
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

A simple alternative to the light-use efficiency approach that considers canopy photosynthesis
saturation with light

Ibrom, Andreas; Oltchev, A.; Panferov, O.; Kreinlein, H.; June, T.; Rakkibu, G.; Gravenhorst, G.

Published in:
Geophysical Research Abstracts

Publication date:
2008

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Ibrom, A., Oltchev, A., Panferov, O., Kreinlein, H., June, T., Rakkibu, G., & Gravenhorst, G. (2008). A simple
alternative to the light-use efficiency approach that considers canopy photosynthesis saturation with light.
Geophysical Research Abstracts, 10, EGU2008-A-06950.

https://orbit.dtu.dk/en/publications/bc2d78f5-274e-4c7d-91f6-a93b68770400


Geophysical Research Abstracts,
Vol. 10, EGU2008-A-06950, 2008
SRef-ID: 1607-7962/gra/EGU2008-A-06950
EGU General Assembly 2008
© Author(s) 2008

A simple alternative to the light-use efficiency approach
that considers canopy photosynthesis saturation with
light
Ibrom A. (1,3) Oltchev, A. (2,3), Panferov, O. (3), Kreinlein, H. (3), June, T. (4,5),
Rakkibu, G. (3), Gravenhorst, G. (3)
(1) Biosystems Department, Risø National Laboratory, Denmark, Technical University of
Denmark (DTU), 4000 Roskilde Denmark, (andreas.ibrom@risoe.dk/ Fax: ++45 46773160 /
Phone: ++45 46774177), (2) A.N. Severtsov Institute of Ecology and Evolution of RAS,
Moscow, Russia (3) Institute of Bioclimatology, Germany, Georg-August-University,
Göttingen, (4) SEAMEO BIOTROP, Bogor, Indonesia, (5) Institute Pertanian Bogor (IPB),
Bogor, Indonesia

Abstract

We report eddy covariance CO2 flux and meteorological observations from a trop-
ical rain forest in Indonesia that clearly show saturation of canopy photosynthesis
(Pg) at relatively moderate incident and absorbed photosynthetically active radiation
(PAR) (Ibrom et al. 2008). CO2 fluxes were measured with and open-path fast re-
sponse IRGA (LI-7500, LI-COR, NE, USA) and a 3D ultrasonic anemometer (USA1,
Metek, Elmshorm, Germany). PAR absorption was calculated with a one dimensional
model (Oltchev et al. 2007) and complied with measured short wave albedo at the site,
the Lore Lindu National Park, Central Sulawesi, Indonesia.

We investigated how this saturation propagated moving from half hourly to larger time
scales and found that in the tropical climate, saturation was the dominant phenomenon
of the photosynthetic light response both at daily and monthly time scales. From this
we conclude that the fundamental assumption of the very often used light-use effi-
ciency approach (Monteith 1972), i.e. that light use efficiency is a constant under non
limiting water vapour saturation deficit (D) , temperature and soil water availability,



does not apply at this site. We also revisited studies from other forests and climates
and found indications forPg saturation. These were however masked by combining
the light-use efficiency approach withD reduction functions that are used to include
certain reduction ofε at dry (and at the same time sunny) weather situations in the
simulations.

Apart from the critical evaluation of the light-use efficiency approach we also suggest
a similarly simple approach that is able to include both saturation and reduction of
Pg at highD levels based on a simple Blackman response approach. This approach
uses the light use efficiency approach only for non saturating condition and a constant
maximumPg (Pmax) when absorbed PAR exceeds saturating levels. AsD was found
to reducePmax, the PAR level at whichPg saturated became a well described function
of D.

We advocate replacing the current version of the light-use efficiency approach by the
combined Blackman response when simulating GPP from remote sensing products.
Future research should focus to investigate biome characteristic relationships of the
additional parameter,Pmax, with climate and canopy structure.
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