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Heraclitus (figured by Michelangelo) in Raphael's
School of Athens;
http://en.wikipedia.org/wiki/Heraclitus.

“ Heraclitus (ca. 540-480 BC)

Mavrta Pet.

Everything flows [Quoted in Plato’s Cratylus,
339-340].

To Ovta [Eval T TovVTo Kol UEVELY OUSEV.

All things move and nothing remains still [from
Plato's Cratylus, 401d].

Mavta ywpel kol oUSEV LEVEL

Everything changes and nothing remains still
[ibid, 402,a].

Al¢ €C TOV atUTOV TOTALOV OUK AV EuBainc .

You cannot step twice into the same river [from
Plato's Cratylus, 402a].
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Aristotle (384-322 BC) in Meteorologica
Change

m 6T o0te 6 Tavaic oUte 6 Nethog dei Eppet, dAA' Av mote Enpoc 6 tomoc GTev péouvatv’ TO yap Epyov Exet
aUTWV TTEPAC, O OE YPOVOC OUK EXEL. ... AAAA unv eimep kai ol motauol yiyvovral kai @Beipovtal kal un
aei ol autol tomol tijc yii¢c Evudpol, kai tnv Jalattav avaykn UETABAAAELY ouoiwg. Tic 6€ YaAattnc ta
UEV amoAeurouonc ta &' Emouonc ael avePOV OTL TF¢ maonc Yi¢ oUK AEl TA aUTA TA UEV EoTly FaAatTa
T &' fimewpog, aAda petaBaAAsl T@ xpovw mavra.

Neither the Tanais [River Don in Russia] nor the Nile have always been
flowing, but the region in which they flow now was once dry: for their life has
a bound, but time has not... But if rivers are formed and disappear and the
same places were not always covered by water, the sea must change
correspondingly. And if the sea is receding in one place and advancing in
another it is clear that the same parts of the whole earth are not always
either sea or land, but that all changes in course of time [1.14, 353a 16]

Conservation of mass within the hydrological cycle.

m  WoTe oUSEnoTe Enpaveltal’ maAw yap Ekeivo @Unostal kataBayv ei¢ TV aUTnV TO mpoaveAdov.
Thus, [the sea] will never dry up; for what has gone up beforehand will return
to it [11.3, 356b 26].

m KAV Un Kat' éviautov anodid@ kai kad' ekaotnv opoiwc ywpav, aAl' €v yé TLoLv TETaYUEVOLE XPOVOLC
armobdibwat mdv 1o AngpYév.

“Sehool of Athene”: Even if the same amount does not come back every year or in a given place,

Aristotle in Raphael's
http://en.wikipedia.org/wi yet in a certain period all quantity that has been abstracted is returned [l1.2,
ki/Aristotle. 3553 26].
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Science (= pursuit of the truth) vs. sophistry @

@idoc uév Swkpatnc, aAda eiAtatn n aAndeia.
(Latin version: Amicus Socrates, sed magis amica veritas.)

Socrates is dear (friend), but truth is dearest.

[Ammonius, Life of Aristotle]

E0TL yap 1) 0OPLOTIKY PaLvouévn copia ovoa & ol, Kai O GoPLOTC XPNUATLOTAC GO
patvougvnc copliac aAl’ ouk olonc.

Sophistry is the semblance of wisdom without the reality, and the sophist is one who
makes money from apparent but unreal wisdom.

[Aristotle, On Sophistical Refutations, 165a21]

Kol TNV co@iov woaUTwe ToUG UEV apyupiou Tw Boudougévw nwAolvtag coQLoToC
WOTIEP TTOPVOUC ATTOKOXAOT V.
Those who offer wisdom to all comers for money are known as sophists, just like
prostitutors.

[Xenophon, Memorabilia, 1.6.13, quoting Socrates]
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Modern sophistry in support of politico-economical agendas

News

European Parliament

Headlines ~ Press room v Agenda ~ FAQ  The new Parliament and the new Commission

The European Parliament declares

climate emergency
Press Releases [ABwmvsesson] [2u] 26-1-2019 - 1301

« Commission must ensure all proposals are aligned with 1.5 °C target

+ EU should cut emissions by 556% by 2030 to become climate neutral by 2050

+ Calls to reduce global emissions from shipping and aviation

“Parliament declares climate emergency. MEPs want immediate and ambitior
climate change"® 122RF/EU-EP

EU should commit to net-zero greenhouse gas emissions by 2050 at the UN
Conference, says Parliament.

https://www.europarl.europa.eu/news/en/p

n to limit effects of

ress-room/201911211PR67110/

m Despite the decision of the European
Parliament, there is no climate
emergency as a physical reality.

m There is “climate emergency” as a

political state.

S5 MINISTRY FOR CLIMATE CRISIS A A A BAMVKG
g3 AND CIVIL PROTECTION

My account Contact us

GS.CP v Self Protection Guidelines ~ Volunteering International Cooperatic

oAb uynASG KivBuvos TwpKayde (katnyopia
KwBovou 4) yia avpio Kupiaxr 3 loukion -
AvENpEVI TEpOTOYT ATd GAOU ag! AEY
avaBoupe puTid yia kavévav Aéyo!

https://www.civilprotection.gr/en

What is most
frightening?

A natural climate
emergency?

Or a political
“climate
emergency”?

ISTNONeLIMATE EMERGENCY

I am one of the ~1000
signatories.

There is no
climate emergency

Climate seience should be less political, while climate policies shauld be more
scientific. Scientists should openly address uncertainties and exaggerations in

their predictions of global warming, while politicians should dispassionately
count the real costs as well as the imagined benefits of their policy measures

Natural as well as anthropogenic factors cause warming

The geological archive reveals that Earth's climate has varied as long as the
planet has existed, with natural cold and warm phases. The Little Ice Age
ended as recently as 1850, Therefore, it is no surprise that we now are expe-
riencinga period of warming

Warming is far slower than predicted
The world has warmed significantly less than predicted by [PCC on the basis
of modeled anthropogenic forcing, The gap between the real world and the
modeled world tells us that we are far from understanding climate change.

