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PART I

Introducing SIF and photosynthesis

Introducing retrieval methods



SIF  for:

• Ecosystem monitoring

• Photosynthesis – biomass

• Crop yield

• Early warning - stress 

detection

• Phenotyping

• Biodiversity

• Tree ages, wood harvest

• GPP partitioning

• ….

WHY SIF?



SIF



LIGHT EMITTED BY CHLOROPHYLL AT LOWER ENERGY

SIF



Photosynthesis is a highly regulated process 

that involves a cascade of electron transfers 

(Light reaction) to fuel carbon fixation (Calvin 

cycle)

Fluorescence is emitted from the cores of the 

photosynthetic machinery: Photosystems II and I

SIF AND PHOTOSYNTHESIS



Chlorophyll molecules emit fluorescence. The intensity of the fluorescence signal is 

a function of light intensity, the concentration of chlorophyll and the efficiency of 

photosynthesis (functioning of photosynthesis)

Credit: Rascher

SIF AND PHOTOSYNTHESIS



SIF RETRIEVALS



Oxygen B Oxygen A

SIF RETRIEVALS



Oxygen B Oxygen A

SIF RETRIEVALS
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SIF RETRIEVALS



SIF RETRIEVALS



SIF RETRIEVALS



SIF RETRIEVALS



SIF SATELLITES

GOME-2

GOSAT

OCO2 (3)

TanSat

Guanter, 2014

TROPOMI

SIF FROM SPACE



Specific for SIF

Terrestrial Ecosystem Carbon Inventory 

Satellite (TECIS 1) 

The FLuorescence EXplorer (FLEX) is the next 

ESA Earth Explorer 8 mission. The FLEX mission 

aims to provide global maps of vegetation 

fluorescence at 300m spatial resolution, which 

can be used to infer photosynthetic activity 

of natural and managed ecosystems. 

Launch expected: 2026

Chlorophyll Fluorescence Hyper-

Spectral Monitor (SIFIS). It is 

intended to evaluate forest biomass, 

measure atmospheric aerosol content, 

and detect photosynthetic 

fluorescence

SIF FROM SPACE



PART II

The company JB-Hyperspectral 

devices.

The FloX.



Progress in field spectroscopy

similar to satellite,
suited as ground reference



JB COMPANY

JB Hyperspectral Devices is a company founded in 2016 and based in Düsseldorf, 

Germany.

The prime focus of our work is the design and production of 

advanced hyperspectral field instruments.
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FloX – The Fluorescence boX

FloX



CREDITS

The FloX has an outstanding scientific record and 

was used already in over 137 publications world 

wide.
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Based on Google Scholar search for 
“FLOX JB Hyperspectral”, accessed on 
Jul. 11, 2024



CREDITS

Some of the latest 

FloX-related 

publications are:



FLOX PROCESSING



DATA PROCESSING



Calibration coefficients

DATA PROCESSING



Calibration coefficients

DATA PROCESSING



SIF retrieval and Index formulationCalibration coefficients

DATA PROCESSING



Quality Flag Criteria

SIF retrieval and Index formulationCalibration coefficients

DATA PROCESSING



Cogliati et al, 2019

Exploiting time series and new SIF 

metrics

ADVANCED SIF METRICS

SIF is more than just one numeral value



Main goal.  To assess the quality of different FLEX fluorescence products:

-      O2-A and O2-B TOC fluorescence emission values (F687 and F760):

- Peak values and peak position of TOC fluorescence emission (maxFred, 

λred, maxFfar-red and λfar-red)

- Total TOC fluorescence emission (Ftot)

ADVANCED SIF METRICS



All relevant uncertainties are modelled with a dedicated module and the output will be 

included in future data products.

Uncertainty emulation: Spectral, radiometric, SNR(noise), Dark Current (DC), cosine 

diffusor response function and SZA

Full traceability of uncertainty is aimed for to support the upcoming launch of the 

FLEX satellite.

TRACEABILITY OF UNCERTAINTIES



Addressed by a comprehensive emulator of the FloX

TRACEABILITY OF UNCERTAINTIES



FLOX NETWORK

TOWARDS FLOX INTEGRATION IN FLUX NETWORKS



Since 2023 all JB devices are 

compatible with Li-COR 

SmartFluX for a real time 

visualization of the data out 

of the box.

