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An Improvement to short term variability in Global Mean Sea level reconstruction 

Reviewer 1 

General Comments: 

  

This manuscript proposes a correction to the Empirical Orthogonal Function (EOF) model used 

for estimating historical global mean sea level prior to the satellite altimeter period. This 

correction relies on local winds, the SOI and the signal of tide gauges to “correct” for these 

local effects impacting coastal sea level that are not captured by the large scale altimeter signal, 

particularly as expressed through EOFs. 

  

I think this is a useful approach and it is well described in the manuscript. Congratulations to 

the authors. 

I was a little surprised that there was not a larger difference between the corrected and 

uncorrected GMSL estimates (Figure 12). Perhaps further improvements would result from 

correcting for the effect of Gravity, Rotational and Deformational (GRD) impacts from changes 

in the distribution of mass of water stored on land on sea levels, during ENSO events for 

example. Note Wang et al. (2024) has attempted to include these GRD impacts on 

reconstructions. There are alternate (possibly better) ways of including these effects the authors 

might wish to investigate in subsequent studies. 

Reply :We thank the reviewer for pointing this out and have added a sentence in the introduction 

referencing Wang et al. 2024. (Lines 64 to 67) 

In addition, following the reviewer’s suggestion, we recalculated the GMSL 

reconstruction after removing VLM induced by contemporary GRD from the tide gauge 

records. The GRD data was obtained from Frederikse et al. (2020). Here we applied 

the GRD correction to the individual tide gauge observations before any averaging into 

1ºx1º bins took place and prior to reconstructing the GMSL as outlined in the 

methodology in the manuscript. Please note, that the GRD dataset stopped in 2018 so 

it is two years shorter than the manuscript results. We find that applying the GRD 

correction does not change the reconstructed GMSL trends significantly (see Fig. R1 

and compare with Fig. 12), and unfortunately it also does not improve the GMSL 

variability of the corrected reconstruction (Fig. R2), 
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Fig R1  The uncorrected (black line) and corrected (red line) EOF reconstructions derived 

from Eq. (1) see manuscript, had the GRD applied to the tide gauge observations prior 

to reconstruction. The 1-sigma uncertainty intervals, shaded grey and light red 

respectively, reflect the sensitivity of the reconstruction to the number of tide gauges as 

evaluated SD using a bootstrap method. The ‘true’ GMSL derived from altimetry is 

shown as a blue line (1994 to 2018). 
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Fig R2 The variability of the GMSL that has been detrended for two time periods 1941 to 1993 

and 1994 to 2018 showing the uncorrected (black line) and the corrected (red line) 

EOF reconstruction with the GRD correction applied prior to reconstruction, derived 

from Eq. (1), see manuscript The 1-sigma uncertainty intervals shaded grey 

(uncorrected) and light red (corrected) reflect the sensitivity of the reconstruction to the 

number of tide gauges as evaluated standard deviation (SD) using a bootstrap method. 

The detrended ‘true’ GMSL derived from altimetry is shown as a blue line (1994 to 

2018). 

 

Here we have added the following paragraph to the Discussion (lines 663-669): 

To test this and following Wang et al. (2024), we recalculated the GMSL reconstruction 

after correcting the tide gauge records for contemporary GRD-induced VLM, using 

GRD data from Frederikse et al. (2020). Unfortunately, we found that applying the 

GRD correction did not improve the GMSL variability of the corrected reconstruction. 

An alternative would be to use GPS observations of VLM, however, long, continuous 

GPS records are available at only a very limited number of tide gauge sites. 

 

  

I was surprised that there was no discussion of coastal trapped waves known to be important 

on the American and Australian coasts.  These waves are consistent with the idea behind these 

corrections of winds affected coastal sea levels with a much reduced impact on sea levels off 

shore at altimeter grid points.  These waves also allow the impacts of remote winds affecting 

local sea levels, again as studied on the American and Australian coasts. Similarly, ENSO 

impacts can travel very large distances on the American and Australian coasts. I think the 

authors should discuss the implication of coastal trapped waves and propagation of remote 

signal such as those associated with ENSO and distant coastal winds. 

Reply :We thank the reviewer for this comment. Coastal trapped waves are indeed relevant to 

the differences between altimetry and tide gauge observations that are described in the 

paper. We have added a paragraph in the discussion to discuss coastal trapped waves 

in some detail (line 620 to 633). 

 

There remains some trend differences in Figure 12. Although they are not significant, it would 

be useful to understand the reasons for the differences. I suspect that GIA differences may be 

at the heart of these differences.  Could the authors comment please rather than just state they 

are not significantly different. 

Reply :We have added text in the discussion. Thank you (line 634 to 638) 

 

I recommend that the paper is published after consideration of these comments.  



4 
 

  

Detailed Comments for the authors to consider:  

  

Lines 60-64: It may be useful to note that Wang et al. (2024) has extended the EOF technique 

by dispensing with mode zero and instead including spatially variable fingerprints.  

 Thank you for brining Wang et al. (2024) to our attention. We have added this reference to the 

revised manuscript and a comment to the Introduction. (lines 64 to 67)  

Lines 269-282:  Would using winds parallel and perpendicular to the coast be useful?  

Reply :Yes, determining the wind angle of approach to the coastline may be a useful 

enhancement to the regression model. This will be investigated in future work. A comment has 

been added to the text. Thank you.(lines 652 to 653)  

Line 559-560:  Can you make the quantitative (and statistical) reasons for preferring on model 

3 clearer.  I did not pick up this clear preference given the additional parameters used in this 

more complex model.  

 Reply :We added text to justify why we chose Model 3 and made it clear. (see lines 518-519) 

Thank you  
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