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Abstract
This report describes the development and testing of a monitoring system that will be eventually
deployed in Mar Menor. This system will support the innovative monitoring and modelling efforts
that will be developed by the SMARTLAGOON project by providing high quality automated measurements of key environmental variables, which can be used to ground truth alternative and less
expensive monitoring methods. These data will serve as input forcing data to water quality models, and can be also used to verify the output of water quality forecasts. Data collected for model
input are wind speed, air temperature and relative humidity; metrological variables that can be
expected to be more accurately measured over water as opposed to land based measurements.
Variables that can be used to calibrate and verify water quality modeling are water temperature,
dissolved oxygen concentration, turbidity and chlorophyll concentration.
This report describes the electronics and sensors that are the core components of the system.
It provides data that demonstrates the system performance and the utility of the measurements,
using data collected from a test deployment in Lake Erken (Sweden) during the summer of 2021.
The core system has been designed to be easily transported to Spain and will be installed in a
buoy that will be constructed in Spain and deployed on Mar Menor.
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Introduction
Overview and Justification for System
The SMARTLAGOON project will evaluate the possibilities of developing novel sensing and modelling methods to simulate water quality changes in the Mar Menor coastal lagoon (Murcia,
Spain). These water quality forecasts will in turn be used to both manage and mitigate the water
quality concerns that impact this lagoon. The main water quality impacts include inputs of nutrients and large changes in water turbidity, especially in relation to storm events, which in turn
lead to algal blooms, oxygen depletion, and fish kills (see Figure 1).

Figure 1 Extreme variations in Mar Menor water quality A) Algal bloom B) Turbidity following
large storm event. C) Fish kill in the Mar Menor that can be a consequence of either extreme
storm events or algal blooms
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To develop the monitoring and modelling methods used in SMARTLAGOON requires ground truth
data to evaluate the camera-based sensing and model-based water quality forecasting that will
be used in Mar Menor. To achieve ground truth validation, SMARTLAGOON will take two separate
approaches.
1. Apply the sensing and modelling methods developed for use at Mar Menor to Lake Erken.
The Limnology field station of Uppsala University, where a long-term extensive monitoring
program can provide the ground truth data needed for sensing and model validation.
2. Develop conventional monitoring system that can be deployed on Mar Menor to provide
key water quality measurements in near real time. These data will be available to evaluate
both modelling forecasts and the unconventional sensing methodologies that will be developed in the SMARTLAGOON project. In addition, the data provided by this monitoring
buoy will be a valuable resource to the local/regional authorities that monitor and manage
Mar Menor water quality as they currently used conventional procedures.
Work to achieve the first objective is presently underway and will be reported on in deliverables
associated with WP 3. The purpose of this report is to describe the water quality monitoring
system that has been developed for SMARTLAGOON and has now under gone testing at Lake
Erken. We plan to deploy the system in Mar Menor in the near future, probably during the first
quarter of 2022.

Description of System
System Requirements
Mar Menor is a relatively shallow body of water (maximum depth 7 m) with a large surface area
(135 km2). Consequently, it is not seasonally stratified, but is subject to ephemeral periods of
stratification and mixing. It is the dynamics of this mixing regime that can be of great importance
for determining the water quality of the lagoon, and it is these dynamics that the water quality
forecasts will focus on being able to simulate. Of particular interest will be the effect of stratification on water column and near bottom oxygen concentrations, which can affect sediment nutrient release and fish kills. Further, monitoring of algal blooms and turbidity changes associated
with storm event inputs is needed to both validate the camera-based sensing methods that will
be developed and refined by SMARTLAGOON and will also be key outputs of the water quality
forecasts.
With the above in mind, the following measurements will be collected by the monitoring buoy.
·

Vertical temperature profiles at depths 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, and 6.5 meters.

·

In situ dissolved oxygen concentrations at 1,3, and 6.5 (near bottom) depths.

·

Chlorophyll fluorescence as an indicator of algal concentrations.

·

Optical back scattering as an indicator of water turbidity.

·

Meteorological data (wind speed, air temperature and relative humidity) that are inputs to
the water quality models and can provide more representative model inputs when collected
over water as opposed to land based measurements

In addition, there were several practical requirements associated with the initial buoy design and
testing.
·

Data need to be collected at high frequency and available in near real time.
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·

Following development and testing at Lake Erken, the sensing system (electronics and
sensors need to be easily transportable to Spain so that it can be installed in the monitoring
buoy that will be deployed on Mar Menor.

