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RESUMEN

riego en la Llanura del Sur de China, durante la etapa de crecimiento del arroz en 2013. También se analiza la 

después de considerar el cambio en el almacenamiento térmico del suelo. El rango de las magnitudes de D 
, y los valores absolutos de D de-

regresión de los MCO (con un promedio de 11.3%) y el decremento de D en las mediciones realizadas cada 
), ambos indicaron que la corrección de la fase de desplazamiento 

ó

a otros aspectos de la corrección.

ABSTRACT

-
ance components and evaluated the energy balance closure. The study also discussed the response of surface 

the surface, and the phase shift correction of energy balance components, by using three different statistical 
methods, namely ordinary least squares (OLS), energy balance ratio (EBR), and energy balance residual (D). 
The results showed that the OLS slope increased by an average of 8.8%, and the mean daily EBR increased by 

, both indicated that phase shift 

sunrise to noon, but had no use in the daily scale. Thus, the two correction methods are useful in improving the 
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degree of energy balance closure shown in different temporal scales with proper evaluation index. Moreover, 
further research should be given with more attention for other correction aspects.
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shift correction.

1. Introduction
The accurate determination of surface energy balance 
components in different terrestrial ecosystems is an 
essential prerequisite to understanding and modeling 
the interaction between ecosystems and ambient en-
vironments, which are linked with the hydrological 
cycle, climate change, plant productivity, and carbon 

Bormann, 2011). Eddy covariance (EC) has been 
deemed as a preferred method for measuring sur-

However, the lack of energy closure is unresolved, 
and a full guidance on experimental set up and raw 
data processing for the EC system is still unavail-

al., 2002; Jacobs et al., 2008; Leuning et al., 2012). 
Generally, the failure in the energy balance closure 
was attributed to the discrepancy of the source among 

from transport that is multi-dimensional; the missed 
-

related to the sensor separation; frequency response; 
alignment problems, and interference from tower or 
instrument-mounting structures (Cleugh and Roberts, 

-

Masseroni et al., 2012).

and phase correction are both important aspects in 
improving surface energy closure for the results of 

G) measured at the 
soil surface was different than the underlying soil at 

better in energy balance closure (Kustas et al., 2000; 
Heusinkveld et al., 2004; Russo, 2008; Yao et al., 

methods were developed to estimate the surface soil 
G0

Gs

the change in soil depth, or based on the principle that 

method consists in analyzing ground temperature via 

plates at the surface, and calculating the soil thermal 
conductivity via the approximation method (Heu-
sinkveld et al., 2004). In the third method, soil heat 
storage (Q), calculated on the basis of soil temperature 
and moisture data, is integrated with the Gs measured 

This latter method is the one we have chosen.
Energy balance components and net radiation 

might vary out of synchronization with the 24-h daily 
cycle, which led to the systematic energy imbalance. 
Hence, phase correction was another important prac-
tice in improving the surface energy balance closure 

2013). Gao et al. (2010) presented a theoretical 
analysis of the phase difference in diurnal variation 
of soil surface temperature, soil temperature, soil 

plates, and soil heat storage, to examine the impact 

and temperature on the surface energy closure; they 
concluded that the phase difference in soil surface 

energy imbalance. Guo et al. (2008) concluded that 
-

ment of about half an hour contributes to the energy 

Li et al. (2008) reported that latent heat, sensible 

behind the net radiation in an alpine meadow. The 
slope of ordinary least squares (OLS) regression 

half-hourly averages of sensible and latent heat was 
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