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‘ 1. What is the Hurst-Kolmogorov
(HK) pragmaticity?

An mtroductory example
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Definition
= Hurst-Kolmogorov pragmaticity is

o the recognition that real world processes behave differently
from an ideal roulette wheel,

o where the differences mainly involve the behaviour of local
averages (long excursions from global mean).

= Observation 1: “Real world” processes include Mother Nature’s
processes (physical, geophysical, astrophysical etc.) and also
human-related processes (socio-economical, technological).

= Observation 2: Even a real-world roulette wheel behaves
differently from an ideal roulette wheel. To prevent exploitation
by a few players who are able to see the difference and to
model the behaviour of the real-world roulette wheel, the
casinos monitor the performance of their wheels, and rebalance
and realign them regularly to keep the result of the spins as
nearly random as possible (en.wikipedia.org/wiki/Roulette).

= Observation 3: The recognition of a different behaviour of
natural processes calls for quantification of the differences.
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Multi-scale stochastic properties of a HK process

A natural process usually evolves in continuous time £: X({)
ik

... but we observe or study it in discrete time, 0 1
averaging it over a fixed time scale 4 and using X,( =% ) X at
discrete time steps /=1, 2, ... =Dk

At an arbitrary
observation scale At any scale &
k=1 (e.g. annual)

Properties of the
HK process

oW =kl1g
(can serve as a definition of the

. . — (1)
Standard deviation | 7= & HK process; His the Hurst

coefficient; 0.5 < H<1)
Autocorrelation @ _ /A long tail

_ (B _ _ L 2H=2
function (for lag J) p=p =p; ~HQ2H-1) ||

or fat tail
Power spectrum | S(w) = s (w) ~ Sw) ~ \ (,— )
(for frequency w) |4 (1 - H) 0% (2 w)* 2" |4(1 - H) 0% K¥*"% 2 w)* 2"

All equations are power laws
of scale &, lag J, frequency w
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Illustration of the differences between
“roulette” and HK statistics

= Assume we have n = 100 years of annual observations x{\) (/= 1,
..., 100) of a natural process with o= 1 and A = 0.94 (= the value
estimated for Moberg et al. proxy); the mean yis unknown.

= The value x,(100) = (x, () + ... + x,(100))/100 is the sample average.

= We can estimate the true mean y as the sample average x,(100,

= As we have only one value x,(1%9 there is no numerical procedure to
calculate the uncertainty of the mean. However, this can be derived
theoretically by ¢(100),

= According to classical statistical law o® = g/ k, so 0190 = 0.10.

= According to HK statistics, 0¥ = g/k1-%, so g(100) = 0.76.

= To attain HK uncertainty as low as in classical (“roulette”) statistics,
i.e. 0 = 0.10, we would need a sample size n* = p1/21-#)
= 5 x 1016 years (3 million times the age of the universe).

= The “roulette”-equivalent sample size n’ of a 7 = 100 years sample
exhibiting HK behaviour is n' = n21-# = 1.74 (< 2).
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Can we still reconcile Nature with probability

and statistics?

| In the Aesop’s
Fable, the Fox,

i | whose tail was cut in
a trap, tries to

1| convince all the
other Foxes that
being tailless would
be much more
attractive and

l convenient.

)

Real world processes Idealized, “roulette” processes =
— Long tails | - | No tails or short tails

Koutsoyiannis & Cohn, The Hurst phenomenon and climate 8




Remedy 1: The Procrustean solution

Long tails are not good.

(Manicheism?)

Long tails are an artefact.
Cut the long tails.
Short tails can be

convenient.

It is infeasible to cut the tails fully, i.e. to make autocorrelation disappear.
Therefore, a short-tail, or exponential autocorrelation has been regarded as

acceptable.

This corresponds to a Markovian dependence (p; = p/), defined as the
dependence in which the future does not depend on the past if the present

is known.

This Markovian behaviour has been put by many (e.g., Mann and Lees,
1996) as a postulate for Nature (cf. the pre-Keplerian postulate that the
astral bodies should follow cyclical orbits).
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Cutting the long ta|Is — Method 1

Assume a %— 04 2l —— Actual procees - Annual‘scale — Determinisic trends |-
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Cutting the long ta|Is — Method 2
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Is there anything wrong with procrusteanism?

