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Challenge 1: Reflectance uncertainties

WISPstation measurements, Greifensee, 10 May 2021.
Screenshot from www.datalakes-eawag.ch



Challenge 2: Vertical gradients

Minaudo, C., Odermatt, D., Bouffard, D., Irani Rahaghi, A., Lavanchy, S., and Wüest, A. (submitted). Diel and
seasonal drivers of vertical patterns in inherent water optical properties of a large lake.
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ecological state variables (e.g., phytoplankton biomass) at 
hourly time scales (Hamilton and Schladow 1997, Bruce et 
DO��������+LSVH\�HW�DO���������,QSXW�GDWD�DUH�HLWKHU�¿[HG��LQ�
the case of hypsography) biogeochemical rate constants and 
DQ� LQLWLDO� ZDWHU� FROXPQ� SUR¿OH� RI� WKH� VWDWH� YDULDEOHV� WR�
commence a simulation, or dynamic (in the case of meteor-
ological variables such as radiative, conductive and 
FRQYHFWLYH�KHDW�WUDQVIHUV��UDLQIDOO��DQG�ZLQG�VSHHG��LQÀRZV�
�GLVFKDUJH�DQG�FRPSRVLWLRQ�RI�VWDWH�YDULDEOHV��DQG�RXWÀRZV�
(discharge).

In this study, DYRESM-CAEDYM was applied to 2 
lakes: dimictic Trout Bog, Wisconsin, USA (latitude 
46.0°N, area 0.056 km2, maximum depth 7.9 m, oligo-
trophic) and monomictic Lake Rotoehu, North Island, New 
Zealand (latitude 38.0°S, area 7.9 km2, maximum depth 
13.5 m, eutrophic). We chose these 2 lakes on opposing 
ends of gradients of mixing, latitude, trophic state, and 
surface area to highlight the wide range of lakes for which 
the DYRESM-CAEDYM model is applicable. Model input 
data for Trout Bog and measurements at a central lake 
station for comparison with simulation output, including 
details of monitoring instruments and methods, were 
available from the North Temperate Lakes Long Term 
Ecological Research program (www.lternet.edu/sites/ntl/
data) and a sensor data repository (www.lter.limnology.
wisc.edu). Model input data for Lake Rotoehu have 
previously been described by Trolle et al. (2011b) and 
include solar radiation data obtained from Rotorua Airport 
Meteorological Station, 20 km west of Lake Rotoehu. 
High-frequency chlorophyll a and phycocyanin data were 
collected at Lake Rotoehu with a Trios microFlu (Germany) 
sensor deployed at 0.2 m depth from a platform at the 
central monitoring station used by Trolle et al. (2011b).

Fig. 1. Representative lake buoy deployments in (A) Lake Rotorua, 
New Zealand; (B) Lake Erken, Sweden; (C) Trout Bog, Wisconsin, 
USA; and (D) Yuan-Yang Lake, Taiwan.

Fig. 2. Surface area, shape, depth, and absolute latitude for 25 of the instrumented lakes in the GLEON network. Size and location of each lake 
correspond to the centre of area of each lake shape. Southern hemisphere lakes are marked with an asterisk.

Challenge 3: EO cal/val and aquatic science

Hamilton, D.P. et al., 2015. A Global Lake Ecological Observatory Network (GLEON) for synthesising high-frequency
sensor data for validation of deterministic ecological models. Inland Waters 5, 49–56. https://doi.org/10.5268/IW-5.1.566 
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Our main goal:!
-  Lake/oceanfloor science: processes at all spatial and temporal scales!
(incl. ultra high-resolution subaquatic geodetic surveys (using beacon networks), to 
identify tectonic lake/seafloor deformations)!
!
Applied issues with scientific aspects!
-  Natural hazards (rock slides, mass movements, coastal collapses, earthquake studies)!
!
-  Waste issues (waste deposits, amunition, tar, etc.)!

-  Engeneering aspects (stabilities, shore constructions, etc.)!