Climate policy relies on inadequate models

Climate models have many shortcomings and are not remotely plausible as
policy tools. They do not only exaggerate the effect of greenhouse gases, they
also ignore the fact that enriching the atmosphere with CO, is beneficial.

CO; is plant food, the basis of all life on Earth

€0, is not a pollutant. It is essential to all life on Earth. More CO; is favorable
for nature, greening our planet. Additional CO in the air has promoted growth
in global plant biomass. It is also profitable for agriculture, increasing the
yields of craps worldwide.

Global warming has not increased natural disasters

There is no statistical evidence that global warming is intensifying hurricanes,
floods, droughts and suchlike natural disasters, or making them more frequent.
However, there is ample evidence that CO,-mitigation measures are as damag-
ing as they are costly.

Climate policy must respect scientific and economic realities
There is no climate emergency. Therefore, there is no cause for panic and
alarm. We strongly appose the harmful and unrealistic net-zero CO; policy
proposed for 2050. Go for ad instead of mitigatis works
whatever the causes are.

https://clintel.org/world-climate-declaration/
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The economic consequences of modern sophistry

European energy strategy 550
and energy prices in 500 Daily average
Greece J;: 450 T Da||y maximum
s
400
| Erﬂh Sgch %
L 350
= o
Energy Menu > 300
o0
European Commission > Energy > Topics > g 250
Energy strategy Q
2 200
Energy strategy E 150
w
100
50 i
2050 Long-term strategy
0

The Commission’s strategic long-term vision for a
prosperous, modern, competitive and climate-
neutral economy by 2050.

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

https://energy.ec.europa.eu/topics/energy-strategy en Data source: https://transparency.entsoe.eu/.

D. Koutsoyiannis, Stochastic modelling of hydrological extremes in a perpetually changing climate 8


https://transparency.entsoe.eu/
https://energy.ec.europa.eu/topics/energy-strategy_en

Gt CO,/year

2

4

-2

-3

COVID and an unfortunate experiment

1900 1910

418

IN
g
a

I
hry
N

412

410

408

CO; concentration (ppm)

406

404

402

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Great World Second Financial
Depression War || oil shock Crisis

o sednl s Il.I I A 11 I“IIJ' 2 |II| l Ihlllllllll.lllll. Ill IIII.. ..Ill:]llllll III |[_

2020
2019
ie=2018
—=@=2017

0.5

— 0.25

0.25
0.5
0.75

Gt C/year

m COVID-caused lockdowns

caused the greatest in
history decrease of CO,
emissions.

The global CO, emissions
were over 5% lower in the
first quarter of 2020 than in
that of 2019 (IEA, 2020).

However, the increasing
pattern of atmospheric CO2
concentration, as measured
in Mauna Loa, did not
change.

Graph from Koutsoyiannis and Kundzewicz (2020); see next page.
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Causal relationship between B si
CO, & temperature:

Atmospheric Temperature and CO»:

‘lap\[lq ﬁ (i‘)bv;” (“hen or egg?”) Hen-Or-Egg Causality?

Demetris Koutsoyiannis **( and Zbigniew W. Kundzewicz 2

o

check for
Received: 7 September 2020; Accepted: 16 November 2020; Published: 25 November 2020 updates

Abstract: It is common knowledge that increasing CO, concentration plays a major role in
enhancement of the greenhouse effect and contributes to global warming. The purpose of this
study is to complement the conventional and established theory, that increased CO; concentration
due to human emissions causes an increase in temperature, by considering the reverse causality.
Since increased temperature causes an increase in CO, concentration, the relationship of atmospheric

! Department of Water Resources and Environmental Engineering, School of Civil Engineering,

National Technical University of Athens, 157 80 Athens, Greece

Institute for Agricultural and Forest Environment, Polish Academy of Sciences, 60-809 Poznan, Poland;
CO; and temperature may qualify as belonging to the category of “hen-or-egg” problems, where it is
not always clear which of two interrelated events is the cause and which the effect. We examine the

A kundzewicz@yahoo.com
(AD 46 -119) I! v
relationship of global temperature and atmospheric carbon dioxide concentration in monthly time

Correspondence: dk@itia.ntua.gr
Pl Uta rc h u Sed th e exam p I e Of th e h en an d th e egg tO steps, covering the time interval 1980-2019 during which reliable instrumental measurements are

available. While both causality directions exist, the results of our study support the hypothesis that

H H H . the dominant direction is T — CO,. Changes in CO; follow changes in T by about six months on
pose a type Of Causallty as a phllosophlcal prObIem . a monthly scale, or about one year on an annual scale. We attempt to interpret this mechanism by
" 4 L4 ’ Al L] I 2 4 ” involving biochemical reactions as at higher temperatures, soil respiration and, hence, CO, emissions,

[1otepoV N OpVIC TTPOTEPOV 1 TO WOV EYEVETO are incrossing S F

—"Which of the two came first, the hen or the eqg?”
(Plutarch, Moralia, Quaestiones convivales, B,

Qu e St i on I I I ) . [étepov népvic mpdtepov 1) 1o ov eyéveto (Which of the two came first, the hen or the egg?).

