
1. Introduction
 Gross primary production (GPP) of terrestrial vegetation is a key 

component in the carbon cycle. Therefore, its quantification is important 
in the prediction of the contribution and responses of terrestrial 
ecosystems to climate change. 

 GPP cannot be directly measured and is often inferred either from eddy 
covariance(EC) measurements or derived using models(i.e., Empirical, 
Machine learning, LUE and Process-based models).

 MODIS GPP is currently one of the main sources of operational LUE-based 
GPP data, but its future is in doubt due to aging MODIS sensors.

 Copernicus Sentinel-3 mission with its moderate spatial and high 
temporal resolution, provide a unique opportunity to explore new ways 
of operationally producing GPP at regional to global scales that could 
replace the MODIS GPP Product.

 The study introduces the Quantum Yield (QY) GPP data derived from 
Sentinel 3 data using the QY model and its validation. 
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2. The Quantum Yield(QY) Model
 The QY model is based the concept of light use efficiency (LUE) but 

prescribes photosynthetic pathway (C3/C4) specific quantum yield terms 
instead of PFT-based LUE to quantify the rate at which plants convert 
absorbed energy into dry matter. 

 Additionally, the QY model uses the fraction of photosynthetic active 
radiation absorbed by the photosynthetic pigments in the canopy 
(FAPARchl) derived from Sentinel 3 OTCI data as opposed to the total 
canopy FAPAR (FAPARca). 

 The QY model is formulated as follows: 

QY_GPP =PAR ∗ FAPARchl∗[PC3α3ƒD3Ѱe +(1-PC3)α4ƒD4] 

 Where: 

 PC3 : represents the percentage of C3 plants,1-PC3 represents the 
percentage of C4 plants in a pixel, 

 FAPARchl : Fraction of absorbed photosynthetic radiation absorbed by 
green/chlorophyll elements in the canopy derived through inversion of 
flux tower NEE/GPP data and upscaled using Sentinel-3 OLCI Terrestrial 
Chlorophyll Index(OTCI) data

 α3 and α4 :represents maximum quantum yields of C3 and C4 plants 
respectively,

 Ψe (unitless) : represents the influence of temperature and leaf CO2 
concentration on the maximum quantum yield of C3 plants, 

 ƒD3 and ƒD4 : represents:  the influence of vapour pressure deficit on C3 

and C4 photosynthesis respectively

3. Implementation of the QY GPP Model

4. Results
4.1. Validation of QY GPP product across global flux tower sites  

4.2. Spatial distribution of global QY GPP Product 
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Figure 2: The relationship between QY GPP product and Flux tower GPP across various biomes 
(GRA=Grassland, WET=Permanent Wetlands, DBF=Deciduous Broadleaf Forests, CRO=Croplands, 
ENF=Evergreen Needleleaf Forests, MF=Mixed Forests, OSH=Open Shrublands, CSH=Closed 
Shrublands, CVM=Cropland/Natural Vegetation Mosaics, EBF=Evergreen Broadleaf Forests)

Figure 1: QY GPP model implementation 
scheme (Data Sources: ECMWF ERA5 data, 
ESA CCI Landcover data, Sentinel 3-OTCI 
data) 

Figure 3: Spatial distribution of global mean seasonal QY GPP (gCm-2 year-1) from 2020-2024 
[a)= Jan-March, b) = April- June, c) = July-Sep, d) = Oct-Dec]

Figure 5: The percentage contribution of land 
cover types to global GPP(Mean of 2020-2024) 

Figure 4: Spatial distribution of global mean 
QY GPP [gCm-2 year-1] from 2020-2024

5. Conclusion
 The QY GPP product had a moderate to high relationship with in-situ GPP 

measurements across several IGBP biomes across the globe (R2 > 0.5, low RMSE 
and low MAE).

 The QY GPP product was able to reproduce the known global seasonal and spatial 
distribution of GPP across the globe. For example, the QY GPP product was able 
to reproduce the low productivity in the Northern Hemisphere during the winter 
season and year-round high GPP across the tropics.

 With the continuous availability of Sentinel 3 data into the next decades, the QY 
model offers a basis for operationally producing GPP data at high temporal 
resolution across the globe that could replace the MODIS GPP product . 
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