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INTRODUCTION

The Portuguese Coastal Monitoring Network (CoastNet) is a Research Infrastructure (RI)
that is part of the Portuguese Roadmap of Rls of Strategic Relevance (FCT, 2020). It was
designed to improve the understanding of Portuguese coastal ecosystems functioning through
the development of a remote coastal monitoring system. One of the key features of CoastNet
lies in the possibility to aggregate data from different sources (e.g. historical data, in-situ
buoys, satellite) and to make them publicly available at CoastNet’s Geoportal (http://geoportal.
coastnet.pt), where all users can explore, visualize and download all datasets. CoastNet has
four main lines of action: (i) Coastal Remote Sensing System, constituted by a satellite data
center, providing higher-level products, such as sea-surface temperature, sea surface height and
ocean color remote sensing data; (ii) Environmental and Biological Monitoring System, including
the deployment of a set of sensors to collect real-time measurements of environmental and
biological in-situ data at the Mondego, Tejo and Mira estuaries (Figure 1); (iii) Portuguese
Coastal Tracking Network, involving the deployment of several lines of biotelemetry acoustic
receivers, located at strategic locations, to detect tagged marine animal; and (iv) a web-based
platform (Geoportal), which integrates the data from different sources and provides open access
to the information. This interface allows users to do simple operations, such as to visualize
time-series for a selected period, superimpose data of different parameters, create transects
and animations. Currently, CoastNet provides a crucial contribution for the improvement of
the permanent monitoring programs on transitional and coastal waters. The unique nature
of CoastNet’s Environmental and Biological Monitoring System (EBMS) is highlighted by its
capacity to provide continuous in-situ data collected in an autonomous mode and constitutes a
fundamental tool to comply with the European Union (EU) Policy regulations on water quality
(e.g. Water Framework Directive, Marine Strategy Framework Directive). Such Directives require
a detailed assessment of the state of the environment, a definition of “good environmental
status” at a regional level and the establishment of clear environmental targets and monitoring
programs by each EU Member State. The CoastNet’s monitoring capacity also contributes to fulfill
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FIGURE 1 | Location of the three estuaries and the three sondes in each of them (left). Intraday means of Temperature, Salinity, pH and Oxygen (saat%) at buoys 1 to

Mondego Estuary
40 8

=
o
o

-
o 20 #1 & 100
L —#2] s 78 L.
Q19r ——#31 » S
3 ] e 9
18 £ 20 576 s
= - /\/\ o 85
[ >
YNGR -
£ \fs 10 7.4/\/\ o
3 16 A VAN -
2 PR

15 0 72 70

Tejo Estua

21 40 J 8 ry 105
P -
Y20 +H 100
-~ 30 78— f 95\/\
g > [~ =S ¢g
3 \ﬁQ x )
18 £ 20 Ls N
- © o 85 ]
]
al7 1] ? -
£ \A 10/\/\ 74 o
@ 16 5
2 g’

15 0 72 70

Mira Estuary
21 40 8 105
-
Gzow L% 100’\/\
o
- 30 7.8 ‘: .
S

2 19 > i
3 s e 9
18 S0~ {576 s
- T o 85
]
8k Jw Z 80
1 10 7.4 QA o \/\
@ 16 .
2 g s

15 0 72 70

0 6 12 18 24 0 6 12 18 24

Time (hours)

"0 6 12 18 24 0 6 12 18 24

u}

the urgent need identified by the Portuguese Strategy for the
Sea for an automatic collection of biological and environmental
data in the marine environment, which is also key for licensing
purposes and to develop local ecosystem models. The present
work aims to: (i) release the continuous in-situ measurements
for public use; (ii) describe the content of this dataset; and iii)
provide an overview of the temporal (daily and seasonal) and
spatial variation of the physico-chemical parameters.

METHODS

The CoastNet in-situ monitoring system is composed of eight
buoys and one immovable structure, three in each of the three
above-mentioned estuaries, with the locations being specifically
designed in order to cover the estuarine longitudinal gradient
(Figure 1). Their IDs and location coordinates are displayed
in Table 1 (Supplementary Material). The immovable structure
was placed in the Mondego estuary (Mondego#2). Each of these
buoys initiated the process of collecting data at different starting
dates, which depended on the mooring deployment (Table 1).
The datasets presented herein were collected during the whole
year of 2020, from January 1% to December 31", although the
system is still continuously collecting data. Nevertheless, data

from June 2019 onwards is also available at the geoportal (see
Table 1).

Eight YSI/EXO2 multisensor sondes for estuary and ocean
monitoring (www.ysi.com/exo) were installed in each location,
except in Mondego#3, which is equipped with a Hobo
conductivity sensor and data logger. This sonde is a cost-effective
logger for measuring salinity, conductivity and temperature
in saltwater environments (www.onsetcomp.com). Multisensor
sondes are registering the following parameters: Temperature
(°C), Salinity, pH and Dissolved Oxygen (%sat and mg/l).
The specifications for these sondes and sensors are available
in the “In-situ Sensors Technical Documentation” (see http://
geoportal.coastnet.pt/). This monitoring system is carrying out
measurements just below the surface every 15 min. All collected
data are locally stored in data loggers and transmitted to the
geoportal through the local mobile phone network four times
per day (~6h) for Near Real-Time data. It is worthwhile
mentioning that the stand-alone sonde at Mondego#3 is
not capable of transmitting near real-time data but data
is regularly downloaded from the logger and uploaded to
the geoportal.

