
Author’s response to the anonymous referee comments on egusphere-2023-1725 

 

Dear anonymous reviewers, 

We sincerely thank you for taking the �me to carefully review our manuscript and providing valuable 
feedback to improve our manuscript. The manuscript has been revised according to your sugges�ons. 

Below please find our point-by-point responses to your comments. 

Note: Our responses are marked in blue. 

  



Response to RC1 

Revision on: Schwitalla et al., “Soil moisture-atmosphere coupling strength over Central Europe in the 
recent warming climate” 

The manuscript provides an analysis of the inter-annual variability in land-atmosphere coupling focusing 
on the summers from 1991 to 2022 in Europe. The analysis uses the ERA5 reanalysis product and 
combines different coupling metrics and atmospheric and soil condi�ons to try to explain the drivers of 
summer condi�ons. Although the main idea of the manuscript sounds interes�ng, the text and 
explana�on of the results are very confusing and in my opinion is not solid enough as it is to be 
published. 

We thank you for carefully reviewing our manuscript. You suggested to focus on central Europe (see 
below), therefore we revised our inves�ga�on for the region of 5°W-25°E, 40°N-60°N. We refer from now 
on to this region unless stated otherwise. Please find our responses to your comments as marked in blue. 

Specific comments: 

The authors decide to use a reanalysis for the study of LA coupling, soil condi�ons, surface pressure and 
air temperatures but then they use the E-Obs product for precipita�on. Despite the good performance of 
E-Obs in precipita�on, if the aim of the study is to analyze the interconnec�on between variables and LA 
metrics in the “reality” of the ERA5 product, I do not agree with the use of E-Obs in precipita�on, when 
all the rest of variables are related to the ERA5 simulated precipita�on. The change of E-Obs by ERA5 
precipita�on may not change the results, since they may agree in the classifica�on of dry and wet 
summers but in my opinion it is a required step for adding consistency to the analysis. 

Different from temperatures, humidity, pressure, and soil moisture, precipita�on is not assimilated into 
the ECMWF model for the ERA5 product and therefore is a pure diagnos�c variable of the model with a 
strong dependence on the convec�on and microphysics parameteriza�on.  

For our study we require summer anomalies in precipita�on to iden�fy warm dry summers. The 
magnitude of the mean summer precipita�on 1991-2020 is larger in ERA5 than in EOBS throughout the 
domain with maxima of 30 % in mountainous regions, especially the Alps. Much more important for our 
inves�ga�on are summer precipita�on anomalies in each year. These show the same general paterns 
and magnitudes in ERA5 and EOBS. Below in figure R1 please find example plots of precipita�on 
anomalies from ERA5 and E-OBS for the very wet and warm summer 2010 (not used in our study) and the 
extremely dry summer 2003 showing minor precipita�on differences in extreme years. 

  



  

 
Fig. R1: Precipita�on anomaly for summer 2003 (top row) and 2010 (middle row) derived from 
ERA5 (le� column) and E-OBS (right column). The botom row shows the mean precipita�on 
difference of the summer months between 1991-2020. 

 

Therefore, we had decided to use E-OBS in this study. However, following your sugges�on, we complete 
the analysis adding ERA5 precipita�on.  

The use of ERA5 product for the study of LA coupling is also controversial per se, since land surface 
models like the one employed in ERA5 have several difficul�es in simula�ng LA interac�ons (e.g. 
Dirmeyer et al., 2018) and the authors have not validated the ERA5 simula�on of the coupling metrics 
employed in the analysis.  

Standalone land surface model simula�ons do not impact the atmospheric variables. Dirmeyer et al. 
(2018) refer the “difficul�es in simula�ng LA interac�ons” of such stand-alone model simula�ons. Further 
it is not clear which specific difficul�es in the LSM HTESSEL you are referring to in your comment. Fig. 9 
and Table 2 in Dirmeyer et al. (2018) display reasonable results of the stand-alone land-surface model 
HTESSEL (EL) which is applied in ERA5. In sec�on 2b they men�on that this HTESSEL stand-alone 
simula�on is forced by al�tude corrected atmospheric variables from the coarse ERA-Interim product as 
only rela�on to a Reanalysis product.  
 
