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The manuscript of Zolles et al presents ensemble simulations of glacier mass balance

with an energy balance model applied on 2 glaciers and 3 seasons. The main innova-

tion compared to the existing literature consists in a relatively comprehensive analysis

of model sensitivities and uncertainties. The paper is well written and well structured.

The statistical framework is clearly explained. | especially appreciate the effort of the
authors to give simple examples to explicit the formalism (pages 7; 9). The conclusions

are clearly summarized and consistent with the obtained results. The complex equi-
finality between the parameterizations of such models is well demonstrated and the MO
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implication in model calibration and model transferability is very interesting. Therefore,
| think this paper deserves publication after a minor revision which would account for
my few comments below when it is possible.

Page 2 line 19: | think most studies base this statement on an evaluation of the energy
fluxes and surface temperature, not only the melt rates.

Page 4 line 7: | understand the deficiencies of the cited references but given the num-
ber of studies which just present simulation outputs without any uncertainty quantifica-
tion, I think that the word "inadequate” is a bit severe.

Page 4 line 11 / Table 2: the 23 parameters include a "precipitation perturbation" which
disappears in the results section (Figure 3) without any specific explanation.

More generally, it is not completely clear if the authors want to incorporate the spatial-
ization of meteorological data as part of their model uncertainty study. The decision to
exclude the longwave parameterization from the free parameters has a strong conse-
quence in the results. Indeed, large errors are introduced here because Equation A2
is a strong simplification of the real behaviour of the full column of atmosphere. Snow
models are usually extremely sensitive to these errors (Sauter and Obleitner, 2015;
Quéno et al, 2017). The authors acknowledge this limitation (page 19 lines 5-12) but
| do not really understand this choice. Why should the impact of temperature gradient
uncertainty on longwave radiation be accounted for if the parameters of equations A3
and A4 are not? Similarly, what is the logic in considering the uncertainty of precipita-
tion gradient but not the uncertainty of the mean precipitation forcing? | think it could
also be more explicit in the text that Figure 7 does not represent the full contributions of
uncertainties. The very narrow range obtained for longwave radiation is unlikely to rep-
resent the real uncertainty of this component as the incoming flux is highly uncertain
whereas it is not accounted for.

Table 2: Can you comment the range of precipitation density? This range is not re-
alistic for snowfall in the Alpine area (too high values, Helfricht et al, 2018). It may
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compensate some deficiency in a simple model which does not represent accurately
compaction but this should be detailed. The authors could also comment the implica-
tion in the uncertainty analysis of using some potentially unrealistic values for some
parameter ranges. The same could apply if the precipitation perturbation was really
considered because a 10% error is not sufficient to represent precipitation uncertainty
in moutainous areas.

Page 13 lines 21-22: | am not sure to correctly understand this sentence. Could you
develop what you mean by "less constrained" and what is the relationship with a narrow
initial range of parameters?

Page 19 line 1-4: This is true but rather utopic at the moment. Such models need
a forcing of impurity depositions. The existing products are not sufficiently reliable
nor sufficiently detailed to depict the processes responsible for the spatial variability of
albedo on a glacier.

Page 19 lines 13-20: The authors discuss the impact of the possible variability of rough-
ness lengths. However, | think they could also discuss more generally the relevance
of applying this theory of turbulent fluxes formulation in mountainous environments
where the turbulence is probably more affected by the surrounding topography than by
the surface roughness itself (Conway and Cullen, 2013).

Page 19 lines 21-22 Which effects are you talking about? From experiments with a
detailed snowpack model (with a sufficient vertical discretization), it is rather clear than
the absorption profile has an impact on surface temperature and on the temperature
gradient close to the surface (and therefore on snow metamorphism). However, the
effect on more integrated variables is likely to be much less significant.

Page 20 line 15 | do not know whether new field experiments on that topic are really re-
quired right now. The authors should first mention that the relationship between albedo
and grain shapes and sizes is already implemented in detailed snowpack models such
as Crocus (Vionnet et al, 2012) or SNOWPACK (Lehning et al, 2002).
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Page 20 lines 30-32 | agree and the same applies for various variables, especially
surface temperature which is a good indicator of the correct resolution of the energy
balance.

