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Crops are having an impact beyond just C
Mueller et al, NatCC, 2015
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Google Doodle at birthday of Jan Ingenhousz, who first detected O2 generation via photosynthesis (1779) 3



The Big Picture: 
Global Carbon Cycle

Gross Primary Production (GPP)
= Gross CO2 uptake through photosynthesis
- Largest CO2 sink on Earth
- Largest O2 source
- Engine of most biogeochemical cycles (without it, we wouldn’t be here)

IPCC report4



Importance of soils and OC 

Crowther et al 2019

● More carbon is stored in 
the soil than above ground

● Especially at higher 
latitudes

● If changes in reservoirs are 
fractional, the soil will store 
more 

● Microbes are driving 
turnover rates (act as 
catalysts)

● Different in agricultural 
systems
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Motivation
Plants are doing us a favor

Future of GPP will determine 
whether plants will continue to 
do us a favor by taking up CO2.
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What do we know about global GPP? The top-down view from the 
atmosphere
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Where does it go? Using O2 and CO2
(The Keeling combo)
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So, how do quantify carbon dynamics globally?
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At the core: Photosynthesis in a nutshell 
(excuses to real plant biologists)

• Step 1: Harvest light à absorb photons in the 400-700nm range that 
powers the light reactions (and releases O2!)
• Step 2: Fix carbon à Use products from the light reactions to reduce 

CO2 
• Steps 1 and 2 need to be coordinated as they work in sequence (at 

least for regular C3 plants). 

A photosynthesis model basically computes the potential rates for 
Step 1 and Step 2 and determines the rate limiting. 
pCO2 at chloroplast and overall absorbed light is almost all we need.
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https://en.wikipedia.org/wiki/Photosystem#/media/File:Thylakoid_membrane_3.svg

Photosynthesis Part I: The light reactions

12



Calvin-Bassham-Benson Cycle

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

Photosynthesis Part II: The carbon reactions
Rubisco
Ribulose-1,5-bisphosphate carboxylase oxygenase

Proportional to Rubisco (and T dependent) 

CO2 at chloroplast (but fights with O2!)
At the heart of CO2 fertilization



Photosynthesis Part III: 
How do we get CO2 to the chloroplast? The role of stomata

http://www.aip.nagoya-u.ac.jp/en/public/nu_research/images/20171109155402.jpg

Stomatal conductance (thus 
evaporation) is coordinated 
with photosynthesis! This is 
the main reason it had to 
be put into land surface 
models in the first place.

CO2 up, conductance down
 
Vapor pressure deficit up, 
conductance down



Remote sensing information on Step 1: Harvest light

PAR range (400-700nm)

NIR range (>750nm)
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The world as seen by the human eye (PAR range)
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The world in the near infrared (>800nm)
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NDVI Normalized Differential Vegetation Index

https://developers.google.com/earth-
engine/tutorials/community/modis-ndvi-time-series-animation
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NDVI can tell us about absorbed light, but…
Light Limited Carbon Limited (varies with Vcmax, i.e. Rubisco, and CO2!)
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A different way to look at the light 
reactions (Electron Transport Rate)

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.



TROPOMI, global coverage in <1week Köhler, Frankenberg et al

Model GPP (MPI Jena)TROPOMI SIF (Caltech)
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Red and Far-Red SIF, covering phytoplankton as well

Köhler, P., Behrenfeld, M.J., Landgraf, J., Joiner, J., Magney, T.S. and Frankenberg, C., 2020. Global Retrievals of Solar-Induced Chlorophyll Fluorescence at Red Wavelengths 
With TROPOMI. Geophysical Research Letters, 47(15), p.e2020GL087541.
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A look at crops!

For comparison, 
we have about 
1600g/m2 in the 
atmosphere
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Yin, Byrne, Frankenberg et al, AGU Advances 2020 
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Crops are playing an increasingly important role in 
the global carbon cycle.

Where does the Carbon go? 
How much stays in the soil?
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RSE, 1997
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Remote sensing applications for agroecosystem monitoring

Main crops: May-Sep

Application 4: Crop characteristics

Cover 
crop

No cover 
crop

Application 3: Cover cropApplication 2: Tillage practices

Application 1: Soil organic carbon
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Oct-April
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35/28Wang et al. 2022. Using soil library hyperspectral reflectance and machine learning to predict soil organic carbon: assessing potential of 
airborne and spaceborne optical soil sensing. Remote Sensing of Environment. 271, p.112914.

Quantify topsoil organic carbon concentration from multi-scale sensing data

Soil moisture Green vegetation Crop residue



The challenge

Remote sensing is 
“blind” to the 
subsurface

How to relate what we 
can observe to total 
carbon storage?
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The challenge

• Spatial variation within any given field can be larger than year-to-year 
changes in SOC
• As a result, soil sampling is infeasible as a short-term (i.e. annual) 

quantification method but is well positioned to set the SOC baseline 
or periodic verification (after 5+ years) of practice changes
• Remote sensing techniques (particularly hyperspectral) have shown 

potential to monitor SOC, but:
- RS only detects soil carbon at the surface, not the the soil profile to 
full depth (for H2O, we have GRACE, there is no equivalent for SOC)
- crop residues, green vegetation cover, and soil moisture have a 
confounding impact on spectral signals
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Thank you
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