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Comparison between temperature gradient and heat flux plate methods and effect of heat storage

for determination of soil heat flux at near soil surface

Shinji SUZUKI 1, Keiko IIDUKA2,3, Fumio WATANABE1, Sawahiko SHIMADA1 and Satoru TAKAHASHI1

Abstract: The soil heat flux is an important component

of heat exchange across the ground surface and is an es-

sential input component used to help quantify evapotran-

spiration ratio based on the heat budget. Consequently, it

is useful to understand the characteristics of soil heat flux

measurement methods. One objective of the current study

was to compare the temperature gradient method with the

heat flux plate method at a depth of 0.02 m. A second ob-

jective was to assess the effect of heat storage in the soil

surface layer (0.02 m thickness) under different soil water

conditions. Further, the effect of the Philip’s correction on

the measurement of the heat flux plate method was also as-

sessed. The results indicate that the soil heat flux measured

by the heat flux plate method was almost identical with

the heat flux measured by the temperature gradient method

when the soil thermal conductivity was approximately half

of the conductivity of the heat flux plate (i.e., wet condi-

tion). In contrast, the heat flux plate method overestimated

the absolute value of the soil heat flux with a constant ra-

tio when the soil thermal conductivity was approximately

1/10 of the conductivity of the heat flux plate (i.e., dry con-

dition). In addition, the practical effect of the Philip’s cor-

rection was not observed. Further, the heat storage in the

surface layer showed a diurnal variation with a range com-

parable to the variation of the soil heat flux at a depth of

0.02 m, whereas the net daily heat storage was quite small.
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ration from soil surface

1.

1Department of Bioproduction and Environment Engineering, Faculty of
Regional Environment Science, Tokyo University of Agriculture. 1-1-1
Sakuragaoka Setagaya, Tokyo 156-8502, Japan. Corresponding author

2Department of Agricultural Engineering, Graduate School of Tokyo
University of Agriculture. 1-1-1 Sakuragaoka Setagaya, Tokyo 156-8502,
Japan.
3Present address: Shigeru Co.,Ltd. 330 Yuracho, Ota 373-0036, Japan
2013 2 3 2013 6 13

·

, 1983; , 2001

Fourier

G =−λ
dT
dZ

(1)

G W m−2 λ
W m−1 K−1 dT/dZ

◦C m−1 K m−1 ◦C

m

Sauer and Horton, 2005

Fourier 1

λ
W m−1 K−1 z m T ◦C

a

b

c

Sauer and



36 124 (2013)

Horton, 2005 d

Sauer

and Horton, 2005 a Philip

Philip, 1961 Harazono et

al., 1998; van Loon et al., 1998; Sauer and Horton, 2005;

Frey et al., 2011

b

, 1983; , 2001; Sauer and Horton,

2005

Sauer and

Horton 2005 0.05 m

b d

0.20 m

Heusinkveld et al.,

2004

Heusinkveld et al., 2004

Kimball et al.,

1976

0.02 m

Heusinkveld et al., 2004; Evett et al., 2012

Cobos and Baker, 2003; Sauer et al., 2003; Ochsner et al.,

2006 0.06 m

3

i

ii

a

Philip iii

2.

2.1

N 35◦ 38’ 33” E 139◦ 38’

4” Alt 47 m

· 1.0 m 0.8 m

2008 5 mm

= 27 35 38

0.91 Mg m−3 2010

0.03 m3

m−3

0.05 m 2 mm

2.2
dT/dZ

dT/dZ

Cobos and Baker 2003

0.10 m 6 mm dT/dZ
12 mm

2

dT/dZ
Sauer et al., 2003; Sauer and Horton, 2005

Photo. 1
Radiation shield covering on a thermistor placed at soil surface.
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Fig. 1 2011 7 13 17:40 (a) 2011 7 18

5:30 (b) r2

Soil temperature profiles observed at 17:40 on 13 July, 2011 (a)

and at 5:30 on 18 July, 2011 (b). r2 is the coefficient of determi-

nation.
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Table 1
Soil temperatures recorded under dry and wet condition, respec-
tively.

