
Dear Editor and Reviewers, 
 
We thank you for your positive feedback and the critical evaluation of our manuscript. We have 
taken each comment and suggestion into account. Below we provide our responses (in blue) to 
each individual comment/suggestion and describe how they were incorporated. We also note that 
we added a new figure 1 showing a schematic of the Kalman Smoother reconstruction process. 
We are confident that the revised version is significantly improved and look forward to your 
feedback. 
 
Sincerely, 
Sönke Dangendorf 
(on behalf of all co-authors)  
 
 
Reviewer 1:  
In this paper, Dangendorf and colleagues present a reconstruction of regional and global mean 
sea-level change and its different drivers since 1900, based only on observations and statistical 
methods (to reconstruct sea level back in time). The dataset presented in this manuscript is a val-
uable addition to the field, and can be used in a range of scientific applications. The manuscript 
explains well the method and discusses some of the regional patterns of the reconstruction, dis-
playing the multitude of processes that can be investigated with this dataset. My only concern 
here is that it should be made clearer to the reader that this is an update of a previous reconstruc-
tion, with some, albeit very important, alterations, so that the novelty of the dataset is not over-
stated. With this made it clear, and some small alterations, the manuscript deserves to be pub-
lished to the scientific community.  
 
We thank the reviewer for their positive evaluation and critical review. In the revised manuscript 
we have taken into account each comment. We are confident that the revised version of the man-
uscript is clearer in particular with respect to how this new reconstruction differs from former 
works (in particular Hay et al. (2015, 2017) and Dangendorf et al. (2019)).  
 
Main comments:  
 
Novelty in relation to Dangendorf et al (2019).: The need to update the reconstructions available 
is well delineated in the introduction, which makes the issue and novelty of the study very clear. 
But I think it should be more explicit the differences and updates regarding the previous recon-
struction from the lead author (Dangendorf et al., 2019). This is study is very briefly mentioned 
in the introduction, but it deserved more attention at the beginning to make it clear that this is an 
update/improvement of the previous reconstruction. From the introduction, that is not clear, and 
the reader is led to think that this is an update of Hay et al (2013; 2015). In the discussion, how-
ever, it becomes slightly more clear that this is an update of Dangendorf et al (2019) [Lines 608-
610]. Only in the discussion [Lines 608-610] the authors say explicitly that this is an update of 
Dangendorf et al. (2019), extending the previous reconstruction by 6 years.  



Thank you for pointing this out. We believe that this is a misunderstanding, resulting from vague 
language in the discussion. It is important to note that Dangendorf et al. (2019) combined the re-
construction techniques of Hay et al. (2013, 2015; Kalman Smoother) and Calafat et al. (2014, 
EOF-based) purely based on post-processing the results from Hay et al. (2015). The Kalman 
Smoother results were low-pass filtered and the residual signal was then used to reconstruct 
high-frequency variability of monthly MSL. Finally, both were added to derive an updated re-
construction. The new reconstruction presented here, however, adjusts the prior information on 
individual processes that is taken into account within the Kalman Smoother, but the framework 
itself follows that of Hay et al. (2015). Thus, the sentence in the discussion is misleading, as it is 
not really an extension; please note that the difference in the techniques as outlined above was 
already emphasized in the original manuscript. We have therefore adjusted the sentence in the 
discussion as follows:  
“The new reconstruction provides six more years of data than our earlier works using different 
techniques (Dangendorf et al., 2019; the RSOI approach was used in that study as a post-pro-
cessing step at timescales smaller than 30 years, while here the RSOI is integrated directly into 
the Kalman Smoother framework for the reconstruction of sterodynamic sea level)”.  
Adjusting the introduction to include additional discussion of Dangendorf et al. (2019) is, in this 
sense, unnecessary, and in our view, it would also detract from the flow of the material.  
 
Colormap of figures: In all sea-level literature, warm colors are related to positive trends, and 
cold colors to negative. The colormap used by all the authors is the opposite, which is very con-
fusing. I really urge the authors to flip the colormap, so that blue will be negative and red posi-
tive.  
 
