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We would like to thank both reviewers Mathieu Casado and Pascal Yiou for finding the ;me 
to read our manuscript and for providing construc;ve comments that help to improve its 
quality. We would like to thank as well Dániel Erdélyi for their ;me to read the manuscript and 
providing construc;ve comments for improving its quality. 
 
Before repor;ng our point-by-point answers, we report here two correc;ons made to the 
manuscript not listed in the reviwers’ comments. 
 
Here are the correc;ons: 
 

1. The Figure A1 (first manuscript) was not to referred in the text of the manuscript. 
 
To assess the influence of large-scale atmospheric circula;on during the nega;ve years 
of the NGT stacked series δ18O series on temperature and precipita;on, we first used 
the E-OBS dataset. However, this dataset introduces some spa;al inhomogeneity, 
mainly due to sparse observa;ons in the period (1920–1950). To verify the robustness 
of the pa\erns and to separate consistent signals from these inhomogenei;es, we also 
analysed the 20th Century Reanalysis (20CRv3) and the CRAI dataset. The pa\erns 
shown by 20CRv3 and CRAI are consistent with each other and align well with those 
obtained from E-OBS. Temperature and precipita;on pa\erns from 20CRv3 are 
depicted in Figure A2 (second manuscript), and those from CRAI are shown in Figure 
A3 (second manuscript). Both Figure A2 and Figure A3 are now correctly cited in the 
revised manuscript. 

 
2. The 2D atmopheric blocking index was mistakenly described and fully referred to 

Davini et al. (2012). 
 
The 2D atmospheric blocking index was mistakenly described and a\ributed to Davini 
et al. (2012). In fact, the 2D blocking index used in this study is described and 
implemented in the MiLES soaware (Davini, 2019) as Schwierz et al. (2004). However, 
the 2D index in Schwierz et al. (2004) is based on poten;al voritcity. Trevisiol et al. 
(2022) described such implementa;on of Schwierz et al. (2004) in Davini (2019) as a 
modifica;on of the poten;al-vor;city-based blocking method developed by Schwierz 
et al. (2004). The references and the descrip;on of the method have now been 
corrected throughout the revised manuscript, and all figures have been updated to 
replace the former ED12 label with S04. We would like to clarify that the issue was in 
the descrip;on and to cita;ons. Results remain unchanged. 



 
 
 

 
 
Mathieu Casado 
 
Review of Northern Greenland transect stacked ice cores as a proxy 
for winter extreme events in Europe 
 
In this manuscript, Gagliardi et al. combine a stack of ice core records and a paleoclimate 
reanalysis to study past regimes of atmospheric circula;on, and in par;cular condi;ons of 
atmospheric blocking suitable to general extreme events in Europe. The study uses both 
datasets from observa;onal period (1920 to present) and from a long term perspec;ve (1602 
to 2011) and shows that the atmospheric circula;on pa\erns over the two periods are 
rela;vely similar. 
 
The manuscript is well wri\en, the analyses are sound and appropriate to study the dynamical 
systems. From a paleoclimate point of view, I feel that the manuscript is barely scratching the 
surface and that the manuscript as it is now is missing a discussion: the results are clear, but 
their consequences is not discussed: what does it mean that similar atmospheric blocking 
condi;ons can be found in both the 1602-2011 and the observa;onal period? Considering 
that δ18O is also a temperature proxy (Hörhold et al., 2023), is it possible to disentangle the 
blocking condi;ons (characterised with δ18O below -1σ) happening less/more oaen with 
colder/warmer condi;ons from the thermodynamical response of water isotopes? i.e. with a 
warmer average condi;ons, should the -1σ threshold also evolve? And finally, and maybe the 
more importantly, can you conclude anything on the impact of the anthropogenic climate 
change on the frequency of extreme events in Europe from the stack and the reconstruc;on? 
I believe that this manuscript would be a great addi;on to Climate of the Past once these 
ques;ons are answered. I include general and specific comments below. 
 
We would like to thank the reviewer for the apprecia;on/sugges;ons/comments/feedback 
that will help us improve our manuscript, and for taking the ;me to read and review our paper. 
 
