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Dersin Adn

Course Name

Yer Sistem Bilimlerinde ileri Hesaplama Yéntemleri

Advance Computational Techniques in Earth System Science

Ders Seviyesi
Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
HBM6XXE Bahar 3 7.5 Doktora
(Spring) (Ph.D.)
Lisansisti Program Hesaplamali Bilim ve Miihendislik Yiiksek Lisans ve Doktora Programi
(Graduate Program) (Computational Science and Engineering Masters and PhD Programme)
Dersin Turi Secmeli Dersin Dili Ingilizce/Tiirkge
(Course Type) (Elective) (Course Language) (English/Turkish)

Dersin icerigi
(Course Description)

30-60 kelime arast

Yer Sistem Modelleme ve fiziksel Parametrelendirme. Birlesik Bolgesel ve Kiiresel Modeller. Model
Birlestirme (ESMF, OASIS, MCT). ESMF Kiitiiphanesi Kullanim1 ve Uygulamalar. ESMF Kiitiiphanesi ile
birlesik model tasarimi. Bolgesel Yer Sistem Modeli ve Uygulamalart.

Earth System Science and physical parameterization. Coupled Global and Regional Models. Model
Coupling (ESMF, OASIS, MCT). Earth System Modeling Framework (ESMF) Usage and Applications.
Developing coupled models with ESMF library. Regional Earth System Model Applications.

Dersin Amaci
(Course Obijectives)

Maddeler halinde 2-5 adet

1. Ogrenciye yer sistem modellemesinin ileri uygulamalarii 6gretmek

2. Farkli modellerin birlestirilmesi igin gerekli araglar1 6gretmek

3. Ogrenciye yer sissteminin farkli bilesenlerinin modellenmesi icin gerekli araclari ve teknikleri
O0gretmek

1. To give the student a advanced understanding of Earth System Modeling

2. To give the student a understanding of model coupling and tools that are used to create coupled
modeling systems

3. To give the student detailed information about required tools and techniques to model different
component of earth system

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basartyla tamamlayan yiiksek lisans/doktora 6grencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;

1. Yer Sistem Modelleme hakkinda bilgi edinmesi

2. Yer Sistem Modellemesinde kullanilan yersel ve zamansal ayriklastirma ve ¢oziim teknikleri
hakkinda bilgi sahibi olmasi

3. Birlesik model sistemlerinin tasarimi ve gelistirilmesini uygulayarak 6grenmesi

4. Kiresel dolagim ve yer sistem modellerinin yapisi ve igleyisi hakkinda bilgi sahibi olmak

M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;

=

To gain a background on definitions in Earth System Science (ESS)

To gain a background on temporal and spatial discretization and solution techniques

3. Understand design of coupled modeling systems and use of tools to develop such modeling
systems

4. To gain a background on design and functioning of Global Circulation and Earth System Models

N




Kaynaklar
(References)

En 6nemli 5 adedini belirtiniz

Slingerland, R. and Kump, L., 2011. Mathematical Modeling of Earth's
Dynamical Systems: A Primer, Princeton University Press

Lauritzen, P. H., Jablonowski, C., Taylor, M. A., Nair R. D., 2011. Numerical
Techniques for Global Atmospheric Models, Lecture Notes in Computational
Science and Engineering, vol: 80, Springer

Earth System Modelling Volume 1-5: Coupling Software and Strategies.
SpringerBriefs in Earth System Science, 2013

Jacobson, M. Z., 1998. Fundamentals of Atmospheric Modeling. Cambridge,
MA: Cambridge University Press.

Miller, R. M., 2007. Numerical Modeling of Ocean Circulation. Cambridge
University Press

Odevler ve Projeler

(Homework & Projects)

5 Odev

5 Homeworks

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Linux isletim Sistemi, C/C++/Fortran Derleyici, ESMF, netCDF, RegCM,
ROMS, RegESM

Linux Operating System, C/C++/Fortran Compiler, ESMF, netCDF, RegCM,
ROMS, RegESM

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi* Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)
Y1l i¢i Siavlan 1 30

(Midterm Exams)

Kisa Smavlar 0 0

(Quizzes)

Odevler 5 30
(Homework)

Projeler 0 0

(Projects)

Donem Odevi/Projesi 0 0

(Term Paper/Project)

Laboratuar Uygulamasi 0 0
(Laboratory Work)

Diger Uygulamalar 0 0

(Other Activities)

