Response to Reviewers for manuscript [ESSD-2025-555]: Long-term sea

surface temperature time series from Malin Head, Ireland

Response Letter to Handling Topic Editor:

Dear Dr. Davide Bonaldo,

Thank you for your efforts in coordinating the peer review process for this manuscript: ESSD-
2025-555. Contained in this document is a full set of responses to both reviewers’ comments,
submitted as part of the open peer review process of ESSD. We hope you find everything within

to be laid out clearly, accurately and transparently.

Based on Reviewer 2’s recommended major revision, we have completely rewritten Section 2.4
to add clarity and better display the robust work carried out in merging datasets. Although we
agree with almost all the reviewer comments, and value each as a constructive addition to the
work, there are some areas, where for various reasons, we have not made the suggested changes
as prescribed. The reasons and rationale for not implementing the reviewer’s suggestions, as
stated, are included here in full. However, if additional clarity or manuscript adjustment is

required by yourself or the reviewers, we would be eager to engage further on this.

In the following ‘Response to reviewers’ document, we have used three text colours to
differentiate (1) the reviewer’s original comment (2) Our written response to that comment, and
(3) details of the changes made, including page and line number references to the revised

manuscript.

Accompanying this document is a marked-up revised manuscript version (titled: ESSD-2025-
555_Revised_Manuscript_ MARKED_UP.docx); consistent with the detailed changes outlined in

this document.

Sincerely,

Eoghan Daly & Sarah Daves (corresponding author)



Responses to Reviewer #1:

Thank you to reviewer #1 for engaging with our manuscript and providing such constructive
feedback. We have reviewed your comments carefully and incorporated a number of revisions
that we believe strengthen the manuscript. Your input has been invaluable in shaping this
improved version. Details of the changes made in response to your suggestions are provided

below, along with our responses.

The manuscript carefully describes a very long (for ocean measurements) time-series of sea
surface temperature measurements from a location close to Malin Head on Ireland. This is an
important time-series since it documents in great detail warming trends and variability in the
North Atlantic, and in particular the coastal Northern Ireland.

The main issue, or complication, with the time-series is the three different ways (segments) of
doing the measurements have been used over time, i.e. evolved. Evolution to better
measurements is obviously a good thing, but the authors have to do some adjustments to the
measurements to make the data comparable. | think it is mostly transparent what they have
done, and it appears to be a sensible approach.

Although there are adjustments to the diurnal cycle, | wonder if there is a bias from well (2 m
depth), bucket (surface) and continuous (3-4 meters depth) in the time-series simply due to
water depth? Was there, in addition to the diurnal signal, also a signal in temperature that was
tide-dependent, i.e. the sensor being closer or further away from the sea surface?

The manuscript is well-written and document an important oceanographic time-series well, and
| recommend that the manuscript should be published with minor adjustments.

Minor comments:

To address some of the specific comments made:

Figure 1: According to google maps, Malin Head is the northernmost point of contiguous Ireland,
whereas the northernmost point of the republic of Ireland is the island of Inishtrahull. You might
want to correct the legend of the figure.

Figure 1: we have amended the text from “...in the Republic of Ireland” to “...on the island of

Ireland” P.2, L.37.



Line 70: Well measurements: it is not clear how the measurements took place to me. Did the
observers pump water through the pipe to the site 30 meters offshore, and measured the
temperature there (I assume once enough water had been pumped to reflect ocean
temperature)? Please explain.

Line 70: The authors accept the lack of detail on sea surface temperature collection in this
segment of the time series, and how it leads to ambiguity. Unfortunately, the exact methodology
of collection had never been documented in detail or to modern scientific standards. We have
included the extent of detail that we have been able to find regarding sea surface temperature
collection during this period, mostly through the cited papers (Cannaby and Husrevoglu, 2009;
Dunne et al., 2009).

Line 139: | might have missed it, but this is important: Did you adjust only the standardized data
set for segment 2, or did you adjust also the full data set? Reading the ms and the conclusions
makes me believe you only adjusted the standardized data set (which would be the correct way
of doing this), but the wording on line 139 is not entirely clear about this. Please explain if
adjustments were done to only the standardized data, or to both data sets.

Line 139: Adjustments have only been applied to the standardised dataset. The full resolution
measured dataset includes only the measured values that had been recorded at each
temperature collection segment, for the length of the dataset. We have fully re-written Section

2.4, in which we make this clear.

