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ABSTRACT

A numerical model using soil surface energy balance and soil heat flow equations to estimate mulched
soil temperature was developed. The required inputs data include weather data, such as global solar
radiation, air temperature, wind speed, atmospheric water vapor pressure, the optical properties of
mulching material, and soil physical properties. The observed average soil temperature at 50 cm
depth was used as the initial value of soil temperature at each depth. Soil temperature was simulated
starting at 0 hour at an interval of 10 minutes. The model reliably described the variation of soil tem-
perature with time progress and soil depth. The correlation between the estimated and measured tem-
perature yielded coefficient values of 0.961, 0.966 for Scm and 10cm depth of the bare soil,
respectively, 0.969, 0.965 for the paper mulched soil, and 0.915, 0.938 for the black polyethylene film
mulched soil. The percentages of absolute differences less than 2°C between soil temperatures mea-
sured and simulated at 10 minute interval were 97.4% and 98.5% for 5 cm and 10cm for the bare soil,
respectively, and 95.8% and 97.4% for the paper mulched soil, and 70.1% and 92.5% for the polyeth-
ylene film mulched soil. The results indicated that the model was able to predict the soil temperature
fairly well under mulched condition. However, in the night time, the model performance was a little
poor as compared with day time due to the difficulty of accurate determination of the atmospheric
long wave radiation.
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Table 2. Soil properties, optical properties of mulch materi-
als and other parameter values used in .model simulation

Description Symbol Value  Unit

Soil properties

bulk density 1.03  glem®
particle density of soil 265 g/em?
saturated soil moisture 0 048 m*m’
residual soil moisture o, 0.04 m’m’
fraction of clay 0.15

Optical properties of mulch materials

1. mulch paper

transmissivity of solar radiation T 0.01
traqsrplsmVlty of long wave - 0.04
radiation
reflectivity of solar radiation Ps 0.45
reﬂ.ecFlvxty of long wave o 0.22
radiation
2. black polyethylene film
transmissivity of solar radiation T 0.02
transmissivity of long wave % 0.14
radiation
reflectivity of solar radiation Ps 0.04
reﬂ.ecpwty of long wave o 0.01
radiation

Parameters
van Genucheten parameter a 1.55
van Genucheten parameter n 1.50

surface roughness length

(bare soil) zp  0.001 m

surface roughness length

(mulched soil) zg 0.000f m

zeroplane displacement height d 0.01 m

Fig. 32 Zo]d &) 5em 2 10cm ZHolo) A
FAe7 2ol ozl 49 A< viwgh Foln,
% 47 3N ZeEldgd 9 wAARAe 2

INPUT
Seil .
Optical properties of mulch material

Input meteological data
(solar radiation, air temperature, wind speed etc.)

No
[¥es

Cornpute the component | | Compute the component
of soil surface energy of mulched soil surface
balance ion, net energy equation,
radiation, n'heat net radiation, latent heat

fhux. ete. flux, etc.
Calculate soil surface Calculate mulch and soil

temperature

Fig. 1. Simplified flow chart of the simulation model.
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Fig. 2. Comparison between measured and simulated bare

soil temperature at the depths of 5 cm and 10 cm from Aug.

25 to Aug. 29 1998, Suwon.
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Fig. 3. Comparison between measured and simulated soil tem-
perature at the depth of 5 cm and 10 cm under paper mulch-
ing from Aug. 25 to Aug. 29 1998, Suwon.
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Fig. 4. Comparison between measured and simulated soil tem-
perature at the depth of 5 cm and 10 cm under black polyeth-
ylene film mulching from Aug. 25 to Aug. 29 1998, Suwon.
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Table 3. LIST OF SYMBOLS

Table 3. (Continued)

Symbol Definition Units
u Wind speed ms’
z Soil depth m
o Van Geunchten parameter
€, Atmospheric emissivity
€n Mulch emissivity
€ Soil emissivity
Volumetric water content of the 3.3
0 m’m
surface laye
0 Residual water content of the "
v surface layer
Volumetric water content of the 3 3
0 m’ m
surface layer
0 Residual water content of the "
' surface layer
Saturated water content of the "
6
surface layer
A Soil thermal conductivity Wm!K!
p Air density kg m>
Reflectivity of the mulch to
P long-wave radiation
Reflectivity of the muich to solar
Ps radiation
c Stefan-Boltzmann constant Wm?K*
T Transmissivity ot the mulch to
! long-wave radiation
. Transmissivity of the mulch to
s solar radiation
(0N Total porosity of the soil
ABCDE qufﬁments used in f:a}culatmg
soil thermal conductivity
ol Soil albedo
C Volumetric heat capacit Jm3K-1
(o Specific heat of mineral Im?K!
C, Specific heat of water ITm3?K!
cp Specific heat capacity of air Tkg'K!
D Thermal diffusivity m’s’
d Zero plane displacement m

Symbol Definition Units
€, Vapor pressure of the air KPa
G Soil heat flux W m?

Sensible heat flux Wm?
Xa Air humidity kgm?
Air humidity in the soil surface 3
Xs la kgm
yer
Saturated humidity of the surface 3
Xo la kg m
yer
Soil water pressure head of
h m
surface layer
h Heat transfer coefficient inside Wm?K'
the mulch
L Latent heat of vaporization Tkg!
LE Latent heat flux W m?
n Van Genuchten parameter
. Aerodynamic resistance to sm!
H heat flow
R, Net radiation W m?
R, Solar radiation W m?
I Surface resistance sm’!
S, Stability parameter
T Soil temperature K
t Time s
Ta Air temperature K
T Mulch temperature K
T Soil temperature K

Aol Aulgsled, 2 2doixe thi7ie] BAKAS
o] AxtlA LAkEe] aBt & ZA9olle DabEAR
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