Temperature (◦C)

Depth (m) Dry* Wet*

max min max min

0 46.9 27.8 15.2 2.1

0.02 43.7 28.8 13.2 3.6

0.04 40.6 29.7 13.5 4.8

∗Approximate volumetric water content at a depth of 0.02 m for the dry

and wet condition was 0.03 and 0.27 m3 m−3, respectively.

2.8
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Gg0.02

G′g0.02 r2 RMSE

Comparison of soil heat flux calculated by the Fourier’s law using

surface temperature measured by thermistor (Gg0.02) with that

calculated using surface temperature measured by radiation ther-

mometer (G′g0.02). r2 and RMSE represent the coefficient of de-

termination and root mean square error, respectively.
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Fig. 3
Soil thermal conductivity as a function of volumetric soil water

content.

Fig. 4 Gg0.02

Gp0.02

Philip θ 0.02 m

r2

RMSE Table 2

Comparison between soil heat flux measured by the temperature

gradient method (Gg0.02) and that measured by the heat flux plate

method (Gp0.02) with (open) and without (closed) Philip’s cor-

rection under dry condition. θ denotes approximate volumetric

water content at a depth of 0.02 m. Coefficient of determination

(r2) and root mean square error (RMSE) are shown in Table 2.

θ
0.01 ∼ 0.03 m

41 4 ◦C

λs

λs 1 θ
1 λs 15

3 ∼ 5

3.

3.1
1

Gg0.02

G′g0.02 −30 ∼ 51 W m−2

r2

RMSE 0.963 3.6 W m−2

Fig. 2 RMSE Gg0.02

Gp0.02

3.2
Fig. 3 θ
0.02 ∼ 0.03 m3 m−3

λs 0.09 ∼ 0.10 W m−1 K−1

θ 0.25 ∼ 0.29

m3 m−3 λs

0.42 ∼ 0.48 W m−1 K−1

λs

Fig. 3 41 4 ◦C

λs

λs

0.03 W

m−1 K−1 λs

3.3
−16 ∼ +43 W m−2

Fig. 4 Gg0.02

Gp0.02 r2 RMSE

0.997 15.4 W m−2 Table

2 3
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Table 2
r2 RMSE

Philip

Coefficient of determination (r2) and root mean square error
(RMSE) between soil heat flux measured by the temperature gra-
dient method and that by the heat flux plate method under dry and
wet condition, respectively. The effect of Philip’s correction on
the accuracy of measurement is also shown.

Philip’s

correction

Dry* Wet*

r2 RMSE r2 RMSE

(W m−2) (W m−2)

No 0.997 15.4 0.983 2.1

Yes 0.997 11.0 0.982 3.4

∗ Approximate volumetric water content at a depth of 0.02 m for the dry

and wet condition was 0.03 and 0.27 m3 m−3, respectively.
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Fig. 5 Gg0.02

Gp0.02

Philip θ 0.02 m

r2

RMSE Table 2

Comparison between soil heat flux measured by the temperature

gradient method (Gg0.02) and that measured by the heat flux plate

method (Gp0.02) with (open) and without (closed) Philip’s cor-

rection under wet condition. θ denotes approximate volumetric

water content at a depth of 0.02 m. Coefficient of determination

(r2) and root mean square error (RMSE) are shown in Table 2.
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Diurnal changes of heat storage in surface layer (0.02 m thick-

ness) under dry (a) and wet (b) conditions. θdenotes approximate

volumetric water content at a depth of 0.02 m.
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Table 3 0.02 m

Daily heat storage in surface layer (0.02 m thickness) under dry
and wet condition, respectively.

Heat storage (kJ m−2)

Dry* Wet*

Mean 24.7 12.3

Standard deviation 21.6 52.0

∗ Approximate volumetric water content at a depth of 0.02 m for the dry

and wet condition was 0.03 and 0.27 m3 m−3, respectively.
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