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The manuscript is scientifically sound. With regard to the presentation, the paper is easily readable
although some sentences are unclear, and there are a number of grammatical errors and typos in the
text. If the authors have their text double-checked, I only have some small remarks, which need to be
dealt with. Therefore, overall, I believe that the work is well suited for publication in ESSD.

Specific comments:

Title should be modified. I would suggest something like ARIOS: a database for ocean acidification
assessment in the Iberian Upwelling System.

The title has been changed to the following:

ARIOS: a database for ocean acidification assessment in the Iberian Upwelling System (1976 -
2018).

Introduction
Line 41: change “fix” to “withdraw”
The suggestion has been included in the new version of the manuscript.

Lines 42-45: please rephrase “In any case, the rapid increase of CO2 in the atmosphere decreases the
ocean’s pH”. I would suggest: The gradual absorption of atmospheric CO2 by the oceans decreases
seawater pH, causing ocean acidification, which conditions the buffering capacity of seawater and in
turn the exchange of CO2 between the ocean and the atmosphere.

The suggestion has been included in the new version of the manuscript

Lines 52-53: Please rephrase. “observe and gather data about pH and other parameters of the marine
carbon system to produce global and regional data products in order to help sustainably manage the
ocean’s resources. I would suggest: to conduct accurate measurements of pH and ancillary
parameters and provide data products for a sustainable management of marine resources.

The suggestion has been included in the new version of the manuscript

Line 55: change of marine ecosystems to for marine ecosystems
The suggestion has been included in the new version of the manuscript

Lines 63-65: I know what you mean but I would recommend to rephrase the sentence.

The sentence "However, the great spatial and temporal variability has been widely spaced and
intermittent over time, preventing a complete view from being obtained of ocean acidification
in the upwelling system" has been rewritten. The new sentence is: '""However, the high
physical/chemical variability in short temporal and spatial scales of upwelling systems and the
lack of regular sampling in these waters prevents a complete picture of the acidification of
these ecosystems."

Line 67-72: remove the s at the end of effects for grammar consistency. I would also move this
paragraph after line 53 for coherence with the text.

The following paragraph has been moved after line 53.

"The effect of ocean acidification on marine ecosystems has stimulated impetus in the



international community for gathering high quality time-series measurements of the marine
inorganic carbon system (Hofmann et al., 2011; Andersson and MacKenzie, 2012; McElhany
and Busch, 2013; Takeshita et al., 2015; Wahl et al., 2016) and for predicting the future
evolution of the pH caused by climate change."

Lines 72-75: 1 would modify the entire paragraph as: In the Iberian Upwelling System, accurate
measurements of carbon system parameters commenced more than 30 years ago.

The first sentence of the new paragraph is the following "In the Iberian Upwelling System, the
researchers of the Instituto de Investigaciones Marifias (IIM-CSIC) since 1976 commenced
accurate measurements of marine inorganic carbon system and associated parameters. As a
result, a collection of pH observations and ancillary biogeochemical information along the
Galicia coast (40°N and 45°N, 11°W) has been gathered under the framework of different
projects over the past 40 years. The current database, hereinafter called ARIOS (Acidification
in the rias and the Iberian continental shelf) database, holds biogeochemical information from
3,357 oceanographic stations, giving 17,653 discrete samples."

Lines 75-80: which changes? Results have not been presented yet. I would therefore, continue the
statement as: Researchers of the Instituto de Investigaciones Marifias (IIM-CSIC) have been
collecting pH and biogeochemical data along the Galicia coast (40 N and 45 N, 11_W) under the
framework of different projects. This has allowed to generate a database, ARIOS (Acidification in
the rias and the Iberian continental shelf), containing 17,653 discrete records gathered in 3,357
sampling sites.

In response to the previous two comments, the paragraph has been rewritten in order to
include the suggestions: ""In the Iberian Upwelling System, the researchers of the Instituto de
Investigaciones Mariias (IIM-CSIC) since 1976 commenced accurate measurements of marine
inorganic carbon system and associated parameters. As a result, a collection of pH
observations and ancillary biogeochemical information along the Galicia coast (40°N and 45°N,
11°W) has been gathered under the framework of different projects over the past 40 years."

Data provenance: I would remove provenance
Line 86: I would replace Region by Data Coverage
Region has been replaced by Data spatial coverage

Line 115: change In addition to for Besides
The suggestion has been included in the new version of the manuscript

Line 119: delete the article before acidification and it would be convenient to specify the exact
region/s where the mentioned acidification rate was estimated

The suggestion has been included and the region was mentioned as "the acidification in the
first 700 metres for the geographical area from the Iberian Peninsula to the 20° W meridian
and from 36°N to 43°N has also been observed at a rate of -0.0164 pH units per decade"

Data sources:

In general, I very much appreciated the comprehensive explanation of the projects that provided data
for the dataset. However, considering that explanatory information of the cruises is given in Table 1
and each individual project is associated to a database included in a public repository, I do not find
section 3.2 essential for the manuscript, as all those details can be mentioned (and possible are) in the
repository. The authors might re-consider to shorten this section by keeping the first paragraph and
refer subsequent info to Table 1.