Line 215: | suggest using the unit of °C/a for the annual warming (0.015)
Line 215: We have made the change to a unit of °C/a on P.12, L.251, L.253; P.13, L.265, L.276;
P.14,L.278

Line 237: Why is there such a difference in warming trend for measured vs. standardized data?
Please explain.

Line 237: The difference in warming trends between the two datasets is likely due to a
combination of the fact that in the standardised dataset, all of the Segment 2 data was adjusted
to be cooler, based on comparative analysis between the data from the techniques used in
Segment 2 and Segment 3. Also, in the creation of the standardised dataset, some gaps in the
data due to instrument error in 2022 had to be widened in the creation of daily averages. In
widening gaps, the data from 2022 no longer meets the metric of 11 months of data each with at

least 20 days of data for inclusion in analysis for annual trends. These two adjustments to the



standardised dataset likely account for the differences in the warming trend. We have added on
P.12 L.255: “The difference between the two resulting sets of values reported is due to the

exclusion of 2022 data and an adjusted segment 2 in the standardised dataset analysis.”

Line 300: Just out of curiosity, why is this data set called “Malin Head”, when it is actually from
Portmore Pier? | am sure there are good reasons, but when reading about the tide-gauge station
is called Portmore Pier, and | believe the temperature time series and the tide gauge is pretty
much the same station, none of which are actually on the nearby Malin Head.

Line 300: The dataset has always been known as Malin Head rather than Portmore Pier; perhaps
for ease of use or understanding. Malin Head has also been the label used for the Met Eireann
weather station at Portmore Pier and the co-located tide gauge. Although titled ‘Malin Head’, itis
detailed in both the Data Catalogue and ERDDAP listings for the datasets that the data was

actually collected at Portmore Pier and includes the coordinates of the pier. We have added on

P.2, L.37 “This longstanding time series, traditionally known as ‘Malin Head’ is located...”



Responses to Reviewer #2:

Thank you to reviewer #2 for your in-depth and insightful review of our manuscript. The major
revisions and clarifications that we have added to the manuscript text, following these peer
review comments, have improved the dataset description, its transparency and overall
readability and value. We are grateful for this and hope the revisions are sufficient to fully
describe this long-term time series for what itis, including its usefulness and caveats. Details of

the changes made in response to your suggestions are provided below, along with our responses.

This paper describes a long and important series of measurements of near surface sea
temperature recorded near Malin Head starting in 1958. Three periods of measurements are
identified with different methods and sampling protocols and two datasets are presented: a
subset of the measurements as recorded, and a “standardised daily dataset” which has
attempted to account for the changes over time to provide a consistent 67 year daily record. The
original and standardised data were easy to find and download as csv files.

My recommendation is that the paper may become suitable for acceptance following major
revisions to the paper, and an enhancement of the data made publicly available.

Major comments

To address some of the specific comments made:

1) Not all of the observations described in the paper are available for download. The original data
file should contain all of the measurements made from the pier in segment 3, including when the
sensors were duplicated, and the 5 months of bucket sampled measurements made during 2010.
A flag should be included indicating which sensor was used in the derivation of the standardised
data.

1) We absolutely agree and it was our intention that all the data should be made available. It was
an oversight on our behalf that we did not include provision of the ancillary datasets. We have
added the following paragraph on P.15, L.315 - 318: “While the primary set of measured values
and the standardised daily values are made available through ERDDAP, ancillary data, such as
secondary sensors from segment 3, or the five-month bucket experiment in 2010, are also made
freely available through the Marine Institute’s data request service (https://www.marine.ie/data-
request). Ancillary data have been kept separate from the main dataset for simplicity and
increased user accessibility.” An inclusive data strategy we incorporate at the Marine Institute for

datasets such as these, is to keep it simple for the end-user. In this case, a decision was made



with the data management team to only publish a single observed value per timestamp at this
location and in doing so, preclude the reliance on flags to access the ‘primary’ dataset. It is for
this reason that we would wish to keep the ancillary data available separately and only through

data request, where any focussed researcher can easily and quickly be supplied with the data.

