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Cho et al. use a 12-member ensemble from 4 land surface models (LSMs) and 3 sets of 

meteorological forcings to assess uncertainties in snow water equivalent (SWE) estimates. Using 

principal component analysis (PCA), they try to identify the source of error in the SWE estimates 

and consequently attribute the uncertainty in SWE to various factors such as precipitation bias, 

etc. 

The paper is well-written and easy to read. Results from this paper can guide advancements in 

land surface modeling of SWE, which is important since errors in SWE can translate into errors 

in other hydrologic variables such as runoff and soil moisture. The paper highlights the extent 

that biases in precipitation can contribute to uncertainty in SWE as well as other factors. 

[Answer] Thank you to the Reviewer for the positive feedback and constructive comments which 

helped us to improve the manuscript. Please see our response to each comment given below. 

General Comments: 

It is important to acknowledge that there are uncertainties in the SNOTEL measurements early 

on in the paper. Also, SNOTEL measurements are not necessarily representative of the 

surrounding regions. Please clarify this as it relates to L.149, which seems to contradict L.341-

349, where the authors do acknowledge that in-situ measurements may not always be 

representative of surrounding areas. 

[Answer] Thank you for pointing out it. This is reasonable. To address this, we removed L.149’s 

statement in Section 2.2 SNOTEL data and added relevant statements earlier in the manuscript 

(Introduction) that limited spatial representativeness of some SNOTEL stations could lead to 

uncertainties in the comparison below.  

“This study seeks to identify the primary sources of the errors and to quantify their contributions 

to the modeled SWE uncertainty (forcing errors vs. snow-related physics) during the 

accumulation periods for eight years (2010 to 2017) against the 809 Snowpack Telemetry 

(SNOTEL) stations. We acknowledge that some SNOTEL stations are not spatially 

representative of surrounding areas (Meromy et al., 2013; Molotch & Bales, 2006), potentially 

leading to uncertainties in the comparison. Nevertheless, we assume that more than 800 

SNOTEL sites across the western U.S. would be sufficient to quantify macroscale LSM SWE 

uncertainties.” 

- Meromy, L., Molotch, N. P., Link, T. E., Fassnacht, S. R., & Rice, R.: Subgrid variability 

of snow water equivalent at operational snow stations in the western USA. Hydrological 

Processes, 27(17), 2383-2400, 2013. 

- Molotch, N. P., & Bales, R. C.: SNOTEL representativeness in the Rio Grande 

headwaters on the basis of physiographics and remotely sensed snow cover 

persistence. Hydrological Processes: An International Journal, 20(4), 723-739, 2006. 



Several of the findings appear to be consistent with previous work. It is not always clear what 

additional findings beyond those consistencies would add to the existing body of literature. 

Include additional discussions that clearly show the value of this work instead of simply 

confirming what others have previously found. 

[Answer] Thank you for the suggestion. In response to the suggestion, we included summarized 

statements addressing the value of this work beyond the previous findings from the existing body 

of literature. 

“Overall, the primary value of this study is to provide a big picture of LSM-based SWE and error 

sources of the uncertainty derived from meteorological forcings and limited physical processes 

of the LSMs using a large ensemble with four LSMs and three meteorological forcings. As 

compared to previous studies, this work not only identified primary sources of uncertainty but 

also quantified the relative contributions of the error sources on the uncertainty of macroscale 

modeled SWE. Thus, this study helps comprehensively understand current state of SWE 

performances from well-known LSMs and reanalysis products and provides insights into future 

improvement of snow modeling in LSM.” 

It would be valuable to consider biases in timing as it could introduce uncertainty into the season 

totals and subseasonal dynamics of the snowpack. Has the timing of melt events been carefully 

evaluated as event timing impacts the total accumulation of SWE? 

[Answer] Thank you for the question. We agreed with the reviewer’s thought that the biases in 

timing of melt events could be valuable information to better understand the uncertainty into the 

total accumulation of SWE. As shown in Figure 1b, we investigated timings of the maximum 

total accumulation of SWE which can be a proxy of the timing of melt events as melt events 

occur right after the peak SWE. The mean timings of the peak SWE are on average 36 days 

earlier than the observation, indicating earlier melting events (right after the peak SWE) may be 

related to less accumulation of SWE. We also found that the patterns of the earlier timings are 

more apparent in areas with higher elevation ranges than with lower elevation. Although we did 

not specifically focus on the current study how the timings and frequencies of the “intermittent” 

melt events during the accumulation period impact the seasonal dynamics of the snowpack and 

how the models simulate those melt events compared to observations would be valuable which 

can be considered as a future study. 

There are a few different analysis windows that are referred to as winter in the paper. For 

instance, 1st October to 31st May is used in some cases; however, winter accumulated 

precipitation is cumulative precipitation from October 1st through the date of the maximum 

SWE. It is unclear why a consistent time period is not used. Also, different terminology should 

be employed to differentiate these various “winter” periods, especially since 1st October to 

31st May includes other seasons. 