We understand that detailed information about the methods and materials of the
oceanographic cruises that are part of the ARIOS database is mandatory according to the
requirements of ESSD. Therefore, we prefer not to modify this section of the manuscript.

Methods:

Lines 337-338: Please rephrase. I would suggest: Except for the Galicia cruises (Table 1), in which
nutrient samples were analysed on board, samples were kept in the dark and cold (4 C) after
collection for further analyses in the shore based laboratory.

The suggestion has been included in the new version of the manuscript

Line 341: change is to was.
The suggestion has been included in the new version of the manuscript

Line 351: Same as above
The suggestion has been included in the new version of the manuscript

Line 371: remove the article before Table 1
The suggestion has been included in the new version of the manuscript

Line 374: You possibly mean Table 1 instead?
The suggestion has been included in the new version of the manuscript

Line 377: by the high variability present in a system characterized by an intense biological activity
The suggestion has been included in the new version of the manuscript

Line 384: This section should be moved and either merged with 3.1 or placed right below it for the
sake of consistency and for a better introduction of the sampling region.

This section has been moved just below section 3.1. The other sections of the Material and
Methods have been renumbered because of this change.

Results:

Line 424: vertical profile of what? Please indicate.

These sentences had been rewritten. The new text is: "The vertical profile of the temperature,
salinity, pHt, NO; and oxygen concentration in the ocean region between 41°N and 43°N was
estimated for each oceanographic station as the mean value of the depth ranges described in
Figure 2b"

Lines 420-445: why do not you show the standard deviations for T and S for all the depth ranges as
you do for the water column comprised between 500m and 1100m?

The standard deviations were not included in Figure 3 simply to facilitate the clarity of the
graphical representation of the vertical biogeochemical profiles. For the same reason, they
were also not included in the monthly distribution of the biogeochemical variables shown in
Figure 4. In any case, the mean values with their corresponding standard deviation values
(meanzstandard deviation) represented in Figure 3 and Figure 4 are shown in two Tables at
the end of the reply to the referee. This information could be included as supplementary
material to the manuscript if it deems this appropriate by the Editor.

Line 443: add : : :down to 1100m
The suggestion has been included in the new version of the manuscript



Line 447: change distribution to profile
The suggestion has been included in the new version of the manuscript

Line 448: replace at this depth by within this depth range
The suggestion has been included in the new version of the manuscript

Lines 452-454: Speculative as it is not demonstrated or shown in the graph. Therefore, I would just
say: The highest pH values could be attributed to the biological CO2 drawdown by phytoplankton
activity, which brought the pH to a peak value of 8.13 at 40 metres deep during the spring bloom.
The suggestion has been included in the new version of the manuscript.

Lines 454-457. Same as above. [ would suggest to rephrase the paragraph as it is also confusing.
Below 100 metres, respiration of organic matter possibly was responsible of lowering pH: : :.but
anyhow the text s counterintuitive To me, pH values between 200 and 500 m depth seem to be lower
than those from 500 m down to 1100m, which were also constant and similar within the entire depth
range regardless of the season.

The commented lines: "Underneath this intense photosynthesis activity between the surface
and 100 metres, the respiration of organic matter took the pH to lower values than those
measured in winter between 200 to 500 metres, a depth at which the spring and winter values
were practically equal." were rewritten. This was the new text: ""The higher pH values could
be attributed to the biological reduction of CO; by phytoplankton activity, which brought the
pH to a maximum value of 8.13 to 40 meters during the spring bloom. After the intense
photosynthetic activity observed in surface waters during spring and summer, pH values
reached minimum values in the first 200 meters of depth during autumn due to respiration of
organic matter. However, it was at a depth of 500 metres that the minimum pH values were
measured in all seasons where is found the subpolar Eastern North Atlantic Central Water
proceeding from the northeastern cyclonic gyre (Harvey, 1982; Rios et al., 1992)."

Lines 458-462: Please rewrite: I would propose: The influence of phytoplankton growth on
biogeochemistry during spring can be also evidenced by the oxygen concentration pattern during this
season. In the upper layer (depth range?) spring oxygen levels exceeded those in winter, whereas a
decrease in oxygen concentration was found from 300 m depth down to 1000 m, possible due to
enhanced respiration from cascading organic matter. It would be helpful to add in this section a table
with averaged concentrations and SD of each parameter within the different depth ranges and for
each season.

