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Swiss Inland Water Bodies Monitoring and Modeling:

Current status, Challenges, and Opportunities
Abolfazl Irani Rahaghi'?, Daniel Odermatt*-

T Eawag, Swiss Federal Institute of Aquatic Science and Technology, Surface Waters — Research and Management, Diibendorf, Switzerland

2 Department of Geography, University of Zurich, Zurich, Switzerland

In situ data Remote sensing

abolfazl.irani@eawag.ch
e awa Faculty of Civil Engineering CO M
000 K. N. Toosi University of Technology To create more value
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History of limnology in Switzerland

F.-A. FOREL

LE LEMAN

MONOGRAPHIE LIMNOLOGIQUE

TOME PREMIER

LAUSANNE
F. ROUGE, EDITEUR

Libeairie de |'Université

RUE HALDIMAND, 4

1892

Francgois-Alphonse Forel (1841-1912;
Morges, Switzerland)

Forel, F.-A. 1892. Le Léman - Monographie Limnologique.
Tome |, Editions Rouge Lausanne, Lausanne, 543p
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Main sources of information

internal
waves

\ z[m]
* Perhaps the most reliable source of * Good spatial information * Great temporal (and spatial) coverage
information * Poor temporal frequency * Usually inexpensive
* Sparse in space (and maybe in time) Usually with high uncertainty Predictive capability
* Expensive (especially for the *  “All models are wrong, some are
researchers) useful”; George Box (1919-2023)

Figure from Odermatt et al., Diversity Il water quality parameters from ENVISAT (2002-2012): A new global information

e awa source for lakes, Earth Syst. Sci. Data, 10, 1527-1549, Universitat
se o 1 UZH
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< Alplakes

Dissemination of multi-source information
Search lakes

Forecasts and monitoring of alpine lakes Water temperature
>25°C @ 10-15°C
& 3D Model $ DModel == Satellite A Insitu : ]250 '22050 CC : f’g?cc
V' Sort 243 results
Measurements -
U =
Lake Geneva S © oo B
1.9° 1.9° 1.8° ] n.3°
Lake Neuchdtel
Today Sun Mon Tue Wed I
Lake Constance o Lake Thun
. LucdeJ;ux - { -
9.8° 9.8° 9.8° 96° 9.5°
Lake Geneva
Today Sun Mon Tue Wed
3it 3 llisee
Lake Garda & © oo Rhéne
4° e 4 139 138° Sl
Today Sun Mon Tue Wed
Lake Neuchétel S oo & Lake B°”ige‘ ‘
n° n° 10.9° 10.7° 10.5°
Today Sun Mon Tue Wed
% 3it 3 =
Lake Maggiore (OF=1 ==Y
139" 13.9° 13.8° 13.7 13.6°
Today Sun Mon Tue Wed
Lake Como ® oo
14.3° 14.2° 14.2°
Today

Sun

14° 13.9°

Today Sun

SONaE...

https://www.alplakes.eawag.ch/

Lakes Models Downloads Blog About EN
V\ &
Loke Constonce
Unterer Chatzensee . ‘

| Lok Zurich n3

5
\ \'\v- Lake Walen
Luke Luceme '\ e

)‘»l
4
»

Davosersee

Lago Superiore [S8Y

Lago di Vogorno

Lake M ”
¢ A

Mon Tue Wed

Imprint

2025 Alplakes v20

© James Runnalls

# @


https://www.alplakes.eawag.ch/

Available products on AlpLakes

Water quality: Chl-a, Turbidity, and Secchi depth from Sentinel-2/3 | A.l. Rahaghi, M. Werther, D. Odermatt

Physical parameters: LSWT from Landsat-8/9 | A.l. Rahaghi, D. Odermatt

3D model and Particle tracking: Hydrodynamics from Delft-3D | A.l. Rahaghi, M. Amadori, D. Bouffard

1D model : Hydrodynamics & Bio-geochemistry from Simstrat | F Barenbold,, M. Schmid

In situ data: VVarious from Different sensors ‘ More detailed data on https://www.datalakes-eawag.ch/

Almost all data and codes are freely available!