General comments 
 
As discussed above, I feel like the manuscript is missing a discussion that would put the results 
into a larger context, as well as to discuss the limita;ons of the datasets used. In par;cular, I 
believe that answering the following ques;ons would be beneficial to the study: 
 

1. The long term period analysis is based on a paleoreanalysis, which rely on a dataset 
of proxy records and instrumental measurements. Before 1850, the reanalysis is 
constructed using almost solely tree ring records. How do the limita;ons of using 
tree rings for the paleoreanalysis affect your results? Typically, in order to 
reconstruct fields of atmospheric circula;on pa\erns, temperature, and 



precipita;on, the EFK v2 makes use of ECHAM5.4 and these datasets, but this is s;ll 
a reanalysis based on a limited set of proxies which themselves have some well-
known biases in term of reconstruc;ng variability, including the change of growth 
rate for the different life stage of the trees leading to non-linearity in the rela;onship 
between the tree ring growth and isotopic composi;on and the local clima;c 
condi;ons.    
 
In the revised manuscript, we discussed in more details the EKF dataset and reported 
the limita;on of other proxies than tree rings before 1850.  

 
2. It also raises the ques;on of the weight of the reconstruc;on from tree rings in the 

paleoreanalaysis. The consistency between the results from the observa;onal 
period and the long term perspec;ve periods (lines 179-180) could also be linked 
with the tree ring reconstruc;on might share some of the variance of the ice core 
stack, are just representa;ve the same mode of variability. While it’s beyond the 
scope of the manuscript to compare the tree ring variability with the ice core 
variability, I think that a cri;cal discussion of the impact of the tree ring 
reconstruc;ons on the paleoreanalysis in the framework of comparing it with 
another paleoclimate reconstruc;on could be valuable. 

 
In the revised manuscript, we note the possible biases introduced by tree rings, 
especially before 1850, in paleoclimate reconstruc;on. The relevant sentence is as 
follows: “It is important to recognise that before 1850, tree-ring records have a 
major influence on reconstructed climate condi;ons. The use of mainly tree rings 
may introduce biases related to species-specific growth rates, tree-line sampling, 
and water availability (Bradley, 2015). In addi;on, the strongest contribu;on from 
tree rings is limited to mid-la;tude regions during summer. As discussed in Valler et 
al. (2022), the overall reconstruc;on is mainly shaped by the model output.” 
 

3. The NAO is men;oned once in the introduc;on and then not a single ;me in the 
manuscript before the conclusion where an en;re paragraph discusses the link 
between the atmospheric pa\erns described here and the NAO. The conclusion 
should not include new informa;on, and this highlight the lack of discussion sec;on 
in the manuscript. In term of content, how does the NGT stacked δ18O compare 
with NAO indices (Ortega et al., 2015)? The paragraph in the conclusion doesn’t 
appear convincing: all the ice cores from the stack should be under the same 
influence of NAO pa\erns considering the rela;vely small area in which they were 
found (Casado et al., 2013). 
 
In the revised manuscript, we have expanded the discussion to clarify how the 
observed atmospheric pa\erns relate to the NAO. 
 
The variability in δ18O from Greenland ice cores is indeed influenced by the NAO 
(Appenzeller et al., 1998; Vinther et al., 2003). However, our analysis shows that the 
dipole structure in the geopoten;al height observed during the nega;ve years of the 
NGT stacked δ18O series does not fully match the typical posi;ve phase of the NAO. 
The high-pressure anomaly we found extends more broadly over con;nental Europe 



rather than being centered over the Azores, as in the canonical NAO pa\ern (Wallace 
& Gutzler, 1981). Moreover, according to Yao et al. (2018), different NAO stages 
correspond to different occurrences of atmospheric blocking, and our results 
indicate similari;es with the blocking pa\ern found during the decaying phase of 
the posi;ve NAO. Addi;onally, following Weiss et al. (2016), we note that northern 
Greenland ice cores are less affected by the NAO compared to central and southern 
Greenland due to their higher la;tude and topography peculiari;es. This spa;al 
variability may explain why the NGT stacked δ18O does not show a strong or direct 
rela;onship with NAO indices (e.g., Ortega et al., 2015). In conclusion, while the NAO 
partly influences the δ18O variability in northern Greenland, the atmospheric 
circula;on pa\erns observed in our study are not representa;ve of a pure NAO 
phase but rather of a more complex configura;on involving broader European 
blocking pa\erns. 
 
