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7. Simulated MHD turbulence in the solar wind
(cont.)

The parameters are estimated as: A=0.04u (nT), g=8v (nT) and b=1.5 (H=0.6), where
u=0.4G+4.8 (nT) and v=13,000 km (earth’s diameter).
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Figure 3: Fitted Gompertz negatively skewed cdf and pdf (a), climacograms (b),
autocovariances (c) and variograms (d) of the MHD turbulence in the solar wind simulation
image of fig. 2b.

10. Hurricane wind speed observations (cont.)

This gHK model does not provide spatiotemporal cross-covariances with time lag
greater than 0 and scales greater than 1. Note that the observed temporal
autocorrelations are estimated around 0.5+0.1 for all time lags, i.e. not varying
much.
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2. Definitions (cont.)
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where i = (iy, ..., i;), with i; € [1,n,],€ [1,n,], ..., i; € [1,n.] denoting the sequent numbers
of a specific discretized point of x for each dimension,

n:=Mmqy..,n) = (int(T /A1), ..., int(T, /A L)), the vector of the total number of discretized
points in each dimension and

T:= (Ty, ..., T), the vector of durations (for a time variable) or lengths (for a spatial variable)
of x(t).
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Figure 1: An example of a 1D continue sample of (T) duration and the sampling process with

sampling frequency (D) and instrument response (4). We assume that t is continue and of
infinite size.
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1D climacogram (m) = 2A{(m/q+ 1)** — (2 —b)m/q — 1} (16)
(continuous and e (1-Db)(2 —b)(m/q)*

discretized space) with ¥(0,0) = 2 and for ¢=0:y(0,0) — oo

To fit an observed climacogram, we first use the estimated value of eq. 13

(described in eq. 5) for the 1D case, replacing m with \/m;2 + m,2, to have a first
approximation of the fitted parameters. Then, we use eq. in Tables 1 and 2, for the
2D case, to find the best fitted parameters based on an target value (sum of
squares of differences between observed and estimated values) for each
stochastic tool (climacogram, autocovariance and variogram). Note that we do
not use all possible scales and lags but rather a selection of them logarithmically
spaced.

8. Hurricane wind speed observations

Here, we apply an gHHK model to a spatial image of wind speed magnitude from
hurricane Sandy (www.nhc.noaa.gov/data), observed in October 2012 (fig. 4). As
a start point for the estimation of the climacogram, autocovariance and
variogram, we choose the center of the image in fig. 4b (which has 0 wind speed
as it is the eye of the hurricane) and not an arbitrary point (usually is the bottom
left), which would cause high anisotropy.
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Figure 4: The image on the right (a) shows the Sandy hurricane from a satellite view (source:
www.nhc.noaa.gov/data), on which wind velocity and directions measurements are based.
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Figure 6: gHK parameters estimations vs time (t) (a), fitted Weibull positively skewed cdf
and pdf for the 237 and 29t (b), autocovariances (c) and variograms (d) for the 29t of

October.

The left images, represent the wind speed magnitude (in m/s) across a 150 X 150 grid (the
distance between two points is 10 km) centralized to the eye of the hurricane observed in the
23t (b), 25t (¢), 27 (d) and 29t (e) of October 2012.

11. Simulated fully developed turbulence

Here, we apply an gHK model to a 2D spatial simulation of fully developed
turbulence provided by INSIDE

(http://inside.hlrs.de/htm/Edition 01 11/article 09.html). The parameters are estimated
as: A=0.016 m/s, g=1 m and b=0.2 (H=0.95).
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Figure 8a: Fitted Gaussian cdf and pdf (a)
and climacogram (b) of the fully developed
turbulence simulation image of fig. 6.

fully developed turbulence produced
from the vorticity formulation of the
incompressible Navier-Stokes equation
with 5123 grid points.
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Figure 2: The image on the right (b) represent the strength of the magnetic field G (with 4.8
nT the darkest grayscale shades and 5.2 nT the white ones) at the last frame of the
simulation. It is perpendicular to the interplanetary magnetic field and to the direction of
flow of the solar wind (as shown in (a)). Source: http://sci.esa.int/cluster/51231-turbulent-
eddies-may-warm-the-solar-wind/.

9. Hurricane wind speed observations (cont.)

Here, anisotropy is apparent (high dispersion of observed data). Here, we ignore
this and fit the average stochastic structure of the hurricane wind magnitude. The
fitted parameters for each date (fig. 6) are used to incorporate time in the gHK
model (i.e. creating a 2D* spatiotemporal model).
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Figure 5: Climacograms for the 23 (a), 25% (b), 27t (c) and 29t (d) day of October 2012.
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12. Simulated fully developed turbulence (cont.)
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Figure 8b: Autocovariance (a) and variogram (b) of the fully developed turbulence
simulation image of fig. 6.

13. Conclusions-Comments

From the above investigations we can see that, based on the models used, the
Hurst coefficient H is relatively high (above 0.7 in most cases) in the above 2D
coloured images of turbulent wind structures in large scales (ch. 6), intermediate
ones (ch. 8) as well as small ones (ch. 11), indicating the clustering of colours of
similar intensity, i.e. a long-term structure. Similar values of H for turbulent
processes have been estimated by others (e.g. Dimitriadis and Koutsoyiannis, in
preparation, Helland and Van Atta, 1977). Also, the Gaussian distribution seems
appropriate only in the small scale case whereas for higher scales distributions
are highly skewed.
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