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Abstract

We try to understand the difficulties in using both theoretical modelling of turbulence and the theoretical essentialization of
extreme climate events for the practical prediction calculations of the climate phenomena. We conceptually understand what
contributes to rapid intensification of natural phenomena like heatwaves, floods, tornadoes or hurricanes. Predicting their rapid
intensification is a completely different matter. This paper is devoted to the sudden and not frequent occurrence of extremely
violent events that appear randomly in space and time in which turbulence is generally the main physical support. Coherence and
regularities in this case are not yet clearly delineated. A close analogy between the theory of turbulence and the quantum theory
of fields seems to me very attractive. On one hand we do have a rough, practical, working understanding of many turbulence
phenomena but certainly far from a theory capable of describing them completely. On the other hand, there are hardwired
patterns in nature (the well known tornado funnel pattern, for instance) and also systematic perturbations, induced by factors
external to the local weather system. Under a critical combination of initial conditions and interactions an extreme event is
triggered. Theoretical models available in physics, injected in the study of extreme climate phenomena could be of great use in
resolving the immediacy to the consequences of global warming. We are compelled to adjust to wildly unpredictable
circumstances and radical uncertainty. We try to achieve a better understanding of why the respective fields of climate (extreme
events) models and theoretical mathematical models of turbulence physics are not sufficiently if not even essentially overlapping
as they should be normally.
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1. Introduction

The consequences of global warming show two funda-  ditions, local and regional. The climate system is coherent (in
mental features: 1) slowly varying and constant evolution of ~ the sense that there exists a definite phase relationship be-
climate changes and 2) sudden and not frequent occurrence of ~ tween different states of the system) and it is also clearly
extremely violent events that appear randomly in space and unpredictable, full of many dramatic events. In 1) the slow
time. The climate balance is very sensitive to changing con-  evolution often hides the unpredictable occurrence of critical
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thresholds related to global warming or other anthropogenic
factors like pollution. In the meantime such changes could
trigger a series of ecological chain reactions. In 2) turbulence
plays an essential role inducing a character of pure unpre-
dictability; such flows enhance transport of heat, humidity
and momentum. Sometimes this enhancement is the evidence
that a flow is turbulent. Turbulence involves many different
length-scales and frequencies, from the inertial range of the
large-scale eddies to the viscous range of the small-scale ones,
and the various quantities of the flow (speed, momentum,
vorticity, heat, pressure, etc.) show a random variation, i.e.
irregular and disordered behavior. Even a very weak pertur-
bation introduced in the turbulent system may completely
change its behavior. The flow is then unstable and unpre-
dictable. In consequence, a detailed description of every pos-
sible state of equilibrium is not possible. Nevertheless, there is
experimental evidence that many turbulent flows have
strongly coherent, quite predictable structures [1]. Turbulent
flows have both organized and apparently disorganized parts.
The more or less organized turbulence forms (due to a kind of
instability of the flow) coherent or organized structures de-
scribing spatial patterns. We have to find a way to model
theoretically a turbulent flow, mathematically and/or numer-
ically, “to produce a smooth flow where high frequencies have
been filtered out but which still behaves at large as the orig-
inal flow” [2]. Moreover, the mathematical modelling of
turbulent flows shows the reason for fluid flow to become
turbulent, which is the local change of kinetic energy per unit
mass and time displaying the energy cascade process de-
scribed initially and independently by Richardson and Kol-
mogorov. This cascade is conveyed through a multiscale
organization of eddies through their fragmentation (direct
cascade) or fusion (inverse cascade). The usual assumption
under the widely used model of isotropic turbulence is “that
the structure of turbulence and the kinematic relations remain
similar, or better, self-preserving during decay (due to the
viscous dissipation agency)” [3] pag. 143. In non-isotropic
flow, in contrast to the isotropic one, there is both production
and dissipation of turbulence. The transfer of energy from the
large eddies (having central vorticity along the principal axis
of positive mean rate of strain [4]) produces the much smaller
ones which are independent of the external conditions (which
are the cause of the appearance of the initial largest eddies). In
that sense Kolmogorov’s conclusion is that: “At¢ sufficiently
high Reynolds numbers (which express the ratio between the
inertial and viscous forces working in the fluid flow) there is a
range of high wave-numbers where the turbulence is statis-
tically... in a state of equilibrium, (which) is universal”,
quoted by Hinze [3], i.e. independent of external conditions.
In the turbulence energy spectrum there is some order in
randomness, kind of geometrical as well as analytical forms.
The observed patterns (of the turbulent flows) show clearly
differences, especially in size. So, it is necessary to introduce
the magnitude of the scale of turbulence, both in time and
space, as indicated by Manneville: “In the space of a fluid
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movement, characterized by instabilities, the interactions are
strongly related to “geometrical features”: forme factors or
aspect relations” [5]. The unsteadiness of the periodicities
and scales makes Hinze conclude that: “turbulence consists of
many superimposed quasi-periodic motions” [3] pag. 6.

But there are also two important features of the turbulent
flows: collapse (when the flow loses its turbulent character-
istics and undergoes transitions towards a laminar or more
stable state) and intermittency (when the regular, permanent
turbulent flow is interspersed with quasi-quiescent flow
where turbulence intensities and dissipation decrease abruptly
to zero). Their existence and importance in the transport and
mixing phenomena are clearly established. These turbulence
features are not conveniently explained and mathematically
solved, for now. For instance, in the case of the so-called
“dynamical chaos” transformation (dynamic behavior leading
to chaos, named also deterministic turbulence), i.e. the initial
laminar flow, which is not consisting of any chaotic waves,
suddenly transforms to the state of chaotic behavior. Let’s
remember that chaos is a type of dynamic behavior charac-
terized by sensitive dependence on initial conditions and a
lack of predictability. The system appears random or unpre-
dictable, but is actually deterministic and as such can be
mathematically studied. When a solution of a differential
equation becomes unstable and the system moves into a dif-
ferent state, we say that the system undergoes a bifurcation.
Chaos can be reached after a finite number of bifurcations, so
that the system does not need to have a large number of de-
grees of freedom to reach complicated dynamics. Experi-
mentally we observed that a system’s road to chaos, temporal
as well as spatial, is visiting successively various possible
states, incapable of achieving a stable one. This very chaotic
succession of states is mixed with temporarily ordered ar-
rangements [6] (pag. 15). Manneville underlined, in the
treatment of this problem using system dynamic theory, that:
“ In the case of a direct laminar-turbulence transition in
which the phenomena are also intermittent in space and time,
the modelling is very difficult to achieve” and “The detailed
interpretation of the process is not easy because, in the vicin-
ity of the transition, the evolution of the frontier of separation
between the laminar and intermittent regions is very slow and
apparently non-correlated with the speed of the dynamic
small-scale processes” [5] (pag. 374). The intermittent nature
of fully developed turbulence (which is the asymptotic regime
that is obtained when the Reynolds number tends to infinity)
is manifested by the anomalous scaling (deviations of the
probability density function) of the strongly correlated fluc-
tuations at the turbulent small-scale.

The extension of the theory of dynamic dissipative systems
to real hydrodynamic phenomena is still an open problem.
Also, although the fundamental Navier-Stokes equations are
deterministic, turbulent flows are such complex phenomena
that most of their components are usually considered to be
fully random and thus can be described by using a stochastic
modeling approach. The turbulent trajectories display intrin-
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sic spontaneous stochasticity, meaning that randomness per-
sists and the flow realizations are essentially unpredictable.
The statistics remain universal and predictable but the im-
portance of deterministic description of turbulent flow for
individual flow realizations should not be neglected. In the
fundamental paper of Lorenz [7] (pag. 289), this problem is
explained as follows: “It is proposed that certain formally
deterministic fluid systems which possess many scales of
motion are observationally indistinguishable from indeter-
ministic systems; specifically, that two states of the system
differing initially by a small ‘observational error’ will evolve
into two states differing as greatly as randomly chosen states
of the system within a finite time interval, which cannot be
lengthened by reducing the amplitude of the initial error”.
Strong solutions of the idealized Navier-Stokes equations
exist in order to predict behavior away from the solid walls. In
fact, “deterministic Navier-Stokes is a physically inconsistent
set of equations, because it incorporates molecular dissipa-
tion without including the corresponding molecular fluctua-
tions” [8]. Since the physical effects of thermal fluctuation are
not included, the results are clearly insufficient in real situa-
tions. In principle, as Hinze logically observed: “If turbulent
motion were entirely irregular, it would be inaccessible to any
mathematical treatment” [3], (pag. 1). Obviously, turbulence
cannot be predictable and random at the same time. There are
sequences that can be averaged in order to make a prediction
and others that resist a theoretical modelling. Average values
of turbulent quantities exist with respect to time and space, but
“the chaotic features make impossible the prediction of the
real dynamics of the flow over long periods of time while the
multiscaled nature of the flow fields makes their simulation
immensely expensive” [9]. Let’s remember that the funda-
mental unpredictability discovered by Lorenz [7] was the
result of a simple and essential mathematical modelling: the
non-uniqueness of solutions of the ideal Euler equations.

From the theoretical as well as empirical perspectives the
concomitant assembly of 1) and 2) seems to be more like an
alchemy of hazard than a coherent system. The cause of the
inconsistency between the timing in the models and what is
actually observed are the uncertainties. Eugene P. Wigner said
about the scientific method in his two-minute speech at the
Nobel Prize ceremony (in 1963): “... science begins when a
body of phenomena is available which shows some coherence
and regularities, that science consists in assimilating these
regularities and in creating concepts which permit expressing
these regularities in a natural way”, and in more detail in his
Nobel lecture: “The regularities in the phenomena which
physical science endeavors to uncover are called the laws of
nature”.

