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ABSTRACT:

Final report: Assessment of Vegetation Photosymditesough Observation of Solar Induc
Fluorescence from Space

The absorption of solar energy by chlorophyll irer leaves is known to be the primg
process leading to vegetation photosynthesis anthpy production, to carbon sequestrat
and, ultimately, to life on Earth. Whilst most bktabsorbed energy is used in photosynth
processes or dissipated as heat, a variable fratioe-emitted by chlorophyll molecules
longer wavelengths, in a process known as chlordbfibgrescence, which can be detect
by advanced remote sensing techniques. Of particelavance is the fluorescence emit

by Photosystem Il (PSIl), which is known to competgnamically with photosynthetic

electron transport.

Although the potential of Photosystem Il (PSII) arolphyll fluorescence as a probe
photosynthetic processes has been widely demoedtmater the last decades, the atten
has generally focused on active manipulative (“paturated”) techniques which are

amenable to satellite remote sensing. Recent studiewever, have demonstrated

potential of passive remote sensing techniquethfodetection of solar-induced chloroph
fluorescence (SIF) from the signal in and arourgdtito main oxygen absorption bands ((C
A and O-2-B), paving the way for the applicationtio¢ technique to airborne and satel
remote sensing. A model of fluorescence emissiah inrelationship with photosynthet
processes at the leaf and canopy level (FLUORMOCHR) &lso been developed as part ¢
previous project by the European Space Agencypadth its applicability was limited t
ideal conditions, making it unsuitable for the gsa& of vegetation processes under amb
conditions.

The aim of the current project was (i) the furtdewelopment of models available for t
interpretation of vegetation SIF and (ii) their Apgtion over a range of vegetation types :
conditions in order to demonstrate the potentialflabrescence remote sensing as
constraint for existing models of vegetation prignaroduction.

The techniques and problems associated with theteesensing of chlorophyll fluorescen
have been first reviewed, including the confoundiffects of changes in chlorophy
content; methodologies for the concurrent remotesisag of chlorophyll content have al
been analyzed. Novel methods for the disentangleroérPSIl fluorescence from th
fluorescence signal from Photosystem | have alem leeveloped, based on the analysi
SIF in the two main oxygen absorption bands (O34 @-2-B).

Two novel algorithms have been developed for therjpmetation of the solar-induce
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fluorescence signal that can be measured from raieband satellite platforms, greatly
refining the previous formulation implemented ire tRLUORMOD model. The proposed

algorithms differ in their degree of empiricism,damanage to provide a representation that

is coherent with state-of-the-art models of pulsesated fluorescence and leaf gas
exchange. The two algorithms have been tested sigdetailed measurements at the leaf
level under controlled conditions, demonstratingsteong and non trivial relationship
between fluorescence and photochemical yield.

According to both models, the relationship betwé#anrescence yield and photochemical
yield is not monotonic, differing under light- (reye association) or CO2-limited
conditions (positive association), thus providing elegant explanation for the contrasting
results reported in the literature. Because ofpmllel effects of light absorption on bath
processes, however, a general positive associdbetmveen leaf photosynthesis and
fluorescence radiance is predicted; according ® riost refined model, moreover, leaf
biochemistry is predicted to affect the relatiopsbnly marginally, suggesting SIF also as a
general semi-empirical tool for the assessmenthofgsynthetic rates.

In order to scale-up the new understanding to ¢lggonal level, a novel canopy-level model

of vegetation energy transfer, chlorophyll fluomsce and photosynthesis has been

developed, extending the work carried under pagepts and making it possible to explore
the relationship between canopy fluorescence radiamd gross primary production (GRP)
expected on the basis of the two leaf-level alparg mentioned above.

Apart from the inclusion of a state-of-the-art eg@ntation of physiological and ecological
processes, the newly developed SCOPE model aldodas a detailed representation|of
thermal energy transfer and canopy TIR radiance.

A sensitivity analysis of the model has been cdroat for three different vegetation types
(agricultural crops, deciduous forests, evergreemiferous forests) under different
environmental conditions, making it possible tolexp the generality of model predictions|.

Simulations based on the two alternative leaf-leajorithms both predict a strong
sensitivity of canopy fluorescence radiance to miew radiation and the fraction of
absorbed radiation, as determined by leaf areaxinaled chlorophyll content; the
fluorescence signal is also reduced under mildsstomnditions, demonstrating its potential
as an early indicator of stress. More interestinglgtrong relationship is predicted between
canopy fluorescence and gross primary productioonsistent with canopy-level

observations from parallel field campaigns. Simaled based on the most advanced leaf-

level algorithm predict a quasi-linear relationshigtween canopy SIF and GPP, which
largely insensitive to vegetation type and phottisgtic potentials. The SIF signal appears to
be highly sensitive to changes in GPP (in respdasehlorophyll content, LAI and light
absorption, environmental conditions and photosstith potentials), demonstrating its
suitability as a tool for the quantitative measueetmof GPP from space. Modelling results
appear to be consistent with experimental resutienfparallel field campaign, both |n
gualitative and in quantitative terms.

The implications of the analysis are finally diseed, and novel model advancements jand

applications are proposed, in combination with nexperiments needed for a further
guantitative test of the model at the canopy scale.
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