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Fig. 1 Variation of the temperature field as affected by the soil water flux
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Table 1 Particle-size distribution, organic matter content, and bulk density of the tested soils

LA N
Particle-size distribution HHE _ﬁmﬁ
e >0.05  0.05-0.002 <0.002 Bulk density Organic matter
(Mg m™) gk -1)
Texture mm mm mm gkKg
%

b+ Sand 90 3 7 1.58 1.92

#riEL Siltloam 35 54 11 1.35 4.79

T Fi A%+ Sandy clay loam 46 22 32 1.32 7.50
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Table 2 Specific heat (cs) of soil solid, saturated water content (65), thermal diffusivity (¢), theoretically calculated heat
capacity (Cp) and thermal conductivity (1)

}ﬁf@ Cs 95 Cb a A
Texture (kJ kgt 'C?) (m® m?) MIm? ch  @'m?sh  (wmlc?
W+ Sand 0.80(0.011)"  0.29(0.003)  2.48(0.001)  8.14(0.041)  2.020.010)
¥+ Silt loam 0.84 (0.013) 046 (0.010)  3.07(0.011)  510(0.035) 156 (0.011)

b 1% 1= Sandy clay loam  0.85 (0.016) 0.47 (0.005) 3.08 (0.040) 4.66 (0.048)  1.43 (0.014)

1) 6 Y E M I E kR R 2 Means and standard deviations (in parentheses) of six repeated measurements
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ARG BN : 0.925, 0.871 A10.787), (HJZ ik 3T A1, AHITL A 3y, Al SR 5 ST 28k (6] U 1
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Table 3 RMSE, slopes and determination coefficients (R?) of measured water fluxes and the estimated with the MDTD
method, the T4/T, method and the modified T4/T, method

i MDTD 3% Ty/Ty % P bR Tyl Ty vk
Texture MDTD method T4/T, method Improved T4/T, method
FRE RZ iR Al RZ iR AR R? P77 %
Slope RMSE Slope RMSE Slope RMSE
(10°ms™) (10°ms™ (10°m s
Wt
sand 0.657  0.999 1.253 0.908  0.999 0.270 0.907 0.999 0.360
an
S\ g7
ﬁ] Rt 0.501  0.995 1.647 0.818  0.999 0.484 0.817 0.999 0.488
Silt loam
[t 2= =

0.392  0.985 1.368 0.768  0.998 0.404 0.768  0.998 0.416
Sandy clay loam
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IN— TSI Taf Ty v v [ B 1) B AR AR, 289 B0 e BY) T/ Ty VR AR T/ Ty R ECHERA AL 5 Ju,s
(A IR ISRt — 25 0 W el 1) To/ T VRS 3y BOREE D, ARG KME T, T/ TOEME Iy 5
B T/ Ty A8 5T 3 LA S SR ILIE 6. AR 6 AT LLEHY, PR T VAR 3y A4S AR R B2,
B R VP A AE L1 2 b 3y A FE S IR E (B RMSE WK 3, RA To/T ik, Wbt Hi%
LRI L RMSE 43 24: 0.27010°, 0.48410°° Fi1 0.404>10°ms™; 11l 51 FH cheisk (49 T/ T, 12
FARIF) RMSE {43 514 0.360<10°, 0.488x10° f1 0.416>10°ms™. LA_E45 R0, I35 i
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Fig. 6 Comparison between the Ty/T, method and the modified T4/T, method in estimation of water flux
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ESTIMATION OF SOIL WATER FLUX WITH HEAT PULSE TECHNIQUE

Lu Xinrui* Gong Yuanshi?
(1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China)
(2 Department of Soil and Water, China Agric. Univ, Beijing 100193, China)

Abstract Soil water flux (J,) is an important hydrological parameter which determines soil infiltration,
runoff and solute transport, yet no corresponding practical techniques are available for its real-time measurement
in situ. In this study, heat-pulse measurements were performed of deferent water fluxes in packed soil columns
different in texture. Based on temperature changes between upstream and downstream locations from the
heat-pulse probe, water flux was then calculated with the MDTD method (maximum dimensionless temperature
increase difference), and the T4/T, method (ratio of temperature changes between downstream and upstream
positions), and a modified T4/T, method along other known parameters. Results indicated that strong linear
relationships (R?>0.99) existed between the estimated and the measured water fluxes (up to 6x10° ms™).
Though, the three methods all down-estimated, however, the T4/T, method was highest precise and simplest in
calculation, and needed the least number of additional parameters. In coarse sand, the T4/T, method was
relatively more accurate in estimation of J,,, yet in fine sandy clay loam, especially when J,, was greater, obvious
discrepancies were observed between the estimated and the measured, reaching 20%. Besides, the reason of
underestimation of J,, with the heat-pulse technique is explored and presented as a basis for further development
of the heat-pulse technique.

Key words Water flux; Heat pulse technique; Heat transfer
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