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Short summary

The authors present pH time series data from two locations in the Vigo estuary
recorded by in-situ spectrophotometric measurements. As part of an observation network, a commercially available Sunburst SAMI-pH sensor was deployed twice at each
location. Prior to the actual deployments, comparison pH measurements were made
on discrete samples collected during a shallow water test deployment. Each of the
subsequent four deep water (30-40m) deployments covers about two months within
the time frame from November 2017 to May 2019. All deployments took place from
November to May. Instruments were deployed near the bottom under fully marine
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conditions (salinity 33-36). Spectrophotometric pH measurements performed over a
muddy seabed during deployments 1 and 2 are believed to be affected by suspended
sediments. The authors apply a quality control procedure, which consists of the removal of (i) pH data outside a pre-defined pH range (7.5-8.25) and (ii) pH data that
deviate more than two times the observed standard deviation from a rolling average.
The full suite of temperature, salinity, and pressure data is made available only for
deployment 4.
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General comments

Obtaining pH data with high quality and spatio temporal resolution is an important task
in order to track ocean acidification and decipher long-term trends from natural variability. The authors pursue this goal by the deployment of state-of-the-art sensor technology. In principal, the presented data set could be considered significant and unique.
However, the usefulness for future interpretations of the data set in its current form is
restricted, mainly due to insufficient methodological information, high uncertainty in the
recorded pH data, inappropriate data processing procedures, restricted temporal coverage, and lack of additional data from the observation network. As a consequence,
the data set quality does not allow to achieve the stated goal of capturing “a coherent
signal of acidification”.
Measurement uncertainty: The authors find an offset between in-situ and comparison
measurements during the test deployment. The linear regression line in Fig.2 reveals
that this offset is pH-dependent and ranges between 0.1 and 0.18 pH units. The reported discrepancy is significantly larger than the Global Ocean Acidification Observing
Network (GOA-ON) “weather” and “climate” goals for pH measurements, claiming uncertainties of +/- 0.02 and +/- 0.003, respectively (Newton et al., 2015). It also exceeds
the accuracy estimate stated by the authors (+/- 0.003). Any attribution, explanation
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or correction of this offset is missing. Central shortcomings in this respect are the
lack of any methodological information about the spectrophotometric comparison measurements performed in the laboratory on discrete samples (see specific comments)
and the lack of raw data, which prevents an assessment of the source of error. It remains thus unclear, whether the sensor or the laboratory (or both) measurements fail
to achieve the required accuracy. As a consequence, any trend estimates derived from
comparison of this data set to future observations is at least highly questionable, if not
misleading.
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Data processing: The applied “quality control” procedures appear inappropriate. In
a first step, pH date outside a predefined range (7.5-8.25, l.112) are removed. This
range is narrower than the stated application range of the method (7-9, l.43). In a second step, pH data that deviate by more than two times the standard deviation from a
calculated 12.5-hr running average are removed. Both steps risk to discard environmentally relevant pH variability and would only be justified if a reliable proof is given,
that those procedures are appropriate to separate instrumental noise from environmental variability.
Noisy data: The authors argue that the higher noise in deployments 1 and 2 is caused
by suspended sediments. If this is the case, than the recorded data do not represent
environmental pH, are not meaningful for further interpretation, and should thus be
removed from the database and manuscript.
Completeness of data: The authors mention that the pH data presented here were
recorded in the framework of the project A.RIOS which aims at establishing an observation network of ocean acidification. However, the manuscript lacks any information
about additional observations available from this network. This seems to conflict with
the ESSD guideline which states that “a data set or collection must not be split intentionally”.
In summary, it is suggested to:
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• revise and explain laboratory comparison measurements scrupulously, identify
the reason for the observed offset and check whether any additional corrections
must be applied (see specific comments)
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• include raw data from laboratory and sensor measurements in data set in order
to enable a re-processing of the data
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• remove deployment 1 and 2 from database
• publish data from deployment 3 and 4 only if offset from comparison measurements can be explained and corrected
• ideally, combine data presented here with additional future pH data and other
environmental data gained through observation network, as this would increase
the usefulness of the data set
• resubmit manuscript when the combined data set allows trend analysis or assessment of drivers of variability
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Specific comments

