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Abstract

Much is said and written about hydroclimatic hazards: storms,
Floods, droughts. Such hazards have existed and will always
exist, while the usual scaremongering on them is of little help
to avoid them. instead, what is needed is a cool look at risk,
based on measurement dats, using scentific methodology,
and ultimately employing technology in the service of
reducing hazards and their consequences. This is attempted
in the book. Much of it is devoted to the theory of stochastics
—the mathematical language for analysing extremes
Stochastics is 2 scientific area broader than statistics
—zccording to the definition adopted in the book, statistics is
part of stochastics. Another part is the theory of stochastic
processes, in which time has a hypostasis that is typically
absent in statistics. Thus, statistics is in relation to stochastic
what statics are in relation to dynamics. The commonly used
classical statistics (based on the assumption of independence)
is a special case of stochastics and, as the

book proves, is inappropriate for the subject. This does not
mean that statistics are abandoned or undetrepresented in
the book. On the contrary, several new developments are
presented —most notably the new tool of knowable
moments, which have two relevant characteristics: they are
closely connected to extremes and their estimation is
unbiased in the framework of classical statistics or involves
small (and determinable) bias in stochastic processes with
dependence in time, whilst the bias in the estimation of
classical statistical moments can be huge. The new theoretical
analyses are supported by mathematical proofs, which, to
improve readability, are contained in 8 number of appendices
in each of the 10 main chapters of the book. Along with the
development of the theory, the book is oriented to the
application, which is supported by a variety of examples,
usually standing out as parenthetical sections or Digressions,
as well as by tabulations of mathematical formulae that are
used for each task.



E 2tolxela BiBAlou

TitAog: Stochastics of Hydroclimatic Extremes
YnotitAog: A Cool Look at Risk

uyypadeic: Koutsoyiannis, D

ISBN: 978-618-85370-0-2

DOI: 10.57713/kallipos-1

BiBAoypadikn avadopad: Koutsoyiannis, D. (2021). Stochastics of Hydroclimatic Extremes — A Cool
Look at Risk [Monograph]. Kallipos, Open Academic Editions. http://dx.doi.org/10.57713/kallipos-1.

OEUATIKEG TIEPLOXEG: MATHEMATICS AND COMPUTER SCIENCE, NATURAL SCIENCES AND
AGRICULTURAL SCIENCES, ENGINEERING AND TECHNOLOGY, LAW AND SOCIAL SCIENCES

NEEerc-KAedLa: Stochastic processes / Stochastic analysis of extremes / Extreme hydroclimatic
phenomena / Hydroclimatology / Hydroclimatic design of infrastructure works

Stochastics of Hydroclimatic Extremes, D. Koutsoyiannis


http://dx.doi.org/10.57713/kallipos-1
http://dx.doi.org/10.57713/kallipos-1

E 2uyypodeac

O Anuntpnc Koutooylavvng sivat (mA€ov cuvtatlovxoc) KaBnyntnic otnv YdpolAoyia kot
AvaAvon Zuotnuatwyv YépauvAikwv Epywv oto EMI. Exel untnpetnosl we Koopntopag
™G 2xoANC MoAttikwv Mnyavikwy, AtevBuvtnc tou Topga Yoatikwyv MNopwv Kal
MNepBaiAovtoc, kat AleuBuvtrc Tou Epyaotnplou YoépoAoyiag kat Aélomoinong
YSatikwv Mopwv. Eniong ntav Apxlouvtaktng (Co-Editor) tou Hydrological Sciences
Journal ywa 12 xpovia (2006-18), kot LEAOC TNC EKOOTLKNC eMLTponnC Twv Hydrology and
Earth System Sciences, Journal of Hydrology, Water Resources Research, Hydrology kot
Sci.

Exel TiunOel pe 1o AeBvecg BpaBeio Yoépoloyiac— MetaAAlo Dooge (2014) ano tnv International Association of
Hydrological Sciences (IAHS), tTnv UNESCO kait tov Maykoouo MetewpoAoyikd Opyaviopo (WMO), kaBwc Kat pe
To MetdAAlo Henry Darcy (2009) amo tnv European Geosciences Union (EGU). Ot Stakploslc tou
ocupneplthapfavouv tnv Lorenz Lecture tnc American Geophysical Union (AGU) (San Francisco, HMA, 2014) kai
v Union Plenary Lecture tn¢ International Union of Geodesy and Geophysics (IUGG) (Melbourne, AuotpaAia,
2011). Exel umtnpetnoel w¢ kaBnyntneg YopavAikrc otn ZxoAn Texvikng Eknaidsvonc AClwpatikwv Mnyavikov
(ABniva, 2007-10). Htav eniokemntng kaBnyntnc ota: Imperial College (Aovéivo, 1999-2000), Hydrologic
Research Center (San Diego, 2005), Georgia Institute of Technology (Atlanta, 2005-06), University of Bologna
(2006 & 2019) ko Sapienza University of Rome (2008 & 2019).
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E Awdaktikn atlo/xprion tou BLPAilou

