
Answer to reviewer #1:

We appreciate very much the insightful, constructive and extensive comments from the
referee #1, which we will consider in the revised paper. In the following the slanted texts are
the comments from the referee.5

I believe this should be seen as a first (or second) step and further validation and
improvements of approach will likely follow. While the presented validation stud-
ies provide some indication of improved sea ice thickness characteristics, I am not
entirely convinced that these retrievals at this point allow an examination of sea ice
thickness variability (monthly, inter-annual, spatial) or whether some of improve-10

ments rather adjust the retrievals to a growth curve that is closer to observations. The
paper does not provide statistics on the explained variance or skill of the retrievals.
A more comprehensive validation study should follow once more correlative data
have been compiled - if they dont exist already. Some of the uncertainty analysis
needs a little better explanation too.15

It has not yet been possible to make a thorough statistical analysis of the skill of the retrievals
since the available validation data, in particular with respect to thin ice, are sparse. The results
from the assimilation systems PIOMAS and TOPAZ have only been used for comparison and
not to tune the retrieval algorithm. There was no adjustment to a growth curve as the emissivity
model used for the retrieval is based on independent physical parameterizations. Further val-20

idation experiments are planned. Once when more suitable validation data become available
they will be used to better assess the skill of the retrievals. A more detailed explanation of the
uncertainty analysis is given in the revised paper.

In the following we address the detailed comments given in the review according to page and
line numbers.25

P5737, 9:... uncertainties related to snow thickness assumptions could be mentioned
here too. (as with pretty much all the thickness retrievals. A statement to this effect
might be made at the end of the review.
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We have added the following sentences after line 10: “For the ice thickness retrieval an esti-
mation of snow thickness on thin sea ice is needed, e.g. from climatology or a sea ice ther-
modynamic model forced with numerical weather prediction model data. Typically, the snow
thickness uncertainty is one of the main factors determining the uncertainty of the retrieved ice
thickness.”5

P5738: a brief review of the physical principles behind the TB variation would
be useful. How does sea ice thickness relate to the emissivity of sea ice at 1.4
GHz? How does temperature affect both the emissivity and the total brightness
temperature?

The following short review of the relationship between SMOS measured brightness tempera-10

ture and sea ice thickness, ice temperature, and ice salinity is added in line 9: “The measured
brightness temperature depends on the ice concentration, the molecular temperatures of the sea
and the ice, and their emissivities. The sea ice emissitiy depends on the sea ice microphysi-
cal structure but the inhomogenieties like brine pockets and air bubbles are much smaller than
the wavelength of 21 cm. Therefore, we can consider sea ice as a homogeneous medium and15

negelect volume scattering. The modelled sea ice emissivity used for the present study mainly
depends on ice thickness, ice temperature, and ice salinity (Kaleschke et al., 2010).”

P5739, 8: ”thermal equilibrium” Please explain what is meant by that. I assume
you mean that the ice has no heat capacity and thus ice surface temperatures are
at equilibrium with the surface heat balance? Some words on why this is a good20

assumption for the ice thicknesses you are targeting would be good.

It is true that the assumption of thermal equilibrium is one of the potential error sources in the
retrieval. We apply our retrieval only for the period from October to April for the northern
hemisphere, which means that we can neglect melting. For simplification we neglect the heat
capacity of ice and assume that the ice layer reacts rapidly to the change of air temperature.25

We have estimated that a thin ice layer with a thickness of 50 cm needs less than 2 hours
to re-establish a linear temperature gradient within ice (Kaleschke et al., 2013) (Chapter 3).
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Therefore, for the calculation of daily averaged ice thickness of thin ice, an assumption of
linear regression of ice temperature is fairly accurate.

P5739, 19, deformation:Deformation is not the only reason that we have different
ice thicknesses I think?

We rewrote the sentence “However, due to sea ice deformation in natural sea ice, a broad scale5

of ice thicknesses occurs within one footprint of SMOS” to “However, natural sea ice exhibits
a statistical thickness distribution within the spatial resolution of SMOS as a matter of the
dynamic-thermodynamic growth and deformation processes (Bartels-Rausch et al., 2012).”

