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We would like to thank Hannes Müller Schmied for the open and very positive eval-
uation of our manuscript. In the following we provide point by point answers to his
comments. For the sake of clarity we first repeat the reviewer’s comments (in italic)
and then provide our response.

Comment 1:
The manuscript "Observational gridded runoff estimated for Europe (E-RUN version
1.0) from Lukas Gudmundsson and Sonia I. Seneviratne, submitted to Earth System
Science Data, presents a pan-European dataset of monthly runoff as well its descrip-
tion. The authors have further developed previous work (published in HESS) and up-
dated the time series to the end of 2014. Firstly, they selected suitable stations and
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time series of river discharge from three databases, and trained a machine learning
algorithm which is then used to model monthly runoff fields at pan-European scale.
Using a cross validation approach and different metrics, the authors tested the ap-
proach and concluded that the dataset can be of use e.g. for long term runoff statistics
or for analyzing droughts.

The manuscript is well organized and (with a few exceptions) written very clear, es-
pecial the different test “batteries” to obtain a homogenized dataset; congratulations!
The beauty of first publishing the method and results in HESS (Gudmundsson and
Seneviratne 2015 (referred in the following as GS15)) is, that the discussion and re-
view comments of GS15 are publicly available. Major issues are discussed in GS15,
so the basic method is accepted and has been development further (e.g. by including
Spanish stations). I have only a few issues that should be improved in the final version
and would suggest a minor revision.

Reply 1:
Thank you for this positive overall evaluation of our manuscript!

Comment 2:
General comments: Title: One term which was discussed in GM15 was the ques-
tion if the dataset can be called “observations”, as also a model is included (machine
learning). When I read “observational”, I assume that this are solely measurements. I
therefore suggest to modify the title to “Observation-based gridded runoff estimates for
Europe (E-RUN version 1.0)”.

Reply 2:
Thank you for this suggestion. We will revise title accordingly.

Comment 3:
I miss a section describing the limitations of the approach. For example, it would be
interesting what the approach does with areas which are under heavy human use (e.g.
irrigation in Spain) or where reservoirs occur. I expect that the approach has problems
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in such areas (could be hardly to attribute from climate forcing only) and would like to
ask the authors if they could discuss it briefly.

Reply 3:
Thank you for this suggestion, we will discuss limitations of the data product in more
detail.

Comment 4:
In addition, it would be nice to have an interpretation of the jittering time series of Fig.
6. It is hard to see in which season the high / low number of stations are included. I
guess that this is due to the assumption at P6, l 24 where summer months e.g. of Spain
are flagged as “suspect” but the river might be intermittent for some time in reality.

Reply 4:
Based on your and other reviewers comments we are currently revising the data se-
lection and QC procedures, which might resolve this issue. We will comment on this in
the revised manuscript if it is still necessary after the methodological revision.

Comment 5:
Furthermore, the machine learning algorithm depends (strongly) on the climate forcing
used. It would be interesting to assess the effect of the climate forcing to the results
of the machine learning algorithm. E.g. Müller Schmied et al., 2016 shows for the
global hydrological model WaterGAP that modeled water balance components can dif-
fer largely due to the climate forcing. I know that the main task of the manuscript in
ESSD is to describe the dataset (and e.g. not to compare with other datasets) but I
think it could be of value to discuss a possible effect in a few sentences. For future
work, I would like to encourage the authors to analyze the effect of (different) climate
forcing on the model results.

Reply 5:
As mentioned by the referee the scope of the presented paper (and data set) was to
produce a timely update of LS15. For doing so we opted to rely on the E-OBS data
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as they date relatively long back in time and are updated on a regular basis (for the
revisions we consider now data ranging to December 2015).

Nevertheless we acknowledge that forcing-uncertainty may have a substantial influ-
ence on the resulting estimates and we will discuss this as a potential limitation.