The suggestion has been included in the new version of the manuscript. The new lines are the
following: The influence of phytoplankton growth on biogeochemistry during spring can be
also evidenced by the oxygen concentration pattern (Fig. 3e). In the upper layer above 250
metres depth, spring oxygen levels exceeded those in winter, whereas a decrease in oxygen
concentration was found from this depth down to 1000 metres, possible due to enhanced
respiration from cascading organic matter.

Line 473: seasonal cycle of what? Please specify. I would recommend to rewrite the whole
paragraph, as in Fig 4 what you actually show is the seasonal cycle of different biogeochemical
parameters in surface waters of 5 regions and not the five regions themselves, as it can be deduced
from the text the way it is right now.

The suggestion has been included in the new version of the manuscript. The new lines are the
following: "The seasonal cycle of the biogeochemical properties (temperature, salinity, pH,
oxygen concentration, nitrate concentration and chlorophyll) in the surface waters (0 to 5
metres) of five geographical boxes was estimated as a monthly average previously filtering



values outside of two standard deviations of the mean. Five regions that were located as a
longitudinal transect between the inner Ria de Vigo and the ocean zone are shown in Fig. 4."

Line 506: replace seasonable by seasonal.. you could also rewrite the following sentence as: with
maximum and minimum pH values in spring and autumn, respectively, and in all regions (Fig. 4c).
The suggestion has been included in the new version of the manuscript

Lines 541-549: considering change to past tense for consistency with the rest of the paragraph.
Moreover, a reference could be well added at the end of the paragraph to reinforce your statement
regarding the relevance of benthic and vertical fluxes in the Ria.

The suggestion has been included in the new version of the manuscript. The new lines are the
following: "The nutrient concentration during spring and summer was only detectable in the
newly upwelled waters that can show values up to 6 pmol L™ (Fraga, 1981; Castro et al., 1994).
During the cessation of the upwelling season in September and October, the chlorophyll
concentration (Fig. 5f) increased again, sustained by nutrients that entered from deeper waters
through vertical mixing. It should be noted that there was a coincidence of high chlorophyll in
the water column and low oxygen concentration in the inner Ria de Vigo from May to
November, indicating the potential importance of benthic fluxes and vertical fluxes (reference).
Line 551: please add a “s” to trend
The suggestion has been included in the new version of the manuscript

Line 552: long term trends of what? Please specify. I assume the temporal trends are estimated over
parameters and they do not refer to surface waters themselves. Therefore, it needs to be re-written.
The text has been re-written. "The long-term trends of the biogeochemical properties in these
surface waters were estimated to be the interannual linear rate of the deseasonalyzed time
series, previously removing the monthly means in these regions and assuming a null spatial
variability"

Line 562: any suggestion why a warming trend is not found as it was previously reported?

The fact that we did not find a statistically significant warming trend as would be expected on
the basis of the overall ocean behavior is mainly due to the fact that the warming trend was
estimated for the surface waters of the study area. The first meters of the water column in this
coastal zone are under the influence of important oceanographic phenomena that affect
temperature such as coastal upwelling pulses, the presence of surface currents or river inputs.
The different temporal variability of these processes together with the remarkable spatial
variability of the study area prevents the characterization of the warming in a statistically
significant way from measurements with the irregular frequency of the ARIOS database.
Therefore, information from other temperature data sources and a more detailed statistical
analysis should be considered for this specific purpose.

Line 563: consequence of climate change: : :I would add “in marine ecosystems”.. and move the
reference by Caldeira and Wicket 2003 after ocean acidification.
The suggestion has been included in the new version of the manuscript

Line 565: What do you mean by pH number? Value? Number of measurements?
The text has been re-written. "with a greater decline in pH number towards the coast" has
been changed by "with a greater decrease in the long-term trend of pH towards the coast

Line 566: please replace : : :was about triple the change of: : :by: : :.. was three fold higher than the



trend observed in the open ocean zone, equivalent to 0.0012_0.0002 yr-1
The suggestion has been included in the new version of the manuscript

Line 569-575: I would rephrase the paragraph as: These pH decrease rates found in both coastal and
open ocean regions of the Iberian Upwelling System lie within the range of other acidification rates
estimated in different sites of the North Atlantic Ocean (Lauvset and Gruber, 2014; Bates et al.,
2014), being also coherent with the mean rates calculated for the global ocean and for the Eastern
North Atlantic and equal to -0.018 and -0.0164 decade-1 , respectively (Lauvset et al., 2015; Rios et
al 2001)

The suggestion has been included in the new version of the manuscript

Line 575: just indicate: Salinity exhibited an increasing long-term trend (value?) that was dependent
on the distance to the mouth of the Ria (de Vigo? All of them?). I do not see the salinity trend
indicated anywhere.

