
1. Introduction

In defining the hydraulic properties of unsaturated
porous media, the field and laboratories methodolo-
gies that follow the instantaneous profile method
[10,24] have proved to be capable of producing cor-
rect hydraulic characterization. However, they require
complex, costly equipment and great accuracy in
measuring water content θ and potential h [3,7].

An alternative method for estimating soil hydraulic
properties is necessary, especially if large catchments
are simulated, allowing for only basic soil data like
soil texture and bulk density. This method is referred
to as pedotranfer function technique (PTF) [2].

Several reviews on PTF development and use have
been published [15,22,26]. Large databases, such as
UNSODA [12] and HYPRES [26] are suitable for
PTF development. PTFs, developed from regional da-
tabases, provide good results in regions having similar
hydraulic and pedological characteristics. Some
examples are provided by i) water retention PTFs de-
veloped in Belgium [23], which were more accurate
than 13 others developed for the database in Northern
Germany [19]; and ii) water retention PTFs developed
in Italy [16], applicable to the Agri Basin in Basilica-
ta. It is to be demonstrated, however, whether these
observations can be generalised to other situations.
We also need to understand which soils or other land-
scape characteristics shall prove to be similar in diffe-
rent regions for mutual reliability of the PTFs develo-
ped to be fully asserted.

A new approach in developing PTFs consists in
using geophysical and/or topographic information as a
direct input in the PTFs. Ground-penetrating radar,
electric-conductivity meters, etc. all provide spatial
coverage that shows a potential to be included in
PTFs [17]. Terrain attributes were used to recalibrate

a PTF, and soil water retention exhibited strong de-
pendence on terrain attributes in the study of Pache-
sky et al. [14].

Another frontier is the upscaling of PTF estimates:
Scale dependence in soil hydraulic properties was re-
cognized [5]. Currently these dependences are igno-
red and may limit PTF reliability, [16]. According to
Tietje and Tapkenhinrichs [19], PTFs can be subdivi-
ded in three different groups: i) the point regression
method which predicts the water content at certain
matric potential by means of regression analysis
[8,15]; ii) the functional parameter regression method
which estimates the parameters of a closed form equa-
tion establishing the relationship between h and θ
using regression techniques [15,24] and iii) the physi-
cal model method which uses the transformation
between particle size (PSD) and pore size. This can be
linear [8], non linear [1] or fractal [20,4].

Physical models are usually preferred but they are
complex; it is sometimes difficult to find appropriate
parameters, and calculations are not easily done and
require suitable hardware and software, like in Arya
and Paris’ model. Jonasson has recently provided a
simple method to estimate the parameters in the van
Genuchten soil water retention equation from PSD
data similar to Arya and Paris’ method [1]), albeit ex-
pressed in a more direct analytical way.

Given the relevance of this procedure in soil phy-
sics and hydrology, we evaluate Jonasson’s predictive
model potential which was tested in this study using a
data set of 15 soil samples, by comparing water reten-
tion curves obtained with the above-mentioned model
with those from experimentation.

2. Materials and methods

2.1 Model

Jonasson’s prediction method consists of three ste-
ps: i) transforming the grain size distribution PSD in-
to the θ(h) curve; ii) setting out parameters in the van
Genuchten equation, and iii) combining steps i) and
ii). Arya and Paris’ model [1], if applied to each frac-
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tion of PSD curve, gives a discrete rather than conti-
nuous description of water retention curve θ(h). To
modify Arya and Paris’ method into a continuous
analytical equation, Jonasson [10] suggests that Arya
and Paris’ equation be rewritten as follows:

(1)

where

(2)

which specifies a continuous function of the head hSe
as a function of dp, which is the grain diameter at a
cumulative percentage P of the grain-size distribution,
e is the void ratio, Wf is the weight fraction of soil (or
a weighing factor) in a representative grain-size inter-
val and αAP is Arya and Paris’ α factor.

Hydraulic parameters are set based upon the θ(h)
curve, in a similar way as the graphical procedure
proposed by van Genuchten. In Jonasson’s method,
pressure heads at two different effective saturations
(Se=25% and 75%) are used to describe the “head
sorting”, and thus to evaluate the n parameter. It is

further assumed that

Therefore, Jonasson obtained the relationship:

(3)

where

(4)

in which h25 is the pressure head at 25% effective sa-
turation and h75 is the pressure head at 75% effective
saturation.

