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We would like to thank for the constructive and informative comment. In the revised
publication which is currently being worked on, we will consider the remarks made in
the short comments as well as the publications cited.

Comments to the use of the sonde measurements

Q) Errors of the radio-sondes

A) The paper does not deal with the assessment of the sonde performance but uses the
sonde measurements as an independent variable because they are regularly available.
For quality discussions we refer to Treffeisen et al. (2007) who investigate in great detail
the radio-sonde measurements of relative humidity at Ny Ålesund. The problems cited
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in the comment refer mostly to conditions which are excluded from the comparison to
the remote sensors or which do not influence the column anymore:

• The optical instruments SCIAMACHY and FTIR provide IWV only under cloud-
free conditions. The importance of evaluating the definition of “cloudy conditions”
for the SCIAMACHY sensor is stressed in chapter 3.3 of the publication.

• While the microwave sensors are able to measure IWV during overcast situations,
thick water or ice clouds, precipitation, fog etc. rule out the use of the measure-
ments.

• The studies conducted in e.g.Miloshevich et al. (2006) are to establish the validity
of upper tropospheric water vapor. The contribution of this region to the IWV is
very low, because both the temperature and relative humidity are very low.

• Treffeisen et al. (2007) show the difference between the corrected RS-80 sondes
and the RS-90 sondes in Fig. 3 for temperatures below -40 ◦C and derive a linear
fit 1.4 ∗ x + 1.9 for the difference between raw values of relative humidity and
the corrected value. They also found that for temperatures above -40 ◦C the
difference is negligible. Applying the equation 1.4 ∗ x + 1.9 to all relative humidity
values x recorded by the RS80 subtype for temperatures below -40 ◦C lead to a
scatter in the IWV compared to the uncorrected sonde data of less than 0.1 %. It
can be concluded that all radiosondes are good enough for a comparison of IWV
as conducted in the study.

Comments to the use of the microwave measurements

Q) How is the opacity derived from the microwave measurements?

A) As stated in the paper, the OZORAM microwave radiometer is not dedicated for
the measurements of IWV. The main purpose is to measure an ozone profile in the
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stratosphere. In the configuration used in this work it measures at a bandwidth of 1
GHz with a resolution of about 1.6 MHz cantered at 142.175 GHz, which is a prominent
ozone emission. Part of the retrieval scheme is to estimate the opacity and the offset
radiation stemming mainly from water vapor in the troposphere. The estimation of the
opacity is performed by fitting the MPM93 (Liebe et al., 1993) continuum model to the
spectrum together with the ozone radiation and instrumental artifacts. This model is
part of the radiative transfer model ARTS (Bühler et al., 2005) which is used in the
analysis.

Q) Differences in the derived IWV according to the continuum models used.

A) The publication uses an established and investigated method to derive IWV from
the measurements.

The radiative transfer model MWMOD has been used by Wohltmann (2002) to establish
the relationship between the estimated opacity and the sonde measurements at the
same time using a linear regression. Moreover, it was not the intention of this work to
refine the IWV retrievals from the measurements of the microwave sensor.

The comments made will however be taken as an important hint in order to refine
IWV measurements from the microwave sensor OZORAM which is referred to a future
publication.

The authors are well aware that there are better and more accurate methods to esti-
mate the IWV by means of microwave radiometry. However, such instruments are not
available in Ny Ålesund.

Q) Justification of the matching criterion.

A) The matching criterion is clearly a compromise between close proximity in the time
domain and the number of matching pairs. The matching criteria have been chosen
to be comparable for all remote sensors with respect to the sonde measurements. It
has also been checked how the results vary with the variation of the time criterion. It
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has been found that for the microwave sensor a more narrow time window for choosing
matching pairs does not change the results. This can be understood by the fact, that
while the IWV may change quickly and by a large amount, this is a rare event compared
to the amount of matches of sonde and microwave measurement.

Comments to the use of the FTIR measurements

Q) What is meant by cloud-free?

The judgment of “cloud-free” conditions is made by the operator of the FTIR spectrom-
eter. An objective definition of this criterion is difficult to establish and a major concern
in the FTIR community.

However, the FTIR in solar absorption geometry measures the transmission of the
atmosphere. Clouds have broad spectral features and are easily distinguished from
absorption by gases. Therefore the presence of non-visible clouds is not a problem for
the measurement of IWV in solar absorption geometry.
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