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Introduction

e [0 predict water storage and transport in soil, hydrological models require a description of
the soil water retention, 8[h), and the hydraulic conductivity, K[h], functions. These functions
are highly variable, as well as costly and time consuming to measure.

e The hydraulic parameters can be derived faster and cheaper in situ from infiltration tests,
such as by using the popular Beerkan estimation of soil transfer parameters [BEST method)
[Lassabatere et al., 2006; Angulo-Jaramillo et al., 2016; 2019). The BEST approach involves
measuring: (a] initial soil water content, 8_: (b) soil bulk density, p,_, which is used to derive the
saturated soil water content, 8,; (c] Particle Size Distribution [PSDJ; and (d] cumulative infiltration
through a single ring under a near-zero pressure head [Fig. 1 & Fig. 2).

e Some of the drawlbacks of the traditional BEST method are that:

- [t only works with the van Genuchten model for water retention function combined
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Fig. 2 Cumulative infiltration curve as a
function of time

with the Brooks and Corey model for the unsaturated hydraulic conductivity function; Table 1 Accuracy of fits [Nash—Sutcliffe efficiency coefficient, NSE), estimates for sorptivity
- Itrequires knowledge of the PSD; [relative error, Er(S)), saturated hydraulic conductivity (relative error, Er(K]], and agreement
- It uses approximate expansions to describe the infiltration process that are valid only between estimated and target 6(h] and K(8] functions [NSE, ). Shaded rows correspond to
over restricted ranges of time for either the transient or the steady states. less accurate matches [Fernandez-Galvez et al., 2019). )
M M BESTQE| BESTQE| BESTsa
O bj eCt IVEeS (constrained relating ¢ to hyg) (unconstrained) (constrained relating ¢ to hyg)
SO'V@ the meﬂtioned draWbaCkS by ID | Soil type NSE; EI'(S) Er(Ks) NSE@_K NSE 0 K EI'(S) Er(Ks) NSE; Er(S) El‘(Ks) NSEo_K
. . . | | 1 | Loam1 1.00 | 1.00 | 0.64 | -1.81 6.07 | 1.00 | 0.64 | 1.00 | 0.99 | 0.64 | -1.84
e Generalizing the BEST method to predict hydraulic parameters by using the Kosugi [1999] 2 Loam 2 100 | 099 | 073 0.66 058 | 099 | 073 | 1.00 | 098 | 074 0.66
functions that are expected to be more physically sound and more representative for most 3 | Silty Clay Loam | 1.00 | 0.86 | 0.94 0.93 075 | 08 | 094 | 100 | 088 | 097 0.93
SOIls; 4 | Sandy Loam 0.96 | 0.90 | 0.88 0.98 516 | 090 | 0.88 | 1.00 | 0.96 | 0.88 0.97
e Avoiding the need for PSD data when deriving the soil hydraulic parameters from infiltration 5 | Silt 100 039 | 034 | 0.92 065 | 099 | 034 | 100 | 098 | 0.24 | 0.84
. . | | . 6 | Silty Loam 1.00 | 0.76 | 0.69 | -0.05 163 | 076 | 0.69 | 1.00 | 0.79 | 0.71 | -0.02
measurements by taking advantage of a relationship between the Kosugi [1999] hydraulic
Parameters; Average 0.99 /092 | 070 | 027 | -2.07 | 092 070 | 1.00 | 0.93 | 070 | 0.26
e [ncorporating in the optimization a description of the infiltration that is valid for all ranges of .
time.
Methods
The novel method to derive soil hydraulic parameters from infiltration measurements include —
two alternative methods [Fernandez-Galvez et al., 2019]: o
e The use of the analytical quasi-exact implicit (QEl) model developed by Haverkamp et al. Fig. 3 Linear relationship between the standard
“994] for 1D infiltration and extended to 3D infiltration by Smettem et al. “994], deviation of |Og_tran5formed h o, and the
e Anew, simplified analytical approximation (BEST,,] based on a two-term approximation of l0og,, median pore-radius R_ (= Cst / h_Young-
the QEI model that is defined for all times [Haverkamp et al., 1994] and that combines the 5 e o 1o 02 Laplace equation].
approximations originally developed for either transient or steady state. R, [cm] (Pollacco et al. 2013].
When the Kosugi hydraulic model is used it is possible to reduce non-uniqueness by relating - B -
two of the hydraulic parameters as proposed by Pollacco et al. (2013] as described in Fig. 3. This - | L =
constraint allows derivation of the full set of hydraulic parameters without PSD data. o )
Res u Its - i 0; o = 1.6, Loam? N o = 2.0, Silt
The proposed method was validated against numerically generated data for several synthetic : | ‘ % %
soils. The new methodologies compare satisfactorily to simulated data using HYDRUS-3D for a set
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of contrasting soils as shown in Table 1and Fig. 4.

Table 1 shows the accuracy of fits [Nash—Sutcliffe efficiency coefficient, NSE], estimates for E ; - ; 1

sorptivity (relative error, Er[S]), saturated hydraulic conductivity (relative error, Er(K ], and i g, T 2 05 j
agreement between estimated and target 8(h] and K(8] functions (NSE, ). Shaded rows B | Y N J
correspond to less accurate matches. S

Fig. 4 shows target and estimated 8(h] and K[8] functions by BEST _ and BEST,, methods. Soll h = hkgexp[erfc‘l(z Se) a\/f] Fig. 4 Predicted versus target water retention and

type and corresponding o values for the selected soils are indicated for each row in the right- , hydraulic conductivity curves for different soil
hand panel. K(S.) =K. /5. {% erfc [erfcl{Q S. )+ i}} types. Equations show the Kosugi hydraulic model
V2 [Fernandez-Galvez et al., 2019].
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