This paper is devoted to the 2) case mentioned above, that
of the drastic changes in natural fluid flows in which turbu-
lence is the main agent. Coherence and regularities in this case
are not yet clearly delineated. The fundamental understanding
that arose in physics was that for systems with strong fluctu-
ations at all length scales — a class which includes both
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quantum field theories and turbulent flows — the effective
description varies with the length scale ¢ of resolution, that is
to attain objectivity by understanding how the description
changes as ¢ is varied. In fact, the final judgement of the truth
of any physical theory is experiment, not mathematics, as
stated in the famous dictum of Einstein: “Insofar as the
propositions of mathematics refer to reality, they are not
certain, and insofar as they are certain, they do not refer to
reality.”, quoted in [8] (pag. 3).

A close analogy between the theory of turbulence and the
quantum theory of fields seems to me very attractive. "I think
what quantum phenomena tell us is that the world is genuinely
probabilistic and granular at the scale fixed by the Planck
constant, and that reality is constituted by manifestations of
physical systems to one another.” [9]. As indicated by Niels
Bohr: “In quantum physics the interaction with the measuring
apparatus is an inseparable part of the phenomenon. The
unambiguous description of a quantum phenomenon is re-
quired in principle to include a description of all the relevant
aspects of the experimental arrangement”, quoted in [9].
Which makes Rovelli to conclude that “the world is the en-
semble of ways that physical systems affect one another” [9].
This statement is certainly relevant from our perspective, of
the climate extreme events. A quantum-inspired approach
claims to find a pathway towards conducting computational
fluid dynamics on quantum computers [10]. The problem
continues to be how to combine a quantum and a classic sys-
tem. We know that this combination can work if, and only if,
the interaction between particles and classical force of gravity
is unpredictable. The quantum system superposition reality is
the result of uncertainty in the position of quantum particles
within the gravitational field. More specifically, for instance,
this analogy has been signaled by Polyakov [11], based on the
statistical theory of Kolmogorov. He “pointed out the essen-
tial similarity between turbulent cascades and chiral anoma-
lies in quantum Yang-Mills theory, as both involve a constant
flux through wavenumbers which vitiates a naive conserva-
tion law...The “violet catastrophes” in turbulent flows are
now commonly called a turbulent dissipative anomaly, be-
cause of the close connection with quantum-field theory
anomalies”.

In a previous attempt [12] to understand the difficulties in
using theoretical modelling of turbulence for the practical
prediction calculations of the climate phenomena | was caught
unprepared to use my (rather weak) mathematical capacity for
the theoretical essentialization of extreme climate events. We
conceptually understand what contributes to rapid intensifi-
cation of natural phenomena like heatwaves, floods, torna-
does or hurricanes. Predicting their rapid intensification is a
completely different matter. And of course there are the dif-
ficulties related to describing the field of the average wind in
the planetary boundary layer of the atmosphere, and the
quantitative explanation of the transfer processes which occur
in turbulent flow. Factors such as eddies at the surface of the
ocean or turbulence generated in atmospheric airstreams or
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jets can trigger rapid intensification. But these are difficult to
measure and the physics behind their influence isn’t fully
understood. “What we can express with (relative) simplicity,
as in the process of approximation in mathematics, is cer-
tainly less than what we can conceive. The process of ap-
proximation is a process of modeling the surrounding world.
Our concepts fly freely over this world. But concepts without
approximations yield nothing that could stay permanently in
the realm of science. It’s just that so often we dont make
science in circumstances of our own choosing, but in cir-
cumstances created by accidents”....”We need to understand
the overall picture and how it works. And we pay attention to
what we failed to do during the simulation based on theoret-
ical modeling” [13]. In other words the nuts and bolts of
building a model. For example, the question of the emergence
of turbulence in the atmosphere is unresolved. Essentially, is it
caused by internal or external perturbations? For now we are
not always capable of explaining the source of atmospheric
turbulence. Then, which is the amount of turbulence (in terms
of momentum, vorticity and turbulent energy transfer, for
instance) in an extreme event? Under which conditions the
diffusion and convection of the turbulent energy is strongly
affecting the overall dynamics? Generally the total volume of
the turbulent fluid must remain constant and so we are forced
to consider that there are other effects present when the real
flows show an increase of the volume. In fact, “the propaga-
tion of the turbulence front causes an increase in the turbulent
fluid” [3] (pag. 444). In classic turbulent flows (wake past a
body, round jets, etc.) turbulence is generated upstream and
transported downstream by diffusion and convection. The
problem with the real natural events intensified to what we
call "extreme events”, is that it is much more complicated to
measure the quantities involved, like the gradient of the main
velocity distribution. The approximations to the equations of
motion are rarely consistent with the empirical facts derived
from measurements. In the fluid of the fully turbulent flows,
high vorticity fluctuations are present and, as a result, a pro-
cess of entrainment of undisturbed fluid is taking place. The
effect of external turbulence level on the natural or experi-
mental observations, for instance, should be studied: “Such a
study could possibly detect the extreme events in the skin
friction and the near-surface normal velocity... It is unclear
what would be the exact nature of such events but they are
plausibly associated with strong eruptions of fluid away from
the surface.” [8] (pag. 59). Turbulent fluids are not totally
random; their spatio-temporal chaotic dynamics involve a lot
of coupled degrees of freedom. The process of passing from a
stable situation to an atmospheric turbulent fluid is most
probably continuous, a progressive increase of the degrees of
freedom, “successive appearances of new frequencies tight-
ening rapidly” [14]. Moreover, the experimental studies don’t
allow us to conclude that an absolute (true) instability of the
atmospheric movement is generated by very small perturba-
tions. Obviously, the number of exact initial conditions of the
movement corresponding to the degrees of freedom is so
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immensely large that “the position of the problem under this
perspective has no physical meaning” [14] (pag. 145).

The mathematical study of the stability of experimental
flows (e.g., Couette flow, the movement in a pipe or between
two flat boundaries) shows clearly, from a mathematical point
of view, the stability and instability domains separated by a
frontier curve and also that the character of the emergence of
turbulence in these flows is different. This study is already
extremely difficult and the transposition of some existing
results to atmospheric or oceanic movements are not relevant
enough. The investigating process is often an iterative cycle of
modelling and experimentation, where we face the lack of
sufficiently detailed data on dynamic processes and also lack
of complete theoretical models to interpret and understand the
data available for analysis. Indeed, “models work at the in-
tersection of the known and the unknown”, says Sara Green
[15] and, paradoxically, “the generation of knowledge must be
unstable enough to allow for unpredictable results.” This
tension between stability and instability and between different
types of constraints explains what makes experimental sys-
tems and the models within them productive. Obviously, it
would be very beneficial to perform stability calculations of
the natural fluid flows thus gaining some insight about the
critical instability, like a metastability or a critical threshold of
the intensification process.

On one hand we do have a rough, practical, working un-
derstanding of many turbulence phenomena but certainly far
from a theory capable of describing them completely: “The
mathematical modeling aimed at increasing predictability did
not produce yet a fundamental breakthrough in the under-
standing of turbulence. In dealing with real turbulent flows we
constantly rely on phenomenological approaches. To date, the
large-scale spatio-temporal characteristics of turbulence
have yet to be fully understood, due, at least, to the lack of
sufficient in situ detection instruments in the atmosphere.”
[12]. I fully agree with Gregory Eyink saying that “my basic
interest is understanding the physics of how turbulence works
and making sense of the diverse array of experimental ob-
servations.” [8] (pag. 60). Theories are essential tools but
experiments twist nature to discover it.

On the other hand, there are hardwired patterns in nature
(the well known tornado funnel pattern, for instance) and also
systematic perturbations, induced by factors external to the
local weather system. Under a critical combination of initial
conditions and interactions an extreme event is triggered. Can
we systematically resolve all the complications, subtleties,
alarming signals occurring in the system? Theoretical models
available in physics, injected in the study of extreme climate
phenomena could be of great use in resolving the immediacy
to the consequences of global warming.

I think that we should achieve a better understanding of
why the respective fields of climate (extreme events) models
and theoretical mathematical models of turbulence physics
are not sufficiently if not even essentially overlapping as they
should be normally.
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Before referring to the “unreasonable” aspect of the over-
lapping, let’s touch on the reasonable one. There are actually
distinct approaches in dealing with the physics of turbulence
on one hand and the physics of natural extreme events on the
other. There are objective reasons for that distinction. Indeed,
mathematical modelling of turbulence (which is one phe-
nomenon in the physics of fluids, albeit a fundamental one) is
essentially different from the statistical predictive modelling
of a very complex natural phenomenon of an extreme event,
resulting from a variety of physical factors and external con-
ditions. From this perspective we expect distinctive ap-
proaches and follow the advice from John von Neumann:
“Work at the same time on the most abstract and most prac-
tical problems”.

Where the things are not “reasonable”, in the sense of the
distinction mentioned before, is | think that we should achieve
a better understanding of why the respective fields of climate
(extreme events) models and theoretical mathematical models
of turbulence physics are not sufficiently if not even essen-
tially overlapping as they should be normally. In both fields of
research which are dedicated essentially to the turbulent fea-
tures and the non-linear dynamics of fluid flows we are con-
fronted with the problem of chaotic behavior and resolving
mathematically the observed realities of collapse and inter-
mittency of the coherent structures of turbulent flows. Alt-
hough the profound nature of turbulent behavior is not yet
comprehensively understood, there is no valid reason for the
apparently rather distinct approaches in those two research
fields playing on the same fundamental object of study. Let’s
call this situation a “binomial puzzle”. In what sense mathe-
matical exact results approximating real flows are represent-
ing useful solutions for real natural extreme events? Let’s
recall here the assumption that “any feature of turbulent fluid
flow, eventually, finds its origin in processes of transport by
turbulence” and “the transport of a transferable quantity is
determined by the local gradient of that quantity” [3] (pag.
277,286), that follows the Von Karman’s assumption that the
turbulent processes are determined by local flow conditions
[16]. It would be useful to establish if some analogies exist
between any quantities (momentum, heat, mass, turbulence
energy) but in reality, in free turbulent flows, “a complete
analogy between the transport of turbulence energy on the
one side, and momentum or heat or mass on the other side” is
not possible [3] (pag. 296). These transportation processes
(causing the spread in space of the quantity concerned and
determining it as a function of time), are in fact ingredients of
the dynamics of the extreme events. As such, they should
constitute a real and strong link between the investigation of
turbulence and that of the extreme events. The problem raised
in this article is quite simple but might have at this stage a
complexity to the solution. If the mathematical techniques are
not the appropriate ones or haven’t been yet developed, pro-
gress in the area is not possible with calculus. This could be
the reason for the above-mentioned weak overlapping but, as
intended here to show, this doesn’t justify the weak interdis-
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ciplinarity in basically the same area of physics.

