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14.1 
Towards a Swiss lake temperature monitoring network

Fabian Bärenbold1, Thilo Herold2, Damien Boufffard1, Martin Schmid1

1 Dept. of Surface Waters – Research and Management, Eawag, Seestrasse 79, CH-6047 Kastanienbaum  
 (fabian.baerenbold@eawag.ch)
2 Hydrology Division, Federal Office for the Environment, Papiermühlestrasse 172, CH-3063 Ittigen

Lakes and reservoirs are experiencing major changes world-wide as a result of climate warming. For Swiss lakes, a reduction 
in ice cover, an increase of the duration of summer stratification and a shift of dimictic to monomictic mixing regime for mid-
altitude lakes is expected (Vinnå et al., 2021). Such changes can have large impacts on lakes as ecosystems. The 
temperature of most larger lakes in Switzerland is already monitored by cantonal agencies. However, the time resolution of 
this monitoring is usually monthly to bi-monthly and therefore, long-lasting time series are needed to accurately detect and 
describe changes. (Bouffard et al., 2019).

The Swiss Federal Agency for the Environment (FOEN) has decided to establish its own monitoring network of lake and pond 
temperatures across Switzerland. It has mandated Eawag to deploy high-resolution pilot measurement stations in several 
lakes and ponds (see Figure 1) and to give recommendation on how to couple observations with numerical modelling.

Figure 1. Distribution of the > 11’000 Swiss water bodies larger than 30 m2 as a function of area and elevation (taken from the Swiss 
landscape model Vector25). Red dots indicate water bodies with pilot stations within this project; orange dots indicate lakes with at least 3 
profiles per year by cantonal agencies.

Within this project we investigate the following research questions:
•	 How can small and remote water bodies be monitored in a cost and time effective way?
•	 Are low-cost temperature sensors accurate enough to document mixing dynamics in shallow ponds?
•	 Should temperature sensors be sheltered from sunlight and if yes, how?
•	 For larger lakes, is it more useful to have a temperature mooring (i.e. sensors at fixed depths) or a profiling system 

(i.e. one probe going up and down)?
•	 How, when and in which lakes should we monitor to achieve a representative monitoring system across Switzerland?
•	 How can numerical modelling be used to infer temperature dynamics of unobserved (i.e. without temperature 

measurements) lakes?
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Here, we will present measurements from pilot monitoring stations along with learnings from the first 1.5 years of deployment. 
In addition, we show how water temperature sensors react to direct sunlight and discuss whether this is an issue for water 
temperature monitoring.
Because measurements are costly and time-consuming, we evaluate the use of the one-dimensional lake model Simstrat 
(Gaudard et al., 2019) as a complement to direct observations. The operational simulation platform https://simstrat.eawag.ch 
was extended to small lake and ponds and now simulates close to 100 Swiss lakes. These calibrated lakes can serve as a 
basis to infer model parameters of unobserved (and thus uncalibrated) lakes in the future.

REFERENCES
Bouffard, D., Dami, J., & Schmid, M. (2019). Swiss lake temperature monitoring program. Report Commissioned by the 

Federal Office for the Environment (FOEN).
Gaudard, A., Råman Vinnå, L., Bärenbold, F., Schmid, M., & Bouffard, D. (2019). Toward an open access to high-frequency 

lake modeling and statistics data for scientists and practitioners–the case of Swiss lakes using Simstrat v2.1. Geoscientific 
Model Development, 12(9), 3955-3974.

Vinnå, L. R., Medhaug, I., Schmid, M., & Bouffard, D. (2021). The vulnerability of lakes to climate change along an altitudinal 
gradient. Communications Earth & Environment, 2(1), 1-10.
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14.2 
Biogeochemical controls on nitrous oxide production and consumption 
in Lake Lugano, Switzerland
Teresa Einzmann1, Moritz Lehmann1, Jakob Zopfi1, Claudia Frey1 

1 Department of Environmental Sciences, University of Basel, Bernoullistrasse 30, CH-4056 Basel  
 (teresa.einzmann@unibas.ch)

Nitrous oxide (N2O) is a strong greenhouse gas and an ozone-destroying agent, the concentration of which in the atmosphere 
has been increasing significantly over the last few decades. The contribution of lacustrine systems to global N2O emissions is 
uncertain because of a lack of understanding of the environmental controls on the production and consumption processes 
involved in N2O cycling, and their spatial and temporal variability. 

