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Abstract
Using land surface flux data from July to December 2014 obtained at the Xi-
aotang land–atmosphere interaction observation station on the northern edge
of the Taklamakan Desert, the characteristics of energy balance closure in this
region were investigated through the ordinary least squares (OLS) method and
the energy balance ratio (EBR) method. The results indicate that each com-
ponent of the energy flux exhibits an inverted “U”-shaped unimodal variation
trend, and except for the latent heat flux, all show distinct seasonal variation
characteristics, manifested as: summer ＞ autumn ＞ winter. The degree of en-
ergy balance closure follows the pattern: all-day ＞ daytime ＞ nighttime, and
demonstrates a monthly decreasing trend. The degree of energy closure under
the soil heat flux at 5 cm below the surface is significantly higher than that
under the surface soil heat flux. The energy closure rate fluctuates dramati-
cally during sunrise and sunset periods, is negative at night, and is significantly
higher in the afternoon than in the morning. The degree of energy closure under
different weather conditions follows the pattern: sunny ＞ cloudy ＞ sandstorm
＞ rainfall.
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Abstract

Energy balance in terrestrial ecosystems plays a crucial role in regional climate
and water balance. Based on surface flux data from July to December 2014 at
the Xiaotang land-atmosphere interaction observation station at the northern
margin of the Taklimakan Desert, we investigated the characteristics of surface
energy balance using the ordinary least squares (OLS) method and the energy
balance ratio (EBR) method. The results show that the diurnal variation of
energy fluxes follows an inverted“U”shape with a single peak, except for latent
heat flux. Seasonal variation follows the order: summer > autumn > winter.
Energy balance closure follows the pattern: all-day > daytime > nighttime,
with a decreasing trend from month to month. The soil heat flux at 5 cm depth
is significantly higher than the surface soil heat flux. The energy balance ratio
fluctuates during sunrise and sunset periods, becomes negative at night, and is
noticeably higher in the afternoon than in the morning. Under typical weather
conditions, the energy balance ratio ranks as: sunny > cloudy > sandstorm >
rainfall.

Keywords: eddy covariance; energy balance closure; energy balance ratio; or-
dinary least squares; Taklimakan Desert

1. Introduction

Energy balance closure is a critical issue in micrometeorological observations
using the eddy covariance technique. Previous studies have shown that energy
balance closure rates typically range from 60% to 90% across different ecosys-
tems, with most falling between 70% and 80%. The energy imbalance problem
is particularly pronounced in arid and semi-arid regions due to complex surface
conditions and strong atmospheric turbulence. At the Xiaotang observation sta-
tion in the northern Taklimakan Desert, research indicates that energy balance
closure exhibits significant seasonal and diurnal variations, with closure rates
varying substantially between different weather conditions.

2. Materials and Methods

2.1 Study Site and Instrumentation The Xiaotang observation station is
located at the northern margin of the Taklimakan Desert. The site features
typical desert climate conditions with sparse vegetation cover. The observation
system includes:
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• Eddy covariance system: CSAT3 sonic anemometer and Li-Cor 7500
infrared gas analyzer at 2 m height

• Radiation components: CNR1 net radiometer measuring four radiation
components

• Soil measurements: Soil heat flux plates at 5 cm depth, soil temperature
and moisture probes at multiple depths

• Meteorological parameters: HMP45C temperature and humidity sen-
sors, wind speed and direction sensors

All data were recorded at 30-minute intervals.

2.2 Data Processing Data processing followed standard eddy covariance
protocols including: - Coordinate rotation using the planar fit method - Webb-
Pearman-Leuning corrections for density fluctuations - Quality control using the
friction velocity (u*) threshold method - Energy storage terms calculation for
the soil layer above the heat flux plates

The energy balance ratio (EBR) was calculated as:

𝐸𝐵𝑅 = 𝐿𝐸 + 𝐻
𝑅𝑛 − 𝐺 − 𝑆

where 𝐿𝐸 is latent heat flux, 𝐻 is sensible heat flux, 𝑅𝑛 is net radiation, 𝐺 is
soil heat flux, and 𝑆 represents energy storage terms.

3. Results and Discussion

3.1 Diurnal Variation of Energy Fluxes The diurnal patterns of net ra-
diation, sensible heat flux, and latent heat flux all exhibited clear inverted “U”
shapes with single peaks around solar noon. Soil heat flux showed a similar
pattern but with smaller magnitude and a slight phase lag. The peak values
occurred in the order: net radiation > sensible heat flux > latent heat flux >
soil heat flux.

3.2 Seasonal Variation Seasonal differences were pronounced, with energy
flux magnitudes following: summer > autumn > winter. The energy balance
closure rate also showed seasonal variation, with better closure in summer (ap-
proximately 75%) compared to autumn (62%) and winter (68%).

3.3 Energy Balance Closure Characteristics Energy balance closure was
best during midday periods and poorest during transition periods (sunrise and
sunset). Nighttime values were often negative due to measurement limitations
and stable atmospheric conditions. The closure rate was consistently higher
in the afternoon than in the morning, likely due to better-developed turbulent
mixing.

chinarxiv.org/items/chinaxiv-201806.00041 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00041


3.4 Weather Condition Effects Under different weather conditions, en-
ergy balance closure ranked as: sunny days (best closure) > cloudy days >
sandstorm days > rainy days (poorest closure). During sandstorm events, the
energy balance ratio could drop below 60% due to increased advective effects
and measurement challenges.

4. Conclusions

The energy balance closure at the Xiaotang observation station shows significant
temporal variation, with closure rates ranging from 60% to 75% across different
seasons and weather conditions. The systematic underestimation of turbulent
fluxes relative to available energy is consistent with findings from other arid
region studies. Future work should focus on quantifying advective terms and
improving measurement accuracy during extreme weather events.
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