To summarize this “binomial” unsolved puzzle one can see
the turbulent physical identity given by its interactions within
the natural environment, while its mathematical identity exists
in the unexplained (yet) “mystery” of its own. We have a large
data base, we use a statistical sequency analysis of the ran-
domness, but we are short of the assembly and annotation
phase. More imagination is needed.

Climate being defined as a statistical description in terms of
the mean values and variability of relevant meteorological
quantities over a period of time, the climate research is con-
fronted with two basic concepts: averaging and variability.
The changes of the average state and the occurrence of ex-
treme events define variability. The prodigious developments
of climate science in the last 30-40 years stems from the
growing diversity of the tools used both in mathematical
modeling of phenomena and in the measurement of parame-
ters related directly and indirectly to climate dynamics.

The probability calculus used for the prediction of climate
change and extreme events is completely axiomatized, thus
having its fundamentals resolved. There is no contradiction,
no paradox in and no alternative to this mathematical tool.
The probability calculus generated a very powerful tool:
mathematical statistics. Yet, we still argue about the nature of
probabilities. We try to simulate the probabilities of rare
events but we have to take into account that they happen
within a complex changing system. If a climate pattern seems
to be firmly established we still have to guess if the physics
(unknown in its totality) could undermine the reliability of the
pattern. For example, what the local conditions might be and
how they might change over time. Where physical models fail
to describe the real phenomena, statistics are a normal tool to
be used. A great amount of a variety of data are assimilated
using algorithmic methods. If then the past (the assembly of
recorded data) is well described by the theoretical models we
have a fair chance of forecasting future events, or at least the
trends of future climate. Dante says it is no true knowledge
unless we remember what we have understood. Numerous
interactions between the components of the climate system
and nonlinear feedback loops induce random climate fluctua-
tions on various temporal scales. How bad the outcome will
be depends in part on how fast it happens, which is another big
uncertainty. As Benoit Mandelbrot, the father of the fractal
theory, said: “it seems that we have the habit of underesti-
mating the power of hazard to generate monsters” [17]. If
there is not sufficient data regarding the forcing parameters
used in the models, there is no authentic prediction capacity.
We have basically scientific intuition stemming from the
analogy with similar phenomena. We know that extreme
events can occur but we don’t know when they will happen
and we cannot conclude on the amplitude of them. We are
compelled to adjust to wildly unpredictable circumstances
and radical uncertainty. The usual procedure of checking and
acknowledging results that constitute a new model is not
entirely possible in climate change circumstances where more
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and more unexpected correlations arise. Moreover, to ensure
the physical adequacy of the model it is necessary to include
the detailed phenomenology of the phenomena under study
using mathematical methods and insure the fundamental
physical correctness of the algorithms underlying the model.
Both algorithmic and physical adequacy should be achieved.

On the theoretical and experimental side of the research,
turbulence remains an inherently complex and chaotic phe-
nomenon, although there are deterministic physical laws
governing it. “It is characterized by large numbers of eddies
interacting in intricate and nonlinear ways across wide
ranges of spatial and temporal scales, leading to the emer-
gence of chaos.” [18].

The questions of the physics of the atmosphere should be
treated in close relation with dynamics of interaction because,
for instance, the turbulent boundary layer is characterized by
chaotic pulsation of the flow parameters. Kolmogorov's the-
oretical essentialization approach is the homogeneous and
isotropic model of turbulence. Monin and Yaglom noted that:
“The price that must be paid for the simplification arising
from the suppositions of homogeneity and isotropy of turbu-
lence proves to be excessively high. The position is that in the
case of real turbulent flows these hypotheses are never ful-
filled, so that the entire theory of homogeneous and isotropic
turbulence is in fact devoted to something not encountered in
nature” [19]. Nevertheless, Kolmogorov’s relations express
general laws of nature, which are manifest in all turbulent
flows with a sufficiently large Reynolds number. Indeed,
“despite the fact that the mean current and largest inhomo-
geneities of motion are, generally speaking, nonhomogeneous
and anisotropic, the statistical state of sufficiently small-scale
pulsations in any turbulence with very large Reynolds number
can be considered homogeneous and isotropic [19] (pag. 96).
In fact, the detailed dynamics in natural environments may be
very different from the statistical description that emerges
from these hypotheses, as shows, for instance, the presence of
the intermittent phenomena in turbulent flows. The dynamical
systems concept, helping us to mathematically simulate the
chaotic aspect of turbulence, is primarily based on the sensi-
tivity to initial conditions, while in the real free turbulent
movements, observed for a sufficiently long time, the con-
crete initial conditions cease to play any important role. We
need to find a deeper theory, strongly anchored in its sim-
plicity and powerful in its predictive power and a relevant,
non-circular connection between simplicity and finding the
true theory. All the more necessary since time and memory
space are the two main constraints on what we can compute.
Solving turbulence problems requires lots of memory and lots
of time. These constraints are dealt with in the research field
of computational complexity. Eventually we could add more
memory to computers but not yet effectively speed-up com-
putation.

As proven in (apparently) very different fields (computa-
tional biology, for instance), overlapping becomes possible
after a lot of repetitions or “jamming” (adding piece by piece
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on an experimental canvas until a picture that makes sense
happens). It’s good to remember that basically there is no
indisputable truth in science. When the overlapping is realised,
the investigation of random atmospheric events has a clearer
direction, with a higher degree of confidence (including ac-
ceptable, low level of errors). We may reach the assembly
phase of the scientific story.

Considering the case of tornadoes, as an example, the at-
mospheric vortex is a fundamentally open hydrodynamic
system, to which conservation laws are not always applica-
ble: “the physically clear and simple mechanism of atmos-
pheric vortex formation, unfortunately, is absent” [20].

Now, | find interesting from the epistemological point of
view to use a different perspective and place our weak over-
lapping problem under Gé&del's incompleteness theorems and
understand that in order to ensure completitude of the problem
it is enough to ensure categoricity (as indicated by Gdlel),
meaning the quality of being, without any ambiguity, explicit
and direct. Categorical axioms are therefore needed. In the
absence of categoricity, or, to say, in the presence of ambiguity,
or uncertainty, a problem is incomplete. It may have a solution
but this solution is neither demonstrable, nor can it be rejected
as indicated by Kurt G&lel in 1951 [21]. In other words,
knowing exactly what a creation of ours is, doesn’t allow us to
say we know everything about it. This is explained by Géiel
as follows: “Namely, it is correct that a mathematical propo-
sition says nothing about the physical or psychical reality
existing in space and time, because it is true already owing to
the meaning of the terms occurring in it, irrespectively of the
world of real things. What is wrong, however, is that the
meaning of the terms (that is, the concepts they denote) is
asserted to be something man-made and consisting merely in
semantic conventions. The truth, | believe, is that these con-
cepts form an objective reality of their own, which we cannot
create or change, but only perceive and describe.... For, our
knowledge of the world of concepts may be as limited and
incomplete as that of [the] world of things. It is certainly
undeniable that this knowledge, in certain cases, not only is
incomplete, but even indistinct” [21]. Here we have a quali-
tatively distinct explanation for the problem regarding the
weak relationship between climate models and theoretical
physical models and the few fruitful results when replicating
the theoretical physics in the modelling of climate flows. |
believe that there is a common epistemological space of ex-
treme events, climate models and turbulence models where
we are concerned not only with what we know, but also, and
even more, with how we know. More often than not, the as-
sumptions we formulate in building theoretical models are
rather weak in the sense that they allow a degree of uncer-
tainty instead of trying to measure the uncertainty of the in-
ferences we make. This echoes the idea expressed by Sara
Green [15]. The unitary structure of natural and experimental
man-made turbulent processes allow us to believe that there
are definite answers to the questions about the nature of tur-
bulence. But we have to assume that there are different de-
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scriptions related, for instance, to the plurality of the con-
ceptual approaches. The metric also can be different. But the
different descriptions should be equally true. We often say that
everything is interconnected and interdependent, although in
the systemic interpretation that means we have a “vicious”
problem. The more, as requested, we enter in the details of the
system, the more the answer seems more complicated. Tur-
bulence seems to be like a bridge to/of the interactions within
the natural system. At the end of his lecture [21], G&del quotes
the French mathematician Charles Hermite: “There exists,
unless | am mistaken, an entire world consisting of the totality
of mathematical truths, which is accessible to us only through
our intelligence, just as there exists the world of physical
realities; each one is independent of us, both of them divinely
created.”

2. Turbulence Modelling and
Experimental and Numerical Data

Why is there turbulence in nature? Fact is that in the pres-
ence of turbulence we are surrounded by fuzziness about the
state of the examined system. The uncertainties related to
turbulence impact a large variety of human activities and life
itself and push science constantly to understand them and
raise our predictive capacity. The skilful use of many excel-
lent mathematical tools does not ensure that the essence of the
natural phenomena is uncovered. If the mathematical tech-
niques are not the appropriate ones or haven’t been yet de-
veloped, progress in the area is not possible with calculus.
Monin and Yaglom, both close to the father of the well known
models of turbulence, have this remark: “Iz is remarkable that
the most important paper of Kolmogorov on the theory of
turbulence has not at all a formal mathematical character, but
a distinctly physical one: the starting point here is not the
concrete differential equations of hydrodynamics, but the deep
intuitive ideas concerning the behaviour of that non-linear
dynamical system with a very large number of degrees of

freedom, such as turbulent flow, for a large Reynolds number.”