2) To justify the adjustments made to the data to form the daily timeseries this paper needs to
include a detailed comparison of the observations from each of the segments and each of the
co-incident measurements (up to 3 for some periods). The size of the adjustments isn’t clear from
this paper, but from the downloaded data seem to range up to a degree for segment 2, with a
mean for that segment of about 0.5 degree. From the description in the paper segments 2 and 3
are located fairly close to each other, segments 1 and 2 were taken with similar methods but in
different locations, segment 3 was taken at a fixed position relative to a varying sea level whereas
segments 1 and 2 were likely to have been taken near the surface, and the sampling protocols
were different for each of the segments (twice daily, daily and every 30 minutes). The relative
importance of each of the different contributions to the overall adjustment needs to be shown
(location, methods, water depth, diurnal sampling etc.) Looking at the data, alongside the
description in the paper (mainly section 2.4), it’s not clear what the rationale is for the
adjustments applied.

2) This is most important feedback and key to the understandability of our methods section.
Although we feel that the already detailed comparison of the observations from each of the
segments is sufficiently carried out, we would agree that it is not clearly laid out in Section 2 of
the manuscript, nor conveys correctly the robustness of what has been involved in stitching the
three segments together. There are two separate sets of adjustments, A) removal of diurnal signal
on segments 1 and 2 and B) a monthly offset on segment 2 only, with all adjustment values being
garnered from segment 3 deployments (and the extra 5-month bucket experiment). We concede
that the relative importance of each of the contributions to adjustments have not been described
satisfactorily, nor has the overall rationale. To this effect, we have completely rewritten Section

2.4. Please see new Section 2.4: P.5, L.93to P.8, L.163.

3) Evidence needs to be provided about the interaction between the diurnal variations and the
tidal cycle to give confidence that this does not affect the adjustment approach. For example, are
the derived diurnal cycles different when stratified according to the depth of the sensor/tidal
level? Doing this might give more confidence in applying the diurnal cycle adjustment to the data

from segment 1, and particularly segment 2, which will have likely been taken at more consistent



depths relative to the sea surface. Tidal cycle analysis took place using U-Tide, where no
significant tidal signal was found. We had neglected to include this in the original manuscript.
Details have now been added to Section 2.4 P.5, L100: “Tidal signal analysis was performed on
all segments using UTide (a Matlab toolbox; Codiga, 2011), which showed no significant tidal
effect and only highlighted the annual cycle.”. We are not aware of any methodologies to
investigate if the derived diurnal cycles are different when stratified according to the depth of the
sensor/tidal level, given the limited data we have. However, the now published full set of diurnal
signal values (Supplementary Table S1) clearly shows stronger signal during the warmer, more

stratified months.

4) The “error evaluation” in section 3.2 is actually an uncertainty analysis. The uncertainties
should be presented separately for the raw data, and for the standardised timeseries. More use
should be made of the measurements nearby in space and time, and comparison of the variability
between segments, to inform the quantification of uncertainty. Agreed, this is uncertainty
analysis, so we have changed the sub-section title and replaced the word ‘error’ with
‘uncertainty’, where appropriate throughout the text. However, we feel that we have conducted
uncertainty analysis to the best of our abilities, as described in Section 3.2. If the reviewer was
more descriptive on what extra uncertainty analysis could be conducted on these time series
segments using ‘measurements nearby in space and time, and comparison of the variability
between segments’, we would be able to assess what is achievable. It isn’t clear from what is
presented in this paper that the combination of the 3 segments into a daily time series is justified
as an approach. Perhaps a monthly timeseries or accepting that the 3 segments cannot robustly
be combined might be a more appropriate outcome. This comment is somewhat separate from
the discussion of uncertainties, but most important to be addressed. We feel that the work done
to quantify and adjust the different segments of historical and modern temperature
measurements is robust enough to present this as a singular time series. We do acknowledge
that due to the nature of long-term efforts, such as this, the results will never be perfect, and so
we hope that the new Section 2.4 clearly lays out the robustness (and limitations) of the work
done. Dropping down to a monthly time series would seriously de-value the time series and the
efforts already made to stitch the segments together. Ultimately, we accept that the final decision
on this being published is with the editor, but we are eager to engage further if there is anything
additional we can do on this. Including a more thorough uncertainty analysis may help to show

whether the adjustments and their uncertainty are sufficient to justify the generation of the long



timeseries. Again, without details of what further uncertainty analysis is recommended, we

cannot assess its additional benefits.

