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1. Introduction 6. Conclusions

In preparation for ESA’s Earth Explorer 8 candidate mission FLEX, a
Photosynthesis Study (PS) has been completed that aimed to quantitatively link
sun-induced fluorescence (SIF) to photosynthesis based on model and
experimental data. One of the objectives of the PS was to develop a prototype
inversion algorithm to retrieve photosynthesis from simulated SIF
observations. The SCOPE model has been selected as baseline model, because it
has the ability to simulate the effects of irradiance, vegetation structure and
physiology on SIF and photosynthesis.
In this study, the targeted flux is “Net photosynthesis of the canopy” (NPC),
which is important for carbon cycle and climate change research. In order to
enable estimation of NPC from SIF data, a regression analysis been pursued. This
approach enables the use of simulated SIF data in retrieval of NPC for a
multitude of theoretical canopy configurations. Because SCOPE is a complex
model that consists of over 30 input variables, a first step is to identify the key
variables that drive canopy-leaving SIF. Therefore, we had the following
objectives:
* To apply a global sensitivity analysis (GSA) that quantifies the relative
importance of SCOPE input variables to SIF
To assess the predictive power of SIF wavelengths to estimate NPC, i.e.:
(1) linear regression analysis between individual SIF bands and NPC outputs.
(2) Linear and nonlinear regression analysis between combined SIF bands
and NPC outputs.

A SCOPE modelling study was conducted to examine how successfully
canopy-leaving SIF can estimate net photosynthesis of the canopy (NPC).
Based on identified key variables multiple canopy configurations were
simulated. Regression analyses between SIF retrievals and NPC values
led to the following general findings:

1. The most sensitive SIF bands to NPC were located around the first
(i.e. red) emission peak for heterogeneous canopy configurations.
Combining two SIF retrieval bands (e.g., O,-B and 0O,-A) led to
stronger correlations than using only one SIF band.

Using the O,-B and O,-A bands produced similar or superior
performances than using the two emission peaks, while using the
peak ratio produced poorer relationships than when both bands were
individually entered into the regression model.

Even stronger correlations were achieved using four main SIF
retrieval bands (Ha, O,-B, water vapour, O,-A).

Nonlinear regression produced stronger relationships than did linear
approaches.

It is recommended to sample the SIF signhal in at least the O,-
B and O,-A bands in order to enable robust quantification of
canopy photosynthetic activity.
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In variance-based GSA methods the output variance is decomposed to the sum of
contributions of each individual input parameter and the interactions (coupling terms)
between different parameters.

Variables were uniform randomly sampled between model min and max.
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¢ Combining the O,-A and O,-B bands or the red and NIR peaks produced stronger relationships with NPC than were obtained when the single O,-A band or the NIR peak
was used.
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* The strongest improvements were under conditions of increasing canopy and environmental
heterogeneity. Again, including all individual wavelengths into the regression analysis led to
strongest relationships for the majority of the scenarios, although improvements as opposed to
using the SIF absorption bands were generally modest.

* From a pragmatic perspective, by using an adaptive, nonlinear regression method and retrieving
SIF in the two deepest absorption lines could be sufficient to derive NPC with sufficient accuracy.




