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Summary

The characteristics, range, and relative abundance of plant traits present in a given community, are key
parameters in quantifying ecosystem properties and derived ecosystem services. Capturing this diversity in
differently managed grasslands at landscape scale remains challenging because of limited data availability. To
overcome this issue we inverted a physical-based radiative transfer model with remotely sensed Sentinel-2
multispectral datasets of the Swiss National Park that has been free from anthropogenic influence for the last 100
years, and a cultural landscape with agricultural management in its surroundings.

Introduction

Functional diversity based on plant traits controls mechanisms in grassland particularly important for ecosystem
service delivery and ecosystem service vulnerability (LALIBERTE et al., 2012; SONNIER et al., 2012; GRIGULIS et al.,
2013). However, only around 2% of vascular plant species have any trait measurements available at a landscape
scale (JETZ et al., 2016) and functional diversity indices are so far for the majority defined on local observations
and measured from field samplings (MOUCHET et al., 2010, ROCCHINI et al., 2016). Moreover, the dependency
between the indices and spatial resolution is unexplored. Earth observation techniques may provide a solution to
overcome the above-mentioned limitation (OLLINGER, 2011; HOMOLOVA et al., 2013). The advent of freely available
multispectral Sentinel-2 data (DRUSCH et al., 2012) with their high spatial and temporal resolution, as well as
optimization of the inversion process of a physical-based model (RIVERA et al., 2013), should provide a valid
approach for the quantification of physiological plant traits in grassland. This allows us to study the impact of
anthropogenic practices on landscape functional diversity.

Methods

The study was conducted across an approximately 9oo km?2 area and includes protected grassland, and grassland
subject to organic as well as traditional agricultural management in the Swiss canton of Grisons.

A total of 39 reference plots were established on the different agricultural management areas. In each plot plant
trait data were collected once during the vegetation period between end of June and mid of September. The field
work was divided into two separate years, 2016 and 2017. Plant trait sampling was conducted in 25 equidistant
locations along a 10-m-long transect (GAUCHERAND & LAVOREL, 2007). Standardized trait measurement
(CORNELISSEN et al., 2003) were used to quantify specific leaf area (SLA) and leaf dry matter content (LDMC).

To predict plant traits from the remotely sensed data across our study area we took advantage of the inversion of
the PROSAIL radiative transfer model (JACQUEMOUD et al., 2009). Parameters of the model are, amongst others,
leaf dry mass per unit area (Cm), leaf water mass per unit area (Cw) and leaf chlorophyll content (Cab), where SLA
=1/Cm, and LDMC = Cm/(Cw + Cm).

As model input we used Sentinel-2 atmospherically corrected data with 20 m spatial resolution and 10 bands
acquired on the same day as the field samples. An inversion of the model is needed if the trait data is the desired
output: a look up table of reflectance spectra (LUT) was randomly generated by running the model multiple times
in the forward mode, varying the input parameters in each run. To find the solution to the inverse problem each
modeled reflectance spectrum of the LUT was compared to the remotely sensed spectrum and the one providing
the smallest deviation, evaluated by a cost function, was selected. SLA, LDMC and Cab values that generated the
selected spectrum were the solutions of the inversion process. Multiple solutions and cost functions, as well as the
addition of gaussian noise were tested to optimize the inversion results. The modelling and optimization process
was carried out using the ARTMO (Automated Radiative Transfer Models Operator) GUI toolbox (VERRELST et al.,
2011).

Functional diversity indices on a landscape scale were calculated for each management zone by performing
multiple runs and increasing each time the number of randomly selected pixels. Single trait indices, the functional
divergence (MASON et al. 2003) and functional regularity (MOUILLOT et al. 2005), multitrait indices, the functional
richness and evenness (VILLEGER et al. 2008;) were determined based on three standardized physiological traits
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captured by the radiative transfer Model (i.e., SLA, LDMC, Cab). Furthermore, functional diversity was calculated
for different landscape scenarios by leaving one management practice each time out and with the others equally
sized.