-  Ship traffic (port bathymetries, navigation routes, shoaling processes, etc.)!

-  Natural resources (gravel and sand in deltas)!

-  Time series of bathymetry changes (coastal erosion, delta-progradation)!

-  Sedimentation processes in reservoirs!

-  Underwater archeological sites!

-  leisure activities (mainly divers)!

!

B A T H Y M E T R Y   D A T A!

Examples natural hazards: Lake Zurich - Oberrieden slides!Challenge 4: Lake morphology

Multibeam echosounding bathymetry in Lake Zurich at Oberrieden. 
From ‘Underwater Landscapes’, F. Anselmetti et al., Swiss Geoscience Meeting 2013.
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LéXPLORE and Thetis profiler in Lake Geneva

Minaudo, C., Odermatt, D., Bouffard, D., Irani Rahaghi, A., Lavanchy, S., and Wüest, A. (submitted). The imprint of
primary production in high-frequency profiles of lake optical properties.
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Instrument Variables Δz [cm]

Sea-Bird CTD SBE 49 Water temperature, conductivity, pressure(1) 0.55

Sea-Bird SBE 63 Dissolved oxygen concentration 10.6

WetLabs AC-S Hyperspectral absorption, attenuation
81 channels from 400 to 730 nm

2.2

Sea-Bird ECO Triplet BB3W Backscattering at 440, 532, 630 10

Sea-Bird ECO Triplet BBFL2w Backscattering at 700 nm
Chlorophyll-a fluorescence (EX/EM: 470/695 nm)
CDOM fluorescence (EX/EM: 370/460 nm)

10

Satlantic HOCR ICSW Hyperspectral downwelling irradiance, 180 channels from 300 to 1200 nm 10

Satlantic HOCR R08W Hyperspectral upwelling radiance, 180 channels from 300 to 1200 nm 10

Sea-Bird ECO PARs Photosynthetically active radiation (400 to 700 nm) 10

Custom Thetis sensor configuration

Minaudo, C., Odermatt, D., Bouffard, D., Irani Rahaghi, A., Lavanchy, S., and Wüest, A. (submitted). The imprint of
primary production in high-frequency profiles of lake optical properties.



Thetis optical closure logic

uncertainty
estimation

Hydrolight radiative 
transfer simulations

a(λ,z), c(λ,z)
absorption, attenuation

chlLH(z)
chlorophyll-a line height

bbp(λ,z)
Backscattering at four wvl

Thetis
ACS

Thetis
ECO-Triplet

Thetis
Satlantic
HOCR

Rrs,HL(λ)
RT simulated

Rrs,ref(λ)
reference measurement

Rrs,sat(λ)
satellite observed

atmospheric 
correction

Sentinel-3
OLCI validationLs(λ)

top of atmosphere

Rrs,qc(λ)
quality checked

Lu-(λ,z)
subsurface radiance

Ed-(λ,z)
subsurface irradiance



Sentinel-3 reflectance validation uncertainties

Irani Rahaghi, A., Minaudo, C., Damm, A., Odermatt, D., in preparation. Optical closure of remote sensing
reflectance using automated hyperspectral profiler data. 

~20% offset at < 600 nm,
low uncertainty in reference

0-20% offset at < 600 nm,
high uncertainty in reference



Rrs uncertainties

Vertical gradients

Cal/val and aquatic science

Lake morphology

Response to challenges

Optical closure simulations
(and !!" upgrade)

Autonomous IOP measurements

Parameter set serves both tasks
and inspires collaboration

Parking at large depth prevents biofouling
but is harder to maintain than above-
surface radiometers



LéXPLORE concession is secured until 2027
Thetis research funding until end of year
Cal/val measurement protocols are in preparation
Collaboration with other Thetis operators is a high priority
Efficient up-scaling of technology must be investigated

Outlook

http://lexplore.info/



LéXPLORE

Thank you for your attention please visit www.datalakes-eawag.ch
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