5) It was unclear to me what the purpose of the convolution procedure described at the end of
section 2.4 was intended to achieve. Is half-hourly data not sufficient to produce a daily average?
The convolution incurs data loss and makes the provenance of the record less clear. What is the
justification for this step? The smoothing procedure is required for diurnal signal analysis [original
dataset - smoothed dataset = diurnal signal]. Convolution was chosen over basic filtering to
smooth the data, due to filtering adding a delay. Our previous Section 2.4 was not clear enough
on these details. It is hoped the new Section 2.4 adds this detail and clarity. See: P.6, L.117-120,
and validation of same: P.6, L.121 - 123.

6) In section 4 there are 3 presentations of timeseries of the raw and standardised data, two for
annual (Figures 3 and 5) and one for a seasonal decomposition (Figure 4). None of the trends
presented have confidence intervals, which should include both the effects of autocorrelation in
the time series and the uncertainty in the series. As stated in Section 3.2 (now named
‘Uncertainty Analysis’), due to lack of instrument specification in the earlier measurements, we
cannot quantify a definitive uncertainty value. Given this is a data paper, the trend analysis was
added simply to showcase what the dataset can be used for and to pique the reader’s interest,
and we are happy for it to be included. If considerable additional work was required, such as
calculating confidence intervals, including autocorrelation and uncertainty, before presenting

these trends, we would consider taking this section out and submitting it as a separate research

paper.

Minor comments

The original data file contained a “depth” variable, which was 2.1m up to 2007 and 1m thereafter.
This seemed odd compared with the description of the measurements which were described as
1) well measurements (1958-1991), 2) bucket measurements (1991-2007) and 3) continuous
(2008 to present). The measurement depth for segment 3 would therefore have varied with tidal
level. From an internet search the maximum tidal range seems to be about 4 metres. An
explanation of the source of the depth information should be added, and ideally the depth of
measurement for segment 3 should reflect the depth below the surface of the sensor. This is an
erroneous data entry, and we are grateful for the reviewer’s vigilance in picking this up. We have

since corrected it. Up to 1991, we know the samples were taken at 2 m below the surface



(Cannaby and Husrevoglu, 2009), so we have corrected this depth field to read 2 m. From 1991
to 2007, we have no evidence of what depth the bucket was taken at, so to remove ambiguity, we
have entered a NULL value for depth throughout this Segment 2. Likewise, for Segment 3 (2008 -
present) we do not have a depth reading at the fixed sensor and thus cannot report a half-hourly
varying depth with tide, so we have entered NULL values for the measurement depths. This has
highlighted another ambiguous (and currently empty) data field in the dataset, that of ‘site bathy
depth’, which we will remove from the database, ERDDAP and from the data catalogue .csv

download.

Section 3, titled “data quality” is really about the integrity and processes of the data centre. We
have changed the title of Section 3 to ‘Data Integrity’

Section 3.1 “dashboard and visual qc” needs to provide more detailed information on the quality
testing applied to the data. The SeaDataNet manual provides examples of gc methodologies, but
is not prescriptive. The test limits, any climatology values and any other relevant information
should be added. Again, this should have been included, and we thank the reviewer for pointing
it out. We only pass the data through a gross range check, as visual screening will pick up
everything else. We have added the words “..an automated gross range check (-5 — 40 °C)
followed by...” on P.10 L.192 and additionally in the following sentence added that screening
“..will identify and flag any remaining...” spot outliers and anomalous data.

The original data file for the period 2008-2012 includes a mix of data from mid-pier and end-pier.
Only a single value has been included, and the only indication of which has been selected is a
slight difference in the latitude and longitude values. It is stated that the end-pier is generally
preferred as it is a more exposed location with a smaller diurnal cycle. However the paper does
not include any information about of the differences in diurnal cycle between the two pier
locations in the standardisation procedure described in section 2.4. This should have been
addressed by us in the original text. The convolution process will remove the diurnal cycle
individually per sensor, regardless of pier position. It is included as “This removes the diurnal
signal, and in doing so, removes any diurnal ambiguity between mid and end pier locations...” on
P.6, L.124. Additionally, having looked deeper into the data documentation, an examination of
mean differences (not diurnal) was carried out between mid and end pier, see P.7 L.150 - 157 for
details. As noted, all the measurements should be included in the original (raw) data record, with
a flag to say which sensor was used in the derivation of the standardised data. Please see

response to the reviewer’s major comment (1) above.