Keywords: temperature; global warming; greenhouse gases; atmospheric CO; concentration
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Instrumental temperature | — o

0.8

and CO; data in search of | ﬂ

[
. 02 e | | " ‘ | k 1 " | 0006 =
causality =" A R )‘ 3
0.2 r ] ' I W 0.004
Differenced monthly time series of global temperature -0.4
(UAH) and logarithm of CO, concentration (Mauna 0.6 " 0.002
Loa). -0.8
-1 0
Annually averaged time series of differenced 1980 1985 1950 1995 2000 2005 2010 2015 2020
temperatures (UAH) and logarithm of CO, 04 o 0.009
concentration (Mauna Loa). Each dot represents the 03  —&—2In[CO,] 0.008
average of a one-year duration ending at the time of o 0,007
its abscissa.
0.1 0.006
5 o 0.005 8~
Which is the cause and which the effect? ) 3 S
-0.2 0.003

Graphs from Koutsoyiannis and Kundzewicz (2020). Notice that
logarithms of CO, concentration are used for linear equivalence with 03 0.002
temperature. The differenced processes represent changes in the

-0 -0.4 0.001
original processes.

1980 1985 1990 1995 2000 2005 2010 2015 2020
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—o— AT

Changes in CO, e

—@— AT - AIn[CO,], monthly
== O= AT - AIn[CO,], annual P

follow changes in § oo o ey
global temperature
Auto- and cross-correlograms of the differenced time series of
temperature (UAH) and logarithm of CO, concentration (Mauna Loa).
-48 -36 -24 -12 0 12 24 36 48
Lag (months)
Which is the cause Maximum cross-correlatllci;l CO(::fICIent (MCEC) an::l corresponding tn:e Iaglm months.
. onthly time nnual time series — nnual time series —
and which the effect? series sliding annual window  fixed annual window
Temperature - CO, series MCCC Lag MCCC Lag MCCC Lag
UAH — Mauna Loa 0.47 5 0.66 8 0.52 12
UAH — Barrow 0.31 11 0.70 14 0.59 12
UAH - South Pole 0.37 6 0.54 10 0.38 12
UAH — Global 0.47 6 0.60 11 0.60 12
Graph and table from Koutsoyiannis and CRUTEM4 — Mauna Loa 0.31 5 0.55 10 0.52 12
ez (0200, CRUTEM4 — Global 033 9 0.55 12 0.55 12
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Development and application of a theoretical framework

for
causality

THE ROYAL SOCIETY

PUBLISHING
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Research articles
Revisiting causality using stochastics: 1. Theory

Demetris Koutsoyiannis =], Christian Onof, Antonis Christofides and Zbigniew W. Kundzewicz

Published: 25 May 2022  https://doi.org/10.1098/rspa.2021.0835

view history

Abstract

Causality is a central concept in science, in philosophy and in life. However, reviewing various
approaches to it over the entire knowledge tree, from philosophy to science and to scientific and
technological applications, we locate several problems, which prevent these approaches from
defining sufficient conditions for the existence of causal links. We thus choose to determine
necessary conditions that are operationally useful in identifying or falsifying causality claims. Our
proposed approach is based on stochastics, in which events are replaced by processes. Starting
from the idea of stochastic causal systems, we extend it to the more general concept of hen-or-
egg causality, which includes as special cases the classic causal, and the potentially causal and
anti-causal systems. Theoretical considerations allow the development of an effective algorithm,
applicable to large-scale open systems, which are neither controllable nor repeatable. The
derivation and details of the algorithm are described in this paper, while in a companion paper
we illustrate and showcase the proposed framework with a number of case studies, some of
which are controlled synthetic examples and others real-world ones arising from interesting
scientific problems.

THE ROYAL SOCIETY

All Journals v
PUBLISHING

= |

comoD | 2

PROCEEDINGS OF THE ROYAL
SOCIETY A

MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES

Research articles |
Revisiting causality using stochastics: 2. Applications

Demetris Koutsoyiannis &, Christian Onof, Antonis Christofidis and Zbigniew W. Kundzewicz

Published: 25 May 2022 https://doi.org/10.1098/rspa.2021.0836

an Review history

Abstract

In a companion paper, we develop the theoretical background of a stochastic approach to
causality with the objective of formulating necessary conditions that are operationally useful in
identifying or falsifying causality claims. Starting from the idea of stochastic causal systems, the
approach extends it to the more general concept of hen-or-egg causality, which includes as
special cases the classic causal, and the potentially causal and anti-causal systems. The
framework developed is applicable to large-scale open systems, which are neither controllable
nor repeatable. In this paper, we illustrate and showcase the proposed framework in a number of
case studies. Some of them are controlled synthetic examples and are conducted as a proof of
applicability of the theoretical concept, to test the methodology with a priori known system
properties. Others are real-world studies on interesting scientific problems in geophysics, and in
particular hydrology and climatology.
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Mathematical representation

m Any two stochastic processes x(t) and y(t) can be related by

y(© = [, 9(Wx(t — hydh + v(t)
where g(h) is the Impulse Response Function (IRF) and v(t) is another process uncorrelated to
x ().
m There exist infinitely many pairs (g(h), v(t)) of which we find the least squares solution—LSS:
that resulting in the min Var[y(t)], or the max explained variance e := 1 — Var[g(t)]/var[z(t)].

m Assuming that the LSS g(h) has been determined, the system (x(t), y(t)) is:

1. potentially causal if g(h) = 0 for any h < 0, while the explained variance is non negligible;

2. potentially anticausal if g(h) = 0 for any h > 0, while the explained variance is non
negligible (this means that the system (y(t), x(t)) is potentially causal);

3. potentially hen-or-egg (HOE) causal if g(h) # 0 for some h > 0 and some h < 0, while the
explained variance is non negligible;

2. noncausal if the explained variance is negligible.

m The framework of causality identification is constructed for case 3, with all other three cases
resulting as special cases.

D. Koutsoyiannis, Stochastic modelling of hydrological extremes in a perpetually changing climate 14



lllustration
of the four
different
cases of
potential
causality

IRF

—e— Potentially causal

—&— Potentially anticausal

—o— Potentially hen-or-egg causal —=—Noncausal

<0

0 >0
Time lag
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Premises of the developed methodology

Our framework is for open systems (in particular, geophysical systems), in which:

o External influences cannot be controlled or excluded.

o Only a single realization is possible.

o There is dependence in time.