·

The power used by the system should be well documented so that for the size of the solar
panel and system battery can be optimized in the Mar Menor deployment.

Below, the specific components used in the system are described in more detail, and the individual sensors and components are also listed in Table 1

Quantity Instrument/Sensor
1 Campbell Scientific CRI000x Data logger
https://www.campbellsci.com/cr1000x
E+E Elektronik EE181 air temperature and
humidity sensor
https://www.campbellsci.com/ee181-l
1 RM Young Wind Sentry Anemometer
https://www.campbellsci.com/03101-sentry-anemometer
1 SeaBird ECO Dual Channel Fluorometer
https://www.seabird.com/ecoflntu/product?id=60762467722

Description
Data logger that is capable of reading data from a
wide variety of sensors, processing, storing and transmitting the data by WiFi, GPRS, etc.

1

3 Aanderaa Oxygen Sensors
https://www.aanderaa.com/oxygen-sensors
6 Thermistor temperature sensors
Constructed using Beta Therm 100KSA Thermistors
1 Campbell Scientific CH200 Charging Regulator
https://www.campbellsci.com/ch200

Sensor for measuring air temperature and Humidly
1.5 m above water.

Sensor for measuring wind speed 1.5 m above water.
Sensor for measuring chlorophyll fluorescence and
Turbidity. This sensor is equipped with a wiper system
that prevents biofouling and thereby will allow for
long deployments Measurement depth 3 meters.
Measures water temperature and dissolved Oxygen
concentration at 1, 3 and 6.5 m depths. Oxygen sensor is not sensitive to biofouling.
Provides supplementary water temperature measurements from 0.5, 1.5, 2.0, 2.5, 4.0, and 5.0 meters.
Regulates charging from solar panel to battery and
also sends information on power consumption to data
logger that is useful for optimizing the power supply.

Table 1 Electronic and sensor components used to construct the Mar Menor monitoring system

System Components
To make the system easily transportable to Spain, all the electronics and sensors were built in
several components that can easily be transported as flight baggage, or by standard shipping
methods (see Figure 2). The system consists of:
·

A water-resistant suit case that can be easily transported contains all the needed electronics.

·

A single sensor chain that contains all the under-water sensors described in Table 1.

·

The individual meteorological sensors (Table 1) that will be deployed above water.

In addition, a solar panel and battery will be required and it is anticipated that these will be
purchased in Spain once the optimal size of these are determined.
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Figure 2 Electronics mounted in water tight case. All sensors are connected to the military
connectors at the top of the photo B) Underwater sensors, cables are bound together and terminated in military style connectors. C) System electronics with sensors connected in the
Erken test buoy. D) Erken test deployment of Mar Menor monitoring system.
All sensors connect to the electronics box using military style connectors, allowing the electronics
and sensors to be transported as separate items. Also, these items have well defined and relatively small shape, which should make it easy to insert them into the monitoring buoy that will
be developed in Spain and deployed in Mar Menor.
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For tests at Lake Erken, the developed system was connected to a monitoring buoy used in a
previous project, and was deployed at the Eastern End of the Lake at a depth of 6.5 m, as will
be the case in Mar Menor. This location is subject to upwelling due movement of the lake's
internal seiche, and this should provide a test of the systems to measure rapid changes in the
lake water quality.

Sensor
Air temperature
Relative humidity
Wind speed
Water Dissolved Oxygen
Water temperature
Chlorophyll
Fluorescence
Turbidity

Measurement
Statistics 5 min
Frequency
Storage Interval
30 sec
mean
30 sec
mean
mean, max, std
30 sec
dev

Statistics 60 min
Storage Interval
mean
mean
mean max Std
Dev

Statistics 24 hour
Storage Interval
mean, max, min
mean

30 sec
30 sec

mean
mean

mean max Std Dev
mean

mean
mean

mean max Std Dev
mean max Std Dev

1 hour
1 hour

mean
mean

mean max Std Dev

Table 2 Measurement Frequency associated with the monitoring sensors, and the summary
statistics calculated for each measurement interval. Most measurements are made at6 30 sec
intervals, but chlorophyll and turbidity measurement that are associated with the wiper antifouling movement cannot be measured at less than hourly intervals.

