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Abstract

The response of surface radiation and water-heat flux to soil moisture is a critical mechanism in 
drought, desertification and other effects of climate change. This study analyzed soil moisture data 
and four-component radiation data during the summers (June, July and August) from 2010 to 2018 in 
a desert steppe environment of Inner Mongolia. The influence of soil moisture on the radiation flux 
and water-heat flux under dry, intermediate and wet conditions were quantified through correlation 
analysis. Radiation and water-heat fluxes showed obvious diurnal changes under different soil moisture 
conditions. Net longwave radiation and soil heat flux showed the largest differences in diurnal variation 
followed by net surface radiation, total flux and albedo. Net radiation, net longwave radiation, surface 
received longwave radiation, soil heat flux and total flux all increased with increasing soil moisture, 
while surface reflection ability decreased. Soil moisture during wet intervals (16.57-28%) showed  
a stronger correlation with fluxes than dry and intermediate intervals (9.78-16.46%). This indicates that 
soil moisture exerts a stronger influence on surface flux under moist conditions. Soil moisture showed 
a negative correlation with surface reflecting longwave radiation (P<0.01) and a positive correlation 
with net longwave radiation, net surface radiation and total flux (P<0.01). The research shows that soil 
moisture interacts with the atmospheric system through its influence on total flux (sensible heat and 
latent heat) and surface net radiation.
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Introduction

As the interface between the land and the 
atmosphere, soils play an important climatic role on 
different spatio-temporal scales. Numerous, complex 
interactions between the air and land [1,2] depend 
on both the land type and atmospheric condition [3]. 
Soil moisture is a key land parameter in this coupled 
system that can induce various climate feedback 
loops [4]. Vegetation cover and topography [5] can 
also influence soil moisture thereby increasing the 
complexity of interactions between the land surface and 
the atmosphere.

Surface soil represents a major reservoir of water. 
Soil moisture arises from the combined inputs of 
precipitation, evaporation and infiltration [6]. Previous 
studies [7-9] have shown that soil moisture plays 
a major role in atmospheric changes. On land, soil 
moisture exerts a greater influence on precipitation 
than sea surface temperature (SST). Studies estimate 
that 65% of global atmospheric precipitation comes 
from evaporation from the land surface [10]. Other 
studies have shown that changes in soil moisture 
influence summer atmospheric circulation in North 
America but this influence varies significantly in 
different regions [8]. The influence of changes in soil 
moisture on atmospheric precipitation and temperature 
also varies with time. Soil moisture for example 
appears to exert a greater influence on precipitation 
and temperature during summer, when atmospheric 
convection is stronger [11, 12]. Mass exchange and 
energy transmission between the land and atmosphere 
determine the influence of soil moisture on temperature 
and precipitation [13]. Studies [14-17] have found that 
soil moisture induces atmospheric effects mainly 
through surface albedo, near-surface soil heat flux and 
sensible / latent heat flux between land and air. As a 
result, different regions have different land-air coupling 
due to unique surface properties. The influence of 
soil moisture on temperature is mainly achieved by 
controlling the distribution of net radiation [18]. In 
Asia, there is a strong land-air coupling in the wet and 
dry climate transition regions in summer, including 
Northeast China, Eastern China, Northwest China, 
Mongolia, Southern Siberia, and Northern India [19]. 
Additional research addressing the correlation between 
early soil moisture and precipitation showed that the 
strong land-air coupling zone occurred primarily in the 
arid and semi-arid transition zone [20]. Determining 
the role of soil moisture in the surface energy radiation 
balance can therefore help elucidate land-air coupling 
mechanisms in these unique environments. Although 
some studies have explored the effects of soil moisture 
on surface radiation and water-heat fluxes, these have 
focused on the Tibetan plateau [21-23] and the eastern 
monsoon region [17, 24]. Few studies have addressed 
arid and semi-arid regions in northwest China.

The desert steppe region of Inner Mongolia is a 
typical transition zone between humid monsoon and 

inland arid regions [25]. Precipitation occurs primarily 
during the summer, atmospheric convection is strong, 
and seasonal variation is significant. This region is 
also sensitive to climate change. In 2002, the Institute 
of Water Resources for Pastoral Areas of China 
established a comprehensive experimental base in this 
area to conduct long-term monitoring of land surface 
processes. This study addresses surface radiation 
through water-heat flux and meteorological data from 
the experimental base. The objectives were to: (1) 
clarify the daily character of radiation flux and water-
heat flux under different wet and dry soil conditions, (2) 
determine the influence of soil moisture on net surface 
radiation, surface albedo, each radiant flux and soil heat 
flux and (3) explore feedback mechanisms within the 
coupled land-air system influenced by soil moisture. 
Generally, this research provides a theoretical basis for 
understanding land-air interactions in a desert steppe 
region.

