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This study deals with the hydro-climate evolution of the Skjern river basin in Denmark
from 1875 to 2007 based on observations (river flow, precipitation, temperature) and
hydrological modelling. A substantial part of the paper is dedicated to the question
of the applicability of the hydrological model outside its calibration period and to the
question of extremes in river flows.

It is a very interesting paper, with potentially important results, but as explained bellow,
some major modifications are needed, on important scientific points, before publication
(data quality, role of anthropogenic and natural climate change etc.) Moreover, the
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paper deals with many (interesting) issues, but maybe too much of them, and it is not
always easy to see what is the main point of the paper, what is its main goal. And
despite the length of the paper, some important aspects of the study are not detailed
enough (e.g. the question of the role of climate change) while too much details are
given in other places (e.g. the historical description of the basin from 1700). | think that
improvements in the structure of the paper would be highly beneficial.

General comments.

-The changes in different variables described in the paper are very large compared
to what one typically see, most notably in precipitation. The question of data quality
is therefore especially important here, but the authors do not really deal with those
questions. The readers need to know whether the data have been homogenized or
not, how quality control has been done, whether a statistical algorithm to detect rup-
tures has been used, whether the authors checked meta-data to verify if changes in
instruments (type, location etc.) occurred etc. Moreover, I'm pretty sure that several
studies already analysed precipitation trends in Denmark, or Northern Europe (or Eu-
rope). The authors need to check if their results are consistent with those analyses
and to cite those studies (they cite two technical reports focused on Denmark but it is
not sufficient) to put their results into context.

-The paper is long, probably too long, | think. At some places a lot of details with limited
interest (in the context of this study) are given, but some important aspects of the study
are not detailed enough. For example, I'm not sure that it is really useful to give the
formula of the Pearson correlation, RMSE or describe the Mann-Kendall test that have
been used by countless studies and described in many references.

-The authors dedicate a large part of the paper to the question of extremes (definition,
results etc.). But their analysis is based on the results of an hydrological simulation,
which is not able to capture well the evolution of river flows after ~1970, which some-
what limits the interest of the analysis. | think the part on extremes could be simplified
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and shortened, because it is not the main point of the paper (to my opinion). For exam-
ple, it is not surprising that changes in extremes depend on the reference period, and
therefore I'm not sure that the analysis and discussion on this point are really useful.
On the other hand, there is no validation of the model regarding its capacity to simulate
extremes, which is important, and should be added.

-The discussion about the potential role of climate change is poor. The authors con-
clude that it is not possible to explain all the climatic changes observed in the Skjern
basin with the present knowledge (p2404). But no analysis is provided to support this
conclusion (and | think that they are wrong). The authors don’t even talk about the
potential role of natural climate change (solar variability, volcanism), that is known to
have played a substantial role a least in the first half of 20th century.

-The authors try to explain the strong centennial quasi-linear trends in river flows, pre-
cipitation, temperature by three climatic indices (NAO, SCA, AMO). But as those in-
dices do not exhibit such centennial trends, no analysis is really needed to conclude
that they are no responsible. The analysis is not uninteresting by itself but I'm not sure
that it is necessary given the goal of the paper, as it is more relevant for interannual to
interdecadal timescales.

-The performance of the hydrological model is poor after 1970, even when the model
is calibrated after 1970. Despite a very long discussion about potentials explanations,
nothing really conclusive emerges. The discussion is more qualitative than quantitative.
The authors tend to attribute those changes in performance to direct anthropogenic
changes in river flows. But those changes would have needed to be quite massive
and abrupt to explain that, because the change in the performance of the model is
abrupt. One could think that such abrupt changes would have been better documented.
Moreover, the fact that the calibration on the 1961-1970 provides the best results on
the full period raises questions as it corresponds to a period of relative stability in
temperature (fig 3)
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Specific comments.

-Page 2375 24-29 and page 2376 1:10. Long discussion, but not very informative. The
same elements can be given in a few lines.

-Page 2378. This discussion that describes the evolution of the basin since 1700 is
lengthy. It is not uninteresting, but | wonder whether it is really necessary in the paper,
as the analyses deal with the 1875-2007 period. Moreover, very few references are
given, which is somewhat problematic. Line 1 to 11: is Fritzboger (2009) relevant for
all those lines? The discussion in section 5.2.1 (50 lines) repeats many points given
p2378. | don’t think it is good for the structure of the paper, and it is clearly not efficient.
Finally, these discussions are very qualitative.

Page 2379, | 3-4. How is it done? Could it have a noticeable impact on the results?
p2382. Mann-Kendall test. How autocorrelation in the series is taken into account?
P2386. This discussion is long, probably too long.

P2387, line 22. The figures given correspond to the main four stations used in the
paper for the hydrological simulation, for the 1920-2007 period, right? It is not very
clear.

P 2387. “and the increase can therefore not be dismissed as unrealistic.” OK, but it
would be better that the increase can be proved realistic. | suppose that it is not the first
paper to study precipitation trends in Denmark or (northern) Europe. It would be nice
to provide references that show maps of the trends etc. See also my main comments.

