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INTRODUCTION 

 

Study of land-atmosphere interaction has been conducted 

intensively and has shown strong coupling mechanism 

(Koster et al, 2004; Yamada et al 2014). GLACE team study 

has conducted an investigation to find hotspot to determine if 

there is any specific location on the Earth’s surface for 

which soil moisture anomalies have substantial impact to the 

atmosphere mechanism. Hotspots area appears in the Great 

Plains of North America, the Sahel, equatorial Africa and 

India. This study purpose is to emphasize the importance of 

local soil moisture influence, for example in the dry 

climates, evaporation rate are sensitive to soil moisture. 

Sensitivity study of soil moisture anomaly on Atmospheric 

Boundary Layer (ABL) development by using Large Eddy 

Simulation (LES) is conducted to further study the 

mechanism. 

 

EXPERIMENTAL SETTING 

 

Radiosonde observation on ARM SGP site at its 

Southern Great Plains (SGP) site 36.50
0
N, 97.50

0
W at 05:30 

LST July 24 from Zhang et al. (2017) is used as composite 

case for initial profile of model. Model domain is set as 28.8 

x 28.8 x 4 km with 100 m grid resolution in horizontal and 

vertical direction. This resolution follows to the cloud radar 

observed volume. Simulation time is 72 hours. Initial wind 

velocity is given as 0 m/s for u and v wind velocity for no-

wind experiment and u=7 m/s, v=0 m/s for the wind 

experiment. Initial mixing ratio at the surface level is 0.015 

kg/kg with initial surface pressure 1000 hPa. Dirichlet 

condition is used as top and bottom boundary condition, 

while the lateral condition is cyclic condition. Dirichlet 

condition corresponds to the fixed boundary condition. 

Constant flux layer is assumed as boundary condition 

between the surface and first grid level following the Monin-

Obukhov Similarity Theory (MOST) using the similarity 

function for momentum of Businger-Dyer (Panofksy and 

Dutton, 1984). Turbulence was initiated by imposing random 

perturbations to the horizontal velocity field. As soon as the 

desired turbulent flow have developed, imposing 

perturbations is no longer required. Maximum perturbation 

amplitude of the random perturbation imposed to the 

horizontal velocity field is set to 0.5 m/s each hour. 

Bulk schemes microphysics with precipitation 

parameterization via Seifert-Beheng schemes is used (Seifert 

and Beheng, 2001, 2006). Radiation model used is clear sky. 

Soil type used in this model is medium soil with saturation 

moisture 0.439 m
3
/m

3
 and wilting point 0.151 m

3
/m

3
. The 

SGP site consists of grassland, cropland and forests. Crops 

and mixed farming as vegetation type is implemented. 

Vegetation and soil type follows ECMWF-IFS classification. 

Parameter of Alpha, L and N follows van Gentuchen (1980) 

soil texture dependent parameter to determine the hydraulic 

conductivity. More details about the classification used in 

the model can be seen in PALM-LES model website 

(https://palm.muk.uni-

hannover.de/trac/wiki/doc/app/lsmpar). Wilting point is 

defined as the amount of water per unit weight or per unit 

volume in the soil, that is held so tightly by the soil matrix 

that roots cannot absorb this water and a plant will wilt. To 

obtain a spread of surface fluxes large enough to see 

atmospheric response , soil moisture is varied from 100% 

saturation value, 80%, 70%, 60%, 50% and 40% with 

homogeneous condition over the whole soil column. More 

detailed about each case can be seen in Table 1. For 

simplicity, soil temperature profile is set to be constant at 

300
o
K homogeneously for all soil layers. As model runs for 

limited time, it is assumed that deep layer condition will not 

directly effects the atmospheric condition, thus 

homogeneous assumption is used for soil moisture and 

temperature in this study. 

 

RESULTS 
 

Increase of soil moisture leads to moister atmosphere 

condition then leads to weaker surface sensible heat flux and 

to weaker upward wind movement in ABL. If the soil is in 

the dry situation, more upward motion could be created 

however there is less available moisture. Therefore, variation 

of soil moisture is one of determining factors for the 

atmosphere and heat fluxes. Figure 1 shows changes of 

horizontal cross sectional result of surface net radiation.  The 

order from maximum to minimum of net radiation fluxes are 

Case 100, 80, 70, 60, 50 and 40, respectively.  Value of 

Figure 1 then is calculated by averaging the surface net 

radiation due to variability soil moisture. 

From Figure 1, it can be seen that variation of soil 

moisture leads to the variation of surface heat fluxes. Surface 

net radiation values decreases as the soil moisture decreases. 

This results also agrees with study conducted by Cioni 

(2017), showing decrease of net radiation as soil moisture 

decreases. In dry soil case, most of incoming solar radiation 

is used to heat the surface, for example at Case 40NW, soil 

temperature goes up until 311
0
K at the end of simulation. In 

the wet case, instead the solar radiation usage for surface 

heating is not so high compared to the dry case, shown by 

soil temperature on Case 100NW only heats up until 306.5
0
K 

at the end of simulation time.  



