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ONSOZ

Karar verme siireclerinde kullanilan modellerin basarisi, verinin
dogasina uygun yontemlerin secilmesine baglidir. Geleneksel modellerin
yetersiz kaldigr "agir kuyruklu" ve asimetrik veri yapilarinin analizi,
glinimiiz akademik caligmalarinin merkezine yerlesmistir. Elinizdeki bu
editorli kitap, nicel karar verme alaninda Lévy siirecleri, kopula analizi ve
sigrama-difiizyon modelleri gibi ileri istatistiksel yaklagimlari bir araya
getiren kapsamli bir ¢caligmadir.

Farkli {iniversitelerden ve disiplinlerden arastirmacilarin katkilariyla
sekillenen eser; finansal wvarlik fiyatlamasindan hidrolojik kuraklik
tahminlerine, borsa ve doviz piyasalari arasindaki kuyruk bagimliliklarina
kadar genis bir spektrumu kapsamaktadir. Kitap, teorik derinligi korurken;
Merton/Kou modelleri ve NIG/VG/CGMY siiregleri gibi araglarin pratik
uygulamalarina da odaklanarak yontem-uygulama arasinda giiclii bir koprii
kurmaktadir.

Bilimin demokratiklesmesi ve bilgiye engelsiz erisim ilkesi
dogrultusunda, bu kitabin agik erisimli olarak yayimlanmasi benim igin
bliytik bir gurur kaynagidir. Bu sayede, sunulan metodolojik is akislarinin
(secim—dogrulama—yorumlama) kiiresel ol¢ekte daha fazla arastirmaciya
ulagsmasini ve yeni c¢alismalara ilham vermesini temenni ediyorum.

Boliim yazarlarimiza degerli katkilari, ailelerimize sabirlar1 ve
okuyucularimiza ilgileri i¢in tesekkiirlerimi sunarim.

Editor

Dog. Dr. Elvan Hayat
Aydin, Aralik 2025
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PREFACE

The success of models used in decision-making processes depends on
selecting methods appropriate to the nature of the data. The analysis of
"heavy-tailed" and asymmetric data structures, where traditional models fall
short, has settled at the center of contemporary academic studies. This edited
volume is a comprehensive work that brings together advanced statistical
approaches such as Lévy processes, copula analysis, and jump-diffusion
models in the field of quantitative decision making.

Shaped by the contributions of researchers from various universities and
disciplines, the work covers a wide spectrum ranging from financial asset
pricing to hydrological drought forecasting, and to the tail dependence
between stock markets and foreign exchange markets. While maintaining
theoretical depth, the book establishes a strong method—application bridge by
focusing on the practical applications of tools such as Merton/Kou models
and NIG/VG/CGMY processes.

In line with the principles of the democratization of science and barrier-
free access to knowledge, publishing this book as open access is a source of
great pride for me. In this way, I hope that the presented methodological
workflows (selection—validation—interpretation) will reach more researchers
on a global scale and inspire new studies.

I would like to offer my sincere thanks to our chapter authors for their
valuable contributions, to our families for their patience, and to our readers
for their interest.

Editor

Assoc. Prof. Dr. Elvan Hayat
Aydin, December 2025
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OZET

Bu kitap, nicel karar verme alaninda ileri diizey istatistiksel yaklagimlar
kapsamakta; Lévy siirecleri, sigrama-diflizyon dinamikleri, kopula temelli
bagimlilik analizi ve asir1 deger teorisini bir araya getirerek Gaussian
varsayimlarini asan, agir kuyruklu ve asimetrik gézlemlere duyarli modeller
onermektedir.  Eser; finansal fiyatlama ve risk  Ol¢limiinden
¢evresel/hidrolojik kuraklik analizine ve borsa—ddviz etkilesimlerinin kuyruk
bagimliliginmm Olglimiine kadar genis bir uygulama yelpazesi sunar.
Calismanin teorik kisimlar1 olasilik uzaylari, filtrasyon ve martingale
yapilarini ele alirken; uygulama kisimlari Merton/Kou sigrama-difiizyon
cergeveleri, NIG/VG/CGMY gibi saf sigrama modelleri ve kopula ailelerinin
secimi ile dogrulanmasinmi islemektedir. Kitap, arastirmacilar ve politika
yapicilar icin belirsizlik altinda daha saglam karar kurallar gelistirmeye
yarayan giiclii bir yontem—uygulama kopriisti kurmaktadir.

Anahtar Kelimeler: Nicel Karar Verme, Lévy Siirecleri, Kuyruk
Bagimhiligi, Kopula, Asir1 Deger Teorisi, Sicrama-Difiizyon, Finansal
Modelleme, Risk Analizi, Stokastik Siire¢, Uygulamali Istatistik.



ABSTRACT

This volume synthesizes advanced statistical approaches for quantitative
decision making under uncertainty. It brings together Lévy processes, jump—
diffusion dynamics, copula-based dependence modelling, and extreme value
theory to address heavy tails, skewness, and clustered volatility beyond
Gaussian assumptions. Applications span option pricing and risk
measurement, multivariate drought analysis, and tail dependence between
equity indexes and exchange rates. The theoretical sections cover probability
spaces, filtrations, and martingales, while the applied sections discuss
Merton/Kou jump—diffusion models, pure-jump families (NIG/VG/CGMY),
and copula selection/validation. The book serves as a method—application
bridge for researchers and policymakers aiming to develop robust decision
rules.