Reanalyses data provide the three-dimensional consistent land and atmosphere gridded mul�decadal 
�meseries of diurnal cycles closest to observa�ons and therefore allow to study on the regional climate 
scale LA coupling beyond studying surface variables. It is not the goal of this study to evaluate reanalysis 
data or a model simula�on. It is the goal to study the land-atmosphere interac�on based on the best 
available 3-dimensional long-term gridded data set for Europe which is also applied in very recent studies 
of Rousi et al.(2022) and Rousi et al. (2023) to inves�gate feedback effects between the atmosphere and 
the land surface.  
Coupling metrics are based on variables that are currently not available at the same temporal and spa�al 
resolu�on from observa�ons but from model simula�ons or reanalysis data (Findell et al., 2023). 



Therefore, the metrics themselves cannot be evaluated. The ERA5 variables used in this study (soil 
moisture, 2-m temperatures, surface sensible and latent heat flux) were successfully applied in LA 
feedback studies of Sun et al. (2021), Qi et al. (2023), and Rousi et al. (2023). 
 
Given that the valida�on of the ERA5 product simula�on of LA coupling would correspond to another 
ar�cle, I recommend adding another reanalysis product or model to the analysis and focus on the 
agreement between models. If the authors s�ll consider that adding more products is too complicated 
then I would recommend to add another sec�on to the ar�cle discussing the possible effect of ERA5 
uncertain�es (e.g. in precipita�on, LH and SH) reported in the literature on the results (not in general as 
it was done in line 391). 

Following your sugges�on further below, we inves�gated the study of Martens et al. (2020) which relates 
to the study of Muñoz-Sabater et al. (2021). As shown in both studies, the representa�on of the surface 
fluxes, soil moisture and net radia�on in ERA5 is very reasonable compared to in-situ measurements over 
Europe. 
We added the following to the end of the discussion sec�on: 

“Martens et al. (2020) evaluated surface latent heat fluxes from ERA5 against FLUXNET sta�ons 
(Pastorello et al., 2020) for the period 1991-2014. Their analysis revealed that ERA5 performs well in 
moderate temperature climate which is the case over Europe. ERA5 soil moisture over Europe shows a 
reasonable correla�on of up to 0.7 over Europe (Muñoz-Sabater et al.,2021) while LH in ERA5 tend to be 
overes�mated on average by about 9 W/m-2 when compared to all sta�ons. SH in general shows almost 
no bias. This overes�ma�on could be related to an overes�ma�on of wet days in combina�on with 
underes�mated sub-daily precipita�on rates (Beck et al., 2019). The overes�ma�on of precipita�on 
resul�ng in higher LH es�mates could lead to an increased atmospheric instability and thus affec�ng the 
ACI and the LCL deficit.”  

 
Regarding your point of using other/addi�onal reanalysis products. Of course, in the prepara�on of this 
work, we performed a detailed review of available data sets:  

• UERRA is only available un�l July 2019. Its sensible and latent heat fluxes are only available in six-
hourly intervals and cannot be used for our scien�fic analyses 
(htps://confluence.ecmwf.int/display/UER/Issues+with+data).  

• COSMO-REA6 (Bollmeyer et al., 2015) is only available from 1995-2019 and does neither make 
use of a sophis�cated data assimila�on scheme nor of an ensemble approach.  

• CFSR (Schneider et al., 2013) is only available un�l 2010 and thus does not cover the recent 
climate change period. 

 
Therefore, ERA5 provides the most advanced long-term high-resolu�on reanalyses data for Europe and 
there is no added value to our study by adding another reanalyses product. A short paragraph has been 
added to sec�on 2.1 to clarify why we used ERA5 and no other reanalysis data sets. 
 
The classifica�on of summers in warm dry or wet was done using averages of the whole Europe as 
domain, although most of the �me the authors only comment on the results over Germany and around 
countries (e.g. sec�on 4.1.1). I think it would make more sense to classify the summer with the averages 
of an area centered in Germany avoiding the effect of the different regions in this classifica�on and the 
different paterns that you obtain for the same category (e.g. warm and dry). 

https://confluence.ecmwf.int/display/UER/Issues+with+data


The selec�on of the domain also complicates the descrip�on of the results. The authors focus the 
analysis over Germany, thus in some part of the text they comment only results over Central Europe (e.g. 
sec�on 4.1.1) and in other all Europe (e.g. sec�on 3.2), which makes it very confusing because the 
paterns and results in Europe are specially diverse. I would recommend the authors to focus the analysis 
in central Europe, avoiding the discussion of north and south areas, or to divide the results sec�on into 
paragraphs dedicated to the phenomena happening in each region. 