 

 
 

 
4. Since you have a 400-year reconstruc;ons, how are the blocking condi;ons changing 

over ;me? Is there a link between the temperature (which also affects the NGT 
stacked δ18O) and the blocking condi;ons? 
 
The atmospheric blocking events appear to be quite stable, as shown in 
Supplementary Figure A4. The only period where there is less agreement with other 
intervals is the transi;on phase following the end of the Li\le Ice Age (LIA).  
 
The connec;on between temperature and blocking events in Europe arises from the 
fact that, during such events, less moisture and rela;vely warmer air masses from 
the mid-la;tudes are able to reach Greenland. Consequently, the rela;onship 
between temperature in northern Greenland and temperature in Europe is also 
mediated through atmospheric blocking events.  

 
5. (Hörhold et al., 2023) iden;fied a large warming in Greenland, with an increase of 

δ18O. Here, you are using detrended δ18O, which remove this effect. Nonetheless, 
it should be discussed that the minima, in par;cular the recent ones in the 1980s 
are actually associated with values close to 0‰. In par;cular, two aspects are key to 
be men;oned: (i) (Hörhold et al., 2023) shows that there is a regime change with a 
trend changing around 1800, so the detrending from 1602 – 2011 is not necessarily 



physically based, how does the window used for the reference trend is affec;ng your 
results? and (ii) how does a warmer baseline affect your results? Overall, it’s not 
clear to me aaer reading the ar;cle if the detrended NGT variability is a direct signal 
from the atmospheric circula;on, or temperature variability in Greenland that 
happens to be, at least partly, correlated to atmospheric circula;on. 
 
In the revised manuscript, we added a paragraph discussion the suitability of the 
linear detrending of the NGT staked series. In par;cular, the using the series 
between 1602 and 2003, due to availability of the EKF availability, makes suitable 
the linear detrending. In par;cular, we implemented a piecewise regression using 
Jekel and Venter (2019) [h\ps://pypi.org/project/pwlf/], and found that two 
different posi;ve linear trends are found in the series between 1602 and 2003. This 
differs from Hörhold et al. (2023), probably because of the series in our manuscript 
is taken from 1602 onward. Nonetheless, the total amount of years in the piecewise 
detrended NGT stacked where the series is below -1σ is 56, while in the linear 
detrended NGT stacked is 57. The overlapping years are 53. We therefore consider 
appropriate the use of the linear detrending.  

 
 

 

 
 

 
Specific comments 
 

Lines 28 to 29: When such extreme events persist over a region for extended periods, 
they can be classified as extreme climate events.” 



 
While I feel the goal here is to dis;nguish between extreme weather 
events and extreme climate events, the sentence is not very clear. 
 
In the revised manuscript, we expended the introduc;on of the 
manuscript indica;ng that the objec;ve of this study is to relate the 
variability of the δ18O with the frequency of occurrence of weather 
extreme events. The clearer formula;on of the objec;ve is the fact that 
weather extreme events leave an imprint in the proxies even when the 
;me resolu;on proxies is lower than those events. 

Line 31: “However, the lack of high temporal resolu;on in proxies data makes a 
challenge reconstruc;ng weather extreme events.” 
 
I don't think proxies data is a clear concept. Paleoclimate records 
maybe? 
 
In the revised manuscript, we changed the sentence referring to simply 
proxies rather than proxies data. 
 

Lines 31 to 35: 
 

Overall, this paragraph seems a bit weaker than the rest of the 
introduc;on, because it seems you're not saying what you want. Since 
it's not clear what you are studying here, it's not clear to see why tree 
ring reconstruc;ons are limited. In the abstract, you men;on 1602 to 
2011, but there are mul;ple reconstruc;ons from tree ring covering 
this ;me span, for instance, Freund et al., 2023 covers exactly this 
window. 
 
In the revised manuscript, we expanded the introduc;on sec;on. We 
also included the fact that ice cores are suitable for winter 
reconstruc;on since the accumula;on period is in winter and therefore 
more sensi;ve to winter climate condi;ons rather summer like tree 
rings. 

Line 36: “Ice cores records can be used for mul;decadal and longer ;me scale 
reconstruc;ons (Rimbu and Lohmann, 2010b).” 
 
Yes, but this is not maybe the most relevant cita;ons for this, and 
seems to promote self cita;on quite a lot. Clearly, papers ranging from 
Vinther et al, 2010 to GRIP/NEEM papers would be more relevant here. 
 
