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PIBURGER SEE - NETLAKE SITE IN AUSTRIA
Aim of NETLAKE

Monitoring platform

Contacts

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie
Local contacts:
Ulrike Nickus - ulrike.nickus@uibk.ac.at
Institute of Meteorology and Geophysics

Site description

Hansjörg Thies - hansjoerg.thies@uibk.ac.at
Institute of Ecology

km2;

Piburger See is a small (surface area 0.17
max. depth 24 m), oligo-mesotrophic mountain
lake located in the Eastern Alps (Tyrol, Austria).
Its mostly a coniferous catchment (area: 1.6
km2) and ranges from 913 to 2400 m altitude.
The lake is meromictic during spring and
develops hypo-limnetic anoxia in summer. It is a
protected site since 1929, has experienced
moderate cultural eutrophication around the
mid-20th century, and has been successfully
restored. The lake is very attractive to local
residents and tourists (e.g. swimming, fishing,
rowing and ice skating). Its limnology has been
studied since the 1970s. For results and
selected references see below.
Austria

University of Innsbruck, Austria

Sensors
The Piburger See platform was installed during the EU RTD project CLIME in fall 2003 at the
center of the lake above its maximum depth. It holds a meteorological station with sensors for
air temperature, humidity, air pressure, wind direction, wind speed and global radiation.
A thermistor chain is installed along the lake vertical profile with sensors at a depth of 0, 1, 3,
6, 9, 12, 18 and 24 m.
Parameters are measured once every minute and stored as 15-min average values on a
Sommer MRS-X data logger. Data are transferred from the lake platform by a Sommer DFM
radio transmitter to a shore based Sommer MRS-X data logger, from where data are sent by a
Siemens TC 35 GSM modem to a data center at Innsbruck University.
The monitoring station was equipped by the Austrian company Sommer (www.sommer.at)
Installed sensors:
Wind direction and wind speed: Sentry (Campbell, Young)
Global radiation: Star pyranometer (H.I.M.)
Air temperature and humidity: MP-408 F/T-R (Rotronic)
Air pressure: Micro switch PK8763 (Honeywell / Sommer)
Lake vertical profile thermistors: Semi-conductor 592 C (Sommer)

Tyrol

Piburger See

Piburger See platform sensor data example:
Wind speed and air temperature
(Sept 21 to Sept 25, 2006)

Daily course of lake water temperature
at undisturbed and fair weather conditions
(Sept 21th to Sept 25th, 2006)

Application of GLEON Lake Analyzer Model
by Poigner (2009)
modified from:
Poigner 2009

Data
• Monitoring data for lake temperature, water chemistry incl. nutrients (30+ yrs)
• Phytoplankton data (c. 25 yrs)

Longterm study
of water quality
and
phytoplankton

Trophic status and lake temperature

Diatoms and phytoplankton biovolume (1966 – 2004)
from: Thies et al. 2012

Mean chlorophyll, total phosphorus and phytoplankton biovolume
Growing season means (1976 – 2006)
from: Tolotti et al. 2012

Selected references:
Pechlaner R. 1979. Response of eutrophied Piburger See to reduced external loading and removal of monimolimnic water. Archiv für Hydrobiologie, Beihefte Ergebnisse der Limnologie 13, 293-305.
Poigner H. 2009. Die thermische Struktur des Piburger Sees (Tirol, Österreich) – Einfluss von Wind und Lufttemperatur. Master thesis, University of Oldenburg, 77 pp.
Thies H., Tolotti M., Nickus U., Lami A., Musazzi S., Guilizzoni P., Rose N.L., Yang H. 2012. Interactions of temperature and nutrient changes: effects on phytoplankton in the Piburger See (Tyrol, Austria). Freshwater Biology 57 (10), 2057-2075.
Tolotti M., Thies H. 2002. Phytoplankton community and limnochemistry of Piburger See (Tyrol, Austria) 28 years after lake restoration. Journal of Limnology 61 (1), 77-88.
Tolotti M., Rott E., Thies H., Psenner R. 2005. Functional species groups of summer phytoplankton in relation to lake restoration: a long-term study of Piburger See, Austria. Verhandlungen Inter. Verein. Limnol. 29, 891-894.
Tolotti M., Thies H., Nickus U., Psenner R. 2012. Temperature modulated effects of nutrients on phytoplankton changes in a mountain lake. Hydrobiologia 698 (1), 61-75.
Diatom inferred total phosphorus (DI-TP) in a lake sediment core (left)

a) Epilimnetic summer water temperature (1840-1971 calculated, 1972-2004 measured)

Lake sediment DI-TP and mean summer lake water TP (W-TP) (right)

b) Schmidt stability for lake water column

from Thies et al. 2012
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FISHPOND DEHTÁŘ - NETLAKE SITE IN SOUTH
BOHEMIA, CZECH REPUBLIC
Aim of NETLAKE
The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Site description
Fishpond Dehtář (49°0'30.064"; 14°18‚22.302")
is situated in South Bohemia 12 km northwest
from the city České Budějovice. It is a large
hypertrophic pond used for fish (esp. carp)
farming. Semi-intensive fishpond management
practiced on Dehtář includes both fertilisation
and supplementary feeding of fish stock. High
level of eutrophication, combined with
relatively high average depth (compared to
other fishponds), causes strong fluctuations of
oxygen concentrations and other parameters of
water. Fast changes in stratification of main
physical-chemical and chemical parameters of
water are typical of this fishpond.

Monitoring platform

Contacts
Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie
Local contacts:

Picture of buoy
or/and platforms
STATION 2

STATION 1

Kateřina Šumberová & Jan
Potužák, Institute of Botany ASCR,
Department of Vegetation Ecology,
Brno
Katerina.Sumberova@ibot.cas.cz
Jan.Potuzak@ibot.cas.cz

Sensors
Continual monitoring of main physical-chemical and meteorological parameters is
performed on three monitoring stations:
Stationary monitoring station 1 (near fishpond dam)
• LDO Optical Dissolved Oxygen sensor ESKO 12 (depth 0.3 m and 1.5 m)
• Temperature sensor Pt100-2M (depth 0.3 m and 1.5 m)
• Li-Cor LI-193 - underwater spherical quantum sensor for photosynthetically active
radiation measurement (will be installed during summer 2014)
Stationary monitoring station 2 (South-western part of the fishpond)

DEHTÁŘ FISHPOND

• LDO Optical Dissolved Oxygen sensor ESKO 12 (depth 0.3 m)
• Temperature sensor Pt100-2M (depth 0.3 m)
Stationary monitoring station 3 (North-western part of the fishpond)
• LDO Optical Dissolved Oxygen sensor ESKO 12 (depth 0.3 m)
• Temperature sensor Pt100-2M (depth 0.3 m)
• Pyranometer Kipp&Zonen – global radiation sensor
• Anemometer – measurement of speed and direction of wind
• Rain gauge – measurement of rainfall
ANEMOMETER

Picture of lake

PYRANOMETER

TELEMETRIC STATION

WATER SAMPLING
LDO
LDO

TEMPERATURE

LI-COR

Data available

FISHPOND HARVESTING

Fishpond Dehtář hydrological characteristics:
Total area: 218 – 238 ha
Total volume: 4,257,240 – 5 ,167,710 m3
Max./average depth: 6.0 m/2.6m
HRT (hydraulic retention time): 146 – 445 days
Fishpond is drained bi-annually because of the
fish stock harvesting (two years long fish culture
cycle).

Data have been collected since the half of May 2014. We measured concentration and
saturation of dissolved oxygen and water temperature (four sensors, three places), global
radiation, rainfall and speed and direction of wind (one station). Underwater spherical
quantum sensors for photosynthetically active radiation measurement will be installed during
June 2014.
All data are registered and controlled in unit M4016 (company Fiedler-Magr) and saved and
processed on the central server. Control unit includes universal data logger and telemetric
station with built-in GSM module. Data are transferred via GPRS network. The frequency of
data sampling is 10 minutes.
Simultaneously, stratification of the basic physical-chemical parameters (temperature,
concentration and saturation of oxygen, pH, conductivity and turbidity) is measured near the
fishpond dam in weekly intervals. This „zonal“ measurements are carried out using the
multiparametric probe YSI 6600 V2. Water chemistry and plankton (phytoplankton and
zooplankton) samples have been taken bi-weekly near all monitoring stations. We determine
total phosphorus, total nitrogen and it´s forms, total organic carbon, suspended solids,
alkalinity, total iron, calcium, sodium and potassium. For biomass of phytoplankton
determining concentration of chlorophyll_a has been analyzed. Vegetation dynamics is
studied on 12 permanent plots situated on three sites. Data on fishpond management are
provided by Rybářství Hluboká Cz s.r.o., the company responsible for fish farming on Dehtář.

UNIVERSITY OF
COPENHAGEN
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LAKE BURE - NETLAKE SITE IN DENMARK
Aim of NETLAKE

Monitoring buoy and platform

Contacts
Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:
Aarhus University - Department of
Bioscience - Marine Ecology
Peter Anton Stæhr
pst@dmu.dk
University of Copenhagen - freshwater
Biological Laboratory
Mikkel René Andersen
mrandersen@bio.ku.dk

Lake Bure
The lake is situated in a glacial valley, carved out
by melt water under the ice cover, during the
last ice-age, figure 1.
The lake is mesotrophic-eutrophic, and water
transparency during summer is typically over
3.5 meters.
The catchment area is dominated by forest
(38%), agriculture (27%) and urban areas (23%).

Sensors
The buoy is equipped with a winch, which lowers a
YSI Environmental 6600 v2 multisonde through the
water column, measuring every half meter down to
10 meters. In this way the entire water column is
measured twice each hour.
The multisonde measures dissolved oxygen,
temperature, pH level, conductivity and
fluorescence.
The buoy is also equipped with a self-cleaning rack
of light sensors. A series of 4 light sensors
measures light attenuation in the surface waters.
Furthermore the buoy features a meteorological
station which records PAR light and wind speed.
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Data available
The winch system, which is connected to
the YSI multisonde, features a cellular
modem which transmits data to a
server, this allows online access.
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Figure 1. Location of the Danish netlake site and
the buoy and its location within Lake Bure.
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Lake info :

3
Depth

Area:
76.1 ha
Avg. depth:
6.7 m
Max depth:
10.8 m
Volume:
5.100.000 m3
Height above sea-level: 26 m
Water residence time: 11.2 years
Catchment area:
260 ha
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Figure 2. Data from Lake Bure, April to October
2012.

The meteorological station, as well as
underwater light sensors, records data
internally and the data is retrieved
biweekly when the multisonde receives
maintenance and additional water
samples are collected.
Preliminary data, figure 2, shows good
oxygen availability throughout the year,
however in summer the lake stratifies
and oxygen is depleted in the
hypolimnion.
Chlorophyll a concentrations are highest
during the spring bloom and in early
autumn following the summer
stratification.
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LAKE VÕRTSJÄRV - NETLAKE SITE IN ESTONIA
Aim of NETLAKE

Monitoring buoy and platform

Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Site description
Lake Võrtsjärv (Figure 1) is a large and shallow
(area 270 km2; mean depth 2.8 m), eutrophic,
temperate lake located in Central Estonia. Its
limnological characteristics are well studied and
described in detail in many publications. Based
on chemical, physical, and phytoplankton data
from 10 monitoring stations (Figure 1, squares),
Võrtsjärv can be divided into two distinct
sections: the narrow southern section, which is
greatly influenced by the main inflow, the River
Väike-Emajõgi and which forms only 2% of the
lake’s total area and the larger and more
homogeneous ‘Võrtsjärv Proper’.