Thank you for raising this point. We agree that it is beneficial to set the classifica�on region to a smaller 
area. Therefore, we decided to exclude areas south of 40°N, north of 60°N, west of 5°W, and the areas 
east of 25°E in our analysis, reprocessed all the analyses, and modified the figures accordingly.  

Right now, the structure of the results includes the explana�on of each variable over the whole Europe is 
very difficult to follow, especially when the authors try to connect results between variables, because it is 
not clear to which region they are referring. Something similar happens with the selec�on of warm and 
dry summers. The chosen criterion leads to very different results for the same category (perhaps because 
of the spa�al variability in the whole Europe used as average for the classifica�on). And then the 
descrip�on of results seems incomplete since the explana�ons of the authors do not apply for all areas 
and all summers in the same category. The two results sec�ons need to be revised and re-organize to 
improve the clarity of results for different regions and years. Perhaps a good idea is to show the results 
by year (including all maps of the same year in the same figure) and reduce the number of selected years 
so we can beter follow the story that the authors are sugges�ng. 

Following your sugges�on, we reduced the number of years by se�ng a 2-m temperature anomaly 
median threshold of 0.5°C, i.e., for warm years the anomaly median of the domain needs to exceed the 
threshold. This together with focusing on central Europe slightly changes the selected of years in our 
analysis for the summer seasons. 1994 and 2013 dropped out and 2017 is added, i.e., 2003, 2006, 2015, 
2017, 2018, 2019, 2020, 2021, and 2022 are classified as the warm and dry years. 2002 has now changed 
to a cold and wet year and is shown, together with 1997, in the supplement. 

For clarity we reorganized sec�on 4. We start with the terrestrial coupling strength. This is followed by 
the correla�ons between LH and SH in sec�on 4.2. Sec�on 4.3 shows our results of the ACI in connec�on 
with the LCL deficit.  

The results (sec�ons 3 and 4) are also not clear and not well supported. For example, the analysis is 
incomplete (e.g. the reader is sent to sec�on 4.3.2 and 3.3 in lines 202 and 203 but they do not exist) or 
it includes wrong references (e.g. Figure 14 in line 300, line 303 referring to high SH in Fig. 10 when Fig10 
shows correla�ons, and other missing references in the paragraphs like in lines 248 and 249 Fig 6 and 
Fig8 should be cited).  

We carefully revised sec�ons 3 and 4. This was also required due to the smaller domain of the analyses 
and focus on warm dry summers in the revision. We also added addi�onal references the figures at the 
appropriate posi�ons. 

The results in sec�on 3.0 are also supported by references mainly to abstracts in conferences (e.g. line 
232) instead of on the results from the ERA5 product.  

The references related to our C3S references are not conference contributions but press releases from 
official reports of the Copernicus Climate Change Service (C3S) published since 2017 online. Since 2019 



they also have a doi. We therefore chose to change the references to the reports themselves 2021 and 
2022 and refer to the report websites for 2017 and 2018. 

The main jus�fica�on for using ERA5 data for this analysis is that you have all the environmental variables 
more or less consistent with each other, so for example if in line 206 you are saying that the dry anomaly 
in summer is related to dry spring season you should support that with a map based on ERA5 in the 
supplementary informa�on that supports that claim.  

Thank you for your sugges�on. We added the spring season soil moisture anomalies for the summer 
seasons to the supplementary material.  

The same happens with other explana�ons of results based on some heavy precipita�on or drought 
events (e.g. lines 169, 238, 353,357-359), are these events really represented in the ERA5 data? Because 
if not the results that we are seeing are not related to that event. 

In figure R1 above we show exemplary for 2010 and 2003 the comparison of ERA5 and EOBS for large 
scale strong precipita�on and drought summers. To show that ERA5 reasonably well simulates heavy 
precipita�on and drought events, we added the ERA5 precipita�on anomalies to sec�on 3.3 of the 
revised manuscript.  