£7El %) Universitat
) Ziirich”™

eawag
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In situ measurement challenges:
The Case Of Lago Bianco LagoBianco(234m)

Buoy deployment (Spring)

/

Max water depth .

ROPE UNDERWATER WEIGHT
Material:Nylon Material: SS-316
Size: D=16 mm Weight in water: 12 kg
=16 mm P

Tide

Buoy removal (Fall)
UNDERWATER FLOAT

Material:Impact molded plastic
Uplift: 84 Npa

Min water depth
ANCHOR
Material: concrete

weight: 400

CHAIN

Material: SS 316
SHACKLE Size: D=13 mm
Material: SS 316

Weight in water 3,4 kg/m /:F
Size: D=14 mm anng ;7 m i

[X]

rsitat

eawag
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Remote sensing challenges:
Some examples from diverse lakes

Optical satellite, e.g. Sentinel-2 MSI or
Landsat-8/9 OLI/OLI-2
=

Emergence of the
s, adjacency effect (AE)

\
\

\
_ *,Electromagnetic
Fmask - USGS Temperature [*C] - Acolite TACT Pixel classifier - RF + radiation
. \
S5
6.52 667 37 6.52 - ¥
Longitude Longitude Longitude 8.52 “ J
L8/OLI, 2024-07-05, 195/028 Water Total cloud  Other Longitude 9, -/
= . g/
Pixel ¢ -RF Target pixel N
Fmask - USGS ‘d “-
AWP- :
Richter Vermote T
1990 1997 SIMEC LEIPSIC Inland T-Mart RAdCor &
Water 5
- ] ,..
8.61 864 ;i 8.61 8.64 8.61 . .
Longitude Longitude Longitude - o A d ff t
Longitude acency errect issue
L8/OLI, 2023-08-13, 194/027 Water Total cloud Other 18 20

L eeee— Pixel ¢ ifier - RF

P S  Transects in four Swiss lakes
e Algorithms assessment

-89.48 -89.43 89.37 -89.43 -89.37

8943 -89, 8943
Longitude Longitude Longitude Langituda 482 nm
L9/OLI, 2021-11-23, 024/030 Water Total cloud  Other | — nsn --= ACOLITE+T-Mart (MSA=9.8%, Bias=9 5 -
;i A ! . P 0.0351 u +T-Mart (¢ ', Bias: ) ;
_Pixal classifiar- RF | === ACOLITE (MSA=3.1%, Bias=-0.8%) Polymer (MSA=69.0%, Bias=69.0%) i~
Enhanced true color Fmask - USGS | RAdCor (M5A=19 5%, Bias=19.2%) Polymer+T-Mart (MSA=12.8%, Bias=12.8%)
il J
o 0.030 ;‘
— 0.025] |
< 5 1 1
12.24 1247 12.70 1247 12.70 12.47 Longitude % | i
Longitude Longitude Longitude = 0.0201
[ |
L9/OLI, 2024-06-15, 191/029 Water Total cloud  Other 18 20 Cloud Haze/Shadow Water o
e |
0.015]
h H H 0.010{
Thin clouds i Machine Learning ot}

approach

Irani Rahaghi et al., In preparation.

éawag
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Numerical modeling challenges: net longwave, incorming
° heat fluxes solar radiation
Some examples from diverse lakes nonpeneratve) | Y et ot alede)
Hﬂp h,.cu-u
a) (D B o b)
RMSD= 0.73°C | H surface sub-layer
Lake Garda observations 1 s Lake Garda simulation
g E
Y -
Misimplementation of numerical models

RMSD= 0.68°C a) reality b)
Lake Aegeri observations T[°C] Lake Aegeri simulation ° 1.00 0 g 0.70 0
25.0 . cal 2% ) cal :
4 = 4
_ _ 095{ ; 3 0.65
. - . i 3 o
U 4 1 3
g g : 2 0901pf c & 0.60 §
- . : | 3 5 -
5 § * Y » 0.55
S - : 0.857 § . 4
: ' 0.50 - Vv
: : 0.80 - > % , ' '
' : 0.0 059 1.0 Wgr5 2.0 0.0 0.5 1.0 1:5 2.0
Q,c"’ 6" QQ“’ Qe“ QG’ ng QsS\ O),Q% Qo"’ oS o 0’ & & & & P P S PP D 5 6
S ’1«6\’ TS S ’19\’