Final Sinavi 1 40

(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Yer Sistem Modelleme | 1
(Bilesenler, Etkilesim ve Geribildirim Mekanizmalari, Temel Denklemler)
2 Yer Sistem Modelleme 1 12
(Yersel ve Zamansal Ayriklagtirma ve Cozim Teknikleri)
3 Fiziksel Parametrelendirme 12
(Alt-Izgara Olgeginde Parametrelendirme, Atmosfer ve Okyanus Modellerinden Ornekler)
4 Birlesik Bolgesel ve Kiiresel Modeller (Bilesenleri ve Farkli Tasarim Ornekleri) 12,3
5 Model Birlestirme (Farkli Teknikler ve Araglar — MCT, ESMF, OASIS, vb.) 123
6 ESMF Kiitiiphanesi I (Tasarim Temelleri, Ustyap1 ve Altyapt, 12,3
Temel Bilesenler — Diziler, Degiskenler, Izgara ve Durum Yapilar1)
7 ESMF Kitlphanesi II (Model Ayirma ve Bilegenler — Izgara ve Birlestirici Bilegenleri) 12,3
8 ESMF Kitiiphanesi I1I (Cevirim Dis1 ve I¢ci Ara Kestirim, NUOPC Bileseninin Temelleri) 123
9 ESMF Kiitiiphanesi ile Ornek Uygulama Gelistirme 123
10 RegESM Birlesik Model Sistemi I (Tasarimi ve bilesenler) 123
11 RegESM Birlesik Model Sistemi II (6zellestirilmesi) 123
12 RegESM Birlesik Model Sistemi III (kullanimi ve uygulamalar) 1,2,3
13 Kiiresel Dolasim ve Yer Sistem Modelleri I 1,2,3,4
(Tasarim, Kutup Probleminden Kagis, Farkli Yaklasimlar — Izgesel Modeller)
14 Kiiresel Dolasim ve Yer Sistem Modelleri II 1,2,3,4
(Kiiresel Modellerin Kullanimu, farkli uygulamalar)
COURSE PLAN
Course
Weeks Topics Outcomes
1 Earth System Modeling (ESM) | 1
(Components, Interaction/Feedback Mechanisms, Governing Equations)
2 Earth System Modeling (ESM) Il 1,2
(Spatial and Temporal Discretization and Solution Techniques)
3 Physical Parameterization 1,2
(Sub-grid scale Parameterizations, Examples from Atmosphere and Ocean Modelling)
4 Coupled Regional and Global Models (Various Design Techniques) 12,3
5 Model Coupling 12,3
(Coupling Techniques and Tools — MCT, ESMF, OASIS, etc.)
6 Earth System Modeling Framework (ESMF) | 12,3
(Design Principles, Superstructure/Infrastructure,
Basic Components — Arrays, Fields, Grid and State Structures)
7 Earth System Modeling Framework (ESMF) 11 1,2,3
(Model Splitting and Components — Grid and Coupler Components)
8 Earth System Modeling Framework (ESMF) I11 1,2,3
(Offline and Online Interpolation, Basics of NUOPC Layer)
9 Developing Basic Applications with ESMF Libraray 1,2,3
10 RegESM Coupled Modeling System | (Design and Components) 1,2,3
11 RegESM Coupled Modeling System 11 (Configuration) 1,2,3
12 RegESM Coupled Modeling System I11 (Usage and Applications) 1,2,3
13 Global Circulation Models / Earth System Models 1,234
(Design, Escaping from Pole Problem, Different Approaches — Spectral Models etc.)
14 Global Circulation Models / Earth System Models 1,234

(Usage and different applications)




Dersin Hesaplamali Bilim ve Miihendislik Programyla iliskisi

Katki
Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait ciktilar) Seviyesi

1123

i. Yuksek lisans duzeyi yeterliliklerine dayali olarak, Hesaplamali Bilim ve Mihendislik X
Programindaki bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (yeterli
bilgi birikimi) (bilgi).

ii. Alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi). X

iii. Alaninda edindigi uzmanlik diizeyindeki kuramsal ve uygulamali bilgileri X
kullanabilme(beceri).

iv. Alaninda edindigi bilgileri farkl disiplin alanlarindan gelen bilgilerle bittinlestirerek X
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