[Answer] Thank you for pointing out this. As we stated earlier in this manuscript (Lines 88-90), 

we focused on the snow accumulation period which is defined as October 1st to the date of the 

annual maximum SWE of each station throughout the manuscript, except only for comparing 

mean temperature differences between three forcings and bias-corrected SNOTEL data which 



was used 1st October to 31st May. Considering the onset of above-freezing temperatures 

generally occurs between March and May in maritime and continental regions over the West 

(Trujillo & Molotch, 2014), we assumed this period is generally acceptable to check air 

temperature biases from meteorological forcings during the winter season. To address the 

reviewer’s point, we modified and added statements.  

“This study seeks to identify the primary sources of the errors and to quantify their contributions 

to the modeled SWE uncertainty (forcing errors vs. snow-related physics) during the 

accumulation periods for eight years (2010 to 2017) against the 809 Snowpack Telemetry 

(SNOTEL) stations. We focus on the snow accumulation period which is defined as October 1st 

to the date of the annual maximum SWE of each station. For winter temperature comparison 

only, a period from 1st October to 31st May is used by assuming a typical winter period (Trujillo 

& Molotch, 2014).” 

Trujillo, E., & Molotch, N. P. (2014). Snowpack regimes of the western United States. Water 

Resources Research, 50(7), 5611-5623. https://doi.org/10.1002/2013WR014753 

Specific Comments: 

Section 3.1/Figure 1. It seems that difference maps would be more powerful for conveying the 

uncertainty across LSMs relative to SNOTEL than the current maximum SWE maps and dates. 

Consider including difference maps in the main text with the SNOTEL column from the current 

Figure 1 and moving the other 4 columns to the supplement to show the actual magnitudes and 

dates. 

[Answer] Thank you for your good suggestion. We’ve modified and merged Figures 1 & 2 

including difference maps for mean annual maximum SWE and dates. The actual SWE 

magnitudes and dates of LSMs were moved to Supplementary Material (Figure S2). 



  

 

Figure 1. (a) Mean annual maximum SWE map of SNOTEL observations and SWE difference maps of the four land surface 

model (LSM)’s annual maximum values from the SNOTEL observations with density plots of the SWE difference for each 

LSM by four elevation ranges of SNOTEL sites (a solid black vertical line in the density plots represents median value) and 

(b) mean annual maximum SWE date map of SNOTEL and date difference maps along density plots when the annual 

maximum SWE for each LSM occurs from 2010 to 2017 across the western United States. Each LSM results are averaged 

over the three different forcings. Elevation map with the four ranges is provided in Figure S4. 

 



 

 

Figure 2b. In the Figure 2b caption, mention what the vertical lines represent. 

[Answer] Thank you for pointing out. We included the meaning of the black vertical lines which 

represents “median” values of SWE difference for the four elevation groups.   

“Figure 1. (a) Mean annual maximum SWE map of SNOTEL observations and SWE difference 

maps of the four land surface model (LSM)’s annual maximum values from the SNOTEL 

observations with density plots of the SWE difference for each LSM by four elevation ranges of 

SNOTEL sites (a solid black vertical line in the density plots represents median value) and 

(b) mean annual maximum SWE date map of SNOTEL and date difference maps along density 

plots when the annual maximum SWE for each LSM occurs from 2010 to 2017 across the 

western United States. Each LSM results are averaged over the three different forcings. 

Elevation map with the four ranges is provided in Figure S4.” 

Section 3.3/Figure 4. Include an equivalent map for the SNOTEL snowfall and how the snowfall 

is distributed across elevations. Difference maps relative to SNOTEL would be useful. 

[Answer] Thank you for the suggestion. Unfortunately, we cannot include an equivalent map for 

SNOTEL snowfall, because SNOTEL snowfall data are not available (total precipitation was 

available only).  

L.271: Remove language such as “seem” here. In an effort to avoid any potential confusion since 

NLDAS is not used by Cho et al., it may be better to rephrase as “Our results differ from Pan et 

al. (2003) who concluded that the winter temperature bias was generally constant with elevation 

when using NLDAS.” 

 

Figure S2. (a) Mean annual maximum SWE maps of SNOTEL observations and the four LSMs averaged over the 

three forcings and (b) mean date maps when the annual maximum SWE occurs from 2010 to 2017 across the western 

United States 



[Answer] Thank you for pointing out. That makes sense to us. We’ve modified the statement as 

you suggested. 

“The results differ from previous findings of Pan et al. (2003) who concluded that the winter 

NLDAS temperature bias was generally constant by elevation.” 

L.359: Should l.359 read 9 and 3 “km” as opposed to “km2” since Pavelsky et al. (2011) and 

Wrzesien et al. (2017) use resolutions of 27 km, 9 km, and 3 km? 

[Answer] Yes, you are correct. We edited this to “km”.  

 


