


There is a plethora of open problems, as can be easily guessed.
Both at the level of the foundations (e.g., the dynamical origin
[17]) and at that of specific applications. The fact that some basic
questions are not yet fully understood even for Boltzmann-Gibbs
statistics does not make the task easy. As an illustration of an
important open problem let us mention long-range-interacting
Hamiltonians. Although many favorable indications are avail-
able in the literature, it is still unknown, strictly speaking, if and
how the present theory is applicable, and what is the value of g
as a function of the range of the forces and of the space dimen-
sion. Solutions of problems such as this one are obviously very
welcome. Let us finally mention that related or even more gen-
eral approaches than the present one are already available in the
literature. Such is the case of the Beck-Cohen superstatistics
and the Kaniadakis statistics, that have already shown interesting
specific applications.
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n equilibrium statistical mechanics, the inverse temperature [ is
I a constant system parameter — but many nonequilibrium sys-
tems actually exhibit spatial or temporal temperature fluctuations
on a rather large scale. Think, for example, of the weather: It is
unlikely that the temperature in London, New York, and Firenze is
the same at the same time. There are spatio-temporal temperature
fluctuations on a rather large scale, though locally equilibrium sta-
tistical mechanics with a given fixed temperature is certainly valid.
A traveller who frequently travels between the three cities sees a
‘mixture’ of canonical ensembles corresponding to different local
temperatures. Such type of macroscopic inhomogenities of an
intensive parameter occur not only for the weather but for many
other driven nonequilibrium systems as well. There are often cer-
tain regions where some system parameter has a rather constant
value, which then differs completely from that in another spatial
region. In general the fluctuating parameter need not be the inverse
temperature but can be any relevant system parameter. In turbulent
flows, for example, a very relevant system parameter is the local
energy dissipation rate €, which, according to Kolmogorov’s theo-
ry of 1962 [1], exhibits spatio-temporal fluctuations on all kinds of
scales. Nonequilibrium phenomena with macroscopic inho-
mogenities of an intensive parameter can often be effectively
described by a concept recently introduced as ‘superstatistics” [2].
This concept is quite general and has been successfully applied to a
variety of systems, such as hydrodynamic turbulence, atmospheric
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A Fig. 1: Time series of a temporal wind velocity difference
u(t) (6= 60 min) recorded by anemometer A every 5 min for
one week (green line) and the corresponding parameter [(t)
(red line), as well as the corresponding standard deviation
o(t) (blue dotted line), both for a 1 hour window.
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