= Theoretical problem

o “Nonstationarity” is by definition a deterministic function of time.

o A deterministic function is a function that can be produced by
deduction, independently of the data (a priori; e.g. by a model
that could predict them).

o In contrast, the “trends” and “shifts” in the means were inferred by
induction based on the data (a posteriori).

o Hence these fitted lines are not “deterministic” and do not
represent nonstationarity.

o The method implies a confusion between the observed past
(hence deterministically known, so that “trends” are no more
deterministic than the remaining “noise”) and the unknown
future, whose prediction (deterministic or stochastic) is sought.

= Practical problem

o Given that the “trends” or “shifts” are unpredictable, their existence
implies higher uncertainty.

o However, the “detrending” or “roulettization” gives a false message
of reduced uncertainty (initial StD 0.22, final 0.16).

See also: Koutsoyiannis (2006).
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Remedy 2: HK statistics

= Recognize that natural
processes are not roulette
processes.

= Admit the existence of long
tails.

= Make “long tail” an object of
science — Investigate causes
and study consequences.

= Do not apply “truncation
operations” to the observed
time series.

= Adapt statistics to describe the
natural processes.

Real world
processes
— Long tails

*| "Roulette”

processes —

=1 No tails or

short tails
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‘ 2. Historical evolution of the
(celebrated) Hurst-Kolmogorov law
and its (unfortunate) terminology




| Hurst (1950)

= The motivation of Hurst was the TRANSACTIONS
design of the High Aswan Dam

on the Nile River.

= However the paper was
theoretical and explored

numerous data sets of diverse BY H. E. HURST*

fields.

= Hurst did not recognize any
peculiarity of Nature nor did he Swwopss

use terms such as “long
memory”, “long-term

persistence”, “long-range

dependence” etc.

= However, he observed that:
“Although in random events

AMERICAN SOCIETY OF CIVIL ENGINEERS

Founded November 5, 1852

Paper No, 2447

LONG-TERM STORAGE CAPACITY
OF RESERVOIRS

Wite Discvasion By VEN Te Crow, HEnrt MiLLERET, Louts M. Lavsuey,
ane H. E. Humsr,

A solution of the problem of determining the reservoir storage required on a
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
thé meéan annual total discharge. The range from the maximum to the mini-
mum of these cumulative totals is taken as the required storage.

Three things were unfavourable for the

groups of high or low values do dissemination/prevalence of Hurst's study:
occur, their tendency to occur in ., Its direct connection with reservoir storage.

?r?c:unrqi:iﬁvc:ﬁ?fzsréfqgget?;?\;&egws IS The use of the complicated “range” statistic.

natural and random events”.

u Its association with the Nile.
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| Kolmogorov
(1940)

= Kolmogorov studied the
stochastic process that
describes the behaviour to

be discovered in geophysics

10 years later by Hurst.
= The proof of the existence

of this process is important,
because several researches,

ignorant of Kolmogorov’s
work, regarded Hurst's

findings as inconsistent with
stochastics and as numerical

artefacts.

= It is also important that
Kolmogorov’s motivation
was turbulence
(transfer/dissipation of
energy among scales in

turbulent flows), manifesting
a more general applicability

of the HK law.

Comptes Rendus (Doklady) de 1"Académic des Seiences de I'URSS
1040 Volume XXVI, Ne 2
MATHEMATIK

WIENERSCHE SPIRALEN UND EINIGE ANDERE INTERESSANTE
KURVEN IM HILBERTSCHEN RAUM

Yon A« N, KOT OFF, Mitglied der Akademi

Wir werden hier einige Sonderfille von Kurven betrachten, denen
meine vorhergehende Note sKuorven im Hilbertschen Raum, die gegeniiber
giner einparaietrigen Gruppe von Bewegungen invariant sinds (%) gewid-
met ist.

Unter einer Ahulichkeitstqansformation i i
Banm N werden wir pine holiaki

ogen, ubergeht. s e
Satz 6. Die Funktion Be(z,,=,), die der Funktion &(t) der Klasse n
entspricht, kann in der Form

Bz s =clle M4z 1= n, ==

115

« It is unfortunate that Kolmogorov’s work did not become
widely known.

= The process named by Kolmogorov as Wiener's Spiral
(Wienersche Spiralen) is called today "Self-similar
process’, one case of which is what Mandelbrot called
later “fractional Brownian motion”.

