alp, Harita ve Kadastro Miihendisleri Odas1 Genel Bagkan1 Ali
Ipek, TUJK Universite Temsilcisi ve BU Kandilli Rasathanesi Deprem Aragtirma Enstitiisii Miidiirii Prof.
Dr. Haluk Ozener, TUJK Baskan1 Dr. Miih. Albay Ali Thsan Kurt, Sempozyum Diizenleme Kurulu
Baskani Prof. Dr. Mualla Yalginkaya tarafindan yapilan agilis  konugsmalarinin ardindan "Afetler ve
Afet Yoénetiminde Jeodezinin Katkilar1" konulu bir PANEL diizenlenmistir. B.U. Kandilli Rasathanesi ve
Deprem Arastirma Enstitiisii Miidiirii Prof. Dr. Haluk Ozener’in moderatdr oldugu panele, Harita Genel
Miidiiri Tiimgeneral Dr. Osman ALP; DSI Genel Miidiirii Mehmet Akif BALTA, Tapu ve Kadastro Genel
Miidiir Yardimcist Adil Hakan AYBER; AFAD Risk Belirteme ve Onlem Dairesi Bagskan1 Gokhan
YILMAZ panelist olarak katilmislardir. Sempozyuma 7 bilimsel oturum i¢in s6zlii sunumu uygun goriilen
71 bildiriden sunumu yapilan 66’s1 Bildiri Ozeti kitabinda yer almistir. Sempozyumun ii¢ oturumunda
Amerika, Almanya, Fransa, Cin ve Iran'dan 6 uluslararasi katilimer da cevrimigi/yiiz yiize sunumlar
yapmuslardir. Ayrica Sempozyumun son giinii KTU Harita Miihendisligi Boliimii Bilgisayar
Laboratuvarinda Hacettepe Universitesinden Dog.Dr. Kamil TEKE ve Harran Universitesinden Dog.Dr.
Mustafa ULUKAVAK tarafindan "Afetlerin olusturdugu anomalilerinin tespiti ve analizi" konusunda bir
Egitim diizenlenmistir.

TUBITAK 2223-B Yurti¢i Bilimsel Etkinlik Destekleme Programi Kapsaminda da desteklenen
sempozyuma, Atay Mithendislik, GeoTEKNIK, Sistem Harita, DEHA Harita, Geomatik Hizmetler, GNSS
Teknik, Bakiz Insaat, Paksoy, Sistem A.S. GeoEksper Harita Miihendislik, Kaya Harita, Ata Petrol ve
Insaat A.H.BAS olmak iizere toplam 12 6zel sektdr firmasi sponsor olmustur. Sempozyum, HKMO Genel
Merkez ve Trabzon Subesi, Trabzon Biiyliksehir Belediyesi ve Ortahisar Belediyesi, Tapu ve Kadastro
Genel Miidiirliigii, BU Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii, DSI Genel Miidiirliigii ve 22.
Bolge Miidiirliigii, Karayollar: Genel Miidiirliigii ve 10. Bolge Miidiirliigii, AFAD Trabzon Il Miidiirliigii
ve Ilbank tarafindan da desteklenmistir. Sempozyuma destek saglayan kurum/kurulus yoneticileri ve
katilim saglayan personelleri meslektaglarimiza, sponsor olan 6zel firmalarin yonetici ve sempozyum stant
alaninda gorev alan temsilcilerine tesekkiirlerimizi sunariz.

Diizenleme Kurulu Adina
Prof. Dr. Mualla Yalc¢inkaya
“XXII. TUJK Sempozyumu 2023 Diizenleme Kurulu Baskani

Karadeniz Teknik Universitesi, Harita Miihendisligi Bolimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering
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29 Kasim 2023, Carsamba

08:30 —09:30  Kayit
09:30 —11:00  Acilis Konugmalari
Prof. Dr. Mualla YALCINKAYA, XXII. TUJK SEMPOZYUMU 2023 Diizenleme Kurulu
Bagkam
Prof. Dr. Haluk OZENER, TUJK Universite Temsilcisi, B.U. Kandilli Rasathanesi ve Deprem
Arastirma Enstitiisii Miidiirii
Dr. Miih. Alb. Ali Thsan KURT, Tiirkiye Ulusal Jeodezi Komisyonu (TUJK) Baskani
Ali IPEK, Harita ve Kadastro Miihendisleri Odas1 (HKMO) YK Baskam
Tiimgeneral Osman ALP, Tiirkiye Ulusal Jeodezi ve Jeofizik Birligi (TUJJB) Bagkani, Harita
Genel Miidiirii
Prof. Dr. Hamdullah CUVALCI, Karadeniz Teknik Universitesi Rektorii
Aziz YILDIRIM, Trabzon Valisi
11:00 —11:10 TUJK 2023 Yili Odiil Toreni ve Plaket Takdimi
11:10-12:40 PANEL: AFETLER VE AFET YONETIMINE JEODEZININ KATKILARI
Moderator: Prof. Dr. Haluk OZENER (B.U. Kandilli Rasathanesi ve Deprem Aras. Ens. Miid.)
Panelist 1: Tiimgeneral Osman ALP, Tiirkiye Ulusal Jeodezi ve Jeofizik Birligi (TUJJB) Baskanu,
Harita Genel Miidiirii
Panelist 2: Adil Hakan AYBER, Tapu ve Kadastro Genel Miidiir Yardimcisi
Panelist 3: Mehmet Akif BALTA, DSI Genel Miidiirii
Panelist 4: Gokhan YILMAZ, AFAD Risk Belirteme ve Onlem Dairesi Baskan:
12:40 — 12:55 Stant Alan1 A¢ilis1 ve Fotograf Cekimi
12:55 — 14:20 OGLE YEMEGI ARASI
14:20-16:20 1. Oturum: AFETLER VE AFET YONETIMINE JEODEZININ KATKILARI
Oturum Bagkani: Prof. Dr. Ugur DOGAN, YTU Harita Miih. Bol.; YTU Rektér Yardimcisi
Al Dogu Karadeniz Ozelinde Taskinlar ve Tagkin Yénetimi
14:20-14:35 Cengiz Han Kiligaslan (DSI 22. Bélge Miidiir(i), Davetli Konugmaci
A2 Subat 2023 Depremlerinin Bolgede Olusturdugu Etkiler ve Yapay Zeka ile Afet Yonetim
14:35 - 14:50 Planlamasi
Ugur Dogan, Nabi Yiizer, vd. Davetli Konugmaci
A3 Tapu ve Kadastro Genel Miidiirliigiince Kahramanmaras Depremleri Kapsaminda
14:50 — 15:05  Yiiriitiilen Jeodezik Calismalar
Omer Salgin, Fatih Balcioglu, lbrahim Cankurt
A4 Sabit istasyon Verilerinin Afet Yonetiminde Kullanim,
15:05 —15:20  Meryem Aydin, Metin Soylu, Ibrahim Cankurt
AS Afetlerde Tapu ve Kadastro Idaresinin Rolii: Depremlerin Miilkiyete Etkisinin
15:20 —15:35  Degerlendirilmesi
Siimeyye Ebrahimi, Mustafa Arslan, Ismail Dursun
SUNUM YAPILMAMISTIR
A6 Kadastro Parsellerinin Parsel Fabric Programi Kullanilarak Veri Kalitesinin Artirilmasi
15:35-15:50  ve Dinamik Degerleme Yaklasiminin Degerlendirilmesi: Rubber Sheeting ve En kiiciik
Kareler Dengeleme Yontemleri Ornek Calisma: UQ Kampiisii
Siimeyye Ebrahimi, Mustafa Arslan
A7 Afet Alanlarina Yonelik Miidahale Caliymalarina Olcme Teknolojilerinin Katkilar
15:50 — 16:05  Ozgdr Avei
A8 Application of GNSS Tropospheric Corrections to InSAR Data Analysis
16:05 — 16:20  Nihal Tekin Unliitirk, Ugur Dodan
16:20-16:30 ARA
16:30 —18:30 2. Oturum: AFETLER VE AFET YONETIMINE JEODEZININ KATKILARI

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii

Oturum Bagskani: Prof. Dr. Haluk KONAK, KOU, Harita Miih. Bol.
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A9 Graben Kenarlarinda Kurulu Yerlesim Alanlarin1 Tehdit Eden Sessiz Tehlike: Asismik
16:30 —16:45  Yiizey Deformasyonlar1
Ibrahim Tiryakioglu, Caglar Ozkaymak, Veli Basaran
A10 Yerelektrik Degisimlerin Analizi ile Dogu Anadolu Fay Zonu ve Civarmmdaki Sismik
16:45—-17:00  Aktivitelerinin izlenmesi ve Deprem Erken Uyari Sisteminin Kurulabilirliginin
Arastirlmasi: TUBITAK 122Y365 )
Muste_zfa Ulukavak, Dursun Akaslan, Ali Kirgay, Hakan Karsli, Serkan Oztiirk, Mualla Yalginkaya, Sabri
Mert Inang, Hatice Turap, Omer Faruk Rengber
All Yiizey Deformasyonlarmin Analizleri: Mw 7.7 ve Mw 7.6 Biiyiikliigiindeki
17:00 —17:15 Kahramanmaras Depremleri Ornegi
Pakize Kiire¢ Nehbit
Al2 Ger¢cek Zamanh Kinematik PPP Teknigi ile Deprem Biiyiikliigiiniin Kestirilmesi: 6
17:15-17:30 Subat 2023 Kahramanmaras (Pazarcik ve Elbistan) Depremleri Ornegi
Sinan Birinci, Furkan Sogukkuyu, Mehmet Halis Saka
Al3 Farkh Uydu Sistemleri ve Olgcii siirelerinin Yer Kabugu Hareketlerini Belirleme
17:30 - 17:45  Performanslarin Karsilastirilmasi
Cevat Inal, Tunahan Giindogan, Sercan Biilbiil
Al4 InSAR Verilerinin Hizli Fourier Doniisiimii ile Zaman Seri Analizi: Gediz Grabeni
17:45 —18:00 (")rnegi Yavuz Giil, Kemal Ozgiir Hastaoglu, Fatih Poyraz, Hediye Erdogan, Hiiseyin Duman, Yavuz Giil
Al5 Paleo Heyelan Sahasindaki Kaya Bloguna Iliskin Potansiyel Kaya Diismesi
18:00 — 18:15  Senaryolarimin Uretilmesi ve Risklerin Irdelenmesi
Fatih Kadi, Murat Karahan, Alper Tunga Akin
Al6 6 Subat 2023 Kahramanmaras Depremlerin Olusturdugu Hasarlarinin Zemin Yapisi ve
18:15—18:30  Ozellikleri Ile liskisinin Jeofizik Olgiimlerle On Incelemesi
Hakan Karsli, Ali Erden Babacan, Ozgeng Akin
19:00 — 22:00 AKSAM YEMEGI

30 Kasim 2023, Persembe

09:00 —12:10 3. Oturum: GRAVITE ALANI
Oturum Bagkanlari: Prof. Dr. Orhan AKYILMAZ (ITU), Prof. Dr. Aydin USTUN (KOU)
Gl Remote Sensing of Gravity for Earth Science Applications: GRACE, GRACE-FO and
09:00 - 09:30 Beyond
Himanshu V. Save, Davetli Konugmaci (Cevrimigi)
G2 Progress on Satellite Gravimetry in China
09:30 — 10:00 Wei Feng, Davetli Konugsmaci (GCevrimigi)
G3 GRACE Zaman Serilerinde Uzun Donemli Periyodik Sinyalin Incelenmesi
10:00 — 10:20 Ozge Giines, Cilineyt Aydin
G4 Kiy1 Uydu Altimetresi Ve Mareograf Olgiileri ile Hesaplanan Deniz Seviyesi Hizlarinin
10:20 —10:40  Ege Denizi Dogu Kiy1 Bolgesinde Karsilagtirilmasi
Mehmet Emin Ayhan, Omiir Engin Demirkol
10:45-10:55 ARA
G5 Gravite Alam1 Modellemede Biiyiik Veri Analitigi Uygulamalari: Arazi Diizeltmelerinin
10:55-11:10  Paralel Degerlendirilmesi
Aydin Ustiin, Sevda Olgun, Orhan Akyilmaz
G6 Arazi Diizeltmesinin ve Yanal Yogunluk Degisimlerinin Gravimetrik Jeoitteki Etkisinin
11:10-11:25  Incelenmesi )
Sevda Olgun, Aydin Ustiin, Orhan Akyilmaz
G7 Gelisen Teknolojiler Isiginda Tiirkiye’de Yerel Astrojeodezik Geoit Belirlemek
11:25—-11:40 Fuat Cansever, Miige Albayrak, Mustafa Tevfik Ozliidemir
G8 Kara Araclarnyla Coklu Sensor Entegrasyonu ile Cekiill Sapmasi1 Bilesenlerinin
11:40 — 11:55  Belirlenme Potansiyeli
Yunus Aytag AKDOGAN, Murat DURMAZ, Hasan YILDIZ
G9 Diisey Kontrol A¢isindan GNSS/Nivelman Noktalarinin Onemi: 20 Yillik Perspektif
11:55-12:10  Aydin Ustiin
12:10 - 13:20 OGLE YEMEGI ARASI
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13:20 - 15:20 4. Oturum: REFERANS KOORDINAT SISTEMLERI
Oturum Bagkanlar1: Dog. Dr. Tevfik OZLUDEMIR (ITU), Do¢. Dr. Kamil TEKE (HU)
R1 The 3rd Realization of the International Celestial Reference Frame 3 (ICRF3)
13:20 — 13:40 Robert Heinkelmann, Davetli Konusmaci (Cevrimigi)
R2 Earth Orientation Parameters (EOP) — a general talk
13:40 — 14:00 Robert Heinkelmann, Davetli Konusmaci (Cevrimigi)
R3 ITRF2020 and Usage of its Station Position Kinematic Model
14:00 — 14:20 Zuheir Altamimi, Paul Rebischung, Xavier Collilieux, Laurent Meétivier, Kristel Chanard, Davetli
Konugmaci (Cevrimigi)
R4 6 Subat Kahramanmaras Depremlerinin Ulusal 3 Boyutlu Referans Aglarindaki Etkileri
14:20 — 14:40  Ali Ihsan Kurt, Tunahan Giindogan, Selguk Peker, Ozgtir Ozel, Davetli Konugsmaci
R5 Tiirkiye’de Diisey Koordinat Referans Cercevesinin Belirlenmesine Iliskin Calismalar
14:40 — 15:00  Erding Sezen, Ali Ihsan Kurt, Davetli Konugsmaci
R6 CGPS Giinliik Koordinat Zaman Serilerinin Birlestirilmesi ve GPS Hizlarinin Kestirimi
15:00 — 15:20 Mehmet Emin Ayhan
15:20 — 15:30 ARA
15:30-17:30 5. Oturum: JEODINAMIK
Oturum Baskanlari: Prof. Dr. Bahadir AKTUG (AU), Do¢. Dr. Gonca OKAY AHI (HU)
n Havran-Bahkesir Fay Zonunda Potansiyel Deprem Biiyiikliiklerinin Belirlenmesi
15:30 - 15:45  Eda Esma Eyiibagil, Ibrahim Tiryakioglu, Halil Ibrahim Solak, Hasan Hakan Yavagoglu, Cemal Ozer Yigit,
Bahadir Aktug, Caglar Ozkaymak, Mehmet Ali Ugur, Ece Bengiinaz Cakangimsek
12 Art¢r Depremler Oncesinde Goriilen Jeoelektrik Anomalileri: 6 Subat 2023
15:45-16:00 Kahramanmaras Depremleri Sonrasi
Mustafa Ulukavak, Sabri Mert Inang
J3 6 Subat 2023 Kahramanmaras Depremlerinin (Mw 7.7 ve Mw 7.6) Deprem Ani
16:00 —16:15  (Kosismik) Yer Degistirmeleri ve Kayma Dagihmlarinin GNSS Teknigi ile Belirlenmesi
Ali Ozkan, Halil Ibrahim Solak, Ibrahim Tiryakioglu, Murat Doruk Sentirk, Bahadir Aktug, Cemil Gezgin,
Fatih Poyraz, Hiiseyin Duman, Frédéric Masson, Géksu Uslular, Cemal Ozer Yigit, Hasan Hakan
Yavasoglu
J4 Dogu Anadolu Fay Zonu’nun (DAFZ) Erkenek ve Siirgii Segmentlerinin Deprem
16:15-16:30 Davramismin Cok Disiplinli Yontemlerle Incelenmesi: GNSS Calismalan
Ibrahim Tiryakioglu, Ercan Aksoy, Halil Ibrahim Solak, Fatih Poyraz, Cemil Gezgin, Eda Esma Eyiibagil,
Ece Benglinaz Cakansimsek, Ergin Dénmez, Kayhan Aladodan, Kemal Ozglir Hastaoglu, Hiiseyin
Duman, Hasan Sozbilir, Orhan Tatar, Fikret Kogbulut, Mustafa Softa, Serap Colak Erol, Elif Akgiin,
Mehmet Yiiksel
J5 6 Subat 2023 Kahramanmaras Depremlerinin Hasan Dag1 Volkan Izleme Istasyonlarina
16:30 — 16:45  Etkilerinin Incelenmesi )
Cemil Gezgin, Haci Murat Yilmaz, Ibrahim Tiryakioglu, Hediye Erdogan, Sileyman Sefa Bilgilioglu, Esra
Glrbliz, Osman Orhan, Alper Glrblz, Halil Ibrahim Giindliz, Gékhan Atici, Cezmi Tiirkmen, Erkan
Yildinm, Selami Kiligel, Kaan Ocal
J6 Seferihisar depreminin neden oldugu Iyonoserik Anamolilerin inelenmesi
16:45 —17:00  Sercan Biiblil, Fuat Basgiftci, Cevat Inal, Tunahan Giindogan
J7 30 Ekim 2020 Mw: 6.9 Sisam Depremi Sonrasi izmir ve Cevresindeki Postsismik
17:00—17:15  Deformasyonun izlenmesi )
Halil Ibrahim Solak, Ibrahim Tiryakioglu, Bahadir Aktug, Sefa Yalvag, Cemal Ozer Yigit, Ergin D6nmez,
Ertugrul Demirelli, Eda Esma Eylibagil, Ece Bengiinaz Cakansimsek
J8 GRACE/GRACE-FO Uydu Verileri ile Firat-Dicle Nehri Su Kiitlesi Degisiminin Zaman
17:15—-17:30  Serisi Analizi
Murat Bektasoglu, Emine Tanir Kayikgi
17:30 — 17:40 ARA

17:40 — 18:15

TURKIYE ULUSAL JEODEZI KOMISYONU
2023 YILI GENEL KURUL TOPLANTISI

01 Arahk 2023, Cuma

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii

https://tujk2023. ktu.edu.tr/

Karadeniz Technical University, Department of Geomatics Engineering



09:00 — 13:00 6. Oturum: KONUM BELIRLEME VE UYGULAMALAR
Oturum Baskanlari: Prof. Dr. Ibrahim TIRYAKIOGLU (4KU)
K1 TUSAGA-AKktif Jeodezik Alt Yapismin Giiclendirilmesi
09:00 — 09:15  Ayhan Cingéz
K2 Filistin Ulusal Jeodezik Referans Cercevesinin Olusturulmasi
09:15 =09:30 Coskun Demir, Ali Kiligoglu, Saed Ideas, Mohammad Maraheel, Omar Abusharar, Samuel Awawdi
K3 Tiirkiye’nin Antarktika Kitasindaki ilk Sabit GNSS istasyonu: Dismal (DISM)
09:30 - 09:45 i“stasyqnu
ngljr Ozel, Yusuf Ural, Abdullah Kellevezir, Tunahan Gilindogan, Faruk Yalgin, Selguk Peker, Soner
Ozdemir, Hakan Kiling, Ibrahim Cihan Demirel, llyas Akpinar
K4 Arktik Kutup Boélgesindeki Farkh Jeomanyetik Etkiler Altinda Tek-Frekansh Hassas
09:45 -10:00 Nokta Konum Belirleme (SF-PPP) Tekniginin Konum Belirleme Performansinin
Arastirillmasi
Cagan Soysal, Mert Bezcioglu
K5 Tiirkiye kiyllarinda deniz seviyesi degisiminin GNSS-IR yontemine dayah olarak
10:00 — 10:15  belirlenmesi ) ) . .
Cer_nali Altuntas, Nursu Tunalioglu, Taylan Ocalan, Ibrahim Haktan Keskin, Ozgiir Ozel, Erding Sezen,
Ali Thsan Kurt
K6 GPS Meteorolojisi ile Elde Edilen Yagisa Doniisebilir Su Buharmm Onemi ve Hava
10:15-10:30 Tahmininde Kullanilmasi
Ozkan Kocaaslan, Ekrem Tusat
K7 Diisiik Maliyetli GNSS Sistemlerinin Jeodezik Uygulamalarda Kullanim
10:30 — 10:45  Burak Akpinar, Ciineyt Aydin, Nedim Onur Aykut, Seda Ozarpaci, Fahri Karabulut, Giildane Oku
Topal, Ozge Glines
10:45 -11:00 ARA
K8 Simiilasyon, Optimizasyon ve Kestirim
11:00 —11:15  Orhan Kurt
K9 Jeodezik Veriler Kullanilarak 06 Subat 2023 Kahramanmaras Depremlerinin
11:15-11:30 Ardindan (Mw 7.7 - Mw 7.6) Post-Sismik Kabuk Deformasyonlarinin Web Tabanh
Acik Kaynak Kodlu Yazilimla Arastirilmasi
Mehmet Bak, Rahmi Nurhan Celik
K10 Gergek-Zamanh Varyometrik Yaklasim Degerlendirme Yazihmi: PPPH-VA
11:30 — 11:45 Berkay Bahadur, Mert Bezcioglu, Cemal Ozer Yigit
K11 Deprem Sonucu Olusan Deformasyon Alaninin Kiimeleme Yontemiyle Arastirllmasi
11:45 —12:00 Seda Ozarpaci
K12 Simiile edilmis GNSS zaman serilerinde beyaz giiriiltii yaklasiminda dalgacik varyans
12:00 — 12:15  kullanilmasi
Khosro Moghtasad-Azar, Emine Tanir Kayikgi, Ramin Tehranchi
K13 Konya Sehir Merkezi Yerlesiminde Diisey Yonlii Degisim Analizi
12:15 - 12:30 Kemal Yurt, Erhan Civcik
K14 Yapay Ci1g Makinelerinin CBS ile Yer Seciminin Yapilmasi: Palandoken Ornegi
12:30 — 12:45 Mehmet Alper Ozcan, Mustafa Dihkan
K15 Akilli Telefon LiDAR Sensorii ile Elde Edilen Nokta Bulutlarmm Dogrulugunun
12:45 -13:00 Degerlendirilmesi
Cemali Altuntas, Duygu Arican, Okan Yilmaz
13:00 — 14:00 OGLE YEMEGI ARASI
14:00 — 16:50 7. Oturum: KONUM BELIRLEME VE UYGULAMALAR
Oturum Baskanlari: Prof. Dr. Ertan GOKALP (KTU)
K1 Deprem Sonrasi Kadastro Parsel Koordinatlarinin Bilinear Mapping ile Incelenmesi
14:00 — 14:10 Cahit Tagi Celik, Kutalmis Gimiis
K2 Tiirkiye’de il ve ilcelere ait bolgesel doniisiim parametreleri olmaksizin Lambert
14:10 — 14:20 Konform Konik (LKK) Tasvirinde jeodezik dogrulukla iki boyutlu ITRF96-ED50
Datum Doniisiimii
Sakir Levent Sahin, Faruk Yildirim
K3 GNSS Olgiileri ile Yalova Hacimehmet Ovasi Tektonik Hareketlerin izlenmesi
14:20 — 14:30 Cansu UYSAL, Kemal YURT
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K4 Bingol ili Depremselligi ve Olas1 Deprem Durumunda Miicavir Alan icerisinde
14:30 — 14:40  Olusabilecek Kayiplar
Seyhan FIRAT
SUNUM YAPILMAMISTIR
K5 GNSS-IR Teknigi ile Deniz Seviyesi Degisiminin Izlenmesinde Kalite Degerlendirmesi
14:40 — 14:50 Cansu Besel Hatipoglu, Emine Tanir Kayikgi
K6 Deprem Bolgesinde En Uygun Okul Yer Secim Analizi: Elazig Merkez Ornegi
14:50 — 15:00 Mehmet Sait Sen, Utkan Mustafa Durdag
SUNUM YAPILMAMISTIR
K7 Karadeniz Icin Derin Ogrenme Tabanh Deniz Seviyesi Erken Uyari Sistemi
15:00 — 15:10 Ahmet Yavuzdogan, Emine Tanir Kayikgi
K8 Derin Ogrenme Algoritmalari ile Heyelan Duyarlihk Degerlendirmesi: Murgul (Artvin)
15:10 - 15:20  Ornegi
Ziya Usta, Alper Tunga Akin, Halil Akinci
15:20 — 15:30 ARA
K9 Ger¢ek Zamanh Kinematik PPP Teknigi ile Deprem Merkez Ussii Kestirimi: 6 Subat
15:30 — 15:40 2023 Kahramanmaras (Pazarcik ve Elbistan) Depremleri Ornegi
Furkan Sogukkuyu, Sinan Birinci, Mehmet Halis Saka
K10 Google Earth Engine ve Uzaktan Algilama Yontemleri ile Orman Yangin Alani1 Analizi:
15:40 — 15:50 Mugla-Kéycegiz Ornegi
Sule Yaman, Esra Tung Gérmiis
K11 Uydu Goriintiileri Kullanilarak Orman Yangin Alanlarindaki Hasar Tespiti ile Arazi
15:50 —16:00  ve Toprak Ortiisiindeki Zamansal Degisim
Betiil Kinmlioglu
K12 SENTINEL 1A Uydu Radar Verilerini Kullanilarak Sanigol Bolgesinin
16:00—16:10 Deformasyonunun Belirlenmesi,
Fatma Nur Kargin, Fatih Poyraz
K13 Analog Kadastro Haritalarinda Konumsal Duyarhiligin Onemi
16:10 — 16:20 Okan Yildiz, Aysen Baytar
K14 Optimum Sabit GNSS Aglarinda Uyusumsuz Olgiilerin Klasik Yontem ve Robust
16:20 —16:30  Kestirim Yontemi Ile Belirlenmesi
Mert Ozden, Aysen Aslan, Mualla Yalginkaya
SUNUM YAPILMAMISTIR
K15 Deniz Seviyesi Degisimlerinin Mareograf Verileri ile Arastiriimas:
16:30 — 16:40  Nazan Yilmaz, Edanur Akbulut
SUNUM YAPILMAMISTIR
K16 Lokal Jeoid Modellemede Yapay Sinir Ag1 Egitim Algoritmalarmin Karsilastirnimasi
16:40 — 16:50  Merve Ocak, Leyla Cakir
K17 Cift Frekansh Akilli Telefonlarin Baz Uzunlugu Belirlemede Kullanilabilirliginin
16:50 —17:00  Incelenmesi

Hﬁseiin Pehlivan, Bar/i Karadeniz

14:00 — 15:45 Teori ve Uygulama: "Afet kaynakli jeodezik sinyallerin analizinde filtreleme teknikleri"
Dog. Dr. Kamil Teke, Hacettepe Universitesi, Geomatik Miihendisligi Bolimii

15:45 —16:00 ARA

16:00 — 17:45 Teori ve Uygulama: “Yerelektrik sinyalleri ile depremlerin izlenmesi”
Dog. Dr. Mustafa Ulukavak, Harran Universitesi, Harita Mihendisligi Béliimi

17:00 — 18:00

KAPANIS
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BILDIRI OZETLERIi / ABSTRACTS

1.0turum: AFETLER VE AFET YONETIMINE JEODEZININ KATKILARI
Session 1: Contributions of Geodesy in Disasters and Disaster Management

Dogu Karadeniz Ozelinde Taskinlar ve Taskin Yonetimi
Cengiz Han Kilicaslan,(DSI 22. Bélge Miidiirii), Davetli Konusmact

Subat 2023 Depremlerinin Bolgede Olusturdugu Etkiler ve Yapay Zeka ile Afet
Yonetim Planlamasi 5
Ugur Dogan, Nabi Yiizer, vd. Davetli Konusmaci

Tapu ve Kadastro Genel Miidiirliigiince Kahramanmaras Depremleri
Kapsaminda Yiiriitiilen Jeodezik Calismalar 7
Omer Salgin, Fatih BalcioGlu, Ibrahim Cankurt

Sabit Istasyon Verilerinin Afet Yonetiminde Kullanimi
Meryem Aydin, Metin Soylu , Ibrahim Cankurt

Kadastro Parsellerinin Parsel Fabric Programi Kullanilarak Veri Kalitesinin
Artirilmast ve Dinamik Degerleme Yaklasimmin Degerlendirilmesi: Rubber
Sheeting ve En kiiciik Kareler Dengeleme Yontemleri Ornek Cahsma: UQ 10
Kampiisii

Stimeyye Ebrahimi, Mustafa Arslan

Afet Alanlarma Yonelik Miidahale Calismalarma Ol¢me Teknolojilerinin
Katkilan 11
Ozgiir Avci

GNSS Troposferik Diizeltmelerin InNSAR Veri Analizine Uygulanmasi

Nihal Tekin Unliitiirk, Usur Dogan 13

2.0turum: AFETLER VE AFET YONETIMINE JEODEZININ KATKILARI
Session 2: Contributions of Geodesy in Disasters and Disaster Management

Graben Kenarlarinda Kurulu Yerlesim Alanlarim1 Tehdit Eden Sessiz Tehlike:
Asismik Yiizey Deformasyonlar: 15
Ibrahim Tiryakioglu, Caglar Ozkaymak, Veli Basaran

Yerelektrik Degisimlerin Analizi ile Dogu Anadolu Fay Zonu ve Civarindaki
Sismik Aktivitelerinin Izlenmesi ve Deprem Erken Uyar1 Sisteminin
Kurulabilirliginin Arastirilmasi: TUBITAK 122Y365 17
Mustafa Ulukavak, Dursun Akaslan, Ali Kircay, Hakan Karsli, Serkan Oztiirk, Mualla
Yalginkaya, Sabri Mert Inang, Hatice Turap, Omer Faruk Rengber

Yiizey Deformasyonlarmin Analizleri: Mw 7.7 ve Mw 7.6 Biiyiikliigiindeki
Kahramanmaras Depremleri Ornegi 19
Pakize Kiire¢ Nehbit

Ger¢ek Zamanh Kinematik PPP Teknigi ile Deprem Biiyiikliigiiniin
Kestirilmesi: 6 Subat 2023 Kahramanmaras (Pazarcik ve Elbistan) Depremleri
Ornegi

Sinan Birinci, Furkan Sogukkuyu, Mehmet Halis Saka

21

Karadeniz Teknik Universitesi, Harita Miihendisligi Bolimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering



KTU : wq\n Ttirkiye Ulusal Jeodezi Komisyonu (TUJK) XXll. Sempozyumu 2023, 29 Kasim-01 Aralik 2023, Trabzon
- & Turkish National Geodesy Commission XXII. Symposium 2023, November 29-December 01 2023, Trabzon

Farkl Uydu Sistemleri ve Olcii siirelerinin Yer Kabugu Hareketlerini Belirleme
Performanslarln Karsilastirilmasi 23
Cevat Inal, Tunahan Giindogan, Sercan Biilbiil

InSAR Verilerinin Hizhi Fourier Doniisiimii ile Zaman Seri Analizi: Gediz
Grabeni Ornegi Yavuz Giil, Kemal Ozgiir Hastaoglu, Fatih Poyraz, Hediye | 25
Erdogan, Hiiseyin Duman, Yavuz Giil

Paleo Heyelan Sahasindaki Kaya Bloguna iliskin Potansiyel Kaya Diismesi
Senaryolarmin Uretilmesi ve Risklerin Irdelenmesi 27
Fatih Kadi, Murat Karahan, Alper Tunga Akin

6 Subat 2023 Kahramanmaras Depremlerin Olusturdugu Hasarlarinin Zemin
Yapisi ve

Ozellikleri ile iliskisinin Jeofizik Ol¢ciimlerle On incelemesi

Hakan Karsli, Ali Erden Babacan, Ozgeng¢ Akin

29

3.0turum: GRAVITE ALANI
Session 3: Gravity Field

Remote Sensing of Gravity for Earth Science Applications: GRACE, GRACE-
FO and Beyond 32
Himanshu V. Save, Davetli Konusmaci (Cevrimici)

Progress on Satellite Gravimetry in China

Feng Wei, Davetli Konusmact (Cevrimici) 33

GRACE Zaman Serilerinde Uzun Dénemli Periyodik Sinyalin Incelenmesi

Ozge Giines, Ciineyt Aydin 34

Kiy1 Uydu Altimetresi Ve Mareograf Olgiileri fle Hesaplanan Deniz Seviyesi
Hizlarimin Ege Denizi Dogu Kiy1 Bolgesinde Karsilastiriimasi 36
Mehmet Emin Ayhan, Omiir Engin Demirkol

Gravite Alam1 Modellemede Biiyiik Veri Analitigi Uygulamalar: Arazi
Diizeltmelerinin Paralel Degerlendirilmesi 38
Aydin Ustiin, Sevda Olgun, Orhan Akyiimaz

Arazi Diizeltmesinin ve Yanal Yogunluk Degisimlerinin Gravimetrik Jeoitteki
Etkisinin incelenmesi 40
Sevda Olgun, Aydin Ustiin, Orhan Akyilmaz

Gelisen Teknolojiler Isiginda Tiirkiye’de Yerel Astrojeodezik Geoit Belirlemek

Fuat Cansever, Miige Albayrak, Mustafa Tevfik Ozliidemir 42

Kara Araclariyla Coklu Sensor Entegrasyonu ile Cekiil Sapmasi Bilesenlerinin
Belirlenme Potansiyeli 44
Yunus Aytag¢ AKDOGAN, Murat DURMAZ, Hasan YILDIZ

Diisey Kontrol Acisindan GNSS/Nivelman Noktalarinin Onemi: 20 Yillk
Perspektif 46
Aydin Ustiin
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4.0turum: REFERANS KOORDINAT SISTEMLERI
Session 4: Referance Coordinate Systems

The 3rd realization of the International Celestial Reference Frame 3 (ICRF3) 49
Robert Heinkelmann, Davetli Konusmact (Cevrimici)

Earth Orientation Parameters (EOP) — a general talk

Robert Heinkelmann, Davetli Konusmact (Cevrimici) S0

ITRF2020 and usage of its station position kinematic model
Zuheir Altamimi, Paul Rebischung, Xavier Collilieux, Laurent Métivier, Kristel 51
Chanard, Davetli Konusmaci (Cevrimici)

6 Subat Kahramanmaras Depremlerinin Ulusal 3 Boyutlu Referans
Aglarindaki Etkileri ) ) 52
Ali Ihsan Kurt, Tunahan Giindogan, Sel¢uk Peker, Ozgiir Ozel, Davetli Konusmact

Tiirkiye’de Diisey Koordinat Referans Cercevesinin Belirlenmesine Mliskin
Calhismalar 54
Erding Sezen, Ali Thsan Kurt, Davetli Konusmaci

CGPS Giinliik Koordinat Zaman Serilerinin Birlestirilmesi ve GPS Hizlarinin
Kestirimi 56
Mehmet Emin Ayhan

5.0turum: JEODINAMIK
Session 5. Geodynamics

Havran-Balikesir Fay Zonunda Potansiyel Deprem Biiyiikliiklerinin
Belirlenmesi

Eda Esma Eyiibagil, Ibrahim Tiryakioglu, Halil Ibrahim Solak, Hasan Hakan 59
Yavasoglu, Cemal Ozer Yigit, Bahadir Aktug, Caglar Ozkaymak, Mehmet Ali Ugur,
Ece Bengiinaz Cakangimgsek

Artc1 Depremler Oncesinde Gériilen Jeoelektrik Anomalileri: 6 Subat 2023
Kahramanmaras Depremleri Sonrasi 61
Mustafa Ulukavak, Sabri Mert Inang

6 Subat 2023 Kahramanmaras Depremlerinin (Mw 7.7 ve Mw 7.6) Deprem Ani
(Kosismik) Yer Degistirmeleri ve Kayma Dagilimlarimin GNSS Teknigi ile
Belirlenmesi

Ali Ozkan, Halil Ibrahim Solak, Ibrahim Tiryakioglu, Murat Doruk Sentiirk, Bahadir
Aktug, Cemil Gezgin, Fatih Poyraz, Hiiseyin Duman, Frédeéric Masson, Goksu
Uslular, Cemal Ozer Yigit, Hasan Hakan Yavasoglu

Dogu Anadolu Fay Zonu’nun (DAFZ) Erkenek ve Siirgii Segmentlerinin
Deprem Davramsinin  Cok Disiplinli Yoéntemlerle Incelenmesi: GNSS
Cahismalan

Ibrahim Tiryakioglu, Ercan Aksoy, Halil Ibrahim Solak, Fatih Poyraz, Cemil Gezgin, 64
Eda Esma Eyiibagil, Ece Bengiinaz Cakansimsek, Ergin Dénmez, Kayhan Aladogan,
Kemal Ozgiir Hastaoglu, Hiiseyin Duman , Hasan Sézbilir, Orhan Tatar, Fikret
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Dogu Karadeniz Havzasi Ozelinde Taskinlar ve Taskin Yoénetimi

Cengiz Han KILICASLAN" =

! Deviet Su Isleri 22. Bslge Miidiirliigii
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Ozet

Dogu Karadeniz Havzasi Ozellikleri ve Meydana Gelen Taskinlarin Nedenleri

Dogu Karadeniz Havzasi, meteorolojik 6zellikleri ve topografik yapist nedeniyle sik sik tagkinlara
maruz kalmakta ve yerlesim yerleri genellikle tagkin alanlarinda bulunmaktadir. Gegmisten bugiine
yasanan tagkinlar pek ¢ok insanin Oliimiine, yaralanmasina ve c¢esitli sekillerde sagliklarinin
bozulmasina neden olmakta; her y1l milyarlarca TL tagkinlardan kaynaklanan zararin azaltilmasina ve
yaralarin kapatilmasima harcanmaktadir. Dogu Karadeniz Havzasinda yasanan bu taskinlarm gerek
ekonomik gerek can kaybi agisindan boyutu, fiziki ve iklimsel kosullar1 nedeniyle Tiirkiye’deki diger
havzalardan daha fazladir. Tagkinlar meydana gelirken genellikle beraberinde heyelan da olusmaktadir.
Heyelanlar baz1 durumlarda direkt tagkina neden olmus, bazi durumlarda ise tagkin sonucu meydana
gelmis; her iki durumda da taskin afetinin boyutlarini arttirict etki gdstermistir. Yasanan tagkin
afetlerinin baglica nedenleri dogal ve yapay nedenler olarak ele alinabilmektedir. Dogal nedenler, yagis
rejimi ve topografya ile heyelanlar etkileyen jeolojik yapidir. Yapay nedenler ise, dere yataklarina
yapilan olumsuz miidahalelerdir. Bunun yaninda, heyelan olaylarini etkileyen ormanlik alanlarin tarim
alanlarina doniistiiriilmesi de yapay nedenler arasinda yer almaktadir.

Meydana gelen taskinlarin baslica nedenleri;

Sediment Tasmimi: Egimli yamag ve akarsulardan olusan bolgede, 6zellikle yan derelerden ve kiigiik
akarsu havzalarindan 6nemli 6l¢iide sediment tasinimi olmaktadir. Bolgede ormanlarin yok edilip
yerine ¢ay ve findik gibi yiizeysel erozyonda daha az etkin olan bitki ortiisiiniin gelistirilmesi sonucunda
ciddi boyutlara ulasan erozyon, dik egimli arazilerde yagmur ve eriyen kar sularinin, topraklarin sizma
kapasitesinin agilmasi neticesinde ylizey akisina gecerek topragi asindirip tasimasi seklinde olmaktadir.
Siddetli yagislar hem akarsu taban ve sevlerinde ve hem de arazide ¢ok biiyiik miktarda ve oldukea iri
boyuttaki (iri ¢akil, tas ve kaya) kati maddelerin yerinden sokiiliip akim hizinin az oldugu akarsu
kesitlerinde birikmesine yol agmaktadir. Sedimentin yan1 sira, agag bloklar1 ve koklerinin de 6nemli bir
sorun teskil ettigi gézlenmektedir. Akarsu kesitlerinin daralmasi1 ve bazen tamamen bloke edilmesi
sonucunda tagkin sulari kesitten tagsmakta, bu asamada sedimenti de tasirarak civar alanlarda kat1 madde
birikmesine sebep olmaktadir. Yiizey erozyonu ve bunun sonucunda olusan sediment tasinimini
azaltmak icin gesitli yapisal onlemler alinabilir. Bu kapsamda alinabilecek ilk ve en 6nemli 6nlem;
tarim, mera ve orman alanlarinda tabiatta bozulmus dengenin yeniden olusturularak yiizey akislarinin
onlenmesi ve topragin korunmasi gayesiyle, teraslama ve agaclandirma gibi arazi 1slah1 6nlemlerinin
uygulanmasidir.

Heyelan: Havzada goriilen heyelanlarin temel sebebi yiiksek egimlere sahip yamaglarin bulunmasi
olmakla birlikte, bu heyelanlar1 tek sebebe baglamak dogru bir yaklasim degildir. Bolgenin kuzey
yamaglarinda goriilen yiiksek yagis degerleri ve yagis tipleri giiglii akislarin olugmasina, dolayisiyla
vadilerin derinlesmesine ve yamagclarin diklesmesine yol agmistir. Siddetli yagislar ayn1 zamanda
ylizeysel erozyona da sebep olmaktadir. Erozyon ve riisubat hareketinin 6nlenmesi, suyun asindirma
giicli ile dere yatag1 direnci arasinda denge kurmay1 gerektirir ki bu sonucu elde etmenin yolu dere
yatagi egimini, boylece suyun hiz1 ve agindirma giiciinii azaltmaktir. Bu maksatla yan derelerde 1slah
sekileri, tersip bentleri, taban kusaklar1 ve britler insa edilmektedir. Boyuna yapilar insa ederek dere
yatag1 direnci artirilmaktadir. Eger havzadan kaynaklanan riisubat kontrol edilemiyorsa depolanmasi
maksadiyla tersip bentleri inga edilmektedir. Ancak tersip bentlerinin memba taraflar1 kisa siirede
dolmakta olup, biriken malzemenin buradan uzaklastirilmasi amaciyla, ince malzemenin mansaba
aktarilip iri malzemenin tutuldugu gecirgen tersip bentleri ve sel tirmigi uygulamalar1 yapilmaktadir.
Koprii ve Menfezlerin Tikanmasi: Taskin sonrasinda gézlenen en 6nemli problemlerden biri de koprii
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ve menfez gibi sanat yapilarinin yetersiz kalarak tikanmasidir. Koprii ve menfez agikliklarinin
yetersiz oldugu durumlarda o6zellikle aga¢ kokleri ve govdeleri kesitleri tikamaktadir.
Kopriilerdeki tikanma sonucunda membada su birikmesi olmakta; zamanla basincin artmasiyla biriken
maddelerin siiriikklenmesi sonucunda biriken su hizla mansaba dogru akmakta ve bir ¢esit barajlanma
etkisi yaparak akarsu kesitlerinden tagkinlara sebep olmaktadir. Benzer sekilde, menfezlerin tikanmasi
da membadaki kesitlerde suyun kabarmasina ve tasmasina yol agmaktadir. Onlem olarak; hem kesitlerin
yeterli biiyiikliikte yapilmasi, hem de agaglarin siiriiklenmesinin 6nlenmesi bu sorunlarin ¢éztiimiinde
onemli katkilar saglayacaktir.

Taskin Zararlarim Azaltma Onlemleri

Dogu Karadeniz Havzasindaki daginik ve plansiz yerlesimlerin dere yataklarina ve tagkin alanlarina
yogunlagmasi, taskin kontrol ihtiyacin1 da arttirmaktadir. Havzadaki taskinlarmin sebeplerine
bakildiginda en biiyiik etmenin dere yataklarina insan miidahalesi ve tagkin alanlarina yapilan
yerlesimler oldugu goriilmektedir. Bu kapsamda halki bilinglendirmek ve farkindalik olusturmak hem
dogru ve etkili hem de yapisal tedbirlere gore ¢ok daha ucuz bir yontemdir. Bu amagla DSI 22. Bolge
Midiirliigii(Trabzon) kampiis alaninda “Tagkina sebep olmamak” ve “Taskin aninda davranig”
konularinda kamuoyu bilincinin artirilmasi ilkesi ile tagkin miizesi faaliyete gecirilmistir. 17 farkl
istasyondan olusan miizede; taskin tetikleyici heyelanlar, klasik ve yenilik¢i tagkin ve riisubat kontrol
tipleri, interaktif nehir ve sehir tagkin maketleri, hidrolik modeller, sanal gerceklik odasi, tarihi afetlerin
maketleri, deneysel setler ve tagkin erken uyari sistemi bu bdliimlerden bazilaridir. Havzadaki
tagkinlarinin sebeplerine bakildiginda en biiyiik etmenin dere yataklarina insan miidahalesi ve tagskin
alanlarina yapilan yerlesimler oldugu goriilmektedir. Taskin Erken Uyar1 Sistemleri tagkinlarin,
yerlesim yerlerine ulasmadan 6nce, su yiikselmelerine bagli olarak tespit edilip, yerel yonetimlerin ve
yerlesim yeri sakinlerinin uyarilmasi ve ilgili kurum ve kuruluslarin bilgilendirilerek erken miidahale
olanaginin saglanmasi 6zellikle can kayiplarinin 6nlenebilmesi i¢in biiylik 6nem arz etmektedir. Bu
kapsamda DSI 22. Bélge Miidiirliigiimiiz gérev ve sorumluluk sahasinda 125 adet tesis kurulmustur.
Bunun disinda klasik tagkin kontrol tesislerinin yaninda havzanin ihtiyaglari dogrultusunda gelistirilen
yenilik¢i projeler de yayginlastiriimaktadir. Ayrica, dere yataklarinin riisubat temizligi rutin olarak
devam ettirilerek, yatak kapasitesi de arttirilmaktadir. DSI’ ce her ne kadar hem yapisal hem de yapisal
olmayan 6nlemler alinsa da yerlesim yerlerinde yiizeysel sular kaynakli olan ve yetersiz altyap1 drenaj
sebekeleri nedeniyle olusan sehir taskinlari i¢in belediyelerce Onlem alinmasi ve yagmursuyu
sebekelerinin gelistirilmesi gerekmektedir.
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Ozet

06.02.2023 tarihinde merkez {issii Pazarcik (Kahramanmarag) olan Mw 7.7 biiytikliigiinde bir deprem
meydana gelmistir. Yaklasik 9 saat sonra yine Kahramanmaras iline bagl Elbistan ilcesinde Mw 7.6
biiytikliigiinde ikinci bir deprem kaydedilmistir. Ana soktan sonra 3 giin iginde biiytikliileri 6,6’y1 da
iceren 1300 e yakin deprem daha kaydedilmistir. 20 Subat 2023 tarihinde ise merkez iissii Defne (Hatay)
olan Mw 6.4 biiytikliigiinde yeni bir deprem meydana gelmis ve artgilar devam etmektedir. Yildiz
Teknik Universitesi (YTU) dgretim iiyelerinden olusan, aralarinda arama-kurtarma yetkinligi de olan
ekibin yaptig1 6n degerlendirmelerde, ¢ok sayidaki yapmin yikildigi ve ¢ok sayidaki canlinin enkaz
altinda kaldig1; hayatta kalan insanlarm soguk hava kosullarinda barinma, yiyecek, i¢ecek, 1sinma,
ulagim, iletisim gibi bir¢ok sorunla miicadele ettigi tespit edilmistir. Birgok bolgeden hissedilen ve ayni
anda 10 ilimizi birden etkileyen bu biiyiikliikteki bir felakette, afet yonetiminin ne kadar gii¢ oldugu
gdzler oniline serilmistir. Deprem kusaginda yer alan iilkemizde bu biiyiikliikteki afetler ile her zaman
kars1 karstya kalinacagi bilinmekte ancak hazirliklar konusunda yetersiz kalindigi anlagilmaktadir.

Bu calismada, bolgede meydana gelen Subat 2023 depremlerinin olusturdugu etkilerin ¢ok disiplinli
yontemler kullanilarak aragtirilmas1 amaclanmaktadir. Bu amag kapsaminda, bolgenin depremselligi ve
jeolojik durumu ortaya konularak, uzaktan algilama ve jeodezik yontemler ile durum tespiti
yapilacaktir. Depremden etkilenen ve aralarinda kiiltiir varliklari ile miizelerin de yer aldig1 ylizbinlerce
yapida hasar tespit caligmalari i¢in mevcut modeller irdelenecek; deprem sonrasi gegici barmma
sistemleri, hizli-coklu {iretim teknikleri gelistirilecektir. Ayrica, mevcut duruma yonelik yerlesime
uygunluk ve planlama siirecinin degerlendirilmesi planlanan bu ¢alismada, deprem bdlgelerinde ulasim
hareketlilik siireclerinin izlenmesi, igmesuyu ve atiksu altyapi sistemlerinin yonetimi, insaat yikinti
atiklariin ve bertarafina yonelik bolgelerin degerlendirilmesi, sosyoekeonomik problemler, psikolojik
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uyuma yonelik ¢aligmalar da yiiriitiilecektir. Caligma kapsaminda elde edilecek sonuglar kullanilarak
afet sonras1 yonetim i¢in yapay zeka tabanl bir karar destek araci gelistirilecektir. Bu ¢alisma Yildiz
Teknik Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan FBG-2023-5734 nolu
proje kapsaminda desteklenmistir.

Anahtar Kelimeler: Subat 2023 Depremleri, Yapay Zeka, Afet Yonetimi, YTU.

Abstract

On February 6, 2023, a sequence of earthquakes hit Kahramanmaras, Turkey, with a moment magnitude
of Mw = 7.7 epicenters in Pazarcik and Mw = 7.6 in Elbistan at 4:17 am and 1:24 pm (GMT+3),
respectively. Following two mainshocks, the recorded earthquakes in the region exceeded 1300 in three
days, including an aftershock with magnitude Mw=6.6. On February 20, 2023, another earthquake
struck Defne (Hatay) with Mw=6.4, in addition to continuing the aftershocks sequence. In the early
days of the earthquake, a team consisting of Yildiz Technical University (YTU) faculty members and
experts who are eligible for building inspection, search, and rescue operations made field observations.
Preliminary findings of the YTU team were summarized as follows: many buildings in the affected
region were collapsed or heavily damaged. Occupants were trapped under the rubble of the collapsed
buildings, while survivors struggled with many issues such as shelter needs, severe weather conditions,
lack of food and access to clean water, sanitation, damaged transportation infrastructures, and
communication systems. A sequence of earthquakes and aftershocks have been felt in a large area
considering the directly affected 11 provinces simultaneously, which has also pointed out the difficulties
in the disaster management process. Turkiye is in an earthquake-prone region, and similar large-scale
earthquakes will occur continuously. However, disaster mitigation and earthquake preparedness efforts
are understood to be insufficient for such catastrophic events.