Electronic Components
The mounted electronic components (see Figure 2) consist of the data logger, the smart power
charger and the communications system. For testing in Erken, we used a Campbell Scientific
NL 240 WiFi Modem, the actual communications technology that will be used in Spain is yet to
be determined. The Campbell CR1000x data logger is the heart of the system. A variety of
sensor signals (see Table 2) are input to the data logger. Signals are measured at 30 sec-1 hour
intervals and the data logger internally processes these to produce summary statistics at 5 min,
60 min and 24 hour intervals (see Table 2). In addition, the power supply sends data to the
logger that specifies the voltage and current coming form the solar panels. The charge state
(Active Charge, Floating Chargeor None) and the voltage and current load on the battery from
the sensor measurements and communication modem.

Meteorological sensors
Most meteorological data will be obtained from land based stations, or from gridded forecast and
reanalysis products. The meteorological data that will be measured by the buoy based system
will be those that can vary somewhat when measured over water rather than over land, and are
also important inputs to the lagoon hydrodynamics and water quality models. Relative humidity
and air temperature are measured using a EEI81 sensor (see Table 1 and Figure 2) mounted 1.5
m above the water surface. Wind speed is also measured at this height using a rotating cup
anemometer. Wind direction is not measured since such measurements would be dependent on
the buoy orientation, and since land based measurements of wind direction are expected to be
representative of the wind direction over the water.

Underwater sensors
Oxygen and water temperature will be measured at surface middle and bottom (1m, 3m, and
6.5m) of the Mar Menor water column using Aanderraa 4531 oxygen temperature sensors. Our
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previous experience with these sensors in Lake Erken has shown these optical oxygen sensors
to be insensitive to biofouling and requiring only infrequent (monthly or greater) cleaning. They
are also designed to work in the high salinity levels found at Mar Menor. The combined temperature sensors are PT 100 platinum wire sensors. To provide additional information on water
column temperature that can be used to define thermal gradients during periods of ephemeral
stratification, we added 6 low cost thermistor sensors between the Aanderaa sensors at depths
of 0.5, 1.5, 2.0, 2.5, 4.0, and 5.0 meters. The resolution of all temperature sensors is approximately 0.1 C or slightly better.
The final underwater sensor is a dual fluorometer and backscattering sensor developed by Sea
Bird (formally Wet Labs) that will provide information on chlorophyll fluorescence, and turbidity,
which can in turn be used as indicators of the algal biomass and suspended particulate matter
in the water column. This instrument has a dynamic range of 0-125 mg m-3 chlorophyll and 0350 NTU. We expect this will capture the most extreme events such as seen in Figure 1, while
still having the needed sensitivity to follow more typical seasonal changes. It also comes
equipped with a rotating wiping mechanism that is activated prior to measurements and keeps
the sensor system optical surfaces clean, and free of the effects of biofouling, allowing long-term
deployments. Unfortunately, while the order has been placed, this instrument has not yet been
received due to delays related manufacturing and shortages in some electronic components. We
expect to receive this instrument in late September or October which still may provide time for
testing in Lake Erken. We also have experience with a similar instrument that are used in the
Erken Monitoring program, so we are knowledgeable on integrating it into the measurement
system.

System Performance
The electronics and sensors were deployed on Lake Erken on 16 June 2021, and testing period continued until 30 Aug 2021. During this period the system collected data without any problems. We
expect that similar results will be obtained at Mar Menor.
Meteorological Sensors
Figure 3 shows the hourly meteorological data collected during the Erken testing period. The system
is clearly able to resolve the diurnal variation in air temperature and relative humidity. Wind speed
as well a maximum gusts are also recorded. These data, particularly wind, can strongly affect the
mixing dynamics of the lagoon. Having a high frequency data set, such as that shown in Figure 3,
and available in near real time, will provide data for testing models under optimal conditions, and
will also provide useful input to machine learning based water quality predictions.
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Figure 3. Hourly meteorological data collected by the monitoring buoy during the Lake Erken Test
period. All these data can server as model inputs and are somewhat more accurately measured
over the water as opposed to a land based meteorological station. The red line in the top figure
gives surface water temperature as a reference.
Underwater Sensors
Figure 4 shows the variations in water temperature measured by the nine sensors that were deployed in the water column (see Table 1). Data are presented both for the entire test period and for
a one-month sub-period which experienced water column warming. In Figure 4A, the vertical variability in water column temperature is a much greater in the first half of the monitoring period. This
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is due to the seasonal thermocline depth being near the bottom monitoring depth of 6.5 m. Under
this condition colder hypolimnetic water was occasionally being pushed into the bottom portion of
the water column at the Lake Erken test location as a result of the internal seiche.

