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Thank you for the comments and suggestions. Below, we’ve reproduced those com-
ments and provided our responses.

General) I am (weakly) disappointed with one fact: every time when I thought that it
now becomes really interesting I was consoled with a potential forthcoming work. This
criticism applies to the investigation of the uncertainity of the mass density relationship
... and the errors that are induced with the assumption of Rayleigh scattering.... I
acknowledge that you might want to treat those errors in a forthcoming article, but then
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I do not really understand how relevant that your results are in terms of the uncertainty
of the radar reflectivity, since, from my feeling and my experience, these two error
sources will significantly change the uncertainty values that are published in the current
study.

Thanks, we appreciate this comment but had to omit this other material for several rea-
sons. Regarding the uncertainties in the mass density relationship, the work presented
here prepares for a retrieval that estimates the mass-dimension relationship parame-
ters using observations including the near-Rayleigh radar reflectivity and snowfall rate.
The retrieval results also provide the estimates of the uncertainties in the parameters.
The assessments presented here of forward model uncertainties are required a priori
for that retrieval. Although in the Introduction, we describe the use of these observa-
tions to estimate snow microphysical properties, we would clarify this in the passage
you referenced. For the uncertainties due to the Rayleigh scattering assumption, in-
cluding the methods and results for that work would have substantially increased the
length of this paper, and departed from the focus on disdrometer uncertainties.

1. (page 6334, line 18): through instrument -> through the instrument

Thanks. this will be corrected.

2. (page 6341, line 3-5): "Since the models use solid ice and liquid water densities and
dielectric parameters, these are not expected to be significant sources of uncertainty
and are neglected..." -> I do not fully agree with this statement, at least not without
further justification. The dielectric constant of ice is not that well known, and a wealth
of models exist that try to empirically describe it. Depending on the model you use, the
error you incorporate might be quite large. In addition, the dielectric constant exhibits
a temperature dependence. Can you simply ignore it?

At microwave frequencies, the value of |K_i|ˆ2 is driven by the real part of the refractive
index. Warren and Brandt (2009) provide estimates of the uncertainties in ice refractive
index at 266 K (their figures 8 and 9), based on comparisons between two earlier stud-
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ies (see refs in Warren and Brandt). From their graphical presentation, the discrepancy
in the real part of the refractive index between the two studies appears to be no larger
than about one part in 200 at X-band. The temperature dependence of the real part is
also weak at X-band. A formula provided by Mätzler (2006) suggests that the real part
varies by less than one part in 200 from 243 K to 273 K. These uncertainties would
contribute negligibly to uncertainties in Ze, given the assumption of Rayleigh scattering
by spheres used in this work.

We’d suggest inserting a statement justifying our neglect of ice dielectric parameter
uncertainties in the first paragraph of section 4.1.

3. (page 6340, line 9): "These errors may consist of both systematic biases and ran-
dom components. Once recognized biases have been corrected, the residual uncer-
tainties are characterized by a covariance matrix S_e." -> I have not fully understood
how you deal with biases. Where and how do you correct these recognized biases?

Referring to equation (14), there are two types of forward-model error, the model for-
mulation error (delta F), and the forward model parameter error. For the forward model
formulation errors (delta F), errors arise from the discretized and truncated size distri-
butions reported by the SVI (and by any other disdrometer with finite sampling limits
that reports discrete PSDs). To evaluate these errors, we compute synthetic obser-
vations of reflectivity and snowfall rate using more complete size distributions (from
the 2DVD), then compare those against synthetic observations computed using the
discrete, truncated 2DVD size distributions. Bias is evaluated simply as the mean dif-
ference between these two sets of synthetic observations. We evaluate the biases for
different values of the parameter “b”, then correct the discrete-truncated observations
for the biases and compute the error variances and covariances to obtain the values
shown in Tables 2 and 3.

We’d suggest that we add a statement briefly explaining the bias evaluation at the end
of the second paragraph of section 4.2.
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For the forward model parameter errors, we have included uncertainties in the mea-
sured size distributions arising from analytic and sampling errors, in the measured
fallspeeds, and in phi. For the fallspeeds, an apparent bias is corrected by applying a
filter consistent with a prior study, as described on pages 6345 and 6346. For the size
distribution parameters, the analytic and sampling error are expected to be unbiased,
and the discretization-truncation bias is handled as a forward model formulation error.
For phi, lacking higher quality assessments of its value, we treat it as unbiased.

4.: I have also not fully understood if your errors need to fulfill certain criteria: Do they
need to be Gaussian distributed or is this irrelevant?

No, definitions of expectation and variance/covariance and the methods used for error
propagation in the Appendix do not require assumptions that the errors be distributed
as Gaussians. Some applications that use these results may require that the errors be
distributed in a particular form (i.e., solution techniques for inverse problems may as-
sume Gaussian error statistics), but that assumption is not needed for these uncertainty
assessments. The Gaussian assumption is applied only in the construction of Figure
3, which is used to compare these forward model uncertainties against estimates of
observational uncertainties.

We would add a comment near the beginning of the second paragraph of section 5
explaining that, while the uncertainty estimates do not require assumptions about the
shape of their distributions, we have applied a Gaussian assumption here in order to
illustrate and compare the uncertainties.
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