[19] (pag. 95). Coming again to the analogy with the quantum
field and in particular the so-called “quantum Darwinism”,
when a quantum object interacts with its environment, some
of its possible states are destroyed, but the remaining states
survive by replicating themselves. The state of (violent) tur-
bulence could be like that? Some features of vorticity could
support the affirmative, although no essential picture exists
yet.

The physical picture that emerges from the Kolmogorov
phenomenology is that the turbulent scales of motion are
self-similar; that is, the statistical features of the system are
independent of spatial scale. The dimensional laws obtained
from Kolmogorov’s hypotheses are clearly established, but
they only give an essentialized approach to turbulence. The
detailed dynamics may be very different from the statistical
description that emerges from these hypotheses. Coherent
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structures, intermittency, etc. are some examples of these
differences. Therefore, the statistical theories of turbulence,
which have proven to be extremely powerful in understanding
large scale dynamics, may not be that useful to understand
dynamics at smaller scales.

Although we don’t have a generally accepted definition of
turbulence, the most generally agreed features are unpre-
dictability, vorticity fluctuations, diffusivity and broad spec-
trum. As much as turbulence is part of nature, it seems it is
protecting its own pattern. Ultimately, the question about what
kind of physical system can explain the essential features of
turbulence has to consider a system that integrates both the
experimental and natural flows. The physical nature of the
turbulent extremely irregular pulsations associated to chaotic
variation of the velocity in every point of the movement im-
pose that they are superposed to the mean large-scale funda-
mental flow and “have 0 damp outside the region of the
vorticity; meaning that the small-scale fluctuations are not
practically present in the core non-vorticity move-
ment”(described by a hydrodynamical potential function) [2].
Thus, due to the chaotic and irreversible features, precise
simulation and prediction are impossible for even the most
powerful computers, either by solving hydrodynamic equa-
tions or probabilities [13]. Since no theory can cover all tur-
bulent flows, the way forward is complementarity as ex-
pressed by Gregory Eyink [8] (pag. 3): “I believe that some of
the most fundamental problems in this area remain unsolved
and call for the combined efforts, not only of mathematicians,
but also of fluid mechanicians, computational scientists,
turbulence modelers and physicists, both theorists and ex-
perimentalists.” For practical applications we don’t need to
know the precise state of a turbulent flow field at every point
in space-time. In their foundational paper Monin and Yaglom
[19], point to the necessity of an essentially new approach: ”
It is always implied that fields of hydrodynamical quantities of
turbulent flow are random fields in the accepted sense of
probability theory. In other words, each concrete realization
of such a field is considered as some "representative” selected
from the statistical ensemble of all possible fields... If we
follow the turbulent movement for a sufficiently long time, the
concrete initial conditions do not play any role anymore. This
circumstance proves the statistical character of the theory of
turbulent movement ...abandoning the practically hopeless
idea of describing all the details of hydrodynamical fields.” In
that sense it is interesting to note that even the Onsager de-
terministic approach in the analysis of turbulent flow is enti-
tled “Statistical Hydrodynamics”, although it is connected
with the numerical modeling method of Large-Eddy Simula-
tion (LES). In fact all theoretically ”pure” methods also use
certain empirical rules. Many “generic” turbulent flows
(mixing layers and jets, for example) can now be considered
as essentially understood. Unfortunately, the direct numerical
simulation (DNS) of the Navier-Stokes equations, which
allow us to view turbulence as a far more deterministic phe-
nomenon than what is implied by a statistical description, is
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not sufficient to explain all of the experimental observations
and even less the natural ones. Onsager [22], for instance,
restricted his work to the “nearly homogeneous and isotropic
turbulence [produced] by means of a grid in a streaming gas ”’
However, no statistical assumptions of homogeneity or isot-
ropy in a turbulent flow far from the walls are required as
indicated by Monin and Yaglom: “despite the fact that the
mean current and largest inhomogeneities of motion are,
generally speaking, nonhomogeneous and anisotropic, the
statistical state of sufficiently small-scale pulsations in any
turbulence with very large Reynolds number can be consid-
ered homogeneous and isotropic” [19]. Another simplifying
assumption is indicated by Landau and Lifshitz: “We there-
fore conclude that, for the large eddies which are the basis of
any turbulent flow, the viscosity is unimportant and may be
equated to zero, so that the motion of these eddies obeys Eu-
lers equation.” [14] (pag. 161).

The dynamics of turbulence is essentially a multiscale
phenomenon with highly non-linear interactions between
scales of very different sizes. The largest scales carry the
memory of the physical system in which a flow is taking place
(for horizontal motions in the free atmosphere the largest scale
can be of the order of a thousand or even thousands of kilo-
metres), while Kolmogorov postulated the universality of
small-scale turbulence. Because of scale-invariance each step
in the cascade is chaotic and also of comparable nature to the
previous steps and “long-range communication between large
and small scales could exist instantaneously which is can-
celed only by averaging over time or initial data” [2] (pag.
15). From the point of view of the multiscale mechanism we
have then “small-scale high-intensity turbulent motions to-
gether with large-scale slow motions - that is, double struc-
ture of turbulence” [3] (pag. 441). Under this concept,
transport and distribution of the diverse quantities (kinematic,
energy, mass, heat) are caused by the two types of turbulent
motions. But there are not (for now) experimental studies to
fully support the development of the above-mentioned
mechanism in the real physical processes.

In one of the most comprehensive studies on the analytical
determination of the corresponding solutions for turbulent
flows, Monin and Yaglom indicated that the usual methods of
mathematical physics are not sufficient and an “essentially
new approach” is needed. For example, no scales can be
neglected without polluting the dynamics of all scales, in-
cluding the large ones. Schumacher et al. [23] computed three
different turbulent flows by highly resolved direct numerical
simulations of the governing dynamical equations and
showed that the universal properties of inertial range turbu-
lence postulated by Kolmogorov (thought to exist only at very
high  Reynolds numbers) display properties  of
high-Reynolds-number turbulence at much lower Reynolds.
The most complex case was the thermal convection in a
closed cylindrical container and they observed that: “The
standard paradigm is that whereas the large scales are non-
universal, reflecting the circumstances of their generation, an
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increasingly weaker degree of nonuniversality is imparted to
small scales with increasing separation between the large and
small scales”. Their experimental results indicate “a transi-
tion (that) occurs from sub-Gaussian or nearly Gaussian
velocity gradient statistics to intermittent non-Gaussian
ones”. In other words, it is the intermittent fluctuations of
velocity  gradients  that  display  properties  of
high-Reynolds-number turbulence at much lower Reynolds
number.

Figure 1. Global flow conditions in inhomogeneous convective
experimental turbulence.

It is important to note that their results hold for three tur-
bulent flows of increasing complexity and they “get a sense of
the mean wind, or large-scale circulation, that exists in the
flows consisting of a single circulation roll that fills the whole
cell (Figure 1) and obeys very slow dynamics with respect to
time, which would require very long simulation runs, inac-
cessible with present capabilities” [23]. One can expect these
results to be universal, but the utility of them in large-scale
forcing in homogeneous isotropic turbulence (studying in-
termittent or anomalous scaling properties of turbulence) is
not properly understood. Experimental results obtained in the
great experimental aerodynamic tunnel of Modane (France)
show that “the probability density functions (PDFs) of veloc-
ity increments undergo a continuous shape deformation,
starting from the integral length scale L at which statistics can
be considered as Gaussian, down to the dissipative scales
where the PDF is highly non Gaussian® [24]. This phenom-
enon is a manifestation of the intermittent nature of turbulence
as indicated by Kolmogorov and Obukhov [25]. In this in-
vestigation the velocity increments, focused on two-points
quantities, were fully determined by the corresponding
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probability but “Nothing is said on the long range correlated
nature of velocity...It remains to propose stochastic processes
able to reproduce velocity statistics in the intermediate and
dissipative ranges” [24].

That is, the reality is more complicated than what we get
from a highly averaged description of the turbulent flow. To
illustrate the point, the measurements of stresses in a classic
Taylor-Couette experiment flow show [26] that the laminar
regime is given by the horizontal line, with the Reynolds
number increasing from right to left, and the turbulent regime
is given by the (almost) vertical line. In spite of the beauty of
this result, “detailed inspection of the flow for different ro-
tating velocities of the inner and outer cylinders shows a
complex situazion” [26], the experiment showing also an
example of the spatial intermittency in which turbulence
appears in spots surrounded by quasilaminar flow. This flow,
like any flow in a finite container, may be “extremely condi-
tioned by the details of the external stresses imposed on the
flow as well as by the geometry of the container” [26]. Pos-
sibly, this is not real turbulence like the fully developed tur-
bulence is, which is free to develop without imposed con-
straints while the small scales almost always obey Kolmo-
gorov's universality.

TORQUE
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Figure 2. Experimental measurements of the torque exerted by the
fluid on the lateral walls of a Taylor-Couette apparatus as a function
of the rotation period. The inner cylinder rotates and the outer one is
at rest. The period provides a measure of the Reynolds number of the
flow.