Contacts

Lake Võrtsjärv buoy (YSI)

Monitoring platform

Local contacts:
Estonian University of Life Sciences,
Centre for Limnology (www.emu.ee)
Tiina Nõges – Tiina.Noges@emu.ee
Alo Laas – Alo.Laas@emu.ee

Sensors
The Lake Võrtsjärv buoy (red square in Figure 1) has a YSI 6600V2-4 multisensor with 4 wiped
optical probes for dissolved oxygen (DO), chlorophyll (Chl) fluorescence, turbidity, and
phycocyanin, sensors for water temperature and conductivity, and two underwater PAR sensors
(for Kd values). In addition, three HOBO water temperature loggers are connected with the buoy
(at 2 m, 3 m and 4 m depth). The buoy also has a Vaisala WXT520 weather station, which
measures wind speed and direction, precipitation, humidity, air pressure and air temperature,
and a Licor pyranometer which measures global radiation. Near the lake buoy is a separate
monitoring platform with an InSitu Spektralanalysator (ISA) which measures total organic carbon
(TOC), dissolved OC (DOC), nitrate (NO3), turbidity, suspended solids, and spectral absorption
coefficient (SAC254). Other spectral parameters (for example CDOM, Chl) are also available for the
ISA.
The second monitoring platform (green square in Figure 1) has one YSI 6600V2-4 multisensor,
two HOBO water temperature loggers (depths: 0.5 m and 1.5 m from lake bottom), optical CO2
and digi-optical DO sensors (2 m depth) and has been operational for two years in the southern
part of the lake.
On the shore of the lake (near the lake buoy in Figure 1) is a meteorological station with a
Vaisala WXT520 weather station and a Star Pyranometer for global radiation.

Data available
Lake Võrtsjärv buoy – frequency: every 10 minutes (for open water period):
water temperature, conductivity, resistivity, total dissolved solids, pH, oxidation reduction
potential, depth, DO, turbidity, Chl fluorescence, phycocyanin, underwater PAR (1 m and 1.5 m),
solar irradiance, air temperature, wind direction, wind speed, humidity, air pressure, rain
amount, rain duration. Additional water temperature (HOBO 2 m, 3 m and 4 m) every 15
minutes.
Figure 1. 10 Long-term monitoring sites in Lake
Võrtsjärv (all squares); location of the lake buoy
(centre station - red square) and location of the
monitoring platform (south station - green
square). The main inflow comes from the south
(Väike-Emajõgi River – black arrow). The red line
drawn at the latitude of the mouth of the Rõngu
River indicates the division between ‘Võrtsjärv
Proper’ which occupies 98% of the lake area and
the narrow southern section.

ISA spectrophotometer (centre platform) – every 60 minutes (for open water period):
TOC, DOC, turbidity, suspended solids, NO3 and SAC254.
Southern platform – every 15 minutes (and every 10 minutes from 2012):
water temperature, conductivity, total dissolved solids, pH, oxidation reduction potential, depth,
DO (1 m, 2 m), chlorophyll, CO2. Additional water temperature (0.5 m and 1.5 m from bottom)
every 15 minutes.
Meteorological station – every 5 minutes (average data):
wind speed and direction, precipitations, humidity, air pressure, air temperature, global
irradiance.
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LAKE ANTERNE - NETLAKE SITE IN FRANCE
Aim of NETLAKE

Contacts

Monitoring devices

The NETLAKE COST Action aims to build a network of
sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

b)

a)

Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

Fig 3. a) Sediment traps above
the
RBR
XR-420
probe,
positioned at the lake bottom. b)
Vemco Minilog device used to
record temperature in the water
column. Replaced in 2011 by c)
Ibuttons DS1922L.

c)

Local contact:
Laboratory EDYTEM (Environment and
Dynamics of Mountain Territories).
http://edytem.univ-savoie.fr/
Emmanuel Malet –
emmanuel.malet@univ-savoie.fr

Sensors

Site description
Lake Anterne is a small alpine lake part of Sixt
Natural Reserve, managed by ASTERS (Conservatory
of Natural Sites in Haute-Savoie, France). It is located
at 2063 m asl in the northern French Alps (Fig. 1). Its
catchment is covered by meadow vegetation except
in the south and east, which are characterized by
steep slopes mainly formed by easily erodible rocks
(1). The lake is frozen during 6 to 7 months each year
and the southern slopes are rarely snow-free before
July (Fig. 2).

Monitoring includes lake’s devices (Fig. 3), 2 cameras (Fig. 5.a),
2 stations recording soil humidity and temperature (Fig. 5.b), a
weather station and a station on a water inflow.

a)

b)

Principal Inflow

Weather station
Decagon
Camera
Hydro station
Vemco replaced in 2011 by Ibutton *
RBR multi-parameters (depth: 12 m)*

Fig 4. Location of monitoring station on Lake Anterne catchment and
key to monitoring devices.
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Fig 1. Lake Anterne Satellite view and location in France.
In red on the map of France, the Rhône-Alpes region.
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Fig 6. Data availability for Anterne’s catchment monitoring. If red, installation of new material, if dark grey, data are available, if asterisk,
data are only partially available, if light grey, data are missing or invalid for the full period. Monitoring started in 2007 and next mission and
readout is due July 2014. Wind includes 3 parameters: Wind speed, direction, and standard deviation of wind direction. Soil survey includes
10 parameters: T° at the weather station at 3 and 20 cm deep, T° and RH on bare and vegetated surface, on Northern and Southern slopes.
Abbreviations: T°: Temperature; P: Pressure; RH: Relative Humidity; N: North; S: South; Wtr: Water; Cond: Conductivity; Turb: Turbidity; DO: Dissolved Oxygen;
Chloro: Chlorophylle.

Fig 2. Lake Anterne on August,
10th 2008, and when covered by
snow on December, 2nd 2010 ©
EDYTEM – South Camera

Lake info
Lake area:
Max. depth:
Lake volume:
Height above sea-level:
Catchment area:
Lake/Catchment area:

(1)

11,6 ha
13 m
760,000 m3
2063 m
278 ha
4.2 %

Giguet-Covex C. et al. (2012). Quaternary Research 77: 12–22.
(2) Giguet-Covex C. et al.(2012). Action n° 27 du Programme 2011
au titre de l’accord cadre Agence de l’Eau ZABR. 91p.
(3) Enters D. et al. (2009).. Geophysical Research Abstracts 11,
EGU2009-8837-1, EGU General Assembly 2009.

Data available
Tests have been carried out to set up actuals
measurements frequency that varies over the
year and according to stations. Time steps
ensure reliable and representative data (Fig. 7).
Beside this monitoring program, long sediment
cores representing the last 10 ka were sampled
by EDYTEM laboratory. This paleolimnological
approach gave new study prospects to
understand floods effects on catchment and
lake response (1) (3).

Fig 7. Annual evolution of physico-chemical parameters in
Lake Anterne (temperature, turbidity, oxygen at the bottom,
and chlorophyll at 2 m) in relation with precipitation events
and catchment temperature. From 22/10/09 to 21/10/10. (2)
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LAKE MUZELLE - NETLAKE SITE IN FRANCE
Aim of NETLAKE

Monitoring buoy and platform

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

Depth (m)
0
2
4

Tynitag® Minidot®

8

Site description

11

Lake Muzelle is a high-altitude lake located in
the French Alps at 2105 m asl, downstream
from a Glacier.
It belongs to the National Park of Ecrins.

14

Contacts

Local contacts:
RBR® Multiparameter
probe with deported Chl
sensor

Fixing cable holding the
buoy under the water
surface

Contact person(s),
Marie-Elodie PERGA
CARRTEL-France
marie-elodie.perga@thonon.inra.fr

18

Sensors
BefCurrently, sensors deployed on the buoy are:
-4 Thermistors (Tiny-Tags®) recording every hour;
-4 Temperature-O2 (Mini-dots®) sensors recording every 30 min;
-1 Multiparametre probe (RBR®) recording turbidity, pressure, temperature, and O2 (Optical DO) at the lake
bottom + a chlorophyll a sensor deported at 2m below the lake surface. Recording is performed every 30
min.
IGN Geoportail©
© ME PERGA

Additional monitoring devices on the lake or its watershed involve:
-1 sequential sediment trap (-14 m) to be settled in June 2014.
-1 meteorological station monitoring air temperatures and precipitations every hour since 2011.

Data available
Before 2011, thermistors were
deployed at the lake surface
during the ice-free period. Since
2011, sensors have been
operating all year long, including
under the ice in winter.
Data are recollected every year
in June, right after snow melt,
and in September.

Lake characteristics
Lake surface area=10 ha
Watershed surface area=466 ha with 40-70%
of rock cover
Dimictic, frozen 7-8 months/years
Oligotrophic

During summer campaigns,
vertical profiles are performed
with an EXO-1® multiparameter
probe (Pressure, pH,
Conductivity, Temperature,
Optical DO, Chl a).

Outputs

Storm effect on Lake Muzelle
In August 8th and 9th 2013, huge storms occurred
over the Oisans mountains. Within 2 hours, the
lake turbidity switched from 2 to 290 FTU and the
lake fully destratified. Over the followng days,
oxygen concentrations at the bottom decreased
as turbidity strongly limited benthic primary
production. Lake recovery (stratification and
transparency) took up to 5 weeks (Rodriguez et
al, unpublished).

Searching for specific
periodicities
Wavelet
analyses
highlight a 8 hourperiodicity for dissolved
oxygen concentrations
during stratified timeperiods
(Rodriguez, Dur et al,
unpublished)
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Müggelsee, Stechlinsee - NETLAKE SITE IN Germany
Aim of NETLAKE

Monitoring buoy and platform

Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/esse
m
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:

Site description
Müggelsee:
Müggelsee classifies as a shallow, polymictic,
eutrophic lake, situated in the south-east of
Berlin (52° 26' N, 13° 39' E). The lake covers an
area of 7.3 km2, has a mean depth of 4.9 m
and a maximum depth of 7.9 m. The lake is
part of the IGB long-term ecological research
programme. The lake has been subjected to
seasonal warming trends in water temperature
in the range of 1 to 2.4°C over the last three
decades and underwent an improvement in
trophic state since the early 1990’s.