Our framework is not formulated on the basis of events, but of stochastic processes.

It is understood that only necessary conditions of causality can be investigated using
stochastics. The usefulness of this objective lies in its ability:

o to falsify an assumed causality, and

0 to add statistical evidence, in an inductive context, for potential causality and its
direction.

The only “hard” requirement kept from previous studies is the time precedence of the
cause from the effect.

D. Koutsoyiannis, Stochastic modelling of hydrological extremes in a perpetually changing climate 16



Additional mathematical considerations

We also set additional desiderata for
(a) an adequate time span lh of i (the causal action is not instant);
(b) anonnegative g(h) = 0 for all h € T (replacing x(t) with —x(t) for negative correlation);
(c) a smooth g(h) assured by a constraint E < E,, where E is determined in terms of the

second derivative of g(h) (E = fjooo(g”(h))zdh) and Ej is a positive number.

Although the theoretical framework is formulated in terms of natural (continuous) time, the
estimation of the IRF relies on data in an inductive manner, and data are only available in
discrete time. Conversion of the continuous- to a discrete-time framework results in

Vo = Njt—cJjXe—j + Vs
where the sequence g; can be determined accurately from the function g(h).

Furthermore, any data set is finite and allows only a finite number of g; terms to be estimated.
Therefore, in the applications the summation limits too are replaced by +/, assuming that g; = 0
for |j| > J, where, ] should be chosen much lower than the length of the dataset.

A solver can be used to resolve the constrained optimization problem: The determination of g; is
based on the minimization of var[g(t)] subject to the constraints.
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Application to the temperature — [CO,] problem

Treating the system (7,[CO,]) as potentially HOE Treating the system ([CO], T) as potentially HOE

causal, we conclude that it is potentially causal causal, we conclude that it is potentially anticausal
(mono-directional) with explained variance 31%. (counter-directional) with explained variance 23%.
0.0007 ——mm —_— 12—
—@— |RF —o— |RF
0.0006 = === Mean 10 - —--- Mean
——————— Median ------- Median
0.0005
8
0.0004
& = 6
0.0003
4
0.0002
0.0001 2
0 : ! 0 e OO OO OO OO OO0 00
-20 -10 0 10 20 10 20
Time lag (months) Time lag (months)

Conclusion: The common perception that increasing [CO,] causes increased T can be excluded as it
violates the necessary condition for this causality direction.
In contrast, the causality direction T - [CO,] is plausible.
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Co-evolution
of
temperature,
CO;
concentration
and sea level
in the
Phanerozoic

35 ——Scotese (2018)
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Digression—

Offering food for thought
and amusement:

Science violates the rules
of political correctness

Yesterday, Gregory Wrightstone was
permanently banned from LinkedIn
because he posted the graph on the
right, constructed from the paper by
Berner and Kothavala (2001).

See also: Geology Banned, https://youtu.be/MkdStITGoeU.

Reference # 220626-003391
Status: Closed

RESDOHSG (06/28/2022 09:09 CST)

Hi Gregory,

View your case(s) on our Help Center

You may reply to this case for up to 14 days

Thanks for contacting us. Your account has violated the LinkedIn User Agreement and Professional

Community Policies. Due to the number and/or the severity of these violations, this account has been

permanently restricted.

Average CO2 concentration by geologic period

© 2017 Gregory Wrightstone
inconvenientfacts.xyz
Berner et al, 2001
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Average Gurre

TERTIARY
QUIATERINARY
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Berner RA, Kothavala Z (2001) GEOCARSB III: A revised model

of atmospheric CO2 over Phanerozoic time,

IGBP PAGES and World Data Center for Paleoclimatology, Data Contribution Series # 2002-051

NOAA/NGDC Paleoclimatology Program, Boulder CO, USA.
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Climate is changing ... since 4.5 billion years ago

Ratio to present day value
(all variables except CO, concentrtation)

1.8
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—e— Earth rotation
rate

——Temperature,
Kasting (1987)

——Temperature,
Hart (1978)

=®->Solar constant
(solar radiation)

—a—Land area

—o—CO, concentr.,
Kasting (1987)

—o—C0, concentr.,
Hart (1978)

Note: The title of this slide is identical to the title of an invited lecture to
the University of Bologna in 26 November 2019. The lecture was cancelled
after activist reactions, based on lies promoted by a blog and covered in a

newspaper. See details in Koutsoyiannis (2019).

The graph has been
constructed from estimates
by Kuhn et al. (1989).
Temperature is expressed in K
and corresponds to 35°
latitude; a change in the
temperature ratio by 10%
corresponds to ~29 K.

Although the estimates are
dated and uncertain, evidence
shows existence of liquid
water on Earth even in the
early period, when the solar
activity was smaller by 20-
25% (the faint young Sun
problem; Feulner, 2012).
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Instrumental data of a long period: The Roda Nilometer

s Al Cairo

¢ Nilometer,

Photos by Loai Samen

and Mohamd Mubarak;
Google maps,
https://goo.gl/maps/T8N
UgoDAorK?2 and
https://goo.gl/maps/dsd
JHIYVv572.

The Roda Nilometer, near Cairo, offers the longest instrumental data on Earth. Water entered through three tunnels
and filled the Nilometer chamber up to river level. The measurements were taken on the marble octagonal column
(with a Corinthian crown) standing in the centre of the chamber; the column is graded and divided into 19 cubits
(each slightly more than 0.5 m) and could measure floods up to about 9.2 m. A maximum level below the 16t mark
could portend drought and famine and a level above the 19" mark meant catastrophic flood.
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What do the Roda Nilometer data say?

Minimum water depth (m)

7

6

5

—— Annual
= 3()-year average
| | |
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AR | [ | l |
600 700 800 900 1000 1100 120t 1300 1400
Year AD

Graph and data from Koutsoyiannis (2013); the data can
be downloaded from https://www.itia.ntua.gr/1351/.