Material and Methods 

Study Area

The study area includes the area around Xilamuren 
Town (111°12′E, 41°21′N), a community located in 
the southeast of Darhan Muminggan United Banner, 
Baotou, Inner Mongolia (Fig. 1). The local terrain 
consists of low, gently sloping hills with an average 
altitude of 1600 m. The study area experiences a 
temperate continental monsoon climate characterized 
by dry and windy spring and autumn seasons, 
concentrated rainfall in summer and cold, dry winters. 
Mean annual precipitation is 282 mm and a mean 
annual air temperature in 4.2ºC. Approximately 70-80% 
of the annual precipitation occurs from July to August. 
The study area experiences an annual wetness of  
0.13-0.31, annual accumulated temperature of  
1985-2800ºC, 3100-3300 h of average annual sunshine, 
83 d frost-free and an average annual evaporation 
capacity of 2503 mm. This exceeds annual precipitation 
by a factor of nine. The average wind speed is  
4.5 m/s, and the maximum wind speed is 27.0 m/s with 
most wind from a north and northwest direction. The 
soil type is chestnut soil, and the soil texture is sandy 
loam soil. Vegetation consists of Stipa krylovii Roshev, 
the founding flora, and dominant species Artemisia 
frigida, Cleistogenes squarrosa, Convolvulus ammannii 
Desr, Heteropappus altaicus, Agropyron cristatum and 
Leymus chinensis.

Data and Processing

Data analyzed by this study were collected with an 
ENVIS automatic weather station (IMKO Company, 
Germany) and a UGT water erosion observation 
system (UGT company, Germany) installed within 
a meteorological observation unit maintained by the 
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Institute of Water Resources for Pastoral Areas of China. 
Slope, topography, soil texture and vegetation cover 
were the same for the two stations. Data include soil 
moisture, soil heat flux, precipitation, solar radiation and 
four-component radiation data (downward shortwave, 
upward shortwave, downward longwave, upward 
longwave). Of these, the ENVIS station collected soil 
heat flux, solar radiation and four-component radiation 
data. The UGT system collected soil moisture and 
precipitation data. Table 1 lists sensor information and 
settings. The time resolution of precipitation data was 

5 min. Precipitation data were converted into daily 
precipitation as accumulation. Other data were binned 
in 10 min intervals. Daily average value for each day 
was calculated as a cumulative average.

According to the four-component radiation data, the 
net shortwave radiation (Rs), net longwave radiation (Rl), 
surface albedo (α) and net surface radiation (Rn) were 
calculated by the following respective formulas:

                       (1)

                        (2)

                      (3)

                       (4)

In these expressions, Rsd is surface receiving 
shortwave radiation, Rsu is surface reflecting shortwave 
radiation, Rld is surface receiving longwave radiation,  
Rlu is surface reflecting longwave radiation. These terms 
are all calculated in units of W·m-2. The dimensionless 
term α represents surface albedo.

Subtracting the soil heat flux from the calculated Rn  
gives the total flux as follows:

                (5)

In this expression, H is the sensible heat flux, LE  is 
the latent heat flux, H + LE is the total flux and Qa is 
the soil heat flux, all in units of W·m-2.

IBM SPSS® Statistics 25 software was used to 
conduct outlier tests on the data and eliminate abnormal 
data. Standard correlation analysis tools in Microsoft 
Excel were used to calculate correlation statistics. 
Images were drafted in Origin 2018 software.

Data Screening and Division of Dry 
and Wet Intervals

Atmospheric convection activity in the study area 
was stronger in summer. The June to August data 
from 2010 to 2018 were therefore selected for detailed 
analysis. The analysis focused on data collected from 
06:00 to 18:00 Beijing time. Atmospheric conditions 

Fig. 1. Location of study area.

Table 1. Details of each sensor. 

Model Name Quantity Note

HFP-01 Soil heat flux sensor 3 Measurement range of ±2000 W·m-2, 1 W·m-2 accuracy, installed at 5 cm depth.