We understand the reviewers’ concern but feel that this is a matter of style. Although most peo-
ple in the sea level community use an opposite palette, that choice – in which blue signifies less 
water - is counterintuitive to non-experts (we have received this feedback in earlier published 
work). At the end, color bars are provided for each figure making it clear how to interpret each 
plot. We therefore decided to keep the current color scheme.  
 
Minor comments:  
 
Not sure if there is space in the abstract, but just by reading it, it was unclear what was the ‘nov-
elty’ regarding the previous reconstructions.  
 
We have adjusted the abstract to highlight the novelty of the study. Line 16-18 now reads as fol-
lows:  
“The reconstruction is based on tide gauge records and incorporates prior knowledge about 
physical processes from ancillary observations and geophysical model outputs allowing us, for 
the first time, to resolve individual processes and their uncertainties.”  
 
L21: make it clear that the reconstructions were larger (though with larger reconstructed trends in 
three out of six regions).  
 



We adjusted the sentence as follows:  
“Validation against steric height estimates based on independent temperature and salinity obser-
vations over their overlapping periods shows moderate to good agreement in terms of variabil-
ity, though with larger reconstructed trends in three out of six regions.”  
 
L24: “most recent rates”… unclear to what period this refers. Please give a year.  
 
Thank you, done  
 
L49: Is there a more recent GMSL acceleration that could be mentioned (instead of a 2018 publi-
cation)?  
 
We do not know any peer-reviewed publication providing an update, but we also feel that Nerem 
et al. (2018) is the original work, and no further acceleration has been noted since.  
 
L127: I’m not so familiar with these methods, but how are the tide-gauge observations, which is 
in RSL, and satellite altimetry, which is ASL, combined in the state vector?  
 
They are not. The state vector contains sea level estimated at those locations not the actual ob-
servations.  
 
L154: does this mean than that everything before 1955 is only based on statistical modelling?  
 
It means that we assume that the covariance matrix is properly represented by data after 1955 
(i.e., the information on how individual tide gauges covary). This is a necessary tradeoff for cal-
culating covariances of gappy data. However, it does not mean that everything before 1955 is 
only based on statistical modelling, as some tide gauges extend further back in time.  
 
L161 (and L203): Why only one IBE estimate? Were there no other reanalysis available, to have 
a larger number, like for GRD and GIA…? And this IBE estimate is the combination of two rea-
nalysis (one 1900-2015 and one 2016-2021), were there no single one that covered the entire 
study period? Do these two dataset have any significant differences (apart from period)?  
 
The reason is two-fold. First, the 20th century reanalysis is the only remaining long-term reanal-
ysis, while ERA20C is no longer available. Second, any additional dataset would double the en-
semble size and make the computation very inefficient. Given the fact that the IBE is only a mi-
nor component within the analysis, we have included only one member. We also note that the 
IBE was often ignored in other reconstructions, so our methodology is still an advancement com-
pared to other reconstructions. We have added this reasoning to the data section, which now 
reads as follows:  
“IBE variations are derived from sea-level pressure data from atmospheric reanalysis models, 
specifically the 20th century reanalysis v3 covering the period 1900 to 2015 (Slivinski et al., 
2019) and the NCEP-NCAR reanalysis 1 (Kalnay et al., 2018) from 2016 to 2021. Both reanal-
yses were interpolated from different global grids onto the 74,742 grid points for the regional 
sea-level fields considered in the Kalman Smoother. They are combined after adjusting them to 
the same mean at each grid point over the five overlapping years between 2011 and 2015. The 



choice of using the 20th century reanalysis v3 is based on its availability over long periods. 
Other datasets (e.g., HADSLP) are not considered, as the IBE has only a very minor contribu-
tion compared to other processes and every additional dataset would double the total ensemble 
size considered here.”  
Lastly, we note that differences between the different data sources may occur in data-sparse re-
gions (usually at highest latitudes away from tide gauges). That’s why we chose a short overlap-
ping period for their vertical adjustment to avoid any step changes in the combined dataset. 
Again, given the minor importance of the IBE, we feel that any more detail is beyond the scope 
of this manuscript.  
 
