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Abstract

Soil thermal properties are critical to many processes. For example, germination, crop growth,

and nitrification depend on soil temperature, which is determined by thermal properties. Ther-

mal properties are usually measured in situ using specially designed probes that enclose a heat

source. Here we propose and validate an alternative method for estimating soil thermal

di#usivity, based on changes in temperature at the center of a soil core subjected to changing

thermal boundary conditions. This method formerly required numerical analysis because no

analytical solution was known ; here we present an analytical solution. Estimates of thermal

di#usivity of an Andisol at various moisture levels, obtained using the new method, compared

favorably to results derived with the conventional probe method, showing that the new method

constitutes a viable alternative.
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Fig. + Measuring changes in soil temperature using

a cylinder packed soil method where T is

the soil temperature ({), To the temperature

of a water bath ({), and a the radius of a
cylinder (m).
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Table + Relationships, read from Fig. ,.

of Carslaw and Jaeger (+3/3), be-

tween relative temperature, Tr,

and kt/a, where k is the thermal

di#usivity (m,/s), t the elapsed

time (s), and a the radius of a

cylinder (m).
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Fig. , Relationship between kt/a, values (Table +) corresponding to relative soil

temperature and t/a, values measured in a cylinder. The slope of a regres-

sion line with a zero intercept value is k, thermal di#usivity.
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Fig. - Errors, from a pseudo-true value, associated with the number of data used for

calculating thermal di#usivity. The pseudo-true value was assumed to be the

thermal conductivity calculated with an eight data set as shown in Table +.
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Fig. . Temporal changes in probe temperature measured. A line indicates the regression

line of measured data to Eq. -, and ln(t*) indicates a value in Eq. ..
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Fig. / Thermal di#usivity, k, measured against volumetric water content, q. Symbols � and

� indicate measured data using a cylinder method and a probe method, respectively.
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