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Abstract It is generally believed that the surface energy imbalance (SEI) during the day is mainly caused by
eddy covariance technique. While turbulence at night is suppressed, the reason for its occurrence is not clear.
This study analyzes the differences in surface energy between nighttime and daytime, and suggests that the slow

process of two-way transfer of soil heat at night, the delayed phase of upward longwave radiation and the
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turbulent coherent structure are important reasons for it. To investigate this, the study uses the data from an
observatory on the Loess Plateau to examine the nocturnal SEI. The results show that: (1) After considering the
slow process of soil heat transfer, nocturnal soil temperature, soil heat flux, soil heat storage, and surface soil
heat flux all increase to a certain extent. The energy balance rate (EBR) increases by 0.02 (3%) to 0.71, and the
absolute value of energy balance residual (Res) decreases by 0.8 W-m™ (4%) to 17.0 W-m™; (2) After considering
the phase delay of upward longwave radiation, both nocturnal upward longwave radiation and net radiation
decrease, with an EBR also of 0.71, an increase also of 0.02 (3%), and a |Res| of 15.5 W-m™, a decrease of
2.3 W-m™ (13%); (3) After considering the contribution of the coherent structures, sensible heat and latent heat
increase by 53% (absolute value) and 35%, respectively, with an EBR unchanging significantly and a |Res|
decrease of 1.1 W-m™ (6%); (4) When considering the slow processes, the phase delay of upward longwave
radiation and the coherent structure, the nocturnal EBR is 0.73, an increase of 0.04 (6%), and the |Res| is
14.8 W-m™, a decrease of 3.0 W-m™ (17%). Clearly, all three processes can improve the level of nocturnal surface
energy closure, but the overall effect is greater; (5) Adding the turbulent flux leakage part proposed by Durand
(2022) can increase the EBR by 0.03 to 0.76 and decrease the Res by 1.4 W-m™ to 13.4 W-m™, but the nocturnal
surface energy is still not balanced. Therefore, the eddy covariance technique may not be the main cause of
nocturnal SEI. Analysis shows that the longwave radiation instruments have large observation errors and there is
no world standards. The detection results reveal the existence of systematic errors, and there is a significant
positive correlation between EBR and Res and longwave radiation. Therefore, we believe that the systematic

errors of longwave radiation may be the main cause of nocturnal SEI. Improving the observation accuracy of

68 &

longwave radiometers should be an important way to improve the level of nocturnal surface energy closure.

Keywords

Nocturnal surface energy imbalance; Slow processes; Phase delay of longwave radiation; Turbulent

coherent structure; Longwave radiometer’s accuracy
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Fig. 1 Thermal stratification structure generated in a soil block with a thickness of % at night by heat source forcing

(a) Net longwave radiation forcing (adapted from Zhao et al.,2013); (b) Soil heat flux forcing.
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Fig. 2 Evolutions of soil temperature (a), soil heat flux (b),

soil heat storage (c) and surface soil heat flux (d) before and

after considering slow processes at night

0 cm represents the surface, 5 cm represents a depth of 5 cm from the surface in figure.
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