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General comments

The authors present a comprehensive study on how Snow Water Equivalent distribu-
tion in mountain areas can be derived from terrain topographic characteristic, vegeta-
tion height and fractional snow cover data from satellites. The methodology is tested
with a high quality database form the Airborne Snow Observatory. The spatio-temporal
extension of this database over Toulumne Basin provides a unique opportunity to test
the methodology. Results obtained from the statistical approach they describe, show
the high potential of the methodology. As far as I know, this work presents the first
method intended to obtain SWE distribution combining satellite information and terrain

C1

features over extended areas, showing quite promising results. The article is well writ-
ten, with methods and results in general adequately articulated. The database and
the methodology described are suitable for the field of research. Results are suffi-
ciently discussed with suitable references included. The article also suites the scope
of the journal, introducing a novel approach which may be applied in other mountain
areas with feasibly good results. However, I consider some issues must be clarified
and also some complementary hypothesis could be tested, in order to present a more
compelling methodology. Thus I recommend its publication after moderate changes
described here in after.

Major points to be included/discussed:

1. Necessity to include more information for some methods/databases presented in
the manuscript. SWE distribution maps are generated from snow depth information
directly obtained from ASO flights (elevation difference between snow and free snow
acquisitions) and an energy balance model as it is stated from lines 55-56. Painter et
al. 2016, describe the methodology to generate SWE distribution maps providing de-
tailed information. Nevertheless since this database is the main observation to adjust
the linear regression models and also to test the methodology, I encourage manuscript
authors to provide more information about how density is simulated, which in-situ data
are integrated (are snow pillows observations included?) and how the final SWE prod-
uct is generated.

2. Since SWE information is available on a spatial resolution of 50 m, the vegetation
height in a 3 m resolution and terrain topographic variables could be derived from a
high spatial resolution DEM (I guess in this study area a 3 DEM may be available),
exploiting fSCA information; the statistical models could be intended to generate same
spatial resolution of ASO final SWE product. Has been tested this hypothesis?, does
manuscript authors planned to do so? Argue in discussion section future work regard-
ing the latest advances on deriving snow absence/presence from fSCA and terrain
topographic characteristics (Cistera et al., 2017) to increase the spatial resolution of
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simulated SWE distribution.

3. In section 4,2, it is stated that models obtained in a particular year are not used to
obtain SWE distribution in other dates of the same year. I understand that authors want
to test models without including any information about SWE distribution in a particular
year. However, from my point of view, having some information about SWE distribution
on a particular date could be quite interesting for many applications and may reduce
the uncertainty on determining SWE. Indeed, somehow, in the discussion this idea
is supported (lines 486-488). This way if SWE observations obtained on early snow
season are used to generate a model for the same year, it could be more accurate on
describing SWE distribution within this snow season. I encourage manuscript authors
to explore this hypothesis in methodology and result sections and also to argue about
it on discussion section.

4. Some topographic variables are not sufficiently explained. For instance the “Vec-
tor ruggedness measure” and the “Topographic Position Index” both of them have a
high dependence on the searching distance. Could you please specify if you have per-
formed preliminary analysis to determine which is the best searching distance within
your study area or if you have used values from bibliography? Please, include more
details on how these variables have been obtained; this will help potential readers to
apply the methods described in different study areas.

Minor comments

Line 17: Move performance values, in brackets; to lines 21-22 to show the final per-
formance after showing the mid decrease between the best model and the selected
one.

Lines 33- 34: Add one or two references that exemplify the poor data availability of
SWE observations over large areas (i.e. SNOTEL program)

Line 35-36: Cite: López-Moreno, J. I., Fassnacht, S. R., Heath, J. T., Musselman, K. N.,
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Revuelto, J., Latron, J., Morán-Tejeda, E., and Jonas, T. Small scale spatial variability
of snow density and depth over complex alpine terrain: Implications for estimating snow
water equivalent, Adv. Water Resour., 55, 40–52, 2012

Line 42: Cite: Prokop, A.: Assessing the applicability of terrestrial laser scanning for
spatial snow depth measurements, Cold Reg. Sci. Technol., 54, 155–163, 2008

Line 55: Please cite which energy-balance model.

Line 64: Here and throughout the whole manuscript; I encourage changing “physiogra-
phy” by “topography” and “vegetation height” since it is often used on snow literature.

Line 74: Cite: Revuelto J, López-Moreno JI, Azorin-Molina C, Vicente-Serrano SM.
20014b. Topographic control of snowpack distribution in a small catchment in the
central Spanish Pyrenees: intra- and inter-annual persistence. The Cryosphere 8(5):
1989–2006. DOI:http://dx.doi.org/ 10.5194/tc-8-1989-2014.

Line 76-78: Remove or merge sentence with lines 43-45.

Line 85-86: Please include here some information about the spatial extent of ASO;
time duration and total number of observations available.