In this study, we investigate seasonal N2O cycling in Lake Lugano, a eutrophic South alpine lake located at the Swiss-Italian 
border, which serves as an excellent model system for an anthropogenically impacted lake. The lake consists of two main 
basins with different mixing regimes. The North Basin is permanently stratified with an anoxic and sulfidic deep hypolimnion, 
whereas the South Basin shows seasonal stratification and bottom-water anoxia during summer and complete mixing in 
winter. These contrasting mixing dynamics can potentially lead to different seasonal N2O emission patterns, which we 
investigate. While there is significant interannual and seasonal variability in N2O concentrations particularly in the South 
Basin, the episodic occurrence of very high N2O concentrations (up to 900 nmol/l) in both basins have been observed, which 
begs a more detailed investigation of processes that produce or consume N2O in Lake Lugano.

N2O can be formed as a byproduct during nitrification in the oxic environment, i.e., the stepwise oxidation of ammonium to 
nitrate. Another important process contributing to N2O production is nitrifier denitrification by ammonium-oxidizing bacteria at 
low oxygen levels, where nitrite is sequentially reduced to N2O. Denitrification on the other hand is the main sink for N2O via 
the reduction of nitrate over nitrite over N2O to finally N2 under anaerobic conditions. However, incomplete denitrification can 
result in the accumulation of N2O particularly at the suboxic-anoxic interface. Here, we study the isotopic composition of N2O 
throughout the water column over one year in order to identify reductive versus oxidative N2O production (the different N2O 
production pathways are known to produce distinct N2O-isotopic/isotopomeric signatures). Moreover, via tracer incubation 
experiments using 15N labeled nitrogen compounds (15NH4

+, 15NO2
-, 15NO3

-, 15N2O), seasonal rate fluctuations of processes 
involved in N2O cycling will be investigated throughout the water column of both  basins. First results of 15N2O incubation 
experiments show that in the permantently stratified North Basin, the last step in denitrification, i.e., the reduction of N2O to 
N2, only takes place in the presence of H2S, highlighting sulfide-dependent chemolithotrophic denitrification as important 
control on the accumulation of N2O in the water column. In contrast, in the South Basin, denitrification is not dependent on 
H2S but was found to occur during the stratification period in the anoxic hypolimnion indicating heterotrophic denitrification.
The ongoing work investigating the different processes producing and consuming N2O in Lake Lugano will help to gain a 
better picture of N2O cycling in this lake, and its role as a N2O source or sink to the atmosphere throughout the year, with 
general implications for lacustrine N2O emissions under different mixing regimes.
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14.3 
Holocene lacustrine paleoenvironmental evolution, examples from 
Cameroon lakes (SW-Africa)
A. Z. Ekoa Bessa1, P-D Ndjigui2, T. Adatte1

1University of Lausanne, Bâtiment Géopolis, UNIL-Mouline, CH-1015 Lausanne (armelekoa@yahoo.fr)
2 Faculty of science, University of Yaoundé 1 (CMR), PO BOX 812, Yaounde, Cameroun

Lakes are the most attractive and expressive characteristics of a landscape. Lacustrine sediments provide a historical record 
of the conditions prevailing in the catchment environments. They are highly sensitive to paleoenvironmental change. The aim 
of this study is to reconstruct the paleoenvironment of 3 lakes located in Yaoundé, Dizangué and Ngaoundaba regions 
(Cameroon, SW-Africa) for the last 1000 years using a multiproxy approach including sedimentology, mineralogy, 
geochemistry, radiocarbon dating, diatoms and palynology.

Sediment samples were taken from a raft and polyvinyl chloride (PVC) pipes They generally consist of sub-rounded and 
sometime rounded particles indicative of both aeolian and medium fluvial transport. Their physical and chemical features 
suggest both proximal and distal origins. The presence minerals such as quartz, kaolinite, smectite, hematite, goethite, 
feldspars, rutile and calcite with traces of illite, vivianite and ilmenite suggest high weathering under warm and humid 
conditions. 

According to geochemistry, the sediments derived from felsic, intermediate and mafic rocks from nearby granitic, gneissic and 
basaltic rocks. Weathering indices indicate high intensity of alteration related to both active and passive margin tectonism. 
Element ratios indicate a low compositional maturity in oxic and low salinity paleoenvironment. These sediments were 
deposited in a shallow marine and fluvial depositional environments with an increase water depth environmental condition. 
According to radiocarbon dating, the studied sediments are Holocene in age. Palynological and diatom data reveal major 
hydrological changes, which occurred over the last 1000 years, mainly characterized by strong fluctuations in wet and dry 
conditions during the «Medieval Warm Period» (1100-800 yrs BP) and dry conditions during the «Little Ice Age» (500-300 yrs 
BP). These hydrological changes have controlled the dynamics of tropical rainforests in this part of Africa, resulting in their 
expansion during periods of heavy rainfall and contraction during periods of reduced rainfall.