e Juvadn pabnuoata: (a) Zrtoxoaotikec MeBodot, 9° e€apnvo 2xoAnc MoAttikwv
Mnyxavikwy, (B) Ztoxaotikd povteAo vdatikwyv topwv, AMMZ ErttotAun kot TexvoAoyia
YSatikwv MNopwv.

* Tat ev AOyw pabnupata npoodp£Pouv otouc POLTNTEC EVKOLPLEC CUMETOXAC OTNV
epeuva. Kabe ypovia, dekadec polrtntwyv evBappuvovtal Kat vrtootnpilovtal otn
ouvTaén Kol TTAPOUCLOON EPEVVNTLKWY EPYOCLWY OE OUVESPLA KOl TIEPLOSLKAL.

* H avouwtn kat dwpeav 6tabeon tou PPAlou amo tov KaAAuto, o€ cuvOUOOUO UE TNV
vAwooa tou (AyyAlKn), mpoodEPEL TNV euKatpla va xpnotpornoln et ano ¢poltnteg,
KaBnynteC Kol epeuvnteC SLeBvwe.

* 'Hén €xeL AaPeL 50 avadopec oto Google Scholar:

TITLE CITED BY YEAR

Stochastics of Hydroclimatic Extremes—A Cool Look at Risk 50 * 2021

D Koutsoyiannis
Kallipos Hellenic Academic Ebooks, ISBN: 976-618-85370-0-2
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[ predict that many of the novel concepts, examples and techniques introduced here, many for the
first time, will find their way into widespread acceptance in hydroclimatology, over time. Foremost,
the reader will appreciate the value of viewing extreme events as realizations of stochastic processes
rather than a series of iid annual maxima/minima. The climacogram provides a new window into the
structure of stochastic processes and may be more fundamental than the correlogram. I can’t wait to
test out the so-called Pareto-Burr-Feller distribution and the novel knowable moments (K-moments)
which appear to have clear advantages over ordinary moments for describing distribution tails.

[t is remarkable that after a long career in hydrology, after reading this book, | gained many new
insights into common statistical methods as well as new methods documented here for the first time.
How [ wish my career were just beginning, and thus could have applied all the wonderful ideas and
methods in this book during my career. This is literally a treasure for young scholars interested in the
probabilistic behaviour of hydroclimatic extremes.

Richard M. Vogel

Professor Emeritus and Research Professor, Dept. Civil and Environmental Engineering, Tufts University

ISBN: 978-618-85370-0-2
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Kedbalala

. An introduction by examples

. Basic concepts of probability with focus on extreme events
. Stochastic processes and quantification of change

. Fundamental concepts of statistics and their adaptation to stochastic processes
. Return period

. Knowable moments and their relationship to extremes

. Stochastic simulation of hydroclimatic processes

. Rainfall extremes and ombrian modelling

. Streamflow maxima and minima

10. Extremes of atmospheric processes

11. Technology for risk reduction
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Anoomnaopa art’ tov npoAoyo tou Zbigniew W. Kundzewicz

[ can imagine that many readers will go through the whole book, possibly skipping the
masses of equations present in some chapters. For instance, there are 248 numbered

equations in Chapter 6 and 125 in Chapter 2. However, these equations are needed for
those readers who wish to undertake a detailed study of selected parts of the book that |
deal with the material of relevance to the particular problem at hand.

Professor Koutsoyiannis is a genuine ambassador of Hellenism. There are great
recourses to ancient Greek thoughts, philosophy and poetry in the book. It is fascinating
to observe how he explains Greek roots of words that everybody knows but not everyone
is truly aware of their Greek origin. He teaches us his interpretation of the very term
stochastics, playing the central role in the book and in its title. This essential notion is
derived from Greek roots, but has been broadly used in a different way. Demetris has
proposed new names, originating from Greek, to baptize scientific constructs, such as
“climacogram”, “ombrian”. They are indeed better justified than the existing terms that
are already in circulation, but it is clear from the google search counter that they are

certainly less known yet.
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MapekkAlon 1.A: To vOnuo TG OTOXOOTLKNG

Digression 1.A: The meaning of stochastics

Literally, stochastics is a term of Greek origin, stemming from the adjective ‘stochasticos’
(oTtoxaoTikOG), or better its feminine gender, ‘stochastice’ (otoxaotikn). It is generated from the
verb ‘stochazesthai’ (otoxalecBai), which in turn comes from the noun ‘stochos’ (otoxo0g),
meaning the target.

