Reply to RC3, Adriaan J. (Ryan) Teuling, 26 Aug 2024
Dear Editor, dear Reviewer,

We would like to thank you for your time and input on our manuscript which we have now
addressed in the below point-by-point responses. Please note that we did not agree with some
of the suggestions as explained in detail under the respective comments. We are still grateful
for the opportunity of having this discussion, which shows that our opinion paper introduces a
new perspective and, exactly as hoped for, is already having the desired effect of inspiring a
scientific discussion about the topic.

Our reply is printed in blue, while the comments by the reviewer are given in black.
Sincerely,

Karl Auerswald, Juergen Geist, John N. Quinton, Peter Fiener

This contribution aims to argue that factors such as land use and soil management are more
important than increasing temperatures when it comes to their impact on floods and droughts.
This is an interesting and perhaps controversial viewpoint that can help to stimulate the debate
on the origins of hydrological extremes.

We appreciate this comment.

While I can appreciate what the authors are trying to achieve, and I second many of the points
made, the contribution currently contains numerous strong claims that are insufficiently
rooted in either scientific evidence or logic. The contribution also suffers from a lack of clear
definitions of what a flood or drought is according to the authors, and at what scale processes
are relevant. As a result, their argumentation suffers. As an example: if flooding is defined as
the length of (over)saturation of soils at a given location (which is perhaps not totally
unreasonable), than artificial drainage will locally lead to a reduction of flooding, and not by
definition to an increase downstream. This is in fact the main reason that much of Europe has
seen the introduction of intense drainage. The contribution has similar weak argumentation in
other places, which in my view leads to a situation in which the main proposition (Land use,
soil management, and landscape hydrology are more significant drivers than increasing
temperatures) is not sufficiently backed up by evidence or strong arguments. Therefor I
believe the contribution should either be toned down (Focusing on the question are Land use,
soil management, and landscape hydrology are more significant drivers than increasing
temperatures?), or stronger arguments should be provided to back up the claims.

We are surprised about the misunderstanding of the term' flood' by the reviewer. Flood is not
an oversaturation of soil but, according to Merriam-Webster, an inundation or overflowing of
normally dry land. Please note that the first sentence of our introduction reads “Reports of
severe storms, catastrophic floods like the Simbach event (Brandhuber et al., 2017; Mayr et
al., 2020), and tragic events such as the Ahrtal floods, which caused over 150 casualties
(Mohr et al., 2023), are increasingly common.” From this introduction, it should be clear to
the reader that we are not equating flooding with high soil moisture.



To prevent any potential misunderstanding among different hydrological disciplines, we now
clarify that 'flood' in our manuscript covers fluvial foods and flashfloods. We do not define
these terms, but we expect that they will be well-known to the readership of HESS. In the
introduction, we now write (insertions in bold):

“In this paper we demonstrate and compare the CO>-driven and land-use-driven climate
change on floods and droughts. Floods encompass flashfloods and fluvial floods. We will...”

Detailed comments:

Line 24 and onward: Here, the authors attack the use of common statements by arguing they
are solely based on correlations and not causality. This attack fails to convince. It is general
knowledge that the evaporation process (the phase transitioning from liquid to gaseous phase)
depends on temperature and vapor pressure deficit. This is not an example of circular
reasoning. Atmospheric and soil (moisture) states are both part of a complex (and open)
feedback system, and many statements on direction of feedbacks implicitly assume timescales
associated with these processes. The argument on recycling, which I find weak, is a good
example of mixing of scales by the authors. Soils can be dry because it hasn’t rained locally,
but indeed this drying might contribute to rainfall thousands of kms away. Not sure what the
authors exactly try to prove here.

We are a bit surprised by this comment because the reviewer himself wrote: “as ... land
evaporation is reduced, hence the air becomes even drier, which may further decrease the
likelihood of rainfall and favor the occurrence of meteorological droughts” (Miralles et al.,
2019). The only difference is that Miralles et al. (2019) focus on the meteorological origins of
drought while we expand the view and point to the fact that land use can also lead to restricted
land evaporation, e.g., by creating impermeable surfaces.