Comment 6:
Specific comments

Abstract: Sure, there are different perspectives to which river runoff is belonging. To
my understanding, a climate variable would be e.g. precipitation or temperature, but
not river runoff. Does it make sense to write climate-related variable instead of climate
variable? Further, the reader reads “River runoff is . . . directly linked to the terrestrial
water balance” which sounds a bit strange. I would understand river runoff as a com-
ponent of terrestrial water balance which is directly linked to climate variables – but I
think that depends a bit on the perspective. You might consider this point for rewriting
if you agree on that.

Reply 6:
Runoff and river flow have actually been classified as an “essential climate variable” by
World Meteorological Organisation (Bojinski et al., 2014). We agree with this interpre-
tation as these variables are essential components of the terrestrial water cycle which
in turn feeds-back on the entire climate system (Seneviratne et al., 2010). The des-
tination suggested by the reviewer is rather related to “atmospheric” and “terrestrial”
variables.

Comment 7:
P1, l23: what is meant by “eventually”? Does it belongs to the “large rivers” or the
contribution to discharge (which I would assume)? Please rewrite.

Reply 7:
We will omit “eventually” in the revised manuscript.
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Comment 8:
P3, l2: why did you selected only daily observations if you then aggregate it into
monthly values?

Reply 8:
Thank you for this suggestion, we now also consider monthly observations that are
available from the GRDC.

Comment 9:
P3, l12 ff: It can be understood that the Spanish data are only available for 2010 and
2011, but based on Fig 6 I think this is a wrong assumption. You might clarify that in
the section for non-Spanish speakers that cannot get the information from the website
(which is now showing 2011-2012 in the website title)

Reply 9:
Thank you for spotting this source of confusion. The “ Anuario de aforos digital 2010
- 2011” actually contains data until 2010-2011. We will clarify this in the revised
manuscript.

Comment 10:
P6, l9: the authors stated that they converted discharge into runoff but did not wrote
from where they got the basin areas which are needed for such an conversion. I guess
it is used from the discharge databases (see metadata in the Supplement) but that has
to be stated definitely in the manuscript.

Reply 10:
Yes the catchment area are available in the considered data bases. We will make this
clear in the revised manuscript.

Comment 11:
P9, equation 5: Isn’t it the well-known Nash-Sutcliffe-Efficiency? Would it be better to
reference it as NSE?
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Reply 11:
Yes this is the Nash-Sutcliffe-Efficiency, which is sometimes also referred it as “model
efficency”. However, we prefer not to change the terminology to maintain consistency
with GS15. Note also that this is also commonly used as a skill score for weather
forecast models (Wilks, 2011). To clarify this issue we will refer to both (Nash and
Sutcliffe, 1970) and (Wilks, 2011).

Comment 12:
Reference list: please check carefully upper-/lowercase in the titles and be consistent.

Reply 12:
We currently aim at keeping the upper/lower case structure of the original titles. This
seems to be consistent with ESSD-D typesetting (we used the according BibTeX files).

Comment 13:
Fig. 1: the EWA and GRDB stations are very hard to see / distinguish from the GRDB
stations, you might use a different color. In general, the figure could be larger.

Reply 13:
We acknowledge that it is difficult to distinguish individual data points in this figure.
However, we would also like to stress that we try to balance the number and the size of
the figures. In this context we found that increasing the figure size (from single column
to two-column) would be excessive.

Note also, that all the relevant information is provided in the supplement of the article.

Comment 14:
Fig. 3: In case of fraction of suspect days is 0.0 – is the color white or also a bit
reddish? If reddish, I would re-color it to white as otherwise, it is hard to interpret (for
me). Furthermore, the figure caption is not very self describing.

Reply 14:
The colour at 0.0 is actually light red as it would be impossible to read the values
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against the white background. As we are now combining information from both daily-
and monthly resolution time series we might actually omit this figure from the paper.

Comment 15:
Fig. 4: If the aim is to be able to distinguish only blue from red, than it is ok. For me
it is very hard to distinguish the bluish and reddish colors. So I would suggest to use
more different colors if it is the aim to distinguish within the categories.

