Dear Editor,

Please find below a detailed answer to the commehtke three referees on our
manuscript tcd-5-2765-2011. These interesting comtsn@nd suggestions helped us to
improve the manuscript on several points, suchras @ossible representation of the lead
ensemble by the mean lead width only, on the iategn of the fluxes, on the role of the
power law exponent on fluxes, etc.. We would likehank the referees for these constructive
comments.

With best regards,

Jérdbme Weiss and Sébastien Marcq



Review of E. ANDREAS

1. In their Conclusions, the authors’ last sentaa¢®ur estimation may be a first step
towards a subgrid scale parameterization . . ctually, Maslanik and Key (1993,

Geophys. Resl00, 4573-4584) probably made the first step. Theypdedty much what the
current authors have done: calculate what thelgr@atraged sensible heat flux is for a given
distribution of lead widths. They used the fluxgraeterization of Andreas and Murphy
(1986) rather than Andreas and Cash (1999) andreesba lead distribution function of P(X)
= Aexp(-X/\), based on submarine sonar data, instead of therdaw that the authors use;
but their objectives were similar.

The authors need to consider this previous workexpdain how their analysis differs

from it or improves on it.

OK, good point. We indeed forgot to cite this wiarkhe former version of the manuscript.
This is now the case at the end of section 1. Maoteever, that the difference between their
work and the present one is of fundamental natMi&slanik and Key considered a
(theoretical) exponential distribution for the leaddths. Indeed, in the case of an exponential
distribution, the mead defines the entire pdf. It is therefore not suspry in this case that

the ensemble of lead widths is well representeithdynean.

Our observations argue instead for a power law bty density function (pdf). As we now
explain in section 3.2, this has strong consequ&rfeer a power law exponent a>2 (as we
observed), the mean lead width is controlled bylalager bound to power law scalingg.Ln

the case analyzed in our work (SPOT image), tmeidound has no physical meaning, as it
is set by the resolution of the image (10 m).éf(mknown) physical lower bound is of the
order of 1 m, the fluxes calculated for this mezadl width strongly overestimate the fluxes
calculated from the entire distribution. In otheonds, the ensemble of lead widths is poorly
represented by the mean.

Note finally that, with the sentence “a first stegvards..”, our aim was not to pretend that
we were the first to tackle this problem, but siyrthat our calculations can give a first order
estimate of the correction on heat fluxes neededk® into account lead width distributions.

2. The title is hard to read: “Leads Widths Diatitibn.” I'd revise it to “Influence of Lead-
Width Distribution . . ..”

OK. Done

3. The authors’ discussion of the lead-width digttion seems incomplete. They write this
distribution only as P(X) ~ > That is, the distribution seems to be a probigtulensity
function. The fundamental requirement of such afion is that it integrates to one over its
range of validity. The authors never make this pa@nd the ~ symbol above leaves
unspecified the proportionality constant that ecésrthe limit of one.

Presumably, the authors use the distribution fondib get the areally averaged heat flux (H,
either sensible or latent heat) in an equationthks

(1) H= TH (X)P(X)dX



where H is the areally averaged flux. Because pfi(is essential to have a true probability
density function that integrates to one.
From the authors’ P(X), | get

(2)
Hence,
_a-1( X"

is the full expression for the distribution functithat the authors use.
Notice, too, the distribution function depends ba smallest lead width considered, L
The authors discuss cases wittof.both 10 m and 1 m (page 2783).

We, obviously, fully agree with this. It is indg@dferable to present the full expression
(relation (3) above, now eq. (11) of the reviseduosxript), especially when we discuss the
role of the exponent a and the cut-offdn the mean width in section 3.1.

We now also present explicitly the relation (1) ebddeq. (12) of the revised manuscript), to
avoid any confusion.

4. Still on the issue of the distribution functidram not sure why the authors even introduce
it. In the calculations described in Section 3, swarized in Table 1, and depicted in Figures 5
and 6, for lead width, the authors use horizontdl ertical slices across Figure 3. That is,
they seem to use the actual distribution of leadbeir satellite image rather than the
distribution function that they deduce. Please diesg/our approach better so we can see
where P(X) fits in it.

First, we use, in section 3.1, the actual distribatof lead widths obtained from the SPOT
image. Then, in section 3.4, we analyze the seitgitif the calculated fluxes on the
parameters of the (theoretical) power law pdf, éxponent a and the cut-off. We tried to
improve the text to explain this more clearly andvoid a possible confusion.