In the revised manuscript, we added other references including the 
one suggested. 
 

Lines 36 to 38:  “The growing number of high temporal resolu;on ice cores from the 
Greenland ice sheet gives valuable informa;on on climate varia;ons 
from seasonal to mul;decadal ;me scales.” 
 



This sentence should be jus;fied, but it’s not clear to me that obtaining 
high resolu;on ice cores is new. 
 
In the revised manuscript, we simply stated that the high-resolu;on ice 
cores give valuable informa;on on climate varia;ons from seasonal to 
mul;decadal ;me scales. The jus;fica;on is on the next sentence by 
referring to the fact that the variability of δ18O is can be used to 
reconstruct the Atlan;c Meridional Oscilla;on and the North Atlan;c 
Oscilla;on, two very important oceanic and atmospheric modes of 
variability the shape the climate over Europe. Anyway, we added a few 
references showing the correla;on of Greenland ice cores to regional 
temperatures at seasonal scale (Holme et al., 2019). 
 

Lines 40 to 42: “Recent studies, though, have iden;fied strong links between 
Greenland δ18O variability and atmospheric weather regimes (Rimbu 
and Lohmann, 2010a; Ortega et al., 2014) and rela;onship with 
atmospheric blocking during boreal winter months (Rimbu et al., 2007, 
2017, 2021).” 
 
10 to 15 years old studies cannot be really that recent. Overall, the 
introduc;on does not need to emphasize so much on how recent 
records are, but should focus on giving readers informa;on about the 
important aspects of what can and cannot be done with ice cores. 
 
In the revised manuscript, we added the fact that ice cores are mainly 
used for reconstruc;ons maximum to yearly/seasonal span, and 
mul;ple local phenomena affect the variability of the δ18O. Even 
though some studies (Ortega et. al; 2014, Rimbu et. al; 2021) related 
the variability of the δ18O in the ice cores to synop;c scale phenomena, 
there is a luck of study to puyng into perspec;ve of frequency of 
occurrence of extreme weather events. 

 
Lines 44 to 45: 

 
“To this end, this paper assesses the validity of the δ18O variability in 
the Northern Greenland Transect (NGT) stacked ice cores (Hörhold et 
al., 2023) is a proxy for extreme climate events.” 
 
You men;on reconstruc;on from 1600's to 2020's, while the NGT stack 
goes all the way back to 1000 AD. Why are you stopping there? It seems 
peculiar that you put so much value on the NGT stack, and not so much 
on the EKF paleoreanalysis which is as important if not more important 
to your analysis than the NGT stack. 
 
In the revised manuscript, we explicitly indicated that we limit the NGT 
stack due to the paleoreanalysis availability. 
 

Lines 128 to 130: “The average pa\ern in nega;ve years features a high-pressure system 
extending from the Azores Islands to the Bal;c Sea and low-pressure 



system over Greenland, whereas the average circula;on pa\ern in 
posi;ve years is not close to be the opposite of that in nega;ve years.” 
 
It's difficult not to think of the link with NAO here. 
 
We have answered to this comment in the third general comment. 
 

Figure 2: Shouldn't there be a figure, at least in supplement that show the 
reference against which the anomalies have been plo\ed ? Here, it's 
difficult to know for instance if the changes are equivalent to less 
strong winds toward Europe in nega;ve years, or actually an opposite 
wind direc;on. 
 
We did not compute anomalies rela;ve to a reference period because 
our goal was not to assess the impact of global warming. By applying a 
linear detrending over the en;re periods, the observa;onal period 
(1920–2011) and the long-term period (1602–2003), the fi\ed values 
(detrended series) naturally have a mean zero value. 
 

Lines 141 to 144: “Given the clear atmospheric circula;on pa\ern observed during the 
nega;ve years of the NGT stacked δ18O series, the blocking pa\ern 
highlighted by the two atmospheric blocking indices and the role of 
atmospheric blocking in favoring extreme weather events (Rex, 1950), 
the following analyses of temperature and precipita;on effects will 
focus exclusively on nega;ve years.” 
 
I'm not sure that this is a very sound argument, yes it peaks around 5% 
for the nega;ve years in Fig 3a versus 1% for the posi;ve years, but 1% 
is s;ll quite a large number of occurrence. Since it's over the ocean 
mostly, the effects aren't crucial, and you are more interested about 
Europe? 
 