Reply 15:
The aim of this figure is to distinguish between “useful” (blue) and “suspect” (red) sta-
tions, as this is most relevant for the paper. Note that results of the homogeneity testing
are also available in the supplementary information.

Comment 16:
Fig. 6: in caption “temperature” should be lower case. What is meant by “first/last
available observation at each station” in case of > 1 station within a 0.5âŮę grid cell?

Reply 16:
We will revise the caption accordingly.

Comment 17:
Fig. 7: Please add to figure caption “monthly” (30% missing monthly values are se-
lected) to be concise.

Reply 17:
The caption will be revised accordingly.

Comment 18:
Fig. 8: Figure labels are not fully self describing. Please write out “cv” either in the
figure or in caption. Is there a special reason for the different colors of boxplots? For
me, it is a bit hard to see the median in the cv-time box-plot (black on dark-blue color),
and in general, I do not see a reason to have the boxplot colored at all. Please use a
light color (or white) for both boxplots instead.
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Reply 18:
The caption will be revised accordingly. We will also consider to change the layout of
the figure. (The boxes are coloured differently for a better visual distinction between
both cases.)

Comment 19:
Assessment of the data itself (downloaded from Pangaea website at 2016-02-07)

Citation at pangaea should be updated. Download runs without any problem.

Reply 19:
The citation was updated. Good to read that the download works.

Comment 20:
First visualization using panoply. Time selector is located as mean of the month (which
is, sometimes e.g. 16.1. 00:00 or 14.2. 12:00). Values of data are in mm/day, but
calculated/displayed are monthly means. It might be better for interpretation of the
data (esp. for someone who did not read the manuscript carefully), if monthly sums
are provided (mm/month) and time iterator are consequently monthly time steps. For
example, time unit is given as “days since. . .” but providing 769 time steps. This is a
bit unclear, as there are 769 monthly time steps. I suggest to modify the timestep from
day to month.

Reply 20:

1. We prefer to use monthly runoff rates in mm/d as this is consistent with commonly
available precipitation data.

2. The time-axis was created by the “Climate Data Operators (CDO)” and the format
is pretty much standard for a wide range of climate data.

3. We will include more details on this in the meta-data of the NetCDF file.
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Comment 21:
I investigated the 30 years between 1979 and 2008 (I selected time period using Cli-
mate Data Operators), calculated monthly sums (ignoring leap years) and visualized
long term average runoff in mm/yr. During that, I recognized that values are not avail-
able for all grid cells and each month (compare the Figure 1 here against e.g. your
Fig. 9). For example, the last years of Iceland are missing, which I guess is due to
the missing climate observation data. There are also other grid cells affected (e.g.
Turkey). I suggest to describe in the manuscript that data are discontinuous for some
regions/grid cells.

Reply 21:
Thank you for highlighting the missing data issue, which is related to the availability of
the forcing. We will mention this in the revised manuscript.

Comment 22:
I could not resist to compare the long term average runoff with those from WaterGAP
2.2 (STANDARD, see Müller Schmied et al., 2014). Figure 1 shows (for all grid cells that
contain values in every month of E-RUN) the long term average of E-RUN, WaterGAP
2.2 as well as the absolute differences. I was so interested, as WaterGAP is calibrated
against the long term average river discharge (from GRDC database) for many basins
in Europe, and that could be some kind of “fair” comparison. This is not completely the
case, as station correction factor CFS in WaterGAP (see Müller Schmied et al., 2014)
is applied only at the grid cell where the calibration station is located (and cannot be
meaningful back-transferred to the basin itself). The comparison is also not “fair” as
climate forcing differs (E-OBS for E-RUN, WFDEI for WaterGAP). Anyhow, the brad
pattern is comparable, and in many regions, differences are within +-100 mm/yr.

Reply 22:
An interesting comparison, highlighting the utility of the presented data-product. We
are pleased to see that it is already getting used by model developers!
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