» Mandelbrot was aware of Kolmogorov's work, as he says:
"we discovered (while writing our paper) that fBm's have
already been considered (implicitly) by Kolmogorov and
others” (Mandelbrot and Van Ness, 1968).
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Lamperti (1962)

It mentions an app

SEMI-STABLE STOCHASTIC PROCESSES(Y)

BY
JOHN LAMPERTI

0. Introduction. An interesting chapter in modern probability theory
began with the search for all the possible limit distributions for sums of inde-
pendent, identically-distributed random variables. The result—the theory of
the stable laws (see, for instance, [1] or [6])—generalizes and illuminates the
original examples of normal convergence with which the problem originated.
The purpose of this paper is to formalize and study an analogous situation in
the theory of stochastic processes.

This is a purely mathematical paper.

lication to diffusion processes (but not

in turbulence and geophysics).

No reference to Kolmogorov (1940) is given.
The influence of the paper was minimal.

= The term semi-stable process, standing for what we call

today a self-similar

process, was not widely accepted.
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Mandelbrot &
Wallis (1968);
Mandelbrot &
van Ness (1968)

Mandelbrot offered
the most complete
theoretical studies,
which were also the
most influential.

VOL. 4, NO. § WATER RESOURCES RESEARCH OCTOBER 1968

Noah, Joseph, and Operational Hydrology

BENOIT B. MANDELBROT

JAMES R, WALLIS

7 Rayei:

Internat Machines Research Center
Yorktown Heights, New York 10598

Dedicated to Harold Edwin Hurst

.+ . were all the fountains of the great deep broken up, and the windows of heaven
were opened. And the rain was upon the earth forty days and forty nights. Genesis, 6,
11-12

. .. there came seven years of great plenty throughout the land of Egypt. And there
shall arise after them seven vears of famine , . . Genesis, 4, 20-30

Abstract. By "Noah Effect’ we designate the observation that extreme precipitation can be
very extreme indeed, and by ‘Joseph Effect’ the finding that a long period of unusual (high
or low) precipitation can be extremely long. Current models of statistical hydrology cannot
sccount for either effect and must be ded. As o 1 t, ‘self-similar’ models ap-

Names given by Mandelbrot that perhaps became obstacles in the widespread

recognition of HK:
1 Joseph effect (direct con

nection with the Nile; implies some mystery).

2 Fractional Brownian motion, fractional Gaussian noise (too technical and
peculiar, not understandable; Nature'’s verses are not noises).

o Short memory/long memory (wrong message leading to incorrect
understanding of the physical mechanism — a long memory is not realistic).
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Other common names — with some problems

= Hurst phenomenon (“phenomenon” may imply that Mother Nature's
reality is something extraordinary or exceptional).

= Long-range dependence (better than “long memory” but perhaps
misleading as it does not point to any physical mechanism).

= Long-term persistence (implies some mystery or peculiarity).

= Scaling behaviour (concise and fashionable term, expressing the
equivalence of time scales in this behaviour — but scaling is not a
physical mechanism but a result of one or more other physical
mechanisms or principles).

= Fractional ARIMA process (FARIMA or ARFIMA) (too algorithmic-
oriented; no information that helps in understanding).

= Brown noise (perhaps points to the fact that brown is not one of the
colours of the visible light spectrum but a mixture of colours and
also suggestive of “Brownian”).
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|Hemes
(1974)

= Klemes was
the first to
point out a
simple
conceptual
explanation
(long term
changes)
for HK.

= He pointed
out that the
“infinite
memogl” is
misleading
(in factitis
an effect,
not the
cause).

yOL. 10, NO. 4

WATER RESOURCES RESEARCH AUGUST 1974

The Hurst Phenomenon: A Puzzle?

V. KLEMES

Hydrology Research Division, Inland Waters Directorate, Environment Canada, Ottawa, Ontaria

Tt is shown that the Hurst phenomenon is not necessarily an indicator of infinite memory of a process.
Tt can also be caused by nonstationarity in the mean and by random walks with one absorbing barrier,
which often arise in natural storage systems. Attention is drawn to the fact that inferences about physical
features of a process, based on operational models, can be not only inaccurate but grossly misleading.

Unfortunate developments with Klemes's paper:

Klemes made extensive use of the term "nonstationarity” for the
changes in the mean he assumed.

Such changes do not necessarily imply nonstationarity. On the
contrary, changes in the mean without being deterministic functions
of time (as is the case in natural processes) result in a stationary
process.

While Klemes did point out that his final models were in fact
stationary, he kept the term "nonstationary” for all changes in the
mean; the readers may have overlooked the stationarity of
Klemes's final model.

