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Webinar Agenda

• Here: A primer into Solar Induced Chlorophyll 
Fluorescence

• Later:
• Overview of different satellite-derived SIF 

datasets
• Their characteristics
• Where they can be accessed
• Demo with OCO-2 data showing participants 

how to open, interpret, and analyze the data 
to identify vegetation stress

• Q&A session
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Part 1

• Introduction to SIF 
• Active Fluorometry and solar induced fluorescence
• How do we measure fluorescence?
• Limitations of using SIF
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Learning Objectives

• Understand the basic concepts of SIF
• How is SIF related to photosynthesis and 

electron transport?
• What is the difference between PAM 

fluorescence and SIF?
• Know how to interpret the 

measurements and apply them
• Be able to access, open, and analyze 

SIF data
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Motivation

• The Global Carbon Cycle
• Photosynthesis (gross CO2 uptake) 

is the largest sink for Carbon in the 
Earth’s atmosphere. Its future will 
determine whether plants will 
continue to do us a favor by 
taking up CO2.



Introduction to Solar 
Induced Chlorophyll 
Fluorescence

• A small fraction of the absorbed 
light is being re-emitted as 
fluorescence (>700nm, just tiny 
overlap with the visible spectral 
range).

• This happens even for dissolved 
chlorophyll solution (e.g., in 
alcohol). See figure on the right.



• During photosynthesis, a small 
fraction of energy is reemitted 
as light (fluorescence).

• Remote sensing instruments 
include a measurement region 
that reveals this signal.

• This measurement is more 
directly tied to plant health and 
activity than traditional 
measurements like greenness.
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PAR spectral range (400-700nm)



https://en.wikipedia.org/wiki/Photosystem#/media/File:Thylakoid_membrane_3.svg





https://en.wikipedia.org/wiki/Photosystem#/media/File:Thylakoid_membrane_3.svg



Calvin-Bassham-Benson Cycle

https://en.wikipedia.org/wiki/Calvin_cycle#/media/File:Calvin-cycle4.svg



Loss through Photorespiration



https://biology.stackexchange.com/questions/81773/what-does-the-
difference-between-gpp-npp-represent



https://www.pnas.org/content/111/24/8856



So, what can fluorescence 
teach us about 
photosynthesis?

• Let’s start with active methods 
that have been used for 
decades

• … and then move on to solar-
induced fluorescence and what 
we can learn from that (and 
what the difference is to active 
methods)



Graphics from Licor and Walz 

Active Fluorometry (Decades of Research)



The Power of Active Fluorometry
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The Relationship Between Fluorescence and
Photosynthesis Yields
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How do we measure SIF?

• From the theory of what SIF means to the means of measuring it



How do you measure this 
faint glow remotely?
(It adds just about 1% to the total signal. Think of it like 
turning on a lightbulb in a sunny room.)







We need a 
curtain!



We can use a “dark room” in spectral space!



Impact of Fluorescence on Fraunhofer Line
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Impact of Fluorescence on Fraunhofer Line
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Background: Measuring Fluorescence

Frankenberg, O’Dell, Guanter, et al (2011)
Chlorophyll fluorescence remote sensing from space in scattering atmospheres: Implications for its retrieval and interferences with 
atmospheric CO2 retrievals.
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History or Evolution of SIF Measurement
Joiner et al, Frankenberg et al

GOSAT
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History or Evolution of SIF Measurement
Joiner et al, Frankenberg et al

GOSAT



OCO-2

History or Evolution of SIF Measurement
Sun et al



History or Evolution of SIF Measurement
Koehler et al

TROPOMI



History or Evolution of SIF Measurement
Koehler et al

TROPOMI



Now we can measure it from towers as well! (e.g. evergreens)
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Want to learn more (overview & review papers)?
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Want to learn more (overview & review papers)?
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Want to learn more (overview & review papers)?
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Want to learn more (overview & review papers)?
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Limitations and Caveats of using SIF

• Aggregated in time and space, GPP and SIF show surprisingly good linear 
correlations!

• SIF is not directly measuring GPP, especially on short time-scales (e.g. diurnal 
cycle) or down-regulation due to stress, the linear relationship can break down

• We still have lots to learn about the relation of PSII and fluorescence yields
• Fluorescence retrievals are no easy and data is noisy! Noise should be handled 

properly  Beware of the meaning of r2 in the presence of precision errors!
• We need to understand fully WHY it works so well at coarser spatial and temporal 

scales.
• Remember, SIF is mostly a proxy for the electron transport rate (as both are driven 

by absorbed light), how this is used to fix carbon is an entirely different story (i.e. 
C3 and C4 photosynthetic pathways have a different SIF-GPP relationship.
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Next Steps and Future Uses for SIF

• More research needed on SIF-GPP relations from the leaf through the canopy
• Sustained non-photochemical quenching and SIF needs to be properly 

understood and characterized
• Combine measurements of SIF with other metrics to break the caveats in its 

analysis (e.g. through measuring transpiration, photochemical reflectance index, 
etc)

• Towards diurnal cycles from space? What can we learn from SIF at shorter time-
scales?

• Use SIF at different spectral positions?
• FLEX, a dedicated Fluorescence mission 

https://earth.esa.int/eogateway/missions/flex
• Be innovative!

https://earth.esa.int/eogateway/missions/flex
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