Aristotle, in his treatise Nicomachean Ethics (written ~350 BC) uses the term stochastice in its
original meaning, related to the target, which, according to him, is the mean: “virtue, therefore, is
a balance [‘'mesotes’], in the sense that it is able to hit [as a target - ‘stochos’| the mean™!.
Furthermore, in his treatise Rhetoric he uses the term with a metaphorical meaning, which could
be translated into English as guessing or guesswork: “men have a sufficient natural instinct for what
is true, and usually do arrive at the truth. Hence the man who makes a good guess at truth is likely
to make a good guess at probabilities |stochastically].”2

However, it was Plato who used the term with a meaning closer to the modern one, i.e., related
to uncertainty. In his dialogue Philebus (written ~360 BC) he contrasts “arithmetic and the
sciences of measurement” to stochastics and parallels the latter with music, which “attains harmony
by guesswork [...] so that the amount of uncertainty mixed up in it is great, and the amount of
certaintv small.”3

Stochastics of Hydroclimatic Extremes, D. Koutsoyiannis



E NoapékkAon 1.A: To vonua tng otoXaotkng (2)

1 «ueadTnS TIC dpa €0TIV 1) dpeTH], OTOYAOTIKY Ve oUoa ToD puéaov» (Aristot. Nic. Eth. 1106b, translation into
English adapted from that by H. Rackham. Cambridge, MA, Harvard University Press; London, William
Heinemann Ltd. 1934). The notion of ‘mesotes’ (necso1tng), loosely translated as balance, middle, mean
between a respective ‘too much’ and ‘too little’, is a key concept in Aristotle’s ethical philosophy and thus
to hit it as a target is important for him.

2 «ol avBpwmoL TPOS TO AANBEC MEQPUKATLY IKAVAC Kal Ta TAE(w TVYyavovaol Th¢ aAnBelag: 610 mpog ta Evdoéa
OTOXAOTIK®C Exelv ToU opolws Eyovtoc kal mpo¢ tnv aAnbeiwav €otiv» (Aristot. Rh. 1.1, translation into
English by W. Rhys Roberts, http://classics.mit.edu/Aristotle /rhetoric.1.i.html).

3The complete passage is: ZOKPATHZE: «olov mac@v mov texv@v &v Ti¢ dptBuntiknv ywpiln kai petpntiknv
Kal 6TATIKNV, W¢ ETOC EITETV PaUAOV TO KATAAELTTIOUEVOV EKXOTNG Qv Yiyvolto. [...] TO yoUv ueta tadt’ eikalewv
Asimoit” av kal tag aloOnosis kataueAet@v Eumelpia kai Tive TP, TAiS THS OTOXAOTIKIC TTPOCXP WUEVOUG
dvvaueotv ac moAdoi téyvacg émovoudlovaot, UEAETN Kal TOV@W THV PWOUNV ATELPYAOUEVAC. [...] oUKkoDV pueotn
UEV TTOV HOVOLKI) TIPMTOV, TO CUUPWVOV APUOTTOVOA 0V UETPW AAAQ UEAETNC OTOXAOUG, KAl CUUTACX QUTIIC
QUANTIKY, TO HETPOV EKAOTNS YOPSHC TG OTOXA{ETBatL pepousvnc Bnpevovoa, WoTe TOAD pepeLtyuévov Exetv
TO U1 OAPES, OULKPOV OE TO PEPatov.»
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NoapekkAon 1.C: To vonua tou KApAToc

Digression 1.C: What is climate?

As is the case with stochastics (Digression 1.A) the concept of climate is an old one. Aristotle in
his Meteorologica describes the climates on Earth in connection with latitude but he uses a
different term, crasis (kpaoig!, literally meaning mixing, blending of things which form a
compound, temperament).2 The term climate (kAiua, plural kAiuata) was coined as a geographical
term by the astronomer Hipparchus3 (190 -120 BC). He was the founder of trigonometry but is
most famous for his discovery and calculation of the precession of the equinoxes (LETATITWOLS
lonueplwv) by studying measurements on several stars. In the 20t century, this precession would
be found to be related to the climate of Earth and constitutes one of the so-called Milankovitch
cycles. The term climate originates from the verb kAiverv, meaning ‘to incline’ and originally
denoted the angle of inclination of the celestial sphere and the terrestrial latitude characterized
by this angle (Shcheglov, 2007).