Line 70 and onward: Here the authors argue that because summer rainfall does not show a
clear trend, rainfall cannot explain any increases in floods. This is a false comparison. A fair
comparison would be to analyse event precipitation that induced flooding. It is well possible,
and in line with the arguments provided on erosivity, that extreme precipitation is showing a
clear increase whereas summer rainfall in itself does not. Please provide a fair comparison.

Please note that we used the sum of summer rainfall (June, July, August) to show that a
change in the sum of precipitation in this period does not explain increasing drought. In the
supplement, we compiled the results of a long-term (1951 to 2015) hydrological modeling set
up by a working group of governmental hydrological authorities and the German Weather
Service ("KLIWA"; www .kliwa.de) to detect climate change influences on hydrology. This
modeling, based on daily meteorological data, shows no trend in direct runoff (and
evapotranspiration). We have now moved the results of this modeling from the supplement,
describing the natural boundary conditions in Bavaria, to the main part of the manuscript
(now Fig. 1). This also avoids the frequent reference to a figure in the supplement that we had
in our original submission.
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Figure 1: Change in air temperature (T4), falling precipitation (P), actual evapotranspiration
(ETuc), direct runoff (Rp), and groundwater recharge (Rg) during the past seven decades and
averaged over entire Bavaria; the data were compiled from Baumeister et al. (2017) who had
applied a hydrological model (GWN-BW) particularly designed to calculate groundwater
recharge. Like almost all hydrological models, the model considers only coarse land-use
classes and not accounting for the changes that occurred within the land uses. Furthermore,
it does not consider lateral interactions between land uses (e.g., oasis and clothesline effects
on evapotranspiration, run-on infiltration, and interflow). Hence, the model results almost
entirely depict meteorological changes in space and time.

Furthermore, we now include a reference to the latest analysis of return periods of heavy rain
by the German Weather Service covering 1965 to 2020, which has just appeared. This
analysis applied sophisticated statistical tools to detect a CO>-driven climate change signal
(Willems, et al., 2023; Shehu, et al., 2023). They analyzed rainfall depth—duration—frequency
curves for 12 rain durations comprising 5, 10, 15, and 30 minutes, 1, 2, 6, and 12 hours, 1,
1.5, 3, and 7 days for the years 1965 to 2020. No trend was found for all time durations and
stationarity had to be assumed (Haberlandt, et al., 2023). Thus, we conclude the section about
meteorological changes by stating, “These minor changes in annual rainfall, seasonal rainfall,
or event rainfall do not align with the severity of floods and droughts experienced”.

In contrast to the CO»-driven climate change signal on precipitation, which is still not
significant, the land-use-driven changes like sealing or drainage on hydrology are statistically
without doubt. The only clear and pronounced CO-driven change, except for the rising
temperatures, is the increase in rain erosivity, which was identified by some of the authors of
this manuscript (Fiener et al., 2013; Auerswald et al., 2019). Rain erosivity, however,
influences sediment detachment and transport. It may lead to surface puddling and crusting
enhancing runoff, but this requires a bare soil surface and, therefore, relates to land use.
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The authors use the study of Davin et al. (2014) to argue that land management would have
contributed to a shorter, less intense drought. There are several problems with this paragraph.
First, the authors claim that the change of albedo would have lowed temperature country-wide
by 2 K. This claim is not supported by the work of Davin et al. Yes, during some individual
days during the 2003 heatwave, their simulations showed a reduction in temperature maxima
of close to 2K, but only averaged over pixels with more than 60% cropland (their Fig 4).
These are likely not the pixels where the high death toll mentioned by the authors took place,
and the effect of cropland management on these would likely have been very small. The
authors also argue that this 2K difference during the warmest days would have lead to a
reduction in soil drought — seemingly in contradiction with a later statement that 2K warming
does not significantly affect evaporation. The authors also seem to have done some selective
shopping for arguments: in Davin et al. it is also shown that for much of France (NE, see their
Fig 3) the warming impact of NOTILL for lower temperature quartiles is nearly the same as
the cooling impact for higher quartiles. Please study this reference (and other references)
again to make sure statements are in line with evidence provided in these works.

