The death of the Spectral Variation Hypothesis applied to
satellite data and the rise of its useful ‘Zombies’
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Spectral Variation Hypothesis

%
| Species Richness will be positively
related to any objective
measure of the variation in the
spectral characteristics of a
remotely sensed image.

Palmer et al., 2000

‘ Q,"J
Ny @
& %
— N
3 N A
Q ' ; |
L 7\
)
= 2 a2 Universitat
parc % EEE z oo o hUZH
2 naziunal Zuric
svizzer =

Feature, e.g. Vegetation index, Optical trait, PC1



The enthusiasm for the SVH fueled by its simplicity
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And increasing availability of free and open satellite data
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Recent studies have raised significant issues

Contents lists available at ScienceDirect

Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

Relationship at leaf level do not easily
translate to landscape-level assessments
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Weak performance of the SVH using standard approaches

a) Sentinel-2 image 10 m 12.07.2021 b) 3 x 3 pixel moving window approach ¢) 50 m x 50 m fixed window approach

Spectral diversity
0 500 1,000 Meters

High

Rossi et al (2024). Environmental Research Letters

Universitat
Zirich™

Svizzer



Time to let the SVH rest in peace as a one-size-fits-all
straightforward solution to estimate biodiversity from space
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‘SVH zombies’
emerge providing
valuable insights on

biodiversity from
space
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First zombie: SVH combined with ancillary data

d) Parcel based approach

Calculating the spectral diversity at the parcel-level:

» Mitigates field edges and varying management stages
« Mitigates misregistration problems

« Parcels as spatial units that relate to ecology and
management

[ ] Grassland parcels

Rossi et al (2024). Environmental Research Letters - ﬁ
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Second zombie: Spectral metrics at the subpixel

Per-pixel spectral diversity

Spectral unmixing
Endmember Simpson index

Abundance estimation for each endmember Endmember Richness

(Fully constrained least-squares linear unmixing)

Reflectance [-]
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Third zombie: Extending the SVH to the temporal dimension

Spectral diversity derived from

Spectral diversity components
the pooled feature distributions
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Temporal dimension relates to plant diversity

Netherlands Switzerland

United States
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Rossi et al (2024). Environmental Research Letters
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Spectral diversity to quantify intraspecific
variation
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Concluding remarks and recommendations

SVH can be improved with ancillary data: biodiversity is highly localized,
complex and needs contextualization

SVH works mainly in seminatural systems - unmixing potential to mitigate
coarse spatial resolution of spaceborne imaging spectrometers

Spectral diversity in time and spectral asynchrony have the potential to be
iIntegrated in plant diversity and phenotypic plasticity estimations
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Future ‘SVH zombies’:

« Models combining multiple biodiversity-relevant predictors, i.e., spectral
diversity as one piece of the puzzle

« Zombies to understand model performances

« Uncertainty estimation: The zombie antidote?
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biodiversity with remote sensing
Michela Perrone et al.
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