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Information entropy measures the disorder or inherent unpredictability of spatial and temporal structures in a time-series or spatially in a high-dimensional dynamical
system. Statistical complexity characterises disequilibrium (even given a fixed entropy), and can distinguish deterministic from stochastic physics (chaos vs noise).

Related measures of causality quantify the relative influence of time-irreversible and -reversible processes, or spatial asymmetry, handedness and directionality.

Calculating these entropic scores from output from simulations can measure strengths of coherent structures or signify turbulent transitions. The entropic cost of
numerical approximation schemes (e.g. generalised quasilinear models) is objectively derivable by comparison to DNS. We consider diverse applications to (e.g.)
fluid thermal convection, onset of turbulence in magneto-rotational instability, and gyrokinetic plasma turbulence.

Information entropy = H Statistical complexity = C

* Evolving systems show a distribution of power in modes or probabilities of states,
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(see: Beer+ 1995; Goerler 2009; Ajay C.J. 2023; further simulations in progress ....)

Magnetorotational instability

* Astrophysical accretion discs need effective viscosity to
feed radial mass inflow. MRI = magnetorotational
instability: orbital shear winds up B; and magnetic torques
drive turbulence (velikhov 1959; Balbus & Hawley 1991) art: © Mark A. Garlick

 MRI can occur in magnetic Taylor-Couette experiments with conductive fluid sheared
between rotating cylinders, ri<r<r, (e.g. Hollerbach & Riidiger 2005; Hung+ 2019)

Rotating thermal convection

* Rayleigh—-Bénard convection between hot/cold surfaces, with 45° global rotation, like a
local box of atmosphere. (Hathaway & Somerville 1986; Currie 2014)

* Vary: Rz = Rayleigh number, T, = meridional thermal gradient

* GQL = generalised quasilinear approximation divides (kx,k,) space into “low” and “high”
modes (background vs fluctuations), at a wavenumber cutoff /. (Saxton+ 2023)

* Fourier spatial (H,C) measure visually subtle changes to flow morphology at different A.
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- In preliminary applications:
v;ordinal PDF in 6,z v;super PDF in t * Plasma turbulence processes occupy different (H,C,A) regions.
» Astrophysical MRI turbulence onset shows shifts in (H,C,A).
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