In the revised manuscript, we included a more detailed explana;on, 
also drawing on the comments provided by another reviewer. 
Specifically, we clarified that the rela;onship between the variability of 
δ18O and the occurrence of atmospheric blocking, ini;ally iden;fied 
through the selec;on of extreme years in the NGT stacked  δ18O series, 
is further confirmed when considering years with a blocking frequency 
above 1σ and at least 30% of the longitude range between 10°W and 
20°E affected by blocking. In this case as well, the NGT stacked  δ18O 
values show a clear skew toward nega;ve anomalies. 
 

Lines 176 to 177: “The observed pa\erns in temperature and precipita;on results to be 
more regular than the observa;onal period due to the use, in this case, 
of a reanalysis product.” 
 
This sentence is unclear, are you talking about the long term 



perspec;ve or something else, and also because the datasets used are 
reanalysis for both the observa;onal period (20thcentury reanalaysis) 
and long term perspec;ve (EFK v2 paleoreanalaysis). 
 
In the revised manuscript, we make it explicit that we are referring to 
the long-term perspec;ve period in comparison to the observa;onal 
period since the sparsity in the EOBS dataset before 1950, where good 
propor;on of nega;ve years is. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Pascal Yiou 

General comments 
 
This short paper discusses how a Greenland isotopic data can record informa;on on winter 
blocking events over the North Atlan;c region. The paper is based on isotopic data and a long 
reanalysis, and performs various sta;s;cal analyses. The authors propose physical 
interpreta;ons by determining how water is transported in the atmosphere. 
 
The paper is interes;ng and fits nicely in the scope of Climate of the Past. I have a few remarks 
that could be integrated easily. 
 
We would like to thank the reviewer for the apprecia;on/sugges;ons/comments/feedback 
that will help us improve our manuscript, and for taking the ;me to read and review our paper. 
 
Major comments 
 
Inves;ga;ng the rela;on between this isotopic record and blocking events and the 
consequences on surface variables is probably innova;ve. The authors men;on very recent 
references, which is fine, but could also have searched for references at the turn of the 21st 
century, who looked at rela;ons between the atmospheric circula;on and surface variables, 
e.g. (Meeker et al., 1997). The rela;onship between atmospheric pa\erns and surface 
extremes has been inves;gated since (Robertson and Ghil, 1999; Yiou et al., 2012; Yiou and 
Nogaj, 2004), just to cite a few. And the rela;on between the jet stream and European 
extremes was recently discussed by (Xu et al., 2024). Therefore, a more thorough bibliographic 
search would certainly be welcome, to put the results of the paper in a fair perspec;ve. 
 
In the revised manuscript, we improved the introduc;on also with the references suggested 
by the reviewer. 
 
The adjec;ve “extreme” appears in the ;tle and in several instances of the manuscript. The 
only extremes that are discussed are the values of the isotopic record, not hydrological or 
temperature extremes in Europe. The authors essen;ally discuss “warmer/colder” or 
“we\er/drier” than normal, which does not correspond to usual defini;ons of extremes. This 
should be amended in the manuscript. 
 
In the revised manuscript, we explicitly indicated in the conclusions sec;on, that it is true that 
the changes in the distribu;on of the spa;al-averaged indexes of temperature and 
precipita;on on the long-term perspec;ve periods are not located in the tail, but they are 
located toward the upper part of the distribu;on and with the consistency of the results 
obtained using the ETCCDI indexes that are defined to capture extreme condi;ons, it 
reasonable to assume that those values of the indexes lying on that part of the distribu;ons 
because of intense phenomena. 
 



The authors quickly deduce from Figure 2 that the rela;on between the isotopic record and 
the atmospheric circula;on is unequivocal. In order to draw any conclusion between local 
(European) surface variability and blockings in the past, the authors should also determine 
the expected value of the isotopic record condi;onal on the occurrence of blocking (what they 
compute is Z500 condi;onal on the value of the isotopic record). 
 