Keywords: Sedimentology, geochemisty, diatoms, palynology, paleoenvironmental reconstruction, lacustrine sediments.



8 Symposium 14: Limnology in Switzerland

Swiss Geoscience Meeting 2022 · Swiss Academy of Sciences (SCNAT) · Platform Geosciences

8

14.4 
Tracing calcite precipitation at fine scale in Lake Geneva

Nicolas Escoffier1, Pascal Perolo1, Gaël Many1, Natacha Tofield Pasche2, Marie-Elodie Perga1 

1 Institute of Earth Surface Dynamics, University of Lausanne, CH-1015 Lausanne (nicolas.escoffier@unil.ch)
2 Limnology Center, ENAC, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne 

In hardwater lakes, calcite precipitation is a pivotal yet understudied process of the lacustrine carbon cycle by which 
catchment-derived alkalinity (Alk) is transformed. While the thermodynamic conditions supporting the supersaturation of water 
with respect to calcite are theoretically well described, to date, the magnitude and conditions underlying calcite precipitation 
at fine temporal and spatial scales remain poorly constrained, especially in large and deep lakes. In this study, we used multi-
sensor high frequency depth-resolved (0 – 30m) data collected over 18 months (June 2019 – November 2020) in the deeper 
basin of Lake Geneva to capture the dynamics of calcite precipitation fluxes at a fine temporal resolution (day to season) and 
to scale them to carbon fixation by primary production. Calcite precipitation occurred during the warm stratified seasons when 
surface water CO2 concentrations were below atmospheric equilibrium. At the seasonal scale, the extent of Alk loss through 
calcite precipitation (i.e., [30 – 42] g C m-2) depended upon the level of Alk in surface waters. Moreover, interannual variability 
was related to the duration and depth of the stratification, conditioning the volume of the corresponding water layer 
susceptible to calcite precipitation. At finer timescales, calcite precipitation was characterized by a marked daily variability 
whose dynamics was strongly related to that of planktonic autotrophic metabolism. Increasing daily calcite precipitation rates 
(i.e., maximum values 9 mmol C m-3 d-1) coincided with increasing net ecosystem production (NEP) during periods of 
enhanced water column stability. In these conditions, carbon-derived calcite precipitation and NEP rates eventually reached 
equimolar values. This study provides a refined mechanistic perspective on the conditions driving pelagic calcite precipitation, 
quantifying its essential role in the coupling of organic and inorganic processes within the lacustrine carbon cycle.
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14.5 
Self-Contained Submersible Potentiometric Probe for Real-Time In Situ 
Carbonate and pH Concentration Measurements 
Tara Forrest1, Thomas Cherubini1, Stéphane Jeanneret1, Elena Zdrachek1, Polyxeni Damala1, Eric Bakker1

1 Department of Inorganic and Analytical Chemistry, University of Geneva, Quai Ernest-Ansermet 30, CH-1221 Genève  
 (tara.forrest@unige.ch)

With an ever-growing concern about greenhouse gases being released into the atmosphere, being able to carefully monitor 
all species associated to the carbon cycle is of crucial importance. In freshwater systems, dissolved inorganic carbon is 
mainly found as carbonate and bicarbonate ions. They play a key role in many chemical processes, such as pH regulation. 
Increased carbon dioxide partitioning from the atmosphere may ultimately cascade into lake acidification or species extinction. 
Water quality is generally monitored at fixed sampling stations and only give intermittent indication on local concentrations. 
Due to the dynamic processes occurring between carbonate species and pH, in situ detection methods are greatly preferred 
over traditional sampling and remote analysis, which require rigorous and tedious procedures that are prone to errors. 

Based on recent work (Forrest et al. submitted) we present here a new self contained submersible probe that can analyse 
carbonate and pH autonomously without an external power source or regular maintenance. The setup includes a raft 
equipped with solar pannels, a bluetooth antenna and a battery. It is estimated that just 2 h of sunlight are required daily to 
power the entire system. The excess can be stored in the backup battery and used to power the device during the night or in 
the absence of sunlight. When fully charged the battery can power the system for eight days. The probe is directly mounted 
to the raft and can be deployed at various depths, depending on the type of measurements that are required. The aquired 
data are stored internally on an SD card for backup but can be accessed remotely from any location thanks to the 
communication module implemented on the raft. Basic troubleshooting of the intrument can also be performed through this 
channel, reducing the need for on-site maintenance. Direct access to the concentration (not activity) of the analyte is made 
possible by a one-step calibration procedure that runs at predetermined time intervals. Improved signal stability and reduction 
of temperature dependence are achieved by using a new reference element based on the principle of electrochemical 
symmetry. This probe has been deployed in Lake Geneva during a field campaign performed at the LéXPLORE platform. 
Good crosscorrelation with reference methods and constant access to analyte concentration make this system a valuable tool 
for autonomous environmental analysis.