The displaying of the interactions that characterize the
turbulent fluctuations constitutes the famous energy cascade
process described by Kolmogorov. The energy spectrum as a
function of the wave number follows a power law (-5/3) over
a range of length scales (i.e. the inverse of wave numbers)
extending from the integral scale to the dissipation scale.
Turbulent flows may show the same energy spectrum indi-
cated by the power law and be produced by different mecha-
nisms acting at different scales. For example, Frisch [1], pag.
80] noticed that “In the atmosphere of the Earth there are a
number of instability mechanisms acting on very different
scales: for example, the large-scale baroclinic instability and
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small-scale convective instability. Under what conditions can
the resulting turbulent flows coexist?” This question is im-
portant in view of a possibility of increasing the weather
predictability, as Lorenz argued [27], based on the Kolmo-
gorov theory. Indeed, “ the local power law appeared in fact
to hold instantaneously (not only deterministically for indi-
vidual flow realizations), without smearing in time, beyond
what could be proved mathematically and with the stringent
condition that the local Reynolds number must be high”, as
reminded by Eyink [8]. The phenomenon of turbulence has
been studied in detail using the principles and concepts put
forward by Kolmogorov, but “is also evident that we are still
too far from grasping a number of randomized and chaotic
behaviors that are exhibited by fluids....a number of facets
and aspects of his propositions do not fit well with the actual
turbulence” [26] and thus, to examine and develop as many as
necessary experimental studies. Frisch and Parisi [28] show
that a simple way of explaining power law structure function
is “to invoke singularities of the Euler equations considered
as a limit of the Navier-Stokes equations as the viscosity tends
to zero”. They show that in the fully developed turbulence
regime, “the function d(h) of the Hausdorff dimension for the
set of points for which the velocity field has a singularity of
order h ... is nontrivial and singularities of different kinds, if
they exist, are concentrated on sets having different Hausdorff
dimensions”. | think this is important if we see that d(h) has a
“clear dynamical meaning because it contains most of the
relevant information on the scaling laws for fully developed
turbulence”. It would be rather important to measure accu-
rately d(h) and to find good evidence for its universality (in-
dependence from the initial conditions).

In one of his papers in 1949, Kolmogorov stated that the
accelerations of particles in turbulent flow must be deter-
mined principally by small-scale perturbations (in contrast to
the velocities, in which small-scale perturbations bring about
only a very small contribution) and that “for a significant
average velocity of flow U, these accelerations will be very
large (since, with growth of U, the mean square acceleration
w grows proportionally to U 74> [19] (footnote 1, pag. 102).
The approximate calculation, performed afterwards on the
suggestion of Kolmogorov, completely verified this assump-
tion: it was found, for example, that in the ground layer of
the atmosphere for rather strong wind, w may exceed com-
pletely the acceleration due to the force of gravity g” [19]
ibidem]. Large fluctuations of the acceleration are evidenced
by calculations based on Eularian dynamics and also seen in
records of velocity fluctuations in a high speed wind tunnel.
Pomeau and Le Berre observe that the fluctuations “do not
happen all the time, but are strongly correlated to sparse large
velocity fluctuations” and conclude that “such a correlation
contradicts Kolmogorov scaling law” [29]. The idea of re-
considering the scaling laws for turbulence from this obser-
vation is iconoclastic and for the time being excessive. More
experimental data are needed. For example, La Porta and al.
[30] show that: “ the acceleration of a fluid particle in a
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turbulent flow (turbulence was generated between coaxial
counter-rotating disks in a closed flow chamber) is an ex-
tremely intermittent variable - particles are observed with
accelerations of up to 1,500 times the acceleration of gravity
(equivalent to 40 times the root mean square acceleration).
We find that the acceleration data reflect the anisotropy of the
large-scale flow at all Reynolds numbers studied”. It is nec-
essary to refer here to the scaling framework for complex
atmospheric turbulence. Using Monin-Obukhov similarity
theory (MOST), Stiperski and Calaf [31] improve the ap-
proach based on anisotropy. Their results show that “while
anisotropy itself is site, stratification, and scale dependent, its
role in the generalized scaling is that of a unifying variable”.

We have to believe that an improved understanding of
turbulence contributes to a new ability to predict phenomena
in the area of environmental physics. For example, we may
suppose that some rare atmospheric environment or the pos-
sible relationship between the global anisotropy of the phys-
ical space and the occurrence of the most violent tornadoes, is
capable of creating the conditions for those natural huge en-
ergy levels. The destructive energy of tornadoes is compara-
ble with the energy of nuclear explosions while numerical
simulations of real tornadoes suffer from significant underes-
timation of their intensity. Baurov and al. [32] also observe
that: "Despite the intrinsic huge complexity and chaotic na-
ture of the atmosphere at any scale, on the basis of (our)
analysis... it is possible to state that the most powerful tor-
nadoes can occur only at specific times of the day which de-
pend on latitude, longitude and day of the year”. The fact is
that the dissipation of energy itself in a turbulent flow will
also be a random variable and because of the disorder of the
process of the transfer of energy from the largest disturbances
to the smallest we should expect that for unbounded growth of
the Reynolds number the dispersion of that energy dissipation
rate will grow unboundedly [19] (pag. 103). Generally
speaking, every approach to the theory of turbulence, starting
from the consideration of the probability distribution of the
ratios of the differences of velocities, needs considerable
further development. The complete unfolding of these ap-
proaches requires much more than the similarity hypotheses
may be able to give. In fact, if, in the study of hydrodynamical
fields of turbulent flow, we are concerned only with the ex-
istence of some universal probability distributions of random
fields, “naturally arises the problem of finding explicitly the
corresponding universal distributions, which is incomparably
more difficult than the problem of establishing conditions for
which also the universal distributions exist. Thus, the theory
of similarity does not remove from the agenda the general
problem of turbulence” [19] (pag. 105).

Identity transitions are a natural phenomenon which we
should understand better in order to better understand reality.
Modelling of admixtures transport is carried out on the basis
of systems of diffusion equations with coefficients dependent
on parameters of atmospheric turbulence. It should be noted
that modelling of air flows in the boundary layer of the at-
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mosphere is a complicated problem, the solution of which
depends on the theoretical ideas about turbulence. The rela-
tively high frequency of occurrence of turbulence near the
ground is one of the characteristics that makes the boundary
layer different from the rest of the atmosphere. Outside of the
boundary layer, turbulence is primarily found in convective
clouds, and near the jet stream where strong wind shears can
create clear air turbulence. Global warming influences the
position of the jet streams although the exact mechanisms are
not yet known. Observed real jets show that: “under natural
conditions the jet stream has a very important role in creating
really extreme weather conditions” [33].

The questions of the physics of the surface layer have a
general geophysical significance, since the dynamic interac-
tion of the atmosphere and the substrate, the “feeding” of the
atmosphere by moisture and heat, is realized through the
surface layer. A simplified parameterization of planetary
boundary layer through Monin-Obukhov similarity theory
(MOST) in all weather, climate, ocean, and air pollution
models “has become one of the most celebrated theories in the
atmospheric boundary layer” [34]. Conclusions derived from
the MOST are the principal tool for calculating the charac-
teristics of the turbulent atmospheric surface layer. Also, in
calculating the turbulence of the main space of the atmos-
pheric surface layer at a distance above sea level greater than a
few times the height of the largest waves. The mean vertical
profiles of wind speed, air temperature, and humidity are
described by this theoretical (logarithmic) form which, in
addition, depends on the roughness parameter of the under-
lying surface or the roughness length scale of underlying
surface. Yet, the disturbances, induced by waves, cause strong
influence on the dynamics of this layer. As pointed by Benilov:
“The effect of this factor shows up in all characteristics of
turbulence and is still poorly understood” [35]. This approach
cannot be realized in solving the problem of transport of ad-
mixture in the lower layers of the atmosphere. Monin and
Obukhov indicate that its applicability is limited, among other
things, by “the general breakdown of scaling for intermittent
turbulence, where the presence of so-called submeso motions
requires alternative approaches” [36]. The transition from the
laminar flow to the turbulent flow is a very attractive phe-
nomenon from the mathematical point of view. The initial
laminar flow, which is not consisting of any chaotic waves,
suddenly transforms in a state with a chaotic behavior. This
problem of transformation called "dynamical chaos" has been
investigated by many authors. “The theory of the "dynamical
chaos" is based mostly on the analyses of the simplifier dy-
namical systems (Lorenz-like chaos) which can't be used
directly for the boundary layer problem. The turbulent
boundary layer is characterized by chaotic pulsation of the
flow parameters. The surface which separates the turbulent
stream from the outer flow looks like a rough surface” [36].

A close analogy between the theory of turbulence and the
quantum theory of fields appears once more here, allowing the
hope that significant steps in one of these branches may prove
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a real help in the development of the second [19] (pag. 106).
For example, the strength and size of the vortex are crucial for
generating interactions in real flows between the vortex and
the rest of the close fluid environment that are significant
enough to observe both in quantum fluids and tornadoes. And,
as the relationship between mathematical theory and reality is
nowhere near straightforward for quantum objects, something
similar (less strong probably) is observed in "weird" turbulent
phenomena. Or, the similarity between a larger and larger
number of atoms displaying the quantum effect and an in-
creased number of vortices displaying the pulsation pattern.
Quantum objects, at the smallest of disturbances, lose their
fundamental properties, i.e. “entanglement vanishes and
superpositions collapse - and the larger an object is, the more
likely it is to succumb to certainty” [37]. Turbulent fluids are
in a sense as unpredictable as the quantum objects, the ”
boundaries” of which are melted into one another and may be
in this way producing intermittency (an alternance of calm
periods and bursts of intense activity for accelerations or
velocity increments) and coherent structures (eddies pre-
serving a certain spatial organization downstream the separa-
tion of a boundary layer). Intermittency and coherent struc-
tures were presented earlier in this paper and one can easily
compare and acknowledge the similarity of definitions. They
show something like a fundamental scaling up and a threshold,
both in quantum and turbulent phenomena. We are aiming to
understand the physical mechanism of processes occurring in
nature, even if this requires going outside the limits of the
original logical schemes.