Without B implementation  With 8 implementation

Lack of sufficient in situ data

Amadori, M., A.l. Rahaghi, D. Bouffard, and M. Toffolon. Using automatic calibration to improve
the physics behind complex numerical models: An example from a 3D lake model using Delft3d
(v6.02.10) and DYNO-PODS (v1.0). 2025. Geoscientific Model Development. 18, 3473-3486
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Case study 1: Unprecedented Uroglena bloom in Lake Geneva

Identification : INRAE, F. Rimet, S. Rasconi H. Kochoska

Source: www.lenouvelliste.ch

=n}
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Case study 1: Unprecedented Uroglena bloom in Lake Geneva...

| 2021-08-14 09:00 | 2021-08-14 09:00

—
Surface temperature anomaly [°C] Surface Current velocity [cm/s]

500 510 520 530 540 550 560 500 510 520 530 540 550 560
Lat (km CH1903) Lat (km CH1903)

2021-09-03 00:30

T
32 56 90

3

Cchl—a [mg m_~ ]

Lon (km CH1903)

510 530
Lat (km CH1903)

Commun Earth Environ 5, 229 (2024).

e aw a Rahaghi et al., Combined Earth observations reveal the sequence of conditions leading to a large algal bloom in Lake Geneva.
g 000
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Case study 2: Metalimnetic methane dynamics in Lake Geneva

148000

Latitude

144000

140000

A hé\'\e River
540000 550000
Longitude

530000 560000

Khatun, S., R. Grilli, A.l. Rahaghi, J.S. Berg, D.
Jézéquel, D. Bouffard, C.J. Schubert, J. Chappellaz,
and M.-E, Perga. Tracing the origins of
metalimnetic methane in a stratified temperate
lake: Insights from high-resolution mapping and
3D hydrodynamic modelling. Under review in
Limnology & Oceanography Letters.

eawag

aquatic research
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Case study 3: Lémanscope

Water clarity measurement: Secchi disk
A proxy for water quality in the surface layer

""" Ecublens VD, =
Lausanne
. s e

light
penetration

Asgle
! v Cha
[}
{
) } Monthey
|
e
Ganeve. | ™ el
Geneva S AT { ; R w
L] [ ] .8
Universitat
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Case study 4: Reflectance measurements and plankton taxa in Greifensee

wnspm_

Clear water phase Cyanobacteria bloom Diatom bloom
0.006 0.008 0.003
0.006 o
0.004 - 0.002 -~ 1ROl
. 0.004 - }
feat :
0.002 — 0.001 - co\:;:\r:tsribution
0.002
ML classification:
0.000 T 0.000 T 0.000 T - taxon
400 600 400 600 400 600
Wavelength [nm]
e awa Maire, L., Gege, P., Damm, A., Odermatt, D. (2025). Differentiating phytoplankton taxa in lakes using hyperspectral in situ U nive r5|tat
. reflectance and imaging microscopy. Science of The Total Environment, 1003 Zurich"™
aquatic research 000




Lausanne, Switzerland, Nov 2025
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Automated Real-time Monitoring
Analysis Network (ARMAN): Towards

Universitit Deve.lopmg an Integrated Remote
Ziirich* Sensing Platform for Inland Water

Bodies in Iran

Connecting

Switzerland and . . .

South Asia We are seeking motivated students in the
following domains for selected water bodies
in Iran:

Schweizerische Eidgenossenschaft

Confédération suisse * Water quality remote sensing
Confederazione Svizzera

Confederaziun svizra

‘ Gt e r * 1D numerical modelling
A ater

Laboratory * 3D numerical modelling

* Thermal and water extend remote sensing

Facult_F of Civil Engineeri

n
oosi University of '|gechnology Universitat
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