5. Still in Section 3, the authors discuss thrgesyof flux calculations: one, with the full
distribution of lead widths; two, the calculatiahsit CLIO makes; and three, a typical model
calculation in which all the open water in a grall¢s put into one big lead. Maslanik and
Key (1995) tried yet a fourth approach. Becausekrmaw the lead distribution function, from
the total open water area, you could calculatentban lead width (or the median width) and
run your flux calculations just once for this widMaslanik and Key found that the heat flux
calculated for this single mean width was simitatite areally averaged flux calculated for
the entire distribution. If you also find this rétsthe method would provide a simple but
improved estimate to just using the total open wate

See also the answer to point (1). As, noted, wdrwala very different answer compared to
Maslanik and Key. We performed and discussed thgested calculations in section 3.1 and
found, for a lower cut-off to power law scalingdf 10 m, a reasonable agreement between
the flux calculations obtained from the entire disition and those obtained from the mean
width only. However, as we discuss, this relatigeeament is most probably fortuitous, as
the cut-off l, which controls the mean width, is set by the ltggm of the satellite image.

For a lower(physical) cut-off, the agreement disagyggsee section 3.4).

6. | think calculations based on equation (3) ameecessary. At least for the Andreas and
Cash parameterization, the heat flux is the arealgraged flux over a lead of width X.



Trying to introduce a fetch dependence over the ogser into the parameterization is
redundant and a misuse of the parameterization.

OK. We have re-done the calculations, and modthedigures and the tables accordingly.
This does not change qualitatively the conclusiditge that for the Alam and Curry
parameterization, this integration is still necesdrhis is detailed at the end of section 2.2.

7. Figure 4 is not well presented. Both axes spandecades; it would thus be better if the
plot were square. Then the slope triangles showvtinariigure would be in proper proportion.
As they appear now, both are close to right triasgVith 45° corners. They thus suggest,
visually, slopes of approximately one. The notatlumyever, suggests the slopes are steeper
are %2 to3

2/5. In other words, the visual presentation isaorhpatible with the mathematical
presentation.

OK. Done
8. The paper contains some errors and some langualglems, as follows:

a. “Fracturation,” which appears twice on page 2@l maybe elsewhere) is not an
Englishword. Try “fracture” or “fracturing.”

Done: Fracturing

b. On page 2767, line 9, “Arctic” is spelled thatyw

c. On page 2767, line 15, the authors mean shoewasgolar radiation, not “UV radiation”.

d. The constructions “Alam and Curry (1997)’'s” ahtireas and Cash (1999)’s”, which
occur throughout the paper, are linguistic abonmmst Rewrite, for example as, “the method
of Alam and Curry (1999)” or “Alam and Curry’s (1BPmethod”.

e. On page 2770, lines 11-12, the text cites Makséuhd Podgomy (1991). Makshtas wrote
this book himself; there is no Podgomy listed asauthor. Also, correct the authorship in the
list of references on page 2788.

OK. All done.

f. There should be no #n equation (10).

Yes. Corrected.

g. On page 2773, line 10 cites Bourassa et al.1(P@9 the source of the surface roughness
model that Alam and Curry (1997) used. How can lteisince Bourassa et al. (2001) was
published four years after Alam and Curry’s (19&@yk? In truth, Alam and Curry cite
Bourassa et al. (1997) as the source of their noeggh parameterization.

Alam and Curry (1997) actually cite:

Bourassa, M.A., D.G. Vincent, and W.L. Wood. A sda parameterization for low wind
speeds and non-arbitrary wave age, J. Phys. OceandgPRESS, 1997



However, although this reference was likely knoyw\lam and Curry at that time (as a draft
?), it was not published in 1997.

The reference: (Bourassa, M., Vincent, D., and WY@dA sea state parameterization with
nonarbitrary wave age applicable to low and moderaind speeds, J. Phys. Oceanogr., 31,
2840-2851)

seems extremely close (same authors, same joalnast same title). Therefore, we assume
it corresponds to the work cited by Alam and Cumt997, and we kept this reference.



Review of C. LUPKES

1. abstract: number 80 % is mentioned, but a oitas not given neither in the
abstract nor in the text.

Actually, taking the average fluxes given by Maylugr multi-year ice (less than 5 W/m2)
and over open water (600 W/m?), and 2% of openmnvate finds more than 70%. So, we
now give this number in the abstract. We preferdbadd a reference in the abstract.

Probably the authors mean upward heat fluxes
Yes. Now mentioned

, since the
downward fluxes over sea ice can balance the upfiares over leads (L "upkes et
al., 2008b, Overland et al. 2000).

OK. We slightly modified the text on lines 45-4bécclearer on this point.