An extension of Klemes’s idea using multiple scales of changes or
fluctuations within a stationary setting results in a HK process
(Koutsoyiannis, 2002).
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Leland et
al. (1994,
1995)

= These are the
most cited papers
on HK (> 3500
citations;
cf. Hurst ~1100,
Mandelbrot & van
Ness ~1900).

= Using long data
series they find H
between 0.85
and 0.95 for
Ethernet LAN
traffic.

PEER/ACHM TRANSACTIONS O8N NETWORKING, VOL. 2, N

3.1, FEBRUARY 1994

On the Self-Similar Nature of
Ethernet Traffic (Extended Version)

Will E. Leland. Member [EEE. Murad 5. Taqqu. Member, IEEE, Walter Willinger, and Daniel V. Wilson, Member, IEEE

Absiract—We demonstrate that Ethernet LAN traffic is statis.
tically self-similar, that none of the commonly used traffic models
is able to capture this fracral-like behavior, that such behavior
has serious Implications for the design, control, and analysis of

traffic measurements presented in [ 14]. Moreover, we illustrate
some of the most siriking differences between self-similar
models and the standard models for packet waffic curremly
le. our analysis of the

high-speed. cell-based ks, and that agg streams of d in the . For
such traffic typically i ifies the self-similarity (“k i v Ethernet data shows that the generally accepted argument for
instead of it. Our are supp by a the “Poisson-like” nalure of aggregate traffic. namely, that

rigorous statistical analysis of hundreds of millions of high quality
Ethernet traffic measurements collected between 1989 and 1992,
coupled with a discussion of the underlying mathematical and

i skl andsbhaeis ianish,

aggregate traffic becomes smoother (less bursty) as the number
of traffic sources increases, has very little to do with reality.
In_fact,_using the degree of scl[-um:la.ril! {which _typically

of On the Self-Similar Nature of Ethernet Traffic
an
B
Will E. Lelandt Murad 5. Tagqui
wel@bellcore.com nuradEbu-ma.bu edi
Walter Willingert Danie] Y. Wilson
waltergibellcore.com dvwipbellcore.com
TBellcore §Department of Mathematics
445 South Sweel Boston University

Abstract

We demonstrate that Ethernet local area network (LAN) waffic
is statistically self-similar, that none of the ly used

Maorrisiown, NJ 070606438

Boston, MA 02215

1992 on several Ethernet LANs at the Bellcore Momistown
Research and Engincering Center (MRE). Leland and Wilson
{1991) present a preliminary statistical analysis of this unigue

gh ity data and in detail on the presence of

waffic models is able to cepture this fractal behavior, and that
such behavior has sericus unplncaumw for the dcslgn control,
and analysis of high-speed, ively, the
eritical cha Ia«.wnsllc of this self-similar waffic is thal there is no
namral length of a "burst”; at every time scale ranging from a
fow milliscconds to minutes and howrs, similar-looking traffic
bursts are evidenl; we find lhu: am.:eg.nl:ny. streams of such

"burstiness” across an cxtremely wide range of lime scales:
traffic "spikes” ride on longer-lerm “ripples”, that in tum ride on
s1ill longer term “swells”, e, This seli-similar or apparenily
fractal-like behavior of aggregate Ethemet LAN waffic is very
different both from conventional telephone traffic and from
currently considered formal models for packet traffic (c.g., pure
I‘o-sson or Po isson-related models such as Poisson-batch or

walfic 1ypically i milarity (" ]
insiead of smoothing it

Poisson p (Heffes and Lucantoni
(]‘,‘Sb)). packel-train models (Jain and Routhier (1986)), and
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Terminology proposed

» Hurst-Kolmogorov pragmaticity (see definition in the beginning)

o Alternative/related names: Hurst-Kolmogorov reality, Hurst-Kolmogorov
behaviour, Multi-scale fluctuation (pointing to the fact that this
behaviour is none other than fluctuation of processes on multiple scales,
including very large scales).

= Hurst-Kolmogorov law (the power law defining the dependence of standard
deviation on scale; this produces also the power laws of the autocorrelation
function and power spectrum).

o Related name: Asymptotic Hurst-Kolmogorov law (when the law holds
asymptotically for large scales).

= Hurst-Kolmogorov process (the stochastic process in discrete time defined
by the Hurst-Kolmogorov law with properties as described in the relevant

table).

o Alternative names: Simple Scaling Stochastic (SSS) Process, Stationary
intervals of a self-similar process (precise but complicated); fractional
Gaussian noise (if the process is Gaussian; also complicated).

m  Hurst-Kolmogorov cumulative process (the cumulative of the Hurst-

Kolmogorov process; can be defined in continuous time).

o Alternative name: Self-similar process.
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‘ 3. Applications to climate

Nilometer
annual
minimum

& ¥

water levels

Water level (m)

= The longest available
instrumental hydroclimatic
data set (813 years).
= Hurst coefficient # = 0.84.