In the revised manuscript, as suggested, to further test the linkage between the extreme low 
values of δ18O in the NGT stack and the occurrence of atmospheric blocking over Europe,  we 
also examined the years in which the pointwise frequency of atmospheric blocking exceeds 
+1σ, where σ represents the pointwise standard devia;on of blocking frequency, and at least 
30% of the longitudes are blocked. The distribu;on of δ18O during these blocking years 
exhibits a shia in the mean and a skew toward nega;ve values, suppor;ng the proposed 
rela;onship between isotopic deple;on and atmospheric blocking. 
 

 
 
The paper could also have discussed a few key events that occurred since 1600, including 
volcanic erup;ons, solar minima, etc. 
 
In the revised manuscript, we added several paragraphs at the end of the “Results and 
Discussion” sec;on, where we place the results from the NGT stacked δ18O series in the 
context of major volcanic erup;ons and varia;ons in solar ac;vity. 
 
In summary, the NGT stacked δ18O series captures quite well the atmospheric circular;on 
features, i.e. high-pressure system over Europe, low-pressure system over Greenland, caused 
by major tropical volcanic erup;ons as show in the literature (e.g. Schaller et al., 2009; Paik et 
al., 2023; Tejedor et al., 2024).  
 



Earlier work has shown that winters with low solar ac;vity tend to feature more blocking over 
western Europe and less over Greenland, which is similar to the blocking pa\ern linked to our 
NGT index. Our NGT δ18O record also shows a small but significant posi;ve link with total solar 
irradiance for 1610–2003. At the same ;me, the blocking pa\ern connected to low solar 
forcing during the observa;onal era extends further to the northeast and produces 
widespread cold condi;ons across Europe. This does not conflict with our reconstructed NGT 
temperature pa\ern, which indicates rela;vely mild condi;ons in much of northwestern 
Europe during low NGT years over 1602–2003. 
 
 
Specific comments 
 
l. 70: the descrip;on of PRCPTOT is not clear. Cumulated over what ;me scale? 
 
In the revised manuscript, we highlighted that TN10p and PRCPTOT are computed for each 
winter month in the observa;onal period. The defini;on of TN10p and PRCPTOT was already 
present in the manuscript.  
 
l. 73: the data descrip;on is not very informa;ve. What is the input of the AI reconstruc;on? 
What is its added value here? 
 
We clarified the value added of the use of the CRAI dateset in the Data subsec;on as “A 
comparison is also made with a new dataset of reconstructed extreme indices named CRAI 
(Plésiat et al., 2024). The main goal of the CRAI dataset is to reconstruct climate extreme 
indices, par;cularly for periods and regions with sparse observa;onal data. This dataset uses 
a deep-learning algorithm that combines U-net architecture and par;al convolu;onal layers 
(Kadow et al., 2020). This dataset is used in comparison with E-OBS to provide a more 
complete overview of extreme temperature and precipita;on condi;ons across Europe, 
considering the data sparsity present in some regions of the E-OBS dataset.” 
 
l. 84: I do not understand what "[…] series assumes high and low values according to certain 
thresholds." Please rephrase. 
 
In the revised manuscript, we rephrased the composite analysis descrip;on as “The aim of 
the composite analysis is to iden;fy rela;ons between two physical variables during the 
occurrence of par;cular extreme condi;ons in one of the two variables. In this case, we 
iden;fy the years when the NGT stacked δ18O series exceeds two threshold values considered 
extreme and then analyses the atmospheric variables to characterize the average atmospheric 
circula;on during those years. The choice of these threshold values is a trade-off between 
capturing years when δ18O series takes extreme values and having a congruous number of 
observa;ons available to carry out the composite analysis.” 
 
l. 86: Why does a +/- 1 sigma threshold meet "both criteria"? Figure 1 (and text): how is sigma 
computed? What period? sigma obviously increases with ;me in Fig. 1c.  
 



In the revised manuscript, we have explicitly included the equa;on for the standard devia;on 
and clarified that the standard devia;on for both the observa;onal and long-term periods is 
calculated and subsequently used to determine the posi;ve and nega;ve years. 
 
Eqs. (1) and (2): I assume that the blocking indices are determined on daily ;me scales. Most 
papers (including (Tibaldi and Molteni, 1990)) use a lowercase \phi for la;tude. 
 