Page 20 line 33 The lack of a full quantification of the meteorological uncertainty is
probably the main limitation of this paper. This is only stated here in a small para-
graph which would have deserved to be more developed based on the existing litera-
ture. Indeed, this is probably the most studied uncertainty in previous studies in snow
modelling (e.g. Raleigh et al, 2015) and in glacier modelling. However, the possible
compensation errors between meteorological forcing and model parameters may de-
teriorate the relevance of model uncertainty studies which do not account for forcing
uncertainties. | did the same thing myself in the context of a detailed multiphysics
snowpack modelling (Lafaysse et al, 2017) but | just think that this limitation could be
more discussed.

Page 21 line 27A&: To what does 1 kg/m? refer? In which duration?

Typos: Abstract line 5: "which" introduces Page 16 line 26: energy melt energy Page
19 line 4: change Page 21 line 32: For

References

Conway, J. and Cullen, N.: Constraining turbulent heat flux parameterization over
a temperate maritime glacier in New Zealand, Annals of Glaciol., 54, 41-51,
doi:10.3189/2013A0G63A604, 2013

Helfricht, K., Hartl, L., Koch, R., Marty, C., Olefs, M.: Obtaining sub-daily new snow
density from automated measurements in high mountain regions, Hydrol. Earth Syst.
Sci., 22, 2655-2668, doi:10.5194/hess-22-2655-2018, 2018

Lafaysse, M., Cluzet, B., Dumont, M., Lejeune, Y., Vionnet, V. and Morin, S.: A mul-
tiphysical ensemble system of numerical snow modelling, The Cryosphere, 11, 1173-
1198, doi:10.5194/tc-11-1173-2017, 2017

C4

TCD

Interactive
comment

Printer-friendly version



https://www.the-cryosphere-discuss.net/
https://www.the-cryosphere-discuss.net/tc-2018-169/tc-2018-169-RC1-print.pdf
https://www.the-cryosphere-discuss.net/tc-2018-169
http://creativecommons.org/licenses/by/3.0/

Lehning, M., Bartelt, P, Brown, B., Fierz, C., and Satyawali, P.: A physical SNOWPACK
model for the Swiss avalanche warning, Part Il: snow microstructure, Cold Reg. Sci.
Technol., 35, 147— 167, doi:10.1016/S0165-232X(02)00073-3, 2002

Raleigh, M. S., Lundquist, J. D., and Clark, M. P.: Exploring the impact of forcing error
characteristics on physically based snow simulations within a global sensitivity analysis
framework, Hydrol. Earth Syst. Sci., 19, 3153-3179, d0i:10.5194/hess-19-3153- 2015,
2015.

Quéno L., Karbou F, Vionnet V., Dombrowski-Etchevers |. : Satellite products of in-
coming solar and longwave radiations used for snowpack modelling in mountainous
terrain, Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2017-563,, in review.

Sauter, T. and Obleitner, F.: Assessing the uncertainty of glacier mass-balance simula-
tions in the European Arctic based on variance decomposition, Geosci. Model Dev., 8,
3911-3928, doi:10.5194/gmd-8-3911-2015, 2015.

Vionnet, V., Brun, E., Morin, S., Boone, A., Faroux, S., Le Moigne, P., Martin, E.,
and Willemet, J.-M.: The detailed snowpack scheme Crocus and its implementation in
SURFEX v7.2, Geosci. Model Dev., 5, 773—-791, doi:10.5194/gmd-5-773-2012, 2012.

Interactive comment on The Cryosphere Discuss., https://doi.org/10.5194/tc-2018-169, 2018.

C5

TCD

Interactive
comment

Printer-friendly version



https://www.the-cryosphere-discuss.net/
https://www.the-cryosphere-discuss.net/tc-2018-169/tc-2018-169-RC1-print.pdf
https://www.the-cryosphere-discuss.net/tc-2018-169
http://creativecommons.org/licenses/by/3.0/

