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Evaluation of Different Freezing Characteristic Curve Models with Black Soils of Northeast

China

WANG Li', TIAN Zhengchao®”, YI Ceng®, REN Tusheng'

(1 College of Land Science and Technology, China Agricultural University, Beijing 100093, China; 2 College of Resource and
Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The black soil in Northeast China experiences repeated freezing and thawing cycles, which result in significant effects on
soil erosion and agricultural management. Soil freezing characteristics curve (SFCC) represents the change of unfrozen water content
with soil temperature during freeze-thaw cycles. SFCC is important for water, heat, and solute transport in frozen soils. This study
aimed to evaluate the performance of existing SFCC models for Northeast China soils and develop a new pedotransfer function for
modelling SFCC. The SFCC of three typical Northeast soils was measured in the laboratory under different initial water contents, and
the dynamic SFCC of a typical black soil profile in Northeast China was monitored in situ. The accuracy of existing SFCC models
was evaluated using the measured data, and a new pedotransfer function model suitable for SFCC in Northeast black soils was
proposed. The results show that SFCC is significantly influenced by soil type, texture, specific surface area, initial water content, and
bulk density. After stable freezing, a relatively high proportion of unfrozen water still exists in clayey soils. The empirical models that
consider both initial and residual water contents can accurately simulate the SFCC of Northeast black soils, with root mean square
error (RMSE) around 0.018 m*/m’® and negative AIC values. However, such models require measured SFCC data to obtain its
parameters. In contrast, pedotransfer function models that predict SFCC based on basic soil physicochemical properties show

relatively poor accuracy, with RMSE exceeding 0.08 m*/m’

and positive AIC values. This study developed a new pedotransfer
function for SFCC that incorporates soil specific surface area, bulk density, and sand and clay contents. The new model significantly

improves the applicability of SFCC model in Northeast black soils. For the four tested soils, the RMSE between modelled and
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measured SFCC values was 0.025 m*/m’, with an average AIC value of —179. This study enhances the understanding of freezing and

thawing processes of black soils, which is valuable for soil erosion and heat and water transport studies of Northeast China.

Key words: Black soil; Soil freezing characteristic curve; Model; Unfrozen water content; Temperature
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Fig. 1  Setup for soil freezing characteristic curve measurement
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Fig. 2 Comparisons of lab-measured and modeled SFCCs of three tested soils
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Table 2 RMSE, MBE, and AIC values of different soil freezing characteristics curve models
B Mde b e Jame™  Lunardini® McKenzie 257% Kozlowski®™ i} 754529 Anderson fl  Schaefer 1  Hikiz
Ticel?” Jafarovi?!
RMSE(m*/m®) B8+ 0.032 0.030 0.036 0.026 0.023 0.112 0.059 0.030
BB R 1 0.038 0.035 0.042 0.020 0.020 0.278 0.070 0.022
DY XLk 0.018 0.016 0.022 0.013 0.015 0.161 0.033 0.023
TP A (AL 0.019 0.016 0.020 0.012 0.014 0.112 0.166 0.023
T 0.027 0.025 0.030 0.018 0.018 0.166 0.082 0.025
MBE(m*/m®) ] 315 22 +- -0.006 —0.007 -0.003 -0.002 0.003 0.047 —0.042 -0.003
B -0.012 -0.007 -0.010 ~0.006 0.004 0.120 ~0.061 ~0.001
PSR -0.002 -0.003 ~0.002 ~0.004 0.001 0.079 ~0.024 -0.002
FUM B A RO 0.001 0.003 0.002 0.003 0.005 -0.035 -0.161 0.003
T -0.005 —0.004 -0.003 -0.002 0.003 0.053 ~0.072 ~0.001
AIC iy 315 22 - -291 -306 —241 -327 -356 108 —42 -73
R -206 224 -185 -355 -351 280 58 -190
Py R £ -361 -390 312 —450 —428 179 243 -299
BB A () 627 ~706 -593 -822 ~740 370 582 ~155
T -371 —407 -333 -488 ~469 234 60 -179
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Fig.3 Comparisons of field-measured and modeled soil freezing characteristics curves of Lishu black soil
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