The primary goal of this scientific research study is to investigate the effects of February 2023
earthquakes by incorporating multi-disciplinary methods. Within the scope of the project, the seismicity
and geological features of the region will be re-evaluated, and the current state will be determined using
remote sensing and geodetic methods. Damage assessment and screening methods will be examined
considering hundreds of thousands of buildings including cultural heritages and museums affected by
February earthquakes; possible manufacturing processes for post-earthquake temporary shelters and
rapid-multiple family dwellings will be investigated. In addition, the suitability of settlement and urban
planning processes for the current situation, studies based on monitoring transportation mobility
processes in the earthquake region, management of drinking water and wastewater infrastructure
systems, evaluation of recycled construction demolition waste and disposal areas, socio-economic
problems, and psychological adaptation will also be carried out in this study. The findings of the
scientific research study will be incorporated to develop an artificial intelligence-based decision support
system for post-disaster management activities. This work was supported by Yildiz Technical
University Scientific Research Projects Coordination Unit under project number FBG-2023-5734.

Keywords: February 2023 Earthquakes, Artificial Intelligence, Disaster Management Planning, YTU.
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Tapu ve Kadastro Genel Miidiirliigiince Kahramanmaras Depremleri Kapsaminda
Yiiriitiilen Jeodezik Calismalar

Geodetic Studies Carried Out by the General Directorate of Land Registry and Cadastre
within the Scope of the Kahramanmaras Earthquakes

Omer SALGIN"*, Fatih BALCIOGLU?, ibrahim CANKURT?

"Tapu ve Kadastro Genel Miidiirliigii, Cankaya-Ankara/Tiirkiye
: Tapu ve Kadastro Genel Miidiirliigii, Cankaya-Ankara/Tiirkiye
s Tapu ve Kadastro Genel Miidiirligii, Cankaya-Ankara/Tiirkiye
Kosalgin@tkgm. gov.tr

Ozet

Ulkemizde 06.02.2023 tarihinde Kahramanmaras ili Pazarcik merkezli 7.7, Elbistan Merkezli 7.6
biiytikliigiinde iki adet biiyiik deprem ile ardindan ¢ok sayida art¢1 depremler meydana gelmistir. Tapu
ve Kadastro Genel Midirliigii (TKGM) deprem bdlgesinde yiiriitiilecek caligmalar igin vakit
kaybetmeksizin harekete geg¢mistir. Oncelikle, hasar tespit calismalari, cadirkent ve konteyner
alanlarmin belirlenmesi ¢alismalarinda koordinat birliginin saglanmasi, liretilecek olan harita ve harita
bilgileri i¢in iilke referans ag1 olarak kullanilan Tiirkiye Ulusal Sabit GNSS Agi-Aktif (TUSAGA-
Aktif) Sisteminin kesintisiz c¢alismast ve tiim kullanicilarin sistemden Ticretsiz faydalanmasi
saglanmistir. Bu kapsamda; Kontrol Merkezi ile veri iletisimi kesilen Hatay, Ekindzii, Adiyaman,
Sanhurfa ve Siverek TUSAGA-Aktif Sabit GNSS Istasyonlarina ¢ok kisa siire igerisinde sahada
miidahale edilerek ¢aligir hale getirilmistir. Deprem bdlgesinde bulunan Sabit GNSS Istasyonlarinin
topladigi veriler ile pilye tesisli Tiirkiye Ulusal Temel GNSS Ag1 (TUTGA) noktalarinda yapilan test
oOlciileri degerlendirilmis ve deprem sonrasi fay hareketlerinin etkisiyle arazide yasanan kayikliklar
incelenmis ve hareketlerin sonuglari yorumlanmistir. TUSAGA-Aktif Sistemi deprem verileri,
akademik camia ve diger kurum ve kuruluslarca da faydalanilmas1 amaciyla, web portali lizerinden
herkese sunulmustur. Deprem sonrasi yliriitiilecek calismalarda altlik olarak kullanilmasi amaciyla
diger kurum ve kuruluslar ile kurumumuz birimleri arasinda koordinasyon saglanarak, Ortofoto harita
iiretim ¢aligmalarina baglanilmistir.

Anahtar Kelimeler: Deprem, Kahramanmaras, TUSAGA-Aktif, TUTGA, GNSS

Abstract

In Tiirkiye, two major earthquakes with magnitudes of 7.7 and 7.6 took place in Pazarcik and Elbistan,
Kahramanmaras on 06.02.2023, followed by many aftershocks. The General Directorate of Land
Registry and Cadastre (TKGM) immediately took action for the works to be performed in the
earthquake region. First of all, The CORS-TR System has been ensured to provide continuous service
as the country reference network for the coordination of the works for the determination of tent cities
and container areas, and the map and map information to be produced after the event and the system
has been made available to all users free of charge. In this context, CORS-TR Stations, whose data
communication with the Control Center has been cut off, have been made operational in a short time
by intervening in the field. By evaluating the data collected by CORS-TR Stations and the test
measurements at TUTGA pillar points, the fault movements after the event have been examined and
the results of the movements have been interpreted. The earthquake data of CORS-TR has been made
available to everyone through the web portal. Thus, it can be used in the research of the academic
community, other institutions, and organizations. In order to use it as a base in the works to be carried
out after the earthquake, coordination has been ensured between other institutions and organizations
with TKGM, and Orthophoto map production studies have been started.

Keywords: Earthquake, Kahramanmaras, CORS-TR, TUTGA, GNSS
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Sabit Istasyon Verilerinin Afet Yonetiminde Kullanimi
The Role of Fixed Station Data in Disaster Management

Meryem Aydm'™, Metin Soylu®, ibrahim Cankurt?

2 Tapu ve Kadastro Genel Miidiirligii, Ankara, Tiirkiye
Mtk46535 @tkgm.gov.tr

Ozet

Ulkemiz, 6zellikle depremler, sel, yangin, ve heyelanlar gibi afetlerle sikga karsilasan bir cografyada
bulunmaktadir. Afet yonetimi, bu tiir olaylara karsi toplumun hazirlikli olmasmi, hizli miidahaleyi
hedefler ve jeodezi disiplini, afetlerin 6nlenmesi ve etkilerinin azaltilmasi i¢in temel bir aragtir.
TKGM Harita Dairesi Bagkanligi olarak HGM ile ortak olarak yiirtitiillen TUSAGA-Aktif, Tiirkiye ve
KKTC'de kesintisiz RTK hizmeti saglayan, santimetre diizeyinde konum belirleme kapasitesine sahip
genis bir sabit GNSS Ag sistemidir. Bu agin olusturdugu verilere dayali olarak gergeklestirilecek
jeodezik faaliyetler, afet yonetimi alaninda kritik bir rol oynayacaktir.

Bu bildiride, Almanya Bonn Universitesi’nde tamamladigim yiiksek lisans tezimin bir kismina yer
verilmistir. Mississippi Deltasinda yer alan mareograf istasyonlarindan alinan nehir 6l¢iim verileri
modellenerek diisey yer degistirme degerleri elde edilmis ve bu degerler yine o bdlgede yer alan sabit
GPS istasyonlardan alinan diisey yer degistirme degerleri ile karsilastirilmustir. Ilk olarak Ters Mesafe
Agirhikli Enterpolasyon yontemi kullanilarak uzamsal bir ylizey yiikii olusturulup, ardindan bu
yiikleme nedeniyle meydana gelen diisey yer degistirmeyi tahmin etmek i¢in elastik yar1 uzay modeli
kullanilmigtir. Modellenen yiizeydeki degisimin istasyonlardaki degisimlerle dogru bir bigimde
karsilastirilabilmesi igin 6nce GPS zaman serileri offsetler den arindirilmis ve degisen Young Modiilii
(E) degerleri kullanilmistir. Modelden tahmin edilen deformasyon, GPS istasyonlar1 ile genel olarak
uyumlu olmakla birlikte, bazi istasyonlarda uyumsuzluk gozlemlenmistir. Farkli yer modeli
varsayimlar1 ve enterpolasyon teknikleri kullanmak ve yine GPS zaman serilerini ofsetlerinden
olabildigince iyi ayiklamak modelden tahmin edilen sonuglar iyilestirmeye yardimer olacaktir.

Yukarida bahsi gegen tez calismamda kullanilan sabit GPS istasyonlarina ait veriler TUSAGA-Aktif
Sabit GNSS agindaki istasyonlardan saglanabilir. Yapilacak caligmalar, TUSAGA-Aktif Sisteminin
afet yonetiminde kullanimina giizel bir 6rnek olacaktir.

Anahtar Kelimeler: TUSAGA-Aktif, Afet Yonetimi, Mareograf istasyonu

Abstract

Turkey is a country that is frequently exposed to natural disasters such as earthquakes, floods, fires,
and landslides. Disaster management aims to prepare society for such events and to provide rapid
response. The field of geodesy is a fundamental tool for the prevention and mitigation of disasters.
TUSAGA-Aktif is a large fixed GNSS network that provides continuous RTK service in Turkey and
Northern Cyprus. This network has the capacity to determine positions with centimeter accuracy.
Geodetic activities based on the data generated by this network will play a critical role in disaster
management.

This paper presents a section of the author's master's thesis, which was completed at the University of
Bonn in Germany. Vertical Land Motion (VLM) values were obtained by modeling river measurement
data from tide gauge stations located in the Mississippi Delta. These values were then compared to the
displacement values obtained from fixed GPS stations in the same region. Firstly, a spatial surface
load was created using an Inverse Distance Weighted (IDW) interpolation method. Then, the elastic
half-space model was used to predict the vertical displacement caused by this loading. To ensure that
the changes in the modeled surface could be accurately compared to the changes at the stations, the
GPS time series were first corrected for offsets and the Young's modulus (£) values varied to use. The
deformation estimated from the water load using the model was generally consistent with the GPS
stations. However, some inconsistencies were observed at some stations. Using different Earth model
assumptions and interpolation techniques, and further refining the GPS time series to remove offsets
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will help to improve the results estimated from the model and will produce more consistent results
with GPS data.

The data from the fixed GPS stations used in the above-mentioned thesis study can be obtained
from the stations in the TUSAGA-Aktif fixed GNSS network. These studies will be a good
example of the use of the TUSAGA-ALtif system in disaster management.

Keywords: CORS-TR, Disaster management, Tide gauges
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Kadastro Parsellerinin Parsel Fabric Programi Kullanilarak Veri Kalitesinin Artirilmasi
ve Dinamik Degerleme Yaklasimmin Degerlendirilmesi: Rubber Sheeting ve En Kii¢iik
Kareler Dengeleme Yontemleri Ornek Calisma: UQ Kampiisii

Improving Data Quality of Cadastre Parcels Using Parcel Fabric Module and Evaluation of
Dynamic Adjustment Approach:Rubber Sheeting and Least Squares Adjustment Methods
Case Study: UQ Campus

Siimeyye Ebrahimi"*', Mustafa Arslan'?
'Tapu ve Kadastro Genel Miidiirliigii, Dikmen/ANKARA
? Tapu ve Kadastro Genel Miidiirliigii, Dikmen/ANKARA
Mtk46534 @tkgm.gov.tr, marslan@tkgm.gov.tr

Ozet

Daha dogru konum bilgisi saglayan dogru haritalama, modern toplumda arazideki temel hizmetleri
siirdiirmek igin hayati bir ihtiyagtir. Iyi haritalanmis bir kadastro verisi saglamak, kadastro temel bir
bilgi katmanmi oldugu icin diinya lizerindeki tiim faaliyetleri yansitmak ve yonetmek acisindan
onemlidir. Bu kapsamda Avustralya ve depreme konu olan iilkelerden Yeni Zelanda’da kadastro
parsellerinin dengelenmesi yaklasimi pratik ve teorik olmak tizere 2 farkli sekilde degerlendirilmistir.
Calismanin birinci kisminda Avustralya’da Queensland Universitesi’nin(UQ) St Lucia Kampiisii’nde
kiigtik bir alan secilerek, En Kiiciik Kareler Dengelemesi (LSA) ve Rubber Sheeting metodlari
kullanilarak ArcGIS’ in Parcel Fabric modiiliinde kadastro parsellerinin konumsal dogrulugunun
artirilmasina yonelik daha sistemli bir yaklasim uygulanmistir. Deneysel ¢alismanin ikinci kismi Yeni
Zelanda’da depremin neden oldugu yiizey degisikliginin kadastro {izerindeki etkilerinin, mevcut
literatiir Grant(2015)’den hareketle tanitilmast ve koordinatlarin dogrulugunu iyilestirmek igin
kullanilan dinamik dengeleme yaklasiminin sonuglarinin degerlendirilmesini kapsar.

Bu deneysel arastirma, “Daha diisiik maliyet ve ¢abayla daha iyi haritalar iiretilebilir mi?” sorusuna
cevap vermeyi amaclamaktadir. Caligmadaki temel yaklasimlarin {ilkemiz kadastro ¢aligmalarina da
entegre edilmesi fayda saglayabilir.

Anahtar Kelimeler: Harita dogrulugu, Parsel Fabric, Dinamik dengeleme, UQ Kampiis

Abstract

Accurate mapping that provides more accurate location information is a vital need in modern society
to maintain essential services on the land. Providing a well mapped cadastral data is important in terms
of reflecting and managing all activities in the world, as the cadastre is a basic information layer. In
this context, the adjusting approach of cadastral parcels in Australia and New Zealand, one of the
earthquake-prone countries, has been evaluated in two different ways as practical and theoretical.

In the first part of the study, a more systematic approach to increase the spatial accuracy of cadastral
parcels was carried out in ArcGIS's Parcel Fabric module by selecting a small area in the St Lucia
Campus of the University of Queensland (UQ) in Australia, using Least Square Adjustment(LSA) and
Rubber Sheeting methods has been applied. The second part of the experimental study covers the
introduction of the effects of earthquake-induced surface change on the cadastre in New Zealand,
based on the current literature Grant(2015), and the evaluation of the results of the dynamic adjustment
approach used to improve the accuracy of the coordinates.

This experimental research aims to answer the question “Can better maps be produced at lower cost
and effort?”. It may be beneficial to integrate the basic approaches in the study into the cadastral
studies of our country.

Keywords: Map accuracy,Parcel Fabric, Dynamic Adjustment, UQ Campus
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Afet Alanlaria Yonelik Miidahale Calismalarma Ol¢me Teknolojilerinin Katkilar:
Contributions of Measurement Technologies to Response Activities for Disaster Areas
Ozgiir AVCI'™,
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Mozguravci@sistemas.com.tr

Ozet

Tiirkiye’de son yillarda yagsanan dogal afetler, daha hazirlikli olmamiz gerektigi konusunda kurumlar
ve firmalari harekete gecirmis, ve afetlerin etkilerinin azaltilmasina doniik olarak caligmalar
ylriitiilmeye baslanmistir. Afetler dncesinde hazirlik siirecinde yiiriitiilen ¢aligmalar ile birlikte, afet
siras1 ve hemen sonrasinda yiiriitiilen calismalarda Geomatik / Harita Miihendisliginin sorumluluk
alanindaki 6lgme teknikleri 6nemli rol iistlenmektedir. Deprem odakl1 yiiriitiilen ¢aligmalarin yani sira,
son yillarda etkisi fazlasi ile hissedilen asir1 yagislardan kaynakli toprak kaymalari, ve etki alanlarindaki
diger miihendislik yapilarinin izlenmesi ¢alismalarinda Geomatik / Harita miihendislik disiplini etkin
yer almaktadir. Farkli teknik ve teknolojilerin bir arada kullanildig1 izleme ¢alismalarinda, konuma
dayal1 dlgme teknikleri; izlenen yapi, zemin ya da bolgenin hangi yonde ve hizda hareket ettigine dair
karar vericilere bilgiler saglayabilmektedir. Afet 6ncesinde ve sonrasinda yiriitiilen ¢alismalar kadar
afetlerin hemen sonrasinda ytiriitiilen ¢aligmalarda can ve mal kaybimn azaltilmas1 agisindan biiyiik
onem arz etmektedir. Bu bildiride, son yillarda yasadigimiz biiyiik afetler sirasinda elde ettigimiz saha
deneyimleri ile, arama kurtarma ve heyelan bolgelerinin rehabilitasyonu faaliyetlerine 6lgme
yontemlerinin katkilar1 6zetlenecektir. Saha deneyimlerimiz gostermistir ki riskli yapilarin ve heyelan
bolgelerinin yakinlarinda yiiriitiilen arama kurtarma faaliyetleri, ekiplerin can giivenligini tehlikeye
atmamak i¢in durdurulmus ya da ¢aligmalar olmasi gerekenden daha dikkatli ve yavas yiiriitiilmiistiir.
Yapt ya da zemindeki hareketlerin izlenmesi, ekiplerin giivenligi acisindan c¢ok kritiktir. Secilen
yontemler mimimetrik degisimlerin yiiksek presizyonda tespit edilmesini saglamaktadir. Motorize
total stationlar, lazer tarayicilar, jeoteknik donanimlar ve radar donanimlari otomatik izleme
sistemlerinin bir parcasi olarak kullanildiklarinda, anlasilir grafik ve sayisal verilerinin elde edilmesini
saglamaktadirlar. Bdylece arama kurtarma ve heyelan rehabilitasyonu faaliyetlerin kesintisiz
yiirtitiilmesinde 6nemli katkilar sunulmaktadir. Dahas1 kritik bolgelerde ve yapilarda GNSS alicilari,
diger jeoteknik sensdrler ile birlikte kullanildiginda olay aninin hemen sonrasinda hareket miktari yonii
ve hizi ile ilgili aninda bilgiler elde edilmesinde 6nemli katkilar sunmaktadir.

Anahtar Kelimeler: Ger¢ek-Zamanli Lzleme, Yap: Saghg Izleme, Arama Kurtarma,
Abstract

The natural disasters experienced in Turkey in recent years have mobilized institutions and companies
to be more prepared, and studies have started to be carried out to reduce the effects of disasters. Along
with the studies carried out in the preparation process before disasters, surveying techniques in the field
of responsibility of Geomatics / Surveying Engineering play an important role in the operations carried
out during and immediately after the disaster. In addition to earthquake-oriented studies, Geomatics /
Geomatics engineering discipline takes an active role in the monitoring of landslides caused by heavy
rainfall, which have been felt in recent years, and other engineering structures in their impact areas. In
monitoring studies where different techniques and technologies are used together, location-based
surveying methods can provide information to decision makers about the direction and velocity in which
the monitored structure, ground or region is moving. As much as the studies carried out before and
after disasters, the studies carried out immediately after disasters are of great importance in terms of
reducing the loss of life and property. In this paper, it will be summarized the contributions of surveying
methods to search and rescue and landslide rehabilitation activities, based on our field experiences
during major disasters in recent years. Our field experience has shown that search and rescue activities
near risky structures and landslide areas have been halted to avoid putting rescue teams under big risk,
or have been carried out more carefully and slowly than they should have been. The selected methods
allow the detection of mimimetric displacements with high precision. Monitoring movements of the
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structures or slopes is critical for the safety of the teams. Motorized total stations, laser scanners,
geotechnical instruments and radar equipmenrs, when used as part of automated monitoring systems,
provide clear graphical and numerical data. This is an important contribution to the uninterrupted
conduct of search and rescue and landslide rehabilitation activities. Moreover, in critical areas and
structures, GNSS receivers, when used in conjunction with other geotechnical sensors, can be used to
provide immediate information on the amount, direction and speed of movement immediately after the
event.

Keywords: Real-Time Monitoring, Structural Health Monitoring, Search and Rescue
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GNSS Troposferik Diizeltmelerin InSAR Veri Analizine Uygulanmasi
Application of GNSS Tropospheric Corrections to InSAR Data Analysis
Nihal Tekin Unliitiirk"-*, Ugur Dogan’
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Ozet

Gilinlimiizde jeodezik uydu 6lgme yontemlerinden olan GNSS (Kiiresel Navigasyon Uydu Sistemi) ve
InSAR (Sentetik Agiklikli Radar Interferometrisi) tekniklerinin avantajlari ve dezavantajlart
birlestirilerek deformasyonlarin izlenmesinde yaygin olarak kullanilmaktadir. InSAR, ytiksek konumsal
¢oziiniirliige sahip bir yontem olarak one c¢ikar. Bununla birlikte, zamansal ¢oziiniirliigli genellikle
diistiktlir ve goriintii korelasyonu bazen miimkiin olamamaktadir. Diger yandan, GNSS ile elde edilen
yatay konum dogrulugu genellikle yiiksektir. Ancak diisey bilesende aynm1 hassasiyet
saglanamamaktadir. Bu nedenle, iki jeodezik teknigin bir araya getirilmesi, yiiksek zamansal ve
mekansal ¢cozliniirlige sahip, yiiksek dogruluklu bir 6l¢ii seti olusturarak yeni bir yaklasim sunar. Bu
calismada, GNSS verilerinden elde edilen zenit troposferik gecikmelerin InSAR goriintiileriyle birlikte
degerlendirilerek InSAR goriintiilerindeki troposferik etkilerin azaltilmasi amaglanmistir. Bu amag
kapsaminda, 24 Ocak 2020 Elaz1g Sivrice depremi i¢in kullanilan uydu goriintiilerinin kapsadigi alan
ve elde edildigi zamanda o6lciilen GNSS verileri kullanilarak troposferik gecikmeler hesaplanmis ve
uydu goriintiilerine diizeltme olarak uygulanmistir. Analiz sonuglari, GNSS verileriyle elde edilen zenit
troposferik  gecikmelerin  InSAR  gorlintiilerindeki  troposferik  etkilerin  azaltilmasinda
kullanilabilecegini gostermistir. Ancak, her interferogram noktasinda diizeltmenin tam olarak dogru
olmadig tespit edilmistir. Bu, atmosferik etkilerin bolgesel olarak degiskenlik gosterebilecegini ve
uyumsuzluklarin atmosferik etkilerin karmasikligindan kaynaklanabilecegini gostermektedir.

Anahtar Kelimeler: GNSS, Zenit Troposferik Gecikme , InSAR
Abstract

GNSS (Global Navigation Satellite System) and InSAR (Interferometric Synthetic Aperture
Radar) techniques, which are geodetic satellite measurement methods, are widely used in
monitoring deformations by combining the advantages and disadvantages of these techniques.
InSAR is a method that stands out with its high positional resolution. However, its temporal resolution
is generally low, and image correlation is sometimes impossible. On the other hand, the
horizontal positioning accuracy obtained with GNSS is generally high. However, the same
sensitivity cannot be provided in the vertical component. Therefore, combining the two geodetic
techniques provides a new approach by creating a measurement set with high temporal and spatial
resolution and high accuracy. In this study, zenith tropospheric delays obtained from GNSS data
were evaluated together with InSAR images to reduce tropospheric effects in InNSAR images.
Within this scope, zenith tropospheric delays were calculated using satellite images for the Elazig-
Sivrice earthquake on January 24, 2020. GNSS data measured simultaneously were applied as
corrections to the satellite images. The analysis showed that zenith tropospheric delays obtained
from GNSS data could reduce tropospheric effects in InNSAR images. However, it was determined
that the correction was not entirely accurate at each interferogram point. The results indicate that
atmospheric effects can vary regionally, and discrepancies may arise from the complexity of
atmospheric effects.

Keywords: GNSS, Zenith Tropospheric Delay, InSAR
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Graben Kenarlarinda Kurulu Yerlesim Alanlarim1 Tehdit Eden Sessiz Tehlike: Asismik
Yiizey Deformasyonlari

Silent Danger Threatening Settlements Established on Graben Margins : Aseismic Surface
Deformations
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Ozet

Bati Anadolu Genisleme Bolgesi (BAGB) igerisinde yer alan ¢okiintii alanlarinin kenarlarinda, son 30
yildan beri yikici deprem olmaksizin bazi yiizey deformasyonlan gozlenmektedir. Cizgisel gidisli bir
geometri sunan bu asismik yiizey deformasyonlari, Gediz, Kiigiik-Biiyiik Menderes, Burdur ve Afyon-
Aksehir Grabeni igerisinde altindan gectikleri bazi yerlesim alanlarindaki binalar ve yeralti
sistemlerinde ciddi hasarlara neden olmaktadir. Bu alanlardan Gediz grabeni kenarina kurulu olan
Sarigdl (Manisa) yerlesim alaninda 1990 yillarin sonlarinda olusmaya baslayan yiizey deformasyonlari
giiniimiizde de devam etmektedir. Bu yiizey deformasyonlar1 1969 depreminin (M:6.8) ylizey kirigi
olusturdugu, Sarigol Fay: iizerinde gelismektedir. Asismik yiizey deformasyonlarinin en belirgin
orneklerinden biride, Afyon-Aksehir Grabeni igerisinde yer alan Bolvadin yerlesim alaninda
gbzlenmektedir. Tlge merkezi imar plani icerisinde kalan bolgede KD-GB dogrultusunda yaklasik 7 km
uzunlugunda olusan ve sigramali bir geometride birden fazla koldan olusan bu ylizey deformasyonlari
3 Subat 2002 Cay Depremleri (Mw: 6.0 ve 6.3) sonrasinda olugmaya baslamistir. Bolvadin ve
cevresinde, toplamda ise 15 kilometreye ulasan bu deformasyonlar siireklilik gdstermekte olup, jeolojik
ve jeodezik olarak 2014 yilindan giiniimiize kadar takip edilmektedir. Deformasyonlar iizerinde
gerceklestirilen hendek tabanli paleosismolojik ¢aligsmalar bu deformasyonlarin KD-GB uzanimli egim
atiml1 normal fay olan Bolvadin Fay1 lizerinde gelistigine isaret etmektedir. Fay boyunca tavan blogun
diistiigline isaret eden deformasyonlar oldukca belirgindir. Bélgede uygulanan GNSS, Hassas Nivelman
ve INSAR sonuglarina gore ilge merkezindeki ylizey faylanmasi seklinde davranig gosteren yiizey
deformasyonlari iizerinde 90 mm/y1l’a ulasan diisey yer degistirme hiz1 elde edilmistir. Benzer hizlarin
Sar1gdl bolgesindeki asismik yiizey deformasyonlar tizerinde 6l¢iildiigii bilinmektedir. Bu ¢alismada
Bolvadin yerlesim alaninda 2023 yilinda gerceklestirilen jeolojik ve jeodezik saha ¢alismalarina yonelik
gozlem ve on bulgular sunulmustur. Caligmalar ile 6870 m uzunlugunda yiizey deformasyonu
haritalanarak deformasyonlarin etkiledigi alanlar1 belirleyebilmek amaciyla Yiizey Faylanmasi Tehlike
Kusagi olusturulmus ve 1/1000 6lcekli imar planlarina islenmistir. Bolvadin yerlesim alaninda
haritalanan KD-GB uzanimli asismik yiizey deformasyonlarinin geometrik 6zellikleri belirlenmistir.
Yiizey deformasyonlariin genislik zonu 5 ile 20 metre arasinda degismekte olup, zon iizerinde kalan
ve bir kismi agir bir kismu hafif hasarli olarak bu deformasyonlardan dogrudan etkilenen yaklagik 100
yapinin bulundugu belirlenmistir. Elde edilen 6n bulgulara gore, Bolvadin yerlesim alani igerisinde
gelisen asismik yiizey deformasyonlari iizerindeki bu hasarl1 yapilar yliksek deprem riski altindadir.

Anahtar Kelimeler: Bolvadin, Yiizey Deformasyonu, Yiizey faylanmasi tehlike kusagi

Abstract

At the edges of the subsidence areas within the West Anatolian Extensional Province (WAEP), some
surface deformations have been observed without destructive earthquakes for the last 30 years. These
aseismic surface deformations, which have a linear geometry, cause serious damages to buildings and
underground systems in some settlements established on the borders of Gediz, Kii¢iik-Biiylik Menderes,
Burdur and Afyon-Aksehir Grabens. The surface deformations that started to occur in the late 1990s
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in Sar1gol (Manisa) settlement area, which is located on the edge of the Gediz graben, continue today.
These surface deformations were developed on the Sarigdl Fault, where the 1969 earthquake (M:6.8)
caused a surface rupture. One of the most prominent examples of aseismic surface deformations is
observed in the Bolvadin settlement area located within the Afyon-Aksehir Graben. These surface
deformations, which are approximately 7 km long in the NE-SW direction within the zoning plan area
and consist of multiple splays, started to occur after the February 3, 2002 Cay Earthquakes (Mw: 6.0
and 6.3). These deformations with a total length of 15 kilometers in Bolvadin and its surroundings, are
continuous and have been geologically and geodetically monitored since 2014. Trench-based
paleoseismological studies on the deformations indicate that these deformations developed on the active
Bolvadin Fault, a NE-SW-trending dip slip normal fault. Deformations indicating the drop of the
hanging block along the fault are quite prominent. According to the results of GNSS, Precision Leveling
and INSAR applied in the region, a vertical displacement rate of up to 90 mm/year was obtained on the
surface deformations behaving as surface faulting in the city center. Similar velocities are known to be
measured on aseismic surface deformations in the Sarigdl region. In this study, observations and
preliminary findings of geological and geodetic field studies carried out in Bolvadin settlement area in
2023 are presented. During these studies, 6870 m long surface deformations have been mapped in scale
of 1/1000 and evaluated in terms of the surface faulting hazard overlay criteria. The width zone of the
surface deformations varies between 5 and 20 meters. According to the mapping studies, approximately
100 buildings are directly affected by these deformations. The preliminary findings indicate that these
damaged structures on aseismic surface deformations within the Bolvadin settlement area are under
high earthquake risk.

Keywords: Bolvadin, Surface Deformation, surface faulting hazard overlay
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Yerelektrik Degisimlerin Analizi ile Dogu Anadolu Fay Zonu ve Civarindaki Sismik
Aktivitelerinin Izlenmesi ve Deprem Erken Uyar1 Sisteminin Kurulabilirliginin
Arastirllmasi: TUBITAK 122Y365

Monitoring the Seismic Activities of the East Anatolian Fault Zone and Its Adjacent
Regions by Analysis of Geoelectric Variations and Investigation of the Possibility for
Establishing of an Earthquake Early Warning System: TUBITAK 122Y365
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Ozet

Depremler, yerkabugunun kirilmasi sonucunda agiga ¢ikan gerilme enerjisinin sismik dalgalar halinde
yerkiire icinde ve ylizeyinde yayilarak gectigi ortamlar1 sarsan doga olaylaridir. Tektonik hareketleri
aragtiran bilim insanlari, depremlerin 6nceden tahmin edilebilir olup olmadig1 konusunda uzun siiredir
bircok aragtirma yapmaktadir. Yerkiirenin i¢ ve dig yapisindaki fiziksel degisimlerin incelenerek
depremlerin 6nceden tahmini glinlimiizde birgok ¢alismanin konusu olmustur. Bu ¢aligsmalardan biri de
yer icindeki elektrik degisimlerin izlenmesi ve deprem Oncesi ortaya ¢ikabilecek muhtemel sismik-
elektrik sinyal (SES) anomalilerinin arastiriimasidir. Diinyanin bir¢ok bolgesinde depremlerin meydana
getirdigi degisimlerden biri olan yerelektrik degisimlerinin (anomalilerin) izlenmesi ¢aligmalart da
giincelligini korumaktadir. Giiniimiizde bir¢ok tilke (ABD, Cin, Rusya, Meksika, Italya, Meksika-
Italya, Fransa, Japonya, Tayvan, Kirgizistan, Yunanistan ve Iran) bu yéntemle deprem izlemenin yani
sira bu yontemi erken uyar sistemlerine de entegre etme ¢aligmalarini yiiriitmektedir. Kabul edilen
projenin bilinen uygulamalar ilk olarak Varotsos ve Alexopoulos (1984) tarafindan depremlerden 6nce
Diinya’nin  elektrik alan degisimlerinde meydana gelen anomalilerin incelenmesi ile
gerceklestirilmistir. Yerelektrik Slglimlerin yapildigr iki elektrot arasi uzaklik (L) arasinda Olgiilen
dogal potansiyel farkin (AV) deprem Onciilii olarak birka¢ milivolt (mV) civarinda gecici degiskenlige
sahip oldugu goriilmiistiir. Elektrik alan degisimlerine ait dlgiimlerin yapilacagi bu sistem Kuzey (K)-
Giiney (G) ve Dogu (D)-Bat1 (B) yonlii iki bilesenden olusmaktadir. Deneysel verilerin toplanmasi ile
her bir SES'in potansiyel degisiminin maksimum degerinin AV degisimlerine bagli oldugu ve
yaklagsmakta olan bir depremin SES’de degisiklik yapmasi ile istasyon kayitlarinda gdézlemlendigi
belirtilmistir. Benzer ancak daha yeni teknolojilerin kullanildig1 sistem bu proje kapsaminda Harran
Universitesi Osmanbey Kampiisii sahasina kurulmustur. Bu sistemde L mesafesi ayn1 dogrultuda 50,
100 ve 200 metre olarak K-G ve D-B dogrultulu olarak kurulmus ve baglangic (test) gdzlemleri
yapilmaya baslanmistir. TUBITAK tarafindan kabul edilen 122Y365 numarali proje Diinyada on
ticlincii Tiirkiye’de ise ilk sistem olma 6zgiinliigiine sahiptir. Bu ¢alismada projenin baglangicindan
itibaren giliniimiize kadar gecen siire¢ hakkinda detayli bilgilendirme gergeklestirilecektir.

Anahtar Kelimeler: Yerelektrik, SES, Deprem, Erken Uyari, Dogu Anadolu Fay Zonu

Abstract

Earthquakes are natural phenomena in which the stress energy released as a result of the fracture of the
earth's crust spreads as seismic waves through the earth and its surface, shaking the environments
through which they pass. Scientists studying tectonic movements have long been conducting research
on whether earthquakes can be predicted in advance. The prediction of earthquakes by examining the
physical changes in the internal and external structure of the earth has been the subject of many studies
today. One of these studies is the monitoring of electrical changes in the earth and the search for possible
seismic-electrical signal (SES) anomalies that may occur before an earthquake. In many parts of the
world, the monitoring of local electrical variations (anomalies), which is one of the changes caused by
earthquakes, remains up-to-date. Today, many countries (USA, China, Russia, Mexico, Italy, Mexico-
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Italy, France, Japan, Taiwan, Kyrgyzstan, Kyrgyzstan, Greece and Iran) are not only monitoring
earthquakes with this method, but also integrating this method into early warning systems. The known
applications of the accepted project were first realized by Varotsos and Alexopoulos (1984) by
examining the anomalies that occur in the Earth's electric field changes before earthquakes. It was found
that the natural potential difference (AV) measured between two electrodes (L) at which local electrical
measurements are made has a transient variability of a few millivolts (mV) as a precursor to
earthquakes. This system, where measurements of electric field variations will be made, consists of two
components in the North (N)-South (S) and East (E)-West (W) directions. With the collection of
experimental data, it was stated that the maximum value of the potential change of each SES depends
on the AV changes and is observed in the station records when an approaching earthquake changes the
SES. A similar system, but using newer technologies, was installed at Harran University Osmanbey
Campus within the scope of this project. In this system, L distances of 50, 100 and 200 meters in the
same direction in N-S and E-W directions were established and the initial (test) observations were
started to be made. The project numbered 122Y365, which was accepted by TUBITAK, is the thirteenth
system in the world and the first in Turkey. In this study, detailed information about the process from
the beginning of the project to the present day will be provided.

Keywords: Geoelectric, SES, Earthquake, Early Warning, Eastern Anatolian Fault Zone
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Yiizey Deformasyonlarinin Analizleri: Mw 7.7 ve Mw 7.6 Biiyiikligiindeki
Kahramanmaras Depremleri Ornegi

Analyses of Surface Deformations: Example of Kahramanmaras Earthquakes with a
magnitude of Mw 7.7 ve Mw 7.6
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Ozet

Amacma uygun olarak olusturulan jeodezik aglarin kendisinden beklenen duyarlik ve giivenirlik
isteklerini kargilamalar1 gerekmektedir. Jeodezik aglarin degerlendirilmesi i¢in olusturulan matematik
modelin gecerliligi istatistiksel caligmalarin gercek¢i olmasi agisindan olduk¢a 6nemlidir. Matematik
modelin gecerliligi ise gilivenirlik oOlgiitleri ile denetlenmektedir. Tektonik hareketler sonucunda
meydana gelen yiizey deformasyonlari, istatistiksel yontemlerle ortaya ¢ikarilabilmektedir. Bir ylizeyde
olusan deformasyonlar statik deformasyon modeli ile zamandan bagimsiz olarak belirlenebilmektedir.
Herhangi bir jeodezik agda, agin i¢ yapisindan ve dis etkenlerden kaynaklanan gerinimler meydana
gelebilmektedir. Agin i¢ yapisina bagli olan gerinimler 6l¢me plani ve 6l¢ii agirliklarindan etkilenirler.
Dis etkenlerden kaynaklanan gerinimler ise tektonik hareketlerin etkisiyle meydana gelmektedir.
Gerinim bir kuvvet etkisiyle istasyon noktalarinda meydana gelen yer degistirmenin ilk koordinat
degerlerine orani olarak tanimlanmaktadir. Bir yiizeyde olusan deformasyonlar, gerinim analizleri ile
bir koordinat sisteminde datumdan bagimsiz olarak belirlenebilir ve geometrik anlamda yorumlanabilir.
Deformasyonlarin geometrik yorumu i¢in genisleme ve kesme gerinimleri kullanilmaktadir. Genisleme
bir ylizeye dik olarak etki ederken, kesme gerinimleri ise yiizeye paralel olarak etki etmektedir. Bu
calisma kapsaminda 6 Subat 2023 tarihinde Kahramanmaras ilinde Mw 7.7 ve Mw 7.6 biiyiikliiklerinde
meydana gelen depremlerin etkisiyle olusan deformasyonlar analiz edilmektedir. Bu amagla deprem
bolgesini kapsayan 23 Tiirkiye Ulusal Sabit GNSS Istasyonlar1 Agi-Sabit (TUSAGA-Aktif) istasyonu
kullanilarak bir jeodezik ag olusturulmustur. Deprem Oncesinde ve deprem sonrasinda elde edilen
gozlemler iki farkli epokta degerlendirilmistir. Her iki epokta, Delaunay {iggenlemesiyle belirlenen
gbzlem plani, agdaki nokta sayisi ve yaklasik koordinatlar sabit tutulmustur. iki epok arasinda, jeodezik
agda meydana gelen deformasyonlar, iicgensel alanlarda statik deformasyon modelinde teta-kare dl¢iitii
ile analiz edilmistir. Bununla birlikte tiggensel alanlarda olusan deformasyonlarin geometrik olarak
yorumlanmasi i¢in 2B gerinim analizleri kullamilmistir. Uggensel yiizeyler igin hesaplanan gerinim
matrisleri kullanilarak her alan i¢in kesme gerinimleri hesaplanmistir. Buna gére ELAZ-TNC1-ERGN
ve MARI-EKZ1-ANTE f{i¢gensel alanlarda kesme gerinimleri sirasiyla 628 mikrostrain ve 556
mikrostrain olarak hesaplanmistir.

Anahtar Kelimeler: Jeodezik Aglar, Deformasyon, Gerinim Analizi

Abstract

Geodetic networks generated for their purpose must have the accuracy and reliability requirements
expected from them. The validity of the mathematic models which are created for the evaluation of the
geodetic network is crucial for realistic statistical analyses. The validity of the mathematical models is
checked with the reliability analyses. Surface deformation occurred by the result of the tectonic
movements can be detected with statistical analyses. Deformations occurring on a surface can be
computed independently of time using a model of static deformation. In any geodetic network, strains
can emerge due to both the internal structure of the network and the external factors. Strains, which
depend on the internal structure of the network, are affected by the observation plan and the weights of
the observations. Besides, strains caused by external factors occur because of the effects of the tectonic
movements. Strain is defined as the ratio of the displacements occurring at station points because of a
force to the initial coordinate values. Deformations occurring on a surface can be obtained
independently from the datum with the strain analyses and interpreted geometrically. Dilation and shear
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strains are used for the geometrical interpretation of the deformations. While dilation affects
perpendicular to a surface, shear strain affects parallel to a surface. In this study, the deformations
caused by the effects of the earthquakes that occurred with magnitudes Mw 7.7 and Mw 7.6 in
Kahramanmaras on the 6th of February 2023 have been analyzed. With this purpose, a geodetic network
has been generated with 23 Turkish National Permanent GNSS Network-Active (TNPGN-Active)
stations which involve the affected area by earthquakes. Observations that are obtained before and after
earthquakes have been evaluated in two different epochs. In both epochs, the observation plan obtained
by the Delaunay triangulation, the number of stations, and the initial coordinates are constant. In the
geodetic network, between two epochs, the deformations in the triangular surfaces were analyzed with
the theta-square criterion in the static deformation model. Besides, 2D strain analyses have been used
to geometrical interpretation of the deformation on the triangular surfaces. Shear strains have been
calculated using the strain matrices for each triangular surface. Accordingly, shear strains on triangular
surfaces, in which ELAZ-TNC1-ERGN and MARI1-EKZ1-ANTE, are computed as 628 microstrains
and 556 microstrains, respectively.

Keywords: Geodetic Network, Deformation, Strain Analysis

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering 20

Ttirkiye Ulusal Jeodezi Komisyonu (TUJK) XXIl. Sempozyumu 2023, 29 Kasim-01 Aralik 2023, Trabzon
Turkish National Geodesy Commission XXIl. Symposium 2023, November 29-December 01 2023, Trabzon



Gerg¢ek Zamanh Kinematik PPP Teknigi ile Deprem Biiyiikliigiiniin Kestirilmesi: 6 Subat 2023
Kahramanmaras (Pazarcik ve Elbistan) Depremleri Ornegi

Earthquake Magnitude Estimation with Real-Time Kinematic PPP Technique: The Example of the
February 6, 2023, Kahramanmaras (Pazarcik and Elbistan) Earthquakes
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Ozet

Deprem ve tsunami gibi dogal afetlerde erken uyari ve acil miidahale gerceklestirebilmek igin deprem
biiyiikliigiiniin gilivenilir ve hizli bir sekilde hesaplanmasi kritik éneme sahiptir. Bu biiyiikliigiin
hesaplanmasinda geleneksel olarak genisband sismometreler kullanilmaktadir. Ancak bu
sismometreler, meydana gelen depremin biiylikliigiine bagl olarak doyuma ulagabilmekte ve/veya
sismik dalga sinyallerinde kirpma egilimi goriilebilmektedir. Son zamanlarda bu geleneksel araglara
alternatif olarak sismik dalgalar1 yakalayabilme kabiliyetine sahip yiiksek frekanslt GNSS gbzlemlerine
olan ilgi giderek artmaktadir. Ozellikle, gergek zamanli kinematik Hassas Nokta Konumlama (Precise
Point Positioning, PPP) yontemi ile yiiksek frekansh yer degistirme zaman serisinden en biiylik yer
degistirme (Peak Ground Displacement, PGD) degerleri elde edilerek deprem biiytlikligi
kestirilebilmektedir. Ayrica, gercek zamanli kinematik PPP ydntemiyle sadece deprem biytikliigii
degil, sismik dalga formlar1 ve sarsiimalar izlenerek tehlike degerlendirmesi de yapilabilmektedir.

Bu calismada, 6 Subat 2023’te meydana gelen ve merkez iisleri Kahramanmaras ilinde olan iki yikici
depremin biiytikliigii bolgedeki TUSAGA-Aktif GNSS istasyonlarinin 1 saniye orneklem araligina
sahip gozlemleri kullanilarak kestirilmistir. Bu ama¢ dogrultusunda, ilk olarak GPS ve GLONASS
gozlemlerini iceren 1 saatlik dosyalar birlestirilerek 24 saatlik veri setlerine doniistliriilmiistiir. Gergek
zamanli PPP teknigini uygulayabilmek i¢cin, MADOCA (Multi-GNSS Advanced Demonstration Tool
for Orbit and Clock Analysis) uydu yoriinge ve saat trlinleri kullanilmistir. Verilerin ve tiriinlerin
saglanmasindan sonra degerlendirme stratejisi gercek zamanli gibi simiile edilerek; GipsyX yazilimu ile
istasyonlarin kinematik PPP c¢oziimleri elde edilmistir. Calismada toplam 34 GNSS istasyonu
kullanilmasma ragmen; oOzellikle deprem merkez {iislerine yakin bazi istasyonlarda kosismik
deformasyonlarin etkisiyle veri kesikliginin meydana geldigi goriilmiistiir. Bununla birlikte, tim
istasyonlarin yatay bilesenlerinde belirgin sekilde sismik dalga formlar1 gozlemlenmis ve merkez
iissiine yakin istasyonlarda 6nemli boyutta kalic1 yer degistirmelerin de oldugu tespit edilmistir. Her iki
deprem icin veri kesikligi bulunmayan GNSS istasyonlarindaki kosismik yer degistirmelerden
hesaplanan PGD degerleri, literatiirdeki gilincel parametreler ve fonksiyonel model kullanilarak,
Pazarcik depreminin moment biiytikliigli Mw 7.78, Elbistan depreminin moment biiyiikligi ise Mw
7.56 olarak kestirilmistir. Uluslararas1 ve ulusal kuruluslarin ilan ettigi biiyiikliikler incelenecek olursa;
Pazarcik depreminin moment biiyiikligii, Amerika Birlesik Devletleri Jeolojik Arastirma Dairesi
(USGS) tarafindan Mw 7.8, Afet ve Acil Durum Yo6netimi Baskanligi (AFAD) ve Bogazici Universitesi
Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii (KRDAE) tarafindan Mw 7.7 olarak bildirilmistir.
Elbistan depreminin moment biiylikligii ise USGS tarafindan Mw 7.5, AFAD ve KRDAE tarafindan
Mw 7.6 olarak agiklanmistir. Bu depremler i¢in rapor edilen biiyiikliikler ile bu ¢aligmadan elde edilen
biiyiikliikliilerin olduk¢a uyumlu oldugu gériilmektedir. Ozetle, gercek zamanl uydu yodriinge ve saat
iiriinlerine erisimin saglanabilmesiyle, kinematik PPP teknigi kullanilarak en onemli deprem
parametresi olan deprem biiyiikliigiiniin en kisa siirede yiiksek hassasiyetle hesaplanmasinin miimkiin
oldugu sonucuna varilabilir. Bu baglamda, jeodezinin etkin parcasi olan GNSS’ in deprem erken uyar1
sistemleri i¢in gii¢lil potansiyele sahip oldugunun alt1 ¢izilmelidir.

Anahtar Kelimeler: GNSS Sismolojisi, Ger¢ek Zamanl kinematik PPP, Deprem Biiyiikliigii, Deprem
Erken Uyari, PGD
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Abstract

Reliable and rapid calculation of earthquake magnitude is critical for early warning and emergency
response in natural disasters such as earthquakes and tsunamis. Traditionally, broadband seismometers
are used to calculate this magnitude. However, depending on the magnitude of the earthquake, the
seismometers may reach saturation and/or the seismic wave signals may tend to be clipped. Recently,
high-rate GNSS observations capable of recording seismic waves have become increasingly popular as
an alternative to traditional instruments. Especially, it can be estimated earthquake magnitude by
obtaining Peak Ground Displacement (PGD) values from high-rate displacement time series using the
real-time kinematic Precise Point Positioning (PPP) technique. Furthermore, not only measuring
earthquake magnitude with the real-time kinematic PPP approach but also monitoring seismic
waveforms and shaking allows for hazard assessment.

In this study, two devastating earthquakes that occurred on February 6, 2023, whose epicenters in the
province of Kahramanmarag, were determined magnitude using observations record from Continuously
Operating Reference Stations, Tiirkiye (CORS-TR) GNSS stations in the region with a 1-second
sampling interval. For this purpose, firstly, 1-hour files containing GPS and GLONASS observations
were merged and converted into 24-hour datasets. The real-time PPP approach was implemented using
the satellite orbit and clock products from the Multi-GNSS Advanced Demonstration tool for Orbit and
Clock Analysis (MADOCA). Following the dataset and products provided, the evaluation strategy was
simulated in real-time, and GipsyX software was employed to generate the stations' kinematic PPP
solutions. Despite the utilization of 34 GNSS stations in the study, data gaps have been experienced at
some stations, especially close to earthquake epicenters due to coseismic deformations. In addition,
seismic waveforms were clearly observed in the horizontal components of all stations, and significant
permanent displacements were also detected at stations around the epicenter. The moment magnitudes
of the Pazarcik earthquake and the Elbistan earthquake were estimated to be Mw 7.78 and Mw 7.56,
respectively, using the functional model, the current parameters in the literature, and the PGD values
calculated from the coseismic displacements at GNSS stations without data gaps for both earthquakes.
If the magnitudes declared by international and national organizations are examined; the moment
magnitude of the Pazarcik earthquake was reported as Mw 7.8 by the United States Geological Survey
(USGS), and Mw 7.7 by the Disaster and Emergency Management Presidency (AFAD) and Bogazici
University Kandilli Observatory and Earthquake Research Institute (KOERI). The moment magnitude
of the Elbistan earthquake was announced as Mw 7.5 by USGS and Mw 7.6 by AFAD and KOERI.
The magnitudes found in this study and the reported magnitudes for the earthquakes are in good
agreement. In summary, it can be concluded that with access to real-time satellite orbit and clock
products, it is possible to calculate the most important earthquake parameter, earthquake magnitude,
with high precision rapidly using the kinematic PPP technique. In this context, it should be emphasized
that GNSS, which is an active part of geodesy, has a strong potential for earthquake early warning
systems.