CNR1 Net radiation sensor 1 1 W·m-2 accuracy, installed at 1.5 m height.

161050 UGT Rain gauge 1 Non-heated, 0.1 mm accuracy.

162100 UGT Solar radiation sensor 1 Measurement range of 0-1400 W·m-2, 1 W·m-2 accuracy.

Trime-IT TDR Soil moisture sensor 1 Accuracy: ±1% at 0-40% water content, ±2% at 40-70% water content, preci-
sion of ±0.5%, installed at 5 cm depth.
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strongly influence the surface response to solar radiation 
and atmospheric reverse radiation [26, 27]. This study 
only analyzed data collected during fair weather in order 
to reduce the interference of atmospheric conditions 
on the flux transfer between ground and air. These 
processing steps eliminated days with daily rainfall 
greater than 0. Data with Rsd greater than 400 W·m-2

were interpreted to represent fair weather. This gave  
a total of 383 days of analyzable data. Fig. 2 shows  
data arranged in ascending order according to soil 
moisture, which itself is divided into wet, intermediate 
and dry intervals. These intervals represent 128, 
127 and 128 days, respectively. Table 2 list interval 
characteristics.

Results and Discussion

Diurnal Variation in Radiation and Water-Heat Flux 
under Different Soil Moisture Conditions

Fig. 3a) shows the daily change in albedo under 
different soil moisture conditions. In general, albedo 
increases from 6:00 to 8:00 and then declines after 8:00. 
Albedo stabilizes by 9:30 and then persists at the same 
value until 18:00. The three intervals showed significant 
differences among themselves (P<0.01) during this 
stable period. Similar to results from other studies, 
morning and afternoon hours also showed significant 
differences in albedo [28-31]. Surface albedo varies 

considerably before and after sunrise (6:00-9:00). This 
relates to condensation of dew on vegetation. The dew 
scattering effect can cause aberrant increases in surface 
albedo during morning hours in arid environments 
[32]. During afternoon hours, surface conditions are 
relatively stable. These translate to relatively stable 
surface albedo trends.

As shown in Fig. 3b), daily variation in net surface 
radiation (Rn) is unimodal. Maximum Rn values during 
dry, intermediate and wet intervals were 565.11 W·m-2,
576.92 W·m-2 and 647.66 W·m-2, respectively. The Rn 
data showed similar trends under different soil moisture 
conditions but Rn did not show significant differences 
between dry and wet intervals (P<0.01), especially 
between 10:00 and 14:00.

The soil heat transfer term Qa represents energy 
exchange between the soil and the atmosphere with 
positive and negative values indicating direction. 
Positive Qa  values indicate that the atmosphere 
transfers heat to the soil. Negative Qa values indicate 
that the soil transfers heat to the atmosphere. Fig. 3c) 
shows clear, unimodal daily variation in Qa. From 6:00 
to 8:00 a.m., Qa is negative indicating heat transfer to 
the atmosphere. After 8:00 a.m., positive Qa values 
indicate heat transferred to the soil. The difference in 
Qa between dry, intermediate and wet intervals became 
largest between 10:00 and 14:00, when data reached 
the P<0.05 significance level. The maximum difference 
in Qa between dry and wet intervals was 15.51 W·m-2 
indicating that soil moisture exerts a strong influence 
on Qa.

Total flux data in this study was calculated according 
to formula (5). Fig. 3d) shows the daily change in total 
flux, which was broadly consistent with the daily change 
in Rn. Each soil moisture interval showed increasing 
trends from 6:00 to 12:00 and decreasing trends from 
12:00 to 18:00. The total flux for dry and intermediate 
intervals reached maximum respective values of  
494.67 W·m-2 and 500.90 W·m-2 at 12:00. The maximum 
total flux of 559.55 W·m-2 for the wet interval occurred 
at 11:30. Minimum values for wet, intermediate and 
wet intervals (7.38 W·m-2, -0.65 W·m-2 and 9.45 W·m-2,
respectively) occurred at 6:00. Total flux values from 
6:00 to 10:00 did not vary for dry and wet intervals. 
Total flux values from 10:00 to 14:00 however did show 
significant differences between dry and wet intervals 
(P<0.01).

As shown in Fig. 4a), daily variation in net shortwave 
radiation (Rs) is consistent with variation trends in net 

Fig. 2. Sample distribution for dry, intermediate and wet intervals.