L191: Why only 5 years were considered to extrapolate the last year of GRD?  
 
We used only 5 years as the ice-contributions have accelerated and are generally very nonlinear. 
Using a longer period would not account for that. However, we note that we extend by only one 
value and, as already noted in the original manuscript, using a quadratic fit instead does not yield 
different results.  
 
L205: Use the grid resolution instead of number of grid cells (same for other occasions when the 
number of grids is mentioned (e.g., Section 4)). For example, L222: Does this mean that you at 
the end have a 4-degree resolution dataset?  
 
It is not a fully gridded product, as we deleted land areas (NaNs) and selected every fourth grid 
point from satellite altimetry. As satellite altimetry has a resolution of ¼ degree, we end up, on 
average, with a 1-degree resolution. However, we did not interpolate it back onto an equal-
spaced grid. This can be done by any user depending on their need.  
 
L213: Satellite altimetry was also used as input into the state matrix of the Kalman filter, no?  
 
No, it was only used as input for the RSOI reconstruction of sterodynamic residuals. It deter-
mined the number of grid points on which the whole reconstruction was performed though.  
 
Validation with satellite altimetry: If altimetry was used in the Kalman filter, is this a fair valida-
tion?  
 
Satellite altimetry covariance information was used to determine the sterodynamic component, 
so it is not fully independent. This is why we perform the comparison to independent steric prod-
ucts below. Unfortunately, there is no other way of validating those products to observations. 
However, we emphasize that the skill in reproducing satellite altimetry was significantly im-
proved compared to earlier attempts summarized in Carson et al. (2017), which illustrates that 
the good agreement is not assured with the use of covariance information from satellite altimetry.  
We have added a note that makes it clearer that they are not fully independent:  
“The GMSL and basin-scale averages (based on basin definitions following Thompson & Merri-
field, 2014) of the new reconstruction of relative sea level and its individual contributors are 
presented in Figure 3. Overlaid are the global and regional averages from satellite altimetry. 
We note that covariance information from satellite altimetry was used to determine the sterody-
namic component in the reconstruction, and as such the validation here is not fully independent.”  



 
L231: A suggestion, but you could use this value (r=0.89), or another as a reference contour line 
in the global map (Figure 2a).  
 
We tested this, but it becomes very messy, as the correlation decreases primarily in eddy-rich ar-
eas, which are then overlaid by black lines. We therefore decided to retain the version that we 
had in the original manuscript.  
 
L241: Does this mean that there is a resolution limit to the reconstruction?  
 
Yes, this is what was incorporated in the prior sentence (“The reconstruction is also meant to 
capture primarily large-scale patterns by reducing it to the 10 major modes”), although we can-
not specify the actual limit here. This needs to be explored by users based on their application.  
 
L255: Is there a way of indicating which regions that have a significant residual? If hatching all 
the areas that are insignificant would make the figure “too dirty”, maybe you could mention in 
the text, since its such a small percentage, where the residuals are significant?  
 
We tried highlight such regions, but they are invisible because they are so few. They are also not 
clustered in one specific region. We have added a note:  
“The majority of trends (98.9% of the entire ocean area) and accelerations (96.5% of the entire 
ocean area) in the residuals (satellite observations minus reconstruction) are also not statisti-
cally significant, and the few that are statistically significant do not cluster in a specific region.”  
 
Figure 3: The differences (last row) in the accelerations seems much larger, but this is probably 
an artefact of the color range. Maybe for these panels, both the trend and acceleration should be 
on similar color range, or the differences should be normalized.  
 
The acceleration coefficients are more sensitive to interannual variability, and this is why they 
show (relatively) larger magnitudes. Acceleration coefficients should be treated with far more 
care than linear trends (see Haigh et al., 2014 for a discussion: https://www.nature.com/arti-
cles/ncomms4635). That’s why we feel that the presentation is OK as is.  
 
