Reviewer 1
General comments:

The manuscript by Hao et al. (egusphere-2022-1097) evaluated the performance of E3SM land

model in simulating a number of snow parameters, e.g., snow cover fraction, surface albedo, snow
water equivalent and snow depth, and snow phenology using in situ, remote sensing, and reanalysis
data. The paper presented a comprehensive model evaluation and thoroughly discussed the sources of
the model uncertainties and biases. I think the results of the paper are useful for the related
researchers to understand the capacity and drawbacks of E3SM land model in snow simulations, and
to get insights of how to further improve the model.

Thank you very much for your helpful suggestions/comments!
Specific comments:

1. T would suggest revising the title of the paper. As this paper mainly evaluated the performance of
the E3SM land model in simulating snow processes against a number of observation datasets.
Basically, this is not an evaluation of snow processes.

Agree. To avoid the misunderstanding, we have revised the title as “Evaluation of E3SM Land
Model snow simulations over the Western United States” in the revised manuscript.

2. L208-209. “The snow accumulation and snowmelt seasons are defined as the periods from
September to January and from February to August, respectively.” However, as I know, many
regions in the Northern Hemisphere have the peak SWE in February. Please discuss more about
the rationality of this definition in snow season.

In this study, we defined the snow seasons according to the typical seasonal cycles of snow cover
fraction (fsno) over the Western US (https://nsidc.org/snow-today/snow-viewer; Rittger et al., 2022)
to derive the five phenology metrics. Figure R1 shows the seasonal variations of fsno for North
America (Brutel-Vuilmet et al., 2013). Such a definition of snow seasons is consistent with
previous studies (Peng et al., 2013; Anttila et al., 2018). We clarified these in Line

206-207 of the revised manuscript.

We used additional criteria to estimate/retrieve snow phenology (see Section 2.4 for details), to
reduce the impacts of metric definition and data noise. Only when all the criteria were met, the
corresponding pixels were used in the analysis. Under such definition of snow seasons, the
phenology metrics in most pixels have been successfully retrieved (Section 3.3).

Note that this study defined snow season and phenology based on fso rather than SWE. From the
energy balance perspective, SWE may be better for use in defining snow phenology. Therefore,



how ELM can capture the date of peak snowpack and snowmelt timing and rate needs further
investigation based on SWE. We have clarified this point in Line 481-482 of the revised
manuscript.
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Figure R1: Seasonal cycles of observed (black) and simulated (red) multi-model mean snow cover
for southern (latitude < 50°N) and northern (latitude > 50°N) Eurasia and North America, averaged
over the 1979-2005 period (Brutel-Vuilmet et al., 2013).

3. Fig. 3. I notice that the temporal correlations between the simulated and observed snow fractions
in winter are obviously lower than those in spring. Please explain the reason. Are they caused by
different parameterizations of the model for the two seasons? Normally, it is more challenging
for the snow models to simulate the complex snow processes during the melt season. Thus, the
results in Fig. 3 are confusing. Pleas add more discussions.

ELM uses the same snow cover parameterizations for different seasons, where the hysteresis of
snow accumulation and ablation is accounted for in ELM (Swenson and Lawrence, 2012).
Indeed, for temporal correlation, ELM has a low correlation in the mountainous areas with
remote sensing data in winter, but has a relatively high correlation with them in spring This is
possibly caused by the smaller change of snow cover fraction in winter than spring (Figure R1).
We have clarified this in Line 275-276 of the revised manuscript.

Although spring has a higher temporal correlation than winter, the statistics show that ELM has a
higher relative accuracy in winter than spring. For instance, the relative RMSD values are 39.5
and 39.1 %, respectively compared to STC-MODSCAG and SPIReS in winter, while those



values are 57.8 and 46.6 %, respectively in spring. Our analysis of the snow phenology also
demonstrated that accurately simulating the snowmelt processes is challenging in ELM. We have
clarified these in Line 274 and 439-443 of the revised manuscript.

4. Table 2. Some simulated snow variables showed small correlations with some observations (R=-
0.2~0.2) but obviously higher correlations with other observations (R>0.5). Please explain the
reason.

Indeed, for snow cover fraction, surface albedo, SWE, and snow depth, ELM simulations have a
high spatial correlation with the observations/assimilated data. All of these variables show
significant spatial patterns and elevation gradients with large values in the high snow-covered
regions and small values in the low snow-covered regions. Such spatial patterns are easily
captured by ELM. We have discussed these in Line 466-468 of the revised manuscript. Besides,
the models/parameterizations in ELM related to these variables have been calibrated or well
validated based on remote sensing and field data (Swenson and Lawrence, 2012). We have
introduced these in Section 2.1 of the revised manuscript.

By contrast, for snow grain size, snow albedo reduction and snow albedo, there are still low
spatial correlations between ELM simulations and benchmarking datasets, which are related to
the uncertainties in the model simulations and remote sensing datasets:

For the model simulations: 1) The 1.9°x2.5° climatological aerosol deposition data used in the
ELM simulations is too coarse to capture the fine-scale spatial variations of BC and dust, which
limits the accuracy of simulated Rsno. 2) In the SNICAR-AD snow albedo models of ELM,
spherical snow grain shape, internal mixing of BC-snow and external mixing of dust-snow were
set by default, which can potentially affect the accuracy of Rsno. 3) The large uncertainty of Sgno
is relevant to the unrealistic snow aging representations in ELM (Qian et al., 2014). All of the
above-mentioned uncertainties can further affect simulated asno. We have discussed these in Line
509-534 of the revised manuscript.

For the remote sensing data: The heterogeneity of snow within pixels, relatively low spectral
resolution, and interference from clouds limit the accuracy of snow properties diagnosed from
MODIS. We have discussed these in Line 484-497 of the revised manuscript.

Technical corrections:

1. L264-265. “The regional average f.. is 0.41 and 0.15, respectively for spring and winter.”
However, Fig. 3 shows winter has higher f.. than spring. Please recheck whether it is a typo.

Sorry for the typo. It has been corrected.



2. Fig. 3. I would prefer using blue for areas having more snow and using red for snow-rare areas in
figures.

Considering that we used the same color schemes for all the spatial maps of different snow
properties and phenology metrics, we’d prefer not to change the color scheme for this particular
figure in order to keep the color schemes consistent throughout the manuscript.

3. Figure captions. I would suggest giving the full names of the variables in the captions, instead of
abbreviations.

Good suggestion! We have modified the corresponding captions in the figures and tables
throughout the manuscript.

4. Table 2. It is likely the typesetting of Table 2 is problematic. It is not easy to match the products
with the corresponding error metrics. Please improve.

The table has been revised.
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