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Biodiversity-Productivity Relationship

Plant diversity as indicator for ecosystem health, stability and functioning
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Data Gaps at Global Scale

Large parts of the most diverse ecosystems on Earth are under-represented
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Data Gaps at Local Scale

Little knowledge about diversity patterns at local scales / within biomes or ecosystems

Neither global nor consistent: a technical comment on the tree
diversity-productivity analysis of Liang et al. (2016)

Carsten F. Dormann', Helge Schneider', and Jonas Gorges'

'Biometry & Environmental System Analysis, University of Freiburg, Germany
carsten.dormann@biom.uni-freiburg.de

January 18, 2019

* bioRxiv preprint posted online Jan 20, 2019

* “We find that there is virtually no effect of relative tree
species richness on productivity when computing species
richness at the local scale.”

* “Also, different ecoregions have very different relationships
between tree species richness and productivity.”
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How do we measure Biodiversity?

Remote Sensing of Plant Functional Traits!

biodiversity
revolution .

Ecologists are increasingly looking at traits — rather
than species — to measure the health of ecosystems. %

BY RACHEL CERNANSKY

“Just going for
species numbers
doesn’t allow

us to harness all
this incredibly

rich information
of how the real

world operates.”




Mean

Variance

Functional Diversity

Diversity gradients based on forest functional traits
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Outline of the Talk

Research questions

Three parts with the aim to develop a method to study spatial patterns of forest functional
diversity with remote sensing, and assess its implication on ecosystem functioning.

Model for Trait Validation

How can we map functional diversity from remotely sensed morphological and
physiological forest traits, and what spatial patterns can be revealed from those traits?

Model for Predictive Ecology



Study Site

Laegern - Switzerland

SRF Einstein 2015 . ﬁ g oy i
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Methods to Measure Traits

Imaging Spectroscopy and Laser Scanning
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Morphological Traits

Airborne Laser Scanning

SRF Einstein 2015; Data: Felix Morsdorf



Canopy Morphological Traits
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Method — Imaging Spectroscopy

Airborne imaging spectrometer APEX
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Leaf Physiological Traits

Carotenoids
O
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Radiative Transfer Modeling

Scaling from Leaf to Canopy to Sensor
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3D Radiative Transfer Model DART

Coupled Canopy-Atmosphere-Sensor Model
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Comparing Modeled vs Measured
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DART High-Res Validation

The Radiation field of a single tree

40 ¢

-20 -10 0 10

Y [m]

(a)

-10 0 10
Y [m]

Kiikenbrink, et al. (accepted) IEEE TGRS

AE 4o [%]

Modeled Irradiance

0.7 ¢

06

05t

04¢}

03¢

0.2t

0.1r¢

°
— — 1:1line
fit (R =

0.997)

asd vs. dart

500

0.2 0.4
Field Measurement

0.6

1000 1500 2000

Wavelength [nm]

Normalized Irradiance [%]

Normalized Irradiance [%]

120

100

80 ¢

60 r

40 f

20 ¢

120

100

80

60

40 ¢

20 ¢

0

0 2

—>— measured —%— simulated |

4 6 8 10 12 14 16
Distance to tree trunk [m]

| —>— measured —*— simulated |

0 2 4 6 8 10 12 14 16 18

Distance to tree trunk [m]

(@)

(b)

Y [m]

Y [m]

Normalized Irradiance [%]
0 33 88 110

X [m]

Normalized Irradiance [%]
0 36 96 120

X [m]



Leaf-Canopy Trait Validation

From leaf to canopy
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Functional Diversity Measures
Analyzing the Trait Space
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Functional Diversity Measures
Analyzing the Trait Space

fdiv = 0.806 feve = 0.81483

fric = 0.21689
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Physiological Diversity

Morphological Diversity
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Scale Dependence of Diversity

Diversity-Area Relationship

Physiological Richness

12 m Radius
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Scale Dependence of Diversity

Diversity-Area Relationship
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Trait Probability Density

Niche as probabilistic hypervolume

(A) Functional richness (D) Functional dissimilarities
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Ecosystem Demography ED2

A cohort-based dynamic vegetation model
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From Diversity to Functioning

Informing an Ecosystem Model with Remote Sensing Data

 Composition, Structure, Phenology
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Composition

PFT classification using ground data and random forest classifier
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Northing [m]

omposition

PFT classification using ground data and random forest classifier
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Size Distributions
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Size Distributions
Diameter at Breast Height (DBH), Basal Area, Height

Remote Sensing
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Predicting Carbon Uptake

RS Data to Improve Model Predictions in ED2 Fluxtower
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ED2 Outputs

Meteo drivers, soil water and evapotranspiration (ET)
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ED2 Outputs

Carbon fluxes (GPP, NEP, R), leaf area index (LAI), above ground biomass (AGB), basal area (BA)
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Diversity-Productivity Relationship

Along an environmental gradient — with changing soil and topography
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Conclusion
Part |

 How can we derive morphological and physiological traits consistently in space and
how can we compare and validate them?

* Airborne laser scanning allows to derive morphological traits at canopy scale
* Airborne imaging spectroscopy allows to derive physiological traits at leaf scale

* Radiative transfer modeling can make the datasets comparable and allows to test
the scaling from leaf to canopy level



Conclusion
Part Il

* How can we map functional diversity from remotely sensed morphological and
physiological forest traits, and what spatial patterns can be revealed from those traits?

* Moving window approach for continuous diversity mapping, comparable across
scales

* Functional richness as a simple and effective way to map functional diversity

e Strong elevation gradient from more diverse forest in lower elevations to lower
diversity forest at the top under harsh environmental conditions



Conclusion
Part Il

 How can we integrate remote sensing data into an ecological model to predict
diversity-productivity relationships?

* Size distribution: Tree height, density and DBH to estimate basal area from lidar
* Vertical profiles of plant area density

 Composition: Random forest PFT classification using both lidar and spectroscopy

* Driven by meteorology, ED2 can accurately predict carbon (GPP, NEP, R) and water
fluxes (ET)



Outlook

* What is the relationship between functional diversity and productivity at a

temperate mixed forest site, and what is driving it (structure, composition,
environment)?

 Study functional diversity within and across biomes and ecosystems

 Scale trait and diversity mapping to large-scale spaceborne observations



Imaging Spectroscopy Data across Biomes
Map of AVIRIS coverage 2016-2018
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p-Scaling of Trait and Diversity Mapping

Sierra Nevada - Large-scale lidar and imaging spectroscopy data
Functional Richness at 1 - 16 - 64 km? scale
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Ecological Modeling at Larger Scales

ED2 modeling over the Sierra Nevada mountains
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June 2013 acquisition
RGB 830/647/550nm

(Bogan et al., in revision)
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(11 km x 67 km) box

CZ0 flux tower sites

SJER (Oak/Pine woodland)
Soaproot (Ponderosa pine)
P301 (Mixed conifer)
Shorthair (High pine)
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Thank you
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