2. page 2768, lines 5-15 and eq. (1): The descntidheat flux determination in
this paper ignores wind speed U. Fluxes are prapwtto the product U_T.

C is not the turbulent exchange coefficient. this transfer coefficient for heat
and its stability dependence is determined via Mébty using similarity functions
for which many different formulations are availabléne corresponding sentences
should be modified in this way.

We agree, and modified the text and eq. (1) acogtdli

3. page 2769, eq. (2): | suggest to skip the Veakaformula because it is constructed
for a larger scale and is not used in the formoitatif heat transfer used in the

present work. The occurrence of the formula migadl o confusion. Figure 1 can

still be shown as a general description of the ggec

We agree. We skipped this section.

4. Page 2770, lines 10: As far as | understand\titkeas and Cash (1999) paper
observations were obtained downstream of the lesdgver leads as mentioned in
the manuscript. | find this difference importanfce observations over open leads
or over leads with very thin ice remain still a bbaging task for the future. The
fluxes downstream of a lead might be influencedhayfetch over sea ice.

We agree that measurements were not performedvater (or thin ice), but at the edges of
the lead (upwind and downwind): in Andreas and CA$§199), we read:

“The ALEX surface sensible heat flux data are basegdrofile measurements of wind speed
and temperature, both upwind and downwind of leéds, Integrating the heat inputs
through the sides of a control volume with the laathe bottom and the front and back sides
upwind and downwind of the lead then yielded thexaye surface heat flux.” See also the
answer to comment #6 of the review by E. Andreas.



From this, we understand that these measurements pegformed as close as possible to the
lead edges. Consequently, we are not sure to utadhetsvhat the referee means by “The
fluxes downstream of a lead might be influencethbyetch over sea ice »

5. page 2771: The Andreas and Cash (1999) paramsdten is an important step,
even so | suggest to discuss uncertainties ofethalts of this paper related to the
parameterization. One of these uncertainties ibably due to Equation (7) for

the determination of the TIBL giving values whiale andependent on external
conditions. The TIBL is about 5 m for a fetch a=>200 m. One can speculate
that this low value is probably due to a near-sigfstable stratification of the
incoming air flow. Weinbrecht and Raasch (2001 obby Large Eddy Simulation
(LES) values of 30-40 m for TIBL under (probably \eg stable conditions. Lupkes
et al. (2008a) show that for near-neutral inflonsametimes occurs also in the
winterly Arctic the TIBL depends on the boundarydawind speed, the surface
buoyancy over the lead and on the background magest height.

We agree that a large part of the variability oése data is not explained by the empirical fit
of eq. (6) (former eq. (7)). This indeed introduaasertainties on our calculations. However,
the number of data point reported on fig. 1 of Aiadrand Cash (1999) is, we believe, too
low to estimate correctly a residual to this eqaatiand therefore to correctly analyze the
propagation of unexplained variability in our calations. Note that Andreas and Cash do
not precise this residual.

The TIBL values reported by Weinbrecht and Raasobl(?ére much larger than the

(scarce) measurements summarized in Andreas and(C838). We agree that this might be
related to different external conditions. Howe\as the measurements or the simulations are,
to our knowledge, too limited to fully quantifydatails the role of the external conditions on
the TIBL values, we privileged the (scarce) measargmata as the reference for this work,
and we did not discuss the Weinbrecht and Raasd j200ork.

We modified the end of section 2.2.1 to streséirtfigtions of the Andreas and Cash
parameterization, and consequently of our work eNbbwever, that both methods (Alam and
Curry in one hand, Andreas and Cash on the othedhgive similar results, suggesting that
the obtained numbers capture the correct ordemsafnitude.

6. Line 20: In the sentence ' ...They only calculateskip 'only’. It is called the MO
similarity theory, not the theory of MO similarity.

OK. Done.

7. equation (10): the Prandtl number should notiobere. Mention that k is the v.
Karman constant (which value is used?).

Done
8. Section 2.2.2: Looking into the work of Alam a@drry (1997) it seems that the
main part of the parametrization is by Claysonlef1®96). In the present paper

this should be made clear.

OK. Done at the beginning of section 2.2.2



9. page 2773, line 10: In the Alam and Curry woduBassa (1997) is used for roughness,
what is improved in Bourassa (2001)? The surfacewahtheory was developed

by Brutsaert (1975). Clayson is only applying ihig should be made more

clear.

See the answer to comment (g) of E. Andreas. Comgcgtime second point, see L 178 of the
revised manuscript.

One of the uncertainties related to the roughnassnpetrization is that it refers
to open water. At temperatures of -20 to_G@pen water in leads will be covered
very quickly by a thin ice layer causing a changeoughness.

