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® Conservation of energy at the earth‘s surface

-Qs-Qe=Qu+ Qe
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The energy balance closure problem el
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® Eddy-covariance towers underestimate surface heat fluxes:
low-frequency motions, non-propagating meso-scale structures,...

-Qs-Qc>Qy+ Qe

EBR = QH +QE
-Qg

S/ /l Y4 J 7 mean EBR of 173 FLUXNET sites:

0.84 £ 0.20 (Stoy et al. 2013
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® |s the EBR predictable for a given site / for given atmospheric
conditions?

- need for a robust parameterization scheme
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Parameterization of the energy balance closure B
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® Huang et al. (2008) ® Panin and Bernhofer
(2008)
large-eddy simulation eddy-covariance measurements
homogeneous terrain surface roughness heterogeneities
considers atmospheric conditions considers landscape properties
|~f| 2 |xf,| & K, ~ 2ot
W. Z, L.

_QutQe k:—Q;—QG
— f
_QS_QG QH+QE

explains closure on a 30-min basis explains mean closure of a site

Huang J, Lee X, Patton E (2008) A modelling study of flux imbalance and the influence of entrainment in the convective
boundary layer. Boundary Layer Meteorol 127:273-292

Panin GN, Bernhofer Ch (2008) Parametrization of turbulent fluxes over inhomogeneous landscapes. Izvestiya Atmos Oceanic
Phys 44:701-716
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® Eddy-covariance measurements from TERENO-sites

T= RENO

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES
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.
® Aircraft measurements from Canadian boreal forest (,Candle Lake

Runs”: BOREAS experiment, BERMS programme) Ak ae
l*. Agri-Food Canada
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Hall et al. (1997)
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Hypothesis (Mauder et al. 2007):

Airborne measurements capture the total flux:
x +F,
Freso-scale 1S NOt captured by eddy-covariance towers.

otal — "small-scale eso—scale

Method for flux calculation and separation of scales
wavelet transform (Morlet wavelet)

cross-scalogram of wand T

32

[§S

scale[km]

0.0078
0 20 40 60 80 100 distance [km]
Aircraft-based estimate of EBR for the Candle Lake area:
0.88 £ 0.05
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Test 1. Parameterization by Huang et al. (2008) ﬂ(“‘
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Test 2. Parameterization by Panin and
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® Are the parameterizations applicable to near-surface measurements?
Why (not)?

® Huang et al (2008): Not for our data.
B assumes homogeneous terrain

¥ the simulated energy balance (virtual towers) is closed near the surface in LES
models - insufficient spatial resolution

® Panin and Bernhofer (2008): Partially.
® not all relevant surface heterogeneities are represented in a z,-map

® Second approach (landscape-scale heterogeneities) is promising.

12 Eder F, De Roo F, Kohnert K, Desjardins RL, Foken T, Schmid HP and Mauder M Validation of two energy balance closure
parameterizations using field measurements