Sterodynamic estimates: There are some regional budgets, such as Wang et al (2021), Royston et 
al (2020) and Camargo et al (2023), that do have sterodynamic estimates. So these could be used 
to validate the sterodynamic of the reconstructions, instead of only independent steric estimates.  
 
The budgets from Royston only cover the period from 2005 to 2015. Camargo et al. (2023) uses 
different basin definitions than we do (that cannot be easily merged). Also, the data from both 
publications overlap with that represented by Frederikse et al. (2020). Wang et al. (2021) com-
bine a global estimate that was included in Frederikse et al. (2020) and couple it with an ocean 
reanalysis, so it is not purely observational. Ocean reanalyses come with their own drifts and bi-
ases (e.g., Dangendorf et al., 2021), which was also one of the reasons why they were not consid-
ered as an appropriate prior for the Kalman Smoother. We also note that the authors never made 



that field available (only trends over the period they assessed), so it cannot be added to this fig-
ure. Lastly, we note that Frederikse et al. (2020) incorporated multiple observational products, 
which motivates our choice to focus on that product.  
 
L283: Here and also L287 you say ‘Northwest Pacific’, but on the table 1 and 2 is only ‘West Pa-
cific”.  
 
Thank you for spotting this, we adjusted the tables accordingly.  
 

L238: The agreement of the reconstruction is better with satellite altimetry than with tide gauge 
records, reflecting the dependence of the reconstruction on the quality of the altimetry in the 
coastal zone. In addition to the processes you mention here that altimetry measurements might 
misrepresent in the coastal zone, there are also a large number of correction issues in the coastal 
zone (see Vignudelli et al, 2019, for example). If the reconstruction is made with ‘standard’ al-
timetry product, and not dedicated coastal products (e.g., X-TRACT (Birol et al., 2017), ALES+ 
(Passaro, 2018)), it will inherit these issues. So, does this mean that the user should take care 
when using this product in the coastal zone (and say, not consider the most inshore grids?) In this 
case, a sentence saying this should be added. On the same note, I was wondering: (1) could the 
reconstruction be improved by including coastal altimetry products? (2) would the validation 
with the ‘virtual tide gauges’ (Cazenave et al., 2022) give better results than the validation with 
the standard tide gauges?  

 
We added a note on the degradation in quality due to correction uncertainties in the coastal zone:  
 
“The latter may miss some fundamental processes that take place close to the shore (e.g., Ca-
zenave et al., 2022) such as coastally trapped signals from wind (Calafat and Chambers., 2013) 
and river discharge (Piecuch et al., 2018) or nonlinear VLM rates (Oelsmann et al., 2023), and 
is also known to have degraded quality due to correction issues in the coastal zone (e.g., Passaro 
et al., 2018; Vignudelli et al., 2019).”  
Regarding point 2: Yes, coastal altimetry could, in principle, be included, though that would de-
crease the period over which we perform the EOF analysis as those coastal products are only 
available since 2002. The implementation will be part of a project that was recently funded, so it 
will be incorporated in future releases.  
 
L353: here you mention ‘64%’ and ‘33%’ of the tide gauges…what about the other 3%?  
 
This is based on the 1mm/yr and 0.5mm/yr thresholds in that same sentence, so there is no other 
3%. It simply tells that 64%/33% of all sites show trend differences below these values. The 
numbers should not be added up.  
 
L355-358: these are also locations with large non-linear (and non-GIA) VLM, such as earth-
quakes hot spots (U.S. west coast) and land subsidence (Gulf of Mexico). Could this also add to 
the large differences?  
 
This is exactly what we meant. We added a note to make it clearer:  



“Second, there may be processes that affect tide gauges at the coast (such as nonlinear VLM) but 
that are not explicitly included as priors in the Kalman Smoother fields”  
 
L364: Could add a comment about why the differences with the tide gauges have so much larger 
uncertainties than the differences with satellite altimetry?  
 