V. Alanini ile ilgili karsilasilan sorunlari arastirma yontemlerini kullanarak ¢ézimleyebilme X
(beceri).

Vi. Alanini ile ilgili uzmanhk gerektiren bir galismayl bagimsiz olarak yuritebilme (Bagimsiz X
Calisabilme ve Sorumluluk Alabilme Yetkinligi)

vii. | Alani ile ilgili uygulamalarda karsilagilan ve 6ngérilemeyen karmasik sorunlarin ¢ézimu
icin yeni stratejik yaklasimlar gelistirebilme ve sorumluluk alarak ¢6zim Uretebilme
(Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

viii. | Alanindaki gtincel gelismeleri ve kendi galismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan digindaki gruplara, yazili, s6zli ve goérsel olarak
sistemli bicimde aktarabilme (fletisim ve Sosyal Yetkinlik).

iX. Bir yabanci dili en az Avrupa Dil Portféyl B2 genel diizeyinde kullanarak sézli ve yazili X
iletisim kurabilmek (Iletisim ve Sosyal Yetkinlik).

X. Alaninin gerektirdigi diizeyde bilgisayar yazilimi ile birlikte bilisim ve iletisim teknolojilerini X
ileri duzeyde kullanabilme (iletisim ve Sosyal Yetkinlik)

Xi. Alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kiiltirel ve etik degerleri gbzeterek denetleyebilme ve
bu degerleri 6gretebilme (Alana Ozgii Yetkinlik).

xii. | Alani ile ilgili konularda strateji, politika ve uygulama planlari gelistirebilme ve elde edilen
sonuglari, kalite siregleri cercevesinde degerlendirebilme (Alana Ozgii Yetkinlik).

xiii. | Alaninda 6zimsedikleri bilgiyi, problem ¢6zme ve/veya uygulama becerilerini, X
disiplinlerarasi galismalarda kullanabilme (Alana Ozgii Yetkinlik).

xiv. | Hesaplamali Bilim ve Mihendislik Programinda, kendi ¢alismalarini, alanindaki
uluslararasi platformlarda, yazili, s6zIU ve/veya goérsel olarak aktarabilme (Alana 6zgii
yetkinlik).

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Computational Science and Engineering Program

Program Outcomes

Level of

Contribution

1

2

3

Developing and intensifying knowledge in the Computational Science and Engineering
program’s area, based upon the competency in the M.S. level (sufficient knowledge)
(knowledge).

X

Grasping the inter-disciplinary interaction related to one’s area (knowledge).

The ability to use the expert-level theoretical and practical knowledge acquired in the
area (skill).

Interpreting and forming new types of knowledge by combining the knowledge from
the area and the knowledge from various other disciplines (skill).

Solving the problems faced in the area by making use of the research methods (skill).

Vi.

The ability to carry out a specialistic study related to one’s area independently.
(Competence to work independently and take responsibility).

XX X| X

Vii.

Developing new strategic approaches to solve the unforeseen and complex problems
arising in the practical processes of one’s area and coming up with solutions while
taking responsibility (Competence to work independently and take responsibility).

viii.

Systematically transferring the current developments in the area and one’s own work
to other groups in and out of the area; in written, oral and visual forms
(Communication and Social Competency).

Proficiency in a foreign language —at least European Language Portfolio B2 Level- and
establishing written and oral communication with that language (Communication and
Social Competency).

Using the computer software together with the information and communication
technologies efficiently and according to the needs of the area (Communication and
Social Competency).

Xi.

Paying regard to social, scientific, cultural and ethical values during the collecting,
interpreting, practicing and announcing processes of the area related data and the
ability to teach these values to others (Area Specific Competency).

Xil.

Developing strategy, policy and application plans concerning the subjects related to
the area and the ability to evaluate the end results of these plans within the frame of
quality processes (Area Specific Competency).

Xiii.

Using the knowledge and the skills for problem solving and/or application (which are
processed within the area) in inter-disciplinary studies (Area Specific Competency).

Xiv.

In the Computational Science and Engineering program, the ability to present one’s
own work within the international environments orally, visually and in written forms
(Area Specific Competency).

1: Little, 2. Partial, 3. Full

NOT-1: Ders ile ilgisi olmayan ciktilarin bos birakilmasi gerekmektedir.
NOT-2: Yukaridaki tabloda isaretlenen katki seviyeleri tiim programlar igin
minimum seviyelerdir. Ancak ilgili programin yapisina gore katki seviyeleri
artirilabilir.

Duizenleyen (Prepared by) Tarih (Date) Imza (Signature)




