Nonlin. Processes Geophys. Discuss., 1, C129-C132, 2014
www.nonlin-processes-geophys-discuss.net/1/C129/2014/
© Author(s) 2014. This work is distributed under

the Creative Commons Attribute 3.0 License.

NPGD
1,C129-C132, 2014

$s820y UadQ

Interactive
Comment

Interactive comment on “Multiple scale error
growth in a convection-resolving model” by F.
Uboldi and A. Trevisan

F. Uboldi and A. Trevisan
uboldi@magritte.it
Received and published: 13 May 2014

We welcome the reviewer comments that will help clarify some points in the manuscript.

1. The main goal of this paper is to characterize the error growth at various dynamical
scales and the introduction of model error would have obscured the interpretation of
results. However model errors, which are present in operational systems, constitute an
important limitation for all improvements that can be obtained by assimilating observa-
tions. In the conclusions of the revised manuscript we will stress that the error reduction
obtained for the trajectory with larger initial error by removing the error component on
the bred subspace is obtained in absence of model (and boundary) error. We agree Discussion Paper
that this is necessary, to caution the reader against too optimistic an interpretation of

our result.
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2. The referee raises a question about the compatibility of the initial error that we used
in the experiments with the "present-day analysis error". The only similitude that we
claimed is the amplitude of the initial error. If the results of our investigation depended
crucially on the spatial structure or the spectrum of the initial error, the referee’s objec-
tion would be relevant. However it is not so, for the following reasons.

A. We investigate here the predictability properties of error growth as a dynamical prop-
erty of the model equations, whereas the structure of the analysis error in operational
systems not only depends on the model, but also on the observational network and on
the assimilation scheme.

B. The memory of the detailed structure of the initial error in the smallest scales of
the non-hydrostatic model is lost in a very short time. This is because the lifetime of
the convective scales, whose statistical properties are related to the model dynamics,
is extremely short. That error growth properties, after an initial readjustment, do not
depend on the spatial structure or spectrum of the initial error, but on the instabilities of
the model has been discussed in several papers; see for example the work by Tribbia
and Baumhefner (2004) and Harlim et al. (2005) and the discussion in Trevisan and
Palatella (2011). What is typical of a convection-resolving model is that initial details
are lost very quickly.

C. The results shown and discussed in the present paper refer to two experiments that
start from different initial amplitudes of the the error. In the second experiment the
initial error is obtained by rescaling the amplitude of the first experiment initial error,
while keeping the same spatial structure. The rate of growth of the error in the two
experiments is very different in an initial period, the one starting with smaller amplitude
error being much larger than the other (see Fig. 1 and Fig. 3). This clearly shows that
what is important is the amplitude, not the spatial structure of the initial error.

In summary, the results indicate that in the non-hydrostatic model the lifetime of the
convective scales is so short that their detailed structure can be considered as noise in
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the error evolution and their statistical properties are independent of the details of the
initial condition.

As a final comment we point out that the procedure used in the experiments is very
similar to what is often done in the operational practice, when the state used as the
initial condition for a non-hydrostatic model is taken from a hydrostatic model that also
provides boundary conditions. This procedure implies the absence, in the initial control
state, of small and fast scales typical of a convection- resolving model. These dynamic
scales, that are present in reality, are also present in the trajectory of our experiments
that we call the "truth" as we chose to give enough integration time for them to develop.

3. Breeding is a consolidated technique, which has been used for over 20 years, and is
well documented in literature. In addition to the references provided in the first version
of the manuscript, in the revised version we will add a reference to the book by E.
Kalnay (2003), which represents an introduction to many topics in data assimilation
and predictability, including breeding. Moreover, for a discussion of the perturbative
equations relevant for breeding in both an unforced dynamical system and a in system
forced by the assimilation of observations, see Section 2.1 of the paper by Uboldi and
Trevisan (2006).
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