 



Figure R2. ERA5 summer precipita�on anomalies with respect to 1991-2020. 
 

The paterns show that the events are presented in ERA5 in both, precipita�on and soil moisture 
anomalies. In 2021 ERA5 shows stronger precipita�on than EOBS in the region of Germany and Benelux 
that was hit by the severe large scale precipita�on event in July (Mohr et al., 2023) . 

Some of the claims based on the results are not easy to follow or see in the maps (e.g. line 200 “By 
comparing Fig. 6 and 7…”). Perhaps a sta�s�cal analysis of spa�al correla�ons between variables could 
help to reach more robust conclusions.  

We calculated the correla�on coefficients between temperature and precipita�on. In the analyzed 
reduced domain men�oned above, the correla�on is always nega�ve with values between -0.25 and -
0.65 indica�ng that in most cases, a posi�ve temperature and nega�ve precipita�on anomaly are 
associated with each other. This statement has been added to the new sec�on 3.3. 

Another example is in the paragraph star�ng in line 277, there are more coupling hot spots over central 
Europe for example in 2019 and 2006 but the soil moisture anomalies some�mes are nega�ve and 
some�mes are posi�ve. The authors should make an effort to explain the results that we are seeing or 
reduce the number of maps included in the manuscripts explaining the processes leading to warm 
condi�ons in par�cular years and areas.  

The corresponding paragraph in sec�on 4.3 now reads: 

Coupling hot spots are observed over East and Southeast Europe with ACI values of more than 250 J kg-1 
(Fig. 8). They are connected to higher values of LH over these regions due to neutral or posi�ve root zone 
soil moisture anomalies in 2006, 2019, 2020, and 2021 (Fig. 5). These coupling hot spots agree with the 
sensi�vity between temperature and moisture change signals in Europe found by Jach et al. (2022). 

Also the interpreta�on of land atmosphere coupling should be revised in the manuscript. I am not sure 
the authors explain clearly the role of soil moisture deficits in the restric�on of latent heat flux and the 
induced increase in temperature. For example, this is the case in the men�oned paragraph (line 277), 
since both strong and weak coupling are associated with posi�ve soil moisture anomalies. We need more 
informa�on about what is happening there. 

We added the following paragraph to our analysis in sec�on 4.3: 

“In case evapotranspira�on is not limited by soil moisture, the incoming radia�on is allowing for poten�al 
evapotranspira�on and surface latent and sensible heat fluxes are par��oned accordingly. In case 
evapotranspira�on is not limited by incoming radia�on but by available soil moisture evapotranspira�on 
is below the poten�al rate leading to higher Bowen ra�os. The increasing Bowen ra�o leads to an 
increase in temperature. This enhances evapotranspira�on and therefore a gradual decrease in soil 
moisture towards wil�ng point. According to Benson and Dirmeyer (2021) this ul�mately leads to the 
situa�on that latent heat fluxes almost vanish and the incoming radia�on mainly transforms into sensible 
heat which can exacerbate heatwaves and droughts.” 

The conclusion sec�ons could be reorganized, separa�ng the discussion from the conclusions. In this way 
perhaps it is easier to iden�fy the real conclusions of this study and the new informa�on that we have 
learned about land-atmosphere coupling, which at the moment is not clear. 



Following your sugges�on, we separated the discussion from the summary to enhance readability of our 
manuscript.  

 

Minor comments: 

Line 111: “To complement our analysis, seasonal mean anomalies of 500 hPa geopoten�al (Lhotka and 
Kyselý, 2022) and ERA5 volumetric root zone soil moisture were calculated” This is not clear, do you mean 
geopoten�al height? Also are both variables calculated from ERA5 or do you use another database for 
the 500 hPa geopoten�al? 

Both variables are calculated from ERA5. We will make it clear in the manuscript. 

There are some minor spelling errors. The text should be revised (e.g. line 64 “suggests”, line 75 “In the 
preceding…”, line 213 no new paragraph, line 228 “The very…” is a very long sentence and the 
connectors are not used well, line 169 “caused by the severe'', line 189 “previous” no “precious”, line 199 
revise connectors, line 258 remove “in addi�on”, line 294 “suggests”, line 299 “is more o�en in...”, line 
302 “a considerable increase in the HLCL”) 

Thank you for spo�ng this. We will recheck grammar and spelling throughout the whole manuscript. 