The atmospheric blocking index explained in the text refers to Davini et al. (2012). In their 
paper, the \phi la;tude is in capital le\er. For coherence in explaining such method, we 
adopted the same nota;on. 
 
l. 126: Here, and in many other places, the authors are very qualita;ve: Figure 2a shows a 
cyclonic anomaly over the North Atlan;c (albeit not as deep as the cyclonic anomaly over 
Greenland in Fig. 2b). The absence of symmetry in the maps of Fig. 2 is not very surprising. 
The values of Z500 and wind speed anomalies are symmetric over Greenland, though, which 
is the first criterion expressed by anomalies of the isotopic record. Since the North Atlan;c 
atmospheric circula;on goes eastward, and yields geostrophic features (regardless of the 
presence of a blocking feature), no real symmetry of the Z500 field east of Greenland should 
be expected. 
 
In the revised manuscript, we moved the focus on the lack of a clear atmospheric pa\ern in 
the posi;ve years. 
 
l. 170: The associa;on between high pressure pa\erns with increased frequency of synop;c-
scale blocking circula;on is demonstrated by (Yiou and Nogaj, 2004). 
 
In the revised manuscript, we added the reference showing that the associa;on between 
high-pressure systems and atmospheric blocking events, even without compu;ng 
atmospheric blocking indexes, has been demonstrated by the suggested study. 
 
l. 178—206: the discussion is very qualita;ve, with many adverbs ("clearly", "remarkably", 
"notably", etc.) that could be assorted with numbers, to reach objec;veness.  
 
In the revised manuscript, we replaced those words with the ra;o between two probability 
density func;ons to add greater objec;vity. In the main text now are included the ra;os. 
 
l. 199: verb missing in sentence. 
 
In the revised manuscript, we rephrase the sentence as “Inves;ga;ng the monthly distribu;on 
may help determine if opposite monthly changes hide varia;ons at the seasonal scale”. 
 
Figures 6 and 7, l. 237: the results that are reported do not say anything about extremes, 
which are in the tails of the distribu;ons. None of the figures show any change in the tails of 
distribu;ons. It is already interes;ng to discuss how the centers of the distribu;ons change. 
 
See the answer in the major comment sec;on. 
 



l. 240: why would it be "logical" to extend this study to other ice cores? Would any change 
(especially for other Greenland ice cores) be expected? If so, this would rather invalidate the 
whole approach, wouldn’t it? As a perspec;ve, what would seem natural (to me), would be 
to inves;gate the how natural forcings can affect features of the atmospheric circula;on. This 
issue is barely discussed in the manuscript, while it is a key aspect of paleoclimate studies. 
 
In the revised manuscript, we deleted that sentence. However, it cannot be excluded that 
combining other ice cores from other loca;ons in Greenland may change the result. This is 
because as shown in Weißbach et al. 2016, the variability of the δ18O from southern 
Greenland ice cores is largely affected and therefore a more pronounced NAO pa\ern is 
expected to show. This is also the mo;va;on why the NGT stacked has been adopted in this 
study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
Dániel Erdélyi 
General comments 
 
I read this interes;ng and well-wri\en study with great interest. I would like to use the 
opportunity of open community comment to ask for clarifica;on of certain less clear points. 
Some of these ques;ons are resona;ng with some points raised already by Mathieu Casado 
but proposed from a different perspec;ve. 
 
So, links between firn and ice core stable isotope ;me series from Greenland and 
weather/climate variability over Europe have been intensively studied during the past 
decades. Several excellent results were delivered just right from the team of the authors of 
the current paper, as well. 
 
In this study a rela;vely new stacked δ18O record is tested as a proxy European hydroclima;c 
extremes driven by atmospheric blocking. The firn and ice cores used to compile the stacked 
δ18O record were actually distributed across north and central Greenland (Hörhold et al., 
2023). The spa;al extent of the ice core array scratches from ~71 to 80N and from ~30 to 50 
W. However, different regions of the Greenland Ice Sheet experience dis;nct changes in the 
average moisture source loca;ons, which is manifested in the stable isotopic signal of ice/firn 
(Sodemann et al., 2008 h\ps://doi.org/10.1029/2007JD008503 ). Different regions of the 
Greenland Ice Sheet experience dis;nct changes in average moisture source loca;ons, with 
the strongest variability observed in north and west Greenland. This strong sensi;vity of 
Greenland winter precipita;on to the NAO has a substan;al impact on the stable isotope 
composi;on of Greenland precipita;on, which is crucial to consider when interpre;ng ice-
core δ18O records. 
 