The suggestion has been included in the new version of the manuscript

Line 581: Change So to Therefore.
The suggestion has been included in the new version of the manuscript

Line 586: add a “s” to nutrient and remove the previous article
The suggestion has been included in the new version of the manuscript

Line 587: same as above: delete the article before nitrate. But anyhow, it is not clear if the trends in
nutrients levelcome from the previous study by Doval et al (2016) or are the result of your analysis.
Please clarify.

The rates had been estimated from ARIOS database. This paragraph has been rewritten in
order to clarify the meaning. The new text is the following: " The long-term trend of the
concentrations of nutrients in the inner Ria de Vigo that had been previously reported for the
period 2001-2011 by Doval et al. (2016) showed a significant increase in nitrate, phosphate and
ammonium concentrations of 0.0559+0.0158 pmol kg-1 yr-1, 0.0076+0.0016 pmol kg-1 yr-1 and
0.0560+0.0011 pmol kg-1 yr-1 respectively."

Lines 590-596: do you mean that your AOU temporal trend coincides with the deoxygenation rate
calculated previously by Doval? It is not clear enough in the text.

Long-term trends in oxygen concentration and AOU were estimated from the ARIOS database.
The paragraph was rewritten to clarify this information. This is the new text: '"This
fertilization on a long-term scale estimated from ARIOS database in the surface waters of the
inner ria was observed in parallel to the deoxygenation of -0.7+0.2 pmol kg-1 yr-1. The
apparent oxygen utilisation (AOU), calculated using the concentration of oxygen at saturation
calculated according to Benson and Krause (1984), underwent a long-term change of 0.7+0.2
pmol kg-1 yr-1 equal to the observated in the measurements of oxygen concentration. This
coincidence may indicates that the long-term reduction of oxygen is due to the changes in the
biological consumption rates, in the rates of the waters ventilation or even in sediment-water
interactions rather than due to the effect of temperature and salinity on oxygen saturation.

Lines 598-604: Speculative. Please support with references

This paragraph was intended to provide an integrative hypothesis on observed large-scale
trends. The text has been changed in the manuscript to the following paragraph: "These
findings found in the shallower waters of the Ria de Vigo allow us to hypothesize that the long-
term increase in salinity would produce an increasingly weak vertical salinity gradient in the



water column that would favour the vertical fluxes between the bottom and surface waters.
Therefore the observed changes of oxygen and remineralized nutrient inputs in the surface
waters could be due to an increasing footprint of benthic respiration, that has a major
importance in the net ecosystem metabolism of this coastal region (Alonso-Pérez et al., 2015).
This hypothesis would also explain the intense acidification in the inner waters in spite of
growing alkalinity buffering."

Line 614: correlation coefficient should be indicated even though it is contained in the Figure.

The coefficient of determination of 0.52 between pH and AOU was included in the sentence as
follows: ""The relationship between pH and AOU (Fig. Sb) showed an inverse linear correlation
of -399+5 pmol kg™ and a coefficient of determination (r-squared) of 0.52."

Line 606-619: To me, the entire paragraph is the highlight of the paper, as it evidences the relevance
of the dataset and gives insight on the processes responsible for the mean decreasing pH trend found
in the area. In my opinion, this finding gets somehow diluted between the other results when it
should be emphasized by the authors.

Line 623: photosynthesis of organic matter???
The sentence has been corrected. The new text is: "... the oxygen concentration in addition to
the remineralization of the organic matter and the photosynthesis is conditioned by changes..."

Line 627: I would finish as: Hence, the analysis performed over the database presented here confirms
that the future evolution of ocean acidification in this productive region is likely to depend on both
the potential CO2 increase in the atmosphere and other long-term changes (of natural and/or
anthropogenic origin) affecting the seawater’s carbonate system.

Following the suggestion, the new manuscript finish as follows: "Therefore, the long-term
drop in seawater pH measurements estimated from the ARIOS database presented here
confirms that the future evolution of ocean acidification in this productive region is likely to
depend on both the potential CO2 increase in the atmosphere and other long-term changes (of
natural and/or anthropogenic origin) affecting the seawater’s carbonate system."
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The data set surely will be relevant also for the future understanding of the interactive effects on
acidification in the Iberian Upwelling System of coastal processes and global changes. However
there is a need of a careful revision of the data set and of improvements in the ms. In the abstract the
author give acidification rates ranging from — 0.0016 to -0.0032 pH units/yr whereas in the ms (L.
566) they give a -0.0039 ph units/yr for the inner waters. This discrepancy should be resolved.

The discrepancy has been corrected. The correct acidification rate is -0.0039 pH units yr-1.

As the estimated acidification rate is higher than the average ocean acidification it would be
important to discuss the potential effects of the gaps in the times series some spanning also 7
consecutive years.

It would be relevant to compare the trends on periods without long gaps of data, which could
strongly affect the slope of the trend.