Cannibalism (as a consequence of drought) reported
in Egypt ('Abd Al-Latif Al-Baghdadi, 1202).

1500
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Hurst-Kolmogorov dynamics and the perpetual change of Earth’s

climate

A hydroclimatic process
as seen in the longest
instrumental record.

A “roulette” process.

Minimum water depth (m)

Minimum roulette wheel outcome

——Annual Nile River annual minimum
6 e 30-year average water level (849 values).
5 |
4 |,y |I| I i | Ly ] Ly
3 L T ORFIN LY | . — Tl I I
2 b H'
! L [ [ | !
0 :
600 700 800 900 1000 1100 1200 1300 1400 1500
Year AD

7

—"Annual" Each value is the minimum of m=36 roulette wheel
6 | e 30-"year" average T OUtcomes. The value of m was chosen so that the standard

deviation be equal to the Nilometer series.
5
4
3
2
1 -
O a
600 700 800 900 1000 1100 1200 1300 1400 1500
"Year"

Hurst-Kolmogorov (HK)
dynamics is described
by a very simple
equation:
V1

Yk = 12=2m
where k is time scale,
Y is the variance of
the time-averaged
process at scale k and
H is the Hurst
parameter.

For random processes
(e.g. “roulette”) H=0.5.

For natural processes
05<HKI1
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Climate Comptes Rendus (Doklady) de I'Académie des Sciences de T'URSS

. 1940, Volume XXV, Nt 2
stochastics:
Kolmogorov,
Hurst and

the Nile Wir werden hier einige Sonderfille von Kurven betrachten, denen
meine vorhergehende Note «Kurven im Hilbertschen Raum, die cregenuber

einer einparaimetrigen Gruppe von Bewegungen invariant smd» (*) gewid-

met ist.

Unter einer Ahunlichke ni;.!‘r . n
rores TUAUIes i sich

———remTgES VOTZogebenes Paar & und y’ == 2’ der Punkte, die “auf derselben
Kurve liegen, iibergeht.
Satz 6. Die Fanktion B:(z,,%,), dic der Funktion E{f) der Klasse %
entspricht, kann in der Form

BE(TJ’Tx)=c[|11iT+{tar{_‘{1_"1211"]

AMERICAN SOCIETY OF CIVIL ENGINEERS
Founded November 5. 1852

TRANSACTIONS

Kolmogorov (1940) MATHEMATIK

WIENERSCHE SPIRALEN UND EINIGE ANDERE INTERESSANTE
KURVEN IM HILBERTSCHEN RAUM

Yon A. N. KOLMOGOROFF, Mitglied der Akademie

Hurst (1951)  Paper No. 2447

LONG-TERM STORAGE CAPACITY
OF RESERVOIRS

By H. E. HURST*

Wite Discussion 8Y VEN Tt Crow, Hener MitLEreT, Lovuis M. LausHEY,
avp H, E. Hugsr,

SyNopsis

A solution of the problem of determining the reservoir storage required on &
given stream, to guarantee a given draft, is presented in this paper. For ex-
ample, if a long-time record of annual total discharges from the stream is avail-
able, the storage required to yield the average flow, each year, is obtained by
computing the cumulative sums of the departures of the annual totals from
the mean annual total discharge. The range from the maximum to the mini-
mum of these cumulative totals is taken as the required storage.

“Although in random
events groups of high or
low values do occur, their
tendency to occur in

~ natural events is greater.
This is the main difference
‘between natural and
‘random events.”

Kolmogorov proposed a
= stochastic process that
describes a behaviour
unknown at that time. It
was discovered a decade
later in geophysics by

A.N Kolmogor@s !
y Hurst.
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Hurst-Kolmogorov (HK) dynamics. g %
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Dataset details Station: BOLOGNA, Italy, 44.50°N, 11.35°E, +53.0 m (1: 20
Period: 1813-2018 (206 years). S 0
Source of graphs: Koutsoyiannis (2021b). 0
Sources of data: also detailed in Koutsoyiannis (2021b). 1808 1838 1368 1898 1928 1958 1988 2018
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Drought in
Athens:
Was it due
toa
“trend”,
possibly
suggesting
“climate
crisis”

The historical time series
of runoff up to 1986/87
at one of the rivers
supplying Athens,
Boeoticos Kephisos.

A multi-year «trend» is
observed.

A similar «trend» in the
rainfall time series.

Explains the «trend» in
runoff.

Next was a shocking
drought.

Intense and persistent:
Mean flow less than half
compared to historical

average; duration 7 years.

Rainfall (mm)

Runoff (mm)

Runoff (mm)
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Handling the long-lasting drought in Athens

Close collaboration of (a) the National Technical University of Athens, (b) the Athens
Water Supply and Sewerage Company (EYDAP), and (c) The Ministry of Environment
and Public Works.

Understanding that droughts are regular natural events—not associated to human
influences.

Proper modelling the drought within a stochastic Hurst-Kolmogorov framework
(Koutsoyiannis, 2011).

Development of a sophisticated decision support system (Koutsoyiannis et al., 2003).

Transparency and veritable information to the population of Athens, and its
engagement in the management of the crisis.

Design and implementation of an increasing block rate pricing structure, combined
with water conservation legislation measures (Xenos et al., 2002).

