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Analyzing the Effect of Uncertainty of Soil
Parameters on Soil Moisture Profile
Uncertainty using Fuzzy Set Theory
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Abstract

Uncertainty is the measure of reliability associated with a
particular set of results. There are lots of parameters affecting
the water movement through the unsaturated zone
measurement or estimation of which are a difficult task
encompassing uncertainties of some kind. In this study, a
methodology based on fuzzy set theory is presented to
express imprecision of input data, in terms of fuzzy number,
to quantify the uncertainty in predictions. Richards’ equation
as a certain model was solved numerically. To estimate the
uncertainty in the model the input parameters (0s, 0r, Ks, o,
and n) were introduced as fuzzy parameters. After
introducing suitable fuzzy membership functions for input
parameters, boundary values were obtained for each
parameter for different B-cut levels in input parameters. Using
these values and considering different result interval
boundaries, the mathematical operation on fuzzy sets are
performed resulting in the moisture values in specific times
and locations. Corresponding to different B-cuts, fuzzy
membership functions were derived for soil moisture at any
time and depth. The results showed that uncertainty in
simulating soil moisture profile was minimum in saturated
phase and maximum in advance phase. This was because of
the maximum number of parameters taking part in maximum
uncertainty in the later phase. The shape of fuzzy membership
function for soil moisture in specific time was varying for
different depths corresponding to the different role of the
effective initial parameters in any time and depth.
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Table 1. Required parameters for simulation of water flow in the soil
SB NS e gl dmd 515 b 3,90 gla 0,k Y Jgaa

Parameter Soil texture |
Clay Loam Sand
Flow in upper boundary, q (cm/hr) 0.9 0.9 45
Flow in lower boundary 0 0 0
Initial moisture in soil profile, 6in 0.12 0.12 0.12
Soil saturated hydraulic conductivity, Ks (cm/hr) 0.2 1.04 30
Saturated water content, s 0.48 0.45 0.43
Residual water content, 0r 0.095 0.08 0.045
Empirical shape factor, a. (cm) 0.006 0.036 0.145
Empirical shape factor, n 13 1.54 2.7
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Fig. 1. Moisture profile after 20, 10, and 1 hours of irrigation in clay, loamy, and sandy soils, respectively (for
initial and boundary conditions, see Table 1)
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Fig. 7. Volumetric water content as a function of fuzzy membership function after 20, 10, and 1 hours of
irrigation for clay, loamy, and sandy soils, respectively (a. at soil surface, b. in 20 cm depth, c. in 100 cm
depth)
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