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Extending soil hydraulic parameter pedotransfer function based on
physical models on the applicability of Taiwan soil
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Abstract

Soil hydraulic parameters play an important role on the study of infiltration, water
retention, evaporation and other processes. In agriculture, hydrology, ecology, soil physics
and other fields, soil hydraulic parameters are used for subsequent analysis and research.
Effective and correct evaluation of soil hydraulic parameters will have great advantage for
applications in various fields, and therefore is a problem that must be solved.

The traditional method is mainly to measure soil hydraulic parameters through
experiments. However, this method takes a long time, and it usually takes two weeks to a
month to deduce the complete soil water characteristic curve of a soil sample. Therefore, early
researchers developed many different pedotransfer function(PTF), including linear regression,
nonlinear fitting, physical models, artificial neural networks (ANN), and k-nearest neighbors
(k-NN). Among them, the physical model has a wider application in experimental design and
research because the mechanism behind the independent variable and dependent variable is
clear. Therefore, this research will focus on the pedotransfer function of the physical model.
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This research will use the van Genuchten model as the soil water characteristic curve,
and review the literature on soil pedotransfer function in the past five years, then select
several pedotransfer function with better efficiency for analysis with 2614 rows local soil data
in Taiwan(excluding abnormal data, such as increasing of soil moisture content with
decreasing of matrix potential, sum of texture content not equals to 1, bulk density smaller
than 1g/cm?, organic matter content larger than 40%). Through the basic soil properties such
as particle size distribution, bulk density, organic matter content, and using root-mean-square
error (RMSE) as the metrics, for analyzing different PTF. After selecting the PTF with better
performance, the estimation of available water content is calculated by subtracting permanent
wilting point from field capacity (the matrix potential of field capacity is -0.1 bar, the matrix
potential of the permanent wilting point is -15bar). Next, draw a histogram of the available
water content error, and use statistical hypothesis test and bootstrap method to evaluate the
error and its confidence interval.

The research results show that the continuous pedotransfer function (Tian et al., 2018)
with the bulk density as a parameter has better applicability with 2614 rows local soil data in
Taiwan, one of the data analysis is shown in Figure 1. It can be seen from the Figure 1. that
the approach of Tian et al. (2018) are better than other approaches. This approach can solve
the problem that soil hydraulic parameters cannot be evaluated when data is missing or
abnormal. The available water content error can be further analyzed by the bootstrap method,
as shown in Figure 2. It shows that the expected value of the available water content error
nearly equal to 0, that is, unbiased, and the error range of 95% rows data(2614*95%) is about
-0.12~0.18(cm?3/cm?®). Error is mainly due to the variability of measurement and the selection
of reference soil samples. In the future, if the data quality and the selection of reference
samples can be improved, the error of prediction can be greatly reduced.

Keywords: soil water characteristic curve - available water content > parameterized - van
Genuchten model > bootstrap method

-298 -