Alterations in the electrochemical sensors installed in the
multisensor sondes may result from the composition of the
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TABLE 1 | Coordinates of the nine locations and their respective starting dates.

Name Longitude Latitude Start Date
Mondego#1 —8.8358° 40.1448° 2019-10-17
Mondego#2 —8.7718° 40.1242° 2019-10-31
Mondego#3 —-8.7110° 40.1438° 2019-10-18
Tejo#1 —9.2333° 38.6937° 2019-09-17
Tejoi#2 —9.0869° 38.7624° 2019-10-01
Tejo#3 -9.0210° 38.8766° 2019-10-01
Mira#1 —8.7692° 37.7269° 2019-06-20
Mira#2 —8.7209° 37.6671° 2019-06-19
Mira#3 —8.6821° 37.6125° 2019-06-19

water, changes in the environmental conditions or device
characteristics. These slowly varying changes in instrument
background or sensitivity are often called sensor drifts. Like
any other analytical instrument, these sensors require regular
calibration to account for these changes and to ensure their
correct functioning.

The design of the CoastNet in-situ monitoring system
compensates for these drifts with two complementary strategies.
First, sensors are frequently recalibrated using standard solutions
during periodic maintenance of the buoys, sondes and sensors,
which occur every two to three months. This interval was
specifically calculated to ensure that the signals exceeded by
far the drift of the sensors, allowing a maximum drift of
5%, while typically lower than that. It is also reasonable in
terms of costs and logistics. Second strategy is through drift
compensation (or correction), where the basic idea is to eliminate
the variation in the sensor signal ascribed to sensor drift. This
drift compensation method is based on the following criteria:
the sensor drift follows an approximately linear course with
time, where each sensor has a unique drift characterization and
the drift should be modeled and compensated by means of
a simple computational approach (Haugen et al., 2000). It is
also of utmost importance to allow this drift correction without
information loss.

When accessing the Geoportal, the user will find the “in-
situ Sensor” folder on the left-hand side of the screen with
both options: Near Real-Time and Time-Series data. The data
presented in this Report are part of the Time-Series data, which
is considered the most accurate dataset. Data were extracted
directly from the data loggers during the calibrations in the
field to recover the complete sets of data, since mobile network
coverage failures do not always allow data transmission at the
established frequency. The drifts in the recorded data were
also corrected based on the differences found during sensor
calibrations. These differences are divided by the number of data
in the period, giving the slope for the measurement interval.
Subtle changes in the sensors or the standards conditions
might also lead to an offset addition (Equation 1). The final
drift correction is then performed by subtracting (or adding)
the drift component from the raw data for the period in
analysis, from zero in the moment of the former calibration
to the entire difference at the end of the period, following the

equation below:
Deorr = Dyaw + (offset + slope x I (1)

where D, is the new value after correction, I is the
index of the data within the series and D,;, the raw
value as obtained from the loggers. The slope of the drift
curve is also included. It is assumed that the drift is
additive and that the magnitude of the perturbation is
independent of the signal level. Every individual sensor
data is provided with a unique time-dependent drift curve.
See works of Panchuk et al. (2016), Rudnitskaya (2018),
and Kovacs et al. (2020) for a thorough discussion about
drift corrections.

Moreover, Data Quality Control was also ensured by
independent in-situ measurements. This monitoring system
has now finished its first phase of implementation. Correction
and validation procedures are still under development, which
should be acknowledged when using these data. In the future,
datasets will be reanalyzed at an annual basis to correct
for any inconsistencies, ensuring confidence in measurements.
Gaps in the dataset occur as a consequence of incrustations
or mud accumulation over the sensors (sending incoherent
data, which are then excluded), during periods of sonde
or buoy displacement and also during approximately 45 min
periods every two or three months for the maintenance
and calibration procedures. Outliers in the data are also
excluded. Exceptions are (i) the period between 14/11/2019
and 20/02/2020 in the Tejo#2 buoy, when the sonde was
removed for inland maintenance; (ii) the period between
23/06/2020 and 12/08/2020 in the Tejo#1 buoy, when the
buoy and mooring infrastructure were removed due to bottom
dredging activities at the surrounding areas; and (iii) the period
between 09/07/2020 and 06/12/2020 in the Mondego#3 buoy,
when an internal battery problem induced the sonde to stop
registering data.

DATA DESCRIPTION

The dataset presented in this article include the following
parameters: Temperature (°C), Salinity, pH and Dissolved
Oxygen (% of air saturation and concentration in mg/l).
It is important to keep in mind that the Mondego#3 buoy
withholds a different sonde, which is only registering
Temperature and Salinity. The figures included herein
present the overall intraday variation of these physico-
chemical water parameters (Figurel), as well as the
time-series obtained from the nine sondes deployed in the
Tejo (Figure2), Mondego (Supplementary Figure1) and
Mira (Supplementary Figure 2). The within-day values were
computed as running-means with a 24h regular window,
considering the whole dataset.