Following the reviewer's recommendation, the long-term trend in acidification was partially
assessed in those periods best analysed, namely 1981-1998 and 2001-2009. The main conclusion
of the results obtained was the loss of statistical significance of acidification rates. In fact, every
interannual changes of deseasonalized pH time serie during the period 1981-1998 showed p-
values> 0.05 while only the surface waters of the ocean and the continental shelf with pH

trends of -0.0040+0.0006 yr' and -0.0140+0.0017 yr™', respectively, were significant. In any case,
we understand that the inclusion of the data shown in Table 2 beyond an intense study on the
evolution of acidification in an upwelling system want to highlight the fact that direct
observations in the Iberian Upwelling System over the last 40 years indicate that pH is
decreasing.

A comparison with other articles reporting ranges for coastal acidification trends could be interesting
for improving the discussion of results.

Other measures of acidification rates in near-shore areas such as the well-known ESTOC or
CARIACO stations show year-on-year trends of -0.0018+0.0001 yr™' and -0.0025+0.0004 yr™',
respectively. Other acidification rates like the one found at the DYFAMED station in the
Mediterranean Sea was -0.0028+0.0003 yr™' (https://hal.sorbonne-universite.fr/hal-
01534516/document). In general these rates of change are in the range of the information
obtained from the ARIOS database as well as the acidification rates used as reference by
Lauvset et al. 2015.

Coastal acidification includes local changes in water chemistry from changes in temperature or
salinity, high nutrient inputs or inputs from freshwater rivers, or excess nutrient runoff (e.g.,
nitrogen and organic carbon). An ecosystem's ability to cope with acidification is influenced by
the number of local stresses it faces. Some ecosystems may be more resilient to ocean
acidification by minimizing biogeochemical changes. Because of these characteristics, the
impact of acidification between coastal areas is difficult to compare, and extensive work is
needed to analyse the similarities and differences between coastal areas.



In the section “Cruises in the 2000s and recent years” (L. 261- 265), the information about each
cruise is given but not always the months and years are given. I strongly suggest to provide similar
information for each cruise or to refer to a more specific table where the time span of each cruise is
given. In particular, regarding the last ARIOS project it is not clear in which months was carried out.
The number of days between the start and the end of the sampling period of each project was
included in the Table 1.

It would be important if the authors could be the precision for the temperature and salinity
measurements in the period 1976-1984.

The information has been included in the new version of the manuscript. Namely, the
precision of the temperature and salinity measurements in that period was 0.02°C and 0.005
respectively.

For chlorophyll measurements, as different filters were used, could the authors provide an estimation
of the pore size given and of potential effects of the change. The indication of the volume filtered
(range) could be also important if available.

The 6 cm Schleicher and Scholl and Whatman GF/F 2.5 c¢m filters are made of glass fibre and
have a similar nominal pore of 0.7 micron. The Schleicher and Scholl filters were used for
chlorophyll measurements with spectrophotometers that needed a larger sample volume
because of their lower detection sensitivity while the Whatman filters always for fluoremetric
measurements.

Regarding the adopted Quality control procedure (L.370-L.382) it would be useful if the authors
could provide a synthetic information on the first and second level of the quality control cited in this
section.

Regarding the presented ARIOS data set there are some corrections to the data that the authors
should consider as there are many negative concentrations for nitrites (n=4), nitrates (n=16),
ammonia (n=13), and chlorophyll a (n=2).

The values of any parameter lower than the precision of those measurements as well as the
negative measurements were replaced by zero and their corresponding flag by 6.

There are concentrations for nutrients and chlorophyll a in the range of 10-3 to <10-7 that should be
correctly reported, presumably, as less than the detection limits given in the methods, and properly
flagged with QF = 6.

The values of any parameter lower than the precision of those measurements as well as the
negative measurements were replaced by zero and their corresponding flag by 6.

For all nutrients there are many values equal to 0 with QF= 2, these values presumably are below the
detection limits and should be flagged with QF=6.

The values of any parameter lower than the precision of those measurements as well as the
negative measurements were replaced by zero and their corresponding flag by 6.

There are three in situ pH values in the range 7-7.6 that should be checked to evaluate if they can be
considered reliable or doubtful.
These 3 measurements of pH were flagged =3



Below some minor comments are given:
L.52 I suggest to correct as follows: to help a sustainable management of the : : :
The suggestion has been included in the new version of the manuscript

L. 290 I think that “as well* should be omitted and I suggest to substitute “to create” with “to record”.
The suggestion has been included in the new version of the manuscript

L. 306 “pH value to do so”: unclear.

The sentence was rewritten as follows: '"the seawater pH measurements were determined with
a spectrophotometric method following Clayton and Byrne (1993), subsequently adding 0.0047
to the pH value according to DelValls and Dickson (1998)."

