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Table 1. Abbreviation of the variables used in this study.

Cwdle

a| 9 J:w.la
Abbreviation Unit Variable
LS colia
TC (W/m °C) e
(Thermal conductivity)
3 3 obile BL sk,
WCR (cm” cm™)
(Residual water content)
Ll e
WES em® em™) e D)
(Saturated water content)
7o
oc % Sos
(Organic carbon)
3 SA L uﬁ}.a;'u ¢
BD (gem™)
(Bulk density)
FC em’ cm™) oS
(Field capacity)
! LBl S ss s
K, (cms )
(Saturated hydraulic conductivity)
a cm']> J:}fg 03 Jde Uﬂ ‘-"‘J"
o
(Slpha coefficient of the van Genuchten model )
si/sa © T
(The ratio of silt to sand)
Cl %) e
(Clay)

2- Correlation coefficient

3- Root mean square error

4- Akaike information criterion
5- Relative improvement

¥aa

1- Variance inflation factor
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Table 2. The input variables used in each step (model).

dae slacsas)s Juts
Model inputs model
OF S Sod 5 e 1
Clay and the ratio of silt to sand
AL o pates ooy pd s Sl ol () 5
Clay, the ratio of silt to sand and bulk density
Fhdl Zasby 5 o 4 Sl Cod o) 3
Clay, the ratio of silt to sand and saturated water content
Sl b s b b Sl cnd ) 4
Clay, the ratio of silt to sand and field capacity
Fhdl Casby 5 oy S b b 4 Sl o ey s
Clay, the ratio of silt to sand, field capacity and saturated water content
slile Bl cusby 5 opd a4 Sl ol () 6
Clay, the ratio of silt to sand and residual water content
J]J;M)JJ&;@WW‘J) ;
Clay, the ratio of silt to sand and organic carbon
gl (Sdopden Sl 5 o & o Cnd ey g
Clay, the ratio of silt to sand and saturated hydraulic conductivity
olls Bl by 5 pldl usb) b a4 Sl o ey 9
Clay, the ratio of silt to sand, residual and saturated water contents
N5 0 edile 3L Cysb ), Ll ogby (b 4 Sl Cod ey 10
Clay, the ratio of silt to sand, residual and saturated water contents, o and n parameters of the van Genuchten model
olile Bl usby 5 plsl sk .
Residual and saturated water contents
050 elile Bl cosby sl ook .

Residual and saturated water contents, o and n parameters of the van Genuchten model

3 g 4 s e s St 3L slaesls
Cils ey 5 SL s K 5 o5l sy
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Table 3. The criteria of evaluating the performance of the models in the estimation of the thermal conductivity.

sl

"53]

Test Train Je
RMSE, ) RMSE, ) Model

Ln (wimc) AIC/n R RI Ln (wim'o) AIC/n R RI

0.323 233 0.061 0.340 2.13 0.116 1
0.186 -3.32% 0.628 42.4 0.282 2.51% 0.395 17.1 2
0.239 2.82% 0.422 25.9 0.306 2.34% 0.306 10.1 3
0.305 -2.34% 0.107 5.6 0.324 223 0.167 4.7 4
0.215 -3.02% 0.443 33.2 0.304 2.35% 0.312 10.5 5
0.286 2.46% 0.173 11.4 0.332 2.18 0.165 2.4 6
0.326 2.20 0.064 -1.0 0.344 2.11 0.118 -1.0 7
0.305 233 0.114 5.4 0.294 2.43% 0.361 13.7 8
0.238 2.82% 0.427 26.2 0.306 2.34% 0.307 10.1 9
0.233 2.87% 0.485 27.9 0.274 2.56% 0.442 19.4 10
0.235 -2.85% 0.376 27.0 0.304 2.36% 0.244 10.7 11
0.235 -2.85% 0.319 27.0 0.265 2.63% 0.335 22.1 12
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Abstract

Background and Objectives: Thermal properties of soils are very important in different areas
of agriculture, engineering and soil science. Also these properties are the most important factors
controlling the diffusion of heat in the soil and are needed to model heat transfer in soil.
Nevertheless their direct measurements are difficult, costly and time-consuming and their
variability have not been studied basically. Thus, in this study thermal conductivity of the soil
was estimated using pedotransfer functions.

Materials and Methods: In this study 156 soil samples data were used to create pedotransfer
functions in 12 steps by regression method for the estimation of thermal conductivity. At the
first step, only the soil texture fractions were used as input variables. Later in other steps bulk
density, organic carbon and hydraulic properties including residual and saturated soil water
contents, field capacity, saturated hydraulic conductivity and » and alpha coefficients of van
Genuchten model were applied to estimate thermal conductivity. Precision of the estimation of
the hydraulic conductivity at different steps was evaluated using root mean square error
(RMSE), coefficient of determination (R”) and other statistical criteria.

Results: The model 2 using clay, silt/sand and bulk density as inputs and model 12 using the
residual and saturated moisture contents, #» and alpha parameters of van Genuchten model as
inputs were the most accurate models. The model 2 showed RMSE and R* values of 0.186 and
0.628, respectively, and the model 12 showed RMSE and R’ values of 0.235 and 0.319,
respectively, in the evaluation step. Also relative improvement (RI) of 42.4% and 27.0%
obtained for the models 2 and 12, respectively, confirmed their best predictions. The model 7,
with the inputs of clay, silt/sand and organic carbon resulted in the RMSE and R* values of
0.326 and 0.064, respectively, was the weakest model.

Conclusion: The results showed that thermal conductivity was satisfactorily estimated using
hydraulic and other physical properties as predictors.

Keywords: Hydraulic properties, Pedotransfer functions, Regression, Thermal conductivity
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