REFERENCES
Forrest et al., 2022: Submersible Probe with In-line Calibration and Symmetrical Reference Element for Long-term Continuous 

Direct Nitrate Concentration Measurements [Manuscript submitted for publication]
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14.6 
In situ assessment of the behavior and fate of the dynamic fraction of 
inorganic arsenic species.
Tanguy Gressard1, Nicolas Layglon1, Eric Bakker1, Marylou Tercier-Waeber1

1 Dept. of Inorganic and Analytical Chemistry, University of Geneva, 30 Quai E.-Ansermet, 1211 Geneva 4, Switzerland.

Arsenic, from natural and anthropogenic sources, is an ubiquitous metalloid of global concern. Arsenic is persistent, has 
carcinogen properties, tendency to bioaccumulate and bio-amplify through the food chain. Therefore, international provisional 
guidelines for water quality and water quality criteria have been established. However, all guidelines are based on the total 
dissolved As concentration, while  it is well known that the toxicity and bioavailability of As is highly dependent on its chemical 
form and oxidation state [1]. Arsenic in the aquatic environment is mainly present under inorganic forms which are generally 
more toxic than the organic ones. Experiments performed in synthetic media, with higher As concentrations than the one 
encountered in natural media, shown that biotic parameters may regulate the inorganic arsenic speciation [1]. In natural waters, 
inorganic speciation evolve in time and space which highlith the need of in situ high resolution monitoring.

We report here, the determination of the dynamic inorganic As species on a nanofilament gold-plated microelectrode array 
(AuNF-GIME) covered with an antifouling gel incorporated in a submersible probe named TracMetal [2]. These fractions 
represent the fraction available for bio-uptake. The analytical method consists of a sequential detection of the dynamic inorganic 
As(III) followed by the total dynamic inorganic arsenic using Square Waves Anodic Stripping Voltammetry. The dynamic 
inorganic As(V) is then calculated by substraction. The variation of the inorganic As speciation at hour time scale and space (in 
depth) during contrasting seasonal conditions will be presented. Prilimary hypothesis on the influence of biotic and abiotic 
processes on dynamic As species will be discussed by comparaison of the in situ As and master bio-physicochemical 
parameters and complementary laboratory analyses in collected samples. This study is part of a LéXPLORE project (SyBAM: 
Synergic interaction between arsenic and microorganism).

REFERENCES
[1] Barral-Fraga L, Barral MT, MacNeill KL, Martiñá-Prieto D, Morin S, Rodríguez-Castro MC, et al. 2020: Biotic and Abiotic 

Factors Influencing Arsenic Biogeochemistry and Toxicity in Fluvial Ecosystems: A Review, International journal of 
environmental research and public health, 17(7), 2331.

[2] Tercier-Waeber M-L, Fighera M, Abdou M, Bakker E, van der Wal P. 2021: Newly designed gel-integrated nanostructured 
gold-based interconnected microelectrode arrays for continuous in situ arsenite monitoring in aquatic systems. Sensors 
and Actuators B: Chemical, 328, 128996.

[3] Tercier-Waeber, M.-L., Confalonieri, F., Abdou, M., Dutruch, L., Bossy, C., Fighera, M., Bakker, E., Schäfer, J., 2021: 
Advanced multichannel submersible probe for autonomous high-resolution in situ monitoring of the cycling of the potentially 
bioavailable fraction of a range of trace metals, Chemosphere 282, https://doi.org/10.1016/j.chemosphere.2021.131014.
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14.7 
Quantum yield and quenching: Investigating phytoplankton sun-induced 
fluorescence from in-situ hyperspectral measurements in Lake Geneva
Remika S. Gupana1,2, Alexander Damm1,2, Abolfazl Irani Rahaghi1, Camille Minaudo1,3, Daniel Odermatt1,2  

1 Eawag, Swiss Federal Institute of Aquatic Science & Technology, Surface Waters – Research and Management, Dübendorf,  
 Switzerland (remika.gupana@eawag.ch)
2 Department of Geography, University of Zurich, Zurich, Switzerland 
3 Department of Ecology, University of Barcelona, Barcelona, Spain 

Increasing capacity of satellite remote sensing for the measurement of sun-induced fluorescence (SIF) opens new pathways 
to advance estimates of chlorophyll-a concentration and primary productivity, which are key to determining the ecological 
status of aquatic ecosystems. 