1.325-327 it is unclear if for the titration the HCI concentration was 0.1 or 0.13 M.
0.1M

L.338, L.341 change the conjugation of verb to the past.
The suggestion has been included in the new version of the manuscript

L.351 “CI2Mn” should be written as “MnCl12”.
The suggestion has been included in the new version of the manuscript

L.352 change the conjugation of verb to the past.
The suggestion has been included in the new version of the manuscript

L. 382 check the year in the reference list is 2010.
The correct year is 2010. The manuscript has been corrected.

L. 506 “large seasonable variability* change with “ large seasonal variability”.
The suggestion has been included in the new version of the manuscript

L. 523 “and so it would” I suggest changing as: “and therefore it would”.
The suggestion has been included in the new version of the manuscript

I suggest changing the yellow colour in Figure 1, as on the printed version is not clearly visible.
The suggestion has been included in the new version of the manuscript. The new line is a green
line.

To enhance the readability of Figure 2, I suggest to enlarge them or to split the figure in two.

In Figures 3 and 4, for Salinity, I suggest omitting “psu” as it is not a real measurement unit, but a
conductivity ratio. I suggest to indicate the pH is on the total scale similarly to figure 5.

The pH on the total scale was indicated as pHry in every figure. The psu is mentioned to
indicate salinity is reported in practical salinity scale. The new Figures 3 and 4 are attached to
the reply to the referee.

There is the need to correct the units of oxygen in micromole kg-1 in figure 4.
The units of oxygen has been corrected.

The subscript of pHT in the Figure 5 is not well readable and should be explained in the caption.



I suggest, all over the figures, to indicate the pH as pHT for clarifying that is expressed on the total
scale, moreover, to increase the readability, I suggest to enlarge or split the two graphs.

TABLE 1. According to the data set, the ARIOS cruises were carried out during different months of

2018 and not in one month of 2017. As some cruises/projects could span over more month perhaps it
would be better to provide the period of the study instead of a single date.

The number of days (#d) between the start and the end of sampling period of each project was

included in the Table 1 that is attached at the end of the reply to the referee.
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1. Abstract

A data product of 17,653 discrete samples from 3,343 oceanographic stations
combining measurements of pH, alkalinity and other biogeochemical parameters off the
North-western Iberian Peninsula from June 1976 to September 2018 is presented in this
study. The oceanography cruises funded by 24 projects were primarily carried out in the
Ria de Vigo coastal inlet, but also in an area ranging from the Bay of Biscay to the
Portuguese coast. The robust seasonal cycles and long-term trends were only calculated
along a longitudinal section, gathering data from the coastal and oceanic zone of the
Iberian Upwelling System. The pH in the surface waters of these separated regions,
which were highly variable due to intense photosynthesis and the remineralization of
organic matter, showed an interannual acidification ranging from -0.0016 yr™' to -0.0039
yr' that grew towards the coastline. This result is obtained despite the buffering
capacity increasing in the coastal waters further inland as shown by the increase in
alkalinity by 1.120.7 pmol kg™ yr'" and 2.6+1.0 ymol kg yr™' in the inner and outer Ria
de Vigo respectively, driven by interannual changes in the surface salinity of
0.0193+0.0056 psu yr' and 0.0426+0.016 psu yr' respectively. The loss of the vertical
salinity gradient in the long-term trend in the inner ria was consistent with other
significant biogeochemical changes such as a lower oxygen concentration and
fertilization of the surface waters. These findings seem to be related to a growing
footprint of sediment remineralization of organic matter in the surface layer of a more
homogeneous water column.

Data are available at: http://dx.doi.org/10.20350/digital CSIC/12498 (Pérez et al., 2020).

2. Introduction
CO;, emissions of anthropogenic origin (fossil fuels, land use and cement
manufacturing) into the atmosphere are the main cause behind the warming of the Earth

due to the greenhouse effect (IPCC, 2013). Given the constant exchange of gases
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through the air-sea interface, the oceanic reservoir plays a key role as a sink for about
31% of anthropogenic CO, emissions (Sabine et al., 2004), controlling the partial

pressure of carbon dioxide in the atmosphere and regulating global temperatures.

