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Fig. 1 Comparison of fitting soil temperatures by the Harmonic analysis (HM) technique and

the measured soil temperatures (Obs) at depths of 5 ¢cm (a) and 10 cm (b) at SACOL site
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Fig. 3 Comparison of soil heat fluxes calculated (a) from the Harmonic analysis (HM) technique and (b) the

TDEC method and soil heat flux measured by a HFP0O1SC heat plate (Obs) at 5 cm depths at SACOL site
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Table 2 Ratio of the ground heat flux calculated from
different approaches to the net radiation flux and surface

energy balance closure at SACOL site during daytime
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Estimation of Ground Heat Flux for a Semi-Arid Grassland
and Its Impact on the Surface Energy Budget
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Abstract: Three approaches, i. e. Harmonic analysis (HM) technique, temperature prediction-correc-
tion (TDEC) method and calorimetric method, for the estimation of ground heat flux are evaluated by
using observations from the Semi-Arid Climate and Environment Observatory of Lanzhou University
(SACOL) in July 2008. The calorimetric method, which involves measurement by a HFP01SC self-calibra-
ting heat flux plate buried at 5 cm depths and heat storage between the plate and the surface, was called as
ITHP approach here. The results indicate that the good linear relationships were showed among the soil
heat fluxes measured by the HFP01SC heat flux plate and those calculated from the HM technique and the
TDEC method at 5 cm depths. The calculated soil heat fluxes from the latter two methods well follow the
observed phase by the HFP0O1SC heat flux plate. The magnitudes of the soil heat flux calculated from the
HM technique and the TDEC method are near to each other, while they are about 2% and 6% larger than
the observed soil heat flux, respectively, which mainly occur at nighttime. Moreover, the ground heat flu-
xes calculated from the TDEC method and the HM technique are highly correlated with each other with R*
=0. 97, and their difference is only about 1%. The TDEC-calculated ground heat flux also has a good line-
ar relationship with the ITHP-calculated ground heat flux with R*=0. 99, but their difference is larger (a-
bout 9%). Furthermore, compared to the direct measurements by the HFP0O1SC soil heat plate at 5 cm
depths, the ground heat flux calculated from the HM technique, the TDEC method and the ITHP ap-
proach can improve the surface energy budget closure by 6%, 7% and 6% at SACOL site, respectively.
Therefore, the contribution of the ground heat flux in the surface energy budget is very important for the
semi-arid grassland ecosystem over the Loess Plateau in China. Using the turbulent fluxes after common
corrections, soil heat storage between the surface and the heat flux plate can improve the surface energy

budget closure by 6% ~7% . resulting in a closure of 82% ~83% at SACOL site.

Key words: Soil heat flux; Harmonic analysis; Temperature prediction-correction method