Table 2. Descriptive statistics for soil moisture and solar radiation for dry, intermediate and wet intervals.

Sample size
(days)

Soil moisture (%) Solar radiation (W·m-2)
Mean Max Min Range SD CV Mean SD CV

Wet 128 21.52 28.00 16.57 11.43 2.89 0.13 564.8 71.9 0.13

Int 127 13.70 16.46 12.27 4.19 1.14 0.08 550.2 72.1 0.13

Dry 128 11.21 12.27 9.78 2.49 0.61 0.05 563.6 71.5 0.13



Effects of Soil Moisture on Surface Radiation... 1885

in Rs. By contrast, net longwave radiation (Rl) was 
significantly different for different soil moisture 
conditions (P<0.01). As shown in Fig. 4b), the maximum 
value for Rl occurs at 6:00. Dry, intermediate and wet 
interval Rl values were -61.73 W·m-2, -58.05 W·m-2

and -50.33 W·m-2, respectively. As time progressed, 

surface radiation (Rn). In the morning (6:00 to 12:00), 
Rs increased, reached a maximum by noon, and then 
began to decline until 18:00. Maximum values for  
dry, intermediate and wet intervals were 759 W·m-2, 
748.11 W·m-2 and 794.6 W·m-2, respectively. Different 
soil moisture intervals showed no obvious differences 

Fig. 3. Diurnal variation in albedo a), net ground radiation b), soil heat flux c) and total flux d) for dry, intermediate and wet intervals.

Fig. 4. Diurnal variation in a) net shortwave radiation and net b) longwave radiation under different moisture conditions.
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Rl  decreased as did differences from different soil 
moisture conditions. Rl values showed their greatest 
divergence among dry, intermediate and wet intervals 
at 13:00. These were -197.63 W·m-2, -173.39 W·m-2 
and -145.57 W·m-2. After 13:00, Rl began to rise while 
the differences in Rl for different moisture intervals 
gradually decreased. The Rl parameter showed a more 
obvious response to soil moisture compared to Rs. Soil 
moisture apparently influences daily changes in Rn 
through daily changes in Rl.

Daily changes in Rsd, Rsu, Rld and Rlu for dry, 
intermediate and wet intervals were analyzed to 
evaluate soil moisture as a mechanism in generating 
differences in daily variation of surface radiation and 
water-heat flux. As shown in Fig. 5a), Rld first declines 
and then increases. The other three radiation fluxes 
show a single-peak trend that first increases and then 
decreases.

Soil moisture exerts the strongest influence on daily 
changes in Rlu (P≤0.01) followed by Rsu Soil moisture 

Fig. 6. Data ranges for net surface radiation a), net longwave radiation b) and net shortwave radiation c).

Fig. 5. Daily changes in Rsd a), Rsu b), Rld c), and Rlu d) for dry, intermediate and wet intervals.
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does not apparently influence longwave and shortwave 
radiation received by the surface. Radiant flux depends 
mainly on the surface’s reflection capacity, rather than 
on absorption capacity. Soil moisture thus shows a 
stronger relationship with longwave radiation than with 
shortwave radiation. This also explains the greater 
sensitivity of Rl to changes in soil moisture relative 
to Rs. Soil moisture variation itself depends on land 
surface. In desert steppe environments, precipitation 
can supplement soil humidity especially during summer 
months experiencing concentrated precipitation events. 
Precipitation throughout the year has thus become an 
important indicator of dry and wet conditions in arid 
and semi-arid climate regions. Zhang Qiang et al. [33] 
used CLM model simulation data to show that drier 
climate conditions will cause an increase in Rlu and 
a decrease in surface absorbing longwave radiation. 
Similar to the findings of this research, these factors 
reduce Qa and Rn flux.

Radiant flux data indicate that daily changes in Rn,  
Qa , total flux, Rs and four radiation components (except 
Rld) all appear as a unimodal peak. The increase and 
subsequent decrease in values are consistent with results 
of previous studies [34-39]. The observed distributions 
may relate to diurnal variation in solar radiation, which 
serves as the main source of energy for the Earth’s 
surface [40-41]. However, the solar altitude angle and 
atmospheric conditions can also influence insolation. 
Solar altitude angle is a primary factor in insolation for 
cases excluding cloudy and rainy days. Change in solar 

altitude angle directly influences radiant flux received 
at the surface. This indirectly influences daily changes 
of other hydrothermal and radiant fluxes [42]. Periods 
with the most significant differences in hydrothermal  
and radiant fluxes under different soil moisture 
conditions all occurred between 10:00-14:00. During 
this time, a high solar altitude angle and strong solar 
radiation induced a period of strong ground-air coupling 
around noon. This also enhanced the sensitivity of 
radiation and water-heat flux to soil moisture. Further 
research can help confirm and identify causes for this 
phenomenon.