P5739, 24 tends to represent:Variations in retrieved ice thickness tend to be dom-
inated by the thin ice, right? The footprint TB and retrieval “represents” all ice10

types... Minor quibble.

We changed “SMOS-derived ice thickness under assumption of a plane ice layer tends to rep-
resent the lower end of the ice thickness distribution within the footprint” to “SMOS-derived
ice thickness depends on the thin ice part in the ice thickness distribution within the spatial
resolution while the contribution of the thicker ice part can not be quantified due to the limited15

penetration depth. Thus, the overall mean thickness for a mixture of thin and thick ice can only
be estimated in a statistical sense when the thickness distribution function is known.”

P5741, 7, up 85 Deg,...:I assume the orbit configuration leaves a hole north of 85 or
is the coverage just reduced. Southern boundary of daily coverage might be useful,
polar is a bit vague20

The orbit configuration leaves a hole near the pole. For higher incidence angles the coverage is
slightly more. We cut out the region north of 85◦ because SMOS does not deliver enough data
in this region to make daily averages. We added in line 7 the following sentence. “The southern
boundary of the north polar region is defined as latitude 50◦ for the sea ice thickness retrieval.”

P 5744 SSS:Is a weekly climatology constructed from the MIT model? Not inter-25

annual variation? Please clarify time step and that it is not time varying as clima-
tology implies. Also,some discussion that using SSS from a model in which SSS
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responds to sea ice thickness variations, may lead to some circularity if SMOS re-
trievals are used to compare to model. The paper doesnt show a comparison with
this particular model, but SSS errors could be correlated across models. Not sure if
this is something significant but a caveat might be inserted.

The following sentences are added. “The SSS data used in this work result from an integration5

of the MITgcm including inter-annually varying surface forcing (computed with bulk formula
and the NCEP reanalysis atmospheric state). From the model’s daily surface salinity output for
the years 2002-2009 , a ’weekly climatology’ was produced. That means that for every week
in that climatological year, 56 salinity values (7 days x 8 years) were averaged at each location.
The resulting climatology has therefore 52 values (52 weeks) at each position. In conclusion,10

we use a seasonal climatology with weekly resolution, which we have abbreviated to ’weekly
climatology’. ” The model’s surface salinity responds in part to the model’s sea ice thickness
variations. However, the model’s sea ice thickness is not connected to the SMOS retrievals.
We have not compared the model’s sea ice thickness with the SMOS retrievals in the paper and
we have not performed any SSS comparison between models. It is however possible that some15

common model biases exist, but how these would determine the agreement between model sea
ice distributions is at this point unknown to us.

P5745, 13 shortwave:How does shortwave radiation effect the retrieval of ice thick-
ness from MODIS? Are channels with significant visible light used? This seems
odd.20

Shortwave radiation effects can be excluded because for the retrieval of ice thickness from
MODIS only nighttime data are used. No visible light channels are used.

P5746, 15 does not include snow layer:What is the effect of snow on the 1.4 Ghz
emission? If there is none or insignificant, then this should be stated. I understand
the effect of the snow layer on the thermodynamic temperature but that seems irrel-25

evant with respect to the radiative emission model.

The effect of a snow layer on the L-band emission is twofold. One is the thermodynamic effect
on the bulk ice temperature, the other one is the effect on the emissivity. The first factor is
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considered in our study by including a snow layer in the thermodynamic model. However,
the second factor can not be investigated with the three-layer (air-ice-water) emission model
based on the model developed by Menashi et al. (1993) since we can not add a snow layer in
this model. We agree that the radiative contribution of a snow layer to the overall brightness
temperature could be one of the major uncertainties in our retrieval, which we can not quantify5

right now. The effect of a snow layer on thick ice (compared to the penetration depth) has been
investigated in Maaß et al. (2013b) with a multi-layer emission model that includes a snow layer.
According to the model used in that study, whether or not the ice snow-covered has a higher
impact on the brightness temperature than the thickness of the snow cover. However, an inter-
comparison and validation of the different models for thin ice has not been done yet. We added10