= The same His estimated
from the simultaneous

record of maximum water

Roda
Nilometer

levels and from the modern
record (131 years) of the
Nile flows at Aswan.
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Global temperature: Global warming?

0.6

Global air temperature
044 2007 anomaly +0.40°C
{8th warmest on record)

Temperature anomaly (*C)

1860 1880 1900 1920 1940 = 1960 = 1980 2000

From Climatic Research Unit (CRU) Information Sheets

http://www.cru.uea.ac.uk/cru/info/warming/: "The year
2007 was eighth warmest on record, exceeded by 1998,
2005, 2003, 2002, 2004, 2006 and 2001.”
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Déja vu: the
global cooling
hypothesis

See also:

Ponte, L., 7he
Cooling.: Has the
Next Ice Age
Already Begun?,
Prentice Hall,
1976.

SCIENCE

The Cooling World

There are ominous signs that the
earth’s weather patterns have begun to
change dmmatically and that these
changes may portend a drastic decline in
food production—with serious political
implications for just about every nation
on earth, The drop in food output could
begin quite soon, perhaps only ten years
from now. The regions destined to feel
its impact are the great wheat-producing
lands of Canada and the U.S.S.R. in the
north, along with a number of marginally
selfsufficient tropical areas—parts of Tn-
dia, Pakistan, Bangladesh, Indochina
and Indonesia—where the growing sea-
son is dependent upon the rains brought
by the monsoon.

he evidence in support of these pre-
dictions has now begun to accumulate so
massively that mmcnmlngwb; are hard-

reduce agricultural productivity for the
restof the century, Ifthe climatic change
is as profound as some of the pessimists
fear, the Nsulling famines could be
catastrophic. “A major climatic change
would force economic and wclnl adjust-
ments cn a worldwide scale,” wams a
recent report by the National Academy of
Sciences, “hecanse the global patterns of
food production and population that
have evolved are implicitly dcpcn:lcnl
on the climate of the present century.

A survey completed last year by Dr.
Murray Mitchell of the National Oceanic
and Atmospheric Administration reveals
a drop of halfa degree rage ground
temperatures in the Northern Hemi-
sphere between 1945 and 1968, Accord-
ingto George Kuklaof Columbia Univer-
sity, satellite photos indicated a sudden,
large increase in Northern Hemisphere
snow cover in the winter of 1971-72. And

ic change is at least as fragmentary as our
data,” concedes the National Academy of
Sciences report. “Nat only are the basic
seientific questions largely unanswemd,
but in many cases we do not yet know
enough to pose the key questions.”
Extremes: Melteorologists think that
they can forecast the short-term results of
the retumn to the norm of the last century.
They begin by noting the s m&htdmpm
over-all temperature that produces large
numbers of pressure centers in the upper
atmosphere. These break up the smooth
flow of westerly winds over tempernte
areas. The stagnant air produced in this
wily causes an increase in extremes of
Iocal weather such as droughts, floeds,
extended dry spells, long freezes, de-
layed mansoons and even local tempera-
ture increases—all of which havea direet
ies.
prnr]umng system,”
warns Dr. James gmp.r.uf\IOM:
Center for Climatic and Environmental
Assessment, “is much more sensitive to
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AREAS OF THE EARTH AFFEI:TED BY CLIMATIC CHANGE |
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Global temperature: Spectral properties

Power law,
suggesting an
HK process
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Global temperature: HK properties
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= Suggests an HK behaviour (see also Cohn and Lins, 2005, and
Koutsoyiannis and Montanari, 2007).

m '/r_/he séagle (very high) Hurst coefficient as in Moberg et al. proxy:
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| Evolution of the global temperature in the last ten
years (from CRU; combined land and marine)
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Even merely these 10 years indicate a HK behaviour with /= 0.92!
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Global temperature: How probable are eight
or nine warmest years in a decade?

