
 
  

 

 

Georg Wohlfahrt1,2, Lianhong Gu3 
1 Institute of Ecology, University of Innsbruck, 2 Applied Remote Sensing/Alpine 

Environment, European Academy of Bolzano, 3 Environmental Sciences Division and 
Climate Change Science Institute, Oak Ridge National Laboratory 

The many meanings of gross photosynthesis and 
their implication for photosynthesis research from 

leaf to globe  



Ice breaker 

Expose yourself! 
Put up your hands up if you think you know the definition of gross 
photosynthesis. 



Background 

Leaf scale 



Background 

Leaf scale 



Background 

Leaf scale 

Pn = Vc - 0.5Vo - Rday 



Definitions 

Gross photosynthesis is defined as 

(a) Vc (i.e. carboxylation only) or 

(b) Vc-0.5Vo (i.e. carboxylation minus photorespiration) 

Which definition is correct? 

Pn = Vc - 0.5Vo - Rday 

(a) 

(b) 



Definitions 

“… gross photosynthesis is the sum of gross carbon fixation by 
autotrophic carbon-fixing tissues per unit area and time …” 



Definitions 



Definitions 

GPP = Vc-0.5Vo 

two different definitions … in the same paper … 

GPP = Vc 



Definitions 

Older definitions 
(a) Vc : ‘true’ photosynthesis 

(b) Vc-0.5Vo: ‘apparent’ photosynthesis 

Pn = Vc - 0.5Vo - Rday 

(a) 

(b) 



Eddy covariance flux partitioning 
 

NEPn = -(Rdark + Rnon-leaf) 

 

NEPd = Vc-0.5Vo - (Rday + Rnon-leaf) 

 

Problem #1: because Rday<Rdark, NEPn overestimates daytime 
ecosystem respiration 

Results 

f(T) 



Results 

“… suggests an overestimation of RECO by 11-17% …” 



Results 

Eddy covariance flux partitioning 
 

NEPn = -(Rdark + Rnon-leaf) 

 

NEPd = Vc-0.5Vo - (Rday + Rnon-leaf) 

 

Problem #2: NEPn carries no information about photorespiration -  
we thus can only estimate Vc-0.5Vo, but not Vc, i.e. 
Vc-0.5Vo = NEPd + (Rday + Rnon-leaf) 

 

f(T) 



Results 

Eddy covariance flux partitioning 
 

#1: NEPn overestimates daytime ecosystem respiration 

#2: NEPn carries no information about photorespiration  

 

=> Inferred GPP may be closer to true (Vc) than apparent (Vc-
0.5Vo) photosynthesis 

 



Results 

Overestimation of Rday 
(+13%) 

Overestimation of Rday &  
underestimation  
of photorespiration (+3%) 

Overestimation of Rday 
(+13%) 



Results 

Overestimation of Rday 
(+13%) 

Overestimation of Rday &  
underestimation  
of photorespiration (+3%) 



Take-home messages 

• The term gross photosynthesis has been and is used with different 
meanings by different communities. 

• Eddy covariance flux partitioning conceptually allows estimating the 
‘apparent’ photosynthesis, that is carboxylation minus 
photorespiration. 

• However, the resulting estimate is closer to the ‘true’ photosynthesis, 
that is carboxylation only. 

• Given these and other complications, alternative ways of exploiting the 
strong contrast between nighttime and daytime CO2 exchange should 
be explored. 

• Finally, we advocate to use the term gross photosynthesis and GPP for 
carboxylation minus photorespiration.  
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