These isotope-hydrometeorological domains reflect the major regions of the Greenland 
delineated based on a synop;c survey of precipita;on and possible effects of orography on 
moving cyclones (Chen et al., 1997 h\ps://doi.org/10.1175/1520-
0442(1997)010<0839:POGRBA>2.0.CO;2 ). 
 
However, the employed stacked δ18O record amalgamates dis;nct regions considering the 
isotope-NAO rela;onship. My ques;on is whether a subset of the firn/ice core δ18O records 
of Hörhold et al., 2023, rather than the NGT-2012 composite, might provide a be\er proxy for 
the European hydroclima;c extremes driven by atmospheric blocking? 
 
Suppor;ng the regionaliza;on approach a previous study (Ortega et al., 2014, which is already 
cited in this manuscript) evaluated a set of shallow ice core derived δ18O series from 
Greenland also pointed out spa;ally variable deple;on/enrichment in the isotopic 
composi;on of ice/firn depending on the dominant NAO mode. In addi;on, ice core d18O 



records across Greenland exhibited dis;nc;ve spa;al arrangements regarding change points, 
all corresponded to changepoints in the NAO, indica;ve of a consistent atmospheric influence 
over the past millennium (Hatvani et al., 2022 h\ps://doi.org/10.3390/atmos13010093). 
 
We would like to thank the reviewer for the apprecia;on/sugges;ons/comments/feedback 
that will help us improve our manuscript, and for taking the ;me to read and review our paper. 
 
The interes;ng point of view of stacking a subset of ice cores used for NGT-2012 is 
unfortunately beyond the scope of the paper. However, we agree with the comment that a 
ad-hoc selec;on of ice cores may be a be\er proxy for atmospheric blocking events over 
Europe. 
 
Specific comments 
 
The ”Results” sec;on actually contains some discussion so sec;on ;tle could be changed. In 
addi;on, to improve the discussion the results, beside the previously men;oned studies, a 
very recent paper (Brönnimann, et al. (2025). h\ps://doi.org/10.1038/s41561-025-01654-y ) 
largely overlapping with the current one could be compared. 
 
In the revised manuscript, we put our findings in the context of Brönnimann et al. (2025). 
Their study shows that an equatorward shia of the North Atlan;c jet stream is linked to 
reduced blocking over Europe and more frequent floods in western Europe and the Alps. In 
contrast, our results indicate that periods with increased blocking over Europe correspond to 
a northward shia of the jet stream, which leads to drier condi;ons in western Europe. 
  
The “main set of extremely consecu;ve posi;ve years between 1927 and 1932” men;oned in 
line 115 corresponds well with the changepoint iden;fied around 1933 in ice-core δ18O 
records from southern and central Greenland (Hatvani et al., 2022). 
 
In the revised manuscript, we included the paper suggested as: ”This period of consecu;ve 
years, during which the NGT stacked δ18O series remains well above 1‰, is consistent with a 
change in atmospheric circula;on, par;cularly in rela;on to the NAO with Cental and 
Southern Greenland ice cores (Hatvani et al., 2022).” 
 
The last comment on this part is that the text in lines 182-188 that could fit be\er to Methods. 
In addi;on, region names and cita;ons of Fig 6 panels might need careful checking in the 
subsequent paragraphs (e.g. “Scandinavia” should be replaced with “Bal;c” in line 192 
however then 
 
In the revised manuscript, we decided to keep that sec;on as it is. We have already explained 
in the Methods sec;on that a probability density func;on is es;mated using the kernel density 
es;ma;on method to assess changes in the distribu;on of field-average indexes. Specifying 
those boxes in the Methods sec;on would seem too distant from the corresponding results. 
 
We have replaced “Scandinavia” with “Bal;c” and corrected the reference to the panel in 
Figure 6, which was previously incorrect. Now it refers to Figure 6c. 
 



Minor technical issues with the reference list are: 
• Authors’ name for the first reference (line261) should be checked 

 
We verified the reference name, and although it may seem incorrect, the code 
repository on ZENODO (h\ps://zenodo.org/records/11093617) lists the same name. 
This is because the cita;on used in the manuscript was exported directly from 
ZENODO. 
 

• One of the duplicated items (lines 321-325; lines 349-352) should be removed from 
the reference list. 
 
The duplicated entry has been removed.  

 