OK. See L186-189 of the revised manuscript.

10. page 2773, line 10: | suggest to skip the shppendix B and include its text in
section 2.2.2

OK. Done

11. Page 2776, line 15-20. ... The contributioméat flux from the ice ...” Probably,
the upward contribution is meant ? (see revision 1)

Yes. Modified.

12. page 2779, line 10: replace 'an uniform’ byiraform’.

Done

13. page 2779, line 25: Is it possible to includgare showing Has a function of a?
This would help to understand the description abibiéom of this page. In its
present version | find it difficult to follow.

Done, see the new figure 6. We slightly modifiedéxt in section 3.4 accordingly.
14. page 2780: Are the developed parametrizatiahd for leads smaller than 10 m?
| would expect that the uncertainty of the obseovet are larger for the smaller

lead sizes.

Yes, we agree and discuss this point in severakgtasection 2.2.1, L146; section 3.4 L 405

15. Discussion section: | suggest to address hereentioned uncertainties of the
parametrizations.

We preferred to keep (and extent) this discussidheouncertainties in the presentation of the
heat fluxes formulations (section 2.2). In sectdquliscussion), we discuss physical processes
that are not taken into account in our simple agmio, and which should be analyzed in

more details in the future: spatial distributiontbe leads, formation of clouds, downward
heat transport over sea ice, etc..



Another open point is the role of refreezing oéad which due

to figure 2 would reduce the effect of size dep&gdesince the air ice temperature
difference would decrease in this case. On ther ¢ttved, it could be stressed that

the upward heat transport over leads results ori@sponding downward heat
transport over sea ice as described in Lupkes €@08b). This means that the
dependence of upward heat flux on lead width wgelderate also a width dependence
of the downward flux and stability over the icefage.

The first point (refreezing) was already mentionethe former manuscript. The second point
(downward heat transport) is now included in thecdission (section 4).

16. There is a paper by Maslanik and Key (1995) tdne also calculated heat fluxes
over lead ensembles. One of their conclusions hatsthhe ensemble of lead widths

is well represented by the mean lead width. Hotkésrelation to the present
findings?

See answer to comments # 1 and 5 of E. Andreas.



Review of M. VAN COPPENOLLE

Title You may add a reference to sea ice or theiénatthe title. It is not obvious now
that you are speaking of sea ice.

Done.

Abstract |. 18 extents -> extends

Done

Body Text

p. 2767 I. 17 Here and in other instances. The asithdl name is "Morales
Maqueda". Just make sure your bibtex is parametigprrectly to allow for double
names.

Done

p. 2769 I.11 Specify that this is in the atmosphboundary layer (e.g. not
in the ocean)

Done

p. 2769 I. 17 Could you say in a few words whaetgp method they
used to derive this expression.

Following the suggestion of C. Lupkes, we skippedréference to Venkatram, to avoid
possible confusion.

p. 2770 1. 19 1 would suggest to use italics fa kbnelyindex "f" instead of using the present
form

p. 2774 1. 21 "variations of" -> "variations in"
p. 2774 "they both" -> "both formulations”
All done.

p. 2778 "their differences are almost exactly bedali. . . which differences? be more precise
in the formulation

Yes, the former sentence was unclear. We modifiedéction.

Appendices.
| think the appendices are slightly too concisek#&saure that all symbols are defined.

Appendix A - Say that symbols are defined in a gpeappendix in the beginning.

Done



- I would recall equations (4) and (5) for readigbt what is r ?

OK. For the appendix A to be « self-consistent »nowe recall equations (3) to (6) of the
main text in this appendix. The altitude r is noafired.

Appendix B - As it is, this appendix is not veryefid. - If you redirect the reader, could
you at least explain the principles of their detiva?

We finally suppressed this appendix B, as suggésté&ll Lupkes.

Appendix C Again, make sure everything is definagyarticular - the units for pressure
involved in the formulae - Define k - Define psi_Define cshN, cleN There is a missing
parenthesis in C4

Done

Tables & Figures In general very clear and relevant.

Tables could be more readable in general. The rei@vi@mmmation is not immediately
understandable from both tables. | do not requeghang here, in the end, one understands.
Just make sure that this is the optimal way toycdwe information as you

want to. You may use a figure, or add differenoesise less numbers in the left row.

We agree that tables are not as readable as gygrds. However, we think that giving these
numbers for different atmospheric conditions isfuls&o we kept the tables.

Fig. 4 - the meaning of triangles was not obviaume

We modified the legend to help the reader. Thisasgntation is classical in physics to
indicate the slope of a power law scaling.



