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The problem

A The net radiation is always larger than the sum of the
turbulent fluxes (sensible and latent) and the ground heat
flux:

Q% Qe+Qn+Qk

A Typical residual are:

Qe +§“*+ Q€ 400% = 70..100%
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Energy balance closure
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O Foken and Oncley (1995), Mauder et al. (2006), Oncley et al. (2007), Mauder and Foken (2006), Foken (2008)
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The history

AFirst detection of an unclosed energy balance during
experiments like FIFE and KUREX at the end of the 1980s

AProblem addressed during an EGS workshop 1994 at
Grenoble/France

ASeveral experiments in the 1990s and overview papers like:
Foken (1998), Wilson et al. (2002), Culf et al. (2004), Foken
(2008), Foken et al. (2012)

APieces of the puzzle emerge in the 2000s
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The main reasons for energy balance unclosure

. Measurement errors, especially those relating to the eddy-
covariance technique

. Different balance layers and scales of diverse measuring
methods, as well as the energy storage

ii.  Advection and fluxes due to longer wave lengths
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The eddy-covariance

method

Direct method with high data
qguality, if the method is correctly
applied

Applying one of
Postulates

WX=WX+W X
and assumption:

w=0

wx= Ko+ W

O University of Bayreuth,
Nam Co site, Tibetan
Plateau, 2009

www.bayceer.de




P ST et [ BAYCEER

Bayreuth Center of Ecology
and Environmental Research

The eddy-covariance method - Corrections

CO, flux (umol m?s™) / turbulent heat flux, residual (W m™)
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© Mauder and Foken(2006

www.bayceer.de



V.

mean energy balance residuum (Wm™)

UNIVERSITAT
BAYREUTH

sepiaiicaneRaa [ BAyCEeR

Bayreuth Center of Ecology
and Environmental Research

The Eddy-Covariance Method - Corrections
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© Mauder and Foken (2006)
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The transformation of the
buoyancy flux into the
sensible heat flux and the
transformation of the latent
heat flux (CO, flux) due to
density fluctuations can
Impact the flux to some
degree but does
significantly influence the
closure problem

www.bayceer.de
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The main reasons for energy balance un-closure

. Measurement errors, especially those relating to the eddy-
covariance technique

. Different balance layers and scales of diverse measuring
methods, as well as the energy storage

ii.  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
www.bayceer.de
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Different balance layers and scales of diverse
measuring methods

term of the energy balance  error energy horizontal Measuring
equation in % nWm? scale inm height m m
latent heat flux 5-20 20-50 10° 2-10
(carefully corrected)

sensible heat flux 1020 15-30 10° 2-10

net radiation 1020 50-100 10! 1-2

ground heat flux 50 25 107" -0.02—-0.10
storage term ? ? 10710’

© Foken (1998)

www.bayceer.de
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Energy Storage

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

© Oncley et al. (2007)

AThere is a relevant storage term in the upper soil layer, often
Included into the calculation of the ground heat flux

© 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

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

© Haverd et al. (2007), Lindroth et al. (2010)

www.bayceer.de
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The main reasons for energy balance unclosure

. Measurement errors, especially those relating to the eddy-
covariance technique

. Different balance layers and scales of diverse measuring
methods, as well as the energy storage

lii.  Advection and fluxes due to longer wave lengths
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Application of the eddy-covariance method on
fluxes above volume elements i
Generalized eddy-covariance method

ADefinition of the method: plane surface, homogeneous terrain
AEquation for volume element (only w-component shown)

h

h
Fn:W'—(_)/‘C'h+~WCdZ+ Urc+rcp- 8dz
o M o H \IJZ

WPL-correction
Advection (add. terms for horiz. Adv.)
Storage

Eddy-covariance flux

AThe eddy-covariance method is only one part of the flux
equation!

O 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

O Finnigan et al. (2003)

www.bayceer.de
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The Energy Balance closure EXperiment

EBEX-2000 in California

AProblems of measuring
devices can be excluded

AThe energy storage in
plants and soil is low and
can be determined

AAdvection is possible,
but complicate to measure

O Oncley et al. (2007)

AAdvection cannot explain
the energy balance closure
completely

O Oncley et al. (2007), Leuning et al. (2012)
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Extension of the averaging period i e
The ogive function

Accumulation of the co-spectrum

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

© Foken et al. (2006)