Keywords: GNSS Seismology, Real Time Kinematic PPP, Earthquake Magnitude, Earthquake Early
Warning, PGD
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Farkh Uydu Sistemleri ve Olgii siirelerinin Yer Kabugu Hareketlerini Belirleme
Performanslarin Karsilastirilmasi

Comparison of the Performances of Different Satellite Systems and Data Record Interval
in Determining Crustal Movements
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Ozet

Kiiresel Navigasyon Uydu Sistemi (GNSS), uydularla konum belirlemede kullanilan standart genel
terimdir. Bir GNSS alicist goriis hattinda bulunan uydulardan iletilen sinyalleri kullanarak konum
(enlem, boylam ve yiikseklik) bilgisini elde eder. Coklu GNSS uydularinin kullamlmas1 ve biiytitiilmesi
sonucu dogruluk ve giivenilirligin artmasi1 bir¢ok miihendislik hizmetlerinde birden fazla uydu
sisteminin kullanilmasina olanak saglamistir. Su an; Amerika Birlesik Devletleri’nin Global Positioning
System (GPS)’1, Rusya’nin Global Navigation Satellite System (GLONASS)’1, Avrupa Uzay Ajansi
(ESA)’nin Galileo, Cin’in BeiDou uydular kiiresel konumlandirma calismalarinda kullanilmaktadir.
Birkag tilkede ise bolgesel kapsama alani iginde gesitli konum belirleme sistemleri de mevcuttur. Bunlar,
Hindistan’in Indian Regional Navigational Satellite System (IRNSS)’ 1 ve Japonya’nin Quasi-Zenith
Satellite System (QZSS)’idir. Uydu sistemlerindeki bu gelismeler sayesinde jeodezik amacl nokta
konumlarinin yersel tekniklere gore daha yiiksek dogrulukta belirlenmesi miimkiin olmustur. Yakin
zamana kadar uydu bazli sistemlerde nokta konumlar1 GPS ve GLONASS uydu sistemleri kullanilarak
belirlenmistir. 2020 yilindan itibaren Galileo uydu sistemi de tam faaliyette kullanilmaya baslanmistir.
Gilinlimiizde deprem sonrasi bolgesel konum degisiklikleri Kiiresel Konumlama Sistemlerinden
yararlanilarak kestirilebilmektedir. GNSS ile nokta konumlarmim belirlenmesindeki dogruluk
kullanilan uydu sistemine, degerlendirme yazilimina, veri toplama siiresine, veri kayit araligina vb.
etkilere bagl olarak degismektedir.

Bu caligmada, Galileo uydu sisteminin nokta konumlamaya etkisi, 6l¢li siiresine bagli olarak
aragtirllmigtir. Bu kapsamda, 15.10.2020-13.11.2020 tarihleri arasinda segilen 7 adet TUSAGA
istasyonun (AKHI, BOZU, CINC, ESME, MNTS, SHUT, TVAS) giinliik RINEX verileri, 14 adet IGS
istasyonuna ait RINEX verilerinden yararlanilarak, 2, 4 ve 12 saatlik dilimlere ayrilmis ve ¢oziimler
GAMIT/GLOBK veri degerlendirme yazilimmda sadece GPS, sadece GLONASS, sadece Galileo ve
GPS+GLONASS+Galileo (MIX) uydu kombinasyonuna gore degerlendirilmistir. 2, 4 ve 12 saatlik
RINEX verileri deprem olusum saati merkez secilerek elde edilmistir. Degerlendirmeler sonucunda
sadece GPS uydu kombinasyona ile elde edilen giinlik koordinatlar esas alinarak diger uydu
kombinasyonlarinin esas koordinatlara yaklagimi irdelenmistir. Yapilan bu analizlerde, GPS
koordinatlarina en yakin sonuglar sirasiyla, MIX. Galileo ve GLONASS uydu kombinasyonlart ile elde
edilmistir. Daha sonra, 30 Ekim 2020 tarihli Izmir -Seferihisar Depreminin bdlgedeki TUSAGA
istasyonlarina etkisini ortaya koymak i¢in elde edilen giinliik ¢6ziimler deprem dncesi ve deprem sonrasi
olarak 2 bdliime ayrilmistir. t-testi ile deprem 6ncesi ve deprem sonrasi ortalama koordinatlarin birbirleri
ile uyumu aragtirilmigtir. Arastirma sonucunda, deprem oncesi ve deprem sonrasi degisimin en fazla
deprem {issiine en yakin olan MNTS istasyonunda oldugu, deprem merkezinden uzaklasildikca genel
olarak noktalardaki degisimlerin azaldigi, deprem &ncesi ve deprem sonrasi degerlendirmenin 6l¢ii
stiresi arttikca daha saglikli yapilabilecegi sonucuna varilmistir. Ayrica, secilen TUSAGA
istasyonlarmin ~30 giinliik koordinatlar1 zaman serileri yardimiyla da incelenmis ve deprem iissiine en
yakin olan MNTS istasyonun deprem 6ncesi ve sonrasina gore degisimi verilmistir.

Anahtar Kelimeler: Galileo, GLONASS, GPS, Izmir-Seferihisar Depremi, zaman serisi

Abstract

Global Navigation Satellite System (GNSS) is the standard generic term for positioning with satellites.
With a GNSS receiver, point position (latitude, longitude and altitude) can be determined using signals
from satellites in the field of view. The use of multiple GNSS satellites and the increase in their number
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have increased the accuracy and precision of the calculated point positions. Today; The United States'
Global Positioning System (GPS), Russia's Globalnaya Navigatsionnaya Sputnikovaya Sistema
(GLONASS), European Space Agency's (ESA) Galileo, China's BeiDou satellites are used in global
positioning studies. A few countries also have various geolocation systems within their regional
coverage. These; India's Indian Regional Navigational Satellite System (IRNSS) and Japan's Quasi-
Zenith Satellite System (QZSS). Thanks to these developments in satellite systems, it has been possible
to determine geodetic point positions with higher accuracy than terrestrial techniques. Until recently,
point positions in satellite-based systems were determined using GPS and GLONASS satellite systems.
As of 2020, the Galileo satellite system has also started to be used in full operation. Today, regional
position changes after earthquakes can be predicted by using GNSS. The accuracy in determining point
positions with GNSS depends on the satellite system used, evaluation software, data collection intervals,
data logging intervals, etc. varies depending on the effects.

In this study, the effect of Galileo satellite system on point positioning was investigated depending on
the data collection intervals. In this context, daily RINEX data of 7 of Turkish Permanent GPS Network
(TURPEGN) stations (AKHI, BOZU, CINC, ESME, MNTS, SHUT, TVAS) selected between October,
15th 2020 - November, 13th 2020. The RINEX data have been divided into 2-, 4- and 12-h time
intervals. The solutions were evaluated according to GPS only, GLONASS only, Galileo only and
GPS+GLONASS+Galileo (MIX) satellite combinations in GAMIT/GLOBK data evaluation software.
In the evaluations, 24-h RINEX data of 14 stations of international GNSS Stations (IGS) was also used.
The 2-, 4- and 12-h RINEX data were obtained by choosing the earthquake occurrence time as the center.
As a result of the evaluations, the approach of other satellite combinations to these coordinates was
examined based on the daily coordinates obtained only with the GPS satellite combination. In the
analysis, the closest results to the GPS coordinates are obtained a satellite combinations of MIX, Galileo
only and GLONASS only, respectively. Then, the daily solutions obtained in order to reveal the effect
of the Izmir-Seferihisar Earthquake dated 30 October 2020 on the TUSAGA stations in the region are
divided into 2 parts as preearthquake and post-earthquake. With the t-test, the compatibility of the
average coordinates before/after the earthquake was investigated. As a result of the research, these were
concluded that the changes before and after the earthquake were mostly in the MNTS station, which is
the closest to the earthquake center, that the changes in the points generally decrease as you move away
from the earthquake center, and that the evaluation before and after the earthquake can be made more
healthy as the measurement time increases. In addition, the ~30-day coordinates of the selected
TURPEGN stations were also examined with the help of time series, and the change of the MNTS station
closest to the earthquake center according to the preand post-earthquake period is given.

Keywords: Galileo, GLONASS, GPS, Izmir-Seferihisar Earthquake, time series
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InSAR Verilerinin Hizh Fourier Doniisiimii ile Zaman Seri Analizi: Gediz Grabeni
Ornegi

Time Series Analysis of InSAR Data with Fast Fourier Transform: The Example of Gediz
Graben
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Ozet

Giiniimiizde yiizey hareketlerinin jeodezik olarak izlenmesinde Yapay Agiklikli Radar interferometrisi
(InSAR) yontemi yaygin olarak kullanilmaktadir. InSAR verilerinin degerlendirilmesi sonucunda uydu
bakis dogrultusunda (LOS) daimi Yansiticilara ait yillik hiz degerleri elde edilmektedir. LOS hiz
degerleri elde edilirken genellikle dogrusal modele gore basit regresyon analiz yontemi kullanmaktadir.
Bu durum da InSAR noktalarina ait zaman serilerindeki periyodik etkiler géz ardi edilmektedir. Bu
caligmada InSAR verilerinden elde edilen yer degistirme degerleri kullanilarak periyodik hareketlerin
Hizli Fourier Doniistimii (HFD) yontemiyle belirlenmesi amaglanmistir. Bu dogrultuda TUBITAK
119Y 180 nolu proje ve CUBAP M-800 nolu projeleri kapsaminda 2016-2020 yillar1 arasinda Sentinel
1A ve 1B algalan (descending) ve yiikselen (ascending) uydu radar goriintiilerinden elde edilen
inteferogramlar (LiCSAR verileri) kullanilarak Gediz Grabenindeki yiizey deformasyonlarina ait LOS
hiz degerleri LiCSBAS yazilimi araciliiyla elde edilmistir. Gediz grabeninde birgok yer bilimcinin
yaptig1 caligmalarda bdlgenin sismik aktivitesinin yogun oldugu ve yiizeysel deformasyonlarin arttigi
ortaya konmaktadir. Ayrica calisma bolgesindeki bazi yerlesim yerleri AIGM tarafindan “Yerlesime
Uygun Olmayan Alan” olarak belirlenmis ve Afete Maruz Bolge ilan edilmistir. Bolgede yogun tarim
yapilmakta ve yaz doneminde yiiksek diizeyde sulama faaliyeti yeralti suyu seviyesinin diigmesine
neden olmaktadir. Buna bagh olarak bolgede tektonik hareketlerin disinda asismik hareketler
izlenilmektedir. Bu c¢alismada InSAR HFD doniisiimii yontemi ile Gediz grabenindeki 2016-2020
yillar1 arasindaki mevsimsel hareketler belirlenmistir. Grabenin gliney dogusunda (Yesilyurt-Sarigol
aras1) mevsimsel hareketlerin tarimsal faaliyetlere bagl olarak arttig1 gozlemlenmistir. Grabenin giiney
dogusunda segilen ii¢ noktaya ait HFD analizi sonucunda hiz degerleri ve periyodik etki periyod-genlik
degerleri hesaplanmis ve bolgede olusan deformasyonlarin mevsimsel faktorlerden etkilendigini agikca
ortaya konulmustur. Sonug olarak InSAR sonuglarindan HFD analizi yardimiyla ¢alisma bdlgesindeki
asismik hareketler basartyla modellenmistir.

Anahtar Kelimeler: InSAR, HFD, Graben

Abstract

Today, the method of Synthetic Aperture Radar Interferometry (InSAR) is widely used for the geodetic
monitoring of surface movements. Evaluation of InSAR data results in the acquisition of annual velocity
values for Permanent Scatterers (PS) in the line-of-sight (LOS) direction of satellite observations. When
obtaining LOS velocity values, a simple regression analysis method is commonly used based on a linear
model. This approach often neglects periodic effects in the time series of INSAR points. In this study,
the aim is to determine periodic movements using the Fast Fourier Transform (FFT) method with
displacement values obtained from InSAR data. To achieve this, LOS velocity values related to surface
deformations in the Gediz Graben region were obtained using interferograms derived from descending
and ascending satellite radar images of Sentinel 1A and 1B between 2016 and 2020, through the
LiCSBAS software, as part of the TUBITAK 119Y180 and CUBAP M-800 projects. Numerous studies
by geoscientists have revealed the high seismic activity and increased surface deformations in the Gediz
Graben. Furthermore, some residential areas in the study region have been designated as 'Not Suitable
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for Settlement' by the AIGM (Turkey's General Directorate of Disaster Affairs), declaring them as
Disaster-Prone Areas. The region is characterized by intensive agriculture, with high irrigation activity
during the summer, leading to a decline in groundwater levels. As a result, in addition to tectonic
movements, aseismic movements are observed in the region. In this study, seasonal movements in the
Gediz Graben between 2016 and 2020 were determined using the InNSAR FFT transformation method.
It has been observed that seasonal movements increase in the southeast of the graben (between Yesilyurt
and Sari1g6l) due to agricultural activities. As a result of the FFT analysis of three selected points in the
southeast of the graben, velocity values and period-amplitude values of periodic effects have been
calculated, clearly demonstrating that deformations in the region are influenced by seasonal factors. As
a result, InSAR results were successfully modeled with the help of FFT analysis in the study area.

Keywords: InSAR, FFT, Graben
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Paleo Heyelan Sahasindaki Kaya Bloguna iliskin Potansiyel Kaya Diismesi
Senaryolarmin Uretilmesi ve Risklerin Irdelenmesi
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and Examination of Risks
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Ozet

Kaya diismeleri jeolojik tabanl dogal afet tiirlerinden birisidir. Bu afet tiirii, yamaglarda veya sevlerde
siireksiz ylizeyler boyunca kopan kaya bloklarmin yergekimi kuvvetinin etkisi ile hizli bir sekilde
hareket etmesi olarak tanimlanmaktadir. Siireksiz yiizeylerden ayrilan kaya bloklar1 sahip olduklar
yiiksek hiz ve kinetik enerjileri nedeniyle kayda deger bir sekilde can ve mal kayiplarina yol
acmaktadir. Bu afet tiirliniin tahrip edici etkilerini en aza indirgeyebilmek, iki veya {i¢ boyutlu kaya
diismesi analizlerinin {iretilmesi ve bu analizlerden elde edilen senaryolar sonucu riskli alanlarin tespit
edilmesi ile miimkiindiir. Bu ¢aligmanin amaci 1952 yilindan beri kiitle hareketlerinin devam ettigi,
afete maruz bolge olarak ilan edilen bir paleo heyelan sahasinda yer alan 18 m® hacmindeki kaya
bloguna iligkin potansiyel kaya diismesi senaryolarim {iretmektir. Bu baglamda periyodik bir sekilde
aktif kiitle hareketlerinin yasandig1 bolgedeki kaya blogunun olas1 hareketleri irdelenerek can ve mal
kayiplarina yonelik tedbirlerin hizli bir sekilde alinmasma katki saglamak hedeflenmistir. Kaya
diismesi analizi, i¢in Oncelikle kaya blogundan laboratuvar 6rnegi alinmistir ve insansiz hava araci
yardimiyla ¢alisma sahasmmin yogun nokta bulut verilerini ve sayisal yiikseklik modelini {iretmek
amaciyla bolgede fotogrametrik ugus islemi gerceklestirilmistir. Bu caligmada kaya diismesi analizi
icin RocPro3D programi kullamlmistir. Program yardimiyla analizler gerceklestirilerek 1000 farkli
kaya diismesi senaryosu iiretilmistir. Yapilan analizler 15181inda kaya blogunun hareket hizi, sigrama
yiiksekligi, yayilim, enerji ve hiz haritalar1 ve son olarak olasi durma ve ¢arpma noktalarini gosterir
haritalar RocPro3D programi yardimiyla elde edilmistir. Analiz sonucunda elde edilen bu haritalar
caligma sahasi smirlan icinde yer alan her biri sayisal hale getirilmis yerlesim-zirai alanlar, koy
yollari, altyapi-iistyap1 tesisleri ile ¢akigtirilarak bolgenin kaya diismesi afeti acisindan risk durumu
irdelenmistir.

Anahtar Kelimeler: Kaya Diismesi, Paleo Heyelan, Insansiz Hava Araci, RocPro3D

Abstract

Rockfalls are one of the geological-based natural disaster types. This type of disaster is defined as the
rapid movement of rock blocks detached along discontinuous surfaces on slopes or cliffs due to the
force of gravity. Rock blocks separated from these discontinuous surfaces can cause significant human
and property losses due to their high speed and kinetic energy. Minimizing the destructive effects of
this disaster involves generating two or three-dimensional rockfall analysis and identifying hazardous
areas based on the scenarios derived from these analyses. The purpose of this study is to produce
potential rockfall scenarios for an 18 m?* rock block located in a paleo-landslide area declared as
a disaster-prone region since 1952, where mass movements have been ongoing. In this context,
an examination of the potential movements of the rock block in the region, where active mass
movements periodically occur, aimed to contribute to the rapid implementation of measures against
human and property losses. For the rockfall analysis, a laboratory sample was first taken from the
rock block, and aerial photogrammetry was conducted in the area using unmanned aerial vehicles
to produce dense point cloud data and a digital elevation model. The RocPro3D program was
used for the rockfall analysis in this study. Through the program, analyses were conducted, and
1000 different rockfall scenarios were generated. Based on the analyses, maps displaying the rock
block's movement speed, bounce height, spread, energy, speed, and, finally, possible stopping and
impact points were obtained using the RocPro3D program.
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The maps obtained from the analysis were overlaid with digitized residential-agricultural areas,
village roads, infrastructure-superstructure facilities within the study area to examine the region's

rockfall disaster risk situation.
Keywords: Rockfall, Paleo Landslide, Unmanned Aerial Vehicle, RocPro3D
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6 Subat 2023 Kahramanmaras Depremlerin Olusturdugu Hasarlarimin Zemin Yapisi
ve Ozellikleri Ile Iliskisinin Jeofizik Olciimlerle On Incelemesi

Preliminary Investigation of the Relationship between the Damages Caused by the 6
February 2023 Kahramanmaras Earthquakes and the Subsurface Structure and Properties
with Geophysical Measurements

Hakan Karsh'", Ali Erden Babacan', Ozgeng Akin'

'Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Béliimii, 61080, Trabzon, Tiirkiye
X .
hkarsli@ktu.edu.tr

Ozet

6 Subat 2023 tarihinde yaklagik 9 saat farkla Tiirkiye'de iki biiyiik deprem meydana gelmis ve merkez
iislerinden yaklasik 400 km'lik genis bir alanda yer alan 11 ili etkisi altina almistir. Depremler
nedeniyle yiiz binden fazla bina yikilmis ya da ileri-orta derecede hasarli hale gelmis ve 50.000'den
fazla insan yagsamini yitirmistir. Bu depremlerden ilki KD-GB uzanimli Dogu Anadolu Fay Zonu'nda
(EAFZ) TSI 4.17'de Kahramanmaras-Pazarcik'ta (episantr koordinati: 37.288° N- 37.043° E, Mw=7.7,
H=8.6 km) ve ikincisi TSI 13.24’te D-B uzanimli Cardak Fay1 (CF) iizerinde Kahramanmas-Ekindzii
(episantr koordinati: 38.089° N-37.239° E, Mw=7.6, H=7.0 km) depremleri olarak kayitlara gegmistir.
Yapilan ¢alisma, 06 Subat 2023 Kahramanmaras (Pazarcik ve Ekinozii) depremlerinden hemen sonra
19-23 Subat tarihlerinde depremlerin ileri derecede hasarlara neden oldugu Malatya, Hatay, Gaziantep
ve Kahramanmaras illerinde gerceklestirilmistir. “TUBITAK 1002C Hizli Destek Projesi” kapsaminda
gergeklestirilen bu ¢alisma, Jeofizik ¢alismalarin ilksel sonuglarini ve bu sonuglarin, 6lgiim
profillerine en yakin istasyon bilgileri (episantral uzaklik, Pik Yer Ivmesi-PGA, Vs30) ile
korelasyonunu i¢ermektedir. Her ilde 2 adet olmak {izere toplam 8 profilde Jeofizik yontemlerden
sismik kirilma tomografisi (SRT), aktif ve pasif kaynakli ¢cok kanall1 yiizey dalgas1 analizi (MASW)
ve mikrotremér (MT) yontemleri ile toplanmis ve veriler her yontemin kendi ilkeleri dogrultusunda
degerlendirilmistir. SRT teknigi, P-dalgasi 2D hiz-derinlik modellerini, MASW teknigi 1D-
Vs derinlik profillerini ve MT teknigi ise zemin hakim titresim periyot degerlerinin elde
edilmesini saglamistir. Ayrica, 2B’lu P-dalgasi hiz yapisi ile zemin geometrisi; ilk 30 m derinlige
ait ortalama kayma dalgas1 hiz1 (Vs30) ile zemin simifi, zemin biiyiitmesi, hakim titresim periyodu ve
zemin dinamik elastik parametreleri hesaplanmustir. Olgiimlerden ikisi (Hatay-2 (Tepehan) ve
Kahramanmarag-1 (Tevekkeli)) disinda hepsi yerlesim yerlerinde yapilmis ve zemin siiflari, ZD
(Malatya-1, Hatay-1, Kahramanmaras-1) ve ZC (Malatya-2, Hatay-2, Gaziantep-1,2, Kahramanmaras-
2) olarak belirlenmistir. SRT kesitlerine gore tiim profillerde {i¢ tabakali yeralti modelleri
yorumlanmistir. Genel olarak hiz (Vp/Vs>2.5) ve Poisson oranlarinin (6>0.35) yliksek ¢ikmasi, yakin
ylizey jeolojik birimlerinin ¢ok gevsek ve derindeki kayalarin ise oldukca gozenekli/kirikli-gatlakli
olduguna isaret etmektedir. Dinamik elastik parametrelerin degisimi, Malatya-1 (Yesilyurt), Hatay
(Defne) ve Kahramanmaras (Tevekkeli)’ta ~15-20 m derinliklere kadar “zayi1f” dayanimli; Malatya-
2 (Yesilyurt), Gaziantep (ibrahimli ve Nurdagi), Hatay (Defne), Kahramanmaras (Merkez)’da, ~10
m derinlige kadar “orta saglam” nitelikte jeolojik birimleri gostermektedir. Bununla birlikte, tiim
profillerde ylizeye yakin zemin birimlerinin, zemin emniyetli tagima kapasitelerinin oldukga diistik (4
kg/cm® veya 0.4 MPa'dan daha diisiik) ve daha derinlere dogru orta seviyede (4-8 kg/cm’ veya 0.4-0.8
MPa arasinda) oldugu goriilmektedir. Bu sonuglar, gozlenen yikimlarin ve ileri derecede hasarlarin
¢ogunun, deprem-yer-yapi iliskisinin yanls degerlendirilmesinin bir sonucu olarak, eksik ve/veya
hatal1 yap1 tasarimlarindan kaynakladigini gostermektedir. Burada sunulan sonuglar yerinde yapilan
jeofizik Olctimlerden elde edilmistir ve bu nedenle dogasi geregi On inceleme niteligindedir.
Dolayisiyla, 6meklemenin daha fazla profilde yapilmasiyla genisleyen veri seti, tartigilan gézlemlere
iligkin daha detayl bilgiler ve aciklayici sonuglar sunacaktir.

Anahtar Kelimeler: Kahramanmaras Depremleri, Sismik Yontemler, Mikrotremér, Pik Yer TIvmesi

Abstract
Two major earthquakes occurred in Tiirkiye on February 6, 2023, within approximately a 9-hour
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difference, affecting 11 provinces located in a wide area approximately 400 kilometers from their
epicenters. Due to the earthquakes, more than a hundred thousand buildings collapsed or were severely
to moderately damaged, leading to the loss of over 50,000 lives. The first of these earthquakes
occurred at 4:17 AM (GMT=+3) on the Northeast-Southwest oriented East Anatolian Fault Zone
(EAFZ) in Kahramanmaras-Pazarcik (epicenter coordinates: 37.288° N - 37.043° E, Mw=7.7, H=8.6
km). The second earthquake was recorded at 1:24 PM (GMT+3) on the East-West oriented Cardak
Fault (CF) in Kahramanmaras-Ekin6zii (epicenter coordinates: 38.089° N - 37.239° E, Mw=7.6,
H=7.0 km). The study was conducted from February 19 to 23 in the provinces of Malatya, Hatay,
Gaziantep, and Kahramanmaras, immediately following the earthquakes in Kahramanmarag (Pazarcik
and Ekin6zii) on February 6, 2023, caused extensive damage. This study, conducted within the scope
of the "TUBITAK 1002 - C Fieldwork Emergency Support Program Focused on Natural Disasters"
includes initial findings of geophysical research and the correlation of these results with the closest
earthquake station information (epicentral distance, Peak Ground Acceleration-PGA, Vs30). The data
were collected using geophysical methods including seismic fracture tomography (SRT), multi-
channel surface wave analysis (MASW) with active and passive sources, and microtremor (MT)
methods with 2 in each province, totally of 8 profiles. The data were evaluated according to the
principles of each method. The SRT technique offered 2D velocity-depth models for P-waves, the
MASW technique produced 1D Vs depth profiles, and the MT technique enabled the determination of
dominant ground vibration period values. Additionally, the ground geometry of each site was obtained
from the 2D P-wave velocity structure; soil class, site amplification, dominant vibration period values,
and dynamic elastic parameters of the ground were calculated from the average shear wave velocity up
to a depth of 30 meters (Vs30). All the measurements were collected in urban areas, except for two
Hatay-2 (Tepehan) and Kahramanmaras-1 (Tevekkeli) and the soil classes have been determined as
ZD (Malatya-1, Hatay-1, Kahramanmaras-1) and ZC (Malatya-2, Hatay-2, Gaziantep-1,2,
Kahramanmaras-2). Three-layered subsurface models were interpreted for all profiles based on the
SRT sections. Generally, high values of velocity (Vp/Vs>2.5) and Poisson's ratio (6>0.35) indicate
that the near-surface geological units are very loose and the deeper rocks are quite porous/fractured.
The variation in dynamic elastic parameters indicates 'weak' strength properties down to
approximately 15-20 meters in Malatya-1 (Yesilyurt), Hatay (Defne), and Kahramanmaras
(Tevekkeli), while the geological units show 'moderately strong' quality down to about 10 meters deep
in Malatya-2 (Yesilyurt), Gaziantep (Ibrahimli and Nurdagi), Hatay (Defne), and Kahramanmaras
(Centrum). However, it is observed that the near-surface soil units in all profiles have relatively low
soil bearing capacities (less than 4 kg/cm® or 0.4 MPa) and they become moderately higher (between
4-8 kg/em® or 0.4-0.8 MPa) deeper into the ground. These results indicate that the observed
destruction and extensive damage are derived from inadequate and/or faulty structural designs as
a result of misevaluated earthquake-ground-structure relationship. The results presented here are
obtained from in-situ geophysical measurements and therefore, by definition, serve as a preliminary
assessment. Therefore, enhancing the data set through further sampling in additional profiles will
provide more detailed information and explanatory results regarding the discussed observations.

Keywords: Kahramanmaras Earthquakes, Seismic Methods, Microtremor, Peak Ground Acceleration
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Yerbilimleri Uygulamalar i¢cin Gravitenin Uzaktan Algillanmasi: GRACE, GRACE-FO
ve Sonrasl

Remote Sensing of Gravity for Earth Science Applications: GRACE, GRACE-FO and
Beyond

Himanshu V. Save!™

ICenterfor Space Research, The University of Texas at Austin

= save@csr.utexas.edu

Ozet

Yergekimi Geri Kazanimi ve Iklim Deneyi (GRACE) ve devaminda gelen GRACE-FO gérevleri,
2002'den beri Yerkiirenin su dongiisiindeki degisikliklerin anlasilmasini kolaylastirmak igin kritik
Olciimler saglamistir. 20 yili askin GRACE ve GRACE-FO verileri, hidroloji, osinografi, kriyosfer
bilimleri, kat1 yeryuvar1 vb. alanlarda degerli bilgiler sagladi. Biiyilik goller, yeralti sulari, buzullar,
buzul katmanlari, deniz seviyesi ve okyanus akintilarma iligkin su dongiisiiniin ve enerji dengesinin
nasil gelistigini izlememizi olanakli kilmis, meydana gelen degisikliklerin izlenmesine kiiresel bir bakig
acis1 getirmistir.

Bu sunumda GRACE/GRACE-FO veri islemenin son yirmi yilda nasil gelistigini, isleme
tekniklerindeki ilerlemenin GRACE/GRACE-FO'a dayali yenilikei iiriinlerine nasil yol actigimi ve yeni
bilimi nasil miimkiin kildigim ele alacagiz. Sunumda ayrica yenilik¢i liriinlere odaklanilarak mascon,
kayan pencere, giinliik serit ve GRACE/GRACE-FO'nun 5 giinliik ¢éztimlerinden elde edilen sonuglar
tartigilacaktir. Son olarak gelecekteki yergekimi/kiitle degisimi uydu misyonlari, planlart ve
olasiliklarina kisaca deginilecektir.

Anahtar Kelimeler: GRACE/GRACE-FO, kitle degisimi, su dongiisii, bilim verisi isleme, gelecek uydu
gorevleri

Abstract

The Gravity Recovery and Climate Experiment (GRACE) and its Follow-On (GRACE-FO) missions
have provided critical measurements to improve the understanding of the changes in the Earth’s water
cycle since 2002. Over 20 years of GRACE and GRACE-FO data have provided valuable insights in
the fields of Hydrology, Oceanography, Cryosphere Sciences, Solid Earth etc. Monitoring changes in
the amount of water in the large lakes, ground water, glaciers, ice sheets, sea-level and ocean currents
have enabled an integrated global view of how Earth’s water cycle and energy balance are evolving.

In this presentation we will present how the GRACE/GRACE-FO data processing has evolved over the
two decades and how the improvement in processing techniques has led to innovative products from
GRACE/GRACE-FO and enabled new Science. The presentation will also focus on the innovative
products and discuss the results from the mascon solutions, the sliding window solutions, the daily
swath solutions and the 5-day solutions from GRACE/GRACE-FO. The presentation will briefly
discuss the future gravity/mass change missions, plans and possibilities.

Keywords: GRACE/GRACE-FO, mass change, water cycle, science data processing, future gravity
missions
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Yerbilimleri Uygulamalan i¢cin Gravitenin Uzaktan Algillanmasi: GRACE, GRACE-FO
ve Sonrasl

Remote Sensing of Gravity for Earth Science Applications: GRACE, GRACE-FO and
Beyond

Feng Wei'™
! School of Geospatial Engineering and Science, Sun Yat-Sen University, Zhuhai, China

= fengwei@mail.sysu.edu.cn

Ozet

Son yirmi yilda uydu gravimetrisindeki ilerlemeler, Yeryuvarinin ¢ekim alami degisikliklerinin
izlenmesini saglamigtir. Buradan kazanilan kiitle taginimi bilgisi kitlelerin yeniden dagilimina iliskin
anlayisimizda devrim yaratmistir. Bu konusmada Cin'deki uydu gravimetrisindeki son gelismelere
genel bir bakis sunulacak, daha sonra uluslararasi yer¢ekimi uydu gorevlerine (6rmm. CHAMP,
GRACE/GRACE-FO, GOCE) kisa bir giris yapilacaktir. Cin'in ilk uydudan uyduya takip eden
yergekimi uydulart 2021'in sonlarinda firlatildi. Cin gruplarinda kullanilan gegici yergekimi alani
inversiyon yontemleri ve ¢oziimleri verilecektir. Bu konusmada, ayn1 zamanda, bolgesel ve kiiresel
olgekte su depolama degisiklikleri, buz kiitlesi dengesi, deniz seviyesindeki degisiklikler vb. gibi uydu
gravimetrisinin bilimsel uygulamalaria iliskin son gelismelere de kisaca deginilecektir. Yeni nesil
yergekimi misyonu (NGGM) ile, dogrulugun daha da artmasi beklenmektedir. Coklu ¢ift uydu takimlari
ve yeni nesil yiiksek duyarlikli uydu platformu sistemleri araciligiyla kazanilan yer¢ekimi alani bilgisi
ve uzaysal-zamansal ¢oziiniirlikkleri, farkli uydu takimlar i¢in kapali dongii simiilasyonlar1 analiz
edilecektir.

Anahtar Kelimeler: GRACE/GRACE-FO, kitle degisimi, su dongiisii, bilim verisi isleme, gelecek uydu
gorevleri

Abstract

Advances of satellite gravimetry over the past two decades have revolutionized our understanding of
the Earth’s gravity field changes, and the inferred mass transport and redistribution. This talk will give
an overview of recent progress on satellite gravimetry in China. A short introduction of international
gravity missions (e.g., CHAMP, GRACE/GRACE-FO, GOCE) will be given. The first Chinese
satellite-to-satellite tracking gravity satellites have been launched in late 2021. Temporal gravity field
inversion methods and solutions used in Chinese groups will be given. This talk will also briefly
introduce the recent progress on scientific applications of satellite gravimetry, e.g., regional and global
scale water storage changes, ice mass balance, sea level changes, etc. The next-generation gravity
mission (NGGM) will further improve the accuracy and spatio-temporal resolutions of recovered
gravity fields through multi-pair satellite constellations and the new generation of high-precision
satellite payloads. The closed-loop simulations for different constellations will be analyzed.

Keywords: Satellite gravity missions, recent progress in China, next-generation gravity missions,
simulation
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GRACE Zaman Serilerinde Uzun Dénemli Periyodik Sinyalin Incelenmesi
Investigation of Longer-Term Periodic Signal in GRACE Time Series
Ozge Giines'*, Ciineyt Aydin'

Yildiz Teknik Universitesi, fnsaat Fakiiltesi, Harita Miihendisligi Boliimii, Istanbul, Tiirkiye
Hozgeg@yildiz.edu.tr

Ozet

Karasal hidrolojide, buzullarda ve okyanuslarda toplam su biit¢esi degisimi GRACE (Gravity Recovery
and Climate Experiment) ve GRACE-Follow On uydu sistemleriyle hassas bir sekilde
izlenebilmektedir. Esdeger su kalinlig1 cinsinden ifade edilebilen toplam su biitcesi anomalileri, yillik
ve yar yillik periyodik bilesenleri ve trendi iceren fonksiyonel model ile tanimlanir. Ancak, son
zamanlarda, toplam su biitgesi sinyalinde daha uzun donemli periyodik bilesenlerin oldugu
diisiiniilmektedir. Bu amagla ¢aligmada s6z konusu uzun donemli periyodik bilesenlerin
belirlenebilmesi i¢in bir algoritma onerilmektedir. Analizler, karalar1 temsil eden Goddard Space Flight
Center mascon ¢Oziimleri kullanilarak 2002-2023 periyodunu kapsayan zaman serileriyle
gerceklestirilmistir. Algoritma su sekilde calismaktadir: 1) Her bir zaman serisinin fonksiyonel modeli,
onceden belirlenmis araliklarda uzun donemli ek periyodik sinyali tanimlayan parametre ile genisletilir;
2) Farkli frekanslara sahip sinyallerle genisletilmis modeller Fisher model test islemi kullanilarak
standart fonksiyonel modele karsi test edilir; 3) Onceki adimda Fisher model testini gegen genisletilmis
modellerin R-kare degerleri hesaplanir; ve 4) Son adimda maksimum R-kare degerine sahip model,
zaman serisine en iyi uyum saglayan genisletilmis model olarak secilir. Eger ikinci adimda tiim
genisgletilmis modeller basarisiz olursa, algoritma {igiincii adima gegcmez ve standart fonksiyonel model
zaman serisine en iyi uyan model olarak belirlenir. Sonuglar, diinya genelinde karasal alanlar1 temsil
eden zaman serilerinde ortalama 6 yillik periyoda sahip uzun dénemli ek sinyallerin varligim gostererek
hidrojeodezi alanma bilgi sunmaktadir. Uzun donemli periyodik sinyal ile fonksiyonel modelin
gelistirilmesinin, trend ve mevsimsel sinyaller iizerindeki etkileri, su kaynaklarinin yonetimi ve iklim
degisikligi analizleri gibi alanlarda 6nemli bilimsel bilgi saglamak i¢in GRACE verilerini daha iyi
anlamamiza katki saglayacag diisiiniilmektedir.

Anahtar Kelimeler: GRACE, Mascon, Toplam Su Biitcesi Degigimi, Fonksiyonel Model, Ek Sinyal

Abstract

Changes in total water storage in terrestrial hydrology, glaciers and oceans can be precisely
monitored with the GRACE (Gravity Recovery and Climate Experiment) and GRACE-Follow
On satellite systems. Total water storage anomalies, expressed in terms of equivalent water
thickness, are defined by a functional model that includes annual and semi-annual periodic
components and a trend. However, recently, it is believed that the total water storage signal
contains longer-periodical components. The analyses were conducted using time series data
covering the period 2002-2023, representing terrestrial areas with Goddard Space Flight Center
mascon solutions. The algorithm 1) fits different augmented models with additional periodic
parts whose periods are chosen from predefined intervals to each mascon time series; 2) tests
each augmented model against the standard model using the Fisher model test procedure; 3)
estimates the R-squared values of the augmented models that passed the Fisher model test in
the previous step; and 4) takes the augmented model with the maximum R-squared value as
the best model fitting to the time series. If all augmented models fail in step 2, the algorithm
ends before step 3 and selects the standard model as the best model. The results provide
information to the field of hydrogeodesy by demonstrating the presence of longer-term
additional signals globally with periods of about 6 years.
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It is believed that augmenting the functional model with the longer-term periodic signal will
contribute to a better understanding of GRACE data, providing significant scientific insights in
areas such as the effects on trend and seasonal signals, water resource management, and climate change
analyses.

Keywords: GRACE, Mascon, Total Water Storage Anomalies, Functional Model, Longer-term periodic
signal
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Kiy1 Uydu Altimetresi ve Mareograf Olgiileri ile Hesaplanan Deniz Seviyesi Hizlarinin
Ege Denizi Dogu Kiy1 Bolgesinde Karsilastirilmasi

Comparisons of Sea Level Rates Computed by Coastal Satellite Altimetry and Tide Gauge
Observations Within Eastern Coastal Zone of Aegean Sea

2 .
Mehmet Emin Ayhan "~ Omiir Demirkol

Ozet

Iklim degisikliginin gdstergesi ve sonucu olan deniz seviyesinin yiikselme beklentisi 6zellikle yogun
yerlesime konu alcak kiyr alanlarinda kentsel planlama ve kiyr miihendisligi uygulamalarinda risk
faktorii olarak dikkate alinmaktadir. Standart uydu altimetre olgiileri; kiy1 seridinin yaklasik 20 km
disindaki deniz alanlarinda iyi sonuglar vermekte, kiy1 kenar ¢izgisi ve yakinlarinda ise pek basarili
olamamaktadir. Son on yillik doénemde ise gelismis uydu altimetre Ol¢ii teknolojileri ve
degerlendirme yoOntemleri ile kiyr uydu altimetre caligmalart siirdiiriilmektedir. Kiy1 alanlarinda
secilen sanal uydu altimetre istasyonlarinda 1993- 2019 donemini kapsayan mutlak

deniz  seviyesi degisimhizlar1 (https://www.seanoe.org/data/00631/74354/) web sitesinde
sunulmaktadir. Bu c¢alismada; Ege Denizi dogu kiyilarindaki Mentes ve Khios mareograf
istasyonlarina yakin olan 109-2 ve 109-3 numarali sanal istasyonlara ait kiy1 uydu altimetre deniz
seviyesi hizlari, mareograf istasyonlarinda elde edilen deniz seviyesi hizlar ile karsilagtirilmaktadir.
Her iki sanal istasyonda mutlak deniz seviyesi hizlar1 LOESS filtresi ile filtrelenmis, mutlak deniz
seviyesi hizlarinin kiyiya yakin noktalarda yaklasik 2 mm/y1l oldugu ve kiyidan uzaklastikca artma
egiliminde oldugu belirlenmistir. Mentes ve Khios mareograf istasyonlarinda sirasiyla 1985-2009 ve
1969-2015 donemlerini kapsayan deniz seviyesi aylik ortalama zaman serileri PSMSL (Permanent
Service for Mean Sea Level) web sitesinden (https://psmsl.org/) indirilmistir. Her iki zaman serisi
oncelikle yari-yillik, yillik ve 16 yillik period ile TBAT (Trigonometric, Box-Cox Transform,
ARMA Errors, Trend-Seasonal Components) yontemi kullanilarak trend, mevsimsel ve artik
bilesenlere ayrilmistir. Artik Olgiiler ve mevsimsel etkilerden arindirilan zaman serileri, ARIMA
(Autoregressive Integrated Moving Average)’ya dayali ¢oklu uyusumsuz 6lgii ve kayiklik (offset)
belirleme yonteminde giris verisi olarak kullanilmigtir. Mentes ve Khios istasyonlarinda sirasiyla 18
ve 16 uyusumsuz Olgli ve birer offset belirlenip etkileri giderilmistir. Mentes ve Khios
istasyonlarindaki offsetler sirasiyla 46.97 + 14.49 mm ve 48.86 + 17.36 mm biiylikliigiinde ve 2004.625
ve 1997.875 yillarindadir. Mevsimlik etki, uyusumsuz 6l¢ii ve ofsetlerden arindirilan zaman serileri
lineer trend ve ARMA hata modeli ile modellenmis, goreli deniz seviyesi hizi Mentes istasyonunda
2.24 £+ 0.48 mm/y1l ve Khios istasyonunda 1.96 + 0.24 mm/y1l bulunmustur. Goreli deniz seviyesi
yiikselme hizlari, Buzul Isostatik Dengeleme (Glacial Isostatic Adjustment (GIA)) diizeltmesi
(Mentes’de -0.03 mm/y1l, Khios’da -0.09 mm/y1l) ile mutlak deniz seviyesi hizlarina (Mentes: 2.21 +
0.48 mm/y1l, Khios: 1.87 + 0.24 mm/y1l) doniistiiriilmiistiir. 109-2 ve 109-3 sanal uydu altimetre
istasyonlari ile Mentes ve Khios mareoraf istasyonlarinda deniz seviyesi ylikselme hiz1 yaklagik 2
mm/y1l olarak bulunmustur. Sonu¢ olarak, Ege Denizi dogu kiyilarinda kiyr uydu altimetresi ve
mareoraf istasyonu Olgiilerinden elde edilen deniz seviyesi degisim hizlarinin uyumlu oldugu
anlagilmaktadir.

Anahtar Kelimeler: Kiy1 Uydu Altimetresi, Mareograf, Deniz Seviyesi Yiikselme Hizi, Ege Denizi

Abstract

Expectation of sea level rising, which is an indicator and a result of climate change, is handled as a risk
factor in urban planning within highly populated low coastal areas and in coastal engineering
applications.

Standard satellite altimeter observations provide good results within offshore area outside coastal zones
20 km from the coastlines while not being very successful within the coastal zones. In the last decade,

coastal satellite altimetry studies were achieved based on advanced satellite altimetry technologies and
processing algorithms. Absolute sea level rates based on observations over period 1993-2019 at selected
virtual satellite altimetry stations within coastal zones are released on the web site
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(https://www.seanoe.org/data/00631/74354/). In this study, coastal satellite altimetry sea level rates at
two virtual stations numbered 109-2 and 109-3 are compared with sea level rates at two closest onshore
tide gauge stations Mentes and Khios within the eastern coastal zone of Aegean Sea. LOESS filtering
of the absolute sea level rates at both the virtual stations results in that absolute sea level rates are about
2 mm/yr at the closest points to the coastlines and tend to increasing from coastline to offshore. Monthly
mean sea level time series over 1985-2009 and 1969-2015 at Mentes and Khios respectively are
downloaded from Permanent Service for Mean Sea Level web site (https://psmsl.org/). Both time series
are first decomposed into trend, seasonal and remainder components by using TBAT (Trigonometric,
Box-Cox Transform, ARMA (Autoregressive Integrated Moving Average) Errors, Trend-Seasonal
Components) with semi-annual, annual and 16-year periods. Residuals and seasonally adjusted series
are input independently to detect multiple outliers and offsets by ARIMA (Autoregressive Integrated
Moving Average) fitting. Both the time series are then corrected for the effects of the detected outliers
(18 for Mentes and 16 for Khios) and offsets one for each tide gauge. Magnitude and timing of the
offsets at Mentes and Khios are 46.97 = 14.49 mm, 48.86 + 17.36 mm and 2004.625, 1997.875
respectively. Fitting a model of linear trend plus ARMA errorsto the corrected and seasonally adjusted
series results in relative sea level rates of 2.24 + 0.48 mm/yr and 1.96 £+ 0.24 mm/yr at Mentes and
Khios respectively. Relative sea level rates are converted to absolute sea level rates ((Mentes: 2.21 +
0.48 mm/yr, Khios: 1.87 = 0.24 mm/yr) by using Glacial Isostatic Adjustment (GIA) corrections
(Mentes: 0.03 mm/yr, Khios: -0.09 mm/yr). Sea level rising rate is about 2 mm/yr at the two virtual
satellite altimetry stations (109-2, 109-3) and at Mentes and Khios tide gauge stations. Consequently,
sea level rising rates by coastal satellite altimetry are coincident with sea level rates at the tide gauges
within the eastern coastal zone of Aegean Sea.

Keywords: Coastal Satellite Altimetry, Tide Gauge, Sea Level Rate, Aegean Sea
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Gravite Alan1 Modellemede Biiyiik Veri Analitigi Uygulamalari: Arazi Diizeltmelerinin
Paralel Degerlendirilmesi

Applications of Big Data Analytics in Gravity Field Recovery: Parallel Processing of
Terrain Corrections

Aydin Ustiin'*, Sevda Olgun', Orhan Akyilmaz*

'Kocaeli Universitesi, Miihendislik Fakiiltesi Harita Miihendisligi Boliimii, Umuttepe, Lzmit
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Ozet

Giliniimiiz gravite alani1 belirleme uygulamalar biiyiik veri analitiginin konusu haline gelmistir. Kiiresel
harmonik katsayilardan bolgesel jeoidin belirlenmesine farkli 6l¢ekteki gravite alani ¢oziimleri, yersel
ve uydu dlciilerinin yani sira topografyanin ve yogunlugun goz oniine alindig1 farkl tiirde verinin analiz
edilmesini gerektirir. Boyutlar1 gigabaytlardan terabaytlara uzanan ve farkli formattaki veri
kaynaklarinin etkin bi¢cimde islenmesi bilgi islem teknolojilerinin optimum kullanilmas: ile
miimkiindiir. Veri depolama ve isleme, okuma-yazma, bellekte saklama, veri doniisiimii, hesaplama,
etkin algoritma gelistirmeyi kapsayan bilgi islem teknolojileri gravite alan1 ¢éziimlerinin {iretim ve
kullanim pratigini etkileyen baslica unsurlardir. Bu calismada, jeodezide biiyiik veri analitigi
uygulamasi olarak, yersel gravite gdzlemleri icin arazi diizeltmesi degerinin hesaplanmasi ele
aliacaktir. Belirli bir gozlem noktasi etrafindaki farkli ¢oziiniirliikteki sayisal yiikseklik ve yogunluk
modelleri, donamim ve yazilim teknolojilerindeki gelismelerin sonucu olarak paralel programlama
teknigi yardimiyla degerlendirilecektir. Amag arazi diizeltmesi degerlerinin bolgesel veya global
Olgekte elde edilmesinde etkin bir yontem veya yaklagim gelistirmektir. Bu dogrultuda Fortran, C++, C
programlama dillerinde paylasimli bellek yardimiyla paralel degerlendirmeyi destekleyen OpenMP
arayiizii ve Intel islemci mimarisi i¢in algoritma optimizasyonu ve otovektorizasyon secenekleri sunan
Intel C derleyicisinin kullanilmas1 hedeflenmistir. Gelistirilen ‘tc-cylinder’ yazilimi, 1" ve 15"
¢cozlinlirlikli SYM ve 30” ¢oziiniirliklii yanal yogunluk modeli ile bir hesap noktasinda arazi
diizeltmesi yaklasik 8 milisaniyede hesaplanabilmektedir. Sayisal integrasyon i¢in uygulanan paralel
programlama teknigi ile yaklasik 20 kat hesap hiz1 artis1 saglanmistir. Yontem sayesinde, 32 ¢ekirdekli
2.3 GHz islemci hizinda bir islemci ve 64 GB bellek kapasitesi kullanilarak 250000 noktal1 gravite
gdzlem noktasinda topografik diizeltmeler yaklasik 30 dakikadan kisa siirede hesaplanabilmektedir.
Sonug olarak, Tiirkiye nin cografi sinirlari igerisinde 1’ ¢oziiniirliikli Bullard A, B, C diizeltmeleri ile
birlikte tamamlanmis Bouguer anomali haritasi elde edilmistir.

Anahtar Kelimeler: Paralel programlama, Sayisal Yiikseklik Modeli, Bouguer anomalisi, Arazi
diizeltmesi, OpenMP

Abstract

Today, applications of gravity field recovery have become the subject of big data analytics. Gravity
field solutions at different scales, from spherical harmonic coefficients to determining the geoid, require
analysis of different types of data, considering topography and density as well as terrestrial and satellite
measurements. Efficient management and processing of data sources ranging in size from gigabytes to
terabytes and in different formats is possible with the optimum use of advanced computing strategies.
Information processing technologies, including data storage and processing, reading-writing, memory
sharing, data conversion, calculation, and effective algorithm development, are the main factors that
affect the production and use practice of gravity field solutions. In this study, the calculation of the
terrain corrections for terrestrial gravity observations will be discussed as an application of big data
analytics in geodesy. Digital elevation and density models of topography with different resolutions
around a specific observation point will be investigated by means of parallel programming technique
as a result of developments in hardware and software technologies. The aim is to develop an effective
method/approach to obtain terrain correction values on a regional or global scale. In this regard, it is
targeted to use the OpenMP interface, which supports shared memory parallel processing in Fortran,
C++, C programming languages, and the Intel C compiler, which offers algorithm optimization and
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autovectorization options for the Intel processor architecture. With the 'tc-cylinder' software, 1" and 15"
resolution DEM and 30" resolution lateral density model, terrain correction can be calculated at one
calculation point in approximately 8 milliseconds. Approximately 20 times increase in calculation speed
was achieved with the parallel programming technique applied for numerical integration. Thanks to the
method, topographic corrections at 250000 point gravity observation points can be calculated in less
than 30 minutes by using a 32-core 2.3 GHz processor and 64 GB RAM capacity. As a result, a
completed Bouguer anomaly map with 1' resolution Bullard A, B, C corrections within the geographical
borders of Turkey was obtained.