Hipparchus's Table of Climates is described by Strabo the Geographer (63 BC - AD 24), from
whom it becomes clear that the Climata of that Table are just latitudes of several cities, from 16°
to 58°N (see Shcheglov, 2007, for a reconstruction of the Table). However, Strabo himself uses the
term climate with a meaning close to the modern one.* Furthermore Strabo, defined the five
climatic zones, torrid, temperate and frigid, as we use them to date.>

Stochastics of Hydroclimatic Extremes, D. Koutsoyiannis



MNapekkAion 1.C: To vonua tou KAlpotoc (2)

2 [Aristot. Mete., 362b.17] «...0 T€ yap Adyo¢ deikvuotv OTL €ml mAdTo¢ UEV [TV olkovuévnv] wptotat, To 6
KUKA@ ouvantely EVOEYeTat Ota tnv KPAOL, -ov yap UvnepPailel Ta kavuata kal To Yiyo¢ kata uijkog, aAd’
émi mAdtog, dot’ &l unf mov kwAvel Badrtne mAfbog, dmav sivat mopevoIuoV, —Kai KaTd T paivoueva mepi
TE TOUC MAOUC Kal TAC TOPEIAG»

4 [Strab. 1.1] «mavrteg, oot TOTWYV (BLOTNTAC AEYELY EMIYELPODOLY, OIKEIWC TPOOCATTOVTAL KL TOV 0Upaviwy
Kal yewUETpiag, oxnuata kal Heyéon kal amootiuata kal KAlpata SnAovvtes kal OaAmn kal Yyuyn kai amAdg
TNV TOU TEPLEYOVTOC PUOTLV.»

> [Strab. 2.3] «avtn 6¢ 1@ cic tag [mévte] {wvag uepioud Aaufaver v olkelav Sidkpiov: al T yap
kateyvyuévar Svo tnv EAAeniv tol OaAmovc UTayopevovaoty (¢ piav ToU TEPLEYOVTOC QUOLV OUVAYOUEVAL, al
TE EVKPATOL TAPATANOiwS (¢ piav TNV UECOTNTA dyovTal, €i¢ 6& TNV Aowmnv 1) Aownn) pia kal SLaKEKQUUEVT.»
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E MNapekkAilon yla'Ekdoon 2: AARBsLa - cadrivela — 0pol — opLopol

e ael Ol TWV aAnB@c uev Asyouevwy ou oapc o€ melpdiobol AaBelv kal to aAnUwc kal
ooPWC
[MpemneL mavta va tpoomaBoupe amo dSNAwaoelc mou ivat aAnBeic aAdd oxL cadeic va

KATAANYOULE OE QATOTEAECHLA TTOV €lval Tautoxpova aAnbec kot cadec.] (AplototeAng,
‘HOwa Evdnuia, 1220a)

* OUTOL UEV OUV ... NUUEVOL paivovTal, ...auudpwc UEVTOL Kal oUTEV oo aAA’ olov v
TG payaLs ol ayuuvaotol totodotv: Kol yop EKEIVOL TTEPLPEPOUEVOL TUTTTOUDL
ToAAaki¢ kadac mAnyac, aAA’ oUte EKElvoL Ao EmLoTNUNC oUTE oUTOL E0IKOLY ELOEVOL
0 Tt Aeyouatv: oxedov yap oUTEV xpwUEVOL paivovTal TOUTOLC AL ) KATO ULKPOV.
[Autol [olL otoxaotec] daivetal va €xouv avtiAndOel [ta mpaypato] povo apudpwe Ko
aocadwc. Elvat cav avekmaldeutol oTPATIWTEC OE Lo paxn, ou Bralovtal Kot cuxva
kKatapEpouv MANYUA, dAAA Xwplc KaAn yvwon. Me tov ibLlo TpOmo autol ol 6TOXOOTEC
dev Ppaivetal va katavoouv TL¢ SLKEC Touc SnAwoelg, adou eival cadEC OTL 6TO CUVOAO
TouC omavia 1 mote dev Tic edpapuolouv.] (AptototeAng, Meta ta Quoika, 985a)



E MNapekkAilon yla'Ekdoon 2: AARBeLa - cadrvela — 0poL — oplopotl (2)