Müggelsee

Contacts

LakeLab Stechlin
(www.lake-lab.de)
24 enclosures (9 m diameter,
20 m deep), each equipped
with a profiler (measured
parameters see below)

Rita Adrian, IGB Berlin,
adrian@igb-berlin.de
Hans-Peter Grossart, IGB Berlin,
hgrossart@igb-berlin.de
Mark Gessner, IGB Berlin,
gessner@igb-berlin.de

Sensors
The Müggelsee station is equipped with a YSI 6600V2-4 multisensor with 4 wiped
optical probes for dissolved oxygen, chlorophyll a fluorescence, turbidity, and
phycocyanin, sensors for water temperature and conductivity, and two underwater
spherical quantum PAR sensors LI-193. Meteorological variables are wind speed and
direction, precipitation, humidity, air pressure and air temperature, and a
“Kipp&Zonen“ albedometer CMA6. The albedometers are double pyranometers that
measure both global and reflected solar irradiance in one instrument.
The LakeLab Stechlin is equipped with 28 multisensors (YSI 6600V2-M) with wiped
optical probes for dissolved oxygen, turbidity, temperature, pH, conductivity and
pressure. Furthermore, 28 optical FluoroProbes (BBE Moldaenke, Kiel, Germany)
record major algal groups (green algae, blue-green algae, diatoms, cryptophytes) and
yellow substances. Spherical quantum PAR sensors (LI-193) measure underwater light.
An environmental monitoring station is located on the lake shore.

Stechlinsee
LakeLab profiler

Picture of lake

Stechlinsee:
Lake Stechlin is located 80 km north of Berlin,
Germany, in a lake district formed after the
last ice age. It is surrounded by mixed forest
mainly composed of beech and pine. The lake
is among the deepest in the area (68.5 m). It
has a surface area of 4.25 km2 and a volume of
97 Mio m3. The shoreline length is 16.1 km.
Lake Stechlin was thermally polluted by
cooling water discharged into the lake by a
nuclear power plant between 1961 and 1989.
Physical, chemical and biological data have
been monitored since 1959 and clearly show
the operation of the power plant. The lake is
oligotrophic, characterised by high water
transparency and high hypolimnetic oxygen
concentrations (up to 60% saturation).

Data available
Müggelsee:
Time series of abiotic (water temperature, oxygen, pH, conductivity), and phyto- and
zooplankton abundances at mostly weekly intervals date back to 1980-ongoing. In situ
monitoring of water temperature, oxygen, pH, conductivity, fluorescence at temporal
resolution of ≤1 h date back to 1980-ongoing. Since 2003 depth profiles (0.5 to 5.0 m at
0.5 m intervals ) are recorded at 5-min intervals at the Müggelsee Station anchored 300
m offshore.
Stechlinsee:
In-situ monitoring of water temperature, oxygen, pH, conductivity, and chemical as well
biological data date back to 1959. Currently, the physico-chemical data are recorded at
60-min intervals, chemical and biological records on a biweekly to monthly basis at the
deepest point of the lake. In addition, continuous high-frequency records started in July
2012 at the LakeLab, where measurements are taken at 0.5 m depth intervals in all 24
enclosures and at 4 nearby spots in the open lake. These records are taken hourly by
profilers that move between 0.5 and 18 m water depth in the ice-free season.
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Site Description- General Characteristics
Lake Koronia is located approximately 12 Km to the E-NE of Thessaloniki
city, North Greece (altitude 74 m above sea level).
The area of the lake was reduced from 45 Km2 in 1985 to 30 Km2 in 2005.
The water reserves were reduced from 200x106 m3 to 20x106 respectively,
as a result of lowering of lake level from >4 m to <1 m.
The water balance of Koronia sub-basin was surplus until 1985 but since then
the regime was reversed.
The recent years the lake was completely dry especially during the summer
period.
 There is a hydraulic communication between the lake and the phreatic
aquifer.
The lake has experienced a progressive increase in trophic state (Zalidis et al.,
2004).
 The direct water abstraction from the lake and the groundwater pumping
from the phreatic aquifer resulted to the degradation of the lake.
 Point (urban effluent, industry) and non point sources (agricultural activities)
of water pollution have led to a quality degradation of the lake’s water
resources.
Lake Koronia area is protected by the RAMSAR Convention.

Location of the Lake

Figure from microscope
(Michaloudi, Moustaka et al., 2012)

Dead birds in the lake

The bottom of the lake during the dry summer
months

Phytoplakton
>200 mm3L-1

The body of the lake has decreased about 50% in a decade due to overexploitation of the phreatic aquifer, via numerous boreholes.

Satellite image of Koronia lake in the year 2003

Satellite image of Koronia lake in the year 2013

Lake Koronia Monitoring
There is not a systematic monitoring program for Lake Koronia. Sporadic measurements and water
sampling takes place from various research teams in the frame of different research programs.

References

Equipped boat for measurements and water sampling

Chrysoula Mitraki, Thomas L. Crisman, George Zalidis (2004): Lake Koronia, Greece: Shift from
autotrophy to eterotrophy with cultural eutrophication and progressive water level reduction.
Limnologica, 34, 110-116
E. Michaloudi, M. Moustaka-Gouni, K. Pantlidakis, M. Katsiapi, S. Genitaris (2012): Plankton
Succession in the Temporary Lake Koronia after Intermittent Dry-Out, International Review of
Hydrobiology, DOI:10.1002/iroh.201101498
Zalidis G.C., V. Takavakoglou and T. Alexandridis (2004): Revised Restoration Plan of Lake Koronia.
Aristotle University of Thessaloniki, Department of Agronomy, Laboratory of Applied Soil Science.
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Karavokyris and Partners, Knight Piesold, Anelixi, Agrisystems (1998): Environmental restoration of
Lake Koronia. Final report submitted to European Commission, DG XVII
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Lough Feeagh and Lough Furnace NETLAKE sites in Ireland
Aim of NETLAKE

Monitoring buoy and platform

The NETLAKE COST Action aims to build a
network of sites and individuals to support the
development and deployment of sensor-based
systems in lakes and reservoirs and promote
their use to address current and future water
quality issues.

A

B

Site description
Lough Feeagh and Lough Furnace are situated
in the Burrishoole catchment in the west of
Ireland (Fig. 1), which has been a site for
fisheries research since the 1950’s and is an
important national and international index
system for salmon, trout and eels in the NE
Atlantic region.
Lough Feeagh is an oligotrophic, monomictic,
humic lake with an area 4 km², a maximum
depth of 45 m and mean depth of 14.5 m. Weak
thermal stratification occurs between April an
October. The open water food web contains a
large degree of heterotrophy, with cryptophytes
dominating the phytoplankton.
Lough Furnace is a brackish tidal lagoon,
covering an area of 1.7 km2, max depth 21 m
with an average depth of 7 m. There is an
almost permanent halocline in Furnace at
approximately 4 m, below which the water is
anoxic and saline. Variation in the depth and
strength of the halocline is determined by
freshwater inflow from Feeagh and tidal height.

Photo 1: A) Lough Feeagh and b)Lough Furnace profiling
winch AWQMS.

Contacts
Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie
Local contacts:
Marine Institute www.marine.ie
Elvira de Eyto: elvira.deeyto@marine.ie
Mary Dillane: mary.dillane@marine.ie
Elizabeth Ryder:
elizabeth.ryder@dkit.ie

Sensors
The Automatic Water Quality Monitoring Stations (AWQMS) on Lough Feeagh was installed in
1996, and is equipped with an array of sensors including a DataSonde 5x positioned at 1 m depth
measuring temperature, conductivity, dissolved oxygen (% and mg/l) and pH. There is also a
Seapoint CDOM fluorometer, a Chelsea trilux and nephelometer and a thermistor chain measuring
temperature from 2.5 – 42 m. The AWQMS on Lough Furnace was installed in 2008, and uses a
winch mounted DataSonde 5x to measure temperature, conductivity, dissolved oxygen (% and
mg/l), salinity, pH and Chl fluorescence profiles of the lake. The winch profiles the lake 4 times a
day (6am, noon, 6pm and midnight), taking four hours to run a profile and is parked for two hours.
There are also a fixed nephelometer and Chl fluorometer positioned at approximately 1 metre.
Both of the AWQMS were designed by Lakeland Instrumentation (www.martinrouen.com) and are
fitted with a full suite of meteorological sensors, measuring wind direction, wind speed, radiation,
relative humidity and barometric pressure. All parameters are measured every 2 minutes, and data
are downloaded automatically every day via GSM to the research laboratory.

Photo 2: Example of monitoring instruments used on Lough Feeagh and Lough
Furnace.

Data available
Data is openly available from Lough Feeagh (2003 to present) and Lough Furnace (2008 to
present) once collation and data cleaning have been carried out (see below for example data).
Data can be requested through www.marine.ie/home/publicationsdata/RequestForData.htm

Feeagh AWQMS

Picture of lake

Description of lake continued
(Font -Calibri 32)
Furnace AWQMS

Fig.1. Location of the Automatic Water
Quality Monitoring Stations (AWQMS) on
Lough Feeagh (the upper freshwater lake)
and Lough Furnace (lower tidal lake).

Centre for Freshwater and
Environmental Studies
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MILLTOWN LAKE - NETLAKE SITE IN IRELAND
Aim of NETLAKE

Monitoring buoy and platform

NETLAKE Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a
network of sites and individuals to support
the development and deployment of sensorbased systems in lakes and reservoirs and
promote their use to address current and
future water quality issues.

Site description
Milltown Lake (54o 08’ N; 6o 42’ W; 98 m absl)
is situated in Co. Monaghan, Ireland. The lake
is small and shallow (area 22 ha, mean depth 5
m, maximum depth 11 m), and has one inflow,
with three tributaries. Milltown Lake is used as
a domestic water supply for the local
community, and was the site of the National
Source Protection Pilot Project from 20052010. The lake is situated in a drumlin
landscape which is intensively farmed for beef
and dairy. The current trophic status is
eutrophic to strongly eutrophic. Intensive
monitoring of the lake and catchment has been
carried out since September 2005.

Contacts

Figure 2. Milltown Lake buoy

Local contacts:
Centre for Freshwater and Environmental
Studies, Dundalk Institute of Technology
www.dkit.ie/cfs
Vicky Veerkamp: vicky.veerkamp@dkit.ie
Valerie McCarthy: valerie.mccarthy@dkit.ie
Suzanne Linnane: suzanne.linnane@dkit.ie

Sensors
Milltown Lake currently has two D-Opto dissolved oxygen and temperature sensors (A
below) positioned at 1 m and 7 m depth respectively. The sensors are programmed to take a
reading every 50 minutes. It is planned to install chlorophyll, conductivity and turbidity
sensors on the platform in early 2013 .
In addition to the monitoring buoy, a temperature data logger chain has been deployed
since April 2010. The HOBO TidbiT data loggers (B below) are positioned at 1 m intervals
from 1–10 m and are programmed to take a reading every 15 minutes.