We had written:

"For France, it was estimated that, during the centennial European heat wave in August
2003, if the farmers had left the straw from grain harvest on the soil rather than tilling it in,
the change of albedo would have lowered temperature country-wide by 2 K (Davin et al.
2014)."

Davin et al. (2014) had written:

“During the peak of the heat wave in August, the daily maximum temperature was 9.9 °C
above the 19862009 climatology according to a gridded observational dataset for
temperature (20) (taking an average over 10 d between the fifth and 14th of August). This
figure is well reproduced by the model, with an anomaly of 10.2 °C in the CTL simulation. In
simulation NOTILL, the anomaly is only of 8.4 °C owing to the effect of no-till management,
which represents a 2 °C reduction of the heatwave anomaly over this 10-d period. Fig. 4 also
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shows that the albedo increase is the dominant factor, the evaporation effect having a
relatively minor role during this specific event.”

The intention of Fig. 4 in Davin et al. (2014) is not to support this 2 °C statement, but to
differentiate between the effects of albedo and soil evaporation exerted by a straw cover.
Davin et al. (2014) had indeed restricted their data set for this particular task because the
evaporation effect is very small, but not as much as the reviewer suggests. The caption of Fig.
4 says," ... averaged over France (44 - 50° N; -5 - 5°E), considering only grid cells with more
than 60% of cropland." The figure shows, that the albedo effect is larger (!) than the total
effect because of a small antagonistic effect of soil evaporation.

Also, the argument that there are regional differences is trivial. Yes, there are regions with a
lower temperature decrease (especially along the north coast) and others that have a higher
effect (especially in the northwest) to yield an average of 2 °C.

We do not see a significant discrepancy between our sentence and the detailed statement in
Davin et al. (2014), but we add “on average” to our sentence to remind the reader that France
is not homogeneous.

Neither the reviewer nor we know where the death toll occurred, and we did not write about
this. It is evident, however, that settlements were also within the study area of Davin et al.
(2014).

Line 117 and onwards: Here the authors argue that “As the droughted area heats up more than
neighboring well-watered areas, the higher temperature spreads to these nearby areas and
causes them to transpire more until they also run short of water. Thus, the area with reduced
evapotranspiration grows and may finally spread over an entire continent, described as "event
self-propagation" by Miralles et al. (2019).” Several things are wrong here. First of all, this
self-propagation is never the only process operating. Please also elaborate on the role of
atmospheric dynamics. And this statement seems to conflict with the arguments on recycling
provided earlier. The more evaporation and drying of soils in one place, means more
precipitation in other places. Again please be clear in the argumentation about spatial of
temporal scales at which processes occur.

We describe what is shown in Fig. 1 by Miralles et al. (2019). It does not include atmospheric
dynamics but describes, as stated by the caption, “Land feedbacks as local intensifiers of
hydro-meteorological extremes,” which is relevant to our topic. Of course, we agree that
persistent large-scale circulation anomalies are critical for the initiation of drought and
heatwaves (Miralles et al., 2019). However, how long “persistent” must be to initiate such
events will depend on the moisture storage on the ground and whether it is sufficient to bridge
the anomaly or not.

For clarification, we added to the text: “Even though persistent large-scale circulation
anomalies are critical for the initiation of drought and heatwaves (Miralles et al., 2019), the
length of such anomalies required to initiate droughts or heatwaves will depend on the
moisture storage in the ground and whether it is sufficient to bridge the anomaly or not.”



Line 130 and onwards: Here, the authors claim based on the work by Roderick et al. (2014)
that a 2 K temperature rise would increase evapotranspiration by only 5 %. This is misleading.
In my understanding of the Roderick study, this is based on long-term global average values
including feedbacks with precipitation. For a smaller region like Bavaria and the focus on
individual droughts, the sensitivity is likely much higher. I did a quick analysis based on data
for De Bilt, where potential ET (by the Makkink method) has been measured since 1957.
Comparing August values for 1957-1966 and 2014-2023 results in 82.9 mm and 106.6 mm,
respectively, or an increase of over 28%. The same periods show a warming of 2.67 K,
resulting in a sensitivity of nearly 11 %/K, much much higher than the 2.5 %/K mentioned by
the authors. This analysis took me only 5 min. I expect similar results will be found for
Bavaria. Please investigate a bit further than simply picking a global number not relevant to
regional drought from a 10-year old study.