The CO, uptake by the oceans produces changes in the inorganic carbon system in spite
of being partially dampened by the seawater buffering capacity. This ability of seawater

to withdraw, anthropogenic CO, becomes more limited as more CO, is absorbed, which

will make it difficult to stabilize atmospheric CO, in the future (Orr et al., 2009). The

gradual absorption of atmospheric CO, by the oceans decreases seawater pH, causing

ocean acidification, which conditions the buffering capacity of seawater and in turn the

exchange of CO, between the ocean and the atmosphere (Caldeira and Wickett, 2003;

Raven et al, 2005). This effect of CO, absorption, which is known as ocean
acidification, conditions the buffering capacity of seawater and to some extent the
exchange of CO; between the ocean and the atmosphere. The Intergovernmental
Oceanographic Commission of the United Nations identified the chemical change in
seawater brought about by ocean acidification as an indicator of a stressor on marine
ecosystems with a negative impact on socio-economic activities such as fishing and
shellfish farming. Hence, it was necessary for the oceanography community to observe
and gather data about pH and other parameters of the marine carbon system to,conduct
accurate measurements of pH and ancillary parameters and provide data products to

help a sustainable management of the marine resources. The effect of ocean

acidification on marine ecosystems has stimulated impetus in the international

community for gathering high quality time-series measurements of the marine inorganic

carbon system (Hofmann et al., 2011; Andersson and MacKenzie, 2012; McElhany and
Busch, 2013; Takeshita et al., 2015; Wahl et al., 2016) and for predicting the future

evolution of the pH caused by climate change.

A

The threat for, oceanic acidification of marine ecosystems is especially significant in

regions like coastal upwelling areas, which are more sensitive and appear to respond
faster to anthropogenic perturbations (Feely et al., 2008; Gruber et al., 2012; Lachkar,
2014; Hauri et al., 2013). These ecosystems are characteristic for their complex physical
and biogeochemical interactions and for sustaining enormous biological productivity
and productive fisheries (Pauly and Christensen, 1995; Haury et al., 2009). The

photosynthetic activity in these regions is also an important mechanism for the seawater
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CO; uptake, converting most of these areas into atmospheric CO, sinks (Pérez et al.,

1999; Cobo-Viveros et al., 2013). However, the high physical/chemical variability in

short temporal and spatial scales of upwelling systems and the lack of regular sampling

in these waters prevents a complete picture of the acidification of these ecosystems,

In the Iberian Upwelling System, the researchers of the Instituto de Investigaciones

Marifias (IIM-CSIC) since 1976 commenced accurate measurements of marine

inorganic carbon system and associated parameters. As a result, a collection of pH

observations and ancillary biogeochemical information along the Galicia coast (40°N
and 45°N, 11°W) has been gathered under the framework of different projects over the

past 40 years. The current database, hereinafter called ARIOS (Acidification in the rias

and the Iberian continental shelf) database, holds biogeochemical information from

3,357 oceanographic stations, giving 17,653 discrete samples. This unique collection is
a starting point for evaluating the ocean acidification in the Iberian Upwelling System
characterized by intense biogeochemical interactions as an observation-based analysis,
or for use as inputs in a coupled physical-biogeochemical model to disentangle these

interactions at the ecosystem level.

3. Data provenance

3.1. Data spatial coverage

The main characteristic of the Galician coastline, located in the north-west of the
Iberian Peninsula, is the Rias Baixas, four long coastal estuaries or rias (>2.5 km?)
between 42°N and 43°N (Fig. 1). The water exchange between the Rias Baixas and open
waters is drastically affected by the coastal wind pattern as part of the Canary Current
Upwelling System (Wooster et al., 1976; Fraga 1981; Aristegui et al., 2004). Under the
predominance of northeasterly winds (Blanton et al., 1984) during spring-summer, the
surface offshore transport of surface waters leads to a rising cold, nutrient-rich, deep
water mass called the Eastern North Atlantic Central Water (ENACW) (Rios et al.,
1992). Under these conditions, the Rias Baixas act as an extension of the continental
shelf (Roson et al., 1995; Souto et al., 2003; Gilcoto et al., 2017), where upwelling
filaments extending westward export primary production from the coast into the ocean
(Alvarez-Salgado et al., 2001). In the opposite direction, the prevalence of northward
winds (Blanton et al., 1984) moves the surface waters towards the coast, where they

accumulate, sink and thus isolate the coast. This process, known as downwelling, is
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typical during the autumn-winter along with other characteristics such as the warm,

salty waters from the Iberian Poleward Current (IPC) of subtropical origin (Fraga et al.,
1982; Alvarez-Salgado et al., 2006) that flows constrained to the Iberian shelf break
(Frouin et al., 1990). The run-off from local rivers also contributes to the presence of
river plumes over the shelf (Otero et al., 2008). These hydrodynamic conditions, the
meteorological forcings and the alternation of periods of upwelling and downwelling
(Alvarez, 1999; Gago et al., 2003c; Cobo-Viveros et al., 2013) stimulate the
development of intense primary production and high rates of recycling and downward
carbon export (Alonso-Pérez and Castro, 2014). The result of this biogeochemical
variability in terms of air-sea CO, exchange is that the surface waters act as a net CO,
sink that is especially intense and variable over the shelf compared to offshore or in the

inner Rias Baixas (Padin et al., 2010).