Line 90: Include other more recent citations such as: Molotch N.P. and Margulis S.A.
2008: Estimating the distribution of snow water equivalent using remote sensed data
and a spatially distributed snowmelt model: a multi-resolution, multi-sensor compari-
son. Advances in Water Resources Research, 13-1503-1514

Line 98: Include these two references. Sturm M, Wagner AM. 2010. Using repeated
patterns in snow distribution modeling: an Arctic example. Water Resources Research
46, W12549. DOI: http://dx.doi.org/10.1029/2010WR009434, and Revuelto, J., Jonas,
T., & López-Moreno, J. I. (2016). Backward snow depth reconstruction at high spatial
resolution based on time-lapse photography. Hydrological Processes, 30(17), 2976-
2990.
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Line 117: You say “. . .unsampled dates of interest”. However dates considered here
have been sampled by the ASO. Please rephrase.

Line 122-Figure 1: Add in this figure an extra map with a DEM showing the heterogene-
ity of the study area. This information will help to interpret SWE distribution shown in
Figure 2. Is there any ice body in the study area? If it is, in the land cover map it is
really difficult to see, please highlight it or remove this land cover class from the legend.

Line 124 - 127: Please, include scientific names of the trees occurring in the different
forests types.

Study area section: Climatic information of the study area is highly desirable to under-
stand the importance of snowpack evolution in this site. Please, include a paragraph
describing the main climatic characteristics and also the average snowpack values ob-
served during the study years. This information will show the characteristics of the
analyzed years (below average snowpack conditions).

Line 139-140: How snow depth and SWE maps are generated? Why these do not
have same spatial resolution? I encourage manuscript authors to include here more
information about the model used to generate SWE products from snow depth.

Table 1: Source column for VRM, Lopez et al. (2014) should be Lopez-Moreno et al.
(2014).

Line 180: “discrete points of time” could be confusing. Please reword to make clear it
is only considering specific dates.

Line 188: I guess you mean you split the SWE distribution data from each ASO flight.
Please clarify in the text.

Line 187-189: In subsequent sections you compare “split-sample models” with results
obtained from “best transferred model”. Please present in these lines “split-sample
models” similarly as you do later with “best model” or “transferred model”.
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Line 217: When you talk about nearby snow pillows, you consider only these of Figure
1? all of them?, do you take into account their distance to the study area? their
elevation? Please clarify all these questions.

Line 222: “best model” on italics Please, maintain this criteria along the text. This is,
when you talk about “best model”, “selected model”, “split mode”. . ., do it always in
italics since it is a convention adopted in methods section.

Line 252: Change “alpha” by the Greek symbol as presented before.

Figure 2. It is highly desirable to include elevation contour lines on SWE maps and also
in the difference maps to better interpret results.

Line 284-287 A reduced map with Land Cover information included on Figure 2 could
really help to interpret results.

Line 288: You can also say that in these pixels you observed the higher SWE values
(at least on 2014-03-23). Indeed, since Google Earth information is not a database
exploited in this article, I suggest removing this sentence and state that these pixels
correspond to areas in which you have observed high SWE values from ASO data and
also long snow presence from MODIS data.

Figure 3, (4, 5): Since you present box plots of r2 values for 18 to 24 potential models
for each date (depending on the year), to me, it is not needed to include diamonds
showing the best model, because it is the 95th (or the 5th, depending on the fig-
ure)percentile in all cases. Thereby I would remove it to show graphs easier to interpret.
If finally you decide to maintain diamonds, include it on the legend of the figures.

Line 343: Remember here that “Selected models” are those selected from the similarity
on snow snow pillows observations.

Line 358: I guess you mean Figures 3, 4 and 5 and not Figs.s,4,5.

Line 359: I guess you meant open circles in Figure 7.
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Line 363: If I am right, figure 6a shows two dates with same %MAE, one in 2015 and
one in 2016 (both for the last ASO observation). Please verify this and include this
appropriately in the text.

Figure 7: Please, change open circles by a different symbol because in some cases it
is difficult to see their position. Please include this symbol in the legend.

Line 404: I suggest starting this section talking about snowpack and citing other re-
cent works that also exploit fSCA such as: Cristea et al., 2017 and Walters et al.,
2014. Afterwards, you can talk about SWE distribution as you do. This will show that
many researches are working on combining the influence of topography on snowpack
distribution with satellite observations with different approaches.

Line 416-416: I consider it is a bit presumptuous to say that “these papers, which
cover only a few square kilometers, represent a far more simplistic problem”. Some of
the works you cite in the previous sentence cover large areas and others, despite the
smaller extension, have a different spatial scale, data base etc,. . ..Please remove this
sentence, you have already shown that your methods performs well and are pushing
forward snow science.

Line 437: I guess SNOTEL observations correspond to SWE data from snow pillows,
please include before this information in the text (Figure 1, 4.2 section when you talk
about “selected model”. . .)

Line 434: I guess you meant you are going to present the comparison between
SNODAS and PHV-FSCA results in this section. Please rephrase, it could be con-
fusing this sentence.

Line 442: When you state “the yearly mean”, it is form results obtained in this study or
from SNODAS-ASO comparison? Please clarify.

Line 499-500: When did you exactly perform the similarity in remote sensed fSCA?
Please introduce it before in methods section, when you talk about similar SWE distri-
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bution from snow pillows.

Conclusion section: Since at the end of the introduction section you state three main
questions, I suggest to directly including the question and their answer in the conclu-
sions. The answer is somehow stated, but main conclusions will be more directly linked
to questions previously stated.
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