Turbulence is a multi-scale problem with a highly
non-linear coupling between the scales. The non-linearity
here, as in any dynamic system, is responsible for the diffi-
culties arising in the attempt to obtain an accurate prediction
of turbulent flows. They are out of equilibrium systems.
Turbulent flows are neither deterministic nor fully random:
“high-Reynolds number turbulent flows are far from being
totally disorganized.... large-scale eddies in a flow past an
obstacle (a sphere, for example) preserving a certain spatial
organization are called coherent structures and retain their
identity for much longer times than the eddy turn-over time
characteristic of the turbulent fluctuation.” [38]. Frisch [1]
suggests that coherent structures may play an important role
in the dynamics of atmospheric turbulence and concludes: “If
this is so, predictability estimates based on turbulence phe-
nomenology (a la Kolmogorov) may be very misleading”.
Defining the kinematical properties of hydrodynamical fields
through the mathematics of random functions is not enough.
From a physical point of view, the equations of dynamics
impose deeper important limitations. There is no simple linear
relation between the turbulent behavior and its representation.
Turbulent flows at large Reynolds numbers display such
complex behavior in space and time that it is impossible to
obtain a solution of the fluid equations properly representing
the flow field in such situations. This makes necessary a sta-
tistical description of the fluctuations in those flows. The
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previously mentioned explanation (in the Introduction sub-
section) about the practical utility of the Kolmogorov’s as-
sumption of turbulence space distribution is questioned by
Pomeau and Le Berre [29]: “Kolmogorov suggested using the
dissipated power per unit mass on average as a scaling pa-
rameter for the statistics of turbulence, assumed to be ho-
mogeneous and isotropic. Even though this last assumption is
done very often in theoretical works, its relevance to explain
physical situations is far from obvious. Specifically, most
turbulent flows, if not all of them, have a geometrical struc-
ture making them non homogeneous and non isotropic”.
Turbulence produces gradients and vorticity and the rate at
which energy is dissipated is particularly pronounced in re-
gions where the instantaneous velocity gradients are large, e.g.
in the smallest eddies. For instance, of practical importance is
the fact that vorticity flux from the body surface can be di-
rectly related to drag.

One of the main unsolved properties of fully developed
turbulence is intermittency. More specifically there is still no
explanation grounded on properties of the fluid equations for
the observed intermittency in flows at very large Reynolds
number. Investigating the role of intermittencies in real fluid
turbulence, Pomeau and Le Berre [29] have shown that the
fluctuations of the solutions of the “inviscid” Euler equation
for an incompressible fluid display strong analogies with real
fluid turbulence: “In particular, they exhibit a well-defined
Kolmogorov spectrum in an “inertial range” between the
injection at large scales and dissipation at small scales.” This
shows that “the occurrence of singularities for the “inviscid”
part of the equation of motion is a way to explain both how
dissipation and intermittency occur in such a turbulent sys-
tem.” If in the atmosphere there is an energy spectral gap (and
turbulent flows coexist being separated by this gap), “It could
be that the gap in the energy spectrum is filled by rare but
violent meteorological events and does not exist in the mean”
[29]. Experimental and numerical investigations of
wall-bounded turbulence at high Reynolds numbers have
observed the so-called “extreme events” when the necessary
condition of the uniform vanishing of wall-normal velocity is
breaked down, also associated with skin friction showing an
abrupt boundary-layer separation. They are even more ex-
treme in other flows such as movement past a sphere or in a
hydraulically rough pipe [2] (pag. 57).

| use as a partial conclusion Eyink comment about the
“building block” flows, under the subtitle How Do We Check
If It’s True?: “It is far from clear that any of the previous
“simple” flows (“canonical wall-bounded flows”-
plane-parallel channel flow, smooth pipe flow, and flat-plate
boundary layer) are a good starting point for understanding
more realistic wall-bounded turbulence in general” [8] (pag.
59). As a rule we observe that turbulent flows are dynamically
complicated in natural environments, displaying a variety of
spatial and temporal features. The real problem is then if we
can treat them mathematically as fully developed turbulent
flows using the Euler equations considered as limits of the
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Navier-Stokes equations as the viscosity tends to zero. We
know that the occurrence of extreme meteorological events is
strongly related to the intermittency in spatial turbulence
structures, with an evident dependence on the spatial scale.
Direct numerical simulations [39] also revealed a non-linear
feedback mechanism.

Recently, Yu Deng et al. [40] took, somehow unexpectedly,
Hilbert's conjecture approach to axiomatically derive the laws
of fluid flows, i.e. the incompressible Navier-Stokes-Fourier
system from Newton’s laws. Hilbert suggested in 1900 "to
treat in the same manner, by means of axioms, those physical
sciences in which already today mathematics plays an im-
portant part; in the first rank are the theory of probabilities
and mechanics" and, using Boltzmann’s work to pass “from
the atomistic view to the laws of motion of continua™ [quoted
in [40]. The main and interesting idea of the authors is to
connect the kinetic limit to the hydrodynamic limit and to
obtain a full derivation of the fluid equations. The math is
performed on a microscopic system formed of N particles of
diameter € undergoing elastic collisions. The kinetic limit is
the one in which N = o, € = 0. The hydrodynamic limit is
the one that derives the equations of fluid mechanics
(like compressible Euler, incompressible Euler, incom-
pressible Navier-Stokes etc.) as appropriate limits of
Boltzmann’s Kinetic equation when the collision rate a is
taken to infinity. The fluid velocity and density are obtained
by “directly taking limits of the associated statistical quanti-
ties coming from the hard sphere dynamics”. In the derivation
of fluid equations the authors indicate, for example, that “ the
velocity truncation ... is merely for technical reasons, and is
also natural from the physical point of view” [40]. A funda-
mental difficulty in this approach “is the passage from the
time-reversible microscopic Newton's theory to the
time-irreversible mesoscopic Boltzmann theory”. In a sub-
stantial and apparently consistent mathematical development,
the authors show several results, including the passage from
colliding particle systems to the compressible Euler equation.
For now it is hard to see how this approach may be of practical
use in turbulent flows. But, as we tried to explain in this article,
there is very much needed new imagination in the calculations
of turbulence. In science there is an assurance out-of-nowhere,
that is, solid results that appear unexpectedly but due to a large
amount of accumulated knowledge.

3. Extreme Weather Events Modelling
and Natural Observations

A real-physics climate dilemma is whether to use pre-
dominantly climate extreme events models based on physics
or solving climatic models using Al (machine-learning) based
on data. We should have both ways: new physics/models and
extrapolate historical data. Chaos and order co-exist in the
weather and climate dynamics. Based on observations of local
spectra characteristics, Serykh and Sonechkin [41] conclude
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that “the dynamics consists of a mix of partly chaotic and
partly ordered weather variations”. The weather could be
chaotic while the climate is not. Weather and climate predic-
tion should use different models. When the existing models do
not engage in solving complex and also excessively compli-
cated physical problems, the existing historical data and ob-
servations can be evaluated. Equations calculate with the
certainty that is fundamentally included in theoretical
knowledge, while statistics deal with probabilities, i.e. un-
certainty. That is essentially the cause of the weak overlapping
between theoretical models and statistical treatment of the
recorded data. Another problem involved in this disparity is
that describing extreme events using sophisticated mathe-
matical quantities should take into account that sometimes
these “do not commute”, in the sense indicated by Carlo
Rovelli [10], i.e. the multiplication of two quantities gives a
different result depending on which comes first. I think of the
utility, if not the necessity, of transposing, at least conceptu-
ally, the concepts of mutual information and consensus in
quantum models [42] into the study of turbulence. Mutual
information would then be the one that captures the overlap
between what we learn from theoretical models on one hand,
and from climate extreme events studies on the other, until a
consensus is reached. This is not common practice for now
although overlapping of events and interfering properties and
imprecise meanings are abundant. It would be a kind of
framework for understanding, merging information and forms,
because, evidently, it is not just a correlation. For instance,
when the different natural features are present and filling a
certain sufficiently large space in the atmosphere, subtle cor-
relations may be overwhelmed. The problem is if we have
gathered enough information to arrive at the same conclusion
about the turbulent state of the system (natural or experi-
mental). We examine the agreement and the context of the
data (observations). We expose the flaws of the theoretical
models while showing how important are the achievements.
Clearly we think it should incorporate more of the physics, as
Gavin Schmidt noted: “Weather and climate are based on
physics” [43]. Al makes evaluations and runs simulations but
are “inflexible and often vague”. Underlying physical pro-
cesses are not yet understood and also, representing them is
very costly (computational resources). Interactions at play
between the atmosphere, oceans, and land such as how heat
flows through ocean eddies. Numerous interactions between
the components of the climate system and non-linear feedback
loops induce random fluctuations on various time scales. The
recent catastrophic event in Valence (Spain), called “gora
fria”’(cold drop), is one of the most clear proofs of erratic
weather dynamics depending on multiple factors, as the am-
bient temperature (which is energy), humidity, pressure,
winds, orography and other geographical and atmospheric
elements. The winds from the East and the abnormally high
temperature in the surface waters of the Mediterranean Sea
repeatedly generated the accumulation of water in the storm.
The mountains in the vicinity of the coast pushed up the hu-
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mid and warm air, establishing a constant cycle. How to
formulate a viable theoretical prediction model under such a
very complicated conjuncture? None of the above-mentioned
factors are predictable in larger than 24 hours. The limits of
prediction are two-fold. On one hand the amount of humidity
and the temperature gradient and the resulting winds, on the
other. Warmer air captures more humidity (like a hair-dryer).
Paradoxically, this is aggravating both droughts and floods.
Indeed, recent studies show that: “when it is not raining, the
warm, dry air is absorbing humidity, increasing the drought
intensity. When it is raining, the atmosphere is more humid,
increasing the intensity and duration of rains” [44]. With a
large amount of data of these parameters combined with a
powerful scientific intuition there is a chance to overcome, at
least partially, the pure unpredictability of an event like the
one in Valence.

Often we speak about a significant level of uncertainty.
What is significant? What we have is the signature of climate
and weather. If a climate pattern seems to be firmly estab-
lished we have still to guess if the physics (unknown in its
totality) could undermine that solidity of the pattern. For
example, what the local conditions might be and how they
might change over time.