Keywords: Parallel programming, Digital Elevation Model, Bouguer anomaly, Terrain correction,
OpenMP
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Arazi Diizeltmesinin ve Yanal Yogunluk Degisimlerinin Gravimetrik Jeoitteki Etkisinin
Incelenmesi

Investigation of the Effect of Terrain Correction and Lateral Density Variations on
Gravimetric Geoid

Sevda Olgun™, Aydm Ustiin', Orhan Akyilmaz*
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Ozet

Yiiksek ¢oziliniirliiklii ve dogruluklu jeoit, yiikseklik sisteminin datumunu ve gravite potansiyel alanini
temsil ederek jeodezi, jeofizik ve birgok yerbilimi alanina katki sunar. 2000’li yillarin basinda uydu
misyonlariyla iz kazanan gravite alan1 belirlemeye dair ¢aligmalarla birlikte gliniimiizde cm alt1 jeoit
hedeflenmektedir. Jeoidin iyilestirilmesi, nivelmana olan bagimliligin azalmasini ve yer dinamiginin
daha iyi anlagilmasimi saglar. Ancak, engebeli ve yiiksek topografyalarda yiiksek dogruluklu jeoit
belirlemek giigtiir. Ozellikle 6lgii noktasinin yakin gevresindeki hizli degisen topografya dzellikleri,
sabit topografya yogunlugundan uzaklasan degerler ve daglik alanlarda yersel gravite veri sikliginin az
olmasi jeoit modelinin desimetreler mertebesinde hatali belirlenmesine neden olur. Gravite
anomalilerinin hesabinda Bouguer kabugu varsayimlar yliksek ¢oziiniirliiklii SYM’lerin (Sayisal
Yiikseklik Modellerinin) verimli kullanilmasina engel olmaktadir. Ayrica, topografyanin yogunlugu
ozellikle sediment tabakalarinda (2.0 - 2.4 g-cm-) veya sert kayaglarda (3.0 g-cm-) sabit yogunluk
degerinden (2.67 g-cm+) ortalama %20 uzaklasabilmektedir. Newton integraline yiikseklikle beraber
dogrusal carpan olarak giren yogunlugun, 6zellikle daglik alanlarda hesaplanan topografya etkisini
onemli derecede etkilemesi beklenir. Caligmada, Konya Kapali Havzasinda (KKH) ve Fransa’nin
Auvergne bdlgesinde arazi diizeltmeleri ve yogunluk degisimlerine dair varsayimlarin yerel jeoit
modeline etkisi arastirilmistir. Bu amagla, 1" ¢oziliniirliikliit SRTM verileri ve UNB_TopoDensT global
yanal yogunluk modeli kullanilmistir. Auvergne’de jeoit yiiksekliklerinde 4.2 cm’ye varan arazi
diizeltmesi etkisi ve -6.7 cm’ye varan yanal yogunluk modelinin etkisi gézlenmektedir. KKH’de ise
jeoit ytiksekligindeki degisim arazi diizeltmelerinin kullaniminda 23.44 cm’ye, yogunluk modelinin
dahil edilmesiyle ise -26.72 cm’ye ulagsmaktadir. Dogrulama amaciyla, GNSS/Nivelman noktalarinda
4 ve 7 parametreli benzerlik doniistimleri mutlak farklara uygulanmigtir. KKH’de yogunluk modelinin
kullanimiyla karesel ortalama hata azalirken, Auvergne’de artmaktadir. Bagil farklar yoniinden ise
ortalama deger, Auvergne’de 2.4 mm geometrik jeoit yliksekliklerinden uzaklagirken, KKH’de 7.3 mm
iyilesme goriilmiistiir. Bu nedenle, jeolojik haritalara dayali global yogunluk modellerinin jeoit
sonuglarini iyilestirmesi her zaman beklenen bir sonug degildir. Arazi diizeltmelerinin jeoitteki etkisi,
Auvergne’de GNSS/Nivelman noktalarinin engebeli alanlarda olmamas1 ve KKH’de sayica az olmasi
nedeniyle mutlak farklar yonlinden ayirt edici olamamistir. Bagil karsilastirmada KKH’de ve
Auvergne’de ortalama farklar degerinde sirasiyla 3.4 ve 1.6 mm azalma goriilmektedir.

Anahtar Kelimeler: Jeoit Modelleme, Arazi Diizeltmesi, Yanal Yogunluk Modeli, Sayisal Yiikseklik
Modeli

Abstract

The high-resolution and accurate geoid represents height system’s datum and gravity potential
field; thus, it contributes to geodesy, geophysics, and many other Earth sciences disciplines.
Sub-cm geoids are now being studied as a result of the studies on determining the gravity field,
which has accelerated with satellite missions in the early 2000s. Improving the geoid reduces
dependence on leveling and provides an improved understanding of geodynamics. However,
determining a geoid with high accuracy in rough and steep topography is difficult. The rapidly
changing topographies in the vicinity of the stations, values deviating from the constant topography
density, and the low frequency of local gravity data in mountainous areas basically lead to the geoid
model being estimated incorrectly by tens of centimeters. The use of high-resolution DEMs (Digital
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Elevation Models) is limited by Bouguer shell assumptions in the calculation of gravity anomalies.
Moreover, there might be an average 20% deviation in topographical density from the constant value
(2.67 g-cm?), particularly in sediment layers (2.0 - 2.4 g-cm-?) or hard rocks (3.0 g-cm-#). Especially in
rugged locations, density is expected to have a substantial impact on the computed topography effect
because it enters the Newton integral as a linear multiplier with height. The effects of assumptions about
terrain corrections and density changes on the regional geoid model in the Konya Closed Basin (KCB)
and the Auvergne region of France were investigated in this study. 1" resolution SRTM data and the
UNB_TopoDensT global lateral density model were utilized for this purpose. In Auvergne, geoid
heights indicate a terrain correction effect of up to 4.2 cm and the lateral density model effect of up to
-6.7 cm. The change in geoid height in the KCB reaches 23.44 cm with terrain corrections and -26.72
cm with the density model included. For validation, absolute differences at GNSS/Level points were
tested with 4 and 7 parameter similarity transformations. While using the density model mean square
error reduces in the KCB, it increases in Auvergne. In Auvergne, the average value deviates from the
geometric geoid heights of 2.4 mm in terms of relative differences, whereas in KCB, there is an
improvement of 7.3 mm. As a result, it is not always expected that global density models based on
geological maps improve geoid results. Because the GNSS/leveling points were not in rough areas in
Auvergne and were few in number in the KCB, the effect of terrain corrections on the geoid could not
be distinguished in terms of absolute differences. In relative comparison, the mean difference value
decreases by 3.4 and 1.6 mm in KCB and Auvergne, respectively.

Keywords: Geoid Determination, Terrain Correction, Lateral Density Model, Digital Elevation Model
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Gelisen Teknolojiler Isiginda Tiirkiye’de Yerel Astrojeodezik Geoit Belirlemek
Determining Local Astrogeodetic Geoid in Turkey in Light of Developing Technologies
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Ozet

Astrojeodezik geoit hesaplarinda temel veri seti olan astrojeodezik ¢ekiil sapmalari, geleneksel olarak
astrojeodezik sistemlerle yapilan gozlemlerle elde edilmektedir. Giiniimiizde, ¢ekiil sapmasi bilesenleri,
sayisal zenit kameralar veya robotik total station temelli astrojeodezik sistemler ile 10-20 dakikalik bir
gozlem siiresi ile elde edilebilmektedir. Robotik total station temelli QDaedalus sistemi (hassasiyeti
Leica TCRM1101 robotik total station ile kullanildiginda yaklasik 0.2 yaysaniyesidir), Istanbul’da 2018
yilinda 6 aylik bir siire zarfinda bagari ile kullanilmis ve sistemin bu konuda tasidig1 potansiyel ortaya
konmustur. 2018 yilinda Istanbul’da gerceklestirilen calismada astrojeodezik bir ag olusturulmustur.
QDaedalus sisteminin yakin bir gelecekte Tiirkiye’nin farkli bolgelerinde yeniden kullanilmasi
planlanmaktadir. Planlanan yeni astrojeodezik 6l¢gme kampanyasinin bir jeodezik ag yerine bir hat
(profil) boyunca yapilmasi diisiiniilmektedir. Astrojeodezik ¢ekiil sapmasi verisi, her tiirlii jeodezik ve
jeofizik veriden bagimsiz olmas1 sebebiyle, herhangi bir sapma olmadan diger verilerle
karsilastirilabilme avantajina sahiptir. Bu avantaj sayesinde, Tiirkiye Geoit Modeli-2020’nin (TG-20)
gibi resmi geoit modellerinin veya yiikseklik sistemlerinin dogruluklar1 kontrol edilebilmekte ve olas1
noksanliklar belirlenebilmektedir. Bu gergevede, planlanan yeni kampanyanin asil amaci, TG-20’nin
dogrulugunun belirli bolgelerde test edilmesidir. Bu kampanyada secilecek ilk bolgenin hem geoit
belirlemede zorluk yasanan hem de kiiresel gravite modellerinin oldukca zayif oldugu deniz ve kara
verilerinin birlestigi bir kiy1 bolgesi olmasi 6nemlidir. Ayrica, bu bdlgenin se¢iminde dikkat edilmesi
gereken bir diger husus ise TG-20’nin gorece diisiik performans sergiledigi bir bolge olmasidir. Bu
bildiride, kiiresel Olgekte gerceklestirilen astrojeodezik geoit calismalari ele alinarak, Tiirkiye’de
gerceklestirilmesi planlanan astrojeodezik geoit hesaplarinin nasil ve nerede yapilmasi gerektigi konusu
tartisilacaktir.

Anahtar Kelimeler: Astrojeodezik Geoit, Cekiil Sapmasi, Geoit, QDaedalus, TG-20

Abstract

Astrogeodetic deflections of the vertical, which form the basic dataset in astrogeodetic geoid
calculations, are conventionally obtained through observations conducted with astrogeodetic systems.
Currently, deflections of the vertical components can be obtained with digital zenith cameras or robotic
total station-based astrogeodetic systems with an observation time of 10-20 minutes. The robotic total
station-based QDaedalus system (the precision is 0.2 arcseconds with Leica TCRM1101 total station)
was successfully used in Istanbul for a period of 6 months in 2018, during which the potential of the
system was demonstrated. In that 2018 Istanbul study, an astrogeodetic network was created. A new
study which will reuse the system in different regions of Turkey is planned for the near future. This
newly planned astrogeodetic survey campaign will be carried out along a profile rather than in a
geodetic network. Astrogeodetic deflections of the vertical data are independent of all geodetic and
geophysical data; therefore, they have the advantage of being comparable against other data without
any bias. This advantage is necessary to check the accuracy of official geoid models such as the Turkish
Geoid Model-2020 (TG-20) and height systems or to show possible shortcomings. The main purpose
of the new campaign is to test the accuracy of the TG-20 in certain regions. It is important that the first
region selected for this campaign be a coastal region where sea and land data are combined, where there
are difficulties in determining the geoid and where global gravity models (GGMs) are quite weak.
Additionally, another consideration when choosing this region is that it should demonstrate a relatively
low performance in the TG-20.
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In this presentation, astrogeodetic geoid studies carried out on a global scale and how and where
astrogeodetic geoid calculations will be carried out in Turkey will also be discussed.

Keywords: Astrogeodetic Geoid, Deflections of the Vertical, Geoid, QDaedalus, TG-20
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Kara Araclariyla Coklu Sensor Entegrasyonu ile Cekiil Sapmasi Bilesenlerinin
Belirlenme Potansiyeli

Potential Determination of Deflection of Vertical Components through Multi-Sensor
Integration with Mobile Vehicles

Yunus Aytagc AKDOGAN'*, Murat DURMAZ?, Hasan YILDIZ?

! Harita Genel Miidiirliigii, Jeodezi Dairesi Baskanlhigi, 06590 Ankara
2 Hacettepe Universitesi, Miihendislik Fakiiltesi, Geomatik Miihendisligi Boliimii, 06800 Ankara
? Harita Genel Miidiirliigii, Harita Yiiksek Teknik Okulu, 06590 Ankara
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Ozet

Harita Genel Miidiirliigii koordinatorliigtinde 2015-2020 yillar1 arasinda “Tiirkiye Yiikseklik Sisteminin
Modernizasyonu ve Gravite Altyapisinin lyilestirilmesi” projesi gergeklestirilmistir. Proje kapsaminda;
yersel, hava ve uzay gravimetrisi ile bolgesel gravite alani iyilestirme ¢aligmalar1 yapilmistir. Yersel
gravimetri ¢aligmalar1 bagil ve mutlak gravimetre ile gergeklestirilmistir. Elde edilen yersel veriler
tarihsel gravite verilerinin kalite kontroliinde kullanilarak Tiirkiye Jeoid Modeli (TG-2020)
hesaplanmigtir. Statik olarak dlgiilen yersel gravimetrinin ¢ok zaman almasi ve yiiksek maliyetinden
dolay1 kara arac1 ile mobil hale getirilmesi ve ¢ekill sapmasi bilesenlerinin belirlenebilirliginin
aragtirilmas1 fikri gelistirilmis ve bu amacla Harita Genel Miidiirliigii ve Hacettepe Universitesi
tarafindan bir ¢alisma grubu olusturulmustur. Mobil gravimetrideki teknolojik gelismelerle seyriisefer
dereceli Analitik Ataletsel Navigasyon Sistemi (SIMU) kullanan hareket halindeki araba ile gravitenin
diisey bileseni yiiksek dogrulukla elde edilebilmektedir. Ayrica, kara araciyla kirsal ve ormanlik
alanlarda da gravite verisi elde edilebilmekte ve dogrudan Yeryiiziinde Olgiim
gerceklestirilebilmektedir. Boylelikle asagi uzanim kaynakli hatalarin 6niine gecilebilmektedir. Ayrica
ol¢lim yapilan giizergdh boyunca izlenebilirligin saglanmasi igin tekrarli ol¢timler yapilabilmekte ve
ilave gilincelleme Ol¢limleri uygulanabilmektedir. Yer’e yakin dl¢ii yapilarak ve kara aracini diisiik
hizda kullanarak gravite verisinin konumsal ¢oziiniirliigl artirilabilmektedir. Hizli, basit ve giivenilir
bir yontemle yiiksek dogrulukta yersel gravite bilgisi elde edilebilmektedir. Mobil gravimetre ile ¢ekiil
sapmasi bilesenlerinin hesaplanmasi gravitenin diisey bilesenine gore daha problemlidir. SIMU ile elde
edilecek c¢ekiil sapmasi bilesenlerinin dogruluguna iliskin olarak literatiirde yer alan calismalar
incelenmistir. Yonelim parametresindeki hata ile ¢ekiil sapmasi bilesenlerinin hatasi arasinda dogrudan
bir iligki oldugu raporlanmigtir. Yonelim parametresi doniidlcer sensorii ile hesaplandigindan dolay1
cekill sapmas1 bilesininin belirlenmesi i¢in en biiyiik sinirlayicinin doniidlgerin hassasiyeti oldugu
gOriilmiistiir. Literatiir bulgular1 géz 6niine alindiginda Harita Genel Miidiirliigii envanterinde yer alan
iCORUS SIMU sisteminde yer alan doniidlcer dogrulugu ile gravite ve sifir hiz giincellemeleriyle 1
yay-saniye dogrulugundan daha iyi ¢ekiil sapmasi bilesenlerinin elde edebilecegi degerlendirilmektedir.
Harita Genel Miidiirliigii envanterinde yer alan SIMU, GNSS ve Odometre sensorleri bir kara aracina
monte edilmis ve yersel mobil gravimetre sistemi olusturulmustur. Bu calismada gelistirilen sistem
tanitilmis ve mobil gravimetre ile ¢ekiil sapmasi bilesenlerinin belirlenme potansiyeli incelenmistir.

Anahtar Kelimeler: Yersel mobil gravimetri, Cekiil sapmasi bilesenleri, SIMU, GNSS, Sensér
entegrasyonu.

Abstract

The "Turkey Height System Modernization and Gravity Recovery" project, conducted under the
coordination of the General Directorate of Mapping between 2015 and 2020, aimed to enhance the
regional gravity field through terrestrial, airborne, and spaceborne gravimetry. Terrestrial gravimetry
studies were performed using relative and absolute gravimeters. The obtained terrestrial data were used
for quality control of historical gravity data, resulting in the calculation of the Tiirkiye Geoid Model
(TG-2020). Due to the time-consuming and costly nature of static terrestrial gravimetry measurements,
an idea was developed to make them mobile and to investigate the potential of determiningthe deflection
of vertical (DOV) components using a land vehicle. As a result, a joint working group was established
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by the General Directorate of Mapping and Hacettepe University. Recent advancements in technology
in mobile gravimetry, using navigation-grade SIMU (Strapdown Inertial Measurement Unit) in a
moving vehicle, enabled the acquisition of the DOV components with acceptable accuracy.
Furthermore, gravity data can be obtained in rural and forested areas using a land vehicle, allowing for
direct measurements on the Earth's surface and mitigating errors due to downward continuation.
Additionally, repeated measurements can be made along the measurement route to ensure traceability
and additional update measurements can be applied. By performing measurements close to the Earth's
surface and using the land vehicle at low speeds, the spatial resolution of gravity data can be increased.
This method provides a fast, simple, and reliable way to obtain high-precision local gravity information.
Calculating the DOV components with a mobile gravimeter, particularly with respect to the vertical
component of gravity, on the other hand, is more challenging. Studies from the literature regarding the
accuracy of DOV components obtained with SIMU were reviewed. A direct relationship between the
error in orientation parameters and the error in the DOV components has been reported. Thusthe biggest
limiting factor for determining the DOV component is reported as the accuracy of the gyroscopes.
Taking into account the findings from the literature, it is evaluated that the iCORUS SIMU available in
the General Directorate of Mapping inventory, with its gyroscope accuracy and updates based on
gravity and zero velocity, can potentially achieve DOV components determinations better than 1 arc-
second accuracy. The SIMU, GNSS, and odometry sensors available in the General Directorate of
Mapping inventory were mounted on a land vehicle, creating a terrestrial mobile gravimetry system.
This study introduces the developed system and examines the potential for determining DOV
components with a mobile gravimeter.

Keywords: Terrestrial mobile gravimetry, DOV components, SIMU, GNSS, Sensor integration.
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Diisey Kontrol A¢isindan GNSS/Nivelman Noktalarinin Onemi: 20 Yilhk Perspektif
Importance of GNSS/Levelling Stations in Terms of Vertical Control: 20-Year Perspective
Aydin Ustiin"*

'Kocaeli Universitesi, Miihendislik Fakiiltesi Harita Miihendisligi Boliimii, Umuttepe, Lzmit
2Istanbul Teknik Universitesi, Insaat Fakiiltesi Geomatik Miihendisligi Boliimii, Ayazaga, Istanbul

™ aydin.ustun@kocaeli.edu.tr

Ozet

Yaklagik 200 yildan uzun bir siiredir kullanilan nivelman teknigi, kazanilan deneyimler ve I/II derece
diisey kontrol aglar1 igin uygulanan siki prosediirler sayesinde yiiksek dogruluk (0.1-1 mm/km'?)
saglar. Buna karsin, ulusal/bolgesel dlgekte diisey kontrol aglari tesis, dlgme, yasatma ve yeniden
Olgme-degerlendirme c¢aligmalart birlikte degerlendirildiginde, jeodezik gorevler arasinda emek-
maliyet-performans 0l¢iitlerini en ¢ok zorlayan jeodezik altyap sistemidir. Bu yoniiyle, diisey kontrol
aglarin1 yasatma sorunu, 2000°1i yillardan sonra alternatif ¢6ziim olarak goriilen GNSS nivelmam
teknigine kars1 tartisilir hale gelmistir. Benzer durum Tiirkiye Ulusal Diisey Kontrol Agi (TUDKA) i¢in
de gecerlidir. 1935-1972 yillart arasinda birinci, 1972-1999 arasinda ikinci faz olgiileri yapilan
TUDKA, bazi hatlarin  yenilenmesi disinda yeniden Olgim ve degerlendirme islemi
gerceklestirilmemistir. Diger yandan Tirkiye Ulusal Yikseklik Sisteminin Modernizasyonu
kapsaminda farkli bir bakis acgis1 gelistirilerek, Tiirkiye Gravimetrik Jeoidinin dis dogruluk analizini
yapmak ve hibrit Tiirkiye Jeoidi 2020°yi olusturmak i¢in kisith sayida gegkide yeni GNSS/nivelman
verilerinin elde edilmesi yoluna gidilmistir. GNSS uygulamalarinin yayginlagsmasi ile birlikte,
gerceklestirilen ¢ok sayida arastirma sonuglar incelendiginde, elipsoidal yiikseklik farklarinin statik
oOlgiilerle 2-3 cm’den daha iyi dogrulukla belirlenebilecegi anlagilmistir. Verilen dogruluk seviyesi
ortalama rakamlar temsil etmektedir. Baz uzunlugu kisitlamasinin ortadan kalktig1 en iyi sonuglar, 24
saatlik ve uydu goriisiiniin agik oldugu istasyonlarda alinmaktadir. Elipsoidal ytikseklikler ayni noktada
nivelman Ol¢iilerine dayali ortometrik yiiksekliklerle birlestirildiginde, datum noktasina olan uzakligin
bir fonksiyonu olarak GNSS/nivelman jeoit yiikseklikleri i¢in birka¢ cm’lik konum dogrulugunu
yakalamak olasidir. Yukarida anlatildig: seklyle iki ayr1 jeodezik konum belirleme teknigi olarak ele
alian ve jeoit yiiksekligine indirgenen konum bilgisi, diisey kontrol ac¢isindan yeni bir anlam kazanir.
Topografyanin her iki 6l¢me tekniginde ayni uzay-zaman referansina ait olmasi, geometrik jeodin uzay-
zaman Olceginde sabitlenmesi demektir. Elde edilen jeoit profilleri yerkabugu deformasyonu ile
sonuclanan jeoidinamik etkilerden oldukca arinmis olacak baska bir deyisle neredeyse kalici (referans)
jeoit bilgisine doniisecektir. Bu calismada yiikseklik sistemi modernizasyonu g6z Oniine alinarak
GNSS/nivelman noktalar1 hakkinda durum tespiti yapilacak, ardindan gelecege doniik bazi yaklasim ve
oOneriler siralanacaktir.

Anahtar Kelimeler: Diisey Kontrol Aglari, GNSS/Nivelman jeoidi, Tiirkiye Jeoidi, Yiikseklik sistemi
modernizasyonu

Abstract

The leveling technique, which has been used for more than 200 years, provides high accuracy
(0.1-1 mm/km1/2) thanks to the experience gained and the stringent procedures applied for I/I1
degree vertical control networks. On the other hand, when the establishment, measurement,
maintenance and re-measurement-evaluation works of vertical control networks on a
national/regional scale are evaluated together, it is one of the geodetic infrastructure systems that
challenge the labor-cost-performance criteria. In this respect, the problem of keeping vertical control
networks alive has become debatable against the GNSS leveling technique, which is seen as an
alternative solution after the 2000s. A similar situation also pertains to the Turkish National Vertical
Control Network (TUDKA). TUDKA, where the first phase measurements were made between 1935-
1972 and the second phase between 1972-1999, has not been re-measured and evaluated except for the
renewal of some lines. Within the scope of the Modernization of the Turkish National Height System,
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a different perspective was developed and new GNSS/levelling data were obtained in a limited number
of lines to conduct the external accuracy analysis of the Turkish Gravimetric Geoid and to create the
hybrid Turkish Geoid 2020.

With the widespread use of GNSS applications, from the results of numerous studies examined, it was
understood that ellipsoidal height differences could be determined with an accuracy of better than 2-3
cm with static measurements. The accuracy level given represents average figures. The best results,
where baseline restriction is eliminated, are obtained at stations where 24-hour observation duration
and satellite visibility is open. When ellipsoidal heights are combined with orthometric heights based
on leveling measurements at the same point, it is possible to achieve a position accuracy of a few cm
for GNSS/leveling geoid heights as a function of the distance to the datum point.

Position information, which is considered as two separate geodetic co-location techniques as explained
above and reduced to the geoid height, gains a new meaning in terms of vertical control. The fact that
the topography belongs to the same space-time reference in both measurement techniques means that
the geometric geoid is fixed in the space-time scale. The resulting geoid profiles will be quite free from
geodynamic effects resulting in crustal deformation, in other words, they will turn into almost
permanent (reference) geoid information.

In this study, the status of GNSS/leveling points will be determined, taking into account the
modernization of the elevation system, and then some future approaches and suggestions will be listed.

Keywords: Vertical Control Networks, GNSS/Leveling geoid, Tiirkive Geoid, Height system
modernization
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The 3rd realization of the International Celestial Reference Frame 3 (ICRF3)
Robert Heinkelmann'**

IGFZ German Research Centre for Geosciences

grobert.heinkelmann((_D/gfz-potsdam.a’e
Abstract

International Celestial Reference Frame 3 (ICRF3) is the current realization of the International
Celestial Reference System (ICRS). ICRF3 is the third realization of ICRS based on very long baseline
interferometry (VLBI) observations only. Its main advantage over its predecessor (ICRF2) is that for
some hundreds of radio sources, positions are available at several wavelengths. For geodetic VLBI, the
majority of observations has been obtained at S- and X-band by the IVS (International VLBI Service
for Geodesy and Astrometry), but additionally X- and Ka-band (NASA, ESA, JAXA) and K-band
observations (VLBA et al.) are part of ICRF3 as well. Each wavelengths solution is independent and
provides interesting opportunities for comparisons and empirical quality assessments. One of the
upcoming tasks will be to establish an ICRS realization for VGOS, the new generation of VLBI ground
stations, which again observes at different wavelengths between 2 — 14 GHz.

Since 2012, the ESA mission Gaia is revolutionizing optical astrometry allowing for a multitude of
detailed scientific studies and for improved technical applications. Gaia has been accepted as the
realization of ICRS in optical wavelengths (IAU Resolution B3 2021). Currently, ESA works on the
predecessor mission of Gaia that will include observations in infra-red spectrum.

The presentation will cover conceptual, qualitative and quantitative description of the ICRF3 including
its objects and object categories. The presentation will address the role of the celestial frames for
astrometry and geodesy. A focus will be on the technical advance of ICRF3 with respect to previous
releases, such as ICRF2.

Keywords: Celestial Reference Frames and Systems, VLBI, ICRF3
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Earth Orientation Parameters (EOP) — a general talk
Robert Heinkelmann'**

IGFZ German Research Centre for Geosciences

grobert.heinkelmann((_D/gfz-potsdam.a’e
Abstract

Earth Orientation is the difference of celestial and terrestrial orientations of geocentric reference
systems described in terms of orthogonal basic rotation matrices. The corresponding set of parameters
are the Earth Orientation Parameters (EOP). The EOP are offsets to the celestial pole coordinates
computed with the conventional TAU2000A model: dX, dY, called celestial pole offsets (CPO), the
terrestrial pole coordinates xp, yp, called polar motion and the phase offset between celestial and
terrestrial intermediate origins on the CIP (celestial intermediate pole) equator: ERA (Earth Rotation
Angle). Besides these five parameters, there are other parameters in use, such as length of day (LOD).
Official datasets of the International Earth Rotation and Reference Systems Service (IERS) date back
to the early 80ies, since the advent of the space geodetic techniques. Other EOP datasets involve optical
astrometric observations in addition and therefore start already in the 19th century.

The EOP have high practical relevance for connecting the terrestrial and celestial reference frames.
Doing so, they enable the data analysis of space geodetic techniques and allow for ground-based
astronomy. They are applied for the attitude control of satellites and for the planning and controlling of
space missions and the associated trajectories. The rotational speed of Earth also serves as time scales,
sidereal and solar time. For civil use, the most important time scale is UT1, a mean solar time, which is
applied to keep the civil time (UTC) that is based on the atomic time compatible SI second attached to
the local apparent position of Sun.

The presentation will address general aspects of Earth rotation and a review of the current official EOP
products of IERS. The main part will be a conceptual, qualitative and quantitative description of the
parameters including their definition and observation by space geodetic techniques. A special focus will
be on consistency aspects

Keywords: Earth Orientation Parameters (EOP), Celestial Reference Frames and Systems, Terrestrial
Reference Frames and Systems
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ITRF2020 and usage of its station position kinematic model
Zuheir Altamimi, Paul Rebischung, Xavier Collilieux, Laurent Métivier, Kristel Chanard
'IGN-IPGP, France

gzuheir.altamimi@ign.ﬁ
Abstract

To adequately describe the shape of the deforming Earth’s surface, the ITRF2020 is provided as an
augmented reference frame where the temporal station positions are modeled by a piece-wise linear
part, and parametric functions describing annual and semi-annual displacements, as well as Post-
Seismic Deformation (PSD) for stations subject to major earthquakes. The presentation outlines the
ITRF2020 analysis strategy and combination model that integrate time series of station positions and
Earth Orientation Parameters provided by the IAG technique services of the four space geodetic
techniques (DORIS, GNSS, SLR, VLBI). After recalling and discussing the main ITRF2020 features
and results, we deliver some recommendations on how to consistently use the ITRF2020 station position
kinematic model that includes the PSD parametric functions, the station seasonal signals expressed in
either the Earth Center of Mass (CM) or the Center of Figure (CF) frames, the corresponding geocenter
motion, that is the motion of the Center of Mass with respect to the Center of Figure of the solid Earth’s
surface.

Keywords: ITRF, ITRF2020, nonlinear station motions
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6 Subat Kahramanmaras Depremlerinin Ulusal 3 Boyutlu Referans Aglarindaki
Etkileri

Impacts of the 6 February Kahramanmaras Earthquakes on the National 3D Reference
Networks

Ali Thsan Kurt"™, Tunahan Giindogan', Selguk Peker', Ozgiir Ozel'

! Harita Genel Miidiirliigii, Tip Fakiiltesi Cad., 06590 Cankaya, Ankara
aliihsan.kurt@harita.gov.tr

Ozet

6 Subat 2023 tarihinde Dogu Anadolu Fay Zonu iizerinde yaklasik 9 saat arayla AFAD kayitlarina gore
Mw=7.7 ve Mw=7.6 biiylikliiklerinde genis bir cografyayi etkileyen iki deprem meydana gelmistir. 3
Boyutlu Ulke Jeodezik Referans Koordinat Sistemlerinin gergeklesiminin saglandigi Tiirkiye Ulusal
Temel GNSS Ag1 (TUTGA) noktalar1 ve Tiirkiye Ulusal Sabit GNSS Agi-Aktif (TUSAGA-AKktif)
istasyonlar1 bu depremlerden agir bir bigimde etkilenmistir. En biiyiik deprem an1 yer degistirme ikinci
depremin merkez {issline en yakin istasyon olan Ekindzii’'nde tespit edilmistir.

Ulkemizde 1990’11 yillardan itibaren gergeklestirilen GNSS &l¢meleri, tektonik hareketler ve cesitli
faylardaki deprem dongiisiiniin etkisi ile yatay hizlarin 2-3 cm/yil mertebesinde oldugunu
gostermektedir. Boylesine aktif tektonige sahip bir bolgede meydana gelen depremler giincel jeodezik
6lgme dogrulugunun {izerinde ve istatistiksel olarak anlamli biiyiikliige ulagsan yerkabugu hareketleri
meydana getirmektedir. Son yillarda hiz parametresi kestirimlerinin, noktalardaki kampanya tipi 6l¢me
periyotlarinin artirilmasi ile elde edilen zaman serileri ile dogrulugu iyilestirilmis ve siirekli GNSS
aglarinin siklastirilmasi ile mekansal ¢oziintirligii artirilmistir. Hassasiyeti ve dogrulugu yiiksek bir hiz
alaninin olusturulmas1 temel olarak kampanya ile Olclilen GNSS noktalarmin ve siirekli GNSS
istasyonlariin verilerinin ayni stratejilerle ve tek bir referans sistemi kullanilarak degerlendirilmesine
dayanmaktadir. Ulke capinda yiiksek duyarlikli ve kiiresel bir referans koordinat sistemi gereksinimini
karsilamak icin TUTGA 1997-1999 yillar arasindaki 6lgmelerle, homojen olarak dagilmis 594 noktada
kurulmus ve nokta siklagtirmalariyla bu say1 giintimiizde 680°e ulagmistir. TUTGA nin hesaplandigi
donemdeki giincel Uluslararasi Yersel Referans Sistemi (ITRS) nin ¢6ziimii olan ITRF96, Tiirkiye i¢in
referans koordinat sistemi olarak kabul edilmis ve 2005.0 epogu referans epogu segilerek iilkemizin
ITRF tabanli modern jeodezik datumu Tiirkiye Ulusal Referans Koordinat Sistemi (TUREF)
tanmimlanmigtir. Depremler nedeniyle meydana gelen atimlar nedeniyle TUTGA ve TUSAGA-Aktif
noktalarinin koordinat giincellemelerinde farklt yontemler izlenmektedir. Anlik veri alinabilen
TUSAGA-AKktif istasyonlariin koordinatlar1 giinliik olarak takip edilebilirken TUTGA noktalarinin
koordinat degisimleri ise kampanya 0Olciileri ile glincellenmektedir.

Anahtar Kelimeler: 6 Subat Depremleri, TUTGA, Deformasyon, TUSAGA-Aktif
Abstract

On 6 February 2023, two earthquakes (Mw=7.7 and Mw=7.6 respectively according to the AFAD
records) occurred on the East Anatolian Fault Zone approximately 9 hours apart affecting a wide
geographical area. Turkish National Fundamental GNSS Network (TNFGN) sites and Continuously
Operating Reference Stations-Tiirkiye (CORS-TR) stations that provided the realization of the National
3D Reference Frame were severely affected by these earthquakes. The largest co-seismic displacement
was recorded at Ekindzii Station which is located nearest to the epicenter of the second earthquake.
GNSS observations starting in the beginning of 1990s in Turkey show that horizontal velocities reach
to an order of 2-3 cm/y due to the tectonic activities and earthquake cycles at various fault systems.
Earthquakes happening in such an active tectonic region cause statistically significant displacements
well above geodetic measurement accuracy. In recent years, accuracy of the geodetic velocity
estimation has been improved via time series obtained with long campaign duration periods and spatial
resolution is increased with densification of continuous GNSS networks. Determination of a precise
and accurate velocity field depends on the combination of campaign type and continuous GNSS
observations using a unique reference system and utilizing data with same strategies. In order to meet
the need for a three dimensional modern reference coordinate system nationwide, Turkish National
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Fundamental GPS Network (TNFGN) was established between 1997-1999 with 594 homogenously
distributed sites and by the densification works this number has reached to 680. International Terrestrial
Reference Frame-96 (ITRF96) which was the realization of International Terrestrial Reference System
(ITRS) at the time TNFGN calculated, was adopted as the Turkish reference coordinate frame at epoch
2005.0 and Turkish Reference Frame (TUREF) was named as an ITRF based national modern geodetic
datum. Different methods are followed on the coordinate updating of the TNFGN and CORS-TR sites
for the co-seismic displacements due to the earthquakes. While the coordinates of the CORS-TR
stations are monitored on a daily basis TNFGN site coordinates are updated via campaign type
observations.

Keywords: 6 February Earthquakes, TNFGN, Deformation, CORS-TR
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Tiirkiye’de Diisey Koordinat Referans Cercevesinin Belirlenmesine Iliskin Cahsmalar
Studies on Determining the Vertical Coordinate Reference Frame in Turkey
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Ozet

Tiirkiye’de Diisey Koordinat Referans Cercevesinin belirlenmesine iliskin ¢aligmalar Haziran 1935°te
Antalya’da ilk mareograf istasyonunun kurulmasi ile baglamistir. Ulke nivelman agmin kurulumuna
iligkin ilk Slciiler ise 1935-1936 yillarinda Antalya—Dinar hattindaki toplam 220 km’lik giizergahta
gerceklestirilmistir. Nirengi ag1 kurulum calismalarina 6ncelik verilmesi nedeniyle ara verilen nivelman
caligmalarina 1944 yilinda yeniden baslanmis, iilke nivelman aginin tesisine iliskin ilk periyot 6lgiiler
1970 yilina kadar devam etmistir. Bu ¢alismalarda, farkli denizlerde belirlenen sifir yiizeylerine gore
karanmn iglerine dogru geometrik nivelman ile tasman yiikseklikler, nivelman hatlarinin kesisim
noktalarinda (diiglim noktalarinda) farkli yiiksekliklerin bulunmasina neden olmustur. Bu nedenle,
Konya/Kulu yakinlarindaki NRN (Normal Rakim Noktas1) noktasi, kendisine baglanan tiim hatlardan
gelen yiiksekliklerin ortalamasi alinarak {ilkenin ilk diisey datum noktas1 olarak tayin edilmistir. Normal
ortometrik yiikseklik sisteminin kullanildig1 birinci periyot sonrasinda ikinci periyot nivelman dl¢iileri
1970’lerin ortasinda baglamis ve 2000’li yillarin basina kadar devam etmistir. Gravite dlgiilerinin de
gerceklestirildigi ikinci periyot Olgiilerinin 1999 yilinda jeopotansiyel say1 sisteminde topluca
dengelenmesi ile Tiirkiye Ulusal Diisey Kontrol Agi — 1999 (TUDKA-99) olusturulmustur. TUDKA-
99 ile birlikte Antalya mareograf istasyonunda 1936-1971 yillan arasinda 6lgiilen deniz seviyesi
verilerinin aritmetik ortalamasi ile bulunan yiizey diisey datum olarak kullanilmaya baslanmis ve
Helmert ortometrik yiiksekliklerin kullanimina gecilmistir. Yine bu dénemde ilk defa astrojeodezik
caligmalarla baglayan ve sonrasinda gravimetrik olarak devam eden c¢ok sayida iilke jeoidi belirleme
calismalar1 olmustur. Sonraki donemlerde iilke genelinde meydana gelen M.> 6 siddetindeki depremin
TUDKA {izerindeki etkilerini tespit ederek gerekli giincellestirmeleri yapmak iizere nivelman
hatlarinda revizyon 0l¢iim ¢aligmalar gerceklestirilmistir. 2011 yilinda Harita Genel Miidiirliigii ve
Bulgaristan Askeri Cografya Servisinin Kapikule ve Derekdy sinir kapilarinda gergeklestirdigi ortak
Olglim caligmalart ile TUDKA’min Avrupa Diisey Referans sistemine baglantis1 ve tanimlamasi
gerceklestirilmistir. 2000’11 yillar ile birlikte iilke genelinde baglayan yogun boliinmiis yol ¢alismalar
nedeniyle ana karayollar1 boyunca tesis edilmis nivelman noktalarinin biiyiik oranda tahrip oldugu,
saglam kalan az sayida noktanin ise tektonik hareketler nedeniyle giincel degerleri yansitmadigi yapilan
arazi ol¢iimleri ile tespit edilmistir. Ozellikle uydu teknolojisinin de haritacilik ¢alismalarinda yogun
bir sekilde kullanilmaya baglanmasiyla, nokta bazli ve fiziksel tahribata acik nivelman agina dayal
yiikseklik sistemi yerine uydu 6l¢tim teknikleri ile uyumlu ylizey bazli yiikseklik sistemine gegilmesine
karar verilmistir. Bu kapsamda 2015-2020 yillann arasinda Harita Genel Midiirliigiiniin
ylriitiiciligiinde bes kamu kurum ve kurulusunun katilimi ile “Tiirkiye Yiikseklik Sisteminin
Modernizasyonu ve Gravite Altyapisinin lyilestirilmesi” projesi hayata gegirilmistir. Proje kapsaminda
hesaplanan Tiirkiye Jeoidi-2020 (TG-20) 2020 yilinin basindan itibaren basta imar ve kadastral
caligmalar olmak {izere tiim haritacilik uygulamalari i¢in kullanima sunulmustur. TUDKA-99 ile ayni
diisey datuma sahip TG-20 jeoidinin yersel ve havadan gergeklestirilen ilave Olgiiler ile daha da
iyilestirilmesi ¢aligmalarina Harita Genel Midiirliiglince devam edilmektedir.

Anahtar Kelimeler: Diisey Datum, Nivelman Agi, Yiikseklik Sistemi Modernizasyonu, Diisey Koordinat
Referans Cergevesi.

Abstract

Studies on determining the Vertical Coordinate Reference Frame in Turkey started with the
establishment of the first tide gauge station in Antalya in June 1935. The first measurements regarding
the establishment of the national leveling network were carried out on the 220km Antalya-Dinar
leveling line in 1935-1936. The leveling works, which were interrupted due to the priority given to the
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triangulation network installation works, were restarted in 1944, and the first period measurements
regarding the establishment of the national leveling network continued until 1970. In these studies, the
heights carried into the interior of the land by geometric leveling according to the zero surfaces
determined in different seas caused different heights to be found at the intersections (nodes) of the
leveling lines. For this reason, the NRN (Normal Height Benchmark) benchmark near Konya/Kulu was
determined as the first vertical datum point of the country by taking the average of the heights from all
levelling lines connected to it. After the first period in which the normal orthometric height system was
used, the second period leveling measurements started in the mid-1970s and continued until the early
2000s. Turkish National Vertical Control Network - 1999 (TUDKA-99) was established by collectively
adjustment of the second period measurements, which also included gravity measurements, in the
geopotential number system in 1999. With TUDKA-99, the surface found with the arithmetic average
of the sea level data measured between 1936 and 1971 at the Antalya tide gauge station had been begun
to be used as a vertical datum and the use of Helmert orthometric heights was started. Also in this
period, there were many national geoid determination studies, which started with astro geodetic studies
and continued with gravimetric studies. In the following periods, revision measurement studies were
carried out on the leveling lines in order to determine the effects of the earthquake with a magnitude of
Mw > 6 that occurred throughout the country on TUDKA and to make the necessary revisions. In 2011,
TUDKA's connection and definition to the European Vertical Reference System was carried out with
the joint measurement studies carried out by the General Directorate of Mapping and the Bulgarian
Military Geography Service at the Kapikule and Derekdy border gates. It has been determined through
field measurements that the leveling benchmarks established along the main highways have been
largely destroyed due to the double highway works that started throughout the country in the 2000s,
and the few remaining undamaged benchmarks do not reflect valid values due to tectonic movements.
Especially with the extreme use of satellite technology in surveying studies, it was decided to adopt a
surface-based elevation system compatible with satellite measurement techniques, instead of a point-
based elevation system based on a leveling network that is open to physical destruction. In this context,
the "Modernization of Turkey's Height System and Improvement of Gravity Infrastructure” project was
implemented between 2015 and 2020, under the leadership of the General Directorate of Mapping, with
the participation of five public institutions and organizations. Turkish Geoid-2020 (TG-20) calculated
within the scope of the project has been made available for all mapping applications, especially
reconstruction and cadastral studies, since the beginning of 2020. The General Directorate of Mapping
continues to work on improving the TG-20 geoid, which has the same vertical datum as TUDKA-99,
with additional ground and airborne measurements.

Keywords: Vertical Datum, Levelling Network, Height System Modernization, Vertical Coordinate
Reference Frame.
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CGPS Giinliik Koordinat Zaman Serilerinin Birlestirilmesi ve GPS Hizlarinin Kestirimi
Combination of Daily CGPS Coordinate Series and Estimation of GPS Velocities

Mehmet Emin Ayhan'*"

'Harita Genel Miidiirligii, Ankara — Emekli
20rta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Ankara — Yart Zamanh Ogretim Uyesi
™ meminayhan@gmail.com

Ozet

Deprem dongiisii yerdegistirmeleri (deprem Oncesi, deprem ani, deprem sonrasi), yerel hareketler
(toprak kaymasi, ¢okme, vb.), iklim degisiklikligi v.b nedenlerle olusan konum degisiklerini izlemek
ve modellemek i¢in sabit GNSS (CGNSS) istasyonlarinda uzun doénemli giinliik koordinat zaman
serileri kullanilir. Ancak degisik nedenlerle CGNSS istasyonlarinin siirekliligi saglanamamakta, yerine
yakinlarinda (< 10 km) yeni istasyon(lar) kurulmaktadir. Birbirine yakin bu istasyonlardaki giinliik
koordinat zaman serileri ve hizlar, sistematik etkiler, degerlendirme strateji degisikleri, GNSS
alici/anten degisikligi, tektonik ve yerel hareketler nedeniyle farkli karakterde olabilirler. Farkli
istasyonlarda birbirini izleyen koordinat zaman serilerinin birlestirilmesi koordinat zaman serilerinde
siirekliligi saglayabilir. Deprem riski diisiik, tektonik olarak duragan ve diri faylardan uzak olan
Trabzon’da konumlu, aralarinda yaklasik 5.5 km uzaklik olan TRAB (1999.9452 - 2007.9042) ve
TRBN (2009.0431 - 2015.8303) sabit GNSS istasyonlarinda 6lgiiler arasinda 2007.9069 - 2009.0412
doneminde bosluk bulunmaktadir. Bu istasyonlardaki giinlilk GPS olciileri NGL (Nevada Geodesy
Laboratory, USA) tarafindan degerlendirilmekte, giinliik koordinat serileri (dogu-bati, kuzey-giiney,
diisey) ve GPS hizlar (dogu (Ve), kuzey (Vn), yukar1 (Vu)) web sitesinde (https://www.unr.edu/)
yaymlanmaktadir. Koordinat zaman serilerinde trend, sistematik sinyaller, veri bosluklari, olas1
uyusumsuz Olgiiler ve sicramalar (offset) bulunmakta, TRAB ile TRBN koordinat serileri arasinda
yaklagik bir yillik bosluk ve offset dikkat ¢cekmektedir. TRAB ve TRBN istasyonlarindaki koordinat
serilerini birlestirmek icin dncelikle koordinat bilesenleri zaman serileri ayr1 ayri analiz edilmistir.
Koordinat serileri zaman serilerinin analizi {i¢ asamada gerceklestirilmistir: sistematik sinyallerin
periyodlarinin belirlenmesi, STL (Seasonal-Trend-Loess) ayristirma yontemi ile trend, mevsimlik
etkiler ve artik bilesenlerin belirlenmesi, mevsimsel etkilerden arindirilan zaman serileri ve artik olgli
serilerindeki uyusumsuz dlcii ve offsetlerin ARIMA (Autoregressive Integrated Moving Average)’ya
dayali ¢oklu uyusumsuz 6l¢ii ve offset yontemi ile belirlenmesi. TRAB istasyonundaki uyusumsuz dl¢ii
ve offsetlerden arindirilan zaman seriler STL ile analiz edilip ARIMA ile ileri kestirimle TRAB ve
TRBN serileri arasindaki bosluk doldurulmustur. Béylece sanal TRBZ CGPS istasyonunda 1999.9452
- 2015.8303 donemini kapsayan giinlitk koordinat serileri elde edilmistir. TZBN serilerinde belirgin
olan offsetler kestirilmis. TRBZ istasyonunda offset etkisi giderilmis koordinat serilerin STL ayrigimi
yapildiktan sonra mevsimsel etkiler giderilen seriler dogrusal trend ve ARMA hata modeli ile
modellenerek hizlar: Ve=25.55 £ 0.05 mm/y1l, Vn=13.35 + 0.01 mm/y1l, Vu= 0.02 + 0.04 mm/y1l
bulunmustur. Bulunan sonuglarin dis kontrolu i¢in, TRBN istasyonunda 2009.01233 - 2023.24520
donemini kapsayan giinliik koordinat serileri Harita Genel Miidiirliigii websitesinden
(https://www.harita.gov.tr/) indirilmistir. Bu koordinat zaman serileri degerlendirilmis ve TRBN
istasyonundaki hizlar (Ve=25.45 + 0.02 mm/y1l, Vn=13.42 £ 0.02 mm/y1l, Vu= 0.01 £ 0.09 mm/y1l)
TRBZ istasyonu hizlari ile uyumlu bulunmustur. Ayrica TRAB istasyonu yakininda konumlu Trabzon
mareograf istasyonunda Buzul Isostatik Dengeleme diizeltmesi (- 0.05 mm/y1l) TRBZ ve TRBN yukar1
hizlar1 ile uyumludur.

Anahtar Kelimeler: CGPS Giinliik Koordinat Serisi, CGPS Hizi, Zaman Serisi Analizi, STL, ARIMA,
Offset

Abstract

Long term daily coordinate time series at CGNSS sites are used for modeling and monitoring positional
changes due to earthquake cycle displacements (inter-seismic, co-seismic, post-seismic), local motions
(such as land slice, subsidence, etc.), climate change, etc. However, continuity of the stations may not
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be ensured due to various reasons, and new close by stations (< 10 km) are installed. Daily coordinate
time series and velocities at these stations may have different characters due to systematic effects,
different processing strategies, receiver/antenna change, and tectonic and local motions. Combination
of the coordinate time series adjacent in time at close by sites can ensure continuity of the series. Two
CGNSS sites, TRAB and TRBN intervened about 5.5 km, located in Trabzon, where earthquake risk is
low and far away from active faults, are spanning periods respectively 1999.9452 - 2007.9042 and
2009.0431 - 2015.8303 with a gap of 2007.9069 - 2009.0412 in between. Daily GPS observations at
the two sites are being processed by Nevada Geodesy Laboratory (NGL), and daily coordinate series
and GPS velocities (east (Ve), north (Vn), up (Vu)) are released on the website ((https://www.unr.edu/).
The series include trend, systematic signals, gaps, likely outliers and offsets, while a long gap and a
large offset in between the series at the two sites are noted. In order to combine the two series at TRAB
and TRBN sites, first the daily coordinate series for each component is analyzed independently in three
steps: detection of periods of systematic signals, decomposition of the series in trend, seasonal and
remainder components by using STL (Seasonal Trend-Loess) filtering, detection of outliers and offsets
in the remainder and seasonally adjusted series by using ARIMA (Autoregressive Integrated Moving
Average) based multiple outlier/offset detection method. Corrected daily coordinate series for outliers
and offsets at TRAB site are first decomposed by STL then the one-year gap is filled by an ARIMA
forecasting. Hence, daily coordinate series spanning 1999.9452 - 2015.8303 are obtained at a visual
CGPS site called TRBZ. The large offset dominating the series at TRBZ site are detected first and their
effects are eliminated. Corrected series for the offsets at TRBZ site are first decomposed by STL. Then
fitting a linear trend and ARMA error model to the seasonally adjusted series results in velocity
estimates: Ve= 25.55 + 0.05 mm/yr, Vn= 13.35 £ 0.01 mm/yr, Vu= 0.02 £ 0.04 mm/yr. For external
validation of the results, daily GPS coordinate series spanning a long period (2009.01233 - 2023.24520)
at TRBN site downloaded on the website of General Directorate of Mapping
(https://www.harita.gov.tr/) are analyzed similarly. Velocities estimated at TRBN site (Ve= 25.45 +
0.02 mm/yr, Vn=13.42 + 0.02 mm/yr, Vu=0.01 £ 0.09 mm/yr) are coincident with the TRBZ velocities.
Moreover, Glacial Isostatic Adjustment (GIA)) correction at Trabzon tide gauge station where close by
TRAB site is -0.05 mm/yr which is in coincident with up velocity at TRBZ and TRBN sites.