in the conclusion P5765 line 9 “The quantification of the effect and uncertainty caused by a
snow layer is considered as future work.” Instead of “The model does not include a snow layer.”
we used following sentences in the revised paper. “The model does not allow for adding a snow
layer. A snow layer has a twofold effect on the L-band emission. One is the thermodynamic
insulation effect, which will be discussed in the following section, the other is the radiative15

contribution to the overall brightness temperature. To consider the second effect an elaborate
inter-comparison with a multi-layer emission model, which includes a snow layer (e.g. Maaß
et al. (2013b) would be necessary.”

P5747, 9 observation data:Observation data of salinity or does this mean that this
salinity gives the best retrieval results?20

We changed “observation data” to “observation data of ice salinity”

P5747, 24 varies between -5 and -10...:This needs a reference and also seems wrong
at least for thick ice. Timescale and space scale of that variation would make it more
meaningful.

We changed “which is typical for the Arctic in winter” to “which can be expected in thin ice25

covered areas in the Arctic during the freeze up period” and added a reference (Perovich and
Elder, 2001)
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P5748, 7, partly caused by the insulation:So the emissivity is also effected by the
snow layer (see prior comment).. Again some quantification or statement why you
dont worry about this further, would be helpful.

please refer to item P5746, 15.

P5748, 24 Cs, Ce calculated from Reanalysis:Anyone who hasnt read the Maykut5

1986 paper will scratch their head over this one.This approach seems kind of awk-
ward and needs some explanation. I am not quite sure why you are not using the
JRA-25 radiative fluxes. The assumption of constant clouds is likely to set up very
strange surface energy balance solutions since the surface air and ice surface temper-
ature in winter respond quickly to any variations in clouds and downwelling long-10

wave radiation. On a clear day, the air temperature will be lower and this will reduce
the downwelling longwave in the parameterization, but not fully, because you keep
your clouds constant. The net effect will be a low bias in the downwelling longwave,
which will result in a lower surface temperature that you would expect (If I got this
right). I am not sure how much of a difference this will make but the authors may15

want to give this some thought and have future implementations of the algorithm
use a consistent set of forcing variables from the reanalysis (maybe they have tried
and ran into other issues?)

We are aware that keeping parameters like the cloud coverage constant has an impact on the
radiative fluxes of up to 20 %. In future work we will apply radiative fluxes from reanalysis20

data.

P5750, 11 optimal accuracy: What is meant by that

We changed “The first criterion represents half of the optimal accuracy of daily averaged mea-
surements.” to “The first criterion is defined by considering the radiometric accuracy of the
brightness temperature measurements and the number of daily available measurements.”25

P5752, 17 Sea ice thickness uncertainties:I could use a more detailed explanation on
how the overall uncertainty was established. Is this based on a Monte Carlo simula-
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tion or how is the error propagation dealt with. Some discussion on the correlation
between errors is needed. The implicit assumption seems to be that those errors
are uncorrelated and therefore scale by SQRT(N). While errors in TB are possibly
that way (are they? Is this a random sampling of the different incidence angles or
other TB errors), I doubt very much that errors in Ta, errors in assumptions about5

fluxes, snow, thickness distribution are. That should at least be discussed. A thor-
ough assessment of the correlation length scales of those errors would probably be
difficult.

In the revised paper we added “The uncertainties provided in the current data set are the very
first estimations. The different error factors are not independent, because they are functions of10

ice thickness. An elaborate investigation about the correlation between these error factors will
be carried out. At present, each error caused by the standard deviations of brightness temper-
ature, ice salinity, and ice temperature is estimated by keeping the other parameters constant.
The total uncertainty given in the data set is the sum of these errors. Errors caused by the as-
sumptions about fluxes and snow thickness have not yet been included. We consider this as15

future work.”

