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Abstract. The time-averaged images of the solar granulation exhibit a slower decrease in con-
trast with the averaging time than do time-averaged images of numerically simulated granulation
and time-averaged random fields with some parameters typical of granulation. This confirms the
hints for long-lived structures in the granulation pattern.

As we reported before (Getling & Brandt 2002a, b), the procedure of time averaging
applied to the 11-h La Palma series of granulation images (see Simon et al. 1994 for
a description) had revealed a conspicuously slow decrease in the rms contrast with the
averaging time; this may be a hint for long-lived photospheric structures. In his comment
on this observation, Rast (2002) claimed that the contrast variation with the averaging
time does not change substantially if the real images are replaced by artificially created,
random fields with some characteristic parameters typical of granulation. On this basis,
Rast raised doubts on the reality of the long-lived component of the granulation dynamics.

Rast’s analysis of the contrast variation was not convincing since the fairly wide spread
in the contrast of individual solar images prevented accurate comparisons. In this study,
to obtain unambiguous results, we subjected the images to a certain standardization
procedure. Specifically, we renormalized not only the mean intensity but also the rms
intensity contrast of the images to a certain specific value, which was the same for all
images analysed. In addition, we removed the residual mean-intensity gradients within
the frame (which were notable in the images of the La Palma series).

Upon the standardization, we computed the variation of the rms contrast with the
averaging time t (at a fixed mid-time of the averaging interval and a total averaging time
of about 7 h) for the following four series of images: (1) the real (La Palma) granulation
images within a 43.5×43.5 Mm2 area, (2) the artificial granulation patterns obtained by
Rieutord et al. (2002) in their numerical simulations of granular-scaled convection and
covering a 30×30 Mm2 area, (3) a similar series computed by M. Steffen, B. Freytag, and
H.-G. Ludwig (see Wedemeyer et al. 2004) for an 11.2 × 11.2 Mm2 area, and (4) Rast’s
random fields corresponding to a 38.4 × 38.4 Mm2 area.

The resulting contrast-variation curves are shown in the figure, on both linear and log–
log scales. The rms contrast of an individual image is normalized to unity in all cases. It
can be seen that the curve for the solar images runs well above the three other curves.
It diverges most widely with the curve for Rast’s random field, while the curves for the
numerically simulated granulation remain in between these extremes. The differences in
the slopes are most pronounced in the region of t � 1 h, but remain quite appreciable
within the entire range of averaging times. This can be noted most easily if we compare
the slopes of the curves with that of the straight line representing (in the right-hand
graph) a statistical t−1/2 law, which should be expected for completely random fields at
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Contrast of the averaged images as a function of the averaging time for the four datasets con-
sidered, on linear (left) and log–log (right) scales. In the right graph, a t−1/2 law of variation is
also shown for comparison.

sufficiently large t. The curve for the real granulation remains sloping more gently than
the t−1/2 line even in the rightmost part of the graph, where t ≈ 7 h. At the same time,
the curve for Rast’s field is virtually parallel to the t−1/2 line for t � 1 h. A rapid decline
can also be noted for the images simulated by Steffen et al. As for the images obtained by
Rieutord et al. (2002) in their simulations, the corresponding curve also runs well below
that of the La Palma series, although it exhibits, for t � 1 h, the slowest decline among
the four curves considered and even approaches the La Palma curve at large t.

We see that the contrast of the solar images exhibits a markedly different behaviour
compared to the simulated granulation and to the random fields, especially at short to
moderate averaging times. Thus, the solar granulation pattern seems to evolve more
slowly than the artificial fields do and possibly contains a long-lived component.
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