Increased water supply through technological measures (see next slide).
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Results of the crisis management

m Not even in one house in not even one day throughout this 7-year period
was there a water supply failure due to the drought.

m The water consumption of Athens was decreased by 1/3.
m  New groundwater resources were exploited.

m In 1.5 year, a new tunnel was constructed and
operated, diverting water from the Evinos
River to Athens.

m |n another 4 years, the new dam on the Evinos
River was completed, thus increasing the water
quantity transferred to Athens.

m  Now Athens has a perfect water supply system. § |
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Rej ECtEd d p p roac h 1 . Root mean square errors (in m3/s) for the two validation periods

for the linear-trend model and the constant-mean model, fitted

to the calibration period
Trend based ST B
The “trend model” is worse than that g uniRlinE g 438 12.7

Assuming constant mean 9.3 10.3

of a constant average (see table). Boeoticos Kephisos runoff and projected trend.

m According to the “trend model”, the 80

——— Monthly
flows would disappear a little after 70 === Fitted linear tr¢nd
== &= Extrapolated trend
2050... 60 Not known at the time

. . . of the drought
m In reality all three reservoirs spilled

in 2006 and again two of them in
2020 and 2021.

4 Ill III: .| L L,
30

Average discharge (m3/s)
D
o

m Conclusion: It is absurd to use such
simplistic methods such as trend 20 -
extrapolations. 10 -
Source: Koutsoyiannis (2021b). 0 4 s
See additional evidence about the inappropriateness of trends in '
lliopoulou and Koutsoyiannis (2020). 1900 1920 1940 1960 1980 2000 2020 2040 2060
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Are trends

Prague rainfall record, 211 years

——— Global Mean
Local Mean

= Global Trend
—— Local Trend
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. . z° % os 200 | %

oriented evaluation g E os % o

framework 1800 1850 1900 1950 2000 1900 1950 2000 7 L-Mean G-Mean G-Trend L-Trend
. . 0.85 007 0.07
We compare the predictive B os0 _ooe £ o006
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performance of global and g 07 8 004 MA“A}M"“A& 8 oo * %%I é ;
g 070 ® 003 003
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Cllmatlc perlods (30 yea rs) to Year End Year of 30-year period forecast Predictive models

Source: lliopoulou and Koutsoyiannis (2020). Explanation: AM: annual maxima, AT: annual totals,

the one obtained by global and
WDAV: annual wet-day average rainfall, PD: probability dry.

local mean models.
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Extreme rainfall projections — Local mean models

are the best

Fixed periods

Source: lliopoulou and Koutsoyiannis (2020).
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Rejected approach 2: Based on climate-models

Boeoticos Kephisos runoff produced with

downscaled climate model outputs, superimposed
to Monte Carlo confidence limits (MCCL) produced 0
with HK statistics under stationarity.

Outputs from 3 climate models for 2 future scenarios were examined (Koutsoyiannis et al., 2007).
The original climate model outputs (not shown) had no relation to reality (highly negative

efficiencies at the annual time scale and above).

After adaptations (or “cosmetic lifting”, also known as “downscaling”) the climate model outputs

improved with respect to reality, thus achieving about zero efficiencies at the annual time scale.

For the past, despite adaptations, 400

the proximity of models with reality E :'\cﬂggrlnifgé e ggg?nc;afg;
was not satisfactory. £ 300 4 | —e—Obsened” o point forecast
For the future, the runoff obtained by 2 — — Mocldassiea
adapted climate models was too stable. 200 4

Conclusion: It is dangerous (too risky)

to use climate model projections.
100 -

1930

1960 1990 2020
Source of graph and analyses: Koutsoyiannis et al. (2007).

Year

2050
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Do climate models provide guidance for the future?

m  Short answer: No.

m Long answer: They have not provided skill for the past. Notice: (1) the large error of
the “Multimodel” ensemble in terms of the mean; (2) the increasing trend of climate
model outputs after 1980, which did not appear in reality.

Thin and thick lines represent monthly
values and running annual averages (right

. 3.4 2.8

aligned). ——GPCP ——Multjmodel \

Source of graph: Koutsoyiannis (2020); 37 —Single mode| 26 | | 1Ll } I

observations come from the combined ' Trend o ‘. ‘ Il ” m

gauge and satellite precipitation data ’1? | l ' | l P

over a global grid (GPCP); climate model E 3 E 2.4 SAULR SR PR | ]

outputs are for the scenario “RCP8.5” £ =

(frequently referred to as “business as 5 | 0

usual”); “Multimodel” refers to CMIP5 E 2.8 +— Error of mean Lo s ) E 2.2

scenario runs (entries: CMIP5 mean — o %

rcp85) and “Single model” refers to § g

CCSM4 — rcp85 (ensemble member 0), e 2.6 11 2 T ||| —

where CCSM4 stands for Community '

Climate System Model version 4, released Earth Land

by NCAR. Data and model outputs are 24 1.8

accessed through http://climexp.knmi.nl. 1940 1960 1980 2000 2020 1940 1960 1980 2000 2020
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Do climate models reproduce real-world rainfall?

m Short answer:
No.

m Long answer:
Simulations of
point rainfall
have mostly
negative
efficiencies.
Areal rainfall
simulations are
irrelevant to
reality even at
climatic scales.

Source: Anagnostopoulos, et
al. (2010); see also reviews by
Pielke Sr. (2017), and Essex
and Tsonis (2018)
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Do climate models
reproduce real-world
rainfall? (2)

m The example in the graphs compares actual
rainfall data over the entire territory of Italy
(from NCEP-NCAR Reanalysis 1 data) with those
predicted by climate models (mean of the
output data of the Coupled Model
Intercomparison Project, CMIP6).

m The climate models severely underpredict
rainfall—mostly the high values—as well as its
variability.

m A professional hydrologist normally would not

use such incompetent model outputs.
Source: Koutsoyiannis and Montanari (2022).
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Do climate models simulate the real-world
rainfall extremes?

m Tsaknias et al. (2016—multirejected paper) tested the reproduction of extreme events by three
climate models of the IPCC AR4 at 8 test sites in the Mediterranean which had long time series of
temperature and

precipitation. = ; s

¥ || —ECHAMS i B :?S::-:\omss

m  They concluded that £ 20 oo £ 530 |
model results are R g
irrelevant to reality g §
as they seriously £

e 2 v e pRF AT VN mh A 5% = g e,
U n d e re St| mate 0 15‘10 1920 19‘30 1940 {‘9'50 1960 1970 1980 1990 qsao 1940 1950 15‘50 v 1970 1980 15‘50 2000
ear ear
extreme events. Lo ¥ i SRR : . o