The complex energy partitioning of incoming solar light energy absorbed by phytoplankton in either 1) photosynthesis, 2) heat 
dissipation, or 3) fluorescence emission, complicates the interpretation of measured SIF.Photochemical Quenching (PQ) and 
Non-Photochemical Quenching (NPQ) of fluorescence is linked to photosynthesis and heat dissipation, respectively. 
Particularly problematic is to disentangle whether changes of SIF are related to a physiological regulation of PQ and NPQ by 
phytoplankton cells. In this context, the quantum yield of fluorescence (ϕF) (i.e. the ratio of photons emitted as fluorescence 
over the total irradiance absorbed) could be used to understand whether SIF is determined by PQ or NPQ occurrences. 

Exploiting the capacity and defining strategies to utilize ϕF for the interpretation of SIF requires detailed in-situ studies. The 
acquisition of SIF and ϕF are, however, challenged by their high temporal and physiological variability. Furthermore, the need 
for combined measurements enclosing all relevant optical paths, particularly in inland waters, is scarce. In addition, 
information on diurnal and seasonal ϕF in relation to PQ and NPQ are almost unknown.

In this contribution, we demonstrate how to estimate ϕF using an ensemble of optical in-situ measurements, including 
hyperspectral downwelling irradiances and upwelling radiances, bulk absorption and scattering, and chlorophyll-a 
concentration acquired with an autonomous Thetis profiler in Lake Geneva. We use vertical and temporal changes in 
retrieved ϕF to determine conditions at which NPQ dominates over PQ for the period between October 2018 and September 
2021. 

We observed NPQ in 36% of the total daytime profiles used in the ϕF analysis. There was also a seasonal trend in PQ and 
NPQ occurrences observed with NPQ occurring in roughly half the cases in spring and summer while there was none in fall 
and winter. Available light (i.e. downwelling irradiance) is a main contributor to photosynthetic activity and whether saturation 
irradiance is reached. However, its role cannot be easily interpreted. Other factors such as phytoplankton photoregulation and 
seasonal succession of phytoplankton communities also likely play significant roles in determining the response to incident 
light and therefore, quenching mechanisms. 

We conclude that an adapted approach exploiting in-situ data is suitable to determine diurnal NPQ occurrence and its 
seasonal patterns, and helps develop future remote sensing algorithms. We suggest to systematically exploit recent and 
future hyperspectral satellite missions (e.g. ESA’s FLEX, ASI’s PRISMA and NASA’s PACE) and how they could facilitate the 
retrieval of aquatic SIF and ϕF and related aquatic applications with their contiguous spectral coverage and high spectral 
resolution. 
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14.8 
Effect of lake exposure on a population of enteroviruses

Odile Larivé1, Htet Kyi Wynn1, Tamar Kohn1

1 Laboratory of Environmental Chemistry, School of Architecture, Civil and Environmental Engineering, École Polytechnique  
 Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland
* To whom correspondence should be addressed: e-mail: tamar.kohn@epfl.ch; phone: +41 21 69 30891

Enteroviruses are commonly circulating human viruses that are shed into the sewage by infected individuals. They are then 
discharged into the environment, where they can persist for long periods of time and can pose a threat of human health. The 
enterovirus genus displays diversity and not all enterovirus serotypes are equally affected by natural stressors. Their 
persistence in the environment will vary too, but the persistence in natural water of only few serotypes has been studied and 
most studies were performed in laboratory. The objective of this study was to evaluate the diversity in decay in Lake Geneva 
among a population of enteroviruses. 

To measure the inactivation of enteroviruses in-situ, an environmental chamber was custom-designed to expose viruses 
safely to the lake environment, while being contained (Figure 1). The chambers were moored in the perimeter of the 
LéXPLORE platform. A population of eight enteroviruses was exposed to Lake Geneva in the environmental chamber for five 
days during winter and summer.

Our findings show that temperature is an important factor governing enteroviruses inactivation in the lake, inactivation being 
globally more important at higher temperatures. We observed a wide range of inactivation among serotypes during both 
seasons, but the relative sensitivity of the serotypes differed between seasons. As a result, enterovirus populations in the lake 
are expected to be dominated by different serotypes depending on season (though the final population composition will also 
be determined by serotype-specific shedding rates and removal efficiencies during wastewater treatment). Independent of 
season, the inactivation observed in the lake was found to be mainly microbial.

