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Measurement of soil heat flux using a thermo-module was examined. The measuring principle

is almost the same to a traditional heat flux plate method, however, the measurement accuracy of

the temperature di erence of the thermo-module is much higher than that of the traditional

thermo-pile. It was considered that the utilization of thermo-module allowed to measure the soil

heat flux accurately even under the soil layer of small temperature gradients. Relation between

the thermo-module output and one-dimensional steady heat flux was examined in agar-gel. As a

result, the thermo-module output was proportional to the heat flux in a wide range. Using this

relation, the soil heat flux in a field was determined. In order to confirm the reliability of the

thermo-module method, the heat storage flux in soil layer was compared between the thermo-

module method and the calorimetric method. Both results corresponded closely. These showed

that the thermo-module method was e ective as the heat flux meter.

: thermo-module, heat flux plate method, soil heat flux, field measurement
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Measurement of Soil Heat Flux Using a Thermo-module
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Thermo Minder, TAITEC

CP . - - L, Melcor

Photo mm mm Table

mm GK-

Fig.

cm cm cm, cm

mm

cm cm

cm

cm

cm

Thermo-module

Apparatus for calibration of thermo-module as a heat flux sensor

Photo

Fig.
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s s

s s

correlation coe cient for each experiment

:

Temperatures at the upper and bottom

water bath for each experiment

Temperature at the Temperature at the

upper water bath bottom water bath

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Exp.

Temperature distribution under steady-

state condition

Volumetric solid content and soil

particle density for each soil layer

The values of gradient, intercept, andSoil layer
m m kg m

cm
Gradient Intercept Correlation

cm cm coe cient

cm
Exp.

Exp.

Exp.
. Wm K Liley,

Exp.

Exp.

Exp.

Exp.

Exp.

:

: CL Table

cm

GK-

TDR TRIME-MUX , IMKO

Table Fig.

Blake and

Hartge, .

Table

Fig.

Fig.

V

q

q · T

T

V
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thermo-module

thermo-module

calorimetric method calorimetric method

calorimetric method

thermo-module

and heat flux under steady-state condition

day of year cm x

Fig.

J kg K ; Liley,

cm cm kg m ; Liley,

cm J kg K ;

q

The values of gradient, intercept, and

correlation coe cient for each sensor

Gradient Intercept Correlation

W m mV W m coe cient

Sensor

Sensor

Sensor
Relation between thermo-module output

Sensor

Change in soil heat flux with time

W W S S S

W

W

S S

S W W

S

C T t

C

C C · · C · · V
q

C

q C

q q V C

C
TT

q C · · x tt

T
t

T x t T x t T x t T x t
t
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Fig.
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thermo-module

:

Change in soil temperature with time

Change in soil water with time

mV K

Root mean square error

Fig.

GK-

. V

.

q

q x t q x t q x t q x t

RMSE

RMSE

n RMSE

Fig.

Fig.
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W m cm

cm day of year

cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)

cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)

. W m cm . W m cm .

cm Fig.

cm

cm

a

Fig. (a)

b

Fig. (b)
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cm

Heat storage fluxes estimated by thermo-module method and calorimetric method ( cm)
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