Results

The optimization of the inversion process enabled the comparison of estimated trait values with measured values.
Especially the estimated SLA from the model showed a strong quantitative agreement with the field measurement
(R2=0.68). Less accuracy was achieved for the LDMC (R2=0.43). For the proposed model configuration, SLA
explains around 40% of the output variance in the Red Edge (Band 6 and 7) and the leaf water content, used to
calculate LDMC, around 30% in the SWIR (Band 11).

Due to the utilization of multiple solutions it was possible to indicate an accuracy measure for both traits, based
on the coefficient of variation (RIVERA et al 2013). Only a poor quantitative estimation was possible for extreme
trait values and the estimation inaccuracy of the model was positively correlated (p=0.52) to single trait functional
diversity indices. Management practices resulting in high trait values (e.g., heavy fertilization) and high functional
diversity (e.g., mowing and slight fertilization) delivered less accurate results. We could conclude that two major
aspects contributed to the model inaccuracy and deviation from infield measured values: (i) saturation effects of
the model and (ii) heterogeneity of the target (i.e., grassland).

Functional diversity indices and mean trait values on a landscape scale showed statistically significant differences
(p<.001) between the different management types. Post hoc testing revealed that protected grassland with no
management equals summer grazed pasture in case of water and dry matter content of the leaves. Higher values
of chlorophyll content were present in the National Park area instead. Overall, protection acts as a distinguishable
practice, producing intermediate levels of mean trait values compared to all other managements on a landscape
scale. Concerning the single trait indices, the variance of Cab was the highest for the National Park among all
management types. The functional richness was growing with the analyzed area for all management zones. On an
area of 20 km2, protected grassland showed a functional richness value slightly higher than heavy fertilized
meadows. When simulating different landscape scenarios the lowest functional richness was found in the scenario
without protected grassland and the highest values in a landscape without heavily fertilized meadows. Functional
evenness for each management practice was slightly decreasing with larger area, with the heavily fertilized
meadows decreasing even more rapidly.

Discussion

Grassland management is known to affect plant traits (QUETIER et al., 2007). Fertilization increases SLA and Cab
and decreases LDMC. Different grazing intensities seem to have a lower impact reducing just the LDMC for high
grazing intensities (LALIBERTE et al., 2012).

Consequently, the accuracy of trait estimation through model inversion depends on the management practices in
each field. The underestimation of extreme trait values (i.e., values close to the upper limit of the model) can be
attributed to a saturation effect (FRAMPTON et al., 2013) and is pronounced in areas with high community weighted
mean values. Heterogeneity in a canopy cannot be simulated by the PROSAIL model, which assumes the canopy
to be a turbid medium (DARVISHZADEH et al. 2007). It emerged from our results that heterogeneity, from a spectral
perspective, is better explained by functional trait indices than the number of species. Taking into account that
trait variations influence the spectral response of plant communities (LAUSCH et al., 2016) our results are
consistent and lead to the conclusion that less accurate trait estimations are to expect for areas with higher
functional trait diversity.

While trait values are clearly influenced by the management, this is not always the case for functional diversity
(N1U et al. 2014). In our study the effects of land use intensification are more highlighted on a landscape scale than
on a plot level, where fertilization seems not to be the key driver for functional diversity. The observed decline of
functional evenness with increasing area in highly fertilized meadows leads to noneffective utilization of available
resources, a decrease in productivity and increased opportunities for invaders (MASON et al. 2005).

Differing trait values between protected and managed grassland and the high value of Cab variance in the
protected area can be attributed to selective grazing pressure by wildlife (SCHUTZ et al. 2003), whereas cattle apply
a more general grazing behavior which is limited to the summer months. Currently, we can not exclude that
higher Cab values and their variance in certain areas of the Swiss National Park depend on the bedrock
composition. Nonetheless, the fact remains that the Swiss National Park has a high diversity of habitats in terms
of different chlorophyll content. Moreover, diversity is the relevant factor influencing functional richness of a
landscape. The presence of protected grassland could therefore act as a buffer to environmental fluctuations
(PATCHEY 2003) and contribute towards higher ecosystem service supply on a landscape scale (DE BELLO et al.,
2010).
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