Upper row: Daily annual 5 7,
. T Z 210
maximum precipitation at E £
Perpignan and Torrevieja; Lower 5 s
row: ?mplrlcal dlstrlbgtlon s —historical 5 Hisoreal
o — i - Itted to the observe
functions of the data in upper g TGEVilledtothe observed | & T oEN e
row. CSIRO CSIRO
; =~CGCM3 10" . S mceems
10 5 : e L 3 10° 10" 10
. 10 10 i 10 Return period (T)
Source: Tsaknias et al. (2016). Return period (T)
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A scientific approach to extreme rainfall: The ombrian model

An ombrian model (from the Greek ombros, meaning rainfall) describes the stochastic properties
of the distribution of rainfall at any time scale.

From an ombrian model that is simple enough, the ombrian relationships, also known with the
misnomer rainfall intensity (x) — duration — frequency curves are directly extracted. Duration and
frequency are meant to be time scale (k) and return period (T) respectively.

For small time scales a Pareto distribution with discontinuity at the origin is assumed:

/§

) () — (k) -1

FUO(x) =1— P (1+fle

It is shown by theoretical reasoning (Koutsoylannls, 2021b) that the tail index ¢ is constant, while

the probability wet, P(k) and the state scale parameter, A(k), are functions of the time scale k.
For large time scales the Pareto-Burr-Feller (PBF) distribution is assumed:

- MO
FO@ =1-R 1+5Q@Q

In this case a new parameter {(k) is introduced, which is again a function of time scale. The
Pareto distribution is a special case of PFB for {(k) = 1. In contrast to the Pareto distribution,
whose density is a decreasing function of x, the PBF tends to be bell-shaped for increasing { (k).
Here we sacrifice the constancy of tail index (= £/{(k)) to assure simplicity and ergodicity.
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Ombrian model
simplification and
regionalization

m For small time scales (up to a
few days), a simplification of the
ombrian model is possible:

= 22D a0 = (14K
x = % a(k) = (1 +a) ,
T

b(r) = (1) ~1

m This involves four parameters,
a,n, &, B, A, with n related to the
Hurst parameter and ¢ being
the tail index.

m Some of the parameters can be
constant in large geographical
areas, as in the example shown
for Thessaly, Greece.

250000 300000 400000 450000
| I |
| a(h) | n() | €&() [ Byears N
0.03 0.64 | 0.18 W G‘é -
4450000 5
4400000 L
4350000
Param eter A
41 -95 = 116 -121
oo | S0,
= 105-109 = 142-165 0 2p Sokm
.|11U—115 . 16?—298
T T T
250000 300000 400000 450000

Source: lliopoulou et al. (2022).

4450000

4400000

4350000

4300000

D. Koutsoyiannis, Stochastic modelling of hydrological extremes in a perpetually changing climate

39



40

[ ]
Are there alternative £ [T T T
30 - HHRI IR NCEP-NCAR
approaches? — The poor = i
5 20 B u.,,,, ‘NMW i NVAP
° g A i MODIS
hydrological performance #+
° 1940 1950 1960 1970 1980 1990 2000 2010 2020
of climate models o
g 35
m |PCC (2013a) conjectured that the water vapour % 30 S FOTTY B e
: ; 3 25 - b BRI Ncep-ncaR
ot 1 the stmosphere would inereaseand 4 I ) =
y g y \E § 15 hll{lﬂ!l!l!l!ul]ﬂl I[I!I!I!l[l!l!lpu‘In;l;lmlgmnu il ulpwuuulu‘mmlglpmlmlI}I}I{I}I{I!l!l!l[l
m However, the water vapour amount is 10 AU UL TG AT
quctuating—not increasing monotonically 401940 1950 1960 1970 1980 1990 2000 2010 2020
(prediction falsified). £ 5 aad o i
Thin and thick lines of the same colour represent monthly values and running g 30 ~
annual averages (right aligned), respectively. E 25 e L Mt it e e NCEP-NCAR
Source of graph: Koutsoyiannis (2020); reanalysis data (NCEP-NCAR & ERA5): é 20 - TR
http://climexp.knmi.nl; satellite data, NVAP: Vonder Haar et al. (2012) (Figure 4c, = 15
after digitization); satellite data, MODIS: https://giovanni.gsfc.nasa.gov/giovanni/; 10 Sea
averages from Terra and Aqua platforms. 1940 1950 1960 1970 1980 1990 2000 2010 2020

D. Koutsoyiannis, Stochastic modelling of hydrological extremes in a perpetually changing climate 40


http://climexp.knmi.nl/
https://giovanni.gsfc.nasa.gov/giovanni/

Do satellite data of the 21st century show
increasing presence of water vapour amount?

m  Both Terra and Aqua satellite platforms for all atmospheric levels suggest decreasing trends.

m  Hence, the data are opposite to the IPCC conjecture. Apparently this suggests that climate

models do not
represent the
physics
correctly.
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Source of graph: Koutsoyiannis (2020); MODIS data:
https://giovanni.gsfc.nasa.gov/giovanni/ .

Thin and thick lines of the same colour represent monthly values and running
annual averages (right aligned), respectively.
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Do precipitation and
evaporation increase? Wi

Precipitation (mm/d)
Evaporation (mm/d)

. BOth preCipitation and evaporation are 1940 1960 1980 2000 EarchOZO l940 1960 1980 2000 Eart:OZO
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. . . i ot i
m Hence, the IPCC conjecture is falsified. il
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Is monthly maximum daily preC|p|tat|on mcreasmg?

m  The graphs show the variation of an
index of extreme rainfall, which is
the monthly maximum daily
precipitation, areally averaged over
the continents.

m In all continents, this index is
fluctuating—not increasing
monotonically.

m In particular, the satellite
observations show decreasing,
rather than increasing trends in the
21st century.