Keywords: CGPS Daily Coordinate Series, CGPS Velocity, Time Series Analysis, STL, ARIMA, Offset
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Ozet

Ulkemizde 6 Subat 2023 tarihinde meydana gelen Maras depremleri sonrast sismik bosluk-suskunluk
olarak bulunan fay zonlarinin arastirilmasi 6nem kazanmistir. Havran-Balikesir Fay Zonu (HBFZ) bu
fay zonlarindan birisi olarak diigiiniilmektedir. HBFZ, 2 ana faydan olusmaktadir. Havran-Balya Fay1
batidan doguya; Havran (HS), Osmanlar (OS), Turplu (TS), Ovacik (OvS) olmak {izere 4 farkl fay
segmentini igermektedir. Balikesir Fay1 ise batidan doguya; Gokgeyazi (GS) ve Kepsut (KS) olmak
iizere 2 farkli fay segmentine ayrilmaktadir. Sozbilir vd. (2016) tarafindan yapilan paleosismolojik
caligmalarla fay zonunun Kepsut, Ovacik, Gokceyazi segmentleri i¢in depremsizlik siireleri
belirlenmistir. Bu siireler sirastyla sirastyla 125, 725 ve 2000 yildir. 121Y295 numarali TUBITAK
projesi kapsaminda HBFZ 6zelinde 58 noktali bir GNSS ag1 kurulmustur. Agda 2022 ve 2023 yillarinda
iki kampanya GNSS o6l¢iisii gerceklestirilmistir. Ag icerisinde yer alan daha once farkli ¢aligmalarda
kullanilan noktalarin ge¢mis verileriyle beraber tiim Olgiller GAMIT/GLOBK yaziliminda
degerlendirilmistir. Caligma bolgesinin Avrasya plakasi sabit hiz alan1 ve jeodezik gerinim alam elde
edilmistir. Jeodezik gerinim alani analizi Geodsuit yaziliminda yapilmistir. Hiz alan1 incelendiginde Batt
Anadolu hiz alan1 ile uyumlu sekilde giineybatt yonlii 20-30 mm/y1l oldugu goriilmiistiir. Bolgenin
giincel gerinim alani incelendiginde; bolgede KKD-GGB yonlii agilma bilesenleri hakimdir. Gerinim
alanlar1 segment bazli incelendiginde ise en biiyiik agilma ve sikisma bilesenlerinin Gok¢eyazi segmenti
civarinda oldugu belirlenmistir. Jeodezik gerinim alanlar1 ve Sozbilir vd. (2016) tarafindan belirlenen
depremsizlik siireleri kullanilarak, segment bazli potansiyel deprem biiyiikliikleri hesaplanmistir.
Segmentlerin iiretebilecekleri maksimum deprem biiyiikliikleri hesaplanmistir. Potansiyel deprem
biiytikliikleri ile maksimum deprem biiyiikliikleri karsilagtirilmistir. Bu sonuglar, dnciil sonug niteligi
tasimaktadir. HBFZ 6zelinde jeodezik calismalar, 121Y295 numarali TUBITAK projesi kapsaminda
devam etmektedir.

Anahtar Kelimeler: Sismik bogluk, GNSS, Potansiyel deprem biiyiikliigii

Abstract

After the Maras earthquakes that occurred in our country on February 6, 2023, the investigation of fault
zones located as seismic gap-silence has gained importance. Havran-Balikesir Fault Zone (HBFZ) is
considered as one of these fault zones. HBFZ consists of two main faults. Havran-Balya Fault includes
4 different fault segments from west to east; Havran (HS), Osmanlar (OS), Turplu (TS), Ovacik (OvS).
Balikesir Fault is divided into two different fault segments from west to east; Gok¢eyaz1 (GS) and
Kepsut (KS). Paleoseismological studies conducted by Sozbilir et al. (2016) determined the seismicity
periods for Kepsut, Ovacik and Gokgeyazi segments of the fault zone. These durations are 125, 725 and
2000 years, respectively. Within the scope of the TUBITAK project numbered 121Y295, a 58-point
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GNSS network was established for the HBFZ. Two campaign GNSS measurements were carried out in
the network in 2022 and 2023. All measurements were evaluated in GAMIT/GLOBK software together
with the data from previous years of the points in the network that were previously used in different
studies. Eurasian plate constant velocity field and geodetic strain field of the study region were obtained.
Geodetic strain field analysis was performed in Geodsuit software. When the velocity field was
analyzed, it was observed that it was 20-30 mm/year in the southwest direction in line with the Western
Anatolian velocity field. When the current strain field of the region is analyzed, it is observed that the
region is dominated by the NE-SW strike-slip components. When the strain fields are analyzed on
a segment basis, it is determined that the largest opening and compression components are around
the Gokgeyazi segment. Using the geodetic strain fields and the seismicity periods determined by
Sozbilir et al. (2016), segment-based potential earthquake magnitudes were calculated. The
maximum earthquake magnitudes that the segments can generate were calculated. Potential earthquake
magnitudes and maximum earthquake magnitudes were compared. These results are preliminary
results. Geodetic studies specific to HBFZ are ongoing within the scope of TUBITAK project number
121Y295.

Keywords: Seismic gap, GNSS, Potential earthquake magnitude
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Art¢l1 Depremler Oncesinde Goriilen Jeoelektrik Anomalileri: 6 Subat 2023
Kahramanmaras Depremleri Sonrasi

Geoelectric Anomalies Before Aftershocks: After the February 6, 2023 Kahramanmarasg
Earthquakes

Mustafa ULUKAVAK'*, Sabri Mert INANC!

'Harran Universitesi Osmanbey Kampiisii Miihendislik Fakiiltesi Harita Miihendisligi Béliimii, 63300 Haliliye / SANLIURFA
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Ozet

Yer i¢inde meydana gelen jeoelektrik degisimlerin izlenmesi ve deprem Oncesi ortaya c¢ikabilecek
muhtemel sismik-elektrik sinyali (SES) anomalilerinin arastirilmasi diinyanin birgok bolgesinde
yapilmaktadir. Jeoelektrik degisimlerin (anomalilerin) izlenmesi ¢aligmalan ilk olarak Varotsos ve
Alexopoulos (1984) tarafindan depremlerden 6nce Diinya’nm elektrik alan degisimlerinde meydana
gelen anomalilerin  incelenmesi ile gergeklestirilmistir. Glinlimiizde birgok {ilke tarafindan
yiiritmekte olan bu yontem Tiirkiye’de 12 Eyliil 2021 tarihinde Harran Universitesi Osmanbey
Kampusu arazisinde yapilmaya baslanmistir. Jeoelektrik gozlemler, uzunlugu 98 metre olan ve
birbirine dik olarak tesis edilen iki profil {izerinde yapilmaktadir. Kuzey-Giiney ve Dogu-Bati
dogrultulu bu profiller {izerinde 6 Subat 2023 tarihli Kahramanmaras depremleri sonrasinda 08:00-
17:00 saatleri arasinda jeoelektrik gozlemleri yapilmistir. Yapilan bu gozlemler ile artg1 depremler
oncesinde gozlemlenen muhtemel SES anomalileri ortaya ¢ikarilmistir. Artg1 depremlerin yasandigi
giinlere ait jeoelektrik degisimlerin ve depremler Oncesi ortaya c¢ikan muhtemel anomalilerin
gdzlemlendigi ve gézlemlenmedigi zamanlara ait zaman ve uzay ortaminda analiz yapilmistir. Ayrica
deprem oncesi ortaya ¢ikan muhtemel jeoelektrik onciilerin genlikleri ve frekanslari incelenmistir.
Buna ek olarak 6l¢iim yapilan bolgede ortaya ¢ikan diger sinyaller ve frekanslar1 da belirlenerek ilgili
fiziksel olaylarn belirlenmesine yonelik aragtirmalar yapilmistir. Arastirmalardan elde edilen bulgular
jeoelektrik degisimlerin incelenmesi sonucunda ortaya c¢ikan deprem Oncesi muhtemel SES
anomalilerinin bir deprem Onciilii olarak kullanilabileceginin gostergesi niteligindedir. Sahada
yapilan gozlemler ve arastirma bulgulari 122Y365 numarali kabul edilen TUBITAK projesinin
pilot caligmasi niteligindedir.

Anahtar Kelimeler: Jeoelektrik, SES, Deprem, Dogu Anadolu Fay Zonu, Kahramanmarasg

Abstract

The monitoring of geoelectrical variations in the Earth and the investigation of possible seismic-
electrical signal (SES) anomalies that may occur before earthquakes are carried out in many regions of
the world. The monitoring of geoelectric variations (anomalies) was first carried out by Varotsos and
Alexopoulos (1984) by examining the anomalies that occur in the Earth's electric field variations before
earthquakes. This method, which is being carried out by many countries today, started to be carried
out in Turkey on September 12, 2021 at Harran University Osmanbey Campus. Geoelectric
observations are made on two profiles with a length of 98 meters and installed perpendicular to each
other. Geoelectric observations were made on these profiles in the North-South and East-West
directions between 08:00-17:00 hours after the Kahramanmaras earthquakes on February 6, 2023.
With these observations, possible SES anomalies observed before the aftershocks were revealed.
The geoelectric changes on the days of the aftershocks and the times when the possible anomalies
that occurred before the earthquakes were observed and when they were not observed were analyzed
in time and space. In addition, the amplitudes and frequencies of possible geoelectric precursors
before the earthquake were analyzed. In addition, other signals and their frequencies in the
measured region were also determined and investigations were carried out to determine the related
physical phenomena. The findings obtained from the researches indicate that the possible pre-
earthquake SES anomalies that emerge as a result of the examination of geoelectric changes can be
used as an earthquake precursor. The field observations and research findings are the pilot study of the
accepted TUBITAK project number 122Y365.

Keywords: Geoelectric, SES, Earthquake, Eastern Anatolian Fault Zone, Kahramanmaras
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6 Subat 2023 Kahramanmaras Depremlerinin (My 7.7 ve My 7.6) Deprem Am
(Kosismik) Yer Degistirmeleri ve Kayma Dagilimlarinin GNSS Teknigi ile Belirlenmesi

Determination of Coseismic Displacements and Slip Distributions of the February 06, 2023
Kahramanmaras Earthquakes (M,, 7.7 and M,, 7.6) by GNSS Technique
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Ozet

Anadolu ve Arabistan levhalarinin sinirii olusturan Dogu Anadolu Fay Zonu (DAFZ) boyunca énemli
sismik aktiviteler meydana gelmektedir. Yakin gegmiste, merkezleri Kahramanmaras’in ilgeleri olan 6
Subat 2023 tarihli ardigik depremler (Pazarcik, My, 7.7; Elbistan, M, 7.6) hem DAFZ ana fay sistemi
hem de DAFZ’nin KD-GB ana gidis dogrultusuna gore oblik kollar1 {izerinde oldukga biiyiik kirilmalara
neden olmustur. Bu depremler dncesinde, yliksek uzaysal ¢oziiniirliige sahip bir GNSS gozlem ag1 ile
bolgedeki baslica diri faylarn deprem Oncesi (intersismik) donem kayma hizlarmi ve kilitlenme
derinliklerini kullanarak bir sismik tehlike analizi gerceklestirdik. Uluslararasi bilimsel dergilerde
paylasilan bu deprem 6ncesi ¢alismanin sonuglar1 6 Subat 2023 Kahramanmaras depremleri sonrasinda
gerceklestirilen jeolojik ve jeodezik gozlemler ile dogrulanmistir. Bu c¢alismada, 6 Subat
Kahramanmaras depremleri sonrasi kosismik etkilerin jeodezik acidan arastirilmasi amaciyla, mevcut
GNSS agimin siklagtirilmasiyla 73 sabit istasyon ve 40 kampanya gozlem noktasindan olusan daha genis
ve kendine 0zgli bir ag tasarlanmigtir. Bu sayede, Pazarcik ve FElbistan depremlerinin ardindan
gerceklestirilen GNSS gozlemleri neticesinde 6zgiin bir jeodezik veri seti elde edilmistir. Bir elastik
yar1 uzayda sonlu atima dayali bir ters ¢oziim stratejisi ile GNSS gozlemlerinden hesaplanan deprem
an1 ylizey yer degistirmeleri kullanilarak fay diizlemi tizerindeki kayma dagilimlar1 modellenmistir.
Kirilan fay segmentleri i¢in fay diizlemi {izerinde fay dogrultusu ve ona dik dogrultuda kayma vektorleri
hesaplanmistir. Bu ¢alisma sonucunda, deprem ani1 yiizey yer degistirmelerinin ¢ogunlukla fay kayma
vektorleri ile uyumlu oldugu goriilmiistiir. DAFZ ve oblik kollarinin baskin sol yanal dogrultu atim
mekanizmasi, burada yeni jeodezik kisitlar kullanilarak hesaplanan fay dogrultusu yoniindeki kaymalar
ile dogrulanmistir. Fay dogrultular1 nedeniyle, bu ¢alismada gozlem yapilan GNSS noktalar1 dogu
bilesenlerinde rdlatif olarak daha biiyiik deprem an1 yer degistirmelere sahiptir. Pazarcik ve Elbistan
depremlerinin neden oldugu en biiyiik toplam yer degistirmeler sirasiyla 466 cm, 362 cm ve 360 cm ile
EKZ1, CRDK ve BNCA noktalarinda hesaplanmistir. Her iki depremin dis merkezlerine (episantr)
yakin gézlem noktalarinda dahi diisey yer degistirmeler, yatay yer degistirmelere oranla gorece 10-40
kat daha kiicliktiir. 6 Subat 2023’teki ilk ana sok (yerel saat ile 04.17°de) birbirleriyle etkilesim
halindeki DAFZ, Amanos ve Narli Segmentlerini kirarak sirasiyla 494 cm, 373 cm ve 152 cm’lik
dogrultu atimlara neden olmustur. ilk ana soka dair odak mekanizmasi ¢dziimlerindeki bindirme
bileseni, Narl1 Segmenti boyunca fay mekanizmasinda 141 cm’lik ters kaymaya karsilik gelmektedir.
Ikinci ana sok (yerel saat ile 13.24°te) Cardak Fay1 boyunca normal ve sol yanal transform faylanma
nedeniyle 141 cm normal atim ve 391 cm dogrultu atim tetiklemistir. Modelimizde bdlgenin
dogusundaki 407 cm sol yanal dogrultu atim ve 52 c¢cm normal atim Dogansehir Fay Zonu ile
iligkilendirilmistir. Modelin en bat1 segmenti olan Savrun Fayi’nin ise 72 cm sol yanal dogrultu atimi
ve 149 cm ters atimi tetikledigi sonucuna varilmistir. Bu calisma, DAFZ ve civarinda deprem
dongiisiiniin arastirilmasi cergevesinde birinci yazarin doktora tez ¢aligmasinin devami niteligindedir.
Deprem oncesi ve an1 kinematik model sonuglar1 detayli olarak birinci yazar tarafindan uluslararasi
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makalelerde yayimlanmistir. Bu ¢aligmanin finansal destegi Tiirkiye Bilimsel ve Teknolojik Aragtirma
Kurumu (TUBITAK) 1002-C Dogal Afetler Odakli Saha Calismast Acil Destek Programi (Proje No.
123D005) ve Istanbul Teknik Universitesi Bilimsel Arastirma Projeleri (BAP) Koordinatérliigii (Proje
No. MGA-2019-42243) tarafindan saglanmaistir.

Anahtar Kelimeler: GNSS, Dogu Anadolu Fay Zonu, Kahramanmaras, Deprem am yer degistirme,
Kayma dagilimi

Abstract

Major seismic activities occur along the East Anatolian Fault Zone (EAFZ), which forms the boundary
of the Anatolian and Arabian plates. Recently, the consecutive earthquakes on February 06, 2023 with
the epicentres in the districts of Kahramanmaras (Pazarcik, M., 7.7; Elbistan, M.. 7.6) caused quite large
ruptures on both the main fault system of the EAFZ and its oblique branches with respect to the NE-
SW main direction of the EAFZ. Before these earthquakes, we accomplished a seismic hazard analysis
using the pre-earthquake (interseismic) slip rates and locking depths of the main active faults in the
region with a high-spatial-resolution GNSS network. The results of this pre-earthquake study presented
in the international scientific journals were validated by the geological and geodetic observations
accomplished after the Kahramanmarag earthquakes on February 06, 2023. In this study, in order to
investigate the coseismic implications through a geodetic perspective after the February 6»
Kahramanmaras earthquakes, a wider and specific network consisting of 73 permanent stations and 40
campaign observation sites was designed with the densification of the existing GNSS network. Thus, a
unique geodetic data set was achieved as an outcome of GNSS observations performed after the
Pazarcik and Elbistan earthquakes. The slip distributions on the fault plane were modelled using the
coseismic surface displacements derived from GNSS observations with an inversion strategy based on
finite dislocation in an elastic half-space. The slip vectors along the strike and dip directions on the fault
plane were calculated for the ruptured fault segments. As a result of this study, it was revealed that the
coseismic surface displacements were mostly consistent with the fault slip directions. The dominant
left-lateral strike-slip mechanism of the EAFZ and its oblique branches were verified by the slips along
fault strike calculated herein using the new geodetic constraints. Due to the fault strikes, the GNSS sites
observed in this study had relatively larger coseismic displacements on their east component. The
largest total displacements caused by Pazarcik and Elbistan earthquakes were calculated at the EKZ1,
CRDK and BNCA sites, with displacements of 466 cm, 362 cm, and 360 cm, respectively. The vertical
displacements were relatively smaller than the horizontal displacements by about 10—40 times, even at
the sites closest to the epicentres of the two consecutive earthquakes. As the first main shock on
February 6, 2023 (at 04.17 local time) ruptured DAFZ, Amanos and Narli Segments, which interact
with each other, it was caused with the strike slips of 494 cm, 373 cm and 152 cm, respectively. The
thrust component in the focal mechanism solutions for the first main shock corresponds to a reverse slip
of 141 cm in the fault mechanism along the Narli Segment. The second main shock (at 13.24 local time)
triggered 141 cm normal slip and 391 cm strike-slip due to normal and left-lateral transform faulting
along the Cardak Fault. In our model, the left-lateral strike-slip of 407 cm and normal slip of 52 cm in
the east of the region were associated with the Dogansehir Fault Zone. It was also concluded that the
Savrun Fault, which is the westernmost segment of the model, induced the left-lateral strike slip of 72
cm and reverse slip of 149 cm. This study is the continuation of the first author's doctoral dissertation
within the framework of investigating earthquake cycle on the EAFZ and its surroundings. The results
about the interseismic and coseismic kinematic models have been published in detail in the international
articles by the first author. The financial support of this study was provided by the Scientific and
Technological Research Council of Turkey (TUBITAK) 1002-C Emergency Support Program for Field
Study Focusing on Natural Disasters (Project No. 123D005) and the Coordinator of Scientific Research
Projects (BAP) of Istanbul Technical University (Project No. MGA-2019- 42243).

Keywords: GNSS, East Anatolian Fault Zone, Kahramanmaras, Coseismic displacement, Slip
distribution
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Dogu Anadolu Fay Zonu’nun (DAFZ) Erkenek ve Siirgii Segmentlerinin Deprem
Davramisinin Cok Disiplinli Yontemlerle Incelenmesi: GNSS Calismalar1
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Ozet

Anadolu, neotektonik donemde olusan 6nemli yapisal unsurlardan biriside Dogu Anadolu Fay Zonu
(DAFZ) dur. Duman vd. (2020) ise, DAFZ’yi kuzey ve giliney olmak {izere iki kola ayrilmistir. Giiney
kol anakol olarak isimlendirilip Karliova (Bing6l) ve Antakya arasindaki yaklasik 580 km uzunluga
sahiptir. kuzey kolu ise Siirgii-Misis Fay Sistemi (SMF) olarak adlandirmislar ve dokuz segmentten
olugmaktadir. Siirgli segmenti yaklagik D-B dogrultusunda uzanan ve Celikhan (Adiyaman)
yakinlarinda DAFZ ile birlesen ya da ondan ayrilan bir goriintii vermektedir. Bu segment bazi yazarlar
tarafindan (Peringek ve Kozlu,1984) Cardak-Siirgii Fay1 olarak isimlendirilirken, baz1 ¢aligmalarda ise
(Saroglu vd., 1992) bati bolimiiniin ayr1 bir fay oldugu belirtilmis ve bu boliime Cardak Fayi adi
verilmistir. Bu ¢alisma kapsaminda jeolojik haritalama ve kinematik analiz ¢alismalari, paleosismoloji
caligmalari, GNSS-InSAR caligmalari, yaglandirma (tarihlendirme) caligmalart ve tiim verilerin
degerlendirme ¢aligsmalar1 olmak iizere 5 is paketi seklinde yiiriitiilmesi planlanmistir. Bu ¢alismada bu
is paketlerinden GNSS caligsmalar1 ve sonuglari anlatilmistir. Calisma kapsaminda fay kayma hizlarinin
belirlenmesi ve glincel hareketleri hakkinda detayli bilgilere ulagsmak amaciyla toplam 23 nokta igeren
bir GNSS ag1 olusturulmustur. 2022-2024 yillarinda 3 kampanya &lgii yapilmasi planlanmistir. Tlk
kampanya o6l¢ii 2022 yili icerisinde gergeklestirilmistir. Ancak 6 Subat 2023 tarihinde {ilkemizde
Gaziantep ve Kahramanmaras il sinirlan icerisinde (Mw:7.7 ve Mw:7.6) iki biiyiik deprem meydana
gelmistir. Projeye konu olan Dogu Anadolu Fay Zonu’na ait Erkenek ve Siirgli Segmentlerinin yer
aldig1 calisma bolgesi, bu depremlerden en ¢ok etkilenen ve depremler nedeniyle en ¢ok hasarin
goriildiigii yerlerdendir. Bu depremler sonrasi ag cosismik yer degistirmeler nedeniyle deformasyona
ugramistir. 2023 yili icerisinde 2. Kampanya olgiiler gerceklestirilmistir. Bu calisma TUBITAK
tarafindan 121Y410 nolu proje numarasi ile desteklenmektedir.

Anahtar Kelimeler: Siirgii, Erkenek, GNSS. Deformasyon
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Abstract

One of the important structural elements formed in Anatolia during the neotectonic period is the Eastern
Anatolian Fault Zone (EAFZ). Duman et al. (2020) divided the DAFZ into two branches, north and
south. The southern branch is called the main branch and has a length of approximately 580 km between
Karliova (Bing6l) and Antakya. The northern branch is called the Siirgii-Misis Fault System (SMF) and
consists of nine segments. The Siirgii segment extends in the D-W direction and either merges with or
separates from the DAFZ near Celikhan (Adiyaman). While some authors (Peringek and Kozlu, 1984)
named this segment as Cardak-Siirgii Fault, some studies (Saroglu et al., 1992) stated that the western
part is a separate fault and named this segment as Cardak Fault. Within the scope of this study, it is
planned to carry out 5 work packages as geological mapping and kinematic analysis studies,
paleoseismology studies, GNSS-InSAR studies, dating studies and evaluation of all data. In this study,
GNSS studies and results of these work packages are described. Within the scope of the study, a GNSS
network including a total of 23 points was established in order to determine fault slip rates and to obtain
detailed information about their current movements. It was planned to carry out 3 campaign
measurements in 2022-2024. The first campaign measurement was carried out in 2022. However, on
February 6, 2023, two major earthquakes (Mw:7.7 and Mw:7.6) occurred in Gaziantep and
Kahramanmaras provinces. The study region, where the Erkenek and Siirgii Segments of the Eastern
Anatolian Fault Zone, which is the subject of the project, is one of the most affected and damaged areas
due to these earthquakes. After these earthquakes, the GNSS network was deformed due to coseismic
displacements. In 2023, the 2nd Campaign measurements were carried out. All data were evaluated in
GAMIT/GLOBK software. A velocity field was created before the Marag earthquakes by TUTGA and
TUSAGA active data in the region. Using this velocity field, deformations in the network after the
Maras earthquakes were determined. This study is supported by TUBITAK with project number
121Y410.

Keywords: Siirgii, Erkenek, GNSS, Deformation
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6 Subat 2023 Kahramanmaras Depremlerinin Hasan Dag1 Volkan izleme istasyonlarina
Etkilerinin Incelenmesi

Investigation of the Impacts of the 6 February 2023 Kahramanmaras Earthquakes on
Mount Hasan Volcano Monitoring Stations
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Ozet

Tiirkiye’nin en gen¢ volkanlarindan biri olan Hasan Dagi’'nda gergeklestirilen radyometrik
tarihlendirme c¢aligmalari, belli bolgelerde goriilen gaz c¢ikislari ve kar tutmama gdzlemleri ile altinda
giincel bir magma odasinin varligi Hasan Dagi’nin halen aktif bir volkan oldugunu teyit etmektedir.
Buna ek olarak uzun yillardir Hasan Dag1 ve g¢evresinde meydana gelen depremlerin kaynaklarmin
sayisal veriler yardimiyla ortaya konulabilmesi icin Hasan Dagi volkanizmasiyla iligkili
deformasyonlarin izlenmesi biiyiik énem tagimaktadir. Bu nedenle 121Y401 no’lu TUBITAK projesi
kapsaminda volkanin kuzey, gliney ve bat1 yamaclarina {i¢ adet Sabit GNSS (Global Navigation Satellite
Systems) istasyonu tesis edilerek bdlgedeki yiizey deformasyonunun gercek-zamanli olarak izlenilmesi
amaglanmistir. Sabit GNSS istasyonlarina ait kayit oturumlari, olasi bir deprem meydana gelmesi
durumunda bu depremin kaydedilebilmesi ve bolge tektonigi ile ilgili 6nemli verilerin edinilebilmesi
amaciyla kayit aralig1 1 ve 30 sn, volkanik veya tektonik aktivite sonucunda GNSS anteninde meydana
gelen anlik ve belirlenen esik degeri (3cm/sn) asan degisimlerin yiiksek dogrulukta (VADASE-
Variometric Approach for Displacement Analysis Stand-alone Engine) izlenmesi ve uyart verilmesi
amaciyla 20 hertz (0.05sn) halinde konfigiire edilmistir. Ardisik epoklar arasinda meydana gelen
dinamik yer degistirmeleri ham GNSS o6l¢iilerinden gercek zamanli elde edilen efemeris bilgileri ve
tastyici faz gozlemleri ile belirleyebilen VADASE, giiniimiizde deprem, yap1 sagligi izleme ve hizli risk
degerlendirmesi alanlarinda kullanilmaktadir. Ulkemizde 6 Subat 2023 tarihinde Sofalaca-Sehitkamil
Gaziantep (Mw:7.7) ve Ekindzli Kahramanmaras (Mw:7.6)’da meydana gelen depremler ¢evre illerde
de biiylik yikima neden olmus ve bu depremlerin etkileri tiim tilkede hissedilmistir. Yerel saat ile 04:17
ve 13:24’te meydana gelen depremlere ait yer degistirme ve hiz degerleri VADASE sisteminde anlik
olarak hesaplanmistir. Deprem dalgas1 bolgeye ulastiktan sonra gergeklesen anlik hareket {i¢ istasyon
tarafindan da ara yiiz sisteminde alarm olarak gdsterilmis ve bu verilere depremden yaklasik iki dakika
sonra erigim saglanabilmistir. Gergeklestirilen bu ¢alismada, depremlerin odak merkezine yaklasik 250
km uzaklikta bulunan Hasan Dag1 volkan izleme sisteminde, iki farkli deprem an1 i¢in yatay ve diiseyde
meydana gelen anlik yer degistirmelere iliskin elde edilen sonuglar sunulmaktadir. Buna ek olarak
mevcut sistemin depremler ve volkanik hareketlerle ilgili 6nemli verileri anlik olarak elde edebilme
kabiliyetinden dolay1 aktif fay zonlarinin izlenmesinde kullanildig: takdirde bilimsel alanda 6nemli
katkilar sunacag diistiniilmektedir.

Anahtar Kelimeler: Hasan Dagi, Deprem, GNSS, Yer degistirme, VADASE

Abstract

The findings of the radiometric dating studies carried out on Mount Hasan, one of the youngest
volcanoes in Turkey, observations of gas outflows and observations of not holding snow in winter in
certain regions, and the existence of a current magma chamber underneath confirm that Mount Hasan is
still an active volcano. In addition, it is of great importance to monitor the deformations associated with
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Mount Hasan volcanism in order to reveal the sources of the earthquakes that have occurred in Mount
Hasan and its surroundings for many years with the help of digital findings. For this reason, three
continuously operating reference GNSS (Global Navigation Satellite Systems) stations were built on the
northern, southern and western hillsides of the volcano within the scope of the TUBITAK project as
numbered 121Y401 in order to monitor the surface deformation of the region in real-time. The recording
intervals of the GNSS stations were set as 1 and 30 seconds in order to record the earthquake in case of
a possible tremor and to obtain important data about the tectonics of the region, and to monitor with
high accuracy (VADASE- Variometric Approach for Displacement Analysis Stand-alone Engine) and
get a warning of instantaneous changes that occur in the GNSS antenna as a result of volcanic or tectonic
activity that exceed the specified threshold value (3cm/sec), these intervals also configured as 20 hertz
(0.05 sec). VADASE, which can determine the dynamic displacements occurring between consecutive
epochs with real-time ephemeris information and carrier phase observations obtained from raw GNSS
measurements, is currently used in the fields of earthquake, structure health monitoring and rapid risk
assessment. The earthquakes that occurred in Sofalaca-Sehitkamil Gaziantep (Mw: 7.7) and Ekindzii
Kahramanmaras (Mw: 7.6) on February 6, 2023 in our country caused massive destruction in the
surrounding cities and the impacts of these earthquakes were felt all over the country. Displacement and
velocity values of the earthquakes that occurred at 04:17 and 13:24 local time were calculated instantly
in the VADASE system. The rapid movement that occurred after the earthquake wave reached the region
was shown as a warning in the interface-system by all three stations, and this data could be accessed
approximately two minutes after the earthquake. In this study, the results obtained regarding the rapid
horizontal and vertical displacements for two different earthquake moments in the Mount Hasan volcano
monitoring system, which is approximately 250 km away from the epicenter of the earthquakes, are
presented. In addition, it is thought that the current system will make significant contributions to the
scientific field if used in monitoring active fault zones due to its ability to instantly obtain important
data about earthquakes and volcanic movements.

Keywords: Mount Hasan, Earthquake, GNSS, Displacement, VADASE
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Seferihisar Depreminin Neden Oldugu iyonosferik Anamolilerin incelenmesi

Investigation of Ionospheric Anamoles Caused by Seferihisar Earthquake
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Ozet

Diinya atmosferi, sicakliga gore bes ana katmana boliiniir ve yergekimi tarafindan korunur. Diinya
ylizeyinin en yakinindan en yiiksege dogru olan katmanlarn sirasiyla troposfer, stratosfer, mezosfer,
termosfer ve ekzosferdir. Iyonosfer, iist atmosferin 60 km ile 1000 km arasinda degisen iyonize kismidir
ve termosfer ile mezosfer tamamini ve ekzosferin bazi kisimlarm igerir. Iyonosferin biiyiik bir kism1
ndtr gazlardan olusmaktadir. Iyonize olmus gazlar ise ¢ogunlukla giinesten gelen kisa dalga (mor 6tesi
ve X 1stmmu) 1s1nlar ile iyonlasma sonucu olusur. Iyonosferdeki serbest elektron miktar1 zaman, konum,
jeomanyetik hareketlilik gibi birgok etkene baglidir. Iyonosfer, giinliik, 27 giinliik, mevsimsel, alti aylik,
yillik ve 11 yillik olmak iizere baz1 diizenli, zamansal ve bolgesel degisimler sergilemektedir. Bu
degisiklikler modellenebilir ve etkileri biilyiik 6l¢lide belirlenebilir. Diizenli degisimlerin yani sira
iyonosferdeki beklenmedik diizensiz degisimler, uzay hava kosullar1 (Glines patlamalari, jeomanyetik
firtalar, vb.), jeolojik dogal tehlikeler (Deprem, volkanik patlamalar vb.), insan kaynakli olaylar
(Roket firlatmalari, niikleer patlamalar, vb.) gibi bircok faktorden kaynaklanir ve iyonosferinde
kolaylikla tespit edilebilir bir iz birakir. Depremin yikici etkilerine kars1 dnlem alabilmek i¢in bu
deigisimlerin depremin meydana gelis zamaninin 6nceden kestirilebilmesi 6nemlidir Deprem tahmini
icin dikkate almmas1 gereken parametrelerden biri iyonosferik degisimlerdir. Yapilan bilimsel
caligmalarda depremden Once veya sonra iyonosfer tabakasinda bazi degisimler oldugu goriilmiistiir. Bu
degisimler farkli yontem ve cihazlarla tespiti yapilacak sekilde modellenebilmektedir. Bu yontemlerin
incelenmesindeki temel parametrelerden birisi de Toplam Elektron Icerigi (TEC) degerinin degisimidir.
Kiiresel Konumlandirma Uydu Sistemleri (GNSS) gozlemleri ile iyonosferdeki Toplam Elektron
Miktar1 (TEC) degisimleri deprem &ncesi, deprem an1 ve deprem sonrasi belirlenebilmektedir. Bu
calismada, Seferihisar-Izmir agiklarinda meydana gelen depremin (37.88810 N 26.77700 E, 30 Ekim
2020, Mw 6.6) iyonosferde meydana getirdigi degisimler deprem Oncesi, deprem giinii ve deprem
sonras1 olmak iizere 20 giinliik zaman araliginda arastirilmistir. Oncelikle deprem &ncesi, deprem giinii
ve deprem sonrasi iyonosfer degisimine etki edebilecek Glines Aktivitesi (F10.7), Jeomanyetik Aktivite
(Dst) ve Jeomanyetik Firtina (Kp) indisleri incelenmistir. Indisler, uzay ortaminin ve manyetik alanin
durumunun 20 Ekim ile 08 Kasmm 2020 tarihleri arasinda sessiz oldugunu gostermistir. Daha sonra
deprem bolgesi ve c¢evresinde bulunan 10 tane CORS-Tr istasyonundan toplanan RINEX verileri
Bernese v5.2 Bilimsel GNSS yazilimiile degerlendirilmesi sonucu elde edilen bolgesel iyonosferik TEC
(RIM-TEC) ve global TEC haritalar1 (CODE) kullanilarak 10 istasyonun koordinatlarindan
yararlanarak enterpolasyon ile elde edilen GIM-TEC degerleri ile depremin iyonosferdeki TEC
degisimlerine etkisi incelenmistir. Gergeklestirilen ¢alismada, deprem gibi biiyiik epizodik olaylarin
varliginda, TEC degerlerini yalmizca GIM TEC haritalarina glivenmek yerine bolgesel olarak
hesaplamanin daha gercek¢i oldugunu goéstermektedir. Gergeklestirilen bu ¢alismanin depremden
birka¢ hafta ya da giin sonra yapildigi g6z Oniine alinirsa, iyonosferin gercek zamanli olarak
izlenmesi, deprem erken uyari sistemlerinin gelistirilmesine katki saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: fyonosfer, RIM-TEC, CODE-TEC, Seferihisar Depremi, Uzay Iklim Kosullari

Abstract

The Earth's atmosphere is divided into five main layers based on temperature and is held in place by
gravity. The layers, in order from closest to the Earth's surface to the highest, are the troposphere,
stratosphere, mesosphere, thermosphere, and exosphere. The ionosphere is the ionized portion of the
upper atmosphere, ranging from 60 km to 1000 km, and it encompasses the entirety of the thermosphere
and mesosphere, as well as some parts of the exosphere. A significant portion of the ionosphere consists
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of neutral gases, while ionized gases primarily result from ionization due to short-wave solar radiation,
such as ultraviolet and X-rays. The amount of free electrons in the ionosphere depends on various
factors, including time, location, and geomagnetic activity. The ionosphere exhibits regular, temporal,
and regional variations, including daily, 27-day, seasonal, semi-annual, annual, and 11-year cycles.
These variations can be modeled, and their effects can be largely determined. In addition to regular
changes, unexpected irregular variations in the ionosphere are caused by various factors, including space
weather events (solar flares, geomagnetic storms, etc.), geological natural hazards (earthquakes,
volcanic eruptions, etc.), and human-made events (rocket launches, nuclear detonations, etc.). These
irregular changes leave easily detectable traces in the ionosphere. Detecting and understanding these
changes are important for taking precautions against the destructive effects of earthquakes, and
ionospheric variations are one of the parameters to consider in earthquake prediction. In scientific
studies, some changes in the ionosphere before or after earthquakes have been observed. These changes
can be modeled and detected using various methods and devices. One of the fundamental parameters in
studying these methods is the variation in Total Electron Content (TEC) in the ionosphere. Observations
of Global Navigation Satellite Systems (GNSS) can be used to determine changes in TEC in the
ionosphere before, during, and after earthquakes.

In this study, the changes in the ionosphere caused by the earthquake that occurred off the coast of
Seferihisar-Izmir (37.88810 N 26.77700 E, October 30, 2020, Mw 6.6) were investigated over a 20-day
time period, including before the earthquake, on the day of the earthquake, and after the earthquake.
Firstly, the Solar Activity (F10.7), Geomagnetic Activity (Dst), and Geomagnetic Storm (Kp) indices,
which could affect ionospheric changes, were examined. The indices indicated that the space
environment and magnetic field were quiet between October 20 and November 8, 2020. Then, the
regional ionospheric Total Electron Content (RIM-TEC) obtained by processing RINEX data collected
from 10 Continuously Operating Reference Stations-Turkey (CORS-Tr) in the earthquake region and
its surroundings using Bernese v52 Scientific GNSS software, and GIM-TEC values obtained by
interpolation via the coordinates of 10 stations using global TEC maps (CODE) were used to investigate
the effect of the earthquake on ionospheric TEC changes. The study shows that in the presence of major
episodic events like earthquakes, it is more realistic to calculate TEC values regionally rather than
relying solely on Global TEC maps. Given that this study was conducted a few weeks or days after the
earthquake, monitoring the ionosphere in real-time is believed to contribute to the development of
earthquake early warning systems.

Keywords: lonosphere, RIM-TEC, CODE-TEC, Seferihisar Earthquake, Space Weather Conditions
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30 Ekim 2020 Mw:6.9 Sisam Depremi Sonrasi Izmir ve Cevresindeki Postsismik Deformasyonun
Izlenmesi

Monitoring Postseismic Deformation in Izmir and Its Surroundings After the 30 October 2020 Mw:6.9
Samos Earthquake
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Ozet

TUBITAK 121Y259 numarali proje kapsaminda 30 Ekim 2020 Mw:6.9 Sisam depremi sonrasi Izmir ve
giineyinde postsismik deformasyonun izlenmesi amacglanmustir. Calisma bolgesi IBTZ’nin giiney
kismim olusturan izmir-Giimiildiir-Karaburun iicgeninde yer alan bdlgeyi kapsamaktadir. Bu bdlgede
Mordogan (MF), Seferihisar (SF), Tuzla (TF), Kuscular (KuF), Kenelidag (KF), Yagcilar (YF),
Glimiildiir (GuF), Gilizelhisar (GFZ), Alagat1 (AF) ve Giilbahge (GF) faylan yer almaktadir. Calisma
bolgesinde postsismik deformasyonu izlemek i¢in kullanilabilecek ve ayni zamanda kosismik yer
degistirmeleri belirlemek i¢in de kullanilan GNSS noktalar1 yer almaktadir. Bu noktalar ayn1 zamanda
calisma ekibi tarafindan uzun siiredir takip edilen noktalardir. Bolgede yer alan noktalara ek olarak
TUSAGA-AKktif ve TUTGA noktalarinin da dahil edilmesiyle 27 noktalik bir GNSS ag1 olusturulmustur.
Agda yer alan noktalarda deprem sonrasinda 6 aylik periyotlar halinde toplam 4 kampanya daha GNSS
Olciimii  gerceklestirilmistir. Kosismik etkinin belirlenmesi amaciyla Kasim 2020 tarihinde
gerceklestirilen bir kampanya GNSS 6l¢limiinden elde edilen verilerle birlikte postsismik donemde elde
edilen tiim veriler GAMIT/GLOBK bilimsel yazilimi ile degerlendirilmis ve her bir noktaya ait deprem
oncesi ve deprem sonrast Avrasya sabit (ITRF2014) GNSS hizlar1 ve zaman serileri elde edilmistir. Elde
edilen sonuglara gore bolge postsismik donemde 14-32 mm/yillik (=1-3 mm) hizlarla glineybati yoniinde
hareket etmektedir. Ayrica bolgede yer alan noktalara ait zaman serilerindeki diizensizligin devam ettigi
goriilmiistiir. 30 Ekim 2020 Mw:6.9 Sisam depremi sonrasi bdlgede postsismik hareketin devamliliginin
analiz edilebilmesi i¢in agda yer alan noktalarin deprem Oncesi hizlar1 deprem sonrasi verilerde aynm
degerlendirme stratejisi kullanmilarak yeniden elde edilmistir. Postsismik donemdeki hizlarda deprem
oncesi hizlara gére hem vektorel hem de agisal farkliliklarin bulundugu goriilmiistiir. Bu durum bolgede
postsismik donemin devam ettigini géstermektedir.

Anahtar Kelimeler: Postsismik deformasyon, Sisam Depremi, GNSS Hizlar, [zmir-Balkesir Transfer
Zonu

Abstract

With the support of TUBITAK project number 121Y259, it was aimed to monitor the
postseismic deformation in Izmir and its south after the 30 October 2020 Mw: 6.9 Samos
earthquake. The study area covers the region located in the [zmir-Glimiildiir-Karaburun triangle,
which constitutes the southern part of IBTZ. In this region, Mordogan (MF), Seferihisar (SF),
Tuzla (TF), Kusgular (KuF), Kenelidag (KF), Yagcilar (YF), Gumiildiir (GuF), Giizelhisar (GFZ),
Alagat1 (AF) and Giilbahge (GF)) faults are located. There are GNSS sites in the study area that are
used to determine coseismic displacements and can also be used to monitor postseismic deformation.
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These are also sites that have been followed by the study team for a long time. A 27-sites GNSS network
was established by including TUSAGA-AKktif stations and TUTGA sites in the region. After the
earthquake, a total of 4 more campaigns of GNSS measurements were carried out at the sites in the
network in 6-month periods. All data obtained during the coseismic and postseismic periods were
evaluated with GAMIT/GLOBK scientific software, and pre-earthquake and post-earthquake Eurasian
fixed (ITRF2014) GNSS velocities and time series for each sites were obtained. According to the results
obtained, the region moves in the southwest direction at velocities of 14-32 mm/year (with sigmas of
+1-3 mm) during the postseismic period. In addition, it was observed that the irregularity in the time
series of sites in the region continued. In order to analyze the postseismic movement in the region after
the 30 October 2020 Mw:6.9 Samos earthquake, the pre-earthquake velocities of the sites in the network
were obtained again using the same evaluation strategy in the post-earthquake data. It has been observed
that there are both vectorial and angular differences in the velocities in the post-seismic period
compared to the pre-earthquake velocities. This situation shows that the postseismic period continues
in the region.

Keywords: Postseismic Deformation, Samos Earthquake, GNSS Velocities, Izmir-Balikesir Transfer
Zone
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GRACE/GRACE-FO Uydu Verileri ile Firat-Dicle Nehri Su Kiitlesi Degisiminin Zaman Serisi
Analizi

Time Series Analysis of Euphrates-Tigris River Water Mass Change with GRACE/GRACE-FO
Satellite Data
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Ozet

Giliniimiizde su kaynaklarmin korunmasini, etkili yonetimini ve siirdiiriilebilir kullamminin 6nemini
vurgulayan ulusal ve uluslararasi bir¢ok calisma yapilmaktadir. Bu galigmalarda en yaygin yontem
olarak kullanilan uzaktan algilama teknigi GRACE/-FO (Gravity Recovery and Climate Experiment/-
Follow On) uydu misyonudur. GRACE (Gravity Recovery and Climate Experiment/-Follow On) uydusu
DLR (Alman Havacilik ve Uzay Merkezi) ve NASA (Amerikan Ulusal Havacilik ve Uzay Merkezi) is
birligi ile Mart 2002 tarihinde baslatilmis olup Haziran 2017 tarihine kadar veri saglamistir. 2018 May1s
aymda GRACE uydusunun devam niteliginde gelistirilen GRACE-FO uydusu NASA ve GFZ (Alman
Yer Bilimleri Arastirma Merkezi) tarafindan ortaklasa olarak hayata gecirilmisti. GRACE/-FO
uydularimin gergeklestirilmesinin temel sebebi yercekimi alan1 ve iklim degisikligi ile ilgili verilerin daha
yliksek dogrulukta ve kapsama alaninda elde etmektir. Bu sebepler 1s1ginda ikiz uydu sistemi olarak
gelistirilen GRACE/-FO uydusu arastirmacilara su kiitleleri hakkinda veri saglamaktadir. GRACE/-FO
uydusundan elde edilen Toplam Su Kiitlesi (TWS) verileri ile kiiresel dl¢ekte veya istenilen bolgeye ait
su kiitlelerindeki degisimler incelenebilmektedir. Bu veriler GRACE/-FO uydusuna ait Veri Bilim
Sistemi (SDS) tarafindan olusturulmaktadir. SDS iceriside GFZ, CSR (University of Texas Center of
Space Research), JPL (NASA Jet Propulsion Laboratory) analiz merkezleri yer almaktadir. Her analiz
merkezine gére TWS verileri liretilir ve yaymlanir. COST-G (International Combination Service for
Time-variable Gravity Fields) uluslararas1 kombinasyon servisidir ve GRACE/-FO uydu verilerinin
kombinasyonunu saglamaktadir. Bu sayede her bir analiz merkezinin verileri kullamilarak daha ytiksek
dogrulukta TWS verileri elde edilebilmektedir. G3P (Global Gravity-based Groundwater Product) diinya
capinda degisen yeralt1 suyu kaynaklarina iliskin tutarl, gézlem temelli ve kiiresel kapsamli operasyonel
bilgi saglayan veri kaynagidir. Alfred Wegener Enstitiisii (AWI) ve Dresden Teknik Universitesi is
birligiyle GFZ Yercekimi Bilgi Hizmeti olan GravlS (Gravity Information Service) GRACE/-FO
uydusundan elde edilen verileri yaymlayan ve gorsellestiren servistir. GravIS sayesinde cesitli su
kaynaklariin belirli bdlgelerde nasil degistigi incelenebilir ve bu verilere erisilebilir. Calismada
GRACE/-FO uydu verilerine COST-G, GravlS ve G3P iizerinden TWS verilerine erisilmistir. Bu
verilerin konumsal ¢oziiniirliigii 1° enlem*1° boylam; zamansal ¢6ziiniirliigli ayliktir. Caligma bolgesi
olarak Firat-Dicle Nehri secilmistir. Elde edilen veriler bolgesel olarak indirgenip zaman serisi analizi
yapilmistir. Bélgede TWS degerlerinde yaklasik olarak yillik 0.2 cm'lik azalis oldugu gézlemlenmistir.
TWS verilerinin arasindaki korelasyon da incelenmistir. Pearson Korelasyon katsayilari 0,99 olarak
hesaplanmigtir. Sonu¢ olarak Firat-Dicle Nehri'nde zaman serilerinde de goriildiigii iizere TWS
degerlerinin azalis egiliminde oldugu goriilmektedir.

Anahtar Kelimeler: GRACE/GRACE-FO, COST-G, GraviS, G3P, Su kiitlesi degisimi, Zaman serisi

analizi.

Abstract

Numerous national and international studies emphasize the importance of conserving water resources,
effective management, and sustainable utilization. The remote sensing technique known as GRACE/-
FO (Gravity Recovery and Climate Experiment/-Follow On) satellite mission is commonly used as the
primary method in these studies. The GRACE satellite mission, jointly initiated by DLR (German
Aerospace Center) and NASA (National Aeronautics and Space Administration) in March 2002,
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provided data until June 2017. In May 2018, the GRACE-FO satellite was developed as a continuation
of the GRACE mission, in collaboration between NASA and GFZ (German Research Centre for
Geosciences). The main purpose of implementing the GRACE/-FO satellite system is to obtain data on
gravity field and climate change with higher accuracy and coverage. Developed as a twin satellite
system for these reasons, the GRACE/-FO satellite provides researchers with data on water masses. The
Total Water Storage (TWS) data obtained from the GRACE/-FO satellite enables the examination of
changes in water masses on a global scale or in specific regions. These data are generated by the Satellite
Data System (SDS) associated with the GRACE/-FO satellite. The SDS includes the analysis centers
GFZ, CSR (University of Texas Center for Space Research), and JPL (NASA Jet Propulsion
Laboratory). TWS data is produced and published according to each analysis center. COST-G
(International Combination Service for Time-variable Gravity Fields) is an international combination
service that combines and integrates GRACE/-FO satellite data, resulting in TWS data with higher
accuracy by utilizing data from each analysis center. G3P (Global Gravity-based Groundwater Product)
is a data source that provides consistent, observation-based, and globally comprehensive operational
information on varying groundwater resources worldwide. GravIS (Gravity Information Service), a
collaboration between the Alfred Wegener Institute (AWI) and Dresden University of Technology, is
the service that publishes and visualizes the data obtained from the GRACE/-FO satellite, serving as
GFZ's Gravity Information Service. GravIS allows the examination of how various water resources
change in specific regions and enables access to this data. In this study, TWS data was accessed through
COST-G, GravlS, and G3P using GRACE/-FO satellite data. The spatial resolution of these data is 1°
latitude by 1° longitude, with a monthly temporal resolution. The study area selected is the Euphrates-
Tigris River. The obtained data were spatially reduced for the region, and time series analysis was
performed. It was observed that the TWS values in the region decreased by approximately 0,2 cm
annually. The correlation between TWS data was also examined, and Pearson correlation coefficients
were calculated as 0.99. Consequently, as observed in the time series of the Euphrates-Tigris River, a
decreasing trend in TWS values can be observed.