Fig. 7. Histograms for Rsd a), Rsu b), Rld c), and Rlu d) for dry, intermediate and wet intervals.

Fig. 8. Surface albedo ranges.
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Distribution of Radiation Flux under Different 
Moisture Conditions

To further evaluate the effects of soil moisture 
on different types of radiation flux, we analyzed 
data distributions. Both net radiation and Rl show a 
significant decrease with decreasing soil moisture. Dry, 
intermediate and wet intervals show obvious differences 
between the upper quartile, median, average and lower 
quartile values. Intervals show large differences in 
their mean values for net radiation (e.g. 51.12 W·m-2;
solid points within bars shown in Fig. 6). Net radiation 
showed more subtle variation relative to soil moisture. 
The Rs data did not vary significantly with soil 
moisture. This indicates that soil moisture affects 
longwave and shortwave radiation between the surface 
and atmosphere. Fig. 7a) shows Rld distributions for 
wet, intermediate and dry intervals. As soil moisture 
increases, Rld decreases.

Fig. 7c) and d) show histograms for longwave and 
shortwave radiation (respectively) reflected from the 

ground under different moisture conditions. Both 
longwave and shortwave radiation reflected from the 
ground surface decrease with greater soil moisture. 
Surface reflection capacity is also affected by soil 
moisture. Relative to shortwave radiation reflected from 
the ground surface, Rlu shows much more variation in 
response to soil moisture. By contrast, Rsd does not 
vary according soil moisture conditions (Fig. 7b). In 
summary, changes in soil moisture apparently affect 
the ground surface’s reflective capabilities. Effect on  
Rlu are strongly evident. Soil moisture exerts a stronger 
influence on longwave radiation than on shortwave 
radiation.

Fig. 8 shows the distribution of surface albedo which 
does not differ significantly for dry, intermediate and 
wet intervals. Soil moisture therefore does not strongly 
influence surface albedo. Dry, intermediate and wet 
intervals gave albedo values of 22.5%, 20.8% and 20%, 
respectively. The maximum, upper quartile, median, 
lower quartile and minimum values for the dry and 
wet intervals show only small differences in surface 

Fig. 9. Distribution of soil heat fluxes a) and the total flux b) under dry, intermediate and wet intervals

Totality Dry Int Wet

Surface receiving longwave radiation (Rld) 0.212** 0.035 -0.009 0.243**

Surface receiving shortwave radiation (Rsd) 0.076 0.01 0.02 0.12

Surface reflecting longwave radiation (Rlu) -0.678** -0.143 -0.197* -0.582**

Surface reflecting shortwave radiation (Rsu) -0.296** -0.151 -0.038 -0.244**

Net shortwave radiation (Rs) 0.173** 0.062 0.035 0.194*

Net longwave radiation (Rl) 0.511** 0.094 0.089 0.459**

Net surface radiation (Rn) 0.513** 0.146 0.103 0.476**

Surface albedo -0.279** -0.196* 0.14 -0.305**

Soil heat flux (Qa) 0.345** 0.231** 0.056 0.101

The total flux 0.5** 0.115 0.099 0.503**

Note: * indicates significant correlation at P<0.05 significance level; ** indicates significant correlation at the P<0.01 significance 
level; (Sample size: n = 383 of which dry interval n = 128, intermediate interval n = 127 and wet interval n = 128).

Table 3. Correlation between soil moisture, radiation and water-heat flux.
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albedo. Change in soil moisture thus do not cause major 
changes in surface albedo for the study area.

Total flux represents the sum of sensible heat 
transfer (turbulence, convection) and latent heat transfer 
(evaporation, transpiration). Qa and total flux serve as 
the main processes in heat transfer between the ground 
and the atmosphere. Fig. 9 shows that with increasing 
soil moisture, both Qa and total flux increase. Relative 
to Qa, total flux shows greater variation with soil 
moisture. The mean value of total flux under dry and 
wet conditions differed by 44.23 W·m-2, while the mean 
value for Qa differed by only 6.94 W·m-2 under different 
dry and wet conditions.