Not sure what is meant here? The remainder of the paragraph deals with precisely this point. We 
hypothesize that there are additional local processes, such as VLM, that lead to larger differences 
between the reconstruction and tide gauges.  
 
L377-384: This part was very confusing for me, and required me to read several times to under-
stand the different what trend values and number of tide gauges (90, 516, 119) were referring to. 
For example, the 0.27±1.67 and 0.1±1.8 mm/yr trends, are these average of the 90 and 516 loca-
tions? And the difference refers to KS reconstructed with GIA – tide gauges?  
 
We are sorry for any confusion. Yes, the numbers refer to the median ± standard deviation over 
all sites for the trend differences. We added that information at the beginning of the paragraph. 
We also added the number of sites to one sentence, which now reads as follows:  
“However, replacing the GIA crustal rates with the GNSS-based VLM at the 90 sites signifi-
cantly reduces the trend differences to -0.14±1.00 mmyr-1 (i.e., a reduction by 40% in the stand-
ard error).”  
The numbers mentioned by the reviewer were already linked to the number of sites, so we do not 
know what to change there (The trend differences for the 90 selected sites, 0.27±1.67 mmyr-1, 
are not significantly different to those obtained at all 516 sites (0.1±1.8 mmyr-1)).  
The idea here is that unaccounted residual VLM (i.e., non-GIA) explains a part of the large dif-
ferences. Thus, we replace GIA by GNSS estimates before the comparison.  
 
L400-402: Please add the periods of Church & White (2011) and jevrejeva (2014), instead of just 
say ‘for shorter periods’. And add uncertainties to these trends, if provided.  
 
Done, thank you.  
 
Table 3: You could also add the acceleration rates to the table (so similar to Table 1)  
 
Thank you, but we decided against it as we only discuss the acceleration coefficients for the pe-
riod after 1970, as outlined in the manuscript. Adding them to the table would require adding an 
additional text paragraph. Furthermore, the regional accelerations are already discussed in terms 
of the high-resolution maps.  
 
L424 (and Fig 8): Why is the comparison made with D19 only from 1930-1939? And in the dis-
cussion (L612-614) the results are compared for 1993-2021?  
 
This results from the discussion in the paragraph. The reconstructions disagree with the sum of 
individual components during this period. That’s why we mapped the differences between Dan-
gendorf et al., (this study) and Dangendorf et al. (2019, which is in line with the other recon-



structions) over this particular period. Lines 612-614 in the discussion section refer to the com-
parison of the reconstruction with satellite altimetry, so we are confused how the reviewer con-
nected the two!?  
 
L428-429: This information should be given before, either in the introduction or methods.  
 
As noted in our response to the main comment, this is not an update of Dangendorf et al. (2019), 
so methodological details on this study are not relevant to any other section. It was highlighted 
here as it shows similar global behavior as other reconstructions and as it is the only reconstruc-
tion for which regional fields are available.  
 
In Figure 10 you compare the accelerations with Palmer et al (2022), but this comparison never 
comes up in the text.  
Thank you, we added a note. Text now reads as follows:  
“The increase in the rates since the early 1970s (which is consistent with former reconstructions 
summarized in Palmer et al. (2021)) was initially driven by the steric contribution and later by 
the barystatic component of sea-level rise.”  
 
L497: And to a smaller extent also due to GRD contribution  
 
Thank you, we added that information, which now reads as follows:  
“Negative trends are primarily located in centers of postglacial uplift where former ice sheets 
were located (Scandinavia and North America) and are therefore caused by the GIA signal and 
to lesser extent due to GRD in response to modern melting (Figure 12d)”  
 
L515: It seems like there is something missing in this sentence “The local maxima result from 
additional around…”  
 
Thank you, we corrected the sentence as follows:  
“This pattern is largely dominated by the barystatic GRD terms and results from the fact that 
most major melt-sources in the 20th century were in high (northern) latitudes. The local maxima 
around ~40 degrees North and South are due to the sterodynamic contribution and reflect gyre 
dynamics.”  
 