P5754, eq 11:A note that max(d) isnt dmax would be helpful. I had my brain in a
knot until I realized that. Also some discussion of whether this integration includes
the open water category (I think it should) should be linked to the prior discussion
of the sensitivity to ice concentration and the 100 % assumptions. Those points are20

clearly related. There is also a much richer data base from which sigma (and its
validity) could be derived and tested. I am a bit doubtful that this adjustment will
produce anything but push SMOS ice thickness just closer to a climatological mean.
The fact that MODIS comparisons dont use II* suggests that application of sigma
comes with problems. That choice b.t.w. needs some explanation.25

We added in P5754 line 9 “While dmax is the maximum retrievable single layer ice thickness,
max(dice) is the maximum of ice thickness in the ice thickness distribution function.” Open
water is not considered separately in the ice thickness distribution function, it is allocated to
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the very thin ice. Since we assume 100 % ice coverage, it is a reasonable approximation to
consider open water as very thin ice. In future work we could consider the open water fraction
in the retrieval using an additional ice concentration data set derived from passive microwave
sensors. The determination of sigma is based on the IceBridge data, which covers mainly multi-
year ice in the Central Arctic. A more elaborated examination of the validity of a constant5

sigma value in different thin ice covered regions, as well as the uncertainty caused by this
parameter will be carried out in the future. We use SMOS Algorithm II for the comparison with
ice thicknesses derived from MODIS thermal measurements because both represent the modal
(level) ice thickness of undeformed ice. These were discussed in the revised paper.

P5755, 1 Comparisons:This section could benefit from some analysis of variability?10

What is the correlation between retrieved and model ice thickness after taking out
the seasonal cycle. Ideally you would want to do this with observations. [ Are
there really not more observations available that this? What about the previously
IceBridge data used in the study?] Are you retrieving variability or are you adjusting
the seasonal cycle to something more realistic? It would also be interesting to see15

what is “retrieved” from the SMOS brightness temperatures and what is “modeled”
based on the linear model. One could run a thermodynamic ice growth model using
the same input or compare with a simple freezing degree, ice growth calculation. It
would be nice to highlight the information that comes from SMOS here. I think the
more convincing validation data come from the MODIS comparisons. The match20

in spatial variability makes a good argument. Some quantification of that match
(spatial correlations) might be useful.

As far as we know, there are no continuous measurements of sea ice thickness during the Arctic
winter to compare with the time series of SMOS ice thickness. The IceBridge data were col-
lected mainly over multi-year ice regions, where SMOS obviously has shortcomings due to its25

limited penetration depth. Furthermore, IceBridge campaigns were mostly carried out in March.
Following information was added in the Comparison section. “SMOS retrieved ice thickness
represents both thermodynamic and dynamic evolution of an ice layer with a spatial resolution
of about 35 km on a daily basis in the polar regions. The variability of SMOS retrieved ice
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thickness comes partly from ice concentration variation, partly from the changing surface air
temperature. We compared SMOS retrieved ice thickness with PIOMAS and TOPAZ model
outputs to assess whether the magnitude of the ice thicknesses are in the same order. The corre-
lation between SMOS ice thickness and model outputs is low if we remove the seasonal cycle.
The advantage of the SMOS ice thickness product is that it can reflect to some extent the fine5

scales of temporal and spatial variability of thin ice thickness, which most ocean-sea ice coupled
models are not able to simulate. Ice thicknesses derived from a thermodynamic model or from
a simple freezing degree day ice growth calculation can not reflect the variations caused by the
ice dynamics, which in contrast could be captured by SMOS. The spatial correlation coefficient
between SMOS and MODIS is on average about 0.6 for the selected days.”10

Figures: Figure 1 needs some more explanation or can be cut as far as I am con-
cerned. Fig 11-13.. PIOMAS and TOPAZ could use different colors. EMT could
use a different color.. I had a hard time finding it at all.

Figure 1 caption: We added “To avoid the patchy distribution of DGG pixels within one snap-
shot, we overlaid 100 consecutive snapshots after axis transformation. After that, the radiomet-15

ric accuracy and incidence angles are interpolated with 10 km spatial grid resolution.”
We used different colors for PIOMAS and TOPAZ. EM measurement was pointed out.
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