N

A

B

C

Picture of lake
Other data available
Water samples are collected on a fortnightly basis during spring and autumn and on a
weekly basis during the summer months. Samples are collected at the deepest point in the
lake (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 m intervals) and are analysed for nitrate (NO3), nitrite
(NO2), ammonium (NH4), total nitrogen (TN), soluble reactive phosphorus (SRP) and total
phosphorus (TP).
In addition samples are collected for chlorophyll a at 2 m depth intervals at the deepest
point of the lake (0, 2, 4, 6, 8, 10 m). Phytoplankton and zooplankton samples are also
collected on a weekly basis, along with measurements of Secchi depth, dissolved oxygen
and temperature. Three sediment traps were deployed in the lake in early February 2012 (C
above), positioned near the inflow, centre and outflow of the lake. Discharge is also
recorded continuously by the EPA on the main inflow.

Milltown
Lake

A continuous automated sampler is also set up on the inflow and collects a composite daily
water sample (eight samples in 24 hours) for nutrient analysis.

0.1 km

Figure 1. Top: maps showing locations of Milltown
Lake, and inflows; bottom: Google Earth image of
Milltown Lake.

A comprehensive monitoring programme of catchment pressures was carried as part of the
National Source Protection Pilot Project from 2005-2010, in collaboration with the National
Federation of Group Water Schemes (Linnane et al. 2011). This included assessment of
impacts from agriculture and small on-site wastewater treatment plants. Educational
workshops and a water awareness curriculum were also devised for primary schools and
adult learners. This work included, for example, the provision of a ‘lab-in-a-box’ to
participating schools, to give teachers at primary level the equipment needed to carry out
basic water quality assessments (www.worldofwater.ie).
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LAKE MAGGIORE - NETLAKE SITE IN ITALY
Aim of NETLAKE

Monitoring buoy and platform

Contacts

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

At present no monitoring platforms are in use in Lake
Maggiore. Between 1962 and 1997 a buoy, located in
the Pallanza basin (50 m depth), just in front of the
CNR ISE, measured water temperature at 6 different
depths (0.5, 5.5, 10.5, 13.5, 16.5 and 19.5 m). The
buoy was connected trough an underwater cable; data
were stored every 20 sec.

Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

Morphometric charateristics
Lake area
km2
212
Catchment area
km2
6599
Volume
km3
37.5
Mean depth
m
176
Mad depth
m
370
Theoretical renewal time years
4.0
Since 1991, monitoring of the lake has been
regularly performed under the International
Commission for Protection of Italian-Swiss
Waters (CIPAIS). The lake is sampled monthly at
the deepest point. Temperature profiles are also
performed during each sampling. From these
studies, long term series of hydrological,
climatological and limnological data have been
collected, with special attention to the lake
evolution in relation to anthropogenic pressure
and climate change.

Meteorological station

The CNR ISE meteorological station is located in Verbania Pallanza, on the lake shore
(45°55'25" N, 8°32'50" E, 202 m a.s.l.). It was installed in 1952; since 1996 it became an
authomatic weather station; at present it works using the sensors of the Regional Agency for
Environmental Protection of the Piedmont Region (ARPA Piemonte).
Meteo data: air temperature,
humidity, precipitation, wind
speed and direction, solar
radiation (gamma sensors) are
collected continuously
Lake data: lake level
Data are made available through
the CNR ISE website; aggregated data
(daily or monthly) can also be downloaded
from the ARPA website (Meteoweb)
http://www.ise.cnr.it/verbania/meteo/meteo-ise.htm

Data available

The main research topics covered by the available data are: hydrochemistry of the lake and
its main tributaries; zooplankton and phytoplankton population ecology and dynamics,
biodiversity and ecophysiology of picoplankton, microbial ecology, paleoclimatological and
paleolimnological study of the lake.
Lake Maggiore is a research site within the ILTER and
LTER Europe networks (Long Term Ecological Research)
40

Examples of long-term data available
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Oligotrophication in Lake Maggiore
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With selected data available on
Lake Maggiore, a SOS (Sensor
Observation Service) has been
created (www.opengeospatial.org
/standards/sos)
The OGC-SOS aggregate readings
from live, in-situ and remote
sensors, providing an interface to
make sensors and sensor data
archives
accessible
via
an
interoperable web based interface.
Service URL: http://sos.ise.cnr.it/sos

2015

Examples of charts from Ghiffa station
(deepest point)
Water temperature (°C)

Water transparency (Secchi Disk)

Light radiation (µA m-2 s-1)

Chlorophyll (µg L-1)

Chl a annual mean (µg L-1)

Lake Maggiore
is a large, deep
subalpine lake
located in N-W Italy.
The catchment lies half in Italy and half in
Switzerland. The northernmost part of the area
is occupied by the Alps, with the highest peak
(Monte Rosa) reaching 4633 m a.s.l. Most of
the population (634,000 inhabitants) live in the
southern part of the catchment, where the
main industrial activities are also located. The
lake underwent eutrophication in the 1960s
due to the nutrient load from its watershed; it
then experienced an oligotrophication phase
after the 1990s. Present values of total
phosphorus are about 10 μg P L−1.

TP mix (µg P L-1)

Pallanza

Future plans involve the installation of sensors on the
buoy, to measure water temperature with possible
other parameters. The proposed data collection system
of the new buoy will deliver sensor data on the web
using communications networks natively made for
emergency communications (DMR, Tetra), and using
the energy locally produced by renewable sources.

Water temperature (°C)

Site description

Local contacts:
M. Rogora, R.Bertoni,
M. Ciampittiello, D. Manca,
G. Morabito - CNR Institute of
Ecosystem Study, Verbania, Italy
http://www.ise.cnr.it/verbania/
m.rogora@ise.cnr.it
R. Borri, A. Molino, S. Pera
CSP, Torino, Italy
http://www.csp.it/

Centro Trasferimento Tecnologico
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LAKE TOVEL - NETLAKE SITE IN ITALY
Aim of NETLAKE

Contacts

Monitoring platform

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promotes their use to address
current and future water quality issues.

N

NE basin
with
platform

Site description
Lake Tovel (altitude = 1178 m asl, A = 0.38 km2,
V = 7.4·106 m3, zmean= 19 m) has two basins, a
large deep (zmax= 39 m) NE and a smaller,
shallower (zmax= 4 m) SW basin (Fig. 1) which is
usually dry in winter. Geological substrate of the
catchment area (39.9 km2) is dolomite and
limestone. Water residence time is < 1 yr and 80%
of inflow is through an underground aquifer (Fig.
1). Lake Tovel is ice-covered from December to
April.
The lake is part of the Adamello Brenta Natural
Park (www.pnab.it) and is a LTER
www.lteritalia.it/) and UNESCO site
(www.fondazionedolomitiunesco.org).

Sensors

Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie
Local contacts:
FEM – Centro Ricerca e Innovazione
Giovanna Flaim –
giovanna.flaim@fmach.it
Ulrike Obertegger –
ulrike.obertegger@fmach.it
Leo Cerasino –
leo.cerasino@fmach.it
FEM – Centro Ricerca e Innovazione
Giambattista Toller giambattista.toller@fmach.it
Stefano Corradini –
stefano.corradini@fmach.it

The lake undergoes several meters of water level fluctuations with minimum levels in spring
immediately before snow melt and maximum levels usually coinciding with snow melt (Fig. 2a).
The platform is set up to follow these fluctuations through a set of pulleys as show in Fig. 2b.
The platform is equipped with:
• a string of water temperature sensors (Fig. 2c; HOBO model Pro v2 Data Logger - U22-001)
from the surface to the lake bottom,
• a water level sensor (Fig. 2d; HOBO U20 Water Level Data Logger - U20-001-03),
•HOBO Dissolved Oxygen Loggers - U26-001.
The NESA meteorological station (Fig. 2e), located directly in the SW basin (Fig. 1), has been
active since 1973; it was upgraded in 2010 and electrified in 2012. The station monitors
temperature, air pressure, precipitation, humidity, wind (direction and speed) and global solar
radiation.

N

A multiparametric probe (Fig. 2f; Idronaut model Ocean seven 316Plus CTC) is used for monthly
profiling of temperature, oxygen, pH, conductivity and redox potential at 1 m depth intervals.
Bird’s eye view

(c)

Picture of lake
N
View of the SW Bay

Fig. 2. (a) 3 years of
water level fluctuations,
(b) schematic drawing
of platform with pulleys
to follow water level
(a)
fluctuations, (c)
temperature sensor, (d) (b)
water level sensor, (e)
meteorological station
in the SW bay, (f)
multiparametric probe.

(d)
(f)

(e)

(Images not drawn to scale)

Data available
Historical data – the lake is famous for its past red dinoflagellate blooms and in this regard was
extensively studied from 1937 - 1939 by E. Baldi, from 1975 - 1977 by FEM and from 2002 - 2005
through the SALTO research project. Changes in land-use were responsible for bloom cessation.
Lake hydrology strongly influences phyto- and zooplankton community dynamics.

N
View from the platform

mean lake values:
Ptot <10 μg/L
NO3  350 μg/L
Chl a  2.5 μg/L
cond  200 μS/cm
Secchi disk  11 m

Fig. 1. Map of Tovel
and surroundings

Limnological samples – monthly frequency during the ice-free period, occasional sampling with
ice-cover depending on road access. Sampling includes depth profiles of temperature, oxygen,
pH, conductivity and redox potential, PAR and Secchi disk transparency, phyto- and zooplankton
integrated quantitative samples, chemical analyses at discrete depths including nutrients and
major ions and stable isotope (δ18O and δ2H) profiles.
Frequency of data readings from sensors – temperature every 2 h and water level every 4 h.
Meteorological station – readings every 15 minutes accessible online at
http://meteo.iasma.it/meteo/mappa.php.
Webcam - https://sites.google.com/a/fmach.it/lter-tovel/
General access to the area is sporadic from November to April due to danger of rock slides.

EC Joint Research Centre
Institute for Environment and Sustainability
Water Resources Unit
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The use of in situ sensor data to support the
Water Framework Directive : Chlorophyll
Chlorophyll: The best tool to assess
lake eutrophication

Aim of NETLAKE
The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Contacts
Website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

Local contacts:
Contact person:
Dr. Sandra Poikane, email:
sandra.poikane@jrc.ec.europa.eu
+ 39 0332789720

Water Framework Directive
A core concept of the Water Framework Directive (WFD) is that
the condition of biological communities is used to assess the
ecological quality of surface waters.

