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General comments

The paper is interesting and deserves publication after a moderate revision. The sci-
entific content and the modelling experiment carried out is excellent. I think, however,
that the presentation and discussion can be improved in several ways.

Structure of paper

I think there are at least two ways to improve the structure of the paper 1. It could
be helpful if you in the introduction provide some explicit aims, objectives, hypotheses
or research questions you want two answer, and provide the answers to those in the
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conclusions. 2. You discuss your results to a large degree in the results-chapter as
well as in this discussion and conclusion chapter. It might be better to make a Results
and discussion-chapter and make a much shorter conclusion chapter. Now follows
comments to each chapter of the paper.

1 Introduction

In the introduction a couple of references could be added: (Griessinger et al., 2016) and
(Bergeron et al., 2016) are very fresh paper in this journal and could be included. Some
background material from Scandinavian assimilation experiments could be added, see
(Udnæs et al., 2007) and (Engeset et al., 2003) for Norway and (Arheimer et al., 2011)
for Sweden. For the background information, I think it could be interesting to add a few
sentences how data assimilation is used operationally in western US. I guess there are
several reports (grey literature) that covers this topic, and that in many cases subjective
methods are used. On page 6 lines 148-49 your write a bit about manual practice, this
could be moved to the introduction as a background information.

2 Models and calibration

I would like to have some more details on the snow model: (1) Do you divide the
catchment into elevation zones? This is standard for operational forecasting models in
Scandinavia and is important for the performance in catchments with seasonal snow
cover. (2) Do you have any sub-catchment distribution of snow (uniform, gamma, log-
normal) or do you consider the snow depth to be equal all over the catchment? In Table
1 you list the mean elevation (please specify) but it would also be interesting to show
the min and max elevation.

3.2 Generating ensembles of estimated observed watershed SWE

I think the use of the term "observation" is confusing since it might refer both to the
point observations and the estimated catchment SWE from the regression equations.
Especially "estimated observed watershed SWE" is confusing. Maybe it arise from the
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Ensemble Kalman filtering setting where the term "observation" is standard terminol-
ogy. In the text it is not always evident when "observation" refers to the point measure-
ment and when "observation" refers to the observation based catchment SWE. E.g.
in line 111 "observation" refers to point observation, whereas for lines 112 and 113 I
am confused if you refer to "observation based catchment SWE”"or the point measure-
ments. Some suggestion are to write "observation based SWE", "observation based
catchment SWE" or "observed catchment SWE". At least you should use a consistent
terminology in order to distinguish between the point measurements and the estimated
catchment SWE from the point measurements.

3.2.1 Percentile-regression

• In lines 121-122 you write: “within a sample of all SWE observations at the same
site within a time-window of +/- n days centered on the date of the observation.”
For me it is not evident if you then use all SWE observations from the year y,
from the years preceding y or from all years in your dataset. Maybe the term
“date” means “month and day” in this context and not “year, month, day”. Please
specify.

• Why do you do the regression on the percentile? Does the percentile give you
different information than the observed SWE? Please explain why with some sen-
tences.

• Did you have any challenges since p has a lower and upper bound? On line 125,
did you need to truncate the simulated p-values to be between 0 and 100?

• The LOO cross validation approach is similar to the Jackknife approach. What is
the difference since you do not call it Jackknife?

• Lines 127-129 could be explained better. Do you calculate the percentile p for
each ensemble member in order to get 100 pairs of p and SWE from the model?
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Both the observation based and the model based ensembles are random, it is not
evident how the transformation works. Do you order the samples of p-values?

• Line 129. Why is capital J used?

3.2.2 Z-score regression

• Why do you use the term z-score. It might be a bit confusing since the term
"score" is often used for model evaluation

• Lines 140-141: "long-term non-zero mean and standard deviation of the full en-
semble model SWE within the time-window of +/- n days". Does this mean that
you calculate the mean and standard deviation over a sample of 2*n*100 model
simulations?

3.3 EnKF approach and experimental design

For the data assimilation, it could be useful to (i) write eq. 5 also without the h operator
that is actually not used. (ii) describe in two sentences how the analysis works.

3.6 Verification metrics

It could be useful to write for which variables the verification metrics is calculated.

4 Results

It is not necessary to put tables 2 and 3 in the paper, move them to supplementary
material. Figures 3 and 4 are sufficient. From the text and the figures it is confusing
for which variable the evaluation statistics is calculated: On line 216 it is written: "The
evaluation statistics for ensemble SWE observations". Whereas in the Figure captions
it is written that the evaluation is for ensemble mean streamflow. It is not evident for
which period the verification metrics is calculated. In Figure 3 and 4 it is not evident
which forcing you use. Is it “perfect forecast” or one of the two ESP forecasts? What
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is the difference between the evaluations in Figures 3 and 4 versus Figures 5 and
6. Both pairs of figures show evaluation statistics for streamflow forecasts, but I am
not able, based on the text, to tell the difference between the two set of plots. There
are two results and comments that seem to be contradicting: Line 229: Comment to
Figures 2 and 3: "although the DA does not help correct forecast biases." Line 243-245:
Comments to Figures 7,8 and 9: "Increasing the ensemble model SWE through DA will
lead to increased model runoff, and vice versa. For basins with a strong seasonal cycle
of streamflow (e.g. Greys and Merced River), SWE DA generally improves daily runoff
forecasts in addition to seasonal volume forecast improvements" How is it possible
that DA does not help correct forecast biases whereas it improves seasonal volume
forecasts?

5 Discussion and conclusion:

• In general, it is helpful if you refer to specific tables and figures in the discussion
to make it evident which results you discuss.

• Lines 264-273 could be moved to section 3.2 since it is a good description of the
method used and not a discussion of the results presented in this paper.

• I would like more discussion of Figures 10-12, and I would like to know how
often the DA improves the simulated seasonal runoff and how often it becomes
worse. Figures 7-9 could also include on year when DA makes the simulated
seasonal runoff worse. For the subplots to the right in Figures 10-12, it could
be interesting to know more about the cases when the points are located in the
lower left or upper right quadrants, i.e. to little/much runoff is simulated and you
decrease/increase the simulated runoff.

Details:
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(i) Why is ESP an abbrevation for "Ensemble Streamflow Forecast"? (ii) What is X in
1981-201X on line 174?
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