L590: Are the codes ready for publication already? Or does this mean that there will be another 
publication for the code? It was unclear.  
 
It will only be published with a future release and publication. The publication of the codes and 
all prior data requires considerable data management resources that were not provided with the 
funding for this project. However, in the follow up project that was just approved those efforts 
will be funded, and accordingly we will prepare the codes in a way that they are publicly shara-
ble. We added a note that makes it hopefully clearer:  
“The code for the Kalman Smoother reconstruction is currently still being prepared for publica-
tion but available from the main author upon request. We intend full publication of the Kalman 
Smoother approach with the next version of the reconstruction in a future release with cleaned-
up and annotated codes.”  



 
L630: It’s a bit circular that the peak matches better with the ones from Frederikse et al (2020), 
since the barystatic GRD used in the reconstruction is from Frederikse et al (2020).  
 
Not necessarily. If it was circular, they should show up in the Frederikse et al. (2020) tide gauge 
reconstruction as well (tide gauges were corrected for the same barystatic priors as used here), 
but they do not.  
 
Editorial comments:  
 
L33: add comma after warming climate.  
 
Thank you, done  
 
L36: symbols on the dark red and blue are a bit hard to see. Maybe using lighter shades for the 
background colors might improve it.  
 
Thank you, done  
 
L275: Reference should be Camargo (2020).  
 
done  
 
L349: Change ‘Fig.’ to Figure (as it has been in all other instances)  
 
Thank you, done  
 
L381: Here you have ‘-0.14±1.00 mm/yr’, but Fig 6c says -0.13.  
 
adjusted  
 
L400: Here you have 1.5±0.19, but Table 3 is 1.5±0.20.  
 
adjusted  
 
L501: I would suggest using ‘scarcity’ instead of ‘paucity’, but that’s because I had to look up 
this  
word. 
 
Was suggested by a native speaker, so we’ll keep it as is.  
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Reviewer 2: 

This paper provides a new probabilistic reconstruction of historical global and regional sea-level 
changes by combining two methods (RSOI and Kalman smoothing) and using recently published 
results to constrain the reconstruction. Overall, the paper is clearly written, the methods used are 
well explained (although some improvements could be made I think - see below) and the results 
bring new information on historical sea level, which makes this paper and the related dataset 
definitely of interest for future research and operational studies. I only have a list of minor 
comments, suggested corrections and questions that I have listed below. 
We thank the reviewer for their positive and critical evaluation of the manuscript. 

• Please include more carriage return in the introduction to make it easier to read. 
The template format might have given the impression that parts of the manuscript are one 
long paragraph, while in reality they are not. In the final print lines 47-97 should appear 
as 3-4 paragraphs 

• P2l48: 3.4 mm/yr over which period ? please clarify. 
Added (since 1993) 

• P4l122: “control input parameter” or “control input parameters” ? 
Thank you, corrected 

• P4l123: please revise the equations (1) and (2). The “k” subscript on the right hand side 
should be replaced by “k-1” in (1) and the “O with stroke” in (2) should be replaced by 
phi (state transition matrix) I presume. 
Thank you for spotting this, corrected! 

• P4l128: “the latter […]” please reformulate. I don’t really understand what is the first 
adjustement compared to Hay et al. 
We adjusted the sentence, which now reads as follows: 
“The reduction of the vector to only one globally uniform GMSL estimate is the first 
modification to Hay et al. (2015, 2017), where the vector also contained estimates of 21 
melt rates from mountain glaciers and ice sheets.” 

• P4l130-132: were all individual GRD estimates used from Frederikse et al. (2020) or the 
total contribution (i.e. 1 GRD estimate for all components)? Please clarify. 
We added “total”, but we also note that the selection of the prior estimates is discussed in 
the data section. There we also added a sentence “Here, the sum of the individual 
contributions is considered.” 

• P6l171: replace 4,0000 by 4,000 
Thank you, done! 