Figure 2 and 3 shows the domain-averaged value of 

horizontal cross sectional surface sensible and latent heat 

fluxes. Surface sensible heat flux is mainly driven by 

difference of temperature between surface and atmosphere, 

leading to the convection process. Value of surface sensible 

heat flux decrease as the soil moisture availability increases 

(Figure 2). As soil moisture increases, most of the heat 

fluxes will be used as latent heat fluxes to evaporate the 

moisture into water vapor in the atmosphere (Figure 3). 

From Figure 3, it can be seen that the more soil moisture 

availability will corresponds to more latent heat fluxes. On 

Case 100W with adding wind variable, it will reduce the 

surface sensible heat fluxes compared to Case 100NW with 

no wind. On Case 100NW with no wind, surface soil 

temperature reaches maximum value about 306.5
0
K, while 

with wind it only increase until 304.5
0
K. The near surface 

temperature is cooled down by the existence of horizontal 

wind, thus reducing the amount of sensible heat fluxes. This 

tendency may occur because wind promotes the turbulence 

and help the replenishing mechanism of air at the near 

surface-atmosphere interface. On the latent heat fluxes case, 

existence of wind promotes the evaporation rate of soil 

moisture. This could be the dominant mechanism in this 

experiment as the final result of surface net radiation also 

shows same tendency of increasing as the latent heat fluxes 

mechanism.. 

Figure 4 and Figure 5 for no wind case shows temporal 

evolution of total horizontal cloud water mixing ratio and 

rain water mixing ratio respectively. The wind cases can be 

seen in Figure 4-7 and 4-8. In this model, precipitation is 

considered when the 0.5 g/kg liquid water content threshold 

is exceeded, then liquid water will leave the grid volume 

immediately. Wind plays significant impact in cloud 

formation and precipitation process as can be seen in the 

differences between each case with existence of wind or not. 

On Case 100W, it can be seen that more amount of cloud 

water mixing ratio and rain water mixing ratio is produced 

the most. Wind promotes more horizontal mixing, enhancing 

the upward and downward wind in ABL. Cloud and 

precipitation occurrence in Case 100NW until Case 60NW 

shows decreasing tendency and shows the most decreasing 

rate for Case 50NW. 

Timing of convection then is investigated. Following 

study of Cioni (2017), triggering of convection is defined as 

the first time instant when domain averaged cloud cover 

exceeds user threshold value. The model uses all or nothing 

case as the cloud only appears when the relative humidity 

reaches 100%. Grid with cloud is given value of 1 and 

without cloud is given the value of 0. Total of domain 

averaged cloud cover then is calculated and user-threshold 

0.005 is used for this study. Convection triggering time is 

defined as the first time of domain averaged cloud cover 

exceeds value of 0.005. Wind case does not significantly 

affect the convection triggering timing on case 100NW and 

100W. Convection time slightly faster in the wind case. This 

shows similar result to previous experiment of Cioni (2017) 

as case with soil moisture 100%, 80% and 70% case does 

not varies much. Increase of time delay in convection 

triggering can then be seen on Case 70, 60, 50 and then 

reaches its maximum delay on Case 40. There is difference 

about 20 hours between the Case 40 and Case 100 in both 

wind and no wind case. Convection is triggered earlier over 

dry soil compared to the wet soil condition. This finding also 

agrees with the finding of Findel and Eltahir (2003) by 1D 

model and Cioni (2017) by LES. Wet soil reaches earlier 

convection because the surface moistening through latent 

heat fluxes mechanism is more efficient. If the soil moisture 

is reduced, latent heat flux also reduces, resulting in less 

moisture flux from surface to atmosphere. This mechanism 

prevents triggering of convection in atmosphere. Thus 

causing the convection triggering time having tendency to be 

delayed more as the soil moisture decrease. 

 

CONCLUSION 

 

- Soil moisture plays important part in surface energy 

budget, convection of cloud and precipitation formation 

- In dry soil cases, incoming solar radiation is used mostly 

to heat the surface of soil and less is used in the wet cases. 

This leads to less net radiation as the soil moisture 

percentage decreases. 

- Adding variable of horizontal wind can enhance the 

mixing and increase the convection probability leading to 

more intense cloud and precipitation occurrence and faster 

convection cycle 
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Table 1.  Description of case 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Surface net radiation in (a) no wind case and (b) wind case Figure 2. Surface sensible heat flux in (a) no wind case and (b) wind case 

Figure 3. Surface latent heat flux in (a) no wind case and (b) wind case 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Total horizontal domain cloud water mixing ratio (kg/kg) as function of time. 

The y axis represent the height from the surface (m), while the x axis indicates the time of 

simulation (LST) 

Figure 5. Total horizontal domain rain water mixing ratio (kg/kg) as function of time. 

The y axis represent the height from the surface (m), while the x axis indicates the time of 

simulation (LST) 

Figure 6. Total horizontal domain cloud water mixing ratio (kg/kg) as function of time. 

The y axis represent the height from the surface (m), while the x axis indicates the time of 

simulation (LST) 

Figure 7. Total horizontal domain cloud water mixing ratio (kg/kg) as function of time. 

The y axis represent the height from the surface (m), while the x axis indicates the time of 

simulation (LST) 