Figure 4 Measured water temperature during Erken test deployment. A) Full profile 0.5-6.5 m B)
Profile of upper water column 0-3 m between 26 June and 26 July. Note that short-term stratification and warming of the surface water can be measured.
This caused rapid and large changes in bottom temperature, which persisted during the first half of
the test period, but which largely disappeared once the seasonal thermocline reached a greater
depth. While we do not expect changes such as these related to internal seiche movement to occur
at Mar Menor, these data demonstrate the system's ability to measure rapid changes in water temperature, and such changes may be critical for monitoring ephemeral changes in Mar Menor's thermal stratification. In Figure 4B, we show the temperature data from the upper 3 m of the water
column, where sensors were placed at 0.5 m intervals. These data show that the system is capable
of resolving small vertical differences in the temperature in the upper mixed layer that are characteristic of ephemeral periods of the thermal stratification and reduced mixing. We expect that detecting such temperature gradients will be important for understanding the ecology and oxygen
dynamics of the Mar Menor.
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Figure 5 Variations in dissolved oxygen during the buoy test at Lake Erken. During the first half of
the test period thermal stratification was shallow and low oxygen water often moved into the 6.5
m measurement depth.
Figure 5 shows the variation in water column dissolved oxygen as percent saturation measured during the test deployment in lake Erken. During this period, the lake as whole was strongly stratified
and levels of dissolved oxygen declined in the hypolimnetic waters over time, reaching very low
levels by the end of the test deployment. During the same period, oxygen remained at high levels
of saturation in the epilimnion. The concentration data in Figure 5 is affected by these vertical differences in lake oxygen concentrations and the effects of the internal seiche on the bottom conditions at the test deployment site. During the first portion of the test deployment (to approximately
6 July), the bottom 6.5 m sensor was largely isolated from those above it due to a shallow thermocline. This resulted in the 6.5 m oxygen declining due to decomposition and respiration as it did in
the lake as a whole. Following this, there is a period of rapid changes in the 6.5 m oxygen as the
thermocline deepened and the action of the internal seiche caused rapid changes as hypolimntic
water was pushed in and out of the bottom area of the lake at the deployment site. Finally, the
thermocline deepened to point where all three oxygen sensors were at consistently in the epilimnion and the levels of oxygen remained high at all depths. These data demonstrate that the system
is capable of measuring rapid changes in dissolved oxygen. These will be critical for understanding
changes in Mar Menor water quality, particularly the potential for bottom water hypoxia and the
resulting effects on water quality. Figure 5 also shows that the system is capable of resolving diurnal
changes in total water column oxygen. Such data can be used to estimate water column metabolism,
which will be valuable both for calibrating and verifying the Mar Menor water quality simulations
and as an indicator of the productivity of the lagoon.
System Power
Figure 6 shows the battery and solar panel power data collected from the Campbell CH 200 charger
during the deployment. These data will be used to better estimate the power storage and consumption needed by the system when it is permanently deployed in Mar Menor. Basically, it appears that
the system draws an average power of 0.5 watts and that this power requirement must be met by
the solar panel with adequate buffering from the system battery. Clearly, the present configuration
using a 30-watt solar panel and 12 Amp Hour battery is more than is needed since the battery remains fully charged with a maximum input of 1.5 watts (see Figure 6A) while the solar panel is consistently supplying power in excess of that needed (see Figure 6B). The charge power showing in
Figure 6B is that actually supplied to the battery and dependent on the charge state used by the
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smart charger. In most cases this was a floating charge, so that the present system would be capable
of much higher charge rates if needed. We will share these data with the company developing the
Mar Menor Buoy so to help define the need capacities of the solar panel and system battery that
will be used on Mar Menor.

Figure 6 A) Hourly variations in system power Blue line shows power used for measurement and
communications which is a fairly constant 0.5 watts. Read line shows the power being used to
charge the battery during day and drawn from the battery at night. B) power from the solar panel
to the smart Campbell CH200 charger.

Conclusions
The development and testing of the Mar Menor monitoring buoy has so far been a success. The
system has performed reliably, and demonstrated that it is capable of monitoring environmental
changes that will support the SMARTLAGOON modelling and monitoring goals in the project work
packages 3 and 5. Following this test deployment the system will be evaluated, and upgraded as
needed including adding the chlorophyll fluorescence and turbidity sensor. Deployment in Mar
Menor is planned during the first quarter of 2022.
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