Regarding the intraday variation, there are two clear patterns
observed. First, the night-day effect is visible, especially in the
two physico-chemical parameters that are strongly dependent
on the irradiance intensity, i.e. Temperature and Dissolved
Oxygen (Figure 1). Generally, Temperature increases from 6 AM
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onwards, reaching a peak between 1 and 2 PM, following the
natural daily variation of irradiance in a specific location, caused
by the rotation of the planet. Dissolved Oxygen increases during
daytime, also from 6 AM onwards, reaching a peak at around
6 PM. This is likely to be caused by increased photosynthesis
that releases oxygen to the environment. However, the effect of
Temperature increase on oxygen concentrations should not be
neglected. Second, tidal range has a key role in the variation
of the other physico-chemical parameters, namely Salinity and
pH. These parameters strongly depend and follow the intrusion
of seawater and its mixing with freshwater. Moreover, the
Portuguese coast is usually presenting two daily peaks defined
by the semidiurnal tidal range. In the Mondego estuary, the
most stable Salinity values are observed at the upstream buoy,
where the freshwater influence is high. On the opposite, in the
Mira estuary, the most stable salinity values are observed in the
most coastal buoy, where offshore waters have a strong influence.
Nevertheless, both effects interact, affecting the variation of
all physic-chemical parameters. The datasets of the continuous
monitoring also highlight the effects of the river flow and volume
of the water body mass on the resilience of the environmental
conditions in estuarine water bodies, showing lower daily and

seasonal fluctuations in the Tejo estuary when compared to
the others.

Annual datasets show the seasonal variability such as
the marked annual variability on Temperature, with summer
maxima and winter minima. During 2020 temperature ranged
from 8.82°C in Mondego#1 during winter (January) to 28.76°C
in Mira#3 during summer (July). The maxima are higher on the
buoys #2 and #3 in all estuaries, in opposition to the buoys #1,
which are nearer to the sea and therefore under higher influence
of the upwelling process in the coastal waters. The minima, on the
other hand, are lower in the northernmost estuary (Mondego).
The time-series of temperature also show a higher variability
within tidal frequencies in the buoys #1 and #2 in the Tejo
and Mondego estuaries, while only in buoy #1 in the Mira.
This phenomenon is centered around summertime, when the
horizontal gradients intensify due to the difference between the
warm waters of the shallow upper-estuaries and the cold upwelled
waters near the coast.

The Salinity data also showed seasonality and horizontal
gradients. The observed values ranged from near-zero several
times along the year in Tejo#3 and most of the time in
Mondego#3, both in the upper-estuary, to the maxima of 37.31
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in Mondego#1, observed in June. While the drier period attains
the peak in October, the moment of greater river discharges
occurred at the end of December when a marked decrease in the
salinity values was observed in all three estuaries. The variability
within tidal frequencies in these time-series are different from the
previous temperature case, attesting for differences in the salinity
gradients of the three estuaries. In the Mira estuary, the data
from Mira#1 buoy showed a marine predominance and lower
variability while higher and similar was observed in the other two
buoys. In the Tejo, although Tejo#1 buoy data also presented a
relatively lower variability, the variability increased from buoy
#2 to #3. On the other hand, in Mondego the buoys #1 and
#2 presented a high variability in those frequencies, while the
Mondego#3 buoy recorded mostly freshwater.

The pH data showed distinct patterns in relation to
temperature and salinity data. Typically, the values vary more
along the estuary, with values around 8 near the sea and a
decrease toward the uppermost locations. The observed values of
pH range from 6.62 in Mira#2 (December) to 8.43 in Mondego#1
(July). Both values, however, occurred in isolated events. A higher
variability was seen in lower frequencies as a direct response
to variations in river discharges and the ocurrence of lower pH
values in freshwaters. As expected, these intense value oscillations
were more commonly seen in the buoys of the upper-estuary.

As it also occurred with the pH, the dissolved oxygen data
had a higher variability in the subtidal (low) frequencies in the
upper-estuary, rather than in the tidal frequencies. Nonetheless,
when considering the concentrations in mg/l, a clear seasonal
pattern arises with a larger content of dissolved oxygen in the
water during winter, due to the greater solubility in colder waters,
and with the opposite occurring during summer. The dissolved
oxygen data during the measurement period, in terms of %
of air saturation, ranged from 26.68% (November) to 183.29%
(May), both in Mira#3. Dissolved oxygen concentrations ranged
from 2.16 mg/l, measured in November at Mira#3 to 13.55 mg/l,
measured in July in Mondego#1.

In general, this dataset allows the description of spatial and
temporal variations of physical-chemical water parameters in
three Portuguese estuaries. These data provide an overview
on time scales from hours to months and cover the salinity
gradient in each estuarine system. Given its unique nature at
the national level, the dataset presented herein, which is publicly
available at CoastNet’s Geoportal, is a valuable contribution
toward understanding the ecosystem functioning in estuaries.
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