Strength and uncertainty of phytoplankton metrics
1. Our analysis strongly supports the use of both chl-a and the PTI metric (Phytoplankton Trophic Index) in assessment of lake eutrophication. These two
metrics have both the strongest relationships with TP and also some of the lowest within-lake variance.
2. Of the two bloom metrics developed and tested , cyanobacterial biovolume is recommended as it had a stronger and significant relationship with TP
and had very low levels of within-lake variance.
3. We have also shown that a single open water sample is sufficient for characterising a lake’s status and that the dynamic nature of phytoplankton
communities can be overcome by either frequent monthly sampling where possible (e.g. chl-a) or by restricting the seasonal window that metrics
operate in (e.g. summer monthly samples only).
Classification of ecological status – a core concept of the WFD

Carvalho L., Poikane S., Lyche Solheim A., Phillips G., Borics G., Catalan J., de Hoyos C., Drakare S., Dudley B., Järvinen M., Laplace-Treyture C., Maileht K., McDonald C., Mischke U., Moe J., Morabito G., Nõges P., Nõges T., Ott I., Pasztalaniec A., Skjelbred B.,
Thackeray S. (2012) Strength and uncertainty of lake phytoplankton metrics for assessing eutrophication impacts in lakes. Hydrobiologia http://dx.doi.org/10.1007/s10750-012-1344-1

Relationship
Toxic algal blooms pose a
serious threat to human &
wildlife safety : the best
parameter to evaluate –
Cyanobacteria biovolume

Effect of chlorophyll
sampling design on water
quality assessment
Based on our study we can draw some practical conclusions for chlorophyll
sampling
1. Taking only surface layer samples will lead with a high probability to an
underestimation of the chlorophyll concentration in the trophogenic layer of
the lake and, hence, to an underestimation of the lake primary productivity.
2. In order not to miss the chlorophyll peak in stratified lakes, in most cases it
would be more precautious to extend the sampling to the euphotic layer.
Only in cases when the mixing depth exceeds the euphotic depth, a mixed
layer sample could be considered more representative of lake productivity.
3. Using the maximum effective length of thermally stratified lakes and the
Secchi depth gives an easy tool to assess the probability of occurrence of a
DCM (deep chlorophyll maxima).
4. In most cases, the 2.5*Secchi depths proved a suitable criterion to decide
upon the sampling depth. Its simplicity compared to the determining of the
thermocline depth is a big advantage in field conditions.
5. When surface scums are present, , the 2.5*Secchi depth may underestimate
the real euphotic depth. In order to overcome this bias, sampling 3* Secchi
depth layer would be recommended in cases of surface scums. The same
can be recommended for lakes where DCM can be expected causes by the
dim light specialist Planktothrxi rubescens, which extends the euphotic layer
beyond the surface irradiance limit.

r2

P

N

Chlorophyll – Total
Phosphorus

0.63

<0.001

16949

Phytoplankton Trophic
index – Total Phosphorus

0.67

<0.001

1500

Cyanobacteria biovolume
-Total Phosphorus

0.34

<0.001

1710

Defining Chlorophyll Reference Conditions
1. Mainly a “reference site” approach – selection of lakes with no or very minor human impact – was used for setting chlorophyll-a reference conditions in Europe. The
selection of reference lakes based on criteria assessing the pressure from the catchment. (land-use, population density and absence of point sources). In some
regions paleolimnological data, historical data and modelling of nutrient load were used to validate their choice of reference sites.
2. According to the reference criteria, 357 reference lakes were selected across the EU, representing fifteen common intercalibration types. Reference conditions were
calculated using a common principle: the median value of the measured metric at reference sites was used for reference conditions, while for the High/Good
boundary, a percentile between the 75th and 95th was used.
3. A cross-region comparison of reference values and target value for chlorophyll-a shows a very good consistency between regions and types: high chlorophyll-a
values are associated with low depth, high alkalinity, low altitude, and high water colour; conversely, the lowest values were defined for deep lakes with low content
of humic matter.
4. The setting of ecological classification is included in the EU legislation (EC Decision 2008), marking the first attempt in international water policy to move from
physico-chemical quality standards to ecological quality targets.
Poikane S., Alves M., Argillier C., van den Berg M., Buzzi F., Hoehn E., de Hoyos C., Karottki I., Laplace -Treyture C., Lyche Solheim A., Ortiz - Casas J., Ott I., Phillips G., Pilke A., Pádua J., Remec - Rekar S., Riedmüller U., Schaumburg J., Serrano M. L., Soszka
H., Tierney D., Urbanič G., Wolfram G. (2010) Defining chlorophyll-a reference conditions in European lakes. Environmental Management 45 (6): 1286-1298

Reference lake
(Engure, Latvia)

Distribution of Chlorophyll values in
reference lakes by common lake type

Reference lake
(Attersee, Austria)

Established Chlorophyll-a reference
values for common lake types

Northern region

Three typical chlorophyll profiles in relation with the temperature and light observed in the
studied Italian lakes. A - Deep chlorophyll maximum located at the lower boundary of the
euphotic zone (2.5*Secchi) far below the thermocline; B – Chlorophyll maximum above the
thermocline at the lower boundary of the euphotic zone; C – Chlorophyll maximum above
the thermocline but outside the euphotic zone.
Nõges P., Poikane S., Kõiv T., Nõges T. (2010) Effect of chlorophyll sampling design on water
quality assessment in thermally stratified lakes. Hydrobiologia 649 (1): 157-170.
http://dx.doi.org/10.1007/s10750-010-0237-4

Setting Chlorophyll Ecological Class Boundaries
1. One of the most critical steps in creating ecological assessment methods is in the definition of the “good-moderate” status class boundary because
achieving “good” status is a legal obligation on MS. The WFD defines “good status” in general terms as a condition which should “deviate only slightly
from undisturbed conditions” which allows a wide scope for interpretation
2. Pressure - response relationships were developed between eutrophication pressure (expressed as total phosphorus and chlorophyll-a concentrations)
and biological communities (taxonomic composition of phytoplankton and macrophytes, colonization depth and abundance of macrophytes), using
large-scale pan-European datasets.
3. Ecological target values established for all main lake types of EU, based on non-linear responses of biological communities to eutrophication pressure,
e.g., shift in phytoplankton composition to light competitors (Cyanobacteria), decrease of sensitive taxa, shift from a vegetated clear-water state to a
phytoplankton-dominated turbid state.
Poikane S., Berg van de M., Ortiz-Casas J., Phillips G., Solheim A., Tierney D., Wolfram G. (2009) Lake assessment strategy in the EU: Case study of European large lakes. Verh. Intern. Verein. Limnol. 30 (7): 1007-1012

Questions:
What to measure ?
How to measure ?
How to interpret the
data ?
How to classify ?
How to use the data ?

Data
acquisition

Numerical
evaluation

Setting good class boundaries using
pressure-response relationship:
Threshold approach

Setting of class boundaries:
Relationship between chl-a and
phytoplankton species composition

GM boundary:
%Cyanobacteria
sharp increase of
Cyanobacteria

Management
actions

%Chrysophyta

Classification

Setting of class boundaries:
Relationship between chl-a and
macrophyte abundance

GM boundary:
sharp decrease
of macrophytes

Established Chlorophyll-a reference and
class boundary values for common lake
types

Highest GM
boundary: very
shallow hardwater
lakes
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LAKE ENGURES - NETLAKE SITE IN LATVIA
Aim of NETLAKE

Monitoring buoy and platform

Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:
University of Latvia, Institute of Biology,
Laboratory of Hydrobiology
Gunta Spriņģe, gunta.springe@lu.lv
Laura Grīnberga, laura.grinberga@gmail.com

Site description
Lake Engure is located west of the Gulf of Riga, Latvia,
in the western part of the Coastal Lowland. Surface
area of the lake is 40.46 km2.
Maximum depth is 2.1 m, mean 0.4 m. Lake Engure is
the largest shallow coastal lake remaining from the
age of the Littorina Sea in the territory of Latvia. The
lake and its surroundings are characterised by high
biodiversity. In 1995 the lake was included in the list
of Ramsar sites, and in 1998 the Lake Engure Nature
Park was established.
The Lake Engure belongs to long-term ecological
research sites, and data available for Lake Engure
might be used to understand the role of differentscale factors impact to the shallow lagoon lake
development.

Location of sampling sites in Lake Engure

Contacts

Sensors
In Latvia the use of sensors and high resolution observations is new, Lake Engure can be
considered as a unique study area, since the first chemical analyses of lake waters were
conducted more than 100 years ago. The first documentation related to morphological
characteristics and hydrochemical composition of the lake water is dated to the beginning of
the previous century. In two probes conducted at that time, the concentration of dissolved
oxygen was 6.8 and 7.2 mg/l (Winkler’s method), which is lower than that observed today.
Concentrations of phosphate and nitrogen were low indicating that eutrophication was not an
important factor. The amount of organic matter in lake sediments from the beginning of
century until 2010 has increased from 29% to 44%.
Concentrations of nutrients fluctuate significantly, P-phosphate concentrations have a
decreasing trend, probably due to reduction of agricultural activities in the lake basin and
intensive accumulation of phosphorous in the abundant vegetation. From this perspective, the
increase of the N/P ratio is interesting as it is an important factor affecting lake ecosystem
function. Intensive development of vegetation and an increase of N/P ratio indicate that the
availability of phosphorus limits eutrophication. This indicates the main direction of the
management of the lake.
At present, Lake Engure, according to its chemical composition, is a relatively unpolluted lake
and development of eutrophication is hampered due to intensive growth of macrophytes
along the coastline and due to intensive development of submerged macrophyte vegetation.
In the shallow of Lake Engure, the contribution of photosynthesis by charophytes and
submerged macrophytes can raise the pH. High concentrations of dissolved oxygen also
support intensive photosynthesis.
Regular observations by using sensors could help to develop further management activities.
Among main management activities, such actions as reed cutting, restoration and
maintenance of coastal and shore meadows should be mentioned as most significant.

Data available

Concentrations of chloride Cl- , natrium Na+ and
potassium K+ ions in water of Lake Engure.
The lake has sandy bedrock and sediments are
formed mainly by organic mud or gyttja. The lake
supports rich submerged, emerged and floating
macrophytes.
There are five rivers flowing into the lake. The most
evident anthropogenic impact to the lake is a
construction of the channel in 1842 connecting
Lake Engure with the Gulf of Riga, which lowered
the water level of the lake by 1.5 m. The circulation
of organic and mineral matter in the lake is driven
by rapid water exchange (7 to 16 times annually),
and is reflected in the lake deposits.

Chemical and biological studies (phytoplankton,
benthic invertebrates, macrophyte composition) in
Lake Engure were carried out during the vegetation
period (end of June – beginning of July) starting in
1995.
Chemical data - phosphorus P-PO43- ,nitrogen N-NO3and N-NH4+concentrations (all chemical parameters
were observed at three sampling points). Data of
ions concentrations (dominating in the lake are
bicarbonates HCO3- (up to 60-70% of ion content)
and calcium Ca2+ ).
Other data - oxygen content, conductivity, pH values,
concentrations of chlorides, natrium, potassium,
magnesium and sulphates ions.
Data of meteorological station are available
(Mersrags) - air temperature and precipitation.
The lake is in clear-water state and transparency of
water reaches the bottom.
According to sulphate, chloride, sodium and
potassium ion concentrations, brackish water inflow
through the canal during vegetation season till the
end of the 20th century was low.
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LAKE LANGTJERN - NETLAKE SITE IN NORWAY
Aim of NETLAKE

Monitoring buoy and weather station

Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Site description
Lake Langtjern (60°37’N; 9°73’E) (Figure 1) is a small
and shallow (lake surface 0.227 km2, mean depth 2
m) humic, acid-sensitive, oligotrophic lake located in
central Norway. Langtjern has a small catchment
area (4.8 km2, ca. 510-750 m.a.s.l) that is dominated
by unproductive pine forest, wetlands and bedrock.
Yearly precipitation is 750 mm/yr. Langtjern
generally experiences long winters and a stable
snowpack.
Lake Langtjern has been included in Norwegian
freshwater monitoring continuously since 1972,
initiated with acid-rain monitoring. The limnological
and biological characteristics are featured in
numerous publications.