The project is subjected to the OFEV Permission number B21003.
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Figure 1. (A) Schematic of the environmental chamber constituents and picture of the environmental chamber. (B) Schematic of the mooring 
site of the chambers at the Lexplore platform, the yellow circles and red triangles representing the main and secondary buoys. (C) Protection 
of the chamber and of the rope to avoid deterioration by friction. (D) Picture of a test chamber deployed at 2 m depth. (E) Attachment of the 
chamber to the rope to avoid tension due to the weight.
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14.9 
Quantification of the nioxime-labile Ni and Co concentrations in Lake 
Geneva during a diurnal cycle
Nicolas Layglon1, Sébastien Creffield1, Eric Bakker1, Mary-Lou Tercier-Waeber1

1 University of Geneva, Sciences II, Quai E.-Ansermet 30, 1221 Geneva 4, Switzerland (Nicolas.layglon@unige.ch)

Assessing the impact of trace metals on aquatic ecosystems and ultimately human health is challenging. Trace metals are 
distributed in a variety of redox states and chemical species that may vary continuously in space and time [1,2]. Only some 
trace metal species are bioavailable. The development of robust and adaptive submersible sensitive trace metal 
bioavailability-assessment tools is therefore required to support the establishment of environmental quality standards and 
guidelines based on realistic risk assessment to protect aquatic life and biodiversity, and ultimately human health.

Toward this aim, we developed on-chip chemical sensors consisting of an array of interconnected iridium-based microdiscs 
that are electroplated with appropriate sensing elements and covered with a hydrogel as efficient antifouling membrane [2,3]. 
Incorporated in in-house submersible probes and interrogated by Square Wave Anodic Stripping Voltammetry (SWASV), 
these gel-integrated microelectrode arrays (GIME) allow for the direct in situ quantification of the dissolved metal species that 
are available for uptake by phytoplankton (first chain of the food-web) [2.3]. To date, only trace metals that can be 
electrochemically reduced and pre-concentrated at the surface of the electrode could be measured. A wider range of trace 
metals may become accessible by adsorptive cathodic stripping voltammetry (AdCSV). This technique has been mainly 
applied with renewable mercury or bismuth film electrodes which is difficult to adapt for in situ measurements.

We report here on the optimization and evaluation of AdCSV on GIME for the direct quantification of the sufficiently labile Co 
and Ni dissolved species in aquatic systems. The methodology was first characterized and validated in laboratory. The 
optimized protocol was then applied on a GIME incorporated in a submersible probe to in situ determine the sufficiently labile 
Co and Ni dissolved species in Lake Geneva (LeXPLORE project). Samples were also collected to analyze the total acid-
leachable, the total dissolved and the “truly” dissolved fractions. The combination of these four fractions allowed to better 
assess the Co and Ni speciation in the environment, something never achieved before.

REFERENCES
[1] Tercier Waeber, M.-L., Stoll, S., Slaveykova, V., Trace metal behavior in surface waters: emphasis on dynamic speciation, 

sorption processes and bioavailability. Arch. Sc. 2012, 65, 119–142.
[2] Tercier-Waeber M-L, Hezard T, Masson M, Schäfer J., In Situ Monitoring of the Diurnal Cycling of Dynamic Metal Species 

in a Stream under Contrasting Photobenthic Biofilm Activity and Hydrological Conditions. Environ Sci Technol 2009, 43, 
7237–7244.

[3] Tercier-Waeber M-L, Confalonieri F, Abdou M, Dutruch L, Bossy C, Fighera M, Bakker E., Graziottin F., Van der Wal P., 
Schäfer J., Advanced multichannel submersible probe for autonomous high-resolution in situ monitoring of the cycling of 
the potentially bioavailable fraction of a range of trace metals. Chemosphere 2021, 282. 
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14.10 
Long-term spatiotemporal variability of whitings in Lake Geneva from 
multispectral remote sensing and machine Learning
Many, G.1, Escoffier, N.1, Ferrari, M.1, Jacquet, P.2, Mariethoz, G.1, Perolo, P.1, Odermatt, D.3, Perga, M-E1.