Please, correct the order of maps (2003 and 1994) in figure 4. 

As the classifica�on of the summer seasons has changed, Figure 5 now contains different years and in the 
correct order. 

Line 236 “preven�ng a moisture limita�on”, please check this sentence. Do you mean here “leading to 
moisture deficits”? 

We agree. We revised the sentence in the new sec�on 4.2 according to your sugges�on to: "During the 
most hot and dry summers 2003, 2018, and 2022, the correla�on LH-SH became nega�ve over Central 
Europe which is related to the anomalously warm and dry condi�ons during these seasons leading to a 
moisture deficit in the soil." 

Line 254 “show non-significant values” please avoid the “significant” word if you did not apply a 
significant test. If you did apply a significant test, please provide the details on the text. 

As we now focus our analysis on Central Europe, this part of the sentence rela�ng to Spain and Portugal 
has been deleted. We did not apply any significance tests in our analysis. 

Line 246 “almost weak” Please replace it by another expression e.g. “mostly weak” or just “weak”. 

As we removed the warm and wet summer seasons from our analysis, this error is not present anymore. 

Line 249 “the average soil moisture availability” do you mean the “high soil moisture availability”? 

Thank you for spo�ng this. Indeed, we meant “high soil moisture availability”. 

Fig 14, please add an explana�on of why this selec�on of warm and dry years. 

As our classifica�on has changed to warm years only, we added all subfigures to this panel plot. 

Sec�on 6 should be sec�on 5. 



A�er the separa�on of the discussion and conclusions, the sec�on numbering will be adjusted 
accordingly. The discussion is now sec�on 5, and the summary is now the final sec�on 6. 

Paragraph star�ng in line 384, this is just the jus�fica�on for using ERA5 in the analysis but not the 
discussion of how uncertain�es in ERA5 like the overes�ma�on of LH (Martens et al., 2020) could be 
affec�ng these results. This paragraph should probably be placed in sec�on 2.1. 

Following your sugges�on, we moved the first half of this paragraph to sec�on 2.1. 
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Response to RC2 

Schwitalla et al. present a study on the coupling strength of moisture and energy fluxes, and atmospheric 
characteris�cs over the European con�nent. The goal is to understand interanual variability of the LA 
coupling sign and strength in different clima�c regions under varying moisture and energy condi�ons in 
summer. Focus is placed on the drought condi�ons. As a reference they chose the climate period 1991 to 
2020, while the �me series inves�gated extends to 2022.  

We thank you for reviewing our manuscript. Please find our responses to your comments as marked in 
blue. Following the sugges�on of Reviewer #1, our inves�ga�on now focusses on the area between 5°W-
25°E and 40°N-60°N. 

In the quan�fica�on of the coupling sign and strength, they use standard indices and correla�on 
coefficients based on linearity assump�ons. 

We apply the terrestrial and atmospheric coupling indices, which are no standard indices yet to study 
land-atmosphere coupling. So far, they were not applied on the regional scale in Europe except for one 
growing season in Germany by Warrach-Sagi et al., 2022. The indices consider, that coupling experiences 
thresholds, e.g., in case of soil moistures above field capacity, LH is not limited by soil moisture and the 
no terrestrial coupling due to soil moisture via LH is visible. The study is complemented by correla�on of 
SH and LH, which is applied to gain more informa�on on the energy par��oning role on the coupling 
(e.g., Knist et al., 2017). In case they are not correlated other processes than LA coupling via soil moisture 
determines the fluxes and thresholds in moisture or energy limita�ons may be reached.  

A plethora of work has been on published on the sign and strength of LA coupling in the past couple of 
decades. The study corroborates previous findings; in my opinion there are no surprises, or perhaps I 
have missed them. In this case, the authors need to revise the manuscript and clearly point out the new 
findings. 