Contacts

A: Langtjern buoy

B: Langtjern weather station

Local contacts:
Norwegian Institute for water research
(www.niva.no)
Heleen de Wit – hwi@niva.no
Kari Austnes – kau@niva.no
Thorjørn Larssen – tla@niva.no

Sensors
The Lake Langtjern buoy (A, Figure 1) measures water temperature using a thermocouple at 8
different depths (0.5 m, 1 m, 1.5 m, 2 m, 3 m, 4 m, 6 m, 8 m). Oxygen saturation is measured
with a Aanderaa Optode 4175 at depths of 1m and 8 m.
At the lake outlet (C, Figure 1) temperature is measured in air, water and soil (10 cm) using a
thermocouple. pH is measured with a Honeywell Durafet II and conductivity with a Honeywell
graphite electrode, both having a direct line transmitter (4-20 mA). Water level is measured
with a pressure cell. Coloured dissolved organic matter (CDOM) is measured with a TriOS
Microflu-CDOM (ex 370 nm/em 460 nm) (D, small sensor) and UV-absorption with a TriOS ProPS
(190-360 nm) (D, large sensor) with a 1 cm light path. Both have mechanical wipers to remove
biofilm. Additionally water flow is measured at the inlet LAE03 (Figure 1).
A new weather station ( B, Figure 1) was installed at Langtjern in November 2012, replacing a
station from 2011. Air temperature and relative humidity is measured using a Campbell
Scientific CD215. Global radiation with a Apogee SP-212 sensor. A Young Model 05103-5
measures wind speed and direction. In addition a web camera is installed at the station
(Campbell Scientific CC5MPX). A sensor monitoring precipitation (Geonor T-200B) will be
installed at the station in the near future
For power generation in this remote area solar panels (E) and a methanol fuel cell have been
installed. A small cabin is set up by the outlet to house various instruments.

N
OUTLET (LAE01)
WHEATER STATION
INLET (LAE03)
BUOY

INLET (LAE02)

C: Outlet station

D: UV abs. and CDOM

E: Solar panels

Data available
The Langtjern buoy: every 2 hr or 4 hr (depending on power generation), from 26.05.2010
Monitors in lake water temperature (0.5 m, 1 m, 1.5 m, 2 m, 3 m, 4 m, 6 m, 8 m) and O2 saturation (1 m, 8 m)
Figure 1: Long-term monitoring sites in Lake
Langtjern (red circles) are situated at the lake
buoy, the weather station, outlet and the main
inlets.

Outlet: every 2 hr, from 26.08.2010 (Periodically lower frequency, but not any more)
Monitors temperature in air, water and soil (10 cm), water level, pH, conductivity, and organic
material: UV absorbance (190-360 nm) and Coloured DOM (CDOM) fluorescence (ex 370
nn/em 460 nm).
Weather station: every hour, from 30.10.2012 (new) (from 2006-2011 (old))
Monitors air temperature, relative humidity, global radiation, wind speed and direction.
Precipitation will be included shortly.
Real-time monitoring data from Lake Langtjern can be observed at
www.aquamonitor.no/langtjern

Warsaw University of Life Sciences
Department of Hydraulic Engineering
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ZDWORSKIE LAKE - NETLAKE SITE IN POLAND
Aim of NETLAKE

Inflow – outflow monitoring network

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Contacts
Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

5 Gauge stations located on:
- the Wielka Struga
(inflow/outflow)
- periodic tributaries

Local contacts:

Site description
Zdworskie Lake is the biggest lake in the
Mazowieckie Province (Mazovia), located in
the Plock District, about 100 km in west
direction from Warsaw – capital of Poland.

Zdworskie Lake

Zbigniew Popek
Warsaw University of Life Sciences
zbigniew_popek@sggw.pl

Artificial alimentation of the lake:
40 l/s (up to 1.0 mln m3/year)

Gauge stations
Instruments and equipment:
- staff gauge with graduated vertical scale,
- water and air pressure sensors with data logger.

Measurements:
- water stage in 1 hour time step,
- discharge determined on the basis
water stage hydrographs.
Broad-crest weir for stabilising water level on
the lake and outflow discharge measurement

Lake morphometry (estimated at
normal water level 79.20 m a.s.l.):
Area = 343 hectars
Water storage = 7 326 000 m3
Water depths:
hmax = 4.55 m
hmean = 2.12 m
Annual cycle of turnover: polymictic

Gauge station on the Wielka Struga River

Water quality control stations
Control stations: in 21 locations in the
the main river, streams and lake
Sampling frequency: monthly
Scope of analyses:
- pH, conductivity
- oxygen
- phosphorus (total, phosphate)
- nitrogen (total, nitrite, nitrate,
ammonium)
- seston
- biological oxygen demand
- chlorophyll a
- lake sediments characteristics with
regard to phosphorus dynamics

ppk 15

ppk 20

ppk 21

Water quality monitoring network

Data available

The hydrographic system in the upper part
of the Wielka Struga watershed
Watershed area:
Total = 47.1 km2
Direct = 20.0 km2
Lake Tributary:
main river – Wielka Struga
3 periodic streams
Land use:
Rular / Agricultural – 57 %
Forest – 43 %

Scope of data (since 2008):
- Hydrological data: daily water stage and discharge hydrographs (during flood events
in 1 hour time step), total volume of inflow to the lake and outflow.
- Water quality data (scope as above) determined with monthly frequency: nitrogen and
phosphorus load, distribution of nutrients loads, trophic conditions in the lake.
- Lake’s sediment characteristics data: determined on the basis of samples taken
3 times a year, recently in 4 points of the lake
Trophic state of Zdworskie Lake

Water balace of Zdworskie Lake
Inflow [103*m3]
Hydrological
year

Outflow [103*m3]

Duration
of outflow

Hydrogical
year

[days]

2008

TSI –
Trophic
State Index
67

Trophic
state
Eutrophic

From
Wielka
Struga and
streams

From
artificial
alimentation

Total

2008

988

1,021

2,009

681

33.9

153

2009

67

Eutrophic

2009

848

770

1,618

112

6.9

118

2010

2,455

256

2,711

1,758

71.6

329

2010

65

Eutrophic

2011

3,064

0

3,064

2,703

88.2

184

2011

67

Eutrophic

2012

649

157

806

25

3.2

42

2012

76

Hypereutrofic

Total

Percent
of inflow
[%]
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LAKE KORTOWSKIE - NETLAKE SITE IN POLAND
Aim of NETLAKE

Monitoring buoy

Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:
University of Warmia and Mazury
in Olsztyn
Julita Dunalskajulitad@uwm.edu.pl

Site description
Lake Kortowskie is located in the city of Olsztyn,
in Masurian Lake District - Poland, and is one of
the best investigated lake in Europe. The
selective withdrawal of hypolimnetic water, the
first lake restoration method in the world, was
implemented in 1956 in this lake. Surface
outflow was dammed, and a pipe was built at
the bottom of the lake. Its inlet was located in
the deepest, southern part of the lake, and its
outlet – at the outflow from the water body.
The restoration of Lake Kortowskie is continued,
and multiyear studies supply very important
data to analyze the changes in aquatic
ecosystem. The surface of the lake is 89.7 ha
and the maximum depth is 17.2 m. The
catchment area of the lake is 35.5 km2: 48.4% forest, 32.3% - agricultural land, 7.4% urban
land, and 11.9% water.

Contacts

Public access on-line:
www.hydrowskaz.pl/kiow

Sensors
The Lake Kortowskie buoy (red dot in Fig.1) has a YSI 6600V2-4 multisensor with 4 wiped
optical probes for dissolved oxygen (DO), chlorophyll (Chl) fluorescence, turbidity, and
phycocyanin, sensors for water temperature and conductivity.
The buoy also has a Lufft WS-501 weather station, which measures wind speed and direction,
precipitation, humidity, radiation, air pressure and air temperature.

Data available
Lake Kortowskie buoy – frequency: every 15 minutes (for open water period, 1m under water
surface):
- water temperature, DO, conductivity, resistivity, total dissolved solids, pH, oxidation
reduction potential, turbidity, Chl fluorescence, phycocyanin.
Meteorological station – since 1 to 15 minutes:
- wind speed and direction, air temperature, air pressure, radiation, humidity, rain amount.
Figure 1. Location of the lake buoy (red dot).
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LAKE VLASINSKO - NETLAKE SITE IN SERBIA
Aim of NETLAKE

Monitoring buoy and platform

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie
Local contacts:
University of Belgrade-Institute for
Multidisciplinary Research
www.imsi.ac.bg.rs
Predrag Jovanić
jovanicp@ikomline.net

Site description
Vlasina Lake (Власинско jезеро) is a semiartificial lake in Southeast Serbia. Lying at
an altitude of 1,211 m, with an area of 16 km2,
it is the highest and largest artificial lake in
Serbia. It was created in 1951 when the peat
bog was closed off by a dam and submerged by
the waters of incoming rivers. The lake lies on
a plateau called Vlasina in the municipality
of Crna Trava. The plateau is surrounded by the
mountains Čemernik, Vardenik and Gramada.
The lake runs North-South for a length of about
9.5 km and has a maximum width of 3.5 km. Its
average depth is 10.5 m and its maximum
depth is 34 m, near the dam.

Contacts

Sensors
The lake Vlasina buoy has (yelow marks on the lake image) YSI Profesional plus Probes with 4
sensors measuring dissolved oxygen, conductivity, pH and temperature. To this ansamble the
depth measuring device non-vented strain gauge is added. Data are stored by the A7 PC and
send to the host data manager. Independent YSI Profesonal plusdevice is measuring the
chlorophyll depth distribution.
The second group of measuring platforms (red marks on lake image) are based on the
programable peristatic pump and flow cell with dissolved oxygen, conductivity, pH and
temperature sensors. This unit is used for water sampling and measuring of total organic carbon
(TOC), nitrate (NO3), phosphorus, turbidity, suspended solids together with pesticides content in
the lake water. The analysis are made by the Anahem mobile lab.
The automatic weather station is positioned at the nearby hotel residence. Originally it was
used for data aquaition for designed windmill electric park on Čemernik. Now we are using this
equipment for lake meteorological data.

Data available
Lake Vlasina buoy (yelow mark)– frequency: every 20 minutes, during March-October:
water temperature, conductivity, pH, oxidation reduction potential, depth, DO and turbidity.
In addition chlorophyll profile is measured every hour.

The system of 4 hydroelectric plants called Vrla
lies downstream of the lake, on the Vlasina
River. The lake is also fed by numerous streams.
The water level varies, depending on the water
influx and drainage of the dam. One of the
lake's most famous features are the floating
islands, occurring when loose chunks
of peat 0.5 to 2 m thick break off the shore.
Driven by the wind, they float from one shore
of the lake to another, carrying the flora and
fauna.