• Although this not done either in Hay et al. (2017), I’d suggest to add a flowchart Figure 
that illustrate the various steps of section 2.1 to guide the reader through the methodology 
and also underline in this flowchart, where the present work differs from Hay et al. 
(2017) (and Dangendorf et al., 2019) to better capture the novelty. 



Thank you, we added a schematic as Figure 1 that illustrates the main equation in 
combination with the data that goes into them. We do not see how differences to Hay et 
al. (2015) and Dangendorf et al. (2019) can be easily incorporated. Those, however, have 
been clearly outlined in the text.  

• What is the time step of the procedure? annual? Please clarify. 
This information is provided in the introduction as well as the next sentence (first 
sentence of data section), so we decided to keep this as is. 

• P7l213: “ […], which we interpret as sterodynamic” (?) 
Not sure what the issue here was but we adjusted the sentence as follows: 
“The resulting sterodynamic sea-level fields are then used as input parameters for the 
Kalman Smoother.” 

• Figure 2: please recall in the caption the time period over which correlation is calculated 
for clarity. 
Thank you, done 

• Figure 4: I’ve the impression that the mismatch between the present reconstruction and 
Frederikse et al. (2020) is well pronounced before ~1990, while from 1990-onwards, the 
comparison seems good. Could that be the effect that the RSOI-based reconstructed 
sterodynamic component is strongly constrained by the availability of altimetry data? 
Please comment. 
The two curves match very well over most of the record with the exception of the 
behavior in the 1930s and 1940s (the rest is largely spurious local variability from the 
reconstruction process which is larger in Frederikse et al. (2020) due to the averaging 
technique that they used). Both techniques are not directly comparable. Frederikse et al 
(2020) is based on a virtual station technique (i.e., averaging) and does not use any 
satellite altimetry, so we cannot see how the use of satellite altimetry should influence 
their (dis-)similarity. We also note that it is only covariance information that comes from 
satellite altimetry, while tide gauges are still the main source of information in the 
reconstruction.  
We had a global sea level reconstruction intercomparison project a few years ago 
(https://www.issibern.ch/teams/unifysealevel/) in which we tested the different 
reconstruction techniques in terms of their performance in climate model fields in which 
the model truth is a priori known. The conclusions from that intercomparison (not yet 
published) were that the handling of VLM information was the main source of 
uncertainty between different techniques (which is in line with results presented in 
Dangendorf et al., 2017) with advantages towards field reconstructions (virtual station 
techniques can be strongly biased by individual gauges with datum shifts or other local 
processes, that would be counted as outliers in the field reconstructions).  

• P14l340-342:”This limitation is evident […] smaller amplitude signal in the tide gauge 
record of San Fransisco”. This statement is unclear to me. I rather see a larger amplitude 
signal in the TG record (?). Also, figuring where the 1997/1998 El Nino signals pops-up 
is not straightforward. 
We adjusted the text as follows: 

https://www.issibern.ch/teams/unifysealevel/


“This limitation is evident by comparing satellite altimetry observations and the 
reconstruction during individual peaks such as the 1997/1998 El Nino where the 
reconstruction underestimates the amplitude compared to the tide gauge record at San 
Francisco (Figure 6a)” 

• P15l367-369: GNSS datasets used should be described in section 2.2 (Data). I supposed 
the ULR7A solution from Gravelle et al. (2023) was used? If yes, please clarify this too 
(as four solutions are available on SONEL actually). 
Yes, we used URL7A and added that information. We only included data for the 
reconstruction itself in the data section and introduced validation data (as GNSS and the 
other steric products) in the main text. This ensures that the text remains brief and avoids 
any unnecessary double mentioning. 

• P15l381: -0.14 or -0.13 ? Please make the main text and Figure 6c consistent. 
Done, thank you 

• P17l415: Maybe it would be relevant to cite the corresponding Figure of Frederikse et al. 
(2020). Fig1c right ? 
The record is shown in Figure 7b (now Figure 8), so it is unclear why the Figure in 
Frederikse et al. (2020) should be cited. 

