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3. Data and method

4. Results

We aim to assess how well phytoplankton taxa can be identified in
inland waters using spectral matching with data from airborne and
satellite multi- and hyperspectral sensors.

Validation is provided by an underwater camera in Greifensee, 
Switzerland, which captures high-frequency records of phytoplankton 
blooms. 
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Phytoplankton are at the base of the aquatic food chain and play specific roles in the
biogeochemical functioning of water. Their taxonomic composition depends on light, temperature,
and nutrients, which climate change affects.
Remote sensing enables large-scale and long-term monitoring of phytoplankton taxa. However,  
distinguishing them remains challenging due to their spectral similarity and the optical complexity of 
inland waters.
The recent development of hyperspectral sensors has increased the potential to detect subtle 
spectral features for improved taxonomic classification in inland waters.

Figure 1: Location of Greifensee, Switzerland, and its automated research platform equipped with 
monitoring instruments (red cross). Tschubby, CC BY-SA 3.0, via Wikimedia Commons

This study highlights the potential to retrieve four phytoplankton taxa in inland waters using hyperspectral in situ data and spectral matching
techniques. While promising, the in situ approach is limited by its restricted spatial coverage. To address this, efforts are underway to adapt and 
scale the method to airborne and satellite hyperspectral data. 
Preliminary results show that the method performs well with satellite data for cyanobacteria, likely due to their distinct pigment signature.
Cryptophytes appear to be the most difficult taxon to detect, reaffirming the broader limitation in identifying taxa at a low concentration. 
Preliminary satellite results are less robust, but ongoing refinements aim to improve performance. Expanding this approach to remote sensing 
platforms will allow high spatial and temporal monitoring of phytoplankton dynamics, contributing to better managing lake ecosystems.
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Figure 3: Data processing scheme from raw Aquascope data to features 
and classification. (adapted from (Merkli, et al., 2024)).

© Abolfazl Irani Rahaghi Flight line acquired over 
Greifensee with the AVIRIS-4 
sensor by the ARES research 
infrastructure on July 20th, 
2024.

Figure 5: Sensitivity analysis of taxa identification using spectral matching across different satellite and airborne missions.
***: p-value < 0.001, **: p-value < 0.01, *: p-value < 0.05, ns: p-value ≥ 0.05

Figure 4: Seasonal trend of A) cryptophyta, B) cyanobacteria, C) diatoms, and D) green algae abundances over four months in 2022, 
observed using the imaging microscopy approach (plankton camera, dots, left axis) and retrieved through spectroscopy-based inversions 
with the software Water Colour Simulator (WASI) (cross, right axis). Maire, et al. (submitted).
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