Besides, the short-term and seasonal variability, significant changes in the long-term

scale have been reported in this region. In addition to changes such as the weakening
and shortening of the upwelling events (Lemos and Sanso, 2006; Pérez et al., 2010;
Alvarez-Salgado et al., 2009), the warming (Gonzélez-Pola et al., 2005; Pérez et al.,
2010) and changes in the composition of phytoplankton (Bode et al., 2009; Pérez et al.,
2010), the acidification in the first 700 metres for the geographical area from the Iberian

Peninsula to the 20° W meridian and from 36°N to 43°N has also been observed at a rate

0f -0.0164 pH units per decade (Rios et al., 2001; Castro et al. 2009).

3.2, Distribution of sampling

According to the type of region under study, different areas were identified in order to
classify the measurements gathered in the oceanographic cruises (Fig. 1). The latitude

of 43°N where Cape Finisterre is located was used as the dividing line between northern

and southern waters. Subsequently, a criterion of depth also split the waters to the north

of 43°N into north oceanic (below 250 m), north shelf (between 205 m and 75 m) and

north coast (75 m to the surface). The southern shelf waters were divided by latitude

42°N into Portuguese and the Rias Baixas (RB) shelves, whereas the shallower waters

were identified by the main rias, where three different zones were defined using

longitude boundaries (outer, middle and inner) according to Gago et al. (2003c¢) in the

Ria de Vigo, and just two zones in the other rias (Ria de Pontevedra, Ria de Arousa, Ria

de Muros). Southern waters between the isobath at 75 metres and the mouth of the
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estuaries were identified as the Portuguese and RB coast.

The discrete measurements gathered in the ARIOS dataset were mainly found in

different regions’ waters around 42°N latitude (Fig 1; Fig. 2a), especially in the outer

and middle areas of the Ria de Vigo, which accounted for 15% and 21% of the total
measurements_respectively due to the proximity to the [nstituto de Investigaciones
Mariiias (IIM-CSIC). Most of the measurements (85%) carried out by many of these

cruises to study the coastal ecosystems concentrated on shallow waters between the
seawater surface and 75 metres in depth (Fig. 2b). Although waters below 4,900 metres

deep were also sampled, observations below 900 metres only account for 1% of the
ARIOS database.

The observations made over more than 40 years in every region of the ARIOS database

were irregular on both an interannual and seasonal scale (Fig. 2a). The period of most

sampling activity was the 80s and 90s, whereas samples were especially scarce in the

early 2010s. On a seasonal scale, summer and autumn were the preferred seasons to

address the different research purposes, with 37% and 36% of the total samples
respectively. The observations taken during less favourable winter conditions,

especially aboard the coastal vessels usually available, only accounted for the 10% of

the ARIOS database.

v

3.3, Data sources

The ARIOS database is a compilation of biogeochemical properties with discrete
measurements of temperature, salinity, oxygen, nutrients, alkalinity, pH and chlorophyll
that were sampled in waters off the northwest of the Iberian Peninsula from 1976 to
2018 and measured by IIM-CSIC (Table 1). This data collection is part of the research
by 24 projects and oceanographic cruises conducted in response to different aims. The
different sampling strategies built up an irregular biogeochemical database whose

particular frequency and spatial coverage is shown in Figure 2.

The contribution to the ARIOS database from the oceanographic cruises and projects

over the different decades is described below.

Cruises in the 70s and 80s:
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The first three cruises were carried out over three periods (1976, 1981-1983 and 1983-
1984), sampling the Ria de Vigo. These cruises were designed to provide environmental
information (upwelling events, estuarine circulation, continental inputs, etc.) for
research into the biology of some fish species. They measured identical parameters in

the Vigo estuary but at different stations and frequency.

In the summer of 1984, the Galicia VIII cruise studied the summer upwelling events
occurring on the contact front between the two ENACW water masses off Cape
Finisterre from short sections perpendicular to the Galician coast with 85 stations
offshore and 35 stations over the shelf. This cruise marked a milestone in the
oceanographic research of IIM-CSIC because it was the first time that the parameters of
the carbon system were measured on-board in offshore waters. Moreover,
measurements of a particular station on the shelf break with a bottom depth of 600
metres were taken every two days for a month, including two-day continuous

samplings.

Two years later, the Ria de Vigo 1986 sampled along the main axis of the Ria de Vigo
in 7 monthly repetitions during the first half of the year in which the primary production
and the organic matter exchange between the estuary and the shelf was studied in
relation to the hydrographic regime. Shortly afterwards, the same topic was also
researched by the Galicia IX project in September and October 1986 from 145 stations,

50 of which were coastal and 80 located in ocean waters (Prego et al., 1990).

The following year, the 1987 Provigo project (Nogueira et al., 1997) initiated a periodic
study from a fixed site (42°14.5'N, 8°45.8'W) located in the mai