Keywords: GRACE/GRACE-FO, COST-G, GravlS, G3P, Water mass change, Time series analysis.
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TUSAGA-AKktif Jeodezik Alt Yapisimin Giiclendirilmesi
Strengthening of CORS-TR Geodetic Infrastructure
Ayhan CINGOZ'*

! Atay Miihendislik, Mutlukent Mahallesi 2010. Cadde, Beysu Villakent Sitesi No:1 Beysukent, Cankaya, Ankara
™ acingoz@ataymuhendislik.com

Ozet

Anadolu biiytik depremler olusturan Kuzey Anadolu ve Dogu Anadolu fay sistemlerinin iizerinde yer
almaktadir. Ozellikle 6 ve daha biiyiikliikteki depremler sonucunda kadastro dogruluk sinirlarini agan
deformasyon yani yer degistirmeler meydana gelmektedir. Bu durumda kamu kurumlarn ve 6zel sektore
ait nirengi noktalar ile konumlama hizmeti veren referans istasyonlarmin ii¢ boyutlu koordinat
bilgilerinin yeniden hesaplanmasi zorunludur. Deprem atimlarindan ayri olarak, nokta konumlarinda
biiytikliik ve yonii bolgeden bolgeye degisen, yatay yonde yilda 2- 3 cm’e ulasan siirekli hareketler
mevcuttur. Bu tektonik yapiya uygun olarak, TUTGA ve TUSAGA-AKktif gibi modern jeodezik aglar
hiz bilgileriyle birlikte 4 Boyutlu olarak tamimlanmistir (X,Y,Z,t). B derece ag ve noktalar arasinda
smiflandirilan TUSAGA-AKktif sisteminden, gerek Gercek Zamanli Kinematik diizeltme verileri
kullanilarak yersel, Kinematik GNSS veya GNSS-IMU destekli uguslarda ise sabit yer istasyonu olarak,
gerekse statik 6lgii yontemi ile yapilacak uygulamalarda izlenecek kurallar Biiyiik Olgekli Harita ve
Harita Bilgileri Uretim Yonetmeligi (BOHHBUY) nde tanimlanmistir. Bu bildiride, bircok farkli
disiplinde sonug iiriinlerinden yararlanilan TUSAGA-AKktif sisteminde isletilen referans istasyonlarina
ait koordinat ve hizlarin en yiiksek hassasiyette hesaplanmasinin asamalar1 ile mevcut yazilima ek
olarak kurulan Tersus PNW kontrol merkezi yazilimi tanitilacak, TUREF hiz alanimin kullanim ele
alinacaktir. Yonetmelige gore kullanicilar, 6lgme epogunda iirettikleri jeodezik nokta koordinatlarim
referans epoguna (2005.0) kaydirmak amaciyla giincel TUTGA/TUSAGA-AKktif nokta hizlarindan
idare tarafindan belirlenen enterpolasyon yoOntemini kullanarak hiz bilgisi hesaplamaktadir. Bu
cercevede, Harita Genel Miidiirliigii koordinatorliigiinde hesaplanan Tiirkiye Hiz Alaninin TUSAGA-
Aktif sisteminde kullanilmasina yonelik yontem onerilecektir. Ayrica, sistemin daha verimli ve etkin
calisabilmesi amaciyla; istasyonlar aras1 mesafelerin azaltilmasi amaciyla ilave istasyonlarin eklenmesi,
alicilarin  tim GNSS sinyallerini alabilecek sekilde modernizasyonu, Azerbaycan, Giircistan,
Yunanistan ve Bulgaristan gibi komsu iilkelerle entegrasyon, TUREF’in ve dolayisiyla ITRF96 datumu
ve 2005.0 epogunun giincellenmesi hususlarinda 6neriler getirilecektir.

Anahtar Kelimeler: Hiz Alani, ITRF, TUREF, TUSAGA-Aktif

Abstract

Anatolia is located on the North and East Anatolian fault systems that cause major earthquakes.
Especially because of earthquakes of magnitude 6 and above, deformations, that is, displacements, that
exceed the cadastral accuracy limits occur. In this case, it is necessary to re-estimate the three-
dimensional coordinate information of the landmarks belonging to public institutions and the private
sector, and the reference stations that provide positioning services. Apart from the earthquake
displacements, there are continuous movements at point locations, whose size and direction vary from
region to region, reaching 2-3 cm per year in the horizontal direction. In accordance with this tectonic
structure, modern geodetic networks such as TUTGA and CORS-TR are defined in 4D with velocity
information (X,Y,Z,t). By using the data of CORS-TR system, which is classified among B-degree
networks and points, the rules to be followed in applications to be made either locally using Real-Time
Kinematic correction data, as a reference station in Kinematic GNSS or GNSS-IMU supported flights,
or with the static measurement method are defined at Regulation on Large Scale Map and Map
Information Production (BOHHBUY). In this presentation, the stages of calculating the precise
coordinates and velocities of the reference stations operated in the CORS-TR and the Tersus PNW
which was installed in addition to the existing control center software, will be introduced and the use
of the TUREEF velocity field will be discussed. According to the regulation, users calculate velocity
information using the interpolation method determined by the Administration from the current
TUTGA/CORS-TR site velocities to shift the geodetic coordinates they produce in the
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measurement/current to the reference epoch (2005.0). In this context, a method will be proposed for the
use of TUREF velocity field, estimated under the coordination of General Directorate of Mapping, in
the CORS-TR. In addition, for the system to work more efficiently and effectively; suggestions will be
made regarding the addition of more stations to reduce the inter-station distances, the modernization of
receivers to collect all GNSS signals, integration with neighboring countries such as Azerbaijan,
Georgia, Greece and Bulgaria, and updating TUREF and therefore the ITRF96 datum and 2005.0 epoch.

Keywords: CORS-TR, ITRF, TUREF, Velocity Field
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Filistin Ulusal Jeodezik Referans Cercevesinin Olusturulmasi

Coskun Demir', Ali Kiligoglu, Saed Ideas, Mohammad Maraheel:, Omar Abusharar:, Samuel
Awawdi’

IGeoeksper Hrt.Miih.Ltd.Sti. Koru Mah. Kavakli Sok. No. 8/41 Cayyolu, Ankara, Turkiye
2 palestinian Land Authority (PLA), Surveying General Directorate, Nablus Main Str. Al-Bireh, West Bank
3Axis- GPS for Advanced Engineering Solutions, Al Ersal Street, Ramallah, West Bank

= csdemir@gmail.com

Ozet

Diinya Bankasi tarafindan desteklenen “Filistin Ulusal Jeodezik Referans Cergevesinin Gelistirilmesi
(PAL-GRF)” projesi, tiim kullanicilara her yoniiyle yiiksek dogrulukta, homojen ve standart
konumlandirma olanag1 saglayacak modern bir jeodezik altyapinin kurulmasini hedeflemektedir.

Jeodezik altyapi, konumla ilgili her tiirli teknik ¢aligmanin ana temelini olusturur. Modern ve giincel
kadastral ve topografik haritalarin tiretimi, CBS'nin gelistirilmesi, Ulusal Mekansal Veri Altyapisinin
(NSDI) temel bilesenleri vb. i¢in modern ve {ilke ¢apinda bir tutarli ve dogrulugu yiiksek bir jeodezik
altyapinin kurulmasi 6nkosuldur.

Filistin jeodezik referans sistemi (PAL1923), tiim diinyada oldugu gibi, baslangicta klasik haritacilik
teknikleri kullanilarak olusturulmus ancak modern anlamda kiiresel jeodezik referans sistemleriyle
heniiz entegre edilememistir. Nirengi ag1 ve ylikseklik agi, yaklasik 100 y1l once Filistin Arastirma
Dairesi tarafindan kurulmustur.

Bu aglar, konum dogrulugunun diisiik olmasi, noktalarin 6nemli bir kisminin tahrip olmasi gibi ¢esitli
nedenlerle giliniimiiziin beklenen dogruluk kriterlerini ve modern konumlandirma ihtiyaglarini
karsilamaktan uzaktir. Bir diger énemli faktor ise Filistin'in bulundugu bdlgede zamanla noktalarin
konumunu degistiren kabuk deformasyonunun etkisidir.

PAL-GREF, temel olarak gercek zamanl kinematik (RTK) konumlandirma hizmeti saglayan Siirekli
Calisan Referans Istasyonlar1 agimin hayata gegirilmesini amaglamaktadir. Ancak mevcut durumda,
gelecekte aktif istasyonlara doniistiiriilecek sekilde pasif yapida bir jeodezik ag olusturulmasi yoluna
gidilmistir. Bu amagla, iilkeye dagilan 10 adet istasyonda GNSS o6l¢ii kampanyas1 diizenlenerek
ITRF2020 referans sistemine dayali olarak nokta koordinatlar1 hesaplanmistir. Bunun yansira, iilkenin
hemen civarindaki 58 adet sabit GNSS istasyonunda elde edilen 3 y1llik veriler zaman serileri ile analiz
edilerek PAL-GRF noktalarindaki hizlar kestirilmistir. Bu sayede, Referans Cercevesi taniminda hiz
bileseninin etkisi ortaya konmustur.

Filistin’de kullanilabilir bir diisey kontrol ag1 bulunmadigindan ortometrik yiiksekliklerinin
belirlenebilmesi i¢in bir yerel jeoid modeli hesaplanmistir. Elde mevcut global jeopotansiyel model,
sayisal arazi modeli ve GNSS/Nivelman jeoid yiiksekliklerinin kombinasyonu ile yerel jeoid modeli
olusturulmustur. Hesaplanan jeoid modeli; GNSS ile belirlenen elipsoid yiiksekliklerinden ortometrik
yliksekliklerin dogrudan belirlenmesinde kullanilabilecektir.

Ayrica, llkeye dagilmis 53 adet eski nirengi agi noktasinda GNSS o&lglimleri yapilmis ve yeni
tanimlanan PAL-GRF ile PAL1923 arasinda iki ve {li¢ boyutlu doniisiim parametleri hesaplanmis ve
datum doniisiimlerinin ve koordinat doniisiimlerinin internet {izerinden yapilmasina yonelik bir Web
arayiiz sayfast hazirlanmstir.

Anahtar Kelimeler: Referans Cergevesi, Zaman Serisi Analizi, Koordinat Transformasyonu, Koordinat
Doniistimii

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering 77

Ttirkiye Ulusal Jeodezi Komisyonu (TUJK) XXIl. Sempozyumu 2023, 29 Kasim-01 Aralik 2023, Trabzon
Turkish National Geodesy Commission XXIl. Symposium 2023, November 29-December 01 2023, Trabzon



Tiirkiye’nin Antarktika Kitasindaki flk Sabit GNSS Istasyonu: Dismal (DISM)
Istasyonu

The First Permanent GNSS Station of Tiirkiye in Antarctica: Dismal (DISM) Station

Ozgiir OZEL, Yusuf URAL, Abdullah KELLEVEZIR, Tunahan GUNDOGAN, Faruk YALCIN,
Selcuk PEKER, Soner OZDEMIR, Hakan KILINC, ibrahim Cihan DEMIREL, ilyas AKPINAR

Harita Genel Miidiirliigii, Jeodezi Dairesi Baskanlgi, Ankara

selcuk.peker@harita.gov.tr

Ozet

Bu calismanin temel amaci, Antarktika kitasinda Tiirkiye’nin ilk sabit Kiiresel Navigasyon Uydu
Sistemi (GNSS) istasyonu olan Dismal (DISM) noktasinin kurulum agamalari hakkinda bilgi vermek,
koordinat zaman serisini incelemek ve analiz etmektir. Verilerin analizi GAMIT/GLOBK v10.71
yazilimi kullanilarak gergeklestirilmistir. DISM istasyonunun giinliik ¢oziimleri, koordinat ve hizlan
ITRF2014 datumunda belirlenmistir. DISM istasyonunun yer degistirme vektorii kuzeydogu yoniine
hareket ettigi tespit edilmistir. Elde edilen sonuglar neticesinde noktanin bolgesindeki diger sabit
istasyonlarla ayn1 hareketi yaptig1 degerlendirilmektedir. DISM noktasinin zaman serisi incelendiginde
yilin ayn1 donemlerinde harmonik salimmlar yaptig1 goriilmektedir. Analizler sonucunda DISM
noktasinin NEU bilesenlerinin hizi Vn=9.56 mm/y1l, Ve=13.15 mm/y1l ve Vu=-0.25 mm/y1l olarak
hesaplanmistir. Analize dahil edilen noktalarin dengeleme sonucunda elde edilen koordinatlarinin
karesel ortalama hatalar1 kuzey-giiney bileseninde 1.62 mm, dogu-bati bileseninde 1.74 mm ve
yiikseklik bileseninde 4.89 mm olarak, hizlarin karesel ortalama hatas1 ise kuzey-giiney bileseninde
0.51 mm/y1l, dogu-bat1 bileseninde 0.43 mm/y1l ve yiikseklik bileseninde 2.10 mm/y1l olarak elde
edilmistir.

Anahtar Kelimeler: GNSS, Antarktika, Istasyon Hizi

Abstract

The main purpose of this study is to provide information about the installation stages of the Dismal
(DISM) station which is Turkey's first permanent Global Navigation Satellite System (GNSS) station
on the Antarctic continent, and to examine and analyze the coordinate time series. Data analysis was
carried out using GAMIT/GLOBK v10.71 software. Daily solutions, coordinates and velocities of the
DISM station were determined in the ITRF2014 datum. It has been determined that the displacement
vector of the DISM station moves towards the northeast. As a result of the results obtained, it is
evaluated that the station moves in the same way as other permanent stations in its region. When the
time series of the DISM station is examined, it is seen that it makes harmonic oscillations in the same
periods of the year. As a result of the analysis, the velocity of the NEU components of the DISM station
was calculated as Vn=9.56 mm/year, Ve=13.15 mm/year and Vu=-0.25 mm/year. The root mean square
errors of the coordinates obtained as a result of adjustment of the points included in the analysis are
1.62 mm in the north-south component, 1.74 mm in the east-west component and 4.89 mm in the up
component. The root mean square error of the velocities is 0.51 mm/year in the north-south component,
0.43 mm/year in the east-west component and 2.10 mm/year in the up component.

Keywords: GNSS, Antarctica Station velocity
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Arktik Kutup Bolgesindeki Farkl Jeomanyetik Etkiler Altinda Tek-Frekansh Hassas Nokta
Konum Belirleme (SF-PPP) Tekniginin Konum Belirleme Performansinin Arastirilmasi

An Investigation of the Positioning Performance of the Single-Frequency Precise Point
Positioning (SF-PPP) Technique under Different Geomagnetic Conditions in the Arctic Polar
Region

Cagan Soysal'*’, Mert Bezcioglu'

!Gebze Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Kocaeli
e soysal2020@gtu.edu.tr

Ozet

Tek-frekansli GNSS gozlemleri Arktik ve Antarktika gibi bolgelerde 6l¢me ve donanim maliyetlerinin
diistirtilmesinde son derece kritik bir rol oynamaktadir. Belirtilen avantajlara ek olarak, tek-frekansh
alicilarin diislik batarya tiikketimi de zorlu 6lgme kosullarini barindiran bu bolgeler ig¢in oldukca
onemlidir. Son yillarda GNSS alic1 ve algoritma modellerinin gelistirilmesi ile ¢ift-frekansh geleneksel-
Hassas Nokta Konum Belirleme (PPP) teknigine ek olarak, Tek-frekansli (SF)-PPP yontemi de GNSS
kullanicilar1 igin erisilebilir duruma gelmistir. Ancak, tek-frekansli gozlemlerin iyonosfer
gecikmesinden yliksek oranda etkilenmesi nedeniyle, SF-PPP tekniginden elde edilecek olan konum
dogrulugunun diisecegi son derece aciktir. Dolayisiyla, Arktik kutup bolgesinde tek-frekansli GNSS
gozlemlerine dayali PPP tekniginin konum belirleme performansinin arastirilmasi, bolgede
gerceklestirilecek olasi GNSS-tabanli calismalar i¢in son derece kritiktir. Bu c¢alismada, Arktik
bolgesindeki farkli jeomanyetik kosullar altinda SF-PPP tekniginin konum belirleme performansi
incelenmistir. Calismanin amaci dogrultusunda, Arktik bolgede faaliyet gosteren Uluslararasi GNSS
Servisi-Polar Diinya Gozlem Ag1 (IGS-POLENET) agina bagli yiiksek, orta ve algak enlemden ii¢ farkli
istasyon segilmistir. Bu istasyonlar sirasiyla sakin, ortalama ve asir1 jeomanyetik etkiler altinda SF-
PPP teknigi ile degerlendirilmistir. Elde edilen sonuglar, IGS giinliik ¢6ziimleri referans alinarak analiz
edilmistir. Bulgular, sakin jeomanyetik kosullar altinda s6z konusu ii¢ istasyondan elde edilen Karesel
Ortalama Hata (KOH) degerlerinin saga, yukari ve h bilesenleri i¢in sirasiyla 26.4 cm, 30.9 cm ve 36.8
cm oldugunu gostermektedir. Buna karsilik, ortalama jeomanyetik etkiler altinda SF-PPP tekniginden
elde edilen KOH degerlerinin sakin giline kiyasla saga ve yukar bilesenler i¢in sirasiyla 9.0 cm ve 4.7
cm artt1g1, ek olarak h bileseninden elde edilen KOH degerinin ise 17 cm yiikseldigi gézlemlenmistir.
Asint jeomanyetik kosullar altinda elde edilen SF-PPP sonuglar ise sakin giinden elde edilen iki boyutlu
konum dogrulugunu yaklasik olarak 3 kat daha koétiilestirdigini, buna ek olarak ise yiikseklik
bileseninden elde edilen KOH degerinin ise 2.4 kat daha arttigin1 ifade etmektedir. Son olarak, giiclii
jeomanyetik kosullar altinda elde edilen SF-PPP ¢oziimlerinin KOH degerleri, ortalama giinden elde
edilene kiyasla iki boyut ve h bilesenleri i¢in sirastyla 2.4 kat ve 3.4 kat daha yiiksektir. Caligmada elde
edilen bulgular, SF-PPP tekniginin kutup bdlgelerinde yiiksek hassasiyet gerektiren jeodezik ¢calismalar
icin jeomanyetik kosullardan bagimsiz olarak yiiksek dogruluk saglayamadigini, buna karsilik
navigasyon amagcli kullanilabilecegine isaret etmektedir.

Anahtar Kelimeler: SF-PPP, Arktik, Iyonosferik Etki

Abstract

Single-frequency GNSS observations play a critical role in reducing survey and equipment costs in
regions such as the Arctic and Antarctic. In addition to the aforementioned advantages, the low battery
consumption of single-frequency receivers is also very important for these regions with harsh surveying
conditions. Thanks to the development of GNSS receiver and algorithm models in recent years, the
Single-Frequency-Precise Point Positioning (SF-PPP) method has become accessible to GNSS users in
addition to the traditional dual-frequency PPP. However, since the single-frequency observations are
highly affected by the ionosphere delay, it is obvious that the position accuracy of the SF-PPP technique
will be degraded. Therefore, investigating the positioning performance of the PPP technique based on
single-frequency GNSS observations in the Arctic is critical for possible GNSS-based research in the
region. This investigation presents the positioning performance of the SF-PPP technique under different
geomagnetic conditions in the Arctic region. In this regard, three different stations operating in the
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Arctic, which are located in high, middle, and low latitude regions and connected to the International
GNSS Service-The Polar Earth Observation Network, IGS-POLENET network, were selected.
Observations were evaluated with the SF-PPP technique under quiet, unsettled, and minor geomagnetic
conditions, respectively. IGS daily solutions were considered ground truth for the investigation of the
SF-PPP technique under different geomagnetic conditions. The findings under quiet geomagnetic
conditions demonstrated that the mean of Root Mean Square Error (RMSE) values obtained from three
stations are 26.4 cm, 30.9 cm, and 36.8 cm for the east, north, and h components, respectively.
Moreover, the RMSEs of the SF-PPP technique under unsettled geomagnetic conditions were increased
by 9.0 cm and 4.7 cm for the east and north components, respectively, and this increase was 17 cm for
the h component, compared to the quiet geomagnetic conditions. Furthermore, it was also concluded
that the minor geomagnetic conditions worsened the two-dimensional (2D) positioning accuracy
obtained from minor conditions by approximately a factor of 3, and they increased the RMSEs of the h
component by 2.4 times. Finally, the 2D and h RMSE values of SF-PPP solutions under minor
geomagnetic conditions were 2.4 times and 3.4 times higher than the unsettled day. The outcomes
revealed that the SF-PPP technique does not provide high accuracy independent of geomagnetic
conditions for geodetic studies, which require high precision, but it can be used for navigation
applications in the Arctic region.

Keywords: SF-PPP, Arctic, lonospheric Effect
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Tiirkiye kiyillarinda deniz seviyesi degisiminin GNSS-IR yontemine dayah olarak
belirlenmesi

Determination of sea level changes based on GNSS-IR on Tiirkiye coastlines
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Ozet

Deniz seviyesi degisimi hem iklim bilimsel ¢aligmalarda hem de yerkiirenin jeodinamik siireclerinin
izlenmesinde ve aciklanmasmda ihtiya¢ duyulan, siirekli olarak gozlemlenmesi gereken 6nemli bir
degiskendir. Deniz seviyesi gozlemleri giinlimiizde uydu ve yer tabanli 6lgme sistem ve teknolojileri
kullanilarak kiiresel, bolgesel ve yerel oOlgeklerde gergeklestirilmektedir. GNSS Interferometrik
Reflektometri (GNSS-IR) adi verilen yontem, son on yildir, deniz seviyesinin belirlenmesinde
geleneksel yontemlere alternatif bir teknik olarak kullanilmaktadir. Bu calismada, Yildiz Teknik
Universitesi ve Harita Genel Miidiirliigii arasindaki is birligi alt protokolii kapsaminda gergeklestirilen
“Tirkiye Kiyilarinda Deniz Seviyesi Degisiminin SNR Verileri ile GNSS-IR Yo6ntemine Dayali
Olarak Izlenmesi ve Dogruluk Arastirmasi” baslikli iiniversite bilimsel arastirma projesinin ¢iktilari
sunulmustur. Calisma kapsaminda Tiirkiye Ulusal Deniz Seviyesi izleme Sistemi (TUDES) aginda yer
alan, mareograf istasyonlari ile ortak yerleskeli, dort adet GNSS istasyonunun (iskenderun/Arsuz,
Gokgeada, Trabzon, Yalova) 1 Mayis 2020 — 1 Mayis 2021 tarihleri arasinda gozlemledigi bir yillik
GNSS SNR verisi degerlendirilmistir. GNSS-IR deniz seviyesi kestirimlerinin dogruluk analizi
mareograf dlgiileriyle karsilastirilarak gerceklestirilmistir. Istasyonlarda yer segimine iliskin kosullar
saglandig1 takdirde giinliik ortalama deniz seviyesi degerlerinin mareograf olgiileri ile korelasyon
katsayisinin %90’m iizerinde oldugu, karesel ortalama hatanin ise 10 cm’nin altinda kaldig
gdzlemlenmistir. GNSS veri toplama siklig1 yeterli oldugu ve ilgili istasyonun yer se¢imi GNSS-IR
konsepti dikkate alinarak yapildigi takdirde, GNSS-IR yonteminin deniz seviyesi degisimlerinin etkin
belirlenmesinde mareograf dlciilerine alternatif bir teknik olarak kullanilabilecegi ortaya konulmustur.

Anahtar Kelimeler: GNSS-IR, SNR, Deniz Seviyesi, TUDES, Mareograf Istasyonu

Abstract

Sea level change is an important variable that needs to be continuously observed, both in
climatological studies and in monitoring and explaining the geodynamic processes of the Earth. Sea
level observations are currently carried out at global, regional, and local scales using satellite and
ground-based measurement systems and technologies. The method called GNSS Interferometric
Reflectometry (GNSS-IR) has been used as an alternative technique to traditional methods in
determining sea level for the last decade. In this study, the outputs of the university scientific research
project titled "Monitoring and Accuracy Research of Sea Level Change on Tiirkiye Coastlines Based
on SNR Data with the GNSS-IR Method", carried out under the sub-protocol of cooperation between
Yildiz Technical University and the General Directorate of Mapping, are presented. Within the scope
of the study, the one-year GNSS SNR data (between May 1, 2020, and May 1, 2021) observed by four
GNSS stations (Iskenderun/Arsuz, Gokgeada, Trabzon, Yalova) from the Tiirkiye National Sea Level
Monitoring System (TUDES) network, which are co-located with tide gauge stations, have been
evaluated. The accuracy analysis of GNSS-IR sea level estimates was carried out by comparing them
with tide gauge measurements. It was observed that when the conditions related to site selection at the
stations are met, the correlation coefficient of daily mean sea level values with tide gauge
measurements is over 90%, and the root mean square error remains below 10 cm.
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It has been demonstrated that the GNSS-IR method can be used as an alternative technique to tide
gauge measurements in effectively determining sea level changes, assuming the GNSS data sampling

frequency is sufficient and the site selection for the relevant station is made considering the GNSS-IR
concept.

Keywords: GNSS-IR, SNR, Sea Level, TUDES, Tide Gauge Station
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GPS Meteorolojisi ile Elde Edilen Yagisa Doniisebilir Su Buharinin Onemi ve Hava
Tahmininde Kullanilmasi

The Importance of Precipitable Water Vapor Obtained by GPS Meteorology and Its Use in
Weather Forecasting
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Ozet

Tiirkiye Ulusal Sabit GNSS Istasyonlar1 Agi-Aktif (TUSAGA-AKktif), 70-90 km aralikli istasyonlar
arast uzaklikla homojen dagilimli 166 istasyon ile haritacilik ¢aligmalarina zamansal ve mekéansal
¢cozlinlirlik saglamaktadir. Genelde jeodezik, jeodinamik ve navigasyon amagl caligmalara yonelik
olarak kurulan Sabit GNSS aglarindan elde edilen veriler meteorolojik ¢aligmalara da katk
saglamaktadir. S6z konusu bu verilerden olan yagisa doniisebilir su buhar1 (PWV : Precipitable Water
Vapor-) miktar1 ve toplam zenit gecikmesi (ZTD : Zenith Total Delay) hava tahmini i¢in kullanilan
degerli bir yontemdir. Alt atmosferde mevcut su buhart miktarinin bilinmesi, sele sebep olacak kadar
kuvvetli yagislarin tahmininde 6nemli rol oynamaktadir. Son yillarda, kuvvetli yagislarin tahmin ve
takibinde; klasik ve geleneksel tahmin yontemlerine ilave olarak, hava kiitlesinin su buhar igerigi ve
degisimini yansitan ve bilyiik zaman ¢oziiniirliigiine sahip, yer esasli GPS-PWYV verisinin kullaniminin
onemi ortaya c¢ikmaktadir. Bu calisma ile GNSS-PWV verileri; hava tahminlerinde kullanilan
Radyasonda-PWYV degerleri birlikte analiz edilerek, kuvvetli yagislarla iliskisi ortaya konulmustur.
Ornek olarak 11 Agustos 2021 yilinda meydana gelen Bat1 Karadeniz sel felaketi ele alinmistir. Yapilan
calismada her iki yontem ile hesaplanan PWV degerlerinin birbirleriyle uyumlu olduklari, GNSS-PWV
degerlerinin Radyasonda-PWYV degerlerine gére daha dogru ve ger¢ekei hava tahmini yapmaya imkan
saglayabilecegi yapilan analizler sonucunda gozlemlenmistir.

Anahtar Kelimeler: TUSAGA-Aktif, Yagisa Doniisebilir Su Buhart (PWV) miktar:, Toplam Zenit
Gecikmesi (TZD), 2021 Bati Karadeniz Sel Felaketi

Abstract

Continuously Operating GNSS Reference Stations of Tiirkiye (CORS-TR) provides temporal and
spatial resolution to surveying studies with 166 homogeneously distributed stations with 70-90 km
intervals between stations. The data obtained from reference GNSS stations, which are generally
established for geodetic, geodynamic and navigation purposes, also contribute to meteorological
studies. PWV (Precipitable Water Vapor-PWV) and ZTD (Total Zenith Delay) from these data is a
valuable method used for weather forecasting. Knowing the amount of water vapor present in the lower
atmosphere plays an important role in estimating precipitation strong enough to cause flooding. In
addition to classical and traditional forecasting methods, the importance of using ground-based GPS-
PWYV data with large time resolution, which reflects the water vapor content and variation of the air
mass, is emerging. With this study, GPS-PWYV data; The WRF forecast model was analyzed together
and its relationship with heavy precipitation was revealed. As an example, the Western Black Sea Flood
disaster, which occurred on August 11, 2021, was taken. In the study, it was observed as a result of the
analyzes that the PWV values calculated by both methods were compatible with each other, and that
the GNSS-PWYV values allowed more accurate and realistic weather forecasting than the Radiosonde-
PWYV values.

Keywords: CORS-TR, Precipitable Water Vapor (PWV), West Black Sea Flood Disaster in 2021
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Diisitk Maliyetli GNSS Sistemlerinin Jeodezik Uygulamalarda Kullanim
The use of Low-Cost GNSS Systems in Geodetic Applications
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Oku Topal', Ozge Giines'
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Ozet

1960’11 yillarda askeri amagclarla gelistirilmeye baslanan GNSS (Kiiresel Navigasyon Uydu Sistemi)
glinlimiizde her alanda aktif olarak kullanilmaktadir. Jeodezik c¢aligmalar kapsaminda sagladiklar
yliksek dogruluk nedeniyle cift frekansli ve ¢oklu uydu sistemine uyumlu GNSS ekipmanlari
uygulamalarda yer almaktadir. Tektonik hareketlerinin ve heyelanlarin izlenmesi, yap1 sagligi izleme
ve deformasyon olgmeleri gibi yiiksek konum dogrulugu gerektiren calismalarda jeodezik GNSS
sistemleri ve uygun 0l¢me-degerlendirme yontemleri ile santimetre alti dogruluga ulagsmak miimkiin
olmaktadir. Bu dogruluk kriteri 6l¢me ve degerlendirme yontemi ile iligkili oldugu kadar ayn1 zamanda
kullanilan GNSS alicis1 ve anteni ile de dogrudan iligkilidir. S6z konusu dogruluk kriterlerini saglamak
tizere, giinimiizde maliyetleri yaklagik olarak 5.000 —20.000 § (Amerikan dolar1) seviyelerinde degisen
jeodezik GNSS sistemleri benzer calismalarda aktif olarak kullanilmaktadir.

Giliniimiizde yasanan teknolojik gelismelere de bagl olarak, yukarida agiklanan jeodezik GNSS
sistemlerine benzer sekilde ¢ift frekanshi (L1/L2) ve ¢oklu uydu sistemleri ile uyumlu elektronik devre
kart1 seklinde GNSS alicilan iretilerek satisa ¢ikarilmaya baslanilmigtir. Elektronik kart seklinde
iiretilip satilmalar1 nedeniyle jeodezik GNSS sistemlerine kiyasla yaklasik onda bir maliyetle temin
edilebilmektedir. Ancak bu sistemler ¢oklu uydu sistemleri ve frekanslarinda veri toplamasina ragmen
klasik jeodezik sistemler gibi kullanici dostu bir arayiize sahip degillerdir. Elektronik devre seklinde
temin edilebilmeleri nedeniyle de arazi sartlarina ve dis etkilere karsi korumasiz kalmaktadir. Arazide
yapilan Olctimlerde s6z konusu GNSS sistemlerinin konfigiirasyonu, olglime hazirlanmasi ve
baslatilmas: ile veri kaydi i¢in taginabilir bilgisayarlar, giic kaynaklar1 vb. ek donanimlara ihtiyac
duyulmaktadir. Bu ¢alismada Y1ldiz Teknik Universitesi Bilimsel Arastirma Projeleri Koordinatérliigii
tarafindan desteklenen, FBA-2023-5897 numarali ve “Yer Degistirmelerin Izlenmesine Y&nelik Diisiik
Maliyetli Bir GNSS Ol¢me Sistemi Gelistirilmesi” baslikl1 arastirma projesi kapsaminda, miihendislik
yapilarinin, tektonik hareketlerin, heyelanlarin izlenmesi gibi ¢aligmalarda uygulanan jeodezik GNSS
Olcmeleri i¢in gelistirilen diisiik maliyetli bir GNSS 6l¢me sistemi agiklanmistir.

Gelistirilen GNSS 6l¢me sistemi, diisiik maliyetli GNSS alic1 ve anten donanimlari ile arazi sartlarinda
elektrik enerjisinin saglanamadig1 bolgelerde gilines enerji sistemi, iletisim donanimlarn ve kullanict
dostu konfigiirasyon ve veri aktarim yazilimlarindan olusmaktadir. Bu sayede sistemin uzun siireli 7/24
prensibine gore referans istasyon olarak calismasi ve arazi sartlarinda toplanan GNSS verilerinin
merkezi bir sunucu ortamina otomatik olarak aktarilabilmesi miimkiin olmaktadir. Bu ¢aligmada ayrica
gelistirilen sistemin sagladigi dogruluk agisindan irdelenebilmesi i¢in gerceklestirilen uygulamalar ile
ilgili bilgiler de aciklanmaktadir.

Anahtar Kelimeler: Diisiik maliyetli GNSS sistemi, miihendislik ol¢meleri, deformasyon ol¢meleri,
tektonik hareketlerin izlenmesi

Abstract

The GNSS (Global Navigation Satellite System), which was initially developed for military purposes
in the 1960s, is now actively used in various fields. In geodetic studies, high-precision GNSS equipment
compatible with dual-frequency and multi-satellite systems is used due to the high accuracy it provides.
In studies requiring high positional accuracy, such as monitoring tectonic movements, landslides,
structural health, and deformation measurements, geodetic GNSS systems, along with appropriate
measurement and processing methods, can achieve sub-centimeter accuracy. This accuracy criterion is
not only related to the measurement and evaluation method but also directly associated with the GNSS
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receiver and antenna used. To meet these accuracy criteria, geodetic GNSS systems, with costs ranging
from approximately $5,000 to $20,000 (US dollars), are actively used in similar studies today.

Due to the technological advancements of our era, low-cost GNSS measurement systems have been
developed and introduced to the market in the form of electronic circuit boards that are compatible with
dual-frequency (L1/L2) and multi-satellite systems, similar to the geodetic GNSS systems described
above. These electronic board-based GNSS receivers can be acquired at approximately one-tenth the
cost of traditional geodetic GNSS systems. However, unlike classical geodetic systems, these systems
do not have a user-friendly interface, despite their ability to collect data from multiple satellite systems
and frequencies. Additionally, their electronic circuit board format makes them vulnerable to field
conditions and external influences. In field measurements using these GNSS systems, a portable
computer, power sources, and additional equipment are required for configuring the GNSS system,
preparing it for measurement, initiating data recording, and dealing with various field conditions. In
this study, a low-cost GNSS measurement system developed for geodetic GNSS measurements, applied
in tasks such as monitoring engineering structures, tectonic movements, and landslides, is explained.
This system was developed as part of a research project FBA-2023-5897, “Development of a Low-Cost
GNSS Surveying System for Monitoring Displacements” supported by the Scientific Research Projects
Coordination Unit of Yildiz Technical University.

The developed GNSS measurement system comprises low-cost GNSS receiver and antenna hardware,
a solar power system for regions where electrical energy is not readily available in the field,
communication equipment, and user-friendly configuration and data transfer software. This setup
allows the system to function as a reference station according to a 24/7 long-term principle and enables
the automatic transfer of GNSS data collected in field conditions to a central server environment. In
this study, information is also provided regarding the applications carried out to examine the accuracy
provided by the developed system.

Keywords: Low-cost GNSS System, Engineering measurements, deformation measurements,
monitoring the tectonic movements
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Simiilasyon, Optimizasyon ve Kestirim
Simulation, Optimization, and Estimation
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Ozet

Simiilasyon, optimizasyon ve kestirim yontemleri bir ¢ok miihendislik alaninda kullanilmaktadir.
Bilgisayar teknolojilerinin gelismesine paralel olarak esnek hesaplama tekniklerinin yayginlagsmasi, bu
tekniklerin birinin ya da birkaginin ayn1 anda yapay zeka bilesenleri igerisinde yer almasi nedeni ile
farkli disiplinler igerisinde bu kavramlarin birbirleri yerine kullanilmasima neden olmustur. Bu
caligmanin temel amaci bu kavramlarin dogru anlamda kullanilmasini saglayacak teorik altyapiyi
kurup ve gercek bir jeodezik agin planlamasi, dl¢iilmesi ve degerlendirmesi asamalan {izerinden bu ii¢
kavramin mithendislik ¢aligmalari igerisindeki yerini belirginlestirmektir.

Genelde dogrusal olmayan fonksiyonel modellerin ¢oziimiinde ii¢ temel durum ile karsilasilir.
Deneysel verilerin (6lgiilerin, y) sayist (n) ve bu verileri temsil eden fonksiyonlart {y=f(x)}
tanimlayan model parametre (bilinmeyen, x) sayisi (u) bu {i¢ durumu belirler. Veri sayisi bilinmeyen
sayisindan az (n<u), fazla (n>u) ve esit (n=u) olabilir. Dogrusal olmayan problemlerin ¢éziimii
asamasinda bu {i¢ durumda da tek anlamli ¢6ziim elde edilemez. Birinci ve ikinci durumda tek anlamli
¢6ziim sirasi ile x'x (n<u) ve v'v (P=I) (n>u) kosullarinin en kiigiik yapilmasi ile saglanir. Dogrusal
olmayan problemlerin ¢6ziimiiniinde n=u ise istenen ¢0ziim yaklasik degerlerin iyi belirlenmesine
bagimlidir. Sadece dogrusal problemlerde n=u durumu tek anlamli ¢6ziim verir. Simiilasyon, 6lgme
tekniginin kisitina (8l¢iliniin ¢oziiniirliigiine ve sinirina) bagl olarak tiiretilen yapay deneysel verilerdir.
Optimizasyon ise kalite, giivenirlik ve maliyet kriterlerinden birini ya da birkagim saglayacak 6zel bir
simiilasyondur. Eger gereginden fazla deneysel veri (n>u) var ise bilinmeyenlerin ¢dziimii belirli bir
amag fonksiyonu {L,-norm ya da En Kii¢iik Kareler (EKK)} secilerek yapilir. Bu isleme kestirim
denir. Amag fonksiyonuna gore kestirim sonuglart degisir. Normal dagilmis veriler (6l¢iiler) ile EKK
en optimum kestirim sonuglarin verir. EKK bir kestirim yontemidir, optimizasyon teknigi degildir.

Bu ¢alismada yukarida kisaca bahsedilen kavramlarin tamami, dort ilimizi (Y ozgat, Nevsehir, Kayseri,
Sivas) iceren bir hizli tren seferi projesinin jeodezik altyapisimin planlamasi (simiilasyon,
optimizasyon), Olciilmesi ve kestirimi asamalan {izerinden tartisilacaktir. “TCDD Kayas-Irmak-
Kirikkale-Cetinkaya Elektrifikasyon Tesisleri Yapim Projesi IIL., IV., V. Kisimlar’inda Jeodezik Ag
Tesisi ve Seritvari Halihazir Harita Uretimi Isi Jeodezik Altyapi Calismalar1” olarak isimlendirilen bu
proje yaklasik olarak 25*300 km’ seritsi bir alan igerisinde yer alan 42 {35 tane C1-C2 ve 7 tane B
(TUTGA) seviye} noktadan olusan ana agin planlanmasi, 6l¢iilmesi ve {ilke datumuna baglanmasi
asamalarin1 kapsamaktadir. Biitlin asamalar1 yazar tarafindan yapilan bu proje simiilasyon,
optimizasyon ve kestirim kavramlariin okuyucu tarafindan kolay anlasilmasini saglayacak en uygun
jeodezik uygulamalarindan biridir. Ayrica bu projenin ulusal aga baglanmasi asamasinda karsilasilan
ulusal datum belirleme problemi iizerinde de durulacak, bu problemin uygulayicilara yansimalar
tartigilacaktir.

Anahtar Kelimeler: Simiilasyon, Optimizasyon, Jeodezik Ag, Ulusal Datum.

Abstract

Simulation, optimization, and estimation methods are used in many engineering fields. The spread of
soft computing techniques in parallel with the development of computer technologies has led to the use
of these concepts interchangeably in different disciplines, as one or more of these techniques are
included in artificial intelligence components at the same time. The main purpose of this study is to
establish the theoretical infrastructure that will enable the correct use of these concepts and to clarify
the place of these three concepts in engineering studies through the planning, observation, and
evaluation stages of a real geodetic network.

In general, three basic cases are encountered in solving nonlinear functional models. The number (n)
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of experimental data (observables, y) and the number (u) of model parameters (unknowns, x) that define
the functions representing these data {y=f(x)} determine these three situations. The number of data can
be less (n<u), more (n>u) than or equal (n=u) to the number of unknowns. In the solution phase of
nonlinear problems, a unique consistent solution cannot be obtained in these three cases. In the first and
second cases, the only consistent solution is achieved by minimizing the xTx (n<u) and vTv (P=I) (n>u)
conditions, respectively. In solving nonlinear problems, if n=u, the expected solution depends on the
well-defined approximate values of the unknowns. Only linear problems in the n=u case give a unique
consistent solution.

Simulation is artificial experimental data derived depending on the limitation of the measurement
technique (resolution and ranges of observables). Optimization is a special simulation that will meet
one or some critters which are quality, reliability, and observing cost. If there is redundant experimental
data (n>u), the solution of the unknowns is done by choosing a certain objective function {Lp-norm or
Least Squares (LS)}. This process is called estimation. Estimation results vary depending on the
objective function. LS gives the most optimum estimated results with normally distributed data. LS is
an estimation method, not an optimization technique. In this study, all of the concepts briefly mentioned
above will be discussed through the planning (simulation, optimization), measurement, and estimation
stages of the geodetic infrastructure of a high-speed train service project involving four provinces
(Yozgat, Nevsehir, Kayseri, Sivas). This project, called "Geodetic Network Establishment and
Longitudinal Base Map Production Geodetic Infrastructure Studies in TCDD Kayas-Irmak-Kirikkale-
Cetinkaya Electrification Facilities Construction Project II1., IV., V. Sections", covers an approximately
25*%300 km2 longitudinal area. The project includes the stages of planning, observing, and connecting
the main network, which consists of 42 {35 C1-C2 & 7 B (TUTGA) levels} points, to the national
datum.

This project, all stages of which were carried out by the author, is one of the most suitable geodetic
applications that will enable the reader to easily understand the concepts of simulation, optimization,
and estimation. In addition, the national datum determination problem encountered during the
connection of this project to the national network will be emphasized, and the reflections of this problem
on practitioners will be discussed.

Keywords: Simulation, Optimization, Estimation, Geodetic Network, National Datum.
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Jeodezik Veriler Kullanilarak 06 Subat 2023 Kahramanmaras Depremlerinin Ardindan
(Mw 7.7 - Mw 7.6) Post-Sismik Kabuk Deformasyonlarinin Web Tabanh A¢ik Kaynak
Kodlu Yazilimla Arastirilmasi

Investigation of Post-Seismic Crustal Deformations After the 06 February 2023
Kahramanmaras Earthquakes (Mw 7.7 - Mw 7.6) Using Geodetic Data with Web-Based
Open Source Software

Mehmet Bak'**, Rahmi Nurhan Celik

stanbul Teknik Universitesi, Ayazaga Kampiisii, fn;aat Fakiiltesi, Geomatik Miihendisligi Boliimii, Sariyer, Istanbul, Ti tirkiye.
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Ozet

Anadolu ve Arap Levhalarimin sinirinda yer alan Dogu Anadolu Fay Sistemi (DAFS) iilkemizdeki en
aktif fay sistemidir ve Olii Deniz Fay Sistemi’nin kuzeydeki uzantis1 olarak kabul edilir. 06 Subat 2023
tarihinde Dogu Anadolu Fay Zonu (DAFZ) segmentlerinde art arda meydana gelen Richter 6lgegine
gdre moment biiyliklikleri Mw 7,7 ve 7,6 olan iki biiyiik deprem, yiizlerce yillik levha tektonik
hareketlerinin bir sonucu olarak meydana gelmistir. Bu depremlerin ardindan ¢ok sayida art¢1 sarsintilar
yasanmustir. Bu art¢1 sarsmtilar Olii Deniz ile Dogu Anadolu fay sistemleri arasindaki gegis bolgesinde
yer almaktadir. Birgok biiylik depremin ardindan post-sismik kabuk deformasyonlarinin gézlenmesi ve
Ozelliklerinin incelenmesi, gelecekte olabilecek depremlerin potansiyellerinin arastirilmasinda hayati
bir 6neme sahiptir. Boylece depremin tekrarlanma siirecini anlamak miimkiin olacaktir. Ayrica deprem
olaylarinin neden oldugu post-sismik kabuk deformasyonlari, depremlerin merkez tissii yakinindaki fay
davraniglariin anlasilmasinda da onemlidir. Bu c¢aligmada; Arap, Afrika ve Anadolu levhalari
arasindaki t¢li kavsakta, DAFZ segmentlerinde meydana gelen depremlerin ardindan kabuk
deformasyonlarinin arastirilmasi jeodezik GNSS (Global Navigation Satellite System) verileri ve web
tabanli a¢ik kaynak kodlu 3 boyutlu statik deformasyon analiz platformu olan Web-NDefA araciligiyla
gerceklestirilmistir. Bolge i¢in giincel jeodezik veri seti saglayan Siirekli Gozlem Yapan GNSS
Istasyonlarindan IGS ve TUSAGA-AKktif noktalar1 kullanilarak jeodezik GNSS ag1 olusturulmus, bu
aga iliskin deformasyon bilgileri elde edilmistir. Bu dogrultuda yaklasik 7 aylik periyodik GNSS
gozlemleri kullanilarak veriler degerlendirilmis, post-sismik deformasyon analizi sonuglari elde
edilmis, yatay ve diisey yer degistirmeler ve kayma dagilimlari belirlenmistir. Bulgular, DAFZ boyunca
fay etkilesimlerinin agikca ortaya ¢iktigini ve iki biiyiik depremin her ikisinin de sol yanal dogrultu
atimlhi depremler oldugunu gostermektedir. Bu depremlerin neden oldugu yiizey deformasyonu
cogunlukla dogu-bat1 yoniindedir. Ayrica sonuglar, 3 boyutlu deformasyonun incelenmesi i¢in referans
olarak kullanilabilecektir ve bu sekilde muhtemel yikimlara karsi oOnleyici tedbirlerin alinmasi
saglanacaktir.

Anahtar Kelimeler: GNSS, Jeodezik Deformasyon Analizi, A¢tk Kaynakli Yazilim

Abstract

The East Anatolian Fault System (DAFS), which lies on the boundary between the Anatolian and
Arabian plates, is the most active fault system in our country and is considered the northern extension
of the Dead Sea Fault System. Two major earthquakes with moment magnitudes of Mw 7.7 and 7.6 on
the Richter scale, which occurred consecutively in the sections of the East Anatolian Fault Zone (DAFZ)
on February 6, 2023, are the result of centuries of plate tectonic movements. These earthquakes were
followed by numerous aftershocks. These aftershocks are located in the transition zone between the
Dead Sea and East Anatolian fault systems. The observation of post seismic crustal deformations and
the study of their properties after many large earthquakes are of crucial importance for research into the
potential of future earthquakes. In this way, it will be possible to understand the process of earthquake
recurrence. However, the post seismic crustal deformations caused by earthquakes are also important
for understanding the faulting behaviour near the epicentre of earthquakes. In this study, the post-
earthquake crustal deformations in the EAFZ segments at the triple junction between the Arabian,
African and Anatolian plates were investigated using geodetic GNSS (Global Navigation Satellite
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System) data and Web-NDefA, a web-based open-source platform for 3D static deformation analysis.
In this context, a geodetic network was created using IGS and TUSAGA-Active points, which are
continuously observing GNSS stations that provide an updated geodetic dataset for the region, and
deformation information was obtained over this network. In this direction, the data were analysed using
approximately 7 months of periodic GNSS observations, the results of post-seismic deformation
analysis were obtained, horizontal and vertical displacements and slip distributions were determined.
The results show that fault interactions clearly occur along the EAFZ and that the two large earthquakes
were left-lateral strike-slip earthquakes. The surface deformations caused by these earthquakes mainly
run in an east-west direction. In addition, the results can be used as a reference for the study of 3D
deformation so that preventive measures can be taken against possible destruction.

Keywords: GNSS, Geodetic Deformation Analysis, Open-Source software
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Gerg¢ek-Zamanh Varyometrik Yaklasim Degerlendirme Yazilimi: PPPH-VA
A Real-Time Variometric Approach Processing Software: PPPH-VA
Berkay Bahadur', Mert Bezcioglu?, Cemal Ozer Yigit*=

’Hacettepe Universitesi, Geomatik Miihendisligi Boliimii, 06800, Cankaya, Ankara
2Gebze Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Kocaeli

HMeyigit@gtu.edu.tr

Ozet

Bu calisma, “GNSS Varyometrik yaklagimiyla diisey yonlii dinamik hareketlerin izlenmesi ve gergek
zamanl degerlendirme yaziliminin gelistirilmesi” basliki TUBITAK ARDEB 1001 projesi
kapsaminda gelistirilen agik-kaynak kodlu PPPH-VA yazilimini icermektedir. Varyometrik Yaklagim
(VA) teknigi yaklasik olarak 10 yil dnce GNSS kullanicilarina tanmitilmistir. VA ydnteminin yap1 saglig
izlemeleri ve GNSS-sismolojisi (deprem ve tsunami erken uyar1) calismalarindaki uygulanabilirligi
son on yilda yiiriitiilen caligmalarda 6ne siiriilmiis ve Gergek-Zamanli Kinematik (RTK) ve Hassas
Nokta Konum Belirleme (PPP) tekniklerine liglincii bir alternatif olabilecegi vurgulanmistir. VA
tekniginin gergek-zamanli modda kisa siireli dinamik davraniglar1 belirleyebilme kabiliyeti, agik-
kaynak kodlu VA yazilimina olan ilgiliyi de arttirmis durumdadir. Ancak, tek-frekanshi (SF) ve ¢ift-
frekansli (DF) ¢oklu-GNSS gozlemlerine dayali olarak gercek-zamanli modda VA isleme yetenegine
sahip acgik-kaynak kodlu yazilim sayis1 son derece kisithdir. Giincel literatiirde bulunan bu eksigi
gidermek icin, SF ve DF GPS, GLONASS, Galileo ve BeiDou-2 BeiDou-3 gdzlemlerini gergek-
zamanli modda isleyebilme yetenegine sahip PPPH-VA adinda MATLAB ortaminda ¢alisan agik-
kaynak kodlu bir VA isleme yazilimi gelistirilmistir. Yazilimin ger¢cek-zamanli modda c¢alisabilirligini
test etmek i¢in IGS agina bagl bir noktadan gercek-zamanli modda gozlem verisi degerlendirilerek sifir
deplasman deneyi gerceklestirilmistir. Ayrica, yazilimin yatay yonlii kisa siireli dinamik davraniglar
tespit edebilme yetenegini test etmek igin sarsma tablasi deneyleri de gerceklestirilmistir. Elde edilen
sonuclar PPPH-VA yaziliminin ger¢ek-zamanli modda basarili bir sekilde galisabildigini ve kisa stireli
dinamik davranislart yiiksek dogrulukta tespit edebildigini gostermektedir. Yazilim, yatay yonlii
dinamik davranislarin baskin frekans degerini basarili bir sekilde tespit ederken, baskin frekansa
karsilik gelen genlik degerlerini de mm-altt mertebede elde edebilmektedir. Ayrica, zaman alaninda
gerceklestirilen analizler, yazilimin dinamik davranmiglari mm hassasiyetinde tespit edebildigini
gostermistir.  Son olarak yazilimi tanitan makale GPS  Solutions-Springer dergisinde
https://link.springer.com/article/10.1007/s10291-023-01560-z kabul edilmis olup, PPPH-VA yazilimi
acik kaynak kodlu olarak https://geodesy.noaa.gov/gps-toolbox/ web sitesinde GNSS toplulugunun
kullanimina  ag¢ik  erisimlidir. ~ Ayrica, 122Y100 nolu projeye iliskin  gelismeler
https://gnssshm.gtu.edu.tr/ web sitesinden takip edilebilir. Bu calismaya destek veren TUBITAK’a
tesekkiir ederiz.

