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We highly thank the reviewer for pointing out a larger number of references with rele-
vance for this study. Including these references in the study will strengthen the case of
the paper.

The reviewer has two major points:

1. The reviewer requests that we more clearly separate between features relevant
for the real world and such that are represented in a distorted manner in ECMWF,
i.e. for which we show that ECMWF misrepresents reality.

We will emphasize in the new version that all features shown are features of the
ECMWF model. In particular, we will add for each source process which we discuss
some sentences, to which degree this source process may be represented realisticly
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in ECMWF.

There are two reasons why GWs may not be well represented. The first reason is
that the resolution of the model is not sufficient. The second reason is that source pro-
cesses are not adequately represented in the GCM or do not feedback to the dynamical
core.

Regarding resolution: It is evident that the model can only represent processes and
associated GWs which are larger than the spatial and temporal resolution of the model.
This excludes parts of the mountain waves as well as some convective processes.
Larger scale mountain waves, on the other hand, should be well represented.

There are also processes which are represented in ECMWF but for which the resolu-
tion still may be important. For instance, the question whether GWs from spontaneous
imbalance are realistically represented is more difficult to answer. Previous investi-
gations showed that the horizontal wavelengths of the excited GWs depend on the
model resolution. Whether the scales generated by ECMWF are realistic, is beyond
the means of this study. However, this study demonstrates clearly that these waves
are very important for the total momentum in the vortex regions. Also our study hints at
a source process in the high-latitude tropopause region. Again we can show that this
source process produces a major part of the GW momentum resolved by ECMWEF.

In the cases of spontaneous imbalance and high-latitude tropopause region we have
evidence that they are important in ECMWF. In both cases measurements indicate
comparable GWMF in the investigated regions. We therefore may assume that they
are likely important also in reality. However, whether the spectral features are well
compatible we have insufficient evidence. In this case the absence of contradicting
evidence is not yet proof for realism.

Finally, we can clearly show that some source processes connected to convection are
missing. As discussed below that does not mean that the source processes repre-
sented in ECMWF would not occur in nature.
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We think our paper is an important step forward, because it a) gives guidance which
source processes need to be addressed in more detail, b) provides tools for the inter-
pretation of these data and c) in case that realism could be shown, this would validate
ECMWF as a mean for extrapolating locally understood processes to the global scale.

2. Further references to relevant literature are requested.

We highly appreciate the reviewer’s suggestions and will include them in the discussion
of the text. They document that already a larger number of studies used ECMWF data
for scientific interpretation and hence support the importance of better understanding
these data.

Specific comments:
p11964, par2

We want to distinguish between the parametrization of Charron and Manzini (2002),
where waves have wave vectors orthogonal to the background flow, and waves from
spontaneous imbalance, for which wave vectors may point at least in part in the direc-
tion of the flow. We will rewrite this paragraph to clarify and include further references
suggested by the reviewer.

P11965, L15

We will update the resolution to the last value available before resubmission and in-
clude the precise date for this resolution.

P11966, 16-7; and 125.
We will include the suggested references in the discussion.
Figure 4

Marking the discussed regions was explicitly requested by reviewer 2. We think these
marks are indeed helpful for following the discussion and therefore we would like to
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retain the ellipses.
p11979 Reduce discussion, because this is not a real process

The nature of tropical waves in reality is debated. There is evidence for different pro-
cesses and for different scales. In particular, there is also evidence that those long
waves found in ECMWF may exist in nature (cf. the quoted radar measurements).
What is not realistic is the dominance of these waves.

The vertical wavelength depends on the Doppler shift by the background winds. There-
fore a dominant vertical wavelength does not exist. For instance, the vertical wave-
length changes and will approach zero when the waves are filtered by the QBO (e.g.
Ern et al., 2014). The backward rays are stopped because a critical layer is reached
from above. This means that in the region of excitation these waves have short vertical
wavelength. This again is compatible with radar measurements. Therefore the second
argument is not true: the waves considered here have shorter vertical wavelengths in
the excitation region. We will add this point in the discussion.

Concluding: the discrepancy to nature is not the fact that the described forcing mecha-
nism does not exist in reality, but a) that it may be overestimated in ECMWF and more
important b) that other types of wave sources exciting GWs of a few hundred kilometer
are missing. As requested by the reviewer in his/her major comment we will discuss
for the individual processes which facts are realistic and which are not.

P11984, L1-2 Importance of the factor (1 — f?/w?) and
Figure 7

Reviewer 2 requests to delete figure 7. Accordingly we will also erase the related text
from the manuscript.

p11985 Relative importance of shear and convection

We find in our investigations
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« that many wave sources are obviously related to convection (cf. Figure 3 and 5)

 that, assuming convection as the source, almost all waves are from the
tropopause region (Figure 6), and

* no evidence for an alternative source process

The tropopause region is characterized by strong wind shear and accordingly low
Richardson number. Therefore we conclude that apparently processes associated with
convection are generating GWSs on top of the convection in the region of strongest wind
shear. Based on six hourly data we cannot precisely analyze such processes. Further,
this is beyond the scope of our paper.

We will try to clarify this point in the revised version of the paper.
P11990 The intensity of the updrafts depends on the resolution of the model

We agree with the reviewer that only very high resolution models can fully capture the
updrafts of a deep convective system. However, the updrafts in ECMWF are exception-
ally weak even for a model of this resolution. For instance, typhoon simulations with the
MM5 and the WRF model (e.g. Kim et al., 2009) show updrafts of the order of 10m/s
at the same horizontal resolution as that of ECMWF. We will modify the paragraph.

p11990 Do you mean seasonal prediction?
We will use "seasonal prediction”
p11983 Discussion on intermittency of mountain waves

We will include the references of Plougonven et al. (2013) and Hertzog et al. (2012) in
this discussion.
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