UNIVERSITY of

STIRLING

Integrating satellite observations, sensor
networks, and models to improve monitoring
of algal blooms in UK lakes and reservoirs

Peter D. Hunter

Associate Professor of Earth Observation
Scotland’s International Environment Centre, University of Stirling




Blooms, nutrients & climate

* Harmful algal blooms occur annually
throughout the UK

* Main drivers are nutrients and
climate

* Blooms pose risks to water security
and health

e Can we use remote sensing to
improve detection and monitoring of
blooms?
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UK Lakes Observatory (UKLO)

* Pilot operational service
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UKLO Web Platform
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Esthwaite Water validation

Chlorophyll a [mg m™]
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Monitoring data courtesy of UKCEH



Loch Leven validation

Chlorophyll a [mg m™]
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Loch Leven validation
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Monthly mean chlorophyll in Loch Leven
during 2021 (Credit: Kieran O’Reilly)



UKLO improvements: Bayesian neural networks
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UKLO improvements: PlanetLabs SuperDoves

* Planet SuperDove cubesats

e 8 spectral bands with 3.7 m
spatial resolution

e 44 SuperDoves (plus ~200
Dove-C/-R) provide daily
data globally
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Example turbidity product derived from SuperDove data acquired over
Airthrey Loch (University of Stirling campus). Credit: Daniel Beckmann.



UKLO improvements: water temperature

 Satellite Vu constellation of
7 satellites (launching 2023
on SpaceX)
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e Mid-infrared imager (3.4 -
5.0 um) with 3.5 m spatial
resolution

e < 2K sensitivity (improved
with ground calibration)

* Up to 20 images per day
globally (day/night)
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Water temperature on the River Almond (Scotland) near the East Calder
WWTW. Data: Satellite Vu



Forth-ERA digital observatory
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o e and web visualisation

 Network of water quality
buoys and sensors on lakes,
rivers and Forth estuary
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https://bit.ly/ScotlandsInternationalEnvironmentCentre

Calibration (2016 —2018)
Chlorophyll (credit: Maud Siebers)

Validation (2019 - 2020)
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Summary

e Operational monitoring of algal
blooms from space now achievable

* Upcoming missions will further
extend capabilities

 Complements long-term monitoring
programmes, sensor networks, and
citizen science

 Potential to combine with models to

produce foreca sts Algal bloom on Gartmorn Dam,
Clackmannanshire
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