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Introduction

For the simulation of soil water flux, the relationships between the soil hydraulic conductivity,
water content and pressure head are required. The relationship between soil water content
(6) with soil pressure head [h(8)] and hydraulic conductivity [K(8)] are usually obtained by
fitting experimental equations. Describing these relationships, the experimental equations such as
van Genuchten (van Genuchten, 1980) have been used. Zand-Parsa and Sepaskhah, (2004)
proposed a new method for prediction of the soil hydraulic conductivity function [K(&) based on
specific liquid-vapor interfacial area around the soil particles and Zand-Parsa (2006) improved
this method for a more straightforward and efficient numerical technique for prediction of K(6)
function.

The different equations of h (8) and K (8) have three to five soil hydraulic parameters, which
vary considerably in different soil groups. For measurements of the soil hydraulic parameters,
laboratory and field methods are time consuming and require excessive financial costs; hence,
inverse methods have been used by many researchers. Estimation of the soil hydraulic parameters
with using the inverse method is usually less costly and time-consuming than the direct methods,
especially for in situ characterization of large sites. Soil hydraulic parameters can be predicted
using the inverse method, which are the combination of the numerical model with an iteration
algorithm, and genetic algorithm for parameter estimation values (Kamali and Zand-Parsa (2016);
Mahbod and Zand-Parsa (2010). For a given initial and boundary conditions and soil hydrauic
parameters, Richards’ equation can be solved with numerical methods.

In this study, soil hydraulic parameters were estimated by inverse method based on the soil-
water characteristic curve of van Genuchten (1980) method, the function of soil hydraulic
conductivity- water content obtained by the method of liquid- vapor interfacial area around the
soil particles (Zand-Parsa, 2006).

Methodology

Soil hydraulic parameters were estimated using the inverse method under field conditions. The
required data obtained in 8 selected sites that soil water content reached near saturation up to 1 m
depth of 2 mx 2 m area that covered with plastic sheets for surface layers evaporation prevention
, and soil water content and pressure head were measured at different depths for 10 to 15 days
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after wetting. Soil water content and pressure head at each depth (0.3, 0.6, and 0.9 m) were
measured using one TDR probe and two tensiometers (to reduce tensiometer errors), respectively,
at the center of the plot from wetting to 10-15 days after wetting.
Redistribution of water in Darcian flow in zero evapotranspiration, precipitation, and irrigation
was simulated using implicit finite difference methods as follows (Richards, 1931):

o0 0O oh
E:a_z(*( (G_ZHD (1)

where z is vertical coordinate (m, positive upward), t is time (s), h is soil water pressure
head (m), K is unsaturated hydraulic conductivity (m s™), and @ is the volumetric soil water
content (m*m’®).

Soil profile was divided into n, layers and because of very deep groundwater level in our
experimental location (greater than 30 m), it was assumed that free drainage exists for the bottom

of the soil layer and the value of the soil water content at depth of hno+1 was assumed equal to its

value at depth of h,,, in which, n, is the number of layers. Hence, considering the values for soil
hydraulic parameters (er,n, Kg,6,,65), there is a set of n, equations with n, unknown variables

of soil water content.

In the proposed model, for minimizing the sum square errors between the measured and
estimated soil water content and pressure head, each parameter was changed separately for
reaching to the minimum value of objective function using trial and error method, while, the
other parameters were considered constant. At first, the parameter of K was considered, and then
its changed value was used in the optimization of the other parameters. When all of the
parameters were changed separately at the iteration, then another iteration was done to update the
soil hydraulic parameters. The iteration processes were continued until the difference between the
two computational steps of objective function was negligibly small.

Results and Discussion

The results showed that the calculated errors between the measured soil water content and
pressure head with those predicted by the proposed method were lower than those calculated
using other methods which, soil hydraulic conductivity was estimated using van Genuchten
method. The results showed that, soil water content was estimated, favorably, with normalized
root mean square error of less than 0.1. Soil water characteristic curve were optimized for all
selected soils under three cases of 1) optimization of a, n, saturated soil hydraulic conductivity
and residual soil water content of 0.1 m® m™®, 2) optimization of four parameters of «, n, saturated
soil hydraulic conductivity and residual soil water content, and 3) optimization of «, n and
saturated soil hydraulic conductivity and residual soil water content obtained from laboratory
measurements of soil water characteristic curve. All cases are suitable in high soil water content,
but when residual soil water content was obtained from the laboratory experiments, it is more
consistence for low soil water contents.
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