If the n value is known, one can determine the va-
lue of αvG, by rearranging the van Genuchten equa-
tion as follows:

(5)

The value of αvG may be obtained from any corre-
sponding pair of h-Se data, but is evaluated here from
either h25 or h75, since these two points are already
known in the calculation procedure.

The two methods described above are combined to
yield:

(6)

where d25 is the grain diameter at 25 cumulative % by
weight, and d75 is the grain diameter at 75 cumulative
% by weight.

Several authors [13] have suggested that the para-
meter αAP can be approximately rewritten as follows:

(7)

The values for αAP and β that give the best results
for the prediction of h from the grain size distribution
of a given soil, can consequently be evaluated based
upon known water retention curves and corresponding
grain size distribution curves according to:

(8)

Finally, the h75 parameter, and subsequently αVG is
calculated from d75 using:

(9)

where h75 is in m and d75 is in mm.

3. Applications

The model illustrated above was used in assessing
15 soils of different texture from southern Italy (Fig.
1). Undisturbed soil cores were taken from the surface
layer (Ap horizon) by driving a steel cylinder (76 mm
x 76 mm) perpendicularly into the soil while carefully
excavating soil from around the sampler. Then the co-
re was removed; all cores were plugged at the top and
bottom and stored at 4°C constant temperature before
making laboratory measurements.

Laboratory measurements were performed on each
soil core to determine: (i) particle-size distribution;
(ii) bulk density; (iii) particle density; (iv) water con-
tent at saturation, and (v) the water retention curve.

Sand particle size distribution was determined
using sieve analysis while silt and clay were determi-
ned using the hydrometer method [6]. Bulk and parti-
cle density was calculated on an oven-dry basis. Prior
to determining the water retention curves, the soil co-
res were gradually saturated from below using the de-
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Fig. 1 - Clay and sand content of the test data set.
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aerated 0.01M CaCl2 solution.
Water content at saturation was measured gravime-

trically. Water retention data points of cores were ob-
tained by means of a sand Kaolin-box apparatus con-
sisting of two sets of ceramic tanks, each of which
contains up to 20 soil cores [18].

For the drainage of the soil cores, to pressure wei-
ght potentials in the range from 0 to -100 cm, use was
made of a reference Mariotte vessel to set values of
the suction head. For pressure head potential, between
-100 and -300 cm, soil cores were equilibrated using a
bubbling tower. Water retention, at -3000, -6000 and -
12000 cm pressure potential, were determined on di-
sturbed soil samples by a membrane plate apparatus.
The equilibrium water content corresponding to the
monitored potential was measured gravimetrically. 

The cumulative particle-size distribution PSD(d)
are fitted with an adopted two parameters van Genu-
chten [22] equation [9].

(10)

where dg (mm) is the particle size scale parameter and
m = 1 – 1/n is the dimensionless particle size slope
parameter.

The θ(h) function is represented by fitting experi-
mental θ(h) data to the parametric model of van Ge-
nuchten [22], which has been shown to describe hy-
draulic properties of a variety of soil with good accu-
racy.

The van Genuchten model describes the θ(h) func-
tion by:

(11)

where θ, θs and θr are respectively the volumetric wa-
ter content, saturated water content and residual water
content, h is the pressure potential and θ, n and m are
empirical shape parameters related to the pore-size di-
stribution. The analytical θ(h) relation (Eq. 11), usual-
ly designed as the VG retention model, is defined by
the unknown parameter vector b(θs, θr, θ, n)T which
are estimated by a non linear regression procedure
which seeks to minimize:

(12)

where θi(h) are the measured water contents and θ̂(hi,
α, n, m, θr) are those predicted by the van Genuchten
model. Minimization of the sum of squares objective
function θ, defined in Eq. 12, is achieved by the Le-
venberg-Marquardt algorithm. In most cases, the va-
lues θr, are proved to be poorly defined from the stati-
stical viewpoint. Therefore, in this study the parame-
ter θr was fixed at zero, as this value was considered
acceptable by some authors [25]. The parameter θr, on
the other hand, was found to play a relatively minor
role at least with respect to influence exerted by the
shape parameters θ and n, if comparison and use of
soil hydraulic characteristics refer chiefly to wet re-
gions of the retention curve.

4. Results and discussion

A series of calculations were thus made, which re-
ferred to the above Eqs. 1-9 to evaluate the relation
θ(h) of each examined soil sample. 