1 Institute of Earth Surface Dynamics, University of Lausanne, Lausanne, Switzerland
2 Scientific Computing and Research Support Unit, University of Lausanne, Lausanne, Switzerland
3 Eawag, Swiss Federal Institute of Aquatic Science and Technology, Surface Waters, Research and Management,  
 Dübendorf, Switzerland

Abstract: Whiting events are sudden and massive calcite precipitation events turning hardwater lake waters to a milky 
turquoise color. Changes in the timing and annual frequency of lakes’ whitings have been speculated under global change. 
The transitory nature of whiting events and their variable spatial extent yet make them not well captured by traditional 
monitoring so that such a hypothesis remains mostly untestable due to a lack of adequate data. Herein, we use a multi-
spectral remote sensing approach to reconstruct the occurrence and spatial extent of whiting events in Lake Geneva from 
2013 to 2021. Landsat-8, Sentinel-2, and Sentinel-3 multispectral sensors are combined and intercalibrated to derive the 
AreaBGR index and identify whiting events over the studied period using appropriate filters. Results show that the 
combination of multi-spectral sensors is suitable for monitoring whiting events in Lake Geneva on large spatial and temporal 
scales. 95% of the detected whitings are located in the northeastern part of the lake, and occur in a highly reproducible 
environmental setting: a high Rhône River discharge (358.6 +/- 102.1 m3 s-1), air and water temperatures of 21.3 +/- 3.0 °C 
and 18.0 +/- 1.9 °C respectively, and a deep thermocline in the lake during the stratified period (11.1 +/- 0.6 m depth). The 
full-time series of whitings is reconstructed from a random forest algorithm over the last 60 years and analysed through a 
Bayesian decomposition for annual and seasonal trends in the number of whiting days. Results show that the annual number 
of whiting days between 1958 and 2021 does not follow any particular monotonous trend. The inter-annual changes of whiting 
occurrences is significantly correlated to the Western Mediterranean Oscillation Index (WeMOI). Besides, spring whitings 
appear to increase since 1998 and significantly follow the variability of the Atlantic Multidecadal Oscillation index (AMO).
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14.11 
Effects of coastal upwelling and its relaxation along the northern shore of 
Lake Geneva
François Mettra, Fedro Mattei, Ulrich Lemmin, David Andrew Barry

Ecological Engineering Laboratory (ECOL), Institute of Environmental Engineering (IIE), Faculty of Architecture, Civil and 
Environmental Engineering (ENAC), Ecole Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne  
(francois.mettra@epfl.ch)

Human activities can have a considerable impact on lakes. Notably, contaminants coming from coastal areas via rivers, waste 
water treatment plant outflows or direct runoff can deposit in their nearshore zones. Most of the time, the nearshore zone is 
considered hydrodynamically independent of the pelagic zone, thus favoring the accumulation of contaminants in the 
nearshore region. In addition, the epilimnion, the surface layer above the strong thermocline that forms during the warm 
season, limits the exchange with deeper layers during that season. For that reason, water intakes, e.g., for drinking water, 
draw water from relatively deep layers and far from the shore. However, the offshore extent of the nearshore zone is poorly 
known in Lake Geneva. Furthermore, a strong tilt of the thermocline after wind events can lead to a brief, but relatively 
important deep vertical exchange.

Therefore, we designed a field study to better understand the hydrodynamics of the nearshore zone and observe how its 
extent evolves throughout the seasons and due to wind forcing. Moorings with Acoustic Doppler Current Profilers (ADCPs) 
and vertical thermistor lines were deployed on the northern shore of Lake Geneva near the village of Buchillon. A fiber optic 
cable, previously layed down along the sloping bed at the field site, provides bottom temperature on an 1800-m long cross-
shore transect and provides a link to the pelagic zone.  A turbulence platform was developed and installed to shed light on the 
effects of mixing in the nearshore zone on the littoral - deep interior exchange. Finally, a 3D hydrodynamic model of Lake 
Geneva allows interpreting the hydrodynamics on a larger scale.

In this study, we focus on Vent events (winds from the southwest) that induce coastal upwelling at the field site and on 
subsequent strong coastal fronts which form during the event relaxation and then travel along the coast in a Kelvin wavelike 
pattern. When these cyclonic (counterclockwise rotating) waves passed the field site, a strong downwelling was observed. 
Furthermore, this study showed that nearshore sediment was resuspended and potentially dispersed much deeper than the 
normal depth of the thermocline due to the downwelling. Surprisingly, hydrodynamic features evolving during the relaxation of 
the wind event seem to have a greater effect on the nearshore lakebed and the dispersal of contaminants than during the 
development period of the upwelling, i.e., during the wind event.
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14.12 
Radiocarbon and stable carbon isotope measurements of dissolved 
inorganic and organic carbon from the LéXPLORE platform on Lake 
Geneva

Margot E. White1, Benedict V.A. Mittelbach1, Negar Haghipour1, Thomas Blattmann1, Céline Jacquin2, Nathalie Dubois1,3,and 
Timothy I. Eglinton1