Communication is using the 

SDI-12 interface and allows a 

minute based data transfer. A 

subset of 9 variables (SIF and 

Vegetation indices)

calculated by FloX internal 

ARM processor can be streamed 

out after every measurement 

cycle.

DATA STREAMING



FLOX DATABASE AND NETWORK



Why FloX? – Be part of the community!
• Hemispherical/ Conical optical configuration. Allows precise point measurements of 

vegetation in well defined ROI. Easy to locate in satellite scene or flux tower footprint.

• Uses JB’s Cosine receptors, which have low error <10% with respect to 80° SZA (e.g. CC3 
is 90% at 80° SZA).

• Stable 2-spectrometer duplex design enables internal quality flags and tracking of 
calibration. In combination with flux-tower equipment is further cross-validation with 
PAR sensors possible (e.g. LI-190).

• Full dark current measured in each cycle, temperature, humidity, GPS and many more 
quality flags natively included.

• Low maintenance. No moving parts and long re-calibration interval, > 1 year in static use 
cases. Automatic calibration device under development to enable re-calibration of 
installed instruments on site.

• Flexible power supply. Works natively with 12V/DC or external switching power supply on 
100- 230V AC. 100W max. consumption enable solar power.

• Broad operating conditions. Operated from Antarctica to Dessert in -25°C / +55°C.

• Transparent and continuously improved open-source data processing in R, future online.

• Proven by scientific record: used by many scientist in high-ranking publications around 
the world.

FloX – key features



PART III

Using remote sensing as a proxy for 

vegetation photosynthesis at canopy 

level – a few challenges.

Linking remote sensing and EC flux 

at landscape and global scale using 

the FloX.



HOW TO CORRECT FOR OXYGEN REABSORPTION?

ATMOSPHERIC EFFECT



HOW TO CORRECT FOR OXYGEN REABSORPTION?

ATMOSPHERIC EFFECT



EFFECT EXAMPLE:

FLOX measurements collected at the Observatoire de Haute Provence 

2018-2020

Negative SIF retrieved from 100 m 

ATMOSPHERIC EFFECT



Addressed by three novel retrieval methods

PLS: A machine learning approach to retrieve SIF undisturbed by reabsorption using 

Solar Faunhofer lines.

BSF: An approach which uses the curvature of the oxygen bands to determine the 

absorption and SIF.

O2-TRANS – SFM. Data correction based on Oxygen transmittance modelling and SIF Full 

spectrum retrieval via SFM.

ATMOSPHERIC EFFECT



FIELD SPECTROSCOPY

Chlorophyll

Water

Xanthophyll, NPQ

Fluorescence

Structure



FIELD SPECTROSCOPY

Chlorophyll

Water

Xanthophyll, NPQ

Fluorescence

Structure

E.g. photochemical 

reflectance index (PRI)

E.g. Normalized difference 

vegetation index (NDVI)

E.g. Merris 

terrestrial 

chlorophyll 

index (MTCI)



CASE STUDY



CASE STUDY



CASE STUDY



van der Tol C., Berry J.A., Campbell P.K.E. & Rascher U. (2014) Models of fluorescence 

and photosynthesis for interpreting measurements of solar-induced chlorophyll 

fluorescence. Journal of Geophysical Research - Biogeosciences, 119, 2312-2327.

CASE STUDY



van der Tol C., Berry J.A., Campbell P.K.E. & Rascher U. (2014) Models of fluorescence 

and photosynthesis for interpreting measurements of solar-induced chlorophyll 

fluorescence. Journal of Geophysical Research - Biogeosciences, 119, 2312-2327.

CASE STUDY



measured

LIGHT PROTECTION

Additional information 

needed to disentangle 

the ambiguity

Photosynthesis
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Credit: Moreno, ESA LPS 2019



e.g. PRI



• Sun induced Chlorophyll fluorescence is a promising variable to predict 

photosynthesis. 

• The growing scientific interests speeded up research in the last years and 

enable to get first results at global level using satellite data. New 

mission to come will improve our understanding at global scale.