B "Roullette” climate B Hurst-Kolmogorov climate
Full colours: Simulation results; Light colours: extrapolations using probability theory

Regular
behaviour at
—— significance 1%

Probability of n record years in a decade

2 3 4 5 6 7 8 9 10
Number of record years in a decade, n

Extremely
improbable

Simulation length:
158 years;
Average simulated
H. 0.93
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‘ 4. Concluding remarks




| Does HK imply higher predictability?
(in comparison to “roulette” climate)

= Definitely no, 0° 04
particularly on climatic £ 03 &
scales. 5 ¢ oo g

= On the contrary, it T 05 k
implies much lower g g
predictability on scales & R 01
longer than 2-3 years. R N L

= Dependence improves -5 Redete’climate il
predictability only at Hurst-Kolmogorov cimate RO
small scales and short 2|l -uncondionalentopy | | e

: — — Hurst-Kol limat b il
lead times. conditional entropy BN
i -25 : — ] ! [ R A

= Particularly HK . . o o
dependence Scale (years)
dramatica”y reduces | H =0.94, 0 = 0.38°C - Ocjassical = 0.28°C | Moberg etal proxy series
predictability on « Unconditional entropy: No past observation available

climatic (e.g. 30-year) | Conditional entropy: All past is observed
scales e “Roulette” climate is indifferent to past observations
’ » See details in Koutsoyiannis (2005), K. et al. (2007)

Koutsoyiannis & Cohn, The Hurst phenomenon and climate 33

Do we have enough data points to estimate A ?

= HK behaviour is hidden if samples are small (7 < ~100; see
e.g. Koutsoyiannis, 2003).

= The estimation of A is uncertain even for n > 100.

= However the HK behaviour seems to be a generalized
pragmaticity.
o Not only in the Nile but in all rivers.
o Not only in hydrology but also in climatology.
o Not only in climatology but also in all geophysical processes.
(N

Not only in geophysical processes but also in physical
processes.

o Not only in physical processes but also in human-related
(e.g. technological and economical) processes.

= Those who wish to have enough data points, they can
experiment with other fields: Turbulence and electronics can
provide arbitrary long data sets.
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| Can we prove statistically that # is significantly

different from 0.5?

= Definitely, yes, in all of the cases, in which the null hypothesis
involves pure randomness (“roulette” behaviour); see Cohn & Lins

(2005).

o In fact this is indirectly done in all abundant publications that
detect “trends” in hydroclimatic time series (usually locating
alternating trends in different time periods or different sites of a
region; see Hamed, 2008).

o Just replace the fallacious alternative hypothesis
“deterministic trend” with "4 > 0.5".

= Perhaps, no, if the null hypothesis contains another type of
dependence.

o In the latter case, neither can one reject the hypothesis that His
significantly different from, say, 0.9 (an estimated value).

o Suggestion: Instead of significance testing, take Jaynes’s (2003)
approach: calculate the odds of the two alternative hypotheses
and choose the one with higher probability.
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| Is HK supported by a climatological explanation

rooted in the physics?

=  Which physics?
o Is physics just Newton’s laws and mechanistic analogues?
o Does physics include thermodynamics and entropy?

o Does entropy have a conceptual definition (Clausius, ~1850,
de = dQ/T) or a probabilistic definition (Boltzmann-Gibbs-
Shannon-Jaynes, ~1870-1960, ¢ = E£[-In(AX)])?

= Explanation 1 (more conceptual): Multi-scale fluctuation

o No conservation laws hold for natural quantities other than
mass, momentum, energy.

o So any other process need not have a constant mean.

o This is true even for mass, momentum and energy in diffusive
processes (open systems with exchange of matter).

o See demonstration in Koutsoyiannis (2008; this EGU Assembly).

= Explanation 2 (more mathematical): Maximum entropy
(= maximum uncertainty)

o Maximize entropy — but not on a single arbitrary time scale.
o See details in Koutsoyiannis (2005).
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Do climate models reproduce HK?

210 —Observed ——CGCM3-A2 ‘7 None of three climatic models of
. | =—PCM-20C3M —— ECHAM5-20C3M

IPCC/AR4 and three of IPCC/TAR was
able to reproduce the long term (30-
year) change of precipitation at six out
of eight examined locations worldwide
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For more information: Visit the poster by Koutsoyiannis et a/. (afternoon session)

ALICE
SPRINGS
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Epilogue

= “Q@uoic kpunTeoBar PIAET"
(Nature loves to be hidden; Heraclitus)
= “Apuovin apavric pavepnc kpeoowv "
(Hidden harmony is better than shown;
Heraclitus)

= " He who loves practice without theory is like the

saiflor who boards ship without a rudder and
compass and never knows where he may cast”

(Leonardo da Vinci)
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