* glol UEV oUV Kol TOUTWV Ta MAElw avwvuua, rtepatéov 6’ [...] autoUC dvouaTomoLelv
oapnveioc Eveko kol to0 eunapoakoAouvdntou.
[Ma TG tepLoootepeG EVVOLEG, N YAwaooa pag dev dlabetel Aggelg mou va tig dnAwvouv:
TPETEL AOUTTOV vaL amtomelpabou e [...] va emvonoou e ovopata, adou 0 GTOX0G Hag
glval n cadnvela Kot n mapoxn oToug AAAoug TG duvatoTNTAG Va Lag
nopakoAovBnoouv eukoAotepa.](AplototeAncg, 'HBwa Nikopaxela, 1108a)

* JwKpATouG O¢e TepL HEV TA NTIKA TPOYUATEVOUEVOU TTEPL O€ TG OANG pUOoEwC oUTEV,
EV UEVTOL TOUTOLS TO KardoAou {NToUVTOG Kol TEPL OPLOUWV ETTLOTHOAVTOC MPWTOU THV
étavoiay, [MAatwv] eketvov anodeéapevog Sia T0 ToloiToV UneAaBev w nepl ETepwv
TOUTO YIYVOUEVOV Kol OU TWV aladntwv: aduvatov yap ELVoL TOV KOLVOV OPOV TWV
aloUnNTtwy TIVoC, aEi ye uetaBaiAovrwv.

[O ZwKpatng, MapapePL{ovTag TOo GUOLKO CUMTIAV KaL TIEPLOPILCOVTAG T LEAETN TOU OF
nOwa {ntnuoata, avalntnoe o€ auth tn odaipa To KABOALKO KAl ATAV O TIPWTOC TTOU
emstrp(béln K€ 0TOV 0pLopO. O MAGTWY Tov akoAouBnae Kat UTEBECE OTL TO TPOBANUA
TOU OpLopoU bev agopa kaveva alcOnto mpaypa, aAla ovtotnteg ahAou eidoug: yia
TO AOYO OTL S€EV UIMOPEL va UTTAPEEL YEVIKOC OPLOUOC TWV aLoONTWV POy ATwWV TToU
rtavta aAAAdlouv.] (AptototeAng, Meta ta Quoika, 1.987b)



E MNapekkAilon yla'Ekdoon 2: AARBeLa - cadrvela — 0pot — oplopot (3)

* Each definition is a piece of secret ripped from Nature by the human spirit. | insist on
this: any complicated thing, being illumined by definitions, being laid out in them,
being broken up into pieces, will be separated into pieces completely transparent even
to a child, excluding foggy and dark parts that our intuition whispers to us while acting;
only by separating into logical pieces can we move further, towards new successes due
to definition.

[KaBe oplopocg eivatl Eva KOUMATL LUOTLKOU TTOU TO avBpwrtivo mvelpa aprmaée am’ tn
Duon. EnpEvw o auto: kaBe mepimAoko npaypa, mou dtadpwTtiletal amo oplopoug,
SLATUTIWVETOL OE AUTOUC, OpUMOTI(ETOL OE KOUUATLA, B0 XWPLOTEL OE KOUUATLAL
evieAwc Stadava akopa Kat yio Eva oidi, armokAeilovtac To OpYAwdN Kol OKOTEWA
neEpn movu pac Pbupilel n dtatoBnon pac tnv wpa tov dpouvpe. Movo pe to
SLaXWPLOUO 0€ AOYIKA KOUMATLOL LTTOPOUE VO TIPOXWPI COULLE TTIOPATIEPQA, TIPOC VEEC
emituyieg xapn otov oplopo. (Nikolai Luzin amo tov Graham, L. 2011, The Power of
Names, Theology and Science, 9:1,157-164, DOI: 10.1080/14746700.2011.547020)
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Figure 11.9 Evolution of the frequency of deaths from natural disasters per decade in the 20t and
21st century. In addition to deaths from floods and droughts, deaths from other categories of
natural catastrophes are also plotted: “extreme weather” includes storms, extreme temperatures
(cold- or heatwave, severe winter conditions) and fog; “earthquake” also includes tsunamis;
“other” comprises landslides (wet or dry), rockfalls, volcanic activity (ash fall, lahar, pyroclastic
flow and lava flow) and wildfires. (Source: Koutsoyiannis, 2020b; victim data: OFDA/CRED
International Disaster Database®; population data: United States Censust.)
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Figure 11.10 Average share of deaths per cause in the 2010s. Data from the database of Our
World in Data’; note that the total is slightly greater than 100% (101.4%, perhaps suggesting that
in some of the cases there are two causes).
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