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Spectral variation =
Biological variation + uncertainty of measurement
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Spectral data calibration
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Data calibration

Digital Number Radiance
Wm2sr?nm-!

f(sensor, f(light source,
light source, surface material)
surface material)

f(surface material)

(Petibon et al., 2021)

Uncertainty?



Research questions

1. What are the sources of uncertainty in LOP measurements?

2. To which extent does uncertainty of measurement contribute to
the spectral variation?

3. Do LOP measurements permit the detection of biological
variation (e.g. species traits)?
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1. What are the sources of uncertainty in LOP measurements?



The uncertainty of measurement depends on
the characteristics of optical sensor and experimental conditions
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The uncertainty of measurement depends on
the characteristics of optical sensor and experimental conditions
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The uncertainty of measurement depends on
the characteristics of optical sensor and experimental conditions
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The uncertainty of measurement depends on
the characteristics of optical sensor and experimental conditions
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1. Estimating the measurement uncertainty



Method

Uncertainty of measurement was estimated by uncertainty budget

Reflectance (eq.1)

Absolute uncertainty: Law of propagation (ed.3)

, z” aR\? , STD,,
Uraps = = = * Uxi 'With Uy, = JN
l

i=1

Relative uncertainty (eq.2)
U
Uprer =100 % 222 (%)

RMEAN

Spectral variation was approximated by the coefficient of variation Rsrp
CV=100* — (%)
(eq.3) RMEAN

Biological variation was approximated by (eq.4) BV = CV — Ug ¢ bage 13
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Measurement protocol

Uncertainty 1
n = 1 measurement

- 10 readings
- 30 scans

Uncertainty 1
n = 1 measurement

- 10 readings
- 30 scans

Non-biological variation =0
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The
uncertainty
depends on the
optical
properties of
the target.

Single
measurements

Repeated
measurements (n=6)
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The
uncertainty
depends on the
sampling
probes.

Single
measurements

Repeated
measurements (n=6)

Material reflectance - Leaf clip & Integrating sphere

a. Camouflage b. Plastic c. Cotton d. Satin
,04 ,07 1,0 1,0,
0,81 0,8+ 0,81 0,81
= 06 0,61 0,61 0,61
vd
0,41 0,41 0,41 0,41
0,21 0,21 0,21 0,21
0L : : : : : 0,0L : : : : : 0,0k : : : : : 0L : : : : :
400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400

Absolute uncertainty - Integrating sphere

i. Camouflage j. Plastic k. Cotton |. Satin
1x10%4 1x104 1x104 1x107%4
o 1x1024 1x10724 1x107%4 1x1024| .
[@))
S 1x103 1x10°34 1x10°34 1x10°34
1x10*1 1x10%1 1x10*1 1x10*1
400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm)

Page 17



Single
measurements

Repeated
measurements (n=6)

Absolute uncertainty - Leaf clip
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The uncertainty is specific to one spectroradiometer and
measurement protocol.
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2. To which extent does uncertainty of measurement contribute to
the spectral variation?



The uncertainty associated with LOP represents 0.3 - 4 % of reflectance
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The uncertainty associated with LOP represents 2 - 25 % of spectral variation

reflectance (mean, n=200)
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3. Do LOP measurements permit the detection of
biological variation?



Coefficient of variation (%)

The biological variation in Swiss forest sites

45 -
] 5 forest sites
40 - B relative uncertainty (mean)
] relative uncertainty (95 % CI)
35 -
30 -
25 - g
20 7
_ b 4
15
10
5 7 0 20 40 80
OLll*l#T“'
400 800 1200 1600 2000 2400

Wavelength (nm)

Page 24



Coefficient of variation (%)

The biological variation in Swiss forest
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Coefficient of variation (%)

The biological variation in Swiss forest
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Coefficient of variation (%)

The biological variation in Swiss forest
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4. Standardized sampling and uncertainties



Sample size matters

a. Normalized mean spectral variation
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Measurement unit matters

Spectral variation
a. Growing season
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OUTLOOK:
Data calibration

Digital Number Radiance
Wm2sr?nm-!

f(sensor, f(light source,
light source, surface material)
surface material)

f(surface material)

Sensitive to
species trait
variation

Estimated
measurement
uncertainty



OUTLOOK:
Data calibration

Essential Biodiversity Variables
(EBVs)

Variables it

Species-pcused EBV classes

Pa g an attribute of a collection of organisms
grouped primarily by species identity

Variables mea

Ecosystemjfocused EBV classes

g an attribute of a collection of organisms
grouped primarily by location

Genetic
Composition

Variables measuring
genetic diversity
within species

4

Species
Populations
Variables measuring

species distribution
and abundance

X

Species Traits

Variables measuring
traits of species

2

Community
Composition

Variables measuring
the collective diversity
of organisms within
ecosystems

€

Ecosystem
Structure

Variables measuring
structural attributes
of ecosystems

y A

Ecosystem
Function

Variables measuring
functional attributes
of ecosystems
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Fernandez et al. (2020), Pereira et al. (2013), Kissling et al. (2018), Petorrelli et al. (2016)




OUTLOOK:
Data calibration

Digital Number Radiance Biological
Wm-2sr2nm-1 Information

f(sensor, f(light source, f(surface material) - Plant traits
light source, surface material) - Biodiversity metrics
surface material) -

I ] = [

Sensitive to Estimated Uncertainty?
species trait measurement
variation uncertainty

(Petibon et al., 2021) (Petibon et al., in prep)
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New Results

¢> Comment on this paper

Variation in reflectance spectroscopy of European beech leaves captures

phenology and biological hierarchies despite measurement uncertainties
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doi: https://doi.org/10.1101/2021.03.09.434578

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY




University of (#),. URPP
Zurich*™ G2y Global Change
and Biodiversity
Department of Geography

THANKS FOR YOUR ATTENTION

B Any gquestion?
- don’t hesitate to contact us

Ewa Czyz, GlullaGhleImettl
lathias Kneubuhler, Michael E. Scha ma

edith C. Schuman, Guido L.B. Wlesenberg
. Schmidt, Lucienne de Witte

S

28.04.2021



University of

Department of Geography

Take-hnome message

« Measurement uncertainty is specific to ASD-Sampling probe-Target
- 0.0001 — 0.01 reflectance unit [0-1]
- 0.3 — 4% leaf reflectance

« Leaf Optical Properties (LOP) permit the detection of diverse scales
of biological variation

« Take Into account the variation over biological, spatial and temporal
scales when designing a research project.