1 Department of Earth Sciences, ETH Zürich, Switzerland (margot.white@erdw.ethz.ch)
2 Department Process Engineering, EAWAG, Dübendorf, Switzerland 
3 Department Surface Waters Research & Management, EAWAG, Dübendorf, Switzerland 

Radiocarbon Inventories of Switzerland (RICH) aims to construct the first national-scale census of carbon across aquatic, 
terrestrial, and atmospheric reservoirs. Within the Swiss carbon cycle, inland waters play a crucial role with lakes integrating 
carbon from various sources within their catchment in addition to that fixed by local primary productivity. Isotopic 
measurements of carbon pools can differentiate contributions from these various sources. Here we will present carbon 
isotope measurements of dissolved organic carbon (DOC) and dissolved inorganic carbon (DIC) from monthly water column 
samplings of Lake Geneva collected at 6 depths from the LéXPLORE platform beginning in April 2022. In addition to 
concentration and isotope measurements, we will use optical measurements (fluorescence and absorbance) of lake water to 
identify different organic matter contributions. Preliminary results show that the average radiocarbon signature of DIC in Lake 
Geneva is depleted relative to atmospheric CO2, indicating around 17% contribution from petrogenic (limestone-derived) 
carbon. The most depleted values of DI14C (as low as -200 per mil) correspond with evidence of Rhone inflow reflected in 
profiles of turbidity and salinity. Consistent with increased primary productivity during the summer months, DOC 
concentrations increased compared to springtime observations. r
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P 14.1 
Impact of inflow on mountain lake heat flux

Isabel Herr1, Marie-Elodie Perga1, Damien Bouffard2

1 Institut des dynamiques de la surface terrestre, University of Lausanne, Bâtiment Geopolis, CH-1015 Lausanne  
 (isabel.herr@unil.ch)
2 Eawag, Seestrasse 79, CH-6047 Kastanienbaum

Mountain lakes are often described as sentinels for climate change as they react rapidly to the global and local climate. Due 
to their small size, small catchment areas, and steep surrounding slopes, mountain lakes also respond rapidly to changes in 
their catchment. Traditional one-dimensional models based solely on meteorologic conditions fail to represent their 
temperature cycles. In contrast to low altitude lakes, energy balances in mountain lakes are highly impacted by catchment 
properties such as snow cover and inflow rather than direct fluxes with the atmosphere. An additional practical challenge 
comes from the lack of accessibility and harsh field conditions of these lakes. The evolution of mountain lakes in a changing 
climate is thus still unknown. 

This study quantifies the role of throughflow in the heat budget in various Alpine lakes in the French alps spanning from 2000 
m to 3000 m a.s.l, in glacial and non-glacial watersheds using meteorological and water temperature data collected in the 
“Réseaux Sentinelle” Lakes in France. Our results highlight that these changes in the watershed must be included in the 
classical one-dimensional vertical description of the heat exchanges based on meteorological conditions to characterize the 
evolution of mountain lakes under climate changes.

All Codes are available at : https://renkulab.io/gitlab/damien.bouffard/heat-flux-lac-sentinelles
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P 14.2 
Two very different summers for Lake Geneva as observed by the 
LéXPLORE platform  
Martin Wegmann1, Natacha Toefield-Pasche1 

1 Limnology Center, EPFL, Station 2, 1015 Lausanne (martin.wegmann@epfl.ch)

The floating platform LéXPLORE offers high-resolution observations for water properties of Lake Geneva (Wüest et al. 2021). 
With its permanently fixed location, it allows for pinpoint investigation of changes in the water column over time. Out of all the 
instruments connected with the platform, we use the Thetis profiler and meteo station to compare the summers 2021 and 
2022. Defined by very different meteorological forcings, with low pressure conditions (warm and wet) in 2021 and high 
pressure conditions (hot and dry) 2022, we find strong differences in water temperature, salinity, dissolved oxygen and 
chlorophyll A properties in the water column below the platform. With reduced precipitation and runoff in spring and summer 
2022, less nutrients were entering the surface layers of the lake. On top of that, invasive Quagga mussels probably consume 
large parts of the Lake’s nutrients these days, but quantifying the impact of this consumptions is currently still extremely 
uncertain. Regardless, this years’ atmospheric dynamics led to deeper maxima of chlorophyll A and oxygen production, even 
though temperatures and incoming solar radiation were much higher in 2022. Our findings highlight the complexity and 
counter-intuitive feedbacks of anthropogenic global warming with respect to algae dynamics in large oligotrophic lakes. 
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