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General comments 1. Does the paper address relevant scientific modelling questions
within the scope of GMD? Yes. It concerns parametrizations in convection permitting
NWP systems. 2. Does the paper present novel concepts, ideas, tools, or data? Yes.
Especially the ipSPPT scheme is a quite innovative idea. 3. Does the paper represent
a sufficiently substantial advance in modelling science? In general, the generation of
spread with stochastic physics schemes in NWP ensembles is quite hard work, but
the paper presents some nice improvements. 4. Are the methods and assumptions
valid and clearly outlined? Yes. 5. Are the results sufficient to support the interpreta-
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tions and conclusions? Yes. 6. Is the description sufficiently complete and precise?
Yes. 7. Do the authors give proper credit to related work and clearly indicate their
own new/original contribution? Yes. 8. Does the title clearly reflect the contents of the
paper? In its present form the title does not really reflect that stochastic perturbations
are independently applied to parametrization schemes and prognostic variables. 9.
Does the abstract provide a concise and complete summary? Yes. 10. Is the overall
presentation well structured and clear? Yes. 11. Is the language fluent and precise?
Yes. 12. Are mathematical formulae, symbols, abbreviations, and units correctly de-
fined and used? Yes. 13. Should any parts of the paper (text, formulae, figures, tables)
be clarified, reduced, combined, or eliminated? Figures 3-7 must be substantially im-
proved. There are no ordinate labels and no references to the different panels in the
figure caption. 14. Are the number and quality of references appropriate? Yes. 15. Is
the amount and quality of supplementary material appropriate? Yes.

Specific comments

— Abstract: “Both schemes . . . lead to statistically significant improvements in the
probabilistic performance compared to the original SPPT”. The authors have shown
statistical significance of the different schemes with respect to the reference experiment
of no perturbations not with respect to SPPT (see also Page 7, lines 11-12: “The
statistical significance of the score differences between the three experiments and the
reference run is defined by using a bootstrapping confidence test.”)

— Page 4, line 22: “The tapering function . . . - it is not necessary in some regional
models (e.g. WRF, COSMO).” Are there any references? Do you know why?

— Page 6, lines 8-10: “A potential drawback of the pSPPT approach is a possible
duplication in attributing errors across schemes which can introduce inherent correla-
tions between the perturbations applied to one physics scheme and the output of a
later scheme (Christensen et al., 2017).” In contrast to SPPT the pSPPT approach
enables switching of the tapering function. Christensen et al. 2017 state about the
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effects of tapering in SPPT “. . . this method cannot represent uncertainty in the verti-
cal distribution of convective heating. SPPT does not perturb fluxes at the surface or
top of atmosphere, introducing inconsistencies between the perturbed tendencies in
a column and these fluxes.” When balancing the disadvantages from tapering incon-
sistencies or a possible duplication in attributing errors across schemes, it seems not
unreasonable to try out the pSPPT approach. Moreover, it could be expected that er-
rors naturally appear all along the production line of the parametrization schemes and
will be processed through the different schemes anyway, presumably being inherently
correlated at the output. The main fundamental reason for keeping the parametrization
chain deterministic and balanced is that in deterministic parametrisations similar ten-
dencies on input produce similar outputs and thus large scale correlations of the input
tendencies on the grid scale will not be altered by the parametrization chain. There-
fore, in SPPT only the final output of the chain is perturbed with large scale stochastic
patterns which are tied to resolved physical processes on the grid scale. Christensen
et al., 2017 state: “SPPT also imposes large spatio-temporal correlation scales when
perturbing tendencies to represent the correlation of model uncertainties in space and
time, but these correlation scales have not been measured and are not tied to physical
processes.” Because the correlation length scales of the stochastic patterns are the
same one can still expect that the correlations of the input tendencies survive not only
the SPPT but also the intermediately perturbed parametrization chain of pSPPT.

— Page 12, lines 13-15: “Perturbing the physical schemes separately and considering
this perturbed fields in the subsequent parametrisation (pSPPT) results in a positive
effect on the stability of the model. In this case the tapering function could be switched
off for microphysics, radiation, and shallow convection without any problems.” Page
12, lines 23-24: “Hence, an interaction of of the uncertainty of one physical scheme
in the subsequent one is considered in pSPPT and ipSPPT which seems to increase
the consistency of the model,” What does consistency of the model means? Does it
mean that it runs more stable? It is a little bit surprising that the tapering function could
be switched of in the ipSPPT as well, because there is much more uncorrelated noise
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than in the two other schemes? Where does the stability comes from?

— Pages 12-13, lines 32-6: “The ipSPPT approach is a modification of pSPPT where
the tendencies of the variables T, U, V, and Q receive separate perturbations. As
shown in Sect. 3, this approach obtains the best probabilistic scores overall, even
though the method is considered critical from a physical point of view. A major con-
cern with the ipSPPT approach is that the balance between the quantities resulting
from one parametrisation scheme can be disturbed (Palmer et al., 2009). For exam-
ple, the microphysics scheme provides an increase of temperature at a certain point
due to condensation processes which are also decreasing the water vapor content.
This equilibrium is destroyed if temperature and water vapor content tendencies are
perturbed with opposite signs. On the other hand, it cannot be assumed that T and
Q have exactly the same error characteristics, as it is supposed in SPPT and pSPPT.
Furthermore, in SPPT and pSPPT the wind direction is never altered stochastically,
since the tendencies of the U and V components are always using the same stochastic
pattern.” Page 6, lines 23-25: “The first SPPT version in the IFS model (Buizza et al.,
1999) has also used such separate patterns for the different parametrised tendencies.
However, it has been removed in the revised SPPT scheme (Palmer et al., 2009) be-
cause some physical relationships within a parametrisation scheme could be violated
in this way (see Sec. 5).” The ipSPPT is the winner while pSPPT performs very similar
to SPPT, except for the surface in January 2017. This latter improvement might be
effectively attributed to switching of the tapering function in pSPPT. I would follow the
authors that the possibility of altering the wind direction in ipSPPT is a good candidate
for explaining the superiority of the ipSPPT in generating reasonable spread, especially
in complex terrain like the Alps in winter and for convection in summer. While U and V
should be perturbed differently, the T/Q imbalance could be avoided, if these variables
are perturbed with the same or correlated stochastic patterns, as it has been described
by Christensen et al., 2017 for the handling of processes in their iSPPT scheme: “It is
likely that the ‘true’ errors in the parametrization schemes are neither perfectly cor-
related as in SPPT nor perfectly uncorrelated as in iSPPT. A further interesting line of
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enquiry would be to introduce correlations between the noise patterns used for different
parameters. Instead of using two independent patterns in iSPPT, perturbation patterns
for the wet processes could be partially correlated with each other, while perturbations
for the dry processes could also be partially correlated.” Have you tried to modify the
SPPT by simply perturbing U, V with different stochastic patterns, or do you know, if
anyone else has done this?
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