Correlation Analysis of Radiation, Water-Heat Flux 
and Soil Moisture

The Rld, Rsu, Rlu, Rl, Rs, Rn, albedo, Qa and total flux 
parameters all show differing degrees of covariation 
with soil moisture. To further evaluate the influence 
of soil moisture on various radiant fluxes and  
water-heat fluxes, we performed correlation analysis of 
these variables and different soil moisture intervals.

Correlation analysis detected significant positive 
correlation between soil moisture and Rld, Rs, Rl, Rn, 
Qa and total flux (P<0.01). Soil moisture was strongly 
negatively correlated with Rlu and Rsu (P<0.01). Soil 
moisture showed no correlation with Rsd. For the 
dry interval, soil moisture (9.78-12.27%) exhibited a 
significant negative correlation with surface albedo 
(P<0.05), significant positive correlation with Qa 
(P<0.01) but showed no correlations with other 
variables. Soil moisture for the intermediate interval 
(12.27-16.46%) was only significantly negatively 
correlated with Rlu (P<0.05) but showed no correlation 
with other variables. The wet interval (16.57-28%) 
exhibited a very significant positive correlation with 
the surface receiving longwave radiation, Rl, albedo 
and total flux (P<0.01). The wet interval also showed 
a significant positive correlation with Rs (P<0.05) and 
a very significant negative correlation with Rlu, Rsu 
and surface albedo (P<0.01). This indicates that as the 
soil moisture rises, the correlation between longwave 
radiation received by the ground and soil moisture 
significantly increases. (Table 3).

Correlation analysis found that soil moisture 
correlated negatively with surface albedo. Zhang Guo 
et al. reported a similar relationship [43]. Zhang Lele  
et al. [44] and Ma Yingsai et al. [45] also found  
that the albedo measured from the Qinghai-Tibet 
Plateau and the Loess Plateau decreased significantly 
with increasing soil moisture. This indicates that Qa 
correlates positively with soil moisture. Chen Hai-cun 
et al. [46] report similar findings. The present research 
also showed that Qa exhibits the greatest variation 
with soil moisture under dry soil conditions. Total 
flux showed significant positive correlation with soil 
moisture under wet conditions. This correlation may 
arise from the intensification of surface evaporation and 

transpiration. Together these could cause turbulence 
and disruption of atmospheric convection at the ground 
surface.

Total flux strongly covaried with soil moisture. 
Increasing soil moisture causes total flux to rise. 
Numerous studies [47-51] have shown that hydrothermal 
properties of the underlying surface determine the 
energy distribution observed at the surface. When 
underlying soil moisture is high, the energy in the 
land-air system consists primarily of latent heat. Dry 
soil conditions result in the system energy taking the 
form mostly of sensible heat. Soil moisture can strongly 
influence both sensible and latent heat. Future research 
should collect sensible and latent heat flux data to 
future constrain total flux under different soil moisture 
conditions.

Conclusions

In the desert steppe environment analyzed by  
this study, surface albedo, Rn, Qa, total flux, Rs, Rl, 
Rld, Rsd, Rlu and Rsu all showed obvious daily change. 
Soil moisture affects the diurnal variation ranges for 
both radiation and water-heat flux. The Rl and Qa 
parameters showed the largest variation in response 
to soil moisture. Rn and the intervals most strongly 
influenced by soil moisture occurred primarily around 
noon and in the afternoon. Of the four radiation 
components, soil moisture exerted the strongest 
influence on the diurnal variation in Rlu, followed by Rld 
and Rsu.

Increased soil moisture leads to an increase in net 
radiation, Rl, Rld, Qa and total flux but a significant 
decrease in the surface reflecting longwave and 
shortwave radiation. Soil moisture did not exert a strong 
influence on Rsd, Rs and surface albedo. Correlation 
analysis verified that soil moisture correlated negatively 
with Rlu and positively with Rl, Rn and total flux. The 
higher the soil moisture, the stronger the correlation 
with Rlu. Soil moisture influences the atmospheric 
system primarily through its influence on total flux 
(sensible heat and latent heat) and Rn. Future research 
should measure latent and sensible heat flux to confirm 
the effects of soil moisture on total flux.
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