In particular, the grain size-sorting d75/d25 is first
calculated; then Eq. 7 and Eq. 2 gives αAP and β; Eq.
6 leads to h25/h75; Eq. 4 subsequently gives L and Eq.
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TABLE 1 - Physical properties of the soils examined and RMSE of water content estimates.
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3 gives n. The void ratio is calculated putting e = (ρp –
ρb)/ρb, where ρp and ρb are respectively the density of
the particles and the bulk density of the mass of dried
soil. Assuming θr=0 and Wf=0.01, Eq. 9 results in h75.
Finally, inserting the values for n and h75 in Eq. 5 gi-
ves αVG.

The α and n parameters calculated using this
method are compared to α and n parameters obtained
from a direct non linear least squares fit to experimen-
tal retention data.

Furthermore, an optimisation procedure was
performed for each sample, in order to determine the

Wf factor which best fits the results of the model to
the curve θ(h) obtained experimentally and fitted with
van Genuchten’ s model [22]; an optimised Wf factor
was determined by minimizing the objective function
which referred to the above Eq. 12.

The results of the processing for all the soil sam-
ples, together with the experimental measurements,
allowed us to represent θ(h) graphically. For the sake
of brevity, the θ(h) trend relative to only a few soil
samples, may be deduced from Fig. 2, in which the
curves obtained with the Wf=0.01 approach and opti-
misation technique are compared. They are reported
respectively with a solid line and a dashed line. The
results obtained show good consistency between pre-
dicted and experimental θ(h) curves, only when the
weighing Wf was optimized. For all soils investigated,
Table.1. summarizes the results of statistical analysis
in terms of scatter of data points (RMSE).

Another interesting result is reported in Fig. 2, in
which estimated retention curves were graphically
compared according to Jonasson’s PTF with a wei-
ghing factor Wf = 0.01.

It can be seen that this PTF shows a bias in the
compared retention curve. However, the shape of the
retention curve is described correctly, which means
that the water capacity ∂θ/∂h of the estimated curve is
similar to the water capacity of the data. Although the
absolute differences in water content are not relevant
for calculating the water fluxes, there can be a syste-
matic bias in calculating the leaching of solutes due to
the effect the water content has on the pore water
speed and degradation process.

Because it is difficult to forecast the effects of diffe-
rences between measured and predicted retention data
on the water fluxes, it would be necessary to evaluate
the applicability of this PTF in simulation models.

5. Conclusions

We have briefly reviewed the development and ap-
plication of Jonasson’s predictive model for estima-
ting deterministic soil hydraulic properties from such
particle-size distribution PSD data of different soils of
Southern Italy.

The protocol yields relatively simple analytical ex-
pression for the parameters α and n values in the van
Genuchten equation, and needs only two characteri-
stic grain diameter – d25 and d75 – and the soil bulk
density.

Although there is substitute for actual measure-
ment, the use of PSD data provides an easy source for
inferring hydraulic properties.

However, a predictive model such as this one is
only as reliable as the calibration data set, and caution
is needed where the soil horizon under consideration
differs significantly from the soil used in calibration.

Another consideration in the use of PSD data and
related parameters is that they represent very small
sampling volumes.
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Fig. 2 - Comparison between measured and calculated θ(h) values.
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Proper scaling of such parameters to obtain effecti-
ve parameters at the grid-block scale of a numerical
model is still an open issue, namely for unsaturated
flow.

Further innovative studies are expected to supple-
ment current theoretical and experimental knowledge
in predicting soil hydraulic properties starting from
more easily determined physical properties, also
within the framework of a greater use and develop-
ment of databases.
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SUMMARY

In the light of potential application of deducing soil
water retention from some simply determined physi-
cal properties, due consideration was given to physi-
cal and empirical models in the literature, based on
the transformation of a granulometric curve PSD into
a retention curve θ(h). In particular, forecasting po-
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tentials as proposed by Jonasson’s model were eva-
luated in 15 soils from Southern Italy. The estimated
θ(h) curves provided a good reliability only when the
weighing factor Wf was optimised. Even if the results
obtained should be further verified in soils having dif-
ferent pedological characteristics, the model, used,

may be particularly suitable to determine θ(h) curves,
when experimental observations are poor or lack.

Key words:
particle-size distribution, water retention curve,

predictive model.
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