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Introduction 
This work presents a new method for  estimate the  water retention curve (θ(ψ) ) parameters α 
and n Van Genuchten (1980) (VG) and hydraulic conductivity at saturation (K) by means of 
inverse analysis of a capillary + evaporation curve employing the HYDRUS 2D model 
(Šimunek  et al., 1996).  

Figure 1. Contour maps of the objective function Φ(Q) for a capillary+ overpressure process plotted in the a) n-K, b) α-n, and c) K-n planes, an evaporation 
process for the d) n-K, e) α-n, and f) K-n planes, and a capillary + overpressure + evaporation process plotted in the g) n-K, h) α-n, and i) K-n planes .  

Conclusions 
Results showed that the capillary + overpressure + 
evaporation process was the unique procedure that 
allowed a satisfactory estimation of the soil 
hydraulic properties by inverse analysis. Taking into 
account that K can be easy measured from the same 
soil cylinder by means of the Darcy’s law, we 
consider that a combination of the Darcy technique 
and the global optimization method applied to a 
capillary + evaporation curve can be  a feasible and 
simple alternative to estimate  the soil hydraulic 
properties. 
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Fig. 2. Simulated and estimated capillary wetting + 
overpressure +evaporation process performed at 60ºC on a 
hypotetical loam soil.  

Table 1. Theoretical soil hydraulic parameters, upper and lower parameter values and parameter spacing for the 
the global optimization process. 
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  θr 

  

θs 

  
α (cm-1) n K (cm min-1) 

Theoretical value 0.078 

  

0.43 

  

0.036 

  

1.56 

  

0.01733 

  

Lower parameter 

value 
- 

- 

  
0.0001 1.1 0.0001 

Upper parameter 

value 
- 

- 

  
0.1 2.9 0.1 

Paramter step 

value 
- 

- 

  
0.00521053 0.4736842 0.00521053 

Results and discussion 
Figure 2 shows the contour maps of the objective function Φ(Q) for a capillary + 
overpressure, an evaporation and a capillary + overpressure + evaporation process for the  K-

n, α-n and K-α planes. For a capillary + overpressure process (Fig.1a, b and c)  only the K-α 
plane shows an unique and well defined minimum. This wetting process by itself does not 
allow estimating the soil hydraulic properties by inverse analysis. Contour maps for the 
evaporation process (Fig. 1d, e and f) shows that the evaporation alone neither allows 
estimating the hydraulic properties by inverse analysis. In this case, no well defined minimum 

was found in the K-α plane. However, a well defined minimum was observed in the three 
contour maps when the capillary + overpressure + evaporation processes were jointed 

togheter (Fig. 1g, h and i) . For this last case, the optimal K, α and n values estimated by the 
global optimization were 0.017635 ( cm min-1),  0.036747 cm-1 and 1.5696, respectively. This 
means a desviation from the theoretical value (Table 1) of 1.742%, 2.075% and 0.615% 
respectively. Figure 2 shows the theoretical and  the best fitting curve for the capillary + 
overpressure + evaporation process. 
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Material and methods 
The outflow data were simulated with the HYDRUS 2D model for a 5 cm diameter and 5 cm 
height core of a loam soil. The procedure consisted on a capillary wetting process at saturation 
during 40 minutes followed by an overpressure, plus an  evaporation process at 60ºC during 
36000 minutes. Both, the capillary and evaporation curves were separately created with 
HYDRUS 2D and subsequently jointed in a single curve. The theoretical soil hydraulic 
parameters used for the loam soil are given in Table 1. The initial conditions were given in 
terms of water content. A first direct simulation of the above mentioned processes was 
performed for the theoretical hydraulic parameters of Table 1. The water content at saturation 

(θs) and residual water content (θr) were defined as fixed parameters for the numerical 
inversion calculus. In order to sweep the drying branch of the θ(ψ)  curve, an hysteresis 
model (Gebrenegus and Ghezzehei, 2011) was applied on the evaporation process. The 
objective function was given in terms of cumulative water volume in the core/and or 
cumulative evaporated volume. 
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 where nj represents the number of measurements in the set, p*j(ti) is the specific measurement 
at time ti, pj(ti) is the corresponding model prediction and wi,j is the weight associated with a 
particular measurement point.  A global optimization  process  for a 70x70 grid applied on the 

n-K plane, α-n plane and K-n plane was finally conducted, and response surfaces (4900 grid 
points for each one) were plotted for the above mentioned planes. 
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