Thin and thick lines represent monthly values and running

annual averages (right aligned).

Source of graph: Koutsoyiannis (2020); reanalysis data
(NCEP-NCAR & ERAS5, gauge-based precipitation data
gridded over land (CPC), and combined gauge and satellite
precipitation data over a global grid (GPCP):
http://climexp.knmi.nl.
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Is daily precipitation variability increasing?

m The standard deviation of =
daily rainfall, areally averaged, g 4s
as seen both from CPC and <
GPCP observational data, 8 4 \ I. ol “l , .I .
decreases, thus signifying § ' "
deintensification of extremes > | _ | | |, LEL L
in the 21st century. z

m Again, it will be more prudent s 5 I ) HHHH
to speak about fluctuations £ T o
rather than deintensification. § )5

° e=e= GPCP (earth)
Thin and thick lines of the same colour represent & 2 ——¢PC (land)

monthly values and running annual averages (right

B e —_ 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Source of graph: Koutsoyiannis (2020); gauge-based precipitation data gridded over land (CPC), and combined gauge and satellite precipitation data
over the entire Earth (GPCP): http://climexp.knmi.nl.
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Has the risk from extremes 5
increased in the last century?

2500

Extreme weather
M Earthquake
W Other

2000 -+

1500 -

m The risk from natural disasters has been
spectacularly decreased.

1000 -

500 -

Number of deaths per million of population

m Currently, it is in the bottom of the list of risks
from all hazards. 0

1900s
1910s
1920s
1930s
1940s
1950s
1960s
1970s
1980s
1990s
2000s
2010s

m We owe that decrease to engineering and
Health issues I 93,95

tEChHOIOgy. Road accidents mEEEEEEEEEEEESSSS——— 2 35
Suicide IEEEEEEEEEEEE 1.46

m Instead of casting pessimistic prophesies for the uitiiisues s—— 101
future, in the last century engineers improved Homiclde * R—t— .75

Drowning NEEEESS———— .59

hydro-technology, water management, and risk  atconol & drugs  s— o 5

Fire mEEEEESSSSS———— (.23

assessment and reduction. War & terrosrism  me—— 021
Cold (& heat) T 0.12
Source: Koutsoyiannis (2021b). Natural disasters — .08
Data from https://ourworldindata.org/world-population-growth; 0.01 o1 X 10 100
https://ourworldindata.org/ofdacred-international-disaster-data. Percent of deaths for each cause (%)
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Final suggestions

m Let’s do science.
o Abstain from the propaganda of “climate emergency”.
o Abstain from supporting political agendas by turning science to sophistry.

m Let’s disregard climate model outputs, as well as trendy approaches inspired by the
“climate crisis” agenda.

m Let’s base our estimates and predictions on observational data.
o Exploit long time series even from sites at a distance from that of interest.
o Study geographical variations.
o Give more emphasis on most recent data.
m In dealing with droughts, let’s give importance to the Hurst-Kolmogorov behaviour
m In dealing with floods, let’s additionally give importance to the heavy distributional tails.
Let’s be attentive on important statistical tasks.
o Use robust techniques for parameter estimation of models to avoid biases.
o Include faithful representation of uncertainty.
m Let’s be aware that a scientific approach to extremes relies on advanced stochastics.
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More
details
in my
book

In open
access
for free

Stochastics of Hydroclimatic Fxtremes is a real monument in stochastics! It is a summary of the
lifetime dedication by Demetris Koutsoyiannis to the science of environmental extremes, it isa
demonstration of the value of stochastics itself to gain a better understanding of why and how
extremes happen. The perspective adopted in the book is that of a scientist who is able to cross and
transform disciplines by proposing an innovative synthesis of knowledge. This book is indeed
presenling new concepls, new theorelical interpretations and new opportunilies for engineering
design, for the sake of mitigating the impact of extremes and adapting modern society to
environmental variability.

Itis fascinating that the book is self-produced and openly available to readers. Like any self-produced
creation of the humankind, this book has a unique and independent history that is rooted in the
intimate personality of the author. ILis a creation thal does not require Lo adhere Lo any format

other than those suggested by the author’s vision and creativity. For this reason, its value is
incommensurably high, it is a real Cool Look at Risk as Demetris says.

I believe time will highlight Stochastics of Hydroclimatic Extremes as a transforming masterpiece
which will bring illuminating ideas to the reader.
Alberto Montanari
Head of the Dept. of Civil, Chemical, Environmental, and Materials Engineering, University of Bologna
President of the European Geosciences Union

This is a book that could not only transform your career, but also the entire fields of environmental
statistics and stochastic hydrology. This seminal contribution is not like other books you have read
which tend to summarize existing knowledge. Rather; it condenses existing knowledge in short order
and spends nearly all its Lime on new knowledge, much of it never before published, communicaling
effectively both the theoretical and practical aspects of analysis of a wide range of hydroclimatic
extremes. The style of presentation itself is novel and compelling, so that | could not resist reading it
from cover to cover.

1f you think you understand how to apply probability and statistics to predict future extreme events,
think again, because very quickly you will be convinced that extremes arise from spatial and temporal
stochastic processes, and are neither independent nor identically distributed (iid) events, nor do
most of our common probability distributions used for flood and drought frequency analysis capture
the type of thick tails which are so convincingly documented in this book.

1 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 Lhe 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 Parcto-Burr-Feller distribution and the novel knowable moments (K-moments)
which appear to have clear advantages over ordinary moments for describing distribution tails.

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

Richard M. Vogel

Professor Emeritus and | fessor, Dept. Civil and Environmental Engineering, Tufts University

iannis

Demetris Koutsoy:
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