Second platform (red mark) – every 30 minutes (starting May 2012):
dissolved oxygen, conductivity, pH, temperature, total organic carbon (TOC), nitrate (NO3),
phosphorus, turbidity and suspended solids. The pesticide content is measured monthly
starting from May 2012.
Meteorological station – every 15 minutes (average data):
wind speed and direction, precipitations, humidity, air pressure and air temperature.
In addition to these measurements there are water quality measurements: dissolved oxygen,
conductivity, pH, temperature, total organic carbon (TOC), nitrate (NO3), phosphorus,
turbidity and suspended solids, together with microbiological and nutrient analysis using the
mobile research platform. This kind of monitoring takes place four times a year.

Soko Banja community
Institute for multidisciplinary
research
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LAKE Bovan - NETLAKE SITE IN SERBIA
Aim of NETLAKE
The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Site description
Bovan Lake is an artificial reservoir situated in
the middle flow of the Moravica River. The
reservoir was formed in the period 1978-1984 in
the Bovanska Gorge, in front of a 52m-high
earthen-concrete dam with a volume of 297.000
m3. At the peak of elevation (261.5 m), the net
volume of the lake is 58.75 x 106 m3, the area of
water mirror 410 ha, width 500 m and length 8
km. The area of the reservoir’s basin in partition
profile is 552 km2,and at the peak of elevation
434 km2. The Bovan reservoir was planned as a
multifunctional system, with the primary aim of
regulating the basin of the Morava River and
protecting the Ðerdap I reservoir.

Monitoring buoy and platform

Contacts
Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

Picture of buoy
or/and platforms

Local contacts:
Marko Bogicević, mr.banjac@gmail.com
Dejan Stanisavljević
sokorec@gmail.com
Bovan Water management system
Predrag Jovanić
jovanicp@ikomline.net
Institute for multidisciplinary research

Sensors
The fully modular station combines instruments to a compact and versatile system. It presents
a complete solution, as the user only has to connect water supply and -discharge to receive at
no extra cost a previously unheard variety of immediately available information and
parameters.
The scan drinking water station is designed for online monitoring of water quality parameters
in surface water, lakes and ponds. The required components – spectroanalyser, probes and
controller - are factory assembled with all required flow cells, mounting fittings and pipework
on a compact panel.
The passive sampling system for time-averaged water quality measurements. It provides
reliable and representative data whilst reducing costs, logistics and sampling times, for water
quality measurements surface water, lakes and ponds.

Passive sampler
Picture of lake

Monitoring station
Data available

Its important functions are to maintain silt and
flooding waves, enrich small waters, produce
hydro-energy. The reservoir has a significant
potential for water supply of settlements in the
valley of the South Morava and the Morava. The
water treatment plant “Bresje” and transmission
system have been added, and the reservoir
serves for the water supply to the settlements in
parts of the districts of Aleksinac, Sokobanja,
Ražanj, Paracin and Kruševac

Temperature daily
frequency 10 minutes.

Passive sampling
weekly , nutrients
VOC,
Heat is on
Bovan vs Vlasinsko

UNIVERSITY OF BELGRADE SERBIA
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LAKE SAVA- NETLAKE SITE IN SERBIA
Aim of NETLAKE

Monitoring buoy

Contacts
Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:
Mirjana Lenhardt
lenhardt@ibiss.bg.ac.rs
Dusan Kostic
dkostic@hikom.grf.bg.ac.rs
University of Belgrade, Serbia

Site description
Lake Sava (N - 44 47 17.1; E - 20 24 49.3;
Surf. Altitude: 78 m a.s.l) is small, artificial
urban lake in Belgrade, Serbia. It was formed by
damming of the right-hand branch of the Sava
River, near the Ada Ciganlija river island. Lake
has elongated shape, with the average depth of
4.5 m and total volume of 4x106 m3. It is 4.2 km
long, 200 m wide with surface area of 0.8 km2
(Blaženčić, 1995).
Lake Sava is one of the most important raw
water sources for Belgrade water supply
system. Ranney wells colect groundwater on
the Lake’s lefth shore. Lake is an immensely
popular recreational zone, most notable for its
beaches and sports facilities, which, during
summer seasons, can have over 100,000 visitors
daily. The lake has the status of a special fishing
water body (“catch-and-release fishing”).

Buoy location

Figure 2. First test and proud researchers.

Sensors
Temperature loggers HOBO UA-001-64
Buoy is placed where the water column is 8
meters deep. Ten HOBO temperature loggers
(Figure 3) hang in the string at ten different
depths (in meters): 0; 0.5; 1; 1.5; 2.5; 3.5;
4.5; 5.5; 6.5 and 7.5. They collect water
temperature data at each 15 minutes
starting from May 23rd.
HOBO temperature loggers has own
power supply and memory which allow
them to work in fully autonomous regime.
Technical specification follows:
• Measurement Range: -20oC to +70oC
• Accuracy: ± 0.53oC
• Resolution: 0.14oC at 25oC
• Response time: 5 minutes
• Time Accuracy: ±1 minute per month
• Dimensions: 58x33x23 mm

Other monitoring programme
1. Multiparameter water quality probe YSI
6600 V2-2 (Figure 4)
Two times a month, starting from March
2014 we collect water quality data by using
multiparameter probe. At three locations
(Figure 1) in depth increments of cca 1m,
water qualiy indicators are measured: water
temperature, pH value, conductivity, TDS,
DO (luminescence time based optical
sensor), DO saturation, Chlorophyll a .
2. Imaging sonar ARIS 1800 (Figure 5)
Our additional efforts will be towards better
understanding of fish habits by the aid of 2D
imaging sonar ARIS 1800.

Picture of lake

Figure 3. Temperature logger Figure 4. YSI 6600 V2-2 Figure 5. ARIS 1800 imaging sonar
HOBO attached to the chain.

Water Temperature in Lake Sava
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28
26
24
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05/31/14 00:00
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05/28/14 00:00
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05/26/14 00:00
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10
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The lake is inhabited by 20 fish species (Hegediš
et al. 2008). Based on the total biomass, the
most notable species are common carp
Cyprinus carpio (L.), pike-perch Sander
lucioperca (L.), bream Abramis brama (L.),
European perch Perca fluviatilis (L.) and Wels
catfish Silurus glanis (L.). Non-native species
with the highest biomass are bighead carp
Hypophthalmichthys nobilis (Richardson), and
silver carp Hypophthalmichthys molitrix
(Valenciennes) and Prussian carp Carassius
gibelio (Bloch) while black bullhead represents
5.7% of the total biomass.

We have started to collect water temperature data recently, on May 23rd. Buoy is set
permanently, so we will continue to collect data with ten HOBO temperature loggers. Data are
collected with 15 minutes frequency. Figure 6, contains time vs water temperature plots,
observed from 23rd May to 2nd June. Our future plans include investigations on fish habits by
use of powerful 2D imaging sonar ARIS 1800 (Figure 7).

TEMPERATURE [oC]

Figure 1. Lake Sava in Belgrade, Serbia. Arrow
points to Buoy location. Three yellow
placeholders mark places for bimonthly water
quality measurements by means of
multiparameter probe.

Data available

Figure 7. School of small fish at Lake
Sava, captured by ARIS 1800.

TIME

Figure 6. Time vs Temperature plots at different depths, Lake Sava end of May.
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EL GERGAL RESERVOIR - NETLAKE SITE IN SPAIN
Aim of NETLAKE

Monitoring buoy and platform

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

1

2

Site description
1. The Automatic Water Quality Monitoring
Station (AWQMS) moored in El Gergal in 2000.
2. The improved monitoring buoy fitted with a
wheel to deploy vertical profiles. It was first
moored in 2007.

Action website:
www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair:
eleanor.jennings@dkit.ie
Local contacts:
Enrique Moreno-Ostos
University of Málaga. Spain.
quique@uma.es
Carmelo Escot
EMASESA. Spain.
cescot@emasesa.com

Meteorological

Sensors

Limnological

El Gergal (South-west Spain) is the last in a
chain of reservoirs that supplies water to the
city of Seville and its metropolitan area (ca. 1.3
million inhabitants).
El Gergal is a medium-size canyon-type
reservoir (Surface area: 250 ha; Volume: 35
Hm3; Maximum depth: 37 m; Mean depth: 15.7
m). The size of the reservoir is, however,
subjected to pronounced seasonal and interannual fluctuations in the volume due to large
and irregular variations in the inflow. The
effective residence time of the reservoir is very
variable and ranges from a minimum of twenty
days to a maximum of one year.

Contacts

Wind speed and wind direction
Air temperature
Atmospheric pressure
Relative humidity
Solar radiation (income and reflected)
Long-wave radiation (income and reflected)

Cup anemometer and wind vane
Thermistor
Semiconductor strain gauge
Semiconductor sensor
Pyranometer
Pyrgeometer

Dissolved oxygen concentration

Polarographyc cell (AWQMS)
Optical sensor (present buoy)
4 electrode cell
Glass combination electrode
Thermistor
Pair of photodiode based quatum
light cells (surface and submerged)
Fluorometer (AWQMS)
Spectrofluorometer (present buoy)
Spectrofluorometer
Spectrofluorometer
Spectrofluorometer
Spectrofluorometer

Conductivity
pH
Water temperature
PAR
Active Chlorophyll-a concentration
Cyanobacteria biomass*
Chlorophytes biomass*
Cryptophytes biomass*
Dinoflagellates/diatoms biomass*

* Data available just from the new version of the buoy (2007-2008)

Figure 1: Top figure shows El Gergal reservoir
location within Spain, its bathymetric map and
the origin of the main inflows. The Automatic
Monitoring Buoy is moored in the lacustrine
zone, nearby the dam. Bottom figure is an
aerial photography of the reservoir
Analysis of the thermal cycle depicts a warm
monomictic pattern. Attending to its trophic
status, the reservoir has been classified as
eutrophic-hypertrophic.
The hydraulic management of El Gergal dam is
based on the selective withdrawal of water at
any of four different depths. This has profound
implications for water management and for
the spatial and temporal dynamics of
phytoplankton.

Data available
The AWQMS recorded meteorological and fixed-depth sub-surface limnological variables from 2000 to
2004. The typical data recording frequency was hourly, although minute-by-minute data are also
available for a set of 7-14 days every year.
The new improved version of the automatic monitoring platform recorded data along vertical profiles
during 2007 and 2008. Data were recorded at 0.5 meter interval and each profile took around 1 hour to
be completed. After some technical modifications the platform is expected to be moored again soon in
the limnetic zone of El Gergal reservoir.
Every year there are time periods of variable length without any recorded data. Those blank periods
typically correspond to intense surface water withdrawal episodes, when the buoy is stored in a
drydock for safety reasons. Cleaning and maintaining procedures are shown by blanke periods in the
database.

Erken Laboratory
Dept of Ecology and Genetics
Division of Limnology
Uppsala University
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LAKE ERKEN - NETLAKE SITE IN SWEDEN
Aim of NETLAKE

Monitoring buoy and platform

Contacts

NETLAKE aims to build a network of sites and
individuals to support the development and
deployment of sensor-based systems in lakes and
reservoirs and promote their use to address current
and future water quality issues.