Anahtar Kelimeler: Varyometrik Yaklasim, Ger¢ek-Zamanli, A¢ik kaynak kodlu yazilim.
Abstract

This study includes the open-source PPPH-VA software developed in the TUBITAK ARDEB 1001
project titled "Monitoring vertical dynamic movements with the GNSS Variometric Approach and
developing real-time processing software". The Variometric Approach (VA) technique was introduced
to GNSS users in the early 2010s. The applicability of the VA method in structural health monitoring
and GNSS-seismology (earthquake and tsunami early warning) studies has been revealed in studies
conducted in the last decade, and it has been emphasized that it can be a third alternative to Real-Time
Kinematics (RTK) and Precise Point Positioning (PPP) techniques. The ability of the VA technique to
determine short-term dynamic behaviors in real-time mode has increased interest in open-source VA
software. However, the number of open-source software capable of processing VA in real-time mode
based on single-frequency (SF) and dual-frequency (DF) multi-GNSS observations is extremely
limited. To fill this gap in the current literature, an open-source VA processing software called PPPH-
VA, running in the MATLAB environment, has been developed that is capable of processing SF and
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DF GPS, GLONASS, Galileo, and BeiDou-2 BeiDou-3 observations in real-time mode. To test the
operability of the software in real-time mode, a zero displacement experiment was carried out by
evaluating observation data in real-time mode from a station based on the IGS network. Moreover,
shake table experiments were also conducted to test the software's ability to detect horizontal short-term
dynamic behaviors. The results demonstrated that the PPPH-V A software can work successfully in real-
time mode and detect short-term dynamic behaviors with high accuracy. While the software
successfully detects the dominant frequency value of horizontal dynamic behaviors, it can also obtain
the amplitude values corresponding to the dominant frequency at the sub-mm level. Furthermore,
outcomes in the time domain indicate that the software can detect dynamic behaviors at mm-level.
Finally, the article introducing the software was accepted in the GPS Toolbox collection of the GPS
Solutions journal https:/link.springer.com/article/10.1007/s10291-023-01560-z, and the PPPH-VA
software will be available as open source to the GNSS community on the website
https://geodesy.noaa.gov/gps-toolbox/. Additionally, developments regarding the project number
122Y100 can be followed on the website https://gnssshm.gtu.edu.tr/. We would like to thank TUBITAK
for supporting this study.

Keywords: Variometric Approach, Real-Time, Open-Source Software
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Deprem Sonucu Olusan Deformasyon Alaninin Kiimeleme Yontemiyle Arastirilmasi
Investigation of Earthquake Deformation Field with Clustering Method

Seda Ozarpaci'**

Yildiz Teknik Universitesi, fn;aat Fakiiltesi, Harita Miihendisligi Béliimii, Esenler Istanbul

Mozarpaci@yildiz.edu.tr

Ozet

Dogu Anadolu Fay1 (DAF), Anadolu ve Arap levhalar1 arasindaki siniri olusturmakta ve tarihsel
kayitlarda yikici depremlere ev sahipligi yaptigi goriilmektedir. Karliova’dan Olii Deniz Fay zonuna
kadar ulasan yaklagik 600 km uzunlugundaki sol yanal atimli DAF {iizerinde meydana gelen 06 Subat
2023 tarihli Mw7.8 ve Mw?7.7 biiylikliiglindeki depremler sadece Tiirkiye’yi sarsmakla kalmamus,
diinyanin her yerinden arastirmacilar1 ve yerbilimcileri bolgeye ¢cekmistir. 9 saat arayla meydana gelen
Kahramanmaras deprem serisi, binlerce kisinin yasamina mal olmustur. Ayni zamanda, yiizeyde
metrelere varan yerdegistirmeler meydana gelmistir. Bu deformasyonlar jeodezik verilerle
incelebilmektedir. Tiirkiye’de siirekli olarak calisgan TUSAGA-Aktif verileri depremin neden oldugu
ylizey deformasyonlarin1 hesaplamaya olanak tanimaktadir. Bu c¢aligmanin amaci, GNSS verileri
yardimiyla depremin neden oldugu deformasyon alanini belirlemektir. Bu amag¢ kapsaminda,
TUSAGA-Aktif agina ait deprem Oncesi ve deprem sonrasi veriler ¢evrimigi servisler yardimiyla
degerlendirilerek, deprem ami1 deformasyonlar belirlenmistir. GNSS istasyonlarinda, ilk depremde
maksimum yer degistirmenin goriildigii ANTE istasyonunda 0.4 m’lik bir teleme gozlenirken, ikinci
depremde ise meydana gelen en biiyiik yer degistirmenin ikinci depremin mereziissiine yaklasik 1.5 km
uzakliktaki EKIZ (Ekinozu) istasyonunda oldugu ve bu yer degistirmenin yaklasik 4.5 metre oldugu
gbzlenmistir. Deprem aninda meydana gelen bu yer degistirme degerleri k-ortalamalar kiimeleme
algoritmasiyla incelenerek deformasyon alani ortaya konmustur. K-ortalamalar kiimeleme algoritmasi
kullanilarak iki depreme ait deformasyonlar ayr1 ayr incelenerek deformasyon alanlarindaki farkliliklar
irdelenmistir. Ayrica depremden sonra meydana gelen yakin tarihli deprem sonrasi etkiler de
incelenerek, deprem an1 deformasyonla iliskilendirilmistir.

Anahtar Kelimeler: 6 Subat 2023 Kahramanmarag Deprem Serisi, GNSS, Deprem Ani Deformasyonu,
Kiimeleme Algoritmast

Abstract

The Eastern Anatolian Fault (EAF) delineates the boundary between the Anatolian and Arabian plates
and is known for hosting destructive earthquakes according to historical records. The earthquakes of
Mw?7.8 and Mw7.7 magnitudes that occurred on February 6, 2023, along the approximately 600 km
long left-lateral strike-slip EAF, from Karliova to the Dead Sea Fault Zone, not only shook Turkey but
also attracted researchers and geoscientists from around the world to the region. The Kahramanmarag
earthquake sequence, occurring with a 9-hour interval, claimed thousands of lives and resulted in
surface displacements reaching meters. These deformations can be studied using geodetic data. The
continuously operating TUSAGA-Active data in Turkey allows for the calculation of surface
deformations caused by the earthquake. The aim of this study is to determine the deformation field
caused by the earthquake using GNSS data. In this context, pre- and post-earthquake TUSAGA-Active
GNSS data, evaluated through online services, were used to identify coseismic deformations. While a
0.4 m displacement was observed at the ANTE GNSS station, where the maximum displacement
occurred during the first earthquake, the largest displacement observed during the second earthquake
was approximately 4.5 meters at the EKIZ (Ekinozu) station, located about 1.5 km from the epicenter.
The displacement values during the earthquake were analyzed using the k-means clustering algorithm
to reveal the deformation field. The deformations for the two earthquakes were separately examined
using the k-means clustering algorithm, and differences in the deformation fields were investigated.
Additionally, the recent post-seismic effects were examined, and they were correlated with the
coseismic deformations.

Keywords: February 6, 2023 Kahramanmaras Earthquake Sequence, GNSS, Coseismic Deformation,
Clustering Algorithm
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Simiile edilmis GNSS zaman serilerinde beyaz giiriiltii yaklasiminda dalgacik varyans
kullanilmasi

Wavelet variance capability in white noise approximation of simulated GNSS time series
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Ozet

GNSS zaman serisinin giiriiltli yapisinin, beyaz giiriiltii (zamana bagli olmayan) ve renkli giiriiltiiniin
(zamanla iliskili) bir kombinasyonu oldugu bilinmektedir. Genellikle GNSS zaman serisinin renkli
giiriiltiisti, kirpigma giirtiltiistidiir (-1 spektral indexli gii¢ yasasi) ve bazi durumlarda rastgele ytiriiylistiir
(-2 spektral indexli gii¢ yasas1). Renkli giirtiltii, muhtemelen zamanla degisen uydu geometrisi, uzun
dénemli yanlis yoriinge modellemesi, ¢ok yolluluk hatasi ve biiyiik 6lgekli atmosferik veya hidrosferik
etkilerle ilgilidir. Fonksiyonel modelin bilinmeyenlerinin ve belirsizliklerinin yansiz tahmini, farkli
giiriiltii bilesenlerinin genliklerinin dogru tahmin edilmesini gerektirir. Giiriiltii genlikleri, Kisith
Maksimum Olabilirlik kestiricisi (REML) ve En Kiigiik Kareler Varyans Bileseni Kestiricisi (LS-VCE)
gibi Varyans Bilesen Kestirimi (VCE) prosediirleriyle tahmin edilir. Bu yontemler, N'nin zaman
serisinin uzunlugu olmak tizere NxN matrislerinin tekrarli inversinin alinmasi ve ¢arpilmasini kullanir.
Bu yontemler O(N"3) diizeyinde oldugundan, zaman serisinin uzunlugu arttik¢a hesaplama yiikleri de
artar. Son zamanlarda giiriiltli genliklerinin tahmin edilmesinin hizim artirmak i¢in yontemler ve
yazilim paketleri saglanan bircok galisma vardir. Bu calismada, Maksimum Ortiisme Kesikli Dalgacik
Doniistimiiniin (MODWT) Dalgacik Varyansim1 (WV) kullanarak simiile edilmesi yoluyla, GNSS
zaman serilerinde beyaz giiriiltii genliginin hizli tahmini igin bir ydntem sunulacaktir. Onerilen
algoritmanin performansini test etmek i¢in farkli uzunluklarda (N=2000, 4000 ve 8000) 180 sentetik
giinliilk zaman serisi kullanildi. Bunlar dogrusal egilimler, periyodik sinyaller, sapmalar, gegici yer
degistirmeler, bosluklar (%10'a kadar) ve beyaz, kirpisma ve rastgele yiiriiylis giiriiltlilerinin
kombinasyonundan olusur. Onerilen ydntemin sonuglari REML yaklasiminin sonuglariyla
karsilastirildi. Bu karsilagtirma, beyaz giiriiltii genlikleri i¢in her iki yontemin sonuglarinin iyi bir uyum
icinde oldugunu gosterdi. Ayrica, onerilen algoritma O(N) mertebesinde hesaplama karmasikligina
sahiptir ve zaman serisinin uzunluguna bagli olarak REML ydnteminden yaklasik 450-10000 kat daha
hizlidir.

Anahtar Kelimeler: GNSS Zaman Serisi, Beyaz Guiriiltii, Varyans Parametre Kestirimi (VCE),
Dalgacik Varyanst (WV), Maksimum Ortiisme Kesikli Dalgacik Déniistimiiniin (MODWT).

Abstract

The noise structure of the GNSS time series is known to be a combination of white noise (no time
dependency) and colored noise (time-correlated). Usually the colored noise of GNSS time series is
flicker noise (power-law noise with a spectral index of -1) and in some cases random walk (power-law
noise with a spectral index of -2). The origins of colored noise are probably related to the time-variable
satellite geometry, long-term orbit mismodeling, multipath errors and large-scale atmospheric or hydro-
spheric effects. The unbiased estimation of unknowns of functional model and their uncertainties
requires correct estimation of amplitudes of different noise components. Noise amplitudes are estimated
by Variance Component Estimation (VCE) procedures such as Restricted Maximum Likelihood
estimator (REML) and Least-Squares Variance Component Estimator (LS-VCE). These methods use
repeated inversion and multiplication of NN matrices where N is the length of time series. Since these
methods are of order O(N3), as the length of the time series increases, their computational burden
increases. Recently many efforts provided methods and software packages to increase the speed of noise
amplitudes estimation. In this paper we present a method for fast estimation of white noise amplitude
in simulated GNSS time series using Wavelet Variance (WV) of Maximal Overlap Discrete Wavelet
Transform (MODWT). To test the performance of the proposed algorithm, we used 180 synthetic daily
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time series with different lengths (N=2000, 4000 and 8000). They composed of linear trends, periodic
signals, offsets, transient displacements, gaps (up to 10%), and a combination of white, flicker, and
random walk noises. The results of proposed method were compared to those of REML approach. This
comparison showed that the results of both methods for white noise amplitudes are in good agreement.
Moreover, the proposed algorithm has computational complexity of order ON and was about 450-10000
times faster than REML method depending on the length of time series.

Keywords: GNSS time series, white noise, Variance Component Estimation (VCE), Wavelet Variance
(WV), Maximal Overlap Discrete Wavelet Transform (MODWT).
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Konya Sehir Merkezi Yerlesiminde Diisey Yonlii Degisim Analizi
Vertically Change Analysis in Konya City Center Sttlement

1= . .. 2
Kemal YURT -, Erhan CIVCIK -
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Ozet

Yerkabugu ve tizerindeki yapilarda zamana bagli olarak bazi etkenlerden dolay1 geometrik sekillerinde
meydana gelen degisimlerin analizinin yapilmasi ve buna dayali gelisim planlariin olusturulmasi biiyiik
Onem arz etmektedir.

Birgok kriter tizerinde ve 6zellikle tarim sektoriinde tilkemizin lokomotifi konumunda olan, fiziki olarak
en biiyiik yilizOl¢limiine sahip ve tarihi olarak Anadolu Selguklu Devletine Bagkentlik yapmis olan
Konya Ili Kent Merkezi diiz ve ¢anak bir arazi {izerinde konumlanmus olup, her gegen giin aldi§1 go¢ ve
artan niifusu sebebiyle hizla gelisen ve bu nedenle yatay-dikey yapilagmanin yogun olarak tesis edildigi
bir yerlesim merkezi konumundadir.

Bu sebepler 1s181nda caligmaya konu olan Konya Kent Merkezinde oncelikle gegmis donemlere ait
jeodezik nivelman ag1 caligmalari incelenmis ve literatiir taranmistir. Gegmis aglara dayali yeni jeodezik
nivelman ag1 2015 yili Slgiilerinden yararlanilarak olusturulmus ve tek boyutlu statik modelde
deformasyon analizine esas Olgiilerin analizi gergeklestirilmistir. Yillara sari deformasyonun olup
olmadig1 ya da varsa tek boyutlu vektorel biiyiikliigiiniin belirlenmesi amaciyla, kiyas olarak 1973 yili,
2004 y1l1 ve 2015 y1li 6lgiilerinin analiz sonuclar1 degerlendirilmistir.

Bu caligmada farkli yillara ait 6lgiilerden yararlanilarak yapilan analizlerin karsilastirilmasi sonucunda,
gerceklestirilen yaklagik 42 yili kapsayan diisey yonlii degisim analizi bulgularima gére Konya Kent
Merkezinin ortalama 50 cm civarinda oturma hareketi sergiledigi goriilmiistiir.

Anahtar Kelimeler: Deformasyon, Deformasyon Analizi, Konya, Nivelman Agi, Statik Model

Abstract

It is of great importance to analyze the changes in the geometric shapes of the earth's crust and
the structures on it due to some factors depending on time and to create development plans based on
this. The city center of Konya, which is the locomotive of our country on many criteria and especially
in the Agricultural Sector, has the largest physical area and historically served as the Capital of the
Anatolian Seljuk State, is located on a flat and flat land and is rapidly growing due to the migration
and increasing population it receives day by day. It is in the position of a settlement center that is
developing and therefore horizontal-vertical structuring is intensely established.

In the light of these reasons, first of all, geodetic leveling network studies of the past periods were
examined in the Konya City Center, which is the subject of the study, and the literature was reviewed.
The new geodetic leveling network based on the past networks was created by using the 2015
measurements and the analysis of the measurements based on the deformation analysis was carried out
in the one-dimensional static model. In order to determine whether there is deformation extending to
years or if there is, to determine the one-dimensional vector size, the results of the analysis of the
measurements of 1973, 2004 and 2015 were evaluated as comparison.

As a result of the comparison of the analyzes made using the measurements of different years in this
study, it was seen that the Konya City Center exhibited an average of 50 cm of sitting movement,
according to the findings of the vertical change analysis covering approximately 42 years.

Keywords: Deformation, Deformation Analysis, Konya, Leveling Network, Static Model
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Yapay Ci1g Makinelerinin CBS ile Yer Seciminin Yapilmasi: Palandoken Ornegi

The Location Selection Of Artificial Avalanche Machines With GIS: A Case Study
Palandoken
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Ozet

Insanlik tarih boyunca afetlerden korunmak igin yerlesim yerlerini degistirmis; fakat artan niifus,
kaynaklarin kisithilig1 ve modern diinyanin siyasal sinirlar1 gibi sebeplerle artik afetlerle ic ice yasamak
zorunda kalmigtir. Literatiirde, deprem, sel, kaya diismesi gibi bircok afet tiirii tanimlanmakla beraber,
bir kiitle hareketi olan ¢1§ da yikicilig1 azami 6lgiide olan bir afet tiiriidiir. C1g afetinden korunmak i¢in
aktif veya pasif birgok 6nlem bulunmaktadir ve GAZ-EX (Gas Explode) makineleri veya diger bir
deyisle ¢1g disiiriiciiler de bu 6nlemlerden biridir. Cigmn yikiciligimi azaltmak i¢in yapay ve kontrollii
olarak ciglar tireten GAZ-EX makineleri, pasif ¢1g onlemlerinden biridir. S6z konusu makinelerin,
potansiyel ¢1g bolgelerinde yer seciminin yapilabilmesi i¢in dogru bir jeodezik bilgi gerektirmesinin
yaninda cografi bilgi sistemlerinden faydalanilmasini da zorunlu kilmaktadir. Bu baglamda, s6z konusu
makinelerin yer secimlerinin yapilmasi i¢in Oncelikle topografyanin tim ayritlarn bilinmelidir.
Sonrasinda literatiirde ¢iga neden olan egim, baki, ylizey plirtizliiligii, egrisellik gibi 6nemli topografik
parametrelerin ¢ikarilmasi ile parametre haritalarinin tiretilmesi gerekmektedir. Parametre haritalarinin
degerlendirilmesi sonucunda potansiyel ¢1§ bdlgelerinin tespit edilerek yapay ¢iglarin olusturulacagi
akma ve afet bolgeleri belirlenir. Calismada, topografik altlik olarak Erzurum iline ait 2017 yilina ait
fotogrametrik halihazir haritalar, SAM (Sayisal Arazi Modeli), SYM (Sayisal Yiikseklik Modeli)
verileri ve ortofotolar kullanilmistir. Calisma kapsaminda, giiniimiiz CBS programlarindan biri olan
ArcGIS programu tercih edilmis ve veriler bu sayede CBS ortaminda derlenebilmistir. Bu verilerle,
egim, baki, egrisellik, yiizey piiriizliiliigii, ana tepe sirtlarina uzaklik ve orman parametre haritalari
hazirlanmig ve literatiirde tavsiye edilen akis diyagrami ile potansiyel ¢i1g alanlari belirlenmistir.
Belirlenen alanlara gore, olasi bir afet durumunun 6niine gecilebilmesi i¢in, yapay ¢1g makinelerinin
yerlesimi noktasinda onerilerde bulunulmustur.

Anahtar Kelimeler: Yapay Cig Makineleri, Potansiyel Cig Alanlari, Tehlike Haritalar, GAZ-EX

Abstract

Throughout history, humanity has changed settlements to protect itself from disasters, but due to reasons
such as increasing population, limited resources and the political borders of the modern world, it has
now had to live side by side with disasters. Although many types of disasters are described such as
earthquakes, floods and rockfalls in the literature, avalanche, which is a mass movement, is also a type
of disaster with maximum destructiveness. There are many active or passive measures to protect against
avalanche disasters, and GAZ-EX (Gas Explode) machines, or in other words avalanche reducers, are
one of these measures. GAZ-EX machines, which produce avalanches artificially and in a controlled
manner to reduce the destructiveness of avalanches, are one of the passive avalanche measures. These
machines also require the use of geographic information systems In addition to requiring accurate
geodetic information to select locations in potential avalanche areas. In this context, firstly, all details
of the topography must be known in order to make choose the location of the machines. Afterwards,
parameter maps must be produced by extracting important topographic parameters such as slope, aspect,
surface roughness and curvature that cause avalanches in the literature. As a result of the evaluation of
the parameter maps, potential avalanche areas are determined and flow and disaster areas where
artificial avalanches will be created are determined. In the study, photogrammetric base maps of
Erzurum Province from 2017, DTM (Digital Terrain Model), DEM (Digital Elevation Model) data and
orthophotos were used as topographic base. Within the scope of the study, ArcGIS program, one of
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today's GIS programs, was preferred and thus the data could be compiled in the GIS.With these data,
slope, aspect, curvature, surface roughness, distance to main hill ridges and forest parameter maps were
prepared, and potential avalanche areas were determined with the flow diagram recommended in the
literature. Suggestions have been made for the placement of artificial avalanche machines in order to
prevent a possible disaster situation according to the determined areas.

Keywords: Artificial Avalanche Machines, Potential Avalanche Areas, Hazard Maps, GAZ-EX
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Akilh telefon LiDAR sensorii ile elde edilen nokta bulutlarinin dogrulugunun
degerlendirilmesi

Assessment of the accuracy of point clouds obtained with a smartphone LiDAR sensor
Cemali Altuntas'*, Duygu Arican', Okan Yilmaz'

Yildiz Teknik Universitesi, Harita Miihendisligi Béliimii, Davutpasa Kampiisii, 34220, Esenler/Istanbul

Meemali@yildiz.edu.tr

Ozet

Gilinlimiizde bilim ve teknolojide yasanan gelismelerle birlikte, LiDAR sensorii entegre edilen akillt
telefon/tabletlerin, farkli kapsam ve nitelikteki ¢aligmalar i¢in yogun ii¢ boyutlu (3B) nokta bulutu
ve/veya model iretimi i¢in kullanilmasi miimkiin hale gelmistir. Jeomorfoloji, ekoloji, arkeoloji,
miithendislik ve mimarlik basta olmak iizere beklenen dogruluk diizeyleri birbirinden farkli olan pek
¢ok alanda 3B modellemeye duyulan ihtiyag, gérece diisiik maliyetli olan sensdrlerin gelistirilmesini
ve elde edilen LiDAR verilerinin dogrulugunun belirlenmesini ve iyilestirilmesini gerekli kilmaktadir.
Bu calismada, LiDAR sensorlerine sahip akilli telefonlar kullanilarak farkli senaryolar altinda elde
edilen 3B nokta bulutlariin dogruluk degerlendirilmesinin yapilmasi amaglanmistir. Caligma alanina
yatay ve diisey diizlemlerde olmak {izere homojen olarak dagilmis yer kontrol noktalar1 (YKN) tesis
edilmis ve alimlar1 gerceklestirilmistir. Calisma kapsaminda LiDAR sensoriine sahip akilli telefon
olarak iPhone 14 Pro kullanmis ve modellenecek nesne olarak AGA Geodimeter Model-6 6lgme aleti
secilmistir. Akill telefon ile elde edilen LiDAR verisinden ham ve cografi referanslandirilmis olmak
iizere iki farkli nokta bulutu olusturulmustur. Akilli telefon verisinden {iretilen nokta bulutlan ile
Kontrol Noktalar1 (KN) arasindaki koordinat ve baz uzunlugu farklar1 hesaplanmistir. Model dogruluk
degerlendirmesi i¢in karsilagtirmalar M3C2 yontemi ile yapilmistir. Burada referans 3B nokta bulutu
verisi, Hareket ile Nesne Olusturma (Structure from Motion, SfM) yontemine dayali olarak akilli
telefon kamerasiyla kaydedilen goriintiilerden {retilmistir. Son olarak, olusturulan tiim nokta
bulutlarindan alinan 6l¢iiler, nesne {izerinden alinan kontrol dl¢iileriyle karsilastiriimistir. Akilli telefon
LiDAR verilerinden firetilen nokta bulutundan hesaplanan KN’lere ait koordinat farklarinin standart
sapmalar1 yatayda 1.0 ve 1.2 cm, diiseyde 0.9 cm olarak elde edilmistirr Ham ve cografi
referanslandirilmig akilli telefon nokta bulutlarindan hesaplanan 24 cm ve 288 cm arasinda degisen baz
uzunluklari i¢in farklarin standart sapmasi sirasiyla 1.4 cm ve 1.5 cm olarak bulunmustur.

Anahtar Kelimeler: LiDAR, Diisiik maliyetli senséor, Akilli telefon, 3 boyutlu modelleme, Dogruluk
analizi

Abstract

With the developments in science and technology, it has become possible to use smartphones/tablets
integrated with LiDAR sensors for generating dense three-dimensional (3D) point clouds and/or models
for various scopes and types of work. The need for 3D modeling in many fields such as geomorphology,
ecology, archaeology, engineering and architecture, with varying levels of accuracy, requires the
development of relatively low-cost sensors and the determination and improvement of the accuracy of
LiDAR data. This study aims to assess the accuracy of 3D point clouds obtained under different
scenarios using smartphones with LiDAR sensors. Ground control points (GCPs) homogeneously
distributed in horizontal and vertical planes were marked and measured in the study area. Within the
scope of the study, iPhone 14 Pro was used as a smartphone with LiDAR sensor and AGA Geodimeter
Model-6 surveying instrument was selected as the object to be modelled. Two different point clouds,
raw and georeferenced, were generated from the LiDAR data obtained with the smartphone. The
coordinate and base length differences between the point clouds generated from the smartphone data
and the checkpoints (CPs) were calculated. For model accuracy assessment, comparisons were made
with the M3C2 method. Here, the reference 3D point cloud data is generated from images captured with
a smartphone camera based on the Structure from Motion (SfM) method. Finally, the measurements
taken from all the generated point clouds are compared with the in-situ measurements of the object. The
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standard deviations of the coordinate differences of the CPs calculated from the point cloud generated
from smartphone LiDAR data were 1.0 and 1.2 cm horizontally and 0.9 cm vertically. For base lengths
ranging between 24 cm and 288 cm calculated from raw and georeferenced smartphone point clouds,
the standard deviations of the differences were obtained as 1.4 cm and 1.5 cm, respectively.

Keywords: LiDAR, Low-cost sensor, Smartphone, 3D modeling, Accuracy assessment
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Deprem Sonrasi Kadastro Parsel Koordinatlarinin Bilinear Mapping ile Incelenmesi

Investigation of Post-Earthquake Cadastral Lot Coordinates with Bilinear Mapping
Cahit Tagi CELIK'™, Kutalmis GUMUS?

12 . .
Nigde Omer Halisdemir Universitesi, Miih. Fakiiltesi, Harita Miih. Béliimii
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Ozet

Cogu durumlarda gecgerli olmak {izere depremlerin dogast geregi meydana geldiginde noktalarin
konum degerleri degismektedir. Bu degisim var olan kadastro parsel sinir koordinatlarini da
etkileyecektir.

Ulkemizde tasinmazlarin kadastro koordinatlari, Tusaga-Aktif agma dayali olarak, diizeltme
parametrelerine (VRS, FKP ve MAC) gore belirlenmektedir. Bu nedenle deprem sonrasi giincellenen
Tusaga-Aktif referans istasyonlarina gore belirlenecek veya aplike edilecek taginmaz sinirlari, deprem
Oncesi var olan koordinatlar ile uyusum gostermeyecegi diisliniilebilir. Bu durumda kesin ¢6ziim
yenileme yapilmasidir. Deprem sonrasi parsel kose koordinatlarinin elde edilmesinde, Tusaga-Aktif
sistemi referans istasyonlarmin/referans noktalarmin deprem Oncesi ve sonrasi koordinatlarindan
en kiiciik kareler yontemiyle elde edilecek 5 parametreli (2 6teleme, 2 6lgek faktorii, 1 doniikliik agisi)
Helmert doniisiim parametreleri veya 6 parametreli (2 6teleme, 2 dlgek faktorii, 2 doniikliik agisi)
Helmert doniisiim parametreleri gecerli olmayacaktir. Bunun en 6nemli nedeni deprem nedeniyle
referans istasyonlarinin diizgiin olarak konum degistirmemesidir. Bu nedenle yenileme calismasi
yapilmamis ve uyusumsuzluk durumu olan yerlerde, farkli bir doniistime ihtiya¢ vardir. Bu bildiride
Bilinear Mapping yontemi, 5 ve 6 parametreli Helmert yontemleri ile karsilagtirma yapilarak
incelenmistir. Incelemelerde kullanilan koordinatlar diisiiniilen senaryolara gore sanal olarak
olusturulmustur. Bu nedenle, s6z konusu yontemin uygunlugunun belirlenebilmesi i¢in uygun bir
bolgede gercek koordinat verileri kullanilarak uygulanmalidir. Sonug olarak, Bilinear yoOnteminin
Helmert yontemlerine gore daha gergekei sonuglar irettigi gozlenmistir. Ancak, deprem
bolgesindeki fay cesitleri dikkate alinirsa 6zellikle saga veya sola atimli fay durumlarinda, fayin her
iki tarafi blok seklinde yer degistirme yapabilir. Bu durumda Tusaga-Aktif sistemine gore parsel
aplikasyonlarinda, faydalanilan Tusaga-Aktif referans istasyonunun deprem Oncesi ve sonraki
koordinat farklar1 kadar ilgili parsel koordinatlar1 da 6telenmis olarak diigliniilebilir. Bu ¢alismanin
sonuglari, Ozellikle deprem Oncesi ve sonrasi en az dort referans alinarak Bilinear mapping
yontemiyle taginmazin kose koordinatlarinin deprem sonrasi nasil davranabilecegi ve uyusmazlik
durumu olan kadastro parsel koordinatlarinin ne olabilecegi hakkinda, bilirkisilerin
basvuracagi bir arag olacagi diisiiniilmektedir.

Anahtar Kelimeler: , Kadastro Parsel Koordinatlar, Bilinear Mapping, Helmert Doniigiimii, 6
Parametreli Helmert doniigiimii, Deprem Sonrast Koordinat Degigimi.

Abstract

In most cases, the positions of the points change when an earthquake occurs due to their nature. This
change may also affect the existing cadastral lot boundary coordinates. In our country, the cadastral
lot boundary coordinates are determined according to the correction parameters (VRS, FKP, MAC)
based on the Tusaga-Active network. For this reason, the coordinates of the cadastral lot boundaries
which are to be determined after the earthquake by the updated Tusaga- Active reference station
coordinates may not comply with the existing coordinates. In this case, the definitive solution is to
renew it. In obtaining the coordinates of cadastral lot boundary after an earthquake, Helmert
transformations with 5 (2 translation, 2 scale factor, 1 rotation) and 6 (2 translation, 2 scale
factor, 2 rotation parameters estimated using the least squares method from the coordinates of
reference stations/reference points of the Tusaga-Active system before and after the earthquake, may
not be valid. The most significant reason for this is that the reference stations do not change their

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering 101



positions in a systematic manner due to the earthquake. Therefore, in areas where no renovation work has
been carried out and where there is a situation of inconsistency, a different transformation method
is required. In this paper, the Bilinear Mapping method has been applied and compared with the
5 and 6- parameter Helmert methods. The coordinates used here were virtually generated based on the
various scenarios. To determine the suitability of this method, real coordinate data should be used
in an appropriate region. As a result, it has been observed that the Bilinear method produces more
realistic results compared to the Helmert methods. However, considering the types of faults in the
earthquake-prone area, especially in cases of right-lateral or left-lateral faults, both sides of the fault
may displace in a block- like manner. In this case, in cadastral lot boundary applications according to
usage of the Tusaga-Active system, the relevant lot boundary coordinates can be considered as shifted
by the same amount as the coordinate differences of the utilized Tusaga-Active reference station before
and after the earthquake. The results of this study, especially before and after the earthquake, are
thought to be a tool for experts to use about what the coordinates of the cadastral lot boundary in
dispute might be by using Bilinear mapping parameters to be obtained for the related region as a result of
adjustment with the least squares method from the coordinates of at least four reference points.

Keywords: Cadastral Lot Coordinates, Bilinear Mapping, Helmert Transformation, Helmert
Transformation with 6 Parameters, Coordinate Changes After an Earthquake
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Tiirkiye’de il ve ilcelere Ait Bolgesel Doniisiim Parametreleri Olmaksizin Lambert
Konform Konik (LKK) Tasvirinde Jeodezik Dogrulukla Iki Boyutlu ITRF96-EDS0
Datum Dontisiimii

Two-dimensional ITRF96-ED50 Datum Transformation with Geodetic Accuracy in
Lambert Conformal Conic (LCC) Mapping Without Regional Transformation Parameters
Jfor Provinces and Districts in Turkey

1 1
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Ozet

Tiirkiye' de ITRF96 ve ED50 datumlarindaki iki boyutlu 3°* lik UTM koordinatlarin giintimiizde aktif
olarak kullanilmasi datum doniisiim ihtiyacini dogurmaktadir. Datum doniistim islemleri her iki

datumda da 3" lik UTM koordinatlart bilinen ortak noktalar kullanilarak, Biiyiik Olgekli Harita ve
Harita Bilgileri Uretim Yonetmeligi (BOHHBUY) kapsaminda 81 ilin merkez ve ilgelerinde
kullanilan lokal doniisiim parametreleriyle yapilmaktadir. Bu durum uygulamada kullanicilara; dilim
gecislerinin oldugu bolgelerde jeodezik dogrulugun azalmasi, siirekli bolgesel parametrelere ulasma
ve jeodezik dogruluklarimin sorgulanma geregi ile ortak nokta siklastirmasi gibi problemleri ortaya
cikarmaktadir. Caligma kapsaminda yukarida belirtilen problemlerin kaldirlmasini amaglayan;
iilkemizin tamammda kullanilabilen, ilerleyen zamanlarda ilave ortak noktalara ve bolgesel doniistim
parametrelerine gerek duymayan iki boyutlu Ulusal Datum Doéniistimiiniin (UDD) olusturulmasidir.
Bu amag dogrultusunda, Tiirkiye' de 81 il ve il¢elerinde kullanilan iki boyutlu lokal ortak doniisiim
koordinatlar1 ve parametreleri kullamlmistir. Ortak koordinatlar MATLAB ortaminda {retilen

algoritmayla ITRF96 ve ED50 datumundaki 3% lik UTM koordinatlari kontrol edilip ayiklanarak
LKK koordinatlarina doniistiiriilmiistiir. UDD i¢in LKK sistemindeki ortak noktalar1 belirlemeye
yonelik iki asama gergeklestirilmistir. Birinci asamada; 81 ile ait toplamda 8500 ortak nokta iki
boyutlu benzerlik ve affin doniisiim modellerinde; uyusumsuz olgiiler, T-testi ve robust yontemleri
kullanilarak belirlenmis duyarlilik 6l¢iitleri hesaplanarak karsilastirilmigtir. Sonug olarak, 6 cm karesel
ortalama hata UDD i¢in 4500 ortak nokta belirlenmistir. Ikinci asamada ise; déniisiimde kullanilacak
nokta sayisiin belirlenmesi ve jeodezik dogrulugun gerceklestirilmesi amaciyla farkli dort algoritma
test edilmistir. Bu algoritmalar i¢inden, doniisim noktasina en yakin belli sayida noktanin
diizeltmelerinin istenen deger araliginda olacak sekilde secilmesi yontemi kullanilarak ortalama 8
cm jeodezik dogrulukla datum doniisiimii gergeklestirilmistir.

Anahtar Kelimeler: Datum Doniisiimii, Lambert Konform Konik Tasvir, Benzerlik Déniisiimii, Afin
Doniistimii

Abstract

The active use of two-dimensional UTM (3 degrees of longitude wide) coordinates in ITRF96 and
ED50 datums in Turkey today creates the need for datum transformation. Datum transformation
procedures are carried out by using common points with known 3° wide UTM coordinates in both
datums with local transformation parameters used in the centers and districts of 81 provinces within
the bylaw tittled The Production of Large-Scale Maps and Mapping Information. This situation causes
problems for the users in practice such as the decrease in geodetic accuracy in the regions where there
are zone conversion, the need to continuously access regional parameters and also question their
geodetic accuracy, so increasing common points. The aim of this study is to create a two-dimensional
National Datum Transformation (NDD) that can be used throughout Turkey and does not require
additional common points and regional transformation parameters in the future. For this purpose,
two-dimensional local common transformation coordinates and parameters used in 81 provinces and
districts in Turkey were used. The common coordinates were converted to LCC coordinates by checking
and extracting the 3° wide UTM coordinates in ITRF96 and ED50 datum by using an algorithm
generated in the MATLAB environment. Two stages were carried out to determine the common
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points in the LCC system for NDD. In the first stage, a total of 8500 common points from 81
provinces were compared by calculating precisions using two-dimensional similarity and affine
transformation models, where outliers were detected using T-test and robust methods. As a result,
4500 common points were determined for 6 cm squared mean error NDD. In the second stage, four
different algorithms were tested to determine the number of points to be used in the transformation
and to perform geodetic accuracy. Among these algorithms, datum transformation with an average
geodetic accuracy of 8 cm was realized by using the method of selecting a certain number of points
closest to the transformation point so that their residuals are within the desired value range.

Keywords: Datum Transformation, Lambert Conformal Conic Mapping, Similarity Transformation,
Affine Transformation
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GNSS Olciileri ile Yalova Hactmehmet Ovasi Tektonik Hareketlerin Izlenmesi
Monitoring Yalova Hacimehmet Plain Tectonic Movements with GNSS Measurements

Cansu UYSAL"™, Kemal YURT?

Yalova MEM
2 Aksaray Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Aksaray, Tiirkiye
Heansuuysal0619@gmail.com

Ozet

1999 Golciik depreminde Yalova ili ¢ok hasar ve kayiplar yasayan illerimiz arasina girmistir. Yapilan
aragtirmalara gére Yalova Merkez Hacimehmet Ovasi’nin en ¢ok yikimlarmn goriildiigii alanlardan birisi
oldugu tespit edilmistir. Bu bolge, olusan yikimlardan dolay:r “6liim ovasi1” olarak adlandirilmis ve
giiniimiize kadar bu bolgede giivenli yapilagmaya dair bir¢ok planlama yapilmistir. Su anda sehrin bu
yonde yapilagmaya gitmesi bu alanin zemininin giivenilirligi konusunda gesitli aragtirmalar yapilmasina
neden olmustur. Calismamizin amaci bu alanda herhangi bir hareketlenme olup olmadigmin tespit
edilmesi hususundadir. Bolgede yapilan caligmalar neticesinde imara agilmis ve hizla yapilagmanin
stirdiiriildiigli bu alanda deformasyonlarin olup olmadigi konusunda veriler elde etmek, yapilan
analizler dogrultusunda bu alana yonelik fikir ve 6neri sunmak gerceklestirilen bu ¢aligmanin énemli
amaclarindandir. Yalova ilinin depremden biiyliikk hasar gormiis illerimiz arasinda olmasi ve
yapilasmanin bu alanda yogunlagmasi nedeniyle bu bdlgede meydana gelebilecek tektonik hareketlerin
tespit edilmesi biiylik 6nem tasimaktadir. Caligmada Hacimehmet ovasina ait deformasyonun jeodezik
olemelerle yiiksek duyarlikli olarak belirlenmesi hedeflenmis ve bu alanda 23 adet yeni yer noktasi tesis
edilmistir. Kurulan ag iizerinde 2022-2023 yillar1 arasinda 2 kampanya seklinde GNSS 6lciileri
yapilmistir ve 2023-2024 yillar1 arasinda tesis edilen bu noktalardaki Ol¢limlerin devam etmesi
planlanmaktadir. Ayrica Safran Koyt civarinda bulunan fay boyunca da gézlemler yapilarak buradaki
tektonik hareketlerin tespit edilmesi hedeflenmistir. Caligma bolgesi ¢evresinde bulunan Tiirkiye Ulusal
Temel GNSS Ag (TUTGA) ve Tiirkiye Ulusal Sabit GNSS Istasyonlar1 Ag1 Aktif (TUSAGA-AKktif)
noktalarina ait dlgiiler de calismaya dahil edilerek GNSS 6l¢iileri GAMIT/GLOBK yazilim takimi ile
degerlendirilmis yer degistirmeler hesaplanmistir. Ayrica bolge yakiindan gegen diri fay hatti tizerinde
kurulan jeodezik agdan saglanacak olan kayma hizlarmin tespit edilmesinin literatiirdeki énemli bir
eksikligi tamamlamasi agisindan da 6nem tasidigr diigiiniilmektedir.

Anahtar Kelimeler: GNSS, Hacimehmet Ovast , GAMIT/GLOBK, Kayma hizi

Abstract

In the 1999 Gélciik earthquake, Yalova province was among the provinces that suffered a lot of damage
and losses. According to the research, it has been determined that Yalova Central Hacimehmet Plain is
one of the areas where the most destruction was seen. This region was called the "plain of death" due
to the destruction that occurred, and many plans have been made for safe construction in this region
until today. The fact that the city is currently building in this direction has led to various studies on the
reliability of the ground in this area. The aim of our study is to determine whether there is any movement
in this field. As a result of the studies carried out in the region, the important aims of this study are to
obtain data on whether there are any deformations in this area, which has been opened for development
and where rapid construction continues, and to offer ideas and suggestions for this area in line with the
analyzes made. Since Yalova province is among the provinces that were severely damaged by the
earthquake and the construction is concentrated in this area, it is of great importance to detect the
tectonic movements that may occur in this region. In the study, it was aimed to determine the
deformation of the Hacimehmet plain with high precision by geodetic measurements and 23 new
landmarks were established in this area. GNSS measurements were made in two campaigns on the
established network between 2022-2023, and measurements at these points are planned to continue
between 2023-2024. In addition, observations were made along the fault located around Safran Village
and it was aimed to detect the tectonic movements there. Measurements of the Turkish National Basic
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GNSS Network (TUTGA) and Turkish National Fixed GNSS Stations Network—Active (TUSAGA-
Active) points located around the study area were also included in the study, and the GNSS
measurements were evaluated with the GAMIT/GLOBK software suite and the displacements were
calculated. In addition, it is thought that determining the slip rates obtained from the geodesic network
established on the active fault line passing near the region is important in terms of filling an important
gap in the literature.

Keywords: GNSS, Hacimehmet Plain, GAMIT/GLOBK, Slip rate
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GNSS-IR Teknigi ile Deniz Seviyesi Degisiminin Izlenmesinde Kalite Degerlendirmesi
Quality Assessment in Sea Level Changes Monitoring Using GNSS-IR Technique
Cansu Besel Hatipoglu'*“, Emine Tanir Kayike1?

’Sinop Universitesi, Miihendislik ve Mimarhik Fakiiltesi, Harita Miihendisligi, Sinop
’Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi, Trabzon

Hebesel@sinop.edu.tr

Ozet

GNSS istasyonlari, konum belirleme amagl kullanimm yani sira jeodinamik, meteorolojik, hidrolojik
ve iyonosferik amaglara yonelik olarak veriler saglamaktadir. Hizla ilerleyen GNSS teknolojisi ile deniz
seviyesi degisimlerinin izlenmesinde GNSS Interferometrik Reflektometri (GNSS-IR) teknigi
kullanilmaya baglanmistir. Yaklasik son yirmi y1lda GNSS-IR teknigi 6nemli ilerlemeler kaydetmistir.
Diger yandan teknigin performansinin gelistirilmesine yonelik ¢alismalar da devam etmektedir. Bu
asamada, gercegi yansitmayan bir frekansin giiciiniin deniz yiizeyi yansimasi olarak kabul edilen
yansitma frekansinin giiciinden daha biiyiik olabilme ihtimali, GNSS-IR performansini etkileyen ve
ozellikle dikkat edilmesi gereken bir durumdur. Bu agidan verilerin islenmesinde; dogruluk, duyarlik
ve giivenirlik analizleri ile kalite degerlendirmesi yapilmas1 6nemlidir. Veri isleme sirasinda parametre
kontrolii veya veri islemeden sonra giiriiltiiniin filtrelenmesi, sonuclarin dogrulugunu ve etkinligini
onemli Olciide iyilestirebilmektedir. Bu c¢alismada; kalite degerlendirmesinin GNSS-IR tekniginin
performansina etkisi aragtirllmistir. Bunun igin iki farkli yontem kullanilmistir. Birinci yontem bir¢ok
GNSS-IR calismasinda tercih edilen Pik-Giiriiltli Orani testi iken, ikinci yontem Lomb-Scargle
Periyodogrami (LSP) ve Hareketli Ortalamalar (MA) yontemlerinin kombinasyonu ile gelistirilen LSP-
MA yontemidir. Her iki yontemde de gercegi yansitmayan reflektor yiikseklikleri belirlenerek
analizden ¢ikarilmis olup teknigin performansina etkisi incelenmistir. Calisma kapsaminda, tilkemiz
Akdeniz kiyisinda Mersin, Erdemli’de bulunan MERS Uluslararast GNSS Servisi (IGS) sabit GNSS
istasyonu kullanilmis olup GPS, GLONASS ve Galileo sistemlerinden ¢ok frekansl Sinyal Giiriiltii
Oran1 (SNR) verileri alinmstir. Pik-Giiriiltii Orani testi ve LSP-MA yontemi ile elde edilen sonuglar
karsilastirildiginda; en yiiksek korelasyon LSP-MA yonteminde 0.94 ile Galileo L1 ve L5 sinyallerinde,
en diisiik Karesel Ortalama Hata (KOH) 3.54 cm degeriyle yine LSP-MA yonteminde ve Galileo L5
sinyalinde elde edilmistir. Uygulanan Pik-Giiriiltii Oran1 testinde GPS ve Galileo sistemlerinin ikisinde
de L5 sinyali daha iyi sonug vermistir. LSP-MA yonteminde ise GPS sisteminde L1 sinyalinden, Galileo
sisteminde L5 sinyalinden daha iyi sonu¢ alinmistir. Caligmada elde edilen sonuglar genel olarak
degerlendirildiginde; deniz seviyesi degisimi sonuglarinda kaba hatali 6l¢iiniin fazla oldugu, yani
gercegi yansitmayan reflektor yiiksekliklerinin elde edildigi durumlarda LSP-MA ydnteminin yiiksek
performans sergiledigi goriilmiistiir.

Anahtar Kelimeler: Deniz Seviyesi Degisimi, GNSS Interferometrik Reflektometri, Kalite
Degerlendirmesi

Abstract

GNSS stations provide data for geodynamic, meteorological, hydrological and ionospheric purposes,
as well as for positioning. The GNSS Interferometric Reflectometry (GNSS-IR) technique has started
to be utilized in monitoring sea level changes due to the rapid advancements in GNSS technology. The
GNSS-IR technique has made significant progress over the past two decades or so. On the other hand,
studies are being conducted to enhance the performance of this technique. At this stage, it is important
to consider the possibility that the power of a frequency, which does not accurately reflect reality, may
be greater than the power of the accepted sea surface reflection frequency. This situation has a
significant impact on GNSS-IR performance and therefore requires careful attention. In the processing
of data, it is important to conduct quality assessments through accuracy, precision, and confidence
analysis. Parameter control during data processing, or filtering out noise after data processing, can
significantly enhance the accuracy and efficiency of the results. In this study, we investigated the effect
of quality assessment on the performance of the GNSS-IR technique. Two different methods were used
for this purpose. The first method is the Peak-to-noise ratio test, which is commonly used in many
GNSS-IR studies. The second method is the LSP-MA method, which was developed by combining the
Lomb-Scargle Periodogram (LSP) and Moving Average (MA) methods. In both methods, reflector
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heights that did not reflect reality were determined and removed from the analysis. The impact of the
technique on its performance was examined. Within the scope of the study, we used the MERS station
located in Erdemli, Mersin, on the Mediterranean coast of our country from the International GNSS
Service (IGS) network. Multi-frequency signal-to-noise ratio (SNR) data obtained from GPS,
GLONASS, and Galileo systems were utilized. When comparing the results obtained from the Peak-to-
noise ratio test and the LSP-MA method, the Galileo L1 and L5 signals showed the highest correlation
of 0.94 in the LSP-MA method. Additionally, the lowest Root Mean Square Error (RMSE) was
observed in the Galileo L5 signal, with a value of 3.54 cm in the LSP-MA method. In the applied Peak-
to-noise ratio test, the L5 signal provided superior results in both the GPS and Galileo systems. In the
LSP-MA method, better results were obtained than the L1 signal in the GPS and the L5 signal in the
Galileo system. When evaluating the results obtained in the study in general, it has been observed that
the LSP-MA method exhibits high performance where there are many outliers in the sea level change
results. In other words, it can accurately identify reflector heights that do not reflect reality.

Keywords: Sea Level Changes, GNSS Interferometric Reflectometry, Quality Assessment
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Karadeniz icin Derin Ogrenme Tabanh Deniz Seviyesi Erken Uyar1 Sistemi

Deep Learning-Based Early Warning System for Sea Level Changes in the Black Sea
Ahmet YAVUZDOGAN"* Emine TANIR KAYIKCI?