Please note that we did not only cite Roderick et al. (2014) but Biirger et al. (2014) and Skliris
et al. (2016) as well. This value reflects a consensus, and it does not include any precipitation

feedback on evaporation. It may be that the reviewer has the impression that there would be a

feedback with precipitation, because on a global scale, precipitation must equal evaporation.

The smaller than CC rate is a result of the fact that evaporation requires energy; and net
irradiance does not change due to the greenhouse effect (at least as long as the effect of clouds
are not well considered in climate projections). We have added a short description to the
supplement, why an increase of about 2.5 %/K results from the Penman model. The FAO
Penman-Monteith method is long established and is viewed as the gold standard in
evaporation modelling.

The reviewer wrote “Please investigate a bit further than simply picking a global number not
relevant to regional drought from a 10-year old study.” 1t is a bit surprising that the reviewer
thinks that the study by Roderick et al. (2014) is too old, but then suggests to use the Makkink
(1957) method. Roderick et al. was cited 199 times since 2014. Furthermore, Roderick et al.
(2014) do not focus on the global scale but they identify the drivers of local-scale changes.
Remarkably, they conclude “Much public and scientific perception about changes in the
water cycle has been based on the notion that temperature enhances evaporation. That notion
is partly true but has proved an unfortunate starting point because it has led to misleading
conclusions about the impacts of climate change on the water cycle.”

We tried to find a publication of De Bilt on evaporation or evapotranspiration, but Scopus
returned no result when using these keywords. Please note that in the supplement, we also
provide the results from an official hydrological modeling study for the years 1951 to 2015
(about the same time range as De Bilt) covering entire Bavaria. It does not show any increase
in evaporation despite a 1.5 °C increase in temperature because an increase in
evapotranspiration of about 4% is too small to become visible. We have moved this figure
from the supplement to the main part (Fig. 1 now; see comment above) because pointing to
the supplement seems to attract insufficient attention.

Line 228: “In consequence, the remaining precipitation ...” -> What is remaining
precipitation? Relative to what? In natural systems there will also be a considerable amount of
drainage, perhaps even equal to that of drained lands (where storage on average is lower, but
this does not necessarily have a strong impact on average partitioning).



We do not give a relative number.

The full sentence reads: “According to Tetzlaff et al. (2010), 23% of the agricultural land in
Germany has been artificially drained, and drainage runoff in the southern part of Bavaria
can be up to 500 mm yr'! (Wolters et al., 2023). In consequence, the remaining precipitation
on the drained land in the landscapes with the highest rainfall is as low as the precipitation in
the landscapes with the lowest rainfall.”

What we are saying is that in a landscape with 1100 mm yr! precipitation, where 500 mm yr!
is lost via artificial drainage, the difference is 600 mm yr!. This is the remaining amount of
water available for all other hydrological processes, and this amount is equal to the total
precipitation in the driest parts of Bavaria.

We rephrased the sentence to make it clearer. It now reads:

“In consequence, after subtracting the water lost by artificial drainage the remaining
precipitation in the south, which has the highest rainfall in Bavaria, is as low as the total
precipitation in northern Bavaria where the rainfall is lowest.”

Section 3.4: This is a good example of selective argumentation. When discussing the study of
Davin, the authors argued that a small reduction in warming would help to counteract
drought. Using the same reasoning, hedgerows, which as the authors correctly point out have
a warming impact on their environment (besides many other advantages!) should lead to an
increase in drought because of the higher temperatures. I personally don’t think this effect is
very strong (and if so it is likely beneficial), but for this contribution it is important that
arguments are consistent.

No; the reviewer is not correct. Based on Davin et al. (2014) we argued that a straw cover can
mitigate a heatwave.

The increase in temperature due to hedgerows is an effect of reduced evapotranspiration due
to less wind (allocating more energy to sensible heat at the expense of latent heat). This is
simply a result of eqn 2. It cannot be argued that the increase in temperature will increase
evaporation because a hedgerow does not provide any additional energy that could increase
sensible heat and latent heat at the same time.