• SIF scaled linearly with GPP is a simplification which can cause 

misleading results.

• Frequent acquisition at local scale can help better understanding of the 

process to later scale up globally.

• SIF alone is not enough to explain the full photosynthetic process, but 

hyperspectral measurements can help in quantifying NPQ as well.

• An effort on joining the spectral community and flux community is ongoing 

enabling new investigations. 



Field Spectroscopy and Eddy techniques: 

Footprint mismatch

CURRENT STUDY



Field Spectroscopy and Eddy techniques: 

Footprint mismatch

SPATIAL VARIABILITY 



Field Spectroscopy and Eddy techniques: 

Footprint mismatch

FLUX MAPPER CASE

Credit: Wiesner et al. (2022)

SPATIAL VARIABILITY 



Field Spectroscopy and Eddy techniques: 

Footprint mismatch

FLUX MAPPER CASE

Credit: Wiesner et al. (2022) Credit: US-PFa tower data (desai@aos.wisc.edu), Flux Mapper (smetzger@atmofacts.com)

Classical eddy-covariance Flux Mapper 1 Flux Mapper 2

Flux

Mapper

3

SPATIAL VARIABILITY 
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Field Spectroscopy and Eddy techniques: 

Footprint mismatch

FLUX MAPPER CASE

Credit: Wiesner et al. (2022)

Classical eddy-covariance Flux Mapper 1 Flux Mapper 2

Flux

Mapper

3

Credit: US-PFa tower data (desai@aos.wisc.edu), Flux Mapper (smetzger@atmofacts.com)

SPATIAL VARIABILITY 

mailto:desai@aos.wisc.edu
mailto:smetzger@atmofacts.com


Credits: Marilyn Roland

Brasschaat, Belgium

Credits: Alexander Damm

Davos, Switzerland

Credits: Uwe Rascher

Selhausen, Germany

RS vs Fluxes



Credits: Marilyn Roland

Brasschaat, Belgium

Credits: Alexander Damm

Davos, Switzerland

Credits: Uwe Rascher

Selhausen, Germany

IS THE UNCERTAINTY RELATED TO THE SPATIAL HETEROGENEITY?

RS vs Fluxes



PILOT STUDY

Credit: Giulia Tagliabue, University of Milano Bicocca



PILOT STUDY

FLUXES

RS VARIABLES

NEE MAPS provided at 30 mins resolution

Exploited in terms of:

- pixel locations

- Classified based on land cover



PILOT STUDY

Results indicates footprint heterogeneity has 

an impact does but not explain the total 

variety

Results on classified 

land covers showed that 

the higher correlation is 

coming from conifer
Hot spots can be found 

over conifer crowns



CONCLUSION AND OUTLOOK
Field spectroscopy provides a link between in situ data and remote sensing. The spectra 

contain information about the vegetation (Chl content, structure, physiology, water, etc.) 

and improves our understanding of the processes at canopy scale.

Pilot study presented that the heterogeneity of the footprint and its representativeness is 

not the major source of uncertainty when combining EC-flux with proximal sensing data. Micro 

and macro meteorological influences required further investigation.

JB’s systems acquire hyperspectral data continuously with high temporal resolution. The 

measurements improve the process understanding at local level and support scaling up to 

global level.

The SIF retrievals are proven and continuously improved to include instrumental models 

providing uncertainty traceability, atmospheric correction and extended data quality flags.

Investigation of new ways combining in situ flux data and optical sensors is ongoing, FloX is 

natively compatible with LICOR’s DAQM.

The FloX is a proven and widely used instrument, which enables the application of remote 

sensing linked to the investigation of photosynthesis in situ at the leaf level and scale it 

to the EC fluxes at the canopy scale. It also serves as a ground reference for upcoming 

satellite missions at the global scale.

The combination of SIF and EC flux measurements is especially interesting for understanding 

larger dynamics and to close the gap of monitoring photosynthesis from the leaf-level to the 

global scale.



HANK YOU FOR LISTENING

CONTACTS:          website: www.jb-hyperspectral.com    |    mail: info@jb-hyperspectral.com   |   twitter: @JBHyperspectral 
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