Though mul�ple studies assessed land-atmosphere feedback during the past two decades, s�ll a huge 
research gap, par�cularly for Europe and for the �me periods, which are already affected by the climate 
crises such as the droughts and floodings in the summers since 2015. In the past decades for Europe on 
the regional scale below 50 km resolu�on land-atmosphere coupling studies were o�en based solely 
surface variables (e.g. Knist et al., 2017). Only recently the regional studies also considered the 
development and state of the atmospheric boundary layer (e.g. Jach et al., 2020). The exis�ng studies 
focus on (Central) Europe up to 2015  (e.g., Knist et al., 2017, Jach et al., 2020; Leutwyler et al., 2021) or 
on a single summer season (e.g., Dirmeyer et al., 2021). Between 2015 and 2022 Europe experienced a 
strong increase in summer temperature, droughts and heavy precipita�on, this is therefore a very 
interes�ng period to add in land-atmosphere feedback studies in central Europe. A review of the current 
state of the art and the studies is included in the introduc�on from line 33 to line 74.  

The analyzed period includes the decades that have been studied previously with respect to land-
atmosphere coupling  based on regional climate model simula�ons (e.g. Knist et al., 2017; Jach et al., 
2020; Miralles et al.,2019). All other studies were based on the coarse grids of global climate models. It 
would be ques�onable if our results would not support previous findings on the same period. Here we 
extend the study to the current rapid climate change of the past decade. Further the results with ERA5 
are closer to observa�ons than regional climate models (Sun et al.,2021, Qi et al.,2023, and Rousi et 
al.,2023).  



Our results show that the extreme drought years 2003, 2018, and 2022 can be iden�fied as changing soil 
moisture-atmospheric coupling patern. This in turn leads to a decoupling between SH and LH as shown 
by the correla�on between these two variables. Addi�onally, the LCL deficit considerably increases 
during these years further enhancing and amplifying the heat and drought situa�on. As shown in Benson 
and Dirmeyer (2021) this can lead to a self-reinforcing mechanism which even further amplifies heat and 
drought condi�ons in changing climate. 

In the summary and discussion sec�on, the authors touch on the main the goal of the study and many 
interes�ng ques�ons. For example, the authors state that “the hydroclimatological condi�ons during 
each summer drive considerable interannual variability in LA coupling…”. This would indeed be an 
interes�ng finding indeed. However, in my opinion, the analyses does not show this in a rigorous way. 
The indices of different years are presented, without further analysess.  

We have to admit that the wording “hydroclimatology” could be misleading here as we did not 
inves�gate the rela�on between temperature, precipita�on, and streamflow. Here we meant that the 
interannual temperature and soil moisture (and thus precipita�on) variability. This sentence has been 
changed and now reads: 

“Our results show that the interannual temperature and soil moisture variability during the different 
summers considerably  drive the interannual variability in LA coupling over Central Europe.” 

They also suggest “a growing influence of soil moisture variability on the meteorological condi�ons…” in 
the second half of the study period, which was drier than the first half. Again, the presenta�on of the 
coupling indices and linear correla�ons for individual years does not afford this conjecture in my opinion. 

Markonis et al. (2021) found a considerable increase of drought events since 2010 due to higher 
temperature, less precipita�on and the resul�ng soil moisture deple�on already occurring in spring. We 
added this reference to the second last paragraph of our summary. 

Two addi�onal points that caught my aten�on are the categoriza�on of the different years and 
applica�on of the ERA5 data set (which was also brought up by the other reviewer). In the former, the 
classifica�on appears to be rather arbitrary.  

The years 2021 may server as an example, which is categorized as a warm and dry year in the table, but 
exhibits a wet anomaly and is referred to as warm and wet in the text, if I am not mistaken. This type of 
confusion does not lend confidence in the results.  

Indeed, the defini�on of 2021 in Table 1 was wrong. 2021 shows a precipita�on dry bias connected to a 
warm bias. We will carefully check all summer seasons again to ensure a correct classifica�on. 

Following the sugges�on of Reviewer #1, we decided to focus our analysis to a smaller region between 
5°W-25°E and 40°N-60°N. In addi�on, we only consider only warm summer seasons where the median 2-
m temperature anomaly exceeds +0.5 K. 

In the later, the issue of data assimila�on in ERA5 in the diagnosis of LA coupling has to be discussed 
further. Also in my opinion, reanalyses are of limited value in feedback studies, which leads to the 
challenge of iden�fying feedbacks in simula�ons while reproducing real world weather condi�ons.  