Statistical uncertainty is a measure of uncertainty of the
time average with respect to the unsteadiness of the flow or
surface pressure field. Therefore, it is highly important to
verify that the time average of a statistically, stationary sto-
chastic process (such as a tornado) converges against the
mean value of all possible realisations within the chosen
measurement duration. For instance, full-scale measurements
in tornadoes is extremely difficult considering the instabilities,
singularities and non-linear effects present in real events.
Indeed, “Measured flow patterns are far less structured and
organised than the pattern suggested by any of the vortex
models. Some vortex models are able to represent certain flow
patterns at certain heights but fail, due to their simplifications,
in replicating the entire three-dimensional flow structure
obtained experimentally” [45]. It is certainly important to
study the essentially unknown initial stage of whirlwind and
tornado origination. This stage is considered to be an “ex-
plosive instability” in nature. Already in 1915, G.l.Taylor,
describing the eddy motion in the atmosphere, thought that
“...a very large amount of momentum is communicated by
means of eddies to the ground”. A possible connection be-
tween tornadoes and vorticity proposed in [46] is that “vor-
tices stir or pump the tornado and increase the vorticity...the
frequency, strengths and stretching of the vortices determine
the eventual strength of the tornado”. The growth of vorticity
in whirlwinds and tornadoes may (under certain conditions)
proceed exponentially, which is typical for explosive insta-
bility, as suggested in [47]. The vortex intensification leads to
a critical threshold which we may suppose is the mechanism
transforming a tornado in a large single vortex undergoing a
breakdown as indicated in [46]. Turbulent flows at high
Reynolds numbers are investigated by laboratory experiments
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and by repeated numerical simulations in order to understand
what we cannot properly measure, like for instance the fea-
tures of the vortex motion. From a mathematical perspective,
the turbulent movement is described by vorticity. The notion
of an “eddy” or “whorl” is naturally associated with the idea
of a vortex, well imagined in a tornado, for instance, but this
association does not prove to be useful in combining mathe-
matical approach with physical reality. In particular, the vor-
tex breakdown and the onset of spatial instability in the
dominant flow dynamics. If a tornado is a “highly convergent
swirling wind affecting a relatively narrow path” [48] and
“the turbulent energy is mainly generated by radial straining.
The location of the maximum turbulent production is close to
the ground inside the core region of the tornado vortex. Most
importantly, the maximum turbulent kinetic energy is pro-
duced at a swirl ratio which corresponds to the tornado vortex
touch- down. This leads to the possibility that turbulent en-
ergy rather than mean velocity relates to the intense destruc-
tion that tornadoes produce at the ground level” [49], it is
important to introduce the experimental results from the study
of swirling jets. In particular, the vortex breakdown is occur-
ring when the swirl intensity exceeds a certain threshold [50].
In the case of tornadoes, the main scale corresponds to the
average wind speed in the tornado (a core formed by a pri-
mary jet) while the intensification of the vortex is accompa-
nied by an acceleration of air rotation in the center. In the
study of the essentially unknown initial stage of a tornado, for
instance, Arsenyev and Eppelbaum state that:“7The most
prevalent methods for modeling catastrophic atmospheric
events....can be reduced to two approaches: (1) statistical
based on the probability density function and (2) deterministic
based on the complex numerical solution of systems of dif-

ferential equations for atmospheric and ocean dynamics”

[51]. Nechayev and Solovyev [20] tried to explain unusual
hydrodynamic phenomena (paradoxes) in the framework of
classical hydrodynamics, using its basic laws in a simplified
model based on the air density decrease in ascending jets.
Another, stochastic, small scale model [52], explains the
small-scale turbulence which needs to be correlated to the
idea that the jet in the central core effectively connects at-
mospheric layers with different air densities. Yet, as shown in
[51], “In the presence of atmospheric cyclones carrying
strong winds, clouds and precipitation, eddies of medium
mesoscale (intermediate between the main macroflow and
small-scale turbulence) appear in the turbulent flow. Insta-
bility and growth of the mean flow arise due to the fulfillment
of the unique conditions established by the mesoscale turbu-
lence theory.” And another way [53] consists in calculating
the vertical and tangential profiles through the tornado vortex
simulation in numerical studies. The model used in [53] con-
siders “axi-symmetric flow in a cylindrical region of moist,
conditionally unstable air, initially in uniform rotation at each
height and increasing in strength with height” and “rotation
(that) is imposed by prescribing a swirling velocity compo-
nent on air entering through the radial boundary, whereas the
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initial rotation in the flow domain is everywhere zero”. It does
not use hydrodynamic equations and does not sufficiently
relate the results to tornado observations. Tsinober [54] insists
that the “vitally important part of the physics of turbulence
resides in the unresolved small-scales” and that we cannot
disregard the possibility that the all important properties of the
resolved large scale “do not depend essentially on what
happens in the unresolved small scales”. The important fact is
that the dissipation of the turbulent energy takes place within
the vorticity turbulent movement, closely related to “the form
of the turbulent region (which) is shaped by the properties of
the movement in the (core) fundamental volume of the fluid”
[55]. This observation could play a decisive role in natural
fluid movements. A theoretically complete and practically
useful model for determining this shape, based on the Euler
equations, doesn’t exist now. Indeed, the interacting eddies in
turbulent air and liquid flows become chaotically complex in
short laps of time (fluctuating very high acceleration of fluid
particles occurs in milliseconds) [56]. Thus, precise simula-
tion is impossible for even the most powerful computers,
either by solving hydrodynamic equations or probabilities [9].
The solving of the weak Euler solutions (which are mathe-
matically equivalent to the “coarse-grained solutions” that are
used but do not change any physical reality), imply a filter
decompoasition, i.e. an arbitrary choice of a technical nature.
Evidently, as remarks Tsinober: “After all Nature may and
likely does not know about our decomposition” [56]. Serious
improvement in both the algorithm and its implementation (in
both large-scale deterministic and probabilistic simulations),
using a variety of direct computational approaches, is needed.
Ideas moving back and forth between theory and natural
science, learning from experimental observations and under-
standing of the physics of how turbulence works.

Much of the boundary layer turbulence is generated by
forcings from the ground. For example, solar heating of the
ground during sunny days causes thermals of warmer air to
rise. These thermals are in fact large eddies. Frictional drag on
the air flowing over the ground causes irregular shears to
develop, which frequently become turbulent. The largest
boundary layer eddies have sizes roughly equal to the depth of
the boundary layer; that is, 100 to 3000 m in diameter. These
are the most intense eddies because they are produced directly
by the forcings. Observations show frequent lack of turbu-
lence above the boundary layer which indicates that the rest of
the free atmosphere doesn’t respond to surface changes. In
fact, the free atmosphere behaves as if there were no boundary
that plays a role in it. It doesn’t mean that wind flowing over
the top height geometry is not an agent of the turbulent dy-
namics. The turbulent boundary layer is characterized by
chaotic pulsation of the flow parameters. The surface which
separates the turbulent stream from the outer flow looks like a
rough surface. The questions of the physics of the surface
layer have a general geophysical significance, since the dy-
namic interaction of the atmosphere and the substrate, the
“feeding” of the atmosphere by moisture and heat, is realized
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through the surface layer. For example, the violent, atypical,
discontinuous nature of rare events (an alternance of proba-
bility peaks and of almost empty minima in the velocity PDF
of individual segments) are associated with the intermittent
behavior of turbulence indicated by probability distribution
functions (PDF) of the turbulent velocity signal [57] and by
“the existence of very large tails of the acceleration proba-
bility distribution function, which have been experimentally
measured up to more than 50 standard deviations” [56]. The
mutual adaptation of air pressure and wind velocity to each
other results in the tornado appearance in which the wind
velocity and the air pressure gradient can reach huge values.
For example, in the violent tornado in Oklahoma City (USA)
on May 3, 1999 (48 people died), according to Monastersky
(quoted in [52]), the maximum wind velocity was 512 km/h.
The maximal drop of the air pressure in the tornado is not
large, about 50 hectoPascal. However, according to the equa-
tion of the rotating vertical air column based on the cy-
clostrophic balance, “the wind velocity inside a tornado is
determined by the radial gradients of the pressure (but not by
the pressure itself). Thus, sharp spatial variations of the air
pressure inside a tornado can induce a strong wind” [51].
This work [51] takes into consideration another essential
parameter which is the vorticity. The calculations and the
measurements demonstrate that the radial distribution of vor-
ticity in a F5 tornado is maximal in the tornado center, at-
taining a very high value of 15 Hz, while at 27 km from the
center is less than one Hz.

The development of turbulence physical models are nec-
essary in order to be effective enough for tornado generation
forecasts. Thus, “The macroscale air circulation can be de-
scribed as the suction of the surface air from the periphery
towards the tornado center. Then, inside the eyewall, the air
masses ascend till about 1 km height where they diverge to the
periphery and descend. In this way, the tornado structure is
created “ [58]. The main feature of the mesoscale turbulence
theory is that three scales of motion of the environment are
considered. Global macro scale L (middle flow), meso scale m
and micro scale | (small-scale turbulence, in which energy is
dissipated into heat). Meso scale corresponds to the presence
in the flow of rotating vortices having their own spin (angular
velocity of rotation) and moment of inertia. Meso eddies
interact with small-scale turbulence and with the average flow.
Under some specific conditions they can transmit energy to
the middle flow, strengthening it. Then, inside the eyewall, the
air masses ascend till about 1 km height where they diverge to
the periphery and descend [59].

There is little indication that tornados will become less
unpredictable in the near future. By analogy, let’s remember
that although we have a fairly good idea about the physical
mechanism that triggers an earthquake, we are not able to
predict neither the occurrence nor the amplitude of such an
event. As in any random natural event, improvements in better
understanding the tornado dynamics related to tornado for-
mation (obvious necessity for prediction and warnings) are
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needed. Such efforts are complicated by the fact that torna-
does are of short duration, and they occur relatively infre-
quently, irregularly, and in different geographical locations
each year. In the scientific production on extreme weather
events we note that there are relatively few common refer-
ences in scientific papers in the different approaches of the
hydrodynamic calculations of turbulent vorticity. From this
point of view, the remark made in 1982 [53], that “many
aspects of tornado dynamics remain uncertain or unex-
plained”, is still largely valid.

Reconnecting with the theoretical foundations, it is useful
to remember that Kolmogorov made important contributions
to the Taylor turbulence theory (mentioned earlier in this
article). He suggested [19]: (1) To avoid the isotropy of the
velocity pulsations fields but to save it for the pulsation dif-
ferences. His local isotropy was a great step towards the other
cases of mean velocity fields besides the constant velocity (in
1941); (2) To consider the energy flux as the main parameter
of energy cascades in turbulence (in 1941), coinciding with
the Schrdlinger principle for thermodynamically open sys-
tems and (3) To introduce the rotation frequency as an addi-
tional kinematical parameter (in 1942). These obviously im-
portant suggestions remain largely outside the current calcu-
lations of extreme weather events.