! Giimiishane Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Harita Miihendisligi Boliimii, Giimiishane
? Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Béliimii, Trabzon
“yavuzdogan@gumushane.edu.tr

Ozet

Kiiresel iklim degisikliginin tetikledigi deniz seviyesi yiikselme hareketleri, kiy1 bolgelerinde yasayan
poptilasyonu kiy1 tagkinlar1 konusunda ciddi risklerle kars1 karsiya birakmaktadir. Tiirkiye gibi {i¢ tarafi
denizlerle cevrili olan bir iilkede, kiy1 tagkinlarina kars1 alinacak 6nlemler hem bireylerin giivenligi hem
de ekonomik ve ekolojik dengenin siirdiiriilebilirligi agisindan kritik 6neme sahiptir. Bu baglamda,
Karadeniz bolgesi icin gelistirilen 'TideGuard' isimli erken uyar1 sistemi, ani deniz seviyesi
degisimlerini 6nceden tespit etmeyi amaglamaktadir. TideGuard, Evrisimli Uzun-Kisa Siireli Bellek
Aglart (ConvLSTM) adli derin 6grenme algoritmasi ile egitilmis olup, ge¢misteki deniz seviyesi
anomalilerini kullanarak 15 giinliik deniz seviyesi degisimlerini ortalama 5-8 mm'lik karesel ortalama
hata ile tahmin edebilmektedir. Gelistirilen derin 6grenme aginin egitimi i¢in birgok uydu misyonundan
elde edilen radar altimetre deniz seviyesi anomali verileri kullanilmistir. Egitimin ardindan farkli tarih
araliklarinda gerceklestirilen 30 farkli simiilasyonda, erken uyar1 sisteminin 15 giinliik deniz seviyesi
degisimlerini tahmin performansi detaylica incelenmistir. Analizler sonucunda, gelistirilen bu yaklagim
ve Onceden egitilmis bir evrisimli uzun-kisa siireli bellek ag1 ile deniz seviyesi tahmininin 15 giin
onceden yiiksek dogrulukla tahmin edilebilecegi gosterilmistir. S6z konusu sistem, Python
programlama dilinde, PyQt5 kiitiiphanesi yardimiyla kod bilgisine ihtiya¢ duymadan son kullanicinin
erisimine uygun, kullanici dostu bir arayiizle entegre edilmistir. Gelistirilen bu erken uyar1 sistemi,
ozellikle k1y1 miihendisligi, su politikasi, kiy1 koruma ve bakim gibi alanlarda karar alicilar i¢in degerli
bir rehber olma potansiyeline sahiptir.

Anahtar Kelimeler: Deniz Seviyesi, Kiy1 Taskinlari, Derin Ogrenme, Erken Uyari, Karadeniz
Abstract

Global climate change-induced sea level rise movements pose serious risks of coastal flooding for
populations living in coastal areas. In a country like Turkey, which is surrounded by seas on three sides,
measures against coastal floods are of critical importance for the safety of individuals as well as for the
sustainability of economic and ecological balance. In this context, an early warning system named
'"TideGuard' has been developed for the Black Sea region, aiming to detect sudden changes in sea level
in advance. TideGuard has been trained with a deep learning algorithm known as Convolutional Long
Short-Term Memory Networks (ConvLSTM), and it can predict sea level changes over 15 days with
an average root mean square error of 5-8 mm by using past sea level anomalies. Radar altimeter sea
level anomaly data obtained from various satellite missions have been used for training the deep
learning network. After the training, the performance of the early warning system in predicting 15-day
sea level changes has been meticulously analyzed in 30 different simulations conducted over various
date ranges. The analyses have shown that with this approach and a pre-trained convolutional long
short-term memory network, sea level can be predicted with high accuracy 15 days in advance. This
system has been integrated with a user-friendly interface that is accessible to the end-user without the
need for coding knowledge, using the Python programming language and the PyQt5 library. The
developed early warning system has the potential to be a valuable guide for decision-makers, especially
in areas such as coastal engineering, water policy, coastal protection, and maintenance.

Keywords: Sea Level, Coastal Flooding, Deep Learning, Early Warning, Black Sea
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Derin Ogrenme Algoritmalar: Ile Heyelan Duyarhiik Degerlendirmesi: Murgul (Artvin)
Ornegi

Landslide Susceptibility Assessment Using Deep Learning Algorithms: A Case Study of
Murgul (Artvin)

Ziya USTA"*, Alper Tunga AKIN? Halil AKINCI'

L Artvin Coruh Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii 08100, Seyitler, Artvin.
’Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Béliimii, 61080 Trabzon.
ziyausta@artvin.edu.tr

Ozet

Artvin; jeolojik yapisi, engebeli topografyasi ve siddetli yagislara sahip iklimsel 6zellikleri nedeniyle
heyelanlara egilimi bir sehirdir. Artvin’in tiim ilgelerinde ciddi ekonomik zararlara neden olan ve
altyapilara hasar veren heyelanlar meydana gelmektedir. Bu ¢aligmada, derin 6grenme algoritmalar
kullanilarak Artvin ilinin Murgul il¢esinin heyelan duyarlilik haritalar1 iiretilmistir. Derin 6grenme
algoritmalar olarak Konvoliisyonel/Evrisimsel Sinir Aglar1 (Convulational Neural Networks - CNN)
ve Tekrarlayan/Yinelemeli Sinir Aglarn (Recurrent Neural Networks - RNN) kullanilmistir. Heyelan
duyarhilik analizi 12 faktor (arazi Ortiisii, baki, drenaj aglarina uzaklik, e§im, egim uzunlugu, litoloji,
plan egriligi, profil egriligi, topografik konum indeksi (TKI), topografik nemlilik indeksi (TNI), yollara
uzaklik ve yiikseklik) kullanilarak gerceklestirilmistir. Caligmada, 54 heyelan poligonundan olusan bir
heyelan envanteri kullanilmistir. Heyelan envanter veri seti 10 m konumsal ¢ozliniirliikte 92.446 piksel
icermektedir. Literatiire uygun olarak, heyelanli piksellerin %70’i (64.712 piksel) derin 6grenme
modellerinin egitimi, geri kalan %30’u da (27.734 piksel) modellerin dogrulanmasi i¢in kullanilmistir.
Dogrulama metrigi olarak genel dogruluk, kesinlik, duyarlilik, F1 skoru ve egri altinda kalan alan (area
under the receiver operating characteristic curve - AUCROC) dikkate alinmistir. Python yaziliminda
Keras kiitliphanesi kullanilarak gerceklestirilen uygulama sonucunda, RNN algoritmasinin tiim
dogrulama metriklerinde CNN algoritmasina gore daha iyi performans gosterdigi tespit edilmistir.
Ayrica, RNN algoritmasma gore calisma alaninda heyelanlarin meydana gelmesinde en etkili
faktorlerin litoloji ve yiikseklik oldugu, en etkisiz faktorlerin ise plan ve profil egriligi oldugu
belirlenmistir. Sonug olarak, RNN algoritmas1 kullanilarak iiretilen heyelan duyarlilik haritasinin
calisma bolgesinde heyelanlarin neden oldugu zararlarin azaltilmasinda karar vericilere 6nemli katkilar
saglayacag1 sonucuna varilmigtir.

Anahtar Kelimeler: Heyelan, Heyelan Duyarlilik Haritalama, Derin Ogrenme, CNN, RNN

Abstract

Artvin is a city prone to landslides due to its geological structure, rugged topography, and climatic
features characterized by heavy rainfall. Landslides occur in all districts of Artvin, resulting in
significant economic losses and damage to infrastructure. In this study, landslide susceptibility maps
for the Murgul district of Artvin province were generated using deep learning algorithms. Convolutional
Neural Networks (CNN) and Recurrent Neural Networks (RNN) were employed as deep learning
algorithms. Landslide susceptibility analysis was conducted using 12 factors (land cover, aspect,
distance to drainage networks, slope, slope length, lithology, plan curvature, profile curvature,
topographic position index (TPI), topographic wetness index (TWI), distance to the roads, and altitude).
The study utilized a landslide inventory comprising 54 landslide polygons. The landslide inventory
dataset consists of 92,446 pixels at a spatial resolution of 10 meters. Consistent with literature practices,
70% of landslide pixels (64,712 pixels) were utilized for training deep learning models, with the
remaining 30% (27,734 pixels) used for model validation. Validation metrics including overall
accuracy, precision, recall, F1 score, and area under the receiver operating characteristic curve
(AUCROC) were considered. The application, implemented using the Keras library in Python software,
revealed that the RNN algorithm outperformed the CNN algorithm across all validation metrics.
Additionally, according to the RNN algorithm, the most influential factors in the occurrence of
landslides in the study area were determined to be lithology, and altitude, while plan and profile
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curvature were identified as the least effective factors. In conclusion, it has been deduced that the
landslide susceptibility map produced using the RNN algorithm will significantly contribute to
decision-makers in reducing the damages caused by landslides in the study area.

Keywords: Landslide, Landslide Susceptibility Mapping, Deep Learning, CNN, RNN
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Gergek Zamanh Kinematik PPP Teknigi ile Deprem Merkez Ussii Kestirimi: 6 Subat 2023
Kahramanmaras (Pazarcik ve Elbistan) Depremleri Ornegi

Estimation of Earthquake Epicenter with Real-Time Kinematic PPP Technique: The Case of
February 6, 2023 Kahramanmarag (Pazarcik ve Elbistan) Earthquakes

Furkan Sogukkuyu'™, Sinan Birinci', Mehmet Halis Saka'

!Gebze Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Kocaeli
Hfsogukkuyu@gtu.edu.tr

Ozet

Deprem merkez iissiinlin hizli ve dogru bir sekilde belirlenmesi, 6zellikle sehirlesmis alanlarda
depremlerin altyapt {izerindeki olumsuz etkilerinin anlasilmast ve acil durum miidahalesinin
yonlendirilmesi i¢in oldukca dnemlidir. Bu baglamda, deprem parametrelerinin tespiti sismometreler
yardimiyla gerceklestirilir ve analizler bu aletlerden saglanan veriler iizerinden yapilir. Bunun diginda,
yeryliziinde siirekli veri toplayan GNSS istasyonlarinin ¢ogalmasiyla, sismik hareketlerin tespit
edilmesi miimkiin hale gelmistir. Bu hareketler, depremin ana bilesenlerinden olan merkez {issiiniin
hesaplanmasi problemi i¢in bir veri kaynagi olusturur. Deprem merkez iissiiniin hizli ve dogru sekilde
belirlenmesi amaciyla, glinlimiizde GNSS verilerinin degerlendirilmesinde gergek zamanl kinematik
Hassas Nokta Konumlama (Precise Point Positioning, PPP) yaklagim1 siklikla kullanilmaktadir. Bu
¢cOzlimiin basarisi, hassas yoriinge ve saat bilgilerine gercek zamanli olarak ulagma imkanlartyla
ilgilidir. Bu acidan bakildiginda GNSS kullaniminda bu iriinlerin temini zorlugu gibi baz1
dezavantajlarin oldugu sdylenebilir. Sismometreler ise ek bir veriye ihtiyag duymazlar fakat biiyiik
depremlerde belirli bir araliktaki yer hareketini dlgmek iizere tasarlandiklarindan, bir depremin yer
hareketi bu aralig1 astiginda, sismometre dlgcek disina cikabilir ve bu da kirpilma olarak bilinen bir
olguya neden olur. Bu durum sismometrenin sismik dalgalarin tiim genligini dogru bir sekilde
kaydetmesini engelleyerek depremin biiyiikliigiiniin ve merkez iissiiniin yanlis 6l¢iilmesine yol agabilir.
Bu ¢alismada, 6 Subat 2023 tarihinde Kahramanmaras'ta meydana gelen iki biiyiik depremin merkez
iisleri, kinematik PPP ¢oziimlerini esas alarak istatistiki bir yaklagimla hesaplanmistir. Veri olarak,
deprem bolgesini kapsayan TUSAGA-Aktif istasyonlarmin 1 sn’lik GNSS verileri ve MADOCA
(Multi-GNSS Advanced Demonstration tool for Orbit and Clock Analysis) ger¢ek zamanli yoriinge ve
saat triinleri kullanilmistir. Depremlerin hesaplanan parametreleri Afet ve Acil Durum Yonetimi
Baskanlig1 (AFAD), Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii (KRDAE), Amerika Birlesik
Devletleri Jeolojik Arastirma Dairesi (USGS) ve Alman Yer Bilimleri Aragtirma Merkezi (GFZ)
tarafindan yayinlanan parametrelerle karsilastirilmistir. Sirasiyla AFAD, KRDAE, USGS ve GFZ
tarafindan agiklanan deprem merkez isleriyle bu calismada hesaplanan deprem merkez {isleri
karsilastirildiginda; Pazarcik depremi i¢in 11, 18, 27 ve 16 km; Elbistan depremi i¢in ise 13, 10, 13 ve
12 km mesafelik bir fark oldugu goriilmektedir. Bu sonuglar, GNSS verilerinin kullanilmasiyla deprem
merkez tissiliniin, acil miidahale i¢in yeterli dogrulukta ve gercek zamanli olarak belirlenebilecegini
gostermektedir.

Anahtar Kelimeler: GNSS Sismolojisi, Ger¢ek Zamanli kinematik PPP, Deprem Merkez Ussii
Kestirimi.

Abstract

Rapid and accurate determination of the epicenter is crucial for understanding the adverse effects of
earthquakes on infrastructure, especially in urbanized areas, and for directing emergency responses. In
this context, the earthquake parameters is carried out with seismometers, and analyzes are made on the
data obtained from the instruments. In addition, with the proliferation of GNSS stations collecting
continuous data on earth surface, it has become possible to detect seismic movements. The movements
form a data source for the problem of estimating the epicenter, which is one of the main components of
an earthquake. The real-time kinematic Precise Point Positioning (PPP) approach has been widely used
in the evaluation of GNSS data for fast and accurate determination of earthquake epicenters. The
success of this solution is related to the possibility of accessing precise orbit and clock information in
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real-time. From this point of view, it can be said that there are some disadvantages to the use of GNSS,
such as the difficulty in obtaining the products. Seismometers do not need any additional data; however,
because they are designed to measure ground motion within a certain range for large earthquakes, when
the ground motion of an earthquake exceeds this range, the seismometer can go off scale, causing a
phenomenon known as clipping. This can prevent the seismometer from accurately recording the full
amplitude of the seismic waves, leading to inaccurate measurement of the magnitude and epicenter of
the earthquake. In this study, the epicenters of two large earthquakes that occurred in Kahramanmaras
on February 6, 2023, were calculated using a statistical approach based on kinematic PPP solutions. 1-
second GNSS data from Continuously Operating Reference Stations - Tiitkiye (CORS-TR) covering
the earthquake zone and Multi-GNSS Advanced Demonstration tool for Orbit and Clock Analysis
(MADOCA) real-time orbit and clock products were used. The estimated parameters of the earthquakes
were compared with those announced by the Disaster and Emergency Management Authority (AFAD),
Kandilli Observatory and Earthquake Research Institute (KOERI), United States Geological Survey
(USGS), and German Research Centre for Geosciences (GFZ). When the earthquake epicenters
announced by AFAD, KOERI, USGS, and GFZ are compared with the epicenters estimated in this
study, it is seen that there is a difference of 11, 18, 27, and 16 km for the Pazarcik earthquake and 13,
10, 13, and 12 km for the Elbistan earthquake, respectively. The results show that, using GNSS data,
the epicenter can be determined in real-time with sufficient accuracy for emergency response.

Keywords: GNSS Seismology, Real-Time Kinematic PPP, Estimation of Earthquake Epicenter
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Google Earth Engine ve Uzaktan Algllama Yontemleri ile Orman Yangin Alan1 Analizi:
Mugla-Koycegiz Ornegi

Forest Fire Area Analysis with Google Earth Engine and Remote Sensing Methods: The
Case of Mugla-Koycegiz

Sule YAMAN"*, Esra TUNC GORMUS?
2 Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Béliimii, 61080, Trabzon/Tiirkiye

= suleyaman98@hotmail.com

Ozet

Orman yanginlari, dogal ve beseri nedenlerle ortaya ¢ikan bir dogal afettir. Yanardag patlamasi,
yildinm diismesi ve yiiksek sicaklik nedeniyle meydana gelen dogal yangmlar ile sigara izmariti,
bilingsiz ates yakma ve sondiirmeme gibi nedenlerle insan kaynakli meydana gelen yanginlar vardir.
Orman yanginlar kuraklik, iklim degisikligi gibi birgok ekolojik zarara neden olmakla beraber yangin
miidahale agamasinda, yangin sonrasi hasar tespiti ve analizinde de hem maddi hem de manevi
bedellerin 0denmesine sebep olmaktadir. Orman yangmlari ve yangin sonrast yanan alanlarin
tespitinde, son yillarda gelisen uydu teknolojileri ve Uzaktan Algilama (UA) teknikleri oldukg¢a yaygin
olarak kullanilmaya baslanmistir. Bu ¢alismada 28 Temmuz 2021 tarihinde Mugla ili Koycegiz
ilgesinde ¢ikan ve 14 giin devam eden yangin i¢in uzaktan algilama teknikleri kullanilarak Google Earth
Engine (GEE) platformunda yangin analizi yapilmistir. Bu amacla yangin oncesine ait 28 Temmuz
2021 ve yangin sonrasina ait 27 Agustos 2021 tarihli Sentinel-2A uydu verileri kullanilmigtir. Caligma
alanina ait egim, baki ve NDVI parametreleri kullanilarak yangin risk modeli haritasi iiretilmistir.
Yanan alanlarin risk haritasindaki riskli bolgelerle oOrtiistiigti gdzlenmistir. Daha sonra Normalize
Edilmis Vejetasyon indeksi (NDVI), Normalize Edilmis Yanma Siddeti (NBR), NBR farklarindan Fark
Normalize Edilmis Yanma Siddeti (ANBR), NDVI farklarindan Fark Normallestirilmis Fark Bitki
Ortiisii Indeksi (ANDVI), Yanik Izi Indeksi (BSI) ve Yanmus Alan Indeksi (BAI) indekslerinin
kullanilmasi ile yanarak tahrip olmus alanlarin tespiti yapilmistir. Son olarak dNBR indeksine ait
goriintiilere USGS FIREMON (Fire Effects Monitoring And Inventory Protocol/ Yangin Etkilerini
Izleme ve Envanter Protokolii) tarafindan, bir bolgedeki yanma siddetini tanimlamak iizere belirlenmis
esik degerler uygulanarak ¢aligma alanina ait yanma siddeti haritasi olusturulmustur.

Anahtar Kelimeler: Orman Yangin Analizi, Uzaktan Algilama, Google Earth Engine

Abstract

Forest fires are a natural disaster caused by natural and human causes. There are natural fires caused by
volcanic eruptions, lightning strikes and high temperatures, and human-caused fires due to cigarette
butts, unconscious fire lighting and failure to extinguish it. While forest fires cause many ecological
damages such as drought and climate change, they also cause both material and moral costs to be paid
during the fire intervention phase and post-fire damage detection and analysis. Satellite technologies
and Remote Sensing (RS) techniques, which have developed in recent years, have begun to be widely
used in detecting forest fires and burned areas after fires. In this study, fire analysis was carried out on
the Google Earth Engine (GEE) platform using remote sensing techniques for the fire that broke out in
Koycegiz district of Mugla province on July 28, 2021 and continued for 14 days. For this purpose,
Sentinel-2A satellite data dated 28 July 2021 before the fire and 27 August 2021 after the fire were
used. A fire risk model map was produced using the slope, aspect and NDVI parameters of the study
area. It was observed that the burned areas overlapped with the risky areas on the risk map. Then
Normalized Vegetation Index (NDVI), Normalized Burn Severity (NBR), Difference Normalized Burn
Severity (ANBR) from NBR differences, Normalized Difference Vegetation Index (ANDVI) from
NDVI differences, Burn Scar Index (BSI) and Burnt Area index (BAI) using the indexes, areas
destroyed by burning were determined. Finally, a burning intensity map of the study area was created
by applying threshold values determined by USGS FIREMON (Fire Effects Monitoring and Inventory
Protocol) to the images of the dNBR index to define the burning severity in a region.

Keywords: Forest Fire Analysis, Remote Sensing, Google Earth Engine
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Uydu Goriintiileri Kullanilarak Orman Yangin Alanlarindaki Hasar Tespiti ile Arazi
ve Toprak Ortiisiindeki Zamansal Degisim

Detection of Damage in Forest Fire Areas and Temporal Change in Land and Soil Cover
Using Satellite Imagery

Betiil Kirnrmhoglu™*

Karadeniz Teknik Universitesi,Harita Miihendisligi Béliimii, Trabzon
“petulkrmloglu@gmail.com

Ozet

Diinyanin en biiylik dogal zenginligi olan ormanlar, dogal dengenin saglanmasinda hayati énem
tagimaktadir. Fakat diinyamizda yasanan orman yanginlari sonucunda ekosistemde ve atmosferde
biiyiik hasarlar meydana gelmekte, can ve mal kayiplarina sebep olmaktadir. Orman yanginlari ayni
zamanda ekonomik ve sosyal yasamda ciddi sorunlara yol acabilmektedir. Uzaktan algilamanin
gelismesiyle birlikte uydu teknolojisi kullanilarak ormanlar tizerinde genis capli aragtirmalar
yapilabilmektedir. Uydu goriintiileri ile orman yangimn ¢ikis noktas1 ve vermis oldugu hasar kolaylikla
tespit edilebilir ve hasarin ilerleyen zamanlarda ugradigi zamansal degisimin daha hizli sekilde takip
edilebilmesine olanak saglar. Calisma alami olarak 2019 Haziran- 2020 Mayis tarihleri arasinda
gerceklesen Avustralya orman yangini secilmistir. Kitada biiyiik bir felakete yol acan yanginda Sidney
sehrinden bir bolge belirlenmistir. Landsat 8 uydu goriintiisii ile yangin dncesi, yangin an1 ve yangin
sonras1 goriintiiler iizerinde ¢alismalar yapilmistir. ENVI programu tizerinden kontrollii ve kontrolsiiz
siniflandirma islemi ile hasar tespiti, Yanmis alan indeksi (BAI), arazi ortiistinde Normallestirilmis Fark
Bitki Indeksi(NDVI), Normallestirilmis Su Farki indeksi (NDWI), Normallestirilmis Fark Yerlesim
Alam Indeksi (NDBI), Gelismis Bitki Ortiisii Indeksi (EVI), Yaprak Alani indeksi(LAI), Toplam Yesil
Indeksi (SGI), ve toprak ortiisiinde Toprak Ayarli Bitki Ortiisii Indeksi(SAVI), Ciplak Toprak
Indeksi(BSI), Arazi Yiizey Sicakligi (LST), Toprak Nem indeksi (SMI), Toprak Tuzlulugu Indeksi
(SSI), Kil Minerali Orani(CM) ve Demir Mineralleri Oran1 (FM, Fe'3 ve Fe™®) spektral indeksler
kullanilarak degisim analizi yapilmistir. Analizler sonucunda yangindan dnce ve sonraki goriintiilerde
yanginin vermis oldugu zararin ciddi oldugu hasar tespit ¢alismasi ile degerlere yansimistir. Yangindan
sonraki gorlintiide bitkilerin yok olmasi, ¢iplak toprak goriintiisiiniin ortaya ¢ikmasina sebep oldugu
icin arazi ylizey sicaklifinin arttigi ve buna bagli olarak nem oraninin ve toprak tuzlulugunun da
diistiigli belirlenmistir. Fakat yangin sonrasi ilerleyen zamandaki goriintiilerde bitkilerin ortaya
cikmasiyla degerlerin tekrardan eski haline yavas yavas donmeye basladigi anlasilmaktadir. Bitkilerin
yeniden canlanmasinda ve biiyiimesinde 6nemli etkenlerden biri olan demir minerallerine bakildiginda
demir artig1 gozlenmistir. Bunun sebebinin kiil miktarinin ve yanmanim vermis oldugu zarar ile
havalanmayan toprak olusmasi ve bu sebeple Fe'3 ile anaerobik canlilarinin etkilesime girerek ¢ikan
tepkimeden Fe™ olusmasiyla demir mineralinde artis meydana gelmesidir. Bitkilerin fotosentez
yapmasinda demir minerali gerekli oldugu icin 6nemli kaynak oldugu Uzaktan Algilama yontemi ile
de sonuca varilmistir. Bu degisimlerin ¢ergevesinde zamanla doganin kendini yenilemesi ile bu zararin
azalabilecegini gostermektedir. Bu caligma sayesinde Uzaktan Algilamanin orman yanginlari iizerinde
kullanilmasi bilgi edilebilirligi agisindan 6nemli oldugu ve hem zaman hem de maddi anlamda kolaylik
saglayabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Orman Yangini, Uzaktan Algilama, Arazi Ortiisii Indeksleri, Toprak Ortiisii
Indeksleri, Zamansal Degisim

Abstract

Forests are the world's most valuable natural resource and are vital for maintaining the delicate balance
of our planet's ecosystem. However, forest fires cause significant damage to both the environment and
the atmosphere, causing loss of life and property. Forest fires can also cause economic and social
problems. With the development of remote sensing, large-scale surveys on forests can be carried out
using satellite technology. The starting point of the forest fire and the damage caused by it can be easily
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detected with satellite images and the temporal change of the damage in the future can be monitored
more quickly. The Australian forest fire that took place between June 2019 and May 2020 was selected
as the study area. A region from the city of Sydney was identified in the fire that caused a major disaster
on the continent. Studies were carried out on pre-fire, post-fire, and post-fire images using Landsat 8§
satellite images. Damage detection with controlled and uncontrolled classification process through
ENVI program, Bumt Area Index (BAI), Normalized Difference Vegetation Index (NDVI),
Normalized Difference Water Index (NDWI), Normalized Difference Settlement Index (NDBI),
Enhanced Vegetation Index (EVI), Leaf Area Index (LAI), Total Green Index (SGI), and changes in
soil cover were analysed using Soil Adjusted Vegetation Index (SAVI), Bare Soil Index (BSI), Land
Surface Temperature (LST), Soil Moisture Index (SMI), Soil Salinity Index (SSI), Clay Mineral
Content (CM) and Iron Minerals Content (FM, Fe+3 and Fe+2) spectral indices. As a result of the
analyses, the damage caused by the fire in the images before and after the fire was reflected in the values
with the damage assessment study. In the image after the fire, since the destruction of the plants caused
the appearance of bare soil, it was determined that the land surface temperature increased and the
humidity and soil salinity decreased accordingly. However, it is understood that the values gradually
started to return to their previous state with the emergence of plants in the images in the following time
after the fire. When iron minerals, which are one of the important factors in the revitalization and growth
of plants, were examined, an increase in iron was observed. The reason for this is the formation of
unventilated soil due to the amount of ash and the damage caused by the combustion, and for this reason,
Fe + 3 and anaerobic organisms interact with Fe + 2 from the reaction, resulting in an increase in iron
mineral. Since iron mineral is necessary for the photosynthesis of plants, it has been concluded by the
Remote Sensing method that it is an important source. Within the framework of these changes, it shows
that this damage can be reduced with the renewal of nature over time. Thanks to this study, it was
concluded that the use of Remote Sensing on forest fires is important in terms of information availability
and can provide both time and material convenience.

Keywords: Forest Fire, Remote Sensing, Land Cover Indices, Soil Cover Indices, Temporal Change
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SENTINEL 1A Uydu Radar Verilerini Kullamlarak Sarigol Bolgesinin Deformasyonunun
Belirlenmesi

Determining Deformation in the Sarigol Region Using SENTINEL-1A Satellite Radar Data

Fatma Nur Kargm'", Fatih Poyraz'

!Sivas Cumhuriyet Universitesi, Miihendislik Fak. Harita Miih. Béliimii Sivas
Mfatmanurkargn@gmail.com

Ozet

Calisma kapsaminda Ege Horst- Graben sisteminde, Gediz Grabeninin dogu kesiminde Sarig6l bolgesi
caligma alan1 olarak secilmistir. Gediz Grabeni Manisa’dan Pamukkale’ye kadar uzanir. Yaklagik 200
km uzunlugundadir. Grabenin ana fay1 gliney kenar1 boyunca uzanir, kuzeyde ise yer yer bu fayn
antitetik bileseni yer alir. Graben i¢inde olusan Mw=6.5 biiyiikliigiindeki 28 Mart 1969 Alasehir
depremi meydana gelmistir. Giinlimiizde de tektonik ve asismik hareketlerin etkisiyle hizla
deformasyona ugrayan Manisa-Sarigdl ilgesinin, Sentinel-1A verileri kullanilarak bolgeye ait
deformasyonlarin belirlenmesi amaciyla diizenlenmistir. Sentinel-1A verileri kullanilarak bdlgedeki
deformasyonlarin belirlenmesi ve bu deformasyonlarin bolgenin tektonik 6zellikleri ve faylarin kayma
hiz1 hakkindaki bilgilere katkis1 arastirilacaktir.

Sentinel-1A verileri ¢esitli bolgelerdeki tektonik hareketlerin arastirilmasi igin ticretsiz olarak sunulan
degerli bir aragtir. Sentetik Acikli Radar (SAR) ile donatilmis olan Sentinel-1A verilerinin yeryiizii
deformasyonlarinin analizi i¢in Persistent Scatterer Interferometry (PSI) ve daha yliksek ¢ozilintirliikte
ve hassasiyette Olglimler yapilmasina olanak saglayan Standford Method for Persistent Scatterer
(StaMPS) teknigi kullanilacaktir.

Calisma, bir yillik Sentinel-1A verilerini icermektedir. Bu veriler icin ESA SNAP ve StaMPS
yazilimlar1 kullanilacaktir. SNAP yazilimda olusturulan interferogramlar, StaMPS yazilimiyla ¢aligma
bolgesinde mevcut olan aktif faylar boyunca meydana gelen kabuk deformasyonu ve uydu bakis yoniine
gore bolgedeki ¢cokme veya yiikselmelerin haritalanmas1 amaglanmaktadir. StaMPS yaziliminda elde
edilecek LOS hizlar1 L1 ve L2 norm yontemleri kullanilarak ayr1 ayri elde edilecek ve sonuglarin birbiri
ile uyumlart karsilastirilacaktir. Ayrica ¢calisma sonunda elde edilen degerler bu bolgede yapilmis ve
yayimlanan diger jeodezik yontemlerden elde edilen sonuglar ile karsilagtirilacaktir. Calisma
kapsaminda Gediz grabenin dogu kesiminde fay sistemini InSAR sonuglarindan elde edilecek
deformasyon haritalar1 kullanilarak boélgede deformasyon olmayan veya deformasyon az olan bdlgeler
belirlenecektir. Boylelikle bolgede olusturulacak veya yapilacak yeni yerlesim alanlar ig¢in bu
deformasyon haritalarin faydali olacagi diisiiniilmektedir.

Anahtar Kelimeler: Deformasyon, Tektonik, InSAR, GNSS
Abstract

The study focuses on the Sarigdl region, situated in the eastern part of the Gediz Graben within the
Aegean Horst-Graben system. The Gediz Graben spans approximately 200 kilometers, stretching from
Manisa to Pamukkale. The principal fault runs along the graben's southern margin, while its antithetic
counterpart is situated to the north. Notably, the region experienced a significant seismic event, the
Alagehir earthquake of March 28, 1969, with a magnitude of M=6.5.

The primary objective of this investigation is to assess the ongoing deformations in the Manisa-Sar1gol
district, resulting from tectonic and aseismic activities. This analysis leverages Sentinel-1A data, which
is a valuable resource for studying tectonic movements in various regions. Sentinel-1A data, equipped
with Synthetic Aperture Radar (SAR), will be employed to analyze earth deformations through
Persistent Scatterer Interferometry (PSI) and the Standford Method for Persistent Scatterer (StaMPS).
These methods allow for more precise and high-resolution measurements.

The study encompasses one year of Sentinel-1A data, and the analysis will be conducted using ESA
SNAP and StaMPS software. The objective is to generate interferograms in SNAP software, which will
map crustal deformation along active faults within the study area and identify subsidence or uplift based
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on the satellite's viewing angle, using StaMPS software. LOS (Line of Sight) velocities will be
separately calculated in StaMPS software using the L1 and L2 norm methods, and the results will be
compared for consistency. In addition, the values obtained at the end of the study will be compared with
the results obtained from other published geodetic methods in this region.

The deformation maps derived from the InSAR results within the eastern section of the Gediz Graben
will be crucial in identifying regions with minimal or no deformation. These maps are anticipated to
provide valuable insights for planning and constructing new settlements in the area.

Keywords: Deformation, Tectonic, InSAR, GNSS
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Analog Kadastro Haritalarinda Konumsal Duyarhhgin Onemi
The Importance of Spatial Accuracy in Analog Cadastral Maps

1 1
Okan YILDIZ , Aysen BAYTAR o

! Karadeniz Teknik Universitesi, Harita Miihendisligi Béliimii, 61080, Trabzon.
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Ozet

Ulkemizde tagmmazlarin konumlarinin, yiizolgiimlerinin, hukuksal durumlarmin tespitine yonelik
olarak yaklasik son bir asirdir yiiriitiilen kadastro ¢aligmalarinda farkli 6l¢ii yontemleri, koordinat
sistemleri, ¢esitli 6l¢li aletlerinin kullanilmasi sonucunda farkli duyarlilikta ve standartlarda kadastro
haritalar {iretilmistir. Bu yontemleri prizmatik, takeometrik, grafik, fotoplan, fotogrametrik, GNSS
(Global Navigation Satellite Systems) ve son olarak IHA (insansiz Hava Arac1) seklinde 6zetlemek
miimkiindiir. Bu yontemler ile tiretilmis kadastro haritalarinin 6énemli bir kism1 analog {irinler olmakla
birlikte teknik arsivinin yaklagik %70’ini olusturmaktadir.Bu kadastro haritalari, zemin ile uyumunun
yetersiz kalmasi, konumsal duyarliliginin diisiik olmasi, bilgi sistemleri agisindan yetersiz kalmas1 vb.
sebeplerden dolayi, tiim Diinya’da oldugu gibi, giincellenmektedir. Giiniimiizde bu altliklarin
giincellenmesi ile beraber taginmazlarin yiizolgiimleri degisime ugramaktadir. Tasinmaz
ylizolglimlerinde meydana gelen bu degisimlerden kaynakli hazine aleyhine tazminat ve bu tazminatin
kusurlu gorevliye riicu edilmesi problemleri giindeme gelmektedir. Yarginin tazminat konusunda 2009
yilindan sonra Devletin kusursuz sorumlulugu cergevesinde degerlendirmelerde bulunarak tazminata
hiikmettigi goriilmiistiir. Ulke genelinde yaklasik 58 milyon parselin %70’inin giincelleme kadastrosuna
tabi tutuldugu diistiniildiigiinde problemin yaygin etkisi daha net anlagilacaktir. Oysa ki tasinmazlarin
ylizolglimii degisimine sebep olan etkenlerin bir kismi1 kullanilan yontemin duyarliligi geregi kaginilmaz
olarak ortaya ¢ikmaktadir. Bu tiir hatalar kisaca yontemin yanilma simirt veya tecvizi seklinde
tanimlanmaktadir. Tazminat ve riicu sorununun azaltilmasi i¢in, kadastroda kullanilan her bir analog
yontemin yanilma sinirlarinin bilimsel temellere dayali bir ¢alisma ile tespit edilmesi gerekmektedir.
Bdylece bu sinir igindeki hatalarin hem tazminata konu edilmemesi saglanacaktir. Bu ¢aligmada 6rnek
uygulama sahasinda farkli analog yontemlerle {iretilen kadastro haritalarin zemin ile uyumu
aragtirilacaktir. Bu uygulamada giincelleme kadastrosu sirasinda dlgiilen sabit sinirlar ile kadastro
haritasi karsilagtirilmigtir. Bu karsilastirma islemi CBS (Cografi Bilgi Sistemleri) teknolojisi ile yakinlik
analizi yapilarak gerceklestirilmistir. Uygulama sonunda s6z konusu bu haritalarin konumsal
dogruluklarina yonelik istatistiksel sonuglart sunulmustur.

Anahtar Kelimeler: Giincelleme Kadastrosu, Konumsal Duyarlilik, Analog Kadastro Haritalari, CBS
Yakinlik Analizi

Abstract

Cadastral maps of different accuracy and standards have been produced as a result of the use of different
measurement methods, coordinate systems and various measuring instruments in the cadastral activities
carried out for the last century to determine the locations, surface areas and legal status of immovable
properties in our country. It is possible to summarize these methods as prismatic, tacheometric, graphic,
photoplan, photogrammetric, GNSS (Global Navigation Satellite Systems) and finally UAV (Unmanned
Aerial Vehicle). Although a significant part of the cadastral maps produced with these methods are
analog products, they constitute approximately 70% of the technical archive. These cadastral maps are
updated, as is the case all over the world, due to reasons such as insufficient compatibility with the
ground, low spatial accuracy, inadequacy in terms of information systems, etc. Nowadays, with the
updating of these bases, the surface areas of the properties are changing. Due to these changes in real
estate areas, the problems of compensation against the treasury and recourse to the faulty official for
this compensation come to the fore. It has been observed that the judiciary made evaluations regarding
compensation within the framework of the state liability of the State and awarded compensation after
2009. Considering that 70% of approximately 58 million parcels across the country are subject to
updated cadastre, the widespread impact of the problem will be more clearly understood. However, some
of the factors that cause changes in the surface area of real estate inevitably emerge due to the accuracy

Karadeniz Teknik Universitesi, Harita Miihendisligi Bélimii https://tujk2023. ktu.edu.tr/
Karadeniz Technical University, Department of Geomatics Engineering 119


mailto:aysnbytr@gmail.com

Ttirkiye Ulusal Jeodezi Komisyonu (TUJK) XXIl. Sempozyumu 2023, 29 Kasim-01 Aralik 2023, Trabzon
Turkish National Geodesy Commission XXIl. Symposium 2023, November 29-December 01 2023, Trabzon

of the method used.Such errors are briefly defined as the error limit or tolerance of the method. In order
to reduce the compensation and recourse problem, the error limits of each analog method used in
cadastre must be determined through a study based on scientific foundations.Thus, it will be ensured
that errors within this limit will not be subject to compensation. In this study, the compatibility of
cadastral maps produced with different analog methods in the sample application area with the ground
will be investigated.In this application, the fixed boundaries measured during the update cadastre were
compared with the cadastral map. This comparison was carried out by proximity analysis using GIS
(Geographic Information Systems) technology. At the end of the application, statistical results regarding
the spatial accuracy of these maps are presented.

Keywords: Cadastral Update, Spatial Accuracy, Analog Cadastral Maps, GIS Proximity Analysis
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Lokal Jeoid Modellemede Yapay Sinir Ag1 Egitim Algoritmalarinin Karsilastirilmasi
Comparison of Artificial Neural Network Training Algorithms in Local Geoid Modeling
Merve OCAK"*, Leyla CAKIR'

'Karadeniz Teknik Universitesi, Harita Miihendisligi Béliimii, Olgme Teknigi Anabilim Dal, 61080,
Trabzon

“ merveocak@ktu. edu.tr

Ozet

GNSS ol¢iim teknikleriyle belirlenen yiikseklik bilgisi kolay ve pratik bir sekilde elde edilmektedir.
Ancak GNSS ol¢timleriyle belirlenen elipsoid yiiksekligi ile nivelman yontemiyle belirlenen ortometrik
yliksekligi arasinda jeoid ondiilasyonu kadar fark bulunmaktadir. Jeoid ondiilasyon degeri bilindigi
taktirde elipsoid yiikseklikten ortometrik ylikseklige doniisiim gergeklestirilebilmektedir. Elipsoid ve
ortometrik yiiksekligi bilinen noktalardan jeoid ondiilasyon degerinin kestirimi igin ¢esitli yontemler
kullanilmaktadir. Bu ¢aligmada ise GNSS/Nivelman o6l¢iileri kullanilarak yapay sinir ag1 modeliyle
calisma bolgesine uygun bir jeoid modelin olusturulmasi amaglanmigtir. 33° 09'ile 33° 21' enlemleri ve
37° 07" ile 37° 15' boylamlar1 arasinda yer alan Karaman iline ait veri seti kullanilmistir. 106 adet
GNSS/Nivelman nokta verisi dayanak ve test noktalar1 olacak sekilde iki gruba ayrilmistir. Agin
olusturulmasinda noktalarin yaklasik %60°1 egitim asamasi igin %40°1 egitilmis agin performansini test
etmek i¢in kullanilmistir. Agin egitimi i¢in Levenberg-Marquardt (LM), Bayesian Regularization (BR),
Olgeklendirilmis  Eslenik Gradyan (SCG), Brodyen-Fletcher-Goldfarb-Shanno(BFGS)  ve
Momentumlu Gradyan Inisi (GDM) egitim algoritmalar1 kullamlmistir. Ayrica aktivasyon fonksiyonu
olarak logaritmik-sigmoid ve tanjant-sigmoid fonksiyonlar1 kullanilmigtir. Kullanilan aktivasyon
fonksiyonlarina ve egitim algoritmalarina bagli olarak agin jeoid modellemedeki performansi
degerlendirilmistir. Test noktalarina ait gercek jeoid ondiilasyon degerleri ile farkli egitim
algoritmalariyla hesaplanan jeoid ondiilasyon degerleri karsilagtirllmis ve istatistiksel olarak
irdelenmistir.  Sonuglar incelendiginde; aktivasyon fonksiyonu olarak logaritmik-sigmoid
kullanildiginda en iyi optimum ag sonuglart sirastyla LM, GDM, BFGS, SCG ve BR algoritmalart ile
elde edilirken; Tanjant-sigmoid fonksiyonu kullanildiginda ise en iyi optimum ag sonuglari sirasiyla
LM, BFGS, SCG, GDM ve BR algoritmalariyla elde edilmektedir. Sonu¢ olarak, her iki tiirde
aktivasyon fonksiyon kullanilmasi durumunda en iyi optimum lokal jeoid modelleme LM algoritmasi
ile elde edilmektedir.

Anahtar Kelimeler: Jeoid, Yapay Sinir Aglar, Egitim algoritmalart

Abstract

Height information determined by GNSS measurement techniques is obtained easily and practically.
However, there is a difference as much as the geoid undulation between the ellipsoid height determined
by GNSS measurements and the orthometric height determined by the leveling method. If the geoid
undulation value is known, the ellipsoid height is converted to orthometric height. Various methods are
used to estimate the geoid undulation value from points with known ellipsoid and orthometric heights.
In this study, it was aimed to create a geoid model suitable for the study area with an artificial neural
network model using GNSS / Leveling measurements. The data set of Karaman province, located
between latitudes 33° 09' and 33° 21' and longitudes 37° 07' and 37° 15', were used. The data set was
divided into two groups as reference and test points. In creating the network, approximately 60% of the
points were used for the training phase and 40% were used to test the performance of the trained
network. Levenberg-Marquardt (LM), Bayesian Regularization (BR), Scaled Conjugate Gradient
(SCQ), Brodyen-Fletcher-Goldfarb-Shanno (BFGS) and Gradient Descent with Momentum (GDM)
training algorithms were used to train the network. Additionally, logarithmic-sigmoid and tangent-
sigmoid functions were used as activation functions. The performance of the network in geoid modeling
was evaluated depend on activation functions and training algorithms. The actual geoid undulation
values of the test points and the geoid undulation values calculated with different training algorithms
were compared and analyzed statistically. When the results are examined, logarithmic-sigmoid is used
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as the activation function, the best optimum network results are obtained with LM, GDM, BFGS, SCG
and BR algorithms, respectively. When the tangent-sigmoid function is used, the best optimum network
results are obtained with LM, BFGS, SCG, GDM and BR algorithms, respectively. As a result, if both
types of activation functions are used, the best optimum local geoid modeling is obtained with the LM

algorithm.

Keywords: Geoid, Artificial Neural Network, Training Algorithms
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Cift Frekansh Akilh Telefonlarin Baz Uzunlugu Belirlemede Kullanilabilirliginin
Incelenmesi

Examining the Usability of Dual Frequency Smartphones in Determining Baseline

Hiiseyin Pehlivan', Baris Karadeniz'™

!Gebze Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Kocaeli
“Ib.karadeniz@gtu.edu.tr

Ozet

GNSS (Global Navigation Satellite Systems) alic1 yonga setlerinin gelismesiyle birlikte
modern insan yasaminda ¢ok ¢esitli uygulama alanlarinda kullanilan Android akilli telefonlar,
konum tabanli uygulamalarda 6nemli bir secenek haline geldi. 2016 yil1 sonrasinda Android
isletim sistemine sahip akilli telefon kullanicilarinin, ham GNSS goézlemlerine dogrudan
ulasabilmesi, arama kurtarma, artirilmis gerceklik, konuma dayali navigasyon, hassas tarim,
sismik izleme, erken uyar1 sistemleri ve i¢ mekan navigasyonu gibi birgok uygulamanin
gelistirilmesine olanak sagladi. Artan bu ilgiyle birlikte, ¢ift frekansli GNSS ham verilerini
kullanarak hassas konum belirleme ¢aligmalar1, 2018 yilinda ¢ift frekans 6zelligine sahip ilk
akilli telefonlarin piyasaya siiriilmesiyle baglamistir. Bu ¢alismada ¢ift frekansli Xiaomi 11T
akilli telefon verilerinden hesaplanan uzunluk degerlerinin kullanilabilirligi arastirilmastir.
Deneylerde kesin uzunluk degeri olarak kullanilan baz uzunlugu total station kullanilarak
belirlendi. Xiaomi 11T akilli telefonla karsilastirmak amaciyla jeodezik CHC 180 GNSS alicist
ve diisiik maliyetli Trimble MB-2 OEM ile es zamanlt ham GNSS o6l¢iimleri elde edildi.
Toplanan ham gozlem verilerini proses etmek i¢in Statik-PPP (Precise Point Positioning)
teknigi kullanildi. Deney sonuglarina gore, her {i¢ alict verisinden hesaplanan test uzunluguna
ait karesel ortalama hata (KOH) degerleri CHC I80 GNSS alici/anten i¢in 2,6 cm, Trimble MB-
2 OEM i¢in 66,0 cm ve Xiaomi 11T akilli telefon igin 98,5 cm'dir. Bagka bir bazda yapilan
Ol¢timler sonucunda hesaplanan test uzunlugundaki RMSE degerleri CHC 180, Trimble MB-
2 OEM ve Xiaomi 11T GNSS alicilan i¢in sirasiyla 11,4 cm, 25,1 cm ve 71,79 cm olarak
hesaplanmigtir. Bu sonuglar, ¢ift frekans Ozelligine sahip tek bir akilli telefonun, baz
uzunlugunu bir metreden daha az bir dogrulukla belirleyebildigini gostermistir.

Akilli telefonlarin Galileo ve BeiDou uydularindan cift frekansli (L1/L5) ham goézlem
verilerini alan tam uyumlu GNSS alic1 yonga setleri ile donatilmasiyla konum tabanli
uygulamalara yonelik kapsamli calisma potansiyeli olusturmustur. Bu anlamda akilli
telefonlarin konum dogrulugunu inceleyen bir¢ok aragtirma, GPS uydu gézlemlerinin yani sira
cesitli frekanslardan (L1/L5) ve alternatif uydu sistemlerinden (Galileo ve BeiDou gibi)
yararlanilarak nokta konumlandirma dogrulugunun artirildigin1 géstermektedir. Bu caligmada
da uzunluk dogrulugunu artirmak amaciyla GPS 6lciimlerinin yani sira Galileo ve BeiDou
uydu verilerinden de yararlanilmigtir. Ayrica akilli telefonlarda kullanilan anten ve ikinci
frekansin L2 tasiyici sinyal yerine L5 tagiyict sinyal olmast, jeodezik ve diigiik maliyetli GNSS
alicilart  kullanilarak hesaplanan baz uzunlugunun neden daha yiiksek dogrulukla
hesaplandigin1 agiklamaya yardimer olmaktadir. L2 tasiyict sinyal alimi ve anten kalitesi
gelistikce, gelecekte akilli telefon konumlandirma dogrulugunun da gelisebilecegi
distintilebilir.

Anahtar Kelimeler: Cift Frekans, Statik-PPP, Akilli Telefon

Abstract
With the development of GNSS (Global Navigation Satellite Systems) receiver chipsets,
Android smartphones, which are used in a wide variety of application areas in modern human
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life, have become an important option in location-based applications. After 2016, users of
smartphones getting Android operating systems had direct access to raw GNSS observations,
which enabled the development of many applications, such as search and rescue, augmented
reality, location-based navigation, precision agriculture, seismic monitoring, early warning
systems, and indoor navigation. With this increasing interest, precise location determination
studies utilizing dual-frequency GNSS raw data started in 2018 with the release of the first
smartphones with dual frequency features. The usefulness of the length values calculated from
the dual-frequency Xiaomi 11T smartphone data was investigated in this study. The baseline,
which was used as the exact length value in the experiments, was determined using a Total
station. Simultaneous raw GNSS measurements were obtained with a geodetic CHC 180 GNSS
receiver and a low-cost Trimble MB-2 OEM in order to compare with the Xiaomi 11T
smartphone. The static-PPP (Precise Point Positioning) technique was utilized to process the
raw observation data that had been collected. According to the results of the experiment, root
mean square error (RMSE) values for the test length calculated from all three receivers’ data
are 2,6 cm for the CHC 180 GNSS receiver/antenna, 66,0 cm for the Trimble MB-2 OEM
GNSS receivers, and 98,5 cm for the Xiaomi 11T smartphone. RMSE values at the test length
calculated as a result of measurements performed on another base were determined as 11.4 cm,
25.1 cm and 71.79 cm for CHC 180, Trimble MB-2 OEM and Xiaomi 11T GNSS receivers,
respectively. These results showed that a single smartphone with dual frequency capability can
determine the base length with an accuracy of less than one meter.

Extensive study potential for location-based applications have been established by equipping
smartphones with fully compatible GNSS receiver chipsets receiving dual-frequency (L1/L5)
raw observation data from Galileo and BeiDou satellites. In this sense, many research studies
examining the location accuracy of smartphones show that, in addition to GPS satellite
observations, point positioning accuracy is increased by utilizing various frequencies (L1/L5)
and alternative satellite systems (e.g., Galileo and BeiDou). Also in this study, to improve
length accuracy in this work, Galileo and BeiDou satellite data were also utilized in addition
to GPS measurements. In addition, the fact that the antenna and second frequency utilized in
smartphones are the L5 carrier signal rather than the L2 carrier signal helps to explain why the
baseline computed using Geodetic and low-cost GNSS receivers is calculated with higher
accuracy. It is conceivable that as L2 carrier signal receiving and antenna quality improve,
smartphone positioning accuracy could improve in the future.

Keywords: Double-Frequency, Static-PPP, Smartphone
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+ Uzay teknikier] ile konum belirleme gahgmalarinin
hassasiyetl nziann dikkate ahnmasint
gerektirmektedir.
~ Ana fay zenlaninin keslgiminde yer alan Olkemizde
TUTGA ve diger modern jeadezik ajlar 4 Boyutiu olarak -
tanimianmistir (X,Y.Z.t)
+ 2001: ED50 < TUREF (Turkiye )
Wlinda Yénetmellge hiz konusu dahil edilmigtir,
= TUREF: ITRF96 Epok 2005

+ Yan-kinematik bir referans sisteml

G
Earth grientation = transformation betwesn ICRS and 1
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Conclusion

ITRE2020
- A step further in improving the ITRF determination
Adequately modelling nonlinear station motions
~ Parametric models for PSD and seasonal signals
Seasonal signals are provided in both CM SLR and CF frames
=> Seasonal geocenter motion .

~ We encourage the usage of Seasonal Signals in the processing of global solutions,
including the GNSS/IGS daily and weekly solutions!
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