• Figure 7: colors in the plot and the legend for Frederikse (2020) budget don’t match. 
Please correct this. 
Corrected, thank you! 

• P18l445: please refers to Figure 9 by quoting Figure 9 already there. 
Done, thank you! 

• Figure 9: the Sterodynamic component rates suggests ~30yrs oscillation. Is that possibly 
related to climate variability or is it related to the reconstruction processing? Such an 
oscillation is not obvious in e.g. Frederikse et al (2020) (see their Figure 1c) 
This is hard to tell given the huge differences between individual observational products 
and the large uncertainties in that component within our reconstruction. For the moment 
we prefer not to emphasize any of that given the reconstruction uncertainties. 

• P21l473: “2.2 +/- 0.11” while Table 3 gives 2.2 +/- 0.12. Please make the main text and 
Table information fully consistent. 
Done, thank you 

• P22l477-479: here also main text and Table 3 rates estimates are not always consistent. 
Please adjust 
Thank you, we forgot to update the numbers in the text but have adjusted them now. 

• P23l495-496: Figure 11a colorscale does not allow appraising such larges ranges as it 
ranges from -3 to 3 mm/yr. Maybe modify the caption or adjust the main text to clarify 
this. 
Thank you. The difficulty is to emphasize the main features in the different contributions. 
As a solution, we added information to the colorbars in Figure 11 and 12 (now 12 and 13) 
that the values can exceed or fall below the color range. 



• P23l497-498: “are therefore by the GIA signal”. A word is probably missing (?). 
Thank you, we adjusted the sentence as follows: 
“Negative trends are primarily located in centers of postglacial uplift where former ice 
sheets were located (Scandinavia and North America) and are therefore caused by the 
GIA signal and to lesser extent due to GRD…” 

• P23l515-516: “The local maxima […] reflect gyre dynamics”. unclear. Reformulate ? 
We adjusted the sentence as follows: 
“The local maxima around ~40 degrees North and South are due to the sterodynamic 
contribution and reflect gyre dynamics.” 

• P24l519 : Would it be worth and reasonably feasible to test a different SLP dataset ? E.g. 
HadSLP? or in light of what is done for GIA, using various ensemble members of the 
20CR reanalysis dataset? 
The choice of using only one SLP dataset was motivated by the fact that an additional 
dataset would double the ensemble size, which makes the computation too heavy. We 
also note that the overall contribution by inverse barometer effects is very small 
compared to the other components. Therefore, we decided to stick to one dataset in this 
version but aim at testing multiple datasets in future releases. Please also note the 
response to a very similar comment made by the other reviewer. 
We have adjusted the methods section, which now reads as follows: 
“IBE variations are derived from sea-level pressure data from atmospheric reanalysis 
models, specifically the 20th century reanalysis v3 covering the period 1900 to 2015 
(Slivinski et al., 2019) and the NCEP-NCAR reanalysis 1 (Kalnay et al., 2018) from 2016 
to 2021. Both reanalyses were interpolated from different global grids onto the 74,742 
grid points for the regional sea-level fields considered in the Kalman Smoother. They are 
combined after adjusting them to the same mean at each grid point over the five 
overlapping years between 2011 and 2015. The choice of using the 20th century 
reanalysis v3 is based on its availability over long periods. Other datasets (e.g., 
HADSLP) are not considered, as the IBE has only a very minor contribution compared to 
other processes and every additional dataset would double the total ensemble size 
considered here.”  
 

• P28l608-610: this information should be made very clear in the introductory part too I 
believe. 
We added that information also to the end of the introduction, which now reads as 
follows: 
“Second, the approach enables the estimation of the individual contributors and sea-level 
change as constrained by tide gauges. As such we derive a novel global and regional 
mean sea level reconstruction at annual resolution covering the period from 1900 to 2021 
extending the reconstructions from Hay et al. (2015) and Dangendorf et al. (2019) by 11 
and 6 more years, respectively” 

• P29l638 typo ‘aimpacted’ 



corrected 
 