P2388, line 5. As there is a large trend in temperature, it is not directly obvious why
there is no change in snowfall. Is there a compensation between the impact of in-
creased temperature and the impact of increased total precipitation on snowfall?

P2391, line 26. Is not possible that the issue comes from the hydrological model itself?
-p2393. Semantic issues (also line 1-5 page 2396 etc.). The authors distinguish
C1308



between anthropogenic changes (changes in irrigation, land use etc.) and climatic
change, the changes driven by climate. But climatic changes are likely also partly
caused by humans and therefore, by definition, anthropogenic. It is misleading | think,
and it should be modified. For example, the authors could use the expression “direct
anthropogenic changes” to talk about the “anthropogenic changes” of the current ver-
sion of the manuscript. They should discuss that definition early in the manuscript and
explain that climatic change could also be anthropogenic and that in that case, one can
talk about indirect anthropogenic change etc.

-section 5.2.1 | don’t think discussing the changes anterior to 1950/1960 is really useful
here because the authors are only interested by what happened after 1960. The dis-
cussion (that is interesting) is not particularly convincing because it is more qualitative
than quantitative. But | guess that the authors tried to use all available data.

-section 5.2.3. Errors due to the hydrological model could perfectly influence the results
in one direction, if the model do not represent well some processes that are particularly
important after 1960. For example the period after 1970 is a period of rapid increase
in CO2 concentration. The 1970-1990 period also corresponds over Europe to serious
solar dimming because of anthropogenic aerosols. Those changes result in changes
in the surface energy budget (modulation of incoming longwave radiation or incoming
shortwave radiation) and therefore probably in the surface hydrological cycle. Is the
hydrological model able to capture the impact of those radiative changes on river flows?
It is not obvious especially since no information on radiation is used in the computation
of potential evapotranspiration. For me, given the elements provided by the authors, it
cannot be totally excluded that the errors after 1970 are due to the hydrological model.

Section 5.3 p2395. The authors use the results of an hydrological simulation rather
than observations to study extremes. But there is no validation of the model focused
on extremes. | think it is important to prove specifically that the model is able to capture
extremes correctly if one want to study the changes in extremes with model results.
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Section7, page 2400-2402 line 5 etc. -The authors claim that because substantial
changes in the Skjern basin occurred before 1960, climate change cannot be respon-
sible for those changes. The only justification given is more or less “The IPCC says
that GHG has caused an increase in the global mean temperature after 1960 and the
increase in GHG concentration was rather slow at the beginning of the period studied”.

It is not false, but one cannot conclude from that that the changes described by the
authors are not the result of climate change. GHG concentration began to rise well
before 1960. The IPCC does not say that GHG did not cause climate changes before
1960. The detection and attribution of the impact of GHG is easier after 1960, because
the signal is larger. But it does mean that there is no impact before that. And the IPCC
doesn’t discuss specifically the changes in Denmark and those are the ones that are
relevant for the paper. Therefore | think the authors provide no relevant elements to
discard anthropogenic climate change as a potential explanation of the trends seen in
the Skjern basin hydroclimate.

Second, what about non-anthropogenic forced climate change? A positive trend is
seen in global temperature in the first half of 20th century, that is reproduced when
climate models are forced by both natural and anthropogenic forcings, with probably
an important role of solar forcing and/or volcanic eruption.

P2404. Line 1-4. I'm not sure that simulated discharges are really fully suitable to
study past climate change, given the issues of the hydrological simulation. Moreover,
given the elements provided by the authors, we don’t know if precipitation and tem-
perature series have been homogenized etc. We cannot be sure that the variability in
precipitation and potential evapotranspiration is perfectly realistic.

Section 8.2. p2404. Line10. | disagree with that. As far as | know, centennial climate
change over Europe can be well understood in terms of a combination of anthropogenic
forcing (GHG, aerosols) and natural forcing (solar variability, volcanic eruption). If it
is not true for Denmark then the authors have to provide references or evidences.
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For example, they can download temperature and precipitation from historical CMIP5
simulations (multi-model and multi-members) and show that the observed trends are
outside the range of what is simulated by the models. It would be a step in the good
direction to justify their claim.

P2405, line 11. Right, but one should distinguish in that context simple conceptual hy-
drological models from more complex ones. For the one used in this study, radiation is
not taken into account. As radiation is an important driver of anthropogenic and natural
long-term climate and hydrological change, it might be an issue. The discussion after
that is misleading because of semantic imprecisions. One can expect that a suitable
hydrological model is able to represent the impacts of climate change. Obviously it
cannot reproduce direct anthropogenic influences as pumping. But line 12, the authors
talk about “climate change impacts” and therefore it is not very relevant there to talk
about pumping etc. Replace “climate change impacts on runoff” by something like “the
future evolution of runoff” and it is OK.

p2405, line 23. Is it not an indication that the model is too simple and does not repre-
sent correctly all the physical mechanisms that can play in a non-stationary climate?
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