Reanalyses data provide the three-dimensional consistent land and atmosphere gridded mul�decadal 
�meseries of diurnal cycles closest to observa�ons and therefore allow to study on the regional climate 



scale LA coupling beyond studying surface variables. It is not the goal of this study to evaluate reanalysis 
data or a model simula�on. It is the goal to study the land-atmosphere interac�on based on the best 
available 3-dimensional long-term gridded data set for Europe which is also applied in very recent studies 
of Rousi et al., 2022 and Rousi et al., 2023 to inves�gate feedback effects between the atmosphere and 
the land surface.  
Apart from the 12-hourly atmospheric data assimila�on (Hersbach et al., 2020), a sophis�cated Kalman 
Filter based soil moisture assimila�on is applied hourly (de Rosnay et al., 2013) in ERA5 which connects 
the atmosphere with the soil during the subsequent forecasts. Martens et al. (2020) clearly showed that 
ERA5 outperforms its predecessor ERA-I with respect to surface fluxes which was confirmed by a study of 
Muñoz-Sabater et al. (2021). 

As shown in Muñoz-Sabater et al. (2021), the representa�on of the surface fluxes, soil moisture and net 
radia�on in ERA5 is very reasonable compared to in-situ measurements over Europe as well as in 
comparison with data from GLEAM project (Miralles et al., 2011). Dirmeyer et al. (2021) successfully 
applied ERA5 for the inves�ga�on of LA feedback processes during the severe summer drought over 
Europe in 2018. The ERA5 variables used in this study (soil moisture, 2-m temperatures, surface sensible 
and latent heat flux) were successfully applied in LA feedback studies of Sun et al. (2021), Qi et al. (2023), 
and Rousi et al. (2023). 

To summarize, ERA5 data deliver the required 3D data to apply LA feedback metrics that combine the 
variables of our study. We added the discussion accordingly to the manuscript. 

Perhaps one has to make a choice and accept that in case of feedback studies in order to iden�fy 
mechanisms, internal model consistency is more important than reproducing past weather. It would be 
interes�ng to understand the perspec�ve of the authors in a more in depth discussion. 

We disagree with this statement. An improvement of the representa�on of metrics must directly 
propagate in improved forecasts and vice versa. As explained above, it is not the goal of this study to 
evaluate reanalysis data or a model simula�on. It is the goal to study the land-atmosphere interac�on 
based on the best available 3-dimensional long-term gridded data set with diurnal cycles for Europe. We 
study the feedback based on the variables, not in the process chain calculated in parameteriza�ons of 
the surface and boundary layer and within the land surface model. That would require model 
simula�ons, high resolu�on ver�cal and horizontal observa�ons and would answer different research 
ques�ons (e.g., Milovac et al., 2016 and Bauer et al., 2023). 

Further, global and regional climate model simula�ons suffer from biases in the representa�on of surface 
fluxes, e.g., due to an inaccurate simula�on of precipita�on and thus an improper simula�on of (root 
zone) soil moisture (Diez-Sierra et al., 2022). Although the general climate change signal can s�ll be 
present in the simula�ons (Ban et al., 2022), even a bias correc�on of precipita�on would not be 
sufficient in this case as this does not impact other prognos�c variables. 

A short paragraph has been added to sec�on 2.1 why we used ERA5 and no other reanalysis data sets. 

In my opinion, the study requires much more work beyond major revisions in order to contribute new 
and interes�ng results addressing the important issue of interannual variability of LA coupling in summer. 

As stated above, between 2015 and 2022 Europe experienced a strong increase in summer temperature, 
droughts and heavy precipita�on. This is therefore an interes�ng period to add in land-atmosphere 
feedback studies over Central Europe. Studies on LA feedback that also use data in the atmospheric 



boundary layer are either based on reanalyses data or model simula�ons and limited for Europe. Europe 
in the past has not been a hot spot, however this may now change as our study shows for the last 
decade. The problems of the purely model simula�on-based studies are outlined above. The reanalyses 
data is suitable for the metrics. The results of the metrics can be used to study the capability of regional 
and global models “to iden�fy mechanisms, internal model consistency.”   

We are confident that we sufficiently addressed all your concerns men�oned above so that the 
manuscript can now be published. 
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