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Lake Essential Climate Variables (ECVs)
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Lake ice

« Lake Water Extent (LWE)

Interactions

« Lake Water Level (LWL) Abedo
« Lake Surface Water Temperature (LSWT) L:i‘g \E/tb'lef‘ e
« Lake Ice Cover (LIC) @
» Lake Ice Thickness (LIT) l
« Lake Water-Leaving Reflectance (LWLR) Lake ecological responses

— Water Clarity (Secchi Depth, Turbidity) tophymaldlmrs

— Biological activity (Chl-a, Cyano)

— Trophic state Woolway et al. 2020



Satellite Remote Sensing of Lake ECVs

* Relevant, cost-effective and
spatially extensive
measurements of lake
ECVs via satellite Remote
Sensing (RS)

Microwave Infrared Visible
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Lake ECV products

Anomalies in lake surface water temperature

Warm season (July to September) anomalies for 267 lakes in Europe

- ESA Climate Change
Initiative (CCIl) Lakes dataset /\ /\ﬂ /\ /
— Global harmonized multi-sensor 00 /\ /\ /
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— daily at 1 km from N | R T
1992-2022 o {28 0 28
« Copernicus Land Monitoring
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— Sensor-specific products
(100m / 300m / 1km, _
10-day aggregates) Region | Lakes > 0.1km? | Lakes > 1km? Lakes
(EU-Hydro, v1.4) | (EU-Hydro, v1.4) (CCl Lake, v2.1)
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High-resolution lake ice monitoring using
multiple Earth observation missions

» Leveraging increasing =~ lakeice.eawag;

amount of Earth
Observation data

* Moving from single
observations to integrated

Project funded by
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monitoring framework
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g Confédération suisse Education and Researc h EAER
Confederazione Svizzera State Secretariat for Education,
Confederaziun svizra Researc h and Innova tion SERI

Swiss Confederation



Motivation

° A|p|ne Warming exceeds Ice on Swiss lakes 1901-2020*
hemispheric trends, strongly oA e 2 - -
affecting lake ice Lake Saman r—rpeee e -
(oKl 2622 T

* Loss of winter ice alters Prohheno s 5ol N Mt s WO SO 0 0 A MO SO
mixing regimes, lengthens “Uresee o=
summer stratification and e e e et e o e e et Lt
Changes Oxygen dynamics TR 1900 1920 1940 1960 1980 2000 2020
(Ficker et al., 2017; Ice data for 14 Swiss lakes since 1901.
Woolway et al., 2021) Data: Hendricks Franssen and Scherrer (2008),

updated by Harrie-dJan Hendricks Franssen.

« Lake ice is a GCOS Essential
Climate Variable (ECV) with
goal requirement of daily

observations at 50 meters
(WMO, 2022)
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Results — Characterizing Alpine lake ice (201
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5-2026)
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Results — Looking into the future

Avg. end of century

* Projections based on Projected mean yearly freeze fraction distribution

(2070-2100)
observed Freezing-
degree-day (FDD)
thresholds and air
temperature

&

24% RCP26

%

70

60 -

» High-end risk

Mean freeze fraction (%)

scenario RCP8.5 <o | scenario”

shows strong loss of e

constant freezing e | | | | | |

Iakes 2030 2040 2050 2060 2070 2080 2090 2100

>20% loss of ice cycles mmm Constant freezing

*pased on CORDEX-EUR11, CMIP5, MPI, SMHI-RCA4 - tas Intermittent

Compared to present _ _ _ ;
bias-corrected using Chelsa (1km) - tas Ice-free



2 Alplakes

* Transforming how lakes are
studied by integrating
datasets, models and RS
products

* Providing user-friendly data
visualization interface for
citizens, water professionals,
and scientists

Co-funded by

I ntel'l‘eg ' the European Union
Alpine Space

DiMark

Alplakes Research Initiative
alplakes.eawag.ch

DiMark project sponsored by Interreg Alpine
Space Programme, FOEN and 9 Cantons

)

o
o)
James Daniel Damien Martin
Runnalls Odermatt Bouffard Schmid

+ 21 contributors



Alplakes — Datasets

« Satellite water quality data based
on SenCast for 240 Alpine lakes

Sentinel-2, Sentinel-3 and Landsat

Surface - Water
ﬂ Temp. @ Turbidity Color
o Secchi
LO Chl-a B Depth

« 3D- and 1D-hydrodynamic lake

simulations with forecasting
Simstrat, Delft3D-FLOW etc. == satellite products

1 240 lakeswith @ 125 lakeswith 1D

hydrodynamic models

* In-situ and meteorological data &5 14lakeswith 3D A 25lakeswith in-situ

hydrodynamic models £ (ata
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Alplakes — Lake Brienz, Secchi Depth

« Secchi depth
time-series from
Sentinel-2/3
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Alplakes — Lake Ageri, LSWT

Temperature (°C)
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Lake Surface Water
Temperature time-series
from Landsat-8/9

2016-05-05 [ ]

@ 2026-03-13 Y Export data

Fazel Irani Rahaghi
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Alplakes — Lake Geneva, Uroglena Bloom

« Uroglena bloom in Lake
Geneva on September 6,

2021
Heavy ““"’
rainfall
Increased 2021-09-03 00:30
runoff
O Nutrient/ %—" _9f
= organic Wind
- matter induced
loading coastgl Jﬂ: Particle tracking
upwelling  \yarm simulation
period

M - Irani Rahaghi, A., Odermatt, D., Anneville, O. et al. (2024)
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Key Takeaways
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The expanding volume of EO data is
opening new possibilities for large-
scale monitoring and early warning of
Alpine lakes

Combining EO datasets with models

and in-situ observations is crucial for ;...
an interdisciplinary understanding of ™'
lake dynamics and ecological 7 -
responses %

Annhemasse

Carouge

Renens VD

Alplakes particle
tracking in Lake
Geneva
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