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The problem 

Á The net radiation is always larger than the sum of the 

turbulent fluxes (sensible and latent) and the ground heat 

flux: 

 

 

 

 

Á Typical residual are:   
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Ò Foken  and Oncley (1995), Mauder et al. (2006), Oncley et al. (2007), Mauder and Foken (2006), Foken (2008)  



Dept. of Micrometeorology 

The history 

ÁFirst detection of an unclosed energy balance during 

experiments like FIFE and KUREX at the end of the 1980s 

ÁProblem addressed during an EGS workshop 1994 at 

Grenoble/France  

ÁSeveral experiments in the 1990s and overview papers like: 

Foken (1998), Wilson et al. (2002), Culf et al. (2004), Foken 

(2008), Foken et al. (2012) 

ÁPieces of the puzzle emerge in the 2000s  
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i. Measurement errors, especially those relating to the eddy-

covariance technique 

 

ii. Different balance layers and scales of diverse measuring 

methods, as well as the energy storage  

 

iii. Advection and fluxes due to longer wave lengths 

The main reasons for energy balance unclosure 
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 The eddy-covariance 

method  
Direct method with high data 

quality, if the method is correctly 

applied   

Ò University of Bayreuth, 

Nam Co site, Tibetan 

Plateau, 2009 

Applying one of Reynoldsô 

Postulates 

 x w + x w = x w ''

and assumption: 

 w 0=

 x w + x w = x w ''
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 Corrections have 

no significant 

influence on the 

closure problem. 

 

 

© Mauder and Foken(2006) 

The eddy-covariance method  - Corrections  
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 The transformation of the 
buoyancy flux into the 
sensible heat flux and the 
transformation of the latent 
heat flux (CO2 flux) due to 
density fluctuations can 
impact the flux to some 
degree but doesnôt  
significantly influence the 
closure problem 

LITFASS-2003 Experiment, maize, 6 week average 

© Mauder and Foken (2006) 

The Eddy-Covariance Method  - Corrections  
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i. Measurement errors, especially those relating to the eddy-

covariance technique 

 

ii. Different balance layers and scales of diverse measuring 

methods, as well as the energy storage  

 

iii. Advection and fluxes due to longer wave lengths 
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Different balance layers and scales of diverse 

measuring methods 

There is no balance layer !   

Measurements cover an energy budget of a volume 

© Foken (2008) 
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Different balance layers and scales of diverse 

measuring methods 

© Foken (1998) 
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Energy Storage 

ÁThe energy storage in the air and in low plants are very small 

 

 

ÁThere is a relevant storage term in the upper soil layer, often 

included into the calculation of the ground heat flux 

 

 

ÁThe storage term in high vegetation (forest) cannot be ignored 

 

 

© Oncley et al. (2007) 

© Heusinkveld et al. (2004): In the dessert the energy balance can be closed 

© Liebethal and Foken (2007): In the night the energy balance can be closed 

 

© Haverd et al. (2007), Lindroth et al. (2010) 
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i. Measurement errors, especially those relating to the eddy-
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iii. Advection and fluxes due to longer wave lengths 

The main reasons for energy balance unclosure 
 



Dept. of Micrometeorology 

Application of the eddy-covariance method on 

fluxes above volume elements ï  

Generalized eddy-covariance method 

ÁDefinition of the method: plane surface, homogeneous terrain 

ÁEquation for volume element (only w-component shown) 

 

 

 

 

 

 

 

ÁThe eddy-covariance method is only one part of the flux 

equation! 
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Ò Aubinet et al. (2003), Finnigan et al. (2003), Foken et al. (2012)  
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Coordinate rotation for zero vertical wind  

in complex terrain 

Rotation into stream 

lines for longer periods 

Ò Finnigan et al. (2003)  
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The Energy Balance closure EXperiment 

EBEX-2000 in California 

ÁProblems of measuring 

devices can be excluded 

ÁThe energy storage in 

plants and soil is low and 

can be determined 

ÁAdvection is possible, 

but complicate to measure 

 

 

ÁAdvection cannot explain 

the energy balance closure 

completely 

Ò Oncley et al. (2007) 

Ò Oncley et al. (2007), Leuning et al. (2012) 
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Extension of the averaging period ï  

The ogive function 

Accumulation of the co-spectrum 

© Foken et al. (2006) 

© Desjardins et al. (1989), Oncley et al. (1990) 