As concerns the intermittent bursts, for instance, they are
predicted to result from “quantum jumps” between the prob-
ability peaks, when the particle velocity crosses the zero
minima, involving a divergence of the acceleration compo-
nent. The quantum behavior traits of contextuality and non-
locality could play in a similar way in turbulent flows. The
realm of the so-called Statistical Turbulence Theory where
“in the statistical averages much of the information that may
be relevant to the understanding of the turbulent mechanisms
may be lost, especially phase relationships” [60] does not
offer a sufficient understanding of turbulence as a natural
phenomenon and so, in order “to understand highly inter-
mittent turbulence production mechanisms for which intricate
phase relationships are likely to play an essential role,
standard averaging techniques are insufficient .

Nature is essentially non-local. In the meantime we don’t
know where the boundary lies between quantum and classical
physics. Probably the universe doesn’t tend towards disorder,
as indicated by the entropy law, but towards complexity. We
need to find a deeper theory.

The picture of turbulence in natural events described in this
article (far from being a resolved puzzle) would not be rea-
sonably completed without two other features: electric force
and clouds.

Various works point to a possible association between
tornadoes and luminous electrical phenomena [61]. It seems
that the whole range of energy inputs may have (or not) an
important impact in the process of triggering tornadoes.
Currently we are unable to predict the time-length (minutes to
hours) or the intensity of the tornadoes which point to the
presence of one or more physical robust thresholds in the
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system. Once the threshold is exceeded we have a tornado. On
the contrary, in the case in which there is no such threshold a
tornado doesn’t occur. Maybe under some conditions - which
we don’t know comprehensively today - atmospheric turbu-
lence is pushed into a kind of collective state, let’s say a
“resonating structure” creating a bond of vorticity. For ex-
ample, Rasmussen and Blanchard [62] found that “a certain
amount of boundary layer shear in conjunction with a certain
level of convective available potential energy is required for a
tornado to occur”. These assumptions also suggest that since
there are various trigger mechanisms for tornadogenesis our
predictive ability is even less consistent with the assembly of
existing data. We are currently unable to provide a solid
grounded correlation between global warming, climate
change, and tornadic activity. The existing data for tornados
on a large scale start in the 1970s and it is necessary to have
and thoroughly examine more decades of data.

Another very important factor in the dynamics of climate
change is the presence of clouds in the atmosphere along with
winds and precipitation. We are far from being capable of
determining the balance between how the clouds reflect the
sunlight and in the mean time trap the warm or cold air below
[63]: “This balance makes clouds the biggest unknown in
predicting future climate change ”. This statement refers to the
slowly varying and constant evolution of climate changes
mentioned in the introduction of this article. Studying the real
clouds' feedback [64] in greater detail is the way to understand
the formation of stormclouds which are sometimes responsi-
ble for extreme events. Such studies necessarily have to
measure the shape and type of aerosols because, as indicated
by Graham Feingold: “the other major source of uncertainty
alongside these cloud feedbacks is the role of particles sus-
pended in the atmosphere ” [63]. Climate scientist Kara Lamb
says that: “we can model maybe a single cloud or a field of
clouds with relatively high accuracy, but if you want to take
that and put it into a climate model, you have to simplify it a
lot more [63]. Nevertheless, the numerical cloud-resolving
models with high resolution are a promising tool although
they require so much computing power that they can only
make near-term predictions or simulate limited areas. In my
opinion it is evenly important to correlate in-situ studies of
clouds with in-situ measures of turbulence parameters. Indeed,
in the presence of atmospheric cyclones carrying strong winds,
clouds and precipitation, eddies of medium mesoscale (in-
termediate between the main macroflow and small-scale
turbulence) appear in the turbulent flow. Their role is deline-
ated in this work in the previous paragraph.

4. Conclusions

The motivation of this article is that we should achieve a
better understanding of why the respective fields of climate
(extreme events) models and theoretical mathematical models
of turbulence physics are not sufficiently if not even essen-
tially overlapping as they could be normally. In both fields of
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research which are dedicated essentially to the turbulent fea-
tures and the non-linear dynamics of fluid flows we are con-
fronted with the problem of chaotic behavior and resolving
mathematically the observed realities of collapse and inter-
mittency of the coherent structures of turbulent flows. Alt-
hough the profound nature of turbulent behavior is not yet
comprehensively understood, there is no valid reason for the
apparently rather distinct approaches in those two research
fields playing on the same fundamental object of study. Let’s
call this situation a “binomial puzzle”. The transportation
processes in turbulent flows, which are in fact ingredients of
the dynamics of the extreme events, constitute a real and
strong link between the investigation of turbulence and that of
the extreme events. The problem raised in this article is quite
simple but might have at this stage a complexity to the solu-
tion. If the mathematical techniques are not yet the appropri-
ate ones or haven’t been developed, progress in the area is not
possible with calculus. This is a reason for the
above-mentioned overlapping. In what sense mathematical
exact results approximating real flows are representing useful
solutions for real natural extreme events? Today we under-
stand better that studying turbulence and focusing on ad-
vancing in the theoretical field essentially using Kolmogo-
rov’s thinking, should be substantially more complemented by
the applications in different fields. Increasing or refining the
investigative instruments that mediate between theory and the
world. Epistemic objects (defined as focal points of
knowledge) are unstable entities existing at the boundary
between the known and the unknown, or between epistemic
and technical objects [15]. Technical objects (created for
various purposes like design, engineering or science) provide
a stable context for experimentation. They can be material
objects, concepts, systems of accepted knowledge, or in-
struments. They work as necessary tools capable of producing
valuable and verifiable answers about epistemic objects:
“When modelling is used for gaining knowledge about a
(partly) unknown object the process is not an approximation
to something already stable. New research objects are unsta-
ble in the sense that their properties and boundaries are nei-
ther known in advance nor directly accessible for observation.
[15]. I think that this epistemological approach is appropriate
in my inquiry on the weak overlapping of turbulence theo-
retical models and extreme events studies. Models, as shown
in this paper, involve complex relations and need to primarily
focus on non-linearities of the relation between the object
under study and its representation. Enhancing stability of the
models when dealing with unstable features is important for
understanding the role of models in research since models are
the essentialization of the real phenomena in order to generate
knowledge about what is not yet known. They forcibly display
an unstable part that eventually may produce not just the
expected results but also unpredictable results. In that sense,
“modeling is not a matter of accurately representing targets
but of generating, manipulating and superposing different
epistemic tools to learn about what is not yet known.” [15].

i)
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A powerful tool of extending simulations of the climate
events is becoming more and more useful as supercomputers
can generate virtual observations. Indeed, instead of putting
the emphasis on traditional statistics based on measuring the
uncertainty of inferences under restrictive assumptions, sci-
entists from the Met Office in Britain, were able to simulate
thousands of possible weather scenarios [65] and understand
what actually happened in weather evolution, including ex-
treme events. As a matter of fact, we can form reasonable
beliefs according to a rule of inquiry that is certain to be cor-
rect under a set of assumptions, but we may be wrong if the
assumptions are false. There is no guarantee we converge to
the truth eventually and even less as to when. As Thierry Corti,
a climate-risk analyst, observes, “the risk landscape is
evolving. So if you simulate probabilities of a rare event you
need to take that against the backdrop of something that’s
changing. That makes it much more complex.” In the scien-
tific investigative sense, a repetitive computational cycle was
generated adding a “chaotic-like” input in the form of a small
and local amount of heat. The recorded (present) climate was
perturbated each time in intervals of minutes and thus a range
of virtual winters including extremes was generated. In the
case of floods, the research group found a 34% chance each
winter that rainfall records would be broken in at least one of
four broad regions of Britain. In the end, there were one
hundred times more possible simulations of the current cli-
mate than is available from real observations. “Whilst statis-
tical methods exist using observations alone to estimate the
risk of record rainfall, our new technique allows us to give a
more precise estimate for a one-in-100, or one-in-20 scenario.”
[65].

Climate adaptation will involve preparing for the deeper
droughts, extended heat waves, extreme precipitation, ex-
treme storms, bigger wildfires, and sea-level rise that ac-
company rising temperatures. It is clearly required to improve
climate modeling and better predictions. The uncertainty of
where and when climate events will occur adds to the adap-
tation challenge. Existing global climate models are at too
large a scale to provide localized guidance, providing only
general information about trends across broad landscapes.
The prediction of local events needs to be better served by an
interplay between theory of physical processes and experi-
mental research, overlapping the modelling of fundamental
understanding of turbulence and of real extreme events.

This work isn’t intended to compose a kind of anthology of
turbulence. There are several valuable works in that sense [8,
66, 67]. We try to understand if some unity can be found.

We want to know what theory helps the advancement of
knowledge in turbulence and in the meantime we want to
know what’s the technique to use; both theory and technique
based on reality.

We need redundancy for error corrections. Overlapping
offers direction for the research. The path of research which
includes unknown orientation, errors, incomplete coverage,
constraints and repeats of the calculations show the analytic as


http://www.sciencepg.com/journal/ajmp

American Journal of Modern Physics

http://www.sciencepg.com/journal/ajmp

well as experimental difficulties. It is broadly observational
science vs. structural chaotic features of turbulence.

Horace, more than two thousands years ago, observed:
Naturam expellas furca, tamen usque recurret (You can get
nature out of the way with a fork but she will always come
back) and Newton: “The concept of miracle does include
unusualness. Think of things we count as ‘natural’ although
they are absolutely wonderful and manifest enormous
amounts of power. Astounding as these are, they aren’t mira-
cles, simply because they are common, usual. But it doesn't
follow that everything unusual is a miracle. It might instead
be only an irregular and rarer effect of usual causes” [68].
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