Action website: www.netlake.org
COST:
www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

Site description

Local contacts:

Lake Erken is a moderately eutrophic lake located in
east-central Sweden near the Baltic coast (59.8 N 18.6
E). The lake has a surface area of 24 km2, an average
depth of 9 m, a maximum depth of 21 m and a water
residence time of approximately 7 years. Lake Erken
has been the site of a limnological field station for
nearly 70 years, and has been the site of a large variety
of research covering all aspects of limnology. The field
station was first established in 1944, and latter followed
by the addition of a research laboratory on the lake
shore, and a small meteorological station on an island
offshore (Fig. 1). The meteorological station on Malma
Island, completed in 1958 was one of the first
developed to support limnological studies. In addition
to standard meteorological measurements, a stilling
well in the house allowed continuous monitoring of
lake level, and underwater thermistors were installed to
monitor water temperature. Originally, all data were
collected on paper charts and these were transcribed to
produce daily summary statistics.

Uppsala Univeristy
Dept of Limnology
Erken Laboratory
http://www.ebc.uu.se/Research/IEG/erken

Buoy
Temperature
Profiles

Inflow
Kristineholm
Malma Island
Met Station

Erken Laboratory

Kurt Pettersson kurt.pettersson @ebc.uu.se
Stefan Bertilsson stebe@ebc.uu.se
Gesa Weyhenmeyer gesa.weyhenmeyer@ebc.uu.se
Don Pierson dpierson@dep.nyc.gov

Fig. 1 Location of Lake Erken, the Erken
Laboratory, the Malma Island meteorolgical
station and the temperature monitoring buoy.
The buoy and monitoring station are shown.

Sensors

Malma Island Cambell CR10X
Variable
Global radiation (W m-2)
PAR (µE m-2 s-1)
Relative Humidity
Air Temperature (°C)

Between 1987-1988 the meteorological station
measurements were converted to record data digitally,
and measurements made at 1 minute frequency were
summarised and saved at hourly and daily time
intervals. During this time a buoy based monitoring
system was also established at the eastern end of the
main basin of the lake at a depth of 15 m (Fig. 1).
Water temperature measurements at 0.5 m intervals ,
and supplementary measurements of wind speed are
made at this station. Communication to both the buoy
and Malma Island was established first using under
water cables, and later upgraded to GCM transmission.
This allows real time monitoring of lake conditions and
frequent collection of the stored data. Data collection
from Malma Island and the buoy continues to this day,
and increased data logger storage capacity now allows
data to also be stored at 5 minute intervals. Lake Erken
joined the GLEON lake monitoring network in 2007
(http://www.gleon.org/) and has one of the longest
data records of the GLEON sites.

Air Temperature (°C)
Water Temperature (°C)
Water Level (m)
Wind Speed (m s-1)
Wind Direction (°)
Rainfall

Sensor
Pyranometer
LiCor LI190SB
Skye RHT
thermocouple

Notes
Originally from SMHI

Significant problems with drift
Continually ventilated with fan
Part of Skye humidity sensor. Passive
thermistor
ventilation
thermocouple
Year round at 1 m, 3 m and 15 m
precision potentiometer Uses stilling well in met station house
RM Young Wind Monitor 10 m above water surface
RM Young Wind Monitor
tipping bucket rain gauge

Buoy Cambell CR10X/AM32 multiplexer
Water Temperature (°C)
Wind Speed (°)

thermocouples
0.5 m – 15 m at 0.5 m intervals
RM Young Wind Sentry Anemometer only - 1.5 m above surface

Inflow - Kristineholm Camblell CR10X
Stream stage/discharge
Water Temperature (°C)
Turbidity/beam attenuation
CDOM

Druck Pressure Sensor
thermocouple
Wet Labs 25 cm transmissometer
Wet Labs CDOM fluoromenter

Campbell 107 thermistor used to measure reference junction temperature for thermocouple measurements

Example of Long-Term Data from Malma Island Daily Incoming Radiation (MJ m-2d-1)
30
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Mean Daily Air Temperature (°C)
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Mean Daily Water Temperature (°C)
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Examples of Processed Water Temperature Isopleths from Buoy Monitoring Sation
2009 Water Temperature Isopleths

2010 Water Temperature Isopleths

2011 Water Temperature Isopleths

2012
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UKLEON- ELEVEN NETLAKE SITES IN THE UK
Aim of NETLAKE

Example monitoring buoys

Action website: www.netlake.org
COST: www.cost.eu/domains_actions/essem
Chair: eleanor.jennings@dkit.ie

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Local contacts:

Site description
Eleven lakes are included in the NERC-funded
Sensor Network project UKLEON (see
http://www.ceh.ac.uk/sci_programmes/water/
UK-Lake-Ecological-Observatory-Network.html)
(Fig. 1). They cover a range of types from very
small to large from lowland to upland and from
oligotrophic to eutrophic and are operated by
several institutions (Table 1).

Contacts

Blelham Tarn

Llyn Tegid

NERC Centre for Ecology
& Hydrology
Stephen Maberly scm@ceh.ac.uk

Sensors
Each automatic water quality monitoring station is equipped with a meteorological station
measuring air temperature, wind speed, wind direction, total radiation, photosynthetically
available radiation (PAR) and humidity. Underwater there is a chain of twelve PRT
temperature sensors over the full depth range of the lakes. There are also two subsurface
DS5X sondes (OTT Hydrometry) collectively measuring water temperature, conductivity,
dissolved oxygen (optical), pH and Chlorophyll a and phycocyanin by fluorescence. There is an
underwater PAR sensor at 1 m (Li-Cor). All these sondes/sensors have mechanical cleaning
devices to minimise the build-up of biofilm. There is also a CO2-sensor (Vaissala) on each
sonde.

Fig. 1. Location of the 11 UKLEON sites

Round Loch of Glenhead
Table 1. Characteristics of the UKLEON sites ordered by increasing area.
ResidAltit- Max. Troph Mixence
Area ude depth
-ic
ing
time
Lake
(km2) (m)
(m)
state status (day)
Team
Blelham Tarn
0.1
41
14.5
E
M
50
CEH
Round Loch 0.1 298
13.5
O
P
90
UCL
of Glenhead
Llyn Conwy
0.4 455
19.0
O
P
350
CEH
Rostherne
0.5
27
30.0
E
M
600
Lough
Mere
Esthwaite
1.0
65
15.5
E
M
100
CEH
Water
Llyn Tegid
4.1 160
43.0
M
M
150
CCW
Bassenthwaite 5.3
69
19.0
M
P
30
CEH
Lake
Loch Leven
13.3 107
25.5
E
N/P
620
CEH
Windermere
14.8 39
64.0
M
M
280
CEH
Loch Lomond 71.0
8
189.9 O/M
M
690
Glasg
Lough Erne
110.0 46
63.0
E/M
M/P
180
AFBI
Trophic state: E- eutrophic; M- mesotrophic; O- oligotrophic.
Mixing status: M- monomictic; N- not stratified; P- polymictic.
Team: AFBI- Agri-Food and Biosciences Institute; CEH- Centre for
Ecology & Hydrology; CCW- Countryside Council for Wales; GlasgGlasgow University; Lough- Loughborough University; UCL- University
College London.

View from Wansfell of Windermere & Blelham Tarn (RH side)
Data available
Data are collected at 4-minute intervals from all the sensors and sites. The data are sent by
telemetry back to CEH using a bespoke JAVA loader programme developed by the UK
Astronomy Technology Centre and will shortly be entered automatically into a database
that will perform simple quality control functions and make the data available to the
UKLEON project partners via the internet. The project will also publish summary data and
current data on the project internet site.
The purpose of this project is to produce and demonstrate the value of a network of lake
monitoring stations. However, there are also three demonstration science topics as part of
the project.
These are:
1. Develop real-time forecasts of lake condition by linking current
measurements with medium range weather forecasts and the CEH lake
model PROTECH
2. Determine the effect of meteorology on the fate of carbon within lakes
3. Determine the level of regional coherence at sub-daily timescales for a range
of limnological characteristics (PhD studentship to Iestyn Woolway funded by
OTT Hydrometry).

NETworking Lake observatories in Europe: COST Action ES 1201

LAKE ABANT - NETLAKE SITE IN TURKEY
Aim of NETLAKE

Monitoring buoy and platform

Contacts

The NETLAKE COST Action aims to build a network
of sites and individuals to support the development
and deployment of sensor-based systems in lakes
and reservoirs and promote their use to address
current and future water quality issues.

Website: www.netlake.org
Eleanor Jennings –
eleanor.jennings@dkit.ie

Site description

Nusret Karakaya
Abant Izzet Baysal University,
nusretkarakaya@hotmail.com

Lake Abant (40O35’ 32’’ – 40O37’36’’N
latitude and 31O14’48’’ – 31O18’34’’E
longitude) is an oligotrophic lake of ca.
1.25 km2 located in a National Park (Bolu)
of northwestern region of Turkey. Lake
Abant is under the influence of a cool
temperate climate at an elevation of about
1350 m above sea level and has a
maximum depth of 18 m with a mean
depth of 9 m.

Local contacts:

Sensors

In situ data of diel DO and chl-a are being collected at a sampling rate of 15 min using a
YSI 6920 water quality sonde equipped with a 6150 optical DO probe (YSI, USA) and a
6025 chlorophyll probe (YSI, USA). Ancillary data measured in association with diel DO
and chl-a included water temperature (Tw, oC), electrical conductivity (EC, µS/cm), and
water pH. Diel Tw and EC are being measured using a YSI 6560 probe (YSI, USA), while
pH measurements are being made using a YSI 6565 probe (YSI, USA). Accuracy range of
the probes used in this study varies between 0 and 50±0.2 mg/L for DO, between 0 and
400 µg/L for chl-a, between 0 and 100 µS/cm±0.5% for EC, between -5 and 45±0.15 oC
for Tw, and between 0 and 14±0.2 for pH. Measurement resolutions of the probes are
0.01 mg/L for DO, 0.1 µg/L for chl-a, 0.001 µS/cm for EC, 0.01 oC for Tw, and 0.01 for pH.

Data available

The lake is fed by groundwater, and
surrounding streams. Lake water freezes in
winter and has peat formation in its
northwestern, east and south parts. This
section expands over time reducing lake
area.

Our project focuses on quantification of the main components of lake metabolism: GPP,
NEP, and R using diel O2 technique and its improvement. We have been conducting
continuous measurements at three sites of Lake Abant (See Figure 1) at a 15-min interval
using multi-variable water quality sondes since June 2011. The 15-min datasets will be
aggregated to estimate daily, weekly and monthly changes in GPP, NEP and R. Changes in
GPP, NEP and R will be correlated to environmental conditions (water temperature, pH,
electrical conductivity, solar radiation, and major nutrients) and will be modelled. Also, N
and P species are being measured at a 15-day interval from different depths at which the
sondes are placed. With the models developed, a capability- and capacity-strengthening
will be acquired to better understand and predict behavior of lake metabolism for the lake
under local and global environmental changes.

