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Introduction

Monitoring photosynthesis from space is one of the main tasks of remote sensing

“PHOTOSYNTHESIS”
WATER + LIGHT = CHEMICAL ENERGY

LIGHT

ENERGY 1. Chloroplasts trap 2. Water enters leaf 5 g

light energy

3. Carbon dioxide 4. Sugars and Carbo-
enters leaf through hydrates leave leaf
stomata

(Drusch et al., 2017) CHEMICAL ENERGY + CARBON DIOXIDE = SUGAR

plant production

global carbon cycle

precision agriculture

water cycle
climate-vegetation interaction



Introduction

SIF (sun-induced fluorescence) is a novel indicator of photosynthesis

NeIdentiignt
Reflectance

Chlorophyll-
Fluorescence

apsopion — Photosynthesis
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(Davidson et al., 2003)

Energy absorbed by chlorophyll is
used:

- Photosynthesis  (P)
- Fluorescence (F)
- Heat dissipation (H)

nterpreting SIF signals
Upscaling and
downscaling
BFDF (angular effects
on SIF)

- SIF-GPP relationship

Canopy structure effects



Introduction

Remote sensing only measures a part of canopy emitted SIF

scattering (o) and re-absorption of emitted
SIF

- Canopy structure

1 - Leaf properties
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Introduction

RTMs (radiative transfer models) to quantify scattering (o).
Require inputs of canopy structure (LAl, leaf angle), and leaf properties

(chlorophylls)
Retrieve these parameters from reflectance
e

Vegetation
Reflectance > biophysical
parameters

- time consuming
- model dependent
- uncertainty in the retrieval




Introduction

Objective: Link scattering of SIF with reflectance

OFCc = f(R)

Scattering of incident light results into reflectance

Method: Comparing scattering of emitted SIF with scattering of

incident light
1
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Theoretic deviation

Incident light sensor

E
0

R=nL,/FE O'F(j:’/TLf/EF

where E is the incident light irradiance, E. is the
total emitted SIF by leaves. Lo and Lo" are
observed reflected radiance, and SIF radiance,
respectively.



Theoretic deviation

Incident light sensor

Canopy SIF emission
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Theoretic deviation

Incident light

sensor

Contribution from one leaf

E .
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Theoretic deviation

Incident light sensor
LF s R(\) = Y [Pfspfs + Pofetf-]
Y L() leaves
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Simulation methods

We used 1800 synthetic scenarios to test the relationship by using SCOPE model simulation

Table 1: Summary of SCOPE inputs applied for the generation of the database

Parameter Explanation

Unit

Values

Cab Chlorophyll a 4+ b content

Cim Leaf mass per unit area

Cy, Equivalent water thickness

N Leaf structure parameter

LAI Leaf area index

LIDFa Leaf inclination function parameter a
. sun zenith angle
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Two groups of simulations:
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Leaf albedo w

Canopy reflectance R

SIF emitted by all the leaves Ef
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Results

Group-1 at 687 nm
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Results
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Group-2 at 687 nm
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Estimation of canopy fluorescence emission and GPP

GPP = APAR x LUE,

SIF = APAR x LUE; x of




Conclusion

e Canopy scattering of far-red SIF is expressed as a simple function of
reflectance

* The link allows decoupling canopy structural and functional regulation
on SIF

* The link allows correcting directional effects on SIF measurements

Future work

» Testing the relationship by using 2D (mSCOPE) and 3D model (DART)
» Applying the relationship for field measurements

» Spectral invariant theory
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Spectral invariants




Theoretic deviation

Incident light sensor
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Comparing the radiative transfer of intercepted radiation with
emitted SIF in the first order interactions.



Results

SIF radiance
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Theoretic deviation

Incident light sensor

E
0

R=nL,/FE O'F(j:’/TLf/EF

where E is the incident light irradiance, E. is the
total emitted SIF by leaves. Lo and Lo" are
observed reflected radiance, and SIF radiance,
respectively.
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Fluorescence exciation-emission matrix
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Within-leaf scattering
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Figure 8: The comparison of partitioning of scattered radiation (p/7) and partitioning of

emitted SIF (ps/77) over the two sides of leaves at 687 nm and 760 nm simulated with

Fluspect. Simulations with the same leaf structure parameter (N) are marked with the

same colour.



