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Impact on global mean GPP 

Ø  Dramatic reduction in global annual mean GPP 

(1990-2010): 
•  prior: 172PgC 
•  posterior: 147PgC  
•  cf. JUNG MTE: 132PgC) 

Ø  Strongest changes seen in tropical regions (both 
raingreen and dry deciduous PFTs) 

 
 
 
 
 
 
 
 
 
Fig 2: Posterior global GPP averaged over 1990-2010 (top) and the difference 
between the posterior and prior simulation (bottom) 
 
Ø  No pronounced change in spatial patterns or gradients 

after the optimisation 
 
 
 

4 
Impact on mean seasonal cycle 

Ø  Reduction in amplitude in all regions à mostly related 

to the photosynthesis parameters 
Ø  Reduction in growing season length (GSL) in the 

northern hemisphere (NH) à constraint not possible 
without inclusion of the phenology-related parameters 

 

 
 
 
 
 
 
 
 
Fig. 1: Mean seasonal cycle for the boreal NH (>60°N), temperate NH 
(30-60°N), tropical NH (0-30°N) and tropical southern hemisphere (0-30°S).  
Note the aim is not to validate the optimisation with the JUNG MTE product 
(Jung et al., 2011) as it also contains uncertainties for some regions, but to 
provide a comparison with an independent product 
 
 
Ø  Amplitude and GSL better matches JUNG MTE 

product, but peak GPP still considerably higher than 
JUNG in boreal and temperate NH. 

 
 
 
 
 
 
Fig 3: Prior (grey), posterior MS (black) and SS (coloured) parameter values 
  
Ø  C3 grasses also controlled by moisture condition 

3 
Optimisation framework

Ø  Constrain ‘a’ and ‘b’ (slope and offset) parameters of 

linear GPP – SIF relationship – in addition to  
photosynthesis and phenology parameters 

Ø  Use GOME2 SIF data (Köhler et al., 2015) 
Ø  15 grid cells chosen randomly per PFT (where obs 

available) (fractional cover > 0.6) à total 180 sites  
Ø  12-15 parameters per PFT 
Ø  Multi-site optimisation performed for each PFT 
Ø  4D – variational/finite difference data assimilation 

system, minimising the following cost function: 
 

J(x) = ½(H.x-y)TR-1(H.x-y) + ½(x-xb)TB-1(x-xb)  (2) 
                                                                           

Ø  Prior obs uncertainty (R) set to RMSE between model 
and data. Parameter uncertainty (B) 40% of range. 
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1
Introduction

Predicting the fate of the ecosystem carbon stocks and 
their sensitivity to climate change relies heavily on our 
ability to accurately model the gross carbon fluxes, i.e. 
photosynthesis and respiration. However, there are large 
differences in the carbon uptake, or gross primary 
productivity (GPP), simulated by different land surface 
models (LSMs), not only in terms of mean value, but 
also in terms of phase and amplitude when compared to 
independent data-based estimates. This limits our ability 
to provide accurate predictions. One source of model 
uncertainty comes from inaccurate parameter values 
due to lack of calibration. Solar Induced Fluorescence 
(SIF) has been shown to have a linear relationship with 
GPP at the typical spatio-temporal scales used in LSMs 
(Guanter et al., 2012), and new satellite-derived SIF 
datasets have the potential to constrain LSM parameters 
at global scales due to their coverage. Here we use SIF 
data derived from the GOME-2 instrument (Köhler et al., 
2015) to optimize parameters related to photosynthesis 
and leaf phenology of the ORCHIDEE LSM, as well as 
the linear relationship between SIF and GPP, with the 
aim of investigating the possible information SIF data 
can bring to constrain a LSM. 

2 
ORCHIDEE model and SIF 
relationship
 
Ø  GPP predominantly controlled by photosynthesis and 

phenology parameters that govern C uptake and leaf 
seasonal cycle respectively. 

Ø  Simple linear relationship between GPP and SIF: 

SIF  =  a GPP  +  b                     (1) 

Ø  12 plant functional types (PFTs): tropical, temperate 
and boreal evergreen and deciduous, broadleaved 
and neededleaved forest, C3 and C4 grass and crop

Constraining GPP with Fluorescence
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6 
Summary and Perspectives
 

Ø  Revised simulated global GPP budget consistent with 
LSM structure (by optimising parameters as well as 

     SIF – GPP relationship)
Ø  Dramatic reduction of GPP magnitude in tropical regions
Ø  Constrained GSL possible by optimising phenology 

parameters as well as those related to C assimilation
Ø  With this assimilation set-up SIF data can already bring 

information on magnitude seasonality which is useful for 
constraining a global LSM

Ø  For higher impact on spatial distribution à need to 
investigate impact of greater number of sites

Ø  Future:
•  Evaluate added constraint from SIF in comparison 

to other datasets related to GPP
•  Investigate additional benefit of adding satellite 

“greenness” index (e.g. NDVI/FAPAR) as joint 
constraint

•  Compare to case when using SIF as joint constraint 
in “top-down” atmospheric inversion with CO2 data
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Fig 3: IAV and 
trend of the 
prior and 
posterior 
simulations 
compared to 
the JUNG MTE 
product   
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Ø  Slight reduction in magnitude of inter-annual variability 
(IAV) and no change in linear trend 
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