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[1] We thank Suciu and Knabner [2009] for their
commentary which discusses the influence of initial plume’s
shape on ergodicity of the second spatial moments. The
discussion is based on previous findings of the authors
[Suciu et al., 2008] showing that ergodicity of the second
plume moments is a rather rare situation. In general,
this discussion is relevant because ergodicity is typically
invoked in order to approximate the spatial second moments
of the actual plume sll, l = 1, . . ., m, where m is the space
dimensionality, with the variance of the particle’s displace-
ment Xll. Conditions leading to ergodic second moments
were investigated previously by Fiori and Janković [2005],
while results on the evolution of the ensemble average of sll
have been presented earlier by other authors [see, e.g.,
Kitanidis, 1988; Dagan, 1990; Zhang et al., 1996; Zhang
and Zhang, 1997].
[2] Although interesting for its general content this

commentary addresses issues beyond the scope of our work,
which focuses on assessing the interplay between the model
of spatial variability and rate-limited sorption in shaping the
evolution of the second moments of a reactive plume.
Furthermore, since in applications the actual (real) distribu-
tion of hydraulic conductivity is unknown the idea of
obtaining the actual plume moments is typically abandoned
in favor of a stochastic description where the ensemble
average of the spatial moments Sll = hslli represents the most
probable estimate, while uncertainty can be characterized by
its standard deviation SD(sll), as shown by Suciu and
Knabner [2009, Figure 1].
[3] An important result obtained by Fiori and Janković

[2005], and confirmed later by Suciu et al. [2008] is that
while hslli converges to Xll as the source volume grows
large, irrespective of its shape, the behavior of the standard
deviation of sll depends on the source’s shape. In particular,
convergence to zero of SD(sll) is facilitated by large source
dimensions in the direction i 6¼ l, and is hindered by large

dimension along l. For example, in a two-dimensional flow
field SD(s11) ! 0 for a planar source with L1 � L2, where
L1 and L2 are the source dimensions along the longitudinal
and transverse directions, respectively. However, conver-
gence to zero is hindered as L1 increases, as evidenced in
the Figure 1 of the commentary. Furthermore, in a three-
dimensional flow field ergodicity is obtained if at least one
of the two source dimensions normal to l, the direction
along which the moment is evaluated, is much larger than
Ll. Therefore, although strictly speaking ergodicity in all
directions is a rare event, as discussed in the commentary,
one can identify several situations of practical importance
in which the longitudinal spatial moment s11 is very
well approximated by the corresponding one particle
displacement variance X11. In all the other cases and
directions, Xii, i = 1, . . ., m, assumes the meaning of the
most probable value of the unknown actual moment sll. For
large sources Xll may be a suboptimal estimator of the
corresponding spatial moment of the real plume, as
remarked in the commentary, but at the same time it
represents the best estimation one can obtain when the only
information available on the spatial distribution of hydraulic
properties are the parameters of the geostatistical model of
spatial variability. In conclusion, we claim that the spatial
moments and dispersivities we derived in our recent paper
[Massabó et al., 2008] can be applied in a broader context
than that indicated in the commentary by Suciu and Knabner
[2009]. For example, as shown by Bellin and Tonina [2007],
Xll can be used in the expressions of the first two concentra-
tion moments of Fiori and Dagan [2000] to obtain the pdf of
the local solute concentration.
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