Keywords: Quantitative Decision Making, Lévy Processes, Tail
Dependence, Copula, Extreme Value Theory, Jump-Diffusion, Financial
Modeling, Risk Analysis, Stochastic Processes, Applied Statistics
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GENISLETILMIS OZET

Bu eser, geleneksel istatistiksel modellerin yetersiz kaldig1 karmagsik ve
belirsiz durumlarda daha dogru kararlar alabilmenin yollarin1 aramaktadir.
Kitap, finansal piyasalardaki ani dalgalanmalardan iklim degisikligiyle artan
kuraklik olaylarina kadar genis bir alanda, verilerin gercek dogasini daha iyi
yansitan yeni nesil yontemleri incelemektedir. Teorik bilgiyi gercek diinya
verileriyle harmanlayan calisma, klasik modellerin gdzden kagirdigi asir
durumlar1 ve riskleri nasil daha 1iyi yoOnetebilecegimizi gostermeyi
amaclamaktadir.

Caligsmanin ilk boliimiinde, finans diinyasinda uzun yillardir kullanilan
standart modellerin (Brownian hareketi gibi) sinirliliklar1 ele alinmaktadir.
Piyasalar sakin seyrederken ise yarayan bu modellerin, kriz anlarinda veya
ani fiyat sigramalarinda neden basarisiz oldugu agiklanmaktadir. Buna
¢Oziim olarak, piyasadaki ani soklar1 ve belirsizlikleri hesaba katan daha
kapsamli matematiksel siirecler (Lévy siiregleri) tanitilmakta ve bunlarin
modern risk analizi i¢cin neden daha gercek¢i bir zemin sundugu
anlatilmaktadir.

Ikinci boliimde, teorik tartismalar gercek piyasa verileriyle test
edilmektedir. Hisse senetleri ve borsa endeksleri iizerinde yapilan analizler,
fiyatlarin her zaman piiriizsiiz bir ¢izgide ilerlemedigini, aksine ani
sigramalar yaptigini gostermektedir. Calisma, bu sigramalar1 dikkate alan
yeni modellerin, 0&zellikle risk yonetiminde ve gelecekteki fiyat
tahminlerinde, klasik yontemlere gore ¢ok daha basarili sonuglar verdigini
kanitlamaktadir.

Kitabin Ttgiincii bolimii finansin disina ¢ikarak ¢evre bilimlerine
odaklanmaktadir. Iklim degisikligi nedeniyle karmasiklasan kuraklik
olaylarinin analizinde, sadece yagis miktarina bakan basit yontemlerin artik
yeterli olmadigi vurgulanmaktadir. Bunun yerine yagis, sicaklik ve
buharlagsma gibi birden fazla faktoriin birbirini nasil etkiledigini inceleyen
cok boyutlu yontemler dnerilmektedir. Yapilan analizler, bu yeni yaklagimin
kuraklik riskini ve siiresini tahmin etmede ¢ok daha gilivenilir oldugunu
ortaya koymaktadir.

Son béliimde ise Borsa Istanbul smai endeksi ve déviz kuru arasindaki
iligki mercek altina alinmigtir. Piyasalarin &zellikle sok donemlerinde
birbirini nasil etkiledigi incelenmis ve geleneksel yontemlerin riski
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oldugundan daha diisiik tahmin ettigi saptanmistir. Kriz zamanlarinda
piyasalarin birlikte hareket etme egilimini (kuyruk bagimliligi) dikkate alan
yeni yaklasimlarin, olasi finansal kayiplari 6ngérmede hayati bir 6nem
tagidig1 vurgulanarak, risk yonetiminde daha hassas araglarin kullanilmasi
gerektigi sonucuna varilmistir.

Xiii



EXTENDED ABSTRACT

This work seeks ways to make accurate decisions in complex and
uncertain situations where traditional statistical models fall short. The book
examines next-generation methods that better reflect the true nature of data
across a broad spectrum, ranging from sudden fluctuations in financial
markets to drought events intensified by climate change. Blending theoretical
knowledge with real-world data, the study aims to demonstrate how we can
better manage extreme situations and risks that classical models overlook.

The first chapter of the study addresses the limitations of standard models
(such as Brownian motion) that have been used in the financial world for
many years. It explains why these models, which work well when markets
are stable, fail during moments of crisis or sudden price jumps. As a solution,
more comprehensive mathematical processes (Lévy processes) that account
for sudden market shocks and uncertainties are introduced, explaining why
they offer a more realistic foundation for modern risk analysis.

In the second chapter, theoretical discussions are tested against real
market data. Analyses conducted on stocks and stock exchange indices show
that prices do not always proceed in a smooth line; on the contrary, they
exhibit sudden jumps. The study proves that new models accounting for these
jumps yield significantly more successful results compared to classical
methods, particularly in risk management and future price predictions.

The third chapter moves beyond finance to focus on environmental
sciences. It emphasizes that simple methods looking solely at precipitation
levels are no longer sufficient for analyzing drought events, which have
become more complex due to climate change. Instead, multi-dimensional
methods are proposed that examine how multiple factors—such as
precipitation, temperature, and evaporation—interact with one another.
Analyses reveal that this new approach is much more reliable in predicting
drought risk and duration.

In the final chapter, the relationship between Borsa Istanbul industrial
index and the exchange rate is examined closely. It investigates how markets
affect each other, especially during periods of shock, and determines that
traditional methods underestimate the actual risk. Emphasizing that new
approaches which consider the tendency of markets to move together during
crises (tail dependence) are of vital importance in foreseeing potential

Xiv



financial losses, the study concludes that more precise tools must be used in
risk management.
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KATKIDA BULUNANLAR

BARATI CHIYANEH, Akbar

Dr. Ogr. Uyesi Akbar Barat: Chiyaneh, Tebriz Universitesi, Matematik,
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