Material and Methods
l. 41-42: How were instrument specifications (accuracy, drift behavior, precision) determined?
l. 43: How was the application range (7-9) specified?
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l. 51: Please specify what you mean by “instrument reasonably simple to operate”
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l. 55: What are “standard sampling methods”? Please specify or provide unambiguous
reference.
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l. 56: Where, when and at which depth was the instrument deployed? What were
the environmental conditions during this deployment? All laboratory and field test data
from the initial test deployment should be made accessible.
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l. 58: Any information about spectrophotometric measurements on discrete samples is
missing. This is very critical, because it makes it impossible to attribute the observed
offset to the sensor data. The following information must be included:
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• What kind of equipment was used?
• Were dye impurities corrected or was a purified dye used? (Douglas and Byrne,
2017; Liu et al., 2011)
• How was the dye pH-perturbation corrected (Carter et al., 2013; Hammer et al.,
2014)
• Which dye characterization was used to calculate pH from the absorbance ratio
R? This is neither referenced for laboratory nor in-situ measurements (Clayton
and Byrne, 1993; Liu et al., 2011; Müller and Rehder, 2018).
• At which temperature were laboratory measurements performed? How was the
temperature adjusted to match the in-situ measurements? At which temperature
are pH results reported in general?
• Please include raw data (R-value, S and T) for all field and laboratory measurements, in order to enable a re-processing of the observations
l. 61: What exactly do you mean by “Although the relationship was not one of identity,
it was consistent”? The slope of the linear regression (0.651, Fig. 2) indicates that the
pH offset is not constant, but rather a function of the absolute pH.
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l. 61: Why were the authors “encouraged by the results”? The offset is 1-2 orders
of magnitude larger than the expected accuracy and has systematic pH-dependence.
Please note that neither GOA-ON “weather” nor “climate” criteria are fulfilled.
l. 89: If “the resuspension of sediment” is the cause for the noise observed in deployment 1 and 2, than those data need to be removed.
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l. 97: Which temperature record is shown in Fig. 5?
l. 106: What do you mean by “we aligned the temperature, conductivity, and pressure
data with the pH time-series”? Does this refer to some kind of interpolation?
l. 109: Did you apply any salinity correction to deployments 1 and 2? If not, please
state this explicitly.
l. 111-115: The procedures described here are not quality control measured, but rather
an attempt to remove noisy data. It must be clearly argued why data outside the pHrange 7.5 - 8.25 and 2x the SD from the running average are removed.
l. 114: It remains unclear, whether “clean” time series refers to the recorded data or
the rolling average. Please specify.
Results
l. 120: Linear regression of pH against time does not seem to be a reasonable analysis
on those short time scales. Is there any reason to expect a linear change of pH over
the course of the deployments? If not, please remove the regression lines.
l. 125: Please present correlation plots of pH with temperature and salinity if you intend
to discuss those.
Printer-friendly version

Figures
Fig.2: Plot and discuss also the pH offset as a function of pH.
Fig.4: Individual data points can not be identified in the line plot. Please increase x-axis
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to full page width and include points. This would allow to identify patterns in the data,
such as in Fig. 1 of this review generated online on the PANGEA website.
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Fig.5: Remove linear regression.
Data sets stored at Pangea
Raw data that would allow to re-process the data (for example if new dye characterizations become available) are missing. Please include those in the data set.
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Deployment location appears on Corse on the build in map (presumably due to a wrong
sign of longitude values). See Fig. 2 of this review and please correct.
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Technical corrections

Grammar and wording were not reviewed due to severe methodological limitations and
concerns of scope, which need to be addressed first. In general the presentation
quality is fair, but in some parts poor grammar and wording make it hard to understand
the meaning unambiguously.
The mentioned R code written to perform data processing, quality control and visualization is not made accessible.
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Fig. 1. pH time series visualization from PANGAEA (deployment 1, pH plotted over row number)
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Fig. 2. Sampling location as shown on PANGAEA
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